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patype, pa3bsiCHEHbI B TEKCTE PaOOTHI.



BBEJAEHUE

AKTyaJbHOCTH padoThl. Ceroans npodiema neduiuTa SHEPTUU U U3MEHEHUH KiinMaTa
HACTOATEIHHO MOTUBUPYET Pa3BUTHUE UCCIICIOBAHUM, CBI3aHHBIX C MOBBIIIEHHEM 3P dek-
TUBHOCTHU KOJIECHBIX TPAHCIOPTHBIX CpeACTB. buzHec-cTpaTernu aBTOMOOMIIBHBIX MPO-
U3BOUTENICH BO BCEM MUPE HAXOAATCS MO OOJBIINM BIUSHUEM BCe 00Jiee )KECTKUX pe-
IJIaMEHTOB, KOTOPBIE MIPEACTABIAIOT Hauboee YP(HEeKTUBHBIE MEPHI IO CMSATYEHHUIO U3-
MEHEHHUM KJIMMaTa B TEUYEHUE MPOUUIbIX AecATHiIeTHH. [[0CKOIbKY pacxona TOILIMBa
TPAHCIIOPTHOTO CPEACTBA HampsiMyto cBsizaH ¢ BbiIOpocamu COgz, psil NpaBUTEILCTB B
MUpE BBIIBUHYJIU CTAaHAAPTHI HA BEIOPOCHI MAPHUKOBBIX Ta30B U TOIUIMBHYIO IKOHOMUY-
HOCTb JJIA JIETKOBBIX M TPY30BbIX aBTOMOOMJEH (pucyHok 1). B MHOTHX eBponenckux
CTpaHax moka3zaTeisb BbIOpocoB CO; B mocneIHue TpU-YEThIPE Toa BOIIET B YUCIIO OC-
HOBHBIX XapaKTEPUCTHK TPAHCHOPTHBIX CPEACTB. AKTUBHO IMPOBOAUTCS MOHUTOPHUHT
BBIOPOCOB, 00CYXAAIOTCS U AEKIAPUPYIOTCA CTPATETUUECKUE LIEJIU MO UX COKPAIIEHUIO
[55, 58]. Ha myTu k cHMXeHHUIO yriiepoaHoro ciena Poccuiickas denepanus, Tak e, Kak
U KIIIOYEBBIE TOPrOBBIE MApPTHEPHI, pazpaboTana coOCTBEHHYIO cTpaTeruto. CoriacHo
JAHHOW CTPATEruy MPEANOIIAraeTCs JOCTHKEHHUE YITIIEPOIHON HEUTPAJIbHOCTH CTPAHBI K
2060 roxy, mpu 3TOM pacCMaTPUBAIOTCA ABA CLIEHAPUS — UHEPLIMOHHBIA U HHTEHCUBHBIM.
NHTEeHCUBHBIN ClIeHapUi SBJISIETCSI MIPUOPUTETHBIM, OH MPEIOJIaraeT CHUKEHUE BBIOPO-

COB MapHUKOBBIX ra3oB Ha 79% k 2050 roay [29, 57].

EC 5 Kutaii
Kanaga E. CO3 MOHUTOPUHT K ﬂemapauwﬂg K 2019 Pacxop Tonnuea 3Tan 2,
Mpeanucarivs no esiGpocam 20gﬂof;g;:(t?:”ﬁ‘ZSEzzzaiHifi/;ﬂl9 C-WIVE, c orpariuieHuen
Gonelerpys.aeT. U J7an 3: 2019
asurateneid GHG
(TecHo ceA3aHbl ¢ CLUA)

— *9®
HO>kHana Kopesa «%#

Obcywaenue uenen CO2,
2021+, oTcyTCTBME AOM.
WH.

CLUA
GHG ¥ 3KoHOMMKA TONAWBaA
®aza 1 (NoNHOCTBH NO3TaNHO K
2017)
®a3a 2 Ha4.B 2021

Bpaszunua E

Hau. obcyxaeHns

Anouuna II'

Cra Haa DTI:\ Nno TOMAWBHOM
WHOM nyHocTk 2015/2025,

M TOJ'H:KO avsens

Cranaaprt no TonnMBHOIA Q/&

Wuana
3KOHOMHYHOCTN
®aza 1: 2018
®asa 2: 2021

Il GHG/CO./FC Ony6nukoBaHHbIe CTaHAAPTHI
A 2 CyxaaeMble CTaHAapThI
GHG/CO/FC 06

Pucynoxk 1 — Buenpenue orpannuenuii no Beiopocam CO; B Mupe
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PaccmaTtpuBaembie B Mupe orpanuueHus no Beiopocam CO; onpenenstor BEKTOp
Pa3BUTHS KOJIECHBIX TPAHCIOPTHBIX CPEJICTB, U B YACTHOCTH JBUTATENs] BHYTPEHHETO
cropanus ([IBC). C ogHOM CTOPOHBI, MPOU3BOAUTEISIM aBTOMOOUIIEH TpeOyeTcsl yBEIH-
YUTh JIOJI0 HU3KOYIJIEPOJAHOIO TPAHCHOPTa (3TO MOKET OBITh 3NEKTPOTPAHCIOPT U
TPAHCIOPT Ha BOJOPOJHBIX TOILTUBHBIX dJIEMEHTAX) 10 o0meMy mapky [141]. Oanako,
YUUTHIBasl 3HAYUTENIbHBIE Oaphephl MO PA3BUTHIO MOJOOHOTO TPAHCIIOPTA, a TAKXKE Mps-
MYI0 3aBUCUMOCTB BbIOpocoB CO; 0T pacxo/ia TOIUIMBa, OCHOBHBIM HANpaBJICHUEM Ha ce-
T'OJHS SIBJISI€TCS OBBILIEHUE TOIUIMBHOW SKOHOMUYHOCTH. J{aHHBIN TOKa3aTeNnp SBISETCS
0000 BaXKHBIM JJIs1 TOTPEOUTEIIS, TOCKOJIbKY TOIJIMBHAS IKOHOMUYHOCTH — OJIHA U3 OC-
HOBHBIX COCTaBJISIOUIMX INIABHOT'O MOTPEOUTEIBCKOTO CBOIICTBA — CTOMMOCTH BJIAJICHUS
aBTOMOOMJIEM. B CBSI3U C BBIILIEU3IIOKEHHBIM, B YCJIOBUAX JKECTKOM KOHKYpPEHLIMHM Ha
pPBIHKE KOMMEPYECKUX T'PY30BbIX aBTOMOOMIIEH, noBbienue 3gpdexkruBHoct JBC, kak
OCHOBHOT'O Ha CET0/IHS BApUaHTa UCTOYHUKA YHEPTUH KOJIECHBIX TPAHCIIOPTHBIX CPEJICTB,
B OJMbKaiiiell mepcreKTUBE UMEET MEPBOCTENEHHOE 3HAUEHUE.

Coznanne HOBBIX AHEProd((hEKTUBHBIX U BBICOKOTO3KOJIOTMYHBIX CUJIOBBIX yCTa-
HOBOK JIJIs1 aBTOMOOMJICH TpeOyeT MoucKa HOBBIX MEPCIEKTUBHBIX pemeHui [20, 26, 32].
[lepcnekTUBBI CO3/1aHUS TAKUX CUJIOBBIX YCTAaHOBOK CBSI3BIBAIOT C MPUMEHEHUEM MPO-
I'PECCUBHBIX PEIICHUI W TEXHOJOTHH B 00JACTH JBUraTEICCTPOCHUS, THOpUIU3AIECH
CUJIOBOM JIMHUH, UCTIOJIb30BAaHUEM aIbTEPHATUBHBIX BUJOB TOILIUB, & TAKXKE C JalbHEH-
IIMM YCOBEPIIEHCTBOBAHUEM CHUCTEM HEUTpaIU3al[uu OTPAOOTABIINX T'a30B.

O¢ddexTuBHBIE MOKA3aTENN UMEIOIIUXCS HA MUPOBOM PBIHKE COBPEMEHHBIX M-
3€JIbHBIX JIBUrareliel B Kiiacce 12-13 IUTpOB TaKOBBI: MUHUMAJIBHBIA YIAEIBHBIA PAcXo/
torumBa 182-184 r/kBt-4, apdexrunbiii KI1J] 44-46%. JlaHHble MOKa3aTeM MOXKHO
CUMTATh OTIIPABHOM TOYKOM Ha MyTH MOBbIeHUs sHeproddpdexkruuoctu JIBC [71-73].

