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Beeaenue

AKTYaAJIBLHOCTh TEMBI HCCJIET0BAHNA

[lokazaTenu AOArOBEUHOCTU MAIUMHbI 3aBUCAT OT JAOATOBEUHOCTH €€ COCTABHBIX
3JIEMEHTOB. JHAUMUTEIILHAA J0JIA 3ATPAT U POCTOEB B PEMOHTE NPUXO/NTCH HA arperarbl
TPaHCMUCCUH 1 0COOEHHO Ha KopoOKky Hepenau (s asToMoowmiei) (KI1) w kopobky nna-
HAa30HOB (IIPAMEHUTEITBHO K MOOWITBHEIM IHEPTETHIECKUM cpeacTeaM). Ha ocHoBanmn
PEe3VyJIbTATOB UCCIEA0BaHUi, MpuBeAEHHbIX B padorax [50, 51], Ha kopoOKy nepenay ae-
TOMOOWJICH B YCNOBUAX PAJAOBOM SKCIAyaTaUUW Opuxoautea A0 760 % BceX OTKa3oB
Tpancmucenn [52, 148], w okomo 50 % o0Tka30B KopoOKH AHATIA30HOB IS 3¢pHOYOOpOU-
HbIX komOaiHoB. OaHOM U3 ocHOBHBIX npuuKH 0TKka308 KII (okono 70 %) apnaiores o1-
Ka3bl TPUOOMEXAHHUECKOH CUCTEMBI «KOABIIO NOJIIMOHUKA — Kopnye» |15, 26].

[ToaITMHHAKOBLIC Y3ITHI, ABIAIOMIAECS MHAOTOUHCIICHHBIMH JICMEHTAMH KOHCTPYK-
LMK MEXAHUYECKUX 3MeMeHTOB TpaHcMuccuii KIT MOOUITbHBIX 3HEPTeTHYECKUX CPEeICTB.
Pecypc GonpluvHCcTBA TPUOOMEXAHMUYECKHX CHCTEM «KOJbUO MOAIIMNHUKA — KOPILYCH
MOOWITBHBIX SJHEPTETUIECKIX CPEJICTB, HCIIONTb3YEMEIX B CEITECKOM XO3SHCTBE, HIKE pac-
TETHOTO W HaxoauTes B peaenax ot 2000 no 3800 moTo-u, a mrs apToModMITei He TIpe-
BbiaeT 150 ThIC. KM.

OTka3 TpuboOMeXaHNUYECKON CUCTEMBI «KOJTBIIO TIOOIIMIIHIKA — KOPIyC», Kak Ipa-
BUJTO, SIBJIAETCS CICACTBUEM M3HOCA TOCATOUHOTO MECTa 1O HapyKHOE KOITbLIO B KOP-
nyce KII npu ee sxennyaraiimu. M3Hoc oTBepcTuid noa noamnnHyuky B kopmoyce K11 npo-
WCXOMUT B PE3YNIETATE MPOBOPAUNBAHWS HAPYKHBIX KoJiet, [ IpH 3ToM MPOHCXOAUT YUCTO
MEXaHUYEeCKUH U3HOC OTBEPCTUSA MO, NO/IIMITHUK KaueHua B kopnyce. Kpome sToro, no-
BEPXHOCTE OTBEPCTHS pa3pyllacTesl HOA JCHCTBHEM KOPPO3HOHHO-MEXAHNYECKOTO HO-
BPEIACHUSA, TTIPH MaITBIX KOJEOATENIBHBIX TTEPEMEIISHNIX COMPAKEHHBIX TTOBEPXHOCTEH
B PE3YJIbTATE NMHAMUYECKOrO MPUIOKEHNA HATPY3KU UePe3 NOIUITHUK.

M3nammBanie HOBEPXHOCTH HOCAIOUYHBIX OTBEPCTHI HOJ HOMAIWITHUKH KQUeHHUS B

KOPMYCHEIX OCTANIAX TIPOUCXOONUT B PE3YIBTATC CIIOXKHOTO KOMIIJICKCA BO3I[€ﬁC-TBHﬁ B
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COTIPSIZKEHUN «KOPTYC — HOAMTMHHWKY, W YTHM OOBICHICTCS TOT (hakT, Um0, HMCIOTIUECS
B JIMTEPATYPE CBEACHUA 10 YTOMY BONPOCY HENOJHbI U YACTO POTUBOPEUMBLI. [loaTOMY
CIICIYET HOJIAraTh, YTO W3HOC IIEMCHTOR TPHOOMEXAHUICCKOM CHCTEMBI «KOJTBIIO TTO-
TITUHHWKA — KOPTTYC» BEI3BAHO CHEITM(YMICCKAMM TIPOTICCCaMH, TIPOWCXOAATITMH TIPH Pa-
00Te CONMPsHKEHUA B KOHTAKTE HAPYKHOTO KOJIbIIA MOAIIMITHUKA € TOCAT0UHBM MECTOM
B KOpnyce KopoOKu nepeaau.

OCHOBHytO AO0JIK0 B U3HOCEC CUCTCMbBl «KOJILIO IIOAIMITIHKMEKA — KOPILYC» BHOCHT U3-
HOC TIOCAA0YHOTO OTBEPCTHSA O HOAIMWHHAK B KopiycHoU aerann KI1.

[lTocamounbie MecTa HOAITMHHWKOB KAUCHWSA, B HACTOAIIEE BPEMS, BOCCTAHABIIH-
BAKOT YCTAHOBKOH NONONHUTENbHBX ASTAICH, AACTUYECKUM AeOPMUPOBAHUEM, HAHE-
CEHUEM SJICKTPOAUTUYECKUX MOKPbITHIA, CBAPOUHO-HAIUIABOUHBIMU U APYTUMU CIIOCO-
Oamu, CJIIOKHOCTE TEXHOJIOTHICCKHUX TTPOIICCCOB, HOTPEOHOCTE B JIOPOTOCTOSAIIEM TEX-
HOJOrMYECKOM 000pPY/I0BaHUK, HEOOXOIMMOCTh MEXaHUYECKON 00padboTKu BOCCTAHAB-
NMBACMbIX MOBEPXHOCTEH, BHICOKHUE TPYAOEMKOCTb, ¢€0ECTOMMOCTb W 3HEPrOEMKOCTb
TEXHOJIOTHICCKIX TIPOIIECCOB BOCCTAHOBJICHUSA, OOJIBITOH pacxoa MaTepHalioB CIOCPIKH-
BAKOT 1IMPOKOE PACOpOCTPAHSHME MEPEUMCICHHBX CIOCO00B BOCCTAHOBICHUA HA pe-
MOHTHHX NPEeANPUATUAX ArPONPOMBIILICHHOro Komiwiekca [148].

CrnenoBaTensHO, pa3paboTKa W COBEPIISHCTBOBAHNE TEXHOIOTHISCKUX TTPOIIECCOR,
00eCTICTMBAIOIINX HOBBIIMICHUE TOJNITOBEUHOCTH M CHWKEHNE CEOECTOMMOCTH PEMOHTA
NOJIIMNHUKOBBIX Y3J10B, ABIASTCA BAXXHON HAYUYHO-NPAKTHYECKOi 3anaueil. OnHuM u3
peIeHuit Ha3BaHHON 3a/1aTH SABIIAETCS UCTIONBE30BAHAE HOTMMEPHEIX MaTepHaoB.

C OMOTIIEI0 HOTMMEPHEBIX MaTePHAJIOB HAW00JIEE TIPOCTO YCTPAHAIOTCS 3a30PHI T10-
CaJIOUHBIX MECT, 00ecneunBarOTC OTHOCUTEbHbIC NSPEMEITICHUS COMPATaeMbIX METaN-
JUIECKUX HOBEPXHOCTEH Uepe3 MPoMeskyTouTyto 3omy. Criolt moNmuMepHOTO MaTepHaa
UCKJIHOYAET KOHTAKT MOBEPXHOCTEH METAINIMYESCKUX JIETANICH, NPeIOTBPAIIIACT UX U3HOC
W 00ECHEUNBAET 3HATUTEIIFHOE TIOBBIIIIEHUE TONTOBECIHOCTH HETTOARMIKHOTO COSTUHEHWS
[158].

IIlpu BOCCTAHOBNCHMM HEMOABUXKHBIX COCMHEHUHA MOJIMMEPHBIMU MATEPUANIAMU
CJTOH HOJTMMEpa MESIKTY KOJTBIIOM HOIIITMHHWKA W TTOCAA0THBIM MECTOM BEIHOJTHSACT POITh

ynpyroi mpokiaaku, AeopManns KOTOPOW BMECTE ¢ KOJIBIOM TOAIIHITHUKA MOMKET
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cTIocOOCTBOBATE 0OJIEE PABHOMEPHOMY PacTpeC/ICHUIO HATPY3KW U TTOBHITICHUIO A0J-
FOBEYHOCTH COENMHEHHUS.

JUTst peanzaiiii IPeuMYTIIECTB CITOCO00B BOCCTAHOBIICTIUS TIETIOABMIKHBIX COE/TH-
TICHWH TIOAMIUIITIUKOB Kauenws B KOPIyce KOpOoOKHM Tiepeaad MOJIUMEPTTEIMU MaTepua-
JaMKA HEOOX0AUMO 0DOCHOBATD!

- (paKTOPBI BAMAIOIIIME HA NOBBLINISHMS JOJIFOBEUHOCTH HENOABMXKHBIX COSAMHEHU
NOALMIHAUKOB Kauenusa B kopnyce KII;

- KpUTEPHH BBIOOPA TIOIMMEPTTIOTO MaTEpHajia U ONITUMH3AIIHIO PEIKUMA TEXHOIIOTH-
4ECKOTO TIPOLEcca ero MPUMETICHNAS,

- TEXHOJIOrMYECKUIA IPOIIece U 000pya0BaHKE AN ero ocymecTpieHua [148, 251,
295].

CreneHs pa3padoTATHOCTH TeMbI HCCJIETOBATINS

HcenenoBaHusaMuU yCTAHOBIICHO, YTO OTHOCUTEILHO HU3KUH pecype 3JIEMEHTOB, U
B 11e10M KOpoOku nepeaau (kopodku auanazonos) (KII), B nocnepeMOHTHbIA mepuoa
O0YCJIOBJIEN BIIMAHWUEM M3HOCA TTOBEPXMOCTEH OTBEPCTHI TTOA TIOMIINATIITHKA KaueHHS B
kopnycHbix aetanax KII. 1o yTeepxkaeHue Koppeaupyerca ¢ JaHHbIMU Pe3yJ1bTaTOB UC-
cnenoBannii beizensmana P. JI., I'tontepa /l., Kypuarkuna B.B., Heiibepra I'., Hepena
JI. ., Tleperra I, CaBepckoro A, C., Cuemko U., Yiemana ULE., Lsimkuma B.B., [Lpeii-
Oepa ['. ¥ IpyTHX OTCUCCTBETHBIX U 3apYOEKITEIX YUESTTHIX,

B npaxTuke peMOHTHOrO MPOU3BOJCTBA, BOCCTAHOBICHHUE COMPSHKEHUS «KOJBITO
TIOITITUITHAKA — KOPIYC» CBOJWUTCS TOJNIBKO K BOCCTAHOBIICHHUIO TIEPBOHATAIBFHOTO pas-
Mepa OTBEPCTUA TIOA TTOAIIUTITTHK KaueHHs.

JInd BOCCTAHOBAEHUA NMOCAJAOUYHBX OTBEPCTUIA NMOJIUNHUKOB KAYeHUS B KOPMYC-
TBIX JIETANAX OOMETTPUHATBIM SBJISCTCA METOA TIOMUTIAJIBITBIX Pa3MepoB.

MeToa Mo3BONAET BOCCTAHABIMBATh U3HONIEHHKE MOBEPXHOCTH AeTanei 1o nepeo-
MavyajbHBIX PasMepoB. OH UMEET TTPEUMYIIECTBO TIE€ TONBKO B TOM, UTO OOECTICUNBACT
TIOPMAJTEHBIC YCITOBHS B3aMMO3aMETTAEMOCTH JeTajIeH TTPH PEMOHTIIO-COOPOTHRIX pado-
TaX, HO U B HEKOTOPBIX CAYYAAX MO3BOAAET MOBBINIAThH SKCIINYATATTMOHHY ) U3HOCOCTOM-

KOCTE I[eTaJTeﬁ, UTO OTBSHACT Tpe6OBaHHHM PeMOomTTa COBPCMEHITEIX MALITHIT,
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Boccranosnenne mepBoHATAIIBHBIX Pa3MepPOB W3HOIEHHBIX OTBEPCTHI HOM HOJ-
IIMOHUKK B KopnycHbiX aeTanax KII ocyluecTBaseTcss HECKOABKHMU PaCIpOCTPaHeH-
HEIMH CITOCO0aMU. TETUTOBROH 00pabOTKOM, HOCTAHOBKOW JOTOJTHATEIILHON pPeMOHTHOMN
JIETAJTN, TATBBAHUTICCKUM W JIEKTPOUCKPOBBIM HAPaLLIMBAHUSIMM,

OrpaHMu€HUEM B UCMNOAb30BAHUMU CNOCOOOB SBIACTCA:

- CJIOXHOCTh B BOCCTAHOBJICHWH OTBEPCTHH MAJIOr0 AMAMETPa;

- neheKThl CBAPOUYHOrO COSAMHEHUA ( BLIILISCKN PACILIABASHHOIO METAILIA, [Iepe-
KOTH TOUEK, HEMPOBap);

- Ha HOBEPXHOCTH BOCCTAHABTUBAEMOH JACTAITH 00pa3yoTCs HOPBI W TPETIMHE,

- HEOOXOIUMOCTE B BBIIIOJIHEHUM MEXAHUUECKOM 00paboTKH, YTO YBEINUUBACT
CTOMMOCTb BOCCTAHOBJICHUSA,

- HapYILICHWE HAPaJUIEIBHOCTH OCEH W MEIKOCEBBIX PACCTOSHUHA OTBEPCTHH.

BonblinHCTBO ¢nOCO0OB CBA3AHO ¢ TEPMUUSCKUM BO3/ICHCTBHEM HA BOCCTAHABJIM-
BA€MbI€ JETAJIM, UTO NPUBOJUT K PEIAKCALMK OCTATOUHBIX HAMPAXKCHUNA U M3MEHEHUIO
TEOMETPHUCCKIUX Pa3MePOB, CHIKEHUIO YCTATOCTHOW MPOYHOCTH. HekoTophlie Tiepeunc-
JACHHBIE cnoco0bl MPEAYCMATPUBAIOT NPECCOBYID NOCAAKY CONPAracMblX ASTaneH, uTo
BeNET K MCKDKCHUIO TeOMETPUM BOCCTAHABIMBACMbIX MOBEPXHOCTEH, HETOUHOCTAM
COOPKH M CHUKCHWIO TTPOYHOCTH KOPTTYCHEIX JieTajei. CrrocoOsl BOCCTaHOBIIEHUS B TIPO-
ecce HOCIEPEMOHTHOMN IKCHITyaTalliv He 0OSCHEUNBAIOT TapaHTUPOBAHHON TTPOYHOCTH
1 KECTKOCTH COSAMHEHHA (IOCKOILKY B CJ1y4ae MCIONIb30BAHKUA ONMCAHHBIX CNOcO00B
TTPUCYTCTBYET MeXaHudeckas oOpadoTKa BOCCTAHOBICHHBIX HOBEPXHOCTEH), Tak Kak HE
YCTPaHAIOT TMEPBOHAYANIBHBIE TIPHUHWHBI OCTAONICHAS TTOCAAKH, TEXHOIOTHHECKUE HO-
rPEIHOCTH NPU 00paboTKe NOCAIOUHbIX TOBEPXHOCTEH, H3HAILIMBAHUE U IIPOBOPAUUBA-
HUE KOJel TOAUTHHHUKOB, KpoMe TOTO, pacnpocTpaHeHHBIE CITOCOOET OKa3bIBAIOTCA HE
Bcerna »pPpeKkTUBHBIMU, KOr1a COSAMHEHNA UCIbITHIBAKOT BAMAHUE TEMIEPATYP, BUOpa-
TMMOHABIX, 3HAKOTIEPEMEHHEIX Harpy30k W Apyrux ¢aktopos. [losTomy cymrecTByeT
HCOOXOAWMOCTE B pa3padoTKe crmocoba HOBHITIICHWS TOJTOBSUHOCTH TPHOOMEXaHWUIC-
CKOH CUCTEMbI «KOJIbLO MOANIMITHUKA — KOPIYCY» B LEJIOM, a He TOJILKO OJIHOrO 0Ca10u-

HOTO MECTA.
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[IpenoTBpaTHTE OTHOCUTENIEHOE HEPEMEIICHNE, BHOPANIO 3JIEMEHTOB MO AIIHITHN-
KOBOT'O y351a, U KaK CNE/JCTBUE MPOBOPAYMBAHUE HAPYKHOTO KOJbIIA, BO3MOKHO MyTEM
HEPEHOCA OTHOCUTETBHOTO IBHKEHNA €r0 JJIEMEHTOB B TIPOMEKY TOUHYIO CPENY, NIpel-
CTaBJISIIOMIYIO CO00H TUTEHKY ¢ HW3KAM MOAYJIEM YTIPYTOCTH.

B Hacrosiee BpeMs B PEMOHTHOM NPOU3BOACTBE 1 BOCCTAHOBIEHUA paboTocno-
COOHOCTH TPUOOMEXAHUUECKOH CUCTEMbl «KOJIBIIO MOAIIMITHAKA — KOPIYC» MUCMONb3Y-
0TCH Doy HKUMOHAILBHBE COeMHeHu akpuiosoro paaa (polyfunctional compounds
acrylic series (PCAS)), kK 9uCTy KOTOPBIX OTHOCATCS aHAPOOHEIC TONTUMEPHBIEC MaTepH-
aJvel.

B pesynbTate npuMeHeHUs aHa3POOHbIX MATEPUANOB!

- YIOPYroe OCHOBAHWE YACTHYHO KOMIEHCUPYET MEPEKOCH OT HECOOCHOCTU MOCa-
JIOYHBIX MECT HOANTMAHAKOB;

- HApAAY C TPEHUEM KAueHMs B paauaibHblX NOJIIMIHUKAX 3aTpaunMBaeTcs padbota
W Ha TPEHUE CKOJbKEHUS OT MEePEKOCca Tel KAueHMs, NPOKIAJIKA CHUXKAIOT padoTy Tpe-
HUA, 0 YeM MOJKHO CYAWTH HO YMEHBIIEHWIO HarpeBa AcTalieil ¥ yBEITWUEHWIO BEIOETA
NOJIIXNHUKA TOCIE OCTAHOBKU MEXAHU3MA;

- YOPYTUE MPOKNAAKU KOMIICHCUPYIOT AedopMalyio Hapy>KHOro KOAbUA MOALLUII-
HUKA, TTOHWKAIOT YYBCTBUTEIBHOCTD COTIPSKCHNS K TOTIKAM M yaapaM W YMEHBIIAIOT
AMTUTUTYTY BEICOKOUACTOTHBIX KOJICOaHH, HATTPSKCHWH HAa KOHTAKTHBEIX HOBEPXHOCTAX,

- dnarojapa nNoAATAMBOCTU YOPYTHE MOIMMEPHHE MTPOKAAAKH, CIIOCOOCTBYIOT 0O-
Jiee PaBHOMEPHOMY pacipeAeNICHNIO HAarpy 3K HO TEJTaM Kauenud, Oyiaroaps ueMy, yBe-
JTUUHUBACTCS PECYPC HOAITUHHUKOBBIX V3JIOB;

- 32 CYET THUKCOTPOMHOCTH MOJUMEPHBIX MATEPUANIOB MPOUCXOJUT 3AMONHEHUE
MHUKPOHEPOBHOCTEW KOHTAKTHBIX HOBEPXHOCTEW, HTO YBEIIMIWBAET B KOHEYHOM HTOTE,
COOCTBEHHYIO JKECTKOCTh HAPYKHOTO KONbIA U KOHTAKTHYIO XECTKOCTh COMPAKEHUA.

- OTCYTCTBYIOT CTPYKTYPHBIC H3MCHEHUS B COCAMHICMBIX MaTEpHaax.

Taxnm oOpaszom, wcronb3oeanue aHa’pobHbIX aaresneoe (PCAS) nossonser pac-
IIUPUTH TPUMEHEHHUE MOJMMEPOB /1A BOCCTAHOBIAEHHUSA U MOBBIIEHUS AOATOBEUHOCTH
HOCAJ0K TONITUHHWKOBLIX Y3/I0B TPAHCITOPTHEIX W TEXHOJIOTMIECKUX MarmH, OHako

peannu3anma 3TOW BO3MOJKHOCTH CIOCPIHUBACTCH MaJou H3YUCHHOCTBIO TII)O6JT6MBI
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paboToCTIOCOOTMOCTH BOCCTAHOBIIETTHBIX COSAUTICHHWH TTPY PA3IMIHBIX PEeKAMax Tarpy-
eHua. He M3yueHo BIMSHME HA MX YCTAJIOCTHYKO OPOYHOCTH Ae(hOpPMAIIMOHHO-TIPOU-
TTOCTHBIX W aATE3MOHIEIX CBOWCTB TONMWMEPA, PSIKUMOB OTBEPIKICTIVA, MACIITAdImoTo
(paktopa u T.11. [lo3TOMY HCCIEAOBAHNS AOJITOBEYHOCTH MOCAAOYHBIX OTBEPCTHH, BOC-
CTAHOBACHHBIX AHAPPOOHBIMU COCTABAMM B JTAOOPATOPHLIX, CTEHAOBBIX ¥ SKCILAyaTaLI1-
OHHBIX YCIOBMAX MO3BOJIAT pa3padoTarts 000CHOBAHHBIE PEKOMEH/IAIIMY 110 UX IPUMEHE-
HUIO B PEMOHTHOM IIPOM3BOACTBE.

PacnpocTpanenne cnocoba BOCCTANOBJICHAS TTOCAMOTHBIX TTOBEPXTTOCTEH O MO
ITWTTHAKY KaUeHUS TIOUMEPITEIMK MaTepHaaMy CAEPKUBACTCS BBUAY TIEI0CTATOUTOMN
Hecyluel CrnoCOOHOCTH MONYyYAEMbX MOKPHITHHA, & CAeN0BATENbHO, U AOJTOBEUHOCTH
BOCCTAHOBJICHHBX COEIMHEHUIA.

Llens padoTht

Hcxons U3 UMEKOIIUXCSA PE3ybTATOB HAYYHBIX MCCIeN0BaHMi, B HACTOALIEH pa-
00Te MOCTABACHA CISAYIONIAA Heb HCCAeT0BAMUS: 00eCneUeHUE NOCIEPEMOHTHOrO Pe-
cypca TPHOOMEXTTHIECKON CHCTEMBI «KOITBLIO TIOAIIHITHIKA — KOPITYC» KOPOOOK Tiepenay
(KII) tpancnoprHo-TexHomoruueckux mMamiud B AIIK ¢ ucnonszopanuem monudyHKM-
OHAJILHOTO COSAMHEHUS AKPUIIOBOIO PAJIA U TEXHOJIOTHS €ro NPUMEHEHKA

3amaun uccaeT0BaHNA

B cOOTBETCTBUWM ¢ LICNTBIO WCCIICTOBATTHS TTOCTABJICTIHI CIICIYTOIINE 33 1M

- YCTAHOBUTh BUJ M NApaMeTPhi IPOLECCA U3HALIMBAHKA JeTanel Tpubomexannue-
CKOM CHCTEMBT «KOJTBIIO TIOAIITHITHAKA — KOPITYCH;

- OTIPEHENTUTE TAPSKEMHO-Ae(OPMITPOBAHTIOE COCTOSHUE TUICHKH TIONTMMEPTIOTO
MaTepuand B TPUOOMEXAHMUECKON CHCTEME «KOJbUO MOANIMITHUKA-KOPOYC» KOPOOKU
Tiepeniat TPanciopTo-TeXHOJIOTHISCKIX MaIIiH,

- ompeaenuth (PU3MKO-MEXAaHMUYECKUME W PEOTIOrMUECKHe CBOMCTBA MOJMMEPHBIX
TISTIOK T3 MO YHKIMOTATBHOTO COSAMHESHWS aKPHITOBOTO Psiia M pa3padboTaTh TEXIO-
JIOTHFO TIPUMETICHUS TIONMM(YHKITHOTATIEHOTO COSAUTICHHS aKpPHIIOBOTO pszia IS odecTie-
UEHUS NOCAEPEMOHTHOIO pecypea TPUOOMEXaHUYECKOH CUCTEME «KOJIbLO MOAUIMITHUKA-

KOpImyc» KODOﬁKH rnepeaay TpanCmopTHO-TSXTMOJIOTHYCCKHX MAIITHTT,
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- TIpoBeCTH pecypcHble uctbiTanusa K1 ¢ BOCCTAHOBIEHHBIMH TPHOOMEXaHHUE-
CKUMM CUCTEMAMM «KOJIbLIO MOANIMITHUKA-KOPITYC» U OLGHUTh IKOHOMUULCKYIO pek-
TUBHOCTH TIPEATTOKEHHON TEXHOIOTHH.

O0beKT HecTeI0BAHNSA: HPOIIECC 00SCHCUCHHS HOCIIEPEMOATHOTO pecypca Tpuoo-
MEXaHUUYECKOI CUCTEMbl «KOJbIIO MOALIMITHUKA-KOPIYCY KOPOOOK nepeay ¢ npumMeHe-
HueM NoAu(pYHKIIMOHANbHBIX COSAMHEHNH aKPUIOBOTO PANA.

IlpeameTom ucciie10BaAHHA ABJIAKOTCA: 3ABUCMMOCTH U 3aKOHOMEPHOCTHU Mpollecca
obecrieueHNsl HOCIICPEMOATHOTO Pecypca TpHOOMEXaHNIECKOW CHCTEMBI «KOJIBLIO HOJI-
MTUHHAKA-KOPTTYC» KOPOOOK Hepeaad ¢ MPUMEHEHHEM TTOTH(YHKIHOHAIEHBIX COCINHE-
HUX aKPUAOBOro PAaa.

Pabouasa runoresa: odecrneuyeHue nNoCIEPEMOHTHOrO pecypea TpuOOMEXaHUYEeCKON
CUCTEMEBI «HOAMATTHUK KAUCHWS — KOPITYC» KOPOOOK Mepenay TPaHCIOPTHO-TEXHOIOTH-
ueckux mamud AIIK Bo3moxHO ¢ npuMmeHeHueM nonu(pyHKUMOHANBHBX COSAMHEHMI
AKPUNOBOTO pAjia.

Hay4gyHasa HOBH3HA 3aKITFOTACTCH:

- B COBEPIICHCTBOBAHUN METOJMKH MOJISIUPOBAHUA HAHPAKESHHO-ASPOPMUPOBAH-
HOIO COCTOAHMA METOJOM KOHEUHbIX snemeHToB (MKD) oaHonapameTpuueckoi Tpudo-
MEXaHUTECKUX CUCTEM THHA «KOJTBIO TTOATITMHHWKA — KOPAYC — PU3NKO — MEXaHUTECKHE
CBOWCTBA TTOIMMEPHOTO MaTepHualia — yCJIOBUSA 3KCHITyaTalu», TTO3BONIAIOIEH W3YTUTh
€€ 3JIEMEHTHI, CBOMCTBA W NPOLIECCHI, UMEIINE MECTO, B MOAIIMWNHUKE, TOJIUMEPHON
HJICHKE, MEXaHUICCKOW CUCTEME W BO BHECIITHEH CPETIC,

- B 000CHOBAHHEIX KBATH(PMKATHOHHBIX TPEOOBAHUAX K HOJTUMEPHOMY MaTepHaiTy
JINS KOMIEHCALMK W3HOCA B TPUOOMEXAHUYECKON CUCTEME «KOJIbLO NOIIIMIHUKA - KOP-
mycy KI1

- B 3AKOHOMEPHOCTAX U3MEHEHUA PECYPCa BOCCTAHOBIEHHON TPUOOMEXAHUUECKOH
CUCTEMEBI «KONBIO MOAMATIHIKA — Kopryc KI» B 3aBUCHMOCTH: OT ycIoBHWi SKCHITyaTa-
mn K1, ¢usnko-MexanwaecknxX CBONCTB M TCOMETPUTCCKUX PA3MEPOB HIICHOK HOJTH-
MEPHOr0 MAaTepuana.

TeopeTnueckasi 3HAUAMOCTB. PE3YJILTATHI, TTOJTYUCHHBIC B UCCICAOBAHNHN, TOTION-

HAIOT WUMECIOITHECS, TCOPCTUICCKUES TIPEACTARIICHUS B YacTH ONPEACTICHUA pecypca
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OIHOIAPaMETPUIECKHWX CHCTEM THUIA «KOJIBLIO MOALUIAITHHKA - Kopryce Kl I» ¢ memnsro on-
TUMU3AIIMU NAPAMETPOB, ONPENSIAOIlUX MOCAEPEMOHTHBIA pecype TpuboMexaHuue-
CKOM CHCTEMBI «KOJBIO MO AITHTHUKA — kopiiye» KIT mpw ux BoccTaHOBICHUH TIONTAMED-
TTEIMY MaTepHATaMH aKPUJIOBOTO PAIA.

IIpakTuueckan 3naunmocTb: Paspaborana TexHonorus odecneueHua mociepe-
MOHTHOIO pecypca TPUOOMEXAHUYECKOM CUCTEMBI «KOJbLO NOAIIUIHUKA — Kopriye» KIIT
C IPUMEHEHHEM [1OJIM(YHKUMOHAILHBIX COSAMHEHUH AKPUIOBOIO P, OTIMYAOIIMACA
TIA3KOH TPYHOEMKOCTEIO peaTu3aliii, TI0 CPaBIeHAIO ¢ IPYTUMH METOAaMU, He TpeOyIo-
IUH CTIEAATH3TIPORAHTIOTO 000PY10BaANHs W BEICOKOH KBaTU(PWKAIINY WCTIOTHUTEICH,
3HAUUMOCTb M AKTYAILHOCTH AUCCEPTAUMOHHOMN PabOThl NOATBEPHK/EHA BHEAPEHUEM Pe-
3yAbTATOB PA0OThL B PEANBHOM CEKTOPE CENbCKOXO3ANCTBEHHOrO MPOU3BOACTBA U TPAHC-
TIOPTIBIX YCITYT.

MeT0a010THsI H METOAbI UCCJIEN0BAHMSL:

- AHANIM3 HAYUHbIX TPYAOB OTEUECTBEHHbIX U 3aPYOEIKHBIX YUEHbIX B O0IACTU U3HA-
ITMBAHWS, PEMOHTA U BOCCTAHOBJIGHHA PadOTOCIIOCOONOCTH TpHOOMEXaTNaeckol cu-
CTEMbI «KOJbLO NOALIKMNHUKA — KOPOYCY,

- METO/Ibl MATEMATUYECKOIO U CTATUCTUUECKOTO MOJECNUPOBAHUS COCTOAHUA TPU-
OOMEXaHWUECKON CHCTEMBI «KOJTBIT0 TIOATTHTIIHKA — Kopiiye KIT» B mporpaMMmieix cpe-
nax MathCad, Statistica, MSC. Patran/Marc, Ansys;

- HATYPHbIE SKCIEPUMEHTANLHBIE UCCAEAOBAHUS.

HccnenoBanus BBITIONTICHET ¢ MPAMETICHUEM OPUTUNMANTBITBEIX METOAWK W CIICHH-
aNBHO PazpadoTaImHOTO W CEPUIHOTO 000PY A0BATTHA,

IHonoxeHnusi, BLIMOCUMBIE HA 3A1UTY:

- METOJNKA MOJCTUPOBATTHA HAMPSIKETHO-ASHOPMTIPOBAITHOTO COCTOSATINS TPHOO-
MEXAHUUSCKOI CUCTEMbl TUIIA «KOJIBIIO MOJUUMHUKA — KOPIYC — PU3MKO — MeXaHUue-
CKHAE CBOWCTBA MOJIAMEPHOTO MaTepHalia — YCIIOBWS SKCTUTYATALWI », TTO3BOJIAIOIIAs N3Y-
TUTh €¢ IICMEHTHI, CBOHWCTBA W TMPOIIECCHI, UMCIOIITHE MECTO, B TTOIITHITHHKES, TTOITAMED-
HOH WICHKE, MEXAHUUECKON CUCTEME,

- PE3YIILTATHI; WCCIIETOBAHNS (PUINKO — MEXAHWUESCKHX CBOWCTB MIICTIOK TTOJTUMED-

TOTo MaTepHallia, Marpsax GTIHO-,E[Gd)OpM HPOBAITHOTO COCTOAHHUEC TTOJTHM epnoﬁ TINICTTKH .,
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- pecypca TPUOOMEXAHWUECKON CHCTEMBI «KOJBIIO TOAMAITHWKA — kopmyc» KII
TPAHCIOPTHO-TEXHOJOrMYECKUX MALIUH.

CTeneHb JOCTOBEPHOCTH Pe3yJIbTATOB HCCJICA0OBATINS:

JoCTOBEPIOCTE HYKCIIEPUMEHTATBHBIX UCCIICA0BAHNH, 00€CTICUNBACTCS METOIONO-
CAEH NIPOBENEHUA SKCIIEPUMEHTA, YCTOMUUBON BOCTIPOU3BOAUMOCTBIO PE3YIILTATOB, UC-
NONAb30BAHUEM MOBEPEHHOIO METPOAOrHUECKOro 000PY/I0BAHUS U COTNACKUEM MOIYYEH-
HbIX PE3YJbTATOB C JAHHbIMU JPYIUX aBTOPOB. JOCTOBEPHOCTH HAYUHBIX NOJIOKEHUH,
PE3yNIBTATOB W BHIBOJOB, HONIYICHHBIX B JWCCEPTALMOAHON padoTe, 00cCcHEUMBAECTCA
0DOCHOBAHHOCTEHIO (DM3UTECKUX TIPEACTABIICHNH, KOPPEKTHOCTHIO TIOATOTOBKH U TTPOBE-
JIEHUA SKCIIEPUMEHTA, COTIACUEM € PE3YJIbTATAMU APYTUX ABTOPOB.

Peannzauusa pe3yabTaToB HCCACA0BAHUY:

TexHonormueckuii MpoLece KOMIIEHCAIIMK W3HOCOB 3JIEMEHTOB TPHOOMEXaHWUE-
CKOM CUCTEMBbI «KOJbITO moalunHauka — kopoyc KII» ucnonssyerca B OO0 «Taranex-

Tpomaiu Cudupsy», r. Hopocubupcek.

Anpodauua pe3yJabTaATOB UCCeT0BAHUSL.

OCHOBHbBIE MOJIOKEHUSA U PE3YJIbTaThl AUCCEPTALMOHHON PabOThl NON0KEHbI, 00-
CY/KICHBI W SKCHOHMPOBAJINCH Ha!

- HAyYHBIX KOH(pepeHIHAX TpodeccopcKo-TIPeHoIaBaTENbCKOTO COCTaBa, HayIHEIX
pabOTHUKOB M acnupaHTOB Hena0HuHCKOro rocyaapcTBEHHOrO ArpOMH>XEHEPHOrO YHHU-
BepcuTeTa W UenmssOWHCKOM Tocy AapcTBEHHOM arponHkeHepHOH akafaeMun B 1998 — 2016
T.T.;

- HayuHbIX KOH(pepeHuuax npodeccopcKko-npeno1apaTeNbCKOro COCTasa, Hay YHbIX
pPabOTHWKOB W aCHUPAHTOB TIOMEHCKOTO TOCYAAPCTBEHHOTO HE(ITETa30BOTO YHUBEPCH-
teraB 2013 - 2015 rr.r.;

- PETUOHATEHOW HAYyTHO — MPAKTHICCKOW KOH(EPSHINH CTYACHTOB W acTIMPaHTOB
«CocTosiHe 1 WHHOBAIMA TEXHWUYECKOTO CEPBHCa MAIIWH M 000pyI0BaAna», T. HoBo-
cubupek, 2015 -2017r.;

- BBICTABKE «/|OCTHIKEHNS HAYKH — arPOTIPOMBITITICHHOMY KOMTIIEKCY», T. UeNaOMHCK,

2015,
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- MEXJIYHApOJAHOW HAyYHO-TIPAKTUYECKON KoH(pepeHnn «COoBpEeMEHHOE COCTOS-
HUE U TIEPCHEKTUBBI PA3BUTHUSL arpoNpOMBIIIIEHHOTO KomIuiekca», T. Kypran, 2016 —
2017 r.

- MEXIYHapOJHOW HAay4YHO-TIpaKTHUYecKor KoHbepeHmu «Yrenus Tepckux», T.
Upxkytck, 2017 r.

- MEXIYHAPOJAHOW HAyYHO-NPAKTHUYECKON KOH(pepeHunn «HayuyHo — TexHu4yeckoe
obecneuenne AITK Cubupu», r. HoBocubupck, 2019 .

- MEKIyHApOAHOW HAy4YHO-TEXHUUECKOU KoH(pepeHunu «I{udpoBbie TEXHOIOTUU U
pOOOTH3MPOBAHHBIC TEXHUYECKHUE CPEACTBA IS CEITLCKOTO X03siiicTBa», r. MockBa, 2019
T.

- MEXIyHapOAHOW Hay4YHO-TeXHHW4eckoi KoHdpepenuuu "Tlpom-UnxuHUpUHT», T
Coun, 2020 1.

Iyoaukanuu.

[To Teme nucceptaruu omnyonukoBaHo 20 neyaTHeIX paboT, U3 HUX 8 cTaTeil B Kyp-
Haax, pekoMmeHoBaHHbIX BAK P®, 3 cTaThu B perieH3upyeMbIX 3apy0eKHBIX Ky pHaJIax
u3 6a3p1 SCOPUS, nBe cratbu BHeceHsl B 0a3y uutupoBanus AGRIS, 7 crareli B mepuo-
JTMYECKUX COOpPHHKAX, TPY/IaX M Te3UCaX MEKTyHAPOIHBIX U BCEPOCCUNCKUX KOH(EPEH-
11, TOYYEeHO 5 MaTeHTOB Ha N300PETEHUS U MOJIE3HBIE MOJIENH, OHO CBUAECTEIHCTBO Ha
nporpamMmy Uit OBM.

CrpykTypa u 00beM padoThI.

JluccepTanusi COCTOUT U3 BBEACHUS, MSITH IJIaB, 3aKJIIOUCHUS, Onbanorpaduieckoro
cricKa | npuioxkeHuit. O0bemM paboThl cocTaBiisieT 228 crpanuil, U3 HUX 219 crpanun
OCHOBHOTO TEKCTa, /3 pUCYHKA, 3 Tabyuibl. bubauorpadudeckuii criucok coaepxut 331

HCTOYHHK.
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Pecypc KII 3raunTeTeHO CHMIKAETCA B 3aBUCUMOCTH OT BUJIa W HOPSJIKOBOTO HO-
Mepa pemoHTa. Uem Bbue HOMEP peMOoHTa — TeM MeHblie pecype KIL Ilocne 1 — ro
KanuTaITEHOTO pemonTa pecype KIT coctasmsieT 72% oT 1opeMOHTHOTO pecypea, 2 - 50%,
3 -32%, 4 - 28% oT HOPEMOHTHOTO.

OTHOCUTENLHO HU3KUIA pecype aneMeHToB, U B nienomM KII, B mocaepeMoOHTHbIN e-
puoA 00YCIIOBJIEH BAMAHUEM M3HOCA NOBEPXHOCTEN OTBEPCTUH NOA MOANIMITHUKN Kaue-
Hus B KopiycHbiX geTaisix K11 D1o yreepxkaenue Koppeinpyercs ¢ JaHHbIMU Psiia Uc-
cnegosanwii [14, 148, 185,190].

CtabWuTIEHOCTE Pa3MePOB OTBEPCTHH TIO TIOAMTMHHWKN KatueHWs B kopmyce KIT aB-
AA€TCsA HEOOXO0MMbIM YCI0BUEM A noBblneHus aoaroseunoctu KII. CnenosatensHo,
VBEJIIMUCHHE MOCASPEMOHTHOIO peCypca MAIlIMH, B NEPBYIO OUepeab BO3MOXKHO NYTEM

COBCPIICHCTBOBAHWA TCXHOJTOTHH W HOBEILIICHWA KauCCTBA PCMOHTA.

1.2 AHau3 cxeM KOHCTPYKUHi NOAMUIHUKOBBIX Y3/J10B KOPOOOK nepeaay

Ocobennoctbro kopodok nepeaay (KII) coppeMeHHbIX TEXHONOTUUESCKUX U TPAHC-
MOPTHBIX MAIIIMH SABMIAETCA pasHooOpasue ux tunos [282]. B Hactodlee ppemsa B 00Jb-
ITUHCTBE KOHCTPYKIUH TPaHCMHUCCHH MOOWMITBHBIX TPAHCIIOPTHBIX M TEXHONOTHISCKAX
MaIllWH TTPUMEHSIOT Mexanndeckue u podormsuposannbie KIT [252]. Ormmmrensroi
0COOEHHOCTBIO KOHCTpYKuuit Taknx KII aBngerca ux MHOroCcTyneHuUaToCTh, odecneyun-
BaeMas ¢ LENTbI0 HanboJlee palyoHaTEHOTO HCHOTB30BAHWS MOIITHOCTH MAlIWHBI B Pa3-
HOOOpa3HbIX YCIOBHUAX IKCHITyaTatmu [7].

B KOHCTPYKIIMAX TPAHCIOPTHLIX U TEXHOTOrMYECKUX MAIIUH, B OCHOBHOM, NpH-
MEHSIOT BalIbHBIE MHOTOYpoBHERBIE KI1 ¢ TTPOIONBHEIM WITH TTOTIEPEUHBIM PacIioNnoKe-
HUEM BAJIOB U 11IECTEPHAMU MOCTOAHHOTO 3auenneHnss. OCHOBHbLIM OTJIMYMEM B KUHEMA-
THIECKUX CXeMaX KopoOOK Hepenad sSBIAETCA - Hepelada HOTOKa MOIIHOCTH, UTO OTIpe-
JIENACTCA KOIMYECTBOM BAJIOB W AP MIECTEPEH YUaCTBYIOIIWX B 3aLeHIeHnn. [1o quciy
BAJIOB KOPOOKHK nepeaau moapasAe/ia0Tcsa Ha ABYXBadbHbIe (0€3 yuyeTa Banyka 3aJHero

X0/1a), TPEXBANBHEIC U YETHIPEXBATBHEIC, COCTABHBIE W CHELIMAJIBHEIE [7].
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B nacTodmee Bpems Banbl KOpOOOK Nepenad, Kak MpaBUiio, yCTaHABIWBAKOT B TIOJ-
IIMNHUKOBLIX y3nax kauenusa [112,113, 227,230, 243 ].

[ToMUIMAHWKOBBIH y3€JT — KOMIUTEKC AJIEMEHTOBR, 00BEIMHATOMINI TTOIIHITHUK, KOP-

MyC, W COCTOAINN N3 CIICHYIOIINX KOMIIOHCHTOB!
- Kopnyca (kaprep);
- OJJHOTO MJIM HECKONBKUX MOIIUITHUKOB;
- YILIOTHUTENbHON cucTembl [287].

[TomuMAHWKOBBIN y3€T 00CCHEUNBACT BOCTIPUATHE PaIUaTbHEIX U OCEBBIX Harpy-
30K, @ TaK¥Ke MCKITIOUAeT OCEBOE CMEIICHWE Bajia, HApPyIIAKIIee HOPMAaJIBITYI0 padoTy
COIPSDKEHHBIX AeTajieil (3y0uaTbiX U UePBAUHBIX KONEC, YUEPBAKOB, YUIOTHEHUI U JIp. ).

Jas onop Banos KII npuMeHAOT NOANIMITHUKKA KAU@HWUA — LIAPUKOBbIE (11APUKO-
BEIE PaJMaibHBIE) W POJIMKOBBIE (PONWKOBBIE PaJAWAJIBHEIC W POITMKOBBIE paaHallbHO-
YIIOPHDIE) PA3IMUHbIX CEPUIA.

K noamunuukosomy y3ny KII npeabasnsatorca Haubonee Boicokue TpedoBaHus,
BETHOJTHEHWEM KOTOPBIX AOCTATACTCH.

1) TOMHOCTH BpAIMeHUA NPU MEHAIOLIUXCS pexxumax padoThl;

2) Hanuune BHICOKOMN KECTKOCTU U BUOPOYCTONUUBOCTH,

3) criocobHOCTE PaboTaTh B IMTUPOKOM AMAHA30HE CKOPOCTEH Oe3 PeTYIITPOBKH,

4) He3HAUNTENTBHOE W3MEHEHHUE TEMTIEPaTYphl P paboTe Ha PasTWUIHEIX PEXKH-
Max;

5) MUHUMAaJTLHBIC HOTEPH Ha TPEHTE,

6) OTCYTCTBUE U3HOCA OHOP U, CIIEAOBATEIIBHO, 3HAUUTEIIBHAS JOJITOBETHOCTE IPU
HECIOKHOM YXOJe.

MatmHOCTPOUTEIBHBIE (PTIPMEBT MITpa TTPOM3BOIAT OKOJIO ¢Ta THICSY MOoauwKa-
LKA MOAIIMITHAKOBBIX Y3JIOB, KOTOPbIE YAOBIETBOPAIOT Pa3HOOOPA3HBIM PEXKUMAM Pa-
00T ¥ YCITOBUAM IKCITyaTallnu MammH [287].

B coBpeMeHABIX KOHCTPYKIMAX KII TpaHCIOPTHBIX W TEXHOJIOTUYECKWX MAIHH
OTEUECTBEHHOrO U 3apyOeKHOr0 NPOU3BO/ICTBA UCTIOIL3YIOT CBbllE 90 pPa3NUUHBIX KOH-
CTPYKTUBHBIX WCTIOJTHECHIH W KOMHOHOBOTHBIX CXEM HOANIMHHWKOBEIX Y31T0B. B HacTos-

mee BPCMA TIPUMCHATOTCAH TIPDUMCEHATOT YCTHIPC OCHOBHBIC KOMHOHOBOYHEBIC CXCMBI OITOD
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TIOTPEIITIOCTEH JINTICHTTBIX pa3MEPOB W TSMTICPATYPHBIX VITHHETTMN MEKTy TTapy KHBIM
KOIbLLOM M KPbIIIKOHA MOAIIMITHUKA NPEyCMOTPEH OceBol 3a30p a. Heobxoaumas penu-
qHma 3a30pa 00eCeUnBaeTCs YCTAMOBKONH PETYIMPOBOTHBIX TTPOKITANOK MEKIY KPBIT-
KO 1 kopriycoM. B OONBIIMHCTBE Y310B ¢ THIABAFOIITAM MOAUTAITHUKOM €TO YCTalaBiu-
BAIOT B HAUMEHEE HArPYXEHHOM CUJIAMHU MECTE.

KommoHoBOUHAA cxeMa NpUMEHseTCs npu Juodoil [nuHe Bana (OrpamuueHue mo
NEPEKOCY KOJIELl OAMITHUKA [Py AedopMalin Bana) B TeX ClLy4asiX, KOI1a pajnajibHas
W OCeBas WTpa Bajia 3a CUET 3a30POB B TOMAIITHITITAKE W U3METICHUS TEMTICPATYPhl JOTTY-
CTUMBI 110 YCTIOBHIO PabOTH Nepenaun (HanpuMep, LATHHIPUIECKHUE 3y0uaTele KoJeca).
ITono0Haa cxema xapakTepHa MPOCTOTON M KOMOAKTHOCTBLIO, Oaroiaps ueMy 3Ta KOH-
CTPYKIIHA ONOP MOJYUHIA BECHMA 1IMPOKOE pacnpocTpaneHue B KOHCTPYKunax K11

HenocraTkom, IpUBEAEHTION CXEMBI, CIIEAYET CUMTATDL OTIIOCUTENBHO HA3KYIO pa-
JIMATTBHYIO KECTKOCTh MOAUIMITHUKOBLIX onop [26,36,38.77,90,125,179, 228].

[IpumeHEeHnE NOMIUNHUKOB ¢ KOPOTKUMU UMAUHAPUUYECKUMU POJMKAMH B 3HAUU-
TEJIBION CTETENH MOBBIMIAST IPY30TTOABEMTIOCTE W PAANANTEHYIO KECTKOCTE TIOAUTHITHH-
KOBbIX OMOP.

[ToAlIMNHUKY MPETHA3HAYEHDI 111 BOCOPUATHS PaJualbHblX HArpy3ok. [lo Heko-
TopeM ouerkam, [164,150] pagnanbnas rpy30moabEMTIOCTE TAKHX TIOATTUITHAKOB 1,5 —
2 pa3a BHIMIE TPY3OMOIBLEMHOCTH OIMTOPSTHBIX MMTAPHKOBEIX PaTHaTFHBIX TIOMITTHTTHHKOB
paBHbIX rabapuTHbIX pasMepos [164,150,121,216]. HoammMnHuky ¢ KOPOTKUMU LIMAMH-
JPUIECKUMH POIMKaMHW TI0 CKOPOCTHBIM XapaKTEPUCTHKA 3HAUUTEITBITO yeTymaioT [28]
OTHOPAAHBIM IAPUKOBBIM PaAMabHEIM TTOAMATIIHKAM. J¢eKTUBHAA WX IKCMITyaTa-
uua orpaunudeda 2000- 5000 mun ' pana.

[TomIIATHWKY ¢ MPTATIAPAYECKIMHY POJTHKAMHF YyBCTBHUTEITBHET K TIGpEKOcaM 1 He-
coocHoCTU mocaaouHbix oTeepeTuil KII, Tak Kak mpu 3TOM BO3HMKAET KOHUEHTPALIUA
nanpspKeTiit vy kpaée posika [191,286].

Cxema ycTanoBKM MOAMWNITHHKOBBIX ONIOP ¢ KOPOTKWUMW LUWITHITAPWIECKUMHU POJTH-
KAMU aHAJIOMMUHA CXEME YCTAMOBKU ONOP C PAAUANbHBIMUA OAHOPAIHBIMU IIAPUKOBLIMH

TIOATITUITHAKAMH ¥ TIOKa3arna ma Pucyrke 4.
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TEXHOJIOTUISCKUX MallliH W3HOC OTBEPCTHH KOPIYCHBIX OETalled 1Mo MOAMINITHUKOBBIE
y3J1bl OPEACTABIAIOT COO0I BTOPON MO 3HAUCHUIO, IOCIE PEAYKTOPHOM YaCTH, HCTOUHUK
OTKAa30B.
Mexonst u3 3TOT0, HATPY3KW (W MX HAITPaBJICHNUE ), PEIKUMBl HaTPy KeHHS HOLTHH-
HUKOBOIO Y314 ABJISIIOTCA BEChbMA BAYKHBIMU 3JIEMEHTAMM, BIMAKOIIMMU HA JOJICOBEU-
HOCTh TPUOOMEXAHUUECKOMA CUCTEMbI «KOJIbUO NOALIMMHUKA — KOPIYC» W BONPOCOM,

TPeOYIOIMM PACCMOTPEHUA.

1.3 Cuabl, aelicTBYOIIUE B NOAMIHNHHKOBBIX 0N0Opax

Harpy3ku Ha nOINMNOHUKOBBIE Y371bl U KOPIYCHBIE A€TaNU 00YCIOBAUBAKOTCA Eii-
CTBUEM:

- CTATHYECKHWX HATPY30K;

- IMHAMUYECKUX HArPYy30K,

- TEMAOBBIX HATPY30K,

- Harpy3o0K, C03/1aBa¢MBIX MIECTEPHIMH, HEPEHAOTUMHU MOIITHOCTS.

Cratudeckre Harpy3kH, JSHCTBYIOUINE HAa OHOPH BAJIOB, SBIISTIOTCS CIIEACTBHEM
PABUTALIMOHHBIX CUII, UX HAMPABIECHUE U BEIMUMHA HE MEHAETCA B TEUEHUE BCEro Bpe-
MEHW paboTH Mexann3Ma. K cTaTHuecKuM Harpy3kam OTHOCHUTCS BEC NCHOJTHUTETBHEIX
3JIEMEHTOB (IIIECTEPEH, IIKWBOB, BAJIOB W T.11.), MEXaHUTECKOTO 000PYIOBaHNS, 3aKpEH-
JEHHOrO Ha onpeaenceHHoM Mecte [199].

[Tpw BpameHny NEPEIaTOUHEIX 3BEHBEB (B TaCTHOCTH, IIECTEPEH ) HA OTIOPBI BAJIOB
KII aeiicTBYIOT AMHAMMYECKUE HArPy3KW, TO €CTb HAIPY3KH, 3aBUCAILIME OT YCKOPEHUH
(uAaue, OT CUIT WHepLMH). [1OIITHHHWKOBLIE Y315, B OCHOBHOM, BOCTIPWHWMAIOT HOCTO-
SHHO NEeHCTBYIOLLNE paAuaibHble HArPy3KHA OHOTO HanpasieHns, Ho GomsmmACTBO co-
BPEMEHHBIX MallliH B Iporiecce padoThl BUOPUPYIOT, CO37aBasd 3HAKOMEPEMEHHbIE
Harpy3KW Ha OTJACTBHBIC V3Bl W AeTaiu. VicToTHWKOM BUOpatnii ABNIeTCHS cTaTHdecKas

W JUHAMHWYCCKAA HCYPABHOBCIICHHOCTE MPHBOAHEBIX U HEPCAATOTHBIX OPraHOB MAIllHH.
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3HAKOTIEPEMEHHEIC HATPY3KH TIPH BHOPAIIAA T¢pe3 BaTbl HEPEIAIOTCH HA TIOMIITHITHAKH
kauenus [201,213].

