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OLIEHKA BBIITYCKHOM KBAJIM®UKAIIMOHHOM PABOTHI

IToxa3arenn' OneHka
5 4 3 2 .
1 AKTYaIBHOCTE TEMATHKH PabOTHI +
2 CreneHs MOTHOTHI 0630pa COCTOSHUS BOIPOCa M KOPPEKTHOCTH MO- n
CTAHOBKH 3aauH
3 VpoBeHb W KOPPEKTHOCTh HCIIONB30BaHHA B paboTe METOMOB HCCIIe- "
IOBaHHH, MATEMATHYECKOr0 MOJCIMPOBAHUSA, HH)KEHEPHBIX PacueTOB
4 CteneHb KOMIUIEKCHOCTH PabOThI +
5 SICHOCTb, YETKOCTD, IIOCAEeI0BATEILHOCTh H 00OCHOBAaHHOCTh +
H3JIOKESHHS
6 TlpumeHeHHe COBPEMEHHOr0 MAaTEMAaTHUYECKOIO H IPOrpaMMHOIO "

obecneyeHys, KOMIBIOTEPHBIX TEXHOJIOIHii B pabore
7 KadecTBo oopMIIeHHs MOSCHUTENBHON 3amuckyu (0OIIUi ypOBEHb
IPaMOTHOCTH, CTH/b H3JIOKEHMs, Ka4eCTBO WIMIOCTPALMH, COOTBETCT- | +
BHe TpeOOBAHUAM CTAaHIAPTOR)
8 O6beM M KavecTBO BBHIMOJIHEHHUs rpaduyeckoro Marepuaia, ero co-
OTBETCTBHE TEKCTY 3allMCKH U CTaH1apTaM
9 OpUrHHAJILHOCTh W HOBH3HA IOJYYEHHBIX Pe3yJbTaTOB, HAay4HBIX,
KOHCTPYKTOPCKHX U T€XHONOTMYECKUX PELICHUI

* TpyZHO OLIEHHUTD.

! [lepeuens mokasaTelieli MOXeT GbITh H3MEHEH B COOTBETCTBUM € TPEGOBAHMAMHE K COAEPKaHUIO, 06BEMY H CTPYKTYpe
BKP (1. 3.2 yteepxAeHHOH mporpammbl [ UA 11e-@I'OC BO (3.4 ne BPIOC BIIO)).



OtmMmedeHHBIE JIOCTOMHCTBa: ABTOPOM IIDOBENIEH OO ITHDHEIH O630D JATEPATYPHBIX HC-

TOYHWKOB I1O0 TEMEC Da6OTLI. HccnenoBano BIHSHHE TapaMeTPOB npoduIsg HeCcVIEe 1o-

BCPXHOCTH TIOPIIHA AHU3CIIA Ha THAPOMEXAHHWYCCKHME XAPAKTCPHUCTHKHW COIPSIKCHUA.

OneHeH pecypc HUCCIeNYEMOT0 CONPSKEHHS M MPEIOKEHEl TEOMETPHUIECKHE napamMeT-

PhbI H‘DOd)I/IJ'ISI HECYIIICH IOBEPXHOCTH MHOPIIHS, MO3BOJSIONINE YBEIHYUTH pacdyeTHBIN

pecypc bojiee 4eM B 4.5 paza.

OtMeueHHEBIE HEOJOCTAaTKH: OTCYTCTBYIOT IIOJIHEIE BBIKJIQIKH IDPUBCACHHBIX (bODMVJ'I H

3aBHCHUMOCTEM 1 IPOTOKOJIEI 3KCIIEpPHMEHTANIBHBIX UCIIBITAHHUM.

3aKmoueHne 2 PaboTa cooTBETCTBYET HanpaBJIICHUIO TIIOATOTOBKH, BBITIOJHCHA HA JOCTA-

TOYHO BBICOKOM TCXHHYCCKOM YPOBHEC. MOXCT OBITE olleHeHa Ha «OTIHYHOY, €€ aBTOpP

JlovikmH A.A. 3acIy)XHBaeT NPUCBOSHHS CTEIIEHW MarucTpa I10 HaIpaBICHUIO DHepre-

THYCCKOC MAallTHHOCTPOCHHC.
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? VkasblBaeTcs OLEHKA BBITYCKHOM KBaNM(HKALWMOHHO#H pabOTH I PEKOMEHIALMH O IIPHCBOSHAH BBIITYCKHHKY COOTBETCT-
ByIOLeH KBaTUGUKALINY.
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npod)eccop Ka(bez[pm «JIBC», TOKTOp TEXHHYECKUX HAVK.

(®.11.0., MecTo paboTEL, JOKHOCTE, YICHOE 3BaHKE, YICHAs CTEIICHE)
1
Pabota nmpoBepeHa Ha 3aumcTBOBaHMe . OIleHKa OpUTHHAIBHOCTH paboTel 60.61 %.

o
XapakrepucThka paboThl CTyJeHTKH B nepuop moaroroBku BKP”: Ilpu BhImonaHeHHH

BBIITYCKHOM KBaJ'II/Id)I/IKaHI/IOHHOI;'I Da6OTBI Jlo¥ikuH A.A. IposBHI celsl KaK OpraHm30-

BAaHHBIM M JUCIHMINIMHUPOBAHHBIA CTYACHT. Bo. BpeMs paboTHI HE Hapyviiaj KaJcHaap-

HBIN FDad)I/IK. BC€ 3allaHMs BBINOJHSJI HNOJHOCTBIO M B CpPoK. IIpogBui yMeHHe caMo-

CTOATCABHO PpPOIIaTh TCXHHUHYCCKHMEC M HCCJICAOBATCIIBCKHUE 3a1a9l W OpPraHU30BLIBATH

CBOIO TPYJAOBYIO JCATCIBHOCTD.

'K oT3nIBY IpHyaraeTcs OTUET O IPOBEPKE Ha 3aHMCTBOBAHMSA C OLIEHKON OPHTHHAIBHOCTH PaboThi, KOTOPHIH GOpMUPYeT-
s B JIMYHOM KabuHete coTpyanuka B MAC «YHuBepucy.

? YKa3BIBAIOTCS CTeTleHb CAMOCTOSTENLHOCTH, TIPOSBIIEHHAS 06YJaIOIEMCs U BEToTHeHnH BKP, yMeHre oprannsoBars
CBOI TpyZ, cOONMIOIeHHE KaleHAapHOro rpaduka U T.X.



OTMedeHHBIe JOCTOMHCTBA : Beero 3a BneMs vueObl B MATHCTPATYDE UMeeT 6 mybiinka-

IIUHK B KQUYECTBEC COAaBTOPa B HHOCTPAHHBIX H3NadHUIAX (B T.u. TPpH B XYpHaJjiaX PCIICH3U-

pveMblx SCOPUS 1 oxgHa B xypHaie pereHzupyemMoM CrossRef), 1 mareHT HaA mojes-

HVIO MOJEJIb 10 CMEXXHOM TeMAaTHKE.

OTrMeueHHBIE HEOOCTATKH: B nosicHUTEIpHOM 3aMCKE HE IMpHBEJEHBl JONVIIEHHS IIpu

KOTOPLIX MMPOBOAHUIINCH PACYHCTHBIC UCCIICIOBAHMA.

4
3akmoyenne : Marucrepckas AUCCEPTAMsl COOTBETCTBYET HAIPaBJIEHHIO IOATOTOBKHU

51 TDe6OBaHI/I$IM.. OPCABABIIICMBIM K TAKOIro poaa paboTaM. BBEITTOJIHEHA BBICOKOM TeX-

HHUYECKOM VPOBHE M MOXET OBITEH olleHeHAa Ha «OtinuuHoy. EE aBTop JloMikuH Aekcei

AJexceeBHY 3aClIyKHBAET IIPHUCBOCHUA CTCIICHHU MArucTpa 110 HallpaBJICHHK) 3HEPIreTHU-

HECKOE MAIITMHOCTPOCHHC.

2/
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3 VKa3bIBAIOTCA HATHIHE Ty GIMKALINGA, BHICTYILIEHNH HA KOH(EPEHIUX, OPUTHHATLHOCTS MPUHATHIX PENICHMH H T.J.
* VKka3pIBAIOTCS CTENEHh OCBOEHHSA CTYAEHTOM 06pa3oBaTeNbHOM IPOrpaMMBI COMIACHO M. V 06pa3oBaTeNbHOTO CTARAAp-
Ta, OleHKa paboThl ¥ PEKOMEHAAIMH O IPHCBOSHUH BBIITy CKHUKY COOTBETCTBYIOIEH KBATU(UKALIHH.
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3AAAHHUE
Ha BBITYCKHYIO KBaTU(HUKAIMOHHYIO paboTy (MarucTepcKyro TUCCEPTAIHIO)

Hoitkuaa Anekcess AlleKceeBHYa

[ToBBIIEHHE pecypca TPUOOCOIPSIKEHUS IOPIIEHB — IIIAHAPY COBEPIIEHCTBOBAHH-~

e\ ipodunst obpasyrolieli IOPIIHS B AU3eie

yTBepKIeHa NPHKa30M o yHusepeutery Ne 661 ot «15» ampens 2016 r.

~. Cpok coaum CTyI€HTOM 3aKOHYEHHOU BBITYCKHOMN KBaIM(HUKAIIMOHHON paboThI

| «__ » ntons 2016 r.

‘ > Mcxonusle naHHBIE K BBITYCKHONM KBaTM(UKAIIMOHHOM paboTe:
e DJKCIUTyaTallMOHHBIEC U TEXHUYECKHE JaHHBIE UCCIEAYEMOTO IBUTaTes;
® JleTaJ¥ HUIMHIPOMOPIIHEBON IPyINbl ABUTATeNs IPOTOTHUIA;

® JmUTepaTypa Mo TeMe BBIITYCKHOU KBaTM(UKAIMOHHOM paboTEI.

<. CoxeprxaHue MOSICHUTEIHLHOM 3aIIMCKH (TIepedeHb MOIEXANTHX Pa3paboTKe BOIPO-
fcoB):

* AHHOTAIIWS;

e BBEJCHHUE;

® aHaJIU3 COCTOAHHS BOIIpOCa, TIOCTAHOBKA uenel‘/i H 3ada4 UCCIICOO0BAaHHUA,



!

¢ MCTOOUKO-TCOPCTHYCCKUE UCCICIOBAHHA
® Ppe3ylibTaThi I/ICCJICIIOBaHI/II\;I;

® BbIBOABI U ITPEIIOXKCHH.

thh

. [lepedens rpaguueckoro (MLIIOCTPALHOHHOT0) MaTepHaIa;
® JLTIOCTPALIMU B TEKCTE MOSCHUTENBHOMN 3alliCKHY;

® JIJ1aKaThbl

6. KoHcynbTaHTHI 110 IPOEKTY (pabote), c yka3aHHEM OTHOCAILIUXCSA K HUM pa3IesioB
[IPOEKTAa:

IMognuce, Aara

Paszgen KoncyabTant
3ananue BuIAA 3aganne npuHsI
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AHHOTAILIUAA

Hoitkua A.A. TloBeimienue pecypca Tpuoo-
CONPSDKEHUS «IOpIIeHh — LUIHHIAPY CO-
BEpIIIEHCTBOBaHUEM Mpoduis obpazyroieit
nopirHs B auzene. — Yensounuck: IOVYpl'Y,
AT-247, 81 c., 31 nn., 13 Tabn., 6ubnuorp.

cnucoK — 73 HauM., 20 1. mnakatoB ¢. A3.

BrimyckHas kBanupuKaoHHas paboTa BBIIONHEHA C LeNbl0 MPOBENEHUS HC-
-TeJOBaHUS NTWHAMUKU ABUXKEHUS MOPIIHS HAa CMa30YHOM CIIO€ B LMIMHAPE U SKCIIe-
DHMEHTAJIIBHOM OlIEHKH Mpollecca U3HAIIMBAHUS 3JEMEHTOB CONPSIKEHUS «IOPIIeHb —
THIMHAP» Ha npuMmepe (GopcupoBaHHOro auzens pasMepHocTthro 6HH15/16, koTopsie
IT03BOJIAT BBIOMpaTh MpodwiIs obpasyromeid MmopirHsA, o0ecreYnBaOMUi TOBBIIIECHHE
necypca COnpsDKeHHS.

B pabore mpoaHanu3upoBaHbl METOIbI MPOGUINPOBAHUS U KOHCTPYKTUBHBIE
nellIeHUs TIOpITHel ABUTaTeNell BHYTPEHHETO CrOpaHus.

[IpoBeneHa oleHKa HAMPsSYKEHHO-1€(QOPMUPOBAHHOTO COCTOSHUE TIOPIITHS.

IIpoBenensl napameTpuiecKe UCCIEIOBAaHUS BIUSHUS KOHCTPYKTHUBHBIX Iapa-
veTpOB Ipo¢uis HampaBIAOLIEH YacTH MOPIIHSA HAa THAPOMEXaHWYECKHE XapaKTepu-
CTHUKH CONPSDKEHUS «TOPIIEHD — IUIIUHIDP);

DKCIepUMEHTATLHEIM IIyTEM OIpefeNieHbl MapaMeTpbl W3HAIIMBAaHUSA MCClie-
JIVEMOTO COTIPSKEHMUSL.

IIpousBeneHa olleHKa MOTOpPECYpPCa COMPSIKEHUS KITOPIIEHb — LWJIUHIP.

Bri6pan npoduins ob6pa3yroleit mopIiHa, KOTOPbIA 00ecneunT NoBBIIIEHNE pe-

Ivpca CONPsKEHUA.
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BBEJIEHHUE

Hanexxnocte ocHOBHBIX TpuOoconpstkeHuid (TC) ¢ KMAKOCTHBIM PEKUMOM
TPEHMSI, K KOTOPBIM OTHOCHTCSI TPUOOCOMPSKEHUE «TOPIICHDb — LWJIMHAPY» (COMpshKe-
HUE C MOCTYNATENIbHBIM BHKEHUEM INUNA), B 3HAYUTEIIBHON Mepe onpenciseT 0e30T-
Ka3HOCTb, JOJITOBEYHOCTh M SHEPTO3I(PPEKTUBHOCTh IBUTaTENICH BHYTPEHHETO CTOPaHHUS
(ABC). TC «mopimeHs — HWIMHAP» HArpy>KEHO CHJIAMU MEPEMEHHBIMU 10 BEJIMYUHE U
HarpasJIeHUIO. [IpOrHO3upoBaHre pecypca U COBEPLICHCTBOBAHUE T€OMETPUHN MOBEPX-
HOCTEH TPEHHUS CIIOKHOHATPYKEHHBIX TC OCYLIECTBISETCSA ¢ UCMOJIB30BAHUEM THUIAPO-
JTUHAMHAYECKON TEOPUM CMA3KU M KOHTAKTHOI'O B3aWMOIEHCTBUA.

M3BECTHO, YTO YacTh BPEMEHHW, OCOOECHHO MpH OONMBLIMX HArpy3Kax MOPLIECHBb
MOKET pabOTaTh B PEKUME TPEHMS TPH HETIOJHOM 3aMOJHEHUHM MACJIOM 3a30pa MEKIY
100KOH M IWIMHAPOM. B 3TOM ciydae BO3MOYKHO KOHTAaKTHOE B3aMMOICHCTBHE Hapbl
TPEHHS «MOPUIEHb — LUAAUHAPY. OJHAKO 3TH OOCTOSATENBCTBA HE YUHMTHIBAKOTCS MPH
pacuere TpuboconpsbkeHus. Kak nmpaBuiio, MPUHUMAKOTCS OCHOBHBIC TOMYLICHHS TWI-
POIMHAMUYECKON TEOPUU CMA3KHA O MOJIHOM 3allOJIHEHUM MAaciioM 3a30pa MEXKIy B3au-
MOJEHCTBYIOLIUMU TEJTAMH.

[Tpy NpOEKTUPOBAHUM HOBBIX ABUTATENEH OOBIYHO MCIOIB3YKOT KOMIUICKCHBIN
NOJIX0/1, MO3BOJISIFOLIMMA y4ecTh HauboJiee 3HAYMMBbIE (DAKTOPBI, BIMSAIOIIKAE HA paboTo-
COCOOHOCTh conpsbkeHus. K TakuMm (akropaMm OTHOCATCS HEPETYJISIPHAs T€OMETPUs
HECYIIICH MOBEPXHOCTU (FOOKH) MOPIIHS, a TaK K€ WHTCHCUBHOCTh €€ M3HAIIMBAHUS.
KoHcTpykumm nopuiHei, o0agaronmx HEPEryJISIPHOM TEOMETPHUEH, CUMTAIOTCS BEChMA
nepenektuBHbIMU 17151 JIBC. B cBsizn ¢ 3TiM Hambomnee 3HaUMMOil B HACTOSIILEE BPEMSI
CUYMTAETCA 3a7a4a [0 COBEPILICHCTBOBAHUIO METOJOB pacyeTa mapameTpoB COCTOSHUSA
TOHKOI'O CMAa304YHOT'0 CJI0sI ¢ YYETOM BO3MOKHOTO KOHTAKTHOI'O B3aUMOJEHCTBHS B CO-
NPSDKEHUU «MOPIIEHb — LWJIMHAP» NPW NPOrHO3MPOBAHUM pecypca. Takum oOpasom
HEAOCTATOYHAs Pa3pa0OTaHHOCTh METOJAOB PacueTa M ONTUMHU3alMU MapaMeTpoB CO-
CTOSIHUSL B LIETISIX CHMOKCHHSI TOTEPh HA TPEHHE M M3HOCA 3eMeHToB TC o0ycnasnnBa-

0T aKTyaJIbHOCTb TCMbI pa6OTI>I.
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1 OB30P JIMTEPATYPLI U COBPEMEHHOE COCTOAHHUE BOITPOCA

HaGnroparommiicss B mociaenHee BpeMsi B MOPIIHEBOM JBUTATEIECTPOCHUH MTPO-
LECC HEMPEPBIBHOTO MOBBIICHUS TEXHUYECKOTO YPOBHSI JBUTATEsel MOJBOANAT paspa-
OOTYMKOB K TIOMCKY HOBBIX K COBEPUICHCTBOBAHWIO CYIIECTBYIOIIMX METOAOB
NPOEKTUPOBAHUA. AKTYaJIbHOM 3a/1a4€eii, B YaCTHOCTH, SIBIIIETCS CO3JAHHUE IBUTATENEH C
BBICOKMMH IMOKA3aTEISIMU SKOHOMUYHOCTH, AOJITOBEYHOCTH, METATIOEMKOCTH, HU3KHM
YPOBHEM IlIyMa ¥ BUOpaLHid.

[Tpu pa3paboTke Takux MAlIMH UHKEHEPHAS MPAKTHKA CTAJIKMBACTCS C PoOIIe-
MO MPOEKTUPOBaHUS MAp TPEHUS CKONbkeHus. [Ipu pabore B cocTtaBe OOMBIIMHCTBA
COBPEMEHHBIX JIBUTATENECH - B YCIOBHSIX HECTAMOHAPHBIX TEIJIOBBIX W CWJIOBBIX Ha-
I'PY30K, TAKUE COMPSDKEHMS, KAK MPABWIIO, HE 00JaAa0T NPEAEIbHON 3HEOT03 (D PEeKTHB-
HOCTBIO M JIOJITOBEYHOCTHIO. M3-3a 3HAKONEPEMEHHBIX CKOPOCTEN MOJBMKHBIX YaCTEH U
CYLIECCTBEHHO M3MEHSIOIIMXCS 3a30POB MEXKY CONPIracMbIMH JETAISIMH, TAKHE MAphI
TPEHHsI HE BCETa 00CCIEUMBAIOT ONTHUMAIBHBIC PEKUMBI TPEHHUS BO BCEM TUANA30HE
CKOPOCTEN M HArPY30K.

CTaTuCTUYECKAA aHAIN3 MOKA3BIBACT, YTO MPUYMHOMN BBIXOJA U3 CTPOS MPAKTH-
yeCKkH 85% MalllMH U MEXAHU3MOB SIBJIICTCS U3HOC TPYLIMXCS conpsbkenuit [1, 2, 3, 4].
CTOMMOCTB KalMTAJIBHOTO PEMOHTA M3HOLIEHHBIX ABUrarenei nocturaet 70% croumo-
CTU WX MEPBOHAYAIBHOTO W3TOTOBJIEHUS, a MPOJJICBAEMbI MOTOpecype B 3... 4 paza
MEHBIIEC MEPBOHAYAIBHO HA3HAYEHHOro. Kpome 3TOro, mo pasauyHbIM OLIEHKAM, BbI-
NOJTHEHHBIM ISl KOHKPETHBIX THIOB W KOMILIEKTauii nopuHeBbix JIBC, nons mexa-
HUYECKUX MOTEPb, OTHECEHHAs! K MHAUKATOPHONH MOLIHOCTH HA HOMUHAIBHOM PEKUME
paboTel B OCH3MHOBBIX ABTOMOOWJIBHBIX JIBUTATENISIX W ABTOTPAKTOPHBIX AM3ENIX O€3
HAJyBa, COCTABIIAET BENUUMHY OT 15 10 25%. 3TO rOBOPUT O TOM, YTO OKOJIO YETBEP-
TH PacnoJlaracMoM 3HEPIUU ra30B B MOPIIHEBOM JIBUTaTelle TEPSETCS HA MPEOJOTICHHUE
TPEHHs U U3HOC. Takum 00pa3oM, 4eM BhILIE SHEPrOIPPEKTUBHOCTh U JOJITOBEYHOCTh
paboTHI y371a U ABUraTes B LEJIOM, TEM MEHBIIE 3aTPaThl HA €0 SKCIUTyaTaluio | pe-
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OAHMM W3 OCHOBHBIX Y3JIOB TPEHHs, OTPAaHMYMBAKOIIMX PabOTOCIOCOOHOCTH
MOPILIHEBOIO IBUTATEIS, SIBJISCTCS IMIMHAPONOPpIIHEBas rpynna. Kak BUIHO U3 aHATH-
32 HAYYHO-KCCIIEN0BATENbCKUX pad0T M MATEHTHO-JIALICH3UOHHOM JINTEPaTyPhl, BOMPO-
cam ynyumieHus pabotsl LI B HacTosmEee BpeMst yAenseTcs Bce OObIIee BHUMAHUE.
CoBpemenHble KOHCTpyKIMKU aetaned LT Takux Bemaymmx MHPOBBIX MPOW3BOIUTE-
neit, kak Mahle, KolbenSCHMIT, GM, Audi, Mercedes, BMW, Toyota cBUAETENbCT-
BYIOT O 3HQUATEJILHOM BHUMAHHWK CO CTOPOHBI PazpabOTUMKOB K BOMPOCAM MOBBIIICHUS
3¢ dekTuBHOCTH Map TpeHus. MHTEpec K 3TOH mpobiieMe HE CIy4YacH, PaclpecicHue
MEXAHWYECKUX MOTEPH MO y3JaM W arperaram OOJIbIIMHCTBA coBpeMeHHbIX [IBC moka-
3bIBACT, YTO, HECMOTPS HA OYEBUJIHBIN MPOrpecc KOHCTPYUPOBAHUS W BHEAPEHUS HO-
BbIX TEXHOJIOTHH, MPEBATMPYIOLIYIO T0M0 OOMMX MEXAHWUYECKUX MOTEPh JABUIaTelNs -
45...60% cocrapiseT uMeHHO TpeHue aetaneit LI [4, 5, 6, 7].

OcHoBHbIMM mapaMu TpeHust [II[II" SBISIOTCS CONPSOKEHUS (IMOPIICHbB-
HUIUHAPY, «TOPIIHEBOE KOJBLO-IWIHHIPY U «IOPIICHb-IIATYH». B oTaM4me OT A0cTa-
TOYHO IIAPOKO MPEACTABJCHHBIX B JINTEPATYPE MCCIICIOBAHUMNA, MOCBAIMICHHBIX MEPBBIM
nByM napam [8, 9, 10, 11], nape «mOpIeHb-UWIMHAPY YIAEIEHO 3HAYATEIBLHO MEHBIIEE
BHAMaHUE. B CBOIO ouepenb, COBEPIICHCTBOM MMEHHO 3TOIO COMPSDKEHUS BO MHOTOM
OTPEACTISAETCS NOJITOBEYHOCTh, MexaHuuecknii KIIJ[ nBurarens, KOmm4ecTBo MOCTY-
NAKOLIEr0 Maciia K MOPIIHEBBIM KOJIbLIAM, TEIUIOBOE cocTosiHue Acraneit LI, ypoBeHb
BUOpaumii u myma. [1pu 3ToM OCHOBHBIM (PAaKTOPOM, OMPEACISIONINM XapaKTeP U3HOCA,
SIBJISICTCS] PEYKUM TPECHHMSL.

B conpspkeHHSIX «MOPHICHb-IWJIAHIPY B Mpeaenax padodero UKIa MOKHO BbI-
JICITh TPU XAPAKTEPHBIX PEKUMA TPECHUS: THAPOAMHAMUYECKUNA, CMEIIAHHBINA U Tpa-
HUYHBIH [12].

W3 nurepaTypHbIX UCTOYHMKOB BUJHO, YTO CHUKEHHUS YPOBHS MEXAHUYECKUX
MOTEPh B TPYIIMXCS COMPSPKEHUSX MOXHO, JOCTUYDL MyTEM OOECHEYEHUS! TUIPOIMHA-
MHAYECKOTO pexxuma Tpenus [13, 14, 15, 16]. OnbIT, HAKOIUICHHBIAH B KOHCTPYKIIWH,

TexHonoruu | 3kcryaranuu J[BC nokasbBaeT, yTo Hambosee pacnpoCTPAHCHHBIMU
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BO3JICHCTBUSIMM HA PEKUM TPEHUS MEKIY NOPILIHEM W LUJIMHAPOM OOJIAAK0T CIAEIYHO-
HIME TEXHUYECKHAEC PEIEHUS:

1) npoduIMpoBaHKE HAPABIISIOIIEH YaCTH MOPLLIHS,

2) BBIOOp PALMOHABLHBIX TEOMETPUUYECKUX COOTHOIICHUI Pa3MEPOB MOPIIIHS,

3) QopMupoBaHUE TUAPOAMHAMHUYECKOTO MHUKPONPO(DUIS HA MOBEPXHOCTAX
TPEHMS,

4) HaHeCEeHUE aHTH(PPUKLIMOHHBIX MOKPBITHIA,

5) UOpUMEHEHHE NPUCATOK U KOHIUIIUOHEPOB.