[Iporpecc B Teopun JIBC u HOBblE NEPCIEKTUBHBIE TEXHOJIOTUN OOECIEYHBAIOT
BO3MOYKHOCTh 3KOHOMUH TOIUIMBA ITyTEM LIEJIEBOTO COKpPAILEHHs ITOTEPh IHEPruun. Tep-
MOJAMHAMUYECKUE OTPAaHUYECHHS] — BOIPOC MEPBOCTENEHHON BaXKHOCTU C TOYKHU 3PEHUS
noctmwkeHus: MmakcumanbHoro 3¢ dexkruaoro KITJ[ IBC [122, 135]. DHepreTuueckuii
OanaHC ompeesieT MaKCUMaJIbHYIO MOJIE3HYIO paboTy, KOTOPYIO TEPMOJMHAMHUYECKAS

CUCTEMa MOKET MPOU3BECTH, a TAKXKE OTEPU IHEPTUU Ha HeoOpaTumMble npouecchl. [Ipu
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TUMUYHBIX YCIOBUSAX PaOOTHI IBUTATElNsl HEOOPATUMOE CropaHue MoraomaeT okoiao 20%
OT BO3MO>XHOCTEHN TOIUIMBA ISl COBEPILIEHUS padOThI, TOApa3yMeBasi YTO MAKCUMAJIbHBIHI
s dextuBnbiit KITJ[ Obu1 Ob1 B myuieM cinydae ~80%, mpeanosnaras Bce Ipyrue mpo-
IIECCHI OBLIH UCATBHBIMU (4TO HEBO3MOXKHO). OJJHAKO MPH peallbHOM paboTe IBUTATEIS
B JIOTIOJTHEHUE K OCHOBHBIM DHEPreTUUYECKUM TIOTEPSM BO BPEMs CTOPAHHUS I00ABIISIIOTCS
TEIJIOBBIE MOTEPU B CUCTEMY OXJIAXKIECHUS, B CUCTEMY BBIITYyCKa OTPA0OTABIIMNX ra30B, a
TaxKe MexaHmdeckue norepu [149]. Pestomupysi, pesepsol 3Heprocoepexenus JIBC 3a-
KJIFOUEHBI HE TOJILKO B CHUYKEHUU MOTEPh TEIJIOBOM SYHEPTUU, HO U B TOBBILLIEHUH dPPEeK-
TUBHOI pabOThI, B TOM YHCJIE U 32 CUET CHIKEHUSI MEXaHUYECKUX MOTEPb.

B teopun JIBC mexaHuyeckue NMOTEPH pacCMaTPUBAIOTCSA Kak 3aTpayeHHas Ha
MIPEOIOJICHUE BCEX BUJOB COMMPOTUBJICHUS IBUKEHUIO IETAJICH, BO3IyXa U JKUIKOCTEN B
JIBUTATEJI€ YaCTh MHAMKATOPHOU paboThl. [10 pa3nmnyHbIM OLIEHKaM, BBIITOJTHEHHBIM JIJIs
KOHKPETHBIX TUIOB M KOMILIEKTalui nopiHeBbix JABC, mons MmexaHn4eckux noteppb Ha
HOMHUHAJIBHOM PEXHME padOThl OCH3MHOBBIX U IU3EJIbHBIX JBUIaTEIEH COCTABIISET BE-
mmarHy oT 10 10 20%. I1pm 3ToM 3Ta momst BozpactaeT 10 100% mpu paboTe Ha XOJI0CTOM
xony 1 10 20-30% 1mpu 0OBIYHOM BHYTPHUTOPOJCKOM JIBIKEHUU. B cpenHeM okoJo 4et-
BEPTHU PacCIoiara€Moil SHEPIrUU ra3oB B MOPIIHEBOM ABUTaTeNie 0€3BO3BPATHO TEPSAETCS
Ha MPEoI0JICHNEe MEXaHHUEeCKuX morephb [45-47, 111].

B cBoe Bpems I'.P. Pukapno, aHanusupysi TMHaMHUKY TOKa3aTesieid kaporoparop-
HbIX aBuratenei 1924-1948 ronoB BeIyCcKa, OTMETHII OTCYTCTBUE POCTA MEXAHUYECKOTO
KIIJI 3a yka3zaHHBIH Iepruo1 M OOBSICHIII 3TOT (PaKT TEM, YTO MOBBIIIEHUE MHIUKATOPHBIX
noKasareyied OTHOBPEMEHHO COIPOBOXKJATIOCHh MPAKTUYECKH MPONOPLIUOHAIBHBIM PO-
CTOM 3aTpaT SHEPIHU Ha ra3000MEeH M MPeo I0JIeHue Mexanndeckoro Tperus [59]. Cpas-
HEHUE aHAJIOTHYHBIX MApaMEeTPOB COBPEMEHHBIX JBUTATENIel, OOJaJaroNIuX 3HAYU-
TEJIbHO OOJBIIMM YPOBHEM (DOPCUPOBAHUS KaK MO HArpy3Ke, TaK U [0 CKOPOCTHOMY pe-
KHUMY, CBUCTEILCTBYET O HEOOJBIIOM Mporpecce: BenuunHa mexanndeckoro KIIJ[ Ha
HOMMHAJILHOM pekuMe gocturaet Beipocia 10 0,80...0,90 (B cpaBHEeHHH C JBUTATEIISIMH,
paspaboranubsiMu 10 2000 roxa, u umeromumu Mexannueckui KI1J[ 0,74...0,78[69]).

DTO TOBOPUT 00 OYEBUAHBIX yCIexaxX B 00JIaCTH TPUOOTEXHUKH U TPUOOTEXHOJIOTHH.
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Tem He MeHee, TecHasi B3aUMOCBS3b MEXaHUYECKUX MOTEPh ¢ pabOUYMM MPOILIECCOM JABH-
ratens, KOTOpPBIA B MOCIEAHEEe BpEeMsi CTAHOBUTCSA Bce 0oJiee arpeCCHBHBIM (B MEPBYIO
ouepeib B CBSI3U C POCTOM JABJICHUSI CTOPAHHUS ), a TAKKE CIOKHOCTh PELICHUH M0 CHU-
KEHUI0O MEXaHWYECKUX MOTEPh, B 3HAYUTEIIBHON CTENEHU 3aMEUISIIOT JUHAMUKY pOCTa
Mexanudeckoro KIT/I.

AHann3 MUPOBBIX MPOTpamMM IO MOBbIIIEHUIO dHEprodddextuBHocTr JABC nox-
TBEPKAAET, YTO ABTONPOU3BOJUTENH YAEIAIOT OOJbIIOE BHUMAHKUE MTOUCKY ITyTEH CHH-
KCHHUS MeXaHn4deckux moteps [41-42, 127]. Tak ¢ 2010 roga aelicTByeT nmporpamma Su-
per Truck, ocHOBHas 11e)Tb KOTOPO# — yBeIHUeHUE 3PPEKTUBHOCTH IPYy30IIEPEBO30K 00-
jee, 4eM B JiBa pasa, a Taxxke nosbieHue 3gdexrusHoro KII JIBC no 55%. B npo-
rpaMMe y4acTBYIOT BEAYIIUE MPOU3BOJUTEIN aBTOMOOMIBHOW TEXHUKU U JIBUTATEIICH:
«Daimler», «Volvoy, «Cumminsy, «Navistar», «Paccar». B pamMkax CHUKEHHSI MEXaHHU-
yeckux noreps [IBC paccMaTpuBarOTCs TEXHUYECKUE PELIEHUS 110 LWIMHIPO-TIOPIIHE-
Boi rpynmne (LIIII"), koTopasi BHOCUT OCHOBHOU BKJIaJ B IOTEPU HA TPEHUE, IO KPUBO-
munHo-mwaTyHHoMy Mexanusmy (KIIIM), no cuctemam cMa3Ku U OXJIaXKICHHUS, a TAKKE
10 SHeprocoeperaronmM Maciam (pucyHku 2, 3). [To Tekymum pe3yabTaTam MpoeKTa KOM-

MEpLUHAIIN30BaHO NOpsAKa 30 HOBBIX TEXHOJOTHM MO JIBUTATENIO U CUJIOBOMY arperary.

o,
Km (A’) - SKCMepIMeHTATEHO MIOATEeP KT eHHBIE
[ Pacuersmie necnenosarma
« [Ms3b! ¢ MnasMeHHBIM = [k Penruna ¢
54 HarnbUIeHHEM rnohazoBsIM
* TopmHeEsIe KONBLIA U ITATEL] OXTEKNCHUEM
» CrerieHs CXaATHE C aTMa3HBIM TIOKDEITHEM . Ly Penruna
53 @ * PaspensHas cucTeMa CMasKi Ha baze
" POpMA KAMEPBL CTOPAHHA « Macnianbiit HACOC MIEPEMEHHOR  yynenorrerTana
5 2 1 MomeHT BHXpA TIPOM3BOIHUTENBHOCTH
= Dodexnerocts TKP = Vnpaenaemsie dopcynrm
51 = Inxn Munnepa OXIaKAeHNUA [TOPIHA -
* EGR c pasnensHbIM s - """"""""
OXITaKIEHUEM P . 4 714
50 . I S * ‘Banzko Hoprmf a
- xzomexg:;qﬂoe pacrionoxermprt  TOPIIHEH
49 k Typburre SCR * Tloxpermna nna
* Ileyxcrymenuaroe [OTOBOK
48 03MpPOBaHMe HEEADoR
| AdBlue
Cropanne \exanmuec- Ilopbimennpii CHIKeHHE Pexymepamms
asa )
HII0Ja4a  gpe moTepH NOx TEILTOBBIX Temaa
BO3ayXa mnoTepsb

Pucynok 2 — Ctparerust komnanuu «Daimler» mo noseimennro KI1/1 JIBC B pamkax

nporpammbl Super Truck
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Pucynok 3 — Ctparerus kommnanuu «V0Ivo» no nosermenuto KITJ{ IBC B pamkax

nporpamMmsl Super Truck

AKTyaJbHBIMH 33JJa4aMH B paMKaX BbIpaOOTKH CTpATEruH IO LIEIEBOMY COKpalle-
HUIO MEXaHWYECKUX MOTEPh U MOBBILIECHUIO 3HEPTodI(PPEeKTUBHOCTH KOHKpeTHOoro JIBC
SABJISIFOTCSL:

1) Onpenenenrie BKIaga OTACIBHBIX IPYII KOMIOHEHTOB B OOILIHE MEXaHUYECKUEC
norepu. opmupoBanue «bajaHca» MEXaHUYECKUX MOTEPh U OIIEHKA IPYII KOMIIOHEH-
TOB MO HaMOOJBIIEMY BKIIAly B MEXaHUYECKHUE TIOTEPU MO3BOJISIT ONPENETUTh IPUOPH-
TETHBIE HAIPaBJIEHUS AJIs1 pabOT U Pe3epPBbl IHEPrOCOCPEKEHHUSL.

