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OBHIASI XAPAKTEPUCTHUKA PABOTDI 30X E

AKTYalIbHOCTh M CTeNeHb Pa3paloTanHOCTH TeMbl. TCH/ICHINH pa3BUTHA MAailHHO-
CTPOCHHS B HAacToslIee BpEMSI XapaKTepH3yIOTCA YBEJIIMMEHHEM YACJIBHOH MOLIHOCTH
MOPHIHEBBIX ¥ POTOPHBIX MalllH, GOPCHPOBAHHEM COBPEMEHHBIX JBHMIaTeneH, MOBBIIEHH-
eM 3HeproddPeKTUBHOCTH NPU OJHOBPEMECHHOM poOcTe TpeOOBaHHH K HUX HAAECKHOCTH H
JIOJITOBEYHOCTH, YTO [PHBOJAHNT K HeH30e:KHOMY POCTY HArpy»K€HHOCTH M TETIOHAMPSIKEH-
HOCTH Y37I0B U COMpPSIKCHUI TepedHCICHHBIX ManiuH. Peilenue npo6ieMbl NOBBIIEHHS
sreprodddextirHocTr, 5S30TKAIHOCTY U ACNTOBEUHOCTH MEXaHW3IMOB U MAlUH pa3iny-
HOTO Ha3HAYeHHMs HEPa3pbIBHO CBA3aHO C COBEPIICHCTBOBAHMEM KOHCTPYKUHH WX Y3/10B
TPEHHSsL.

Tpuboconpsxenuss (TC) ¢ rHAPOAMHAMHUECKHM PEKUMOM CMa3blBaHHA (OMOPBI K-
KOCTHOI'O TPEHHUA) U NE€PEMEHHBIMH BO BPEMEHH M0 BEJIMYHHE 1 HAITPABIIEHUIO HAarpy3KaMK
Ha3bIBAIOT CJIOXHOHAIPYKEHHLIMH (HecTanHoHapHO HarpyskeHHbIMH). K Takum TC oTHo-
CAT: WATYHHbIE M KOPEHHBIE NOIWMIHHKH KOJEHYAThIX BalOB; CONPAKCRUE «(1OPLUICHD-
UMITHHAPY ABurareneil BHyTpeHHero cropanus (JIBC); onopsl ckOMbXEHHS BaJoOB MOpIIHE-
BBIX KOMIIPECCOPOB, HACOCOB; MOLWITHUKN CKOJIBKEHUS POTOPOB TypOOMAIIHH U JIEKTPO-
reHepaTtopoB H jap. Hanuuaue cmaszounoro marepuana (CM) B TC criocobeTByet obecriede-
HHIO TIPEHMYINECTBEHHO KUJKOCTHOTO PEXWMA TPEHHS, NPU KOTOPOM IOTEPH Ha TpEHHE
JOCTATOYHO Maibl, 8 N3HOC AeTaneli MuHuManeH. TIpakTHka MOKa3bIBaeT, YTO CJIOKHOHA-
rpyxeHnble TC MallliH U MeXaHW3MOB SBISIFOTCA HanOosiee OTBETCTBEHHBIMH DIIEMEHTAMMU.
B cBSI3M ¢ 3TUM nIpH KOHCTPYMPOBAHWHM HOBBIX M Mojepuu3ainu paspaborannsix TC ynae-
JISIeTCS TOBBINICEHHOE BHIMAHHE K TIPONCXO/ISAIINM B y3/Jax TPEHHUS B3aUMOCBS3aHHBIM TPH-
60510THYECKHUM IpOIIeccaM U ABJICHHSM, K KOTOPBIM MOYKHO OTHECTH MeXaHHYeCKHe, TeTlo-
BbI€, XHMHUYECKHE U [PYTHE POLECCHI.

HenpepsiBHOE pa3BHTHE M COBEPHIEHCTBOBAHHE MOPIIHEBBIX H POTOPHBIX MANIMH, a
TaKkKe CTPEMJICHHE COBPEMEHHBIX WHXKEHEPOB W KOHCTPYKTOPOB K CO3AAHIIO 3HEProdd-
(EKTHBHBIX YCTAHOBOK Pa3jIMYHOrO HA3HAYCHHA [PHBEIO K pa3paboTKe HOBBIX KOHCTPYK-
LIMOHHBIX M CMa304HBIX MATEPUasIOB, OONAMAIOIUX YIYyYLIEHHBIMH TPHOONOrHYECKHMU
cBolictBaMu. Hanpumep, nepcrnieKTHBHBIMY SABISIOTCS Pa3IHYHOIO POJAa MOTOpHBIE Macla C
BBICOKMMH MTPOTHBOM3HOCHBIMH CBOHCTBaMH, obecrednBasoiine paboTocriocobHOCThL B IKC-
TPEMAJIBHBIX YC/IOBUsAX (TP MOBLILICHHBIX HATPy3Kax, CKOPOCTIX M TeMiepaTypax) v Ho-
3BOJISIIOIIME CHHU3MUTE TIOTEPH MOILIHOCTH Ha TpeHHe u TervtoHanpsxeHHocTs B TC. Takue
Macna Ha3bIBalOT JHeprocOeperaroliMMH, O0JHAKO HX PEOJOTHYECKOE MOBEACHHE 3HAYH-
TENLHO OTJIMYAETCA OT OOBIYHBIX HBIOTOHOBCKHX >KHMAKOCTEH. MHOIMe M3 ITHX MOTOPHBIX
MaceJ1, IpeACTaBIAtOILNX co00il cMech 6a30BBIX KOMIIOHEHTOB W MAKeTa NPHCAN0K pasiny-
HOTO Ha3HA4YeHWs, OTHOCATCA K HeHbIomoHosCKUMU Hcuokocmamy. K Hanbonee n3BeCTHBIM
HEHBIOTOHOBCKHM CBOHCTBAM JTHX Maces MOXHO OTHECTH 3aBHCHMOCTH HMX BSI3KOCTH OT
CKOPOCTH CABHIa (ICEBAOIIACTHYHOCTS, AHJIATAHTHOCTB), BA3KOYNpPYyTue 3hdeKTrl (penak-
callis KacaTeNbHbIX HaNpsKeHUH, NMOSBIEHHE HOPMANBHBIX HarpsKEHHH MpH CABHreE), a
TAKOKE X CTPYKTYPHYIO HEOJHOPOAHOCTD (CYCIIeH3HH, ra30coIepKaHnue 1 ap.).

BoJIBIIMHCTBO TEOPETHYECKUX M DKCHIEPUMEHTANBHBIX padoT no uccieaosanuto TC pas-
JMYHOTO HAa3HAuYCHHWS, HECMOTPS Ha HX HECOMHCHHYK 3HAuiMOCTb, OCHOBBIBAIOTCA Ha
KJIaCCHYECKON T'MIPOJIMHAMHYECKOI TEOpUH CMa3KH, ONMHCLIBAIOILEH TMOBEIEHHE HBIOTO-
HOBCKOH JKHAKOCTH B TOHKOM cMa3zounoMm clioe (CC), pazaeisiomeM MOBEPXHOCTH CONps-
JKEHWS, BA3KOCTH KOTOPOH 3aBHCHT TOJbKO OT TeMnepartypsl U aaBjieHHs. K knaccuyeckum
pabotam B 310if 06nactu otHocAT Tpyasl H.A. Tletposa u O. Peiinonsaca u MHOTUX ApyTux
uccnenosaresied. [IpuMeHeHHe METOAOB KIIACCHYECKOH-FHAPOJMHAMUKN B PACUETHRIX. Me-
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TOZMKAX BJIeHeT 32 COOOH BO3HHMKHOBEHHE NPOTHBOPEYHHA MeKIY OBLIENPUHATEIMU KpyTe-
pusMy paGoTOCIIOCOOHOCTH Y3IOB TPEHHA MEXAHU3MOB M PEalbHbIMU YCTIOBUAMU paGoThl
TC. Tak, pacueTHbe 3HaUEHNA THApPOMeXaHnueckux xapaktepucTik (TMX), nonyyennge
Ha OCHOBE HCII0JIb30BaHUA HOJIOKEHHH KJaCCUUSCKOH I'HAPOIMHAMUHECKOH TEOPHH cMasky
ans cnoxuoHarpyxenunix TC, paGotawmunx Ha HeHbioTOHOBCkUX CM, cyliectaenuo o1-
JIMYAIOTCA OT aHATOTMYHBIX MaPAMETPOB, MOJYYEHHDBIX IKCIEPHMEHTAJILHO,

Teopust THAPONHHAMUYECKHX CROKHOHATPYKeHHBIX TC XapakTepH3yeTcs COBOKYIHO-
CTbIO METO/0B PCILEHUSA B3aHMOCBA3AHHBIX 331a4: ONpEACICHHE TPACKTOPHIA, N0 KOTOPEIM
JOBHKYTCS 3JIEMEHTBl KOHCTPYKLMH; pacueT MMAPOJMHAMHYECKHX AaBJieHHH B ToHkom CC,
KOTOpBIi pa3aeiseT ABMKYLUHECS [OBEPXHOCTH TPEHMA, OLEHKA TEMJIOBOrO COCTOSAHHA
M3y4aeMoi CHCTEMBI; onpejleneHne uHTerpainbublx I MX HCClieyeMBbIX COMPSIKEHMH.

B nocieiHne ASCATUICTHS CTANyM CO3ABATHCA MATEMATHUYECCKUE MOACHH ¥ METOMBI, NO-
3BOJISIOLLME YUHTHIBATH OTE/bHbIE 0COOEHHOCTH peosornueckoro noseaeHuss CM. K Takum
paboTam MOKHO OoTHecTH Tpy/bl bubuka E.E., Bunsamcona (Williamson), lyn [[:xao, Bosk
A10., I'eauma B.A. (Gecim), Kononesxnoa B.H., [Toroaacsa JI.H., ITapanxuna (Paranjpe
R.S.), Mpokonsesa B.H., CaBuna JI.A., Cunxa (Singh), Xapuoii (Harnoy A.V.), Lluraukosa
A.B., Dnpoaa (Elrod H.G.), Bartiz W.J., Bukovnik S., Hirani H. K., Caika V., Offner G., Teii-
sopa (Taylor), Haosheng C., Darong C., Zhang C., Chen D.R., Raghunandana K., Majumdar
B.C., Thakurta D.G., Yang, Wen P., Mather Mate, Choi C.H., Coy R.C. u p.

Oanako, NpHMEHEHHE METOIAMUK, YYUTHIBAIOWIMX HEHbIOTOHOBCkHE cBoiictea CM, mpu
NPOSKTUPOBAHNU CNOKHOHArpYKeHHbIX TC 3aTpyAHEHO, T.K. B UHIKEHEPHOU NPAKTUKE Ha-
OntoaeTcs OTCYTCTBHE HAeKHOH MHGOPMaLUKM O PEOIOTHYECKOM [10BEJIEHHH COBPEMEH-
Heix CM npH noBbILICHHBIX CKOPOCTAX CjBHIa u Temneparypax B 1oHkux CC, xapaxTep-
HBIX ISt Pa3IMUHbBIX PEKHMOB PabOThI Y3/I0B TPEHHI.

Tak, BO MHOrux pa0oTax g OnucaHust 3aBUCUMOCTH BA3kocTH CM OT CKOpOCTH ciBUTa
HCCIIe/10BaTe MCTIOB30BadKu creneHHol 3akon OcrtBanbaa-ae Bena. D10T 3akoH umeer
JOCTAaTOYHO MPOCTYIO0 MAaTEMaTHUYECKYIO (HOPMY, XOTs 00NacTh ero NPHMEHEHHs orpaHHYe-
Ha. M3Becthbl Takke noaxoast, 60ee pealiucTHYHO OTPAXAIOIINE 3aBUCHMOCTY BA3KOCTH
cMa3kH oT ckopoctH caBura. K HUM MoxHO oTHecTH Moaenad ['esuma u Kpocca, onHaxo
c11ocoObl oNpejlesieHns NapaMeTpoB, Xapakrepusytouux noseaeHne CM, Kak Iipu noHHM-
MEHHBIX, TAK 1 IIPH MOBBILICHHBIX CKOPOCTAX CIBUIA, HE YKa3bIBAIOTCS.

B psity 3aja4, CTOSILAX nepei COBPEMeHHOH Tpuboorueii, 0codoe NolokKeHHe 3aHUMa-
eT MozenupoBatue HPGHeKTa BIUAHKA HA 11apAMETPbl TPEHHs! IIPOTHBOHZHOCHBIX 11PHCAIOK
Macen. BausiHue noBepxHocTHO-akTuBHbIX BeuwecTB (ITAB) na Bsaskocte CM, npuneraro-
HIer0 K NOBEPXHOCTAM TpeHus, uccneaosann Axmaros A.C., BysHoBckuit LA, Heparun
b.B., Uypaes H.B., Xonaxos I'.C., Bpaynay»p, OmmeT, Tennep, ae byp, lpukkep, [Tonsun,
Tomnesckuit B.A., J.Van der Werft, K. Kwak, C.Kim, X.Wang, X.Xu # ap. oteuecTBeHHbIE
n 3apy6exHbie yuensle. HecMoTps Ha u3BecTHoOCTh (hakra BausiHus [TAB Ha Bsaskocts CM B
CJI0€, HEMOCPEACTBEHHO MPHIETAIOIEM K TBEPAOH NOBEPXHOCTH, a TAKKE Ha AMana3oH
TeMIEepaTyp, KOHTAKTHBIX AaBJICHUH U cKopocTel cMmelleHus nosepxHocTed TC, B KoTopoM
peann3yeTcs pexHM KHMAKOCTHOTO TPEHUS, COOTBETCTBYIOLIME pPEOJIOTMYECKHE MOJENH
CM, mnpuroassie ans HCCIEAOBAaHMA NMHAMMKM CllOKHOHArpyxkeHHelix TC, He pas-
paboTaHbl. B cBA3M ¢ STUM BO3HHMKAET HeOOXOAMMOCTH BLIACHEHWS MEXaHH3Ma BIIUSHHA
NPOTHBOM3HOCHBIX NMPHCAA0K Ha peosioruueckue napamerpsl CM, ux dopmanuzoBaHHoro
OIIMCAHMSA U BKJIIOUEHHS COOTBETCTBYIOLIMX MAaTeMaTHUECKUX MOJeliell B MeTO/Ibl THAPOAH-
HAMMUUECKUX PACUETOB Y3108 TPEHUS MAILUH.



Hapsiny ¢ yka3aHHBIMH, MOBBIILCHHBIH HHTEPEC IS WHXKCHEPOB-KOHCTPYKTOPOB HpEa-
CTABJISIIOT 3a7a4M JHHAMHUKU, CBA3aHHBIE C PEIIEHUEM YPAaBHCHHUH IBUMCHHS TMOABHXHBIX
nemeHToB TC, B TOM ulclie, HEIMHEHHBIX KoyeOaHuil THOKUX poTopoB TypOOMAalUMH, HA
MOALIMITHUKAX CKONbKeHHs ¢ HecKoMbKUMH CC HEeHBIOTOHOBCKOI KHM/JKOCTH, a TAKKeE 3a-
JlauM OLEHKH pecyped y371a TPeHHS.

Takum 06pa3om, pa3paboTka TeOpeTHUYEeCKHX OCHOB pacdera cilokHOHarpy:keHHeIx TC,
CMa3bIBaeMBIX HCHBIOTOHOBCKHMH JKHIKOCTAMH, 000CHOBaHHE MOjIe/IeH AHHAMHKH H CMas3-
KH, OTPa)kalolMX peajbHble 1pouecchl, nporekawiune B Toukom CC, pazaensioleM 1o-
BEPXHOCTH TPEHM#A, a TAKKE CO3JaHHe aJlTOPHTMOB M MPOrPpaMMHOI0 o0ecredeHus julsl pe-
HICHUS APAKTHYECKHX 33j1a4 [IPOSKTHPOBAHUA U AoBoAKM TC paznuyHbIX MaulMH U Mexa-
HH3MOB, MOBBILICHUE HX HAJICHKHOCTH 00YC/IaBIMBAIOT aKTyalbHOCTh JaHHOMH paboThbl.

OcHOBHBIE pa3fesl AWCCEpPTAalUUH BBIMONHEHB! B pamkax KomriekcHoil nporpaMmsl
¢yHaameHTanbHBIX HccnenoBannil YpO PAH na 1995-2005 rojs! (pazien 2 — «MarmunHo-
crpoeHue», HanpasieHne 2.4 — «Tpubosorust B MaIMHOCTPOSHHW»); 1o iaHaM MuHu-
crepctBa obpaszoBanus PP 1996-1998 ronos (Hanpasnenue «JlHHaMHKa U ONTHMaNBHBIA
CHHTE3 MalllH # pabodnxX NMPoneccoB, 3aKOHOMEPHOCTH TPEHUS], H3HOCA U CMAa3KH B MaIUH-
Hax», noapasaen «IIpobnemsl Mmexauuku»); 8 2001 r. nipu punancosoit nomaep:xkke MuHu-
crepcTBa o6paszoBanus PD no HanpasnenusM: «MaivHoBeAeHHE U 1€TalIH MalliiHy (IpaHT
TOO-6.1-1467); «TypOocTpoeHue u asurarenectpocaue» (rpanr TOO-6.7-1476), a Taxxe
npu noutepxke MunrncTepeTsa obpasosanus v Hayku P® B pamxax ¢denepanbHO# uenepoii
nporpaMmsl «HaydHble W Hay4HO-TIElarOTHYECKHE KaJpbl HHHOBaHHOHHOIT Poccunm» Ha
2009-2013 rome» (NeII503 ot 5.08.2009, Ne 16.740.11.0073 ot 1.09.2010, Ne 12019 ot
2.11.2009), Poccuiickoro doHna dyHaaMeHTaNbHBIX HccaeoBauuii (npoektet Ne 07-08-
00554, Ne 10-08-00424), KoMmiekcHOH nporpaMMbl (HYHIAMEHTATbHBIX MCCIE/1I0BAHNUI
npoblieM MallMHOCTPOEHHs, MEXAHHKH W TIPOLIECCOB yNpaBieHHs «MalinHocTpoeHHe U
texHonorus» YpO PAH ua 2006-2008 rr.; npu ¢duHaHCOBO# nopiepxke MuHHCTEpCTBA
obpazoBanus PO (rpant TOO-6.1-1967) B 2002 1; aHAIMTHUCCKOH BEIOMCTBEHHOM liene-
BOH mporpamMsl Munuctepcrsa obpasosanns P® «Pa3BuTue Hay4yHOro nmoTcHIHaNa BhIC-
mei mxonst (2006-2008 roast)» (koa npoekra PHIT 2.1.2.2285).

Ilens uccnegoBanun: pa3paboTaTh CHCTEMY MaTeMaTHYECKMX Mojesleil U METOIOB pe-
HIeHHs 3a]a4 JMHAMHKH U CMA3KH HEHbIOTOHOBCKMMH XHAKOCTAMH CIIOMHOHATPYHEHHBIX
TC nopurHeBbIX ¥ POTOPHBIX MALINH, HANPABJICHHBIX HA MOBLIIICHUE X HAJEKHOCTH.

3agauu Hcce10BAaHUS 3aKITI0YAI0TCS B CIEYIOMIEM.

1. Co3nate peosornueckyo Monens CM cnokHonarpyxkenHoro TC, oTpaxkaroilyw 3a-
BHCHMOCTDL BS#3KOCTH OT TEMNEPATyphl, IaBICHHA, CKOpOCTH capura. IIpy 3ToM y4uThIBaTH
pdext penakcanni KacateahHbIX HaOPsAKEHHWH M OPUHMMATH BO BHHMAHHE HATHYHME BbI-
COKOBS3KOTO TPAHHYHOTO CJ10f, aJCOpPOMPOBaHHOTO HA IIOBEPXHOCTAX TPEHHS, OTPAHHUM-
satoux CC.

2. PazpaboTath MeTOJ pacueTa mojis ruapoaHaMuueckyx jaeieHuid B CC HEHbIOTOHOB-
CKOH XKHMIKOCTH C Y4ETOM Hepel'yJIsspHOi reOMeTPHH NMOBEPXHOCTEH TPEHHs CJA0KHOHAIPY-
xeHHbIX TC, pacripeaesieHHs TeMneparyp U yBejaudeHus Bs3koctd CM B cnoe, Henocpen-
CTBEHHO IPHJIETAIOILEM K TBEPAOH MOBEPXHOCTH.

3. Pa3paboTtaTte Ha OCHOBE HEH30TEPMHUYECKOTO MOAX0AA METOJ pacuera TeIuloBOro co-
CTOsAHUSA cnoxkHOHarpyxeHHoro TC ¢ yueToM pacrpeaeneHHs TeMnepaTypbl B OKPY>KHOM H
paIvalbHOM HalpaBleHHAX B TOHKOM CJ10€ HEHbIOTOHOBCKOH CMa3blBaOIeH KHIKOCTH.



4. Co3zaTh airOPUTM AJIS PCILCHMS 332y AMHAMYKY TOABMWKHBIX 3JIEMCHTOB HEAaBTO-
HOMHBIX TC POTOPHBIX MalMH C YUETOM YCIOBUI CMa3blBaHUS HEHBIOTOHOBCKUME M KO-
CTAMM.

5. DKcnepHMeHTaibHO 000CHOBATh I1apaMeTphl peonoriyeckoil Mogenu CC HenbroTo-
HOBCKOMH »KHAKOCTH.

6. Pa3pabotarh NporpaMMHbIE KOMIUIEKCHl U/l pelleHus 3aldad JAMHAMMKH M CMa3sku
cnoxHoHarpyxeHHbix TC MOpIIHEBBIX U POTOPHBIX MALIMH, CMa3blBAE€MbIX HEHbIOTOHOB-
CKHMH JKHAKOCTAMH.

7. OueHuTh BAMSHUE PEONIOTMHECKOTO OBEACHNS MOTOPHBIX Macesl Pa3siUYHbBIX KAACCOB
BA3KOCTH Ha rujpoMexaHndeckue xapakTepucTHKH TC NOPLIHEBbIX M POTOPHEIX MAILUH.

8. Pazpaborath crocob oleHkH paboToCnocOOHOCTH H pecypca onop AKHIAKOCTHOIO Tpe-
HUS, 1103BOJISIOILME HA OCHOBE MOJIYYEHHBIX B XO/€ pacueTHbIX ucciegoBanuii I'MX npo-
rHO3UPOBAaTh BO3MOKHOCTL TC BOCAOPHMHMMATD 3aJaHHbIE HArpy3KW [PH Pa3/IMuHbIX COYe-
TAHUSX el'0 OCHOBHLIX F€OMETPHUYECKUX MapaMeTpPoB.

O06bexThl Heeaeaopanus. ITpoueccsl, npouncxoasmue 8 CC HEHbIOTOHOBCKOH HHAKO-
CTH, Pa3/IeisIOWEH NPOU3BOJILHO ABHKYIIHECH IOBEPXHOCTH ClOKHOHArpyskeHHbix TC.

TipeameT ucciaeaoBaHus. 3aBUCHMOCTb [MAPOMEXAHUUECKHX U TPUOOMIOTHYECKUX Xa-
PaKTEepUCTHK ciiokHOHArpyxeHHbIX TC oT peonorudeckux csoiicres CM.

MeToabl HccieaoBaHHsi. MeToapl TMAPOAMHAMHYECKON TEOPHU CMA3KH, YHCICHHBIE
METOIbl penieHus AnddepeHiinanbHblX YpaBHeHHI B YaCTHLIX NPOU3BOAHBIX, IKCTIEPHMEH-
TaJbHbIE METO/1bl HCCIIE10BaHHs PEOIorH4ecKuX cBoiicTB CM.