B pamkax mepBbIX Tpex MOAXOA0B MPEANONIAracTcs BO3ACHCTBUE HA KOHCTPYK-
UI0. U3MEHCHHE KMHEMATHYECKOM CXEMBbI C LEJIbI0 CHHYKEHUSI HArpy30K HA MEXaHM3-
MBI, CHHTE3 (POPMBI, Pa3MEPOB, MAKPO W MHUKPOONPO(PWIS NOBEPXHOCTEH TPEHMS,
WHOT/A, YCTAHOBKA JONOJHUTENBHBIX MAaCIOCheMHBIX Kosel. Kpome 3toro, paccmar-
pPHMBAcTCs BIMSHUE CMA304YHOIO Mareprasa, MPOBOJANUTCS €ro ONTUMHU3ALHs (COriacoBa-
HUE MOKA3aTeNeii ) MPUMEHUTENBHO K CMA3bIBAEMBIM ACTAJISM.

UeTBepTolii W NATBIA TOAXOABI CBS3aHBl C MPUMEHSEMBIMH MaTepHaaMu
(BKJIFOYAsl UX BBIOOP M TEXHOJIOTHIO MOJYUYEHUS) U MapaMeETPaMu MOBEPXHOCTEH JeTa-
JIEH, YYETOM B3aUMOBJIMSHUS CBOMCTB CMA304YHOI'0 Marepuayia Ha CBOMCTBA TPYIIUXCS
NOBEPXHOCTEN Aetaniel. OHU BKIIFOYAKOT B c€0s1 pa3pabOTKy COCTABOB U CIIOCOOOB Ha-
HECEHMSI AaHTU(PPUKLIMOHHBIX MOKPHITHNA Ha AcTanu [17], BEIOOP palMoOHANBHBIX PEXU-
MOB pacKaTku npu (HOPMUPOBAHUUA MHKpopenbeda HA MOBEPXHOCTSX TpeHus [18] u,
HAKOHELl, BEIOOP M MPUMEHECHUE aHTU(PPUKIIMOHHBIX MOTOPHBIX Macesl U TPUOOJIornye-
CKHX COCTABOB (MPUCAJOK K MOTOPHBIM MacjiaM U KOHIUIIUOHEPOB) [19].

K HacTosmemMy BpeMEHM HAKOIUICH 3HAYUTEBHBIA TEOPETUYCCKUIA 1 TPAKTHYE-
CKWH OMNBIT CHIKEHUSI CWJI TpeHus B aetansx LT BelenepeyrcIEHHbIMA My TIMH.
CpaBHeHue 3Q(HEKTUBHOCTH YKA3aHHBIX MOJXO0J0B, M CNOCOOOB MX pealM3aliu, Mpo-
BEJICHHOE B padorax [20], gaeT OCHOBaHUE MPU3HATH MEPBbIE TPU (KOHCTPYKIIMOHHBIC)
NOJIX0Ja, @ B UX PaMKax MPOPUIMPOBAHKUE M BHIOOP PALlMOHATBHBIX T€OMETPUUYECKUX
COOTHOUIEHHH Pa3MePOB MOPIIHS - HAMOO0JIEE MPEANOYTHTENBHBIM PEIIEHUEM TSI CHU-

JKEHUSL MEXaHUYECKUX TOTEPh HA COBPEMEHHOM 3Tane pazsutus [IBC.
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B nenom, Takoi noaxo mo3BoJseT: CHA3UTL PacXo TOIUIMBA U MOTEPH HA TPE-
HUE 32 CYET OPraHM3alMK MPeoONaNarIEro TMAPOJIMHAMUYECKOTO PEXUMa CMAa3KH,
CHU3WTH PACXOJ MAacjia Ha yrap 3a CYET YMEHBIUEHUs 3a30POB; MOBBICUTH JOJIOBEY-
HOcTh paboTel LI 3a cueT obecnieueHust AUAKOCTHOTO PeKUMa TPEHUS B COMPSKCHAN
«MOPIICHb-LUMIIMHAPY U YMEHBIIEHUS NPOTSHKEHHOCTH YYACTKOB XO/AA NMOPIIHS CO CMeE-
LIAHHBIM U TPAHUYHBIM PEKMMAMU TPEHHS, CHU3UTh YACIbHBIE JABJICHUS CO CTOPOHBI
CJIOSl CMA3KH Ha MOPIIEHB 32 CYET NPOQUIMPOBAHKUS U CMEMICHUS OCH MaJbLEBOTO OT-
BEPCTHSI, CHA3WTh IIYM W BHOpALMIO 32 CYET YMEHBIICHUS 3a30POB WM YJIYULICHUS
neMnupyroniero AeicTBrs cnos cMasku [4, 14, 21, 22, 23, 24, 25]. OnHako Takoe pe-
HICHHE, TOMUMO MPO(PHUIUPOBAHUS U BBIOOPA ONITUMAIBHBIX T€OMETPAYECKUX MapaMeT-
POB COMNpsDKEHM, TPEOYyEeT €1l Ha 3Tare MPOSKTUPOBAHKS TUIATEIBHOTO OMPEACIICHUS
Y y4€Ta, MEPEMEHHBIX B IUKJIE TEMJIOBBIX M CWJIOBBIX Ae(hOopMalnii, MPUBOIALIIMX K CY-
LIECTBEHHOMY M3MEHEHHIO 3a30pOB B 3KCIuTyataumy. HenoCTaTouHbli yYeT Takux Je-
(opManmii MOKET TPUBECTH K MOSIBIICHUIO 33MPOB, 3aKJIMHUBAHUIO MOPLIHS U BBIXOAY
JABUTATENS U3 CTPOst. IMEHHO MO3TOMY NEPBBIC MOMBITKK NPOQUIMPOBAHUS TPYLIUXCS
nosepxHocteil LIIII" Oplmn HampaBJIeHbI, B OCHOBHOM, Ha OOECIEUYEHUE CAMOYCTAHOBKH
[26] nmopuiHs TpU €ro ABW)KEHWM B LMAJUHAPE, TPEAOTBPALLEHUE BO3ZHUKHOBEHUS 3a-
KJIMHUBAHUS W 33IMPOB, CHWKEHKE ymMa U BuOpauuu B LI n mano cesizansl ¢ penie-
HUEM 33/1a4 CHIXKEHHSI MEXAHUYECKUX MOTEPb.

Tak B 40-50-x rojax Nmpouuioro BEKa yBEIMYEHHUE MOIIHOCTH MPOU3BOIMMBIX
JIBUTATENICH MPUBOAWIO K 3akinHuBanuto Acetanei L. Jlng pemenus 3Toil npodieMbl
MTPOU3BOAMTEIM LIJIM HA CO3HATENILHOE YBEIMYECHHUE 3a30Pa, YTO MO3BOJISIIO TPEAOTBPA-
TUTh 3aJHUpP, HO, OTHOBPEMEHHO C 3THUM, COCOOCTBOBAJIO MOBBILIEHHUIO IIyMa U BUOpa-
LM, YBEIIMYECHHUIO PacX0OlJa Macia W CHWKEHHIO JoiroBedyHoctd pertaneit LI, B
UTOTE, 3TO TAKXKE MPUBOAMWIIO K TIEPETPEBY IBUIaATENS U 3aKJIMHUBAHUIO NOPIIHA. JTY,
Ka3aJI0Ch Obl, TPOTUBOPECUYMBYIO 337a4y, B TO BPEMS BO MHOTOM YAQJIOCh PEUIMTH 3a
CYET OMBITHOTO MoAdopa Npoduiisi GOKOBOH MOBEPXHOCTH, YTO W CTAJIO B JalbHEHIIEM
NPEINOCBUIKON I BOBHUKHOBEHUSI TEOPETUYECKA OOOCHOBAHHBIX METOAOB poduiu-

poBaHus. B pazBuTHM 3TMX METOAOB ObUT pa3paboTaH psl CaMOCTOSTENBbHBIX HAIPaB-
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JIEHW, YUYUTHIBAKOLIMX TEMIEPATYPHBIE COCTABIAIOMME ASPOPMALK MOPILIHS, YIPYTHeE
B3aMMOJCHCTBHS (ITPOLECC yAapa MPHU MEPEKIAAKE MOPIIHS), PEKAM CMa3KH COTPSIKeE-

HU, TMHAMUKY TopuHs [7, 16, 26, 27, 28, 29, 30, 31, 32, 33].

1.1 PacueTHO-3KCIEPUMEHTATIBHBIE METO Bl MPOPUITUPOBAHUS

OnHa W3 MEpBBIX HAy4YHO OOOCHOBAHHBIX METOAMK MPO(QHIMPOBAHUS HOOOK
NOPLIHEH, HAMPABJICHHAS HA CHUKCHUE PAMOYHOTO U KPOMOYHOTO KOHTAKTa MOPIIHS C
HUIMHAPOM, ObLla npeyioxkeHa B 70-xX roax Npolyioro BEKa rpymnmnoi uccienopareneii
nox pykooactBoM npodeccopa b.4. I'mazOypra [26]. CornacHo 310t meToauke, odpa-
3yroiasi npodusis BEIOUpacTcs TakuM 00pa3oM, 4TO B 30HE Mepeadyl OOKOBOTO YCHIIUS
B KOHTAKT C LIMJIMHAPOM BOBJICKAETCS, BO3MOXHO, OOJIbIIAs IMJIOAAb FOOKH MOPIIHS
OpPA OJAHOBPEMEHHOM YCTPAHCHMHM KOHTAKTa FOOKM C LWJIMHAPOM B 30HE OOOBIIEK
nopuiHs. Takas KOHQUTrypanrs KOHTaKTa JOCTHTAETCs 3a CYET NpHaaHust 00YKoo0pas-
HOCTH FOOKE MOPIIHS B NPOAOJIBHOM CEYEHHH M OBAJM3AllMU B MONEPEYHOM CEUCHUU.
ABTOPBI MpeuIaratoT 00pasyrIyo 100KA B HarpeTOM COCTOSIHMM 3a/1aBaTh TIIAKOM
BBINYKJIOW KPUBOM, ONMPEAEIIEMOM MaKCUMAJTbHO!M CTPENIOl mporuda, napaMmeTpoM pac-
NOJIO’KEHUST MAKCUMYMa BBIMYKIIOCTH, 3aBUCAINMM OT MEpenana TEMIEPaTyp MEXKIY
10OKOM NMOPUTHS ¥ TUJIMHAPOM B BEPXHEH M HUKHEH 30HAX FOOKH, a TAKKE OT BEJIMUMH
3a30pOB B YKa3aHHBIX 30Hax. HeoOXOAMMBIHA [1s1 M3rOTOBJIEHUSI TOPIIHS MPOQuib 60-
KOBOI MOBEPXHOCTH KOOKK B XOJIOJHOM COCTOSIHUM CTPOMTCSI C YYETOM BIIHASIHHS JIU-
HEHHO-TEMIIEPATYPHOr0 pacIIMpeHuss Marepuaia nopiHs. [IpodpumipoBanue r0OKU B
NOMEPEYHOM CEYEHUHM TO3BOJIICT KOMIICHCUPOBATh HMCKAKEHUE (POPMBI, BBI3BAHHOE
AeiicTBreM OOKOBOM CHIIbI HA MOPHICHb. OBAJIbHOCTh HA3HAYACTCSA M3 KOHCTPYKTHUBHBIX
COOOpaKCHHMIA M 33JaETCSI MACCHBOM OTKJIOHEHWH. MHOrOJIETHSIS MPAaKTHKa MOoKa3ana
JOCTAaTOYHYKO HAJICKHOCTh MOPIIHEH 0BATBHO00UK000pa3HOro Tuna. OIHAKO ¢ TOUKH
3peHus SHEPro3PPEKTUBHOCTH 3TU MOPUIHA HE CTAIM ONTHUMAJIBHBIMH, T.K. TP UX
npo(UIMPOBAHUMN HE YUMTBIBACTCS XAPAKTEP MOMEPEUYHOTO ABMXKCHHUS MOPIIHS B MpeE-

Jenax 3a30pa, a TaKKe PeKUM TPEeHUs. B pesysibTare 3TOro, pa3BUTHE MOJYUYWIIO Ha-
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NPABJICHUE B MPOQWIMPOBAHUH, PACCMATPUBAOILIEE JUHAMUKY MOPIIHS B IPEAEnax 3a-
30pPOB C UWJIMHIPOM M YUUTHIBAKOIIEE (PAKTOPHI, BIMSAIOIIME HA MAPAMETPBI €r0 IBHXKE-
HUSL.

Onna w3 mepBeIX paboT, MOCBSIIEHHBIX PACCMOTPEHUIO AWHAMUKH TOPIIHS
JBC, BemonneHa [Mogmekomauaeim MU, u Mumenko A.U. [35], roe aBTOpHI pac-
CMaTPUBAKOT PAJARATIbHOE MEPEMEILIEHUE MOPIIHS B IAJIMHAPE HA OCHOBE OanaHca KUHE-
TUYECKOW BHepruu. [lo WX MHEHMIO, UCTOYHMKOM BHOpalMu M IIymMa JABUTaTelis
SBJIIETCSL BPALIATEIbHOE IBHYKEHUE MOPLIHS OTHOCUTENBHO OCH Majiblia. ABTOPBI PEKO-
MEHAYIOT pacnojiaraTb LEHTP TSKECTH TOPIIHS HA JIMHUM, TPOXOISAUICH 4epe3 OCh
NOPLIHEBOrO Nablia.

TeopeTrueckne MCCAEAOBAHUS AMHAMHMKM TOPLIHS B LWIAHAPE BBITOJHEHBI
[Tankparosoi H.I1., Ilepensauk I".H., bponmreiin b.3. B pabote [34]. ABTOpamu npea-
CTABJICHbI PE3YJIBTATHI, KAK PACUETHBIX, TAK M SKCICPUMEHTAIBHBIX HCCIICIOBAHUIA.
Pazpaborannas MeToauKa Ui ONPEACIICHUS NUHAMHYECKAX MApaMETPOB JBUKCHHS
NOPIIHS, OCHOBAaHHAsI HA PEHICHUH CUCTEMBI TU(PPEepEeHIMANBHBIX YPABHEHHIA TO3BOTH-
Jla TOJIYYUTh XOPOLIYIO0 CXOJAUMOCTh C SKCIIEPUMEHTAIBHBIMHA TAHHBIMH. ABTOPBI MPE-
JararoT ONUCHIBATh MPOQMIb MOBEPXHOCTH (PyHKUMEH TrunepOOJUYECKOro KOCHHYCA.
JIOrMKo-aHATUTUYECKAM METOJOM MOIXOAAT K PACCMOTPEHUIO BIUSHUS MPOQPUIIS MO-
BEPXHOCTH MOPIIHS HA XapaKTEP MEPEKIAJAKH, U3MECHEHUS yria HAKJIOHA TMOPLIHS U
YPOBEHBb BUOpALIH.

AHanu3 padoT MOKAa3bIBAET, YTO N€OMETPUYECCKHE COOTHOILICHUS MOPLIHS (Ta-
KH€, KaK OTHOLICHUE JUIMHBI MOPIIHS K €70 AUAMETPY, PACTIONIOKECHHE OCH OPIIHEBOTO
NaIbLA, UEHTP TSHKECTU MOPLIHS W JP.) SBISIOTCS BAKHBIMH (DAKTOPAMHU MOBBIIICHUS
HaaexxHocTr paboTel LI neurarens. [IpogunmpoBanre moBEpXHOCTH NOPLIHS HEBO3-
MOKHO 0€3 ydeTa BIMsIHHS 3THX (akTopoB. [103TOMY, pe3ysbTarhl UCCICIOBAHUIA 1O
OTPEACTIEHUIO BIIMSIHHS J€3aKCaXKa MOPIIHS HA IUHAMUYECKUE MApaMETPhl €ro JBUXKE-
Hus, BeIMOIHEHHBIE Kepuepom B.M., bormanoBeim FO.C. u Kimrepmanom 1O. 4. [36],

PEICTABIISIFOT OOJIBIIOH MPAKTUYECKUI U TEOPETHUECCKHIA HHTEPEC.
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OpHUrMHAJIBHBIIA PaCYECTHO-3KCIIEPUMEHTATIBHBI METON TPO(UIMPOBaHUS, OC-
HOBAHHBIN HA TEOPUM COYJAPECHUs M KoJeOaHWi Mmapel NOPIICHb-TUIB3a, OBl pazpado-
tan B H. HuknimmsaeiM [28]. 3TOT METONA, OPUEHTUPOBAHHBIA HA PEUICHUE 3aJa4H
CHWKEHHUSI KOHTAKTHBIX TABICHHUNA FOOKH B MOMEHT MEPEKIAAKH MOPIIHS B HUWIMHIPE,
CYLIECTBEHHO YTOYHHI U TOTOIHWI MeTOoauKy ['mn30ypra b.41. [26].

Ananu3 pe3ysbratoB padot [31, 37, 38] no onpenencHUI0 AMHAMUKH TOPIIHS C
YYETOM WHEPLUHUOHHBIX U Fa30BBIX CUJI, BRIMOMHEHHBIX Laws A M., Parker D.A., Turner
B., Steidle W., Yacobs R., nokazaj, 4yTo aMmuinTya paauajbHbIX NEPEMEIIEHUH MOPII-
Hs MO PE3YJIbTaTaM TEOPETUYECKUX MCCIICIOBAHWNA BBILIE, YEM SKCIEPUMEHTAIBHBIX.
DTO MOCHYXKUIIO MPEANOCHUIKON K YUETY BIAUSHUS CMA304YHOTO CJIOSI, UTPAOLIETO POJIb
aemrdepa npyA NEPEMEIEHUSIX MOPIIHS B IUJIAHIPE.

Brmusiaue cMazku u ocobeHHOCTEH Tpymmxcs nosepxHocteit aetanei LT Ha
PEKUM TpeHHs OBUIO MPOAEMOHCTPUPOBAHO B uccienoBanusx Suzuki, Tovohiko. AB-
TOpaMU MPOBEICHA SKCIEPUMEHTaIbHAs PAa00Ta HA MAKETHOH YCTAHOBKE C MPO3PAYHOiA
W30, MCCietoBaioCh KAYECTBEHHOE BIIMSIHUE PA3MYHbIX Mpoduieii GOKOBOH mo-
BEPXHOCTH MOPLIHS HA 00pa30BAHUE W MOBEICHUE MACIISIHOTO CJIOSl. Y CTAaHOBJIEHO, YTO
npo(uib OKA3bIBAET OMPEACTSIOIEE 3HAYCHHE HA BO3HUKHOBEHUE MACIISIHOM TUICHKH,
PEKUM TPEHUS U, KaK CICACTBUE, BETMUMHY MEXQHUUYECKHUX MOTEPh. ITO 00CTOATENbCT-
BO YKa3aJI0 HA TO, YTO ISl OTBICKAHWS ONTHUMAIBHBIX ITyTEH MUHUMHW3ALMKA TPEHUS HE-
00XOQMMO  TUIATEJIbHO  YYMTHIBATH  BIUSHUE THAPOJMHAMUYECKHX 3(PPEKTOB,
BOZHHMKAOIIMX B CMA30YHOM CIIO€ MEKY TPYIUIMMMCS MOBEPXHOCTSAMU NAPBHI.

OmHa M3 MEPBBIX MOMBITOK TEOPETHYECKOTO ONMUCAHUS MEXAHW3Ma TPEHHS C
Y4ETOM CMa3Ku mpenacrasieHa B padore [39] Ctpenbuoa B.U. ABTOp, OCHOBBIBasICh HA
MPEANON0KEHHAHN, YTO TPOLECC B3AUMOAEHCTBUS MOPIIHS U LHJIMHAPA OAYUHSAETCS 3a-
KOHY SKMJIKOCTHOTO TpeHusl, ucnosibzoBan popmyny H.IL. Ilerposa ansg onpeneneHus
KO3 (pUIUEHTA TPEHHSI C YYETOM HECOOCHOCTH MOPIIHS M LUIWH/PA.

Ha paspurre MeToA0B NMpoQUIMPOBaHKs MOPIIHEH C YYETOM BIIMSHUS CMa3Kd
3HAUUTEJILHOE BIIMSHHUE OKa3zajla PacUeTHO-3KCHEpUMEHTaNbHAs 0a3a, pazpadoTaHHas

Ipu UCCICAOBAHUAX THAPOJUHAMHUYCCKUX OIIOP CKOJILKCHHA BBICOKOCKOPOCTHLIX PO-
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TopoB. HayuHoe 0ObSICHEHHE SBIICHUI, TPOMCXOMSIMX B CMA30YHOM CJIOE, Aaja TH-
POAMHAMMYECKAS TEOPHsI CMa3KK, OCHOBBI KOTOpoii Oblin 3asiockeHbl H.IT. [leTpoBeiM 1
O. Peiinonbacom u pazeuthl B padotax H.E. XKykosckoro, C.A. Yamnbiruna, A. 30M-
Mepdenbaa. 3HAUYUTENBHBIA BKJIAJ B Pa3BUTHE TUAPOJWHAMUYECKOW TEOPHH CMAa3KH
MOPILIHEBBIX MAIIIMH BHECIW OTCUECTBEHHBIE U 3apyOexHbie uccaenoarenu: [1L.U. Op-
noB, M.B. Koposunnckuii, U.51. Tokaps, B.H. [Tonos, A.I'. bypreun, B.H. [Ipokonses,
B.U. Cypkun, I''H. I'puropsees, [.H., Muponos, I''M. Peik, M.C. bemuuknii, FO.K. [le-
pesues, D. Zhu, H.S. Cheng, P.R. Meernik, C. Furuhama, S.D. Haddad, K.P. Oh, C.H.
L1, P.K. Goenka u npyrue.

Ha npumepe uccnenoBanvs ABMKEHUS MOPIIHS TUTYH)KEPHOTO THIA XOIONIIb-
HOoro kommpeccopa Tokape M.4. mokaszan, 4ro 3aja4yy AMHAMUKU HOPIIHSA B LWJIMHADE
HEOOXOMMO PeIaTh KaKk THAPOAMHAMUYECKYIO [40]. ABTOp YUMTHIBACT NEPEMELICHHUE
MOPIUHS B PAJAMAIIGHOM HAIPABJICHUM W €0 MOBOPOT OTHOCUTENBHO OCH MOPLIHEBOTO
nanbua. ['MaApoAMHAMUYECKOE NABIIEHUE B CIIOE CMA3KU ONPEAECIAETCS MyTEM PELUCHUS
ypaBHeHus PeliHonbaca. OMHAKO ONUCHIBACMBII B pab0Te MPUOIMKEHHBIA METOJ pac-
4eTa He MO3BOJISAET UCNIOJIB30BATE €0 AJI MPAKTHYECKOr0 PELICHUS 3a1aY.

Knoll G.D. u Peeken H.J. B paGote [41], ucxoas U3 NPUHLIMIA, CYNEPIO3ULIY,
paccMOTpEN U3MEHEHHUE TUAPOAMHAMUYECKUX MAPAMETPOB CMA304YHOIO CJIOS OT I10-
CTYIATENILHOTO NEPEMELICHHS TMOPIIHS, 4 TAKKE €ro paguaJibHOrO0 M BPALIATEIBHOTO
JIBMOKEHUSI OTHOCUTEIIBHO OCH TOPIIHEBOTO Masjbla. [1onydeHHbIE 3aBUCUMOCTH U3ME-
HEHUS HECylIe cCOCOOHOCTH, MUHUMAIBHOM TOJIIIMHBI U AABJICHUS B CJIO€ CMA3KH I10-
3BOJISIOT HA CTAJMU MPOCKTUPOBAHMS CONPSLKEHMS OLICHUTD CTENEHD BIMSHUS KOKIOTO
U3 3TUX JBWKEHMN. K COXXaneHuro, aBTOpbl HE PACCMOTPENIA JUHAMUKY MOPILIHSL.

HHTEpecHbIE IKCIIEPUMEHTATIBHO-TEOPETUUECKUE HCCIEAOBAHNS  BBITIOJIHEHBI
Cypxunbim B.H. u lN'aapom B.B. [42, 43] Ha 0qHOIMIMHAPOBOW YCTAHOBKE ONPEEs-
JIACh TPACKTOPUS ABVDIKEHUS MOPIIHSA B TUIOCKOCTH KAYaHWs WATYHA U MEPIEHANKYIIA P-
HO €M, a TaKKE TMAPOJAMHAMHYECKHUE NABJICHUS B CMA30YHOM CJIOE MEXKAY NMOPIUHEM U
WIAHAPOM. Maremarnueckas MOJeNb OblUla MOCTPOEHAa Ha OCHOBE MPUHIMMA

JI'AnamOepa. YpaBHenue PeliHONbACAa paccMaTpUBAIOCh JJIi OJHOMEPHOIO MOTOKA
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CMa304HOM XKUAKOCTH B CTATUYECKOW MOCTAHOBKE 3aJa4ui. Pe3yabTarbl TEOPETUYECKUX
WCCJICIOBAHMI XOPOLIO COMIACOBBIBAIACH C PE3YJIbTaTaAMU 3KCIEPUMEHTAIBHBIX HC-
CIICIOBAaHMNA. ABTOpPHl MPEMJIOKUIM JJIsl TPAKTOPHOIO ABUrareyisl Pa3MEPHOCTBIO
14,5/20,5 yMEHBIINTD JUIMHY TOPLIHS 32 cueT 10ku ¢ 220 mm a0 190...200 MM, uTO Mo
WX JTaHHBIM, MMO3BOJIWIO CHU3UTh YPOBEHb MEXAHUYECKUX TIOTEPh M YMEHBIIUTE PAcX0.l
TOTUTMBA Ha 2...4 1/7.C.4.