2) OueHka BIMSHUS pa3IMuHbIX (DaKTOPOB HAa MeXaHuuyeckue norepu. Ha mexanu-
YECKHUE MOTEPU OKAa3bIBAIOT BIMSHUE MHOXXECTBO (DaKTOPOB: HYAaCTOTA BPAILEHUS KOJICH-
4aToro Bajia, TEMIIEpaTypa OXJIaKIaroIen )KUIKOCTH U MACJIa, JaBJICHUE BHYTPY LIWJINH-
npa (ypoBeHb Harpy3ku) u jp. C 1esnpto o0ecrnedeHus: 6oee riryooKkoro moHUMaHUs OT-
HOCUTEJIBHO JaibHeero ynyumenus s¢pdexrusHoro KI1/1 BaxHO onpeneanTs 3aKOHO-
MEPHOCTH U3MEHEHUS MEXaHUYECKUX MOTEPD.

Heanb padorbi: NOBBICUTH AP(HEKTUBHOCTh U TOIUIMBHYIO SKOHOMUYHOCTH PSI-
HOT'O MIECTULMIMHAPOBOIO JAU3ENS MyTEM LIEJIEBOr0 KOMIUIEKCHOIO COKpALEHUSI MeXa-

HHUYCCKHX IMOTCPb.
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Jisa noctukenus uen ¢popMyaMpoBaHbI CJeAyONIHE 321a9U:

1. Pa3paboTath METOIUKY SKCIIEPUMEHTAIBLHOTO OMPEACIICHUS MEXaHUUYECKUX T10-
TEph, MO3BOJISIONIYIO ONPEIEIUTh BKJIAJ OTJEIBHBIX TPy KOMIIOHEHTOB B OOIIME TO-
TEpH ¥ OIICHUTH BIMSHUE HA HUX PA3JINIHBIX (PaKTOPOB;

2. IIpoBecTr 3KCHEPUMEHTAIIbHBIE UCCIIEIOBAHUS PSAHOTO MECTULHIMHIPOBOIO
JTU3EIIS TI0 pa3pab0TaHHOW METOAMKE, OTIPEICTUTh aKTyaIbHBI YPOBEHb MEXaHUUECKHUX
MOTEPH, a TAKXKE MPUOPUTETHHIC HAMIPABIICHUS JJIsI UX CHYDKCHUSL.

3. MccnenoBaTh HalpaBieHUs 110 CHUYKEHUIO MeXaHU4eckux norepsb. Chopmupo-
BaTh KOMIUJIEKC PEIICHUMN JJIs JaJbHEUIIeH OIEHKU MX BIMAHUS HAa TOIJIMBHYIO SKOHO-
MHUYHOCTB uccieayemoro IBC.

4. Pa3zpabotath U Bepu(UIHUPOBATH MATEMATHYECKYI0 MOJEIb HCCIEIYyEeMOro
JIBC, mo3BOJSAIONIYI0 OLEHUTH BIIMSAHHE CHOPMHPOBAHHOIO KOMILUIEKCA PEIICHHH MO
CHI)KCHUIO MEXaHUYECKUX MoTeph Ha 3 dekTrBHbIe nokazatenu JIBC.

5. MI3roToBUTH OMBITHBII 00pa3el] ABUraTells C MaKEeTOM PEIICHUN MO CHIKEHHIO
MEXaHUUYECKUX MOTEPb, MPOBECTH CPABHUTEIILHBIC CTEHIOBbIC MOTOPHBIC UCIIBITAHUS U
OLICHUTH d(PPEKTUBHOCTHh BHEAPEHHBIX PEIICHUIM.

O0beKT uccjIe0BaHMS: PSAIHBIA ECTUINHAPOBBIN IBUTATEb C BOCIIJIAMEHE-
Huem ot cxxarus 6UH 13/15 (6a3ossiii nBurarens KAMA3-910).

MeTo10/10THSI 1 METOAbI UCCJIEIOBAHUIA: pa3paboTaHa METOIMKA IKCIICPUMEH-
TaJIbHOTO UCCJIEAOBAHUS MEXaHUUYECKUX MOTEPh, BKIIOUAIOIIAs: OLICHKY MOTeph Ha Tpe-
HU€ Ha JABUTATEJE, MPOKPYYUBAEMOM JTMHAMOMETPUYECKOW MAIIMHON Ha UCHIBITATENb-
HOM CTeHJi¢ (MPU MOJHOCTHIO CTAOMIM3UPOBAHHBIX YCJIOBHUAX), METOJOM IOCJEA0Ba-
TEJILHOTO JIEMOHTA)Ka OCHOBHBIX IPYNI KOMIIOHEHTOB C U3MEHEHHEM MapaMeTPOB Tel-
JIOBOTO PEXMMA; OLIEHKA BIUSHUS HA MEXAaHUYECKHE IMOTEPU HATPY3KU U JABJICHUS B LU~
JMHJpE MPOBOIUIACH METOJAOM HMHIUIMPOBAHUS. PacueTHO-TeopeTUUeCKre UCCIeq0Ba-
HUS IPOBOJIUIIUCH C UCIIOJIb30BAHUEM METO/Ia MATEMATHUYECKON CTaTUCTUKU, KOMIIbIO-
TepHOU rpaduku, ypaBHECHUN TEPMOJUHAMUKY, MEXaHUKH KUIKOCTU U Ta3a, TECOPUHU TeTl-
J00OME€Ha U COBPEMEHHBIX UYMCIICHHBIX METOJOB MAaTEeMaTUYECKOTO MOJICTUPOBAHUS.
[IpoBepka TOCTOBEPHOCTH PACUETOB MPOBOAMIACH ITYTEM CPABHEHUS TAHHBIX MOJEIH-

POBaHMA U PE3YJIbTATOB SKCIICPUMCHTAJIbHBIX I/ICCJ'IGIIOBaHI/Iﬁ ABUTaTCIIA.
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HayuyHnasi HOBU3HA PaOOTHI 3aKITIOYAETCS B CIACAYIOMIECM:

1) Pa3paborana «ruOpHIHAs» METOJNKA SKCIEPUMEHTAIBHOTO ONPEACIICHUS Me-
XaHUYECKHUX MOTEPb, MO3BOJISIONIAS ONPEACTUTD BKJIaJ OTICJIBHBIX IPYIIIT KOMIIOHEHTOB
B 001IIM€ TTOTEPH U OIICHUTH BIUSHUE HA HUX PA3INYHBIX (DAKTOPOB;

2) Pa3paborana 1 BepudupoBaHa MaTeMaTH4YeCKasi MOIEIIb IBUTATENIs C BOCILIA-
MEHEHHUEM OT CXKATHS, KOPPEKTHO YUYUTHIBAIONIAS W3MEHEHUE MEXAaHMYECKUX MOTEPHh U
MO3BOJISIFOIIAS OLCHUTD BIMSHUE TEXHUYECKUX PEIIEHUN M0 CHUKEHUIO MEXAHUYECKUX
noteph Ha dhPexTuBHbIe okazaTenu JIBC;

3) ChopMupoBaH KOMIUIEKC TEXHHUYECKUX PEIICHUH, MO3BOJISIONINN COKPATUTH
MEXaHMUYECKHE MOTEPU B MPUOPUTETHHIX (C TOYKU 3pEHHUS BKJIa/1a B O0ITHE MOTEPH) TPYTI-
1ax KOMIIOHEHTOB U CUCTEM M MOBBICUTH TOTUIMBHYIO SKOHOMUYHOCTH JIBC.

4) PazpaboTana KOHCTPYKIIUS PSIHOTO MIECTUIUINHIPOBOTO ABUTATENS C YUETOM
KOMIUIEKCA PEIICHUN 10 CHIDKCHHIO MEXaHMYECKUX MOTePh (IIATEHT Ha IMOJIE3HYI0 MO-
nenb Ne 197856).