Hayyuas HoBu3Ha.

1. ChopmyaupoBana v obocHoana Mojeab CC HEHBIOTOHOBCKOI XKHAKOCTH B CJIOXKHO-
narpy;xeHHom TC, oTpaxkaroias 3aBiMCHMOCTb BA3KOCTH OT TEMIlepaTypbl, JaBjeHus, CKO-
POCTH C¢/IBHra, yuuTbiBaowas phexT peslakcallii KacaTelnbHbIX HANPSKCHUH U HATHune
BBICOKOBA3KOI'O CJIOA, HENOCPEACTBEHHO NPHIIEratoILEro K NOBEPXHOCTAM TPEHHUA.

2. PazpaboTaH yHHBepCcailbHBIH a1anTHBHEIH MHOTOCETOUHBIH HTEPALIMOHHBII aJrOpUTM
JUIs pacueta 1ojis 'MApoAMHaMiMecKux Aainennit B Tonkom CC cnoxnonarpyxennsix TC
NOPILIHEBbIX ¥ POTOPHBIX MalMH (paAMa/bHBIX NMOALUMIIHHUKOB CKOJBXKEHHS) ¢ Y4eTOM
HEHbIOTOHOBCKUX cBoiicTB CM 1 Hepery/ispHOi Makpo- reOMeTPHH MOBEPXHOCTEH TPEHHS.

3. Ilpeioxked METOA PELIEHUS] HEU3O0TEPMHIECKOI! 3a/1auu CMA3KK CII0KHOHATPYKEHHO-
TO paiHajJbHOrO NOALIMIHMKA CKOJbLKEHHs Ha OCHOBE PEUICHHS YPaBHEHHS JHEPrud JUs
ToHKOro CC HEHBIOTOHOBCKOH KUIKOCTH, MO3BOJSIOMWIMEA HOAYYHTb IPOCTPAHCTBCHHOE
pacnpeesieHHe TEMIIEPAaTyPhbl H OLEHWTD TEILIOHANPSKEHHOCTb Y1eMeHToB TC.

4. Co3aaH aNropHTM COBMECTHONO PEIIEHUS CUCTEMBI YPABHEHHWH ABMXKEHUS MOJBMIK-
Hbix dneMenHToB TC u ruapoautamMuuecknx aapiiennit B CC, npejina3HadyeHHbii juis 3anay
JUHAMHKH HeaBTOHOMHBIX TC pOTOpPHBLIX MAlMH € Y4ETOM YC/IOBHIA CMa3bIBaHUA HEHbIO-
TOHOBCKHMH ®MIKOCTAMH, W PEaTM30BAHHBIN € UCTO/Ib30BaHWeM MeTona Pynre-KyrTa M
a/1alITHBHOI'O MHOTOCETOYHOIO aJiTOPUTMa.

JlocToBepHoCTb MOJY4EHHbIX Pe3y/ibTaToB 000CHOBBIBAECTCS:

CTPOI'OCTBIO UCTIOJb3YyEMOro B paboTe MaTeMaTH4YeCKOro annapara, OLEeHKaMH MOrpeL-
HOCTell pazpabOTaHHbIX METOI0B U AITOPUTMOB;

COMOCTABJICHHEM PACUETHLIX JAHHBIX, MOJYYEHHBIX A1s pazindnbix TC, ¢ 3KcliepHMeH-
TajIbHBIMH PE3yJibTaTaMu,;

NpUMEHEHHEM allpoOHpPOBaHHbIX SKCIIEPUMEHTAIbHBIX METOAOB HCCIIEI0BaHUA XapaKTe-
PUCTHK CJloxHOHarpyxeHHbix TC u cBolctB CM ¢ ucnosb3oBaHuem cepTHHULHPOBAHHBIX
CPEACTB U3MEPEHHIi U ucnbITaTeNbHOIo 000pY10BaHN,



COMOCTABICHUEM TEOPETHYECKUX PE3YJIbTAaTOB C IKCIIEPUMEHTANBHBIMH H PAaCYETHBIMH
pesynbTataMi APYTHX UCCIIel0BaTeNeH.

TeopeTHueckas H NPaKTHYECKas 3HAUUMOCTD PadoTbl.

T'napoavHamMudeckas TeopHst CMa3KH MONyYHIIa pa3BUTHE, CBA3aHHOE ¢ Pa3paboTKol ma-
TEeMaTHYECKHX MOJIeNeil HeHBIOTOHOBCKOIT cMa3bIBatolIeH xuakocTH B ToHKOM CC cnox-
HoHarpyxenHsix TC.

Paspaborano MeToaMueckoe, aNrOpUTMHYECKOe M MporpaMMHoe obecrieuenne IS Hayd-
HBIX U UCCNEN0BATENLCKHUX paboT, CBA3AHHBIX ¢ H3YUCHHEM BIIHUSHHS PEOJIOTHYECKOTO MOBe-
nenna CM Ha Hecyyro criocodHocTs TC MalluH 1 MEXaHH3MOB Pa3In4HOTO HAZHAYCHHS.

BeisisneHa 3aBUCHMOCTD MEKY TPHOOTIOTHuecKUMH XapaktepuctiukamMu CM u ux peoso-
FMYECKHMH NapaMeTpamu, o0yCIIOBJIEHHBIMU cofep:kanueMm [TAB u 3akonomepHoctsMH an-
copOLMH X KOMIOHCHTOR Ha METAIJIMYECKNX [TOBEPXHOCTAX TpeHus, orpaHnunBarommnx CC.
D10 103BONIMI0 OOBACHMTL Pa3INYMsA TPOTHBOM3HOCHBIX CBOFCTB Haubo/ee pacrnpocrpa-
HeHHbIX CM M oficaTh peXHM MUAKOCTHOTO TPEHHUS B CIOXHOHArpy)eHHbIX TC nopuine-
BBIX MAillHH.

Ipennoxen pacyeTHO-rpaduuecKnii METO] OLEHKH paboTOCIOCOGHOCTH TOALIHITHHKOB
KHJIKOCTHOTO TPEHHS, [O3BOJISIOMMA TPOrHO3HPOBaTh BO3MokHocTH paboTtsl TC mpu pas-
JTUYHBIX COMETAHUAX OCHOBHBLIX TEOMETPUYECKHX MapaMeTPOB, HE BhITIOMHAA JOTIOIHUTEb-
HbIX MHOTOBAPHAHTHBIX BHIYHCIICHUH.

Ipeanoxen criocod ucnonb3oBanus pacueTHolX [MX ans oneHkH pecypcea CloxHOHA-
rpyxennbix TC.

[IpumeHenne paspabotraHHBIX MOZE/NEH W METOAOB IaeT BOIMOMNKHOCTB! MO/C/IHPOBATH
paboty ciaoxHoHarpyxeHHblx TC, CMa3blBaeMBIX HEHBIOTOHOBCKHMHM JKUAKOCTAMU: OLIEHH-
BaTh BIUssHHE HA UX [ MX KoMmriekca KOHCTPYKTHBHbBIX, PCKUMHBIX M IKCILYaTAlIHOHHbBIX
($akTopoB MpU NPOEKTUPOBAHHUH I'MIPOJANHAMHYECKUX ITOAUIHITHUKOB CKOJIbKEHUA; Gonee
o6ocHoBaHO GOPMYIHPOBaTh PEKOMEHIALUMH [0 COBEPLICHCTBOBAHHIO KOHCTPYKTHBHBIX
napametpoB TC u noxbopy CM.

B ®enepanbHoii cayxbe 110 MHTENEKTYanbHOI COOCTBEHHOCTH, NATEHTAM H TOBAPHbLIM
3nakam (POCITATEHT) 3apeructpupoBaHbl pa3pa0oTaHHbBIC [P y4yacTHH aBTOpa KOM-
tiekesl tporpamm  «Henbtoton-1I», «MukpononsapHocTe», «[ToAmUINHHKK CKOJIBKEHUS
MHOTOOIIOPHBIX BasloBy», «[MOKkuii potop-1I», «Mukpopeonorus» u ap., npejHasHaueHHbIC
s aHann3a T'MX crnoxHOHarpyXeHHbIX TOAUIHIHKHKOB CKOJNbKeHHs, paboTaloniux Ha
HEHBIOTOHOBCKMX Macnax [51-62].

Pa3paboTaHbl M 3aniaTeHTOBAHbl OPUTHHAILHBIE KOHCTPYKIMH YIOJ{IIMIIHHKOB CKOJIbXKE-
Hus [63-65] (MOAWNITHIK MOPITHEBOTO MNajblia ABUraTEN BHYTPEHHETO CrOPaHHsA, MHOTO-
CJIOiHbIE paauanbHble MOAMMITHUKA poTopa TypOoKoMIIpeccopa), o6naiaiuiie yiyulleH-
HeiMH [MX 1 mo3BonfioiHe MOBBICHTh HAAEKHOCTL PabOThl COOTBETCTBYIOIIETO Mexa-
HHU3Ma B LICJIOM.

COBMECTHO € KOHCTPYKTOPCKHMM H TEXHOAOrMYECKUMH GIOPO MaUIHHOCTPOHTENLHBIX
NIPEANIPUATHI PELICHbI MPaKTUYECKHE 3a/1a4i 110 NOBBILEHHIO HajleHOCTH TC BHOBL 1po-
exTupyeMbix JIBC (kopeHHble M MIATYHHbIC ITOAIUMITHUKN CKONbKEHUS KOJEHYATOrO Basla,
COMpPSHKEHNE «IIOPUIEHb — LMJIMHAP» Ul cepuM HOBHIX apurarteneit YH 13/15, pazpabarsr-
BaemblXx ['CKB «Tpanciu3ens») U A0BOIKH CYIHECTBYIOLINX KOHCTPYKUMI ([TOAUIHTTHUKK
riopurHeBoro nanbia jsuratens UBH 15/16 npousBoncrsa BrM3, mHorocnoiidbie moa-
wnnHuke Typdoxommpeccopa TKP 8,5C npoussoactsa OAO «UT3-VYpanrpak»).

INonoxeHuA, BBIHOCHMBIE HA 3ALIUTY.



1. Peonoruueckas Mozenbs ToHkoro CC cnoxnoHarpyxennoro TC, otpaxaiomas 3apu-
CHMOCTb BA3KOCTH OT TEMIIEpATyphbl, JAB/EHNA, CKOPOCTH CABHra, C y4eToM dddexTa pe-
JIAKCALMM KACATE/IbHbIX HAIIPSKEHWA M HaJM4YHMA BBICOKOBS3KOI'O FPAHUYHOIO CJIOS HA I10-
BEPXHOCTAX TpeHHs. Bxoasmue B MoJeb NapaMeTpbl, OTPAXKAIOUIHE CTENEHb HEHBIOTO-
HoBckoro nosencHuss CM, onpeieneHbl Ha OCHOBE Pe3y/bTaTOB JKCIIEPHMEHTANIBLHEIX MC-
CIIE/IOBAHUIT PEONOrHYECKOr0 NOBE/ICHUS 3aryILIEHHBIX BCECE30HHBIX MOTOPHBIX Mace.

2. AnanTuBHBIII MHOroceTOYHBIH aNrOpMTM HHTErpHPOBaHMA ypaBHeHHs PeliHonbiaca
s nasnenHit B TOHKOM CC HEeHbIOTOHOBCKOH CMa3blBalOWICH #UIKOCTH, TIO3BONAIOINIL
MOJIENINPOBATL HAIMUHE HCTOYHHKOB CMa3K{ Ha IIOBEPXHOCTAX TPEHUS U obecneunBaromuii
YCTORYMBOCTb ¥ BBICOKYH) CKOPOCTb CXOAMMOCTH WTEPALMOHHBIX JIPOUEAYD B IHPOKOM
JMala30He KOHCTPYKTHBHBIX napameTpos TC.

3. 3aBuCHMOCTb MEkIy TpHOosoruyeckMMH napamerpamMu CM u HX peosornueckumu
CBOMCTBaMH, 0OYCNOBJIEHHBIMH colepkaHieM NMpoTuBou3HOCHBIX ITAB u 3akonomepHo-
CTAMH a;1IcOPOLMI HX KOMMOHEHTOB Ha nosepxHocTax TC, orpannuusaromnx toskuii CC.

4. Mero/l pelieH!s ypaBHeHHs 3Hepruu st TOHKOro CC HEHBIOTOHOBCKO# JKMIKOCTH
Ha OCHOBE TEPMOTHAPOAHHAMMYECKOIO N0/X0/a, B Pe3y/bTaTe NPHMEHEHHS KOTOPOTO 10-
JIYHEHO NPOCTPAHCTBEHHOE pacnpejle/ieHe TEMIEPaTypbl B C/10€ € yueToM TelloobMeHa ¢
OTPAaHMYUBAIOLIMMH €TI0 MOBEPXHOCTAMM TPCHHUS.

5. TlporpammHoe ofecreueHHe Julf BbIIOJHCHHA PacHETOB BBIXOAHBIX [apaMeTpOB
(ruapoMexaHHUYeCcKHX XapaKTePHCTHK) CIOKHOHArpyxeHHbIX TC NOpUIHEeBBIX H POTOPHBIX
MallliH B BH/C NIPOrPaMMHBIX KOMILIEKCOB U [AKETOB MPHUKJIALHBIX [POrPaMM, M03BOASAIO-
LIMX HA PAaHHUX DTanax NpoeKTHPOBaHMS Y3JI0B TPEHUS MaIlMH M MEXaHW3MOB NPUHUMATh
BO BHMMaHHE UX FEOMETPHYECKHE OCOOCHHOCTH, Pas3iHUHbIE BHIBI HArPYXKEHHMs, a TaKKe
CBOMCTBA KOHCTPYKLIMOHHBIX 1 CMa304HbIX MaTepPHaJIOB.

6. Tipumepnl W pe3yiabTaThi pellieHps npakTHYeckux 3anay pacueta I'MX crioxknona-
rpyxenHbix TC NOPILIHEBBIX U POTOPHBIX MAILHH, CMA3bIBAEMbIX HEHbIOTOHOBCKUMM XKHUJ-
KOCTAMM, a TAaK)KE PeKOMEeHJallnu no uiMeHeHuo koHcTpykunit TC u BeIOopy Kiacca Bs3Ko-
CTH MOTOPHOI'O Macjia jjif JABHraresieil BHyTPEHHETo CropaHus.

Peaauzauusn. PaspaboraHHoe MeToaHYecKoe, aJIrTOPHTMHUYECKOE U IporpaMMHoe obec-
neyeHue BHEAPEHO H UCIONB3YeTCS NPH IPOEKTHPOBAHUN THAPOAHHAMHYECKUX CJIOKHOHA-
rpyxkeHdpix TC Ha MalUMHOCTpOMTENbHBIX npeanpustusx: «bapHaynrpancmau», I'CKDB
«Tpancanzenb», OAO «HUT3-Ypantpak», a Takxke B yueOHoOM Kypce «TpuboTexHnka» 1pu
NOArOTOBKE HHKCHEPOB, DakanaBpoB, MaruCTPOB Ha aBTOTPakTOpHOM dakynbrere HOxHo-
Vpainbekoro rocyapcTBEHHOTO YHUBEpPCHTETA.

Anpobaunna pe3yasTaToB. OCHOBHBIE Pe3y/bTATHI JI0J0KEHEB U 00CYKAEHb! Ha KOHpe-
PEHIIMAX, KOHIPECCAX M CUMNO3MYMaxX PaziMuHoro ypoHs: «llosbllieHHe AONTOBEHHOCTH
U KauecTBa NMOAMNIHUKOBLIX Y3108y (Tlepmb, 1989), «AkryansHble npobieMsl MauinHoBe-
nenus»: XII koHdepeHLINsS MOJIOAbIX yYeHbIX HHCTUTYTa MalinHoBeaeHns (Mocksa, 1989);
«Hazex)HOCTb M KayecTBO B IIPOMBILIJICHHOCTH, JHEPIeTHKE M HA TPAHCHOPTE»: MEXAyHa-
poanas HayuyHo-TexHnueckas konpepenunna (Camapa, 1999); XX1 Poceniickas wkona no
npoGneMaM HaykH U TexHonoruii (Muacc, 2001); «AxTyanbHble IPOOJIEMBI TEOPHU U TIPaK-
THKH COBPEMCHHOTO [IBUIraTeNieCTpOeHUA»: MexayHapoanas HaydHO-TeXHHYeckas KoHde-
peHius, nocesuieHHas toouneio TpamyrtuHa (Yensbunck, 2006); «'mapoauHamuueckas
Teopus cMaskn — 120 aer»: MexayHapoaublil HayuHbii cummnosuym (Open, 2006); «IF-
ToMM Rotordynamics» The 8th IFToMM International Conference on Rotor Dynamics
(Seul, Korea, 2012); «/Iuraresns — 2010»: MexayHapoiHas KOH(pEPEHUHs, NOCBAIIEHHAA
180-neturo MI'TY um. H.D.Bbaymana (Mocksa, MI'TY, 2010); «HMccnenoBanue, pazpaborka



W NPUMEHEHUE BBICOKHX TEXHONOTHIl B NpOMBbIIEHHOCTU»: X MexayHapoaHas HayuyHo-
npakTHueckas koHdpepenuns (Cankr-Tletepoypr, 2012); «I[Ipobiiembl U 1LiepCIIEKTUBLL pa3-
BHTHSl €BPOA3HATCKUX TPAHCIOPTHBIX CHCTEM». MEWKIyHapOaAHAA HAy4HO-1PAKTHYECKasn
koHpepenuns (Uensduuck: OYpl'Y, 2009, 2011, 2012, 2013); «ECOTRIB 2011, 3 Euro-
pean Conference on Tribology in tardem with 4" Vienna International Conference on Na-
noTechnology» (Wien, Austria, 2011); «Axryanbtble Lpodnems! Tpuboriorui»: Mexjly Ha-
poaHas Hay4Ho-npakTHueckas koHpepenuus (Camapa, 1999, 2001, 2007, 2009, 20(1);
«Tribology in industry and research. Efficient Material and Energy Usage — Challenges and
Solutions» (Wiener Neustadt, 2011); «15® Nordic Symposium on Tribology» (TpoHxeiim,
Hopeerns, 2012); «Kourpece nsuratenectpontenci» (XAW, Xapokos, Ykpauna, 2010,
2012); «Tpubonorus wu HapexuocTsy»: XII MexayHapoanas xondepenuns (Cankr-
Ilerepbypr, 2011, 2012); «IIpoGnemMbl MamMHOBENCHUS: TPHOOJIOTHS — MalMHOCTpOE-
Huio»: Beepocceuiickas HayuHO-TeXHHYECKas KOHQEPEHLNs ¢ yYacTHEM HHOCTPAHHEIX CHe-
unamctoB (Mocksa, UMAILL, 2010, 2012); «TpaHcriopTHeie W TPAHCTIOPTHO-TEXHONOT -
YeckHe CHCTeMbl»: MesxayHapoaHas HayyHO-TeXHHueckas KoHgepehuns (TroMeHs,
TioMHI'Y, 2013); «IIporpeccuBHble TEXHONOIMH B TPaHCHOOPTHBIX cucremax»: XI Mex-
JyHapojHas HaydHO-nipaktrdeckas koHbepeHunu (Openbypr, OT'Y, 2013); « nHOBauuu 1
HCCACOBAHHA B TPAaHCOOPTHOM Komiliekcen: I MexayHapoHas HaydHO-paKTHYECKas
koHbepeHuns (Kyprau, 2013); STLE Annual Meeting & Exhibition (Atlanta, Georgia,
2011, Detroit, Michigan, 2013, USA); «World Tribology Congress» (Kioto, Japan, 2009;
Torino, Italy, 2013), a Tatke Ha pajge OONACTHBIX U BY30BCKUX KOH(ePEeHIHIX, COBEIAHH-
AX M CEMHHApax MPOMbIUUICHHBIX nipeanpuatuii (1989 — 2013).

Tyb6ankaumnu. Ilo Teme aucceprauuu o1ydaMKOBaHO 65 HaydHeix pabot, Bitodas 20
cTateil B Hay4HbIX N3JaHUAX, peKoMeHaoBaHHBIX BAK P®, 3 nmartenrta Ha nonesHyio Mo-
nenb, 11 cBnAeTENnBCTB O rocyapCTBEHHON pervcTpanuu nporpamm uis IBM.

CTpyxTypa u 00beM auccepTaluH. JviccepTanns COCTONT W3 BBEACHYS, CEMH IJT1aB, 3a-
KJI04eHHs ¥ 8 npuiokeHuit, nnoxkeHa Ha 306 cTpaHHlax MaUIMHOMNHCHOTO TEKCTa, BKIO-
gas 109 unnoctpauuit, 52 tabnuusl, n 6ubnHorpaduyecKuit Cucok, coaepxaniuii 322 Ha-
HMMCHOBaHHA.

COJAEPXKAHUE PABOTbI

Bo BBeaenun 060CHOBaHA aKTyaJIbHOCTh TeMbl, CPOPMYJIMPOBAHA LETb U 3a/a4k Hecne-
JCBAaHUA, 110Ka3aHa HayyHas HOBM3HA M NPAKTHUYECKas 3HAYMMOCTh paboTsl. 1PUBENEHS]
cBezieHHs 00 anpoballiu, pealn3alui U CTPYKTYpe ANCCEPTALIMH.

B mepBoii rnaBe npescraBiicHbl OCHOBHBIE 33a4a4l JIMHAMUKH M CMa3KH CJOKHOHArpy-
#eHHbIX TC, Ha pelleHHe KOTOPBIX HANPABJCHBl YCHIHS COBPEMEHHBIX MCCEI0BaTeNei-
Tpubosoros. OTME4eHo, 4TO B HACTOAILCE BPEMs YPOBECHb PAa3BUTHs BbIUMCIUTCALHLIX Me-
TOJIOB M KOMIILIOTEPHBIX TEXHOIOTHH [T03BONSET HHKEHEPAM H HCCIEI0BATENSIM [TPH MOJAe-
aupoBaHuH K pacdere TC pa3iHyHBIX MAIUIMH YYUTbIBATH LENbIA psjl KOHCTPYKTHBHBIX,
TEXHONOTUUECKIX, POKUMHBIX U IPYFUX [apaMeTpoB, BIHAIOUIHNX Ha paboTy y3NM0B TPEHHUS.
Ocoboe BHUMaHHEe OOBIMHO yaensieTcs reoMeTpuueckuM mapamerpam TC u Buay ero Ha-
FPYKEHHMS, a Takoii KOHCTPYKTHBHBIH napameTp, kak CM u ero ceoiictea, He Bceraa npu-
HUMAIOTCA BO BHUMaHHe. OIHAKO, COBPEMCHHBIE CMA304YHBIC XKH/IKOCTH, UCTIOIL3YEMBIE B
CJIOXKHOHArPY)KCHHBIX y3/1aX TPEHMS, 3arylieHbl PasIMuHbIMM [IPUCAAKAMH, YTO BEIET K
3HAUUTENBHOMY H3MeHeHHI0 yciioBHit pabotel TC. B HEKOTOPLIX cay4yasx 9TO NPUBOMUT K
YMEHBIICHHIO TOJIIIHHBl CMA30YHOH IUIEHKM O YPOBHS MHKDPOYACTHUL, HAaXOAALIMXCA B
CMa3Ke, WM 0 BETHYNMHB MHKPOHEPOBHOCTEH Ha NMOBEPXHOCTAX TpeHus. C Apyroii cropo-



Hbl, HATWYHE NPUCALOK MOXKET CNOCOOCTBOBaTL yBenuuennio Tonwmkel CC u onxospe-
MEHHO BEJIET K 110BBIIIEHNIO 3aTPaT MOLIHOCTH Ha TPEHHE B MOAUIMITHHKOBOM y3ne. B ua-
CTHOCTH, G0JIbLIOE Binsuie Ha cBolictBa CM, B NepBy1o ouepenb Ha BA3KOCTb, OKA3LIBAIOT
NOJIMMEPHBIE 100aBKH, TBEPIIbIE YACTHLLI NOPOLIKOOOPa3HBIX NPHCANIOK HIIM IPOAYKTH H3-
HOCa, a TAKKe MUKPO My3bIpLKH, NPHUCYTCTBYIoUIME B Mache. ITostoMy npu uccnenosanuu
paboTocniocobHoct TC HEOOXOAMMO yuHTBIBATE N3MEHEHHE PEONOTHUECKHX CBOMCTB cMa-
304HBIX KHAKOCTEN M HX BIMAHHE HA MX CNOKHOHArpyXeHHDLIX OIOP XHAKOCTHOTO Tpe-
HUsL: IKCTPEMaslbHbIE U CPEIHHE 33 LHMKJ Harpy)KeHUs ToJIUMHbI 1 AaBnenus B CC; mMakcu-
MaJlbHYIO M CPEHION Harpy3Ky Ha 3JIEMEHTbl CONpSIKCHUA; CyMMAapHbIC NPOTHKEHHOCTH
obnacTel € TOJNILUMHAMM MEHee M JaBieHuamu Oosnee ponyctumblx B CC; cpemuennre-
rpajibHble MOTEPH Ha TPeHHUE, TeMIlepaTypy H pacxoa cMasku B TC; kosdduuuentr nepe-
rpy3KH, JOTyCTUMBIX TONIKH, TeMmIlepaTyp 1 AaBaenuii B CC.