B pa6ore L1 D.B., Rohde S.M., Ezzat H A. [16] pa3paboTana MaremaThudeckas
MOJIETb, COCTOSIIAs U3 YPAaBHEHW TMHAMHMKM MOPIIHSA W TUIPOAMHAMHAYECKON TEOpHUr
cMa3kd. PaccuWTaHbl mapaMeTpel PaJMAIbHOrO MEPEMEIICHUS LUIMHAPUYECKOrO
NOPIIHS ¥ MOTEPU HA TPEHHUE B 3aBUCHUMOCTH OT JAe3aKcaxa, padounx 3a30pOB U BA3KO-
cti Macaa. OHaKo BIMSHUE TPO(UIs F0OKM NMOPIIHS B 3TOKH pabOTe HE YUNTHIBACTCSL.

Oh, C.H. Li, PK. Goenka paccMaTpUBaIOT CHCTEMY «IOPIICHb-CMA30YHbIN
CJIO- IMIMHAPY Kak ynpyro-aedopmupyemyro. B padore [29], BBINOJTHEHHONW TpUMe-
HUTEJIBHO K TOHKOCTEHHOMY MOPILIHKO OCH3MHOBOTO JIBUTATEIIS, UCCIICA0OBATENN pa3pa-
0O0TaJln PACUETHYIO MOJAECH, B KOTOPO PEUIAIM YyOPYTOrMAPOIMHAMUYECKYIO 3a1a4y
CMa3KH TPpUOOCONPsDKEHMS. BIOCIeCTBIM, aHAJIOTUYHAS 3aa4a Oblia pelicHa B pabo-
Te [44, 45] KoctpoBeiMm A.B., MakapoeiMm A.P., CmupHoBeiM C.B. Umu npemioxen
npoduib oOpasyroniell yacTu FOKK MOPIIHS, oOecneurBaromui Haubdoee Oaronpu-
SATHBIA PEXKAM CMA3KH JIJIsl PACCMATPUBACMOTO TUIA COMPSKEHUS.

JUTs madpHENIIEro COBEPIUICHCTBOBAHUSI METOA0B MPOQUIMPOBAHHS U PACCMOT-
PEHHS CUCTEMBI «ITOPLIEHb-CMA30YHBIA CIION-LMIUHAPY) € YYETOM TEIJIOBBIX U CHJIO-
BbIX JehopManuii TOBEPXHOCTEH TPEHWs, BHHUMAHWUE UCCIEaOBATENEH  OBIIO
YCTPEMJIEHO HA pa3pabOTKy METOJOB OMPEACICHHS U yUeTa HAPSHKEHHO- 1e(hOpPMUAPO-
BaHHOrO coctosinus aetanei LI O030p Takux METOIOB MO>KHO MPEACTABHTH B BHUJC
CBOCOOPA3HOI SBOJIIOIMH MATEMATHYECKUX MOJECIEH OT MPOCTHIX - AHATMTHYECKUX W
JBYMEPHBIX (OCECUMMETPHYHBIX) HA OCHOBE KOHEYHBIX PA3HOCTEH J0 CIOXKHBIX - TPEX-
MEPHBIX KOHEYHO-3JIEMEHTHBIX, YUYUTHIBAOIIUX HETUHEHHOCTH (PU3UKO-MEXAHUUYECKUAX

CBOMCTB MAaTE€pPHUAJIOB U BPEMEHHOTO (haKTOpa JCHCTBUS KOMILJIEKCA Harpy30K.
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B navane 1980-x rogoB mosiBaseTcs OONBIIOE KOJWYECTBO MyONMKaIMiA, Mo-
CBALLICHHBIX MPOQHIMPOBAHUIO 00Pa3yOUICH MOBEPXHOCTH MOPIIHS HA OCHOBE JTOCTH-
YKEHWH B 00JTACTH MAIIMHHBIX PACYETOB.

MeTOoan4ecKy0 LEHHOCTh MPEACTABIISAIOT MCCICAOBAHMS, MPOBEACHHBIE [Ipo-
konbeBbiM B.H., Poxxaecteenckum O.B., KapaBaeebiMm B.I'. mo pa3zpaborke mMeTOn0B
pacyera IMHAMUAKY MOPIIHA HA CMA30YHOM CJIOE B LIWJIMHJPE, KOTOPBIE JIETTH B OCHOBY
naKkeTa NPUKIAIHBIX mporpaMm aiast OBM no TpuboaHanuszy CONMpsbKEHUS «MOPLICHbB-
oUIuHIp» [46].

Onupasich Ha BBIIICONMUCAHHBIE METOABI U SKCIIEPUMEHTAIIBHBIE UCCIIEI0BAHUS
Macnos A.Il. copmynupoBan OCHOBHbIE TPUHLMITEI TPOEKTUPOBAHUS HAMPABIISIOLICH
YaCTU aCUMMETPHUYHOTO OTHOCUTEIILHO MPOJOJIBHON Och mopiHs [47]. ABTOp npeia-
racT METOJAMKY WHIUBUAYAIBHOIO MPOPUIMPOBAHUS HArPY>KCHHON W HEHArpy>KEHHOMU
OOKOBBIX MOBEPXHOCTEH MOPIIHS IU3ETBHOTO ABUTATENS ¢ TOUKH 3PEHUS 00ECIECUCHUs
OJIMHAKOBBIX YCIIOBHHA CMa3ku. lIpennoskeHHas maremaruyeckas MOJENb AUHAMUKH
NOPIIHS HA CMA304YHOM CJIO€ TO3BOJISICT OMPEACIIMTh HECYIIYK) CHOCOOHOCTBH CIOs
CMAa3KH, CONPOTUBIICHUE ABUKEHUIO MOPIIH U PACXO] CMA304YHOM KM JIKOCTH HA yrap B
COMPSKEHUHU, 4 TAKKE OLUEHUTh BJIMSIHHEC OCHOBHBIX KOHCTPYKTMBHBIX OCOOEHHOCTEH
NOPIIHS, B TOM YKCIE: MPO(UIs, JUTMHBI FOOKH, PACIIOIOKEHUS LEHTPA TSHKECTH U OCH
MOPIIHEBOIO MAJIBLA, 3a30POB B CONPHLKEHUU. OTHAKO NaHHAS METOJIMKA HE YUYUTHIBACT
NEPEMEHHBIE COCTABJISIOMIME Ae(POPMALMii MOPIIHS OT FA30BBIX, TUAPOAMHAMAYECKUX U
MHEPLIMOHHBIX CHJI, YTO MOJKET SIBIIATHCA CHPABEUIMBBIM JOMYIUEHUEM TOJIBKO IPH
npo(pUIMPOBAHUN MACCUBHBIX TU3EIBHBIX MOPIIHEH.

[IpakTHUeCKOW WHTEPEC MPEACTABISIET MPUKIATHOW METOJ MPOCKTUPOBAHUS
nopuiHen, paspabortannslii bemorybom A.B., 3otoBeim A. A, Crpubynem A.C.
[4,48, 49]. OH MO3BOJISIET PACUETHBIM IMyTEM MOMYUYUTh TPOpUIL OOKOBOM MOBEPXHO-
CTH, MCIOJB3Ysl MHIMKATOPHYIO AMArpamMMmy W JAHHBIE O TPAHUYHBIX YCIIOBUSX HArpy-
JKEHHS TOPLIHS. B 0CHOBY MeTOAA MOJ0XKEHA THITOTE3a O HE3ABUCUMOCTH ehopManuii
netanei LI, BRI3BaHHBIX CUJIOBBIMU U TEIJIOBBIMH (pakTopamMu. dopMa MPOCKTUPY €-

MOTO MOPUIHS MOJYYaeTCs BbIYATAHUEM (J0OABJICHUEM) TEMIEPATYPHOU U CHIIOBOM
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aedopMalii U3 TOBEPXHOCTH 3€PKaIa LMAJIMHAPA, UMEIOIICH TEKYIIEEe HAMPSHKEHHO-
ne(pOpMUPOBAHHOE COCTOSIHUE. OCOOCHHOCTBEO METOAA SIBISETCS TO, YTO B MOJENH
pacuera nepemeHHoro HJ/IC, BBI3BaHHOTO CHJIOBBIM HArPY>KEHUEM, BEJIMYMHBI TUAPO-
JUHAMAYECKUX (OOKOBBIX) CHJI M TUIOLIAAKK MATEH KOHTAKTA OMPEICISIOTCS HA OCHO-
BaHUW DKCINEPUMEHTAIBHBIX JAHHBIX. [IpeNnOKEHHBIA METOA MPOCKTUPOBaHUS ObLI
anpoOMPOBaH W HalleN CBOE MpakThuueckoe npumeHeHue Ha [TAO «ABTPAMAT» r.
XapbkoB. C €ro moMoIpro ObIJI CHPOSKTHPOBAH PsAJ MOACPHU3WPOBAHHBIX MOPLIHEH
Juis neurarenei apromoouneii BA3, MeM3, 'A3 u YA3, KOTOpbI€ YCHENIHO MPOIILIN
PECYPCHBIE MCTIBITAHUSI W OBbLIIN MPUHSATHL K CEPUIMHOMY MPOU3BOJICTBY.

B paGote [50] [Numaer O.A. cBOAUT 3a1auy TPOPUIMPOBAHUS MOPIIHS K ONPE-
JEJICHUIO TOMyCTUMOW r€OMETPUM FOOKH, MPH KOTOPOW BHELIHSS €€ MOBEPXHOCTh HMC-
NBITHIBACT MUHUMAIBHBIE KOHTAKTHBIE JABJIICHHMS CO CTOPOHBI 3€pKajia LWIAHIPA,
pacnpeacnéHHbIE TAKUM 00pa3oM, YTOOBl HE BOZHUKAIIO MSATEH KOHTAKTA, MPUBOISIIAX
K BO3MOXKHBIM «3aaupam» B mpouecce skcruryarauuu. [Ipum pemenum Takoi 3amadu
VUHUTBIBAKOTCS PEATBHOE M3MEHEHUE TE€OMETPUM COMNPATAEMBIX JETANCH LMIJIAHIPO-
NOpUIHEBOM rpynnsl. @opmy o0pasyroiei mpouiis MOPLIHS TPEIaracTcs CTPOUTh Ha
0aze ayr okpy»HocTh. [10 MHEHUIO aBTOpA, 3TO CYLIECTBEHHO COKPAILAET YUCIIO HEN3-
BECTHBIX MEPEMEHHBIX NMPpH podunupoBanun. [lonck onTumanbHOR (HOPMBI OCYIIECTB-
JSAETCA  YMCIEHHO  WTEPAlMOHHBIMM  MeTOJaMu. B pedyaprare  monydyeH
MoauuumpoBansblii mpodune nmopmwHs 3M3 405.10, y KOTOPOTO CHHYKEHBI BETMYMHBI
KOHTAKTHBIX JABJICHUI HA BHEINHEH MOBEPXHOCTH FOOKH Ha 26%.

[TytuaueBsiMm C.B. [51] mpoBeneH aHann3 TPpUOOIOTMYECKHX METOAOB CHHKE-
HUs Mexanndeckux norepb B JABC u chopMynnpoBaHbl MPaKTUYECKUE 3aMEYAHUS, O
TOM, YTO B MU3BECTHON METONOJIOTHH MPOPUIMPOBAHUS HETOCTATOYHO YUUTHIBACTCS Y C-
JIOBUE CHW)KCHHMS TMOTEPh MEXAHMYECKON dHEPrum. Kpome 3TOro, OTMEUYEHO, YTO MPH
BbIOOPE MATEPUAIOB KOHLICMIMS TPOYHOCTH, KaK MPaBWIIO, JOMUHUPYET HAJ SHEPro-
3¢ dexkTrBHOCTEIO. [0 pe3ynbraraM Takoro aHanus3a aBTOP Ui PALMOHAIBHOTO KOHCT-
pyupoBanust  aeraneid  JAIBC  chopmynmmpoBall M NPEANOKWI — NPUHLHAI

TprOOaNaNTUBHOCTH.
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Pa3paboTaHHblii aBTOPOM, psii MAaTEMATHYECKUX MOACIEH TPUOOCONPSKEHUS
LT IBC mo3BOJIIET YUUTHIBATE MEXAHWYECKUE U TUAPOJUHAMUYECKHAE B3aUMOCBS3H
B CUCTEME, peaIbHBII TPO(UIIL MOBEPXHOCTEH, HATMUME U XAPAKTEP CUJT TPEHUS, YIIPY-
rue nedopManuu AeTaneil U CBOMCTBA CMAa304HOr0 Marepuaia. B Moaensx Mcrnonb3o-
BaHbl LICTIEBbIC (PYHKLMU, KOTOPBIC MO3BOJIKOT OLEHUBATH HE TOJBKO MEXAHUYECKHE
MOTEPH, HO M PACXOJ Macia Ha yrap, U3HOC ¥ SHEPrUro coynapenus aeranei LI

Ha ocHOBaHMM MpemoKEHHOT0 MPHHLKIA, TPUOOAAANTHBHOCTH pa3paboTaHbl
NOPIIHA, OTIIMYAKOUINECS HAIMYMEM OOUYKOOOPAa3HOH HEHTPATbHO-CUMMETPHUYHOMN F00-
KA W JBYXONOPHOW TEPMOANANTHBHON FOOKHA. AHAIM3 W CPABHHUTECIBHBIC WCIBITAHUS
nopuHel Ha au3ensx 84 11/11,5 noareepannu 3PpPeKTUBHOCT AAHHBIX TEXHUYECKUX
pewieHnii. B pe3ynbrare 4ero JOCTUTHYTO CHUIKEHUE CPEOHETO HABICHUS MEXAHHUYE-
ckux notepb Ha 6,17 klla wm 11,32%; yaenbHOro 3p¢HeKTHBHOrO pacxoja TOIUIMBA -
Ha 6 r/KBT-4; OTHOCUTENILHOIO pacxojaa macia Ha yrap ¢ 0,55 1o 0,31 %; ypoBHs BUO-
panuu ¥ myma - Ha 9,1 u 2,6 1b, COOTBETCTBEHHO.

KOMIUTEKCHBINA MTOAXOA K CHM)KEHUIO MEXAHWYECKUX MOTEPDL B IBUIATENE MPE-
noxkeH [TponunsiM M. JI. [52]. CyTh MOaX0Ja 3aKJIHOYACTCS B pa3padOTKE U OILICHKE
3((PEKTHBHOCTH COBMECTHOTO MPHUMEHEHUS NPOPUIMPOBAHUS M TEXHOJIOTMYECKON
MOATOTOBKM MOBEPXHOCTH TPEHUs NMOPIIHA. Onupasch Ha MOJIOKEHUS TEOPUM TPAHUY-
HOI'O TPEHUS, ABTOPOM NPEAJIOKEHBI TEXHOJIOTMYECKUE MYTH MUHUMHU3ZALMU CHIIbI TPE-
HUS TOPIIHS B TPAaHUYHOM PEXKUME CMA3KW, 3a CYET TMOBBIIMICHUS TBEPAOCTH
NOBEPXHOCTH FOOKK MOPIIHS NEPE] HAHECEHUEM HA HEe CJIOS aHTH(PPUKIMOHHOIO MO~
KpbeITUs. OJHOBPEMEHHO C 3THM, aBTOPOM MPEMJIOKEH KOMOWHWUPOBAaHHBIA MPOQHIIb
NOPIIHS, MOCTPOEHHBINA MyTEM KyCOYHO-JIMHEHHON almpoOKCUMAaINK PealbHOro npodu-
as nopuHs aeurarens 1Y 8,5/8.0 Ha HecylieM yyacTke "cyskaromerocst 3azopa’. AHa-
JUTHYECKA TOKA3aHO, YTO MPH MPOYMX PABHBIX YCJIOBHMSIX HECYINAs CIOCOOHOCTB
TAKOro mpoQuiisl MPEBBIMIAET HECYUIYIO CITOCOOHOCTh cepuiiHOro 604kooOpaznoro. Ha
OCHOBAaHUM TEOPETUYECKUX M PACUETHBIX pe3ysbTaToB s am3ens 1Y 8,5/8,0 u3rotos-
JIEH OMBITHBIA MOPIIEHb C KOMOMHHPOBAHHBIM mpoduiieM, yBennueHHoi a0 140HB

TBEPAOCTHIO U MOJIMOIEHCOAEPKAIMM aHTH(PPUKIIMOHHBIM MOKPBITHEM FOOKH, oOecme-
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YHMBIUKKA B XOJ€ MOTOPHBIX HCIBITAHWNA MPUPOCT 3 dekTrBHON MomHOCcTH Ha 0,12 kBT
(1,4%), conpoBOKAABIINAKCS COOTBETCTBYIOLIMM CHHXKEHUE YIEIBHOTO 3(P(PEKTHBHOTO
pacxona Tormea Ha 6 r/kBt-41 (2%).

3aBepiias 0030p pacYETHO-IKCIEPUMEHTAIBHBIX METOJA0B HEOOXOJUMO TaAKKE
OTMETUTH PAOOTHI, BHIMOJIHECHHBIE 32 MOCIEAHEE NECATUICTAE MPEACTABUTENSIMU Mac-
cavyceTcKoro Texnosornueckoro nactutyta D. Bai, F. McClure, L. Moughon u ap [7,
32, 33]. OTu HCCNenoBaHUus B OCHOBHOM HAINPABJICHBI HA MOJACIUPOBAHUE TOBEACHUS
MACJISIHOTO CJ10s B 3a30p€ U 0a3MpyrOTCs HA PEMICHUN MOAU(PUIIMPOBAHHOTO YPABHECHUS
Pelinonbaca. IlpemioxeHHble MOAXOAbI, MO3BOMSIOT YUUTHIBATh BIMSHUE MHKPOIPO-
buns (Mukpopenbeda) nopirHs, GaKTUYECKYHO HIEPOXOBATOCTh MOBEPXHOCTEH TPEeHUS
Y BSI3KOCTHO-TEMIEPATYPHYIO XaPAKTEPUCTHKY CMA30YHBbIX MATEPHAJIOB Ui ONpeaecie-
HUS peXXUMa TPEHHS U IPOTHO3UPOBAaHUs M3HOCca aeraiei LI

O00011as Bce pacCMOTPEHHBIE PACYETHO-3KCIIEPUMEHTAIBHBIE METOABI TPO(U-
JMPOBaHUsl OOKOBOIM MOBEPXHOCTH YCTAHOBJIEHO, YTO, HECMOTPS HA 3HAYMTEIBHOE KO-
JIMYECTBO pa3pabOTaHHBIX MATEMATHUYECKAX MOJCIICH HM OJHA M3 HUX HE YYMTHIBACT
KOMIUIEKCHOTO BO3JCHCTBHS BCEX (PM3NUYECKUX (DAKTOPOB, OMPEACTSIONINX AUHAMHUKY
NOPIIHS B NApe «MOPIIEHb-IWIMHAP». B OOJBIIMHCTBE CIIy4acB aBTOPbI (POKYCUPYIOT-
Csl HA PCLICHUM KOHKPETHBIX 33[a4, TAKUX KaK CHW)KCHUE BEPOSATHOCTH KPOMOYHOTO

KOHTaKTa, CHUJKCHUN BH6paHHﬁ, COKpalCHuC pacxosa Macja, CHHIKCHUC TPCHHUA U. T. /.

1.2 KOHCTPYKTHBHBIC PEIIEHUS B TIPO(QUITMPOBAHUH

O030p nUTEPaTYPHBIX UCTOYHUKOB M 3aPETMCTPUPOBAHHBIX MATCHTOB MOKA3bI-
BacT, YTO COBPEMECHHBIE TEHACHUMM B KOHCTpyHpoBaHWM nopiiHel JIBC B 0CHOBHOM
HAMPABJICHBl HA COBEPIICHCTBOBAHUE T€OMETPUUYECKUX (POPM (MUKPO M Makpo mpodu-
JMPOBAHUE) U CHUKEHHUE MAcChl. Pa3pabOTUMKK CTPEMSATCS YMEHBIIUTD CUJIbl HHEPLH
Y CBSI3aHHYIO C HUMU CWIJTY JABJIEHUS FOOKH Ha CTEHKY LWIMHAPA. ITO OCOOEHHO aKTy-
AJIBHO JJI1 COBPEMEHHBIX BBICOKOOOOPOTHBIX ABUTATEIEH, U UMEHHO 3TO OOCTOATEIBCT-

BO 3aCTaBUJIO, B KOHEYHOM CYETE, MEPEUTH OT TPAAMLUMOHHBIX B 70-€ IT. TSOHKEIBIX U
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BBICOKHX TMOPIIHEN W IATYHOB K JIETKUM aKyPHBIM KOHCTPYKIMsIM KOHIA 90-x. BonHa
BCEOOIIETO YKOPOUEHUS! KOOOK MOPIIHEN, YMEHBIICHUS UIMHBI U JTAAMETPA NANbLEB,
JUIMHBI U CEYEHUI CTEPIKHSI IIATYHOB MPOKaTHiaack ot Slnonuun yepe3 EBpony B AMepu-
Ky. I BOMJIOIIEHUS HOBBIX WACH MPOM3BOAMTENSM MOTPEOOBATIOCH YAYUYLIMTh KaK
KOHCTPYKIHMIO, TaK U TEXHOJIOTUIO MPOU3BOJICTBA, U B TOM YMCJIEC HAMPABUThH CBOE BHU-
MaHue Ha 00jie€ MOJAPOOHOE U3YYCHHE TPUOOJOTHUECKUX MPOIIECCOB, MPOTEKAIOIINX B
HApe [6]. B pe3ynbpTare Takoi 3BOJIOUMU COBPEMEHHBINH MOPIIEHBb MPUOOPEI Psil
XapaKTEPHBIX YEPT TAKAX KaK:

1) oBabHO-00YKOOOPA3HBIN MPOQUIIH HAMPABJISIONICH YacTH;

2) 100ka, pa3iencHHas Ha HArPY>KCHHYIO U HEHArPY>KEHHYIO CTOPOHY C UHU-
BUTyaJIbHBIM MPO(PHUIMPOBAHUEM KAXKIOH;

3) yMEHBIIECHHAs MIOWAAL ONOPHOW MOBEPXHOCTH FOOKH HAa MEHEE Harpy-
JKEHHOW CTOPOHE;

4) T-oGpa3nas popma.

KoHCTpyKIIHsST COBPEMEHHOrO MOPIIHS BBICOKOOOOPOTHOTO ABUTATENsl HMMEET
APKO BBIPAKCHHYIO T-00pa3Hyro (opMy, JBa TOHKMX MOPIIHEBBIX KOJbLA, MPEACTBHO
JKECTKYHO F0OKY, B KOTOPOl MOTYT OBITH BBITIOJIHEHBI OTBEPCTHS ISl TOMOTHUTEIBHOM
NoJlayi Macja B 30Hy KOHTAaKTa MOPIIHS CO CTeHKaMH nunuHapa. Harup paboueit 00-
JIACTH TAKOT0 MOPIIHS UMEET, KaK PABHUIIO, UKCOOOpa3Hyo Gopmy.

[IpuMepOM MOXKET CHYKUTh TOPIIEHBb, 3amareHToBaHHbI B ['epmannn F.
Eberhard [53] (pucyHok 1.1). JIjisi TaKOro MOPIIHS PEKOMEHOBAHBI CAEAYIOMIAE COOT-
HOLIEHUS  Pa3MEpPOB  OCHOBHBIX  aneMmeHToB. H=(0,5..0,6)b; K=(0,3...0,4)b;
R=(0,2...0,37) D. ABTOp CUMTAET, YTO MPH TAKOM COOTHOLICHUHN PA3MEPOB YMEHBIIUTCS
YroJl HaKJIOHA MOPIIHS W, CIEA0BATEIBHO, YPOBEHD IIyMa OT €ro yaapa O CTEHKY LH-

JMHJIpA.
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Pucynok 1.1 - [Topuiens ¢ kopoTkoii ro0ko# D - muameTp nopuisst; H - BeicoTa nopu-

Hs1; K - paccTossHEE OT JHUIA NOPUIHS 10 OCH MOPIIHEBOTO Najibua; R - aAnmuHa 1oku

MOPIITHS

JUts yydineHus: cCaMOyCTaHOBKH NOPIUHEN B LIMJIMHIAPE HA PSAAEC MOTOPHBIX 3a-
BOJOB OBUIO MPEUIOKEHO M BBIMOJIHEHO YBEIMYCHUE AHMAMETPa MEXKKOJEYHON mepe-
MBIYKH MOPLIHS, KOTOPAs ITPH HATPEBE KOHTAKTUPYET € 3€PKAJIOM LMJIMHAPA, BBITIOJIHSIS
POk BTOPOH TOUKH Oomnopsl nopuiHs. Kpome 31oro, Oblin n1300peTeHbl MHOTOONIOPHBIE
(nByx- 1 Oosiee) npodunn 1000k nopmHel. [lopmens ¢ AByXOnopHOM FOOKON HE HYX-
JAETCS B ONOPE MO KOJIEYHOMY MOSACY, T. K. OTIMYAECTCS JOCTATOYHO XOPOLIEH caMoyc-
TAHOBKO 3a cueT (POpMHUPOBAHUS TMAPOJMHAMUYECKUX PEaKUMid MO 00€ CTOPOHBI OT
OCH TNOPIIHEBOro majbua. [IpuMepoM MOKET CIYy»KUTh MOPLIEHBb, 3aNaTEHTOBAHHBIN
[Tytuaneseim C.B. [54, 55] (pucyHOK 2).