[Tlpw paboTe TOAMATIAMKA TPOUCXOINT €Tr0 HATPEeB, TPIMO 33aBUCATINH OT
Harpy3KW ¥ YacTOTHN BpalleHwWs, TemiepaTypsl apyrux aeranent KIl. Kaxaeii ws nepe-
YHMCNEHHMX MPOLECCOB BbI3bIBAET COMPOTUBIICHUE JBHXXEHUIO KOJIEl, TeN KAUSHU U TPe-
OyeT 3aTpaT MeXaHWYECKON SHEPruy MpU TPEHUU. HacThb 3TOM SHEPTUU PACCEUBACTCS UITU
NEPEXO/UT B TEILIO, B PE3YJILTATE YEro NOBLIIIACTCA TEMOEPATY PA TPYLIMXCA TEJL U OKPY-
JKAroIen cpeasl. Harpes HOAMIMAHWKOBOTO y371a MPUBOANT K TEIJIOBOMY PacIlIipEeHWIO
€TO KOJIET, UTO MOKET BBI3BATH OC/IA0IeHNE MTOCAAKM BHYTPEHHETO KOJIBIA HaA Bay W
pacHIMPEHUE HAPY>KHOIO KOJbITA, KOTOPOE MOXKET MPEMATCTBOBATL OCEBOMY TepeMellle-
HUIO MOAIIMITHUKA B ¢ WIABAKOIIMX ONOPaxy». BaXXHO OTMETUTS, UTO Yepe3 MOAUIMITHUKO-
BEIH Y3€JT TPOWCXOANT JUCCHHALINS 9acTH TEHIOBOM HAarpy3Ky OT APYTHUX JAETaleH uepes
kopnycHbie aetanu KII. Kak otmeueno B padote [24,220], DOAUIMTIHUKOBLIH y3€1 UMEET
HEPABHOMEPHOE pacnpe/IeieHue TEMNEPATYPhl N0 NEPUMETPY KOJELL U TET KAUSHUA N0~
ITUHHWKA, 9TO TIPWBOOUT K W3MEHESHWIO (POPMEBI €TO 3MEMEHTOB W 3aKIIMHNBAHWIO WITH
CXBATbiBAHUIO TENl KAUEHUA C KOJBITAMHU.

[loAIIMITHUKOBLIE Y37bi, B MPOTIECCE 3KCUIIYATALMMW, BOCIPUHHUMAKOT BHEIIHKE
Harpy3ku OT JACHCTBHS paaualbHBEIX (ACHCTBYIOIINE TIEPTICHINKYJISPHO TCHTPATBHOM
OCH HOJAUTUHHUKA) 1 OCEBHIX (JCHCTBYIOMINE HAPAIETEHO LIEHTPATbHON 0cH) crt, CHITBI
JIEACTBYIOT HE3aBUCUMO, UJIM B COUETAHUM C APYTMMM HArPy3KaMu B CTATHYECKOM WU
JTUHAMUTECKOM PEIKAMaXx.

Buemnsasa Harpy3ska, MpwIoKeHHas 9epe3 Ball WIW KOPIYC MOAITMAHAKA K OTHOMY
13 €ro KOJetr, NepeaaeTcs Yepes3 KOHTAKTHbIE TUIOIIAAKY TE KAUeHHs, 2 3aTEM Ha BTOPOe
KOJTBITO HOIITUTTHUKA ¥ COMPSIKEHABIC ¢ HAM JCTAT MATTHHET,

Tena kauenua B paJManbHOM NO/IIMNHUKE NPU PAAUANBHON HATPY3KE BOCIPHUHHU-
MaFOT PA3TUIHEIC TT0 BSJTHUWHE YCHITHSA, TIPHYEM HEPABHOMEPHOCTH B PacTIPEACIICHHHN
YCHIIMH MOXKET AOBOJIBHO 3HAUNTENIBHO W3MEHATECS B 3aBUCHMOCTH OT BEJIMUWHBI pPajin-
alIbHOTO 3330PA, XXECTKOCTU KONETT U YCAOBUI MOCAAKU MOANIMITHUKA HA Ball U B KOPIYC

[24].
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Onpenenenne HATPY30K Ha Tella KAaUeHWS, HAXOOAUINECTS B Pa3TUTHBIX HOJIOKE-
HUAX O OTHOMIEHUIO K HATIPABJIEHUK) NEUCTBUSA BHENIHEN PAJMAIILHON HATPY3KU HA MOJ-
TWHHAK, TTpou3BoanTes Ho Metoay Lltpubexka [103,321]. Ipu 3ToM mpenBapuTeLHO
JOTIYCKaeTCs HEW3MEHHAOCTh KPYTOBOM (POPMBI KOJIET W OTCYTCTBHE HAUAJBLHOTO 33a30pa
MEKAY TeNAMHK KAYEHH U KOJIbLAMM.

Iloa neicTBUEM paanaIbHON HATPY3KH OJHO K3 KOJEI NEPEeMECTUTCS 110 HAITPAB-
JEHUIO K JPYIOMY KOJIbLY W BbI30BET CUCTEMY PEAKTUBHbBIX YCWJIMI CO CTOPOHbI TEJ Ka-
qeHAA. ECIT onpeieTuTh BEMUAWHY 3TUX HEPEMELICHWI W YUECTh CBA3b MEIKAY CKATHEM
KOHTAKTHPYIOIAX JIEMCHTOB W PEAKTUBHEIM YCHITHEM, BO3HUKAIOIMIUM TIPH 3TOM, TO
MOKHO ONPEIC/INTh HATPY3KY HA KAX/0€ TEI0 KAaUeHUsA HE3aBUCUMO OT €r0 pacnooxKe-
Hua [322].

3amava o pacrpenesISHUH BHENTHEH painaTbHON Harpy3Ku MKy TeJlaMU KaueHWs
B PAAMAIbHOM LLIAPUKONOIIKWNHUKE IPEATONArAET, UTO BHYTPEHHUIA PAAHaNbHbLA 3230p
B MMOJIIMIHUKE PABEH HYJIIO, 2 KOMILIEKT TeJl KAYEHUS PaClON0KEeH TaAKUM 00paszoM, uto
OJVH W3 HUX B HAIPY’/KCHHOHW 30HE HAXOINUTCA Ha JINHUN JCHCTBUA BHEIIIHEH paInaibHON
Harpy3ku. [lozanee 31o pelnenne Ob110 pAacnPOCTPAHEHO HA CIIYYaid MPOU3BOALHOIO Pac-
MOAOKEHHS KOMIUIEKTA TEJI KAUeHUa OTHOCUTEAbHO HANPABICHUA BHELIHEA HATPY3KU.

B paccmarpueaeMoil 3amade TIpW  BEPTWKAJIBHOM HAIpaBJICHUW paauaibHON
Harpy3Ku HOCIEAASS OyAST BOCITPUANMATRCS JIMIIb TEIAMHA KaueHNA, PACHONOKEHHBEIMHA
HIKE FOPU3OHTAILHON OCU MOJIIKMMNHUKA, TOMJA KAaK LIAPUKY, PACIIONOKEHHbBIE BbILIES
3TOM OcH, Oy YT HezarpykeHHbIiMu [24,126,322].

W3 HpOeKUNA CUITHT HA HAHPaBJICHNE NSHCTBUS BHENTHEW HATPY3KH U TTPHHSE 000-

3Hauenusd, (Pucynok 6), cnenyer:

n
F.=F +2 Z P, cos iy, (3)

i=1
rae P, - — Harpysku Ha OTAENbHBIE TE€NA KAUSHUS, OTCUUTHIBAEMbIE OT UEHTPANbHOIO
(10 OTHOIICHHIO K BHEITHEH Harpy3ke) mapwka, H;
Y - YTOJT MEHKIY COCETHUMHU TEIaMW KaueHWS, Tpal.;

F. - narpyska Ha noaiuunHux, I1;
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N - TUCIIO TEJT KAUCHUS B TIOJIOBHUTIC MATPYKEMHOM 30HBI (0€3 1IenTpaTEHOTO) To-

HHNHAKA.
CoOmmkeniie Konel B HAIMPABJICTTHAX PAaIHyCOB, TTPOXOOAIHX YCPC3 LCTITP Kaik-

JIOTO TeNa Kauenus, OyayT CBA3AIbI CIICAYIOMNMH YCIIOBHAMH;
8, = §; cosy, @
&, = &y cos 2y,
M3 oliiero TeopeTnuecKoro pelieHusa KOHTAKTHOH 3a1auy Clenyer:

(5)

= const,

Frgml =

rae & - cOmmxeHue ynpyrux KOHTAKTUPYEMBbIX T, MM,

P - ycunue, cikumarolee KOHTAKTUpyeMbie Tena, H.

Fr

5 |

pf o ARY

PucyHok 6 - CxemMa pacrpeneneHusa BHELIHEH HArpy3Kyd MEXy T€IaMy KAaUueHUs B pa-

AUAJTBHOM IHMAPHKOTIOAITHITITHKE

ITocne HeoOXxoaUMBIX NpeoOpa30BaHuil CNEaAYET, UTO:
F 5 .
P—:1+2cosy2+20052y+-——, (6)

0

JUTst TTOAMIUITHWKOB ¢ KOJTUTIECTBOM Ten kKaueHus Z ot 10 go 20 mpasas 4acThb BHI-

n
paxkeHus OyneT NPUMEPHO PaBHA =35> TOI7a HArpy3Ka Ha A0boe TENNO KAYSHUA HAXO04-

[IEeCs B HATPYIKCHITON 3011¢ ONIPEACITUTECH BBIPAKEITHEM:;
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F 3
P, = 4,37 Hr cosz ny, (7)

a 114 Haudonee Har PYHKCHHOIO TCa KAYCHHA, HAXOAAINCTOCA HA NHHK JelcTBUA

BHEITHEH paAValibHON Harpy3KH,
F
P, = 4,37 —. (8)
n

YuuTblBaa, nepacnpencHue Harpy30K no TenaM KAueHusa ¢ YUETOM 3a30pOB U Je-
opmalMyu KoNew, BeNMUMHA HArpy3Ku, ASHCTBYIOIAS HA HAanbonee HarpyXeHHoe Teno

KAue€HUs, NPUHUMAETCA paBHoi [97,99]:

F
p, = 5.¢ ©)
n

CyluecTBEHHOE BIAMSHUE HA TIepepacnpeie/eHye HArPy30K M0 TejaM KaueHus OKa-
3bIBAET 3230P MEXK/IY HAPYKHBIM KOJAbUOM IOALUIMIIHUKA U KOPIIYCOM, 4 TAK:KE Paauaib-
Has JKECTKOCTh CaMOTO KOPITyca. ITH BOTIPOCH! HCCIICIOBAIINCE B padoTe Xappwca [310].

BHellHue cunbl 0KA3bIBAIOT CYIIECTBEHHOE BAMAHWE HA HArPYKEHHOCTh ONOPbL, B
NEPBYIO OUePeIb HA HAPY3KH, ASHCTBYIOIKE CO CTOPOHBI CUA0BBIX Mepeaay, Kopnyca u
Baja.

W13 mipoBeACHHOTO aHaji3a CleayeT UTo, BHCIIHUE W BHYTPSHHUE CHITOBBIC (hak-
TOPbl OKA3bIBAIOT BO3JACACTBUE HA NOBEPXHOCTH KOHTAKTA KOJbLA NOALIKMOHUAKA H KOP-
Hyca, 9TO B KOHCYHOM HTOTE TIPUBOJAAT K WX PA3PYIICHUIO M M3HATITHBAHWIO.

Ha oCHOBaHWH 3TOTO, MPONCCC W3HANIMBAHWSA KOHTAKTHPYIOUTHX HOBSPXHOCTSH

NOANCHKUT PACCMOTPEHULO.

1.4 lMpuanHB 1 HPoUlECC UIHATMHBAHUS OTBEPCTHEN HOA NOMIIHITHHKH

B KOPIYCHBIX AeTAJIAX

Yenosua paboThl MOAUIMIHUKOBBIX Y3/10B ABAAIOTCA 0CO00 TAXKENLIMU NO HACPY-
’KEHHOCTH, CKOPOCTAM BpAIICHUS, TEMIIEpaTYpHOMY pexkumy. CpoKU ¢y KOBl TTOAIIATI-
HHUKOBHIX Y3JI0B B HECKOIBKO Pa3 HWIKE PACUETHBIX BCIICACTBHE HEKOTOPHIX YCIOBHN:

SKCIIAYATALMM U PEKUMOB HAMPYXKEHUS, COMPXKEHUA ¢ APYTUMU AETAIAMU U T ..
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CornacHo gauneM wecnemoranws [199] nmpw sxemryataimu KI1 TpaHCHOPTHEIX W
TEXHOJIOFMUYSCKMX MAlIMH, HA MPOTSDKEHHUM 3 — 4 JIeT 3KCIUIyaTaru NoJaBajisatollee
oompmmacTBO  KI1  WommepraloTess KaHWUTAIBHOMY PEMORTY. W3  TIPHBEACHHBIX
wcenenosanus [14,185,148,190] cneayeT, 9TO BEpOSTHOCTE 0TKa3a, B CIISACTBHE M3HOCA,
COMPSXKEHUA «KOJBIIO MOIIKMNHUKA - Koprnye» cocTasaseT 0,83 — 0,96 npu Hapaborke
manime 2000 - 3800 yacos.

Pecypc kopobok nepenay ¢ M3HOIIEHHBIMH NOBEPXHOCTAMM [0, [IOAILMAITHUKA Ka-
TCHWSA, HO HOBBIMH ACTAJISAMH, Kak MpaBuio, cocTasseT Aae dosee 30...40% mopeMoHT-
HOTO pecypcea npu yctaHoBlieHHBIX 80% [136].

YBenuueHue 3a30pa Mexy N0CAA0UHbIM OTBEPCTUEM U HAPYKHBIM KOJIBIIOM IO~
LUMNHUKA [TPHBOJIMT K M3MEHCHUIO MOYTH BCEX MApaMETPOB, XapaKTEPU3YIONINX padoTy
KIT:

1. BO3paAcTaOT YCUIMS HA MEPCKIIOUEHUE Mepeiay, YTO NPUBOJMT K YacTOl no-
JOMKE MU M3HOCY BIUIOK NEPEKIIIOUYCHUA Mepeay;

2. yBETUUUBAETCA SKCUCHTPWUYHOE CMEIICHWE BPAIIaloMIUXca ACTajiel OTHOCH-
TEJIbHO HEMOABWIKHBIX, UTO CKA3biBACTCS HA CHMKEHMU S(PPEeKTUBHOCTH YILNOTHUTEIb-
HBIX YCTPOHUCTB,

3. BO3HUKAIOT HEHEPHECHINKYJIAPHOCTh OCEH OTBEPCTHH HON TMOOIMWIIHUKH, UTO
TIPUBOIUT K YMEHBITCHWIO 30HB KOHTAKTA B 3aIICHICHUH 3yY0beB TIECTEPEH, W KaK CJIe -
CTBUE — NOJIOMKA H HHTCHCUBHbIH U3HOC 3yObeB 1ISCTePEH, CAMOBBIKIIOUCHUE MTepe1ay;

4, yBeTHUWBASTCS POCT HECTAIMOHAPHEIX HATPY30K, BEI3EIBAFOIITHX TTOBHITIICHHYTO
BHeMTHIOW BuOpario KI1, HepaBHOMEPHOCTE KPYTSIICTO MOMEHTA HA TIPHBOIHEIX W TI¢-
pPeAATOUHbIX Banax, JMHAMMYCCKHE HArpy3KM Ha MOJIUHMIHUKWA KAYCHMs, Bajbi, lle-
CTEPHH,

5. CHUIKACTCA pecype MOALIMITHUKOB KAUCHMS.

[TpoBen&HHBIN aHaMM3 TOKa3al, 9TO pecypc KOpoOKM (Kak cOOPOYHON €qHUIE)
HepeIad THMHUTHPYET, B OCHOBHOM, COCTOSTHUC KOPITYCHOH ICTATN, 2 AMEHHO COTIPSIAKS-
HUE «HAPY>XHOE KOJIBITO MOJALIMNHUKA — Kopnycy. [Iposenénunii 0030p padbort nokasain,
ITO ACTATBHOMY PACCMOTPEHUIO TIOMJIEKAT BOTIPOCH], CBA3AHHBIC!

- C YCJIOBWSIMH COTIPSKCHUS MMOMIIATTHUKOBBIX YV3JI0B B KOPITYCHBIX IETAIISX,
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- ¢ ACHCTBYIOMMMW Ha TPHOOMEXAHNUECKYIO CHCTEMY «KOJBLO MOAIMINITHIKA —
KOPIYCY» HATPY3KAMMU,

- ¢ TIPUYWHAMH, BBI3BIBAIOIIMMH M3HOC TPHOOMEXAHWTECKON CHCTEMBI «KOJTBIIO
HOAMIMHHAKA — KOPITYC»

- ¢ XapaKTePOM U KMHETUKON NPOTEeKaHWA NpoLecca U3HALIMBAHUA,

- ¢ pa3paboTKOA pauMOHANBLHOIO ¢nocofa COMPHKEHUA «KOAbUQ NOALIWNHUKA —
KOPILYCY.

B sHaunTensHOM CTENEHN AOJITOBEUYHOCTDh TPHOOMEXAHUTECKON CHCTEMBI «KOJTBIO
HOAITUHHAKA — KOPTTYC» 3aBUCHT OT YCJIOBUSA COTIPSKEHNS HAPYKHOTO KOJIBIA TTOAIINH-
HUKA ¢ nocagouHbiM MecToM B Kopnyce KII [161,197]. Hasnauenue nocaaok moauiunii-
HUKA B KOPIIYC 3aBUCUT B EPBYIO OUEPEAb OT YCAOBUA HATPYKEHUA, A TAKKE OT pasmepa
HOJITUHHAKA, TETUTOBOTO PEKUMa, TPeOOBAHMH K TOUHOCTH U KECTKOCTH U MHOTOTO JIPY-
roro. Pexomennauun no spdopy nocajoK noAUMIHUKOB, BOCTIPUHUMAKOIIUX PAJNATb-
HYIO HAIPY3KY, NpeJCTaBaeHm B padoTax [161,197].

CorylacHo TeopwH KOHCTPYTMPOBAHWS MAITHH W MeXaAau3aMoB [231,238], napyxkubie
KOJIbLIA NOIIMITHUKOBBIX Y3JI0B, CMOHTHPOBAHHbIE B [UIABAIOIICH W PUKCUPYIOLICH ono-
pax xaptepa KIL, uMeroT MECTHHIA BU/T HAMPYKEHUS.

MecTHOE Harpy keHHE Hapy KHOTO KOJTbLIA — TAKOW BUJ HATPYKEHUA, TIPH KOTOPOM
JEeHCTRYIONIAsS Ha TIONIIHITHUK PE3YJBTHPYIONIas paanajibHas Harpys3ka F. HocTosHHO
BOCIPUHUMAETCA OJHUM U TEM K€ OrPAHWUYEHHBIM YYACTKOM JOPOKKH KAYEHUS 3TOrO
KOJIbIA (B TIpenesiax 30HBI HATPYKEHWS ) W TIEpeNaéTca COOTBETCTBYIOMIEMY YUacTKy HO-
caouHoW TmoBepxHOCTH (Pucynok 7). B TpakTOpHOM W CEIBCKOXO3SIHCTBEHHOM
MAalIMHOCTpoeHUn npumepHo 75 — 80% oOT BCeX MECTHO HArpyKEHHbIX KOJEL
OO/UIMOHUKOB  COCTABIAOT KOJbLUA C 1[OCAAKON B  HENOJBMKHBIA  KOPOYC
[24,30,84,85,220].

B mpakTHke TIpUMEHEHUS HOANIMHHWKOBBIX V3JI0B B TUIABAIOIINX OIopax
PEKOMEHI0BAHO UCTIONB30BAHIE HEPEXOIHBIX TTOCAA0K (HOMUHAATBHO HEHOABMIKHBIX T10-
CaJIOK) B CONPSXKEHUM «KOAbLO — Kopnycy B kaptepe KII [107].

[lepexomHble TTOCAaAKH, NPEAYCMaTPUBAKOT HOJIHOE WM HaCTHYHOE NEPEKPHITHE

HOJICH AOIIYCKOB HApPYKHOTO KONBHOA TMOAIMWHHWKA W OTBEPCTHUA HOA HOIAMHWIIHHUK B
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9T, HECMOTPSA Ha Mallble CKOPOCTH, TIPOBOPAYHBAHNE KOJIET BIICUET 3a COOOH 3HAUNTEITb-
HbLA U3HOC MOCAA0UHbIX MeCT [126].

[Tpw yCcmoBWW 3HATUTENBHEIX 3a30pOB B TpuboMexaAndeckol cucteme (PucyHOK
8, a) «HapyKHOE KOJIBLIO OAMINITHUKA — KOPITYC» BCKO Harpy3Ky BOCIIPHHUMAET TOJIBKO
OMH WM JBA TENA KAUSHUA MPU 3TOM KOHTAKTHAA HArPYy3Ka OT KOJbUA MOIIKMIOHUKA
nepenaéTca Ha OrPaHMUCHHBIA YUYACTOK MOCAAOUHON MOBEPXHOCTH. Jlokanu3auuil KoH-
TAKTHbIX HAHPSKEHUW B 3E€MEHTAaX NOALIUITHUKOBOIO Y313 NPUBOAU K 3HAUUTEIIbHBIM,
HO BEIIMUWHE W3HOCAM, KaK HOAUTMHHAKA, TaK W HOCAJOUHOTO MECTa. Y CJIOBUS padOTH
HOJAITUHHAKOBOTO Y3J1a TIPW TaKUX 3a30pax HEONArompusATHBI, U TIO3TOMY TaKUe 3a30PH
HENONYCTUMBI.

YMEHBIICHUE 3a30POB (ONU3KUX K HYJIO) OPUBOAUT K D0JIe€ PABHOMEPHOMY pac-
TIPEJIETICHWIO HATPY3KW MEKAY TEITaMHW KAUYCHWS W KOHTAKTHBIX HallpsyKEHWH 110 HOCa-
JIOUHO MOBEPXHOCTH, CHUKAET BUOPALIMHK, NOBBILACT )KECTKOCTb ONOpsI (PUcyHok 8,0).
Hanuuue HEKOTOpBIX 3a30POB MNOJOKMTENBLHO CKA3bIBAETCA HA CHUKEHUU MOMEHTA CO-
MMPOTHBIIEHUA BPaLCHWI. B 3TOM ciiydae HOX ACHCTBHEM paJnallbHON HArpy3KH Haxo-
JIATCS OKOJIO NONOBUHbBL Tl KAUEHUA NOJIMNHUKA.

B HexoTOpbIX y37aX, B YACTHOCTM B (PUKCUPYIOIIMX OMOPAax, AN MOBbILISHMS
KECTKOCTH OHOP, TOYHOCTH BPALICHWS Balla W YIIYUIICHWS JIPYTHX XapaKTEPUCTHKA y37Ia
TTPUMEHSIOT COOPKY COMPAIKEHNS «HAPYIKHOE KOJIBIO TOMIITHITHAKA — KOPITYC» ¢ HaATA-
rom. B stom cnayuae Oonee nONOBHHbLL WK BCE TENA KAUEHUA MOAIUMNOHUKA HAXOIATCS
HOJl HAaTPy3KOo#. be3ycrioBHO, UTO TipH Takoi Hocaake HabmomaeTcs 60JIee paBHOMEPHOE
pacnpenesieHHe KOHTAKTHBIX HAMPSKeHNH HO TTOCAA0THON TOBEPXHOCTH OTBEPCTUS (PH-
CYHOK 8, B, I'). 3TUM 00€CIEUHBACTCS OTHOCUTENbHO BHICOKUM Pecypc TPUOOMEXaHUUE-
CKOW CHCTEMBI «KOJIBLIO HOAMUHHWKA KOPITYCY.

Hccnenopanusa B padore [235] CBMAETENLCTBYIOT, UTO HE3HAUMTEIAbHbIA HATAC
MEIKITy HAPYKHBEIM KOJTBIIOM 1 Kopmycou, B ipenenax 0,02 — 0,05 MM, yBenwunBaeT pe-
CYPC COTPSKESHUS «KOJTBIO HOATMHHHIUKA - KOpPTyc» Ha 25 — 75%, a vatar ceepx 0,1 Mm
PE3KO CHMIKAET PEeCYpPC, KaK MOJUMNOHUKA, TAK U COMPAKEHUS, MO NPUUMHE 3aKIMHUBA-

HUS TCIT KQUCHWS, BCIICACTBUC WX TEMTIEPaTYPHOTO PACITUPSHHAS.
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W3HOC OTBEPCTHH NTOA HOAIWMHHWKN B KapTepe KII mponcxoanT B pesyiibrate mposopa-
UKMBAHMUSA HAPYKHBIX Konell. [Ipu 3TOM NpouCX0IMT YNCTO MEXAHUUYECKUA U3HOC OTBEP-
CTHA TIOJ TIOAIINHHWK KadeHWs B Kopryce. Kpone 3Toro, HOBEPXHOCTBE OTBEPCTHA pas-
pyuiaeTcs moa AeHCTBHEM 0co00TO BHIA KOPPO3MOHHO-MEXAHUUECKOTO TTOBPEIKIACHUS,
NONYUMBIICIO, Ha3zBaHue (PPeTTUHI-KOpPo3uu. OPEeTTUHT-KOPPO3UsA BO3HUKACT IIPU
OUYEHb ManbiXx KonedaTenbHbIX NEPEMENICHUAX COMPHKEHHbIX MOBEPXHOCTEH B PE3YIib-
TATS AMHAMMYECKOIO NPUIMmKeHUs Harpy3ku [79,249,.275].

[[Inpoko pacmpocTpaHEHO MHEHWE, UTO MENJICHHOE TPOROPAYHBAHWE MECTHO
Harpy»kKe€HHBIX KOJIECH B KOPIIYCE YBEITMUWBACT NOJTOBECYHOCTH HOMIIWITHWKA. (OOHAKO,
HECMOTPS HA MaJible CKOPOCTH, MPOBOPAYMBAHUE KOJICL MPUBOUT K 3HAYMTEINLHOMY H3-
HOCY MOCAJ0uHbIX MecT. B HacToslee BpeMa OOBACHUTh AHATIMTHUYECKUM NYTEM MPH-
TUHY TTPOBOPAYMBAHNAS MECTHO HArpy:KEHHBIX KOJIE HOAUTMHHUKOB KaueHUS HE yHa-
J0Ch. JKCMEPUMEHTAIBHBIM MCCIIE0BaHUeM B padoTe [128] Obio yCTAHOBIEHO, UTO
CKOPOCTh NPOBOPAYMBAHUA MECTHO HArPY>KEHHbIX KOJEL, MO/IIUNHUKOB B KOPIIYCe BO3-
pacTacT TIpH YBEITMISCHUN YUCIia 000pOTOB U PaAnaTbHON HarpysKe.

Ha Pucyhke 9 npeacrapien rpaduk H3MeHeHMs 4aCTOTH NPOBOPAUMBAHUA HAPYXK-
HOrO KOJbUA PaayanbHOro wapukonoammninka Ne 307 B 3aBUCHMMOCTH OT HArpy3Kd U
3a3opa.

CKOpOCTE TPOBOPaTHBAHNSA KOJIBLIA TIPH 3a30Pax MEKIY KOJTBLOM W KOPIYCOM OT
0,05 mm no 0,25 MM BO3pacTaeT, 2 NpU AANLHEHIIEM YBEIMUYEHUM 3230pa CHHXKACTCA.
[Tpw 3a3zopax 0,55 MM W BEITIIC TTPOBOPATUBAHNS KONTbLA TTPH CIIOKOWHON Harpy3ke He
HabrogaeTes.

[IpoBopaunBaHue MECTHO HArPYXEHHOrO KONblA B KOPITYCE BO BCEX CIIYYaaX HO-
CUT PAaBHOMEPHBIN XapakTep, W i YIASPKaHWs KOJTbIIA OT MPOBOPATUBaHUS TPEOYIOTCS
3HauUMTENbHbIe yeunua. Pucynok 10 unnocTpupyeT 3aBUCHMOCTE MOMEHTA YAEPHKAHUS

(My) Konblia nogmunHKa Ne 307 oT mpoBOpaTWBadNA B UyTYHHOM KOPHYCE, TTPH 3TOM,

paaydanbHaa Harpyska Ha nomuunHuk coctapnana 4000 H. Mccnenopanus npoBoANINCH

TIPW CMa3bIBAHWH TTOAIIIUITHWKOB KOHCUCTCHTHOW CMas3KoH,
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Kak cneayet u3 rpadguka 10, MOMeHTH, HeoOX0QUMBIE AT yAESpX aHUs KOJbla OT

NPOBOPAYMBAHKMA, BO3PACTAXOT C YBENMUeHHEM 3a3opa B nocaake ot 0 ao 0,25 MM, a npn

JATBHEHIIIEM YBCITHUYEHHH 3a30pa YMCHBIAKOTCH.

Bo Bpemsa onwToB nmpu 3azope 0,65 MM W BENDE KONBLQ HE NMPOBOPAYHBAIIOCE.

Brino oTMeueHo, 4TO Npu yXyJLEHHH YCI0B)il ¢CMa3Ki NOBEPXHOCTEH yaASPKMBAIOLLIMIA

MOMEHT BO3pacTaer, a NPy OTCYTCTBUM CMas3ky OH B 1,5 — 2 pa3a Beie.

Ha pucyHnke 11 npeacrapnena cxema CHIL, XapakTepH3YIOIIMX MPOBOPAYMBAIOLUHAN

W YAEPAKUBAIOLIMIA MOMEHTH B TPMOOMEXAHNYECKOM CMCTEME «HAPYKHOE KONBLO NO-

IIMIHKKA — kopnye» B kaprepe KI1.
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Pucynok 9 — I'paduix M3MeHEHHs YaCcTOTHI IPOBOPAYHMBAHUSA HAPYIXHOTO KOJIbLA
panuansHOro mapukonosmunauka Ne 307 B 3aBHCMMOCTH OT Harpy3KkH W 3a3opa
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S — 3330p B CONPAKEHNH «KONBLO NOJIHANHUKA — KOPITYC», MM
Pucynok 10 — ['padmk 3aBucHMOCTH MOMEHTA YACPKaHHS (My) KONBIA MOIIAITHAKA

Ne 307 or nposopauuBanus B 4yT'YHHOM KOPNyce






TIE W, — YIIOBad CKOPOCTh Bala, CeK '

D — nnametp xeno0a BHYTPEHHErO KOABLA, M,

d,, — AMaMeTp Tena KaueHUs, M .

TO,

. (12)
2 2-dy ry
Torma MoMeHT TpeHHUS KaueHUs ([TPOBOPAUNBAIONINY MOMEHT), BO3HUKAIONIMH Ha
NOBCPXHOCTH »kenoda MOALIUITHHKA, OMPEACNACTCA BbIPAXKCHHEM !
an ZPYfDHDB
My, = — =

= = , 13
P (1)1 2 b dﬁ_[ ( )

B 10 e BpeMa HA HAPYKHOU MOBEPXHOCTU KOJbLIA BOZHUKAET TOPMO3AUINI MO-
MEHT:

L (14)
rae | — ko3 PUIIMEHT TPeHUA CKONbXEHUS HAPYKHOIO KOJIbLA [0 N0CaI0UHON NOBEepX-
HOCTH OTBEPCTHS,

F. — panwaneHas Harpy3ka Ha HOAWWHHAK, H;
D — anameTp Hapy:KHOTO Koabla NoamMnHuka, H.

B ciywae npoBopaunBaHAs HAPYKAOTO KOJTBLA B KOPITYCE:

My > Mr, (15)

TOrAa, OYEBUAHO, YTO:

M, = My, — Mr. (16)
IIpeoOpasosas BuipameHue (141) ¢ y4eToOM BEIMUMH, HE 3ABHUCALLMX OT CMA3KH,
yucsa 000POTOBR M 3a30pa, uepes G u Cs:

D
5 —¢, (17)
2-d
F.-D |
r2 =C, (18)

YAEPKUBAKOIINI MOMEHT HA HAPY>KUOM KOJbLIE OAIIMITHUKA:
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My=ZPY-f-C1—u-C2. (19)
[Tpwaumas o [25] 3nauenwns semmvuun: f= 0,005, p= 0,01 u F. = 4000 H na

noJuurdnHuK cepuu 306, umeroniero D = 72 MM noayyaem:

My =92 H - M, (20)

Mp= 132 H- M. (21)

CrneaoBaTenbHO, B COOTBETCTBHM ¢ pacueTom no 3apucumoctam (13) u (14) opo-
BOPAUMBAHUE HAPYXHOrO KOJbLA MOAIIMIHUKA B NOCAAOYHOM MECTE MPOUCXOAUThL HE
JOIKAC, OAHAKO B ACHCTBUTECITLHOCTH TIPOBOPAYMBAHIE HAPYKHOTO KONTBIIA UMEET M-
CTO.

M3 ananusa 3apucumocty (19) cnenyer, uto penuyuna Y, Py, 3aBMCUT OT pacnpe/e-
J€HUS HArpy3Ku MO TeNaMm KaueHusa U OyJeT 3HAUMTENbHO U3MEHATHCS TOJbKO MPHU YBe-
JTUICHWH 3a30Pa B TTOCATKE «KOJTBIO TOAITHHHNKA — Koprrye» [128].

Boipaenua (19) nokaswisaet, uto My 6yner onpenenatses kodpduuuentamu f u

K. OQHAKO ¢ YMEHBILEHUEM |1, T.€. C YIYUIIEHUEM CMA3KH MEXIY MOCATOUHMMU MOBEPX-
HOCTSIMH KOJIBIIA W KOPIYCa BEIMYHWHA YIACPIKHBAIOWICTO MOMCHTA My, TOJIKHA BO3pac-
TaTh, TaK KaKk U3MEHEHWE CMa3KH MEXAY HOCAIOUYHEIMY TTOBEPXHOCTAMHU HE OYJIET BITH-
ATh Ha n3MeHeHne kodduimmenta Tpeuns kaueHns f. OgHako pe3ynbTaThl HCCIICIOBA-
HUIiA, NnpeAcTaBieHHbie B padoTe [259] nokasmBaroT oOpatHoe. C yXy/IIEHUEM CMA3KU
BennuMHa M, sHauuTenbHO BO3pacTaeT. lIpuBeeHHbIN aHaNKM3 NOKasain, YTo BeIMuMHA
NpoBOPAuYMBAIOLIEr0 MOMEHTa M, B OCHOBHOM, 3aBUCHT OT PACNPENEIEHNUA HArPy3Ku
w ko3 PuTMeHTA TPSHUS TEJT KaUSHUS OTHOCHUTEITLHO KOJIET] HOATTAITHHKA,

CrneayeT npeanonoXHTh, YTO MPOBOPAYMBAHUE HAPYKHBIX KOJEl, NOJIUNHUKOB
BbI3BAHO CNelU(PUUECKUMU NPOLUECCAMU, TPOUCXOASIIUME TIPU paboTe COMPSHKCHUs B
KOHTAKTE HAPYXHOrO KOJIbIIA MOAIIMITHAKA € NOCAI0UHBIM MECTOM B KOpMyce KOpoOKu
Hepeaad.

C. A. Xapnamos, JI. 3. Hosukos [244], amamwsnpys TPoIcce MPOBOPAUHBAHWS
HAPYKHOIO KOAbLA 110 MOCAAOUHOMY MECTY, YKA3bIBAIOT HA paj (akTopoB cnocodCTBY-

WX TIPOTCKAHHUKY O4dHHOTO SBJICHHA, K AUM OTHOCATCSA Pa3THUHLIC ,[[Gd)GKTBT, KakK



38
pacTpee/ICHHEIC, TPAHHOCTD, BOJTHUCTOCTD, TIICPOX0BATOCTE, KOGl W T€JT KAUEHUS, TaK
W NOKANbHbIE. TTAPANMHbL, 3200MHbI, HAKNETIbI.

[To maecamio O, U. [llesuenko, B. O. Kononenko, H.I1. [Tmaxtuenxo [18,156, 244,
248] >¢pdexT mpoBOpaINBAHUSA HAPYKHOTO KOITbIA BO3HUKACT B PE3YIThTATE!

- BHEllIHEeH BUOpauuy MexXaHu3Ma,

- FEOMETPUUECKOr0 HECOBEPIIEHCTBA KONEIl U TeN KaueHWs, 00YCIOBAEHHBIX UX
OBaJIbHOCTbLIO, KOHYCHOCTbIO, U T.J1.;

- HOBBHITIIEHHOT'O paguaibHOTO 3a30pa B HOAIUITHUKE,

- HEpEKOca KoJeL,

- 3AKJIMHUBAHUA TENl KAUCHHWA, W3-32 MONAJAAHUS B MOAUIMITHUK BMECTE C MACIOM
WHOPOJHbIX YACTHIL,

- HOBBHITIIEHHOT'O BHYTPEHHETO COMPOTHBIIEHUA KaueHWIO,

- MOBBIIEHHOTO KOHCEPBATUBHOTO MOMEHTA COITPOTHUBICHUSA BPALIEHUIO U T. .

B tpynax [98,236,261,287], yuuThiBaeTcA, Kak (HakTop, MHUUWUPYIOLIMA NPOBO-
paunBaHue KOJIbLIa B KOpTyce, AehOpMalMOHHYTO CITOCOOHOCTD HAPYKHOTO KOITbIIA.

Takum oOpaszoM, npy NPOBOpPAUKMBAHUM HAPYXXHOrO KOIBIA NOJINMOHUKA Peasiu-
3YeTCA MEXAHWUECKUNA BU/T M3HAIIMBAHUA NOCAA0UHOTO OTBEPCTHA.

OKCHEPUMESHTANBHEIMI U TeopeTHIeCcKkME uecnenosannamMu A, C. Caeepekoro,
I". Meperra, U. Cuemwko, /1. IonTepa, I'. Llpeitdepa, ['. Heitbepra [166,246] n apyrux
yueHblX [248], n0Ka3aHO, YTO K3 OJHON OCHOBHBIX MPUUMH, - BbI3bIBAIOLIECH TPOBOpAUU-
BAHWE MECTHO Harpy»kKeHHOTO KONTbITa TOommHTHIKA B KapTepe KI, ssastoTes komeba-
TEITBHEIC TTPOICCCH, BRI3BAHHBIE aHW30TPOITHEH YIPYTHUX CBOWCTB HAPY’JKHOTO KOJIBIIA
nojdnHuka [248].

Hapy»Hoe KOIBII0 HOMIMHHHWKA, HATPYKEHHOE PacTpeAc/iCHHOH pamanaibHOM
HArPY3KOHM OT Ten KaueHuA (pacrnpenerneHue HArpy3Kd MOAYMHATCA 3aKOHY KOCHHYCA
[102]), meproandeckn MEHSATOIIEHCSA BO BPEMEHH, NCHEITHIBAET WHTEHCUBHEIE N3THOHEIC
necopmarmu [129].

IlepemenHasa ynpyras aedopMaIis KoibUa SBJIASTCA CISACTBUEM NapaMeTpuue-

CKWX KOJIeOanmii HoAmmHHENKOBOTO y3ia [101].
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[Tox meiicTBHeM cwtbl P MaTepwalr 000X TN CKUMACTCS TI0 TIOBEPXHOCTH KOTI-
TAKTa, 2 MAaTEpUal MIOCKOH OMOPLI PACTArMBAETCS Y IPAHHUIIbL KOHTAKTHOM MOBEPXHOCTH.
BoageticTeue el F, BBI3BIBACT ¢ikaTHE MaTepHasia THIOCKOH Tapsl B TanpaBjIeniv Ka-
TCHWS BIICPEIN KOTTAKTHOW 30HBI, 00pa3ys mMeOONBINYTO BRITYKIIOCTE, a 32 KOHTAKTHOH
30HO# PopMUpyeTCA BLITATMBAHUE B BUAE BIAMHbI,

BrlineonucanHblid npoliece XapakTepeH U A5 NOAIIMITHUKOBLIX Y3IOB.

Konp1o nomiunuuka, noa AecTBUEM SKBUAUMCTAHTHBIX KOHTAKTHbBIX HArPY30K, B
MecTax KacaHus TeN Kauenus ¢ 0eToBoi JoposkkoH, 1edopMUpyeTes U MOA00HO yIpyToH
neHTe, npunumaet opmy MroroyronsHuka [18]. [1pu nepexaTeiBamiiy TeN KaueHAS ue-
Pe3 HArPY;KEHHYIO 30HY NPOUCXOJAMT ynpyras aedopmanys Hapy:KHOU MOBEPXHOCTU
KObLA NOIIUITHUKA.

KonbLo B MecTe KOHTaKTa AehOpMTIPYETCS, BITIEPEIN KaTAWIErocsd O Harpy3KoH
TE€Ja KAYEHHUA U HA KOJble 00pa3yerca BriMyKIOCTh. 110 Mepe BhIX0aa Tena KaueHusa u3
HATPYKEHHOM 30HbI BBINYKNOCTb UCUS3ACT, HO Ae(POPMUPOBAHHAA UACTh KOJIbLA HE MO-
KET MTTIOBEHHO BO3BPATHTECA B MCXOANOE COCTOATNE W3-3a BHYTPEITHETO BA3KOrO Tpe-
HUS 4aCTUl MATEPUaNa B 30He AedopMalyu, yOPYroro nocaeaeiicTeus u Apyrux $paxro-
POB peonoruueckoro xapakrepa [243].

Cxema WILmoCTppyloas, ONMACaHNbIe potecch (3dekT «Oeryiei BONHBI) B
TOAMIATTHAKE TT0oKa3ana na Prucymke 13, B.

[Ipn nepekaTbiBaHWU TEJT KAUEHUS UePe3 HArPY >XEHHYIO 30HY KOJIbLO AODKHO Npo-
BOPAuUMBATECS (CMEIIATECS ) B ONHOM TATPaBIICTIUA, T.€. B TAPaBISTHH BpalISH Baja.

Ommaxko, PKCIePUMEHTAITLHO JOKA3aHO, TITO HAOMOAaeTCs PEBEPCHBITOCTD B TIPO-
BOPAYMBAHUU HAPYKHOTO KONbLUA MOAIMITHUKA [17]. PeBepcUBHOCTD cMELEHUS (MPOBO-
pauMBaHKA) HAPYKHOTO KONbLA No nocanouHomy mecty Bapnamos H.IT. [39] oObacuser
BOZHUKAIOIIMMHU PE3OHAHCHLIMU ABJICHUAMMU. 10O €CTb, IPU PABHBIX YACTOTAX MapaMeT-
pudecKuxX kone0aHWil W Bpallenws Bajla HaOJFOJAcTCsl TIPOBOPAYMBAHUE KONbLA TI0
ManpaBiIcHWIO BPaIeTHs Bajla.

[Ipn BpanieHun BHYTPEHHErO KOJbIA YIIPYTrUe BOJIHbI PACOPOCTPAHAIOTCA € YACTO-

TOW TIPOXOMACHWS TEM Kauenud TO «MHOTOYTONBITUKY», YPOBEMb 3TWX BUOpauwit
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Ha YMEHBIUICHUIO KOX((PUIHMEHTa TPEHUS MENAY HapPYIKHBIM KOJTBIOM HOAWIMHHWKA W
NOCaJ0YHBIM MECTOM. YTO COOTBETCTBEHHO OKA3bIBAET CYIIECTBEHHOE BAUAHUE HA POCT
CKOPOCTH TIPOBOpadWBaAWs Hapy:kHOTO KoJbita [102,133].

B pesynerare neWcTBUA BHEITHEN HArpy3KW TP OTHOCHTEIIBHOM TIEPEMEIICHAN
JIBYX KOHTAKTUPYIOUIMX MOBEPXHOCTEH (IPOCKATIbL3bIBAHMM), BbI3BAHHBIM BO3BPATHO—
NOCTYNATEIbHbIM IBUKEHUEM COMPSHKEHHBIX AeTanei, u3rudom jeraneil, KOHTAKTHbIMH
JgedopMarmniM, NPpoUCXOAMT AKTUBU3ALIMA (PPETTUHI-KOPPOZUOHHBIX [IPOLECCOB.

OpeTTUAT-KOPPO3HS 00YCIIOBIICHA PA3BUTHEM HA HOBEPXHOCTH KOHTAKTA COTIPS-
JKEHHBIX METAJUTHYECKUX HOBEPXHOCTEN Pa3THMUHBIX HO CBOEH NPHpoAE (PU3HKO-XUMMU-
UeCKUX NPOIeCcCOB. CXBATHIBAHMA, A0pa3uBHOTO PA3pYILEHUA, YCTANOCTHBIX, MPOTIECCOB,
COMPOBOKAAOIIMXCA OKUCACHUEM U KOppo3ueil. [Ipyu 3ToM B 3aBUCUMOCTH OT BO3ACH-
CTBWSI BHCIIHAX MEXaHWUYECKWX (DAaKTOPOB, CBONCTB COTPSIKEHHBIX MaTepHUaIOB W yCIIO-
BUIA OKPY>KaOL1Iel Cpe/ibl OAUH U3 MEPEUUCTIEHHBIX TPOLECCOB MOXKET ObITh Npeodnana-
FOIIMM U OKa3bIBaTh CYLIECTBEHHOE BIMSHUE HA JIOJTOBEUHOCTL CONpshKeHus [156].

Bo3HWKHOBEHNE W pa3BUTHE (PPETTHHT-KOPPO3NH BO BPEMESHHW MOMKET OBITH Mpe-
CTABJICHO CIEAYIONIMM MexaHu3MoM. [Ipu 3TOM pa3nnyaroT TPU OCHOBHBIX- IEPUOAA pas-
BUTUA (PPETrTUHI-KOPPO3IUU.

B nepBIit iepron, HOCIE Havajia MEXaHUTeCKOTO B3auMOICHCTBHS KOHTAKTHPY-
IOLLAX HOBEPXHOCTEH TTPOUCKOIUT PA3PYIICHUE €CTECTBEHHBIX OKHCHBIX HIIEHOK, COTIPO-
BOXAIOIIEEC] CXBATHIBAHUEM COMPUKACAIOIINXCS HEPOBHOCTEHA.

bonbmmas yacTh BEICTYHOB (PaKTHIECKOTO KOHTAKTa B3aUMOACHCTBYET APYT ¢ JIpY-
roM HiacTHueckd. CJIoM MeTaia, NPIIEralllne K y9acTkaM (PaKTHIECKOTO KOHTAKTa,
ynpouHawoTea. Kpome Toro, MUKpPOBBICTY bl (PaKTUUSCKOrO KOHTAKTA MEPEAAIOT 3HAKO-
HEPEMEHHEIC HaMpS/KeHWs Ha O0NacTH, HE YJACTBYIOLINE B HEHOCPEICTBEHHOM KOH-
Takre. B pesynbTare B MOANOBEPXHOCTHBIX CA0AX HAOMOJAETCA LUMKIMUECKAA TEKY-
T¢CTh, TTPUBOIANIAS K CO3JaHUI0 PA3yMPOTHEHHBIX yUacTkoB. K 3TOMY BpeMEHW BHI-
CTYHEBI (PAKTHISCCKOTO KOHTAKTa, Pa3pYITUBIIACCA BCIICACTBHE YCTANIOCTH, W CPE3aBIIIv-
€CA Y3J/Ibl CXBATbIBAHKMA OOPa3yIOT MEePBUYHbIE MPOAYKTbl Pa3PYLICHUA, YaCTh KOTOPbIX

OKHCITACTCA. EOJTBUJYTO HAaCTh -TIPOAYKTOB H3HOCAd COCTABIIAIOT MCTAIITUUYCCKHALC, YaCTHIET

[79, 275].
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Bo BTopoit mepron BCIISACTBUE 3MAKOTIEPEMETHBIX YIIPYTO-TNIACTHUECKIX Aehop-
MAIIUH B MOANOBEPXHOCTHBIX CAOAX METALIA NPOrPECCUPYIOT YCTANOCTHbIE ABIEHUS, CO-
TTPOBOXKAAIOIIIHECS TTPOTICCCAMA YTIPOTHETIAS W PAa3yTIPOYHETIHS, d TAKKE TIOSBIICTTHEM
YCTANOCTHBIX MAKPOTPEITHH, B MOAMOBEPXHOCTIEIX CIIOAX TTPOA0IIKACT HAKATITHBATELCS
YCTANOCTHAS MOBPEKIAEMOCTD.

Beneacrpue aacopOuyn Ha OKMCAAX KUCIOPOA U Baaru (popMUpyeTca KOppo3u-
OHHO-aKTUBHAA cpeja. M3HaluvBaHue conpsKeHHbIX MOBEPXHOCTER CBA3aHO B OCHOB-
TMOM ¢ pa3pylIeHUuEM 00pa30BaBIINXCA Tla TIOBEPXHOCTH TPEHWA OKHUCTHIX IJICHOK.
HacTtymaer paemoBecre MekIy obOpa3opariieM TPOIYKTOB M3HOCA W BBIXOJOM WX W3
30HbI KOHTAKTA. B 3TUX ycnoBusx neicTBYeT 0coOblii MEXaHU3M WHTEHCU(PUKALIMU OKKC-
NEHUA METAUTUUECKUX MOBEPXHOCTEN, CBA3AHHbBIA ¢ BOSHUKHOBEHMEM B TOHUANHIIMUX NO-
BEPXHOCTHBIX, CITOAX PA3yIPOTHENTION MEITKOAUCTICPCTION CTPYKTYPHI [275].

BTopoii nepuon HA3bIBAKOT MHKYDALMOHHBIM, TAK KAK B 3TOT NePUO]T OCYLIECTBRIIA-
IOTCS NPOLECCHl MOAMOTOBKKA K MHTEHCHBHOMY PA3PYIIEHUIO, 4 CKOPOCTh U3HAIIMBAHUS
TICBEJTHKA.

B 1peTtunili nepuon nNpoOMCXOAUT OKOHUATENbHOE PA3PYLISHUE 30H MOBPEKIAEMO-
CTU, NPEABAPUTENLHO PA3PHIXAEHHbIX YCTATOCTHBIMUA U KOPPO3UOHHBIMU TPOLECCAMU.
[ToBEPXTIOCTITBIE CIIOW METallIa, JTUTEIBHOE BPEMS TIOABEPTABIIHECS LIMKIIHYECKUM Je-
cdropMaLmsIM, HACTOITBEKO PA3yOPOUHSIOTCS, UTO HATHHASTCS UX WHTEHCHBHOE OTACICHIE.
CKopoeTh M3HANIMBAHKA 3HAUUTENBHO yBenumuuBaeTca. [IpoaykTsl u3Hoca no cpasHe-
TTHIO CO BTOPBIM TIEPHOIOM UMEIOT METBINYIO AUCTICPCTIOCTE [275].

[To ommcamHOMY MeXamu3My (PETTHUTIT-KOPPO3HUs TIPOTEKACT TIPH YMEPESHTTBIX
HATPY3KAaX U HAIMUUU B 30HE TPEHUS OKUCAUTENBHON ra30oBoii cpeabl. BO3HUKHOBEHUE U
JUTUTEITBIIOCTE TOTO MJTH UTOTO TIeproaa (PPEeTTHHT-KOPPO3HHN ONPEIEIIAIOTCS JEHCTBYIO-
1IEH BHEUIHEHA HATPY3KON U OKMCIIMTENIBHON AKTUBHOCTLI) ra30BON CPENbL.

WHTETICHBHOCTE Pa3PYUICHAS METAIIOB TTPH (DPETTHHT - KOPPO3WH B 3MAUNTEITh-
TIOW CTETIENY 3aBUCUT OT TTapaMeTPOB BITCITHETO MEXATMIECKOTO BO3ICHCTBHS HA COTIPSI-
JKEHHbIE NOBEPXHOCTU, U3 KOTOPHLIX HAHOONEE BAXKHBIE CIEAYIOLIME. AMILIUTY 12 OTHOCH-
TEJTBIIOTO CMEIIETTHA, YASTbHAS KOHTAKTHAS HArpy3Ka, yacToTa KoJie0armiii, KOJIMIeCTRO

OUKI0OB marpyxenus. s (ppeTTHHT-KOPPO3WM XapakTepna JIMHEHnas 3aBHCHMOCTD
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MPEACTaBIIAET COO0M CMeCh OKUCITMBIIETOCS W HEOKHCIIMBIIIETOCS MeTasuia. [loBpeke-

HUS IOBEPXHOCTH MPH 3TOM 10 BHELIHEMY BUY MOX0KH Ha Koppo3uto (PucyHnok 17).

Pucynok 17 — XapakTepHble MOBPEXKICHHS TOBEPXHOCTH OT (PPPETHUHT - KOPPO3UHU

[Ipun yBenuueHUM aMIUIATYAbl OTHOCHUTENIBHOTO cMmelleHus, koraa K =~ 1, npo-
JOYKThl Pa3pyLICHUs MOCTENEHHO YAAISAIOTCSA U3 30HBI KOHTAaKTa. Ha moBepXHOCTH KOH-
TaKTa HaOJIOAAI0TCS HAPSAY C MJICHKAMHM OKHMCJIOB YYaCTKH ¢ METAJUTMYECKUM OJIECKOM,
IJIOIIAAb KOTOPBIX YBEJIMUUBACTCA C YBEJIMUECHUHU aMIUTUTY/Ibl OTHOCUTEIBHOTO CMEIe-
Hus. [1eHKn OKMCITOB UMEIOT MEHBIIYIO TOJIIMHY, YeM MPU MEHbIIUX aMIUIUTyaax. B
3TOM CJIy4yae W3HAIIMBAHUE COMPATaeMbIX MOBEPXHOCTENW MPOUCXOAUT B pe3ysibTare uH-
TEHCUBHO Pa3BUBAIOILIMXCS SIBJICHUM CXBATHIBAHUS U PA3PYILICHUS XPYIIKUX CJIOCB OKHUC-
JoB [278].

[Ipu panbHelieM yBEJIMUYEHUH aMIUTUTYAbl OTHOCHUTEIIbHOTO, CMEILCHUN, KOraa
K > 1, npoaykTel pa3pylI€HHUs YIAIAIOTCS M3 30HbI KOHTakTa. [loBEpXHOCTh TpeHuA
npUOOpETaeT METATUYECKUN OJIECK C OTACTBHBIMHM YUaCTKaMU TOHKUX MJICHOK OKUCIIOB.
M3HammBanne mpoucxoauT W pesyibTarte cxBatbiBanus. [Ipu 3Tom Habmogaercs mnia-
CTHYECKOE TECUCHUE U YIIPOUHEHUE TTIOBEPXHOCTHBIX CJIOEB, METaJLIA.