IIpakTnyeckasi HEHHOCTh Pa0OThl COCTOUT B TOM, UTO IO PE3yjibTaTaM MPOBe-
JNEHHBIX OKCIEPUMEHTAIBHBIX HCCJICIOBAHUM TIOJYYECHBl AaKTyaJbHbIE JaHHBIC II0
YPOBHIO MEXaHUYECKHUX MOTEPh COBPEMEHHOTO JU3EJIHLHOTO JBUTATENS C BHICOKUM (-
dbextuBHBIM KIIJI. HOBBII MOIX01 K HCCIIEIOBAHUSAM MEXaHUYSCKUX TTOTEPh MO3BOJINII:
OIICHUTH BKJIaJl OCHOBHBIX TPy KOMIIOHEHTOB B OOIIIME MOTEPH; OLIEHUTh KOHCTPYKTOP-
CKO-TEXHOJIOTUYECKHI YPOBEHb KOMIIOHEHTOB U pa3Butue ucciueayemoro JIBC; onpene-
JUTh 3aKOHOMEPHOCTH M3MCHEHHUSI MEXaHUYCCKHUX MOTEPh; CHOPMUPOBATH 00JIACTH T10-
TEHIUAJIBHOTO YJIYYIIEHHUS] U CIPOTHO3UPOBATh MOTEHIHAIBHOE CHUKCHUE MEXaHUYe-
CKHX MOTEPh ISl KAKI0M KOMIOHEHTHOU rpynnsl ¥ JIBC B uenom.

Ha ocHoBaHMM TpOBEAECHHBIX UCCIICIOBAHUH TTOJYYECHBI HCXOIHBIC TAHHBIC 110 ME-
XaHUYECKUM MOTEPSIM, KOTOPBIE YUTEHBI B PACYETHOM MAaTE€MaTUUYECKOW MOJIEIIA UCCIIe-
nyemoro aBurarens. PaspabotanHas MareMatuyeckas MoJielbp pabodero mpoiiecca Hc-
CJIEyEMOr0 JAU3€EJIsl C YTOUHEHHBIMU JAaHHBIMHU MO0 MEXAHUYECKUM MOTEPSM IMO3BOJISET
OLICHUThH BIIUSIHUE MEXAHUUECKUX MOTEPh HA TOIIMBHYIO 3KOHOMUYHOCTH J[BC.

[IprumeHeHne «rUOPHUIHOTOY IOIX0/1a MPU OIEHKE Pa3IUYHBIX TEXHHUYECKUX pe-

IICHUN MO CHMXKCHHUIO MEXaHMYECKUX MOTEPHb MMO3BOJIICT COKPATUTb BPEMS Ha HOI[60p,
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pa3pabOTKy Pa3INYHBIX KOHIIENTYaIbHBIX M KOHCTPYKTOPCKUX U3MEHEHUH, HA TIPOSKTH-
poBaHue U 10padb0TKy KoMIToHEHTOB /IBC. DT0O m03BOMISIET COKPATUTH 00IIEE CPOKH MPO-
Benennss HUOKP u cokpaTuTh pacxojpl Ha JOPOTrOCTOSIINE HATYPHBIE UCTIBITAHUS JIBU-
raTessi U aBTOMOOUIIS.

CdopMupoBaHHBIM KOMIUIEKC TEXHUYECKUX PEUICHUHN MO3BOJSET CHUZUTH MeXa-
HU4Yeckue norepu uccieayemoro JIBC naxe mpu arpecCUBHBIX paboumMx mpolieccax
JABC, conpoBOoXIar0NuXCsl BBICOKUMU JaBJICHUSIMU CTOPAHMUSL.

Pa3paboTanHpie MareMaTH4YeCKUE MOJENIU, METOAMKA HKCIEPUMEHTAILHOM
OLICHKH MEXaHWYECKUX MOTEPb, a TAKKE KOMIUIEKC TEXHUUYECKUX PEIICHUMN MO CHUMKE-
HUIO MEXaHUYECKUX MOTEPb MOTYT OBITh MCIOJB30BaHbI MIPU MPOSKTUPOBAHUU HOBOTO
nokosienust sueproddpdexruBunix JBC.

JlocToOBEepHOCTH U 000CHOBAHHOCTH HAYYHBIX IOJIOKEHHWW W TOJyYEHHBIX pe-
3yJIbTaTOB O0YCIIOBJICHBI:

- 00ecIieuyeHUeM B XOJI¢ TTPOBECHUS SKCIEPUMEHTAIBHOTO UCCIIEI0BaHUS MeXa-
HUYECKUX TOTEPh MOJHOCTHIO CTAOMIM3UPOBAHHBIX pabOYMX YCIOBHH (TeMmmepaTypa
Macja ¥ OXJIaXIaroIIeH KUJIKOCTH ), BEAYIIUX K MPUOIMKEHUIO YCIIOBUNA CMa3KU U Tpe-
HUS;

- METPOJIOTHYECKUM 00eCIIeYeHUEM CTEHIOBBIX UCTIBITAHUI JIBUTATENICH;

- WCTOJIb30BAHUEM COBPEMEHHBIX YUCJEHHBIX METOJO0B MAaTEMAaTHYECKOI0 MOJIe-
JUpoBaHUs (OCHOBaHHBIX Ha ()YHIAMEHTAJbHBIX 3aKOHAX W YPaBHEHUSX TEPMOJUHA-
MHUKH, MEXaHUKH KUIKOCTH U raza, TECOPUHU TEIJI000MeHa);

- COTJIACOBAHUEM PE3YJIbTaTOB PACUETHBIX M SKCIEPUMEHTAIIBHBIX UCCIICIOBAHUI
IIPU OIIEHKE aICKBAaTHOCTH MAaTEMATUYECKUX MOJEIEH.

Peanu3anus pe3yabTaToB padoThl: pa3paboTaHHAsI METOAMKA IKCIIEPUMEHTAb-
HOT'O MCCIICIOBAaHUSI MEXaHUYECKHUX MOTEPh U MAaTeMaTUYECKUE MOJIeTn paboyero mpo-
1ecca PSAHOTO MIECTUIIMINHAPOBOTO JU3ETsl MPUMEHSIOTCS B paboyem mpoliecce KOH-
CTPYKTOPCKOTO OTJieJla JBUTATelIel U KOHCTPYKTOPCKO-HCCIIEIOBATEIILCKOTO OT/IeNa
CTEHJIOBBIX UcHbITaHUN nBurarenie Hayuno-texauueckoro nenrtpa [IAO «KAMA3» B

paMKax TPOEKTHUPOBAHUS WU HCCIEJOBAaHUI HOBOTO TMOKOJEHHUS 3HEProd(PheKTUBHBIX
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nsurareneil. ChopMupoBaHHBINA KOMILIEKC PEIICHUN MO CHIKEHUIO MEXaHUYECKUX I10-
TEpb BBEJICH B COCTAaB KOHCTPYKTOPCKOM AokymeHTarmu asurarenss 6UH 13/15, mpose-
JIEHa TEXHOJIOTMYECKAsl MOJArOTOBKA M OCBOEHO CEPUMHO MPOW3BOACTBO JIBUTATENCH.
HakoruieHHBII ONBIT 110 UCCIIEI0BAHUIO HAPABICHUN CHUYKEHUS MEXaHUYECKUX MOTEPh
JIBC u pa3paboTke HOBBIX TEXHUUYECKUX PEIICHUH, HAlIPaBJIEHHBIX Ha MOBBIIIICHUE YHEP-
rospdextuBHocTH [IBC MOTYT HaliTH IpUMEHEHUE:

- [IpY NPOEKTHUPOBAHMUU HOBBIX MOKOJIEHHA M MojepHHu3anuu cepuiitbix JIBC Ha
NPEANPUATUAX OTEYECTBEHHOU MPOMBIIUIEHHOCTH;

- IPY ONTUMH3AIMHI U BEIOOPE KOHCTPYKTOPCKUX PELICHHUI B MPOIIECCe MPOCKTH-
poBanus JIBC;

- B yueOHOM Ipolecce BbICIINX yueOHbIX 3aBe/ieHuil PO npu urennu kypca «KoH-
cTpyupoBaHue asuratenein» u « Teopust pabounx npoueccos JIBCy», a Takke NpH BBIIOJ-
HEHUU KypcoBbIX IpoeKToB U BKP 1o HampaBineHuto « 9HEpreTnyeckoe MalnHOCTPOe-
HUEY.

Anpobanus padoThl: 10 OCHOBHBIM pa3jiejiaM JUCCEPTAMOHHON pabOoThl OBLIN
CZIEJIaHbI IOKJIAJIbl HA:

- MexayHapoHON Hay4YHO-TIpakTHYecKod KoHpepeHImu «JlBuraTennp-2017y,
2017 r., MockBa, MI'TY um. H.D. baymana,

- X HaumoHanmsHOM Hay4YHO-TEXHUYECKON KoHpepeHun Coro3a MallIMHOCTPOUTENEH
«HHTK-2020», 2020 ., MockBa (moxiaz «HeprodpGeKTHBHBINA IBUTATENb I COBPE-
MEHHOTO OOJIBIIErPY3HOTO AaBTOMOOWIIS» 3aHsUT | MECTo B oTpaciu « ABTOMOOMITbHASI TTPO-
MBIIIJIEHHOCTBY);

- MexayHapogHom aBToMoOuiIbHOM HayuyHOM hopyme MAH®-2021 «Hazemusie
MHHOBAI[MOHHBIE TPAHCIOPTHBIE CPEJICTBA C HU3KHUM YTJIEPOAHbIM cienom», 2021 r.,
Mocksa, ®I'VII «<HAMWNy;

- XVI MexnyHapoaHoii HaydyHO-TIpakTH4YecKo KoH(pepennuu «IIporpeccuBhbie
TEXHOJIOTUU B TPAHCHOPTHBIX cucTteMaxy, 2021 r., OpenOypr, OI'Y;

- MexayHapoiHOM aBTOMOOUILHOM HaydyHOM (popyme MAH®D-2022 «Ycroitun-

BOE Pa3BUTHE OTEUECTBEHHOTO aBTOIIPOMA B COBPEMEHHBIX YCIOBUAX», 2022 1., MoCKBa,

OI'VII «<HAMNY.
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IMy0ankanuu 4 NaTEHTHI: 110 TEME TUCCEePTAIIMU aBTOPOM OIyOJIMKOBaHKI 9 Tie-
YaTHBIX paboT, 00beMOM 7,74 y.1.J1., aBTOPCKUI BKIag — 4,62 y.11.J1., B TOM YHUCIIE S CTa-
TeW B u3naHusax, pekomeHoBaHHbIX BAK P®. [Tonyden 1 mateHT Ha MOJIE3HYIO MOJIEIb.