HMHorna /uisi CHWKEHHS TOTEPh HA TPEHWUE HA HAIPABISAIOIIEH YacTH TMOPIIHS
BBITIOJIHSIFOT BBICTYIBI M BNAIWHBL, (POPMHUPYIOIIME KOHTAKTHYIO MOBEPXHOCTh FOOKH M
CO3JAIOUINE, TAK HA3BIBAEMBIC, MACIISIHBIE MOAYIIKM JJIs NPEIOTBPAILCHUASI KOHTAKTOB
NOPIIHS CO CTEHKOH mmnuHapa. Hampumep, nopuiens, 3anareHToBanHblii M. Rhodes
[56] (puCyHOK 3), UMEET TPU KOHTAKTHBIX yYAaCTKA, MOJHOCTBIO) PA3ACICHHBIX MEXKITY
coOO0ii: 1Ba - B BEpXHEH 4acTW U OAWH - B HWKHEH. OcTanbHas NOBEPXHOCTh FOOKH HE

BOCIIPUHUMAET HArPy3Ky U MOSTOMY HE MOABEPracTCsi YACTOBOKH 00pabOTKeE.
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PucyHoKk 2 - JIByXONOPHBIA CHMMETPUYHBINA MOPIIEHD | - KOHUYECKMI y4acTOK; 2 - LH-
JUHAPAYECKHUHA yUaCcTOK; 3 - TpaneuenaaabHbli y4acToK; A, B - BEpXHUI U H>KHUN
004YK000OPA3HBIE YHACTKH COOTBETCTBEHHO; b - IMIIMHAPUYECKUI y4acTOK; - - - - -

npo¢uib FOOKH B TOPSYEM COCTOSIHUN

KoHTakTHBIE y4acTKH MMEIOT BeICTynaromyro Ha 10... 150 Mkm BeIMyKIIyIO 00-
JIACTh, COEAMHEHHYIO CKaTaMU C OCHOBHOM MOBEPXHOCTHEO TeJAa NOPIIHA. ABTOP Npea-
NOJIAraeT, YTO YMEHBIICHUE MJIOMAAA KOHTAKTA FOOKK CO CTEHKOW LMIUHAPA NPUBEACT

K CHIDKCHHIO IMOTCPL HA TPCHUC.

{ Kamul

PucyHok 3 - [lopimeHs ¢ TpeMsi KOHTAKTHBIMU YYaCTKaMu Ha FOOKE 1 - KOHTAKTHBIE

YYaCTKH B BEPXHEH 4acTh FOOKH; 2 - TO K€ B HUKHEH 4acTh
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Parker D.A., Etiles CII., Richmond J.W. [57] npeaioxeH nopumeHs, ¢ KaKa0i
CTOPOHBI PadOUEii MOBEPXHOCTH FOOKH KOTOPOTO BBIMOJIHEHbBI IPAJIMBBI, BEICTYTIAFOIINE
Ha 0,035 mm. brnaromaps yMEHBIICHHIO MOBEPXHOCTH KOHTAKTA FOOKHM MOPUIHS C IU-
JUHAPOM, CHUKAIOTCS MOTEPU HA TPeHUE. 110 YTBEP)KIACHUIO aBTOPOB, 34 CYET YMEHb-
[EHUS] YPOBHS MEXaHUYECKHUX NOTEPh CHIKEH PAcX0] TOMIMBA Ha 3...4 1/1.c.u.

Jpyroii npumep npoQuIMpoBaHKs HAMPABISAIOLIEH YaCTH - NOPIICHb, MPEAIO-
keHHbId R. Hart [59] (pucyHok 4). ABTop nmpeanaract npoduib, NOJYyYEHHBIA MyTEM
M3MEHEHMS PaJnyCa B HANPABIICHUX YIJIOBOM KOOPAMHATHI, B PE3YJIBTATE YETO HA FOOKE
(GopMuUpyroTCs YIIIyOJEHUs, UAYIIAE BIOJb KOHTAKTHBIX MOBEPXHOCTEH M NOCTENEHHO

CY>KaromurcecCsa KHHU3Y.

A-A

-

ﬁ Briemky Ha woke
S e

i

N

—

Pucynok 4 - [lopiieHs ¢ BIEMKO, H3MEHAEMOI 110 BBICOTE

['myOuHa 3THX BBIEMOK B BEPXHEH 4aCTH FOOKH MAKCUMAJIbHASI U YMEHBLIAETCS B
HANpPaBJICHUM OT JHUINA. BbhleMKH CNOCOOCTBYIOT yACPKAHMIO CMAa3KK Ha KOOKE, B pe-
3yJbTAaTE YEro MOBBIMACTCA HAACKHOCTh CONMPSHKEHUS M CHUKACTCS [YM, TaK KakK MO-
BEPXHOCTH MOPIIHS U HWINHIPA Pa3ICICHBl MACITHON IIJICHKOM.

C uenbro CHWKEHUs notepp Ha TpeHue, [Ipokodre B.M. [60] npemnaraer
NOpUIEHb, HA paboUeil NOBEPXHOCTH KOTOPOrO BBIMOJIHEHBI KIIMHOOOPA3HBIE yriyOe-
HUS, PacnoJIOKEHHBIC BAOJb oOpazyromieil ro0ku. OOIias miomaas yrayOJeHuid co-
crapisier 20...85% momanu padoueid moBepxHOCTH. [lo MHEHHIO aBTOpa, MOPIICHb

UMEET NOHMKEHHBIC MOTEPA HA TPEHHWE, a4 TAK)KE MEHBINYIO aMIUIMTYAy KoneOaHwuid
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CBOCT0 BpALIaTEIbHOTO JBHXKEHUS 3a CYET THAPOJMHAMUYECKOrO AeMM(PUPOBAHUS
Macja B yriiyOJIeHUs X 00pa3yromieii MOBEPXHOCTH.

Heobxonumoro Makponpo@uiis HanpapJIsFOLIER YaCTH MOPUIHS MOYKHO TOCTAYb
OpraHM3alMel Ha €€ MOBEPXHOCTH KAaHABOK JJIsl YAEP)KaHUsl CMa3KHu Ha roOke. Hanpu-
Mmep, Poxkkop ATl [61] mpeasaract nmopiieHb, Ha FOOKE KOTOPOTO BBIMOJHEHBI BOJIHO-
OoOpa3HbIc KaHABKW MEPEMEHHON MWpuHbl. [IluprHa KaHAaBKM MaKCHMMaJlbHA B 30HAX
HAaUMEHBIIEr0 OOKOBOrO JABJICHUS MOPIUHS, I MUHUMAJIbHA - B 30HE HAMOONbIICH Be-
IM4rHbl O0KOBBIX chJl. [Ipounb KaHaBOK CTOCOOCTBYET YBEIMUCHHUIO AABJICHUS Macia
B Han0oJiee HArPY>KEHHBIX 30HAX U YBETMYMBAECT OMOPHYIO pab0vyro MOBEPXHOCTb.

[Tpumepom nBurareneit ¢ makponpoduaem Ha GOKOBOM MOBEPXHOCTH MOPIIHER
MOTYT CIY>KUTh ABYXTakTHbIC qu3esm 6T/ u STADM, cepuiiHo BeITyckacmele ¢ 1986
r. JUiss yIydiieHusl YCIOBUM CMAa3KHA W JIOKAJM3ALMK MECTHOTO CXBATBIBAHUS, B OTHUX
JIBUTATEISIX YBEIIMUYEHA MACIOEMKOCTh HECYIIEH MOBEPXHOCTH MOPIIHS MYyTEM HAHECE-
HUS JIYHOK B BUJE CHHYCOMJ W NMEPEKPEILUMBAKOIIMXCS KaHaBOK. [Ipm 3TOM, muiomans
HECYIIEH MOBEPXHOCTH MOPIIHS C MAKPOMPO(HIEM BO3PACTAET, MO OTHOLICHHIO K
OMOPHOM TIJIONIANA HAMPABISOUICH yacTh, Ha 15,25% u 40% cOOTBETCTBEHHO [62].

OOwmmpHas >KCnepUMEHTaNbHAs padoTa MpoJeiana uccaeaoBarensiMu Kwang-
soo Kim u Paras Shah [63] nocBsileHHass OMPENEIEHAIO BIUSHUS KOHPUIypanuu mpo-
¢uiig FOOKM Ha BETMYMHY MEXAHWYECKUX MOTEPh U ypoBeHb myma B LTI, Jlns storo
W3rOTOBJICHA NAPTHSl OTBITHBIX MOPIIHEN C NATHKO OPUTUHAIBHBIMU MPOPHIIMUA OOKO-
BOI IOBEPXHOCTH (PUCYHOK 5).

Bonee TeMHBIM LIBETOM Ha HAMPABJISIOUIMX MOBEPXHOCTSAX BBIACICHBI 00JIACTH,
yroryieHHble Ha 35-40 mukpoMeTpoB. McenenoBanust MpoOBOAWIIMCH HA OJHOLMIIMHIPO-
BOM YCTAHOBKE, BEJIMYMHA CUJIBI TPEHUS U3MEPAIACH HA NIATH PA3JIMYHBIX PEKAMAX Pa-
OOTBI JABUTATENS.

B pesynbrare aBTOpbl BBLACHAIOT NOpieHb Nod (pUCYHOK 5) - Kak MOpIIEHb, 00-
JAAA0IMI HAMMEHBLIIUMU TTOTEPSIMHA MOLTHOCTH HA TpEHUE. 110 X MHEHUIO, BEPXHEE U

HWKHEC er'IY6J'IeHI/I$I, BBITIOJIHCHHBIC Ha HanpaBn;{}omeﬁ YaCTH TAKOI'O IOPUIHA, CIIO-
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COOCTBYIOT yIEp>KaHUIO CMA3KK Ha FOOKe, YTO 00eCMeUrMBaeT Moauy Macja B IJIaBHYIO

30HY KOHTAaKTa NOpHHsA PaBHOMCPHO HaA MMPOTAKCHHUHN BCCT'O IUKJIA ABATaTCIIA.

4

PucyHOK 5 - BapuaHThl 5KCIEPUMEHTATIBHBIX MOPIIHEN C PA3TUYHBIMU KOH(PUTYpalvsi-

MH HAITPaBJISIOMINX YaCTEN

Kpome atoro, chopMyampoBaH MpakTUYECKUI BBIBOJ O TOM, YTO YMEHBIICHUE
TUIONIAM MATHA KOHTAKTA B COMPSDKEHUU HE BCETA SBSCTCS 3PPEKTUBHBIM CIIOCOOOM
CHWKEHUSI CHJIBI TPEHUS. DKCIIEPUMEHTAIIEHO YCTAHOBIICHO, YTO MPH MAJIbIX IJIOIIAASMX
MATEH KOHTAKTa MACJI0 MOKET BbIIABJIMBATHCS U3 HECYIIICH 00acTH, B PE3YJIbTATE YETO
HACTYMACT MACJITHOE TOJI0IAHUE U UBMEHSITCS PEKUM TPEHUSI.

3HAYUTEIBHYIO YaCTh PACCMOTPEHHBIX KOHCTPYKIMNA MPEACTABIISIIOT MOPIIHA C
aCUMMETPUYHBIM TTpoduiieM [64 65, 66, 67, 68]. ACHMMETPUYHOCTH O0YCIIOBIICHA KE-
JAHUEM HCCIIEI0BATENCH 00€CNEUnTh PABHOMEPHBIA, MUHUMAJIBHO BO3MOYHBIN 3a30p
MEXKY CTEHKON HMJIMHPA W MOPIIHEM IO BCEH €ro BHICOTE BO BCEM IUANA30HE PEXKHU-
MOB. TpyJHOCTh 3TOH 3a7a4¥ COCTOMT B TOM, UTO PA3JIMYHBIE YACTH NMOPUTHS IPH pado-
T€ HArpeBarOTCs KpallHe HEPAaBHOMEPHO, AcopMalivs B [IUKJIE MEPEMEHHA, a 3HAYUT, U
MOPLIEHb HEPABHOMEPHO JCHOPMUPYETCSI.

XapakTepHbIM MPUMEPOM CITY>KAT MOPILIEHB, 3anareHToBaHHbI E. Ripberger

[64]. Llenbro n300peTeHus SIBISETCS CHUKCHHE 1IyMa OT YJAPOB MOPIIHS O CTEHKY M-
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JMHIpPA, HEAONYIIEHUE €r0 3aKJIMHUBAHUS MPU NEPETPEBE, a TAKKE YMEHBIICHHE T10-
TEPb HA TpeHUE. I 3TOro NpeanaracTcs 0BalbHO-00UKOOOPAa3HbIA NOPIMIEHb, Y KOTO-
POro OTKJIOHEHWE OT LWJIMHIPHYHOCTU OOJIbLIE HA HArPY>KEHHOH CTOPOHE B BEPXHEH
yacTu 100Kku. Ilpm 3TOM, mpodumu 00pasyrommMx B IMJIOCKOCTH MOPLIHEBOIO Majiblia
TAK)KE OTJIMYAIOTCS, T.€. MONEPEUHbIE CEUYCHUS MOPIIHS MMEIOT NEPEMEHHYIO CTENEHb
OBJIbHOCTH.

MacnoBbim A.Il. [47] Obln 3aMaTeHTOBaH MOPLICHb C FOOKOM, ACHMMETPUYHOM
OTHOCHTEJIbHO BEPTUKAJIBHOW OCH MOPLIHS (PUCYHOK 6). dopma rOKU Ui JIEBOH U
npaBoil 0Opazyroimx BeiOuparoTes no cootnomenuto: H3>H1>H4>H2, rne H1 u H2 -
BbICOTA MPOoQuiisi 0Opa3yroMIc B BEPXHEH U HUXKHEH 4acTsaX JUIs JICBOM 0Opa3yroliei,
H3 u H4 - BeicoTa npoduns oOpasyrouicii B BEpXHEH U HIXKHEH 4acTsaX OKU T npa-
BOIl oOpazyrowieii. KpuBonuHelHbIe 00pa3yrloME HArpy>KeHHOH W HEHArpy>KEHHOM
CTOPOH MPOPUIMPYIOTCST UHAMBHIYAIBHO B COOTBETCTBHM C 3aJlaHHBIMH COOTHOLIE-

HUSIMH.

| |
H = =

o)

(]

S S B o=

Pucynok 6 - [Topuiens ¢ accuMeTpuyHoii 100KOii

O030p KOHCTPYKTHUBHBIX METOAOB MPOQPUIMPOBAHUS BBISIBAJI 3HAYUTEIIBHOE KO-
JMYECTBO MPUKIIATHBIX PEMICHUMA, MPUMEHSEMBIX MPU BBIOOPE NPOQUIIsS MOPIIHS, KOH-
(urypauMm KOHTAKTHBIX [UIOIIAJ0K W €ro T€OMETPUYECKMX NApPaMETPOB B LEJTIOM.

Onnako npeajnaracMbIiC KOHCTPYKIOHUHK MOJYYCHBEI B OCHOBHOM Ha OCHOBAHHHU O6I]_II/Ip-
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HBIX SKCMIEPHUMEHTAIBHBIX PA0OT WM K€ JIMYHOTO OMbITa Pa3pabOTUMKOB U HY>KIAKOTCS
B TEOPETUYECKOM 000CHOBaHUM. ClEyeT 3aMETUTh, UTO PE3YJIbTAT MPUMEHEHUS TAKAX
PELICHUIA BO MHOTOM OIPEAENSIETCS OINMbITOM, YPOBHEM IMOATOTOBKA W HABBIKAMHU M C-

cJea0oBaTeIeH.

1.3 Llenb 1 3agaum paboThI

L{enbro BEINOTHEHWS BBIMYCKHON KBATA(PUKALIMOHHOM pabOThl SBJSIFOTCS UCCIIE-
JOBAHWE JWHAMUKH ABWKCHHS TOPIIHS HA CMA30YHOM CJIO€ B LWJIMHAPE M SKCIEPU-
MEHTAJIbHAs OLEHKA MPOLECCAa W3HANIMBAHUS JJIEMEHTOB COMPSHKCHHS «MOPIIEHBD —
LWIAHAP» Ha MpuMepe (POPCHPOBAHHOTO NM3ENS PA3MEPHOCTBEO 15/16, KOTOpPBIE MO-
3BOJIAT BBIOMpATh Mpo@uiib 00pa3yrouicid MopuIHs, 00ECIEYNBAOIINANA MOBBILICHUE Pe-
Cypca CONMpPSDKEHMUS.

JUist TOCTH>KEHUST TOCTABJICHHOW LENW HEOOXOAMMO PEIIUTh CIEAYIOIIHAE OC-
HOBHBIE 33/1a4H:

1. OueHuTh HAMPSHKEHHO-AEPOPMUPOBAHHOE COCTOSTHUE MOPILHS,

2. IlpoBecT mapaMeTPUUECKAE WCCIIECIOBAHUS BIMSHHUS KOHCTPYKTHBHBIX IMa-
paMeTpoB MPO(Hs HAMPABISIFOMICH YacTH MOPIIHS HA THAPOMEXAHUYECKUE XapaKTe-
PHCTUKH CONPSKEHUS ITOPIIEHD — LUIUHIPY

3. DKCINEPUMEHTABHBIM MYTEM ONPEACIIUTh MapaMeTPbl U3HAINUBAHUS HCCIIC-
AYEMOTO CONPSKEHUS,

4. OueHUTh MOTOPECYPC CONPSDKEHUS KIOPLIEHD — LIAJIMH P,

5. Beibupate npoduins 00pa3yrouiei mopiiHs, KOTOPbIA 0OECIEUNT MOBBIIIEHUE

pecypca COnpsKEeHUS.
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2 MOIEJIMPOBAHHE HAIIPAXEHHO-AE®OPMHUPOBAHHOI'O CO-
CTOAHUA, TMHAMHKWKHU U CMA3KHU COIPAXEHUA « [TOPIUEHB-LIWJIMH/IP»

2.1 Pacuer TemioBOro U HanpsbKEHHO-1E€(POPMUPOBAHHOTO COCTOSTHUSI TTOPILIHS

JIJisl OLICHKHW pacnpeneaeHus TEMIIEpaTyp Mo MOBEPXHOCTH U B 00bEME MOPIIHS,
CO3/1aHbl W MPEACTABJICHBI B BUIC COBOKYMTHOCTA KOHEUYHBIX 3JIEMEHTOB TBEPIOTEIbHAS
U KOHEYHO-3JIEMEHTHAss MofAeiu (pucyHOK 7). CleayeT OTMETUTh, YTO BEJIMYHUHBI
YAEABHOW TEMIOEMKOCTH M KO3(PPHULIHEHTA TEMIONPOBOJHOCTH A MaTepualloB 3Jie-
MEHTOB MOPIIHS HEOOXOAUMO KOPPEKTUPOBATh B 3aBUCUMOCTH OT WX TEMIEPATYPbI MPH
OLICHKE pacnpejie/icHus TEeMNEpaTyp Ha MOBEPXHOCTU U B O0OBEME TOJIOBKA M FOOKH
TIOPIIHS.

Peenue TenaoBoid 3aqaun (JOpMUPYETCSI COBOKYTMHOCTBIO TPAHUYHBIX YCJIOBHIA
TEmI000MEHA, BKIIFOYAMOIIEH: TEMIO(PU3NUECCKHE CBOMCTBA MAaTepuasioB, SKBUBAJICHT-
HbIE KOA(PPUIIMEHTHI TEMJIO0TIAYN U PE3YIBTUPYIOIAE TEMIIEPATYPhI CPEIBI.

Jlis coxpaHeHus afAeKBaTHOCTH (POPMBI MOJIEN PEATBHOMY HCCIICAYEMOMY
OOBEKTY JIMHCHHBIE Pa3MEPHI JIEMEHTOB BBIOpAaHbl TAKUM 00Pa3oM, YTOOBI UCKIIFOYHUTh
WX BJIMSHUEC HA TEOMETPUUYECCKUE XaPAKTCPUCTUKHA MOPUTHS U 00ECTECUUTh NPUEMTIEMYIO

TOYHOCTL IIPH BHIIOJHCHHUHU UTCPALWMOHHOIO IIPponccca.

Pucynok 7 — TBepnorenbsHas (a) U KOHEUHO-3JIEMEHTHAs (0) MOJENbL MOPUTHS
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[TpunoxxeHue rpaHUYHbIX YCIOBUHM TEMIOOOMEHA, MO3BOJISIFOIIEE BBISIBUTH pac-
OPEIEICHAE TEMNEPATYP MOPIIHS UCCIECAYEMOTO IU3EIS, BBIMOIHEHO ISl PEXKUMa HO-

MHUHAJTBHOW MOIIHOCTH (PUCYHKH &, 9).

[A] Convection 2: 869, °C, 428, W/m>"°
[B] Corwection 4 868, °C, 414, Wfm
[T] Convection 6: 868, °C, 750, W/m®®
[B] convection 8: 864, °C, 430, Wim®*
[E] Conwection 10: 869, °C, 185, W/m®=C

0)

[B] Carmvection: 868, °C, 436, W/ "C
[B] Convection 3: 869, °C, 423, W/m®"
[€7 Carmvection 5 868, =C, 550, Wy
[B] Cormvection T: 868, °C, 650, W
[E] Convection 3: 889, °C, 320, Wtfrn®

o0 o0

o000

E] Corvection 12: 350, °C, 22000 Wfim®"C
[B] Convection 14 275, °C, 18000 W/m®=C
|§| Caonvection 16: 190, °C, 14000 W/m>"C
m Canvection 20: 110, °C, 5200, W/m®"C
TE] Camvection 21: 110, °C, 200, Wi/m® °C El Convection 22: 90, *C, 600, W/m="C

[A] Comvertion 11: 868, °C, 70, Wym>"
|B] Corvection 13: 300, °C, 70, W™=
Corpeection 15: 200, °C, 70, Wim®=
[B] Comvertian 17: 180, °C, 70, Wym>=

s s Is]

Pucynok 8 — [IputoskeHuE rpaHUYHBIX YCJIOBUI TEMIOBOTO HATPY>KEHUS K HAPYKHOMY
(a) ¥ BHyTpeHHEMY (0) THULLY MOPIIHS W IPaHsIM KaHABOK JJIsl MOPIITHEBBIX KOJIEIL (B, T

u 1) (mu3ens 6UH15/16, P = 1,86 MITa, n = 2100 Mun’)

JIJisl OLICHKH pacIpeaeiCHUsl TeMIEpaTyp Mo NOBEPXHOCTH U B 0OBEME HaMpaB-
Jsomed Jactu (F0OKM) TOPUIHS, TPUMEHUTENBHO K KOHEUYHO-3JIEMCHTHOH MOJEIH,
TaKXKe ONPEACIICHb U MPUIOXKEHB COOTBETCTBYIOMIUE FPAHUYHBIE YCIOBUS TEIJIOBOTO

HArPy>KCHHUS.
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[A] Canwection 18: 170, °C, 180, W/m®"C m Convection 23: 110, °C, 200, W/rm®"C

[B] Convection 18: 155, °C, 100, W/m*"C Convection 25 110, °C, 1200, W/m?"C
[C] Canvection 24: 110, °C, 5200, W/m®"C

PucyHok 9 — [IprJIOKEHUE TPAHUYHBIX YCIIOBUI TENJIOBOIO HATPYKEHUS B MOJIOCTH
MACJISIHOTO OXJKIAECHUS (2), K HApy>KHO# (0) U BHYTPEHHEH (B) MOBEPXHOCTSM FOOKH

nopuHs (auzens 6UH15/16, P, = 1,86 MIla, n = 2100 MI/IH_I)

[Ipy OLEHKE MPOYHOCTHBIX IMAPAMETPOB MOPIUHS, NPHUMEHUTEIBHO K KOHEYHO-
DIIEMEHTHOM MOJENM, 3aJaHbl [PAHUYHBIE YCJIOBHS CHJIOBOIO BO3JICHCTBUS (pHUCY-
HOK 10), OCHOBHBIMU M3 KOTOPBIX SIBJISIFOTCS CHJIBI IABJIEHKS Ta30B U MHEPLUUOHHAs CH-
Ja, BO3HHMKAWOIIAs MPU  BO3BPATHO-MOCTYMATEIBHOM  JIBMKECHHHM  MOPIIHS.
PesynpTupyromas cuiia, BO3ACHCTBYIOIAsA HA MOPIIEHD U NPUIOKEHHAA K OCU MOPLI-
HEBOT'O NaJIbLa, ONPEIEIICHA MO PE3yJIbTaTaM KMHEMATHYECKOTO U JUHAMUYECKOTO aHa-
7134 KPUBOLIMITHO-IATYHHOTO MEXaHU3Ma.

Bnusinue napameTpoB TemiooOMeHa (ko3ppHuireHTa TemnooTaaum OT NOPIIHS K
CMa304YHOMY MAacCily B MOJOCTH OXJIAKACHWS) HA TEMIEpPATypy MOPLIHS OOYCIIOBIEHO
PA3JIMYHON CTENEHBIO 3aNOJHECHHS MOJIOCTH MaclioM npu padote mu3ens. CTeneHb 3a-
NOJTHEHMS TOJIOCTH ONPENENIETCs JABJICHHEM Macia Mepea Macionoaarmeil GopcyH-
KO#, COCAUHEHHOW C TJIaBHOW MAacCIAHOW MarucTpanbio, W, KakK CJIEICTBHE PACXOJ0M
Macla 4epe3 nojaocTb. M3BECTHBI pe3ynbTarhl SKCepuMeHTOB pupMbl Mahle no ouen-

ke Kod(PUIMEeHTa TEMIOOTAaYM B (PYHKIIMU pacxoja Macja Npy Pa3IM4yHON CTENCHH
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3aMOJIHCHUS TOJIOCTH (PUCYHOK 11, a). AHanu3 MaHHBIX MOKA3BIBACT, YTO MAKCHMAJIb-
HOE 3HAa4YCHHUE KO3 PHIMEHTA TEMIO0TAAYM OT NOPIIHS K CMa30YHOMY Maciy B HOJIOC-

TH OXJIKACHUS TOCTUTAETCS NPU 55...63% 3ar0nHEHUS TTOJIOCTH.