Mex 1y yaenpbHON Harpy3Kou ¥ HK3HOCOM B YCIIOBHSAX (DPETTHHT-KOPPO3UH HAOITIO-
naeTcs mapadonuyeckas 3aBUCUMOCTb. C yBeTMUEHUEM yAEJIbHON KOHTAaKTHONW HAarpy3Ku
MOBPEKIAEMOCTh BO3PACTACT B CBS3M C YBEJIMUECHUEM 00bEMaA METAJIJIA, YUACTBYIOIIETO
B mpouecce paspymieHus. OAHAKO 3TO TMPOMCXOJUT [0 OINPEACTIEHHOTO 3HAYCHHUS
Harpy3KH, MpH JaJIbHEHIIEM €€ YBEJIMUEHUH B 30HE KOHTAKTa MPOUCXOAUT YIPOUYHEHUE
MeTajllla, €r0 MUKPOTBEPAOCTh MOBbIIIAeTcsA. KpoMme Toro, mpu OOJBIIMX HArpy3kax
OrPaHUYMBAETCS JOCTYIl KUCIOPOAA B 30HY KOHTAKTA, YTO CHWYKA€T MHTEHCUBHOCTH

OKHUCIIMTCIIBHBIX ITPOLECCOB.
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Mexay wactorolt koebaHwit W W3HOCOM B- YCJIOBHAX (PPETTHHT-KOPPO3WH
Ha0M0aaeTCa runepOoInuecKas 3aBUCUMOCTb [275]. VBenuueHune 4yacToThl KonedaHui
KOHTAKTHPYIOMNX 1toBepxHocTeH ¢ 7 o 100 ['11 mpuBOIWT K BO3pacTaHUIO HOBPEXKIac-
MocTH Ha 40 - 50%, 9T0 CBA3aHO ¢ HAKOTUTCHWEM HECOBEPIUICHCTB KPHCTAILTUIECKOTO
CTPOCHHUA, NPU PEBEPCUBHOM AeOPMUPOBAHUU TOBEPXHOCTHBIX CJIOEB U BO3pACTAHUEM
X AKTUBHOCTH [0 OTHOLICHUIO K CPENE U KOHTAKTUPYIOMEMY MeTawty [278].

[IpoeneHHbld aHAIM3 MOKA3A], YTO [IPOBOPAYMBAHMUE HAPYKHOIO KOJIbLA I10]-
TMHHAKA B KOPHYCE COMPOBOKIASTCS WHTECHCHBHBEIM M3HAMMWBAHWEM HOCAAOYHON HO-
BEPXHOCTH M CHIDKEHHWEM JOJITOBETHOCTH CaMOTO HOIIMWHHWKA. [lpoBOpaumnBaHue
KOIbLA MO/IIMIMHAKA BHI3BAHO JUHAMHUUECKMMM MPOIIECCAMU, BO3HUKAKOIIKUMU BCJE-
CTBME ero u3ruda noj JACACTBUEM NBUIKEHUS TENl KAUE€HUA B HATPYKEHHOM 30HE. [Ipn
paboTe TOAMMHHWKOBOTO Yy3j1a, Teja KaueHWs, MePEeKaThIBAsICh M0 KOJIBITY, BBI3BIBAIOT
YIPYromIACTHUECKYIO AedopMaLMI0 MATEPUana MOCISAHEro, a 3HaUuT, U Koaebarenb-
HOE MEPEMEITIEHNE OJIHOH MOBEPXHOCTU OTHOCUTENLHO Apyroii. Ilpn 3Tom npoucxoaut
(PPETTUAT — KOPPO3WS COTIPATAEMBIX TTOBEPXHOCTEH, MPUBOAAIIEE K HApYIICHWIO HO-

CaAKH «KOJbLO IMIOAIIKUITHHKA — KOPILYCy .

1.5 CyurecTByomipe crnocoobl 00ecmeven s mocJaepeMonTioro pecypca

Tp“ﬁOMEXﬂl’l]’[‘IECKOﬁ CHCTCMBI «KKOJIBIOO MMOTITHIIIIITKA — KOPITYC»

Panee HpHUBEACHABIN aHaTH3 HOKasal, YTO OCHOBHYIO JAOJTIO B H3HOCE CONIPAKEHAA
«KOJBIIO HOAWNITHUKA — KOPHYC» BHOCHT U3HOC TTOCAA0OYHOTO OTBEPCTHA IO TOALINII-
HUK B KopnycHoil aetanu KII. TlosTtomy, B NpakTUKE PEMOHTHOIO MPOU3BOACTBA, BOC-
CTAHOBJICHUE COTIPSIKEHUS «KOJTBIO HOAMTMAHWKA — KOPITYC» CBOIUTCSH TOJIBKO K BOCCTAa-
HOBJIEHUIO NIEPBOHAUAIILHOTO Pa3MepPa OTBEPCTUA MO NOJUUNHUK KAUESHUS.

HJTst BOCCTaHOBIICHUA HOCAJOUYHBIX OTBEPCTHH HOAIMHHHWKOB KAUeHHA B KOPITyC-
HBEIX JIETAIAX OOMETTPUHATBIM SBJISCTCA METOA HOMHUHAJIBHBIX Pa3MepoB.

Metoa, no3BOAAET BOCCTAHABIMBATL U3HOIIEHHBIE TOBEPXHOCTU AETANICH 10 nep-
BOHAYATBHBIX pa3MepoB. OH UMEET MPEUMYIIECTBO HE TOJIBKO B TOM, UTO 00SCHEUNBALT

HOPMAJIBHEBIC VYCJTOBHA B3dHMO3aMCHACMOCTH I[eTaJTeﬁ mpH peMOHTHO-CﬁOpO‘IHHX
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paboTax, HO ¥ B HEKOTOPHIX CITYHasX HO3BOJIACT MOBLIIATH IKCIUTYaTAlTMOHHYIO W3HOCO-
YCTOHYUBOCTE AETANEH, YTO OTBEYAET TPEOOBAHUAM PEMOHTA COBPEMEHHMX MAIILIUH.

Boccranosiienne HEpBOHATATLHBIX Pa3MepPOB W3HOIMICHHBIX OTBEPCTHI TToa TTOA-
MTUHHAKK B KopmycHBIX aetansx Kl ocyiecTBisieTess HECKOMBKUMH PacpocTpaneH-
HBIMU CIIOCOOAMM: TEIIOBOM 00PA0OTKOM, NOCTAHOBKOMA AOMOJHUTEILHON PEeMOHTHON
JISTAIIA, TAJIbBAHUYECKUM W 3JIEKTPOMCKPOBLIM HapalinsaHuamm [223].

Cnoco0 ternopoi 00paborku [223] 3aknouaercs B HArPEBe UyIYHHOU ACTalH 10
700 — 750°C, uTo MPWBOANT K POcTy 00beMa TyTYHA 33 CUET PA3IOIKEHNA IEMEHTHTA,
BXOJSIIEr0 B CTPYKTYpY nepiauta. [Ipn 3ToM BennunHa 0O0BEMHOIO POCTA 3aBUCHUT OT
KOJIMYECTRA TICPJTUTA B CTPYKTYPE TYTYHA W cocTanisaeT okoso 0,7% wa 1% c¢Bsa3anHOTO
yriiepoja B uyryHe. Eciim y4ecTs, 9T0 KOPIYCHBIE AETalIH MAIllWH B OCHOBHOM W3TOTaB-
aupatorca u3 uyryna Mmapku CH 18-36 I'OCT 1412-85, B KOTOpPOM COAEPKAHUE CBA3AH-
HOTO yrepoaa coctasjset okonio 0,6%, To yeemnuenne odbema aetamu coctaput 0,7 -
0,6 = 0,42%.

Takum oOpazom, Tennoeoil ¢cnocod MOXKET ObiTh NPUMEHEH TOJABKO JA BOCCTa-
HOBJICHUA OTBEPCTHIA, UMEIOIIMX HE3HAYMTENbHbIE BEIMUMHK u3HOoca (10 0,1 mm) [173].
O0BeMHBIH POCT TyTYHA BBI3BIBACT YMEHBIICHHWE KOJIMUECTBA IBTCKTHUCCKUX ATeeK, 00-
Pa3YIOIIMXCS B UYTYHE, UTO NPUBOJNT K HEOJHOPOJHOMY paclpeeneHuto rpadura u,
KaK CJIeJCTBUE, YXYALICHUIO MEXAHUUYECKHUX CBOMCTB maTepuana aetanu [148,232].

[TockonbKy, crmocod MpeaycMaTpUBacT HarpeB KOPITYCHOMW ASTaln, K YHCITy HEAO-
CTaTKOB CIIEIyET OTHECTH KOPOOIICHHE AETAJIN U YBETUICHNWE BHYTPSHAUX HATTPSKEHUH.
[ToMuMO 3TOTO, MOA, ISHCTBUEM PEAKCALMOHHMX NPOIIECCOB B UYT'YHE, C TEUEHUEM Bpe-
MEHW BO3MOYKEH TTPOTECC YBEIWUSHNUS Pa3MEpPOB HOCAJTOYHBIX OTBEPCTHH BCIISACTBUE
oOpaTHOTO pacTBOPEHUS yriepoaa [68].

Kak nmoxassrearoT uccneaosanus [173], 3T0T cHOCOD TTO3BONISIET TOIBKO OJHOKPAT-
HOE IIPUMEHEHNE T OJJHOTO KOPITyca, 8 BOCCTAHOBIIEHHE ITOCAA0OTHEIX MECT B KOPITycax
KII TpebyeTrca Ha BCEM CPOKE BKCIINYATATIMH MAIIMHBI.

Boccranosnenne actaneit 10 HOMHHABHBIX Pa3MEPOB MEXaHWUIECKoi 0OpadoT-
KOM OCYIIECTBIIACTCA MTOCTAHOBKOW NOHOJHUTEIIBHBIX ACTAJICH W 3aMEHOW YacTh AeTa-

nen.
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Hanbonee pacnipocTpaHeHHBIM CIIOCOOOM, TIPUMEHSIEMBIM Ha PEMOHTHBIX Tpe]i-
NPUATUAX, ABISAETCA YCTAHOBKA B NPENBAPUTELHO PACTOUEHHOE OTBEPCTUE METaLInye-
CKOT'O TOJICTOCTEHHOTO Konbia [200,263]. /larasli ¢c1iocod UMeeT 3HATNTEIIEHYIO TPY 10-
EMKOCTb W CE0ECTONMOCTD.

[IpeapapurenbHOE pacTAUMBAHUE OTBEPCTUA J0 AUAMETPa 0ONbIle HOMUHANBHOTO
Ha 6 - 10 MM OPUBOJAMT K CHIDKEHHUIO KECTKOCTU KOpPMyCa, a HEAOCTATOUHB HATIC B
COCJAMHEHUHU “KOJIbLIO - OTBEPCTHE - K BOSHUKHOBEHHUIO YC/IOBUH (PPETTUHI-KOPPO3UOH-
HOTO 1 a0pPa3vBHOTO W3HOCA W B KOHEUHOM UTOTE, HAPYIIIEHHUIO HEHOABUKHOCTH TTOCATKN
B TTPOLIECCE IKCIUTYaTaIlH .

[IpumeneHune 31oro cnocoba OrpaHuYMBAETCA HEAOCTATOUHON TONIIMHON CTEHOK
KOpNYCOB, HanuuueM pe3bO0BbIX OTBEPCTUM W T.4. Kpome TOro, Hammune BHYTPEHHUX
HEPEMEBITEK B KOPITYCHBIX JETANIAX YCIOKHSICT TPOLIECC 3aIMPECCOBKH KOJIEI B APYTHE OT-
BepcTus. [Ipy 3aHpecCOBKe BTYJIOK € HATATOM MPOUCXOUT €€ pa3pyLISHUE U 3HAUUTEb-
HOE M3MeHeHue reomeTpun (aedopmanysa).

OcHoBHas 3a7aua TPW BOCCTAHOBIICHUH TI0CA0YHEIX OTBEPCTHI B KOPITYCHBIX JIg-
TAJIAX KOJbIIEBAHUEM COCTOMT B 00€CTIeUeHUH ITPOCTPAHCTBEHHON reOMETPUN AETANCH.
[Tocne mexanuueckoi oOpaboTku (KaK Npapuio, PacTAuMBAHKA) IPOUCXOJIUT HAPYILE-
HUE HApaNIETBHOCTH OCEH M MEIKOCEBEIX PACCTOSHWI OTBEPCTHH, a TaKKE BO3MOKHO
OTKJIOHCHUE Pa3MepoOB OTBEPCTHI OT TEXHWUECKMX Tpebomanwii. Beicokas mrepoxoBa-
TOCTb, 00pa00TAaHHONW NOBEPXHOCTH, CHUIKAET JOIrOBEYHOCThL COMPSDKEHMUS «KOJIbLO
HOJIITUHHAKA — KOPITyC».

[Tpw ncHOMBE30BaHNW CHOCO0A HEOOXOMMMO HAJTHIHE BRICOKOTOYHOTO 000PYI0OBa-
HUA, OpUCrOcOOIeH i (KOHAYKTOPOB), (PUHMINHBIX OIEpaliuii, BHCOKOKBaNUupUUUpoO-
BaHHBIX CHELIHAITACTOB.

OaHuM 13 cnoco0OB BOCCTAHOBICHUS MOCAIOUHBIX OTBEPCTUIA B KOPITYCHbBIX JIe-
TaJAX SABIACTCA TTOCTAHOBKA TOHKOCTCHHBIX CBEPTHBIX KOJICI ¢ HOCTIGAYIOUINM WX 3a-
KkperuieaneM packateieanueM [200,263]. [penmytiecTBo criocoda; mTPoCTOTa M BO3MONK-
HOCTb peanu3alMy ero Ha CepuilHOM 00OPYOBAHUM, UCNOAL30BAHUE B KAYECTBE KOM-
HEHCATOpa M3HOCA HEAC(PHUIMTHOTO M ACIICBOTO METANIMUECKOTO JINCTA, OTCYTCTBHE

TCIUTOBBIOACIICHUA B KOPITVC, obecreucHme d)HBHKO-MGXElHHT-TeCKWX XdPaKTCPHUCTHK
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BOCCTAaHOBJICHHBIX HOBEPXHOCTEH, BO3MOKHOCTE HOBTOPHOTO BOCCTaHOBJICHUS TI0CAA0Y-
HBIX OTBEPCTUM.

CymHocTs criocoba 3akimouaeted B caeayomen. [locagounsie 0TBEPCTHS BOCCTa-
HaBIUBAcMOTO Kopiiyca pactadmpaioT Ha 0,9 — 1,1 MM Ha CTOpPOHY, HOCIE TEr0o B AAX
HAPE3AKTCs BUHTOBbIE KAHABKM Tpeyroibnoro npoduia. [focne pactauupanus U Hape-
32HUS BUHTOBBIX KAHABOK B OTBEPCTUE YCTAHABIMBAKOTCA CBEPTHLIC KOMbLA.

CBeprHble BTYJIKH M3IOTABJIMBAIOT IIPEUMYIIECTBEHHO U3 JMCTOBOM YIJICPOIH-
croi cramu ('OCT 16523) mapoxk 35, 40, 45, 50, 55, rommumnao# 1,3 — 1,4 MM myTém
THOKH ¢€ B TPEXBATTKOBEIX THOOTHBIX TPHUCHOCODTICHHUAX.

ITocne 3aHPECCOBKU CBEPTHLIE KObLA B OTBEPCTUAX PACKATHIBAIOT MHOTOPOAUKO-
BbIMU Au(pepeHIMaNbHbIME PACKATHMKAMM HA PAAUANbHO — CBEPAMAbHBIX, FOPU3OH-
TaJTbHO — PACTOYHBEIX WJTH Ha CHELWAJIBHEIX arperaTHBIX cTaHKax. B mpouecce packaTsl-
BAaHMs MeTa/U1 KoJieu AehOPMUPYETCS U 3aI0JHAET BUHTOBbIE KaHABKY, 01aroaapa uemy
JIOCTUTAETCA BBICOKAS MPOYHOCTb COSTMHEHUA, 00ECIeUnBAOIIAA HAJICKHYIO padoTy CO-
npsskeHAN, MWHWMAaJTBHEIH HATAT PAacKaTbIBAHWS HA3HAYAKOT B 3aBUCAMOCTH OT MaTepH-
ana Koleu U JUaMeTPa OTBEPCTUM.

B npouecce packaTbiBaHUA CBEPTHLIX KOJECIL CTEHKW OTBEPCTUH KOPIIYCOB MCIIbI-
THIBAIOT 3HATHATEITBHBIC PATHAIIBHEIC HATPY3KHA 1 yIipyTo AcopMupytoTes. [1ocKombky
CTEHKHW OTBEPCTHI KOPITYCHBIX ACTAJIEH 10 TONIIWHE HEOAWHAKOBHI, T.€. HEPABHOKECTKH,
COOTBETCTBEHHO HEOAMHAKOBLI AehOPMALMY CTEHOK M0 AJIMHE OKPYIKHOCTH OTBEPCTHS.
[TorToMy packaTBIBAHME CBEPTHBIX KOJICL HE OOCCHEUWBACT TpeOyeMol TOTHOCTH pas-
MEPOB U (POPMEBT OTBEPCTHH, a TaK/ke WX B3aWMHOTO HOJTOXKeHUS [266].

DkcunyarauuoHHbie ucnbiTanua (68,200,263 ] nokaszanu, uto conpaKeHus BOCCTa-
HOBJICHHEIC JAHHBIM CITOCOOOM OO0NaaroT HH3KOH HAJEKHOCTBIO, TaK KaK, BCIICACTBHC
3HAKOIEPEMEHHbIX HACPY30K B COMPSDKEHMU MPOUCXOAMT aedopmanus, OTCAAMBAHUE,
MMPOBOPAYNBAHNE W TTOJIOMKA CBEPTHBIX KOJIELL,

CymrHOCTE CHOC00a BOCCTAHOBJIEHHS MTOCATOTHBIX MECT KOPIYCHEIX JCTaNeH mpH-
BAPKOH CTAJIbHOI JICHTHI 3aKJIH0YACTCSA B TOM, UTO HA MIPEABAPUTEILHO PACTOUEHHYIO MO-
BEPXHOCTE JIETAllM HAKJIAABBAIOT CTATBIYIO JICHTY W TIPABAPHBAIOT €€ 3JICKTPHUUICCKON

KOHTaKTHOW TMOBHOW cBapkoi. OkoHUATETLHON oTepalneii SBISCTCS MEXaHWTeCKas
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00padoTKa BOCCTAHOBICHHOW HOBEPXHOCTH PACTOUHBIMHU PE3IIAMMU.

[IpHIMOWATILHAS BO3MOKHOCTL NPUBAPKH CTANbHOI neHThl (ctanb 10, 20) k ce-
POMY UYTYHY J0Ka3aHa B psAAc paboT pOCCHICKHX W 3apyOeKHbIX yueneix [68,200,263].
HMcenenoBaTenn MPUIIIA K BEIBOAY, UTO KOHTAKTHAS CBApPKa UyTyHA W CTaJTH BO3MOYKHA.
IIpounocTts Ha otpeiB aocturaet 160 Mlla, uto cocrasaser 90 % npeaena npouHocTH
MCCIE0BAHHOrO UyryHa HAa PacTAXKEHHUE.

Jli11 BOCCTAHOBJIGHMS [10CAOUHBIX MECT MCIIOJIb3YETCA XON0AHOKATAHAA JIEHTA U3
koHcTpyKIuouHoN Cranu 20 tommpnroit 0,80...1,2 mm (HB 167...217).

CBapoUHEIT POITMK BBOJAWTCS B OTBEPCTHE KOPITYCHOH JETaiM Ha TITyOWHY HaJIo-
KEHUSA NEPBOrO NIBA U OOKATHIBAET C OMNPENEIEHHbIM JABAEHUEM CTAIIbHYIO JICHTY,
HAKJIA/IbIBAs KOJIBIIEBOH CBAPHONA 1IOB. OnpeaenéHHblid 1Iar CBAPHLIX TOUEK 00ecreun-
BaET TEPMETHIHOCTD IIBA HO BCEMY TIEpUMETPY THe3aa. KonTakTHas cBapka UyTYHHOW
JIETANIA U CTAJIbHON JIGHTHI HE MPUBOJUT K 3HAUUTEIbHLIM HAHPAKEHUSAM B CBAPHOM CO-
€/IMHEeHU N, TaK KaK npouecc odpaszopaHua cBapHoi Toukn aautea 0,05...0.1 ¢, u mpouc-
XOJNAT TIPHA BBICOKWUX CKOPOCTAX HarpeBa W 1MoJ BO3ACHCTBUEM JaBJIEHNS, CHOCODCTRYIO-
1IETO YIUIOTHEHUIO METAJLIOB, YCTPAHSHUIO PA3IMUYHbIX MAKPO- U MUKPOIS(DEKTOB.

BmecTe ¢ TeM UMEIOTCSA CIEeAYIOLIUE HEOCTATKHU:

- BO3HWKAIOT CJIOXKHOCTH BOCCTAHOBIICHHUS OTBEPCTHI MAJIOTO IHaMETPa,

- HE UCKITIOTArOTCA JIePeKTH CBAPOTHOTO COCAUHEHNS (BRIHIICCKH PACTIIABIICH-
HOrO METaNa, NEPEKOr TOUEK, HENPoBap,

- Ha HOBEPXHOCTH BOCCTaHABIUBAEMON JAeTamn 00pa3yoTcs TTOPBl W TPEIIHUHE,

- TpeOyeTCS BBITTOJTHEHNE MEXaHHIeCKoH 00padoTKH, UTO YBEIIMUWBACT CTOH-
MOCTbh BOCCTAHOBJICHUS,

- HE¢ VCKJTIOTECHBI HAPYIICHHS TTAPaJUICIBHOCTH OCEH 1 MEKOCEBEIX PACCTOSHUMN
OTBEPCTUH.

HanHelit cHOCOO XapakTepH3yeTcs TPYA0EMKOCTRIO 00pabOTKH HAHECEHHOTO
cros [148].

JlokanbHOE BNEKTPOUCKPOBOE JIETMPOBAHUE MOCAAOUHBIX TOBEPXHOCTEH KOPITyC-
HBEIX ACTallcH, OCHOBAHO Ha NCHCTBHM WCKPOBBIX Pa3pAAOB M OCYIIECTBIISIETCS HYTEM

HapallWuBaHWA MCTAILTA TIPH AJTICKTPOUCKPOBOM Tlp0606 MCWEIY aHOAOM — HHCTPYMCHTOM
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W KaToJIOM — BOCCTAHABIIHBACMOM ACTATRIO. [T MpeI0TRpAICHAS TTIePeHOCca METATJTA C
JIETAIA HA MHCTPYMEHT, MPOLECC BEAYT B KUIKOCTAX, HE MPOBOAAILIMX TOK. KEPOCHHE,
MHUHEPANTBHBIX MacliaxX M Tak jaiee. MHCTpyMEHT myis HapallWBaHWs TTOBEPXHOCTEH W3-
TOTABIIMBAIOT W3 MEJIN, JTaTYHU, AMIOMUHUA, YyTYHA.

DNEKTPOUCKPOBOE JIErMPOBAHNE NPUMEHSIOT 1151 BOCCTAHOBIICHKA MOBEPXHOCTEH
¢ uzHocom 10 0.4 MM, Npy STOM HArpepa AeTand HE MIPOMCXOAUT, OJHAKO, HEBBICOKAS
[POU3BOJUTE/IbHOCTD, AS(PEKTHOS MOKPBITHE U TPYAHOCTU HOCISAYIOIECH MEXaHe-
ckoit 00pabOTKM MPEHATCTBYIOT PACTIPOCTPAHEHHUIO TAHHOTO ¢T10¢00a BOCCTAHOBIICHUS
KOPTYCHEBIX JIETAJICH.

OanumM 13 cnoco00B BOCCTAHOBNSHHS OCAT0OYHBIX MECT KOPIYCHbIX JETAei AB-
JSETCA HAHECEHNE WISKTPONMTUUECKUX MOKPHITHI M3 MUAKOrO MaTepuana myTém oca-
A IACHUS HOO JEWCTBUEM SJTEKTPHUECKOTO TOKA.

[[Iupoko pacnpocTpaHeHO AIEKTPOAUTUUECKOEe HAHeceHue xene3a [170], umHka,
HUKEA, XpOMa M JIEKTPOIMTHUSCKUX CILUIABOB. HKeJIe30LIMHKOBBIX, »KEeNE30MHKOMAP-
TaHLIOBUCTHIX, TIMAKOKETIC3HBIX, TIMHKOAWKENTCBRIX [83].

Pewatoiee BAMAHUE HA NPOUHOCTH CUCILUIEHMS MOKPHITHS C ASTANbO OKA3bIBAET
NOArOTOBKA MOBEPXHOCTH, KOTOPASA BKAKOUAST: MEXAHMYECKYIO 00palOTKY, M3OMIALIMIO
MECT, HE HOTESKAITIX HITEKTPOTUTHYECKOMY HapalllMBAANFO, MOHTAXK HPUCHOCOOIICHNS,
003 KITPUBAHNEC W TPABJICHUE HOKPBIBAGMEIX TIOBEPXHOCTEH.

BoccTanopieHne 3HOIIMEHHBIX IIOCAA0UHbIX OTBEPCTUH KPyIHOrabapuTHbIX KOP-
TMYCHBIX JIE€TaCH OCYILECTBIIMIOT BHEBAHHEIMH CHOCODAMW HAHECEHWS TTOKPBITHI B HacT-
HOCTH MECTHBIM ocTanmuBanmem [83,170,266,290].

HaHHbil ciocod UMEET paa NPeuMYILECTE, 4 MMEHHO: IPUMEHEHHE HEOPOTUX Ma-
TCPHAJIOB, PABHOMEPHOCTE PACTIPEICIICHUS TIOKPBITHS Ha BOCCTAHABIIMBACMYIO HOBESPX-
HOCTb;, BO3MOKHOCTh BOCCTAHOBIIEHHS [TOCAAOUHBIX OTBEPCTHIA NOA HOMMHAIILHBLA pas3-
MEp, ITO BEAET B HEKOTOPHIX CTyTasX K UCKITFOTCHHIO MEXaANTECKOI 00padoTKY 13 TeX-
HOJIOTHUECKOT0 TTPOLIECcca; BO3MOKHOCTb BOCCTAHOBIICHWS 1€TAJIEH ¢ HE3HAUNTESTEHEIMHA
M3HOCAMM;, BOZMOKHOCTD NOJIY Y€HHA MOKPLITHII ¢ PA3NMUHON TBEPAOCTHIO U Pa3MEPAMU;
HE TMIPOUCXOANT CTPYKTYPHBIX M3MEHCHWH B MeTayTe (0TOCTIMBAANS YyTYHA), TAK KaK HE

TTPOUCXOANT Harpesa Actanu [290].
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HecmoTps Ha Bce HEPETUCIICHABIE TIPEHMYIIIECTBA, JAHABIH CHOCO0 UMEET P Cy-
IIECTBEHHBIX HEAOCTATKOB. HU3KAS CKOPOCTh OCAX/CHUS TTOKPbITUA; OOJIbIIINE BHYTPEH-
HUE HATIPSKCHWS B TATbBAHHUECKHX 0cajkax [261], 9To TPHBOANT K WX MEXaHUTCCKOMY
PaspyIWCHAIO W OTCIIANBAHWIO, YXYAWEHA 3KCHIIYaTalMOHHBIX CBOMCTB W CHHZKEHWIO
MNPOYHOCTU TIOKPHITUA, HEBO3MOKHOCTh MOJACPHKAHUA ONPENenEHHbIX KOHIEHTpalUi
BIEKTPOIUTOB, IPU KOTOPBIX 00€CIeUnBAIOTCA HYKHbIE KAUECTBA MOKPLITHI; CIIOKHOCTh
M30JIALMK MCCT, HC INOJICKAINKX [TOKPLITHIY, CIOXKHOCTE TCXHOJIOrHUCCKOIo 1pouecca
HOATOTOBKHM AETaNIeH K BOCCTAHOBIICHHIO,

OcranuBaHue AacT BO3MOKHOCTH HONYTHTH CIIOW Kene3a 3HAUMTEIBHOW TOJ-
LIMHBL, 1ONYCKAET HE3HAUMTENbHbBIC MPUITYCKA HA MEXAHUUECKYIO o0padoTKy u obecrne-
uuBaeT XOpouy odpabdarsiBacMocTh ocaaka [173,232.261].

[Tpotecc ocTaMBaHNS BEICOKOITPOU3BOAUTEIICH TIPH ACTICBHU3HE UCXOIHBIX MaTe-
puanos. OH o0ecneunBaeT BOSMOMKHOCTh MOCAEAYIOMEr0 XPOMUPOBAHNUA WK MOBEPX-
HOCTHOIO YITPOUHEHHWA, HAHPUMED, lleMeHTaluuu. K uncny HeaocTaTKOB ero clieyer oT-
HECTH CPABHUTETBHO TUTOXYIO aITE3HUI0 CJT0S K OCHOBHOMY METaJLTY, a TakikKe HeoOXoau-
MOCTb MOCISAYIOMIEH TepMuueckoii o0padoTKu, BCISACTBUE HU3KUX (PU3UKO-MEXaHUYE-
CKHX XaPAKTEPUCTHK MOKPHITHUS.

[TpenMyTIIeCTBO BOCCTAHOBIICHHS TTOBEPXHOCTEH MyTeM XpPOMUPOBAHUS 3aKITHOTa-
€TCs, TIPEXKAE BCETO, B BEICOKOH W3HOCOYCTOWYHWBOCTH HOBEPXHOCTEH. [Ipn pasmMepHOM
XPOMUPOBAHUMU U HEOONBILIOH TOMMHE HAHOCUMOTO CIIOS OTCYTCTBYET HEOOX0IMMOCTh
B HOCJIEAYIOMIEH Mexaunueckoil 00paboTke. XpoMupoBaHue 0OCCHEUNBAET TAKKE BO3-
MOKHOCTb HAHECEHUA CJTOS Ha TBEPABIE TTOBEPXHOCTH 0€3 HapYIICHUS TEPMUTIECKOH 00-
pabotku. B mpouecce xpoMupopanua aetanu ve aedopmupyrorcs. Hegocratkamu 3toro
cHOCO0a ABIIATOTCS. OOJTBIITAS JUTHTCITEHOCTE MPOTICCCa XPOMITPOBAHHS, BEICOKAS €TO CTO-
MMOCTb U IOPOrOBU3HA HCXO/HBIX MATEPUANIOB, a TAKXKE HEBO3MOXXHOCTb BOCCTAHOBIIE-
HUA AeTalci CO 3HAUNTENBHEIM U3HOCOM B CBA3HM C XPYIIKOCTBIO TOJICTHIX CJTOEB XpOMa.
TeépmocTs Hapa€HHBIX CIIOEB XPOMa B TIPOLISCCE SKCHITYATAlMA ACTAICH 3HAYUTEIIBHO CHU-
aeTea M3-32 NOTePU BOAOPOIa U3 MeTawia. [[puBeneHHbIe HENOCTATKHA CyX AT 001acTh

TTPUMEHCHWS XPOMTIPOBAHWS B PEMOHTHOM Npown3eoacTee [83,170].
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AHann3 HEPEUNCICHHEIX BBIIIE CTIIOCO00B BOCCTAHOBICHUA HEHOABUKHBIX COC/IN-
HEHWH KOPNYCHBIX eTaneii noKasan, uro Bce OHU 001aa10T TEMU UITU UHBIMU HEJ0CTaT-
KaMH, COCPKUBAIOTIUMHE WX TIUPOKOE TTPUMEHEHNE. TaKOBBIMH ABJIAIOTCSA. CIIOKHOCTD,
TPYIOEMKOCTE M SHEPTOEMKOCTE TEXHOJIOTHUECKUX MTPOIIECCOB; HEOOXOAUMOCTD HPIUME-
HEHUA TPOMO3AKOr0, CIOKHOTO 000PYNOBAHUA U CIIEUHANbHBIX MATEPUANOB;, BbITIOJHE-
HUE MPEABAPUTEAbHON U OKOHYATEIBbHONH MEXaHNUECKOM 00padoTKU. BONbIIMHCTRO ¢ro-
cO0O0B CBA3AHO C TEPMUUYECKUM BO3/ICACTBUEM HA BOCCTAHABIMBAEMBIE JIETAIIMN, UTO [IPU-
BOJIAT K PEITAKCAIINK OCTATOTHEIX HAMPSKEHUH 1 M3MEHEHHIO TCOMETPHIECKUX pa3mMe-
POB, CHIKEHWIO YCTAIOCTHOW TTPOTHOCTH. HEeKOTOpHIE TIEpeunCcIICHABIE CHOCOORT TTPEAy-
CMATPUBAIOT MPECCOBYIO MOCAAKY COMPAra€MbIX AETANEH, UTO BEJET K UCKAXKEHHUIO reo-
METPUM BOCCTAHABIMBAEMbIX MOBEPXHOCTEH, HETOUHOCTAM COOPKM M CHUKEHMIO MPOU-
HOCTH KOPIYCHBIX Aerancil. JlanHble CHOCOOBI BOCCTAHOBJICHWS B MPOLECCe TOCIepe-
MOHTHOH 3KCUIyaTaruu He 00ecneunBaoT rapaHTUPOBAHHON MPOUHOCTH U KECTKOCTH
COeAMHEeHMs (MOCKOIbKY B C1y4Yae UCMOJIb30BAHUS ONUCAHHbIX CNOCOO0B NPUCYTCTBYET
Mexanudeckas 00paboTka BOCCTAHOBICHHEIX MOBEPXHOCTEH), Tak KaK HE YCTPaHAIOT
NEPBOHAYANLHBIE NPUUKHbBL OCAA0IEHUA NOCAIKH, TEXHOIOTMUECKUE NOrPENIHOCTH MPU
00paloTKe NOCcaJ0UHbIX NOBEPXHOCTRM, (PPETTUHI-KOPPO3UIO U TPOBOPAUMBAHUE KOJIELL
HOAMWMHHWKOB, Kpome ToTo, pacTipoCcTpaHEHHBIE CTIOCO0B! OKa3bIBAIOTCA HE Beeraa -
(PEKTHBHBIMH, KOTHA COSOUHEHHWS WCIIBITHIBAIOT BIIMAHWE arpecCHBHBIX Cpel, TeMIiepa-
TYP, BUOPALMOHHBIX, 3HAKONEPEMEHHBIX HArPY30K U ApYrux (PakTopos.

Ha ocHOBaHUM W3NTOKEHHOTO, CYIIECTBYET HEOOXOANMOCTE B pa3palboTKe criocoda
BOCCTAHOBJICHWS COTTPSKEHWS «KOJIBIIO HOOIMIWIIHIKA — KOPIYC» B HEIIOM, a HE TOJBKO

OJIHOTO MOCAAOYHOrO MECTA.
1.6 Cnioco0 BOCCTAHOBJIEHHS MOCAT0UHbIX OTBEPCTHUIl B KOPOOKax nepenay

MOJIHMEPHBIMHA MATECPHAJTAMHA

Crio’kHast B3aMMOCBSI3E TTPONIECCOB (PPETTHHT-KOPPO3AH, BIIMAHAS 3HAUNTEIIBHOTO

KOITHYCCTBA (baKTOpOB, MPOXOOAIHX B ITOOIIHITHHKOBOM V3JIC, M1 CKA3BIBANOIIHUXCA Ha
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TTPOBOPAYMBAHNH TTOAMIATTHIKA HO HOCAJA0THOMY OTBEPCTHIO 3aTPYIHSIOT Pa3padoTKy
CnoCco00B BOCCTAHOBACHUA PadOTOCTIOCOOHOCTH CONPAXKEHUA «KOABLO MOAIIMIHUKA —
kopryc». [loaToMy B HacToOsIIee BPeMsT HET YHUBEPCANBHOTO CHOCO0A BOCCTAHOBRICHUS
ITOTO ComMpskeHus [276].

Kak oTmeuanock paHee, TEXHONOrMYECKUE cnocoObl, B OCHOBHOM, HAHPABIICHbI HA
BOCCTAHOBJIEHME HOMMHAJIBLHOIO Pa3Mepa OTBEPCTUA IMOJ, NOJIIUIHUK KAa4eHUsa B KOP-
[YCHON ASTAAW W NPUTO/AHBL /111 YACTHBIX CAYUYAEE C KOHKPETHHMM YCIOBUSAMU PAdOThI
COTIPSDKEHUA, B 3aBUCHMOCTH OT KOTOPHIX OJWH U TOT e CHOCOO MOXKET IaTh MPOTHBO-
HOJIOJKHEIE PE3YIIBTATHl HO Pecypey comnpsikerus [4].

KOHCTPYKTUBHO-TEXHONOTHYECKHE  COOCOObl  BOCCTAHOBJICHUSA  COMPAXKEHUA
«KONBLO TOAIIMNHAKA — KOPIYCY» HAMPABICHKM HA MPEAOTBPALIEHHUE OTHOCUTENLHOTO
HEPEMEIICHN S KOHTAKTIIPYIOIMIWX TOBEPXHOCTEN MITM YMEHBIICHHUS €70 A0 BETMTUHBI, HE
NPUBOASLICH K PA3BUTUIO (PPETTUHI-KOPPO3UU.

[IpenoTBpaTUTh OTHOCUTENBHOE NEPEMENICHUE, BUOPALIMIO 3IEMEHTOB MOAIIMITHU-
KOBOT'O y3l1a, ¥ KaK CJICACTBHE TTPOBOPATHBAHHE HAPYIKHOTO KOJTBIIA, BO3MOMKHO TYTEM
NEPEHOCca OTHOCUTENBHOrO JBUXKEHUA €r0 WIEMEHTOB B NPOMEXYTOUHYIO Cpeay, mpe-
CTABJAAIOUIYIO COO0M MNEHKY ¢ HU3KUM MOAYJIEM YIPYrocTu. K TakuM NOKPHTHAM MOTYT
OBITH OTHECEHBI PACTBOPHI JKHIKUX HOJUMEPHBIX MaTepHasIoB, ¢ TTOCISIYIOMINM WX OT-
BEPIKIACHUEM B 3a30P€ COMPSKEHNA «KOJBLIO MOAMIHITHUKA — KOPHYC». Takoe peleHne
CNOCOOCTBYET YMEHBIICHUIOD KOHIIEHTPALUMKU HAHPAKEHUHN B 3JIEMEHTAX MOAUIMITHUKO-
BOTO y3ITa (B YaCTHOCTH, KaK Ha HOBEPXHOCTH TTOCATOUYHOTO OTBEPCTHS, TaK W B CaMOM
HOAMIMHHWKE ), TPV 3TOM MCKITIOTaeTCA MPOBOpaTuBadie (MUKPOCMEIICHNE ) HAPY KHOTO
KObLA NOJIIUITHUKA OTHOCUTENbHO NOCAA0YHOTO MECTA 32 CUET HAJTMUMUS AAr€3UOHHOM
W KOTE€3MOHHOW CBA3EH B MONMMEPHOM MaTepHajie W, Kak CIEACTBUE, TTOBEITICHNS (ak-
TUUYECKOH T10111a/I1 KOHTAKTA KOJNbLA U KOPIYCA, YTO TEM CaMbIM YBeInunpaet Koxddn-
MACHT TPEHUS B compsieHnu [1].

M3BecTHEIE CHOCOOBI BOCCTAHOBIICHUS PabOTOCTIOCOOHOCTH COTIPSIKEHUS «KOJBLIO
NOJIIMMNHUKA — KOPIYC» NOJMMEPHHMMW MaTe€pUanaMu MOKHO pa3iaeiuTh Ha JBE
TPYHIIBI; HAHECEHUEM TTOKPEITHH ¢ HOCITICIYTOINM pa3MEpPHBIM KaTHOPOBAaHWEM W BKITC-

HBAHHCM.
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Crioco0 BOCCTaHOBIICHHUST HOCAJAOYHEIX MECT MO TOJIITHITHUKY B KOPITYCHBIX JI€Ta-
nsX KanuOpOBaHUEM MOJIMMEPHBIX MATEPUANIOB 3aKJIIOUYAETCS B HAHECEHUM HA U3HOLIEH-
HYIO HOBEPXHOCTE OTBEPCTHS KOPHYCHOW JICTAJTH CITOS SHOKCHIHOTO KOMHAYH/IA, €T0 Ya-
CTUTHOTO OTBEPXACHUSA ¥ (POPMUPOBAHAS TTOCAAOTHOTO MECTA C TMTOMOMIBIO CIIeTUATb-
HOrO Pa3MEPHOrO UHCTPYMEHTA.

Hcnonb3osanue cnocoba OCHOBAHO HA XOPOIIMX aIT€3UOHHBIX CBOMCTBAX SMTOKCH/I-
HbIX KOoMIayHaos. [lepexoj u3 BS3KOrO COCTOAHMS B TBEPJAOE MPOUCXOJUT OTHOCH-
TENTBHO HPOJAOKUTETEHOE BPEMS, 3TO HO3BOJIAET C(POPMHUPOBATH CIIOHN STOKCHAHOMN KOM-
HO3WIMW C 3a{aHHBIMHA pa3MepaMH BOCCTAHABIIMBAEMOTQ OTBEPCTHA, UTO NPEAOTBpa-
LIAET IPOBOPAUMBAHUE KOJIbLUA NOJUKMNHUKA [283].

M.E. KpnueBckumM yCcTaHOBNIECHO [137], uTo 3MOKCHAHBIE KOMIO3UIIMU B OPOLECCE
hopMUPOBAHNA W HKCTUTYaTALWK HAXOAATCS B CTEKI000PAa3HOM COCTOSHUH, a CIIeJ0Ba-
TEJbHO CKIOHHbI K XPYNKOMY Pa3pYLIEHUIO, PACCIAHBAHUIO U PACTPECKUBAHUIO MO, G-
CTBUEM LMKIHUECKUX HArpy3ok u puOpauumii. Kpome storo, B padore [147] otmeueHo,
ITO MOKCHUIABIC KOMHO3UITNHY IO/, BO3ACHCTBIEM BEICOKOH TEMIIepaTypHl IPEAPACHOTO-
YKEHBL K CTAPEHUIO U AECTPYKIIMU, UTO B KOHEUHOM HUTOre CHMXKAET JOJIrOBEUHOCTL BOC-
CTAHOBJIEHHOTO COMPAXKEHHUA.

OKCHEPUMEHTATBEHO YCTaHOBNIeHO [142], uTo MpOTHOCTE BOCCTAHOBIICHHOTO SHOK-
CHIHBIM KOMTIAYHJIOM COTIPSOKEHUS B 3HAUUTEITRHOHN CTETIEHN OTIPEACITSICTCS TONNITHHON
cnoa (a0 1-2 mM), HaHOCUMOH KOMNO3UUMK. [lpn moauMepu3aum TaKux CIOeB BO3HU-
KalOT BHYTPENHNE (YCaJA0UHEIC) HANPSHKEHUA, B PE3YILTATE UETO HPOUHOCTL CLUEHIICHWS
HOJTIMEpPA ¢ METAJITOM PE3KO CHIZKAIOTCA.

K. . Yepusk s patote [288], orMeuaeT, uto cTadWibHOCT (PU3MKO-MEXAHMUECKMX
CBOWCTB YHOKCHIAHBIX KOMIIO3WLIMH 3aBHCAT OT 00beMa, BUAa TutacTH(UKaTopa 1 CIio-
co0a OTBEPKACHUA, UTO HATIPAMYIO BIIUAET HA AAT€3MOHHYIO U YCTAIOCTHYIO NPOUHOCTh
KOMHayHAA ¢ METa/UIOM. Y MEHBIICHUE BEIIMUWHBI aAre3WN KOMAAYHIAa K METAIUTy TIpH-
BOIWT K CHIIKEHHIO TIPEAEIIA TPOTHOCTH BOCCTAHOBIICHHOTO COMPAKEHNA «KOJIBLIO HOJI-
IIMOHUKA — KOPITYCY.

Taxknm oOpa3zoM, MPAKTUICCKUM OHBITOM W 3KCHEPUMEHTATEHBEIMH UCCIICIOBAHHN-

AMHU  JOK434drio, YTO HCHOIMB30BAHHUC J3TOTO crrocoda HGHGHGCOO6]Z)33HO B BHIOY
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CYIIECTBEHHBIX OTPAHWUCHUN SKCHIIYaTalmOHHBIX W (PU3NKO-MEXaHUIECKWX CBONCTB
NPUMEHAEMbIX MATEPUATIOB.

M3BecTeH HOJNIOKUTENBHBIA OHBIT IPUMEHEHHUS B PEMOHTHOM TTPOW3BOACTBE IS
BOCCTAHORBJICHWS padOTOCTTOCOOHOCTH COTIPSIKEHHS «KOITBIO HOAMWITHUKA — KOPTIYC»
BBICOKOAIACTHUHbBIX TTOJIMMEPHBIX MATEPHAJIOB, B UacTHOCTH 3acTtomepa [ DH-150 [147]
u repmetuka 6D [109].

Dnacromep I'DH — 150 (TY 6-05-211-651-76) coctoutr n3 OyTaHAMEHHUTPHIIb-
roro kayuyka mapkn CKH-40C w cvonsr BAY.

[epmeTnk 6@ nmpeactasiaseT ¢o00i MPOOYKT coBMEUIeHNs Kaydayka Mapkn CKH-
40 co cmonoii ®KY Ha ocHoBe 3aMelugHHOro (heHOIA BUHUNALIETHICHOBON CTPYKTYPbl
(TY 11-679-69).

3T MaTepualbl TPEAHA3HAYEHBl HPU KOMIICHCALMKY W3HOCA OTBEPCTHS MYTEM
BKJICMBAHHS B HErO KOJbLA NOALIMMNHUAKA. JNacTOMEPL U FEPMETUKN NPUMEHSIOTCS s
yeTpaHeHua u3Hocos a0 0.2 [172] MM, TeM caMblM OpU BKJICUMBAHUMW NOLIMNHUKOB 10-
CTUTAETCS BBICOKAS CTATHUECKAs TTPOYHOCTE COTIPSIKEHUS «KONBIO — KopHye» [137].

Kak nmokasblBalOT uUccieaoBanus, npumenedue snactomepa ' OH-150 okazanock
3(¢(peKTUBHBIM U ONPABAAHHBLIM NPU BOCCTAHOBICHUM U3HOIICHHBIX THE3/, IO, TIOAIINN-
AUKH B koprycax KI1 TpakTopoB cenbekoxo3saiicTBeHHOTO HasHaueHns [147]. Yeranos-
aerno uro [109,158], mpy MOHTaXKe TOMIMWHHWKOB KAUCHHUS B W3HOIICHHABIC OTBEPCTHS
KII eTopuunoro Bana tpaxkropa T-150K na anactomepe I OH 150 napabotka ao npeaens-
HOTO COCTOSTHWS (T.€. pPa3pyIIEHNUS COTPSKEHIUS TIJICHKW TEPMETHKA B BOCCTAHOBIICHHOM
COTIPSIAKEHUH ) «KOJTBII0 HOAUTHHHAKA — Kopmyc» coctasua 3000 — 12000 gacos.

DKCIUTYaTallMOHHbIE W TEXHOJIOTHUECKHE CBOMCTBA repmeruka 6@ aocTtatouHo
HOJTHO WcclieAoBansl B pabortax Mounmaesa U.b. [109] u Jlw P.M [158].

HarypHble vcnbITaHHMA NOKA3ald, UTO B OTAMYME OT 3MOKCUAHBIX KOMIIAyHAOB,
TEPMETHUKH JIACTHTHBT W 00J1a1aI0T CTAOWTEHBIMH, (PU3NKO-MEXaHUTCCKUMHA, TIPOTHOCT-
HEIMH ¥ aTC3MOHHBIMHY CBOHCTBAMH.,

IIpn TomuuHe naeHku repmetukos B 0,1 MM, pacnpecCOBOUHbIE YCIUIHA B CONps-
KEHUW «HAPY KHOE-KOJTbIIO HOAMIMAHNKA — KOPITYC» TTOBHITIAIOTCA B 2-3 pa3a 1o cpas-

HECHHIO ¢ TIPECCOBOW HOCAIKOM O€3 TTOJTMMEPHOTO MaTepHarna.
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Weenenoeanus, npoeeneunsie B GIOY BIIO «MockoBckwit Tocy1apcTBEHHBIH
arpout>keHepHbiid yHupepeutTer um. B.IL T'opsukunay, nokaszanu, uyto padoTocnocod-
HOCTH BOCCTAHOBJIEHHOTO TaKWM 00pa3oM HOCAAOTHOTO MECTa HOJI HOITHHHWK KadeHWS
OKa3bIBAETCSA JAXKE BBITIE, I¢M Y COCMACHNS 0€3 TTOTMMEPHOH TTPOCTIONKN. 3T0 00Bsic-
HaeTca cneayomwmm. [Tannune nonumepa mMexny 0O0ONMONM NMOIIMIHUKA U KOPMYCOM
(BanoM) cnocoGCTBYET Oosiee PABHOMEPHOMY PACIPEACICHMIO HATPY3KM MEXKIY TEeIAMU
kaueHns (Pucynok 18). [lpu stom npoucxoaut Gojiee paBHOMEPHOE pacnpec/ieHue
HATPY3KH MEKTY TSITaMK KauCHUS TTOAIIHITHIKA M CHIIKACTCSA KOHTAKTHOS AaBIICHUE Ha
paboTNX MOBEPXHOCTAX MOCATOTHBIX OTBEPCTUH. ECIN MOAMIAIIANK yCTaHOBIICH 0€3 T10-
AuMeEpa, TO HAIPY3Ka KOHIEHTPUPYETCA MPAKTUUYECKU HA OJIHO Teno KayeHus (PucyHok
18), npuuemM 3Ta KOHUSHTPALHS YBEIMUMBASTCS NPU HAPACTAHKM 3230pa B COSTUHEHUH,
ITO PE3KO CHWIKACT CPOK CIYyXKOBI compsnkerus. HeoOxoammo Takke OTMETHTH, UTO
HAITMUKE PA3JEIUTENbHON MIEHKN U3 BHCOKOMACTUYHBLIX MATEPUATIOB MEXIY KOHTAK-

TUPYIOLIMMY NOBEPXHOCTAMU MPENATCTBYET Pa3sBUTHIO PpeTTUHr-Koppo3uu [21,147].

TOJLIMHA [UIEHKY TOJIMMEPHOTO MaTepuana:
I —0.008 mm; 2 —0,053 mm; 3 —0,098 mm; 4 — 0,139 mm; 5 —0,182 mm
Pucyrok 18 — Pacnpeaenenue Harpy3ok no TenaM KaueHHS B paJauanbHOM [HAPHUKO-

BOM HOJITHHHWKE C UCHOJIB30BAHUEM HOMUMepHOTo Matepuana [147]
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1 — narar 0,005 mm; 2 —3a30p 0,057 mm; 3 —3a30p 0,123 mm; 4 — 3a30p 0,236 mM;
5 —3a3op 0,336 MM
Pucynok 19 — Pacnpeaenenue Harpy30k o Tejiam KaueHHs B PaauaibHOM IIAPUKO-
BOM MOAIIMITHUKE C UCTIOJIb30BAHUEM TTOJIMMEpHOro marepuana [147]
[Tpu Bcex npeumyIinecTBax MPUMEHEHHS MO J00HBIX MAaTEPUAIOB OTPAHMUEHO, TaK
KaK B CJIEICTBME MX CaMOpa30rpeBa npu konedaHusAx, BUOpauuu U u3ruda HapyKHOTO
KOJIbLIA MOJIIMITHAKA U HU3KOH TEIIONPOBOAHOCTH MPOMCXOAMT uUX paspylueHue. Kak
OTMEUEHO B paboTe, BEICOKOAIACTUYHbBIE MaTEPHUalibl BECbMA YyBCTBUTEIIbHBI K TEMIIEpa-
TYPHOMY BO3JICHCTBHUIO CO CTOPOHBI TOIMIMITHUKOBOTO y3j1a. Temneparypa MmoAmunHu-
KOBBIX y3710B gocturaer 100 °C. MakcumanbHas TemnepaTtypa MCoIb30BaHuUs 371aCTO-
MepoB oxBathiaeT auanason ot 50 10 80 °C, mocne yero HabmoaaeTcs AECTPYKLUS U
pacclioeHre MaTepualia, a 3TO HEJIOMYCTUMO B YCJIOBUAX PeajibHOM SKCITyaTanuu [254].
Heo0xoauMo OTMETUTB, YTO FEPMETUKH U 3JIACTOMEPBI OOHAPYKUBAIOT 3aMETHYIO
MOJIBy4e€CTb BO BCEM AHUAIIa30HE TOJMIWMH B BOCCTAHOBJICHHOM CONPAMKEHHH, IPUA padr-
aJIbHOM Harpys3Ke Ha MOALIMITHUKOBBIH y3€I1 Aake HUXKE SKCIUTyaTauoHHOoM. Tem cambim
W3MEHSS MMPOCTPAHCTBEHHOE MECTO TOJIOKEHHE, KaK CaMOro TIOAIIMITHAKA, TaK B APYTHX
UCTIOJIHUTENIbHBIX MEXAHU3MOB (B YACTHOCTH LLIECTEPEH), UTO B CBOKO OUEpe/ib CKA3biBa-
€TCsl Ha CHYOKEHMHU pecypca Bcero arperara [137, 158].
['epmeruku [OH 150 u 6@ cnocoOHBI K CTPYKTYPUPOBAHUIO (MOJTMMEPHU3ALIMH)

TOJIBKO TPH MOBBIICHHOW TEMIEpPaType, MO3TOMYy HX Ae(OPMALMOHHO-NPOUYHOCTHbBIE
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CBOWCTBA B 3HAUNTETEHON CTCHEHW 3aBUCAT OT TEMHEPATYPB OTBePIACHUSA. bes Tepmo-
00paloTku moauMepsl CIOCOOHbI K 3HAUMTENbHBIM HeOOPaTUMbIM AehopMaliNaM Teue-
HUA, 9TO CHIKAET BO3MOIKHOCTD WX IPUMEHEHUS IS BOCCTAHOBIICHWS COTIPSIKEHNS TIOT-
TUHHWKOBBIX Y3JI0B B KOpPIycHBIX aetajsax [171].

B ¢BA3M TakuMu OCOOCHHOCTAMM IKCILUTYATALIMOHHBIX U (DPUBHKO-MEXAHHUUECKUX
CBOICTB, NOA0GHOrO Po/ia MaTePUasbl HE MOMYUIIIM PACOPOCTPAHCHUA NPU BOCCTAHOB-
AEHUU COMNPAKEHUA KOO MOALIMITHUKA-KOPILYC .

B nacTosuiee BpeMs B peMOHTHOM TIPOM3BOACTBE I BOCCTAHOBIIEHNA PabOTOCHO-
COOHOCTH TPUOOMEXAHWUECKOW CHCTEMBI «KOJIBLIO TTOAMINITHUKA — KOPITYC» WCIIONb3Y-
10TCA NoAK(pyHKUMOHANbLHbIE COSAMHEHHA akpuaoBoro paaa (polyfunctional compounds
acrylic series (PCAS)), kK uucny KOTOPbIX OTHOCATCA aHAYPOOHbIE NONMMEPHbIE MATEPK-
aner [253].