JIMYHBIA BKJIAJ aBTOPA 3aKJII0YACTCS B IETATbHOM aHAJIM3€ METOJIUK OIpeielie-
HUS MEXaHUYECKUX TOTEePh U (POPMUPOBAHMHU KOMILJIEKCHOTO MOAXO0Aa K UCCIEI0BAHUIO
Mexannueckux noteps JIBC; B onpeneneHnn 3akOHOMEPHOCTEN U3MEHEHUS U TOTEHIIN-
aJIbHBIX 00J1aCTell CHIDKEHUSI MEXaHMYEeCKUX noTepsb uccineayemoro JIBC; B paspaboTke
MaTeMaTUYECKOW MOJENH, KOPPEKTHO YUYUTHIBAIOLIYIO XApAKTEP U3MEHEHUSI MEXaHUYE-
CKHUX U TIOTE€Ph W TTO3BOJISIONIYIO CIIPOTHO3UPOBATH dP(HEKT OT BHEAPCHUS PEIICHUM 110
CHIUKEHHUIO MEXAaHUYECKUX MOTEPh; B OPraHU3allMU U MPOBEICHUH PACUETHBIX U KCIIe-
PUMEHTAJBHBIX HCCIIEIOBAHUM; B aHaM3€, 0000IEHUH, UHTEPIPETAIIMU TTOTYUYECHHbIX
pEe3yabTAaTOB U (POPMYITUPOBKE OOIIUX BHIBOJOB; B pPa3padOTKe KOMIUIEKCA TEXHUUECKUX
pelieHuil Mo CHIKEHUI0 MEXaHUYECKHUX MOTEPh U JIBUTATeNsl C MOBBIIICHHBIMU 3 dek-
TUBHBIMU TTOKA3aTEIISIMH.

IHos107keHus, BHIHOCUMBbIE HA 3AIIUTY:

- METOJIMKA SKCIEPUMEHTAIILHOTO UCCIIEA0BaHUsI MeXaHnueckux noreps ABC;

- pe3yJbTaThl PACYETHBIX U KCIIEPUMEHTAIBHBIX UCCIIECIOBAHUM IO OLICHKE MeXa-
HUYECKUX MOTEPh U UX BIUSAHUS HA TOIUIMBHYIO S KOHOMUYHOCTh JABUTATENS;

- KOMIUIEKC TEXHUUECKUX PEIICHUHN MO0 CHIKEHUIO MEXaHUYECKUX MOTEPb.

Crpykrypa u 00beM auccepraumu. J[uccepramus COCTOUT U3 BBEIACHUS, YEThI-
pex IJ1aB, OCHOBHBIX PE3YJIbTaTOB PadOT, CIIMCKA UCTIOIB30BAHHOM TUTepaTypbl. O0mui
00BeM paboTel 172 cTpanuiibl, BKIOYast 156 cTpaHuil OCHOBHOTO TEKCTA, COACPKAIIETO
105 pucynkos, 30 tabmui. Crvcok nurepaTypsl Bkiodaer 152 nanmenoBanus Ha 15

CTpaHMIIAX, U3 HUX /1 HA THOCTPAHHOM SI3BIKE.
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I'masa 1. OB30P U AHAJIN3 METO1OB OIPEJAEJIEHUA U
CHUXEHUA MEXAHUYECKHUX ITIOTEPH IBC

1.1. O npupoae mexanudeckux noreps /ABC

DHepreTudeckuil 0ajaHCc JBUTATENS OMpeleNsieT MaKCUMAJbHYIO MOJIE3HYI0 pa-
00Ty, KOTOPYIO TEPMOANHAMUYECKAs CCTEMa MOKET IIPOU3BECTH, a TAK)KE TOTEPHU dHEP-
UM Ha HeoOpaTuMeble mporecchl. [Ipyu TUMUYHBIX yCIoBUSIX paboThl ABUTATENsT HeoOpa-
TUMOE CropaHue norjioiaer okoiao 20% oT BO3MOXXHOCTEW TOIUIMBA JJISI COBEPIICHUS
paboThl, MoApazymeBas uTo MakcuMasbHbIi 3 pextuBHblii KI1/1 6511 651 B myuriiem ciry-
yae nopsaka 80%, mpenrmosnaras, 4To Bce Ipyrye Mporecchl ObLTH OBl HACATHHBIMA (UTO
HEBO3MOKHO). O1IHAaKO NpH peanbHON padoTe IBUraTes B IOMOJHEHUE K OCHOBHBIM I10-
TEpsIM BO BpPEMsl CrOpaHusl JOOABISIIOTCS TEIJIOBBIE MOTEPH B CUCTEMY OXJIAXKICHUS, B
CUCTEMY BBIIIyCKa OTpabOTaBIIMX I'a30B, a TAKXKE MEXaHUUECKUE MTOTEPH.

B oteuecTBeHHBIX U 3apyOEKHBIX UCTOYHHKAX CYLIECTBYIOT pa3jMyYHbIE ONpese-
aerus mexanndeckux noreps JIBC. CornacHo ucrounukam [16, 30, 45, 149] mexanuye-
CKHe moTepu L, — 3TO 4acTh pacrnojiaraéMoi SHEPruu (MHAUKATOPHOW paboThI), 3aTpa-
YMBAaEMOM Ha MPEOO0JICHNE PA3IMYHOIO POJIa CONPOTUBIICHUI B IBUTATEINE:

- Ha IIPCOA0JICHHUC CHUJI TPCHUA B ITOJABHUIKHBIX 3JICMCHTAX ABUI'ATCIIA (LTp)’

- Ha MPHUBO/] BCIIOMOTaTeIbHBIX arperatos asurarens (L, );

- Ha OCYIIECTBIICHHE TPOIIECCOB Ia3000MeHa, TP BITYCKE CBEXKEro 3apsijia U BbI-
nycKe oTpabOTaBIINX T'a30B (HACOCHBIC MOTEPH L,y );

- Ha TPEOJI0JIEHUE adPOINHAMHUYCCKOTO COIMPOTUBIICHUS MIPH ABMKECHUH JeTajei
JIBUTATEIIS B BO3AYIIHO-MACIISIHOM cpe/ie (BEHTHIIAIIMOHHBIE TTOTepH Ly);

- HA MEXaHWYECKHUI MPUBO HarHeTaTens Bo3ayxa (Ly).

Ly= Loy + Lo+ Lyg + Ly + L, (1)

C yBenMuYeHHEM MEXAaHHUYECKUX OTEPh, YIUTHIBAsE U3BECTHBIC CTAThH PacIpe/e-
JICHUSI MHINKATOPHON pabOThI, CHIKAETCs AP (PEKTUBHASI MOIIIHOCTh JIBUTATEIs, YTO UTO
IPY POYHUX PABHBIX YCAOBHSIX 03HAYAET CHIKEHUE TOIIIMBO-D)KOHOMHUYECKUX TI0Ka3aTe-

neit (ynenbHbid 2 heKTUBHBIN pacxo] TOIUTHBA). B ciyuae paGoThl ABUTATENS B PEKUME
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X0JI0CcTOr0 X012 (0e3 BHELIHEH Harpy3KH), TOIUIMBO PAcXOIyeTcsl Ha BhIPaOOTKY PHEp-
TUH, UAYIIEH UCKIIOUUTEIHHO Ha MPEOI0JICHNE BCEX BHYTPEHHUX COMPOTHUBIICHUH, T.€.
MEXaHUYECKUX MOTePh. B 3TOM cilyyae BeNTUUMHY U MOBEJCHUE MEXaHUUECKUX MTOTEPh B
IIOJTHOM Mepe MOKHO OXapaKTEepH30BaTh MOKAa3aTeJeM pacxo/a TOILIMBA HA XOJOCTOM
xo/y (Ha JaHHOM MPHUHIIUIIE OCHOBAH OJIMH U3 METOJIOB OTIPEICICHUS MEXaHUYECKHX T10-
Tepb). Takum 00pa3oM, B paMKax HAyYHBIX MCCIIETOBAHHUMA MO MOBBIIICHUIO 3 (HEKTUB-
HOCTHU M TOITMBHOW 3koHOMUYHOCTH JIBC HampaBieHHe M0 CHIKEHUIO0 MEXaHUYECKIX
HOTEPb SBISIETCA OJTHUM U3 KIIIOUEBBIX.