B xnaccuueckodt ruApoAHHAMHUECKOH TEOPHH CMa3KM JIBMKEHHE XKHIKOCTH B TOHKOM
CC TC onucbiBaeTcs Tpemst GyHAAMEHTAJIbHBIMH 3aKOHAMH: COXPAHEHHS KOJIHUYESCTBA JIBH-
HEHHUS U MOMEHTA KOJIMYECTBA IBHIKEHUS B OFPAHHUYECHHOM 00bEME JKHIAKOCTH; COXPaHEeHHUs
Macchl B BHIE YPABHEHUs HEPA3PLIBHOCTH MOTOKA; COXpaHEeHUs 3Hepruu. Jna cnoxuHoua-
rpyxeHHbIX TC x ypaBHEHHAM, COCTaBJICHHbLIM Ha OCHOBE 3aKOHOB COXpaHeHus, Ao6aBis-
I0TCSl YPABHEHHS ABHMXCHUS HX ITOJBHIKHBIX 2JIEMEHTOB.

Teopus pacuera ruaponuaaMuueckux TC xapak-
TEPU3YETCs COBOKYMHOCTBK) METOJOB PpElUCHHSA
B3aMMOCBSA32HHBIX 3a/ay: PCUICHHE YpaBHeHU#t au-
HAMMKM MHOrOMAcCCOBBIX MEXAHUUECKMX CHCTEM, B
TOM 4HCIIe YpaBHeHHH JBHKEHHS MOJBHIKHBIX Mie-
MeHTOB TC; penieHns 3amay AMHAMHUKH CIUIOUIHOM
cpeasl A1s onpeaenenna naeneHui B CC, pazae-
JIAIOLIEM TOBEPXHOCTH TPEHHs HEMICAIbHOH reo-
METpUH TIPH NPOM3BOILHOM 33KOHE HX JBIHXKEHUS
OlleHKa TeMIIepaTypPHOTO COCTOSIHHSA CHCTEMEI; On-
peiesieH|e ¥ ONTMMIU3alins HHTerpaibHbix TMX.

Js uccnenoBaHui QuHaMuKy onopul HUOKOCH-
H020 mpeHus OOBIMHO paccMaTPHBAIOT ABHIKEHHE
wuna Ha CC B nogmunuuke, B mpocrpaHctBe ko-
opaunat OXYZ jsuxkeHHe 1M1, BPALLIAIOLIErocs ¢
Puc. 1. Cevenne moammnyuuka YIJI0BO# CKOPOCTBIO @) (PUCYHOK 1), onnchiBaeTCA

cuCTeMON  MPHOMDKEHHBIX  An(QEpenInaNnbHbIX
ypaBHEHHI

mU(t) = F(ry+ RU,UY 1)
3neck U()={X.Y,Z,yv.Yy.¥2z} — BeKTOp 06OGIIEHABIX KOOPANHAT LIKMA; /71 — MATPULIA
wnepuun umna: (A} = {mmm,J y,Jy,Jz}. mJy,Jy,Jz — macca u MOMEHTBI HHep-
L{H 1LHNa, r7zj¢,» =0, i=1,.,6, j=1,..6; F()={Fy ,Fy.Fz .My , My, Mz} — BexTOp
M3BECTHBIX HArPY30K Ha LIMM, OpeicTasneHHbii cunoif F ¢ mpoexkuuamu Fy,Fy,F7 na
ocH cucteMbl koopaunat OXYZ u momentom cun M ¢ npoekunamu My, My Mz ;
RWU,Uy={Ry,Ry,R7,M y,My,M;} — Bekrop Harpy30K, 06yc/IOBICHHBIX THAPO/HHA-
MuuecKnMH JaBnieHusmu B CC; ¢ — Bpems.



Tuopoounanuveckue dasrenus B TonkoM CC HBIOTOHOBCKOMH *XUIKOCTH OOBIYHO ONpe-
JIeNISI0T 1P COOTBETCTBYIOMIUX JOMYIIEHUAX pEelIeHHeM ypaBHeHls PeiiHonb/ica, koTopoe
JUTsl pa/iAIbHOM OMops! B 6e3pa3sMepHOM BH/IE 3alIMCBIBAIOT CIIEAYIOILNM 06pa3zoM:

5 (3 6F). 6 (7365 k. ek

L[m@ﬂ#_ hzif_’]:ﬁg,,[gg_uzi_j, @
o ce) cz cz o ct

rae p :pl//2 pgwy) — Gespasmeproe nagnenne B CC; W =My /¥ — oTHOCHTENLHAS Xapak-

TepHas tomunda CC; I, = u ), / f1g — GespasMepHblil KO ULMEHT TMHAMUYECKUH BA3KO-

ctu CM; L1y — xapakTepHsiii aMHaMudeckuii kosdduunent Baskoct CM; @y — xapakrep-
Has yT/I0Bas CKOPOCTR; [ = @yt — GespasMepHoe Bpems; QQ=(w| — @)/ ayy — GespasmepHas
YIJIOBAsk CKOPOCTD BPaLEHHs IIHIIA; ¥ — paguyc WHIA; ¢,Z — yrjiaoBas i oceBas KoopAHHa-
815 h(@,Z,7) — 6espasmepnas Tonunaa CC; 0 — YrioBas CKOPOCTb NOAILHITHHKA.

[Tpu uHTerpupoBaHuH ypaBHeHHs (2) B obnactu §_2:((p€0,27r;26—a,a) yae Bcero
OPUMEHSIOT rpaHnyHble yeiaoBus Ceudra-lUtnbepa (CI), xoTopele 3anuchIBalOT B BUIE
CNEAYIOWHX OrpaHudenuii Ha Gynkuuo ple, 2 ):

plo.z =ta)=pa: p(.3) = p(p + 27.5); pl9, %) 2 0, &
p(p.2)=Ps nalp.z)eQg.S=12.5".

3neck QS — 00J1aCTh HCTOYHUKA CMA3KH, /1€ AaBJICHNE NOCTOSHHO U PaBHO JABJICHHIO 1TO-

*
Jaim pg, S — KONM4ecTBO UCTOYHUKOB.

B ocHoBe meoputi menaosvix npotjeccog, TPOUCXOAAIMIMX B CHCTEME «IUHIT — ¢MA30YHbIH
CJI01 — NOAIINIHUKY», UCTIONB3YIOT 0000HICHHOE YpaBHEHHUE YHEPIUHK (TEIUTONIepeHOca) Al
CC BS13KOI KUJIKOCTH:

- 2
, T cT or c°T

oT
—+peo| Vy—+V, —+V, — |-
28] o el ¥y or ¥ By LAP. Ao @)2

rae p,cqp, AO — IUNIOTHOCTb, Y/1€JIbHAA TCIVIOCMKOCTE M TCIJIONPOBOJHOCTh CMA3KH (O6bl‘-lH0

=1, Q)

IPHHHUMAKOTCS IOCTOSHABIMK); T(X, ¥, 2,t) — TEMIIEPATYpa B TOUKE C KOOP/IMHATAMH X, ¥, Z;
Vy,Vy,V, — KOMIOHEHTBI BEKTOPa CKOPOCTH IEMEHTApHOrO ofbheMa CMasKu. pacriono-
HEHHOTO MEXAY IByMs NOBEPXHOCTAMH TpeHMs; [ — AMCCUNATUBHas (QyHKLME, onpese-
neMast CeIyoUUM IIPHONHKEHHBIM BBIPAXKEHHEM:
2 2
oV, ov,
-+

A=u ay Jy

&)

IMepBoe ciiaraeMoe B JieBOi YACTH ypaBHeHHA (4) oTpaxaeT W3MEHEHHE TEIU10CoepXKa-
HHA BBIACTIEHHOrO 3JEMEHTApHOrO 00beMa CMa3KH 3a CUET M3MEHEHHS TeMIepaTypsl BO
BpPEMEHH, BTOPOE CjlaraeMoe Bhlpa)kaeT 3aBUCHMOCTh OT KOHBEKTHBHOI'O flepeHOCca Terio-
TBL, TPEThE — 3a cUeT TenonposoaHoctu nornepek CC. duccunanus 3Hepriy COOTBETCTBY-
€T KOJIUYECTBY MeXaHWYECKOH YHepruu, HeodpaTuMO Mepenre/ueil B TernioTy.

B 3aBHCHMOCTH OT TOTO, KaKUM NpejAcTaBNgeTcs pacrpeaeneHue temnepatyp 8 CC u ka-
KOB xapaktep Temnoorsoaa B TC, HCMONb3YIOT TPH OCHOBHBIX MOMX0/Aa: TEPMOTHAPOINHA-
MHUYECKUH (HEM30TepMUYECKHil); aanabaTnueckuil; N30TepMUUSCKHH.

B rnaBe Ttaxke npeactaBieHsl Hanbonee W3BECTHBIE PEOSIOTHYECKUE MOJE/IH, OMUCHI-
BalolIle CBOHcTBa coBpeMeHHbIXx CM, a Takxe CyUIECTBYIOUIHE MCTOAHKH pacyeTa MoA-

11



INMITHUKOB CKOJBKEHHUSA, YUHTBIBAIOLIME HCHLIOTOHOBCKOE TOBEJEHHE MOTOPHBIX MAacell.
Vka3aHHble Pe0JIOrHYECKNE MOAEM YCIIOBHO NMOAPA3AeIIsAIOT HA TPH KATETOPUH: CTPYKTYP-
HOBA3KHE, ONHCHIBAIOLIME 3aBUCHMOCTb BA3KOCTH OT CKOPOCTH CIABHIA; BA3KOYNPYTHE, YUH-
TEIBAOLME BpEeMs pelakcaluy  KacarenbHblX HanpsxkeHnit B CC;  crpykrypHo-
HEOJIHOPO/IHbIE, ONUCHIBAIOILME [I0BEJEHHE CMa30K C TBEPABIMM, XKUIAKHMH HITH ra3o00pas-
HeIMH daszami. [IpoBeneH Takke 0630p paboT, NOCBAILCHHBIX HCCIEAOBAHUAM 3aKOHOMED-
HOCTEH M MEXaHU3MOB M3MEHEHUA BA3KOCTH CMAa3blBAIOIIMX KUAKOCTEH no tonuuHe CC
BCJIE/ICTBHE KOHTAKTa C OKPY)KatOUIMMH €r0 TBEP/IbIMH IOBEPXHOCTAMM.

CosMecTHOE pellieHHe cucteMsl ypasuenuii (1), (2) u (4) 103BoAsAET NpoaHaIU3HPOBAThH
npotieccnl, npotexawmure B TC, u oteHuTs ux pabdotocnocobHocts. Ilpu 3Tr0M nommmo
KOHCTpYKTHBHBIX ocobeHHocTeit TC Bce Gonbliee BHUMaHKUE CTal0 YAENATECH PEONOruye-
ckum napamerpaM CM, oka3bIBalOIMM HENOCPEACTBEHHOS BIMAHUE HAa THAPOMEXaHHYe-
CKHE XapaKTepUCTUKH CJIOKHOHATPYKEHHbIX NOAIIHITHHKOB CKOJbKEHUS.

B xauectse xpurepmnes paborocnocobnoctn TC 0ObMHG MCNONB3YHOTCA HAUMEHbILAA
nonycrumas TonunHa CC 1 Hanbolbiliee A0NYCTHMOE THAPOIHHAMMUYECKOE JABIIEHHE.

O0630p HayuHbIX CTaTeil M TeXHHMYECKOH JUTepaTypsl NOATBEPAW] NPaBUILHOCTbL BbI-
OpaHHbIX HanpabBicHUH paboThl, NEAH 1 3aaUM UCCASAOBAHUA.

Bo BTOpOii rnaBe paccMaTpUBAETCA METONOJOTHA PacdeTa MMAPOAMHAMUYECKUX CHJ B
ToHkoM CC HeHbIOTOHOBCKHX skuikocTeil. TIpe/icTaBiieHbl OCHOBHBIE JOMYUIEHHS H MOJIO-
KEeHHMA METOUIKH, ONHUChIBatoLINe npouecckl, npoucxoasme B CC ciiokHOHArpyKeHHOro
TC. Pacuet ruapoanHaMuyeckux cHil wid peakuuit CC ﬁU OCHOB2H Ha OIpeAeJICHNH N0

naeyieHuit, BosHukatomwnx B CC, KOTOpbIE IS HEHBIOTOHOBCKHX JKHJKOCTEH onpenensin
MHTErPUPOBaHHEM MOAH(ULIHPOBAHHOrO ypaBHeHus PeiiHonbaca:

-2\ ] . 2 — B
O g $r¢': PRI ras 52_@ pic 2 PR Py WY I v BT
op & Co| oz éo zZ | O¢ i ot

3aecbp, Z= z/r, —a<IZ<a - Ge3pamepHsle: mIoTHOCTs CM, KOOpAMHATA 110 LIMPHHE
NOAILUKIIHKKA, 1 — [ApaMeTp, XapaKTepH3yIOliuii cTeneHb HEHbIOTOHOBCKOIO IOBEACHH A
CM; a=B/D — OTHOCHMTENbHAs UIMPHHA NOAUIMIIHUKA, B,D =2r, ¥ — COOTBETCTBEHHO,
WMPHHA, JHaMeTp, PafUyC NOAWMIHMK]; Ge3pasmepHas TomuuHa CC 4 u ee npou3BoxHas
ol /8t , kotopbie onpeaenaiotes hopMysamMu

5:1~ZCOS(¢‘5)+EA, EA =A1(n)-2x{r2): (7
oh et = -y cos(p —5)— ySsin(p — &)+ Ohy [OF .
THE ¥ — OTHOCHTCLHBIA JKCUEHTPUCHTET; § — YIONl OTHOCUTENLHOTO NONOMKEHHMA IMHAN
ueHTpos; A, Ay — MaKPOOTK/IOHEHHS PAJHYCOB BTYJIKH M LIMMA OT HX HOMUHAILHEIX pa3-
MEPOB;

7
b= |7 a5 k=012, ®)
0
3aeck [T — HEHBIOTOHOBCKas Bsi3kocTh CM; J — 6espasmepHas xoopauHara nonepek CC.
B kauecTBe rpaHHYHBIX YCIOBHI HCMO/b30BaNy BoipaxeHHd (3).
T'pasventsl CKOPOCTe# CjiBMra 1 COOTBETCTBYIOLINE CKODOCTH DIEMEHTApPHOTo obbema
cMa3ku B 6e3pa3MCPHOM BHJIE OIPEASNAIH ClEyIOMIMMH BhIPAKEHHAMM:
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617_,( =L_ g Enﬂ ¥ ¢Z_1 op . (’:V_v _ 1_ -/7”” 7 (E] %; (9)
& H ¢ ¢y ) Cp &y ¢y ) €z
%o (5 & 1 3P ¢ 1G
V. =—Q+ . : n+ V.= ,—_1 1”+1 op
x %o i, ¢O¢ ) B == ¢y B0, =
— = lleh o _y @y 100y
VYZ/‘I =—AV, V- |-—————— . 10
B4 v h e(p( X q.\»\ ) 6(,0 a a(p ( )

3neck 7,,, 7., — O€3pasMepHbIE PaCXO/Ibl CMA3KH.

DddexT penakcauun kacaTeNbHBIX HanpskeHHH B CC BA3KOYNPYTHX KHAKOCTEH yun-
THIBaJICA JIHOO HA OCHOBE BBIYHMCIIEHHSA COOTBETCTBYIOLLE NONpPaBKH AJ1i AaBACHUI

!
p=plr=tge 10V )le"/l fe!/* poy . (1)
i fo

160 Ha OCHOBE mpedioxeHHoro B paforax Paranjpe moaxoja, KOTOpPsIN 3aKIOYACTCH B
KOpPEKTHPOBKe ACHCTBYIOMEH BHEWHEH HArpy3kH € Y4eTOM BPEMEHM peflakcauuu A, xa-
paKTepU3yIOLIero 3ana3ablBAHHE H3MEHEHHH KacaTeNbHBIX HAIPSKEHHH OTHOCHTENILHO W3-
MEHEHHUI CKOpOCTel caBura

F=F+Aw,6F /6. (12)

CKOppeKTHpOBaHHAs TakuUM 00pa3oM BHEIIHAS HAarpy3ka YUWTBIBae€TCA MPH PEUICHUH
ypaBHeHMi aBHxKeHus (1).

Jns pewenns ypasHeHus (6) pa3paboTaH alaNTUBHBEIN MHOTOCETOYHBII HTCPAIIHOHHBIH
METOM pacuera noJjs ApoJMHaMHYecKiX AaBleHHH B TOHKOM CC CI0KHOHATPYKEHHBIX
TC ¢ y4eTOM HEHBIOTOHOBCKHX CBOHcTB CM M NMpON3BOJBHONH reOMeTpHH [HOBEPXHOCTEMN
TpeHUsl, OCHOBAHHBIH HAa TCOPHUHM ONOPbl «KOHEUHON» anuHbl. YpaBHeHue {6) ¢ orpaHuue-

HHAMH (3) B CETOUYHOIM obaacTu S(k), rae k — HOMEp CeTKH C HiaraMmu A((j‘;) H A(Zk), afl-

IPOKCHMHPOBANIOCH KOHCEPBATUBHON PA3HOCTHON CXEMOM M 3aMiCHIBATOCH B ONICPATOPHOM

BHJIE L(k)p(k) :F(k), rae L — nuddepeHunansHulii onepatop, a L(k)p(k) — COOTBETCTBYHO-

") g coceHMX y3nax. 3aaa4a (6) ¢ orpa-
HudenneM p >0, M3BecTHas B BBIUHCIIMTENLHON MaTeMaTvke, Kak JiMHeiiHas 3ajava Jo-
TIOJHMTENBLHOCTH, pellianach ¢ MOMOIIbIO MPOEKINOHHOTO MeToda. Bxauasne, nocie S-oif
UTEpaLH HaXo/HI0Ch NpeABapHUTENBHOS 3Hauene JaBJIeHUs
p(k’SH/z) = p&) 4 Ap®5*D 4 satem — ero mpoerima phs ) = max{O,p(""'Hl/z)).
UnciteHHBIMH IKCIIEpUMEHTAMH YCTAHOBIIEHO, YTO NPH TPEX YPOBHSX CETOK M YHCIIe UH-
TepBajiOB HA CaMOH MEJIKOH M3 HUX M¢ = 96, Nz =25, obecrneunBatoTcs OTHOCHTENBHBIE

HINE €MY BBIPDAXKCHHA, BKIIIOYAIOUINUE 3HAYECHHUA D

NOrpelIHOCTH pacueTa AaBJICHUN He Bpllle 107*. B s1om cinydae I'MX cioKHOHArpyKeH-
HbIX OIOP XKHAKOCTHOIO TPEHHA B paboyeM Anana3oHe 4acToT BpallCHHA Olipeae/IsIn C No-
rPEenIHoCcThIo He Bhie 3%. CxeMa ajanTHBHOrO MHOrOCETOYHOTO airoOpuTMa MeTona pe-
uleHus ypaBHeHuil PeliHonbaca (6) npeacTaBieHa Ha PUCYHKe 2.

B pa3paboTaHHOM azanTHPOBAHHOM MHOIOCETOYHOM METOAE HHTEIPHPOBAHHSA ypaBHe-
HUA (6): BbISBJIEHBl KPUTEPHH MEPEX0/Ia MEKIY CETKAaMU Pa3HOTO YPOBHS; ONPEEIeHO KO-
JMYECTBO MTEPAUHH U KPHTEPUH 3aMe/UIEHHA CKOPOCTH CXOJMMOCTH Ha Kak/I0M YpPOBHE
ceTok k ; 000CHOBAaH BM/ IKCTPANOJALMOHHBIX M HHTEPNOISLUMOHHBIX (HOPMYJI, HCIOJIb-
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3yeMbIX NPU NEepexojle MeXKAY CETKaMHM PasHOro YPOBHS; YKa3aHbl NMPUEMBI obecrieyeHHs
orpanudenns plp, =)= 0 w3 orpanuuennit (3). Mcrounuku nonaun CM 3amensuin npsmo-
YronbHbIMH 007aCTAMH C TOYHOCTLIO 110 1IAra caMoi Menkol ceTku. B kayectse rpanny-
HBIX YCIIOBHil IIPUHHMAIOCK, YTO /IaBJICHHE B 3TUX 00.1aCTAX PaBHO AaBjAEHHIO nojadn CM.

Puc. 2. Cxema a1anTHBHOIO MHOTOCETOYHOFO anroputMa (AMA)
[, I1, [l - HoMep ypoBHs ceTku; 1, 2, 5 — KOIMUECTBO UTepaUUit
B rnaBe npeacrtaBieHbl Takike ONOK-cXeMa aJANTHBHOIO MHOTOCETOYHOTO alirOpuTMa
peleHHs ypaBHeHHUS (6) u BoIpakenus ang I MX cnoxuoHarpy:xeHsoro TC.
IToTepu MOLHOCTH Ha TPEHHUE ONpeACsid HHTerpupoBaHueM no obvemy CC nuccuna-
TuBHOH yHKuUNK paccenBaHus (5)

h
N=|[| [#dy |r dyp &, (13)

Q;\0

- * P — *
roe Q4 =0 -Qg; QA — axktuBHas obnacte, rae pl(e,z)>0; Qg — obnacts, 3aHATas
BCEMU HCTOYHHMKAMHU CMa3KH.

T'paauentbl ckopoctel B CC HEHBIOTOHOBCKHX KHUAKOCTEH onpeiensiy U3 BblpaxeHui (9).
Pacxon cMa3ku B OKPY»HOM H OCEBOM Hallpap/IeHHAX B OOLLEM CJIyHae COCTaBMII

2 2

BD yw BD v

Q¢=—21/—°q¢; 0: =-=——"1g:. (14)
T2 a -2
rae q(p:l Q h ¢ ¢_L dz_—l IE'H-Z 52_¢1T Opd_
4| 2a %o a_, g Jow

Pr -2 -

17 - - @& |°p
= —= [ -2 |ZR G |. 15
4= =7 aj ) o |2z ® (15)

Ha ocHoBe nosyueHHOro nosist I'HAPOAHHAMUYECKHX JABJICHUH ONPEACIANHN Peakluy co
ctopoHbl CC Ha wun

Ry = kgR,(u,1t), rne kp =BD y()(uo/ulz ;

cos@ .
RU—{Ry]_ 4a .” Lin(p:|d(par. (16)

Ha ocHoBe pe3y/IbTaToB YMCIICHHOIO nHTerpupOBaHm ypaBHeHus PeilHonbaca u ypas-
HEeHUil ABMKeHUA noasukHbIX demMeHToB TC onpeaenann T'MX.