PCAS coctoar rnasibiM 00pa3oM U3 CAEAYIOIIUX KOMIIOHEHTOB: OJAMMEpU3aly-
OHHOI'O HEHACBUIEHHOr0 MOHOMEPA, UHUIIMATOPA MOJUMEPHU3AIIMM, KATAIU3aTopa, MO-
JuhrKaTOpa BA3KOCTH, CTAOMITM3MPYIOMIEH CUCTEMBI KPacuTENd U JpYyTUX crienudude-
CKMX UHIPeAUEHTOB [233].

Ocnopy PCAS, B0 MHOroOM Onpeaensionyio ero n1eopMalnOHHO-IPOYHOCTHbIE U
IKCILTYaTaLWOHHBIE CBOWCTBA, COCTABIIACT HOJUMEPH3AMOHHO HEHACBIIIIEHHBIH MOHO-
Mep, B Ka9€CTBE KOTOPOTO 0OBITHO WCTIONB3YTOT TTOJMMEPH3aOHHO CHOCOOHBIE COC/IN-
HEHMA aKpIUIoBOro paaa [97].

OcHOBHOM KOMIIOHEHT aHa’POOHBIX KIIEEB NMPEACTABIIACT CO00H ONM(pYHKLUNOAAITE-
HEI MOHOMED — Yallle BCETO AMAKPUITOBEH 3¢pmip. B oTcyTCcTBHE KHCIOpOaa v B pe3yJib-
TATe MHULMMPOBAHUS (32 CUST MOHOB METAILIA), MUHYA CTAINIO 00PA30BAHUA JIMHEHHOTO
HOJTMEPA, HOCTIE UeTo 00pasyloTesl TPEXMEPHEIE CTPYKTYPBI ¢ TOHEpEeTHBIMU X-3(wp-
HBIMH «MOCTHKaMK» . CxemMa MEXaHU3Ma MoNMMepU3alun npeacrasneHa Ha Pucynke 20

[314,308].
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Pucyrok 20 - Cxema MexaHM3Ma NONUMEPU3ALIMA

Kamumnspusrit a¢gdexT mo3somnseT npounkatsh PCAS pake B He3HAUNTEILHBIC HO
BermmanHe 3a30psl (okosmo 0,001 mwm). [pouece monmwMepu3aLMn TaKKe CTHMYIIHPYETCS
KOHTAKTOM 2HA3POOHOro Kiesd ¢ METAIMYECKUMU MOBEPXHOCTAMM, BHICTYNAKOUIMMU B
KauecTRe KaTanmmsaTtopa [94].

OUINKO-MEXaHWIECKHS CBOWCTBA OTBEPkAeHHBIX PCAS HOKA3BIBAIOT, UTO OHU XO-
polo paboTAOT HA CKATUE, HO UMEIOT CYIIECTBEHHO HU3KYIO MPOUHOCTh MPU PACTAKE-
HUH,

CrnenyeT OTMETHTB, UTO Pa3HBIMH WCCIIEIOBATEIIAMI UIS OJHUX W TE€X K€ MapoK
PCAS nonyuenbl OTAMUYAIOMIMECS 3HAYEHHA JePOPMALMOHHO-NPOYHOCTHBIX MOKA3aTe-
AeH, YTO CBA3AHO ¢ PA3HOU TOJIIKMHONA 00pa3sloB U PasIMUHBIMU COOCO0AMU UX OTBEP-
AIACHUS WPH TIONTYUCHUH.

Hccenenopanue NpoYHOCTH BOCCTAHOBIEHHbBIX NOAIIMOHUKOBBIX COGIMHEHUNA TPU
YCTAIOCTHBIX UCMBITAHUAX MOKA3AI0 CYUIECTBEHHOE BIMAHWE TUMNA HarpyxkeHus. [Ipu
MECTHOM Harpy;KeHHH B TEUEHHE BPEMEHH, PABHOTO HOMUHAIBHOW TOJITOBEYHOCTH T101-
LIMNHUKOB KaueHua, paspyliueHus oteepxacHHoro PCAS B nnamerpanbHOM 3a30pe 10
0,3 MM He TIPOUCXOINT. B TO jke BpeMs MpH MUPKYNATTHOHHOM HarPy KCHUH HE PSKOMEH-
Jyerca uenosb3opats PCAS npu auamerpansHoM 3a3ope Oonee 0,1 MM, a npu uenos-
soeanuu PCAS npu oTCYTCTBUM 3230pa ¢ NPeCcCOBOM MOCAAKONA 3HAUNTEILHO COKpallia-
€TCsl MJTH BOOOLLE TIPENOTBPAIIacTCd W3HOC CONPATAEMBIX HOBEPXHOCTEH W HOBBIIIACTCA

JIOJIFOBEYHOCTh MOAIIMITHUKOBLIX COeIMHEHuiA [298].
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VccnmenoBanmne SKCTUTYaTallHOHABIX CBOWCTB BOCCTAHOBIIEHHEIX ITOMIITHITHHKOBBIX
COeNMHEHMH MOKA3AJI0, YTO OHM, KPOME YKA3aHHbIX Bbillie (PAKTOPOB, 3aBUCAT TAKKE OT
Harpy3KW Ha TTOJTUMEPHEIH CITOH, YacTOTHI BpaIlcHWS Bajla, BHOPAIHH, OTIPEaeIseMOi
W3THOOM Hapy KAOTO KOJThIA HOAUTMHHUKA, BPEMEHN IKCHITyaTalnu, nedopMaioHHo-
MPOYHOCTHBIX CBOICTB OTBePxAeHHHBIX PCAS u ap [40].

B 10 e BpeMa KpaliHe HeAOCTATOUHO HCCAE0BAHUI N0 HECY11IeH CITIOCOOHOCTH CO-
€/AMHEHHUH, 3a)MKCUPOBAHHbIX AaHA3pPOOHBIMKM COCTABAMM IIPU  IKCIL1YATALIMOHHOM
Harpyskeann [40]. JIaHABIe CTEHIOBBIX W SKCILTYATAITMOHHBIX HCHBEITAHWH HETIOABIKHBIX
COTIPSDKEHTH HE COJICPIKAT CBEICHUH O BIIMSIHUHW HA WX PaboTOCTTOCOOHOCTE M IONTOBEH-
HOCTb XapaKTepa U BUJA HArPY>XEHHUA, BEIMUMHBL PAAHAALHON HATPY3KHK, Pa3MEpoB KO-
JCTl NO/UUMIOHUKOB, JUAMETPAJbHOIO 3a30pa U PEXMMOB OTBEPXKASHUA aHAYPOOHOIO
TEPMETHKA.

Kak noxaszaHo paHee, mpu BOCCTAHOBICHUM METO/J0M KICHBAHUA NOJALIWINHUKOB
JIOCTUIAE€TCA BbICOKAS CTATUUSCKAS ITPOUHOCTh COSAMHEHMA.

Hcenemosanusa mokaseiBaroT [9,69,81,174,256,269,298,299], uro ynpyrue mpo-
knanku u3 AIIK 4BnAOTCS CpeACTBOM IMOBBINMICHUSA JOJCOBEUHOCTH COIMPSIKCHUS
«KOJIbLO MOJALIHMIHUKA — KOPIIYC».

B pesymeTaTe MpUMEHEHNS aHa3POOHEIX MaTepHaJioB:

- YIIPYTOE OCHOBAHWE TACTUTHO KOMHEHCHPYET TTEPEKOCHl OT HECOOCHOCTH HO-
CaJIOUHbIX MECT MO/IIUNHUKOB;

- HapsAy ¢ TPCHUEM KAUeHUS B PaIHaTLHEIX HOIITUHHUKAX 3aTPaunBacTcs pa-
00Ta 1 Ha TPEHWE CKONTBIKEHUA OT TIePEKOCca TeT KaUeHUA, TTPOKITaIKU CHIKAFOT paboTy
TPEHHUA, O UeM MOXKHUO CYAUTh 10 YMEHbLISHUIO HAarpeBa AeTAICi U YBeIMUSHUIO BhiOera
HOJITMHHWKA T10CIIe OCTAaHOBKN MEXaHW3Ma,

- yOpyrue NpokiaJku KOMOSHCUPYIOT AeopMaIinid HapyKHOCO KOJdbUA MOJ-
ITUHHWKA, HOHWKAIOT TyBCTBHTEITBHOCTD CONPSYKEHNA K TOJIMKAM W yAapaM W YMEHb-
IAI0T aMHJIATYY BEICOKOYACTOTHEIX KOJIeOaHwH, HaMpsAyKeHNH Ha KOHTAKTHBIX TTOBEPX-

HOCTSAX,
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- Omarogaps NMOAaTIMBOCTH YIPYTHE TOJIWMEPHBEIE TIPOKIIANKH, CIIOCOOCTBYIOT
fonee paBHOMEPHOMY pacOpeseNeHUI0 HAMPY3KU MO TellaM KaueHud, Onaroaapa uemy,
YBENUUHUBACTCH PECYPC HOAITHHHIUKOBBIX Y3II0B;

- 32 CUCT THKCOTPOTTHOCTH HOJIMMEPHBIX MaTEPHAIIOB TTPOUCXOANT 3aMOTHCHUE
MUKPOHEPOBHOCTEH KOHTAKTHBLIX NOBEPXHOCTEN, UTO YBENUYMBACT B KOHEUHOM UTOTE,
COOCTBEHHY IO KECTKOCTh HAPYKHOTO KONbIA U KOHTAKTHYIO XECTKOCTh COMPAKEHUA.

- OTCYTCTBYHOT CIPYKIYPHBIE USMEHEHUS B COEAMUAEMbIX MaTepUasiax.

Taxnm obpaszom, ncHonb3oBanue PCAS HO3BONAET pacmpuTh IPUMEHEHWE HOJTH-
MEpOB IIJI1 BOCCTAHOBIICHUS W HOBBIIICHHUS JTONTOBETHOCTH HOCAIOK MOIITHITHUKOBBIX
Y370B TPAHCHOPTHHX U TEXHONOrMYECKUX MamuH. OQHAKO peanu3alys 3TOU BO3MOK-
HOCTU CAEPKUBACTCSA MAJIOH U3YUEHHOCTBIO MPOoOAeMbI paboTOCIOCOOHOCTH BOCCTAHOB-
JICHHBIX COCAWHCHWH TIPH Pa3IMIHEIX PekMMaxX HarpyxkeHwus. He w3ydueHo BiwsHNE Ha
WX YCTAIOCTHYIO MPOUYHOCTh A(POPMALIMOHHO-NPOUYHOCTHBIX U AAre3UOHHbIX CBOICTB
noaMMeEpa, peKUMOB OTBepPXAeHua, MaciuTabHoro ¢akropa u T.1. [lostomy nccnenosa-
HUA OOJNTOBEYHOCTH, BOCCTAHOBIICHHBIX aHA’POOHBIMH COCTaBamMHW B J1aOOPaTOPHEIX,
CTEHJOBbIX U 3KCIINYATALUMOHHKMX YCIOBUAX NO3BONAT pa3paboraTth 00OCHOBAHHLIE Pe-

KOMCHAALIMHK 10 UX NPAMCHCHHIKO B PCMOHTHOM IPOH3BOACTBC.
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I'naBa 2. Teoperndeckne NpeanoChbLIKH MOBLIMIETHS X0JITOBEUNOCTH

TPUOGOMEXaHUYECKOH CHCTEMBI «KOJbLO MOAIHITHUKA — KOPITYC»

2.1 CTpyKTYpHaa MOJe/1b MTPOLECcca H3IHANINBAHUS TPHOOMEXaHHYeCKO0i CUCTEeMbI

«KO0JIBUO MOJUIHITHHKA — KOPITYC»

HonroBeuHOCTh TPUOOMEXAHWUECKWX CHCTEM MAIIWH 00YCITOBICHA COXPAaHEHUEM
BO BPSMEHHM TTOBECPXHOCTHOHW (KOATAKTHOM) M OOBEMHON TIPOTHOCTEH MaTEepPHANIOB TIPH
JIEACTBUN HATPY30K W BHellHel cpe/ibl. [Ipouecchl 00bEMHOrO paspylieHus MpPOTEKAOT
B PE3yJIbTATE HAKOIUICHUA B MACCUBE MaTepuania 1epeKTOB ero CTPYKTYPbl, NPUBOAAIIUX
K aKTy MaKpOCKOHWYIECKOTO Pa3pyIICHNS ASTATH WITH KOHCTPYKIWH, [ [potieccE HOBEpX-
HOCTHOIO PAa3pyILIEHHA COCTOAT U3 3HAUUTEIILHOrO KOJHMYECTBA MUKPOCKOMUUYECKUX aK-
TOB Pa3PYIUEHUs, NPOABIAIOIIMXCA B MOCTENEHHOM YMEHblleHUH 00bEMA MaTepuana.
3TO NMPUHALIATIHAITIBHOE pazinune 00BbEMHOTO W TIOBEPXHOCTHOTO Pa3pyLICHHs HO3BOIACT
BbLACAUTH MOBEPXHOCTHYO (KOHTAKTHYIO) MIPOUHOCTh MATEPUANIOB JETAJCH, KaK camo-
CTOATEABHYIO MPOOIEMY, UMEIONIYIO MPAKTHUECKOE 3HaueHue [131].

Pecypc TpuboMexaHWIeCKOH CHCTEMBI «KOJTBIIO TTOAMNWITHAKA — KOPITYC» B 3HATH-
TEBHON CTETICHW JIHMHTNIIPYETCS HOBEPXHOCTHON (KOHTAKTHOW) TIPOTHOCTRIO M, COOT-
BETCTBEHHO, CKOPOCTHIO U3HAIIMBAHKA MaTepuana Koprnyca. Takoe yTBEpKICHUEe Crpa-
BEIUIMBO, HOCKOJTBKY, B CPABHEHNW ¢ (PM3WKO-MEXaHWUECKUMH CBOWCTBAMHY MaTepuana u
HapaMeTpaMu MaKpO-MHUKPOTEOMETPHUN TTOBEPXHOCTH HOAIIMHHWKA KAadeHWS, YCIIOBH-
AMM NPIIIOKEHUS BHELIHEH HATPY3KKU, MaTepuan kopnyca od0naaaeT CyuiecTBeHHO osee
HU3KUMHU XapaKTEPUCTHKaAMH.

[lon BO3nElicTBUEM BHEIIHEH HATPY3KM, C TEUCHHWEM BPEMEHH, HANPSHKEHUS BO3-
HUKAIOT B KQJKIOM JIEMEHTE TOBEPXHOCTHOTO 00BEMA MaTepHalia OTBEPCTHA KOPITYCHON
JIETAJTH, HE3aBUCHMO OT €T0 WCXOIHOHW CTPYKTYPHI, TTOBEPXHOCTHBIX W BIYTPEHAWX [IC-
dextop. PesynbTaToM 3TOro ABIASTCA ETEPOreHHas maactuueckas aedopmaims (T.e.
neopmanvs, ToKam30BaHAas B TOHKWX Hollocax caeura [131] moBepxXxHOCTHBIX W TIOA-

HOBCPXHOCTHRIX CJT O€B MeTalIa OPHUCHTITPOBAHHAA OTHOCHTCIIEHO HAIIPABIICHWA M3TH 0a
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W BpalllEHNA TI0 HOCAA0YHOW TTOBEPXHOCTH OTBEPCTHS HAPYKHOTO KOJIbIlA WIAPUKOBOTO
panuanbHOro NOJNUNHUKA KAUeHUs, COMPOBOK/IAIOMAACT U3MEHEHUEM CTPYKTYPbI MO-
BEPXHOCTHOTO CJIOS Marepuajia OTBEPCTHS KOPITyca , TNIACTHUECKOTO OTTCCHEHUS MaTe-
pHaia B HEKOTOPHIX Han0OIee aKTHBHBIX HOJIOCAX, ¢ 00pa30BaHWEM B HUX MUKPOTPE-
1I1H, YMEHbIIEHHUEM MIIOTHOCTH MATepUana U yBeauueHus o0béMa C MepexoaoM ero B
AKTHBUPOBAHHOE COCTOSHUE.

[loa aKTUBUPOBAHHBIM COCTOSHUEM CIIEAYET IOHUMATh PA3PbiXJICHUE KPUCTAIIM-
TECKOHM PEIMETKN W HATWIHE HATIPSKCHWH, HEW30EKHBIX TTPH HEPECTPOITKE CTPYKTYPHI
[131].

PazsuBaromeecs npu 5TOM, TEPMOAMHAMUYECKOE HEPABHOBECHOE COCTOSAHUE IO-
BEPXHOCTHBIX U MOJNOBEPXHOCTHLIX CAOERB MATEpUana OTBEPCTUS KOPIYCA MPUBOJINT K
TpHOOAKTHBAINH (APOOIICHIIO ) FTHX CITOER HOI ACHCTBHEM amcopOmuonnoro, quddy3n-
OHHOIO U XMMMUYECKOro (PAKTOPOB BHENIHEH cpeabl. KoMmnekcHoe BO3NeHCTBUE CUNO-
BbiX U pusnko-xumuueckux daktopop oOycnapnyupaeT o0pa3zopaHue HOBOH (a3bl, KOTO-
past CTAaHOBUTCH OOBEKTOM TIOBEPXHOCTHOTO Pa3pyIICHUSI.

Hexond u3 Takux coodpakeHUH, TOBEPXHOCTHYIO ( KOHTAKTHYIO ) MPOUYHOCTD, U CO-
OTBETCTBEHHO M3HANIMBAHMUE MATEPUATIA OTBEPCTUSA, CAEAYET OJHO3HAYHO KOPPEIUpo-
BaTh CO CBOWCTBAMW WCXOIHOTO MaTepwana nocaIoyHoro MecTa HOJ TOAIIWITHAK Kaue-
HUA B KOPITYCHOW ACTaJIN,

Cnenyet oTMeTUTh, uTO B pabotax Yotepxaiiza P. b. [218], ['onero H. JI., Illesens
B. B., AmsaowseBa A. JI. [80] paccmaTpusanncs GpyHAAMESHTAIBHBIC TIPUHIIMALT U 0000-
IIEHHEIE MEXaAW3MBI TTPOTEKAANS TTPOLIECCOB W3HAITWBAHWSA OETAJIEH B YCIIOBHAX KOH-
TAaKTHOH Kopposuu (PpeTTuHr-koppo3un). B uccnenosanuax, B Oonbluei Mepe, cucTe-
MaTH3MPOBAHBl PE3YNIbTATHl IKCTIEPUMEHTAIIBHEIX U TEOPETHISCKAX PaboT B 00acTH
Pa3pyleHUs HUACHTUUYHbIX MO XMMUUYECKOMY COCTaBY (B OCHOBHOM, PacCMaTpUBAiIach
TpuOOHapa «CTalTb-CTaJIb» ) KOHTAKTHPYFOIINX HOBEPXHOCTEHN TPH (PpeTTUHT-KOPPO3NH.
BwmecTe ¢ TeM, CYIIECTBCHABIM HEOCTATKOM, PACCMaTPHBACMBIX PadoT, ABJIAETCSA OTCYT-
CTBME WACHTU(UKALMKU Y3IJIOB TPSHUS, NPUMEHUTEIBHO K MPOBSASHHBIM HCCIEN0BA-

HHUAM.
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OnBIT 3KCTUTYaTAUH TPHOOMEXATTHIECCKIUX CUCTEM «KOJTBIIO TIOANIUITHIUKA — KOP-
nyc» B KOpoOKax nepenay TPAHCOOPTHBIX W TEXHONIOTMUECKUX MAllIMH, KAK MPABKIIO, W3-
TOTOBJICHHBIX M3 MATEPHAJIOB PA3MOPOINTEIX 0 XUMHUTISCKOMY COCTaBY M (PH3HKO-MEXa-
MUdecKiM cBoMcTBaM (Matepwan koprnyca — CUH — 18 — 36 [238] (TOCT 1412 - 70),
KOJbLO noamkunauka — Crans X — 15 [213] (ITOCT 801 — 78), ¢ pasnuuHbiMu TpedO-
BAHUAMH K UHCTOTE NOBEPXHOCTHU [44], 00yCcnoBUI HEOOX0AMMOCTh YTOUHEHUA HEKOTO-
pbiX OCODEHHOCTEH U3HAIMBAHUA TPUOOMEXAHUUECKON CUCTEMbI «KOJIBIIO NOAIIMIHUKA
— KOPITYCY:

- Tene3nca KOMTAKTIEIX ABJICHWH, MPOWCXOAAIINX B TTOBEPXHOCTHBIX M TOATIO-
BEPXHOCTHBIX CNOAX JeTaneii TpuOOMEeXaHUUECKON CUCTEMbl «KOJbLIIO MOALIMMHUKA —
KOpOyc»;

- IBOJTIONWH, pazpyureHus, (opmuposanmis perbeda W TEOMETPUICCKON CTPYK-
Typsl noppexacHuii (I'CII) mnoBepXHOCTHBIX M NOANOBEPXHOCTHLIX CIOER JCTANICH TPU-
OOMEXAHUYECKOI CUCTEMbl «KOJBITO NOJLIMITHUKA — KOPITYCH

- 00pa3oBaHAs BTOPUTHEIX PA3yMPOTHEITHEIX CPE, a Takike YacTHIT W3TIoca 1a 1Mo-
BEPXHOCTHBIX M NOJAMNOBEPXHOCTHBIX CIOAX JETANCd U UX BIMAHMA HA JOJTOBEUHOCTh
BIEMEHTOB TPUOOMEXAHUUECKOH CUCTEMbI «KOABLO MOANIMITHUKA — KOPITYCY,

- IETEPMUTTHPOBANTHS BEIYIIETO BH/Ia W3MAIIWBAMUS JIEMENTOB TpHOOMEXaHWIE-
CKOM CHCTEMBI «KOJIBLIO TIOAMIUITHIKA — KOPITYC».

QyHKUUOHANBHAA TPUYHHHO-CIIEICTBEHHAS CBA3b MEX/TY YACTHBIMU NPOTIECCAMHU,
TTPOXOISIIMMHA B TPHOOMEXAMMUECKON CHCTEME «KOJTBIO TTOAIMIATIITIKA — KOPITYC», TTOKa-
3aHa B BHIE CTPYKTYpToi cxemsl (Pucymok 21).

W3 npusenéunoii cxembl (Pucynok 21) cnenyer, uro TpudomexaHuueckas Cu-
CTeMa «KOJIBITO TIOAUTHATIITHKA — KOPITYCY, TIPH TIPHMIMKETTHH BHETTHEH Marpy3KH 1Ma 1mo-
IIMOHUK KAU€HWA, NOJBEPKEeHA JMHAMUUECKUM Harpyskam. Benencreue, uero Ha mo-
BEPXHOCTH OTBEPCTHS MO TMOAMUITHAK Kaueus B KOPIyCe KOPOOKW Tiepeaayd BO3IMH-
KAfOT JIOKAQJTBITBIC KOTITAKTITEIC TIATIPSIKETTHS B MECTE W3rH0a Mapy »KHOTO KOJTBIIA TIOATITHTT-
HUKA, 4TO OOYCIOBIEHO MEPUOIUYECKUM NEHCTBUEM CUI OT TEN KAUSHUS B MOJIIUNHUKE
kauenns [231]. [pw sToM, AMHAMHYECKOE BO3ISHCTBHE Ha KOTITAKTHPYIOUINX TIOBEPXTTO-

CTAX
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3. BeIRYKAeHHAS 9acToTa
KoAeO0aHMH HAPYKHOTO KOJIbLA

TTOAITHITHHKA.

1. BemuiHa pHIIOKEHHOH
BHEIIIHEN HATPY3KH WK MOMEHTA
Ha TpHOOMEXaHNIECKYIO CH-
CTEMY «KOABIIO MOAIIMITHIKA —
KOPHYCY;

2. HepaBHOMEPHOCTE MIPHITOKE-
HUS BHELIHEH HATPY3KA WK
MOMEHTA BO BPEMEHH Ha TPHOO-

MEXAHUIECKYIO CHCTEMY

Hacrora npopopaunBanuns
HapYKHOTO KOJIbIA HOAITMHHWKA

B kopnyce KlI B 3aBUCUMOCTH OT

Pabora «KONBbLO MOALIMITHUKA — KOP-
VCIIOBUIA €ro CONPAKEHUs ¢
HYC»,
MTOCAA0OTHBIM MECTOM B KOPOOKE
3. Touxa MpWII0KEHNS BHEIIHEH
nepegay.
HATPY3KW WM MOMEHTA HA TPU-
OOMEXAHUUECKYIO CHCTEMY
«KOJTBIIO TTOIITHITHIKA — KO-
nych,
4. YacToTa BpallieHUA BHYTPEH-
HETO KOJTbLIA TTOAMWIAITHIKA WITHA
BaJa
1. Cerperauys B NOBEPXHOCTHBIE
1. MukporeomeTpus
CIIOW KOHTaKTUPYIOUTNX
KOHTAKTUPY FOLIUX
MOBEPXHOCTEN NPUMECHBIX
HOBCPXHOCTEH; _
Marepwaist AJIEMEHTOB (aTOMOB),

2. XuMuIeckuit cocTae u -
3UKO-MEXaHUYECKUE CBOMCTRA

KOHTAKTHPYIOUINX HOBEPXHOCTEH

2. DBOIIOLMS NOBEPXHOCTHLIX
(M3MEHEeHUE NMNapaMeTPOB

MWKPOTEOMETPUH HOBEPXHOCTEN
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KOHTaKTUPOBAHUA ) W
[OAMNOBEPXHOCTHBIX
(CTPYKTYPHUPOBAHNE) CIOCR
KOHTAKTHPYIOTNX
MOBEPXHOCTEH,

3. Mopdonorus npoayKTos
M3HAIIKMBAHUA.

4. BenmmuwHa W3HOCA JIEMEHTOB
TPUOOMEXaHHICCKON CUCTEMBI

¢KOJILLO NOAUIATIHKHKA — KOPIYC»

Pucynok 21 — CtpykTypHas cXeMa B3auMOCBS3H MEXKIY TaCTHEIMA
MIPOTECCAMH B TPHOOMEXAHWUECKOW CHCTEME «KOJIBIO MOAIIWITHWKA — KOPITYC

BbI3bIBAIOT YIOPYTYID U HEYNPYyrywo AeopMalMu B 30HE KOHTAKTA HAPYXHOIO
KOJIbI[A TTOAIMIMAHAKA ¢ KOPITYCOM, UTO ABNIAETCS CNCACTBUEM BO3ZHWKHOBEHWS (DPUKIN-
OHHBIX KOJIE0aHWs pelakCaUnOHHOTO THHA, CONPSKEHABIX HOBEPXHOCTEH, JTO B KOHEY-
HOM UTOre, NOKanu3yer ynpyrue AehopMaluu W yOPYruili KOHTAKT HA JUCKPETHbIX
Y4aCTKaX KOHTAKTA.

MMTTyIBCHBIE BO3ICHCTBHS CHUJT, OT TEN KAUESHWS, BEI3BIBAIOT HE TOBKO KOJICOaHWS
HAPY3KHOTO KOJbIIA MOAUIMITHUKA, HO U NOBEPXHOCTHLIE BOJHbI HA MOCANOUHON MOBEPX-
HOCTU OTBEPCTHA B KOPITyCe KOPOOKK mepenay, AeilcTBUe KOTOPbIX 00YCIABIMBACT ILJ1a-
CTHYECKYTO AehOpMaLVIio TIOBEPXHOCTHBIX 00BEMOB MaTEpHalla OTBEPCTHS, ITO CO3HaéT
TETIOBBIE (MTYKTYaLWH, HPUBOIAIINE K JUCCHTIAINA MEXaHUIECKON sHepTun Kosreba-
nuid. E€ nmornouenue, B Gonsuieil Mepe, NpOUCXOAUT B NOANOBEPXHOCTHBIX CIIOSX MaTe-
puana OTBEPCTHS HOI MOAMNITHUK B KOpITyce KopoOku nepenad [103].

Ipu nedopmanyin MUKPOBBICTYIIOB NOCAA0YHOIO OTBEPCTUA N0/ MOAUIMITHUK, N0~
BEPXHOCTHBIC 3¢PHA TIOJTHKPUCTAINTHYUECKAX MAaTCPHAJIOB Je(hOPMUPYIOTCS PAABIIE U WH-
TEHCUBHEMH, YeM BO BHYTpeHHUX 00béMax matepuana [16]. O1o yekopsaer anddysuon-
HbIE MPOIIECCH, TEPEHOC BELIECTBA, B TOM UUCIE U3 MNYOUHHBIX B NOBEPXHOCTHbIE CIOU,

a TaKKe W3 BHEIIHEH Cpeabl, UTO WHTCHCH(IHUIHUPYET CTPYKTYPHO-3IICKTPUUECKUE,
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EKTPOXUMHUUECKUE SBIICHNS B TTOBEPXTTOCTITEIX CJIOSIX MaTepHajia OTBEPCTHS TTOM 1101
LIMNHUK Kayenus B kopmyce KII [180].

Taxnm oOpazom, aHanmn3 TPUOOMEXaHWUECKOW CHUCTEMBI, WILTIOCTPUPYEMEBIH qHa-
TpaMMoi TpudoIoTHUeCKOTo Tpotecca (PucyHok 22) mokassrsaet, UTo TpHOOMEXaHWUE-
CKOI1 CUCTEME «KOJIbLO MOANIMIHUKA — KOPITYC» XaPaKTePHO U3MEHEHUE SHTPOMUU TPU-
doaunamuueckoro nocneaeiicteus. [loa narpyskoii sHTponusa TpudOAMHAMUUYECKOrO M0-
cienencTBus TPUOOMEXAHMUECKON CUCTEMbl YMEHbILIASTCA BCIIEACTBUE HAIIPABISHHOIO
JIBIDKETTUSA TUCTTOKAIINHT B 30HY KOTITAKTa M3 YITPYTUX U THIACTHUECKUX 00TacTe TBEPIBIX
Ten. be3 Harpy3kw AMTPONHS TPUOOIUTIAMUYECKOTO TOCHeAeHCTRUS TPHOOMEXaHWTe-
CKOIl CHCTEMbl «KOJbLO MOANIMITHUKA — KOPIYC» B 30HE KOHTAKTA YBEIMUYMBAETCH,
BCIIEACTBUE Oecnopsa/Ka B ABUKESHUM TUCITOKATIMI B YIPYTHX U IIIACTHUECKUX 001acTAX
TBEPIBIX TEJI W TIEPEXOA0M TPHOOINHAMUTECKOTO TIOCIIEACHCTBIA TPUOOMEXaTUIECKOH
CUCTEMBl OT PABHOBECHOI'O COCTOSAHUSA K AaKTUBUPOBAHHOMY [294].

Ha ocHOBaHUM M3NOKEHHOTO, CAEAYET NOJaraTh, YTO U3HAINMBAHKE Tpudomexa-
TTMYECKON CHCTEMEBI «KOJTBIIO MTOAIIWITITHKA — KOPITYC» BO3MOKIIO BCIICICTBUE MTPOTEKa-
HUA CAEAYIOIIMX NOCAEA0BATENBHBX U NAPATINEIbHBIX CTANUMA:

1. paspylueHus MUKPOHEPOBHOCTEH HA MOBEPXHOCTAX AeTaneid TpubOoMexaHuye-
CKOM CHCTEMBI «KOJIBLIO TIOAMIUITHIKA — KOPITYC»),

2. CTPYKTYpUPOBANUA KOTITAKTITEIX TTOBEPXTIOCTEH 2TEMETTTOR TpHOOMEeXamuiecKoi
CUCTEMBbI «KONbLO MOAIIMITHUKA — KOPIYCY;

3. aKTUBAIUHF CETPETAMOHTIEIX TIPOLIECCOB B MATEPHAJIE OTBEPCTHS IO TIOALINTI-
K kauenus B kopmyce K1,

4. UCneprupoBaHys U Pa3AeNeHus YIbTPATOHKUX MeTacTadUAbHMX TBEPABX pac-
TBOPOB BTOPUTHBIX Cpell (OT MpolLecca CErperaTupoBaniia) MOBEPXMOCTIOTO CIIOS MaTe-
puana nocajouyHOTrO MECTa M YIAIEHUA WX U3 30HbI KOHTAKTA JeTajeH;

5. abpa3uBIOTO W3MAITHBAMHS JAeTajchH TPUOOCUCTEMBI,

JeTanbHOE OMMHCAHNUE TTPOIIECCOB W3MAIITHBAHWS JJICMENTOB TpHOOMEXanmuiecKoh

CUCTCMBl «KOJILLO TIOAIHITHHKA — KOPILYC» IIPEACTABIICHO HHKC.
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Cramns 1. PazpyureHne MUKPOHEPOBHOCTEH HA HOBEPXHOCTAX JieTajieH TpudoMe-

XAHHUUYECKOH CUCTEMBL «KOJbLIO TTOALIMITHUKA — Kopnyc»

B pesyapTate MpWIOKEHNA BHEITHEH HArpy3kW K TPUOOCHUCTEME «KOJIBLO TOM-
LIMNHUKA — KOPIyc» (T.€. BhIBOJA €€ U3 PABHOBECHOIO COCTOSIHMA) B MecTax u3ruba
KOJIbUA NOMIUUITHUKA POPMUPYIOTCS IIOLIAAKK CKOAbkeHus (PucyHok 22). D10 npuBo-
JINT K BOSHUKHOBEHUIO CYLIECTBEHHbIX M3MEHEHNH B MATEPUAIIE [IOBEPXHOCTHOIO U I10/1-
HOBEPXHOCTHOTO PabounX CJIOER MTOCaTOTHOTO MECTa HO MOAIMINITHAK KaueHNS TIOJT BJTH-
SHUEM YTIPYTOHJIACTUIECKOM nedopMalii W TEHJIOTHI, Pa3BUBAIOMICHCS B PE3yJIbTaTe
Nepexo/1a MEXaHUUECKOH SHEPTUM B TEILIOBYIO.

Vkazanubie MOAM(UKAIIMKM MOBEPXHOCTHOrO M MNOJNOBEPXHOCTHOrO padoumx
CJIOEB CIIEAYET PA3CIINTh HA MAKPOCKOITMIECKUE W MUKPOCKOITHUECKHE,

Paznuuue 00bEMHOrO 1 NOBEPXHOCTHOIO PA3PYIIEHUS YCMATPUBACTCA B TOM, UTO
B NPOIECC KOPEHHBIX U3MEHEHUI B MOBEPXHOCTHBIX CIOAX MTPU TPEHUU MOKET 00paso-
BaTbCs HOBas (paza, KoTopas ONpeAeHseT HPOUECCH TPEHWS U pa3pylieHnd. Takue BTO-
PUUHBIE CTPYKTYPbl 3KPAHUPYIOT OCHOBHON MATepUan 0T MEXaHUUSCKON U PU3NKO-Xn-
MUUECKOi AecTpykuuu. [Iponieces 00pazoBaHus BTOPUUHBIX CTPYKTYP XapaKTEPHBL 114
CPaBHUTEJIEHO MEAJIEHHBIX CKOPOCTEH W3HALTMBAHWS, TaK Kak MaTepwan npucHocal -
BaeTcA (CTPYKTypHas MpUCTIoco0msieMocTs). OqHaKo Yallle W3HAMWBAHWE IIPOVCXONT 3a
CUéT HeOCPEACTBEHHOTO PA3PYIIEHUA OCHOBHOIO MaTepuana. B Takux coyuasx crnenyer
TTPUMEHATE MOJIETH 0OBEMHOTO Pa3pyIICHUS UTS OHUCAHHUS HOBEPXHOCTHOTO Pa3pyliie-

HUS, a, CIICIOBaTEIbHO, W3HammmBanws [131].






74
NeOpPMHUPOBAHHOTO COCTOSHISA, OTIPEACIIICMOMY pacu&TaMHi Ha OCHOBE HOIXOI0B MeXa-
HUKK AeOpMUpYyEeMOro TBEPAOro Tena. ECTeCTBeHHO, uTo YeM ray0xe OT MOBEPXHOCTH
PacTojIoyKEeH paccMaTPUBAEMBIH CITOH MaTepwara, TeM OH MEHEE HaTrpyIKeH.

Tommura ¢Toér, a TAKIKe OTCYTCTBUE HEKOTOPHIX M3 HUX OHPEACITIOTCS YPOBHEM
HATPYKEHWs, CBOHCTBAMU MaTepUaia U oKpykarouieil cpena. CylecTBeHHbIM OTIMYUUEM
NOANOBEPXHOCTHOrO CJIOS OT NOrPAHWYHOrO SIBJIACTCA MOBbIILEHHASN AS(DEKTHOCTb MO-
CAENHErO JaKe B HAYaAJbHOM COCTOAHMM. B psjie Cayyaes norpaHuyHbA CAOA MOXKHO
CUNTATH JUCHEPCHBIM MAaTepHaJIOM, CONEPKaLNM AeheKThl; MUKPOHOPHI, 00Pa30BaHHBIC
BIIAIWHAMK MEKAY HEPOBHOCTAMHU; MUKPOTPEIIMHEI U UX 3apOABIIIN, BAKAaHCHW, BHE-
PEHHBIC aTOMBI, AMCIOKAIIMK W Ap. B olfuem ciyuae cTpyKTypa NOTPaAaHUUYHOTO COs U3-
MEHAETCA BO BPEMEHH, U MPU 3TOM BbLASIAIOT. HAUATILHOE, U3MEHAOLIEECH, YCTAHOBUB-
mieecs coctosaus [180].

K makpockonuueckum MoaupUKaALUWAM TOBEPXHOCTHOIO CJI0S MAaTePUATIOB OTBEP-
CTUA KOPIYCA U HAPYXKHOrO KOAbUA NOANIMNHUKA OTHOCATCA 3BOMIOIIMOHHBE U a1aNTa-
UOHHEIE TIPOTECCH (CTPYKTYPHAA IPUCHOCOOIAEMOCTD ) CBA3AHHBIC C H3MEHEHNEM MUK-
poreomeTpuu, penbeda U reoMeTPUUeCcKOi CTPYKTYpbl nospexaennii (I'CII) B3aumoneii-
CTBYIOLLIMX TOBEPXHOCTEH, TEKAHTUPOBAHMUA MEJIKMX U KPYIIHBbIX YacTul u popMuposa-
HIUA Ha HOBEPXHOCTAX TPEHWS CJIEI0B U3HOCA M YIAICHWS TTIOBEPXHOCTHOTO cyios [294].

JUTst OEHKN KUHETUKY HAKOTUTCHUS HOBPEKACHWH 1 pa3pylIeHUs] MUKPOHEPOBHO-
CTel NpPU LUMKAMUYSCKOM HATPYKEHUM NPUHAT OPUHUKO JUHEHHOr0 CYMMUPOBAHMS T10-
Bpexaenni [34,106].

B ocHOBY MpUHIMAA JTUHSHHOTO CYMMITPOBAHAS TTOBPEIKACHWIH TTOJTOKEHO YCITO-
BUE, ITPU KOTOPOM 11IEPOXOBATOCTh MOBEPXHOCTU NPEACTABIACT COO0M MEMEHT COCTO-
TIPTH 713 OONTBIIOTO KOIIMYIECTBA Ny HAPAUIETEHBIX ¥ COBMECTHO ASOPMTIPYEMBIX CTEPIK-
Hel. 3a KaXAYI0 eNMHULY BpeMeHH MpeObBaHus N0 HATPY3KOI HEKOTOPOE KONUUYECTBO
CTCPIKHCH Pa3pymaeTes, TaK UTO B TCKYUTHH MOMEHT BPEMEHN UMECTCS 71 PA3PYIIICHHBIX
u (ng — n) Hepa3pPYIMIEHHBIX CTEPIKHEH,

OKOHUATENbHOE PAa3PYLICHUE LIEPOXOBATOCTEH HACTYNACT B TOT MOMEHT, KOraa

Paspymniock HEKOTOPOE KPUTHYECKOE KOJIWYECTBO CTEPKHEH 711 =7n KOTOpOE

Kp»

MEHBIIIE M.
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OTHOIIIEHWE,

n

M=— (22)

Ny’
rae [l — Mepa noBpex/IeHUA SIIEMEHTA MATEpHana;
N — KOJTMUECTBO PA3PYIICHHBIX CTePIKACH, TIT. |
Nyp — KPUTHYECKOE KOJTHYESCTBO PA3PYIICHHBIX CTEPIKACH, TIT,

npeacTapiaaeT codoi MEpPy MOBPEKASHUS HICMEHTA MATEPHAIA.

Jlo Hauana npouecca Harpyxenus umeeT mecto [I = 0, a B mpoiiecce HarpyKeHua
3HaueHue [1 MOKeT BO3pacTu A0 eNMHULbL, T.€. cooTHOLIeHuE [1 = 1 apnsercs ycnopuem
paspymenus [204].

YUWTEBaAs 3TO, KOJTWUECTRO MIUKIIOB A0 PA3PYIUICHHUS, B YCIIOBAAX YNPYTOTO KOH-
TAKTA U KOHTAKTHOTO M3HAIIMBAHUS, MUKPOHEPOBHOCTEHA U OTACAEHMS YACTHL U3HOCA C
VUIETOM TITOTHAIH (DAaKTUIECKOTO KOHTAKTa, MIEPOXOBATOCTEH HOCAAOTHON TTOBEPXHOCTH

OTBEPCTHS OTIpenesseTcs 3apucuMocToio [99,117,134]:

fy s =1, (23)

0 n(oy)
rae  n{0;) — YNCIIO UMKIIOB 0 PA3pYUICHUS TIPH OJAHOPOAHOM PEKUME HATPYKCHAS C
aMTUTUTYIOW HATIPSZKEHWH J;
N, — YMCAO LHUMKIOB A0 Pa3spyLICHUs NPU HECTALIMOHAPHOM HACPYKEHUU.
XapakTepuCTUKON HEOJHOPOIHOrO PEKUMA HArpy)eHus sipaserca pyHkuua pac-
TIPS ACTICHUS HATIPSAKEHNS,
n

®(0;) =Plo, <o} = (24)

N
LA€  1;— YUCIO BO3ACHCTBUMA B JAHHON TOUKE MATEPUANA ¢ HANPAKEHUEM, HE MPEBOCXO-
JALLUM 0.
Hueno Bo3aeicTBUA ¢ AMIUTUTYAHLIM 3HAYEHUEM HAMPSIKECHUWH, JIEKAlKMM B npe-
Jenax g; u 6; + do;, onpenensiercs, Kax:
dn; = n,®'(a;) doj, (25)
a YCJIOBWE Pa3pyImICHAE TPAMET BU:

max P’ (0))do;
f:nm é_?)‘*d =1, (26)
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TIe  Op — MPEAEI MPOTHOCTH MaTepuana kopryca, mlla;
t — napaMeTp PPUKUHOHHON YCTANOCTH MaTepuanos [134].
YunutsiBas, uTo pacmnpeneneHyie aMIIIMTY A HANPAKEHU TAKOe >Ke, Kak U pacnpe-

JeNieHAe BEPIINH HEPOBHOCTEH O BEICOTE, TOTAA;
d'(0,) do, = —=xv"2d 27
(o) doy = = x X, (27)
TA€ V — mapaMeTp CTETICHTION anTPOKCHMAITMY KPHUBOH OMIOPHON MOBEPXTIOCTH,
& — OTHOCHUTC/IBEHOS 06.]_111):[{61'1116, Bblpa)i{eﬂﬂoe B 014X Hal/l60ﬂb]_|_[eﬁ BBICOTHEI HE-
POBHOCTEH TIPOhUIS;
X — PacCTOAHWE CEKYIIEH TTOCKOCTH OT JIUTIHH BBICTYTIOB TIPOdWIIA, BEIPAKEHTIOE B

OTHOCHUTCIIbHBIX CAHMHHAIAX, MM,

p

Rmax

X =

’

II€ P — YPOBEHb ceueHus npodmwia, Mm;
R 05~ HAMOOJTBINAS BEICOTA HEPOBMOCTEH TIPOMUITA, MM.
C yuétom BbipakeHui (26) u (27) uucno HUKIOB 10 PA3pPyLIEHUA MUKPOHEPOBHO-
CTel MPU HECTAMOHAPHOM HATPYKEHUU, ONPEAENAETCS, KaK:
Ne = Ng " Ky, (28)
TAC Mg — YUCJO UWKIIOB 0 Pa3pyIIETH, KOTOPOE UMENI0 OB MECTO TTPH OTHOPOTHOM
HAMPSKEHUU, COOTBETCTBYIOLIEM TOMY 3HAUCHHUIO HANPAKEHUS, KOTOPOE BO3HU-

KacT B KOMTAKTE ¢ MaKCUMaJTLITOHN TIO BEICOTE TICPOBMOCTBIO,

t

3nfo, ) r
e = ( Akf \‘ 5'Rma.x) ’ (29)

rae 8 — obobménHaa yaopyras nocrosnHaa Kupxroda, onpenensemast, Kak:

l—u%+1—u%’

0 =
E, E,
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H; — koadpummenT [lyaccona KOHTaKTUPYIOMINX TET,
E; — Moayib ynpyrocTu KOHTAKTUPYIOMIUX Tea, mI1a;
0g — Ipeaen TeKy4yecTy MaTepuana kopmnyca, mlla;
R pax- HAUOOIBIIAs BBICOTA HEPOBHOCTEH TTpodmIs, MM;
r — panuyc €IMHUYHON MUKPOHEPOBHOCTH, MM;
[ — koa(pPUIMeHT Tpenua B 30He KOHTAKTA,
£ - OTHOCUTENbHOE CONUKEHNE, BLIPAXKEHHOE B JIONAX HAWOOIbIIEH BbICOTHL HEPOB-

HOCTeH npoduns,

k — koadpuument nponoprmonansuoctu (k = 1,5 - [(1 + )+ 1+ pE— ul]),

{1 — koxpdunuent [lyaccona matepuana kopmyca;

2
2v+1

2./7tp,. @ r
£ '(R 2) ’

kv 1nax'b

P — KOHTYpHOE nasneHue, mlla,

N
Pe =7
&
A, — KOHTypHas HIIOIIa b KOHTaKTa MMZ;
N — BHelHAS HArpy3Ka Ha IOMAaAKy KOHTakTa, H;
R, — HAMOOTBIAS BEICOTA HEPOBHOCTEN TTPORIITS, MM;

V — HapaMeTP CTEHSHHOH aHTIPOKCUMAlMY KPUBOW OTIOPHOW HOBEPXHOCTH,

k., — uucnopoi koxpdurtuent 3apucsiumii ot v [134], n onpeaendemblii U3 COOTHO-

ISHWA
k. = riv+1)
v = 3y
F(V+E)
b — HapaMeTp KpHUBOH OHOPHON HOBEPXHOCTH,
t
I (V + E)

fov = ro)r(1+xz)

' — ramma pyrkIms.
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Tax xak, K, = 1, To o01Iee uncio BO3ASHCTBAN, TIPUBOAIINX K Pa3pyIICHUIO B

CNY4ae HEOJMHAKOBBIX [0 BHICOTE HEPOBHOCTE, OyAeT Oobiue, yem 1, [134].

C yuétom 3asucumocteii (28), (29) u3HOC 11epOXOBATOCTEH MOBEPXHOCTH MOCA-

AJOUHOTO OTBCPCTHA TIPH VTIPYTO-TIMTACTHAYCCKOM KOHTAKTC ,E[GTEUTGﬁ OTIPCACITACTCA 3aBH-

CHUMOCTbIO!

rac

ON1HBE ot kUL
L= (@kzza) Pt pta-p). (g_;) ke (30)
A - Gespasmephbiid KOXPpPUIIMEHT XapaKTePU3YIOLIKI 11EPOXOBATOCTL IOBEPXHO-
CTH,
OTIPEOCITAEMBIN, KaK
A= M
T
r-bv
R0, - HAWOONBIIAA BEICOTA HEPOBHOCTEH TTpOIIs, MM;
7 — paIanyc €IMHUYHONA MUKPOHEPOBHOCTH, MM,
b — napameTp KpuBoii ONOPHON NOBEPXHOCTH,
VY — HApPAMETP CTEHCHHOHN aHTIPOKCUMAIIWN KPUBOW OTIOPHOW HOBEPXHOCTH,
@ - ynpyras nocrossHHas Kupxroda;
Pg — HOMUHAJILHOE KOHTAKTHOE JapieHue, mlla;
Oy - Npeaen TeKyueCcTyd MmaTepuana kopnyca, mlla;
t — mapameTp PpUKIUOHHON YCTATIOCTH MaTEPHAJIOB;
1 ¢
vZI(v)r (v + f)
= o
4(v+ DT (v + E)
I' — ramMa pyAKLRAS,
K, = 2
v 2\/5!
f — ko3dduuyeHT ynpouHeHa MONSKYAIPHOMR CBA3H,
_ 1
P=orT

Neq — KOI(DOUIUEHT KOHTYPHOMN TIJIOWAAN KOHTAKTa,
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T’C,a -

-

32-|§=-
o

2

A — KOHTYpHas TJIOMIAb KOTITAKTa, MM?;
A, — HOMHUTIAITBIIAS TUIOUANb KOHTAKTa, MM2,

Takum oOpa3om, HA KOIMYECTBO UHMKIOB A0 Pa3pPylIEHUS MHUKPOHEPOBHOCTEH,
onpenpensaemoe no Gopmyne (28), oka3siBacT BIMAHWE HAdaJbIass MHKPOTCOMETPHUS W
(PUBUKO-MEXAaHUYECKOE CBONCTBA MOBEPXHOCTU OTBEPCTHA HOJ HONIMUIHUK KaueHUS B
koprycnioit getamu. Kpome 3Toro, pazpyiieHne MAKPOHEPOBHOCTEH OyaeT unrencudm-
OAPOBATECS ¢ YBEIIMUESTINEM MX BBICOTHI, TIOCKOIIBKY aMILTUTY1a ManpsSKeHWHN T1a TOBEPX-
HOCTU KOHTAKTa OMPENEnAeTCa pacnpeneleHUEM BepllMH HEPOBHOCTEH MO BLICOTE U
NMan0ombIIeH BEICOTOH TIEPOBHOCTEH TTPOgWITS TTOBEPXHOCTH.

Mexonmst w3 3ToTO, CIEAyeT TojiaraTe, YTO W3MOC IMEPOXOBATOCTEH TTOBEPXHOCTH
OTBEPCTUS MO MOANIMITHUK B KOPNYCHOM AETAIN, OLICHUBAEMBbIN 3aBUCUMOCTHIO (30) Oy-
JIET YBETUIUBATHCS, TIOCKONIBKY C TEUETTHEM BPEMENU MPON30HaET cHImkenue koxghdu-
OUENTa KOTITYPITOH TUIOIAAN W JIOKATM3alusl KONTAaKTHOTO JIaBJICHWs Ha TIOBEPXHOCTH

NOCaA0uHOro Mecta B kopnycHoit aeranu KII

Cragns 2. CTpyKTYypHUpOBaTIAE KOTTAKTHBIX MOBSPXHOCTEH JIEMEHTOB TpHOOME-

XAHHUUYECKOH CUCTEMBL «KOJbLIO TTOALIMITHUKA — Kopnyc»

MWKPOCKOTTHIECKIE U3METICHAS CBS3AITET ¢ W3MCHETTHEM CTPYKTYPH M CYOCTPYK-
TYPHI MaTepuaja AcTanu. Takue U3METICHNS TIPUBOJA[T K SKCTPEMATBITIOMY W KaTacTpo-
(buuecKoMy pa3pyllIeHUIO 3HAUMTEILHOM YACTU OMOPHOH MOBEPXHOCTW KOHTAKTUPYIO-
X AeTaneH.

Heo0x01uM0OCTh O0BACHEHUS OPOLECCOB, NPOUCXOAAMMUX HA PA0OUE MOBEPXHO-
CTH OTBEPCTHSA TIOM TIOAITUTITIMK KaTeHWS B KOPITYCHOM IeTai OKOHUATEITBITO OTpee-
AUNACH B CBSI3M ¢ POPMUPOBAHMEM HA KOHTAKTUPY KOLIUX TOBEPXHOCTAX OUATOB AUCKPET-
HBbIX KOHTAKTOB, B KOTOPbIX YUACTBYIOT MUKPOBBICTYIb (ILIEPOXOBATOCTH ) U IIOKPbIBAKO-
Ve WX THIEMKW, a TaK/Ke NTPWIIETAOIINAE K STHM BEICTYTIAaM COCEIHWE YHACTKH MaTepH-

ana. CWIIbl, TPUJIOKETTHBIE K Pa3/IMUIBIM yUacTKaM ITATEN KOHTaKTa, 00pasytomuxes Ipu
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TIEpeMEIeniH (M3rnode) HapyIKITOTO KOJTbIIA MOAIINIIITIHKA OTMOCHTEIIBHO OTBEPCTHSA, Tie-
ONMHAKOBBL. KpoMe 3TOro, rpaaueHTt TeMneparyp NOBEPXHOCTHOrO U MOANOBEPXHOCT-
TIOTO CJIOER MaTepHuaja, Ja)e B MPeAeNax TJIOMAAKHA KOMTaKTa, UMEET 3HATUTETHEHYIO
BEITHUHHY .

B cBa3u ¢ 5TuM TpUOOMEXAHUUECKYIO CUCTEMY «KOABITO NOAIIMIHUKA — KOPIYCH
CleAyeT PACCMATPUBATD, KAK MACCUBHYIO NUCCUMATUBHYIO CTPYKTYPOOOPA3YIOIIYIO CU-
CTEMY, HE CBA3AHHYIO C OKPy»Karoien cpeaon (3akpoitas tpubdocucrema [169]) u neir-
CTBYIOIIYIO B YCIOBHSX pocTa FHTponHH, [logo0Hoe yTBEp KIeHWE TTO3BOIAET TIOIararh,
ITO MEXaHW3M PA3PYUICHAS TTOBEPXTIOCTHEIX CTOEB MaTepHaJIoB SJIEMEHTOBR TPHUOOCH-
cTeMbl OY/IET 3aKIH0UAThCA B AMCCUITIAaTUBHOM (ha30BOM MEPEXoae, Npu KOTOPOM IPOMUC-
XOUT TPpaHchopMalya OT AMCCUNATUBHBIX CTPYKTYP K PABHOBECHBIM, COMPOBOXKAaeMAas
BO3pacTaHWEM WX aKKyMYJIMpOBamHOM antponueit. ClienoBaTebiio, ¢ MO3UIHUNA TEPMO-
JIMHAMUKKA HeOOpaTUMBIX OPOUECCOB PA3PYLICHUE MATEPUATIOB MEMEHTOB TpUdOoMexa-
HUUECKOA CUCTEMbl OMNPEAesaeTcs HeoOpaTUMON AMCCUIIAUME JHEPrUuM W CBA3AHO C
TTAKOTIIIETIEM 3TITPOTIAN B 00BEME [163].