E::z::::’f;;unnu?sppaa Pressure 2:5,19e+006 Pa
D escuite 5 1le3&+005 o -] Pressure 5:1,013e+005 Pa

Pucynok 10 — IlpunoxeHnne rpaHuYHBIX YCIOBHANA CUIIOBOTO BO3JACHCTBHS B 00JIaCTIX
HAPY>KHOTO JHMINA TOJIOBKM M BHYTPEHHEH 4acTh 100KH (a), Hapy>KHOH 00pa3yrolei
NOBEPXHOCTEN rOJIOBKH M F0OKK NOPIIHS (0), BHYTPEHHETO JHUILA U MOJOCTH MACIISHO-

ro oxynaxaeHus (B) (au3enr 6UH15/16, P, = 1,86 MIla, n =2100 MI/IH_])

Y4uThIBasI MOJYUEHHBIE PE3YJILTATHI U aAANTHPYsI UX K YCIOBUSIM pabOThI AU3E-
a1 6UH15/16 no wactoTe BpaiieHHs KOJIEHYATOro Bajia BBIIOJHEHA OLEHKA TEMI0BOrO
COCTOSIHUSI TIOPUIHS MPH PA3TIMYHON CTEMEHU 3aMOJIHEHUS MOJOCTH oxyaxacHus. Kak
CBUACTENBCTBYIOT PE3YJbTATHI PacueTa yBeIuueHrue KodppuumenTa Tennooraauu, ooy-
CJIOBJIECHHOE POCTOM CTEMEHU 3aMOJHEHUS MOJOCTH, MPUBOAUT K CHIKEHUIO TeMIEpa-
TYPbl MOPUIHS C MACISIHBIM OXJIQKACHUEM. YBeInueHHe Kod(p(PUIMeHTa TemI00TAauM
OT MOPIIHS K CMa304YHOMY Maciy B MOJIOCTH OxJIakaeHUs B 4,3 pa3a CHIKAIOT MaKCH-

MaJIBHYIO TEMIIEPATYPY NOPIIHS HA 9%.
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PucyHok 11 — BausiHue CTeNEHH 3an0HEHUS. MacioM TOJ0CTH OXJIKICHHS Ha KO3 (-

¢unuent Tenyootaayn (no gaHHeIM pupmel Mahle) (a) n ko3 dunmeHTa TemIooTIaYH

Ha TeMnepaTypy nopiHs ausens 6UH15/16 (Pe = 1,86 MITa, n=2100 musa ') (6)
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Pe3ynpTarel ONpencneHuss TEMIEPATYPHOrO COCTOSIHUAS MOPLIHS CBHIAETEIBCT-
BYIOT O BBICOKHMX 3HAUEHMSIX, KAK MAKCHUMAJIbHON TEMNEPATYPHI JHUILA, TAK U TEMIEPA-
Typel B O0JIACTM BEPXHET0 KOMIIPECCHOHHOTO KOJbla (puUCyHOK 12). YkazaHHoe
00CTOATENBCTBO TPEOYET NAIBHEHIIErO COBEPIICHCTBOBAHUS KOHCTPYKIUM MOPILIHS,
HanpuMep, CO3JaHUEM MAaciOyJIaBIMBAKOIIEH KaHABKHA HA 00pa3yromeEil 1 ONTUMU3aL -
€il MOMEPEUHOro CEUCHUS MOJIOCTU OXJIAKICHUS, a TAKOKE UCIIOJIB30BAHUEM CMa304HOI0
Macia, y10BJIETBOPUTENBEHO PA0OTAIOLIETO B YCIOBHSX BBICOKHX TEMIIEPATYP.

YpoBeHb Temneparyp B 001aCTH NEPBOr0 KOMIPECCUOHHOTO KOMbLA, COOTBET-
CTBYIOLMH 3HaYEHUIO, NpuMepHO B 260...300 °C mist pa3nuyHbIX PEKUMOB PaOOTHI AU-
3€JIsl MPENCTABISAETCS YPE3MEPHO BBICOKMM, C TOUYKH 3PEHMS 0OECIICUEHUSI TPUEMIIEMBIX
ycnoBui paboOTBl CMa304HOrO Macia. BeICOKOTeMNEpaTypHOEe KOKCOBaHUE, HArapooo-
pa3oBaHUE U BO3MOYKHOE IIPUTOPAHUE» CMA30YHOrO Macia B 00JIACTH NEPBOrO KOM-
IIPECCUOHHOIO KOJIbLA CO3MAET MPEANOCHUIKH K MOTEPE MOABIKHOCTH MOCIEAHETO, YTO

HEIOMYCTUMO.

Temperature

Unit: *C
454,99
416,68
378,37
340,06
301,75
263,45
225,14
186,83
148,52
110,21

B) r)
PucyHnok 12 — Pacnpenenenue TeMneparyp B rojoBKe (a) U1 FOOKE MOPIIHS B U30METPH-

4ecKoM (0, B), TPOJOJBLHOM (T) M IonepeyHoM (1) ceueHusx (auzens 6UH15/16, P, =

1,86 MIIa, n = 2100 mun™)
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OnHMM W3 BapUAHTOB PELICHMs NAHHOW MPOOIEMBI MPEACTABIISIETCS PACCMOT-
pEHUE BO3MOXKHOCTH WCIIOJIB30BaHUs CIELUAIN3UPOBAHHBIX CMAa30YHBIX MATepHAIIOB,
YIOBJIECTBOPUTEIBLHO paOOTAIOMMX B YCTOBUSAX MOBBILIEHHBIX TEMIIEPATYP.

Crarnueckuii MPOYHOCTHOM PACUET NMOPLIHSA OCYLIECTBISJICS IPH TOJIOKEHUU
KOJIEHYATOI0 BaJla, KOTOPOE COOTBETCTBYET yrity nosopora 370 rpax IIKB Takra pac-
mupenus. CornacHo pe3ysibTaTaM CHMHTE3a Padouero HMKIA AU3ENs, B 3TOT MOMEHT B
LWJTMHAPE JTOCTUTAETCd MaKCUMAaJIbHOE JaBJICHUE ra3oB. B Xoae MpOBENEHHs pacyera
OTPEACTIEHBI CYMMAapPHBIE W OCEBBIE AcPOpMALINK, HOPMAIIbHBIC, KacaTCIbHBIE U SKBH-
BAJICHTHBIE HANPSHKEHUS.

JU1s moJlyYyeHUst KOPPEKTHOTO pELICHUS TEPMONPOYHOCTHON 3a1a4l 1O OLIEHKE
YpOBHs AcopMariiii 1 HaNPsLKCHUH, UCMOIb30BaHA KOMIUIEKCHAsS MOJETb (PparMeHTa
KPUBOLLMITHO-IIATYHHOIO MeXaHu3Ma Ju3ens. KoMmIuekcHas MOJENb, BKIIFOYAroas
NOPLIEHD C 3aMPECCOBAHHBIMU B OOOBIIIKK TOJOBKM MOPIIHS BTYJIKAMH, FOOKY, TOPII-
HEBOM Mmasell, maryH ¢ BTYJIKON MOPIIHEBOM FOJOBKM M BKJIAAbIIIAMU U ()PArMEHT KO-
JIEHYATOTO BAJIa MPEICTABJICHA HA PUCYHKE 13.

VY4er CHIIOBOrO BO3ACHCTBHS CO CTOPOHBI pab0YMX ra3oB B LMAJTUHAPE IU3EIS
BBITIOJTHEH TTPUJIOJKEHHUEM MAKCUMAJIBHOTO JABJIEHUS HA COOTBETCTBYIOIIME MOBEPXHO-
CTH TOPILIHS, & YYeT CHJIBI MHEPLUHU, CO CTOPOHBI BO3BPATHO-ITOCTYNATENBHO IBUXKY-
HIMXCS MAcC (TMOPLIHS, MOPIIHEBBIX U CTOMOPHBIX KOJICL, MOPIIHEBOTO MANbIA, BTYJIKA
NOPIIHEBOW TOJIOBKHA M YaCTH MACCHI IIATYHA) BBIOJHEH MTPH MOMOIIM CHHYKEHUS MaK-
CUMAJILHOI'O IABJICHUS HA BEJIMYMHY, COOTBETCTBYIOIIYIO YKA3aHHOM CUJIE.

Hcnonp3oBaHre KOMIUIEKCHOW MOJENN NIPU BBIMOJHEHUH TEPMO-IIPOYHOCTHOTO
aHaJM3a 1eneco00pa3Ho, MOCKOIBKY MO3BOJISET YUYECTh KECTKOCTh (parmeHTa KIIIM
OPH NEPEIAUYe YCHIUS OT MOPIIHS K KOJIEHYATOMY Baly M 00ECNEYUTh KOPPEKTHOE pe-
LICHWE KOHTAKTHBIX 3a1a4 B CONPSHKEHUAX «IIOPLIEHb — MOPLIHEBON MaeLy, «IOPIIHE-
BOH IMajier — BTYJIKa MOPIIHEBOI TOJIOBKH IIATYHA», «IIATYHHbIN BKJIAABIII — [IATYHHAs

IeiiKa KOJICHYAaTOro Bajaay.
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Pucynok 13 — TeepaorenbHas (a) © KOHEYHO-3JIEMEHTHAs (0) KOMIIEKCHBIE

MOJICNIA (PparMeHTa KPUBOIIMITHO-ATYHHOTO MexaHu3ma auzens 6UH15/16

OnpeneneHHble TAKUM 00pa3oM MoJjis AepopManuu U HaNps>KEHUH NpecTaBie-
HbI HAa pUCyHKe 14.

Cnenyer OTMETHTB, YTO MaKCHMajbHbIC Acpopmanyu, npuMepHo, 565...570
MKM JUIsi HOMUHAJIBHOTO pekuMa padboThl au3esis HaOJFOMarTCs Ha o0pasyroleid Ha-
PY>KHOH KPOMKE MOPINHS, YTO BBI3BAHO «KOHCOJIBHOCTBIO» MpeaIaracMoil KOHCTPYK-
UM TOJIOBKM, W MPH JAHHOM YPOBHE TEMIEpPATyp M MEXAHWUYECCKUX HArpy>KeHUi,

JOCTUTI'aCMBIX B XO4€ pa60qero HOUKJIa AU3CJIA, ABJIACTCA OOy CTUMBIM.
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Total Deformation
nit: m

000057006
000054824

i 000052642

0,00050459
0,00048277
—{ [,00046095
L:-] 0,00043913
0,0004173
0,00039544
a

PucyHnok 14 — Pacnipenenenue cymmapHsix aeopManuii B NOPIIHE U €10 3JIEMEHTAX

(mu3ens 6UH15/16, P, = 1,86 MIla, n = 2100 MI/IH_l)
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2.2 VYpaBHEHMs NIBW)KCHHS TIOPIIHS JBUTATENsl BHYTPEHHETO CrOpaHus Ha

CMa304HOM CJIOC B HUJIMHIAPC

3amaya OLEHKA JUHAMHMKHW CIIOKHOHAIPY>KEHHOTO TPUOOCOOTPSKEHHS «ITOP-
HICHb (W) — WIAHAP (MOAIMITHUK)» CBOAMIACH K TOCTPOECHUIO TPACKTOPUM JBHYKE-
HUSl MOPIIHA HA CMA30YHOM CJIO€ B LMWJIMHAPE AW3ENs NOJ JACHCTBHEM BHEIIHEH
NEPUOAMYECKON HArpy3Kd M OMNPEACIICHUIO €r0 THAPOMEXAHUYECKUX XAPAKTEPUCTUK
(I'MX), K KOTOPbIM OTHOCSTCS: MTHOBEHHBIE (B MOMEHT BPEMEHHU 7 ) 3HAUEHUSI MUHH-

MAJTbHOMN TOJIIIMHBI CMA30YHOIO CJIos /. (7) ¥ MAKCHMAIBHOTO THAPOJAMHAMHYECKOTO
naenenus p, (), a Taxoke mx SKCTpeManbHbIe inf A, supp, W CPEOHHE k.., ph

3a LMK 7, BEJIMUMHBL, MTHOBEHHBIC M CPEJHHE [OTEPH MOLIHOCTH Ha Tpemne N(7),
*
N'; pacxoasl cMasku Q (r), O B HANPABICHUM KaMEPbl COPAHHS U MPOTHKEHHOCT

30HbI KaCaHHA O{| heh ¢ 3HAYCHUEC MHUHHUMAJIBHOM TOJILMUHBL CMA304YHOIO CJ10s
=y

Pimin MEHBIITE HEKOTOPOTO KPUTUYECKOTO 3HAYEHUS /. AHATM30M TICPEUUCIICHHBIX Xa-

PaKTEPUCTUK HEMOCPEACTBEHHO WM KOCBEHHO OLIEHMBAOT TaKWE JKCIUTyaTAllMOHHBIE
CBOMCTBA CONPSDKEHUSA KaK TEIIOHANPSHKEHHOCTh, M3HOCOCTOMKOCTH, YCTaJOCTHYIO
JOJTOBEYHOCTh AHTH(PPUKIIMOHHOTO €0, €70 3aAUPOCTORKOCTb.

Paccmotpum aBmkeHue NPOPUIMPOBAHHOrO MOPIIHS KaK TBEPAOrO TEla Ha
CMa304HOM CJIO€ B IIPOCTPAHCTBE 3a30pa LWIMHAPA JABUIaTelisi BHYTPEHHETO CrOPaHus
(puc. 15).

Cucrema xoopauHar XYZ 3aKpeIUICHA HA HEMOABMXKHOM IIMJIMHIPE, HAYaIo

CUCTEM KOOpAMHAT X Y7, HaXOAUTCA B LIEHTPE Macc ABIKYLUErocs nopuHs. Ha pu-

CyHKe 0003HAYEHO: P — cuJia JHaejienus ra3os; P/, P/ — mpoekuun cuisl naepiyn P/

MOCTYMATELHOTO ABUKEHUS MOPIIHS BIOJIb OCH HMWIMHApPA (mpuioxkeHa B neHTpe (),

e.— CMELLEHNE LIEHTPA MacC MOPLIHS OTHOCUTENBHO LIEHTPA OCH Majblia; e, — CMELLe-
HHME OCH Majblia MOPLIHS OTHOCHTEIBHO MPOAOJIBHON OCH (A€3aKCaX MOPIIHS), e, —

CMCHICHUC OCH HWJIMHAPA OTHOCHUTCIIBHO OCH KPHBOHIMIIHO—IIATYHHOI'O MCXaHHU3Ma
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(mesakcax ABUrarens); R, , R, — NPOCKLUMY PEAKLMU CMA304HOTO CJIOs, JCHCTBYIOLICH

HA PACCTOSHHH b OT OCH, IIPOXO/SLIEH Yepe3 reoMeTpUdecKuil entp (Touxy C ) Ha-
OPABISIOMIECH YacTy (FOOKHM ) TOPUIHS NEPNECHANKYIIAPHO padouei ocu. Crunamu Tsoke-
CTH W TPEHUS BBUJY UX MAJIOCTH MpeHeOperacM. /[BrKeHe NOPIIHS CKIAAbIBAETCS U3
NOCTYNATENbHBIX MEPEMEICHANA BAOIb OCH LHAJIMHAPA CO CKOPOCTBIO W = Wy, B IUIOC-
KOCTH, MEPHEHIMKYJISIPHON OCH LMJMHIPA CO CKOPOCTBIO €, a TaKXKe BpallCHUS BO-

KPYr OCH MOPIITHEBOTO Majblla CO CKOPOCTBIO ¥ ; € — DKCIEHTPHUCHUTET, ¥ — Yrod

HaKJIOHA MOPLIHSL.

€o

!

Z

Pucynok 15 — JluHaMuKa MOPIIHSA HA CMA30YHOM CJIOE B LIMJIMHIPE AA3ENSA
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Takum 00pa3oM, BCIECACTBUE OCOOEHHOCTEN KMHEMATHKH, a TAKXKE HAJIMUMs 3a-
30pOB B KPWBOLIMITHO—IIATYHHOM MEXaHM3ME MOPUIEHb UMEET BO3MOKHOCTh MEPEME-
marbest B o0WEM citydae B TIIOCKOCTSIX XOZ, YOZ. Yckopenue Touku C BAONb OCH
OZ npuMeM PaBHbIM YCKOPEHHUIO MOCTYMATENbHOTO ABMKEHUS TIOPILHS, OMPENEICH-

HOI'0 B KHHCMATHKC ILJIOCKOIIAPAJUICIIEHOI'O ABMKCHU A KPUBOIIKUITIHO—IIATYHHOI'O MCXa-

Hu3Ma. CHily ICHCTBUS 1IaTyHA R OyJIeM CUMTATh 3aJJaHHON CWJIOH, HaXOSIIECHCS B

TUIOCKOCTH, MapaJienbHOi mnockoctn XOZ. Lunuaap HenoaswkeH (w, = 0). Cuurad,
YTO BPALICHUE MOPIIHS OTHOCUTEIBHO OCH Z] HE MPOMCXOAHWT, MOJIYYaeM CHCTEMY

TP PepeHIMATBHBIX YPABHEHHNA TBUKEHHSI MOPIIHS HA CMA30YHOM CJI0€ TUJIMHIPA

mX, =F_+R_;

mY,=F,+R,;

mZ,=F, +R_; (1)
Jxlj/‘x :Mxl +Mx1;
Sy ¥y =M, +M,,

rne Iy, I, ,I7.— NPOEKLUUH INIABHOIO BEKTOPA BHELIHUX CWJI HA OCH CHCTEMBI

koopmuHat OXYZ, M, ,M, — TIPOCKLIMH IJIABHOTO MOMEHTa BHEIIHHUX CHJI OTHOCH-

TENBHO IeHTpa C Ha ocu cucreMsl CX,Y,7Zy; Jy, J, — MOMEHTHI HHEPIUKA MOPIIHS OTHO-

curenbHO oceit CXy, CYy;, R, R, F., M % , M y, — PCAKIMU U MOMEHTBI OT peakiuit

CMa304HOTO CJIOS.

CKOPOCTh W, YCKOPEHHE j W CHIY WHEPIUH [ MOCTYNAaTeNbHOTO ABMKCHHS

TOPIIHS BAOJL OCH (JZ ¢ y4eTOM YCKOPEHHs € KOJICHYATOro Bajla B ITUKJIE OIpejie-
JIMM W3 YPaBHEHMI KHHEMATHKH KPUBOITUITHO-IATYHHOTO MEXaHU3Ma

w=rosin o + IBsin B, (2)

j:r(gsina+a)2 cosa)+l(ﬁsinﬂ+ﬂzcosﬂ), (3)

I » — paauyc KPUBOIINIA, @ — YIJIOBas 9acTOTa BPAIEHUS KOJIEHYATOro Ba-

Ja, / —anvHa maTtyHa, m — Macca MOpIIHS;

., T@WCOSO 5 T
lcosf - lcos® B

[(gcosa—a)2 sin o )cosﬂ+a)ﬂcosﬂ] .
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Ha npakrtuke, npy aHaM3e NEPEMEIIECHUI MTOPIIHS B WIAHAPE, KaK MPABUIIO,

HE YUYUTHIBAKOT NEPEMEILICHUE MOPIIHA B INIOCKOCTH YOZ U OrpaHMYMBAKOTCS PELLICHU-

eM JUIs TUTOCKOW MOJENU IBWXKEHUs. B TakoM ciiyyae MopUIeHb COBEPILAET MIOCKOMa-

paJUIeNIbHOE IBHXKEHUE B TpOcTpaHcTBe X(OZ, a ypaBHeHUs ABMKeHUs (1) OyayT UMETh

BUJ

mX,=F, +R_;
mZ,=F,+R,; 4)
JyVy=M, +M, .
[TpeoOpazyem ypaBHeHus (2.4), UICNONB3Ys paCUETHYIO cXeMy (puc. 2.4)
Prsiny — R zsin f+ R cosy—mX,_ =0,
Prcosy—P/ +R,zcosB— R siny =0;
Pre, +Rypgcos(B—y)-(e, —ep)—Rypsin(B+y)-(b'+b") -
~R (b"=b")~J, 7 =0.

(5)

Ecnv npuHATSH, 4TO

R;= (Rxsiny—PFcosy/—sz), TO

- cosf
P sinj/—tgﬁ-(Rx smy— P cosy—sz)+Rx cosy—mX, =0;

: _ _ pJ
Resiny = 1 COS = 12 feos(f5-+ 1)(ee - en) -
cospf

—sin(B+ y) &' +b") |+ R, (b” - b*)— J.7=0.

[Tocne npeoOpazoBaHusl ypaBHCHUS IBWXKCHHUS (2.5) 3aMUALIYTCS B BUJE

Pre_ +

mX, = Py(sin y — cosytgB)+ P/ 1g - R (cosy —sin yigp);

P cosy + P/

Jylj/.:PFec_ [Cos(ﬂ—i_}/)(ec_eﬂ)_

cospf

Sm

S;kmaﬂ+vo@c—en>— ©)

—sin(B+)o'+5") ]+ R, (6"~ ")+ R,
CO

—sin(f+y)(b'+5") |.

Ecnu npeHeOpeub cunamMu MHEPLMHM OT MOMEPEYHOrO JBHXKEHUS W BPALICHUS

MOPIUHS, TO YPABHEHUS JBMKEHUS 3AMULIYTCS B BUJIEC YPABHEHHUI PABHOBECHS
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F.+R. =0

M,+R.(b"+b")=0. @

3neck OOKOBasl CHjia, ICHCTBYIOIIAs HA MOPUICHb, pABHA
F,= (P, - P')igp (8)
MoMeHT OT BHEITHEN CUJTBI OTHOCUTEILHO TOUKH B
M, =P, —P)(ey te,)—Ple,. 9)

Jlist pemienus cucteM (1), (6) wnu (7) ucnons3oBaics meroa ®IH (pabotei
B.H. Ipokonkesa, FO.B. Poxknecteenckoro, A.K. bospumHoBoid u np.). Peakuuu cma-
304YHOIO CJ10s1 OMPEACTSUTUCH C UCIOJIBb30BAHUEM TEOPHH KOHEYHOW OMOPBHI.

JUta onpeneneHusl TEOMETPUH CMA304HOTO €10 (opma mpouiisi HAMPABIISO-
1Ieil yacTh MOPIIHS annpokcuMupoBajack. Hanbomnee yao0HbIM SBASETCS COCOO OMU-
CaHUsl TEOMETPUUYECKUX (POPM HEMPEPHIBHBIMU MATEMATHYECKMMHU 3aBUCHUMOCTIIMHU.
PaznuuHbie uccaenoBarenu NpeaiaraloT annpoKCUMHUPOBaTh Mpoduib H0OKU Ayramu
OKPY>KHOCTH, TTOKA3aTeJIbHbIMU (DYHKIMSIMH, KBAJAPATUYHBIMUA WJIA KyOMUYECKUMHU Tia-
paGonamu, KOMOMHAMIMK TUX QyHKIWMA [26, 28, 51, 690mu6Ka! McTouHuK cCHLIKH He
Haiigen.|, a TAKKe MpeajaractTcs onucaHue npoduis rOKK mapadbosoid ¢ MepeMEHHO|
creneHbro [70,71]. B oTAeHbHBIX Cilydasx UCHOJB3YIOTCS chijiaiH-(QyHKuuM. J{ns aHa-
JUTHUYECKOrO onucanus npoduiis 10OKH MOPIIHS B TUIOCKOCTU NEPICHAUKYISIPHON OCH
MOPLIHEBOIO Najbla 3aJaBAJTUCh OTKJIOHEHUS /y; U Hy; pouis OT MPaBUIBLHOW 1H-
AvHapUYeckoi GpopMbl Ha HIKHEM (Z = B/2) 1 BepxHeM (Z = —B/2) kpasdx 100Ku U KO-
opavHara Z, Toukn (; MakCHMaJIbHOro pamuyca wOku (puc. 16), i = 1, 2 —
Harpy>k€HHasi 1 HEHArpy »KE€HHas CTOPOHA MOPIIHS COOTBETCTBEHHO. [I[puHUMAaocs, 4To
Touka C; IEKUT HA 00PaA3yIOLICH U B 3TOM MECTE 3a30p MEXKY MOPIIHEM U LAJIUHAPOM

PaBEH XapaKTEPHOMY 3a30PY B CONMPSKEHUH MPU LEHTPATLHOM MOJI0KEHUN MOPIIHS /.

Slicm
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Pucynok 16 — Onmcanue oceBoro npousist mopIIHs

PeanbHblii mpoduiib FOOKK MPEACTABIIUICS AMMPOKCUMUPYIOLIEH KPUBOMA B BHIE

napadommyeckor PpyHKIMU
W' =hk(Z—-m)", (10)
e 2=Z/R; m; = Z/R; I, k; — 6e3pa3meprbie KOXDOUIMEHTRI; R — pamuyc
HOPILHS.

KoadgpunuenTs /; u k; HAX0IUIUCH U3 BBIPAKCHU I

/ ln(hli /hZi) . ko= hli (a_mi )—l,- ’

e 1n|[(a—z)/(a+z)] T h
rae a = B/(2R).

(1)

2.3 VYpaBHEHUs Ui ONPEACICHUS MO THAPOAUHAMUAYECKUX [IABJICHUI B

CMa304HOM CJI0€ TPUOOCOMPSKEHUSI KTOPIIEHb — UHAP» JBC

TonmmHaa CMa304YHOTO CJIOSI B TPHOOCONPSDKEHUN M €€ TIPOM3BOAHAS TT0 BpEMe-

HHU C YUCTOM HCHHUJIMHAPHUYHOCTH HpO(i)I/IJ'[H IOpmHA B OCCBOM HaAIIPaBJICHUHW W HAJIMYH-

licm
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€M €ro TemneparypHbixX aedopmaiiuii, 00yCIOBIECHHBIX paOOYUM MPOLIECCOM B KaMEpe

cropaHusi ¢ OObIYHOM CTENEHBIO MPUOIMKEHUS ONPEACISIOTC (POPMYIJIaMHU:

Wop,z)=h" —ecosp—6); oot = —defdr cos(p— &) — edS]disin(p—5),

rae ¢ = X,/R — ymoBas KOOpAMHATA NOALIUIHUKA, & — 3TO YIroJl MOJIOKEHHS
JMHUYU TICHTPOB JUIsl MOJIIAIMHUKA C BPAIATEIbHBIM JIBH)KCHUEM IIUIA, YKBUBAJICHT-

HBIA YOIy 7 Ul OAIIMIIHKMKA ¢ MIOCTYNATENLHBIM IBUKEHHEM una; 2 i onpenens-

etcst o gopmydie (10) ¢ yueTom TeMneparypHbix Aedopmanuii FOOKM NOPIIHS, KOTOPbIE
HAXOAATCS PEUICHUEM TEIIOBOM 3314 C MOMOIIBIO METO1A KOHEUHBIX 3JIEMEHTOB.