UuncieHHBIMA Mccre J0BaHUAMH ObiTo ycTaHoBieHO, 4To 3¢ deKTHBHOCTE pazpaboTaHHo-
TO METO/Ja H CO3JaHHOIO Ha €ro OCHOBE YHCJICHHOIO aJIrOPHTMa B/BOE BBIILE W3BECTHLIX
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BEPCHIi, HEe MPEeIYCMATPUBAIOIIMX [EPEXOIIB MEKTY CETKaMH Pa3sHOro yposHs. B mmccep-
TAlMH IPHBOASTCS NPUMEpPB] IPUMEHEHHs pa3paboTaHHOro METOAa /Ul pacyeTa nonsd ruj-
ponuHamudeckux NaBneHui B CC HeHbtoTOHOBCKUX kuaxocted TC ¢ uctouHunkamu cMas-
KU Ha [TOBEPXHOCTSX, HX OTPAHUUYHBAIOIINX.

TpeThsi rj1aBa COACPKHT OCHOBHBIC TOJIONKEHHSA, JOMYUICHHS M OOOCHOBAHHSA JUIs
co3/taHus peojorndeckoid Mogenn CM ¢ HEHBIOTOHOBCKMMHU cBOiicTBaMu. B ruapoannamu-
4eCKOil TeOpHH CMa3K¥l NMPHUHATO Ha3biBaTh HHIOTOHOBCKIMM MAcia, PEOJIOTHYCCKOE [0BE-
JIeHHe KOTOPBIX COOTBETCTBYET 3aKkony Hrtotona-Ctokca o IMHEHHOH 3aBHCHMOCTH MEXKAY
KacaTesbHBIMH HanpsHKeHUSAMH H CKOPOCTBIO CBHIa:

=, (17)
rie T — HalpsXCHUE CABUIa; 4, — KOOYGUUMECHT JMHAMHUCCKOM BA3KOCTH, ABAAOIIMHCA
(ynkuueii Temnepatrypsl 1 W ruapoauHamuueckoro gasienus p B CC (HbIOTOHOBCKas

BA3KOCTB); 7 — CKOPOCTH ciBura, 7 =.,I,; I» — Bropoii HHBapHaHT ckopocTeil casura

Iy =@V, fov) +(ov./ovY .

ABTOp IpUIEpKUBAETCA KOHUCMLNH, 4TO J11000¢ oTKIOHeHME 110BeAeHHs CM 0OT 3akoHa
(17) cBunerenscTBYeT 00 H3MEHEHHH €TO PEOJIOTHYECKUX CBOMCTB, 8 CMa304YHBIE HIKOCTH
B 3TOM CJly4yae Ha3bIBAOTCA HEHBIOTOHOBCKMMH, HE3aBUCHMO OT IIPHYHHbBI BOSHUKHOBEHHS
yKa3aHHEBIX CBOWMCTB. B o0iieM ciyyae, K HEHbIOTOHOBCKOMY TMOBEACHHIO ObLIH OTHECEHBL
mobsle aHomanuu, HaOMOJaeMble MPU TedeHHH JKUAKOCTH. HekoTopas xkimaccudHkanus
CMa3bIBAIONINX JKUAKOCTEH CXeMaTHYHO NpeacTamiena Ha pucynke 3.

Cma3biBaonINe KHAKOCTH

Knaccuueckan | HeH10TOHOBCKHE JKHIKOCTH
(HIOTOHOBCKHE KHIKOCTH)

I CTpPYKTYpHO-BA3KHE
—lr MuxkponossipHbie
I HeenaonnacTnunnie i

-[ Fasocojepikamme

—! CTpYKTYPHO-HEOAHOPOIHEIE

l JinnaTantHbie
—[ Cycnensuun
l Baskoynpyrue

| JApyrue |_J hlr IMYJILCHH

Puc. 3. Pazuunbie BHABI CMa3BIBAKOLIMX KUAKOCTEH

B ocHOBY HOBO#l MaTeMaTH4eCKOil MOJENH /U HeHBIOTOHOBCKOH KHAKOCTH Oblla 1O-
noxeHa dopmysa Octanbia-ne Bena, Bbipakarowas CTEHNEHHYIO 3aBHCHMOCTL BA3KOCTH
CM ot BTOpPOIc MHBapHaHTa CKOPOCTEH CABHTa ¥ TPEXKOHCTAHTHAs 3aBUCHMOCTb BA3KOCTH
ot temnepatypel CC. Ilapamerpnt u koddduumeHTsl, BXOAAUIME B MAaTEMaTHYECKYIO MO-
Jens, 6puh nonydensl coBMecTHO ¢ WL.I. JleBanoseim [8, 37] asst psaa BCece30HHBIX MO-
TOPHBIX Mace/l, OTHOCAIIMXCA K PA3M4HBIM KNaccaM BA3KOCTH, HA OCHOBE JKCIEPHMEH-
TaJIbHBIX HCCIIEJOBaHHIA.



Ipeioxentas peonornueckas Mozaenb CM oTpaxaeT 3aBHCUMOCTH BA3KOCTH OT TeMIie-
patypbl cMa3KH, I'/IpOAMHaMU4CCKOro nasieHus B Tonkom CC, ckopocTelt caBura; npeay-
CMOTPEH YueT pellakcaluy (3alla3/1biBaHHe U3MEHEHHH BA3KOCTH IIpU ObICTPOM HapacTaHuM
TUAPOIMHAMHUYECKHUX /1aBICHHI) H BBICOKOBS3KOTO IPAaHUYHOIO CJI04.

B npouecce HaxoxaeHus FHApoAnHamudeckux aaBineHnd B CC (1. 2) ans kamnoii Tou-
Ke CeTki ¢ KoopamHatamu (i, j) 3HadeHWe BA3KOCTH OMPEAENs/M B 3aBHCHMOCTH OT pac-

CTOSHHS ¥} OT MOBEPXHOCTH TPUOOCONPSIKEHHS:
" . 0, inin < hgon,>
p=p (Top,y)+ (0= 9)pgexpl= v /1), Y =0...h, 9= L (18)

min = ()oru
(Y N S
{1, )-)2. ¢, [c/lr, YA b eren i T

H -Cre
(1 L
C:/(T +C3»+/3( }p

* .
e p (T,p.y)=
}} > };2 »
,u1, ‘uz — fepBasa 1 BTOpad HBIOTOHOBCKHEC BA3KOCTH, COOTBCTCTBYIOLIUE HU3KHM U BBICO-
KUM CKOPOCTAM CABHIE, lh — NnapamerTp, XapaKTepPl:iyK)U.IHﬁ CKOPOCTB IOBLILICHHAA 3HTp0-

NMMHU U CHUKCHHA BA3ZKOCTH CMAa3KH M[PH YAAJCHHU OT IMOBEPXHOCTH, HUMEOLLHH pa3Mmep-
HOCTb IMHBL, fl — OapaMmeTp, HMEIOWHHA CMBICI YCJIOBHOTO 3HAYCHHUA BA3ZKOCTU Ha bec-

* -
KOHEUHO MalOM PACCTOSHUH OT OrpaHMdHMBaioNIell moBepxHocTH; i (T,p,}) — HEHbIOTO-
HOBCKas BA3KOCTL Macia B o0beMe; Cp,Cy,C3 — KOHCTAHTBI, ABJSIOMIUECH IMITUPHYECKHMH
xapaxktepuctukamu CM; T, — pacyeTHas TeMIePaTypa; [}(Tp) — Mbe30Kk03dNLUNEHT BA3-

KOCTH; Y|, J2.— OPOrOBbl€ 3HAYEHHsS] CKOPOCTEHl CHBHUra, ONPENEISIOTCH JKCIEPHMEH-
TaJlbHO.
Tpu peLueHHN H30TCPMUUECKOH 3a/1a41 CMA3KH B KAYECTBE PacueTHOl Temneparypst T),

Obila HCIIONb30BAaHA CPEAHAS TeMIepa-
typa CC, nomyueHHas Ha OCHOBe pellle-
HHs ypaBHEHMs TemaoBoro OanaHca. B

S

' W7, p.7) HEU30TEPMHYECKOIl NOCTAHOBKE pacHeT-
[/ Hble 3HAYEHHs TeMIepaTypbl B Kax/oi

TOYKE CETKH HaXOJHWIM NPH YHCIEHHOM
\ pELIeHNH YPaBHEHHS JHEPTHH (CM. rnaBy

4).

Jnsa ydera M3MEHEHHS BSA3KOCTH MO
tomuuHe CC (1o KkoopauHate 3 ), KOTO-
poe BbI3BAHO BIHSHHEM BBICOKOBA3KHX

Puc. 4. K onpenenenuto rpaHnil H3MeHe- CJI0EB CMA3KM, afcOPOGHPOBAHHBIX HA 110-
HHA BA3KOCTH MO TOAUUHE CNIOA BEPXHOCTAX TpeHHUs (PHCYHOK 4), npeae-
JIbl UHTErpupoBais B (8), (13) M3MEHANH HA BEJIHUHHY dTHX CJIOEB )|, BA3KOCTb KOTOPBIX

CHHTACM HECPABHHUMO 00bILOH 110 CPABHCHHIO C BA3KOCTHIO B CEPCANHE CJ104. Takum 06pa-

* .
30M, 3Ha4eHHe BA3KOCcTH B cepeaune CC npupaBHUBaeM U (T, p,y), a B CJIOSIX, [IpHIIEraio-
LIUX K TOBCPXHOCTAM TPCHHUA, IIEPECUUTHIBACM 3HAUCHHE BA3KOCTH B COOTBETCTBHHU ¢ (18) 1
B NpeJe/IbHOM NPUOMIKEHUN NIPUPABHUBAEM BEJIMUMHE Uy .
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IlpoTviBON3HOCHBIE CBOHCTBA COBpeMeHHBIX CM, 06ycnoBiIeHHbIe HAIMYHEM COOTBETCT-

BYIOIHX NPHCAIOK, MOKHO OOBACHHTL TEM, YTO TONINHA BLICOKOBA3KHX aACOPOLIMOHHBIX
CJIOEB Vi 1O BEJMYHMHE CPAaBHHUMA, 3 UHOI/A MPEBLILIACT THIMYHYIO BBICOTY IIEPOXOBATO-
CTel KOHTaKTHPYIOWMX MOBEPXHOCTEH ciokHOHarpyxkeHHbIX TC. Taxkum olpasom, npu
pacyeTe 11015 TUAPOAMHAMUYECKNX AaBIeHHH B TOHKOM CC HEeHBIOTOHOBCKHX KHAKOCTEH
(6) HEOOXOAMMO YYHTHIBATH, YTO HAIUYHE AJCOPOLHOHHBIX CIIOEB BeleT K YBCIMYEHHIO

(baKTHYECKOH TONIMHB] Pa3IEISIOIEro ¢I0s Ha BEAUYHHY 2V).

Ha ocHoBe MpUMEHEHUS MpeUIokeHHOH peosiorndeckoit Motenu (18) s pacuera noss

*

= i_ ’ ——  OxcnepumenTt [e3nma
H — — =~ Pacuer aBTOpa
T - i '
e R e T e ~o ‘: |
.7>“\\\/ Macio B
0.8 7 \ . i
Macno A \ A
Ry ~
0.6 ~—
i
0.4 i ’
3 4 < 6 N &
10 10 10 10 10 y,c-ilO
Puc. 5. 3aBHcuMOCTE Ge3pa3MepHOIl BI3KOCTH Maced OT
CKOpPOCTH CIBUTl'a
15 ;
hmin [ 1
Ve P¢ayneTath! dKCnEpH-
MKM MEHTa Paranjpe u 1p.
10
Pacuet Het0-
TOH.KHK.
5 Q 1
Pacder ‘ Paranjpe 1 1p.
0 HEHBIOTOH. KHIK. |

0 180 360 540  Q.rpaxn

Puc. 6. MuHUMAahLHas TOAIIMHA CMA30YHOTO CJI0A B
KOPEHHOM MOJIINITHAKE B 3aBUCHMOCTH OT yIJjla no-
BOpOTa KOJIeH4YaToro Bajia aguratens V6 GM
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THAPOAMHAMHYECKHX  JlaBlle-
uuit B tokom CC HeHBIOTO-
HOBCKOI KH/KOCTH pa3zpado-
TaH CleUHalbHBIH ANrOPUTM,
FO3BOJIAIONINIT YTOUHHUTE Npe-
Jlelbl UHTETPHPOBAHUS B BhI-
pakenusx (8). (13).

Jlna mposepkn azekBaTHO-
CTH PEOJIOrHYecKoil Moagenu
ObUIM  BBIMTOJIHEHBl TECTOBLIE
pacueTsl JUT CMa304HBIX Ma-
ces, CBOHCTBA KOTOPBIX Ofu-
caubl B padore ['ezuma. Pe-
3yJIbTaThl pacueTa cpaBHUBAIH
C  OKCNEPHUMCHTAJILHBIMU U
pacyeTHBIMH JaHHBIMH, [PEil-
cTaBJIieHHBIMU B paboTe. 3aBu-
CUMOCTH 0e3pa3MepHOil BA3-

KOCTH [ = y*/,ul macen Au B

oT CKOpOCTCFl ¢aBura  1mnpu

T =100°C mnokazaHbl Ha pH-
CyHKe 5.

B xauectBe Jpyroi Tecto-
BOH 3a7auM (pHCYHOK 6) ObLn
BBINOJIHEH CpaBHUTENBHBIN
pacuer IMX Tperbero xopes-
HOrO TMOJUINIHUKA KOJEHua-
Toro Bana jgsurarens V6 mpo-
u3BoxacTBa komnanun General
Motors, npeicTaBiCHHBIH B
pabore Paranjpe, Tseregounis

u Viola. Pe3ynbTaThl pacyera cpaBHUBAJIM C IKCIIEPUMEHTATBHBIMY H PACYCTHBIMHU J1AHHBI-
mH Paranjpe u ap., nojyueHHbIMH ¢ moMolibtko nakerta nporpaMmM « FLARE» st ykasauHo-
ro TC, paboraroniero Ha 3aryuieHHoM Maciie kiacca OW-30. [TosTopuB nipeicTaBiACHHBIA B
cratbe pacyeT, ObUIM MOy4eHBI Pe3yJIbTaThl, KOTOPBIC NIOKA3a1Md XOpolIee Ka4eCTBEHHOE H
KOJIMYECTBEHHOE COBIMAACHUE C TEOPETHYECKUMH H IKCIEPUMEHTaIbHBIMU jIaHHBIMH ame-
PHKAHCKHX UCCIIEIOBATENEH.



SRR

B uerBepToOif riaaBe npeicTasieH anro-
CS VNN ISNIIINNIN G

£ 2% e s

A3 \\Q&§§$ N PHTM pPELICHUS HEW3O0TEPMMYECKOH 3ajaduun

3 RS CMa3kM cloxkHoHarpy:keHHbix TC Ha npume-
K

pe pacdeTa MOJAUIMMHUKA CKOJIbKEHHs KO-
JIEH4YaToro Bajla JIBUFateNs BHYTPEHHErO
cropanus. PacueTnas cxema (pucysok 7) co-
CTOUT W3 KOpNyca NOALIMNHUKA (BTYNKH) 1,
miumna 2 ¢ HeHTpanbHbIM OTBEPCTHEM AJis HO-
nayd CM M 3aKJIHOUEHHOTO MEXIy MOBEPX-
HOCTSIMH TPCHHS TOAIIKIHHKA HEHLIOTOHOB-
ckoro CC.

VYpasHeHHe SHEPrUH AT TOHKOTO Clos
CMa3Ki HEHbIOTOHOBCKOH UAKOCTH (4) B
6e3pasmepnoii hopMe 3aNHCHIBANY KaK

Puc. 7. CucteMbl KOOPAHHAT NS pellle-
HUA TEMNOBOH 3a1aun

= = AT = 2=
gz_fvi_ﬁi_f{l)a_r L._L.a_TJ,_l_._l bid (19)
or ol &F “\a)& Pe p g2 kr pl

3necy T =T/Ty — GespasmepHas Temileparypa B npoussoibHoi Touke CC, Ty — xapakrep-
Hag TeMnepaTypa;

1 _éh 6(Eq\'\ ) h 5(?2}’) .
T W e e a & |
(4

n=li, .=~ \2 5 \2
S EANE
év &y

Pe= poBequyh /2o — uneno ekne; kr = popegTy owz/ (wopty).

(20)

Pacnipenenenue temnepatyp 13(@, R,7), Bo Tynke, rie R paauanbHas KOOpAMHATa, Oll-

PEaACAANOCH PCUICHUEM YPABHEHNA 1A HEYCTAHOBUBUIEIOCSA TEIIOBOI'O 110TOKA, KOTOPOC B
UHUIHHAPHYCCKHX KOOPpAHNHATAX U 6e3pa3MepH1>1x NEPEMCHHBIX 3aMKUCBIBAIIN B BUIC

oy | 1 a*Th i T 1 8T
— =] 3 5 + — — = + 3 5
dr (=17 &t +@E-DnlR-D& [1+@G-pnF oo

3nece RI=R/r; T =T/Ty; @ =/11/(qp1wor2) — 6e3pa3MepHblit KodpduuueHT Tero-

(22)

OT/Ia4H OT BTYJIKH B OKPYKaIOLLYIO CPEY; Ci.A], 0] — YAe/bHbE TEMIOEMKOCTb, TEIUIO-
NPOBOJHOCTb, TUIOTHOCTH Matepuana Bryaku; ¥y = (R —n )3 —n) = (R - 1)J(F - 1),
B =1y /r, Tile 13 — pacuyeTHBIH PaaNyC HAPYKHOI TIOBEPXHOCTH BTYJIKH.

Vcrionb3ys pacueTHylo CHCTeMy KOOPAMHaT O xpy, M 6e3pa3MepHble NepeMeHHbIC
¥2 =Ry —rg)ry —14) =(Ry =74 )1 =F4), 3 =rq/r, TH€ ry ~ PacueTHbIi paiHyc BHYT-
peHHEll IIOBEPXHOCTH IIMNA, 3aNHCHIBATH  pAaclpejieieHHe TEMIEparyp B  LUMIE
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T2(@>,R,.1), TNE @5,Ry — YIIOBAA H pagHaANbHAs KOOPAMHATEI, f - Oc3pa3MepHOe Bpems,
B BHJIE YPABHEHUA I HECTALIHOHAPHOI'O TEIIOBOrO MOTOKA

6Ty _ 1 627’2 1 aT2 1 62T2
— =) > 3 + = — ———+ 5 3
(-rf a2 [+ @-5ll-m) & [y+0-mnl ée

dr
3jech Cz,iz,pz — YJAE€NBHBIC TCINIOCMKOCTh, TCINIONPOBOJAHOCTDL, IMIOTHOCTL MaTepHana

(23)

wrna, R2=Ryfr; To =Ty /Ty; T =tey: @ :/'Q/(czpza)orz), r=ry, wy.Ty — Xapakrep-
HbIC YIJIOBBIE CKOPOCTB H TEMIIEPaTypa.
T'panudHbie yciloBUS, NPy KOTOPHIX MHTETPHPOBaIKM ypasHeHus (19, 22, 23), Ternosoii
noazana4dy, chopMyTHpOBaHbI CIECAYIOUNM 06pa3oM.
Jlns Temnieparypst CC 1 BTYJIKM CIPaBEUIMBBI YCJIOBHSA [EPHOAHYHOCTH B OKPYKHOM
HanpaeleHHH
T'(@.7.0)=T'(¢p+2r,7.7); Tie,R,D)=T(p+2m,R.T). 24)
Ha napyxHoli MOBepXHOCTH BTYJIKH CUMTanack CIpPaBEAIHBOH THIOTE3a CBOOOAHOH
KOHBEKLMH
L =ﬂ[ﬂ|—; —E]- (25)
OR |R=H A R=ny
Ha nosepxsocth, obweii ans CC 1 BTYJIKH, MPHHATH YCIOBHS HCIPEPBIBHOCTH HOTOKA
Teria (YCJIOBHS CONPAXKCHUS):
*

aT) _ 2 oT
= =-B-)== .
O3, =0 Aphy 67 520

(26)

Ha nosepxtroctax CC, o6mux ¢ MOBEPXHOCTAMHU BTYJIKH Y IIMAA, CTABITCHA YCIOBHS pa-
BEHCTBA TEMIIEpaTyp:

T'(@.7=0,0) =T (0,5 =0,1 =1,); T (. T = L.1) =T (T =1;,). (27)

Bce ypaBHeHUS 3a71a4H 4NNMPOKCHUMHUPOBAIH KOHEYHBIMH Pa3HOCTSMH H CBO/IUIM K CHC-
TeMaM ajiredpaniyecKuX YpaBHEHHH, KOTOPhIE peliajii Ha OCHOBE ME10ja HTEPalHii: o H3-
BecTHOI UH(OPMALIMK, CIPABEITHBOM U1 TOYKH f,,, Kacarouieiicss KOOPAHHAT, CKOPOCTel
ueHrpa iuna, noneit temnepatyp CC, BTyNKM M IIMNA OCYIIECTBISUIN HEPEX0/ B TOUKY
f,41. Jlust IOCTPOEHUS PA3HOCTHLIX AHAJIOIOB YPABHEHHI1 MPHMEHANH HEABHBIH METOX Ile-

peMmeHHsIX HantpaBnenuii [Tncmena-Pexdopaa (Peaceman, Rachford).

B rmaBe mpexcraBieHa obuias cxeMa pelleHHS TEPMOIHIPOJAHHAMUYECKOIO pacueTa,
pa3HOCTHAA amnmpoOKCHMALUS YPaBHEHHH SHEPruM M IIPUMEpPhl pelIeHHs TEeCTOBBIX 3ajau.
BriniosiHeHbl pacyeThl Ha NpyMepe AMHAMHKH MiaTYHHOrO [OJILUMITHHKA jIBHIaTe/s BHYT-
penHero cropanus. Ilonyuensl pacnipeaenenys temnepartyp B ToHkoMm CC B oceBoM u pajau-
JIBHOM HanpaBJIeHHH (PHCYHOK 8), a Tak/e pacrpejciieHHe TeMIIepaTyphl B palHalbHOM
HanpaB/CHHKM OT UCTOYHMKA CMA3KM B LIEHTpPE Baja A0 BHELIHEH IpaHMIlbl KOpnyca Moj-
LLIMTTHUKA.

AHanM3Mpys TOJIYYCHHBIC NOJS paclpe/leieHus TEeMIepaTyp Ha KaxaAOM BPEMEHHOM
mare pacyera, ObUTH BBISBJIEHBI Hauboliee TCIJIOHANPAAKCHHBIE YYaCTKH [TOBEPXHOCTEH, Or-
panuuusatoine CC. 3HayeHns: TeMOepaTypsl B KaX/0H TOUKE KOHEUHO-Pa3HOCTHOH CeTKH
OBUI0 YYTEHO TIPH BBIUHCJICHHH MAapamMeTpPOB PEONOrH4ecKOil MOJIeNMH HCHBLIOTOHOBCKOMH
KUAKOCTH ¥ a1cOPOUMPOBAHHOTO HA [OBEPXHOCTAX TPEHHS BHICOKOBSI3KOTO CJIOS.
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B naToii riase npeactarieHsl pe3yNbTaThl
IKCHEPHMEHTAJIbHBIX HCC/ESNOBaHMi, Hanpas-
JIEHHBIX Ha onpezelieHne xapaktepuctuk CM,
00J1a/1a10IETO  HEHbIOTOHOBCKUMH CBOHCTBa-
MH.