Takum obpaszom, Ans 3aKpeITON TPUOOMEXAHUUECKOR CUCTEMbI «KOJILUO TTOAIMII-
HUKA — KOPIIYC» BTOPOI 3aKOH TEPMOAMHAMUKHA MOXET ObITh 3anucan, kak [169]

ds = d;S, 3D
rae  d;S — u3McHeNe 3NTPOTTHH BHYTPH TPUOOMEXATTHICCKOW CUCTEMBI
«KONBLO NOIIMIHUKA — KOPIIYC».

Ha sTom ocrioBanum, MeTaNTOMU3NIECKUH TTOAXO K TTPOOJIeMe U3HATITUBAHWS TPH-
OOMEXaHWUIECKOW CHUCTEMBl «KOJIBLIO TTOMIMINIIITUKA — KOPIYC» ABIACTCA OANOBApHAHT-
HbIM, TOCKOJIbKY B HACTOALIEE BPEMS OTCYTCTBYIOT AHANUTUYECKUE (PACUETHBIE) MOJIENU
W3HANIMBAHUS C APAMETPAMU, YUUTHIBAKOTIIMMU XAPAKTEPUCTUKH KPUCTAIINMUECKOH pe-
wéTkn. [Io3TOMY ¢ MO3UUKMKM KHHETUYECKOH MU CUHEPreéTUUECKOH TEOpUi M3HANIMBAHUA
ABJIACTCH OUCBUMBEIM B3aWMOCBA3b MEIKIY TPOIECCaMU, TIPOTEKAIOIINMHU HA Pa3HBIX
MacImTadIEIX YPOBIIAX MaTepHana acTasei.

XapaxTepHas 0cOOSHHOCTh MATEPUANA MOBEPXHOCTHOrO CIIOA - HATMYME TEKCTYPbI,
BEI3BIBAFOIICH aHW30TPOTTHIO €70 MEXaHWIECKNX CBOWCTB, KOTOpas SABIACTCA CIICACTBHEM

TIITacTHICCKOW AehopMamuii TTPH KOHTAKTE JIBYX TTOBEPXTIOCTEH.
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[IpOYHOCTE aHU3O0TPOHHBIX MATEPHUAJIOB CYIISCTBCHHO 3aBUCHT OT HAITPABIICHUSA
NPUIOKEeHUsT HArpys3ku. I1o cyllecTBy, B TEOpUU U3HALIKMBAHUA OTCYTCTBYET AHANUTU-
JECKHE 3aBUCUMOCTH, VUHUTHIBAIOUTNE TEKCTYPY MOAW(DUIMPOBAHHOTO MarepHana To-
BEPXHOCTHOTO citos1. O0bacHenne >(pdekTa aHN30TporAN TPEOYET PacCMOTPEHUS 3TOH
XAPAKTEPUCTUKU, KAK BHYTPEHHEro napaMerpa yCTAIOCTHOrO M3HAUIMBAHUA TpudOOMe-
XAHUUYECKON NAapbl «KOABLO MNOJUMIIHUKA - KOPIIYCH.

Ha Pucynke 23 110Ka3aHo HCKAXEHHUE KPUCTALIMUESCKON PEIIETKY MATEPHUANa KOp-
myca HOJ ASHCTBUEM BHEITHEH HArpy3KH OT KOJTbIA MOAIMIWITHWKA. HarpykeHne Takoro
poJia XapakTepHo Aq (PPUKLIMOHHOTO B3aUMOACHCTBHS TBEPABIX TE B TPUOOMEXaHWUE-
CKOM CHCTEME «KOJBLIO MOAIIMIHUKA — Kopnyc» [16].

BHewHaa Harpy3ka npuBoauT K aedopManuy KpucTaiauueckoi PeluéTKu MaTepu-
aya xopryca BONMW3W HOBEpXHOCTH. [lepeMeHHEBIN XapakTep 3TOMW Harpy3ku, W3MEHSIO-
11eics BO BPEMEHH, SABISETCA MCTOUHUKOM Ne(eKTOB KPUCTAIINYEeCKOH peiéTku. Muo-
rokpatHoe AeOpPMUPOBAHNE ABNSETCS KIHOUEBbIM YCIOBUEM K HAKOILISHUIO, PA3BUTHIO
W 3BOJTIOLINN AS(PEKTOB CTPOSHWUS B KPUCTANTMUECKOM TBEPAOM Tene. [edopmauns pe-
IETKY NOJ ASNCTBUEM NEPEMEHHON HATPY3KU ABIISIETCA NEPBONPUYAHONA 3APOKACHUA U
PA3BUTUS YCTANOCTHBIX NOBEPXHOCTHBIX TPELIMH (JIMCIIOKAIINA) NOBEPXHOCTHOIO CII0s
mMarepuana kopmyca [16]. [Ipu 3HaTUTETEHEIX KOHTAKTHBIX HATPY3KaxX B TIPHTIOBEPXHOCT-
HOM CJIO€ NIPOUCXOANAT 3apOiKICHUE U HEPEMEILICHUE OUCIOKauni. VX aBm:keHWe npo-
JIOJDKAETCA 0 BCTPEUW ¢ APYTruMuU nedekTamu CTpoeHus (HaHpUMEP, ¢ NPUMECHbIMU
aTOMaMW) KPUCTAJUTUIECKOH peméTkH MaTepwrana koprnyca, CKOIUICHUE AWCITOKauni y
TTPEHSATCTBHSA, B KOHEUHOM WTOTE, BBI3BIBACT 00pa30oBaHWE KOAICCUCHINA TTOBEPXHOCT-
HbIX TpewuH. HepapHomepHOCTb AedopMaliin 1, COOTBETCTBEHHO, S3HEPT UM, 3aHACEHHO
OTACNBHBIMHA 3EpHAMHI, TIPUBOAUT B HEPABHOBECHOMY COCTOAHWIO HOBEPXHOCTHEIX CITIOEB
MATEPUANa, YTO CKA3bIBAETCA HA KUHETUKE PEKPUCTAIUIN3ALIMU ITUX CIIOEB.

WM3sectHo [16], uTo ueM Oonbllle HAKOHIICGHHAS MPW OedopMauny SHEPTHA, TEM
HIDKE TeMIlepaTypa PeKPUCTAINTM3alMK TTOBEPXHOCTHBIX CJI0EB MaTtepuana, (Cnemosa-
TeNbHO, NS(OPMUPOBAHHBIE 3€PHA MOIYT BHICTYNATb LUEHTPAMH PEKPUCTAIIM3AINK U
CHOCOOCTBOBATE PA3BUTHUIO ITOTO TIPOLIECCA B CMEKHBIX 00J1acTAX. DPUKLIMOAHOE B3au-

MO,E[GﬁCTBI/IG BBI3BIBACT HE TOJIBKO ,E[ed)opmaumo HOBCPXHOCTHRIX 3épeH, HO 1 U3MCHCHHC
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_ f.m.g.v 1 )
AT = 2nr \,2-,8-1‘(-?"’ (32)

rne [ — xoadduiieHt Tpenus;

m — BeC muMHapa, H;

M
g — YCKOPEHHE CHITH TAKECTH —;

P — CKOPOCTE OTHOCHTCI/IBHOTO CKOJTBKCHHSA HOBerHOCTeﬁ I[eTa.]Teﬁ,

N

f — ko3 hUUMEeHT TEMIO0TAAUM,
K — TenmonmpoBoAHOCTE MaTepranos aetaneit Br/m-°C;
7 — paanyc, COTIPATAEMBIX TTOBEPXHOCTEH, M.

Anannsz pe3ynbtatos pacuétor no (32) [280] u skcnepumMeHTaIbHbIE HCCASA0BA-
aust [230] moxasanm (Wceie1oBanus TTPOBOINITH TTPH BHYTPSHAEM KOHTAKTE CO CKOJThIKE-
HUEM CTATBHOTO 3aKaJEHHOTO TIOJIOTO UWIIHHAPA HO BHYTPEHHEH HOBEPXHOCTH UYTYH-
HOM BTYJIKM), YTO NPU BAPbUPOBAHUM CKOPOCTH CKOJIbkKEeHMs noBepxHocTel ot 0,5 no
200 m/c n Mmacebl nunuHapa 10 1 Kr HabmoaaeTes PocT TEMIEPATYP 000UX MOBEPXHOCTEN
¢ HWKHEH rpannmeit mopaaka 600 — 1000 K 3a spems menee 10 %¢.

CrneayeT npUHUMATH B PACUET, UTO HAMMEHBIIAA TEMIEPATYPa HAYAIA PEKPUCTAI-
NMM3aLNAN METAIIOB ¥ CTUTaBOB (B HaCTHOCTH, TYTYHA), TOJBEPTHYTHIX 3HATHUTEITRHON J1e-
(hopMaLIH TIPH METAINIO(MU3NIECKAX MPOLIECCax ONpeAeraeTcs Mo npasuimy A A. bos-
uapa [32, 178]:

Toexp = @ T, (33)
rae  a — ko3pUUAEHT 3aBACSIIINHA OT YWCTOTHI MeTaIa (JUTs YUCTEIX METAJIOB @ =
0,3...0,4, nna crmasoB a = 0,5 ... 0,6;
T, — abcontoTHas TeMmeparypa naasneHua uyryna (T, = 1420 —
1573 K (1147 — 1300°C)) .

Ha ochoBanun (33), Temneparypa pPeKpUCTALIM3AUMM UYTYHA HE MPEBBHILLAET
865 (592°C)K.

B padote [280] sxcriepuMeHTANBHO YCTAHOBIICHO, UTO (hakTHUeckas HWKHSSA Tpa-

HULA TEMIEPATYPbl PEKPUCTANIM3ALIMU CTAIbHBIX M UYTYHHBIX MOBEPXHOCTEH MPU
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TPHOOMEXaHMUIECKOM KOHTAKTE ¢O CKobkeHweM coctasmsaer 0,25..0,35-T,, (T.e.
HWIKHASL TPaHUlla  TeMOEPaTypbl PEKPUCTAIIM3ALMU  CEPOr0  UYryHa COCTABUT
675 K (400°0)).

Taxnm oOpazoM, cleayeT KOHCTATHPOBATh, UTO TIPOLIECC PEKPUCTAITH3AINY HA T10-
BEPXHOCTAX JAeTanei B TPUOOMEXHUUYECKUX CUCTEMAX BbI3BAH BHEIIHEH MEXAHHUUECKON
HArpy3Ko# [16] n npotekaeT CynieCTBEHHO NMpu O0Jee HU3KKUX TeMOEPaTypax, HEXENu
NpU METALTYPrUUeCKUX MPOLECCax. 3TO YKA3LIBAET HA CHIKEHUE NOPOra TEMIepPaTyphbl
TP KOTOPOM TIPOUCXOAAT PaguKalbHOC N3MECHEHWUE MEXaHWUYECKHX CBOWCTB HOBEPX-
HOCTHBIX CJIOEB TIPH TIEPECTPOIKE CTPYKTYPBl MaTepHajia W CHIKCHUE MUKPOTBEPAOCTH
NOBEPXHOCTU, UTO YMEHBIIAET pecypc TPUOOMEXaHUUECKON CUCTEMBL «KOJIbLIO MOAILIMA-

HUKA KOPITYCH.

Craausa 3. AKTMBaUMA CErPeralMOHHbIX MPOLECCOB B MATEPUANIE OTBEPCTHA MO/

NOUIKMNHUK KaueHus B kopmyce KII

B ycnoBusax HarpykeHua 3JeMEHTOB TPUOOMEXaHUUYECKOM CUCTeMbl HadMIOaaeTCA
WHTEHCUBHOE HAKOIUICHUE Ne()EKTOB HE HA CAMOM MOBEPXHOCTHU JAeTanei, a Ha HEKOTO-
POM YJAlCHWW OT Heé. V3HammWBaHWe NMOBEPXHOCTHOTO W MOAHOBEPXHOCTHOTO CITOEB
TMTPUBOIUT K TOMY, UTO HAKOTUTICHWE TUCITOKALWHN MPOUCXOANT HA HEKOTOPOM PacCTOAHHA
OT MOBEPXHOCTH ¢ 00PA30BaHKMEM NYCTOT (MOP W TPELUMHONOAOOHBIX MUKPOAeEKTOB).
[1710THOCTE MyCTOT OOJTBIIE HE HA TIOBEPXHOCTH ¢ BBICOKUMH THAPOCTATHUSCKUMHU KOM-
HOHEHTaMW T€H30pa HAIPSKEHNA (CakaTH ), a Ha HEKOTOPOM YIAJICHWH OT HOBEPXHOCTH,
NOTOMY UTO CKUMAKOLINE KOMIIOHEHThl MEHbILIE, 2 YPOBEHb MIACTUUECKOM AedopMalinu
BbIcOK. C yBenuueHnem koahpuumeHTa TpeHUsa 1 HArpy3Ku riyOuHa o0pasoBaHus my-
CTOT Tatoke Bo3pactaeT. [To Mepe yBeIMUSHUA UMCna IMKIOB HATPY)XXeHUA 3TH JeeKThl
Pa3BUBAIOTCA, BO3PACTAET WX, TIOTHOCTE, TIPH HANMYWWA PAAA TIPWIHH OHW OOBLEIWHs-
IOTCA B TPEIIHHOHO100HbIe AedekTr bomeurero pasmepa [180].

BO3HMKHOBEHHE BEPTUKAJILHBIX TPEILMH HA MOBEPXHOCTU METAINA BO3MOXKHO 3a
CUET KOHLEHTPALWW HAIPSDKEHUH, KOTOPbIE MOTYT CO3/1aBaThCAd BHAANHAMHW MUKPOHE-

pOBHOCTeﬁ, BHCAPHBITUMHACA HHOPOOHBIMHA HACTHLIAMHA H OCKOJIKaMH OKCHIHLIX TIIEHOK,
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SIMKaMH KOPPO3WH W aATe3NOAAEIMH BEIPBIBAMA. B XpYAKMX TeTax BEpOATHO HOABIICHUE
TPELUUH, OPUEHTUPOBAHHbIX NEPNEH/IUKYIIAPHO NOBEPXHOCTH.

[lpw OTHOCHTENBHOM CKOJNBKEHHH TIOBEPXHOCTEH BO3MOIKHO 3apOkAEHWE pas-
JTUTHO OPUEHTHPOBAHHEIX TPEITHA. HanpuMmep, MCCIeIOBaHNS ¢ TTOMOIIBIO 3JICKTPOH-
HOrO MUKPOCKOIA MOKA3aly, YTO B pe3ylbTaTe ILUIACTUYECKOH aedopMaluy B OBEPX-
HOCTHBIX C10sX (POPMUPYETCs pa3BUTas AUEUCTas NUCA0KAUMOHHAA CTPYKTYpa, OpUeH-
THPOBAHHAS BAOJIb HAlpaBiaeHUA TpeHus. Yem OiMKe K HOBEPXHOCTH, TEM pasMep
SIEHKY MCHBIIE, a CTCTIEHE Pa3opHeHTaH Oorbie., Paszpyrmenne WHALMWPYETCS Tpa-
HAMHU A9eeK, MEPHEHANKYTAPHBIMI HAITPABIICHHUIO CKOTBIKEHWSA, 8 HEPBOHAYANbHAA Tpe-
1IMHA OPOXOUT BOJb 3TUX rpaneiil. Takue sueliku apnsoresa copmupopaBiiuMucs ua-
CTHLAMU U3HOCA, HO €II¢ CKPENNEHHBIMY C HUKENEXalluM coem matepuana. OHu cMmu-
HaloTCs W TTocie ocNabienns cBa3el o1 HOBEPXHOCTBIO TIPH BO3BPATHO-ITOCTYHATEITh-
HOM MHOTOKPAaTHOM BO3IEHCTBUM UH/JEHTOPA NPOUCXOAUT UX OT/EIEHUE OT NOBEPXHO-
ctu [180].

PacnpocTpanéHHBIM IehEKTOM CTPOSHHSA KPUCTAJIOB, B TOM HHCIIC KPUCTAIITHIE-
CKMX [IOBEPXHOCTEH, ABNAIOTCA rpanuupl 3éped. C rpaHuuaMy 3¢peH CBA3aHO Hanuuue
n30LITOUHON BHEpruy, KoTopas (hopMUpYeT YCIOBUA 1)1 IPOLECCOB NEPEHOCA BELIECTBA
[16].

B cooTBeTcTBHE ¢ TepMOIWHAMHITECKOH Teopuel KpPWCTATNIMYECKHX CTPYKTYP
PAaBHOBECHOE COCTOAHUE CUCTEMbI (B JAHHOM acCMEKTe ClieayeT pacCMaTpUBaTh METALIU-
TECKYIO MaTpuiy Matepuana kopryca KIT B kauecTBe TEpMOIWHAMWIESCKOH CHCTEMBI)
SBERTYaTEHO HPH 9acToTe Kojiebanms atomos 1013 ¢! okono WosokeHWs paBROBECHS
[169].

PaBHOBECHOE COCTOSHWE TEPMOAWHAMUHUECKON CHCTEMBI CHUWTAIOT YCTOHTHBBIM
(cTaOWITBHBIM), €cITi JTF000e DECKOHETHO MaJioe BO3ACHCTBUE HA HEE BEI3BIBACT OECKO-
HEUHO Maloe M3MEHEHUE COCTOSHUA, a4 NPU YCTPAHEHUU DTOTO BO3AEHCTBUA CUCTEMA
BO3BpAIMNAETCs B UCX0HOE cocToaHne. Eenu npu 0ecKOHEUHO MalOM BO3/EACTBUY MIPO-
WCXOANT KOHETHOE N3MEHEHNE COCTOSHNAS - 3TO HEYCTOWINBOE (JTaOMITEHOE ) paBHOBECHIE.

,[LJTH TCPMOOHHAMHUACCKHUX  CHCTCM HGYCTOﬁT-H/IBOCTB PAaBHOBCCHA O3HAYACT <CT0
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OTCYTCTBHE, TaK KaK MajTbi¢ BAPHAIIMH COCTOSHWH TaKWX CHCTEM TPOWCXOIAT caMOoTIpo-
M3BOJBHO B CBA3U ¢ (PAOKTYATIMAMU (PU3MUECKUX TApaMeTpos [67].

JIro00¥ BHETTHAI TEME3We, B YaCTIOCTH, MEXANMMISCKas marpy3ka Win TeMIepa-
Typa, a Takyke COBOKYTITIOCTE ATHX (haKTOPOB, B PE3YIIbTaTE KOTOPHIX TacTOTa KOJIeOaHwi
atomoB TipeBbicuT 101° ¢! crocoBeTByeT UX Mepexomy M3 PaBMOBECHOTO B MEYCTONIH-
BOE€ COCTOSHUE, NP 3TOM €AMHUYHLIA aToOM (MOH) 3a 1 ceKxyHay CrocoOeH MUTPUPOBATh
Ha paccrosnue 10 1 M [169]. Cuna, neiicTByIOIIAs HA ATOMbI BCISACTBHE MPAIMEHTA XU-
MHYECKOr0O MOTeHTIANA, 00YCIOBIEHHAA IPAMEHTOM KOHLIGHTPAITUHU, BHM3bIBAET OPUEH-
THPOBAIMTHOE CMEIICHWE CYTalTIBIX TTONOKETHH XaOTHITIO JIBATAIOIINXCS aTOMOB B
HAMPABASHUM JCACTBUSA BHELIHEN HArPY3KW U TOMOIr€HU3aIMU CUucTeMbl. B Bonee obmem
CJly4ae CUNA, BbI3bIBAIOIIAA U3MEHEHUE MTOJIOKEHUA ATOMOB, MOXKET ObTh CBSA3aHA C rpa-
JIUCHTOM XWMHUYECKOTO TIOTEMIIHAA, BBI3BAHTIOTO TPAaJIHEHTOM KOTIENTPAuUi WITH He-
OTHOPOIHBIM paclpeaesIenieM MEeXamuIeCKiX HaNPSKeHAH, TeMTIepaTypsl, HaMpsSKEN-
HOCTHU 3JIEKTPUUECKOrO MOJIsA, MM COYETAHUEM HEKOTOPbIX M3 HA3BAHHbIX (akTopos. B
TPAOOSIOTHUECKIX TIPOTEccax, Kak MPaBUiIo, AEHCTBYET BECh KOMTIIEKC (haKTOPOB, TIPH
ITOM JIOJIST OTACTBEHBIX CHIT (TIOJIEH CHIT) 3aBHCHT OT YCITOBHMH KOHTAKTIOTO B3aWMOACH-
CTBUA AeTaNeih B TpuboMexanuyeckoii cucteme [169].

B ycroBHax (pAKIIHOHTIOTO KOTITAKTA B TIOATIOBEPXITOCTIEIX CITOSX UMITETICH(HTIN-
PYIOTCS TIPOTIECCHI, CBSI3AHTEIEC ¢ MUTPAIINSH aTOMOB (MOTIOB), TTO CO3AaET YCIOBHS IS
00pa30BaHKA NOPUCTOCTH U MAKPOCKOMUYECKUX Ae(PEKTOB (IOBEPXHOCTHHX TPEIIUH ).

MurpaliMoHHaA aKTUBHOCTL aTOMOB BbI3BAHA HECTAIIMOHAPHOCTHIO BO3JCACTBUA
TCTIIOBBIX W CHITOBBIX MOJICH CO 3MAYATEILHBIMW TPAIRCHTAMA TEMTICPATYP U TaBJICTTHIA.
HUuTencuduxanus nepeMenieHus aToMOB BO3MOKHA, €CIM BHEelIHUE (PaKTOphl cnocod-
CTBYIOT MOHMKEHUIO NOTEHUMANbHOro 0apbepa. B naHHOM cryyae 32 CYET OTIIMUHBX OT
nyas napamerpos T (temnepatypsi), P (naBnenns), C; (KOHUEHTPAIIMKA I-THIX aTOMOB)
YBENUUMBAECTCA OOMEH MU BOZHUKAIOT HAHPABIEHHHKE MOTOKW aTOMOB, 00YCIOBICHHbIE
rpanventamMu AT, AP, AC; w Aa # 0 (a — s1ieprrst akTHBAINHN).

H3BECTHO, UTO HAMPABICHHUE MUTPALIMOHHOTO MOTOKA aTOMOB ONpeaenieTca napa-
Metpamu T u P. Ilockonbky T u P 10CTUraloT MAKCUMANbHOTO 3HAUCHHA ¥ MOBEPXHOCTH

MATCPHATOB ,E[GTEUTGﬁ, TO 2TO 6YI[€T ABIMITBCA VCIIOBHCM TICPCXOda dTOMOB W3
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PaBHOBECHOTO COCTOSTHUE B HEYCTOWYHBOE, UTO YCHITUT UX MUTPAITHOAHBIH HOTOK B HOJI-
MOBEPXHOCTHBIX CJIOSAX MaTEpUasia AeTAei C MOCAeAYIOIIMM HACHILIEHUEM MNOBEPXHOCTH
00JIee aKTUBHBIMW aTOMaMH MTH 3aMEIICHUEM OJHMX aTOMOB APYTAMW. Pe3yIbTHPYTO-
I HOTOK aTOMOB B pabounx 00bEMaX MaTepraa JAeTajic HaupaBJieH B CTOPOHY KOH-
TAKTA CONPAKEHHBIX NOBEPXHOCTEN TPEHMUS, a IOTOK BAKAHCKIT B IN1y0b MOBEPXHOCTHOIO
CJ10S CO 3HAUMTENbHBIM MOBBIIIEHWEM KOHUEHTpauun. TepMoauHamuuecku 0oee Bbi-
rOAHOM SABASETCA KOANMCUEHUMA BAKAHCHH, YTO IPUBOAMT K CHIXKEHUIO YPOBUA CBOOO -
HOM HHEprun Matepraia. KoamuceHus Bakancuil o0yciasiiBaeT obpa3oBaHne HOPH-
CTOCTH TIPUHOBEPXHOCTHOTO W TTOATIOBEPXHOCTHOTO CJIOEB Metaymta. ClaeaoBaTenbHo,
BO3HMKAET BO3SMOIKHOCTb MOABIEHMS MAKPOCKOMMUYECKUX Ae(EKTOB MOBEPXHOCTH, 2
Takoke AupPy3uMOHHOrO nepexoa OTAEAbHLIX SJIEMEHTOB U3 00bEMA, UTO B KOHEUHOM
urore, hopMupyeT Apdext cerperaumn [163].

O¢pdext cerperaunn GopMHUPYETCA B NOBEPXHOCTHBIX MM ¢10X pazaena (nedex-
Tax MaTepyana, TPpeiMHaX ) MHOTOKOMIOHEHTHOrO TBEPA0ro Tea. [lpn Harpese win ne-
chopManAn CIOEB METANTIa HEKOTOPEIE, PACTBOPEHHBIC B MATPHIIE OCHOBHOTO MaTepuala,
sneMeHThl AMPPYHAUPYIOT HEMOCPEACTBEHHO HA NOBEPXHOCTL TBEPAOrO TENA WM HA
€ro MOBEPXHOCTHbIE U BHYTPeHHUE Ae(PeKThl (TPEILMHbI, 11ePOXOBATOCTH, HECOBEPILEH-
CTBA KPUCTAITMICCKON petneTku w ap.) [16]. CremyeT oTMETHUTE, ITO CETPETaIHs H3Me-
HACT TTOBEPXHOCTHYIO IHEPTHIO TBEPAOTO Tena. [1oBepXHOCTHAS HEPTHS, B CBOIO OUE-
penb, BAMAET HA (PPUKUMOHHBIE W AAre3MOHHbIE CBOMCTBA TBEpAOro Tena. Cnenoa-
TCITBHO, 3MPEKT Ccerperani B KOHTAKTHHIX TPUOOMEXaHWYCCKMX CHCTEMaxX THHA
«KOJTBIIO HOMUTIHAUKA — KOPITYC» CYLIECTBEHHO TPaHCHOPMHUPYET W BUIOM3MEHSICT
(YME@HbIIAET) KOHTAKTHYIO NPOUHOCTh CONPAKEHHBIX dnemeHToB [131].

OddekT cerperalin B HOJIHOW Mepe TIposieIsieTes B MaTteprale kopryca KI1, kak
OPaBUAO U3rOTOBASHHOIO W3 CEPOro UYyryHa ¢ uiacTuH4yatoi popmoii rpadura (conep-
KaAue yriepoaa 2,7 — 3,6 %).

["pahuT B UyTyHE TIO CPABHEHUIO ¢ METAJUTHUECKON MaTpuieH o0magaeT HU3KUMHU
MEXaHHYEeCKHMU CBOMCTBAMM, W IpaMTOBbIE BKIKOUEHHUA MOMKHO PACCMATPUBATH, KAK

TMYCTOTHI ¥ TpelnHbl, CBOHCTBA UyTYHA 3aBHCAT OT KOJIMYECTBA Tpaduta u ero hopmel.
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Camotit HebarompusTHOHM (hopMOH 1 KOHTaKTHOHN MPOYHOCTH ABIAETCA TUIACTHHYATHIH
rpa¢uT (MOKHO CPABHUTD € TPEIUMHAMM, HAIPbIBAMM BHYTPU MeTasna) [78].
CerperaTipyromyn 3MEMEHTOM, B JaHHOM CJTydae, BBICTYTIAET YTJIEPOJ, pacTBO-
PEHHBIA B METAJUTMYECKON MATPULIE OCHOBHOTQ METaJIIA.
OueBnAHO, YTO MporIece NOJ00HOrO PoJa He MOKET NPOUCXOIUTh B MOBEPXHOCT-
HBIX ¢10ax Kosbua noamunayka (ctans [1IX-15 (yroepon okono 0,95 - 1,05%)) senen-
CTBME MEHLILIEIO €ro KOJMYECTBA B COCTABE CTA/IM M CBA3bIBAHUA YIJIEPOJIA B COCTABE
kapouna (Fe, Cr);C [239].
HMexonmst w3 Taknx coolpakeHwi, ciaeayeT, uTo Marepuan oTsepcTus kopryca KI1,
(T.. cepblii uyryH), B fonbliei Mepe NoABEPKEH KOHTAKTHOMY Pa3pyLISHUIO BCISACTBUE
OCOOEHHOCTH €ro CTPYKTYPLI (T.€. coaepxKanua yraepoaa). [Ipu stom paspylleHusa KOH-
TaKTUPYIOMINX CITOEB, HO — BUIUMOMY, OYIyT TPOUCXOINTE 32 CUET HACKHITIICHHUS €To HO-
BEPXHOCTU (M BHYTPEHHUX JAePESKTOB, TPEIUMH, HECILIOIIHOCTEH W AP.) XPYIIKONA yrae-
poanoii (rpapuTHOR) CTPYKTYPOId.
MexaHn3M TIporiecca pocTa rpadwTa B UyTryHE BEChMA CIIOWEH, M HO HEKOTOPBIM
BOMPOCAM 10 CUX mop HeT eauHoro s3raaa [108,131, 152,277].
VY¢TanoBieHo, uto pocT yriaepoaa (rpadura) B uyryHe NpoOUCXOIUT Mo ABYM Cy-
MIECCTRYIOMINUM MEXaHW3MaM.
[TepBoIit M3 HUX OTBEUACT TPHBHATBLHOMY POCTY 3E€peH, HaOMIO1aeMOMY B UyTYHE
BO BpeMa Harpera. [lo 3tomy mexaHusmy, oGpasoBanue rpadura B UyryHe IPOUCXOAUT
B Pe3yJIbTaTe pacHana MEMEHTHTA Ha CMECh ayCTEHNTA U rpadmiTa,
FesC — 3Fe,(C) + C(rpadwut)
B [TPOTIECCe TUTEIILHOTO Harpesa (IIpu TeMHAepaTypax Beie 738°C), oT 1eHCTBUS 1THK-
JTUYECKOW BHEIIHEH Harpy3kn Ha Tpubdomexanmdeckyro cuctemy [108,151, 152,277].
Bropoii npouecc conmpoBokaaeTes crondIaTeM pocToM TpadwTa, IpH TeMIepa-
Type nuxe 738°C [108,151, 152,277]
Fe;C — 3Fe,(C) + C(rpadur).
[TpakTHUECKW, Takas TEMHEpATypa BIIOJIHE BEPOSTHA TTPY KOHTAKTHOM B3aWMOACH-

CTBHH B IIdTHaAX (bam“ntrecrcoro KOHTAKTd JOBYX COIMPATACMBIX HOBerHOCTGﬁ‘
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[TpaxTHdeckw ke yeranosyeHo [169], uto npw GppUKIMOHHOM KOHTAKTE CerpeTanu-
OHHAS AKTUBHOCTh YIAEPOAA B UyIYHE MPOUCXOUT NpHU Temneparype TammaHna:
Te <03 Ty, (34)
rac T, — TeMHepaTypa cerperaliy artoMoB yrieposa, 'C;
T, — abcontoTHas TeMmeparypa rnaasneHusa uyryna (T, = 1420 —
1573 K (1147 — 1300°C)) .
3aBucumoctb (36) nmokasbiBaeT, uTo npu Temneparypax 430 — 470 K (146 —
200°C) co3garoTes HeOOX0AUMbIE YCAOBUSA 151 CErPEramuy Yriaepoaa B OBEPXHOCTHHIE
CJIOW MaTepuajia OTBEPCTHUA HOJI TIOAITATTHUK KaueHud B kKopAyce K,
[IpuOnnskeHHAS OTIEHKA IMPOMEKYTKA BPEMEHU, HEOOXOAUMOr0 A4 CerperaiuoH-
HOrO OTAEJIEHUS YINIePoa U3 METAUTMUECKON MATPUTIbl MOKET ObITh OMPEACIICHO MO 3a-

BUCHMOCTH!

LZ
t = P (35)

rae  L— npoTsHx€HHOCTb NYTH Cerperarmu, M;
k. — koxpdumuenT cerperanun.
Pacuétel mokaseisaroT (37), uTo 3a BpeMennow mpomeskyTok 107 — 107 cek. atomel
YIJIEPO/ia NEPEMEIAIOTCA HA PACCTOsIHKAE OKONIO 1 MKM [163].
[Ipn pyHKUHOHUPOBAHUM TPUOOMEXAHUUECKON NAPDI KOO NOJIIMNIHAKA — KOP-
TyC» ¢ HEW3MECHHBIMH BHEIITHUME YCITOBHAMH (BHCITHSS HATPY3Ka, aMIUTHTYa W CKO-
POCTb MEPEMENISHUA HAPYXKHOrO KOAbUA MOANIMITHUKA W Ap.) OPEeAe CEerperauyun rpa-

(uTa B MOAMOBEPXHOCTHBIX CIOSAX MATEPUANIA KOPNYCA OICHUBASTCS 3aBUCUMOCThIO

[33]:

1

C=Cp-exp —("_'t—)-i) erfc (E-VD-t), (36)

TAC ¢ - TIPpeNe cerperanun rpadura B HOAHOBEPXHOCTHEIX CJTOSX, B MTPOTICH-
Tax;

D — xo3dpduiment oObEMHOIA cerperarmu;

D’ — ko> hpHUUHEHT TOTPAHUTHON CeTPeTarnig;
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t — BpeMs cerperaiiu, vac,
8 — cpenmss wupuHa rpaHuis 3épen (8§ = 54);
Cp — KOHUEHTpAIMS yIiiepoa Ha Tpanule 3¢PeH, B TPOLECHTAX,
¥, X — KOOPAVHATHI 30HBI CETPETALNN, M.
Anannz 3apucumocty (38) nokasbiBaeT, uyTo JorapudmM KOHUSHTPALIMMA B FPAHULIE
npu x = 0 u3MeHsAeTCA NPONOPUUOHATILHO EPBOMA CTENEHU Ty OUHbI MPOHUKHOBEHHS Y

CerperaTupyroninX aToMoB U OOPATHO MPONOPUUOHANLHO KOPHIO YETBEPTOM CTEICeHU

1
BpeMeHn t 4.

CrneaoBaTenbHO, 3aBUCUMOCTD (30) NOKA3bIBAET, UTO CYLIECTBYET NPEAS] KOHIIEH-
Tpamyw rpaduTa B HOBEPXHOCTHHIX CJTOSX MaTepualia OTBEPCTHSA HOM HOAMHHAK Kaue-
nua B kopoyce KII. ITostomy ciaeayer oxuaaTs pacopocTpaHedus rpadura no rpaHuuam
3¢pEH U BHITECHEHUE €ro B MOBEPXHOCTHLIE CIIOM MaTepuana kopmyca [33, 2006].

Taxnm oOpazom, MpereTpHas KOHICHTPpaUs rpadpuTa CYyLIECTBEHHO HOBJICUET CHU-
KEHUE MPOUHOCTH METALMYECKON MATPUILIbl UYTYHA, U KAK CIIE/ICTBUE CHIDKEHUE KOH-
TAKTHOH ITPOUHOCTH MAaTEepUana OTBEPCTUA MO/ NOAIMITHUK B kopnyce KIL

CytiecTByeT NpeiebHas TpaHna YCTOWIHBOH CeTperaliii, onpeesseMas cooT-

HOIMCHHUCM:

Asina

kT > : (37)

r+p
rae A — koxppuimeHT, NoKa3bBAKOIIKMA OTHOLIEHUE BO3MOKHOIO KOIMYe-
CTBA AUCIOLMPOBAHHBIX aTOMOB B pPelléTKe K 001IeMY KOJIMUSCTBY aTo-
MOB;
T — temnepatypa, "C;
7 — paauyc cerperaluu, M,
£ — IIOTHOCTb JUCIOKALMIA, KI/M’.
k — nocroannas bonbumana.
Pacuér (39) Hoka3sIBaeT, UTO MIPH YCIIOBUW PAaBHOMEPHOTO paciipeAeTIEHNs ANCIIO-
KalWil 30Hbl YCTOWYWBEIX CErperanii y JHCITOKAUA HE HEPEKPBIBAIOTCA. PaAnyC cerpe-
rauydyd MEHbIIE CPEHEr0 PACCTOAHHA MEKAY AUCAOKALMAMHU MNP UX IUIOTHOCTU AAKE

1012 ¢cm2, Tpy KOMHATHOM TEMHEPATYPE W MaKCHMATLHEIX TIPHBOINMEIX B JIUTEPATYPE
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3HaueHUAX A pamnyc cerperaumu ~7 HM (70 A) nnu npuvepro 30 MeXKaTOMHBIX pac-
CTOAHUU B @ - xenese. Ilnowans cerperanuu cocrasut ~75 uM? (7500 A?). Ecau npes-
HOJIOJKWTH, UTO B palioHe TUCTOKAINY HA YETHIPE MEKATOMHBIX PACCTOSHHS MOWKET TIPH-
XO/INTHCA B CPE/IHEM IO OJHOMY NPUMECHOMY ATOMY, TO MAKCUMAJIbHAS PABHOBECHAS
HJIOTHOCTH cerperanmi Oyaet pasHa moutn 240 atomam, Takum oOpazom, TIpH HITOTHO-
cti guciokammn 101 em? motpebyercsa 0,28% (o macee) yrorepona [33].

Ha ocHoBanwm WcclieI0BaHUH TTHKOB BHYTPESHHETO TPEHUS BHISCHEHO [206], uTo
COOTHOIIEHNE MEKIY KOJIMTECTBOM aTOMOB B TUCHOKAUUAX (N;) U TBEPIAOM PacTBOPE

(n;) onpenensaeTcs BhlPAKESHUEM:

E

%> A e, (38)

ni
rne A — xo3pPuiMesT, NoKa3bIBaOIIKIA OTHOIICHUE BO3MOXKHOIO KOJInYe-
CTBa AWCITOLINMPOBAHABIX aTOMOB B PEIIETKE K OOIIEMY KOJTHIECTRY aTo-
MOB;
E — sHeprus aktusauyn pasonoKUpOBKUA AUCIOKATIUA.

Ypaeuenwne (38) mokazepIBaeT HEOOXOANMOCTE YUETA U TEPMOIWHAMHUIECKOTO PaB-
HOBECUA MEKIY KOHLECHTpauWeH aToMOB Yy JIWciokammii U B TBEpAOM pactBope. Co-
[NACHO BbIYMCICHHAM aABTOPOB, NpU MOBbilieHMW Temmneparypel ¢ 200°C ao 430°C
COTHOLIIEHUE CHUKaeTca donee uem B 20 pas.

W3 »TOTO ClieayeT, UTO MPH HAKOTUICHWH OTIPEACNEHHBIX »(DPEKTUBHBIX KOHIICH-
TpaUUii Yriaepoaa u OnpeaenEéHHON TeEMIEPaTyPbl MOBEPXHOCTHOIO CIIOS, CTAAUA Cerpe-
rauyyu CMeusieTcsa cTaaueid nedopMalMOHHOIO CTapeHus - cTaauei oGpa3oBaHya Bbiag-
neHwnit (aszel, wMeromel cOOCTBEHHYTO, OTIMTUTEIBHYIO OT MATPHIEI PEIIETKY W Tpa-
HULlY pasaena ¢ Heii [13].

HeobxoanMo OTMETHUTH, UTO HATrPyKCHUE TPEHUEM CYIICCTBEHHO CTHMYIIUPYET
cerperarmoHHble u Audpy3uonHbie NPOIIECChl, MPOUCXOIAIINe B 30He KOHTaKTa [99].

Hccnenopanua [163] nokazanu npsaMyr0 3aBUCUMOCTb HAKOIUICHMA 3JIEMEHTOB,
CHOCOOCTBYIOMNX TpaMTH3aINH (KPEMHUH, HUKEITh, MEIE ) B AehOPMUPYEMOM HOBEPX-

HOCTHOM CJ0¢ MCTA/LN4, TOI'ld KaK KOHUCHTPAauKA NCMCHTOB, IIPCIATCTBYIOIIHX
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[Tpw pacuéte pa3MepoB YACTHIL TIEPEHOCA TIPEATIONAraeTCs, UTO OHU OTPAHUICHBI
d _
HoycepamMu pagnycom ~> e d — quameTp sTHa koHTakTa [134].
Ynpyrasa 3Heprus, 3anacéHHaa B 3ToM 00béme

_ Ehax ] @ 39
EB - 2 127 ( )

TIE  Emgy — IPENBApUTENbHAS YOpyras aedopmanys.

HpHpaI[[eHHQ HOBerHOC-THOfI SHEPT'HH IIPH OTPBIBC YACTHIT OT IIATIId KOIITAKTA

el

AEs = 2Ya—, (40)
TA€ Y, — SHEPrus KOre3MOHHOM CBA3M.

Hwnametp dparMenTa nepeHoca, pu yejosnn £, = AE, [134,180] npueoauT k co-
OTHOTIICHWIO

24y,
E&lax

Arep = , (41)
rne  E — moayns yopyroctu, mlla.
W3 cooTHowrenns (43) cneayeT, UTO pa3Mep YacTUIB HEPEHOCA OTIPEACTIAeT S pas-
MEPOM 30HbI C NOBLUIEHHON SHEPrUEN KOME3UOHHOMN CBA3HU.
B cnyuae, ecnu nepeHecéHubie (hparmMeHTbl HAXOAATCA MEXTY KOHTAKTUPYIOIIMMU
HOBEPXHOCTAMW 1 HE COSAWHEHHl HHU ¢ OJHOW M3 MOBEPXHOCTEH, 00pasyerca JacTHIIa

W3HOCA, AMAMETP KOTOpol onpeaensieTcs 3asucuMocTthio [134]:

Qg = (42)

H2EEhax
roe  E — momyns yripyrocTa, mlla;
W, — PHEPTUA aATE€3UOHHOW CBA3H,
p — koappurment [lyaccona.

Gopmyna (43) moKasbIBaeT, UTO YACTUIIA M3HOCA (POPMUPYETC BCASACTBUE a/re3u-
OHHOI CBA3M YacTUIT nepenoca. B Toxe Bpems e€ pazMep 3aBUCUT OT SHEPIUU KOTE3UOH-
HOM CBA3W 3JICMECHTOB METAITHICCKOW MATPHUIHI HOBEPXHOCTHOTO CJI0s MaTepuasna oT-
BepCTHA KOpHYCcHOW netanmm KT,

Takum o0pazom, ucxoaa u3 cootnowuennii (41) u (42) cneayet, uTo OTASAMBIUIMEACS
(hparMeHT TIepeHOca MOKET HEKOTOPOE BPEMS OCTABATHCA HA HOBEPXHOCTH KOHTPTETA.

YI[EUTGHI/IG OTHOCHTCITBHO KPYHHBIX HACTHL MATCPHANA C TTOBCPXHOCTH COIIPOBOKIACTCA
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aOpa3WBHEIM WIW BBITJIAXKWBAIOIIIM BO3ACHCTBHEM HANMHAIINX YacTHUIl Ha JpyTHE
YUACTKHU MOBEPXHOCTU. JKCIEPUMEHTANBHO YCTAHOBJICHO, UTO (PPArMEHTHI MePEHOCA aK-
KYMYJTHPYIOTCS Ha KoHTpTene (10 50 nepenecéunnrx ¢parmeuTtos [180]), npexae ueM
chopMUpYETCH HaCTHLIA U3HOCA, KOTOpas YIOAINTCH ¢ TIOBEPXHOCTH aetanw [134].
Ha ocHOBaHMH HM3NOXKEHHOTO, MEPO 3BOJIOIUU MPOTIECCOB U3HAIIMBAHUA MOTYT
BBICTYNATD: UCCIEAOBAHUE FEOMETPUUECKONA NOBEPXHOCTU Pa3pyILIEHUA TOBEPXHOCTHHX

CJI0EB KOHTAKTUPYIOUIMX TeJl U MOPQOIOruYecKre NPU3HAKA NPOAYKTOB U3HAIIMBAHUS.

Cragwsa 5. AOpa3wBHOE M3HAMMBAHHUE AcTalcl TpHOOMEXaHWICCKOW CHCTEMET
«KONbUO MOAIUKMNHUKA — KOPIIYCH

CoOTHOLIIEHUE,

: (43)

CBUJICTEITECTBYET O HETHIPEXKPATHOM TETEPO3NCE PasMEPOB YacTHIl W3HOCA Hal
parMeHTaMu TIepEeHOCa, ITO ABJIACTCA KPUTEPUEM BO3HWKHOBSHUA aOpa3uBHOTO M3Ha-
IIMBAHUA A€TaNei TpPUOOMEXAHUYECKOH CHCTEMb «KOJILITO NOIIUITHUKA — KOPIIYCY.

Takum o0paszom, Hanuuue YaCTHL, U3HOCA, U U3OLITOUHASA KOHIICHTPALKA Cerpera-
TUPOBAHHOTO YTJIEPO/a B MOBEPXHOCTHBIX CJIOAX MaTepuaja Kopmyca, OyIeT crocod-
CTBOBATh 0Opa30BaHUI0 HOBOI a3kl — kapduaa xene3a. BronHe ecTecTBeHHO, UTO U3-
MEHEHUE MOBEPXHOCTHBIX CBOMCTB NpU 00pa30BaHUM BTOPUUHON (pa3bi, B BUIE KapOuaa
W TIPOBOPAYMBAHNIE HAPYKHOTO KOJTBIA TTOAMAIIHIUKA HO HOCAJ0UHOMY OTBEPCTHIO, SB-
ASETCA NPEeANnOCHIIKOA K BO3HUKHOBEHHIO adpPa3sMBHOrO U3HAINMBAHUA JeTaneid Tpudo-
MEXAHHUYECKOI CUCTEMbI «KOAbLIO MOAIIMITHUKA — Kopoyce» [193].

Ha ocHOBaHWW W3JI0KEHHOTO MOYKHO COCTaBHTE CTPYKTYPHYIO CXEMY MEXaHW3Ma
M3HANIMBAHUA TPUOOMEXAHUUYECKOW CUCTEMbI «KONBIO MOuunHuKa — xopoyc». Ona
wpeacTasacHa Ha Pacyrke 30.

be3ycnoBHO, MOAENb U3HANIMBAHUA ABISAETCA WACANU3ATIMEN peanbHbIX NPOLECCOB
W HE BKJIIOUACT BCE MEXAHU3MbI ABACHMI, NPOTEKAONINUX HA (PPUKHUOHHOM KOHTAKTE.

Mepa MHTEHCWBHOCTH JIETpafallii HOBEPXHOCTHBIX CJIOEB MaTEpHaJOB JACTalIeH,

YPOBCHB Haﬂpﬂ)KeHHﬁ Ha HOBCPXHOCTH KOHTAKTa, JIBOJIMIOOHA CCTPCTANMOHHBIX
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TIPOIIECCOB MOKET OBITh BhIpaskeHa KO3 HUIMEHTOM MPOCKAIb3bIBAHNS BHEUTHEH TIO-
BEPXHOCTU HAPYKHOTO KOJIbIIA MOIIKMOHUKA B MECTAX €ro u3ruda B 30HE KOHTAKTA OT-
BEPCTHS HOA HOANIMHHWK KaueHWs B koprycHoi meramu KI1 w kojblia momgmwmHMKA
[279].
KosdduumeHT npockanb3biBaHus ONpeaenseTcs 3aBUCUMOCThIO [33]:

Ay
fp - A_p’

(44)

rae A, — BeTUYMHA W3rHOa HapyKHOTO KOJIBI@A MOAIINIIHYKA Tipu F > 0,

MM
Ag — BenuunHa U3ruda HAPYIKHOrO KOJIbIIA NOAIMIHKKA npu F = 0,
MM
F — BHEIIMsAA HATPY3KA HA MOANIMITHUK KayeHusa, H.

Takum obpasom, ang olbecneueHusa pecypca TPUOOMEXAHUYECKON CHUCTEMBbI

«KOJbLO NOINTTHUKA — KOPITYC» HEOOX01MMO BhIOJHEHUE YCIO0BUS NPH KOTOPOM f, —

min. Beneacteue 3TOro cneayeTr 0XHAAThb, HUBEAMPOBAHUA KOHTAKTHBIX HArPY30K HA
HOBEPXHOCTH TT0CATOTHOTO OTBEPCTHS OT W3THOA HAPYKHOTO KOJTBIA TOAIIHITHHKA, UTO,
B CBOIO Ouepeb, YACTHUYHO 3aMEJIUT WM HCKIKOUNUT CErPerauioOHHbe, PEKpUCTALIN3A-
LMOHHBE MPOLECCH U A0Pa3HBHOE U3HANIMBAHUE NOBEPXHOCTU OTBEPCTHA MO/ TOALIMII-
AWK kaueHus B KI1.

Hanbonee r¢phekTHBHEIM cHOCODOM NPEeIOTBPAILCHNS W3HAIIWBAHUS ACTaeH TpH-
OOMEXAHUUYECKONA CUCTEMB «KOJIBITO MOALIMITHUKA — KOPOYCY ABNAASTCA CHUXEHUE KOH-
TaKTHOTO BO3ACHCTBHSA KOJTbIA HOAMIMHHWKA HA HOCAJI0YHOE MECTO 3a CHET TIPUMEHCHU A
BSA3KOYTIPYTHX CPEJl, NCKITFOYAOIINX KOHTAKTUPOBAHNE IETaleH.

Takum oOpaszom, HeoOxoauma paspaboTKa MOAEIM, NO3BONIAOIICH OUEHUBATL BE-
JUTUHY W3rn0a Hapy K KHOTO KOJIbIla TIOAIMINITHNKA, B 3aBUCUMOCTH OT YCITOBHI €T0 KOH-

TakTa ¢ orBepcTueM B kopnyce KH, ans npeaoTepaiienus npuunH M3HAIUMBAHUS.
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2.2 MoaempoBanie H3HATTHBAHWSA AeTaJTeid

TpUOOMeXauuyeCKoil CHCTEeMBbl «KOJbLO NOANTHIIHHKA — KOPILYC»

[TonHo#H XapaKTePUCTUKON M3HOCA COMPAKEHUA SBIACTCA MPE/ICTABASCHUE O MAK-
POreOMETPUHY U3HOILISHHBIX TOBEPXHOCTEN neraneii. Beneacreue pana npuuuH (pasnuu-
HbIX 3HAYEHWH W HATPABJIEHUA BHEIIHUX HATPY30K U CKOPOCTEH OTHOCUTENBHOIO CKOJIb-
JKEHUSA HA HOBEPXHOCTH W T.J1.) U3HOC MOIKET OBITh HEPABHOMEPHO PacIpeIesicH 1Mo HO-
BECPXHOCTH ACTAJICH COMPsKEHUA, [103TOMY TS TIOJTYyUCHUS HOJIHOW KapTUHBI W3HOCA
HEOOX0MMO PACCMATPUBATL HECKONBKO B3aMMHO NEPNEHAMKYJSAPHBIX CEUCHMH JeTa-
NEH.

M3HOC COTIpAKEeHUA ABIIACTCA CIIEACTBUEM OTHOCHTEIIBHOTO TIEPEMEILICHNS JeTa-
Aeii, ¢cBazanHoro ¢ AeopMUPOBaAnKE NOBEPXHOCTHLIX ¢10eB. OCHOBBIBAACH HA JAUHOM
OPeANOA0KEHUH B KAYECTBE UCXOIHON Pr3MYeCKOH MOIeNH N3HALUMBAHNSA UCIIONb3YIOT
3akoH ['yka. 3akon ['yka npw pacuete W3HOCA UMEET PAl OTPAHUTCHUIN,

1. B ero OCHOBY IOJIOKEHb MTHOBEHHBIE MPOUHOCTHLIE XAPAKTEPUCTUKU MAaTe-
puanos 0e3 yueTa uX U3MEHEHHA UX BO BPEMEHHU,

2. HEe YOWTBHIBAETCS COCTOSHNE HOBEPXHOCTHEIX CJIOEB Marepuaa JAeTaneH (TBep-
JIOCTh, TIICPOXOBATOCTE, HATUTHE CMa3KW W T.11.).

Crneundiika pacyera M3HOCA CONPSKEHMUS «KOJbLO MOALIMNHMKA - KOPIYCH CO-
CTOWT B TOM, UTOOBI YCTAHOBHUTE B3aUMOCBS3b U3MEHEHHS TTPOTHOCTHEIX W TPUOOTEXHH-
HECKUX XapPaKTEPUCTHK MaTEPHAIIOB COTIPSAKEHHBIX OETANCH BO BPEMEHH.