[lpu u3BecTHBIX KoopauHarax nentpa muna e(t), 5(¢), ckopocru defdt,

" s
déS[dr , a Takke TeMnepaTypbl CMa304HOro ot I” B ONpeAeiCHHbI MOMEHT BPEMEHH
1oJie TUIPOJMHAMMYECKUX JaBleHUN p(p.Z.7/) OOBIYHO HAXOAUTCS MHTETPUPOBAHUEM

ypaBHeHus PeitHoubaca:

9
op

0
0z

i T =
h”p op

(p)+ 2 (o). (12)

/—‘;__ = ™
h”paop ‘ w O
124 o¢
AN 7/

120 0z | 207

AN /

3mece h=hlh,, i=pu /yo; —a<z<a, w=(w,—w)/(®,R); T=04,
rae h,p,u — Oe3pasMepHbIE: TONIMHA CMAa304HOTO CJIOSl, INIOTHOCTh M JUHAMHYECKAN

KO3(QQUIHMEHT BA3KOCTH CMA3KH, p = pt//"/ L@, — 0e3pa3sMEpPHOE MMAPOIMHAMUYECKOE
naeienue; = h, /R, h,— panuaibHbIi 3a30p B CONPSOKEHUM; B — IIMPHHA MOAIIMIHUKA
(BbICOTA FOOKM TNOpPIIHA), 4 — JAWHAMHUYECKHA KO3(PPHULIMEHT BA3KOCTH CMa3KH,
My, Po>@y— COOTBETCTBEHHO XAPAKTEPHBIE BS3KOCTb M [UIOTHOCTH CMA3KH, 4YacToTa

BpalLEHKsI KOJIEHYaToro Baja.
[Tpu maTerpupoBanunu ypaBHenus (12) B obnactu Q= (¢ 0,27,z € —a,a) uc-
NOJIB3YIOT TpaHu4Hble ycnoBus Ceudra-11Itudepa (CI), 3anuceiBatomyecs B BUIE:
plp.z =+a)=p,; p(9.2) = plo+27.2). p(p.2) 2 0. (13)
Ha rpannnax paspsisa z, (gp) 1 BOCCTAHOBJICHHS Z, (gp) aKTUBHOM o0Onactu oka-

3bIBAOTCA BBITOJIHCHHBIMHA YCJIOBUA:

Svcm
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plo.z,)=0p/ez(z,.0)= Plp.2,)=p/e2 (p.2,)=0.
24 PaCLIeT JUHAMHWKHW ABU>KCHUSA HOpIHHH Ha CMAa304YHOM CJIOC B L[I/IJII/IHI[pe

JIMHAMKKa MOPIIHS HA CMA304YHOM CJIO€ B IMJIMHAPE ABUTATENS B 3HAUATEIBHON
MEpPE 3aBUCHT OT MPOQWIIsl HAMPABJISIOIIEH YacTh MOPIIHs. [IJIsl OLIEHKH BIIMSIHUS KOH-
CTPYKTHBHBIX TNapaMeTrpoB Ha ['MX conpsbkeHus «MOPIIEHb — LWIAHIP» AW3EIIS
6UH15/16 Oblin mpoBeACHBI NAPAMETPUUCCKUE UCCIICIOBAHMS HA PEXKUME MAKCUMATb-
HOTO KPYTSIIIEro MOMEHTA. McXonHbIe JaHHBIE 71 pACYETOB MPUBEACHBI B Taduie 1.
C uCnonbp30BaHUEM PE3YJIBTATOB pacdeTa TEIUIOBBIX AchopMannii ObUIA ONMpeacTIEHBI
apaMeTphl ho =237 MKM, h1; = 29,2 MKM, hy; = 51,7 MKM, Zei =—5,7 MM
(cM. pucyHOK 16) u mo BeipakeHusim (10), (11) HalineHsl UCXOaHBIE KOA(DPUIHMECHTHI
napaboibl xapakTepusyromue npoduiabs woku k= 0,572; [;=2,047, m;=-0,076. Ha
pucyHke 17 noka3zanbl Tpoduian FOOKHM MOPIIHSA B XOJOAHOM U TOPSYEM COCTOSIHHH W

npo(uib, MOCTPOCHHBIN B BUE AMTPOKCUMHPYIOIIEH MapaloJIb.

Tabmuna 1 — HcexomHele gaHHBIE JUIsl pacyeTa JWHAMUKHA TOPIIHS JU3EIs TUMA

6UH15/16

I[Tapamerp En wame- | o aerme
peHus
Panuyc xpusommna M 0,080
JlniHa maryHa M 0,320
JlnameTp nunuHapa M 0,150
Jlnamerp nopiuHs M 0,14965
[omane nopiuHs M° 0,0175684
Macca KOMITIEKTa OPUIHS K 7,486
Macca nocrynarenabHo IBrKymmxcs yacreit KITIM K 2,450
Macca BpawarenbHo aBrxymxcs yacreit KIIIM Kl 4,900
BricoTa 100ku mopiiHs M 0,081
HoMuHaJIBHBIN THAMETPAIBHBIN 3a30D B CONMPSOHKCHUN v 0.00035
«MOPWIEHb — NUAJIUH]IPY
TeMmneparypa cMa304yHOro CJOst °C 130
Aucm
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B,y

80 |-

70 |-

0

74.750
Pucynok 17 — ITpo¢une F0OKM MOPIIHSA UCXOAHOH KOHCTPYKIUH:

74,775

74,800 74,825 74,850

R. vmM

1 — B XOJIOTHOM COCTOSIHAH,, 2 — B TOPSYEM COCTOSTHUM, 3 — alllIPOKCUMUPY FOLLIHIA

HpI/I pacucTe TMHAMHUKH IOPHIHA Ha CMA304YHOM CJ10C B HWJIIMHAPC B KA4CCTBC

. £
I'MX wucnonb3oBaiich HauMeHblas infl,;, W CpeaHsst A .y, TOJUMHBI CMAa304YHOIO

£
CJI0sI, HAUOOJBIIEE SUPPmax U CPEAHEE P max TMIAPOJMHAMUYECKOE TABJICHUE, CPETHUE

# s
MNOTCpH MOIMHOCTH HA CONPOTHUBJIICHHUC ABHKCHHIO N , CPCAHHU pacxoa CMAa3Ku B Ha-

&
NpaBJeHUMA KaMepbl cropaHus () (KOCBEHHO XapaKTepU3YIOLIMi pacxoj macja Ha

yrap). Jns ynyumenuss [ MX Obliv MPOBEICHBI MapaMETPUUECKUE UCCIEN0BAHUS, TPU

KOTOPBIX BAPBHUPOBAIIMCE TAKHC I'COMCTPHYCCKUC IIApaMCTPhl COIIPSOKCHUSA, KaK XapaK-

TEPHBIA 3a30p B COMNPSDKEHWM /) W IIAPUHA OMOPHOH IMOBEPXHOCTH OOKKM 6 (pHcy-

HOK 18).

Ham
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PucyHnok 18 — [IluprHa onopHOH NOBEPXHOCTH FOOKK MOPIIIHS

B tabmmuax 2 — 7 u Ha pucyHkax 19 — 24 npuBeneHsl 3apucuMocti [’ MX ot Ay
U 0, IONy4YEHHBIC B PE3YJbTATE MAPAMETPUUYECKUX UCCIIEA0BAHUMN, U3 KOTOPBIX BHUIIHO,
4TO MPH YBEIMYCHUH /1y U O TPOUCXOIUT MOHOTOHHBIN POCT h*mm. ['padykn u3meHeHus
BenuuuHbl nfhy;, UMEIOT BBIPaKEHHBIE 00JaCTH MaKCUMAaJIbHBIX 3HAYEHWH MO mNapa-
MeTpy A SHAYCHUS SUPPmax M P max IPH YBEIHUEHAN Ay 10 ~ 70 MKM PE3KO YMEHbIIA-
IOTCSI, 3aTEM HAUMHAKOT MENJICHHO YBEIMYMBATBCA, a4 MPU  yBEIMYCHHH O —
yMenbinaercs. C pocTOM /iy HAAi0T O TUIEPOOINYECKOl 3aBUCHMOCTH 3HAUeHHS N 1
BO3PACTAIOT 3HaueHust O, a mpy Bo3pacTaHuy 6 kak N , Tak O ¥ MOHOTOHHO YMEHb-
IIAFOTCSI.

Jliis BeIOOpa m 000CHOBAHUS 3HAYCHUH /1y U 6 HA pUCYHKE 25 MPEeACTaBIEHO HA-
noxenne rpadgukos infhyg, 1 O, NPHYEM INATIa30H U3MEHEHHS /i, COOTBETCTBYET 00-
JIACTH MAaKCUMAJIBHBIX 3HA4YCHWH infl,;,. AHaIM3Upys pe3yJbTaThbl, MPUBEACHHBIE HA
PHUCYHKE, MOKHO CHIENaTh BBIBOJ O CYLIECTBOBAHMH OOJACTH PALMOHAIBHBIX 3HAYCHUN
napameTpoB /iy v 6. Jlnsg hy peKOMEHAYETCs YCTAHOBUTH 3HAaYeHUE B auanazone 100 +

10 MM, uis € — B mnanazone 75 + 5 rpan.

Svcm
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ucyHok 19 — I'paduk 3aBucumoctu infhyy, oT A 1 6

Tabnuua 2 — 3aBucUMOCTD infl,;, (MKM) OT /ip 1 O

ho, 6, rpan

b1 30 40 50 60 70 80 90 | 100 | 110 | 120 | 130 | 140

250 [ 155 ] 205|210 | 211 [ 214 | 221 [ 223 ] 224 [ 225223 | 223223

375 | 1,73 | 254 | 2,74 | 2.81 | 290 | 3.00 | 3,04 | 3,06 | 3,00 | 3.16 | 3,17 | 3,18

500 | 1,80 | 2.80 | 3,08 | 3.13 | 3,24 | 338 | 3,45 | 3.46 | 3,50 | 3.64 | 3,67 | 3.68

62,5 | 191 | 294 [ 331 | 342 [ 355377379370 ] 3,79 | 400 | 405 | 4,04

750 | 1,91 | 3.00 | 339 | 354 | 3,73 | 409 | 410 | 412 | 402 | 431 | 445 | 437

875 | 1,88 | 3,02 | 343 | 359 [ 3,79 | 421 | 436 | 441 | 447 | 466 | 471 | 473

100,0 | 1,88 | 3,00 | 342 | 3,58 | 3,79 | 425 | 441 | 447 | 454 | 476 | 481 | 482

1125 | 187 | 295 | 338 | 3,55 | 3,76 | 422 | 439 | 445 | 453 | 475 | 480 | 483

1250 [ 181 | 290 | 333 [ 3,51 [ 370 | 417 | 434 | 440 | 448 | 469 | 474 | 4,76

1375 | 1,75 | 2,85 | 3,12 | 3,43 | 3.65 | 403 | 421 | 426 | 436 | 444 | 465 | 467

1500 | 1,73 | 2,77 | 3.07 [ 3,36 | 3.56 [ 3,90 | 410 | 419 | 425 | 445 | 456 | 4,56

1625 | 1,72 | 2,68 | 3,14 | 328 | 3.42 | 3,85 | 398 | 402 | 4,13 | 438 | 444 | 444

1750 | 1,72 | 2068 | 3,13 | 3,17 | 337 | 3,76 | 3.79 | 3,95 | 3,93 | 420 | 431 | 431

1875 | 1,72 | 236 | 320 | 3,14 | 327 | 3,66 | 3,75 | 3,84 | 390 | 400 | 419 | 421

2000 | 1,72 | 231 | 293 | 3,05 | 3,16 | 3,51 | 3,69 | 3.63 | 3,77 | 3,98 | 406 | 4.10

2125 | 1,65 | 220 | 2,77 | 3,00 | 297 | 3,48 | 358 | 3,56 | 3.66 | 3,83 | 3.65 | 3,92

2250 | 081 | 244 | 245 | 261 | 3,05 | 338 | 353 | 3.53 | 3,53 | 3,61 | 3,16 | 3.80

vcm

130403 2016.063/13

48

Ve W N dokum. [lodn. | fama




ki s =
h min> MKM g, rpag

14 — 10
e | | | o — 40

e 50
10 GO
5 _ 70
& I~ L7 80

' Lo ——90
O F L] =

# ——120

2 —=130

0 . . : | ~140
25 50 75 100 125 150 175 200 225 h,, MEM

£
ucyHok 20 — ['padmk 3aBUCUMOCTH /1 i, OT /1y 11 6

Tabnuna 3 — 3aBUCUMOCTD h*mm (MKM) OT Ay 1 6

0, rpa,
hO: rp 8

MKM

30 40 50 60 70 80 90 100 110 120 130 140

250 209|230 | 235 | 237 | 239 | 239 | 239 | 240 | 240 | 242 | 243 | 243
375 | 2,64 | 3,01 | 3,16 | 321 | 327 | 334 | 337 | 338 | 339 | 345 | 346 | 347
50,0 | 343|351 ] 3,65 | 3.69 | 3.79 | 391 | 3,96 | 3,98 | 400 | 413 | 415 | 416
62,5 | 414 | 434 | 430 | 427 | 432 | 433 | 477 | 440 | 435 | 450 | 433 | 474
75,0 | 457 | 524 | 534 | 531 | 527 | 508 | 554 | 501 | 488 | 473 | 501 | 523
875 | 517|591 | 6,07 | 612 | 6,13 | 620 | 630 | 6,04 | 501 | 588 | 584 | 583
100,0 | 564 | 652 | 674 | 679 | 685 | 723 | 723 | 722 | 720 | 7.07 | 701 | 6,98
1125 | 599 | 702 | 730 | 743 | 752 | 802 | 807 | 808 | 810 | 811 | 812 | 8,09
1250 | 630 | 747 | 7.81 | 7,94 | 808 | 870 | 880 | 8383 | 887 | 891 | 894 | 894
1375 | 659 | 786 | 821 | 838 | 856 | 923 | 938 | 944 | 951 | 961 | 9.66 | 9,66
1500 | 6,89 | 8.19 | 893 | 879 | 898 | 968 | 983 | 991 | 997 | 10,14 | 1021 | 1022
1625 | 7,10 | 8,50 | 9,11 | 9,15 | 937 | 10,05 | 1022 | 1028 | 1037 | 10,53 | 10,64 | 10,60
1750 | 739 | 884 | 923 | 947 | 970 | 10.40 | 1055 | 10,65 | 10.70 | 10,90 | 10.94 | 10.95
187,5 | 7.49 | 9,01 | 947 | 9.78 | 1001 | 10,74 | 10.89 | 1096 | 11.04 | 1121 | 11,28 | 11.31
200,0 | 7,63 | 923 | 9,93 | 10,16 | 1029 | 11,02 | 11,19 | 1124 | 11,33 | 1154 | 11,59 | 11,54
2125 | 785 | 9.47 | 10,08 | 1036 | 10,54 | 1136 | 1148 | 11,36 | 11,65 | 11,75 | 11,77 | 11,89
2250 | 796 | 976 | 1023 | 1047 | 10,77 | 11,68 | 11,78 | 11,85 | 11,90 | 11,86 | 12,10 | 12,19
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Pucynok 21 — I'padyk 3aBUCUMOCTH SUPPyax OT H 1 6

I~2

Tabnuna 4 — 3aBUCUMOCTb SUPPmax (MIIa) oT hyu 6

6. rpax

30
40
50)
60
70
S0
——0)()

e~ | O()

—=110

120

130

& 140

25 Ry, MEM

o, 6, rpax

MM 30 | 40 | 50 | 60 | 70 | 80 | 90 | 100 | 110 | 120 | 130 | 140
25.0 | 1841 | 14.95 | 13.44 | 13,04 | 12.59 | 12.58 | 12.42 | 12.38 | 12.31 | 12.04 | 11.95 | 11,92
375 | 1541 | 10.83 | 9.12 | 8.62 | 8.00 | 734 | 7.02 | 691 | 679 | 6.45 | 6.36 | 632
500 | 13.82] 9.62 | 7.92 | 736 | 6.75 | 6.01 | 5.69 | 5.58 | 545 | 5.12 | 5.04 | 5.01
625 | 12.85] 929 | 758 | 7.02 | 639 | 553 | 519 | 5.07 | 493 | 462 | 454 | 452
75.0 | 12.85 | 9.17 | 7.46 | 6.89 | 627 | 536 | 5.01 | 488 | 475 | 442 | 433 | 432
875 | 12.86 | 9.11 | 7.42 | 6.85 | 622 | 530 | 495 | 481 | 4.66 | 432 | 4.24 | 421
100.0 | 12.87 | 9.14 | 7.43 | 6.86 | 623 | 520 | 494 | 481 | 467 | 432 | 423 | 420
1125 | 13.01 | 9.18 | 747 | 6.89 | 628 | 532 | 497 | 485 | 470 | 435 | 426 | 423
1250 | 13.11 | 925 | 7.54 | 696 | 635 | 541 | 5.05 | 490 | 477 | 443 | 433 | 430
1375 | 1358 | 931 | 7.62 | 7.03 | 643 | 553 | 518 | 5.05 | 490 | 452 | 442 | 438
1500 | 14.40 | 940 | 7.68 | 7.12 | 6.51 | 565 | 529 | 5.14 | 5.01 | 463 | 454 | 450
1625 | 14.85 | 949 | 7.78 | 723 | 6.62 | 572 | 540 | 526 | 5.14 | 474 | 4.67 | 464
175.0 | 14.64 | 959 | 7.88 | 733 | 6.73 | 585 | 550 | 538 | 527 | 487 | 480 | 479
1875 | 1491 | 9.70 | 7.99 | 742 | 6.84 | 597 | 564 | 552 | 539 | 5.02 | 494 | 492
2000 | 1430 | 9.81 | 8.08 | 752 | 6.94 | 6.11 | 579 | 5.68 | 5.67 | 5.18 | 5.10 | 5.07
2125 | 1425 | 990 | 849 | 7.65 | 7.07 | 623 | 593 | 579 | 577 | 530 | 5.25 | 522
2250 | 1420 | 10,04 | 833 | 7.79 | 720 | 6.36 | 6.06 | 595 | 583 | 6.15 | 540 | 539

130403 2076.063173
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PrcyHOK 22 — ['padUK 3aBHCHMOCTH ) max OT /1y 11 6

Tabmuua 5 — 3aBUCHMOCTD P oy (MI1a) 0T /1 1 60

o, 6, rpax
MM 30 | 40 | 50 | 60 | 70 | 80 | 90 | 100 | 110 | 120 | 130 | 140
250 | 690 | 7.15 | 6.80 | 6.69 | 6.56 | 655 | 6.49 | 647 | 6.44 | 637 | 635 | 6.34
375 | 434 | 3.96 | 359 | 347 | 334 | 323 | 3.17 | 3.14 | 3.12 | 3.06 | 3.04 | 3.03
500 | 3.54 | 292 | 254 | 242 | 228 | 213 | 2.05 | 2.03 | 200 | 193 | 1.91 | 1.90
625 | 326 | 255 | 214 | 2.02 | 185 | 1.67 | 159 | 157 | 154 | 147 | 1.45 | 1.45
750 | 3.09 | 238 | 198 | 1.83 | 1.68 | 147 | 138 | 136 | 132 | 126 | 1.24 | 1.23
875 | 317 | 229 | 188 | 177 | 159 | 137 | 129 | 126 | 122 | 114 | 112 | Li1
100.0 | 3.02 | 224 | 184 | 172 | 157 | 133 | 124 | 121 | 1.17 | 1.09 | 1.07 | 1.06
1125 | 329 | 223 | 182 | 1.69 | 156 | 131 | 123 | 120 | 1.16 | 1.08 | 1.06 | 1.0
1250 | 326 | 224 | 1.83 | 1.69 | 155 | 131 | 123 | 120 | 1.16 | 1.08 | 1.06 | 1.05
1375 | 328 | 225 | 1.84 | 170 | 155 | 133 | 124 | 121 | 117 | 110 | 1,07 | 1.07
1500 | 331 | 227 | 183 | 1.72 | 157 | 134 | 126 | 122 | 1.19 | L.11 | 1.09 | 1.08
1625 | 338 | 229 | 1.84 | 1.73 | 158 | 136 | 128 | 125 | 121 | 114 | 111 | 111
175.0 | 347 | 229 | 191 | 175 | 162 | 139 | 131 | 128 | 125 | 115 | 1.14 | L13
1875 | 335 | 233 | 194 | 178 | 163 | 142 | 134 | 131 | 126 | 1.19 | 1.16 | LI5
2000 | 345 | 238 | 191 | 1.80 | 1.67 | 145 | 136 | 134 | 130 | 122 | 1.19 | 1.20
2125 | 341 | 239 | 196 | 1.81 | 171 | 147 | 140 | 136 | 132 | 125 | 125 | 1.22
2250 | 358 | 238 | 2.01 | 1.88 | 172 | 151 | 143 | 140 | 137 | 139 | 1.28 | 1.26
vcm
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PucyHok 23 — I'pamk 3aBucumMocTd N 0T h 1 6

Tabuua 6 — 3aBucumocts N (BT) ot /g 1 6

200 2

25 h,, MEM

ho. 0, rpax
M 30 | 40 | 50 | 60 | 70 80 90 | 100 | 110 | 120 | 130 | 140
250 | 561 | 646 | 838 | 934 | 1127 | 1221 | 1414 | 1511 | 1704 | 1800 | 1993 | 2090
375 | 438 | 491 | 629 | 699 | 838 | 903 | 1043 | 1113 | 1253 | 1320 | 1460 | 1530
500 | 360 | 409 | 521 | 578 | 689 | 739 | 850 | 905 | 1016 | 1067 | 1177 | 1232
625 | 315 | 349 | 445 | 494 | 589 | 636 | 729 | 775 | 871 | 912 | 1003 | 1049
75.0 | 300 | 308 | 387 | 428 | 509 | 550 | 632 | 674 | 758 | 809 | 874 | 921
875 | 274 | 284 | 351 | 386 | 455 | 483 | 554 | 590 | 662 | 696 | 766 | 801
100.0 | 264 | 269 | 328 | 358 | 419 | 438 | 499 | 530 | 591 | 621 | 682 | 713
1125 | 256 | 260 | 313 | 339 | 394 | 408 | 462 | 489 | 543 | 568 | 623 | 650
125.0 | 252 | 253 | 302 | 326 | 376 | 388 | 436 | 460 | 509 | 531 | 579 | 604
1375 | 250 | 250 | 295 | 317 | 363 | 371 | 415 | 437 | 482 | 503 | 548 | 570
150.0 | 248 | 247 | 291 | 311 | 354 | 359 | 400 | 421 | 463 | 482 | 523 | 544
1625 | 246 | 247 | 284 | 307 | 347 | 350 | 389 | 408 | 447 | 467 | 504 | 525
175.0 | 257 | 245 | 286 | 304 | 343 | 344 | 380 | 398 | 435 | 454 | 490 | 508
1875 | 246 | 246 | 284 | 302 | 339 | 339 | 374 | 391 | 425 | 445 | 478 | 495
2000 | 250 | 248 | 281 | 299 | 336 | 335 | 368 | 384 | 418 | 437 | 465 | 486
2125 | 244 | 247 | 282 | 297 | 335 | 332 | 363 | 380 | 408 | 437 | 464 | 477
225.0 | 252 | 246 | 284 | 300 | 332 | 330 | 357 | 376 | 404 | 436 | 457 | 469
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~i= 140

25 50 75 100 125 150 175 200 225 hy, MEM
PucyHok 24 — I'paduk 3aBucumoctr O ot hy 11 0
Ta6muia 7 — 3aBucuMocts O (eM™/c) ot hig 1 6

o, 0, rpax

MM 30 | 40 | 50 | 60 | 70 | 80 | 90 | 100 | 110 | 120 | 130 | 140

250 | 4,04 | 589 | 7,04 | 785 | 8,67 | 10,90 | 12,05 | 12,84 | 13,63 | 15,89 | 17,03 | 17.82
375 | 431 | 593 | 698 | 7,73 | 847 | 10,77 | 11.88 | 12,64 | 13,42 | 15,56 | 16,66 | 17,42
50,0 | 4,89 | 6,73 | 7.71 | 839 | 9.07 | 11,34 | 1239 | 13,14 | 13,89 | 15,89 | 16,94 | 17,68
625 | 5,72 | 8,06 | 9.16 | 9,92 | 10,59 | 12,95 | 13,99 | 14,69 | 15,50 | 17.34 | 18,34 | 19,07
750 | 6,92 | 9,68 | 10,98 | 11,94 | 12,90 | 15,00 | 16,16 | 16,98 | 17,89 | 19.93 | 20,83 | 21,72
875 | 7.86 | 11.44 | 13,17 | 14,22 | 1543 | 17,09 | 1845 | 19,36 | 20,36 | 22,47 | 23,65 | 24,37
100,0 | 9,03 | 13,57 | 1541 | 16,76 | 18,18 | 19,37 | 20,91 | 21.84 | 22,88 | 25,31 | 26,59 | 27.39
112,5 | 10,03 | 15,81 | 18,17 | 19,34 | 21,09 | 21,99 | 23,70 | 24,69 | 25,81 | 28,49 | 29.87 | 30,78
125,0 | 11,20 | 17,98 | 20,55 | 22,20 | 24,19 | 24,76 | 26,61 | 27.77 | 29,08 | 31,97 | 33,47 | 34,41
137,5 | 12,42 | 20,60 | 24,15 | 25,12 | 27,62 | 28,40 | 30,65 | 32,04 | 33,40 | 35,81 | 37.46 | 38,45
150,0 | 13,83 | 23,10 | 26,93 | 28,29 | 31,76 | 31,66 | 34,19 | 35,44 | 37,24 | 39,62 | 41,48 | 42,61
162,5 | 15,15 | 26,01 | 30,14 | 32,40 | 35,53 | 34,88 | 37,68 | 39.30 | 41,15 | 43,86 | 45,81 | 47,10
175,0 | 16,38 | 27,57 | 32,93 | 35,92 | 39,48 | 38,17 | 41,45 | 43,12 | 45,28 | 47,88 | 50,22 | 51,48
187,5 | 17,88 | 31,39 | 37,15 | 38,76 | 42,96 | 41,82 | 45,02 | 47.12 | 49,53 | 52,27 | 54,77 | 56,07
200,0 | 19,18 | 34,49 | 38,94 | 42,57 | 47,08 | 45,89 | 49,58 | 51.72 | 53,82 | 56,86 | 59,14 | 61,18
212,5 | 20,61 | 37,10 | 4323 | 46,66 | 51,38 | 49.36 | 54,07 | 56,03 | 58,01 | 60,97 | 64,90 | 66,19
2250 | 21,97 | 39,86 | 46,88 | 51,00 | 54,91 | 53,22 | 58,14 | 60,72 | 64,39 | 67,17 | 69,96 | 71,27
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MEKM

B tabnuiie 8 npencrapneHbl pe3ynbrarsl pacyetoB [ MX i1 HCXOMHON U PEKO-

MeHHyeMOﬁ KOHCTPYKIHHN CONPAKCHHA, U3 KOTOpOﬁ BUAHO, YTO PAaCUYCTHLIC 3HAYCHUS

NOTCPL HA TPCHUC M PACX0Ja CMA3KH B HallPaBJICHHH KaMCpPbl CropaHus Ajid pCKOMCH-

JyEMOM KOHCTPYKIIMM CONPsDKCHUs CHIKAtoTCst HA 10 % w70 % COOTBETCTBEHHO.