O1HcaHo  Hcnonb3yeMoe H3MEPUTENBHOE
000py/lI0BaHHE, METOAMKA H YCIOBHA IpPOBE-
JEHHs DKCIEPHMEHT4, a TaKKe Ppe3yJibTaTbl
W3MEPEHHUI1 H OLIEHKH MOTPCIHHOCTEH.

I'maBHas LeNb 3KCNEPUMEHTAIBHBIX HCCIIE-
JOBaHMH 3aKiouanach B 06OCHOBaHHM Hapa-
METPOB PEO0JIOIHYECKHX YPaBHEHWH, HCMOJb-
3yeMbIX B Pac4eTHOH MeToauke. B uacTHOCTH,
ObLn 0OOCHOBAHBI 3HAUEHUS TIOKa3aTeNs cTe-
IIEHH 71, XapaKTepH3YIOUIEro CTEHEeHb HEHbIO-
TOHOBCcKoro moseneduss CM, ofipeseneHsl
3HAYEHHA, TAK Ha3bIBaeMbIX, NEPBOH U BTOpPOit
HBIOTOHOBCKOH Bi3KOCTH Macell, a TakkKe MNa-

Puc. 8. PacnipeseneHne TeMmepatypsl no pamMeTpa CiIBUrOBOH cTabMIILHOCTH.

YIJIOBOH H paanansHOI KOOpAHHATe Ornncana paspaborannas coBmectHo ¢ My-

xoptoBbiM J1.B. MeTtoamka onpeneseHus ma-

PaMeTpoB BbiCOKOBA3KOIO FPAaHUYHOTO €105, aACOPOHPOBAHHOIO HA MOBEPXHOCTAX TPEHUA,
[Uta HekoTopelX Baos CM [2, 10, 39, 42].

Weenenosanns csoiicts CM Obiny BrinofneHs B By3oBcko-akaaemuueckosi inabopato-
pun «TpuborexHuka» Ha 6a3e kadenpbl «ABTOMOOHIIBHBIH TPAHCIIOPT M CEPBUC aBTOMOOHU-
neii» HOxHo-Ypaibekoro rocy1apcTBEHHOTO YHHUBepCHTeTa. JIns u3MepeHuil BSI3KOCTH Ma-
cell B IIMPOKOM /Mana3oHe cKopocTeil c/iBura ObUTH MCIIONL30BaHbL /[Ba CEPTHHHIIMPOBAH-
HbIX BuckoszumeTpa. [Mepentil — kominexe Rheotest 4. 1N, upencrasnsioumnit u3 ceds pora-
HHOHHBIH BHCKO3UMETP ¢ KOMIIBIOTEPHBIM YIPABJIEHHEM, KOTOPHIil MO3BOJISET pean3o-
BBIBATH CKOPOCTH c/iBHra 10 6,58-10° ¢™'. Jlna u3Mepenns BaskocTu macen [IPH CKOPOCTAX
c/ura ot 6,58:10° ¢! 110 1-10° ¢! b MCTIONB30BAH HMUTATOP KOHHYECKOTO MOANIMITHHKA
TANNAS TBS 2100E, npeacrasisiouminii co60il BbICOKOCKOPOCTHOH BHCKO3MMETD, HC-
NoJb3yeMbli A1 onpeseicHHs BA3KOCTH IIPH BbICOKOH CKOPOCTH CIBUra M TEMilepatype
150 °C B cootBetctBUM ¢ MeToankod ASTM D 4683 s MexayHapoaHO#l BA3KOCTHOMR
xnaccuukanun SAE J300.

Jnsa oueHkH napaMeTpoB BBICOKOBS3KOFO IPaHUYHOIO CJIos ObLT MCHOJb30BaH METON,
npeanoxeHHbll Myxoproseim W.B., koTOpBIH OCHOBaH Ha W3MEPEHHH OTKJIOHEHUS BS3KO-

CTH CYCIIEH3HH 1, OT TEOPETUYECKOIO 3HAYEHHs ,u*, KOTOpOE /iIf 33]aHHOI0 COOTHOLLE-
HUA TBEPAOH M KuaKoH (a3 BeruHcisIock no popmyne A Ditnmreiina. B kadecrse ancnep-
CHOHHBIX CPEA MCIIONb30BAHBI MOTOPHbIE Maciia NS JM3eNbHbIX ABHraresncii, nmeronmie
pa3auuHbIi cocTae 6azoebix Maces W npucajok: THK Revolux D2, Shell Rimula R3X, Mo-
bil Delvac XHP, M-10/IM. H3mepeHus BA3KOCTH CYCIIEH3UH NPOBEASHbI HA POTAIIMOHHOM
BHCcKo3uMeTpe «Rheotest 2». Jng cycneH3ui oKCHIA Kejle3a B MOTOPHBIX MAaciiax M3Me-

* *
PEHHbIE 3HAYEHUS BASKOCTH . coctaBuau 1,52..1,88 4 , 1.e. npeBbicimt g B 1,18...1,5

pasa. bouto YCTAHOBJICHO, YTO BA3KOCTH cycnemuﬁ 3aBHCAT OT TEMIIEPATYPLI 3HAYUTEIIBHO
cnabee, 4cM BSI3KOCTH HMCXOJHBIX Maced. OcHoBBIBasICh Ha 3HaueHUH OOBLEMHON 104U W
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pa3sMepax 4acTull, OblJI0 PACCUMTAHO UX KOJMYECTBO B eANHULE 00beMa, a TaKKe 3HAYCHUS
napamMeTpoB aJcopOMPOBAHHBIX CIIOEB AMsl Pa3iMYHBIX TUIIOB PAacCMOTPEHHbIX macen (T1ab-
nuna t).

B X07e 3KCrepyMeHTalbHBIX HCCIIelOBaHUT ObIIO YCTAHOBJIECHO ClICAYIONIEE.

1. Yeemmuenne ckopoctu casura ot 10° ¢! no 10°¢™ NPUBORUT K CHHAKEHHIO BAZKOCTH
BCECE30HHBIX MOTOPHBIX Macesl U B 3aBHCHMOCTH OT Temnepatypsl cocrasnser 10,0-30 %.
10 noaTBepxaacT 000CHOBAHHOCTh YUETa HEHLIOTOHOBCKUX cBOicTB CM npu nccneaosa-
HHH, pacyeTe u npoekTupoBaHiuil TC pa3nuyHOro Ha3HAYEHHUS.

Tabnuua |
[TapameTpbl aacOpOHPOBAHHBIX CJIOEB
M;:;?;oe Tapavetp 70 9geMnepaTypa’ foo 120
Mobil Delvac My, Tlac 10° 10* 10° 10°
XHP 1, 10°,m 0,08 0,045 0,038 0,032
Shell Rimula | My Hac 10? 10' 10° 10°
R3X 1y, 10°, M 0,102 0,082 0,067 0,056

2. Hcnone3oBanne mateMaTuueckoil momenu (18) obecrieunBaeT ¢ 10CTATOYMHOM CTemne-
HBIO TOYHOCTH OIKCAHUE PEOJOrHYeCcKOro INOBEACHHS! COBPEMEHHBIX BCECE30HHBIX MOTOP-
HBIX Macell BO BCEM PacCMaTPHBAEMOM JIMalla30He CKOPOCTeii.

3. BoisBieHa 3aBUCMMOCTbH T1apaMeTpa M CTENEHHOFO 3aKOHA, OTPaKaloIIEro CTeneHb
HEHbIOTOHOBCKOIO 110BeACHUs coBpeMeHHbIX CM, oT TemnepaTypsl {pucyHok 9). [lonyuen-
HblE 3ABHCHMOCTH ObINW alnpoKch-

n i ! -
%d-%[ 6 | | MHPOBaHbl [OJUHOMAMH  BTOpOii
—— \< . | 5 N .
0.980 P2 s e, N Y 4 CTENEHU c JIOCTOBEPHOCTBIO
L/ SN il R =0,96...0,99.
0,960 m 3

1 ‘ N \‘ 4. YcTaHOBIEHO, YTO NApaMeTp
|

Its, OOYCJIOBJIEHHBII CpEeOHHM Bpe-

; MeHeM npelbiBanus ajcopbuposa-
N HbIX MOJEKYJI [IOBEPXHOCTHO aKTHB-
LN HBIX BEIECTB HA MOBEPXHOCTH Me-

i TANIa M XapakTepH3yIOIHil  Bs3-
i kocte CM BOAH3M 1OBEpXHOCTH,
40 60 80 100 120 140 T, °C MOKET BO3PAcTarh 1pH MOBBILICHHH
TEMIEPATYpbl B pelylikTate BO3pac-

0,940

0,920 1+

0,900

Puc. 9. 3aBucuMoCTs napamerpa # OT TeMIepaTypsL: N N
1 - Castrol SLX OW-30; 2 - GM 5W-30; 3 — Shell Helix ' 2HW1 CKOPOCTH XHMHUCCKOH  ai-
Ultra SW-40; 4 — Mobil XHP Delvac 10W-40; 5 — Shell cOpOuun. Tlapametp /. Bennuuna
Rimula R2 15W-40; 6 — Liqui Moly Molygen SW-50  KOTOPOr0 MHIHBHAYNbHA JUIS Kak-
foro coderanus CM u tBepnoit no-

BEPXHOCTH, CHHXKAETCS IIPH MOBBILICHHH TEMIEPaTyphl.

Ha ocHoBanuyu onbita W NpeablAyILMX IKCIIEPUMEHTAIbHBIX UCCIIE0BAHUM, BBIIOTHEH-
HbIX aBTopoM coBMecTHO ¢ HL.T. JleBanossim [3, 4, 8, 9, 37] ana Macen pa3iMyHbIX KJIaccos
no SAE, Gbuta chopmupoBada 0a3a IaHHBIX PEONOMMYCCKUX XaPAKTEPUCTHK 3arylCHHbBIX
MaceJl (3aBHCHMOCTb BA3KOCTH OT CKOPOCTH C/ABMra). BhlllolHeHa OUEHKA BIMAHHS PEOJio-
rMYECKHMX CBOHCTB Macell pa3inyHbIX KiaccoB BaskocTh 1o SAE J300 va 'MX wmatyHHoro
noawunuuka 1BC [3].
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IilecTas riaBa [OCBAlIEHA OMHCAHHIO CHCTEMbl YPABHEHHIl [BIKEHHS [OABIKHBIX
semenToB TC u MeTon0B ee petneHus. [TokasaHa cpaBHUTE IbHAS OLUEHKAE HCHOJb30BAHHS
Pa3IMYHBIX METO/I0B /Ul PEUIEHHS YPABHCHUI /(BMXKEHHS Ha TIpHUMeEpE pacueTa AHHAMHKU
cnoxHoHarpyxeHHbsix TC konendatoro Bana JIBC, a takke mpezcrtasienbl 0COOEHHOCTH
peleHs yPABHEHHIH /ABIKEHHS MHOrOCIOMHBIX MOMIUHMIIHHKOB CKOJIbXEHUS GBICTPOBpa-
HIAIOMHXCS POTOPOB TYPOOKOMIIPECCOPOR.

PacueTHBIMH HCCNENOBaHHA MOKA3aHO MPEMMYMIECTBO YHCJEHHBIX METOJ0B, OCHOBaH-
HbIX Ha dopmynax auddepenuuposanus nazain (PAH) ans auddepeHunansusix ypaBHe-
HUil BTOpOI'O fopsdka, neped Meroaamu Pynre-Kyrtra, Xabonta u np. npu pacueTe auHa-
MHKH CJIOXHOHarpyxeHublx TC, Hanpumep, NoJmHMHUKoB ckonbxeHns JIBC. B stom
clyvyae ypaBHEHHs IBH/KCHHS OblIM npeoOpa3oBaHbl M peuieHsl B dopMe ypaBHeHHM pas-
Hosecust. [lpu peluenuu ypastHenus (1) ans pacdeTa JUHAMUKU MHOTOCIHQNHBIX MO~
HHKOB CKOJIb)XEHHS POTOPOB TypOOKoMmpeccopoB Gonee NMpHeMIEMBIM SIBASETCS METOJ
Pyunre-KyTTa ¢ Moanduxauneii Mepcona.

CdopMyTHpOBaHa METOAOIOTHSA pacyeTa AHHAMHKU THOKOro aCMMMETPHUYHOTO POTOpa,
OMUparoILerocs naidaMi Ha ABa OMIIUIIHIKA CKOJIBKEHUS C MAKETOM IJIaBaloOLUX BTY-
JI0K, CMa3bIBAEMBIX HEHBIOTOHOBCKAMH JKHIAKOCTAMH. 3a/iaua CBEICHA K PENIEHUIO CHCTEMBI
U3 ABajUATH 4eThipex AnddepeHuHansHbIX YPABHEHUH BTOPOTO NOPAAKA NATH BIEMEHTOB
poTopa, muaparoulell HeBpamlalOLICHCA MOHOBTYJIKH H JIByX [UIABAIOUIMX BPalIalOUIMXCA
BTYJOK (pHcyHOK 10).

Y Potop Obin nipes-

my.J3 \ my.Jj CTaBJICH B BHAE TIATH

oy3 L Macc, COCMHEHHBIX
- b _ Mexay coboi 0e3-
PANy | i =01 MaccoBbiMHU rut-
a KHMH CTePXKHAMU

(yuactkamn). XKect-
KOCTHbIE XapaKTepu-
Y CTUKM Bana CTYMEH-

4aTO U3MEHSIOTCS 110

ero amHe. JByms
Iyl TOYEUYHBIMU Maccamu
My Lk =1,2 Mone-

I3 AnpoBanu Handel po-
Topa. Y4acTOK Baja
MEXTY JBYMS TNOJ-
UTHTHAKAMHA MOJEIHPOBATH TOYEUHON Maccoif m, , KOJeca poTopa — TOHKMMH JHCKAMH C

Puc. 10. PacueTHas mMofens potopa TypGoKoMIpeccopa

nonsgpHeIMA J; M JKBaTOpHANBHBIMA J7;,i =13 MOMeHTAaMH MHEpUMH M MaccamH M.
Maccel AMCKOB pacrionarajiy B LEHTpPe MacC COOTBETCTBYIOIUMX KOIEC, TOYEUHLIE MACChI
M|, My,2,my COCPENOTOUYEHD], COOTBETCTBEHHO, B CPEHHX CEYEHHAX MOANIMIHUKOB
Zp =l k=12 wywactra Bana | =1, ; ~I,; mexny nomuninukamu. [pesnonarany, yro
Kaxlas 1u1aBaronlas spamaromanca (11B) Brysika coBepiiaeT miockoe OBHXECHHE M MOJe-
JIHPYETCS IMIMHAPOM C MAcCoi M) M NOJISAPHBIM MOMeHTOM uHepunn Jgp, k=12. Hes-

pamatoutyrocs (HB) MoHOBTY/IKY npeacTaBsisny B BUAE UMIHMHIpA TEPEMEHHON TONIUHHBL.
Handst, TIB, HB Bryiku u kopryc pa3aencHbl TOHKMMH CMa30YHBIMM CHOSMH, KOTOPbIE

22



NpelCTaBNAny B BHAE YNPYTUX U AeMN(UPYIOMIUX 371€MEHTOB C HeTMHEHHBIMU CBOMCTBa-
mit. JIBUKEHHE POTOPA MPEACTABNANM CYNEpNoO3nUMeil ABHKEHHUA OCH POTOPA, KaK KeCTKo-
ro uesoro, B Npeaenax 3a30poB NMOJILUNHUKOB M YNPYIuX CMEIUEHHH 3JIEMEHTOB poTopa
OTHOCHTENBHO KECTKOi ocu.

B xaxabii MOMEHT BPEMEHH /Ui CMA30YHLIX CJI0eB Oblia peileHa 3a4a4a 0 JABJICHHU C
npuMeHenueM paspabotannoro asTopom AMA. Tloka3ano, uto ucnonssys AMA ains un-
TEerpupoBaHusl ypaBHeHHs PeiiHosbAca MOXHO NMPUMEHHTH CTIELIMANBHYIO 1IPOLEAYPY, KO-
TOpas IO3BOJIAET HA MOPMIOK YMEHbUINTh BPEMs MHTErPHPOBAHMS, HE CHMAKAd TOYHOCTH
pewtenns. Ilpoueaypa 3akmouaercss B TOM, 4TO Ha NMPOMEXKYTOUHBIX LIarax, IpeaycMoT-
peHHbIMU MeToaoM Pynre-KytTa, MOXKHO OrpaHHUYMBATLCS COMIEAIIMMCSA PEUIEHHEM ng
THAPOJIMHAMUYECKUX JIaBJICHMIA, TIONyYEHHBbIX Ha ceTKe BTOpo1o ypoBHs. M To/bKO Ha no-
CJI€JIHEM HIAre pacyeTa BLINOIHATE pacyeT AaBiEHUH, AOCTHTas COMEErocs PelicHNs Ha
TPETbeM (CAMOM MEJIKOM) YPOBHE CETOK. YBEJIH4EHHE CKOPOCTH CXOAMMOCTH yDaBHEHHII
TaKKe obecrnednBaeTcs liepejadeii coileaAllerocs PeIeHUs C OAHOIO BPEMEHHOTO 11ara Ha
JIpyroii B Ka4eCTBE HAYaJIbHOTO NMPHOJIMKEHHUA.

B xauecTBe pe3ysbTaTOB pelleHHs 3a4adi AMHAMUKH IHOKOrO aCHMMETPUHYHOro poTopa,
onupatoierocss Ha MHorocsofinele TC, ObUIH MpeaCTaBIEHbl TPAEKTOPHHU ABWKEHHA LEH-
TPOB BCEX COCPEAOTOYEHHBLIX MacC ANHAMUYECKOH MOJENN pOTOPA, a TAKXKe NOJ0KEHNe ero
ynpyroil JMHHU B IPOU3BObHBIH MOMEHT BPEMEHH.

B cennMoii riaBe npencTarieHb! NakeThl IPUKIAAHBIX TIPOrPaMM, CO3/aHHBIE HA OCHO-
Be€ pa3paboTaHHBIX METOJOB M ANrOPUTMOB PEIUCHMS 3a/1a4 JMHAMHKH CJIOKHOHATPYKEH-
HBIX TC, ¥ 1IpUMEpBI UX HCIIOJIB30BAaHMSA U PEIICHUA 1IPAKTHYECKHX 3a7ad.

Ha ocxoBe nonyuyennsix B npouecce pacuyeta IMX cnoxHonarpyxennoro TC npesso-
JKeH pacyeTHO-rpalpyecknii MeToA OLeHXY ero paboTocrocoOnoCTh.

CylnHocTh MeTO/1a 3aKJI0YaeTCsl B OCTPOSHHH AHAarpaMm (pucyHok 11), oTpaxkaromnx

3aBUCUMOCTbH  OJHOTO M3
2,5 pacueTHBIX  NapaMeTpoB
’ O/HOBPEMCHHO OT JBYX

inf Ay . ]
. Hoon. reoMeTpuueckux  akro-
20 L / POB — IINPYHLI ¥ ANAMETPa
e S i, v e wun o s s . s s s s S s o 5 .
Bo3ge. ERtrr Ty noamunuuka. Ha  ana
S B=40 . , y rpaMMe  JIONOJIHHTENbHO
B=36. ~. . " : D =100 CTPOSATCA JIMHHU TPEHIA H

JONYCTHMBbIE  HJIM  fIpe-
Je/bHBIC 3HAYEHHS HCCJle-
nyemoro napamerpa. B pe-
3yabTare, WCIONB3ys To-
Jy4eHHYHO JAHarpammy
MOKHO CNPOTHO3HUPOBATh
pabotocniocobHocte TC
OpyH HU3MEHEHUH €ro reo-
METPHYECKHX TNapaMeTpoB
HE BBIIIOJHAA JIOTIOJHM-
TEeNbHBIX BBIYHCIIEHUH.
DTOT METOA, pealu30BaH-
Hblit B kommiekce «IIpo-
rpaMma HCCIIeI0BaHuA Xa-

0,0 - :

0,25 0,30 0,35 0,40 a=8/D 0,50

Puc. 11. lnarpaMma 3aBUCHMOCTH MHHMMAJIbHOI! TONIIIMHEL

CMa304YHOI'0 €108 OT OTHOCHTENbHOH WHPHHBI HOAIUITHHKA
(pexxnm M .. )
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PAKTEPUCTUK AHHAMHYECKH HArpyXEHHbIX TPUOOCONPAKEHHIT C YyHETOM MPOLECCOB TEMI0-
Maccoo0MeHa B CMA304HBIX CIOAX H FPAHUYHBIX PEXKUMOB TpeHHUS» [S52] Obl1 HCMONB30BaH
JUIst OLIEHKH PaboTOCIOCOOHOCTH KOPEHHBIX H IATYHHBIX [TOIHIHHKOB KOJIEHYATOrO Baja
meuratens YH 13/15 Ha pa3auuHbIX pexumax paboTsl.

TIpumenuB kax Ga3osble, onybinkosandsie PymGom B.K. 3aBuciMocTH, npetoxkeH me-
Ton ouenkn pecypea TC, B KOTOPOM B KaueCTBe HCXOAHBIX IaHHBIX ucrnons3zosanst | MX, B
TOM YMCJIE pacyHeTHble MHHHUMAJIbHBIC WM Cpe/IHEHHTerpasbHble 3HaueHns Tonunasl CC.
Pecypc onpenensnu 3 BoipaskeHns

Ry =1, 14, 1P, ©8)

tae [, — npeneneHeii ussoc TC, w; A — cKOpOCTh U3HAIIMBAHUA, M/C; NIOKA3aTeNH CTe-

neHu By =1+ (hmin /hmm.)n[ nny.

ITpuuumMas pomyueHue o NUHEHHOI 3aBucuMocTH pecypca TC oT npHpaiieHus Teme-
patypul, 3Havenne R, xoppextuposanu B cootBeTcTBYtomeii nponopuuu. [lis onpeaene-
HHS MapaMeTpoB MaTeMaTH4eckoH Mozenu (28) mpUMEHWTENBHO K pacdeTy IBMrartens
YBH 15/16, 6buti HCTIONB30BaHBl JAHHEBIC, MOJYYCHHBIE B XOA€ PECYPCHBIX HCIBITAHMIA,
npenocrtasieHHble Huszoseim X.M.

Ha npumepe pacdera fOUIHITHAKA TOPIHHEBOTO NabNa MOKA3aHO, YTO H3MEHEHHE reo-
METPHYECKUX [1apaMeTpoB HOAHIHKKA U crocoba MoaBOAa CMa3KH B 30HY TpeHHus obec-
neyut yeernnueHue pecypca TC mudumym B 1,5 pasa (tabnuua 2). Beinu paccmotpens! 3
BO3MO’KHBIE BADHAHTa KOHCTPYKIMH NMOAUINITHUKA: cepuiHEHi ¢ nonavel CM uepes cneun-
ajlbHBIA KaHan B [IATYyHE; MOAHGHLHPOBAHHLIH (BapuanT 1) ¢ ONTHMH3HPOBAHHBIMH Feo-
METPUYECKMMU TapaMeTpaMu; MOJM(HINPOBaHHEIA (BapuauT 2) ¢ nomaueit CM uyepes
JpeHaXHble OTBEPCTHSA B BEPXHEI 4acTH roJIoBKH IIaTyHa.