Y cnoBHO MexaHnyeckue notepu By, B ABUraresie MOXHO pa3IeiIuTh Ha JIBE OCHOB-

Hple rpymmbl. OcHoBHYO 107110 (60-70%) 3aHMMAIOT NOTEPH HA TPEHUE Py, K KOTOPBIM

ot”HocaT norepu B LI, KIIM, I'PM, norepu Ha npuBO BCIIOMOTaTENbHBIX arperaToB
cucrem asurarens. [lotepu Ha TpeHue, Kak U1 COOCTBEHHO CaMO TPEHUE, UMEIOT JBOii-
CTBEHHYIO MPUPOAY: C OTHOW CTOPOHBI, IPH HEMOCPEACTBEHHOM KOHTAKTUPOBAHUU CO-
IIPATAEMBIX JETAJEN B YCIOBUSIX OTHOCHUTEIIBHOTO MTEPEMEIICHHS CBOE IEMCTBHE MPOSIB-
JISIFOT CHJIBI CONTPOTUBIIEHMSI pa3pyLIEHUIO AT €3MOHHBIX CBSA3EH U JeopMaluu, OMUCHI-
BAEMBIE MOJIEKYJIIPHO-MEXaHUYECKON TEOPUEN TPAHUYHOIO TPEHHUSI; C APYTOM CTOPOHBI,
IpU pa3JeeHUN MMOBEPXHOCTEW MACISHOU IJIEHKOW K (POPMUPOBAHHIO MEXAHHUUECKUX
HOTEPh MPUMEHUMBI 3aKOHBI TUAPOIUHAMUKH [47].

Ko BTOpO#i rpynmne MexaHM4eCcKuX MoTepb, 0C000 MPOSABIISIONIEH ce0s BO BpeMs
pabotsl JIBC, oTHOCSTCS HAcOCHBIE OTEpH P, ;, CBSI3aHHBIEC ¢ Ta3000MeHOM. JlaHHBIE TT0-
Tepu OOYCIIOBJIEHBI MPEOJOJICHUEM a3pPOJAMHAMUYECKOTO COMPOTUBIIEHUS MPHU BITYCKE
CBE)KET0 3apsijia U BhIITYCKE OTPAaOOTAaBIIMX ra30B, a TAK)KE MEPETEKAHUEM 3apsi/ia MEXKITY
IIOJIOCTSIMU KaMepbl CrOPaHUsI.

AKTyanbHOM 3a1aueli B paMKax BbIpaOOTKH CTPATErHH IO MOBBIIIEHUIO S3HEPTo3(]-
¢dextuBHOCTH KOHKpeTHOTO JIBC siBisieTcs onpeneneHue BKiaga OTIeIbHbBIX TPYIII KOM-
MOHEHTOB B 001IMe MexaHudeckue norepu. K mpumepy, Ha pucyHke 4 mpeacTaBieHO
CPEAHECTATUCTUUECKOE PACTIPEICTICHHE MEXAHUUECKUX MOTEPH [0 MEXAaHU3MaM, y3jaM
u arperaram JIBC, u3 KOTOPOTO CIeAyeT, YTO MaKCUMAJIbHBIN BKJIaa B OOIIHE MEXaHU-

yeckue nmotepu BHOcUT Tpenue aetaineit LIIII: B cpennem 45 u 50% nisi 6€H3MHOBBIX
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JABC u quzeneii. Cneayronryto no yJeabHOMY BECY JOJIIO COCTABIISAIOT MOTEPH B MOIIHII-
HUKaX KPUBOIIMIHO-IIATyHHOTro Mexanu3Mma KIIM: 22...24% npu nojHOM Harpyske.
[TpumepHO nsiTast 4aCTh BCEX MEXaHUYECKUX MOTEPh MPUXOAUTCS HAa paboTy, 3aTpaynBa-

CMYIO Ha HACOCHBIC IIOTCPH.

60

% oTobul. 5y - 45
Mex . noTepb

50

40

30 -

[

(W]
(]
N

19
20 14

10 - 8 6 6 6
0 I | glwg

1 2 3 4 5
JleBbI cTONGEL| -DEH3UHOBLIM ABUraTeNDb

[MpaBbin cTONbEL -An3enbHbI ABUraTernb

Pucynok 4 — Pacnipeenenne MeXaHMYECKUX OTEph 1o y3yiaM u arperatam JIBC: 1 —

LI1I"; 2 — KIIIM; 3 — razooomeH (HacocHble notepu); 4 — 'PM 5 — HaBecHbIe arperaTsl

N3 ananu3a JaHHBIX [0 pACIPEACIICHUI0 MEXaHUYECKUX MTOTEPh, TPEACTABICHHbBIX
OTEYECTBEHHBIMHU U 3apyOC)KHBIMU HcciaenoBarensmu [6, 30, 47, 126] mo pa3nuvHbIM
JBUTATENSIM (C BOCIJIAMEHEHUEM OT CHKATHUSI U NMPUHYAUTEIbHBIM 3aKMUTaHUEM, C BO3-
JTYIIHBIM U BOASTHBIM OXJIAXJEHUEM, C PA3JIMYHBIM KOJIMYECTBOM U PACIOJIOKEHUEM IIH-
JUHAPOB), MOKHO C/IENIATh CIEAYIOLINE BHIBOIbIL:

1) JlBuraremnu, IO KOTOPBIM COOpaHBI TaHHBIE IO MEXaHHUYECKUM MTOTEPSIM, OBLITH
paspabotansl 10 2000 roga. TpeOyeTcst akTyanu3aius JaHHBIX 1O PaCIpEeeICHUI0 Me-
XaHUYECKUX MOTEPh JJI1 COBPEMEHHBIX JABUTaTeNel ¢ BICOKUM 3 PextuBHbIM KIT/I;

2) ®opMupoBaHKHE AMArPaMMbl aKTyaJbHOT'O pacHpe/e/icHHs] MEXaHUIECKHUX T10-
TE€pb MO3BOJUT ONPEAECIUTh OCHOBHBIE IPUOPUTETHI U PE3EPBBI IHEPTOCOEPEIKEHUS TIO
Pa3IMYHBIM IPYINaM KOMIIOHEHTOB;

3) Pa30poc B moNsiX MEXaHMUYECKHX MOTEPh JUIS PAa3HBIX TPYII KOMIIOHEHTOB,
MPEJICTABICHHBIX B OTMEUEHHBIX MCTOYHHKAX, cocTaBisieT oT 10 go 20%. CootBet-
CTBEHHO, C IIEJIbI0 TIOJIy4eHHsI 00Jiee TOYHBIX 3HAYEHUN 0co00e BHUMaHUE TpedyeTcs

YACIUTb MCTOJJUKC OIICHKU MCXaHHUYCCKHUX IMOTCPb U (I)aKTOpaM, BJIWAIOIIIMM HA HHUX.
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MexaHnyeckue noTepu 3aBUCAT OT MHOXKECTBA (paKTOPOB (KOHCTPYKTUBHBIX, pe-
KUMHBIX U 9KCIUTyaTallHOHHBIX), OT Ka4eCTBA TEXHOJIOTUU U3TOTOBIICHHS M COOPKH Jie-
TaJel U y3JI0B ABUTaTENs U Jp.

Iorepu Ha TpeHue Py, , B IEPBYIO 0YEPE/ib, 3aBUCAT OT YaCTOTHI BPALIICHUS KOJICH-

garoro Basia n. [loTepu He SBISIOTCS MOCTOSHHBIMY 110 BCEMY JHANa30Hy padovnx 000-
poroB asuratens [16, 125]; ckopee naxke oHH pacTyT ¢ yBelIM4eHHEM 000pOTOB JBUTa-

TeJsl, Kak MOKa3aHO Ha PUCYHKE S.

CpeaHee a3ddekTMBHOE AasneHune Tpewua, bap

2

leHepaTop

BopgsaHoi Hacoc j

KnanahHbii
MexaHU3m

NopuumnHukm KB

|
1000 2000

YacToTa BpallleHnA KONeH4aToro sana, 06/muH

Pucynoxk 5 — CxemaruuHoe npeicTaBieHrue pacipeiejeHUs] TPEHUS 110 Pa3iInd-

HBIM AUaIta3oHaM O60pOTOB JABHUI'aTCIIA

TemoBoe cocTosTHUE IBUTATENIS, XapaKTEPUIYIOIIEECs 3HAUCHUSIMHU TEMIIEPATYPhI
OXJIQXKTAFOIICH KUIAKOCTH .y B CUCTEME OXJIAKICHUS M TeMIEpaTrypbl macia t, B CH-
CTEME CMa3KH, TAKXK€ OKa3bIBAET CYIIECTBEHHOE BiusHue Ha Pr,. Tak, cornacHo uccie-
noBaHusM, onucanHbiM B padote [30], ogHOBpemenHoe cHmkenne Temmeparyp OX u

Macia Ha kaxabie 10 °C npuBOauT K pocTy notepb Ha 5...8 %.
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Kpowme toro, Ha P, BiusteT cpennee 3b(GeKTHBHOE TaBieHue B UMIUHAPE By, sB-
JSOIIEECS NTOKA3aTEIEM Harpy3Ku Ha ABuraresb. C yBeJIMueHHE HArpy3Ku Ha IBUTATENb
pacTyT yAeNbHBIE JABJICHUS HA TPYLIMECS MMOBEPXHOCTU U UX TEMIEPATYpa; CHUKACTCS
BSI3KOCTb MACJITHOTO CJI0SI U YMEHBIIIAETCS 3a30P MEK/y ITOPIIHEBBIMU KOJIbIIAMHU U THJIb-
30M.