OnpeneneHue napaMeTPOB, XapakTePU3YIOUIMX U3HOC COMPAKEHUA, CBA3AHO C U3-
MECHECHUE B3aUMHOTO HOJIOKEHUS COTIPSKEHHBIX ACTANICH BCIICACTBUE M3HAITUBAHUS WX
MOBEPXHOCTEH. BakHOE 3HAYEHME MPU STOM HMMEKOT KOHCTPYKTHBHBLIE U KMHEMATHue-
CKWE 0CODCHHOCTH COHpsKeHNS, KOHCTPYKTHBRHAS CXEMa COTIPSIKCHIS OKa3bIBACT BITHSA-
HIE HA PacTTpEaeIICHUE W3HOCA HO HOBEPXHOCTH JACTAICH W Ha XapaKTep B3auMOICHCTBUSA

HU3HOHICHHBIX HOBerHOCTeﬁ.
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Pacuer n3Hoca TpubOMEXaHWUECKON CHCTEMBI «KONTBIIO TIOAIITHIIITHKA — KOPITyCH
0OYCJIOBJIEH TEM, YTO TOJLKO Y HAPY>XHOTO KONbIIA MOAUIMITHUKA CO3AAOTCSA YCIOBUA
PaBMOMEPTIOTO M3HOCA TOUEK, PACTIONOKEHHBIX HAa TPACKTOPHUN €70 MEPEMELICHNS.
CumnTas, 970 KOpTIyC JAeTalh HEMOABWKHASA (OTIMOCHTENBITO TOMIIHIITAKA), TO
HAMTPABNEHUE OTHOCUTEIHHOIO NEPEMEIICHUS KOMbLA TOAUIMITHUKA NPOUCXOUT NO K-

HUK JACHCTBUA BHEUIHEH HArPY3KU, MPUAOKEHHON K MOAIMIHUKY (PucyHok 31).

leez---7"

s

Q

l- NNOAUIMITHHUK KAYEHH A

2 - KOpryc

PucyHok 31 - PacueTHaa cxema njia onpeneneHna u3Hoca TpuboMexaHUueCKOM
CUCTEMBI «KOJIbLIO TIOAMINITHIKA — KOPITYC»

[lomarag, 9To U3HOC MOCATOUHOTO MECTA ABISETCS Pe3yIbTaTOM Ipoiiecca nedop-
MUPOBAHHSA U OTTIOCUTENBITOTO CONMMIKSHWS KOHTAKTUPYIONINX TIOBESPXHOCTEH, 31Mropa 13-
TIAIABAITHA, B TAKOM CJTydae, MOKET OBITh BHIPAKEHA Tepe3 (DYHKITHIO TTOPMAJTBITOTO
JIABIEHUA. ZMIOpa U3HOCA COMPSHKEHUA XAPaKTePU3YET MHTEHCHBHOCTb BHEIIHUX CHJI,
KOHTAKTHBIX JABJICHWUH M WHBIX MAarpy30K, ASHCTBYIOIIWAX T COTIPSHKCHWE B ITPOLIECCE

KCITYaTaLHH.
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3aKOH M3HAWIMBAHUS TPUOOMEXaHUIECKON CUCTEMBI «KOJTBII0 HOAMIMHHNAKA — KOP-
NyCc» ONPenensaeTca COOTHOLIEHUEM MEXKAY CKOPOCTbIO M3HALUMBAHUA KAXKAOLO U3 CO-
TIPSKEHABIX MaTtepuanos (o M @, ), JaBJICHHEM Ha HOBEPXHOCTEH KOHTAaKTa p , M CKOPO-
CTBIO OTHOCWUTEITEHOTO HEPEMEIIIEHNA NeTAIICH
vio = f(piv). (45)
[Tpn HOPMAITBHBIX YCIIOBUAX SKCIUTyaTalii HMEET MECTO JTMHEWHAA 3aBUCHMOCTD
MEKY BEIMUMHON U3HOCA U BpeMeHeM padoThl AeTanu, T.€. CKOPOCTb U3HALIKMBAHUA MO-

CTOAHHAA:
® = — = const, (46)

rae S - M3HOC JETAIN, MM,
{- BpeMs pabOTE ICTANTH, Tac.;
W3 (46) criemyeT, 1m0 H3HOC TPHOOMEXaHHUSCKOH CHCTEMBI « KOJTBIIO HOIITMHHIKA
- KOPIYC» XaPAKTEPU3YETCA MOCTOSHHBIMY NAPAMETPAMM, HE 3aBUCAIUMMY OT KOOPAM-
HaT TTOBEPXHOCTH TPEHHUS. @, , = const - CKOPOCTH N3HAUTHBAHUS TPUOOMEXaHWIECKOH CH-
CTEMBI «KOJTBIIO HOJAIIMHHUKA — KOPITYC», @, = const - CKOPOCTHb W3HAIIMBAHUS Hapy K-
HOIO KONbLA MOJUIMITHUKA.
Kakmas Touka Hapy»HOW HOBEPXHOCTH KONbIA C KOOPAWHATAMHU (r;x) WMEET
CBOIO OKPYIKHYIO CKOPOCTb v, KOTOPAs 3aBUCUT OT PACCTOSHUA 10 OCH BPAILEHUS 7, .
OKpy>KHas CKOPOCTb HA NOBEPXHOCTH HAPY KHOIO KOJIbIIA ONPEAEIAeTC
b= 2emner, (47)
rie  n- yacTOTA BPAlLUEHHUS HAPYXKHOIO KOAbUA NOJIUMNHUKA B €IMHULY BPEMEHH OT-
HOCUTENLHO KOPIyCa, MUH '
v, - paguyc Hapy:KHOT'O KOJbIA HOAIMIMHHHAKA, M.
3aKOH W3HAMMWBAHWS MOYKHO TIPECTABUTh B BHAe (PYHKIMOHATHEHON 3aBUCHMOCTH
® OT pW !
o, = filpin)e, = f(p:n). (48)
PacnipenencHie KOHTAKTHOTO AABJICHHUS 110 TTOBEPXHOCTH ACTAJIeH (3MFOPY KOHTAKT-

HOro )J,aBJleHI/Iﬂ_) HEJIBE3A ONpCACTE U3 YCIIOBHUA PABHOBCCUA CHCTCMbI, TaK KakK 3TO
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CTaTHUECKN Heonpeaenumas 3a1a4a. [103ToMy B KaUecTBE NOTIOJTHATEIFHOTO YPABHEHAS
HEOOX0/IMMO UCIONb30BATh YCIOBUE KACAHMS, BbIPAXKACMOE B AHAIMTHYECKON (opme,
KaK 3aBUCUMOCTE MENKAY JIMHEHHBIM M3HOCOM TTOBEPXHOCTEH M W3HOCOM TPHUOOMEXaHN-
JECKOM CUCTEMBI «KOJTBIIO HOAUTHHHHKA — KOPIYC». 3aBUCHMOCTE CKOPOCTH M3HAIITNBA-

HUA TPUOOMEXAHUMYECKOH CUCTEMBbI «KOJIbLIO NOALIMNHUKA — KOPIIYCY» @,_, M 3HAUCHUAMU
p ¥ r B ODIIEM BUAE BEIpakaeTcs (PyHKIMOHATIOM
& :‘f‘z(p.;ﬂ)' (49)
YuuTersast, 9To IS BCEH TPHOOMEXaHNTECKON CHCTEMBT «KOJTBLIO TTOATTHHHWKA —
KOpOYC» @,_, = const, TO €CTb HE 3ABUCUT OT 7 U3 ypaBHeHus (49) MOKHO onpenenuTb
XapakTep JMOPH KOHTAKTHOTO JaBACHUS p B PYHKLNH + W @, ,:
p=1o,). (50)
UKUCIEHHOe 3HAYCHUE p MOXHO ONPEASAUTh ITPU U3BECTHOH CKOPOCTH H3HALM-
BaHWA TPHOOMEXaHNIECKONH CHCTEMBI «KOJTBIO TTOAIITHITHIKA — KOPIIYCY @, , .

IIpu yuete ycnoBus kacaHus A1 r000d TOUKM NOBEPXHOCTA KOHTAKTA COOI0Aa-

€TCA paBCHCTBO

o, ta,

COS((;O) ? (5 1)

D) 5

rA€ @, , -CKOPOCTb M3HANIMBAHUA TPUOOMEXAHUUECKON CUCTEMBbL ¢ KOJIbLO MOAIINI-
HIKA — KOPITYC», MM/1ac;

®,,@, - CKOPOCTh M3HAIINBAHNS AcTajch B JaHHOW TOUKE, MM/Jac,

@ - YITON MEKAY HOPMAJILIO K MOBEPXHOCTU TPEHUA U HAHPABAEHUEM BO3MOMKHOTO
CONMKEHNS IeTane, Tpar.

W3 papencrra (31) cnenyet, UTO CKOPOCTh U3HANIMBAHUA NOCAAOUHON MOBEPXHO-
CTH TIOJ, HOALTHITHUK

o, =(o,_, -cos(gp))— o, . (52)

Kak nokaspiBatOT OONBIIMHCTBO HCCAEAOBAHMN, 3aKOH W3HAIIUBAHUA JIETATIEH MO-

KET OBITh BEIPAXKEH CTETICHHOW 3aBUCHMOCTBIO!

o=k-p™ ", (53)
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Tae k - KO3(hHUIMUEHT, XapaKTePHU3YIOMIAN CKOPOCTh M3HAUTUBAHWS TIPH 3aJaHHBIX
YCIOBUAX paboThl eTaNu,
p - KOHTakTHOE AamjicHue, Mlla;
v - CKOPOCTH TICPEMETIICHAS TTOBEPXHOCTEH, M/CEK, ;

m, - I0KA3aTeNb, 3aBUCATIIMN OT CBOMCTB MATEPUAsia JETAJICH U TEOMETPHMN B 30HE

KOHTAKTa,
m, - NOKA3aTeNb, XaPAKTEPU3YIOLIUIA UBMEHEHUE CKOPOCTU NEPEMEIIEHUA TOBEPX-

HOCTEH.

KoaduimmenT & s MpakTHUECKUX PAcUeTOB OMPEACISIOT Ha OCHOBAHUH HKCIIE-
pPUMEHTANBHBIX Hccaeaosannii. [lokaszarens & 3aBUCHT OT MHOTHX (DaKTOPOB B UHCIIO
KOTOPBIX BXOJAT IIEPOXOBATOCTh U TBEPAOCTh NOBEPXHOCTEM, HANIMUME CMA3KU U T. 1.

W3 permeHns 3aAaun TEOPHUW YTIIPYTOCTH CIEAYET, UTO 3aBUCUMOCTE MEIKIy HOp-
MaJTbHOM Harpy3koit /' u aedopmaimeit § mpu HAUATLHOM KacaHWH JIBYX ITHITHHIPHIC-
CKUX MOBEPXHOCTEH (110 IMHKK) OAu3Ka K IMHeHOMY 3aKkony. [Ipyu HayanbHOM KacaHuu
COIPSDKEHHBIX MOBEPXHOCTEH B TOUKE (11AP — MIIOCKOCTb U T.J.) CONMKEHUE KOHTAKTU-

PYIOIOWUX TCIT 34 CHCT ,E[Gd)OpMElHHI/I B 30HC KOHATAKTA TIPAMO TIPOHOPTHOHAIBHO HOPMAJTh-

2
HOMY YCHIIHIO B CTCTIICHH ? .

CornacHo BuipaxeHu1o (53) CKOPOCTh NEPEMEIICHUA KOHTAKTUPYIOIIMX [TOBEPX-

HOCTEH, TAK K¢ HOATUHACTCS JTMHEWHOMY 3aKOHY,

Pucynox 32 - 3aBUCUMOCThL MKy CILIOBLIM (pakTOpoM 1 nedopmanuei
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M310KeHHOE BEILIC HO3BONACT MPEAHONOKHTD, UTO HOKA3aTeM m, =m, =1.
Toraa ckopocTh M3HANIMBAHKMA TOCAAOUHOM MOBEPXHOCTH U3 (53) MOXKET ObiTh
MTPEACTABIICHA B BUIE:
o, =k-pv. (54)
[Tpeobpazys seIpaxkenne (53) ¢ yuetom (54), HOMYTUM 3aBHCHMOCTE JaBJICHUS B

(PYHKIMA yTI1a ¢

@, cos(p) - ,
L (55)

rae k, - Ko3(QpPpuimeHT, xapakTepu3y oA CKOPOCTb W3HANIMBAHUS MPU 3aJAHHBX YCI10-

BUAX padOTLI AeTaNM.

Yron ¢ uzmenaerca o1 +¢, 1o —@,,(cM. PucyHok 31) a Benuuunm k..v,o, .o, 0O-

CTOAHHB NJ1A NJAHHBIX yCJ’IOBHﬁ H3HAINKBAHWSA.

Tak kak 4ACIIEHHBIC 3HAYCHUA p MOYKHO BBIYWCIIUTE TOJIBKO TTOCTIE ONPEACIICHUSA
®,_., .. Jl14 3Toro onpeaenyuM 3aBUCUMOCTb MEKAY BHELIHEH paauanbHON HArpy3Kou

JIEWCTBYIOMICH Ha MMOMIMATIHWK / W KOHTAKTHBEIM JAABJICHUEM p , TIPUMEHSS hOpPMYITyY:
— i
F=r-(B-2:1,)- [p-cosigp)dp, (56)
—#n
rae /7 - BHelIMAA paauanbHas HArpy3Ka Ha noamunduk, mlla;
B - LIMPUHA KOIbLA, MM,
#, - paauyc (Ppacok HAPYKHOrO KOJIbLA, MM

P - KOHTakTHOE naenedue, mlla;

OKOHYATCIIBHO HOJTYTACM,

TR

F=r-(B=21) | ‘”12“3;5(?)—(91
—iy 2"

-cos(p)de . (57)

WuTterpnpys Belpakenne (57) w genas npeoOpa3oBaHNs, WMEEM:

s AB-2-F X X
I :}[‘(}'{—.Vip’*)(acal ,(0,5-sm(2¢, )+ p, —@, - 251n(p, )). (’58)
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CMmemenne oce HOAITMHHWKA W HOCAJOYHONM TIOBEPXHOCTH, OOYCIIOBICHHOE
cOMMKeHUEM WX MOBEPXHOCTEN U AeopManyeil MaTepuana Kopnyca, IpuBoauT K odpa-
30BaHWIO KOHTYPHOW HIIOIMIAAW KacaHWA, COOTBETCTBYIOLIEH LIEHTPATbHOMY YTIy KOH-
TAKTA .
JLTst pacueTa KOHTAKTHBIX HapaMeTpOB MOMHO MCHOL30BaTh pemenne [, [epa.

Jng cny4as BHYTPEHHErO KACAHWA ITUAUHAPOB YIOJ KOHTAKTA ¢, ONpeaenseTcs 3aBUCH-

MOCTEH)

sin(¢g,) = ; 3 _A_(;_z_rk)'{(l—#ﬁ)ﬂL (1_#:)%} (59)

rae - paauyc (pacok HapY>KHOIO KOJbIA, MM,

B - IIMPUHA KONbLA, M;

F - BHEIIHAA paauajibHas Harpy3Ka Ha TOAMMHAWK, H;

A - HauaBEHBIA 3a30p B TPUOOMEXAHWUECKON CHCTEME «KOIBII0 HOMIIMIIHUKA —
KOpILyc», MM,

i, i1, - koxdpdmimenTs! [lyaccona MaTepwuanoB HOAIMIWITHUKA W KOPITYCa,

F, IX, - MOAYIIW YIIPYTOCTH MaTepraioB MOAIIHITHWKA M KOPITyCa.

Oyukuus (59) BepHa nUilib B YACTHOM CAyuae, KOra HayaabHbie 3a30pbl B TPUOO-
MEXaHUTECKOI CHCTEME «KOJIBIIO TTOAIMIMITHHKA — KOPIMYC» A HaXomATcs B 0OJIacTH pe-
aJTbHBIX (PAcueTHBIX WM SKCHEPUMEHTAIbHO OTIPEICIICHAEIX ) 3HAUSHHWH B TIpenenax oT
A#0 10 A{l MM, TaK KaK IIpA A =0 3aBUCUMOCTE sin(@,)—> %, a ipu Ayl sini{g,) —0.

CpoiicTBa MaTepHAJIOB JACTAleH TaKKe B 3HAUUTEIIBHON CTEHEHW OMPEASIIAIOT
Sin(g, ) :

OpU £ = £, yrojl KOHTAKTA, KaK MPaBuio Oau30K K 90°,

npu )£, - sin(g, 90",

npu E,(E, - sin(g,)(90" .

Jng HAXOKNEHUS 3aBUCMMOCTU MEXKAY @, U o, PACCMOTPHMM M3HOC HAPYXHOrO
KOJTBIIA HOATTUITHUKA, KOTOPBIH OYAeT WMETh MECTO TIPH HOBOPOTE KOJTBIA HA 2JIEMEH-

TapHLI yro de (Pucyrok 31):



109
dS, =k, - p-vdr. (60_)
Bpems u3HanimBaHua dr Ha yYacTKe ¢ MEHbIle 0011eTr0 BPeMEHN U3HAIMBAHNA
! B OTHOWICHWHW d¢ K HOJHOMY YTJIy HOBOpoTa 2x . [IpuHNMAas, 1TO B YCIIOBHAX MaJThIX
HATPY30K HAPYXXHOE KOABLO MOALIMITHUKA MOXHO PacCMaTPUBATh, KAaK adCOMIOTHOE

)ectkoe. [losTomy:

2-7 do 2- 2

k . e f
&d@_ (61)

¥

S dS,
Ilonaras, 4To CKOPOCTL U3HALIKMBAHUA @, =—L U do, =—, NOIYUYUM
{ {

dey, = %d@ , A 3HAYEHUE o, (62)
T
kv A
o, = fyas j‘pa'g)‘ (63)

—#n
Pewast coemectHo (62) w (63) 3aBUCHMOCTE I CKOPOCTH W3HAIIMBAHWs KOITblla
@, .

3 k -sin(g,) ]
= (64)

M3 3aBUCUMOCTHU CAEAYET, UTO @, HE 3aBUCUT OT YIJIA ¢,, TO €CThb U3HOC PABHO-
MEPHO pacnpeselleH NO NOBEPXHOCTU HAPYKHOrO Kombla. Mcnonb3yem 3aBUCUMOCTD
(64) nns onpeneNeHUs CKOPOCTH W3HAIIMBAHWS TPUOOMEXaHUIESCKON CHCTEMET «KOJTBIO
HOAIIMHHWAKA — KOPIYC» @, ,.

ComecTHO peinas ypaBHeHus (59) u (64) OTHOCUTEIbHO @, , MOAYUHM:

27k, I on

(B - 2-rk)-[0,5-sin(2§9[])+ @, —

- = . .
k sin(g,) (65)

7ok, + @,k
Boipaxkenue (65) nokasbiBaeT 3aBUCUMOCTh CKOPOCTH M3HALIMBAHUA Tpudomexa-
HUYECKON CHCTEMBI «KOJTBIIO TIOAIIHITHAKA — KOPITYC» OT MaTepwana aetanei (k. k, ), pe-
kuMa paboTHl (P, n), ¥ pa3MepoB TPOOMEXaHHYECKOH CHCTEMBI «KOJTBIO TIOMIIHITHHAKA —

KOPIYC», HO ,_, HE 3aBUCUT OT PAaMyca HAPYKHOro Koibia. MnmoceTparms 3aBUcumMo-

cTH (65) mpeacrasieHa Ha Pucynke 33,
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Pucynok 33 - 3aBHCUMOCTH CKOPOCTH M3HALIMBAHKUA TPUOOMEXAHHUECKOH CHCTEMEI

KOMBUO NMOAUTATIHHKA — KOPIYC» OT YI71a (bamﬂqecmro KOHTAKTA

CkopocTh H3HALIMBAHUA TPAOOMEXAHUUYECKOH CACTEMBI «KOJIBLIO NOAIIMITHMKA —

KOPITyC» TIPH NPOYMX PABHBIX YCIOBUSAX 3aBUCUT OT yrijia (PAKTUHECKOro KOHTAKTA H C
YMEHBIICHHEM €10 CKOPOCTh U3HAIIWBAHUA YBCIMINBACTCA.

Benwuwua w3Hoca OTIPEAEITACTCA 3aBHCHAMOCTRIO,

JJIA HAPYKHOI'C KOAkLA NOMITHITHHKA:

k - sin{g,
S, =, .._l__(f&_)_. (66)
@,k + 7k,
IS IOCaaOTHOH NOBEPXHOCTH MO MOAITHTTHUK!

@k + 7k,

S, =0, [cos(gv) - k,_sm(_L)_] ¥

(67)
K3 (67) cneayeT, 4yTo H3HOC KOAbLA NOAIMUNHKAKA HE 3aBHCUT OT €ro JHaMeTpa.

Ans mocagoqHOH MOBEPXHOCTH NMOJ NOAWANHUK BOCTIONB3YEMCA PABEHCTBOM
Fi g
(67), B xOTOpPOM @ # const . Cornacuo Pucynxa 31 ¢ usmenserca B npegenax or —= a0
z
>

I'padux (67) npencraenen Ha Pucyske 34,
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M3Hoe rocagodHol NOBEPXHOCTH, MM
|
I

-~ 0.2

ta

Yron chakTriHeckoro KoHTakTa, pan

Pucynok 34 - 3asucuMocTs H3HOCA MOCAAOYHOH TIOBEPXHOCTH OT YTIIA (haKTHUECKOTO

KOHTaKTa

Janusie rpadwka 34 TOKa3BIBAIOT, UTO BEPOATHAS AITIOpa M3HOCA TTOCAIOTHOH TT0-
BCPXHOCTH TIPEACTABIAET co00i mHIo, onpeaengemyo ¢yHKUmeH kocuHyca. Makcu-
MaTbHOE 3HAYCHWE M3HOCA MOCAAOYHOH MOBEPXHOCTH pacnonoxeHo B Touke 0. Benn-
YHHA H3HOCA MOCAI0YHON MOBEPXHOCTH B 3HAUMTENBHOMH cTeneny obycnopnusaercs pa-

AMANLHOH HACPY3KOH HA NOJIWMNHKAK 1 YCIOBHAMH HAYAILHOr0 KOHTAKTA ((sin(g,)).

Takum oOpazom, npu pacuére HaNPSIKEHHO-ASHOPMUPOBAHHOIO COCTOSHMS
Harpy »XeHHOM 30HH (NTHHE Opyca) Hapy:KHOTO KONBLEA MOALTNITHAKA 10 3aBUCHMOCTH
(67) cneayer yuWTHIBATL BEMMYHHY yria (PaKTHYECKOrD KOHTAKTA HAPY)KHOTO KOJLLA

NOAIIKUITHAKA € KOPIYCOM.
2.3 Pacuernas mogenb H3ruba HAPYKHOT'0 KOJIbLA [10/IUHIHHKA

Tpubomexannueckas CHCTEMa «KOJIBLIO TOATIHITHAKA — KOPITYC» XapaKTepH3yeTcs
TTONMMOP(HOCTEIO MPOLIECCOB KOHTAKTHOTO B3aHMOAEHCTBHA | TIOBEPXHOCTHEIM pa3py-
IIEHHUEM FIEMEHTOB CHCTEMBI,

V¢noBHBIC KPUTEPHH, NIPH OLICHKE AOJTOBEYHOCTH TPHOOMEXAHATECKOH CHCTEMBI

«KOMbLIC TOIIHITHAKA — KOPIye» 0a3HPYIOTCA HA ISTEPHOPALIMH H Perpecce ciryKeOHEIX
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CBOWCTB, OTHOCAIINXCA TOJIIBKO K IAPWKOBOMY PAAHAIIBHOMY HOIMWITHUKY KaueHUd W
YUMTbIBALOT:

- tehopMarniio B 30H¢ KOHTAKTa TeJT KAUEHNS ¢ KOJTbIaMW HOAIINITHUKA,

- KOHTAKTHBIC HANMPSIKCHUS MEKIY JIEMEHTAMW IAPUKOBOTO PAAWAITbHOTO HOJI-
LIHMHUAKA,

- pacnpeeneHue Harpy30K MEXKAY TEAaMU KaueHUs

- UI3MEHEHME KECTKOCTH MO/IIHUIHAKA KAUSHUA,

- W3HAMTMBAHWE HIIEMEHTOB TTOIIIUITHHKA;

- BUOPOYCTOWIUBOCTE W JIPYTHX, KOTOPBIE ABIAIOTCS KOCBEHHBIMHW XapaKTEPUCTH-
kamu ero padorocnocodbHoctu [2,29,66,88.91,124,127,182.214,234].

Cnenyer UMETh B BUAY, UTO PECYPC LIAPMKOBOrO PajHAlIbHOIO MOAUIMITHUKA Ka-
TCHWS W IPYTHAX JIEMEHTOB KOPOOKH TIepeIat TECHO CBA3aH CO CKOPOCTHIO U YCIIOBUAMU
W3HALIMBAHMA OTBEPCTMA I0J NOJLIMIHMUK KAueHUs B KOPOYCHOW  jaeTtanu
[12,154,188,189.250.259].

Beumy Toro, uTO pecypc TPUOOMEXaHWUESCKOW CHCTEMBI «KONBIO HOAUTHHHWKA —
KOpnyc», B OOJbIlC Mepe, ONPeae/IaeTes KOHTAKTHON MPOUYHOCTBIO MaTepyana OTBep-
cTua noa noamuniuk B kopnyce KII. PenepaHTHO yTBEpP:KAATh, UTO CKOPOCTb U3HAILIM-
BAHWS W IIPOLECCH PA3pPYIICHIUS, TPOXOAAIINE B HOBEPXHOCTHOM CJIOE MaTeprasna oTBep-
CTHS HOJ TOAMIMAHWK KaueHus B kopryce KI1, oqHo3HaTHO KOPPENMUPYIOTCS ¢ KOHTAKT-
HbIMH HAHPSKCHUAMM B 30HE M3ruda KOJblia HIAPUKOBOrO PaJvalibHOrO NOALUMIHUKA
kaeHus [188]. [lomumo »TOTO, M3rHO HAPYIKHOTO KOJBIA MMAPUKOBOTO PaIHATIBHOTO
HOAITUHHAKA (GOPMTIPYET W3THOHBIC KONMEOAHNS, UTO BIUACT Ha YACTOTY €TI0 MPOBOPaTH-
BAHMUS B KOPIYCE, a B IPUCYTCTBUM ITPOJIYKTOB M3HALIMBAHUA, CO3AET YCIOBUA and ab-
Pa3WBHOTO W3HAITUBAHUS JIETANICH CHCTEMBI,

CrnenoBaTenbHO, PALIMOHAIBLHBIM CIIOCOOOM NOBHIIEHUS pecypca TpUdOMEXaHU-
JECKOM CHCTEMBI «KOJTBLIO HOAMTMHANKA — KOPITYC», ABJIAETCA pazpadoTka pacuéTHOH MO-
JIEJTH, TIO3BOJIMONICH yUecTh BETUIHHY W3THOa HAPYKHOTO KOJThIIa UTAPpHKOBOTO Paav-
aNbHOrO MO/IIMIHAKA, U HA OCHOBE 3TOI MOJICIH, NPEANMKUTL CNOCO0 YMEHbIICHHA €ro
BITHSIHUS C LICTTBIO YBEJIMUCHHUS pecypca TPHOOMEXaHWUCCKON CHUCTEMBI «KOJIBIO HOJ-

IMMHHWKd —  KOPIIYC», H APYIHOC KOJIbOO  JIHO boro IapuKOBOTO  pPAaHATBHOTO
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TIOIITHITHAKA KaUCHWS ABIIACTCA 3aMKHYTBIM KPHBBIM OpYyCOM, KPHBH3HA KOTOPOTO MO-

ET CUMTATHCA MAJION, NOCKOJIbKY BHICOTA CEUSHMS KObIIA i MHOTO MEHbIIIE €r0 HAPY K-
h " h o
HOro guametpa D (yCIOBHO NPUMATO: > < 0,2 — Opyc mManoil KpUBU3HH, OpU o= 1-

Opyc OONBIIOH KPUBHU3ME) [267].

JUnst QONTBITUTICTRA TITAPHKOBBIX PAAWAITBITEIX TIOANIUITHHKOB cOOTHOTIETHE [267 ]

h _
—=10,05...0,2, 68
D (08)

Ta¢  h - TONIWHA (BEICOTA CEHEHWA ) KOJTbLA ITOAINITITIKA,;

D — Hapy>xHbIi MaMETP KOAbLA MOAIIMITHUKA

[TorrepeuHOE ceuenne KoJbla MapHKOBOTO PaalalbHOTO TIOAMIWIITTKA CHMMET-
PUYHO OTHOCHTEIEHO LETTPATBHON OCH, TIEPTICHINKYIPHON T10CaI0UTION TOBEPXHOCTH,
uyto 00ecneunBaeT ero nNpaMoil u3rud. OCHOBHON MPUUYUMHON M3rnda HAPYKHOIO KOJblia
NOJIIMNHUKA KAYeHUa ABaAeTCA aedopMalys NOBEPXHOCTHBIX CNOER NOCAIOUHON Mo-
BepxHocTH [154], mpomopunona sHas aBiIETA0 HA TIeé, UTO 00y CIaRIMBACT TTPHUMEHE-
HUE runotesn BuHknepa ang monenu u3ruba Konbla 1APUKOBOrO PAAUANLHOrO Moji-
wunHuka. ToT (PaKT, YTO OMOPHAS MOBEPXHOCTb HAPY>KHOIO KOJbUA NOJIIKMIHUKA CIIO-
coOHa co3/aBaTh OMOPTIOE AABJICTINE JIMIIBL OJATNOTO HAMpaBieHWs (K LENTPy HOIIIHT-
HUKA) U NO3TOMY HE MPENATCTBYET OTPbIBY KOJbUA OT MOCAJ0YHOrO OTBEPCTUS B KOP-
nyce KII, He umeeT cyniecTBeHHOro 3HaueHus [124].

CornacHo THNIOTe3e BuHKIEpa, TPUMEHUTEIBIIO K TPHOOMEXAHHUECKON CcHcTeME
«KOJTBLIO TTOJIITHITHHKA - KOPTYC» MUKpOpENbed) TTOCAA0THOTO MECTa paccMaTpHBaeTCs, Kak
CUCTEMA ONUPAONIMXCA HA HKECTKOE FOPUZOHTATILHOE OCHOBAHUE U HE CBA3AHHBIX MEKY
co0OM MPYKKMH, CXKATHE KOTOPBIX BO3PACTAET MPAMO MPOTOPUHOTANBIIO TTPHIIOKEHTTOHN
narpyske. [Ipy 3ToM, COTTPOTHBIIEHWE THEPOXOBATOCTEN PAa3BUBAETCA TOJBKO TICTIOCPE-
CTBEITHO TIOJ HATPY3KOH U B 3TOM COTIPOTHBIIETIHN TI¢ YIAaCTBYET MUKpopenbed, pacmo-
JIOVKETTHBIN ¢OOKY, KOTOPHIH TI¢ HCTTBITEIBACT Marpy3ku. KosddwumenTt nponopuuonais-
HOCTH MEXIy Harpyskoit u aedopmauuei onpenenserca Ko PpOUUUEHTOM MOCTENH
[124,154,234].

B monp3y mpumernieHus TUTIOTE3bl Bumkiiepa juts mMoAenw u3ruda mapy’KHOTO

KOJIbLA NOANIUITHUEKA ABJIACTCA HaIIRINUE Mmcpopeﬂbe(ba Ha MMOBEPXHOCTH
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KOHTaTKTUPYIOIINX TIOBEPXHOCTEN aeTajeill TPHOOMEXaHWUYECKOH CHCTEMBI «KOJIBLIO
NOJIIMNHUKA — KOPIyc». BBUAY HANMuns MUKpopesbeda Ha KOHTAKTUPYIOMUX NOBEPX-
TOCTAX KOHTAKT OCYIICCTBIIACTCS 10 OTASITBITEIM 30TIaM (TsITiaM KoHTakTa). Pacnipene-
JICHUE 30T KOATAKTA 3aBACHUT OT BEJIMYUITHT MHKPOHEPOBITOCTEH, (DOPMET 1 CTETICHH BOJT-
nuctocT. HadnroaeMble KOHTAKTHBIE TIEPEMETIIeHNs, B OCHOBHOM, OMPEAEIAIOTCA -
(bOpMUPOBAHKEM BBICTYIIOB LISPOXOBATOCTEH, PACMONMKESHHbBIX HA rPpedusax OTAeNbHbIX
BosiH. Bosnbl, Kak npasuno, 1e)opMUPYIOTCA YIPYTO, B TO BPEMA KAK MUKPOHEPOBHOCTH
— YIIPYTO — TUIACTHYECKH, UTO B CBOIO 0UEPEab (POPMUPYET ABYXCITOBITOE YIIPYTOE OCHO-
BaHWE. B CBA3M ¢ AWCKPETTIOCTHIO KOMTAKTA MaNpsKenmud W AeopMaiin TTOBEPXTTOCT-
HbIX CNOEB MHTEHCUBHO 3aTyXaroT no raydune [91].

B neppoM npuGnukeHuu, ynpyroe OCHOBaHUE A/ IUIOCKUX CThIKOB NpeACTABIA-
€TCS MOJCITBIO, COCTOATICH M3 ABYX CITOEB, UMEIONINX PA3TUTHBIC YHPYTHE XapaKTepH-
cTuku [279]. BepxHuii ¢i0¥ npUHUMAETCA AOCTATOUHO TOHKUM, U AJ14 HEro YOpyrue ne-

PEMELICHAA OIIPEACIIAOTCA 3aBMCUMOCTBLID!

kq(x)
—

rae  q(x) — moromHas marpyska B TOUKe ¢ KoOpAumaToi x, mlla;

§(x) = (69)

b — lnpyHA OCHOBAHUA, MM,

k — korpduument nponopurMoHaIbHOCTH (KO3(hULMEHT KECTKOCTH

YHAPYTOTO OCTIOBAHWS ), KOTOPBIT CUNTACTCS TIOCTOSHITEIM JUUTST TATTHOTO

OCTIOBAHUS,

HuxuHnid cnoit umeet Tomuuny H (pUCyHOK 33, 2) M AJ14 HErO YIIPYrue nepemMerntie-
MU OTIPEAETIAIOTCA 3aBUCHMOCTBIO:

§(x) = v(x)y(2), (70)
rae v(x) — GyHKIMS WPOJONBHOTO PacHPEISIICHIS;
Y(z) — GpynmKums TTOTIEPEUTIoTo pactpeaeenus (pucyHnok 35, 0);

0(z) = sinhy(H — z)

sinhy-H
Y — Ko(hPUIUENT, XapakTepU3yIoMUi CKOPOCTE 3aTyXalis TICPEMEIIETTHI 110

r1yOMHE OCHOBAHMS.
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OYHKIAS TPOAOTEHOTO pacnipeaesicuus v{(x) MoxkeT OLITh MpEACTaBICHA, KAk

v(x) = mF — 2t,F", (71)
rae  F — GpyHKUMS BEPTUKATILHOIO PACOpPEIeNeHH,
b .
m = E + &5. (72)

HuddepeHuuanbHoe ypaBHEHHE, BLIPAXKAIOLIEE 3aBUCUMOCTh MeX Ay (pyHKuuen F

BCPTHKAJIIPHOTO HCPCMCINICHHUA H Harpy31{0f1 HMCCT BRI

kg(x _
—2t,F" + &, F = qu ), (73)
Eq Hb
e A (74)
12(1 +vy)
Eoib |
2T HA+ v (73)
yH sinhyH - coshyH +yvH ,
= —- 76
Vi 2 sinh?yH ’ (76)
3 sinhyH-coshyH —yH ,
Y = ' — ) (77)
2vyH sinh yH
E
E,=—, 78
. 79

E — moaynb ynopyroctyd matepuana ocHopanus, Mlla;

v — kooppuument Ilyaccona mareprana OCHOBAHMUA.

Ot 3aBucumocTi Bunknepa, ypasnenwe (73 ) otnmudaeTcs MajJudaueM qieHa ¢0 BTO-
poil Npor3BOAHON 0T 0000IEHHOrO NepeMenieHus F. ITUM YWIEHOM YUMUTHIBAETCA BIIU-
AHME KACATeNbHbIX HAHPSXKCHUA, BOSHUKAOIIUX B YIPYTOM OCHOBAHUM.

[lapameTp t, onpenenseT paboTy OCHOBAHUA HA CABUI, TO €CTh PACIPENSIIAOLLYIO
CnOCOOHOCTh OCHOBAaHMA. B pesynbTaTe yuéTa KacaTelbHbIX HAMPSKEHUH MNporudbi
WMEIOT MECTO TIE TOJTEKO TICTIOCPEACTBENTIO TIOA HAarpy3KoH, HO W 3a TPEASTaMW TTOCIe -

HEeMu.
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CrnenosarensHo, ipu 4 < 0,1 a1 TEXHWIECKUX PACcUETOB AOTMYCTHMO UCTTONB30-
BaHME runoressl Bunknepa.
Bzaummoe BiusTIIE TAapaMeTpoB A W P pacCMOTPUM Tia TIpUMEpax.
B ciyuae komrakTHpoBanus MUKpopenbedoB TOBEPXHOCTEH (TIPH YCITOBUH OTCYT-
CTBUS BOJIHUCTOCTH) U NPEJACTABICHUM LIEPOXOBATOCTH B BUe cep, DyHKLMA BEpTH-

KalnbHOI'O PacHpeaSICHUs BbIPAXKACTCA 3aBUCUMOCTHIO [134]:
z2’ (83)
FAS g — momymmpwHAa TUTOIAAKH KOTITaKTa, MM;
2 {Pr :
a=11|—, (84)
E

P — cWyia BOCTIpHHAMAEMAast MAKPOBBICTYTIOM, H;

T — paJuyC BEPIIMHBL MUKPOBLICTYNA, MM,

E — moaynb ynpyroctyd 0CHOBaHuA, mlla.

Ecmw npunsite, uto tiyouna ocHoeauns H = 10a, To cneayer monarars Y = 0,01
[154]. dist mOBEPXTIOCTH TTOCAAOTHOTO MECTa Mo MOAIINIIHAK Kadenud B kopryce KI1

r = 2,5 — 5 MKM, paccTOsHUE MEX/Ty OTACIbHbIMU MUKPOBBICTYIIAMU MPUMEPHO PABHO
H

MM3

3 - 10 mxm, [154] npu stux yenosuax k = (0,3 — 1) - 10° [154]. B GonbiuinHcTBe

ciyuaes [154], cpentee aasiacune B cThike 0 < 10 mlla, Torna H = 0,06 — 0,15 Mwm, a
A <0,0001.

B cnyuae KOHTAKTa BOJHUCTLIX NOBEPXHOCTEN (N0 JaHHbLIM padoTsl [154] BonHu-
CTOCTh OIMCHIBAIOT B BUJIE S/UIMOCOMAOB) (PYHKUMA BEPTUKAIBLHOIO pacnpe/eneHus

uMeeT Buj [154]:
1

a1 )

TAC @, b — nonyoCcH MIOIAAKA KOHTAKTA, MM.
JLtst IoBepXTocTeit o1 MOAUTAITHAK KateHus B kopryce KIT [127], mpenensmerit

panuyc Boadbl ¥ = 10 — 50 mm, war Boaust 1 - 2 mm. Ilpu cpennem napinenun o <
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10 mlla, ameem H = 1,5 — 3,5 M, uTo cootBeTeTBYET A = 00,0005 ... 0,007, Ecomw ipea-
NOJOXKUTH, YTO rayOUHA OCHOBAHUA ONPEEAAeTCA TONNMIMHON CTEHOK ¢ KOPNYCHOM Ne-
taau KII, To ectb H = t, TO 11 TUIIOBLIX TOAWMH ¢TeHoK t = 15 ... 250 mm 3HaueHue
A <0,07.

Takum oOpazom, 115 peanbHbiX NAPAMETPOB KOHTAKTUPYIOIUX NOBEPXHOCTEM Je-
TaNIel TPUOOMEXaHUUECKOH CUCTEMbI «KONbLO NOJIMIHUKA — KOPITYC» 3HAYSHUE KO3 (-
(buineHTa A, yUNTHIBAKOIIETO COOTHONIEHUE XKECTKOCTE M MOBEPXHOCTHOTO CA0A U OCHOB-
HOro MaTepuasna aeraneii, He npepniinaet 0,1. OaHaKO, SKCIIEPUMEHTANBLHKME UCCAEA0BA-
HUS TIOKa3alid, 9T0 OCHOBHOW HEAOCTATOK HPHU WCITIOTE30BAHAN THTIOTE3ET BUAKICpa s
pacuéra n3rnda HaApyKMOro Kosbla 1APUKOBOTO PaAUATILHOIO MNOAIIMITHUKA COCTOUT B
TOM, 4TO penbed MNOBEPXHOCTM MOCAJAOYHOrO MECTa nperepneBaeT aedopmaliuio
(ocaqKy) He TONBKO HETIOCPEICTBEHHAO B TOM MECTe, TJIE Ha HETO OKa3bIBASTCS JaBJICHUE,
HO 4 110 cocencTny [154].

Tem He Mmenee, Ha OCHOBaHKMK 3aBUCUMOCTE (82 - 85) 171 MPAKTHYECKOrO UCIIONb-
30BaHWs JOMMYCTHMO WCIIOIB30BAHNWE THTIOTE3B! O 3aBUCUMOCTH COMMKEHUS B CTHIKE OT
JIABIICHNA B ceUeHNN (TWHOTE3a BuAknepa). CineayeT npeaAonaraTe, 970 KOHTaKTHPOBa-
HUE aeTaneil TpudOMEXaHUUYECKOH CUCTEMbI «KOJIBIIO NOALIMIHUKA — KOPIYC», paszne-
JIEHHBIX BCJICACTBHUE TIIEPOXOBATOCTH HOBEPXHOCTH CIIOEM HOHWIKCHHOM JKECTKOCTH, MO-
KET CITYIKATE 0OJTACThIO HAWNydIIel MPUMEHWMOCTH TOH THHOTE3HI.

Takum o0pa3om, HA OCHOBAHMU H3IOKEHHOIO, HAPYKHOE KOABIO MOJUMNHUKA,
KOHTaKTUpytouiee ¢ fosee KECTKOM AeTanbto (OTBEPCTUEM MO/ NOAUIMIIHUK B KOPIYCe
KIT), B o0mem Brae MOKET paccMaTpHBaThCA, Kak Opyc Majloro paauyca KpUBH3HBI Ha
YIPYroM OCHOBAHUH, KOTOPHIM SBJISIFOTCS TOBEPXHOCTHBIE CJI0U (1LIEPOXOBATOCTb U BOJI-
HUCTOCTh) NOCAAOUHOrO MECTa.

Ha Pucynke 36 npuseneHa cxema, WIIIOCTPUPYIONIASA B3aHMOCBA3b KOHTAKTHBIX
HapaMeTPOB W CUJTOBBIX (PAKTOPOB B TPHOOMEXaHUUECKOW CHCTEME «KOJTBIIO TTOAIIHH-

HUKa — KOPITYC».



2 ~ Yron Harpy>keHHO# 30Hb1 (001aCTH KOHTAKTA),
Y — YTOJI MEXKIY TENaMH KaueHUs;
S- 3a30p (M3HOC)
PuecyHok 36 — CxeMa B3aHMOCBS3H KOHTAKTHBIX NAPAMETPOB M CHIIOBRIX (PAKTOPOR B
TPUOOMEXAHUYECKOH CUCTEME «KOJIBLIO NOALUINITHMKA — KOPITYCY.

3agaua no onpeaencHA0 M3ruba HapYKHOTO KOOBLA MOJIIHITHHKA TIPSACTABIIET
3HAYUTENbHbIE TPYAHOCTH:

~ HE NPEACTABNAETCH BOZMOMKHBIM AOCTOBEPHO OMPEASHMTDb (pacCuUMTaTh) Yo
Harpy»KeHHOH 30HH (OONACTH KOHTAKTA) HAPYKHOTO KONMBLA NOJIMNHUKA © MOCAT0U-
HeIM oTBepcTHEM B KI1, MOCKONBKY KOHTAKT HAPYXHOTO KOJIblA NOJUIMIHUKA ¢ IOBEPX-
HOCTBID OTBEpPCTMS OyHeT MPOMCXOAMTh B MECTax ero u3rudba (B CBOK ouepean yroi
Harpy>K€HHOH 30HHI (00IaCTH KOHTAKTa) HapyHOTO KOJbLA MOAMIHIIEHKA ¢ T0Ca09-
HEIM orBepcTHeM B KI1 1 BemauwHa ero m3rnba OyAer 3aBHCETE OT 3a30poB (W3HOCOB)
MEXIY HApYKHBIM KONBLIOM M NOBEPXHOCTBIO NOCAAOYHOrO OTBEPCTHA ),

- BHYTPEHHHE CHIIOBLIE (PAKTOPBI B NOALIMITHUKE (PacnpeaeNeHHe Harpy3oK Io Te-
J1aM Ka4eHMs) 3aBUCAT OT 3a30pOR (M3HOCOB) B NOAMWHNITHUKOBOM Y311€, BETHUHHL BHEUI-
HEH HArpy3KM M BeKTopa €€ JeHCTBHA OTHOCHTENBHO PacloNiOKEeHUA Ten kadeHud (Ha
pacnpejeneHle HArpy30K [0 TejlaM KadeHUA Takke OyIeT BNUATH YroNl Harpy>KeHHOI
30HEI (06I3CTA KOHTAKTA) HAPYKHOTO KOJBA TIOAITHITHAKA ¢ TIOCAI0UHEM OTBEPCTHEM
B KIT);

- BBUAY OTCYTCTBHA OOOCHOBAHHBIX CBEACHHW M MPHEMNEMbIX PACUETHBIX MOJE-

7eit no oueHke ko3dpdHuMeHTa KECTKOCTH YIIPYroro OCHOBAHHA,
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- 3aBHUCAIINE OT HArPY30K, CBOWCTB Marepwaja, TPAHUYHBIX YCJIOBUW W APYTHX
(hakTOPOB, NOBEPXHOCTH MOI'YT BCTYIIATh MM BbIXOAUTh U3 KOHTAKTA BHE3ANHO U COBEP-
ICHHO HETTPEACKA3yeEMO;

- HEOOXOIWMO TIPHUHUMATh B Pacu€T YCJIOBHS TPEHUA, BO3HWKAIOMINE MEKIY
HAPYKHbIM KOJbLIOM U MOCAA0UHON NOBEPXHOCTHIO B KII (CylEeCTBYIOT HECKOIBLKO MO-
Jiened TpeHUs, B UX OCHOBY MOJMKEHH CTENEHHME (HETUHENHbE ) 3aBUCUMOCTH, B CBA3H
C 3TuM 3(PEKTbl, CBA3AHHME € TPEHUEM, MOrYT ObiTh XA0TUUECKUMHU U NPUBOAUTH K
HITOXO CXOJASTIIUMCS PEITCHHSIM ).

[Ipn paccMOTpEeHUN B3aUMOACHCTBUS HAPY KHOTO KOJIBIA [HAPUKOBOTO paavaib-
HOIO MOAUIMITHUKA ¢ MOBEPXHOCTHIY NOCAAOUYHOr0 oTBepeTua B kopnyce KII npunatm
CAeAYIOLINE NONYIIESHUA:

1. cripaseanmBa TMAOTE3a BUHKIIEpa O TMPOHOPLWOHATIBHOCTH MEKAY OCAlKON B
KAaKOM-JIM00 CeUeHUU U OTNOPOM OCHOBAHUS B TOM XKE CEUEHUU,

2. NOMNepeyHoe CeYEHUEe CUMMETPUYHO OTHOCUTENLHO €0 IEHTPANLHON Ocu, nep-
HESHAWKYIISIPHOM K OHOPHOH HOBEPXHOCTH, UTO 00YCIIOBTHBACT MpAMoit n3rnd Opyca;

3. OTCYTCTBYET NEPEKOC KOS, U BANA B MOIUUNHUKE KAYEHHUA.

C yuéTOM 3TUX JONYUICHUHA 3243a4a CBOJAMTCS K pelueHuto auddepeHuuanbHoro
ypaBHEHUS MIPAMOTO W3TH0A KPYTOBEIX OPYChER Majiol KPUWBHU3HBI;

2
du + Lo ﬂ, (86)
ds? = r? Ef
rAe u — paadanbHbid u3rub Opyca, KOTOPbIM CUMTAETCA NONOMHKUTEAbHBIM, €CIU OH

HaNpaBJICH K EHTPY KPWBU3HBI, MM,

M — marubaroyit MOMEHT B OpyC, KOTOPHIM CUNTAETCA TTONNOKUTEINBHBIM, €CITH

OH CO3J2¢ET CKUMAIOIIME HANPAXKEHU BO BHEUIHUX BOAoKkHaAx Opyca H - M;

J/ — MOMEHT WHEPLIMY TIOHEPETHOTO CEUEHHUS Opyca OTHOCHTEITBHO TJIaBHON LIEH-

TPaNIbHOI OCU NapasiebHoil ero onopHoi nopepxuoctu H + M?;

T — paanyc KPpUBU3HBEI Opyca (PacCcTOSHHUE OT MEHTPA TAKECTH TOMEPEUHOTO Ce-

YEeHUA 10 LIEHTPA KPUBU3HK Opyca), M,

E — Mooy yNIpyTrOCTH MaTepHalia Hapy KHOTO KOJTbIa HOAIIHITHUKA, Ml 1a;
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d%u

——; — BTOpas MPOM3BOIHAS OT n3ruda 1o JUTHHE TyTH Opyca.

HapyixHoe KOTBII0 MOAMIMTIHUKA TIPESACTARIIAET cO00M HITOCKYIO KECTKO3aMKHY-
TYIO VIPYIYVIO cucTemy. Takas cucrema ABIAETCA CTAaTMUECKU Heonpeaenumoin [182].
Hens3BeCTHEIMU ABIISTOTCS W3THOQFOUTMH MOMEHT My W pacTaruBaioimas HOpMaTbHas
cuia N.

Torna, npu Harpy:;KeHUH HAPYXHOIO KOJbLUA NOJALIMNHUKA €AHMHUYHON COCpeao-
TOUEHHOHN cunoh P (IIpUMEHATETBEHO K pacuéTHOW cxeme, HokazaHHol Ha PucyHok 36) B
ceueHuu 1 - 1 ypapHeHue n3rudaroinero MoMeHTa Ha yyactke 0 < ¢ < w OyJeT uMeTh

BUI:
M=M,+ Prsing — Nr(1 —cos @)+ M(q), (87)

rne M(g) — u3rufaromuii MOMEHT OT CILIOIIHOM HAIPY3KW, PACIpenenéHHON M0
HapYy KAOW MOBEPXHOCTH HAPYKHOTO KOJIbIA HOAIMWHHWKA W TIPEACTABIIAIOIINH
c000i1 CUITy OTHOpa yIpyroro ocHoBaaus, H - M;
P — eMAWYHAA COCPEIOTOUCHHAA cHita H;

T — paauyc KpuBu3HbL Opyca (PAcCTOsAHUE OT USHTPA TAKECTU MONEPEUHOro ce-

YEeHUA 10 LIEHTPA KPUBU3HK Opyca), M,

My — usrnbaromuii momeHTt, H;

N — pacTarnsaromas HopMabHas cwa, H.

Harpysky g Oyaem cuuTaTh HalpaBJICHHONW HO paaHycy Opyca.

MHTEHCHBHOCTE 3TOH Harpy3kwW HO THHOTE3¢ BUAKIIepa onpeaensaeTes, Kak:

g==k-u, (88)

rae k — xkodddunueHT TPONOPUHOHATILHOCTH (KOADPHUHUCHT KECTKOCTH yOpyroro

OCHOBAHUA), KOTOPBLA CUMTACTCA MOCTOAHHbBIM AJ1 JAHHOTO OCHOBAHMS,

U — paauansHbIi U3rud Opyca, M.

KECTKOCTE MOBEPXHOCTHBIX CJTOEB NP CORPKEHNH HAPYKHOTO KOTBIA O IILIATI-

HIKA ¢ KOPHYCOM OLICHUBACTCS IMITITPHUCCKONW 3aBUCUMOCTRIO [2, 267]:
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B 1-10_4MM_ Au
B Mlla B

k' : (89)

Py

TAC  Au — nepeMenieHde Hapy>XKHOro KOJbUA NOJIUIHUKA, M,
Dyx — YACITBHOE KOHTAKTHOE NaByicHue, Mlla.

C yuérom 3aucnumocTi (89) KorhPUIMEHT MPONOPLUWOHAIBHOCTH MEIKIY TIepe-
MEILEHHUEM HAPYKHOIO KONbITA MOAILMITHUKA B MECTE €ro M3ruda i MHTEHCUBHOCTbIO M0~

HEPETHOM HATPY3KU OTIPEETAETCS, KakK:

q

M=K pu=k L (90)

A€ ¢ — HarpyskKa, pacrpenenéHHas Mo HAPYKHOH MOBEPXHOCTH HAPY)KHOTO KOJAbLA
MOALIMIHUKA U OPEACTABASAIONIAA CO00H CUITy OTIOpa YOpPYroro OCHOBAHMSA,
Mmlla;

B — 1mupuHa KONbIa NOAIIMIIHUKA, M,
k' — KECTROCTE HOBEPXHOCTHEIX CIIOEB TIPH COMPSIKEHWN HAPYIKHOTO KOJBIE HOI-
LIMITHUKA C KOPITYCOM

B obuiem cayyae BennunHa ¢ onpeacnsiercs, Kak

B
rme £ - i
7 = ko — MCKOMBIi KO3(GUUKEHT TPONOPLHOHANLHOCTH MEXK/Y OTIOPOM OCHO-

BaHUA M MEPEMELICHUEM KOJbIA MOAIMIHUKA (onpeaenéHHblii Harpy3Ka, pac-

npeaenéHias no HAPYKHOU NOBEPXHOCTU HAPYIKHOrO KOAbUA MOAUIMIHUKA U

NIPEaCTaBIIAOLan cob0H CHITy OTHOpA YIIPYTOTO OCHOBAHUA,

B — 1uyMpunHa Konbiia NOAUMITHUKA, M.,

k' — »ECTKOCTh NOBEPXHOCTHHIX CIIOEB [TPU COMPSIKEHUU HAPYIKHOIO KObLA MO

IIWITHUKA ¢ KOPIIYCOM

[TpUMEHUTENEHO K COMPAKECHWIO ACTATIEH, ¢ YIETOM MUKPOTEOMETPUN TTOBEPXHO-
cTeil, B TpMOOMEXAHUUECKOH CUCTEME «KOJIbLO MO/IIKMNHUKA — Kopnyc» Ko3pdurment

k onpenensiercsa B padote [154].
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Hns onpenencunst M(g) paccMOTpuM OECKOHEUHO Maiblfl 3JICMEHT JUTHHET OCH

Opyca HaxoaAluicA oA ASACTBUEM BJIEMEHTAPHON HATPY3KU B C€UeHUM 2 — 2, pacno-

JOKEHHOE HOJ YTIIOM & < ¢ K ceuennio | — 1, Torga (pucyHok 39);
@
M(q) = krzj u(a)(sin (¢ — a)) da, (92)

0

rae k — xko3hPUIHMEHT TPOTOPIHOHATEHOCTH (KODPHUIMEHT KECTKOCTH YTIPYTOTO

OCHOBAHMA), KOTOPbLHA ABISETCA NOCTOAHHBIM AJ18 JAHHOIO OCHOBAHMSL,
u(a) — paauanbhblii n3rub 6pyca, M,
¥ — paglyc KPHBH3HBI Opyca (PacCTOSHHE OT HEHTPA TSKECTH TIOMIEPEYHOTO Ce-

YeHUS A0 1IEATPa KPUBU3HET Opyca), M.