Tabnuoa 2
Pe3ynbtaThl pacueTa o HIHITHHKA TOpIIHEBOro nansua asurarens YBH 15/16
Bapuawt wonetpyiauns |y L Br | ATC | R
Cepnitusiit 1,1 2,281 18 8000
Bapuanr 1 1,6 2,000 14 12416
Bapuant 2 1,8 2,000 26 12605

IMaket nporpamm «HenbtotoH-II» [62] Opi1 McTIONIB30BAH NIPH NapaMeTPHYECKHX HCCiIe-
IOBAHUAX, olipenenenuy paborocnocodHocTH ¥ noadope CM uig cepun asuraresieil tuna
YH 13/15 npoussoactea «4T3-Ypanrpak».

B kauecTBe npuMepa B Tabauue 3 npeAcTaBlieHs! Pe3y/ibTaTbl pacyeTa IaTyHHOIO MoJ-
IIMIIHAKA KONeHuyaToro Bala asuratens 44YH 13/15, koTopele 0TpaxaloT BIMAHUE HEHBIO-

TOHOBCKMX CBONCTB Pa3mHUHBIX Macen Ha TMX: 9xkcTpeManbhble inf Ay, W CPEAHHE hpi.

33 UMK HAarpy KeHUs 3HaYeHMs MHHHUMaNbHOH TonuuHel CC; 3KCTPEMAIIbHBIE SUP Pray U
*
CPeJHHE py,.. MAKCHMAILHBIC I'HAPOAMHAMUYECKUE NaBieHUS; CPEIHECHHTET PAIBHEIE M0-

* *
TepH MOIIHOCTH Ha Tperue N, Temmepatypa T M pacxos cMasku O B HOILUHIHHKE.
Tlo pesynbTaTam pac4eTOB Cli€/iaH BBIBOJ O 3aMETHOM BJIMSHHH HEHBIOTOHOBCKOIO MOBe-
aenns CM Ha I'MX watynHoro nomwnnHuka apuratens 44H13/15. U3menenue Benuuns
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pacHETHBIX NapaMeTpoB cocTaBuiH §-20 % B 3aBUCHMOCTH OT BHA MCIO/L3YEMOIO B pac-
yere CM. Jlanbl pexoMeHAalMK 110 BbIGOPY Kilacca Bs3kocTn Macha juis asurarens 4UH13/15.
Hanbonee NpeanouTHTENLHBIMA € NO3ULKH 3HeprocOeperkeHns B JaHHOM JIBUratTe/Ie aBiftoT-
ca Macia Kiaccop SAE 5W-30, 5W-40, 10W-40, 1.x. obecrieunBaiOT A0CTATOYHYHO TOMHHY
CMa304HOI'0 €J105 IPH HauOOJIbIIEM CHHIKEHHH [I0TEPb MOLIHOCTH Ha TPEHHE.

Tabnuua 3
I'MX maTyHHOro NOAIIMIIHKAKA KoJieHYaToro saaa asurarens 44H 13/15
XapaxTepucTHKa
Macno inf hnin + | SUP Prax-| N, h;\in : P:na)o 0", T*’
MKM Mlla Bt MKM | MIla j/c °C
MS8I, (SAE20) [ 1,724 7 | 303.6 | 5652 (4897 | 64,70 | 0,02124 | 1063

Castrol SLX OW-30 | 1,886 % 383,2 490,0 | 4,784 | 66,44 | 0,01905 | 105,7

Mobil XHP Delvac
10W-40
Shell Rimula R2
15W-40
Liqui Moly Moly-
gen 2,080 % 2773 556,2 | 5,534 1 59,27 | 0,01767 | 109,2
SW-50

T
Ipumeuanune: !

21227 1 3630 | 524815088 | 62,99 | 0,02017 | 1059

19192 302,6 528,0 | 5,019 | 62,73 | 0,01912 | 1069

BABKOCTDb — (PYHKIMS TEMIEPATYPbI M AABAEHNSA; ~ BAIKOCTH — (HYHKIIMA TeMIIEPaTyphl, JaB-
JIEHHS1, CKOPOCTH CABHra; BpeMa penakcaunn CM i =5 1074 ),

Ipu ouenke temnoBoro cocrosuus TC ans onpesencHys U3MEHEHUS TEMIIEPATYPHL 110
tomunHe CC Gbina BbIONHEHA AMCKPETH3ALMS CIIOA 110 OCH Y, HANPABJICHHOI 110 HOpMa-
M K HOBEPXHOCTH TpeHus. YMCIEHHBIMH HCCleIOBaHUSIMH OBIIO YCTAHOBJIEHO, YTO s
MoJydeHns pesynsratoB pacdera 'MX caoxHonarpykenubslx TC HeobxoanMa AMCKPETH-
sauus no tonmunHe CC 8 100 snementoB u 6osee. OAnako yBEIHYEHHE KOJMYECTBA le-
MEHTOB B JIBa Pa3a Ha NOPAIOK yBeJIMYIBAET BPEMS pacyeTa.

Hpensiaymummu ucciegopanuamu asropa [18, 20] no ouenke 3pGeKTHBHOCTH MHOTOCE-
TOYHOTO AITOPUTMA GbIIO TOKA3AHO, YTO JUIA JOCTHKEHHs 3a1aHHOM Tounoctn 107 Munu-
Ma/IBHOE KOJMYECTBO HIEMEHTOB NPH IHCKPETHU3ALMH 110 OCH Z cOCTaBseT 24 3jeMeHTa, a

o ocu ¢ — 96 snemen-

toB. Ilpu sTtom ans no-
Jy4eHHs pellicHHs s
JABIEHUN HA  KaxaA0M
BPEMEHHOM 1nare pacue-
Ta BbInonHaetcs ot 30 a0
500 wrepaunii. Ilpumep

pacuera THUAPOJAHHAMH-
0,0

T YeCKHX AaBIEHHil Tpei-
o T ' HCYHK
30 g0 g 190 550 o . CTaBl€Hbl HA PHCYHKE
180 210 549 iiatn s 13, pacnpeaeneHne TeM-

@.rpal 270 300 4. .

330 neparypbel 10  YIj0BOH

Puc. 13. Dmiopsi pacnipesieae s TUAPOAHHAMHYECKHX KOOPAMHATE ¢ B LEH-

JaBJICHHH B CMA304YHOM CJ10C TPAILHOM CEYEHHHU CJ108

IUIA pa3HbIX TI0JIOXKEHHH KOJIEHYATOro Bana (@ ) npejcTaBieHbl Ha pHcyHke 14.
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16 24 32

40

HoMep TOYKH ceTKH 110 KOOpIHHATE (P

Puc. 14. PactipenenecHue TeMnepaTypsl B clioe

10 YIJIOBOH KOOPAUHATE (P

48

Ha npumepe pacuera auHaMHKu
IaTYHHOTO NOAUMIIHUKA JBHIaTens
6UH 13/15 noka3aHo BO3MOXHOE
pausHye Ha xapakrtepuctukd TC na-
paMeTpPOB BBICOKOBSA3KOIO CJIOs, aj-
copGUPOBAHHOTO Ha  IOBEPXHOCTAX
Tpenns (pUCyHOK 15 u tabnuna 4). B
pacyeTax ObUIH HCTIONB3OBAHBI Mapa-
MeTpsl Macen Mobil Delvac XHP (Ba-
pHanTo pacuerta vi, v2) u Shell Rimu-
la R3X (BapuaHtbhl pacuera v3, v4).
Bapuaut v5 oTHeceH K yenoBHomy CM
6e3 npucagok.

Tabnuua 4

3HaUCHHS PACUETHBIX 11APAMETPOB HIATYHHOTO MOANIMITHUKA TIPY BO3MOXKHBIX H3MEHEHHAX
napamMeTpoB a1COPOLHOHHOIO CJ10s B MHTEPBaJie pabouHX TeMIepaTy

I'MX * * .
Ne  [3wadenus N, 0" 03, 7" i | SUP Pmaxs | inf onin -
napaMeTpoR Br Kr/e °C MKM MITa MM
H=10"TTa*c ;
vl 3925 9,587 121,3 5,725 179,6 3,156
1,=0,08mrm
H=10"TTa*c;
v2 396.8 9.407 121,9 5,375 179.8 2,755
1, =0,032nmim
ySZIOZHa*C ;
v3 388,5 9,801 120,6 6,245 179,2 3,737
1,=0,106MmwM
,US:lO(’Ha*c;
v4 388.5 9,850 120,5 6,334 179.3 3,816
/,=0,056mKM
v5 H=0;1,=0 419,7 11,15 119,6 5,342 169,5 2,088
10 U3 nony4yeHHBIX peE3yNBTATOB
B ‘2 CJIEdyeT, 4TO y4YeT BBICOKOBA3KMX
‘min »

MKM

14

Puc. 15. 3aBHCUMOCTS MUHWMANLHOH TOIIIMHLI CMa-
3049HOI'O C10K OT YTJ1a OBOPOTA KOJIEHYATOro Baja
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CIIOEB MPHBOJMT K YBEIHYCHHIO
pacueTHoil MHHUMAJIBHOK TONILM-
#b1 CC Ha 30-35% no oTHoIEHHIO
K IKCTpEMaisHBIM - 3HAYCHHSM,
TeMmreparypsl Ha 2...3", Makcu-
MaJIbHBIX FHAPOJAMHAMHUYECKHX
JaBieHni Ha 4-5%.
ToanporpaMma ydeTa BIHSHUS
BBICOKOBA3ZKOTO I'PAHUYHOTO <104
BBITOJAHEHA B BHJE OTAENBHOIO
PacueTHOIO  MoAyns, KOTOPHIK
MOAKJIIOYACTCA JIHUIb B T€ MOMEH-
T6l BPEeMEHH, KOrja pacyeTHas




MuHuManbHas TomunHa CC cTaHOBHTCA MeHbile AONYCTUMOro 3HaueHus infhui, < Fyon.

7.€. OPH BO3MOXKHOM Hepexoje M3 FHAPOAMHAMMYECKOrO PEXMMA TPEHHA B CMEUIAHHbIH
WK TPAaHUYHbIRA.

Paspa6oTaHHas METOJOJIOTHS pacyeTa JUHAMUKH I'HOKOTO acCHMMETPHYHOIO poTopa H
TIPUMEHEHHE CO3aHHOTO Ha €€ OCHOBE MaKeTa MPHKJIAAHBIX nporpaMum [57] no3onsior He-
CJIENOBaTh BJIMSIHME Ha HeJlMHeliHble KoebaHMs uand poTopa u I1aBalOLUHX BTYJIOK pai-
JIMYHbIX KOHCTPYKTHBHBIX, IKCIUIYaTALIMOHHBIX M PEKUMHBIX (DaKTOPOB, a TAKXKE HEHbIOTO-
HoBckux cBoiictB CM. Ha mpumepe pacuera nuHamiiku poropa typbokomnpeccopa TKP-
8,5C ObLIH UCCIICI0BAHBI BIMSHHE TeOMETPHYECKIX XapaKTepuCTHK poTopa U ceoiicte CM
na ero TMX [5, 6, 15, 19]. Pacuers! BLIIOMHANNCH B AMaNa30He CKOPOCTel BpalieHus po-
Topa ot 1000 10 9000 ¢ '. Ha pucyHke 16 mpuBeieHbl 3aBHCHMOCTH HEKOTOPBIX PACCUM-
TaHHBIX XapaKTEPHCTHK TYPOHHHOFO M KOMIIPECCOPHOTO NMOJLIHIHUKOB pOTOpa B 3aBUCH-
MOCTH OT NpuMeHeHus B kadecTBe CM Maces pasHbIX KJ1aCCOB BA3KOCTH. MoTopHOE Macio
MSEI'2K 6b110 NpUHATO B pacueTax Kak HBTOHOBCkoe. B pesynbTaTe napaMeTpHuecKux
uccie/I0BaHHil ObUIM pa3paboTaHbl HOBbIE KOHCTPYKUMH MHOTOCJIOHHBIX MNOALIHITHHKOB
[64, 65), onHa K3 KOTOPBIX BHEApPEeHa B cepUiiHOE NPOH3BOICTRO.

* inf fin
v # % = "
N, . Typbusueii  Komnpeccopumiit TypOuunelii  Koympeccopubiii

Br | FOAUMITHAK  JIOAUUHIHIK NONMMNHNK  [OAKIHHK

A"

140 4+

A

!
%
|
60 I]
i
H
-
i

M10r2K  OW-30  5W-30  5W-40 10W-40 15W-40 5W-50 MIOMK  OW-30 SW-30 SW-43 10W-40 13wW-4a SW-S0

Puc. 16. Biusnue knacca Ba3kocT CM Ha 1oTepH MOLIHOCTH HA TPEHHE a) H MHHUMAIBLHYFO
TOJILNHY BHYTPEHHETO CMa304HOro cnost 6) B noammnnsnkax poropa TKP

C Hcnonb3oBanneM pazpaboTaHHOH METOA0JM0THH W 38PETHCTPHPOBARHOIO 1aKeTa [po-
rpaMM [51] Takke noxazano Bnusuue peonorudecknx caoitcts CM na I'MX TC «noputens-
LMIMHAP» C Y4eTOM KOHTaKTHOI'O B3aHMOACHCTBHUSA MOBEPXHOCTEH TPCHHA H H3MEHEHHH
TEMIIEPaTypPbl CMa30YHOIO CJI05.

Ananus pe3ysbTaToOB pacHeta CBMACTENLCTBYET O 3HAYMTEJNLHOM BJIMAHUH PEOJIOrH4e-
CKMX CBOHCTB BCECE30HHBIX MOTOPHBIX Maces (HCHbIOTOHOBCKHX HiakocTeil) Ha I'MX
cinoxHoHarpyxennoro TC.

BelrtosiHeHHBIE pacdeTHble MCCIEA0BaHHS PABIMYHBIX CIIOkHOHArpyxeHHslx TC cBuie-
TENBCTBYIOT, YTO Hanboee HAarpy>kKeHHble ONOPbI HKUAKOCTHOI'0 TpeHus paboTaloT NpU Mu-
HHMMaJIbHBIX pacueTHBIX TonmuHax CC okoso | MKM, TO €CTb 1IpH TOJILMHAX CJIOsl, CPaBHU-
MbIX C yJABOEHHOH BbIcOTOM wiepoxoBaTocTeil mosepxHocTeil TC. Ilpn 3toM pecype padorst
OIHOI'O W TOI'0 K€ Y3J1a TPEHHS MOKET pa3jiiyarbes B 3...5 pa3 IIpH HCIIOJB30BAHHU pas-
JMYHBIX MOTOPHbIX Macell, H Ha NOPAKU MIPEBOCXOANHTb PECYpPC IPH cMaske Apyrumu CM
1IPY OAMHAKOBbIX 00OBEMHBIX PEONIOTHUSCKUX CBOHCTBAX.

Pesynbtarhl Hcciie1oBaHME M UX NpakTHIECKOe NPUMEHEHHE TOATBEPIKIEHO aKTaMH HC-
T10/1p30BaHHs HA BEAYILHX MPeANPHATHAX ABHIaTENECTPOCHHUA CTPaHbL.
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OCHOBHBIE PE3YJBTATBHI H BBIBO/IbI ITO PABOTE

OcHOBHBIE pe3yJibTaThl CBEACHBI K CJIEYIOIIMM BbIBOJAM.

. PazpaboraHa cucTeMa MaTeMaTHUYECKUX Mojesiel, METOJOB, aNTOPUTMOB Ul peliie-
HMA 3334 AWMHAMHKA W CMa3KH CJIOKHOHArpyxeHHbIx TC, N03BOJISIOLIMX HA PAHHHX 3Ta-
nax NpoOeKTHPOBAHHA Y3J0B TPEHWS MAlMH H MEXAaHU3MOB YUHTHIBATh HE TOJIBKO KOHCT-
PYKTHBHBIE H PEKHMHBIE NAPAMETPbl, HO W PEOJIOTHYECKOE NOBEAeHKE coBpeMeHHBIX CM,
ABJISIFOLLMXCS HEHBIOTOHOBCKHMH KHAKOCTAMA.

2. Co3nana peonornueckas Mogenb CM crnoxHoHarpyxeHnoro TC, oTpaxatomas 3aBH-
CHMOCTb BA3KOCTH OT TEMIICpPaTypbl, JABJICHHUS U CKOPOCTH C/IBUra ¢ ydeTtoM dhdexTa pe-
JaKCALMM KacaTeJIbHbIX HANPSKEHNH M HanM4us BBICOKOBA3KOIO MPAHMYHOIO CJI0S Ha I0-
BEPXHOCTAX TpeHHs. DddexT penakcalyn KacaTeNbHBIX HAMPSKEHHH B arOPHTME OCYILe-
CTBJIEH KOPPEKTHPOBKOH jelicTBytomelt suedel Harpysku. IlpumerneHne paspaboTtaHHoi
peosnorndeckoit Mosienn npu pacuere [MX cnoxHoHarpyxkeHHbX TC B oTinune o1 Moje-
neil, OCHOBAHHBIX Ha [TOJIOKEHUX KJIACCHYECKOl THIPOANHAMUYECKOI TEOpHH TPEHHA, MO~
3BOJIET YUMTHIBATh HHIMBUIYalbHBIC CBOHCTBA CMAa3bIBAIOILMUX HEHBIOTOHOBCKHX JKHIKO-
cTeil (peosoriyeckie U NPOTHBOW3HOCHBIC), PACIUHPHTD IHAIIA30H PACUETHBIX HCCIEA0Ba-
Huit 10 ckopocteit cagira nopaaxka 10° ¢’ u Temneparyp, gocturaomux 150 C. CpasHe-
HHE C PacyYEeTHbIMH H DKCIEPUMEHTAIBHBIMH pe3yAbTaTaMi [10Ka3ali0, YTO 1IPEIJIOKECHHAS
peosioryyeckas MOJeNb YAOBIETBOPHTEIIBHO ONHUCEIBaeT noeeaeHne CM B ycnoBusx, coort-
BETCTBYIOLIHX PaOOUUM yCIOBHAM HArPyKEeHHsL.

3. Jlna onpedenenus nojis ruapojuHaMmuyecknx napieHuid B CC clnoHOHAIPYKEHHBIX
TC 1 ruApoIMHAMHYECKNX CUTL, ACHCTBYIOLIMX HA €ro JIeMEHTHI, pa3paboTaH ananTUBHbIHA
MHOI'OCETOUHBIH ANrOpHTM UHCICHHOrO HHTETpHpOBaHHs ypaBHeHMs PeiiHoibnaca, ocHo-
BaHHbIH Ha KOHEYHO-PA3HOCTHOH aniipoKCHMalMK. YKa3aHHBIH airopHTM MoxkeT ObITh HC-
nosb3oBad i TC ¢ HeperyiispHOH Makpo-reoMeTpueil, 103B0JIA€T YUYHTBIBATh PEOOruye-
ckue ocobennoctn CM u pacnpenenenve temneparyp B CC, ofecrieunBaeT yCTOHYHBOCTD
UTEPALMOHHEBIX 1IPOLEYD AN ITOJY4EHHS PEIlleHHs ¢ 3alaHHOH TOYHOCTBIO HHTEIPUPOBa-
Hus (mopanka 107Y). PacueTHBIMH HCCETOBAHMAMY NOKA3AHO, UTO AU MHTErPHPOBAHUS
ypaBHeHus Peilnonbaca Haubosiee UeNecO00Pa3HO NPHMEHATD TPEXCETOYHBIH airopUIM ¢
avckpetusauveil Hecymei obnactu TC Ha nocneaHedt (camoil Menkoil) ceTke He MeHee

Mk = 96, NF =25, Konnuectso HTepaluil Ha caMOif MEJKOiH CeTKe M0 CPaBHEHHIO C O1-
HOCETO4HBIM MeTooM cHikaeTed ¢ 500 10 3...5. Ilpu 3TOM OTHOCHTENBHBIE TIOTPEUIHOCTH
pacdera nosia rHapoaHHamudecknX dapnennii B CC HeHBIOTOHOBCKOH XMIKOCTH HE Ipe-
BeinaoT 107, a morpelHocTH BHIYHCIEHNH THAPOMEXAHHUECKUX XaPAKTEPUCTHK — He BhI-
ute 3%.

4. Ha ocHOBe TepMOIHAPOAHHAMUYECKOTO MOAXO0Ja IIPH PELIEHHH YPaBHEHWs JHEPIUH
pa3paboTan anropuT™ pacuerta temiororo coctosnns CC cioxknoHarpyxentsoro TC u or-
PaHUYHBAIOIIHX €10 [MOBEPXHOCTEH. AJTOPHTM [TO3BOSET MNOJIYYHTH IO TEMreparyp B
OKPYKHOM M paanalbHOM HaIlpaBJICHHSIX, OMpeNeNnTh Hanbosiee TeIIOHaNpPHKCHHBIE yYa-
ctku TC. IToka3aHo, 4TO B 30He MAaKCHMAJBHOTO THAPOAMHAMUYECKOTO JIaBlNeHHS Ha0mo-
JlaeTes JIOKalbHOE yBeJIHueHue Temreparypsl o 30% no cpaBHEHHIO CO cpelHeil Temnepa-
Typoit CC. PacueTHbie 3HaUEHHS TEMIEpaTypsl NOBEPXHOCTEH TPEHUS YUYMTBHIBAIOTCS IIPH
olIpeAeIeHHH NapaMeTPOB MaTeMaTHYECKOi MOAEIH HEHBIOTOHOBCKOH XKIIKOCTH H a/1Cop-
OMPOBAHHOTO HA MOBEPXHOCTSX TPEHHS BBICOKOBA3KOro cios. C y4eToM pacCUMTaHHBIX
Ttemnepatyp B CC onpeaeneHsl ¢pyHKUHOHANBHBIE 32BHCHMOCTH HapaMeTpOB, XapaKiepH-
3YIOIIMX CTEleHb HEHBIOTOHOBCKOIO mnoseaeHns CM, oT Temneparypsl. YCTaHOBJICHO, 4TO
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Ul 9UCNIEHHOT'O PEleHHs TEIIOBOH 3a1aud W ydera u3MeHeHHii coiicte CM no ToniuHe
CJ108 MOPAAOK AUCKPETH3AUHMHU 10 HOPMANIM K TIOBEPXHOCTH TPEHHS JIOMKEH COCTABIATh HE
menee 10, uTo obecneunsaet Boruncnenne TMX conpsukesus ¢ TOUHOCTbIO 10 107,

5. Jlns petueHus 3a1a4 AMHAMMKH MOABHAKHBIX JIEMEHTOB HeaBTOHOMHBIX TC poTOpHBIX
MallliH C Y4e€TOM YCJIOBUI cMa3biBaHHUsI HEHbIOTOHOBCKHMMH JKHAKOCTAMM pa3paboTaH anro-
PHUTM COBMECTHOT'O PELIECHHS CHCTEMbI YPaBHEHUH ABU/KEHUA TOABHKHBIX djieMeHToB TC u
ypaBHEHUH U1 OLpeAeNICHHs CHII MMAPOAHHAMHUYECKUX AaBleHMi. C LEIbI0 YMEHbIIECHHUS
BpEMEHH pacyeTa NpeIoKeHa crenranbHas npoueaypa, pealu30BaHHas Ha OCHOBE METO/1a
Pyure-KyTTa ¢ nonpaekoii MepcoHa 1 pa3paboTaHHOro aJalTHBHOIO MHOTOCETOYHOTIO ali-
roput™a. [Ipouenypa no3BoiseT COKpaTHTh BpeMs pacdeTa npumMepHo B 20 pa3 nyTeM KoM-
GMHALIMK PELICHUS HA Pa3HBIX YPOBHAX CETOK MPH 33JaHHON TOYHOCTH, MMHUMH3ALHH HTE-
pauuii 1 crielanbHOro Bbi0Opa HauaNbHBIX YCIOBHH A KaKA0TO BPEMEHHOTO 1Lara.