CpenHee 3HAUCHUE TOIMIMHBI CMA304YHOTO C10s1 CHUXKAETCs Ha 45 %, OTHAKO TaKoe mna-

£
ACHHA HC HOCHUT OTPHULATCIILHOI'O XapakKrcpa, NOCKOJIbKY 3HAYCHHUC h min BCC PaBHO OC-

TAaCTCd A0CTATOYHO BBICOKHM, a4 MUHUMAJIbHAsA BCJIMYKWHA TOJIIHWHBI CMAa304YHOI0 CJIOA

BO3pacraet Ha 5 %.

Ham

Aicm

N dorum,

[loan.
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Kpome toro, ynyummrte 3HaueHuss I MX conpspkeHHss MOKHO oa00poM OoJiee

palMoOHATLHOTO TPOdUIIS 100KH MOPIIHS B OCEBOM HAIMPABJICHUM B MPOLIECCE PELICHUS

3aJa4yy ONTUMHU3aI K.

Tabauna 8 — CpaBHeHUE pe3yabTaToB pacyeta ' MX s BapuaHTOB KOHCTPYKIMU

COMPSKEHUS
N *: Q*: infhmin: h*min: SUPPmax> | P *maX:
BapuanT KoHCTpyKIHn Bt M/c MKM MKM MIla | Mlla
HACXOIHbII 464.0 76,5 3.8 6.8 5.5 1,3
C PEKOMEHJI0BaHHbIMU /g1 6 | 419,1 18,2 4.1 12,5 6.2 1,6
icm
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3 PACYETHO-3KCIIEPUMEHTAJIbHAA METOJUKA OLIEHKH PE-
CYPCA TPUBOCOIIPAXEHUA «[TOPIIEHD — LIUJTUHIP»

3.1  Teopernueckue  OCHOBbBI W  NPEANOCBUIKA K  INPOBEACHUIO

OKCIICPUMCHTAJIBHBIX HUCCJICIOBAHUNA

CHIWKEHNE MOMIHOCTH MEXaHUYECKUX MOTEPh B OCHOBHBIX TPUOOCOMPSKEHUSIX
NOPIIHEBBIX © KOMOMHUPOBAHHBIX ABUTATENel BHYTpeHHEro cropanus ([IBC) sBisercs
OJTHOM M3 aKTyaJIbHbIX 33/1a4 COBPEMEHHOIO 3HEPTO- U PECYPCO3(PPEKTUBHOTO MOTOPO-
CTPOCHMSI, MPEAYCMATPHUBAKOIICH NETAIbHOE HM3YyYEHUE OCOOCHHOCTEM KOHTAKTHOIO
B3aMMOJICHCTBHS B COMPSDKCHUSAX M MOMCK TEXHUYECKUX PEUICHHN, 00E€CIIeUnBarOIINX
MTOBBILIEHUE WX pecypcea.

K yncny KIr04YeBBIX NTApaMETPOB, XapakTEPU3YIOLIUX YPOBEHb HArPY KEHHOCTH
Y W3HALMBAHUS COMPSKCHHS, TOMUMO OCHOBHBIX TPUOOTEXHUYECKHUX IMOKa3aTeneii u
YCIIOBUII KOHTAKTHOTO B3aMMOJACHCTBHS (HOMHMHAJIBHOTO JABJICHHS B COMPSIKEHUM,
CKOPOCTH CKOJIbKCHHS, CUJIBI U KO3(PPUIMEHTA TPEHHS, YCIOBUI CMa3bIBaHUS U T.1.),
OTHOCHUTCSl JIMHEHHAsd WHTErpajbHas WHTCHCUBHOCTh H3HALIMBAHUA, OTpayKarolas
B3aMMOCBS3b BEJIMYMHBI (TOJIIUHBI) U3HOIIEHHOTO B MPOLIECCE TPEHUS CIIOS MaTepuana
U NyTH (TPOAOKATENBHOCTH) KOHTAKTHOTO B3aMMOJICHCTBHS, B XOJ€ KOTOPOIro Mpo-
M30LLETT U3HOC.

PacyeTHO-3KCIIEpUMEHTANIBHAS OLIEHKA WHTEHCUBHOCTH W3HAIIUBAHUA U PECYP-
ca CONMpsKEHUM, OCHOBaHA Ha MCMOJb30BaHUM MoaxoAa, pazpadoranHoro B.E. Jlazape-
BbIM [Ommubka! WcTOYHMK CCHUIKM He HaiiaeH.|, TIPU KOTOPOM COBMECTHO PEUIAKOTCA
OCHOBHBIC ypaBHEHHsI HJHepretuueckoi (mo [ Onsgifepy) W MONEKYISIPHO-
mexannueckoil (mo M.B. Kparenbckomy) Teopuii TpeHus W M3HamuBaHus. OCHOBHBIE
METOAOJIOTHYECKHUE MOJIOKEHUS N0 OLIEHKE WHTEHCUBHOCTH U3HAIIIMBAHUSA C UCIIOJIB30-
BAaHUEM DHEPreTUYECKOIO MOAX0Aa K OLEHKE WHTEHCUBHOCTH U3HAILMBAHUS U pecypca

COHpH}KeHI/Iﬁ 3aKJIIOYAK0TCA B CIICAYIOIICM.
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130403 2076.063173 J»

Ve W N° Gokum [logn. | fama




[110THOCTh HEPTUU TPEHUS (Wpg OMPENENSICTCS U3 PACCMOTPEHMSI TEIUIOBBIX U
MEXaHUYECKUX MPOLIECCOB, MPOTEKAIOUIUX MpU TpeHuU. [Ipy perieHun TemIoBbIX 3a1a4
MO OLICHKE TEMIMEPATyPHOTO COCTOSHUSI KOHTAKTHON 00JIaCTH U MOBEPXHOCTHOTO CJIOs
MaTepuaa MmiIOTHOCTh SHEPTHU TPEHUS MOKHO MPEJACTaBUTh KaK OTHOIICHUE SHEPTHH,
pPacxoyeMoii Ha MPEOJOJCHUE CUIIbI TPEHUS K 00beMy Marepuasia, BOCIPUHUMAOLIE-
MY Harpy3Ky Ipu TPCHHH.

B TOT MOMEHT, KOTja MJIOTHOCTh SHEPTUU JOCTUTAET CBOETO KPUTHUYECKOTO 3HA-
YeHUsl, TPOUCXOIUT OTICIIEHUE YacCTHUIl KOHTAKTHOTO €O M M3HamMBaHue. Eciu B
npoiiecce mpeoOpa3oBaHus SHEPIUU MTPU TPEHUHU €€ TUIOTHOCTh MEHEE KPUTUUYECKOH, TO

4acTh SHEPIrUM TpeHus W,

p» COITAcHO Teopun Disiimepa, HEOOPATUMO AKKYMYJIMPYET-

Csl B IOBEPXHOCTHOM CJIO€, a OCTABINASCS YacTh W, PacCeMBAcTCS B BUJE TEIJIOBOM
SHEPTUM U PACXOYETCsI Ha MOBBINICHUE TEMIIEPATYPhI TSN TPEHUS.
Bananc mpeoOpa3yemoit 9acTi MEXaHWIECKOM dHEPTUM W), B 3TOM Cllydae:

WM :WR :VI/sp +Wdi59 (14)

rae Wy — temnosas SHeprus, W, — akkyMmyJIupyemas 4acTb SHEPIHU TPEHUS,
W 4is — IACCUTIUPYEMAS YaCTh SHEPIrUU TPEHUSI.

SIBneHne ycTaaoCcTH KOHTAKTUPYIOMIMX MATEPUAJIOB B MPOLIECCE TPEHUS MPOSIB-
JISIETCSl B U3MEHEHUM WX MPOYHOCTHBIX CBOWCTB B BUJE CHHXKCHUS MPEENIa MPOYHOCTH
NPHA YBEJIMYEHUW YHCTIA LUKIOB HArpy>KeHUs. DHEPreTUUYECKUil OanaHc mpu pazpyLie-

HHUH KOHTAKTHOI'O CJIOA MOKHO IIPCACTABUTL B BUAC!

We =Wy t+ng W, (15)

sp >
Irac ng — KPUTHICCKOC YHUCJIO HUKIIOB HAI'PY>KCHMUSL.

Torma KPUTHYCCKOC YUCJIO HUKJIOB HAI'PY>KCHUA!

n, :%, (16)

sp

OO0BbeM U3HOIIEHHOTO Marcprajia KOHTaKTHOI'O CJIOA COCTABJIACT:

Ay =Ya, (17)
Ry
icm
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KoadgpunuenT n3noca, CorinacHO 3HEPreTHYCCKON TEOPUH TPCHUS U U3HAIIMBA-
HUs 10 OniIepy, ONPEAETUTCS Kak OTHOLICHHUE:
_ar
Va (18)

Vv

JIunelinas MHTErpasibHAs UHTEHCUBHOCTh M3HALUWBAHUS, KaK B3aMMOCBS3b MeE-
JKAY YIETbHON CHIJIOH TPEHWS W KPUTHYECKON TUIOTHOCTBIO SHEPTUHU, MOXKET OBITh OIl-

peserneHa;

@pr (19)
Crnenyer OTMETUTBH, YTO HA OCHOBE aHaAM3a SHECPIUM TPEHHUS M OOPaOOTKH
OONBIIOr0 KOJIMYECTBA OMBITHBIX JAHHBIX, ONAiIepoM NPEAOKeHa paclIMpeHHAs 3a-
BUCUMOCTD JUIsl OLICHKH JIMHEHHOM MHTErpanbHOH HMHTCHCUBHOCTH U3HAILIMBAHHUS:
f-P Pr(ne =1)+1
=—— VXx , (20)

Dprp 0%

2y

TI€Wpr — TJIOTHOCTh 3HEPrUM Pa3pyLICHHs NPU TPEHHUM (AHAIOr Mpejaena
OPOYHOCTH MPU PACTHKEHUN ), Yr — KO3(DPHULIMEHT, YUUTHIBAOIIMI TPEBBILICHUE JEH-
CTBUTEIBHOI SHEPTHH Pa3pyLICHAs Hajl €€ CPEIHAM 3HaueHneM, paHbii 10°...10%,

Takum 00pa3oM, MOJYYCHHE PA3BEPHYTOM 3aBUCUMOCTH ISl OLEHKH JIMHEHHOM
MHTErPAJIbHOM MHTEHCUBHOCTH M3HALIMBAHUS BO3MOYXKHO MCIIOIB30BAHUEM COBMECTHO-
IO PEIIEHUs] OCHOBHBIX YpaBHEHM 3HepreTnyeckoii (o I'. dOnsifmepy) u Monekysp-
HO-MexaHnueckol (mo M.B. KparenbckoMy) Teopuii TpEHUS U M3HALLIMBAHMSI.

B ypaBHeHHMM 1O OueHKEe KO3(D(PUIMEHTA aKKyMYJSIIUK SHEPTUU HEOOXOIUMO
y4ecThb, uT0 Wy = wpr-Va, @ Wr = wpr-Vz. Torna ykazaHHOE COOTHOLIEHUE MOXKET ObITh
MPEACTABIIEHO B CIEAYIOLIEM BUJIE:

W _Va

L

p =
Wy Tk 1)

Kputnueckoe 4ncio nuKiIoB Harpy>KeHUs:

licm
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Ry = = : (22)
Pr V,
OO0BEM M3HOIICHHOTO MaTeprasia KOHTaKTHOTO CJIOS:
v p?
AV = = 4
n
‘ (0_j i
¢ (23)
KpI/ITI/ILIeCKaH IIJIOTHOCTDH BHGPFI/II/I:
o 2
(=] ]
O = = i 24
N 2 : (24)
.HHHeﬁHaH HHTera.HBHaH UHTCHCUBHOCTEL U3HAIIIUBAHUA.
f-P-V; S F, >
[h = 2 2 = 2 2 " Pr
. —0 , |or-0
959 |2 | 2229
2F 2F (25)

3anuce ypaBHeHus (25) ¢ UCMOIb30BaHUEM KOA(DPUIIMEHTA aKKYMYJISILIAN SHEP-

ruu Harbosee yao0Ha.

KoappuumenT akkymynsauum 3HEPrud TPEHHUS:

] .{ﬂ}
_ff%i_' (26)

Takum 00pa3oM, SKCHEpUMEHTAIbHAS OLECHKA KO3((PUUMEHTa aKKyMYJsSIUU

Pr =

SHEPIUH MPH PA3IIMYHBIX PEXKUMAX HATPYKEHUSI CONIPSDKEHUS, SBIISETCS MIEPBBIM IArOM
K BBISBJICHUIO MMAPAMETPOB, OKA3bIBAKOIMIMX BJIMSHUE HA BEJIIMUMHY JOJIU SHEPIUU TPE-
HUS, aKKyMYJIUPYEMOH B MOBEPXHOCTHBIX CIIOSX TPUOOCHCTEMBI B XOAEC KOHTAKTHOTO

B3auMOICUCTBHUSL.

licm
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3.2 DKCHEepUMEHTaJIbHAs OLICHKA JIMHEWHOW WHTErPAaJIbHOM WMHTEHCHBHOCTHU

HN3HAIIMBaHUA UCCIICAYCMOI'O COIIPAKCHUA

OKCNEPUMEHTAJIbHAS ~ OLICHKA JIMHEHHOW  MHTErpajibHOM  HMHTEHCUBHOCTH
W3HANIMBAHUS UCCIEAYEMBIX MAaTEPUATIOB MPOBOIIACH ABTOPOM Ha TpuOoMeTpe SRV B
ABCTPUIICKOM LIEHTpe KOMMETEHTHOCTH B TpubOonorun (AC2T research GmbH).
[TpnGop MO3BONSET peanu30BaTh CXEMY KOHTAKTHOIO B3aMMOJICHCTBHS C BO3BPATHO-
NOCTYNATEeNbHBIM  IBMKEHUEM 00pa3uoB. OOpasen, W3rOTOBJICHHBIA W3 TUJIb3bI
WIAHAPA (CneuualibHblid JerupoBaHHbll 4yryH UMH), sBiIsieTCs HENOIBH>KHBIM
0o0pa3uoM, a M3rOTOBJICHHBIA M3 MOPIIHS (amoMUHKEBBIN ctaB AK4), coeepriaet
BO3BPATHO-MOCTYNATENbHOE JBUXKEHUE OTHOCUTEJIBHO MPHXKATOrO0 K HEeMy oOpasna
TWib3bl  IMIIMHApPA. [lokasarensmu mpouecca (PUKIUOHHOTO B3aWMOJCHCTBUS B
WU3MEPUTENIBHOM cucTeMe Mproopa SBISAIOTCS HEMPEPBIBHAS 3aMCh HOPMAJIbHOW CHIIBI,
CONMMKEHUS M3HALIMBAEMBIX TeIT, KO3 (OUIUEHTA TPEHHSI U BPEMEHH.

OCHOBHBIMM BHEIIHMMH XapPAaKTCPUCTHKAMM, BIHASIOIIAMHA HA CKOPOCTb

W3HAIUMBAHUS CONPSDKEHUS, SBISFOTCS KOHTAKTHOE JaBlE€HUE p,. .~ W JIMHEHHas
CKOPOCTb IepeMeleHust V. 3HaueHus p,,, U V Ha TpuOOMETpPE COOTHOCHIMCH C

NPEIBAPUTEIILHO PACCYMTAHHBIMM 3HAUYCHUSIMUA OOKOBOH CHJIBI /' M CKOPOCTBIO
JIBVOKEHUS MTOPIIHS B CONPSDKEHUU B 3aBUCUMOCTH OT YIJIA MOBOPOTA KOJIEHYATOIO Bajla
au3enst (PUCYHOK 26), 4TO TO3BOJIMIIO OMPEACIIMTh 3aJaBACMbIil JIMANAa30H 3HAYCHUIA
HOpMalibHOM Harpy3ku or 50 mo 100 H, wacTtory BO3BPaTHO-MOCTYNATENBHBIX

nepemenieHnii oopasna nopuiHs ot 17 1o 50I'n 1 aMIIuTy 1y paBHYIO 3 MM.
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~@~ - IIHEeHHAaA CKOPOCTh INIOPILIHA .

PucyHok 26 — 3aBucuMOCTh OOKOBOH CUJIBI U JIMHEHUHOW CKOPOCTH MOPIIHS OT

yrijia nmoBopoTa KOJICHYAaTOro sajia

Ha oCHOBaHMM SKCNEPUMEHTAJIBHBIX JAHHBIX JIMHCHHAs MHTErpajbHasi HHTCH-
CUBHOCTb M3HAIIMBAHUs 00pa3lia Marepralia nopIiHs pacCUMThIBATIACh MO (popmyiie:
[, =AhL, (27)
rae Ah — rny0uHa M3HOIEHHOTO C0s;, [, — MyTh TPEHUSL.
AHanu3 MOJYYECHHBIX PE3YJbTATOB SKCIEPUMEHTA MO3BOJIUJ BBISIBUTH 3aBHUCH-
MOCTH M3MEHEHUS MTyOWHBI M3HOWICHHOTO €108 (A/) 1 MHTEHCUBHOCTU W3HAIIMBAHUS
(I;) oOpa3ua W3 aJIFOMUHUEBOIO CIJlaBa B (PYHKIMM HOMUHAIBHOrO AaBjicHus (P,) u
CKOPOCTHU CKOJIbXKEHUS()) B conpsikeHnu (pucyHok 27 a, 27 0).
3aBHUCAMOCTh ITTyOWHBI U3HOWIEHHOTO CJIOS METAIAa OT HOMHUHAIBHOIO J1aBJie-
HUSL B CONPSDKEHWU OJM3Ka K JIMHEHHOM, YTO COBMECTHO C HEJIMHEHHBIM XapaKTEpOM
WU3MECHEHUSI MHTErPaNbHOW MHTEHCUBHOCTH M3HALIWBAHHUS, UMEET YJIOBICTBOPUTEIBHOE
COIIACOBAHUE C AAHHBIMH JIMTEPATYPHBIX UCTOYHHUKOB, MPEACTABIEHHBIMU JJIsl CITy4ast

MJIACTUYECKOTO 1e(HOPMUPOBAHUS FJICMEHTOB COTIPSKCHHMSI.
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PucyHOK 27 — 3aBUCHMOCTB IITyOMHBI M3HOLICHHOTO CJI0sI (&), TMHEHHON UHTE-

IrPAJTbHON MHTEHCUBHOCTH M3HAIMBaHMUS (0)

3.3 OnpenencHue pecypca CONPsKEHUs KITOPIICHD — UIHHAPY

B conpsbkeHUU «MOPIIEHb — IMUJIMHAP»Y UMEET MECTO TUAPOAMHAMUUYECKOE W,
0P BBICOKMX YPOBHSX HArpyKCHHs, TPAHUYHOEC TPEHHME, MPUUEM TOCICTHUN BHI
KOHTAKTHOTO B3aUMOJICHCTBHS DJIEMEHTOB COMPSDKEHUS SBJISCTCS OMPEACISIFOIIAM TPH
OLIEHKE pecypca COMPSKESHUS B LIEJIOM.

[TpoIOKUTENEHOCTh MEPUOJA TPAHUUHOTO TPEHHUS OICHUBANACh BPEMEHEM
CYIIICCTBOBAHMSI ~ KPUTHYECKOW  TOJIIMHBI ~ MAaCJASHOTO CJIOS B COMPSHKCHUH,

OMpENENIIeMO MO pe3yjbTaTaM PacueTHOrO aHajaW3a YCJIOBUHM TUAPOJMHAMUYECKON

Avcm
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CMa3KH B COMPSDKCHUM B TEUYCHUE PAOOUYEro mukia ausens. [Ipu 3TOM y4dWThIBAIMCH
OCOOCHHOCTH PEAIBHOTO pPEKUMa paldOThl AW3ENsi NPH BBINOJHEHUM XapaKTEPHBIX
paboT MH)KEHEPHOHW MAIIWHOW, Ha KOTOPOM OH ycTaHOBIEH. [Ipu oOLeHke pecypca
COMPSKEHUST YUUTHIBAIACH MPOJOKMTENRHOCTh PabOThl AM3ENsS C TOH WIM WHOWU
Harpy3Koi.

Pesynbrarsl aHain3a napaMeTpoB HArPY>KEHHUS U OCHOBHBIX M'€OMETPUYECKUX U
TPUOOTEXHUYECKUX XAPAKTCPUCTUK COMPSHKCHUS «IOPLICHb — LUIMHIAPY JUIS TU3EIs
tuna 6UH15/16npeacrapiensl B Tabiumue 9.

Bpewms n3HammBaHus KOHTAKTHOTO CJIOS ONPEAEICHHOMN TONILMHBI OLIEHUBAJIOCh
Ha OCHOBAHWH JKCIIEPUMEHTAIBHO MMOJIYYEHHONW 3aBUCUMOCTH MHTCHCUBHOCTH U3HAIIN-
BaHUS:

i =P/ (1, V), (28)

rae A, — TOJNIMHA U3HOLIIEHHOTO CJIOSI, M.

Tabmua 9 — OCHOBHBIE TPUOOTEXHUYECKUE MAPMETPHI COMPSHKEHUS «MOPLICHb —

HUAJTAHIPY

[TapameTp 3HaueHue
BokoBas cuna B conpsbkeHu (HOpMasibHas Harpyska), H 15000
HomuHanbHas mI0ma s KOHTAKTA, M 17,1x 107
KoHTtypHas miolaas KOHTaKTa, M° 2,5%107
daxTHUecKast IUIOMAIb KOHTAKTA, M 1,5x10™
CooTHoleHue miomaaeit Aa/Ar 114.0
HomuHalibHOE KOHTAKTHOE AaBJicHUE B conpsbkeHun, Ml la 0,9
KontypHoe nasnenue B conpsikenun, Ml la 6,7
dakTuyecKkoe JaBiieHne B conpsukenun, Mlla 100

[TockoabKy CyMMa MaKCUMAIbHBIX BHICOT MUKPOHEPOBHOCTEN (RR,,,,) compsrae-
MBIX MMOBEPXHOCTEH cocTaBuiia 12 MkM, a BenmuumHa infh,,,= 3,8 Mxm (cM. Tabn. 2.4),

3HAUEHUE /1 , OTIPEACIIIEMOE KaK Pa3HOCTb R, M infly,;,, 0Ka3aaoch paBHBIM 8,2 MKM.

1zn>
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Benmnunaa HanOOJNBIINX MHUHHUMYMOB NPO(UIS XOHWHTOBAHHON MOBEPXHOCTH
TWJIb3bl [IUJTUHAPA, HA OCHOBAHMH NTPO(PUIOMETPUPOBaHUs, cocTaBuaa 7 MkM. CpaBHU-

Basg ATO 3HAYECHHUE C BEJIUYHUHON A,

1zn>

a TaK)Ke, YUUTHIBas 3apMKCUPOBAHHBIA B XOJ€

NPOBCACHHS SKCIEPUMEHTa (DAaKT MepeHoca MarepHalla W3HAIIMBAEMOW MOBEPXHOCTH
MOPIUHS HA MOBEPXHOCTh TMIIB3bI, CIEAYET MPEANIOIONKUTD IMPOLECC HUBEIIMPOBAHUS €€
XOHUHIOBAHHOM MOBEPXHOCTU. DTO 3HAUMTENBHO CHUKACT €€ MACIIOEMKOCTh U SIBJIACT-
Csl OTHOM M3 NMPUYMH IMOBBILICHHOTO U3HOCA WU 33IMPa B CONPSDIKEHUH.