C yuétom Bbipaxkenua (92) zapucumocts (87) Oyaet uMeTh BUA:
@
M=My+ Prsing —Nr(1l—cos¢@)+ krzj u(a‘)(sin (9 — a)) da, (93)
0

rae k — koddpduuueHT nponopuUMOHaATLHOCTH (KOIPPUUUEHT KECTKOCTH YOPYroro
OCHOBAHNSA ), KOTOPEIH ABJSIESTCA HOCTOSHHBIM IJ19 JaHHOTO OCHOBAHWS,
u(a) — paauanbhblii n3rub 6pyca, M,
¥ — paanyc KPWBHM3HBI Opyca (pacCTOSHHE OT MEHTPa TSKSCTH TIOTIEPETHOTO ce-
YEeHUA 10 TIEHTPA KPUBU3HBL Opyca), M.
M(g) — n3rubaromyii MOMEHT OT CIUIOIIHOA HATPY3KM, pacnpenenéHHoi o
HapyKHON TIOBEPXHOCTH HAPYIKHOTO KONBIA HOAITMHHWKA W TIPEACTABIIATOUTIH

c000i1 cuty oTnopa ynpyroro ocHosanusa H - M;

P — eqwHNYHAA COCpeNoTOUeHHAd cHlla, H;
My — narnbaromuii momesnt H - M;

N — pactarwBaiomas HopMaibsHas cua, H.

du Ha 1 d*u
ds? 2 de?

[Tpeobpazoras 3aBUCUMOCTE (93) ¢ 3ameHOH W YUUTBIBASA BEIPAKE-

ave (93) muddepenunanbHoe ypaBHEHNE TIPAMOTO W3TM0a KPYTOBHIX OpYyChbeB Maioi

KPHBH3HEBL
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d?u e r? y

do? YT TR0
+ Prsing — Nr({1 — cos ¢) (94)

@

+ kr? f w(a)(sin (¢ — a)) da|,
0

Bripaxkenue (94) asnserca mnddpepeAIManbHO-WHTETPATbHBIM YPaBHEHNEM, T10-
3TOMY HEMOCPEACTBEHHOE PEIICHNUE 3TOT0 YPABHEHNS TTOIYUNTE HE TIPEACTABIIACTCA BO3-
MoxcHbIM . Judpepenuupya ypapaenue (94) @ no3possieT pacKpbiTh 3TH HEONpeaenéH-
HOCTH.

[TepBoe mudpepeHumrpoBanue:

@
du du_ |, N si +sz (@) cos(p — a) d 95)
i Tde " I rcos@ —Nrsing +kr* | u(a)cos(p —a)dal. (
0
Bropoe muddpepenmporane
lQﬁu+dzu— r Pr si N + kriu(e)
d0* Tder . E rsin@ —Nrcos @ reu(e
. 96)
— kr? J- u(a) sin(p — a)da|.
0
Pewrast cosMecTHo ypasaeHus (95) u (96), B urore
d4u+2d2u+ 1+ kr? —rz(M NT) 97
dot " “dgz " Ef )BT G7)

Ypasrenwe (97) apnsgercs MUACHHBIM TH(MOEPEHITHATBHEIM YPaBHSHUEM TETBED-
TOrO MOPAAKA C NPaBOii YaCThIO, U €ro 00LIee PELEHHEM ABIASTCA CyMMa pelueHnii: 00-
LIErO PEIIEHUA COOTBETCTBYIOLIETO OJHOPOIHOrO YPABHEHHA U OAHOCO K3 YACTHBIX Pe-
MICHWH HEOIHOPOAHOTO YPAaBHEHUS.

O6iuee pelnenne ypapaenua (97) moxker ObITh NPEACTABIEHO B BUJE:
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U =u; + Uy, (98)

rie uq — peinenue ypapHenus (97) O0e3 npaBoi 4acTu, IOIYYEHHOrO 13 ypaBHenus (97);

U, — YacTHOE perIeHne ypasHeHus (97).

Tornaa,
d4u+2d2u+ 1+ fr” = 99
dp* d? “ Ej ] (99)
Y4 20% + 1+M~‘L = 0; 100)
0 0 )= (100
kr# .
Q1234 = |~1% _E_j' (101)

Vpagnenne (101) umeeT ueThipe KOMIUIEKCHBIX UMCAA, MOMNAPHO COMPAKEHHbIX

IPYT € APYTOM:
01 = a + bi; 0, = a — bi;
g3 = —a + bi; 04 = —a— bi;

CrneaoBarensHo, o0uiee pelueHue ypapHenus (76) uMeeT Caeayoluii BUA;
u, = e (Asin(by) + Bcos(bp)) + e * (A, sin(be) + B, cos(bg)). (102)
ITocne npeodpazopanus ypapueHua (76) moayuum:
u, = G e sin(b(p + ay)) + Coe % (b(—¢p + a3)). (103)

Onpeaenum BeAUUMHb @ U b.

U3 3aBucumoctu (97) cnenyer:
=1+ |— (104)
Moy Th BETUIUHEI Q2

krt .
m = ’1 + i (105)

3asucumocts (104) npencraBuM B TPUTOHOMETPUIECKOH hopMe
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k 4
krt -1 \’EL}
2= |1+ +i-—=_| (106)
H\ [k [k
EJ EJ

3apucumocts (106), npeoOpa3zoBaHHas NyTEM M3BAEUESHHA KBAAPATHOIO KOPHA U3

obenx TacTeH ypaBHEHHS, OYIET UMETh BH/I

1 1
(o1 el
) )
ferd 1-|-kL 1-|'kL
o r Ef . EJf 107
o=+ 1+Ej > +i > . (107)

\ /

BeliectpeHHas yacTth @

B POV Y U S 0 Cl R 108
= E] |2 Lk 72 E] (108)

Momye MAUMOW JacTH Q

V2 kr? .
- - 109
b > ,1+ 3 + 1, (109)

b2 = a? + 1. (110)

Torpa,

Benmmunna 1, mpuANMaeM TIOCTOSHHOMW, Tak Kak mpasas dacth ypasHenus (110)
MOCTOAHHA.

U3 ypasuenns (110) umeem

kr? B 72 .
u2(1+E—])——E(M0—Nr), (111)

OTKyJAa, nocae npeodpasoBaHU:

N3 — Myr?

= , 112
“2 EJ + kr* (112)
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B xoneuHoM WTOTE, 001IEe pelIeHNe ypaBHeHNs (97) OyaeT NMETE BU:
u=u, +u, =Ce*sin(blp +ay)) + Ce*sin(b(—¢ + ay))

Nr3 — Myr? (113)

* E] + kr* ’

[lockoabKy BEIMUMHA U AOIKHA YAOBACTBOPATH YCIOBUIO CHMMETPHM, TO
u(p) = u(2r — ). (114)
Hexons u3 yenosus (91), cootHomenua mexay Cp, Co U a4, & B ypaBHeHuu (114)
C, = Cye™ %", (115)
a, = a, — 2u(p). (116)
C yuaérom (115) u (116) 3asucumocts (114) Oyner nMeTs BUT;

u(p) = 492D sin(b(p + a, — 21))

(117)
+ Cye™% sin(b(—¢ + ay))+u,,
u2m — @) = C,e " sin(b(p + ay)) B
+ C,e49 2D sin(b(—¢ + a, — 21))+u,, (e
u(p) = u(2r — ). (119)
Onyckas unaexe npu C n 0003HAUUB @, yepes [, UMeeM OKOHUATEIbHO
u=C(e*@2 . sin(b(p + f — 2m)) + e~ sin(b(B — ¢))) + u,. (120)

Hans peinerns ypasuenns (120) neobxoaumo onpenenuts 3Hayenus C u f, a Takke
HEU3BECTHBIC BEIMUWHBI N W My, Briusronye Ha ;.

[lepBoe ycrmoBue ANs ONMPSACTICHUS TIPOW3BONIBHBIX HOCTOSHHEIX COCTOUT B TOM,
YTO YroJ NOBOPOTA MOMEPEUHOro ceueHus Opyca npu @ = 0 10/KEH PaBHATHCS HYJIILO

(3TO yCITOBHE BBITEKACT M3 HEPA3PBIBHOCTH Opyca).

du
[TockonbKy yroa mopopoTa NponopLUAOHAIEH i TO

w 121
dp=0) (2D

Torpa,
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ae“ P2 sin(b(p + f — 2m))
+ be™972M cos(b(p + B — 2m)) — ae~ sin(b(F — ¢)) (122)
— be~* cos(b(B — q)))wzo =0.
[Tone npeobpaszopanus ypasuenue (122) umeet Bua
ae~2" sin(b(f — 2m))

+ be 2% cos(b(p — 21)) — asin(b(P)) (123)
—b cos(b(ﬁ’)) =0.

Benmvunna a o0bIYAO MOBOBEHO BEJMKA (Yate Beero @ >> 1) ato noszsossieT O3
BHECCHUA CYWMIECTBEHHOM OLIMOKYU MCKIKOUNTE B ypaBHeHuM (123) n B mocneayrommx

27

BETPAYKCHAAX, TWICHET COJICPIKAIING e~ "%, B CHITy WX MaJTOCTH,

ITocne atoro Beipaxkenue (124) npeobpasyerca B BUE:

b ,
tan(b(B)) = — = (124)

BTopbiM yCIoBUEM ABASETCA YPABHEHWE PABHOBECUA Opyca — PABEHCTBO HYJIKO
NPOEKIIMMI BCEX BHEIIHUX CUA HA OCh V. OCTalbHbIE YPABHEHUA PABHOBECUS KONbLA Y/10-
BIICTBOPAIOTCA TOKIACCTBEHHO B CHITY CUMMETPHH.

[TIpoeunpys BHEIIHUE CUITET HA OChb YV W TIPTIPABHUBAA CYMMY MPOSKLNN HYJIIO, HO-

JYUHM
27

—2P —f kur cos(a)da = 0. (125)
0

IIpu pewernn ypasuenus (125) otnocurensno C
Pr
C =
JKE](a? + b?)

(126)

2T NOCKONbKY Belu-

B 3aBucumoctu (126) He yuTeHbl YaeHbl, COASPKAIIUE €
UKMHA UX Mana.

Benuuuna u, onpenenserca UCX0Ja U3 YCIOBHUS 3aMKHYTOCTH KpuBOro Opyca-
KOJIbI[A, OCEBast IMHHUA KOTOPOTO M3MEHUT CBOIO JJIMHY BCJICACTBHME MPOTHOA KONBIA B

CTpPOroM COOTBCTCTBHHU C ACHUCTBUEM BHEIIHUX CHIL.
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W3 Teopnn n3ruda MpAMBIX OpyCheB, KOTOpas I0NaracTes CIpaBeTUBON U JUTS
KPUBBIX OpYCHEB MATION KPUBU3HBL, CIEAYET, UTO AJIMHA OCEBOA NMHUU TaKuX OPYyChes
oT n3rnda He MeHseTes. CrenoBaTeNnbHO, JUTMHA Opyca MOKET W3MEHATLCSA TOJIBKO 3a
CUET €TO PACTAKECHAS U CHKATHA.

Cuna N pacTarupaer HUKHIOK YacTh Opyca, HO OJHOBPEMEHHO BCAEACTBUE CHM-
MeTpuu OPyCca HACTONBKO K€ CKUMAET €0 BEPXHIOK YACTh, TAK UTO MOJHOE UBMEHEHUE
JIIMHBL OCEBOH JIMHUK Opyca OT ASHCTBUA 3TOM CUabl paBHbl Hy10. Cuna 2P ypaBHOBe-
ITMBAETCA NABJICHUAMW, BOSHUKAIOIINMHW 33 CUET OCAIKM U, (TaK KaKk OT OCAJKW U, BO3-
HUKAET CaMOypaBHOBEIICHHAAS HArPy3Ka).

Ocanka @, MMEET 3HAUMTEIbHYIO BEAUUMHY B Y3KOi 30HE (IO Yray () BOKPYT
cuibl 2P.

CrnenoBarensHo, cuiia 2P ypaBHOBSIIMBASTCA PaaUaTbHBIMHU CHIIAMHU TIPHIIOKEH-
HBIMU K HEOOJIBIIONA AJIMHE KOJb1A BOKPYT Cubl 2P.

BosHukawomue 0T paadanbHbIX CUJ HOPMANbHBIE COCTABAAKOINIME Maibl, MO-
CKOJTBKY Majia JjIiHA y4YacTKa, HO KOTOPOMY PAacipeAclieHB paaualibHBIe CHITHI, W CO-
TJIACHO 3aKOHY PachpeaeiicHus paauaIbHbIX CHII, UX WHTEHCUBHOCTE BOJIM3U OT Kpaés
Y4aCTKA CTAHOBUTCS BECbMA HE3HAUUTENbHON. HopManbHble COCTaBAAOIIUE ACACTBYIOT
Ha HeOOJBIION JUTHHE, a HOTOMY BEI3BIBAIOT TMMPEHEOPEIKWMO MaT0oe U3MEHEHUE IJTWHEI
OCEBOM JTHHUH Opyca.

JlaBnenue Ha nOCaJ0UHOe OTBEPCTUE B KOPILYCE B PE3YJIbTATE JCHCTBUA OCANKU Uy
W UMEIOTIIEE MOCTOAHHYIO N0 AJIMHE OPyCca BEIMUMHY, BbI3BIBAET NOABASHUE B OPyCe HOP-
MaJTbHOW CHITHI, HOCTOSTHHOW HO €T0 JUTHHE, KOTOPYIO HECMOTPSA Ha HE3HAUUTEIILHYTO Be-
AUUUHY, HEOOX0/IMMO YUeCTh, TAK KAK BbI3BAHHOE €H0 U3MEHEHME JMHbL Gpyca 3HAuUm-
TEJILHO BJIMAET HA U,

Ocajika U,, BbI3BAHHAA pacnpeeNéHHON HArPY3KOM g, MMEET MOCTOSHHYIO MH-
TEHCUBHOCTD M BbIPAXAETCA 3aBUCUMOCThIO (Pucynok 37):

g =k-u,, (127)

rae g’ - pacnpenenéHHas HArPy3Ka 0 KOJbLy noauunHuka, mlla;
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E — Mooy b YIIPYTOCTH MaTepralia Hapy KHOTO KOJTbIla MOAITHHHWKA, Ml 1a;
[ — N1KMHA OKPYIKHOCTH HAPYIKHOIO KOJIBIIA MOALLIMITHUKA, M,
F — nnouiajap NOMEPeuHOro ceueHus HapyKHOro KOJblla MO IKMNHIKA, M2,
k — xoapdummenT MponopIuoHaTbHOCTH (K03PPHIIHEHT KECTKOCTH YIIPYTOTO
OCHOBAHMS );
Uy — 0CAAKA HAPYKHOIO KOJIbITA MOALIMITHUKA, M,
v — paJnyC HAPY>KHOro KOJbLA MOJIIKMIHUKA (PacCTOSHUE OT LCHTPA TAKECTU
NONEPEYHOro CEUSHUs A0 TIEHTPA KPUBU3HB HAPYIKHOIO KOAbUA NOJIIUMOHHKA),
M,

yéTH XemMa AJ1a onpeaeieHua OpUBEAEeHA HA PUCYHKE -
PacuértHaa cxema onpenene Al e/aeHa Ha Pucynke 38

Pucynox 38 — PacuéTnas cxema ana onpenenenuns Al

rac

IlepsonauanbHas ajuHA 3emenTa AB onpeaenseTcs, Kak:
AB =ds =rdy, (130)

T — paauycC HAPYKHOIO KOAbIA NOAIIMIHUKA (PACCTOAHUE OT HEHTPA TANKECTH
MOMNEPEUHOrO CEYEHUA 10 UEHTPA KPUBU3HLI HAPYKHOTO KOJbIIA MOAUIMITHUKA),
M

(¢ — YIEMEHTAPHBIA YO, paj.

Jnyua aneMedTa, COOTBETCTBYIOLIEro snemMeHTy AB nocne aedopmariu
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AB =ds' =@ —uwd : 131
r —wde —— (131)
TaK Kak,
1 duy’ 1 sduy?
=1+tan2@=1+(—) =1+—(—), 132)
cos? 6 ds r2\de (132
Torna
1 1 sduy’
z1+—(—) ~ 1. 133
cos @ 2r? \de (133)
[TockoNbKY TIPW MaBIX aehopMaItmsix L \ramo To sHaveHmeM i(d—u)z MOIKHO
do 2r2 \dg
npeHedpeub.
[TosToMy

ds' = (r —u)de. (134)

HepBOHal:laJleaﬂ AJIMHA OCH HAPYKHOIO KOJIbUA NOALIKIHUEA

om
[ = f r de. (135)
0
Jln1HA OCK HAPYIKHOIO KONbUA NOAIIUMNHUKA [T0CIE Ae)OPMUPOBAHMS
2r
['= J- (r —u)dep. (136)
0
Taxwm 0Opa3oM, YUTMHCHAUE OCH HAPYIKHOTO KOJTbIAa HOAUTHITHAKA
21
Al=1—-1= —f udg. (137)

0

Torma, npupasrusas eerpaxenvs (137) w (138), 8 urore

27
2mrPku, J‘ p 138)
0
[Tockomeky,
2 2r 21 2r
—J- ude =J- U, de +f U, d@ =J- u de + 2mu,, (139)

0 0 0 0
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3asucuMocTh (140), OymeT nmveTs BHL

27
kr? .
27U, 1+ﬁ = —J- U, de. (140)
0
Tornaa,
T
= EF ! d 141
Y2 = EF + kr? nful @ (141)

0
Cosmectro pemas ypasraenns (139) u (141) w uaterpupys, ocaaka U, OTPEACIIS-
eTCs, Kak

2CEFab

uy = (142)

T(EF + kr?) - (a? + bz)%
B ypapnenun (142) BBUAY HUMTOKHOCTH 3HAYEHUI HE YUWTHIBAKOTCA WIEHBL, CO-
JepiKallme MHOKUTEND e 297
Takum oOpazom, ¢ yuétom 3aBucumoctu (140), obuiee pelueHue ypaBHEHUS U3-
ruda HAPYKHOrO KOJIbUA NOALIMOHUKA OT €AMHUYHON CUbl BbIPA3UTCA, KAK:
u=uy + uy = C(ed¥2m
-sin(b(p + § —2m)) + e~ sin(b(f — ©)))

(143)
2CEFab

+ 3
w(EF + kr?) - (a? + b?)2

Oo6mee pemenne (143) BrIFOTAET BEIPAKCHNE 3aTyXarOLICH TapMOHWKH, YTO Xa-
paxTepu3yercsa yOblBAHHEM U C POCTOM (0, BbI3BAHHBIM U3MEHEeHueM e ¥

OueBUAHBIM SBIIACTCA, UTO U3TUO Uy, HAPYIKHOIO KOJIbUA NOJUMOHMKA OyaeT
MaKCUMAaJTBHEIM Ha BEJMTWHE YTIa HaYalbHOW (has3el tan(b(ﬁ)) (CM. 3aBUCHMOCTH
(124)).

IIpn nepexone OT NPeACTABASHHON MOAETH M3ruda HAPYKUOIO KOJIbLA 1HAPHKO-
BOrO PaJMaibHOTO OOJALIMOHKMKA OT €IMHMYHON COCPEAOTOUEHHOM CHbl HEIMOCPEe.-
CTBEHHO K MOJAETM M3rnda Hapy:KAOTO KOJTbIA TTAPWKOBOTO TIOATIMHHWKA ¢ HECKOJTh-

KMUMH COCPEAOTOUCHHBIMU CUAAMU HEOOXOAUMO PACCMOTPETh PACIPEICACHUE HArPYy30K
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IO TeNaM KaueHWS B 3aBUCWMOCTH OT YCJIOBUH COTIPSIKCHWS (HaJTMdNe 3a30pa - HATATa)
BJIEMEHTOB TPUOOMEXaHUUSCKOM CUCTEMbI «KONbLO TOAIIMITHUKA — KOPITYCY.

B nrapukosoM paanansHOM MOAMINATITIKE KaTSHWS paguasHas marpy3ka BoCpH-
TIIMaeTcs TeaMHi KaueHWs B 30Tie, OTpaHuuenHoi yriom nie omnee 180V [127]. Torma x
HAPYKHOMY KOJIbLY NOJALIMNHMKA B TOUKAX KOHTAKTA MPUICKEHA CUCTEMA COCPEOTO-
YeHHbIX cui Py, Py, P5, P;, 0T Ten KaueHus.

B atom ciyuae, dopmyina (143) no ompeeneHHio W3rnda Hapy;KHOTO KOJTbLA TIOI-
IUMMNHUKA, HA OCHOBAHWM TEOPEMbl O HE3ABUCUMOCTH ACHCTBYIOLUMX BHELIHUX CWI B

YIOPYCUX CUCTEMAX MOKET ObiTh MPEACTABICHA B BUAE (C YUETOM 3aBUCUMOCTH 126):

(e a(p;—2m)

U=u +tu, =

Z \/kE](az + b2)

- sin (b(qo),- + 6 — 23‘1’)) + e Y sin (b(ﬁj — goj))) (144)
n_ Pr
~t JKE](a® + b2)

3
T(EF + kr?) - (a? + b?)2

W3 3asucumoctr (144) cremyer, uTo M3rud Kojbla MOAMNANHAKA OYIeT YMEHb-
1ATHCA K NEPADEPUITHHIM TENAM KAUSHUS, TOCKONAbKY HAMPY3Ka 10 TEIaM KaueHHs onpe-
nensetcs 3akoHoM Ltpuodexa [214]. CormacHo maamev padoTs [214], pw Hammamn 3a-
30pa (B CIIEACTBHE M3HOCA) MEKIY ACTATIAMH B TPHOOMEXaHHIESCKOH CHCTEME «KOJTBIO
NO/IIMOHUKA — KOPIIYC» MOKHO MPEANoaaraTs YMEHbIISHWE KOJIMUSCTRA TS/l KaUSHUA B
HATPYKCHHOM 30HE MOANIMITHUKA, YTO MPUBEAET K Nepepacnpene/ICHUIO Harpy3Ku 1o Te-
JIaM Kaueris, JIOKAJTM3alAl 1 YBSJTHUCHAUIO W3rn0a Hapy KITOTO KOJNBIA B TTarpy KSHITOH
3oHe. Pacuér pacnpeeneHua Harpy3oK o TeaaM KaueHus AJ1 Pa3IMUHbIX CEPUil moa-
ITUTTHAKOB B 3aBUCUMOCTH OT BEJTUUWHBI 3a30pa puBeaEn B pabotax [12, 188].

ITockonbky B pafoTe Npeanoaaraercs NPUMEHSHUE IOJMMEPHOrO MaTepuana Jis
KOMMNEHCALUMKA HM3HOCA TOCAAOUHOIO OTBEPCTHA, TO JAAd OLUSHKW BENMYMHBLI H3ruda
TapyKHOTO KOITbliA TTOAIITHTITIKA TIPEUTATacTCst ONIPESACIINTD BETHUNAY K Kor(duimmenT
OPONOPUUOHANBHOCTH (KOSPPUUHUEHT XKECTKOCTH YIIPYTOro OCHOBAHMSA).

CornacHo naHHbiM padoth [250] Benuunna k onpenensiercs, Kak:
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k=2E[h-(1—p)]™ (145)
rae  Ey — Moayns ynpyroctyd nonuMepHoro Marepuana, mlla;
h — TomuKHA NONMMEPHOrO MATEPUANa, MM,
y — xkorddurmment [lyaccona.

U3 ebipaxenns (145) cnenyet, uro ko PUITMEHT IPONOPUAOHANBHOCTH 3ABUCHUT
OT MOJYJIA yNPYrocTH U TOJUIMHbI MOJUMEPHOI NiéHku. Bapbupys sHauenusimu Ey u b
MOKHO 00€CNeYnTh IITATHYIO BETMUYMHY U3ruda KONblA NOALIKMIHKKA, YTO NO3BOJIUT CO-
3/1aTh YCIOBUA U1 YBEIMUYEHHUA pecypca TPUOOMEXAHUUYECKOH CHCTEMbl «KObLO MOJI-
ITUHHWKA — KOPITYCY.

Takum obpaszom, A1 ANNPOKCUMATIMK U3rnda HAPYKHOTO KOJbITA LIIAPUKOBOTO pa-
JIMATIBHOTO NOJIIMITHUKA KaueHusa ImpuemieMa Teopusa uizruba Opyca manoro paauyca
KPUBHM3HEI Ha YIIPYTOM OCHOBaHWW Moaenu Bunknepa.

TeopeTuueckn nOKa3aHO, UTO, BAPbUPYS COOTHOLIEHUEM MOJAYJA YIPYTOCTH U
TOJIIMHbI IOJIMMEPHOIO MATEPUANa, MOXHO O00SCIeUUTh TATHOS (PYHKITMOHUPOBAHUE

Tpn60mexannqeckoﬁ CHCTCMBI «HAPYKHOC KOJIBIIO ITOOIMHITHHKA — KOPHYC».

2.4 Teoperuueckue 000cHOBaMue HeCyllei CMIOCOOHOCTH NOJUMEPHOTi

ILTEHKH

[Tpu onpeneneHyun HaHPsHKEHHO-AS(POPMUPOBAHHOIO COCTOSHUA TS/l KAYSHUA U
KOJEl, NOIIUITHUKA MAaTepyan Npeanonaraerca UaeaaibHO-yIPYruM, U30TPOMHBIM U O1-
HOPOJHEIM, TIJTACTHICCKUE AchopManiA TPH padoUeit Harpy3Ke OTCYTCTBYIOT.

[TorpeuHocThto reoMeTpuueckux (HOpM U LISPOXOBATOCTHI) KOHTAKTHBIX MNO-
BEPXHOCTEH mpeHedperaeM, NepeKoc Kosell OTCYTCTBYET. PaccMaTpuBaeM CTATHUYECKOE
NONOKCHUE MOAIIUMNOHUKA — W3 CUNOBbIX (DAKTOPOB JCHCTBYET TOJbLKO paauaibHAs
Harpyska.

B nepBomM ipubmnkeHUH MOACTIpYyeM 3amauy B 2D-AocTanoBke (HTocko-aedop-
MHPOBAHHOE COCTOAHME), UCIIONL3YA AnemMeHTh Tuna 2D-Solid. ITocne orpaborkn pac-

YETHON CXeMB NOMUMNHUKA B 2D-noCTaHOBKE nepexoauM K ero tpexmepHoi KD
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MOJIETH JJIST OLIEHKH OOBEMHOTO HANMPSKEHHO-AS(OPMUPOBAHHOTO COCTOSHUS W KPO-
MOuHbIX pPeKTOB.

JUtst oTpaboTKW pacueTHOM CXEMEI, B HEPBOM TIPUONIMIKCHWH MOJACITUPYEM 3a7auy B
2D-nocranoeke (¢ onmmeit Plane Strain - nmocko-pedopMupoBaHHOe COCTOSHNE), WC-
noab3ys snements! THna 2D-Solid. Ilpu 3ToM npoBOAKMM OLUEHKY BIMSHHA HA TOUHOCTh
penieHua (N0 CPABHEHUIO ¢ AHATIMTUYECKUM PELIEHUEM ) PA3IMUHBX NAPAMETPOB, TAKUX
Kak:

¢ creneHb cryueHus K9 ceTku;

¢ UCIONb30BAHUE OOBIUHMX U U30MAPAMETPUUYECKUX INEMEHTOB;

® WCIIOIT30BAHWUE HIEMEHTOB HOTHOTO WITH HOHWKEHHOTO NHTETPUPOBAHNAS,
¢ YUeT TPEHUA B KOHTAKTE;

® DA3JIMYHBIN BUJ[ KOHTAKTa — IUCKPETHBIA M aHATUTUICCKAH,

Tak xax 3amaga CUMMETPUIHAS, TOCTATOYHO PACCMOTPETh KOHTAKT MOJIOBUHEI TIOJ-
ITWHHAKA, @ ¢ YYE€TOM TOT0, UYTO KOHTAKTHEIC HAMPSHKCHUS TIPH ITOM OTPAHWUCHEI
BE&CbMA Y3KOM JIOKAJIbHOM 30HOM, TO MOXKHO OrPAHWUYMTHCS (PparMeHTAMM KOHTAKTUPY-
IOIAX TEJT — W Kombla (IIpH 3TOM pa3zMepsl (PparMeHTOB TNl IOJIKHBI OBITH HAMHOTO
OO0JIBIIIE pa3MEepoB KOHTAKTHOM Totanxy). KoppekTHOCTE Takoro fonyennus o0ocHo-
BAHO TEM, UTO HAHPANKEHUSA B OCHOBHOM JIOKAJIM30BAHbI 30HON KOHTAKTA, U OHU PE3KO
yOBBAKOT B OKPYKHOM HANPABAEHUM OT KOHTAKTHOU MJIOTHAJIKH.

Ha mepeom »3Tamne OUEHWBAEM TOYHOCTH PEIICHUA TIPH pa3IndHON CTEHEHU CTYy-
wenns KD cetku ¢ ucnons3opanuem 4-x y3nopwix sneMeHtoB (QUAD4). Ilpu stom
OyneMm cunmTath NPUEMIIEMBM PE3YJbTATOM IO BEIMUMHE KOHTAKTHBLIX HAMPAXKEHUNA ¢
HOTPEIIHOCTHIO HEe Oojice 5% OT aHaJIMTHUIECKOTO PEINEHUS. 3aTeM JIOTIOTHUTEITHHO
pPaccMOTPUM BIWAHUE HA TOYHOCTh JOMOIHUTENBHBIX (DaKTOPOB (Y4eT TPEHWA, aHa-
JIUTUYECKOTO KOHTAKTa, WCIIOIb30BAHUE 3JIEMEHTOB HOHIMKCHHOTO WHTETPITIPOBAHAUA W
U30MAPAMETPUUECKUX DIIEMEHTOB ).

[IIupuHa KOHTAKTHONA MACIIAAKKA ONPEAENsnach B JAHHOMU 3aj7aye npubIUKEHHO
— HO XapakTepy PachpelcicHUs KOHTAKTHBIX HOPMAJIBLHBIX HATIPKEHWH B 30HE KOH-
TAKTA, U IPUBA3KON UX K KOOPAMHATAM y3710B. UTO KacaeTcs TOUHOCTU Pe3YJIbTaTOB, TO

MOKHO NPEBAPUTENLHO CAeNaTh BuiBoa, uTo K3 ceTka pasmepom pedpa snemeHTa B



137
0,1MM TIO3BOJISICT TIONYYHTH PE3YJIBTAT, TPAKTHISCKU COBIAAAMONINN ¢ aHATUTHUIC-
CKHUM PELICHUEM.

KD cetka ¢ pasmepom pebpa anmemenTta 0,2 MM AMeeT OONBIIYIO HOTPEITHOCTD
KaK 110 BEJIMTHHAE HONYUCHHBIX HAMPSKCHWH, Tak M HO XapakTepy WX pacnpeaciicHus,
a ceTka ¢ pasmepom pedpa snementa B 0,05 Mm paer Haubosee MNABHOE WU3MEHCHUE
BEJIMYMHbI HOPMANbHBIX HANPAKEHUM MO IIOIIANKE KOHTAKTA ([OSyyaeM TOT CaMblid
IUIMOTUUECKAN 3AKOH Pacipe/e/ieHua HOPMAIbHbIX KOHTAKTHBIX HANPAKEHUA B COOT-
BETCTBUW ¢ TEOPHUEH YITPYTOCTH).

Taxknm 00pazom, OKOHUATENBHO MOJKHO cAenaTth BEIBOM, uTo K3 mopens dpar-
MEHTOB MOJIIMNOHUKA ¥ KOJAbLUA 3 MO3BOJAET MONYUUTH OO TOUHbIE Pe3yabTaThl MO
KOHTAKTHbBIM HOPMAalbHBIM HAMPSHKEHUAM U 1IMPHUHE KOHTAKTHONI mioiajke. FiMeHHo
ITY MOJENE W OyAeM WCTIONB30BaTh B JAJLHCHIIIEM JI OIICHKH BIMSHUSA Ha TOTHOCTH
NOAYUAEMbIX PE3YJIbTATOB € YUETOM JOMOJHUTENbHbIX (PAKTOPOB (yueTa TPeHUA, ana-
AUTUUECKOTO KOHTAKTA, MCIOJIb30BAHUE IEMEHTOB MOHWKEHHOTO MHTErPUPOBANUA W
n3omapaMeTpraecknx snemMeHToB QUADS).

[IpoBeneHHbI€ NOMOJHUTEALHO BAPUAHTHBIE PACUETHI MOAEIU C UCTIOIB30BANNEM
ANANUTUYECKOrO0 KOHTAKTA HE JaNu CKOIbKO-HUOYAb 3aMETHOro OTIMYMA HM 10 Be-
JUYMHAM KOHTAKTHBIX HANpSKEHUH, HW 10 XapaKTepy WX paclpeiesieHwnit (1o cpai-
HEHWIO ¢ JUCKPETHBIM KOHTAKTOM). ITO OOBACHAETCA M 0€3 TOro AOCTATOTHO METKON
CETKOM B PAMOHE KOHTAKTA, MPU KOTOPOH OTKIOHEHUE OTPAnKy HIEMEHTOB OT OKPY kK-
HOCTH MHHUMAJIBHO, 3TO K€ HOATBEPIMIIOCE M Ha MOJASITH UMEIOIIEH HanOOIBIINH pa3-
Mep pedpa aMeMeHTOR B 30HE koHTakTa (0,2 ™).

Ha Pucynke 39 npupenenbl nedopmupoBaHHblE W HeaehOPMUpOBANHbIE KO-
HEYHO-3JICMEHTHEIE CETKA MAacCHBa M KOJIBLA, BEIMYWHBI M OPUEHTAUWS CHJI, IIPUJTOKEH-
HbIX K koabuy. Ha Pucynke 39 nokaszanst ¢hparMeHTbl STUX NEPBOHAYANBHO COMPUKACA-
IOMAXCA CETOK W BETMUWHBI BEPTHKANBHEIX TIepeMetieHn v (B MM ) y3510B Maccruia 3058
W Kombla 357, Nekamux Ha BEPTHKAIBHOW OCH CHMMETPUN, TIPOXOIALIEH Tepe3 TOUKY
npmioxkeHus cuasl P = 35000 H, n Haubonee yaaneHHbIX OT MECT NPUI0KEHUA HArPY3KHU.
Benmunna ananm3npyeMsIx (pM3WUECKNX TapaMeTPOB BEIBOJUTCS B BUE TaOTHIEI HA 13-

wermm Cursor Data. Konsito oromo ot maccwsa Ha 0,52574 - 0,14064 = 0,3851 mxwm,
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[Tpw TIPOBEICHNH PAcUETHBIX HCCICAOBAHUH HAINPSKEHHOTO COCTOSHUSA ¢ TIOMO-
w0 MKD (nnockas KOHTAKTHAS 330342 TEOPUK YIIPYTOCTH) UCNOIb30BANY NAKET Npy-
Kiraaaerx nporpaMM ANSY S, [ToAmmiAHNK W KOPITYC CUHTAJTH BHITIONTHEHHBIMHY U3 CTaJTH.
["'eoMeTpuss MOJEITA TIOJTHOCTBIO WJICHTHYHA MOIEIW W3 SHOKCHIHOW CMOITBI. YTIPYTHE
CBOMCTBA MaTepuaa MOJend TakoBbl: mMoaynab yopyroctu E=3 ITla, koxpduiment
IIyaccona #=0,38. Cpennuii pasMep KOHEUHbIX 31EMEHTOB ObL1 1 MM. B ¢BA3M ¢ TéM, uTO
pacTpenesicHHe Harpy3KH CHMMETPHIHO OTHOCHTETHHO JIMHWH ACHCTBUS CHITHI HPH HC-
CNeA0BAHUU PACCMOTPEHA NONOBUHA COeNUHEeHUA. KapTUHA U30AUMHUH MHTEHCUBHOCTHU
HAMPAKEHUIA B €10 nonumepa npueeneHa Ha Pucynxe 44 B OTHOCUTENbHBIX €AMHUIAX.
PacnipeneneHvie HanpsHKEHWH 110 KOHTAKTHOW TIOBEPXHOCTH TIpHBEAcHO Ha Prucynke 435,
MO3KHO OTMETUTH BOOJIHE YAOBICTBOPUTENLHOE COBNAAEHNE PACUETHBIX U IKCIEPUMEH-
TAIIbHBIX 3HAYEHUN HANPSAKEHUN, UYTO CBUJAETENLCTBYET O JOCTATOMHOH 4acTOTE pas-
OWBKW CETKM KOHEUHBIX JIEMEHTOB M AOCTOBEPHOCTH PE3YILTATOR pacdeTa.

B nmampHEWmAX pacuérax HanpsHKEHHOTO COCTOSHUS TPOCTOSK OBINTA WCIIONb30-
BaHbI PealibHbie WX pa3Mmepbl (nepemennoi Tomuuub 0-200mkm). I'paduueckoe npen-
CTaBJICHHUE PE3YNIBTATOBR PAcuéTa HaPSIKEHHOTO COCTOSHIS B TAKWX TOHKUX TIPOCIIONKax
3aTPYIHEHO, TIOTOMY Aaliee TIPUBEACHHI JIMIIb TPapUKA N3MEHEHWS HANpSKEHUH 1o
JIIMHE 1yry KoHTakTa (Pucynox 44).
CnenyeTr OTMETUTD, YTO NPU MPOBEACHUM PACUETOB ObL1 PACCMOTPEH BAPUAHT, KO-

T1a OTCYTCTBOBAJIA TIOJIMMEPHAs TPOCTONKa, M HOAIMHMHHWK Harpyskall Kopryc 0e3 3a3opa
(ucnonb3oBanoch peuienue I'. I'epua ang ciyyas BHYTpPeHHEro KacaHus LWIMHAPOB). B
STOM CIIyyae pacnpeacsicHie Hanpa:KeHUH Mo 1yre KOHTAKTA MOKA3aHo Ha PucyHke 435.

Taxknm 0Opazom, MakCHMAaNTbHBEIC HATIPSHIKEHWS WMEIOT MECTO Ha OCH CUMMETPHH,

Jlyra KOHTakTa npu 31om coctasiaer 180 rpanycos [46].
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I"naBa 3. MeToanKa IKCHEPUMEHTAILIBIX HCCIEI0BAHHH

3.1 IIporpaMma 3KCNEepUMEHTATILIIOTO HCC/IEI0BATTHS

[IporpaMmma uccnea0BAHUS BKIKOYAIA CCAYIOIINE STAMbl:

1. Mccnenopanue BEIMUYMHBL TEXHHUUSCKOrO COCTOAHMUSA ACTAICH TpuOOMEexXaHuue-
CKOH CHCTEMbI «KOJIbLIO MO/IUMIHAKA — KOPITYC)

2. Uccrienosanne (hU3MKO-MEXaHWUECKHX CBOWCTB TIOJTMMEPHOTO MaTepHuaia

3. [poBeAcHUE IKCHITYaTallHOHHBIX HCHBEITAHWH BOCCTAHOBJICHHBIX TPHOOMEXaH!-
USCKHUX CHCTEM «KOJIbLO NOALIMIHUKA — KOPIYC» KOPOOOK nmepeaay 3epHOyOOpOUHbIX
KOMOAHHOB U aBTOMOOWIIEHA.

[lpw pemwrenwy BOTIPOCca O BO3MOYKHOCTH M 1LIENECO0OPa3HOCTH BOCCTAHOBJICHHS
TPpUOOMEXANMUYECKOH CUCTEMbl «KOJILLO NOJALIMMHUKA — KOPIYC» MNOJUMEPHBIMU MaTe-
puanamMu  HeoOXOJMMbl  UCCAeN0BAHMA (PU3UKO-MEXAHMUECKUX M PEOJIOTHUYECKHUX
CBOWCTB aHA»POOHEIX HOJTMMEPHBIX MaTEPHANIOB,

Ienbo MCCASAOBAHMIA SIBIAETCS MOJYUEHUE 3aBHCUMOCTEH M3MeHEeHHA (DU3HKO-
MEXanuueCKUX U PeoJOrHUSCKUX CBOMCTBE MATEPUAIOB OT JCHCTBYIOILMX 3KCUIIyaTallu-
OHHBIX (DAaKTOPOB, KOTOPBIC B YCIIOBHAAX IKCTICPUMEHTA OBINTH OBl TIPUOTMIKEHBI K PeajTb-
HETM,

OueHka HanpsaKeHHO — ASOPMUPOBAHHOIO COCTOSHUA MONMMEPHOM MASHKY, B
BOCCTAHOBIICHHOHM TPUOOMEXAHHTICCKOH CHCTEME BO3MMKHA HOJISIPH3AIHOHHO — OTITHYIC-
CKAM METOI0M,

IIpopenenre nabOPATOPHBIX ONBITOB [0 HKCCACAOBAHUIO H3ruda HAPYKHOIO
KOJTBIIA HOIIITMHHWKA HO3BOJIACT ONECHNUTH XapakTep, BEIMUNHY, HATIPaBJIeHNe 3THX Je-
hopmMalinii Py M3MEHEHUM YCIOBUN NOCAIKM U HATPYIKECHNA.

TexnwdaeckMu CpeACTBAMH, WCTIOIB3YEMBIMU TIPH MPOBEACHWH HCCICAOBAHWIN,
ABAJTHCH COBPEMEHHEBIC KOHTPOJIBHO-U3MEPHTETBEHEIE TTPUOOPHI U WHCTPYMEHTHI, PETH-
CTPUPYIOILAA U 3aNKCHIBAIOLIAA ANNAPaTypPa U MPUGOPbI, BbINYCKASMbIE MPOMbIILICHHO-

CTBIO, TOKAPHO-BUHTOpPE3HOS W TNMGOBATEHOS 000pyI0BaHNWE, MWKPOMETPHI W
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TBEPAOMEPHI, UCTILITATEITBITEIC CTETIAET W MAIITHITE, @ TAKIKE CTICIIHATBHO pa3padoTarieie
B NPOIECCE BHUIOJHEHNSA HCCIEA0BAHMI TPUCTIOCOONCHUS.

MeTamorpaduieckine UCCIIEI0BATHAA TTPOBOAWINCE HA IH(OPOBOM MHKPOCKOTIE
Celestron mo 'OCT 1778, N'OCT 5460-59, T'OCT 8253 ma numdax, BEIPE3aHTEX W3 00-
PasLOB, TAK, YTO MOKHO ObLIO M3Y4aTh BCE XAPAKTEPHBIE YUACTKH.

Jns yCTAHOBNEHUS CTEIEHH BIMAHMA OTAEIbHbIX (DAKTOPOB HA HCCASAYEMBbIA TI1a-
paMerp HPUMENANACH METOAMKA AKTHMBHOIO [L1IAHUPOBAHUA SKCIEPUMEHTA.

O06paboTka pe3yNETaTOB OMBITITEIX AAHTEIX TPOWU3BOAMIACE ¢ HCTIONIB30BAHACM
nipukITaamerx nporpamMm MathCad, Statistica.

Ha 3aknounTensHOM JTare uCCIen0BaHus, ¢ [ENb0 OeHKH YpPeKTuBHOCTH pas-
paboTaHHBIX PEKOMEHAAIIMI 1 TEXHONOMMUECKOro Nporecca, NPpoBOININCE CTEHIOBbIE U
SKCTITYATAIIMOTHBIC WCITBEITATIHA OTPEMOHTITPOBAMTHEIX COOPOUHBIX €IUTIHI ¢ TTPUMEHE-
HHEM HEKECTKHUX KOMIEHCATOPOB U3HOCA B BHJIE IIOJMMEPHBIX KOMIO3UIIUIA.

MeTtoanueckyie 0COOEHHOCTH UCCIIE0BAHKS OT/AE/bHbLIX BOIIPOCOB U3/10KEHbI ITPU
WX paccMoTpenuu, Tam ke TPUBOAATCS TPSOOBAHWA K KOHTPOJIBHBIM W PETHCTPUPYIO-

UM npudopam, 000CHOBAHKE HEOOXOAUMOr0O KOJIMUECTBA ONBITOB U U3MEPEHUIA.

3.2 MeToauka uccjae10BAHUS BEJTHIUHBI H3HOCA OTBEPCTHIt

HOA HOAIIHHHHKH KAYCHHH

Benmmunna v xapakTep (31ropa) u3noca mocagoyHbIX MeCT MOI MOIITHITHUKY Kave-
s B kopryce KI1 B 3HaTMTEIEHON CTETICHN OTpeenseTes psaaoM (akTopoB, OCHOB-
HBIMU U3 KOTOPBIX SABJIAIOTCA:
1. Texmomornueckas ICOANTOPOANOCTE MaTeprana kopmyca KI1;
2. HEOIMHAKOBBIE YCII0BUA PA0OThl NOAIUUITHUKOBBIX Y3/I0B (HATPY3KH, CKOPOCTHO pe-
KAM ¥ T.J1L.);
3. BusHAE MOOOUHBIX ABnenni (nedopmanms kopnyca KI1, nsnoc mecrepen u .4, );
4. CBOGBPEMEHHOCTb U KAUeCTBO TEXHUUECKOrO OOCITYKUBAHUA U PEMOHTA.

JlarHele 110 BETMUWHE M XapakTepy M3HOCA TMOCAT0UTEIX MECT TIOA TTOAMTUITHWKA

KaucHWsT OBUTH TIONMYUCHBI TYTEM MWKPOMETPAKHBIX WCCIICAOBAHWH HM3HOIIETTHERIX
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MOCA0UTBIX MECT MO MOAMNUITHAKY KOPOOOK Tepeaad 3epHOyOOpPOTHOrO KoMmOaitHa
John Deer 9600, n apTomotuina KamA3 6540. C uenbio BhIABASHUWA BO3MOMKHOrO Opaka
0OMepy TTOABEPTATNCH, TAK K€ OTBEPCTHUS B HOBBIX M BOCCTAaHOBIICHIEIX kopmycax KI1
YKa3aImHbIX MaTITHH.

DKCNEePUMEHTANbHBIE UCCIIEI0BAHUA ITPOBOIWINCH B nepuoa ¢ 1998 no 2014 roapt
B YCIOBUSAX PAIOBON SKCUIIYaTALIMU TEXHUKK B X034aiicTBax Henabunckoid, Kemeposckoi
n Kycranainckoi obnacrsx.

M3moc mocagouHBIX OTBEPCTHH 3aBUCUT OT MTIOTHX (PAKTOPOB W UMEET OOITBIITOE
paccenBaHue o BEMHATE. [103TOMY TOUNMOCTE OLETTKH M3HOCA TP MWKPOMETPaKITEIX
MCCIE0BAHUAX 3aBUCUT OT KOJIMUYECTBA HAOMIOAaeMbIX OOBEKTOB.

Cornacho I'OCT 7310 muHMManbsHOE KONMYECTBO OOBEKTOB HAOIIONCHUA OIpe-
JIENAIIN 110 3aBUCHMOCTH

2. 1/2
n= " (146)
£
rae ty - pacueTHbli KO3pPuunenT, onpenensemblii B 3aBUCUMOCTA OT HAJEKHOCTH P
(mpu P = 0,95, t,, = 1.96;)

V? — xoapuiieHT Bapuanuu,

£ - TOYHOCTb BBIBOJA, TO €CTh PA3HOCTb TEOPETUUYESCKOrO U (PAKTUUSCKU MOJLYUSH-
HOrO Pe3yJibTara.

Weenenoeanuio noasepraiocs 100 kopnycos KIl, uto obecneunno oTmocHTeb-
HyI0 TounocTs oneiTa 0,10 mpw moBeputenmwnoi BeposTHocTH 0,95 v kor(hdummenTe Ba-
puauun 0,23,

[To Tpedoeanmio 'OCT 17510 ogHo MOCAA0UTIOE MECTO IO, TTOIITHIIITIK W3MEPS-
JIOCh HE METIee UeM ¢ TPEXKPATITON MOBTOPTIOCTEIO,

Jmst MarmmT, TTOCTABIISTTHBIX Mo MabIoaente 3a IMHAMIKOW M3HOCA OTBEPCTHH
noJ MOANIMIHUKK KaueHus B kopnycax KII, usMepenusa oTBepCcTHil noja MOAUIMITHUKH
KAU€HUs BLIMOJHIKCH ¢ MHTEPBATIOM B 230 yacos HApaOOTKU Aj14 TEXHOJIOTHUECKUX Ma-
mum v 10000 kv myis apromoOmnett. Hapabotky KI1 mjis ocTanmbsmeix MamivH OLETHBAITH

o CqéT[IHKy MOTOYACOB JIMOO TIO TTOKA3aITHsIM 6ODTOBOTO KOMTBIOTCPA MAIIWHBI.
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M3Meperne BeTTHITUHET M3HOCA OTBEPCTHH IO/ TIOMIMUTIHUK KadeHWs B kapTepe K1
npous3soaunacs B coorsetcTeuu ¢ Tpedopanusmu ['OCT 8.050 - 73 n I'OCT 8.051 —73.

Cormacro OCT 70.00.0180 xaprep KI1, mocrynarommwit Ha medekTaIiio, BEIOpa-
KOBBIBAJIW, €CJTM OH UMENT TPEUTUHEI B TIEPEMEITKAX MEXIY HOCAJTOTHBIMU OTBEPCTHUAMM,
1BeTa NOOEKATOCTH, CEAbl BHIKPAIIMBAHUSA, OTCAOCHUA METALIA, KOPPO3UOHHBIE PAKO-
BUHBI, r1y00OKHe PUCKUA U 3200MHbI HA MOBEPXHOCTH MOCAAOUHBIX OTBEPCTHUIA.

Bennunna u3Hoca npyu MUKPOMETPAXKHbBIX UCCEA0BAHUAX ONPEACIIAIAChH, KAK pas-
HOCTB TIEPBOHAUATHLHOTO pazMepa HOCaI0UHOTO MeCTa W €T0 pa3Mepa MpU MOCTYHIICHAN
B PEMOHT.

H3mepenus OTBEPCTUA TPOM3BOAUANCL B COOTBETCTBUM C PEKOMEHALMAMU 3a-
BO/IA U3TOTOBUTEN.

it onpeeneHns BEJTMUWHBl U3HOCA TTOCAAOYHBIX OTBEPCTUH TIOM MONMINWITHUKA
kaueHus B kaprepe KII npumensancs nytpomep HM 50 — 150 — 1 T'OCT 868 — 72 ¢ npe-
aenom uzmepenus 150 mm, ocHauméuubiii undpoBOH MHIMKATOPHOMR ronoskoit Marcator
1087R ¢ ttenoit aenenns - 0,01 My, U3MepUTETHHBIN HHCTPYMEHT HOABEPTaJIics HEPHO-
JIMYECKON MOBEPKE U PErYIUPOBKE.

Metoa u3mepenus BbiGUpanca Ha OCHOBAHUU YCIIOBUA, KOIJa €ro Mpeae/ibHad no-
TPEITHOCTE HE TTPEBBIMIACT AOTTYCKAEMOH HOTPEITHOCTH W3MEPEHNS

D, < s (147)

[
HIM

Jonyckaemas morpellHoCTs U3MEPEHU ONpenesiack 3aBUCMMOCTbIO [172]:

s, = 11 \/ C+ (8ysn +C), (148)

TI€  Oygy - AOTYCK PA3MEPa H3IETTHA, MM,

C - 3HAUCHUE Pa3pEUICHAOTO BEIXO/a 34 TPAHUIIEI TIONST JOTTYCKa

W3ACITUA BCIICACTBUC HEH3OSIKHOTO MPOSBICHUS HOTPSITHOCTH CPEACTB HM3MEpe-
HUA.

[lpn oTtHOCHUTEBEHONW morpemAocTH u3Meperus 3% 3Haucane C = 0,06 0,4, .
[TpenenbHas ke TOrPEUTHOCTD U3MEPEHNS Ay, . CKITAIBIBACTCSH W3 TOTPEITHOCTH HOKA-

3aHWS TTPUOOPA, TTOTPEUTHOCTH MEP, TEMASPATYPHOM TOTPENTHOCTH W T 1.,
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Hapsny ¢ onpeneneHreM BETUIUHB W3HOCA HOCATOYHBIX MECT HO HOAMHHWKY
KAQueHUs B KOPNYCEe MPAKTUUECKOS 3HAUCHHUE /11 Pa3palboTku cnocoba BOCCTAHOBACHM
AMEET 3IMOopa W3H0CA HO BCCH OKPYIKHOCTH MOCATOTHOTO MecTa, HOITOMY M3MEPCHWS
TPOBOIWIINCE B OTBEPCTHAX TTOJ, HOAIMHHKK B Koprycax KIT uepes 20°,

Hccnenopanus NPoUM3BOAUIKCH NPU TEMOCPATYPE OKPYHAKOUISrO BO3AYXA B Npe-
nenax 18 - 25 °C.

JUisi yeTpaHeHusi norpeuHocTed cyObeKTUBHOIO nopsiaka (konebanue umepu-
TEITBHOTO YCUITHS, HETOTHOCTH TIPUEMOB W T, J.) TPOBESICHAC MUKPOMETPaka TIPON3BO-
JTAITACH OJTHUM U TEM K€ JTHIIOM W OJTHUM W TEM e WHCTPYMEHTOM .

H3Hoc nmocasouHbiX MECT pacCMaTpPUBANICS, KAaK peanu3arus Ciy4yailHol Benu-
UKHBL, NO3TOMY MPU 00PabOTKe PEe3yJbTATOB U3MEPECHUI MCIONb30BAIUCH METO/bI Ma-
TEMaTUIECKON CTATUCTHKH,

OCHOBHBIE UMCIIOBbIE XaPAKTEPUCTUKM CI1YYANHON BENMUYMHbBL ONPE/ISISIU N0 Clle-
JYIOLIUM 32BUCUMOCTSIM.

1. Ouenka MaTeMaTHUECKOTO OKUIAHHA

2% (149)

mx)=——,

e X, - 3HAYEHUE CIIYYANHON BEIUUUHDL,

7 - YUCNO HAOMOAEHUA.

2. Ouenka AUCHEPCHHN
D(x)= ﬁz (x, —m(x)) . (150)

3. O1eHKa CpeIHEKBAIPATHUECKOIO OTKIOHEHUA
ol(x)=Dlx). (151)

4. Koappuument acummeTpun

G(x) = ,‘m(n;l) _ Z(x!. ~mhx)) ‘ (152)

- ()

5. KoagpdpumuenT skcnuecca
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H

L S o)
L(X)Z[W] (”_1)‘Tx)4—3n+3 : (153)

6. Koadpduuuent sapuauyn

-_olx) .
V= () (154)
7. OmuoKa oIeHKHA MATEMATHUECKOTO 0YKH TaHUS
o(x) ,
M=——.
In (155)
8. CranmapTtHas ommbKa aCUMMETPUH
- 6n(n—']) N
Alr = .
\/(n—2)(n+1)(n+3) (136)

9. CraggapTHas omAOKa YKCIIecca

~ 24(n—1) :
A= \/(ﬁ!—3Xﬁl—2Xﬁ!+3)(ﬁ+5)‘ (157)

Ilone paccenBanuns ciy4yaiHoON BENMUMHBLI HAXOIWIW OO TIPABUAY + 30 .