6. Iapamerps! pa3paboTaHHON PeosorHueckoil Mojleny ObLIH YKCIEePUMEHTAIBLHO Ollpe-
JIeNIEHBl 1S psila BCECE30HHBIX MOTOPHBIX Maces kiaccos OW-30, S5W-30, 5W-40, 10W-40,
15W-40, SW-50. B xo/1e sKkcnepHMeHTa YCTAHOBCHO, YTO [IPH YBCIMYEHHH CKOPOCTH C/BHIA
B amaniasore o 107 1o 10° ¢! uabmonaeTcs cHimkenye BA3KOCTH STHX Macen oT 5 10 40 % B
33aBHCHMOCTH OT TeMrepartypsl ciod. [lafenne BA3KOCTH NPH YBENHYEHHHM CKOPOCTH CABHIa
ot 10° no 1,8:10% ¢! cocrasaser ne Gonee 5%, M0TOMY NPUHUMAJIOCh, YTO NIPU JajibHeil-
IeM YBEJIMYEHHH CKODOCTH CIBHMIa BA3KOCTb He u3MeHsercs. IToka3aHo, uTo BbICOKOTEM-
TiepaTypHas, BbICOKOCABUIOBAs BA3KOCTH COBPEMEHHbBIX BCECE3OHHBIX MACEN MOJKET padin-
yaTbes B Npejeiax 0JHOro knacca BA3kocTH Ha 10-12%. TIpu 3ToM 3HaueHUs BA3KOCTH Jie-
AT BBIILIE NPEACIBHO AOMYCTHMbIX No Kiaccudukaunu SAE J300. B xoae BblnonHeHus
IKCMEPUMEHTOB YCTAHOBJIEHO, 4TO TMapaMeTp CTENEeHHOIO 3aKOHA, XapakTepusylouil cre-
MeHb HEHBLIOTOHOBCKOTO TOBE/IEHHS, sBNsfeTcs QyHkuueil TemnepaTtypsl. [lonyueHHble 3a-
BHCHMOCTH OBbIIM anmpoKCHMHUPOBAHbI MOJMHOMAMH BTOPOH CTENEHH C JOCTOBEPHOCTHIO
R=096...0,99. Pa3zpaboTaHbl peKOMEHNAlKH 10 BEIOOPY Kjacca BA3KOCTH Macha Juls JBura-

tens 44HI13/15. YcraHoBneHo, uto paboTocnoco0HOCTh MOALIMIHUKOB KOJICHYAaTOro Baja

obecreynBaIOT Macia ¢ BA3KOCThI0 Gonee 3 mIlac (upu 7 =150"C, 7 = 6,58 10°¢™"). Cno-

3MLIMM JHeprocOepexkeHns Hanbosnee NMPEANOYTHTE/ILHLIMH B JAHHOM [BHTATesIC SBJISAIOTCA
Macna kiaccoB SAE 5W-30, SW-40, 10W-40, T.x. ux npMMeHeHHE MO3BOJIAET PEasIN30BaTh
TONIIMHY CMA304HOTO CJIOS, PEBBILIAIOILYI0 MUHUMAILHO JOIyCTUMOE 3Ha4YeHHE, U A00HThCA
CHMIKEHHA N0TEPb MOLHOCTH Ha Tpenne 1o 30%.

7. YcraHoBieHo, 4To B axanasoHe temneparyp 70...120 °C pa3mep BbICOKOBA3KOIO rpa-
HUYHOIO CJ10f, OLICHCHHBIH METOAOM M3MEpEeHHs BiMsHHS aacopbuun Ha ko3(PduUMEHT
IMHAMHYECKON BA3KOCTH CYCIMEH3HH OKCHIA »KeJle3a B MOTOPHOM Macile, COpa3MepeH ¢ Bbl-
COTOH LIepoXxoBaTOCTEll MOBEPXHOCTEH TpeHWst Hanbosee PacrpOCTPAHEHHBIX B TEXHHKE
TC, B yacTHOCTH, TOAUIUIIHUKOB CKOJNbXeHus nopuiHespix ABC. U3 nonyueHHbIX JKcne-
PHMEHTaNBHBIX PE3yAbTATOB CJEIYeT, YTO NPH CMaske y371a TpeHus ckosbxkeHnus CM, co-
AepxaiuMu 3¢ dexTHBHbIE TPOTUBOM3HOCHBIE NPHCAAKH, [IPY HEKOTOPLIX COUETAHUSX Ma-
paMeTpoB pealHu3yercs PeKUM IPAHHYHOFO TPEHHS C MOJHBIM pa3AeNeHHEM NOBCPXHOCTEH
BBICOKOBA3KMM T'DAHUYHBIM CIOeM cMa3kH. Bricokne korhdULMeHTh! TpeHHsS B 3TOM pe-
KuMe 00yCNOBJCHbI AUCCHTIALHEH YHEPIHH B IPAHHYHOM CJIO€, MMEIOILEM BbICOKOE COIIPO-
THUBsIeHue ¢aABUTY. Jlanbl pekoMeHnauuu no Beibopy CM ¢ pasiM4HBIMK NPOTHBOM3HOCHDI-
MH MpHcagkamu Ais cepuy GopcHpoBaHHBIX ABuraTened npoussoictea «UT3-Vpantpak».
Ha npumepe pacyeTa mwiaTyHHOTo NMOALIMIHUKA [10Ka3aHA BO3MOKHOCTb YBEIMYUTL MHHU-
ManbHyto TonuiMHy CC B conpsokennu ot 10 10 25% ans pa3snnyHelx ypoBHeH TeMnepatyp.
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8. PazpaGoTaHHble MaTeMaTHYEeCKHe MOjIEIH, aITOPUTMBI ¥ METOIB! pacueTa AWHAMUKH
cinoxkHoHarpyxeHubix TC ¢ y4eToM MaKpo-reoOMeTpuH NOBEPXHOCTEH TPEHUS M HEHBIOTOHOB-~
ckux cBoiictB CM pean3oBaHbl B psiie KOMIBIOTEPHBIX NPOTpaMM, 3aperHCTPHPOBAHHBIX B
DenepanbHoil ciyxbe Mo HHTEJUICKTYalIbHOM COOCTBEHHOCTH, [IATEHTaM U TOBAPHBIM 3HAaKaM
(POCITATEHT) [51-62]. CozaanHble NpOrpaMMHBIE KOMIUIEKCH! SBIASIOTCS MHCTPYMEHTOM
JUist pa3pabOTKH U NPOEKTUPOBAHHS KOHCTPYKLHMIL cioxHOHArpyskeHHbIx TC, M03BosA10T npo-
BOANTL MHOTONApaMeTpHyecKye HCCIeI0BaHUsA, MOJCIUPYS Pa3InyHbIe YCI0BHA padoThl onop
HHIKOCTHOrO TpeHus. C MOMOUIbI0 pa3paboTaHHBIX TIPOrPaMMHBIX KOMILIEKCOB BBIIIOJIHEHA
OLIEHKA BJIHAHHUS PEONIOTMYECKOro NMOBEICHHS MOTOPHBIX MAaces PasNinuHBIX K/IaCCOB BSI3KO-
cTH Ha juHaMuky u I'MX cnoxuonarpyxedssix TC nopliHEBbIX H POTOPHbIX MaluuH. B
4aCTHOCTH, YKa3aHHBIE KOMILIEKCH! HCIO/B30BaHb! NIpH NMPOSKTHPOBAHUY H JIOBOJKE MOA-
UINFIHHKOB KoJeH4aToro Bana asuratenei «UT3-Ypanrpak» cepun YH 13/15 (r. Yens-
ounck), KamA3 (1. Habepexusie Uenner), 3M3 (r. 3aBoskbe), MHOTOCTOHHBIX MTOAIIHITHH-
koB potopa Typbokomipeccopa TKP-8,5C (r. UensGuuck), conpsxeHnit koMnpeccopa Xo-
noauneHOH yctaHoBkM npousBojactsa LG Electronics (Pecny6nnka Kopes).

9. Ha ocHoBe nosmyueHHBIX B Xoae pacdeta [ MX citoxHoHarpyxeHnsix TC npeuioxen
pacueTHO-rpaduuecknii MeTon oueHkH paboTOCHOCOOHOCTH HOIUIMIHUKOB KUAKOCTHOIO
TpEeHus, TO3BOMSIOIHNIT TPOTHO3HPOBATh BO3MOXHOCTE pabotel TC mpw pasiuyHEIX coye-
TAHUAX OCHOBHBIX TEOMETPHYECKHX [IApaMETPOB HE BBITIOJIHAS AOHOMHHTETbHBIX MHOTOBA-
puaHTHBLIX BbiyncieHnH. Merton O ucnons3osan B [ CKB/I «TpaHcausens» aas pa3pa-
6otk TC dopcuposanssix asurateneii Tuna UH 13/15.

10. Tlpeanoxer crocod OleHKH pecypca ciiokHOHarpyxeHHslx TC, OCHOBaHHBIA Ha HC-
nojr30Banuu pacderHsix 'MX. BrinosnHena oueHka pecypca KOpPEeHHbIX HOJMIHIHUKOB KO-
jienyaroro Bana asurarens 6UH 13/15 u Bepxneit ronosky niaryna asurarens UBH 15/16.
CpagHeHHeM C IKCIIEPUMEHTANBHBIMH AaHHbIMA BrM3 (r. Boarorpan) rokaszako ynoBieTBo-
PHTEJIBHOE COBIAACHUE Pe3yIbTaToB pacueTta pecypea v I'MX BepxHe#i ronoBkH maryHa.

11. Ha ocHOBe BBITIONHEHHBIX [ApaMeTPUUYECKMX HCCIe10BAHMN pa3paboraHbl U 3ama-
TCHTOBaHbI HOBbIE KOHCTPYKLIMHN CloHOHArpyxkeHHelX TC ¢ ynyqmenusivu TMX, B Tom
4yC/e ABA BapHAHTa MHOI'OCAOIMHBIX pafinanbHBIX MOMULNITHIKOB poTOpa TypboxoMupecco-
pa M HOBas KOHCTPYKLHA BEepXHEH rOJIOBKY MIATyHA [BHIATENs BHYTPEHHEIO CrOPaHHS.
YuncneHHbIMY HCCIICAOBAHUSAMM T10KA3aHO, 4YTO MPUMEHEHHEe [1aBaoIvX BpanAloMXCs
BTYJIOK B KaYe€CTBE MPOMEXKYTOUHBIX IEMEHTOB MO3BONSCT CHH3MTE aMIUTUTY Ay Konebanuit
uarnd poropa Ha 35-40%; IpH UCNOJIL30BAHNK TIABAIOUIHX HEBPALLAIOIIMXCH BTYJIOK — JI0
100%; ycrasoBKa nakerta BTyJIOK 00eCreunBaeT CHIXEHUE aMIIMTyabl B 12 pa3. Pa3pabo-
TaHHaf KOHCTPYKUHS MOJAMHIHHKA C IUIaBAOWUMH BPalIAtOWMMICA BTYJIKaMH BbIITyCKa-
etca 000 «UT3-Ypantpak» cepuitno ¢ 2004 r. OnweitHag maptus TKP ¢ TpexcnoiiHsiMu
MIOAMNITHAKAMN POTOPA [iEPeIaHa B DKCILUIYaTALHIO.

PexoMenaauny u nepcneKTHBBI JanbHel1ell pa3paboTku TeMbl
PaspaGoradHbie MaTEMaTH4CCKHE MOJCIH, METO/1bL, ATOPHTMbI H KOMIUIEKCHI IIPOrpamMm
QU1 peLieHHUS 3a7ay AMHAMHKM W CMa3KH C/OKHOHArpyxeHHbIX TC MOpUIHEBBIX H POTOp-
HBIX MAINHH, CMa3bIBAEMBIX HEHBLIOTOHOBCKHMH JKHIKOCTAMH, PEKOMCHAYETCA HCIHONb30-
BaTh npu popmupoBannu Ha ocHoBe CALS/UITH texHonoruii eanHoro HHGOPMaLHOHHOTO
NPOCTPAHCTBA, MO3BOJIAIONICTO BIMOJIHATS MOMCKOBBIE H KOHCTPYKTOPCKHE pa3paboTKH 1o
CO3/I2HHIO HOBBIX IHEProd(PPeKTHBHEBIX U pecypcocheperatomnx MalliH U MEXaHU3MOB.

30



CIMUCOK MYBJIUKALMUNA, OTPAKAIOHLIUX OCHO3BHBIE
MOJIOKEHUSI PABOTHI
B uzaanusx, pexomenaosannblx BAK Poccun

1. 3agopexnasn, E.A. OcobGerHocTH MoaenupoBaHis TPHOOCONPSAXKEHUI TOPLIHEBBIX
U POTOPHBIX MAlUIKH C Y4ETOM CBOHCTB cMa3zo4yHoro Matepuana/ E.A. 3agopoxnas // Ussec-
Tusi Camapckoro Hay4Horo uentpa PAH. Mexannka n Mawssoctpoenue. — 2011, — T.13. —
Ne 4 (3). — C. 733-738.

2. 3anopoxknas, E.A. TIpuMeHeHHe HEHPIOTOHOBCKHX MOJENEH CMa304HbIX KUAKOCTEH
Opy pacuere CJIOKHOHAIPYKEHHBIX Y3JIOB TPEHHS IIOPIUHEBbLIX M POTOPHLIX MaliuH /
E.A. 3anopoxHas, H.B. Myxopros, U.I". JleBaroB // TpeHHe n cMa3ka B MauIMHAaX U MeXa-
Husmax. — 2011, — Ne7, — C. 22-30.

3. O6ocHoBaHKe BbIOOpa Ki1acca BA3KOCTH MOTOPHOI'O Macjla As CHH/KEHNA Tpubosio-
THYECKHX TIOTEPb B TSHKENOHATPYIKEHHBIX MOALIHNHUKAX CKOJIBKEHHUA TETUIOBBIX JBHIaTe-
neit / E.A. 3agopoxunasn, B.C. Mypsun, N.T". Jlesanos, A.10. HBanos // Jsurarene-
crpoeHue. — 2011, — Ne 4 (246). —Yacts 1. - C. 44-47.

4. BnausHHe MHKPOMNOJSAPHbIX CBOWCTB Macell Ha AMHAMHKY CJIOKHOHArPy/KeHHbIX
HOALIMITHUKOB CkoibxeHns / E.A. 3anopoxuasn, B.I'. Kapasaes, I1.I'. Jleranos, A.B. Uec-
HoB // Bectik CaMapckoro rocyaapCTBEHHOIO aIpOKOCMHYECKOro yHHBepeutera. — 2009.
—Ne 3 (19). - C. 329-337.

5. 3aaepoxnas, E.A. CoBeplueHcTBOBaHHE KOHCTPYKUMH MHOTOCHOHHBIX NOILIMIHH-
KOB poTtopa TypOokomupeccopos auseneit / E.A. 3anopoxnas, A.C. ®umep // BectHuk
Camapckoro rocy/JapcTBeHHOr0 aIpOKOCMHUUYECKOr0 YHUBEPCHTETA. ABHALHOHHAs U paKkeT-
HO-KocMHuecKas TexHuka. — 2009. — Ne3(19). — Hacrs 2. - C. [7-21.

6. 3agopoxnan, E.A. Pesynbrarbl pacdera AMHaMHKH POTOpa TypOokoMIIpeccopa
TKP-8,5C/ E.A. 3anopoxuas, H.A. Xoseniok, I1.A. TapaneHko // Bectauk OYpI'Y. Cepus
«Maumsoctpoenue». — 2006, — Bein. 8. — Ne 11(66). — C. 69-77.

7. 3apopexuasn, E.A. [IpumeHeHe NpoMexyTOYHbIX DJIEMEHTOB B TAKEJIOHAIPyKEH-
HBIX ornopax kosieHuaroro Bana / E.A. 3apopoxuas, A.K. bospmunosa // Bectauk FOYpI'Y.
Cepust «MamirHoctpoerue». — 2003, — Bein. 3. — Nel (17).-C. 67-71.

8. JleBaHos, WU.I'. DkcriepumeHTanbHble UCCIEA0BAHHS PEOIOTHYECKHX CBOICTB Bcece-
30HHBIX MOTOpHBIX Macen / U.I. JleBanos, E.A. 3agopoxnan // Becrnuk 0YpI'Y. Cepus
«Mamunoctpoetuey. —2011. — Bein. 17. — Ne 11 (228). — C. 70-76.

9. CoBeplUEHCTBOBAaHHE METOAMKH pacyeTa CI0KHOHAIPYKEHHBIX 1OALIHIIHUKOB
CKOJIBIKECHHUS, CMa3bIBAEMBIX HeHbOTOHOBCKMMH Maciamu / B.H. Ilpokonbes, E.A. 3ajo-
poxHan, B.I'. Kapasaes, U.T'. Jlepanos // TlpoGiemMbi MalIHHOCTPOEHUA H HAACKHOCTH
mamuH. — 2010. - Ne 1. - C. 63-67.

10. YcoBepiieHCTBOBaHHAs MOAE/Nb PEONOTrHYECKUX CBONCTB IPAHHYHOrO CNOs CMasKH /
H.B. Myxopros, H.A. Yconbues, E.A. 3agopoxnas, U.T'. JleBaHos // TpeHue U cMa3ka B
MatnHax n Mexann3Max. —2010. — Ne 5. — C.8-19.

11. Cypkun, B, Bnusnue pe:xnMoB paboTbl Ju3ens Ha NapaMeTpbl CMA30yHOIO CJlof
NOMIUIHUKOB nopuiHeBoro naibla / B.M. Cypkun, E.A. 3agopoxuas, X.M. Hus3os // Bect-
nuk FOYpI'Y. Cepus «Maumnoctpoernen. — 2012, — Boin. 19, — Nel12(271). — C. 97-102.

12. Cypxun, B.H. PacueT paboTocnocoBHOCTH TPHOOCONPAKEHHA «IIOPWIHEBOI nanen —
BEPXHSs [OJI0BKA 1IATyHa» TpakTopHoro ausens / B.U. Cypkun, E.A. 3aaopoxnasn, X.M.
Huszos // Becruuk FOVpI'Y. Cepus «Mammsoctpoerue». — 2012, — Buim. 19. — Nel2(271). -
C.223-229,

31



3. Tlpokonses, B.H. I'uapoMexaHHdeckue XapaKTEPUCTHKH CJIOKHOHATPYKEHHBIX NOJI-
HIMITHNKOB CKOJIBKEHHS, CMa3bIBAEMbIX MUKPONOJAPHLIMU xuakocTamu / B.H. [Ipokonibes,
B.I'. Kapasaes. E.A. 3aaopoxnas // [[Buratenectpoenue. — 2009. — Ne 1. - C. 39-44.

14. [pokonwes, B.H. BiusiHue HEHBIOTOHOBCKMX CBOMCTB Macell HAa HArpyXEHHOCTh
LWIATYHHBIX TOAWMIHUKOB KonenuaToro sana / B.H. Tipokonses, E.A. 3anopoxuasn, UT.
Jlesanos // JIsuratenectpoenne. — 2008. — Ne 3. — C. 4042,

15. JuHamuka ruGKOro acHMMETPHYHOIO DPOTOpa Ha TPEXCJAOMHBIX MOAMHITHUKAX
crkonwkenus / B.H. [Tpokonwes, B.I. Kapasaes, E.A. 3aaopoxuan, H.A. Xoseutox// Bect-
ik OYpl'Y. Cepns «Mawmnocrpoerre». — 2006. — Bein. 8. — Ne 11(66). — C. 59-68.

16. ITpoxonees, B.H. /IlnHamMHKa CJIOKHOHArpyKeHHOI'0 MO/IIKIHUKA, CMa3biBAEMOTO
HeHbIOTOHOBeKOH xuakocTeio / B.H. Tlpokonser, A.K. bospuintosa, E.A. 3ajopoxuasn //
[TpofneMbl MALIMHOCTPOEHUS 1 HAASKHOCTH MAIIHH, — 2005. — Ne 6. — C. [08-1 4.

17. TuppoMexaHiyeckue XapakTepUCTHKU IIATYHHBIX TOMMIMITHMKOB, CMA3bIBAEMBIX
HeHbHOTOHOBCKUMU skuakocTsamu / B.H. Tpoxonses, A K. Bospuintosa, E.A. 3ajopoxHas, 1
ap.// Bectauk IOYpI'Y. Cepust «MawmnoctpoeHue». — 2005. — Boin. 6. — Nel(14). — C.17-24.

18. Hpoxonwves, B.H. Muorocesounsle anropuTMbl UHTErpupoBanus ypasHenus Peii-
HOJIbJICA B 3ajadyax AHHAMHUKH CJOKHOHAIPYKECHHBIX [MOMILUIIHMKOB CKOMBXKEHUS /
B.H. [Tpokonbes, A.K. Bospinnosa, E.A. 3anopoxkuasn // [TpoGieMbl MaIumHOCTPOGHUS U
HajexHocTu MamuH.— 2005. - Ne 5. - C. 16-21.

19. Ipokonses, B.H. I'iapoMexaHHueckHe XxapakTEPUCTUKN MOIIIHITHUKOB ¢ MAKETOM
rurasatoinx BTysnok/ B.H. TIpokonbes, A K. bospuunosa, E.A. 3anopoxkuasn, A.C. ®uuep
// TpoGneMbl MAlIHHOCTPOEHHS 1 Ha1exHOCTH MauiuH. — 2004, — Ne 6. — C. 15-21.

20. TIpokonbes, B.H. AranTnBHbIi MHOTOCETOUHBII aATOPUTM HHTETPHPOBaHUS ypaBHe-
Hus PeifHonbiaca st TMAPOAMHAMHUYECKHX NABJICHHIT B CMa304HOM CJlI0€ CHONKHOHArpy-
KeHHbIX onop ckosbxeHus / B.H. IMpoxonses, A.K. bospuinnosa, E.A. 3axopoxunas //
Bectunk IOYpI'Y. Cepus «Maumnoctpoenne». — 2001. — Boin. 1. — Ne6 (06). — C. 61-67.

B apyrux ucrounmnkax

21. Zadorozhnaya, E. Calculation of heavy-loaded tribo-units dynamics considering the
thermal state of structural elements and the rheological properties of the lubricant / E. Zado-
rozhnaya // World Tribology Congress, Torino, Italy. — 2013. - Pp. 76-79.

22. Zadorozhnaya, E. The Research of Non-Newtonian Properties and Rheology of
Thin Lubricant Layers in Hydrodynamic Journal Bearings / E. Zadorozhnaya // 2013 STLE
Annual Meeting & Exhibition, May 5-9, 2013 | Detroit Marriott at the Renaissance Center,
Detroit, Michigan, USA.

23. Poxaectserckuit, 10.B. PasBute MetonoB nccieioBanua TpuboconpsxeHui Ma-
UIMH 1 MEXaHI3MOB € Y4€TOM PeoNorud cMmaszouHeix Matepuanos /10.B. PoxkaectBenckuid,
E.A. 3agopoxuasn, U.B. MyxopToB // TpaHCHOpPTHbIE ¥ TPAHCIOPTHO-TEXHOIOIMHYECKHE
cHCcTeMbl: MaTepHaisl MexIyHapoaHoH Hayuno-TexHudeckoll koudepeniun. — Tiomens:
TroMIHT'Y. — 2013. — C. 226-230.