Kpome ToOro, mpm OLEHKE CpPEeOHEr0 MOTOpecypca (CpeAHEB3BELICHHOIO
PACUETHOTO 3HAYECHUS) COMPSDKEHUS YUUTHIBAIOCH PACHPEACIICHAE HATPY3KU JM3EIS B
pEaIbHBIX YCITOBUAX PabO0Thl MHKEHEPHOH MamuHbl. COTJIaCHO MCCAEAOBaHUSIM [73]
nu3enn Oynbao3epa padotaet npumepHo 10% Ha xonocToM xo1ay, Mo 28% COCTaBIISIOT
PEKUMBI MabIX M CPEOHUX HATPY30K, COOTBETCTBEHHO, W 34% COCTABIET PEXKUM
HOMHWHAQIBHOW MOIIHOCTH.

Bpems W3HAamMBaHWsS CONPSKEHUS B YCIOBUSX BO3HUKHOBCHHSI TPAHUYHOTO
peKMMa TPEHMsI ONMPEIENSUIOCh HA OCHOBAHMM PE3YJIbTATOB pPacyeTa MWUHUMAIILHON
TOJILIMHBI CMA30YHOTO CJIOS U MPOJOJDKATEBHOCTH KOHTAKTHOTO B3aUMOACHCTBUS T10-

BEPXHOCTEN COMPSDKEHUS, XapaKTEPU3yeMON MapaMeTpoM a| ., » HA Pa3IMYHBIX pe-
iy

JKMMax.

Pesynbrarhl pacueTa OCHOBHBIX TAPAMETPOB KOHTAKTUPOBAHMS FOOKH MOPIIHS U
TWJIb3bI [IWJIMH/PA TPUA PA3JIMYHBIX PEKUMAX HArPY>KCHUS AU3ENS MPEACTABIICHBI B Ta0-
qune 10.

HeobOxoqumo ~ OTMETHTH, YTO  BPEMS  KOHTAKTHOTO  B3aMMOJCHCTBUS
MOBEPXHOCTEN TPEHUSI NOCTATOYHO MPOJOJDKUTENBHO, OCOOCHHO MPU MaKCUMAJIbLHOMN
Harpy3ke, u cocrtapiser 90 rpaa. mo ymiy MOBOPOTa KOJICHYATOrO Baja 34 LUK
Harpy>keHust. Takoi pe3yJbTaT CBUACTEILCTBYET O HEOOXOJUMOCTH MPOBEACHUS

PACUETHBIX HUCCIEAOBAHUHI IO ONTHMM3ALUK MTPOQUIIS TOPLIHSI.
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Tabmuna 10 — IlapameTpsl HArpy>kK€HHOCTH W WM3HAIIMBAHWS HANPABJISOLICH

YacTH MOPLIHSA

Harpy3ska nuszens, %

[TapameTp
0 10 50 100

Jlonst BpeMeHu paboThI ¢ HArpy3Koi, %o 10 28 28 34
VYriioBas CKOpOCTh KOJICHUATOT O Bajia, pajy/c 85 105 170 220
boxkoBas cuia B conpsbkenuun, kKH 10,6 10,8 12,3 15,0
Homunanenoe masnenue, Mlla 0,6 0,6 0,7 0,9
J101 KOHTAKTHOIO B3aUMOACHCTBHS, %o 5,5 16,3 34,1 52.8
HMHTEHCUBHOCTH U3HAITUBAHUS, M/M 0,7 107 0,7 107 0.8 107 1,1-10_9
[IpenenbHbI U3HOC CONPSHKEHUS, MKM 8,2
YCI0BHOE pacueTHOE BpeMsi padOTEL 10 Ipe- | 1525 1220 665 370
JENBHOT0 M3HOCA, Y
PacueTHBII MOTOPECYPC COMPSIKEHUS,

27700 7400 2000 700
MOTOYaC
CpenHeB3BELICHHBIA PACUETHBIN MOTOPECYPC 5630

CONPSACKCHUA, MOTOYAC

C YBCIIMYCHUCM HAI'PY3KH JU3CIIA IIPHU MMOCTOSIHHOM 4aCTOTE BpamCHUA KOJICH-

4aToro Baja HaOMoaaeTCs yBeandeHne OOKOBOM CHIBl B cOnmpsbkeHuu B 1,4 pasa u BO3-

pacTanuc O0JIM BPCMCHHU KOHTAKTHOI'O B3aUMOJICHCTBUS DJIEMCHTOB COIIPSAKCHUA. Kak

CIICACTBUC Ha6J'IIOI[aeTC$I MNOBBIINICHHUC HWHTCHCHUBHOCTH H3HAIIWUBAHWA JJICMCHTOB CO-

npsbkeHus B 1,7 pa3a U CHUKEHUE MOTOPECYpCa COMPSKEHUS. YUET paclpeieiCHus Ha-

I'PY3KH JU3€ENs B YCIOBHUIX PAOOTHI TPAKTOPHOrO arperara mo3BOJIIET MPOTHO3WPOBATH

CPEIHEB3BELICHHBIA MOTOPECYPC COMPSLKEHUS, KOTOPBIA MO JaHHBIM PACUYE€THOM OLIEH-

KH cocTaBiisieT 5630 MOTOYACOB.
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4 OINTUMMU3ALIS [TAPAMETPOB COIPSDKEHUS
«TIOPIIEHD — LIWJIUH/IP»

4.1 MeTtoauka OnITUMHA3aunu

OOBEKT ONTUMHM3ALUM — CUCTEMA «HOOKa MOPILIHS — CMA304YHbIA CIOH — Lu-
muHapy mu3ens 6UH15/16. Ontumm3anmsi NpoBOAMIACE IS PEKUMA MAKCUMATbHOMN
MOIIHOCTH Nyac. Onuicanue reoMmeTpun npouis 100KH MOPIIHS MPOBOAUTCS COCOOOM,
ONMUCaHHbIM B 1. 2.4. ®opMa mpoduiis MOPIIHS U MOJOKEHUE OTHOCUTENILHO UJIAHIPA
OTPEACTISIOT XAaPaKTEPHYIO TOJIIIMHY CMA304HOro ciios. Ha mapamerpel npoduis Ha-
KJIAJBIBAJIUCH CIEAYIOIUE OTPAHUYCHHSI, CBA3aHHBIE CO CIOCOOOM 33aJaHus TPOQUIIA:

hli F* O,hzl' F* Oﬁhli F* h2i;

m; #0,m; #=a;

(29)
m; >0npuhy > hy;
m; <Onpuhy < hy;
li (M P ,mi) 2 2. (30)

Ha nmepBoM 3Tane onTMMU3auMy N€OMETPUUYECKUX MAPAMETPOB MOPIUHS, OThI-

ckuBasiach Touka JII It - mociaenoBaTeIbHOCTH U ONIPENEIISUTUCH apaMeTpsl Ay, Ay, hy; ,
Z,; . Ecnu Touka ynoBneTBopsia orpaHudcHusM (29), nmo Beipaxkenuto (11) onpenens-

auch KO3(PGUIMEHTHI k; 1 [; u ipoBepsiiock orpanuyenue (30). Ecu 0HO BBIMOJHSIOCH,
TO MPOM3BOAMJICS PACUET JWHAMUKHA TOPIIHS HA CMA304YHOM CJIO€ B LWIMHApE. B
OONBIIMHCTBE CIIy4YacB JAOCTATOYHBIMU OKA3BIBAKOTCA 256 PACUETOB, MO PE3yibTaTaM
KOTOPBIX COCTaBJIsUIACh TaOIMIA UCTIBITAHHIA.
Ha BTOpOM 3Tarne yTOYHSIIUCh KPUTEPHUATIBHBIE OTPAHUYCHHS HA OCHOBE aHAJIH-
3a TaOJIALBI UCTIBITAHWA:
i 2Py P S P, N SN, 0" <O (31)

rae A ', p. ',N',O"" — YTOUHECHHBIC KPUTECPHAILHbIC OTPAHNYCHHSI.

Ha Tpetbem sTane mpomsBoamnack nmpoeepka ycnosuit (31). Ecim 3ti ycnoBust

HE BBINOJIHUIACH, OCYIIECTBISIICA BO3BPAT KO BTOPOMY 3Tany U ACIAMCh YCTYIIKU MPH

licm

130403 2076.063173

Ve W N° Gokum [logn. | fama

66




HA3HAUEHUM OTPAHUYCHUI WK YBEIMUMBAIOCH YHACIO MPOOHBIX TOYEeK. HakoHen, ecnu
OpU HEOAHOKPATHOM YBEJIMYCHUM YMCIIa MTPOOHBIX TOYEK yCIoBHs (29) BCE e HE BbI-
HOJIHSUTUCH, CYMTATIOCH, YTO BRIOPAHHBIE KPUTEPUATIBHBIE OTPAHUUYEHHSI HECOBMECTHBI.
Ecnu ycnoBust (29) BBIMONHSUIACH, U3 PACCMOTPEHUST UCKIFOYATMCh HE3PPeK-
TUBHBIE TOUKH, OCTABILIKECS cUUTanuch [lapero-ontumansubiMu. [Ipu HEOOX0AMMOCTH
IJIsl YAYYUICHUS TOJIYYEHHBIX PE3YJIbTaTOB B OKPECTHOCTU BHIOPAHHON TOUKU MPOM3-

BOJWINCH JOMOJIHUTEIBHBIE PACYETHI.
4.2 Pe3ynbrarsl pacuéra

Jlns cpaBHEHMs Obula MPOBEACHA ONTHMU3ALMS KaK MCXOAHON KOHCTPYK-
WA, TaK U KOHCTPYKLIHMHU C PEKOMEHIOBAHHBIMU 3HAYCHHsIMH /iy 1 0. Kpome Toro,
JUTSL KQXKI0H KOHCTPYKIIMK ONTUMM3AlUs NTPOBOAMIIACE B ABYX BapuaHTax: 1) ro0ka
NOPIIHS OCTaBalach CHMMETPHYHOM; 2) Uil Harpy>KEHHOW W HEHArpy>KEHHOM CTO-
POHBI FOOKHM MOPIIHS NOAOMPATIUCH pa3dHble MPoUIIK (accuMeTpuuHas roka). s
COKpAILCHUS YMCJIA PACUETOB PELICHKUE 33a4l ONTUMH3ANUK Pa30MBAIIOCH HA JBA
mara. [lonck HOBOro npo¢uiisi MOPIIHS B OCEBOM HAMPABICHUU NPOU3BOAUIICA HA
MEPBOM IIAre B OKPECTHOCTH TOYKHU Y= (XYl, XYZ, ,XYn), rae XY1, XYZ,... ,XYn — ma-
pameTpsl NPOodUIISE TOPIIHS.

JIns 30HAMPOBAHUS NPOCTPAHCTBA MApPaMETPOB CUCTEMBI HA MEPBOM IIAre
NPOBEACHO MO 256 pacyeTOB TPACKTOPHM MOPIIHs. B KauecTBe KpUTEPHATBHBIX
OTpPaHWYEHUN Opanuch pacuEeTHbIE XapPaKTEPHUCTUKKW HWCXOAHOH KOHCTPYKLIHH
nopwHs: N "= 463,96 Br, Q* = 76,48 cM’/c. JIaHHBIM KPHTEPHAIBHBIM OrpaHHYe-

HUSAM YJOBJICTBOPSAET P TOYEK, U3 MHOMKECTBA KOTOPBIX ObUIM BBIOPAHBI TOYKH,
. *
IUI KOTOPBIX Infh ;, MpUHUMAET HAUOOJIBIINE 3HAUYCHHUS.

B tabmune 11 npeacraenenbl pe3ysbTatel pacueToB ['MX st HCXOIHOW U pe-
KOMEHIyeMOW KOHCTPYKLMHU CONPSDKEHUS 0 U Nocie ontuMu3anmu. Ha pucynkax 28
— 31 nmpuBEOCHBI 3aBUCUMOCTH MWUHHUMAIbHOW TOJMIMHBI CMA304YHOTO CIOS Ay,

TUAPOJAUHAMHYECKUX JABJICHUH Pp,, TOTEPH MOIMIHOCTH HA COMPOTHUBJICHUE JBU-

licm

130403 2076.063173

Ham | Aucm N° Gokum [logn. | fama

67




JKEHUI0 N M pacxoja CMa3Ky B HANPABJICHWM KaMmepel cropanus () OT yria ImoBOpoTa
KOJIEHYATOr 0 Baja o.

W3 mony4eHHBIX PE3yabTaTOB BUIAHO, YTO ONTUMM3ALUS T€OMETPHUUYECKUX
MapamMeTPOB HEMOCPEACTBEHHO UCXOAHONW KOHCTPYKIMKA TC «IMOpPIIEHb — LAJIUHADY
nu3ens cnoco0CcTByeT yayuuieHnio ['MX 10 7% W yBETUUYEHUIO Pacu€THOTO pecyp-
ca Ha 30%, onTUMHA3aLNS KOHCTPYKLIHH C PEKOMEHIOBAHHBIMU /iy U 6 IO3BOJIAET J10-

MOJIHUTENBHO yayulnTh [ MX Ha Bemuuny 10 30 % u yBenmuuuTh pecypc B 4,5 pasa.

Tabmuna 11 — CpaBHeHue pe3ynbTaroB pacuera ' MX ajisi BApUAHTOB KOHCTPYKIMU

CONPAKCHUA A0 U ITOCJIC OIITUMHU3allun

sk * * * .
BapuaHT KOHCTPYKLIMH N, Q3’ Puas> | Pins |0 Ay, 05| e Pecype,
Bt cM/C | MIIa MKM MKM » MOTOYAC

MCXOMHBI 419 18,2 1,6 6,8 3,8 52.8 | 5600
MCXOMHbIH ONTHMH3HPOBAHHBIH, 390 16.1 1.4 6.9 4.0 472 | 6300

C CUMMETPHYHOM F0OKO# MOPIIIHS

WCXOJHBIN ONTUMU3UPOBAHHBIN,
C ACCHMETPHUHOI F06KOI 408 14,5 1,4 6,7 4.1 36,1 | 8200

TIOPLITHST
C PEKOMEH/IOBAHHBIMH /1y 11 6 464 76,5 1,3 12,5 41 19,4 | 15300
C PEKOMEH/IOBAHHBIMH /1y 11 6
ONTHMHSHPOBAHIHBIH, 456 | 699 | 14 12,8 56 | 181 | 16400
C CUMMETPHUYHOM
F00KOM MOPIIHS
C PEKOMEH/IOBAHHBIMH /1y 11 6
ONTHMHSHPOBAHHLIH, 450 | 689 | 13 13,0 56 | 11.1 | 26700
C aCUMMETPHUYHOM
F00KOM MOPIIHS
icm
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By MKM
75

_7 A :__:‘-;';.'-'3.7./ _

0 60 120 180 240 300 360 420 480 540 600 660 720 a, rpajg
----- — HCXOAHBIN PO UIIb;
"""""" — HCXOMHBIA ONTUMHU3UPOBAHHBII CHMMETPHYHBINA TPO(HIIE,
— * — *© — HCXOJAHBII ONTUMHU3UPOBAHHBIN ACHMMETPHYHBINA TPOQHIIB;
- === — mpodUIb C PEKOMEHAOBAHHBIMU /1o 11 U,
— — — — ONTUMH3UPOBAHHBIA CHUMMETPHYHBIN MPOPHIE C pEKOMEHIOBaHHBIMHU /1y 1 0,
— ONTHMH3UPOBAHHBINA aCUMMETPUYHBINA PO UITb C PEKOMEHAOBAHHBIMU /1 1 0.

PucyHok 28 — 3aBUcUMOCTD /1 OT yriia MOBOPOTA KOJIEHYATOTO BaJia

"o

0 60 120 180 240 300 360 420 480 540 600 660 720 a.1pan

----- — HCXOAHBIN PO UIIb;

"""""" — HCXOMHBIN ONTUMU3UPOBAHHBIN CHMMETPHYHBINA TPO(HIIE,

— * — * — HUCXOJHBIH ONTUMH3UPOBAHHBIA ACHUMMETPUYHBIN MPOQUIIb;

- === — mpoduIb C PEKOMEHAOBAHHBIMU /1o 11 0,

— — — — ONTUMH3UPOBAHHBIA CHUMMETPHYHBIN TPOPHIL C pEKOMEHIOBaHHBIMHU /1 1 0,
— ONTHMH3UPOBAHHBINA aCUMMETPUYHBINA PO UIIb C PEKOMEHAOBAHHBIMU /1o 1 0.

Pucynok 29 — 3aBUcUMOCTB p, = OT yIIa OBOPOTA KOJICHYATOrO BaJla
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N. Bt
1200

1000

800

600

0 60 120 180 240 300 360 420 480 540 600 660 720 a, rpajg
----- — HCXORHBIN PO UIIb;
"""""" — HCXOMHBIN ONTUMHU3UPOBAHHBII CHMMETPHYHBINA PO(HIIE,
— * — * — HCXOJHBIH ONTUMHU3UPOBAHHBIN ACHMMETPHYHBINA PO(HIIE;
- = == — mpoduIb C PEKOMEHAOBAHHBIMU /1 11 0,
— — — — ONTUMH3UPOBAHHBIA CUMMETPHYHBIN MPOPHIE C pEKOMEHIOBaHHBIMHU /1y 1 0,
— ONTHMH3UPOBAHHBINA aCUMMETPUYHBINA MPOPUIIb C PEKOMEHAOBAHHBIMU /1o 1 0.

Pucynok 30 — 3aBucumocts N OT yIyia moBOpOTa KOJIEHYATOro Bajia

O. cv*le
450 Ve

L}
400 | H i
350 | . ﬁ
300 | a l

0 60 120 180 240 300 360 420 480 540 600 660 720 a, Tpafg
----- — HCXOAHBIN PO UIIb;
"""""" — HCXOMHBIA ONTUMU3UPOBAHHBIN CHMMETPHYHBINA TPO(HIIE,
— * — * — HUCXOJHBIH ONTUMH3UPOBAHHBIA ACHMMETPUYHBIN MPOQUIIB;
- =<'~ — mpoduIb C PEKOMEHAOBAHHBIMU /1o 11 0,
— — — — ONTHMH3HUPOBAHHBI CHMMETPUYHBINA MPOPHUIb C PEKOMEHIOBAHHBIMU /1o 1 0,
— ONTHMH3UPOBAHHBINA aCUMMETPUYHBINA PO UIIb C PEKOMEHAOBAaHHBIMU /g 1 0.

PucyHok 31 — 3aBrucuMOCTE () OT yIJla IOBOPOTA KOJICHYATOrO Bajia
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B Tabmune 12 npuBencHsl napaMeTpsl Npopuiici 000K BCEX PACCMOTPEHHBIX
KOHCTPYKUMH IJIsl HArpy»KCHHOH M HEHArpy>KeHHO#M CTOPOH, B Tabiuue 13 — noJrydeH-
HBIC HA UX OCHOBE OTKJIOHECHHUS NMPO(UICH OT WWIMHAPUYHOCTH B TOPSYEM COCTOSIHHH,
KOTOpPBIE MOXKHO MCITOJIB30BaTh JUIS IMPOU3BOJACTBA IPEMIOKEHHBIX KOHCTPYKLMIA

MOPIUHS.

Tabnuna 12 — [NapaMmeTpsl npoduiicid 000K BapuaHTOB KOHCTPYKIIUU

BapuanT KOHCTpYKIIHN ki L m ko I o

MCXOMHBI 0572 | 2,047 | -0,076 | 0,572 | 2,047 | -0,076

WCXOMHBIN ONTUMU3UPOBAHHBIN,
C CHMMETPUYHON FOOKOH MOpIIHS
WCXOMHBIN ONTUMU3UPOBAHHBIN,
C ACCUMETPUYHON F0OKOH MOPIIHS

0,560 | 1,891 | -0,338 | 0,560 | 1,891 | -0,338

0,647 | 2,126 | -0279 | 0,749 | 2,762 | -0,135

C PEKOMEH/IOBAHHBIMH /1y 11 6 1,357 2,047 -0,076 1,357 2,047 -0,076

C PEKOMEH/IOBAHHBIMH /1y 11 6
ONTUMHU3UPOBAHHBIN,
C CUMMETPUYHON
100KO MOpIIHS
C PEKOMEH/IOBAHHBIMH /1y 11 6
ONTUMHU3UPOBAHHBIN,
C ACUMMETPUYHON
100KO MOpIIHS

0,728 | 1,170 | -0374 | 0,728 | 1,170 | -0,374

0,555 | 1,086 | -0,355 | 0,475 | 2,015 | -0213
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Tabmuna 13 — OTKIOHEHUS OT UWIMHAPUYHOCTY Npo¢uiicid FoOOK BAPHAHTOB KOHCT-

PYKLIMH B TOPSYEM COCTOSIHUU

OTKJIOHEeHUE OT UWIHHAPUIHOCTU TIPOGUJIst FOOKH TOPIIHS
B rOpsiY€M COCTOSTHUH
Bricora . . ONTUMU3UPOBAHHBIN | ONTUMU3UPOBAHHBIN
100KH HCXOUTBIM OTITHMH= | MCXOMHBIM OLTHMI- CUMMETPUYHBIN ACUMMETPUYHBIN
- 3UPOBAHHBIN (iI/IM- 3UPOBAHHBII aSI/IM- HpOGHITH ¢ peKo- HpOGHITB ¢ peko-
MM METPITIHRIN METPITHHBIN MEHIOBAHHBIMU /g U | MEHIOBAHHLIMHA Ay U
npodub npoduib 0 0
Harp. HEHarp. Harp. HEHarp. Harp. HEHarp. Harp. HEHarp.
82 6,77 6,77 9,37 15,44 21,84 21,84 20,93 12,39
81 5,96 5,96 8,40 14,09 19,85 19,85 19,28 11,41
78,5 4.14 414 6,22 11,07 14,99 14,99 15,19 9,14
73,5 1,42 1,42 2.89 6,34 5,99 5,99 7,27 5,35
68,5 0,00 0,00 0,84 3,15 0,00 0,00 0,00 2.57
63,5 0,10 0,10 0,00 1,23 7,65 7,65 4. 44 0,79
58.5 1,68 1,68 0,17 0,28 16,86 16,86 12,18 0,00
53,5 4.54 4.54 1,42 0,00 26,89 26,89 20,32 0,18
48.5 8,62 8,62 391 0,00 37,49 37,49 28,72 1,34
435 13,87 13,87 7,72 0,31 48,54 48,54 37,30 3,50
38,5 20,26 20,26 12,90 1,28 59,96 59,96 46,05 6,66
33,5 27,76 27,76 19,50 15,44 71,72 71,72 54,93 10,83
285 36,36 36,36 27,56 14,09 83,76 83,76 63,91 16,01
235 46,04 46,04 37,09 11,07 96,05 96,05 73,00 22.20
18,5 56,77 56,77 48,14 6,34 108,58 108,58 82,18 2941
13,5 68,56 68,56 60,72 3,15 121,32 121,32 91,44 37,64
8,5 81,39 81,39 74,85 1,23 13425 134,25 100,77 46,90
3,5 95,25 95,25 90,55 0,28 14738 147,38 110,17 57,17
0,5 104,05 104,05 100,74 0,00 155,33 155,33 115,85 63,83
0 105,55 105,55 102,49 0,00 156,66 156,66 116,79 64,97
icm
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3AKJITOYEHHUE

BeImonHeHa pacueTHas OneHKa pecypca TPUOOCOMPSHKEHUS «IOPIIEHb — LIH-
JuHApP» BbIcOKO(GOpcupoBaHHOTO au3ens Ttuna 6UH15/16. Ha ocHoOBe moy4YeHHBIX
3KCIEPUMEHTAIIBHBIX JAHHBIX CACJIAH BBIBOJ, UYTO C YBEIMYCHUEM HArPY3KH AU3€EIs Ha-
OmoogacTes yBenuueHue OOKOBOH CHITbI B CONPsikeHMH B 1,4 pasa W BO3pacTaHue OJIA
BPEMEHM KOHTAKTHOI'O B3aMMOJCHCTBHS 3JIEMEHTOB CONpPsDKEHUsA. Kak cieacTeue Ha-
OIFOAETCS MOBBIIIEHUE WHTCHCHUBHOCTH M3HAIIWBAHUS 3JIEMEHTOB COMpPsKeHHs B 1,7
pasa U CHMIKEHUE MOTOPECYPCA CONPSHKEHUS. YUET pacupeneneHus Harpy3Ku Ju3ens B
YCIOBUSIX PA0OTHI TPAKTOPHOIO arperara no3BOJui CIPOrHO3UPOBATh CPEIHEB3BELICH-
HBII MOTOPECYPC CONPSHKEHUS, KOTOPBIA IO JAHHBIM PACUYETHOH OILEHKH COCTAaBJISIET
5630 MOTOYACOB ISt UCXOTHOW KOHCTPYKIUH.

PacueTHbIM myTeM OOOCHOBAHBI OCHOBHBIE T€OMETPUYECKUE MAPAMETPBI MPO-
(buns Hecylleil MOBEPXHOCTH MOPIIHS (BbICOTA FOOKH, paaHaibHbIN 3330, OTKJIOHCHHS
OT MPaBUJIbHOW LIUJIMHAPUYECCKONH (POPMBI HA BEPXHEM HIDKHEM KpasiX FOOKM W KOOPAM-
HAaTa TOYKW BEPLIMHBI MPO(UIS C HATPYKEHHOW W HEHATPY>KEHHOM CTOPOHBI, IIMPUHA
OMOPHOM MOBEPXHOCTH, HOMUHAIBHBIA 3a30p), 00ECNEUYMBAKOIINE YIYUIICHHE THAPO-
MEXAHUYECKUX XapaKTepUCTUK A0 30% W yBENMYEHHUE CPEIHEB3BEILIEHHOIO PACYETHOTO

MOTOPECYpPCa COMPSHKEHUS «TOPIUIEHb — UIMHAPY Oojiee yeM B 4,5 pasa.

licm

130403 2076.063173
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