COOTBETCTBUE 3MIIMPUUSCKOrO PACIPEAC/ICHUS MPEANONAraeMoMy TEOpPETHUE-

CKOMY PACIPEJAEAEHUID YCTAHABAUBAIN C IOMOLUBIO KpUTEpUA (;{2) K. Ilupcona

&

I (_m!. — np!.)
X = Zinp}_ : (158)

i=l

rae M, - SMIOMPUYECKUE YACTOTHL 110 UHTEPBAIAM,

np, - TCOPSTHYCCKHUE YACTOTEI TI0 WHTEPBAJIAM,

k - 4HUCIIO HHTCPBAJIOB.

Haiing y’, cnesyet onpefenuTh Yucao creneteii csoboan
r=k-s, (159)

TAC § - HUCIIO MapaMeTPOB MPEATNOIaracMoro pactipeaesetus,

KOTOpPbIE OLEHEHbI N0 JAHHBIM BHOOPKU.

[To 3agaHTIOMY YPOBHIO 3MAUMMOCTH £ W TUCHY CTENeHEH CBOOOABI # HAXOAAT

KPUTUYECKYI) TOUKY ;{fp(}’,k). Ecau  y°(y.,, pacxoxaeHue OSMIUPUYECKUX U



151
TEOPETUHECKNX YacTOT IIPH JaHHOM YPOBHE 3HAYUMOCTH /> HE3HAYWTENBHEIE, a CIIEI0-
BaTEJIbHO, NAaHHbIE HAOMOASHUA COTJIACYIOTCS C MIIOTE30i O MPeanonaracMoM 3aKoHe
pacTipeIeieHHs CIyuaiHoH BeTUIHUHBL. Y POBEHb 3HAUAMOCTH £ JOKESH OBITh HE MCHEE
0.1,
Pacuer ncXoaHbIX AAHHBIX J1S TOCTPOSHUS THCTOrPaMM NPOM3BOIMICA C IIOMO-

meio iporpaMmel MathCad.

3.3 Meroanka nmpoduinorpapuaeckux uccjaeroBanmii

HITMMOIMICTITHBIX MTOBEPXITO cTeil

JUTS OTICHKW M3MEHEHWS TOHOTpadhun 1 MUKpopensedha TTOBEPXHOCTH TPSCHHS HC-
NOJIb30BANICA ABTOMATU3UPOBAHHBIN NPUOOP A1 OECKOHTAKTHOrO U3MEPEHUA HECIIOII-
HOCTH (TOTIOIOTHH ) TIOBEPXHOCTEN, co3anHblil Ha 0aze mukpockorma MUC — 11 (Prcy-
rok 46). Ha Pucynke 46 mpuseaena npuAOMIIMaTbHAs (JIOTHUECKAA ) CXeMa H3MEPUTENTb-
HOrO crepeorpapuueckoro KOMIIEKEa, KOTOPhA BKIOUACT B cedd napasienbHbili WH-
Tepdeic ¢ nporpaMMHbIM olecreueHnemM 1 n ONTHKO-3IEKTPOHHBIE CPEACTBA 2, TO3BO-
JAIOIMAC 00pabaTeIBaTh BHACOM300pakKCHUE MCCIICAYEMOH HOBEpXHOCTH 3. ONTHKO-
BIEKTPOHHAA CUCTEMA KOMIUIEKCA BHIMOJIHEHA TAKUM 00pa3oM, UTOObI OTKIHK CBETOBOrO
M3NYUCHUA AHATIM3UPYEMOA NOBEPXHOCTH HCCAeNyeMbuX o0pasiiop umen pasmep 0.1 x
0,1 MM, Tak KaK ?TO SBIACTCS OHTHMATRHON paspemaromieH crocodHocTeio CCD - mat-
PHITET.

CBeTOBOM NOTOK OT ja3zepHoro auoaa 4 uepes kowaeHcatop 5, Gpuabtp 6 U KOM-
HIIEKT JTUA3 7 TIPOEUpyeTcs Ha WCCIIEAYEMYIO TIOBEPXHOCTE HOA YoM 45°, OTpakén-
HBbiA OT HCCIEAYEMOI MOBEPXHOCTU CBETOBOM CUIHAN YCUIMBACTCA IMH3AMH 8 U BOCITPHU-
auMaerca CCD — marpuneit 9, yeranosiieHHoH B TyOyce MAKpockonia. Perncrpupyroriee
yerpoiicteo (CCD matpuia) 9 npeobpasyer nonyueHHbie 3HaueHUs (a3 CBETOBBX CUI-
HAJIOB B KOJAMPOBaHHOE rpaduueckoe u3o0pakeHue, KOTOPOe COOTBETCTBYET NPOPUITIO
nceneayeMoro aedekra. Gopmar BUACOKAAPA, 3aHNCHIBAEMOTO B TIaMAThH KOMHBIOTEpA,

coctapysiet musas CCD - marpuusr ot 128 x 128 mo 10241024 wukceneit,
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S 2T ge0y v=2L, el z=——>_ (e
2Mcosa 2M 2M sina

TJIe X, X,y — TJIOCKWE KOOpPAWHATBHI, M — YBEIIMUCHWE MUKPOCKOIA, ( — YTOJ
CBHEMKH.

3amrch B IMG)POBOM BHJE TTOTYTOTIOBBIX W300PaKeHHH ¢ TIOBEPXTTOCTH MAPHUKOB,
OCYIIECTRITANACE TIO 255 YPOBHAM CEpOTO TOTA ¢ TpeOyeMBIM paspermeniem oT 128 x 128
no 1024 x 1024 nukcesnei.

TpéxmepHas pekonCTPYKITHA MAKpopenbeda MOBEpXHOCTH 00pa3iia MPOBOIUTCS ©
MOMOLIBIO CMETMATILHO PA3PA00TAHHOIO MAKeTa NPUKIIAAHBIX TporpaMm. Busyanusanusa
W WHTEPNPETaLNs Pe3yJbTaTOB W3MEPETTHA W OUCHKH Ae(heKTOB (MECTIIOUTHOCTEHN) Mo-
BCPXHOCTH peajn3oBana ¢ WCNoib30BanmieM Tpadwdeckoro wunTepdetica cpems
MATLAB.

IIpn sTOM Iropur™M OOBEMHONW PEKOHCTPYKIIMKM MOCTPOSH MO TPEXIIArOBOU
CXEME:

- 3Tan NpeaBapuTebHON 00padoTKK,

- 3Tan NOMCKA U OTOX/JISCTBIICHHA UASHTUUYHBIX TOUCK B CTEPEON300PAKEHUAX

- BEIUHACIICHAE 0OBEMTIBIX KOOPAWHAT TOUCK UCCIICIyEMOH TTOBEPXHOCTH TI0 TIONTY-
UEHHBIM BEJIMYMHAM MAPALIAKCOB MEKAY MASHTU(UUUPOBANHBIMKA IAPHBIMU 31EMEH-
TAMM CTEPEOU300OPAKEHU.

B moydenHeIx BUACON300paKETIUAX WCCIISIYEMBIX TTOBEPXHOCTEH TIa KaXKbIi
TTMKCENTE OTBOIHITIOCH 3 Oaitra. Cneaosaresiio, TIPH WUCITOBE30BaHNH TepHO-0eToH MaT-
puubl noayueHHaa uudopmanua spngerca u3ObITOYHONH. B CBA3M ¢ 3TUM HA MepPBOM
yTarne ObLIO BBRITIONHENO TPeoOpa3oBaHie UCXOANOTO W300PaXeNis TOBEPXHOCTH ¢ MO-
MOITIBIO CTIENHANTBHO pazpaboTarHolt mporpaMmer B hopmat 1 mukcens —1 6aift. Takum
00pa3oM, AWana3zoH W3MEHENMNUA BHACOCUTHAJIA IO APKOCTH cocTaBmil O — 255 yClOBHBIX
€THHWATI.

B CBA3H C BHILIEU3NOKEHHBIM 1J1 ONPEACICHUA TPU3HAKOB, M0 KOTOPHIM MOXHO
MaagkHO UACHTH(HUIMPOBATE UCCIICAYEMYIO TTOBEPXHOCTD, T.€. OTNECTH €€ K TOMY WIH
WHOMY pazMepy IedeKToB, Obljla UCTIONB30BaHA CIIEIYIONIas MeToInka. BHamane Mmoro-

rPaaalIMOHHOE MO APKOCTH YEPHO-0e510¢e n300paxeHue npeodpasoBbIBANIOCH B OMHAPHOE.
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bunaproe m3obpaxkenne (IBYXYPOBHEBOE, ABOWTHOE) — Pa3HOBUAHOCTH IIH(DPOBEIX
PACTPOBBIX U300PAKEHUN, KOrJAA KK/ MUKCENb MOXET NPEJCTABIATh TOJBKO OJMH
W3 JIBYX 11BETOB. B TakoM M300pakeHNW 3HAUEHUSA KKAOTO TTHKCENS KOTUPYIOTCH, KaK
«0» n «1». 3rauenne «0» HA3BIBAIOT 3aHUM HiIaHOM WK oHOM, a «1» - HepeTHUM
wiaHoM. [lonyueHHsie OuHApPHbIE M300pAKEHHA UCOONB30BAIMCH AJIA MOJYUYESHUS WH-
opMaIMK, N0 KOTOPOI MOKHO Pa3nuuaTh NOBEPXHOCTU € PA3AUUHBIM MUKpPOpenbedom

u Tonoaorued nosepxnoctu [48,49.55,56,57.207].

3.4 MeToayka ucc/ieI0BAHHS MOJYJIA YIIPYrOCTH MOJIMMEPTIOT0 MaTepuaia

WensiTanus TTPOBOAWIIN HA MHOTOCTIOMHEIX KITEEHBIX 00pa3iiax B YCIIOBUIX HOP-
MaJibHOM M noBbuueHHOH (A0 150 °C) Temnepatyp.

Jnsi UICOBITAHUM OPUMEUANH MHOTOCNOMHBIA KNEeEHbIN METAINMYECKUH olpasert
(nBe OOOBIIIKH, KPETIEIHEIC IPUCTIOCOOICHNA € OTBEPCTHEM, MEIKAY KOTOPBIMW BKIISEHBI
11AKMObI ), COCTOALIMIA U3 OTASIBHBIX JUCKOB auaMeTpoM 20 MM U BEICOTOMN 2 MM, BLICOTA
CKJIeeHHOro odpasua ~70 MM; AMCKHA U3roTOBIAIM U3 uyryHa CH 18-36.

CxreeHHAE o0pa3ell MoABEPTaliv PacTsSKEHHIO Ha pa3peiBHOM Marmmure UP — 500
(Pucynok 49) ipy NOCTOAHAOH CKOPOCTH ABMIKEHHA HOABWIKHOTO 3aXBaTa MalTUHEl, BbI-
OpaHHO# TaK, uTOOBL BpEMS OT HAYala UCIILITAHUA 10 Pa3pyliueHua o0pa3ua COCTABIAIO
or 0,5 mo 1,5 munH

[TpeaBapuTEIBHO W3MEPAIIV BBICOTY TTAKETa 3ar0TOBOK 0€3 Kies B TPEX MECTax ¢
TouHOCTHIO 0,01 MmMm. BricoTy cxieeHHOro 00pasua takxke 3aMmepsanu ¢ TouHocTsio (0,01
MM,

HM3mepeHue nuHEiHbIX pasmepoB o0pas3ios npopoamin ToanmHomepom AKC

1209 (Pucynox 47).
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OKCTIEPUMEHTANBITEIE  UCCIICI0BANNA TTPOBOJMINCH COTJIACHO TIIaHY JKCIEPH-
MEHTA, MPUBEICHHOr0 B Tadnuue 1.

Tadnuma 1 — YporHW TiepeMeHNBIX (PaKkTOPOB B YCJIIOBHOM W MATYPaATLHOM MacIiTadax

3nauens ypoBMeH MTEPEMETTHBIX,
[Tlar Ba-
dak- | Cpennnit COOTBETCTBYIOLUMX YCAOBHbLIM €11-
pBHpOBa-
TOP YPOBEHb HULIAM
HUA
-1 0 +1
Bpewms oreep-
Xq 40 20 20 40 60
KACHUA, MUH.
Temneparypa
OTBEPIKIE- X 343 10 333 343 353
s, K

3.7 MeToanka ncc/ieA0BaAHHE H3rHOA HAPY/KHOTO KOJIbLA HOAIIHHANKA
HEBOCCTAHOBJIEHHOI H BOCCTAHOBJIEHHOIN TPHOOMEXaHHYeCKoii

CHCTCMEBI «KOJIBIT0 HOAIIUHHHKA — KOPHYC?

OaHMM U3 OCHOBHbBIX (PAKTOPOB, ONPEASHAOIIUX pecype TPUOOMEXaHUUECKONH cu-
CTEMBI «KOJTBIIO TIOAMIUITHWKA KAUCHWS — KOPHYC», ABNAETCS W3THO Mapy’KHOTO KONbIa
noauvnauka. Ha Benuuuny u3rnba Hapy:KHOTO KONbLA MOANIMIHUKA OCHOBHOE BIIHSA-
HUE OKA3bIBAET 3230P MEX/TY KOJbIIOM MOAIIMITHUKA U MOCAAOUHBIM MECTOM B KOPITYCE
KTT.

C menbio yeTanosnenvs (pynmKUHOHAIEHONW 3aBUCUMOCTH W CTETICTTH BITHATINA, TEX-
TTOJTOTHIECKIX W SKCTUTYaTaLMOTTHEIX (PAKTOPOB Ha BEITMUMHY W3TH0a HAPYIKITOTO KOJIblLia
NO/IIKANHUKA ObLUIM BLIIIONHEHDI ClIEUHANbHbIE uccenosanua [43].

Cxema 1 o011MiA BUA AJIS UCCNEIOBAHUA AePopMaliud HAPYXKHOTO KOAbLA MOJ-

MTATTHAKA B PEIKUME CTATHUECKOTO HATPYIKCHWS TTOKa3arna ma Pucynke 53,
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3.9 Meroanka mpoBeAenusl YKCTLIYATAITHOHNBIX HCTTBITAHWI

Onpenenenne TONTOBSYHOCTH BOCCTAHOBIICHHBIX aHA’POOHEIM TepMeTHkoM Loc-
tite 620 TpHUOOMEXaHWUUECKIX CHCTEM «KOJTBIO TIOAIIHITHHKA - KOPITYC» B YCITOBHAX PA-
JIOBOH sKcmyarauuyd Ha asTomoduwiax KamA3 6540 n 3epnoybopounbix koMOaiiHax
John Deer 9600.

DKCUIIyaTAUMOHHbIM UCHBITAHUAM IIOABEPraiu BOCCTAHOBJICHHbIE TPUOOMEXAHU-
HECKHUE CUCTEMBI «KOJIBLIO HOAMMAHWKA - KOPITYC» Ha HEPBUYHOM, TPOMEKYTOTHOM Ba-
JIaX KOpoOOK mepeaay.

B nmporttecce akcumyaTauymn onbITHHIX Malydd ¢ 1998 o 2021 r.r. npopoannu no-
CTOAHHOE BU3YAJIbHOE HAOMOACHHE 32 3KCIEPUMEHTAJIbHBIMU coenuHeHuaMU. OTeHKy
TEXHUUECKOTO COCTOSHUSA TPHOOMEXaHMUYECKUX CHCTEM «KOJTBI0 HOAIMMHHWKA - KOP-
Nnyc», MOCTYIMBIIMX B PEMOHT MAlllMH, MPOBOJMAM MOCHE UX PA30OPKU HA PEMOHTHBIX

OPeANPUATUAX NYTEM BU3YANbHOIO OCMOTPA U MUKPOMETPUPOBAHKA.
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Kax sugHo U3 Pucynka 65 kpusble pacnpeneneHus XOpowo CoryiacylTes ¢ Teope-

THYESCKUM 3aKkOHOM Beitbynna.
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B) r)

a — OTBEPCTH O] NOAIMKMNHUKK KaueHuA nepsuuHoro sana KIT asromobuna KamA3
6540

0 - oTBEpPCTHA MO MOAIUMIHUKM KaueHud BropuuHoro sana KIT aromoOmna KamA3
6540

B -~ OTBEPCTHA MO NOAIMNHUKA Kayennd nepeudHoro sana KIT kombaiina John Deer
9600

I' - OTBEPCTHA MO NOAWKMNHAKHA KadyeHns sropuyroro sana KIT komOaiina John

Deer 9600

(RYIIKUK A ANDTHOCTH BERGRTHOCTH RIHOCA
o
[~
ur LFY)
e
L]
PHHEUHANADTHOCTH DEPORTHOCTH HIHOCA

Pucynok 65 — KpuBsie pacnpenenesua U3HOCOB MOCAAOYHBIX OTBEPCTHE MO NOA-
MMNHAKY B KOPIycax KopoOok nepeaay
[TpoBepka OaM30CTH IMITHPUYECKOTQ PacMpeeNiceHHA K KOHKPETHO HalAEHHOMY

TEOPETHYCCKH TTPOHU3BOAIIACE IO KPHTEPHID HHpCOHa XZ — KBaapar.
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PesynetaTe pacdera, NpoBepeHHbIE MO TAGNMIAM KBAHTHNEH pacnipeeneHus Y2
— KBAApAT NOKA3QIK, YTO V1A BCEX PACCMATPHBAEMbIX CIIYYaEB PaclpeieneHii H3BHOCOB
TIOCAZOTHBIX MECT BEPOSTHOCTS cayqaiHoro pacxoxacunsa 0,0719 — 0,991 spaqmrensso
Bhile cranaapraoro 3HaueHua 0,05, [lpu 3TOM cTaTdcTHYECKHE XapaKTEPHCTUKH W3HOCA
NOCANOYHBIX MECT MOA MOAMUMHUKA MEPBHYHONO M MPOMEKYTOUHOro BANOB Koueh-
MOTCA B y3kux npenenax. Cpeanee apudMeTHUECKOe 3HaUeHHE H3HOca pasHo 0,136 —
0,192 mum. IIpu 3T70M HauOOIBIIKI U3HOC NMEET OTBEPCTHE NOA 3AAHMH MOALIMNIHKUK Nep-
BHYHOIO Basa, cpeaHee kpajparnueckoe otknonenne 0,07 — 0,125 mm. Koadduuuent
sapuaum u3Hoca 0,51 — 0,69. CreneHHOR moKa3aTelTk pacpeacicHus, XapaKTepu3yo-
AW BEPOATHOCTH M pa3Max M3Hoca, cocrasisier 1,5 - 2,

BennunHa u3HOCA OTBEPCTHH NPEBLILIAET BEMUUHHY AOIYCKAEMEIX H3HOCOB, DTO
OOKA3BIBACT HEOOXOIUMOCTD BOCCTAHOBICHMA MOCAA0UHEIX OTBEPCTHH.

JlaHHBIE MEKPOMETPAXKHBIX NCCIIEAOBAHHH NOKA3BIBAIOT, YTO B CHITY TECHOH CBA3M
W3HOCOB BCEX NOCAA0YHLIX MECT [0] NOMMIIHUKA NEPBAUHOrO Bana, MNPy PEMOHTE
BIOJIHE AOCTATOYHO [IPOBEPATH H3HOC TOIBKO NOCAAQUHAIX MECT MOA NOJMMITHUKH Nep-

BHYHOrOQ Baja,

4.3 PesyabTaThl HCCIEAOBAHUSA MOAY.NS YIPYTOCTH MOIMMEPHOTO MATEpHAIIA

Pesynbrarel McclieOBaHMS MOAY/Is ynpyrocTd aHaspoOHoro repmeruka Loctite

620 npexcraeners Ha Prcynke 66.
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PucyHok 66 — 3aBHcHMOCTE H3MEHEHHS MOAYJIA YIIPYI'OCTH NOJIAMEPHOTO MaTepHala

OT TEMIIEPATYPH UCTIHITAHHA
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C yBeTHICHHEM TEMTIEPATY Pl MOIYJTh YITIPYTOCTH 3aKOHOMEPITO CHHIKAETCS, TIPH-
4EM TIPONCXOINT CONTMIKEHHE KPUBBIX U NPaKTHYecKkoe X cosawe mpu T ~ 80 - 100° C.
Anamm3 TpaduKoB TOKa3bIBAcT, YTO (D(eKTHBHAA TEMTIEpaTypa SKCILTyaTalun
miénok nomumepa Loctite 620 moxet 6611 0T 80 ao 100° C. 310 BOOIHE YAOBIETBOPIET
pPEXKUMAM BKCILTYaTalMKU KOPOOOK nepenayu TPAHCNOPTHBIX W TEXHOJOrMUECKUX MAIIIKH.
CornacHo pacuetaM MMPOBEACTTHBIM B TJIaBe 2, MeoOXoaAuMas BEJTHIUNa MOy YIIPYTO-
cth coctasisaeT 4 ['Tla, aro obecnieunBacT peXUM THAPACTATHYECKOTO CIKATHS TUICTTKA

TIOJTMEPA.

4.4 Onpeneenne peoJOrHIECKHX CBOICTB MJICHOK

NMOJIUMEPHOT0 MaTepuaJia

C nenbto OLICHKU cTeneHu AeOopPMUPYEMOCTH MISHOK MOJMMEPHOro MaTtepuana
Loctite 620, nopeacTaBaeHHOR B 1. 3, MCCIEA0BAHbL PEOIOrMUSCKUE CBONCTBA IINEHOK
3TOTO MaTepwuana.

JlamiHble 110 MONI3YYUECTH TIIeHOK obpadaTeieanmich B makeTe MathCad. U3 rpadika
Ha PucyHke 07, cneayer, uto mof3yuecTh IUICHOK PA3BHBACTCA NO TPEM XAPAKTEPHBIM
yuyacTKam: Ha yudactke t — 0, pa3BuBaeTca BbICOKOWMIACTHUecKasa aedopmauus, Ha
yuacTtke O< t <1000 ¢ — BBICOKOANMACTHUECKAS TEKYUECTh TTOTMMEPITEIX TUIETIOK, a Tia
YUaCTKe t—>0 - BA3KAA TEKYUeCTh IIEHOK.

U3 rpadmxa (Pucynok 67), cieayer, yTo NOA3YUECTh MIEHOK 3aBUCUT OT UX TOJ-
IWHEL. [Ipu 3TOM MEHBINIEE 3HAUCHAE HON3YIESCTH HAOMONAETCA Y TOTUMEPHBIX TIIICHOK

TOJIIMHON a0 0,2 MM.
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4.5 PezyibTaThl HCCTIETOBAHUS Ae()OPMATTHOHHO — TIPOUTIOCTHBIX CBOWCTB TLIETOK

TMOJIMMEPHOr 0 MaTepuaJia

B pesynerare wecnenosanns npeaea MpOYHOCTH HIIEHOK TTOTUMEPHOTO MaTepH-
ana, NOAyYEHO YPABHEHUE PErpeccuu B KOAOBLIX €IMHMIIAX, OMMUCHIBAIONIEE TeMNEpa-
TYPHO-BPEMEHHYIO 3aBUCUMOCTL mpeaena npouHocTu repmertuka Loctite 620 (Tabnuna
2):

T=20+7,8x; +58x, — 3,1x% — 0,8x3 — 1,3x,x, (163)
TAC X; — BPEMS OTBCPIKICHUS,
X, — TEMIIEpaTypa OTBEPKICHHA.

Tadnuua 2 — Matpuiia naaHUPOBAHUS U PE3YALTAThL SKCIEPUMEHTA

Homep omnbita Konnposannoe 3naucHme (hak- Pazpymatotee HanpsKeHne,
TOpa mlla
IKCNEPUMEH-
X1 Xo pacuérHoe
TaTEHOE
1 -1 -1 2,57 1,26
2 +1 -1 20,12 19,42
3 -1 +1 14,7 15,38
4 +1 +1 27,22 28.5
5 -1 0 8,59 9.1
6 +1 0 254 24,74
7 0 -1 12,23 17,44
8 0 +1 27,81 25,04
9 0 0 21,6 19,24

["padpuuecknii anamms ypaeHenus 168 (Pucynok 68) nokassiBaeT, UTO MPW TTOBHI-
ICHHEIX TEMTIEpaTypax WHTEHCH(HLITPYETCS HOTUMEPW3aMoOHHAad aKTHUBHOCTh TepMe-
THKA W PacTéT MPOUYHOCTh coe/MHeHus. ONHAKO TMOBbINIEHUE TEMMNEPATYPH YMEHBIIAET
BS3KOCTh HOJTAMEPA, BCIIGACTBAC UETO OH BBITCKAET M3 3a30pa. [107TOMY TTOBBITIIATH TEM-
HepaTypy TPEATIOUTHTENIBHO TTPH OONBIINX 3a30pax, a TaKiKe HOCIIE TTPEABAPUTEITEHOTO

OTBEPKACHUA MOIUMEPA NPU KOMHATHOW Temneparype. C NOBHILIEHUEM TEMIEPATYPh
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CpaBHWTEIBHBIH a3 rpaKoB HOKA3aJ, YTO YBEITMUECHNE TOJNIIWHEI TOJTMMEP-
HOrO MOKPBLITHS NPUBOJUT K YBEIMUECHUIO U3rida HAPYKHOIO KONbLUA MOAUIMIIHUKA U
MOKET HOBJICUL pa3pylleHne TUICHKHA HojinMepa. [lpn yBemwaenun miéaku qo 0,2 M
TTPOUCXOANAT YBEITWUEHWE W3TH0a Hapy KHOTO KOJIbIa HOAUIMHHNAKA 10 86 MKM, UTO MO-
JKEeT HeOnaronpuATHO OTPA3UTCH HA AOJTCOBEYHOCTU NONUMEPHON NIIEHKH.

BoccTanoBneHne nocanouHbix OTBEPCTUA NOJ NOAIUMOHUKKA KAYEHUA MOJIMMEP-
HbIMU MaTepuaiaMmu cnocodcTeyer Dosiee PABHOMEPHOMY PACpENSNeHUIO KOHTAKTHbIX
Harpy30K B TPUOOMEXAHWUECKONW CHUCTEME «KOJIBIIO TIOMIIUITHUKA — KOPMYC» U B HO/I-

ITHHHUKS KQUCHHMA,

4.8 Pe3yibTaThl IKCIJIYATAIITOHTILIX HCHLITAHITH

OKCHITyaTallMoOHHbIC WeTbITanus apToMoOneit KaMA3 u 3eproybopouHbie KOM-
Gaitnbl John Deere ¢ BOCCTAHOBACHHBIMM TPUOOTEXHUUYECKUMHU CHCTEMAMM «KOJbLO
NO/IIMOHUKA — KOPIIYC» MOABESPraluCh UCIHMTAHUAM B YCIOBUAX LITATHON 3KCILUIyaTa-
mnn ¢ 1998 o 2021 r.r. na npeanpustusx Yensbunckoit, Kemeposckoit w Kycranatickoit
obyacteit. 3a nepuon HabdmoaeHWH HapaboTka asToMoOnet KamA3 cocrasuna ot 10
70 230 Thic. kM, 3epHoyOopounbix komOaiinoB John Deere ot 450 g0 3870 ra.

MOHHTOPHHT COCTOSTHUSI BOCCTAHOBICHHEIX TpHOOTEXANTecKIX cructeM B KIT ocy-
HISCTRIISIIA BO BPEMS TEXHUIECKOTO 00CITY KWBaHUS W PEMOHTA MaITHH,

3a mepuoa 3KCILIYaTAIMK OTKA30B U MPOCTOSB MALlKMH MO NPUYMHE HEAOCTATOU-
HOW JIOJITOBEUHOCTH WCIIBITYEMBIX TPUOOTEXHWUECKWX CHCTEM HE HabMOAanoch, 4TO
NOATBEPKACHO COOTBETCTBYIOMMUMHM aKTAMMU.

[To pa3zpaboTaHHOMN TEXHOJIOTHH B YCIIOBHIX IKCIITYATaHTOB OBITA BOCCTAHOBJICHET
78 TpUOOTEXHUTECKUX CHCTEM «KOIBIIO MOAMIMHHAKA — KOPHYC» B KOpOOKax nepenad
komOaiiHoB John Deere un Gonee 100 TpuboTeXHUYECKHX CUCTEM «KOJIbLO NOJLUKMMHAKA

— Kopryc» B kopoOkax Hepenad B KIT asTomodnneit KamA3,
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["naBa 5. DpPekTHBHOCTL HCHOJIB30BAHNSA HOJIUMEPHBIX MaTEPHAIOB AJTs1
MOBbILLIEHHS NOCAePEMOHTHO J0AT0BEHHOCTH TPHOOMEXaHUYECKOI CHCTeMBI

«KOJILI0 HOAULHHHHKA — KOPITYC»

5.1 Texnon0rng BoCCTAHOBJIEHHA TPHOOMEXaHUYECKOH

CHCTEMDbI «KOJILIO NOJLIHIIHHRA — KOpIyCc»

Omepaniil TEXMOIOTHTIECKOTO TIpotiecca BkmodaioT: pazoopky K1, motixy kop-
nycHoii aeranu KII, obexupruBanne mocajouHblx MECT MOJ MNOAIIMMHUKY KAUEHUA B
kaptepe KlI, HaHeceHne monumepHOro Marepuasna Ha MOBEPXHOCTU AeTanei Tpudome-
XaHWUIECKOW CHCTEMBI «KOJIBIIO0 TIOATIUITHUKA — KOPIYye», cOOPKY KOPOOKW Tiepenad v
TepMOooOpadoTKY MOJUMEPHOrO MaTepUaIa.

Pazbopka KII npoussoaunack B mOCaeA0BATEAbHOCTH YCTAHOBASHHONR 3aBOAOM-
m3roroBuTesieM [168].

Moiiky KOpIyCHOH A€TaIN OCYILIECTBIIAIA MOSUHON CTPY RHO-MOHUTOPHONA Mallly-
noii Tuna Karcher K 4 Silent Edition. Jlna moiiku npumensincs 0,4% BoAHbIA pacTBOpP
morowero cpeactsa BYK (TY 2381-003-31559149-98). Temmeparypa MOIOLIETO pac-
TBOpa coctasisuia ot 60 g0 70°C. PacTBop W3 MOSUTION MALIMATIEN TTOAABAIICS TIO AaBIie-
nuem B 3 mlla. Moiika KII nposoaunace 10 yaleHHA CAE€A0B CMA30UHbIX MATEPUATIOB B
teuene 0,5 u, Kontpone kauecTra Motkn moeepxHocTed K1 ocyImecTBs N MpoMoKa-
neM OymaxkHoro 6e33onsHoro pwiteTpa (I'OCT 12026). [Mpw Hagwanw cneos cMazou-
HBIX MATEPUAIOB, aOPA3UBHBIX U METATMYECKUX UACTUIT MOMKY MOBTOPAIIA /10 UX Y-
JICHWS.

Cyika KII nocne moiikn oCy1ecTBIANIACh B TEUSHUE 2 UaCOB B CYILIMIIbHON Ka-
Mepe ¢ nH(pakpacHsIM HarpesaTesbieiM steMentoM IFLAMP2 npu tremniepatype 60 —
70° C mo wcmapenus clieIoB MOFOIIETO PacTBOPA.

[TocaaouHble OTBEPCTHA MO/ NOAIIMOHUKA B KOPIIYCHON NETANN OT CIEA0B U3HA-

MTUBAHWS W KOPPO3UW OUUIIANIA CTEKJsANmoN numdoBaTsHoH Oymaroit mapkw 14A
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(IT'OCT I'OCT 13344) 3eprauctoctiio P 400, Ouncrka nposoaniack A0 TOSBICHUS O1-
HOPO/JHOrO METAIIAMYECKOro OiecKa BCeil NOBEPXHOCTH MOCAAOUHOIO OTBEPCTU.

O0e3xUpUBaHHE TTOBEPXHOCTEH meTaicii TpOOMEXaHMIEeCKOW CUCTEMEBT «KOJTBII0
HOAMIMHHWAKA — KOPIIYC» BBITIOJTHAIIOCE MyTEM HAaHECEHUA TYJIEBEPH3aTOPOM TpaiiMepa
Loctite 770 ¢ nocneaymouieil ero cyuikoii Ha pozayxe. Kourpoas nporecca o0e3:KkupuBa-
HUA OCYIIECTBIIAIA MPOMOKAHUEM JeTaNIeld TPUOOMEXAHUYECKON CUCTEMbl K KOJIbLO NOJI-
LUMIHUKA — KOPrye» OymaxkHbiM 0e330ibHbIM duabTpom ([OCT 12026 ). [lpn nannuunu
CJICIOB CMa30THBIX MATEPHAIIOB MTPOLEAYPY 00€3KUPHUBAHWS TTOBTOPSITH,

[Tommepnsrit matepran Loctite 620 HanOCHITH Ha BCE COSAMHIAEMEIC HOBEPXHOCTH
JgeTaneid TpuOOMEXaHNUECKOM CUCTEMbI «KOJNbLO MOANIMIHUKA — KOPIYC» U3 Kamelb-
HULB TYObL 104 XpaneHus repMeTuka. [[okpbiTie MOBEPXHOCTEN AeTaNeid MONUMEPHbBIM
MarepuajioM WPOBOIWIM METOI0M CBOOOAHONW WPOJIWBKH HOBEPXHOCTEH. PaBHOMEp-
HOCTb pacnpene/ieHyua repMeTUKA MO MOBEPXHOCTAM JAeTaieil TpudoMexanuyeckoi cu-
CTEMbI «KONbIIO MOJIIMNHUKA — KOPOYC» ITPOM3BOIMIN C NOMOIILIO BOJIOCAHONW KUCTU
(T'OCT 10597-87) mmpunoit 10 mm w qymmHOH Bortoc 15 Mm. Pacxon HonmuMepHOTO MaTe-
puana, B 3aBUCHMOCTH OT BEJIMUYMHBI U3HOCA NOCAAOYHOrO OTBEPCTUS B KOPIYCHOM Nie-
tanu KII, coctasnan ot 0,3 g0 1 M na 1 Mmy? mosepxHoCTU neranu.

[TogaTeky TepMETHRA W3 3a30pa IeTajcii TpHOOMEXaHMIECKON CUCTEMBI «KOJTBITO
HOANIMHHAKA — KOPITYC» W T¢PMETHK TTOTIABIIIMH HA CEHAPATOP W OCTOBBIC TOPOIKKH TIOT-
IIMOHUKA yaanany opaiimepom Loctite 770.

[Tocne maHeceHNWS TEPMETHKA HAa HOBEPXHOCTH ACTaNIeH TPHOOMEXaHMICCKOH CH-
CTEMBI «KOJBII0 HOAMIMAHAKA — KOPHYCY TTPOBOIAIN yeTaHOBKY Barmos KI1.

Jlnd UeHTPUPOBAHWA BAJIOB KOPOOKM Mepenay mpu OTBEPHKIACHUM MOJIUMEPHOTO
Marepuaa ncrob3oBanochk mpucHocooeane KM 5337, nossonstoree ¢ 3a1anHON ToY-
HOCTBIO 00eCneunTh MEKOCEBOE PACCTOSHUE BaloB KOPOOOK mepenay.

TepmoobpaboTka HOMMMEPHOTO MaTepHala mposoaniack B TeucHue 45 — 50 mu-
myT wpn Temrepatype 90 — 120 °C ¢ mocneayromum oxmakaeHueM KOpoOKH Tiepeay B
TeyeHue 3 — 5 yacoB B TepMoluKkade ¢ OTKAOUEHHBIM IMTANKEM. DTO TapanTUPOBAIO
HOJTHYIO HEOOpaTUMOCTD MPOLIEcca HONIMMEPH3alUi aHaspoOHOTO TEPMETHKA TIPH TOJT-

A ¢JIos HonmmMepHoro mMatepraja ot 0,1 g0 0,25 M.
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[Tocne monmumepwsamyv aHa’>poOHOTO MaTephaja MPOBOIHIN OKOHJATEIIBHYIO
coopky KII mo TexHonoruu 3asoaa — usrorosutens [168].
PaccMoTpennass TEXHONOTMA BOCCTAHOBIICHWS TPHUOOMEXaHWIECKOW CHCTEMET
«KOJTBIIO TTOALIMHHWKA — KOPITyC» HE NPEIyCMaTPHBACT HAIMTHE HOCIEAYIOWEH Mexa-

HUYECKOH 00pabOTKu.

5.2 Pacuer TexHOI0rH4eCcKoH Ce0eCcTOMMOCTH BOCCTAHOBJICHUS

Tpnﬁomexamme(:lcoﬁ CHCTCMBI «KOJIBIO0 HOOQIIHHHHKA — KOPHYC»

[{enecooOpa3HOCTh UCMIONB30BAHUA MOIUMEPHBIX MATEPUATIOB A BOCCTAHOBIIEC-
HUA TPUOOMEXAHUUECKON CUCTEMBL «KOIbLO NOAIIMITHUKA — KOPIIYC» MOMKET ObITh OLle-
HEHa 3aTpaTaMi Ha BOCCTAHOBIICHUE W HOBBIMICHUE JOJTOBEYHOCTH 3TOW CUCTEMEL.

3aTparsl HA BOCCTAHOBIEHUE — TO, KAK NPABUIIO, TEKYILIME 3aTPAThi unu cedecTo-
MMOCTb BOCCTAHOBICHUA.

JONTOBEYHOCTh BOCCTAHOBIIEHHOW TPUOOMEXaHWUIECKON CHCTEMBI «KONBIO MOJ-
LIMOHUKA — KOPIYC» onpeaenserca 00beMOM BLINIOIHEHHON PabOThI.

JKOHOMUYECKYIO 3((PEKTUBHOCTb BOCCTAHOBICHHOHW TPUOOMEXAHMUYECKON CH-
CTEMBI «KOJTBLIO HOJIIMHANKA — KOPHYC» KOPOOKH TIEpeIay MOKHO OLIEHUTD YASTbHEIMHA
3aTparaMi Ha IWHWIY HapaOOTKW MAaIIWHEI

T

rac CB — TEXHONOTHYECKAS ¢eOCCTOMMOCTE BOCCTAHOBIICHUS TpI/I6OMeXaHHII6C-KOﬁ CH-

B (164)

CTEMbI «KOJIbLO NOJIIKMIHUKA — KOpOYC», pyo.;

T — HapaboTka [0 npenenbHro CoCToAHMA (pecypc) KOpoOKH mepenad, ea. Hapa-

OOTKMU.
Texuonorndeckas ce0ECTOMMOCTb BOCCTAHOBJICHWS ACTATA OTNPEACITIACTCSA, Kak
[31]:
Cp = Cyz + Cy + G+ 03 + Co + Gy, (165)
rae Cys — ocTaTodHAsS CTOWMOCTE W3HOIICHHOW ASTaH, pyo.;

Cy — 3aTpaTsl Ha MaTCPHANET IS BOCCTAHOBIICHUS ACTalH, pyo.;
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(5 - 3aTpaTsl HA SMEKTPOIHEPTHIO, PyD.;
(3 — 3aTpaThl HA 3apalOoTHYIO IIATY NPOU3BOACTBEHHBIX padounx, pyod.;
Cpp — €AMHBIN couManbHbli Hanor, pyod.;
Cij — HEXOBEIE PACXOBI, BKITIOYAs aMOPTU3aIIMOHHEIC OTUUCIICHUS, PYO..
OcCTaToyHasA CTOMMOCThH U3HOLLICHHON AeTalld ONpPenenaeTca, KaK
Cys = Um - B, (166)
rae Ly —1meHa 1 kr metannuueckoro noMa Marepydana Kopooku nepeaady, pyo.;
M — macca KopoOKW HepeIad HO YEPTEKY, KT,
Kopnyc xopobxwn nepenay warorosiieH w3 ceporo uyryHa CY 21 — 40 'OCT 1412 —
85 [81].
I{eHa noma 5TOro Marepuana cocrapinaeT okono 65 py0./kr [307]. Macca kopnyca
KOpOOKH Tiepeaad, COTJIaCHO PEMOHTHOTO UepTeka, COCTaBIsAeT 73,3 KT.
Torna octatounas croumocts kopnyca KlII Oyaet cocraBiars
Cyz = 73,3+ 65,0 = 4765 pyb..
3artparsl Ha ANCKTPOIHEPTHIO TIpH BoccTanosieHnu KI1 cocraest
C3=T, Ng-lz-K, (167)
rae T, - TPYAOEMKOCTb BOCCTAHOBIICHNS ICTAIH, YCIT. -,
N, - aktuBHas momHocThL noTpeduteneit, N, = 18 kBT,
5 - croumocTs kBT w snexTposneprum, Ly = 5,5 pyo.;
K — korpdwmment noteps, K = 1,2,
Torna 3atpatsl Ha ANEKTPOSHEPrHUIO B pacuete Ha oHy KII
C3=17,6-18-5512 =904 py6..
TpynoeMKkocTs BOCCTAHOBIIEHHWA TPUOOMEXAHWUECKOW CUCTEMBI «KOJIBIIO TOM-
TITUHHAKA — KOPITyC» aHaspoOHbIM repMeTrikom Loctite 620 ¢ mpuMenenneM pa3pabaTsi-

BacMOl TEXHOJIOTHH pHUBeIcHa B Tadmwge 3.
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Tabnvma 3 - OnepallmoAHOE BPEMS BOCCTAHOBIICHHUS TPUOOMEXAHWIECKOW CHCTEMET

¢KOJNbUO ITOAIIATIHKHKA — KOPIYC»

HawnmeHnoBanwe onepa-

AKTHBHAS MOITHOCTE HO-

OHeparmmoRHOE BPEMS, 1.

ITHH TpebuteneH, kBT

1. Moiixa KII 2.5 0,5
2. Cymka KI1 8,6 2.0
3. Jedexrauns KI1 - 0.5
4, 3aTncTKa TTOBEPXHO-

5 5 - 0,2
CTell OTBEPCTU
5. OBexupuBanue - 0,1
6. Hanecenne HoTUMEp- ] 03
HOrO Marepuasa
7. Illonumepuszauusa u
TepMooOpadoTKa HOJTH- 6,9 4.0
MEPHOIo MaTepuana
Htoro 18 7.6

3arparsl Ha MaTepHaJTBl MpUHNUMaeM, kak [307]:

Cm = Ku " Cap, (168)
rae Ky — kosdduuuent, Ky = 0,4;
C3 — 3aTpaTsl Ha 3apaboTHYIO HITATY, Pyo..
3aTpaTsl Ha 3apabOTHYIO HITATY PACCHUTBIBAFOTCSA IO BEIPAKEHHIO
Can=11:Tp Gy Ky Kp, (169)

rae 1,1 — xkodpduieHT, YIUTEBAIOMIHH JOTOTHUTETFHYIO 3apaboTHYIO HITATY,

Tp — TPpYIOCMKOCTE BOCCTAHOBIICHHA OCTAIIH, YCIL.-1;

Cy —vacosas TapudHas cTaBka cHeumanmcera (padodero), pyo.;

Kj — xosdpurment, yuutbiparommii noniaTh K 0CHOBHOH 3apaboTnoil nnare, Ky =

1,4;

Kp — paitonnsrit koapdwument, Kp = 1,2

Yacopaa tapudHas crapka cnermanucta (pabouero 4 paspsaga) onpeaensiercs, KaK:
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CM ) KM

Cy = .
q Dy

(170)

rae Cpy — pasMep MUHMMANbLHOH pasmep 3apadoTHoii miatel, Cyy = 12000 pyd.;
Ky — Mexkpaspsaaubiii koadgumment s padouero 4 paspsaga, Ky = 1,34 [307];
®p — doun epemenn padouero npu oanocmeHHoi 40 yacopoii pabGouei Henele,
O =40 u.
Torna,
Cy = 12000+ 1,34
40
3arparsl Ha 3apabOTHYIO MIIATY COCTABAT

Cap=11-7,6-400-1,4-1,2 = 5300 pyb..

= 400 py6./u.

3arpaTsl Ha MaTEPHAaITbI
Cy=04-2691 = 1076 py6..
OTunciieHns BO BHCOIOLKETHBIC (hOHARI TpHHUMaceM B pasMepe 30% or 3aTpar Ha
3apaboTHYIO TITaTy
Cpa = Kpa * G (171)
rie Kgo — koaddunuent otuncnenns so pHebtopxeTHbIE (porabl, Kggp = 0,3;
C3n — 3aTpaTsl Ha 3apaboTHYIO HITATY, Pyo..
Tornaa,
Cpo = 0,3 2691 = 800 pyo6..
Llexoebie pacxonsr mpuANMaeM B pasmepe 150% ot 3atpaT Ha 3apa0oTHYIO HIATY
Cyp=15"Can=15-2691 = 4070 py?.. (172)
TexHomornueckas cebGecTOMMOCTh BOCCTAHOBJICHUA OJAHOH KOPIYCHOW AeTanu Mo
TIPEUTOKEHHOMY TEXHOJIOTHICCKOMY TIPOTIECCY MOKET COCTABUTH
Cg = 4765 + 1076 + 904 + 2691 + 800 + 4070 = 14306 pyo6..
B pesynbTaTe 3KCHITyaTaWOHHEIX HCHBEITAHWH KOpoOOk Tiepenad aBTomobmeit Ka-
MA3 6540 ¢ BOCCTAHOBAEHHLIMU TPUOOMEXAHUUECKUMU CUCTEMAMHU «KOJIBITO MOALIMI-
HUKA -Kopnyc» 3aduKCUpoBaHa HApaboTKa J0 IMPeAeibHOro coctosHua pasias 127000

KM.
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CpasuuTenbHBIN pacueT mo (160) mokaszan, 9To yaenbHas CTOMMOCTH €]1. Hapa-
0OTKU:

24200 pyo.

- HOBOM aeranu B=—=0,23
103000 ’ KM

- IPU NPUMEHEHUH AHA3POOHOTO repMe-

THUKA
7257 pyo.

Loctite 620 qma BoccTaHOBIEHNUS TPHOO- - =
o P B 127000 0,06 KM

MEXaHWYECKOW CHCTEMBI «KOJIBIIO HOO-

IWTTHAKA — KOPITYC»

B nacrosiuee spema kaptepst npu pemonTe KII He BoccTaHaBIMBaloT, a, KaK npa-
BUJTO, 3aMEHSIOT HOBBIMH,

['onoBas 3koHomusa Ha oaHy KII oT BHEApEHMA TEXHOIOrMKW BOCCTAHOBICHUA TPU-
OOMEXAHWYECKUX CHUCTEM «KOJbLQ MOAIIMIIHUKA — KOPIIYC» ONPEAENiaeTcs 3aBUCHMO-
CTBIO;

r =L - Cg, (173)
rae L — uena noporo kaprepa KII asromo0uns KamA3 6340, py6.,
o pannemv [308], I = 24200 py6.;
Cg - ce0eCTONMOCTE BOCCTAaHOBIICHUS A€TaJH, PyO;

I = 24200 — 14306 = 9894 py6..
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3aK/II0YeHHe

1. YeranosiieHo, UTO pa3pylicHHE W ACTpaJalus TTOBEPXHOCTHBIX CJIOER 1TOCaIoM-
HOTO OTBEPCTHA CBI3aHO ¢ KOHTAKTHBIMWA Harpy3KaMHW W cerperauneii yriepoaa B HO-
BEPXHOCTHbBIC CJIOM MATepUasia KOpnyca oT ASHCTBUA M3rufa Koibua noAIMNHUKA Kaye-
HHUA, 32aBUCUMOCTD /IS ONPEASICHUs NapaMeTpoB U3ruda HAPYKHOrO KOJbUA LIAPHKO-
BOr0 PAAMANbHOIO NOUMIHUKA KAYSHMsI, OIPSASIIASTCA no Teopun n3rnda dpyca ma-
JIOTO pajyca KpUBH3HLT HAa YIIPYTOM OCHOBAaHWM Mojaen Burknepa, Ayt 00ecHEUeHUS
JIONITOBETHOCTH BOCCTAHOBJICHHONW TPHOOMEXAHWTECCKOW CUCTEMEBI «KOJTBIIO TIOIIITHH-
HHKA — KOPIYC» MIEHKA NOAMMEPHOro MaTepuana A0JKHA HAXOAUTHCS B COCTOSIHUM TUA-
POCTATUUECKOIO CHKATUSL.

2. OnpenenieAo, UTO BHE 3aBHCHMOCTH OT TOJMIHHBT MOJCITH, WMHTHPYIOMICH
IUICHKY, U3 aHAYPOOHOr0 repMeTHKA B BOCCTAHOBACHHOH TPHOOMEXAHHUYECKOM CHCTEME
«KOJIBLO MOAIIMHUKA — KOPIYCY, MIABHBIC IIOIIAAKH HAHPAKSHUA pacronaralores no
pamuycy u 1o okpy:kHocTH. [lpn 3ToM HanpskeHns cocTarnsaioT oT 4 mo 9 mlla w pac-
MOAArAKTCA HA OCH CUMMETPUU MOACIM, AYra KOHTaKTa coctapnaet 180 rpanycos.

3.YcraHoBneHo, uto cpeaHee apupMeTHUEcKoe 3HAYEHIE U3HOCA OTBEPCTUI 110
HOJAMIMHHWKN KaueHUA B KOPMYCHBIX aeTanmsax KI1 TpaHCTOpPTHEIX U TEXHOJIOTHISCKAX
sMammiH coctaysaeT 0,136 — 0,192 mwm. [pw 3ToM HanOONBIIHT H3HOC UMEIOT OTBEPCTHS
noja 3anuuii noammnuuk KIT nepeuyunoro pana, cpeiHee KBaJpaTHUSCKOS OTKIOHEHUE
0,07 — 0,125 v, 9TO TIPEBBITITIACT BEITMUANY TOWYCKAeMOTO M3HOCA HO TEXHUUECKHM Tpe-
OOBaHMSM Ha PEMOHT, TIPH 3TOM TICPOXOBATOCTD TOBEPXHOCTH JTIOKAIBHOMN 30HET M3HOCA
cootsercTBYET (0,068 — 0,87 MKM. 3TO 3HAUCHUE 1ICPOXOBATOCTH MIPEBHIILIAET 1IEPOXOBA-
TOCTh UCXOAHOM oBepxHOoCTH Ha 0,35 — 0,50 MxMm, [Tpy HamTUIHUA TUTCHKW HOJTMMEPA CY-
LIECTBEHHOM AerpajJalyy Noca 0uHOro MecTa He Habumo aeTes.

4 DKCHEPUMEHTAIIEHO YCTAaHOBIICHO, UTO palioHaNbHas TONIIMHA TUICHOK, ¢ yUe-
TOM HaNpsKeHHOTO — AeOPMUPOBAHHOTO COCTOSHHS TPUOOMEXAHUTCCKONH CHCTEMBI
«KONBLO MOALIMNHUKA -KOPOYC», A0MKHA ObITh B AuanasoHe ot 0,1 no 0,2 mm.

5. YcranosneHo, uTo >(h(peKTHBHAS TeMTIepaTypa IKCHIyaTaluu TUTIEHOK HOJTH-

mepa coctasisiet oT 80 no 100" C, aTo yIoBIeTBOpPAET pekUMaM SKCIUTyaTallni KOpoOokK
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niepeaad TPAHCTIOPTHEIX M TEXTIONIOTAUECKUX MamwH, [1pr 2TOM MOI3y9ecTh TUTGHOK 3a-
BHUCHUT OT TEMOEPATYPHI U TONMLIKHBL. [ [n€HKa nonuMepHoro Marepuana Tonnyuoii 1o 0,1
MM 00IaaaroT nomsydecTs B 4% (B cpaBMeHWHN ¢ TOMIWHAMK TIeHOK A0 0,3 MM - wx
MON3Y9ecTb cocTaBmsAeT okono 10%), 3To obecrieunBacT cTa0MIIbHOE B3aUMTIOE Paclio-
NOKEHUe Aerajeil TpUOOMEXaHUUECKOH CUCTeMbl «KOJbLO MOAIIMIHUKA — KOpOYC» B
JManazode pabounx TeMnepaTyp U Harpys3okK.

6. Pazpaborana TexHosorus npuMmeHeHus noaudpyHKUMOHAIBHOIO COSAMHEHMS
aKPUJIOBOTO pANa A7 00eCTIEUeHNS TIOCIEPEMOHTHOTO pecypea TpudoMexanuiecko cu-
CTEME «KOJBLIO MOAIINIITHKA-KOPIYC» KOPOOKW TIepenad TpanclopTHO-TEXTTONOTHIE-
CKMX MalllMH, BKIOUAOIAs ciaeayiowmue onepaimu: pazdopky KII, moliky kopnycHoit
aetanu KII, ofesxuprBaHMe MOCAOUHBIX MECT MO/ NMOJLIMINHUKA KAU€HUs B KapTepe
KT1, manecenwe mMoaUMEpNoro Marepuana ma TOBEPXHOCTH AeTaneit TpubomexaHwue-
CKOM CHCTEMbl «KONbLO MOALIMIHUKA — KOPIIYC», COOpPKY KOpOOKHU mepenay u Tepmood-
pabOTKy MOJMMEPHOro MaTepuana.

7. B pesynbTaTe MCTBITANAi OnIpeAcIien AOPEMOHTHBIH pecype TpudoMexaHmie-
CKOM CUCTEMBbI «KOJBIIO moaluunHyuka — kopnyc» B KII rpy3oBeix apromoduneii, koto-
polii coctaBnser 84 Tohic. kM. IIpn BOCCTAHOBIEHUHN MOJUMEPHBIM MATEPHANOM pPeCypC
TPHOOMEXAMIUECKON CHCTEMBI «KOJTBIIO TTOMIMATITIKA — KOopriye» ¢ 84 Teic, kM mo 103
THIC. KM v TiepBuuHOTO Bama w ¢ 115 mo 127 teic. kM v BropudHoro Banma. [locnepemonT-
HasA HapaloTKa TPUOOMEXAHNUECKOM CUCTEMbl «KOJIbIIO MOAIIMITHUKA — KOPIYCY 3€PHO-
yOopouHOTO KoMOaitHa yBEeTTHIHBACTCS T niepsuumnoro eama ¢ 1500 xo 2100 ra u Bro-
puaHoro Bajios ¢ 2100 mo 3000 rexTapos. [Ipw »ToM pacueTnEIi rog0BOH SKOHOMMWIE-
ckuii 3¢grpext 0T BHeApeHua pa3paldoTAHHOrO TEXHOJIOTMUECKOrO MPOLECca COCTABUI

9894 py6. na omny KI1.
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