24. 3anopoxnan, E.A. Hcenejosanue paGoTocniocoOHOCTH mMATYHHBIX HOMIIMITHUKOB
Belcokodopcuposannbix anseneit / E.A. 3ajopoxnas, M.A. Xunnukuna / Tlpobnems! u
NEPCTIEKTHBLI PA3BUTUS €BPOA3HaTCKUX TPAHCIIOPTHBIX cucTeM // Marepuans! nstoit Mex-
AyHapoaHOi HayuHO-IpakTH4ecKOH KoHdepenuun. — Yensbuuek: M3naTenbCkuil LEHTP
0Vpl'y.—-2013. - C. 119-125.

25. 3anepoxnan, E.A. Jlabopatopuoe o00opynoBanue /Ui HCHBITAaHMH pa3THYHBIX
GPUKLNOHHBIX, aHTU(QPUKLMOHHBIX M CMa304YHbBIX MaTepHajoB Ha TpeHue U M3HoC / E.A.
3apopoknas, V.T. Jlepanos, C.A. Tlsipses // TIpoGrneMbi M NepcrieKTUBB! pasBUTHS €Bpoa-

32



3HATCKHX TPaHCHOPTHBIX cucTeM // Matepuansl narol MexIyHapoaHOH Hay4HO-TIPaKTH-
yeckol koHGepeHunu. — Yeysnbunek: Maaatenbckuii uentp OYpl'Y. —2013. - C. 125-127.

26. 3apoposxHan, E.A. HceienoBanune Hecyeit criocoOHOCTH MATYHHOTO MOAMLHIIHNUKA
aeuratens BA3-11183 npu pasnuunoit crenenu dopcupoBanusa / E.A. 3amopoxkHas,
N.T. Jleano, A.A. Knypa // IIpoGsieMsl 1 nepcrneKTHBb Pa3sBUTHSA €BPOa3HaTCKUX TPaHC-
NOPTHBIX cHcTeM // Marepuanel nstoil MexilyHapoiHOH HayuHO-NpaKTHYECKOH KOHde-
penunn. — Yens6bunck: M3narensckuil uentp OVpI'y. —2013. - C. 127-132.

27. PoxpecrBeHckuii, 10.B. Biusinue xauecTBa MOTOPHBIX Macell Ha XapaKTepHCTHKM
Tpuboconpsxenui asurarencid TpaHcnoptHeix maunk / FO.B. PoxaectBenckui, E.A. 3a-
nopoxnan, I.I'. Jlesanos // IlporpeccuBHble TEXHOJNIOTMA B TPAHCNOPTHBIX CHCTEMaX: Ma-
tepuansl XI MexiyHapoaHo#l HayuHo-npakTHueckoil koHbepeHunu. — Openbypr: OI'Y. —
2013. - C. 439-443.

28. PoxaectBeHckuil, FO.B. YdeT HEHbIOTOHOBCKMX CBOHCTB CMA304YHBIX Maces NpH Hc-
crejloBannu Tpuboconpsixennii Tpancnoprtaeix Mawnk / HO.B. Poxaectrenckuii, E.A. 3a-
nopokHas // IHHOBalMH W HCCile/lOBaHUA B TPAHCIIOPTHOM Komntekce: MatepHassl [ Me-
K HapOAHOH HayuHO-npakTHYeckoi konpepenuunn. — Kypran: 3A0 «Kypranctanpmoct».
—2013. - C. 132-134.

29. Zadorozhnaya, E. The Investigations of the Dynamics of a Flexible Rotor on Multi-
layer Plain Bearings, Taking into Account the Rhieological Properties of the Lubricant / E.
Zadorozhnaya // 15™ Nordic Symposium on Tribology. 12 — 15 June, 2012, Trondheim,
Norway.

30. 3apopoxknas, E.A. OucHka TENJIOBOro COCTOSHUS CJIOKHOHArpYKCHHOIO MOILKHI-
HMKa C YYeTOM pEeOJOTHYEeCKHX CBOMCIB cMa3ouHoro Martepuana / E.A. 3ajopoxHas,
B.I'. KapaBaece // [uratenn BHyTpeHHero cropadus. Bceykpanuckuif HaydHo-
HccienoBaTenbekuil xypHan. — XapbkoB: M3n-Bo «Xapbekosckuit ITosurexHnueckuit Mn-
cTuTyT™. —2012. — Ne 2. — C. 66-73.

31. 3anepoxnan, E.A. Bausuue pexxumoB pa3roHa Ha HarpyKE€HHOCTb [OJUIMITHUKOB
kosienyaroro Bana JIBC / E.A. 3axopoxnas, A K. bospiunsosa // JIBurareny BHyTpeHHeEro
cropanus. BceykpauHckuii HayuHo-uccneaoBaTenbCckuil Kyphadl. — XapbkoB: H3a-so
«XapbkoBckuii [Toautexuunueckuii HHeturyt». — 2012, — Ne 1. — C. 70-76.

32. 3apopoxuan, E.A. Tepmoruzpomusamudeckas 3aaada CMa3KH CIIOAKHOHATPYIEH-
HBIX OII0p CKOJIBKEHHUs BA3KOYNpyrumHu xuakoctsmu / E.A. 3agopoxHas // TIpoGnemsl Ma-
LWIMHOBeAEHHUA: TPHOONOrMaA — MalMHOCTPOeHMIO. Bcepoccuiickas Hay4HO-TEXHHUYECKas
KOH(EPEHIHA C YUaCTHEM HHOCTPaHHbIX cneunanuctos. — Mocksa. — 2012, — C. 257-260.

33. 3agopoxuan, E.A. Teopernueckue acrnekThl MOJIETHPOBAHHA AHHAMHKH TMOKOIO
aCHMMETPHYHOTO POTOPa C YYETOM PEONOIMHECKMX CBONCTB CMA304HOro Mmarepuana /
E.A. 3anopoxnas // Tpubonorus u Hanexsoctb. COOpHUK HayuHbiX TpyaoB XII MesxiyHa-
poaHoii Hay4Ho# koHpepenunu. — Cankr-IletepGypr. —2012. — C. 183-196.

34. Jnnamuka u cMaska TpubOCONpsKeHN MOPUIHEBBIX H POTOPHBIX MalllHH: MOHOIpa-
¢us/ B.H. Ilpokonbes, 10.B. Poxiaectsenckuii, B.I'. Kapasaes, E.A. 3agopoxknas u ap./
Yensnbunck: U3natensckuii uenrp OVpl'Y. -2010.-49. 1. - 136 ¢.

35. Iunamuka ¥ cMa3ka TpuOOCONPSKEHUIT NOPIIHEBBIX M POTOPHBIX MAlllMH: MOHOTpa-
¢us/ B.H. Ipoxonses, FO.B. Poxaecrsencknii, B.I'. Kapasaes, E.A. 3aaopoxuas u ap. //
Yenabunck: U3natensekuil uentp FOYpl'Y. - 2011. - 4. 2. - 221 c.

36. The simulation of hydromechanical characteristics for the tribosystem of the piston
machines with account of non-newtonian and multiphase effects of the lubrication /
Y .Rozhdestvenskij, E. Zaderozhnaya, K. Gavrilov, 1. Levanov // Tribology in industry and

33



research. Efficient Material and Energy Usage — Challenges and Solutions, Wiener Neus-
tadt. — 201 1. — Pp. 237-245.

37. 3anopoxnasn, E.A. PesynbTaTel dKCnepHMMEHTANBHBIX MCCIEIORAHUN peonoruye-
cKuX cBoiicTB MoTOpHBIX Macen / E.A. 3anopoxuas, N.I'. Jlesanos // Tpuboinorus u Ha-
nexHocTe. COOpHHMK HayuHbIX Tpyaos XI MexayHapoaHoli HayuHOH KOH(epeHUHM. —
Cankt-Tletepbypr. — 201 1. — C. 246-254.

38. 3aaopoxkuas, E.A. Pacuer TennoHanps:KeHHOCTH CJOXHOHArPYKECHHOTO TOALLIHUI-
HMKA C YYE€TOM HEHBIOTOHOBCKHX CBOHCTB cMa3ouHoro Marepuana/ E.A. 3anopoxkuas, B.I.
Kapasaes // TpuGonorus v HagexHocTs. COOpHUK HaydHbiX TpynoB X! MexayHapoaHoi
HayuHo#t koudepennuu. — Cankr-Tlerepbypr. — 2011. — C. 226-240.

39. 3agepoesxmnan, E.A. DkcriepumerrtanbHoe 060CHOBaHHE MOJIEAH [PAHHUYHOTO CIIOS
cmasku / E.A. 3anopoxHas, F1.B. Myxopros // Tpubonorus u HagexHoctTs. COOpHHK Hayu-
Hbix Tpyaos XI MexayHaponaHoii HayuHoi koHeperuny. — Cauxr-Ilerep6ypr. — 2011, —
C. 240--245.

40. Calculation of Hydrodynamical Journal Bearings of Piston Machines by Using Con-
servation Mass Algorithm / J. Rozhdestvenskiy, E. Zadorozhnaya, K. Gavrilov //
ECOTRIB 2011, 3" European Conference on Tribology in tardem with 4™ Vienna Interna-
tional Conference on Nano-Technology // Wien, Austria. —20{ . — Pp.723-724.

41. Methodology of calculation of dynamics and hydromechanical characteristics of
heavy-loaded tribounits, ubricated with structurally-non-uniform and non-newtonian fluids
/ J. Rozhdestvenskiy, E. Zadorozhnaya, K. Gavrilov, L. Levanov, I. Mukhortov, N. Khoze-
nyuk (2011). Tribology - Lubricants and Lubrication, Chang-Hung Kuo (Ed.), ISBN: 978-
953-307-371-2, InTech, Available from: http://www.intechopen.com/articles/show/titie
{methodology-of-calculation-of-dynamics-and-hydromechanical-characteristics-of-heavy-
loaded-tribounit (Pp. 95-118).

42. Zadorozhnaya, E. Rheological Model of a Boundary Layer of Lubricant/ E. Zado-
rozhnaya, 1. Muhortov, N. Usolcev, I. Levanov // STLE 66™ STLE Annual Meeting & Ex-
hibition. — 201 1. Hilton Atlanta, ~ Atlanta, Georgia (USA).

43. Metoaonorus pacueTa CIOKHOHATPYKEHHBIX TpUOOCONpsKeHUH TOPUIHEBBIX U PO-
topubix MamuH / H0.B. PoxaectBenckunii, E.A. 3agopoxkuas, B.I'. Kapasaes u ap. // C6.
Hayd. Tp. MeXKAyHapoaHoH koHpepenuun «/[Buratens — 2010», nocsueHHoi 180-n1eTuio
MI'TY um. H.3. baymana. - M.: MI'TY um. H.D. Baymana. — 2010. - C. 115-119.

44, MpuMeHeHHe HEHBYOTOHOBCKHX MOJIC/El CMa304HbIX KUAKOCTEH MPH pacdere Cloxk-
HOHArpyXKeHHBIX Y310B TPSHHS ITOPIUHEBLIX U POTOPHLIX MaunH / E.A. 3anopoxuas, 10.B.
PoxaectBerckuit, H.B. Myxoptos, H.T'. Jleranos / TpnbGonorus — MaltTHHOCTPOCHHMIO: TE3H-
Cbl A0KJ1A10B Hay4.-TeXH. koHpepenuu. — Mockea: UMAIIL. - 2010, - C. 65-66.

45. 3apopoxnas, E.A. Metoika pacyera CllOHOHAIPYKEHHDBIX Y3JI0B TPEHHSA, CMA3bI-
BaeMbIX HCHBIOTOHOBCKUMH ®ujikocTsmMu / E.A. 3amopoxkuan, U.B. Myxopros, U.T. JleBa-
HoB // XV MexayHapoaHblil kOHrpecc aBuratenecTpoutesneid. — Xapoekon: XAW. — 2010.—
C. 40-41.

46. 3ajopoxuan, E.A. TIpuimeHenne sHeprocOeperaioiinx Macen IpH IKCOMyaTallu
IBHraTenci BHyTperHero cropanus / E.A. 3agopoxnas, U.T'. JleBaros // Tlpobaembt u nep-
CIeKTHBBL pa3BuTHs EBpoasHarckix TPaHCHOPTHBIX CHCTEM: Matepuaisl MexayHapoaHoi
HAayUHO-TIPAaKTHYECKOH KoHepeHuun. — Henabunck: Us3a-so FOYpI'Y. —2009. — C.103-105.

47. Methodology of Calculation of Dynamics and Hydromechanical Characteristics
Complex-Loaded Tribounits, Greased Structurally-Heterogeneous and Non-Newtonian Flu-
ids / V. Prokopiev, J. Rogdestvensky, A. Boyarshinova, E. Zadorozhnaya, V. Karavaev, K.

34



Gavrilov, N. Hozenjuk, I. Levanov // IV World Tribology Congress. — 2009. — Kyoto, Ja-
pan. — Pp. 58.

48. Ilpoxonsen, B.H. I'mupoMexaHnyeckue XapakTepHCTUKH MOAIMIIHMUKOB CKOJIbKe-
HMsI, CMa3bIBaeMbIX HeHbOTOHOBCKUMHM Maciamu / B.H. TIpokonwes, E.A. 3ajopoxnas //
COOpHHK TPYIOB MEXKIYHapOIHOH HayuyHO-TEXHHYCCKOH KoH(epeHUuy «AKTyallbHble
npobnembl Tpubosioruu». — Camapa — M.: MawuHoctpoenue. — 2007. — 1. 3. — C. 478-480.

49. 3anopoxknan, E.A. /lnvHaMHKa IBYXONOPHOro acCMMMETPHYHOIO poOTOpa Ha I104-
LIMOHMKax ¢ nuasatomumu BTyakamu / E.A. 3anopowxnas, H.A. Xosenwok, A.C. ®uwep,
I1.A. Tapanenko // COOpHUK TPY/A0B MEXKIYHapOIHOH HAy4YHO-TeXHHYECKOH KoHpepeHuuu
«AKTyanbHble npobaemsl Tpubonorun». — Camapa — M.: Mammnoctpoenue. — 2007, — 1. 3.
—C. 160-164.

50. Ipoxonkes, B.H. /[nuamMuka poTopa Ha MOALIMIIHHKAX C ABYMA H TPEMS CMA304HBI-
mu ciiosimu / B.H. TIpokonbes, B.I'. Kapasaes, E.A. 3aaopo&nas u ap.// Tpy/abl MexayHa-
POHOTO HAYMHOTO cumMno3nyma « HIpoaHHaMHueckas Teopus cMmasku — 120 net». — Open.
—2006. - C. 436446.

Kommnuiekcsl mporpavMs

51. CBMOETEALCTBO O rOCYAApCTBEHHOH perucrpauuu nporpamMmbl s OBM
Ne 2012661032. TIporpamma pacueTa rHipoOMeXaHHUYECKHX XapakTePUCTHK Tpubdoconpske-
HHS «IIOPILEHb-LIHHAP» C YYEeTOM KOHTAKTHOIO B3aUMOACHCTBHS MOBEpXHOCTEH TpeHHd
U M3MEHEHUs TeMIlepaTypbi cMazouHoro ciios: «Ilopwens — KOHTAKT» / 10.B. Poxiect-
senckuit, K.B. l'agpuiios, E.A. 3agopoxuas u ap. 3aperucrpuposaHo 5.12.2012.

52. CBUIETENLCTBO O TrOCYJAApPCTBEHHOH perucTpauny 1porpammel s DBM
Ne 2012617386. Ilporpamma HccieOBaHUA XapakTepHCTUK IHHAMHUYECKH HArpyKEHHbIX
TpUOOCONPAKEHHUH € yHETOM [IPOLECCOB TerloMaccooOMEHa B CMa304HbIX CJIOAX M Tpa-
HUuHbIX pexxnMoB TpeHus / E.A. 3agopoxnasn, U.B. Myxopros, H.T". Jleanos, K.B. I'as-
punioB. 3apeructpuposano 16.08.2012.

53. CBuOeTeNnsCTBO O rOCYAApPCTBEHHOH perdcrpaluu  mporpaMmbel  aid  DBM
Ne 2011618913. TIporpamma pacdeTa Hecyitei criocOGHOCTH H I'HAPOMEXaHHYECKHUX Xapak-
TEPUCTHK YMOPHBIX THAPOIMHAMHYECKHX TOALIMITHUKOB POTOPHBIX MAIIMH «IloansaTHuky /
E.A. 3anopoxnan, A K. BospuinHosa, M.J. Kypoukun. 3apeructpuposato 16.11.2011.

54. CBuAeTENbCTBO O  IOCYJAPCTBEHHON  perucrpallud  nporpaMmbl  juis  DOBM
Ne 2011618908. TIporpamma TEILIOBOIO pacueTa C/IOKHOHAIPYKEHHBIX OLOP KHJIKOCTHOIO
TPEHHs B TEPMOTMAPOJAMHaMUYecKol (Hen3oTepmuueckoi) nocraHoBke «TEMIIO-2» /
E.A. 3anopoxuan, B.I'. Kapasaes. 3apeructpuposano 16.11.2011.

55. CBujieTensCTBO 0 OCYJApCTBEHHON perucrpallid  mporpammsl it DBM
Ne 2011612348, TlporpaMmHubIi KOMIUIEKC mis pacuera AMHaMUKH n I'MX wmwaTyHHbIX
NOIIUIHHKOB Konen4daTeix Basios JIBC Ha pexumax pasroHa jasuratens «Pasron» / AK.
bospuinnosa, E.A. 3aaopoxknasn, C.B. UYepneiiko, H.A. VBHH. 3apeructpHpoBaHo
21.03.2011.

56. CBuAETENbCTBO © TOCYAAPCTBEHHOH perdcTpallid  nmporpammbl it DOBM
No 2010617227. Tlporpamma ans OBM «/luHamuka MHOTOCHOMHOrO MOAWIMIHHKA» /
E.A. 3aaopoxnasn, A.C. ®uwep, A.K. Bospuuunosa u jp. 3apeructpuposano 29.10.2010.

57. CBuzeTensCTBO O TOCYAApCTBEHHOM — perucrpalluy  mporpammsl i DBM
Ne 2010612189. Kommieke 1niporpaMs aHanusa AHHAMWKH H THIPOMEXAHUYECKHX XapaKre-
PUMCTHK NOALIMIHUKOB CKOJIBXKEHHMS TMOKOIO pOTOpa, CMa3blBAEMbIX HEHbIOTOHOBCKUMH
wuakocTamu «I'ubkuit porop-1I» / E.A. 3agopoxnan, V.T. Jlesanos, T1.A. Tapanenxo,
C.B. Yepneiiko. 3apeructpuposato 24.03.2010.

3 1103966



58. CBuaeTensCTBO O TOCYAApCTBEHHOH perucTpauuy mporpammel s OBM
Ne 2010612188. TlporpamMa uccielOBaHMS XapaKTEPHCTHK CTATHYECKH HArpyXXeHHBIX
MOAIIMITIHUKOB CKONbKeHust «Mukpopeonorus» / E.A. 3anopoxuan, 11.B. Myxoptos, I.T.
Jleanos u ap. 3aperucrtpuposaso 24.03.2010.

59. CeuaeTensCTBO O TOCYJAAPCTBEHHOM perucTpaumu  mnporpaMmsl  mis  OBM
Ne 2010612190. Kommuieke nporpamMm asanu3a AMHAMHKH W THAPOMEXaHUYECKHUX XapaKTe-
PHCTHK TTIOILHITHHKOB CKOJBXKEHHS ¢ IPOMEXKYTOYHBIMH 3IEMEHTAMH C YYETOM ECTKOCTH
xopriyca «Xectkocte» / J1L1O. UBanos, E.A. 3agopoxnas, A.C. @unep, . A. [liexaHos.
3aperucrpuposaro 24.03.2010.

60. CBHJETENBCTBO © T[OCYJapCTBEHHOM peructpauud nporpammbl s OBM
Ne 2009610348. Kommiexc nporpaMM asannsa JHHAMHKH H THAPOMEXaHHYECKHX XapaKTe-
PHCTUK MOILNITHHKOB CKOJIbKEHHS, CMA3bIBAEMbIX MUKPOIOISPHBIMH ®HIAKOCTAMH «MuK-
pononspuocts» / B.H. Ilpokonses, B.I'. Kapasaes, E.A. 3ajjopoxkuasn u ap. 3apeructpu-
poBaso 14.01.2009.

61. CBUIIETENBCTBO O TOCYJAPCTBEHHON perucTpaumMu  mporpammel  ans  OBM
Ne 2008611068, Komnneke nporpamMm [uis pacdeTa QUHAMUKH W THAPOMEXaHMYECKHX Xa-
PAKTEPHUCTUK CHOKHOHATPYIKEHHBIX [1OIIIKHIHUKOB C IPOMU3BONBHON reomeTpueil cMazou-
Horo cios «Makporeomerpus» / B.H. Ilpokonses, A.K. Bospuvnosa, E.A. 3anopoxuas,
K.B. l'aspunos. 3apeructpuporano 28.02.2008.

62. CiieTenbCTBO O TOCYAAPCTBEHHOH pervcTpanud  mporpammel it OBM
Ne 2007613507. Komneke nporpamMm asain3a JJMHAMHMKH H THAPOMEXaHHYECKUX XapakTe-
PUCTHK TOANIIHIKOB CKOJbXKEHHS, PabOTAIOUMX Ha HEHBIOTOHOBCKHX Macnax «HeHpro-
tou-1I» / B.H. Tlpokonees, A.K. bospuiuHosa, E.A. 3aanopoxnas, N.I'. JIepanos. 3aperu-
cTpupoBaHo 17.08.07.

ITaTeHTnI

63. TlateHT Ha nonesHyw moaens Ne 57848 ot 26.05.2006. Typbokommpeccop / B.H.
IIpokonbes, A.K. Bospuinnosa, E.A. 3agopoxknas, A.C. @uwep, M.IH. AxMmerkaHos,
E.N. ITepues, U.X. Illeiixkman; 3agBuTens U npasoodnatatens KOYpl'Y (HHUY).

64. TTaterT Ha noneznyio mogens Ne 101508 ot 20 suBaps 2011. Typ6oxommnpeccop /
E.A. 3agopoxnas, A.C. Guwep, [1.10. Ueanos, 10.B. Poxxnecteenckuii, [1.A. TapauneHko;
3asBuTeEsb U npaBoobnanarens FOVpl'Y (HUY).

65. TTarent Ha nosesHyio moiens Ne 119049 ot 10.08.2012. TToammnuuk mopiiHeRO#H
ronosku matyua / B.M. Cypkux, X.M. Huszos, E.A. 3agoposxknasn; 3assutens 1 npaBood-
nagatens OYpI'Y (HUV).



3agopokHas Enena AnatonbeBHa

AUHAMHKA U CMA3KA HEHBIOTOHOBCKUMH XKHIKOCTAMH
CIIOX)KHOHATPYXEHHBIX TPUBOCOTIPSPKEHMH ITOPITHEBBIX
H POTOPHBIX MAHIHH

Cneumnanbhocts 05.02.02 — «MamnHOBe IeHHE, CHCTEMbI TPUBOAOB
M JeTalid MaliiH»

ABropedepat
JHiccepTalMy Ha COMCKAHUC YUEHO CTEeNEeHH
JOKTOpa TEXHHUYECKHUX HAyK

N3natensckuii nentp IOxno- Ypaibckoro rocyaapcTBEHHOTO YHUBEPCHTETA

[Moamucano B neyats 04.10.2013. dopmat 60x84 1/16. [levats undposas.
Ven. neu. a. 2,09. Yu.-u3g. n. 2. Tupax 120 ax3. 3akaz 390/714.

Ornevarano B THnorpaguu Mzaarensckoro uentpa IOYpl'y,
454080, r. Yensodunck, np. um. B.H. Jlenunna, 76.