Hacocusie notepu B, B An3emnsx ¢ TypOOHaIlyBOM 00YCIIOBJIEHBI pa3HUIICH B Be-
JMYMHAX padOT BO3/yXa BO BpeMs HAIMOJIHEHUS IUIMHAPA U Ta30B BO BPEMs TaKTa Bbl-
nycka. P,; 3aBUCAT OT mapameTpoB HaanyBa (P, T), MPOTHBOJABJICHUS T'a30B Ha BbI-
nycke (P.), a Takke ra3oJMHaMHYECKUX MOTeph B KianaHax (AP,,), KOTOpbIC TJIABHBIM
00pa3oM 3aBUCAT OT T€OMETPHUH BITYCKHBIX W BBITYCKHBIX KaHAJIOB, YaCTOTHI BPAILICHUS
KOJIGHYaTOTO BaJia, CTETICHU CKaTHUs U TEIJIOBOW HANPSXKEHHOCTH IUKJIA.

Takum 06pazom, MOKHO cPOPMUPOBATH CIIECTYIONINE 3aBUCUMOCTH:

PMI'I= PTp + PHI'I (2)
Pan = f (W toso tus Pe, Bs, Pr, Tg, AP ,,) 3)

C nenwto obecnieueHus 6osee riryooKoro MOHMMAaHUsl OTHOCUTENIBHO JaJIbHEHIIIETO

noBbieHnsa Mexanndeckoro KIIJ[ BaxxHO onpeAaenuTh 3aKOHOMEPHOCTH U3MEHEHHUS Me-

XaHUYCCKHX IMOTCPb B 3aBUCUMOCTH OT BJIMUAIOIINX (baKTOpOB.

1.2. O0630p u aHAIU3 METO/I0B ONpe/ieIeHUs MEXaHUYeCKUX MOTepPh

Cy11ecTBYIOT pa3InuHbIe METOIbI OMPEACICHUS MOIIIHOCTA MEXAaHUYECKUX MOTEPh
JIBC, xaxx1pIii ©3 KOTOPBIX MPECTABISIET COOO0M T0CTaTOYHO TPYIOEMKHUH IIPOIIecC, Tpe-
OyIOIIN BPEMEHH U CIICIHATILHOTO 000pya0BaHus. MeToapl UMEIOT MPEUMYIIECTBA U
HEJIOCTAaTKH, YaCTh METOJ0B MPUMEHUMBI TOJILKO TIPU CTEHIOBBIX UCIBITAHUSAX U UX HUC-
M0JIb30BAHKE B MPOIIECCE IKCILIyaTallny aBToMoOwmIs mpoodaemaruyso [80].

O6mas knaccudukanus METOJ0B OMPEACICHUS] MEXaHUUECKUX MOTEPh JBUTaTe-

Je¥l pa3IMYHOIO Ha3HAYEHHUs MIPEICTABIEHA Ha PUCYHKE 6.
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MeTtons! mMepeHns
MeXaHIYeCKUX ToTePh

3KCHCPHMCHTHJ'IBHBIC

TeopeTuueckne
(mabopaTopHbIe MCITBITAHIIA)

CT?IHZ[apTHZOBaHHLIe MOTOPHEIE
MCIIBITAHUA: BHeCTaHI[apTHLIC MOTOPHEIC

- TOCT 18509-88 (mms1 TpaKTOPHBIX METOMRI
1 KoMOAITHOBEIX Amzerneii);

- TOCT 14846-2020 (nm
ABTOMOOUIIBHBIX JBUTATEIICI)

Pucynoxk 6 — Knaccuduxkanus MeTo0B onpenesieHns Mexanndeckux noreps B [IBC

OteuectBennbie ctanaapthl — [OCT 18509-88 nnst TpakTOpHBIX U KOMOAHHOBBIX
nsurareneir, OCT 14846-2020 nig aBTOMOOMIBHBIX JBHUraTellieli — BechbMa OJIM3KH
MEK]Ty COOOM IO COJIEPKAHUIO, IOITOMY MOTYT OBITh PACCMOTPEHBI COBMECTHO. B cOOT-
BETCTBHHU C JIAHHBIMU CTaHJAPTAMH MPETyCMOTPEHBI CJIECIYIONUE METOIbI OMPEICTICHUS
MEXaHUUYECKUX TOTEPh JIBUTATEIIS:

1) MeToa MHAUIIMPOBAHUS TaBJICHHS B IMIIMHApAX.

B ocHOBe MeToAa NeXKUT ONpeIeJIeHne MOIIIHOCTH MEXaHUYECKUX MoTephb N, Kak
Pa3HOCTH MEXAY UHIUKATOPHOU U 3P(HEKTUBHOM MOIIIHOCTSIMHU.

N,= N, — N, (4)

Ha ycTanoBuBmiemcs pexxume pabOoThI IBUTATENS MPU MOJa4e TOILIUBA M0 Pe3yJib-
TaTaM WHAUIMPOBAHUS CTPOUTCS WHIWKATOPHAS TUarpaMma U OINpeAeNseTcs CpelHee

WHIUKaTopHOE naBiienue Pi. MaaukaropHas momuocth Nj Beraucisercs no gpopmyiie:

: ()

r7€ N — 4acToTa BpallleHUsI KOJIEHYaTOro Baja, mua ", iV, — pabouunii 00beM JIBUTATEIIS,

pi'itV-pn

Ni ==
30T

CM3, 7 — TaKTHOCTb ABUI'AaTCIIA.

2) Meto1 MpOKPYTKH.
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CyTb MeTO/1a 3aKJII0YAETCs B MPOKPYUYMBAHUH KOJIEHYATOTO Bajia HEpaOOTArOIIEero
JIBUTATEJSI IPHU MIOMOIIM 3JIeKTpoABuraress. Ha kaxaoi ycTaHOBUBILIEKCA YacTOTE Bpa-
IICHHUS KOJIEHYaTOro Bajia (PUKCHUPYETCS MOMEHT COIIPOTUBIICHUSI JBUTATENS U CPEHEE
WHIUKATOPHOE JaBJICHUE.

Cpennee 3¢ (eKTUBHOE JaBIEHUE CONPOTUBIICHUS JBUTATENs Ha cTeHae Pc moiy-

YCHO M3 MOMCHTA COIIPOTHUBJICHUA, N3MCPACMOI'O JATYMKOM KPYTAIICTO MOMCHTA!

c —

th ’ nc ! (6)

rie Mc — I3MEpPEeHHBII MOMEHT CONIPOTHBIICHUs KosieHuaToro Bana JIBC, H-wm; 1V, — pa-
004nii 00BeM ABUraTens, M, Ne — KOJIMYECTBO 0OOPOTOB 3 IUKJ (/IS YETBIPEXTAKTHOT'O
aBUrarens N = 2).

NupunmpoBaHue mpoBOAUTCS O€3 CrOpaHUsS U CPEIHEE JIaBICHUE MEXaHUUECKUX
MOTEPH OMPEEISIETCS KaK PAa3HOCTh CPEIHETO NABJICHUSI COPOTUBIICHUS JBUTATEISI Ha

IIPUBOJ OT BJICKTPOJABUTATEIIA U CPEAHETO HHAUKATOPHOI'O J1aBJICHUA .
P,=P.~ P ™)

rae P; — cpeaHee MHIMKATOPHOE JABJIEHUE, MOJYYEHHOE OT CHKATHs ra30B U HACOCHBIX
IOTEPHb B UMJIMHJIPE, YEPE3 BIIYCKHYIO U BBIIYCKHYI) CUCTEMBI, COOTBETCTBEHHO.
3) MeTo/ OIICHKM MEXaHUYECKUX MOTEPh MO PaCX0y TOILIMBA HA XOJOCTOM XOJY.
CyTp MeTOna 3aKIIYacTCsd B U3MEPEHUHM PACXOJa TOIUIMBA HA XOJIOCTOM XOZY.
[Tpu mocTOSHHOM YacTOTE BpaIIeHHs U pab0Te Ha YCTAHOBUBIIIEMCSI PEKUME PACXOJI TOTI-

JIMBA 3aBUCUT OT U3MEHECHUSI MEXAHUYECKUX MOTEepb U uHAuKaropuoro KIIJI:

Gr =, —— ®)

h 301: GB nl pk
rne Qu — HU3MmIAs yJenbHas TEIioTa CropaHus TOIIUBA, KJK/KT; N — yacToTa BpalleHUs
KOJIEHYATOrO Bajia, MHH *; T — TAKTHOCTh JBHMIATENs; #i — uHAMKatopubii KIII; 7y — ko-
> ¢uuuenT HanonHenus; iV, — pabounii 00beM ABUraTens, M>; px — INIOTHOCTH BO3/yXa,

kr/M°; G, — 4acoBoii pacxojl BO3yXa, KI/d.
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Ecnu aBurarens paboraet 0e3 BHEIIHEW HArpy3Ku (PeKUM XOJ0CTOr0 X0/1a), TOM-
JMBO PACXOMYeTCsl Ha BBIPAOOTKY IHEPTUH, UAYIIEH UCKIIOUYUTEIHLHO HA MPEOJI0JICHUE
BCEX BHYTPEHHUX CONPOTHUBJICHUH, T.€. MEXaHMUECKUX MOTepb. B 3TOM cirydae pacxoj
TOIUJIMBA HA XOJIOCTOM XOJy SBJISIETCS MOKa3aTeNeM, XapaKTEPU3YIOIINM BEJIUUNHY Me-

xaHnyeckux noreps ABC:

Gr = - Qn _ 9)

HpI/I MOCTOSIHHOM YacTOTe BpalliCHHUA W HAa YCTAHOBHUBHICMCA PCKHUMC pa6OTI>I

MOYKHO CUHUTATh, YTO
Gr = N, /n;const (10)

4) MeTtoa OTKITIOUYCHUS IIMITHH/IPOB

CyTp MeTO/a 3aKII0YAETCs B ONPEICICHUN MEXAaHUYECKUX MOTEPh KAaK Pa3HUIIbI
CYMMBbI HHAMKATOPHBIX MOIIHOCTEN BCeX IMMIMHAPOB U 3((HEKTUBHON MOIIHOCTH, CHU-
maemon ¢ JIBC npu oauHaKoBOM 4acToTe BpalleHus. BennunHa CHYMKEHUST MOITHOCTH
JABC npu OTKIXOYEHUU LWIMHIPA YCIOBHO IPUHUMAETCSI PABHOM MHIAMKATOPHON MOIII-
HOCTH JaHHOro IwimHapa [66]. Ilyrem mocienoBaTeIbHOTO OTKIFOUCHHS IHIHHIPOB
OIIpEIeNISICTCS YCIIOBHAS MHAMKATOPHAS MOIIIHOCTH U Jjaiee, 1o Gopmyiie (4), MOITHOCTb
MEXaHUYECKUX MOTEPD.

5) MeTtox 0TMHOYHOTO W/WJTU IBOMHOTO BhIOETA (TMPETYCMOTPEHO TOJIBKO B paMKax
['OCT 14846-2020).

CyTp M€TOJa 3aKJIHYAETCS B ONPEACIICHUH YIJIOBOIO 3aMEJIEHUS] BPALEHUS KO-
JIEHYaTOro Baja Mociie OTKIIOUEHUs NoJa4yu Torna. Ha ocCHOBE 3HaUY€HU YIIIOBBIX 3a-

MeaeHui, mo gopmyiie (11), olleHHBalOT MOIITHOCTh MEXaHUYECKUX MOTEePh (PUCYHOK 7):

dw

N, = —w]—
M dt '’

(11)
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do
® dt

to t

PrucyHok 7 — 3aBUCMMOCTb YacTOTHI BPAIICHUs] OT MOMEHTA OTKJIFOUEHHSI IMOJA4YH TOII-
JauBa: J — MOMEHT MHEPLIMH BPALIAOLINXCS MAcC; to — MOMEHT OTKIIFOUEHHUS [TOAa4y TOM-
JIMBA; (01 — 9aCTOTA BPALICHUS, JUIs1 KOTOPOU ONPEAEIISIOTCS MEXaHUYECKHUE TIOTEPH

6) CHsTHEe BHEUIHEW CKOPOCTHOM M HArpy304HON XapaKTCPUCTHUK JIBUTATENS C
OIpEIETICHUEM YacOBOTO U YJEIbHOT0 3(p(PEeKTUBHOTO Pacxo/i0B TOIUIMBA - KOCBEHHBIH

KpUTEPU MEXaHUYECKUX MOTEPh COTJIACHO (popMmyiie:

Gr

e = 7 (12)

Ne

r7e Je— yACTbHBIN 3P GEKTHBHBIA pacxo]] TormBa, I/kKBT 4; G; — pacxos TormmBa, Kr/4,
Ne — opdexTrBHAS MOIIIHOCTH ABUTATENA, KBT.

UccnepoBanuto u aHanuzy 3(PQPEKTUBHOCTH CTaHJAPTU30BAHHBIX METOAOB Yye-
JeHo Oonbioe BHuManue. B paborax [3, 7, 18-19, 47, 67, 70] mpuBeaeno 6oiee moapoo-
HOE OIMHMCAHUE METOJIOB, BKJIIOYAs aHAJIU3 WHCTPYMEHTAJbHOMW, METOMYECKON M CHCTE-
MaTUYECKOM MOTPEUTHOCTEN, aHATU3 TPYAOEMKOCTH U MPUMEHUMOCTH METOJIOB ISl pa3-
anyHbIX TUIOB JIBC, o11eHKY BO3MOKHOCTH MPUMEHEHUS METOI0B B MPOIIECCE IKCILTya-
Tal aBTOMOOWIISI, OLICHKY ITPEUMYIIIECTB U HEJIOCTATKOB METOIOB.

ITo mToram mpoBeeHHOTO aHaln3a copmupoBaHa Tabauia 1 cpaBHEHUS BBIIIIC-

YKa3aHHBIX CTAHAAPTU30BAHHBIX MCTOZOB!
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Tabnuna 1 — MaTpuiia cpaBHEHHSI METOJIOB OTIpeiesieHusl Mexanndeckux noteps JABC

Ne Meton TpynoemMkocTb OcobenHoCTH

Teopernuecku 000cHOBaH. TOYHOCTH OLICHKU CUIIBHO 3aBUCUT
OT KOPPEKTHOTO OIpEenecHUs BEpXHEH MEPTBOM TOUKH (A1
TTOCTPOSHUST HHAUKATOPHOH quarpaMmebl). Obnagaer cpeaHeit
1 NngnmmpoBanus BBICOKAs .
BEIMYMHOM morperrHocTy mopsiaka 18-25% (BBumy onpenerne-
HUSI MEXaHHMYECKHX MOTEPh, KaK Pa3HOCTH IBYX OJHM3KUX Be-

JIUYUH - UHAUKATOPHOU ¥ 3PEKTUBHOM MOLTHOCTSIMHU).

He tpebyer cnoxubix pacueroB. O6aaeT BHICOKOM CHCTEMA-
THYeCKO# morpentHocthio (10 30%). DddexTrBHOE HCIIOND-
2 ITpokpyTKH HU3Kast .

30BaHHE MeToja TPeOyeT KOMITEHCAIIMH MCKaKEHHUH, BHOCH-

MBIX OTCYTCTBHEM CTOPaHUS B IMJIMHIPAX PH IPOKPYTKE.

B03MO0XHO MPUMEHATH B JKCITyaTauu. TOYHOCTH OLIEHKU
CBsI3aHa C OTPEITHOCTHIO ONPEIENIEHHUs pacxo/ia TOIINBA, 3a-
BUCUT OT CTaOWMIBHOCTH PabOTHl TOIUIMBHOM ammapaTypsl,
3 XoiocToro xoja HU3Kas HWACHTUYHOCTH MPOTEKaHus paboyero mpoiecca B CpaBHUBAC-
MBIX cllydasx. MeTtoa TpeOyeT KOppEeKLIUH C eNbl0 MUHHMH-
3allUM BIUSHUS HAa PacxXo[l TOIUIMBA (PAaKTOPOB, HE CBSI3aHHBIX
C MEXaHMYECKUMHU TOTEPSIMU.

He tpebyer cnoxxHbIX pacdeToB. He mpuMeHHM ISl OTHOIIH-
muaapoBbix JABC, mano npumenum ais JABC ¢ konnuecTBOoM
UWIHHIPOB 4 1 MeHee, a Taxke JIBC ¢ nagmyBom. O0nagaer
4 OTKIIIOYSHHS BBICOKOM METOIUYECKON MOTrPEIIHOCTIO ONPEACICHUS UHIU-
LIWIHHIPOB CPEATA KaTOPHOM MOIITHOCTH KaK pa3HOCTH JIBYX OJM3KKX BEIUYHUH (B
TOM YHCJIE, UCKAKCHHE B 3aMEP MOMEHTa COMPOTHBIICHUS
BHOCHT OTKJIFOUEHHBIN IIMIIMHAP KOTOPHIN BBHI3BIBAET CHUXKE-

HHE TeMIIepaTypbl)

Bo3M0XHO TPUMEHSATH B SKCIDTyaTarun. TpedyeT moAroTOBKU
5 OIUHOYHOT 0/ 1BOT- [0 U3MEPEHHI0 U3MEHEHHS YTIIOBOW CKOPOCTH KOJEHYATOTO

BBICOKAs N
HOTO BbIOETa Bajia. OOjamaeT IOCTaTOYHO HU3KOH MOTrPEIIHOCThIO, HO HE

menee 10%.

O1leHKH  BHEIIHEH Mexanuveckue noTepu OILEHUBAKOTCS KOCBEHHO YEPE3 4aco-

6 CKOPOCTHOM u Boil pacxoj TomnuBa. OO0namaeT BBICOKOH MOTPENIHOCTHIO
. HU3Kas .
Harpy3ouHoH  Xxa- oTpeiesIeHUs] HHAUMKATOPHON MOIIHOCTH, KaK Pa3HOCTH ABYX

PaKTEPUCTUK OJIM3KUX BEJIMYUH

[Tomumo metonoB, mpexycmorpeHHbIX ['OCT 18509-88 u 'OCT 14846-2020, cy-
IIIECTBYIOT TaKXKE€ «BHECTAHJAPTHBIC)» CTCHJIOBBIC MOTOPHBIC METOJIBI ONMPEICICHUS Me-
XaHUYECKUX IMOTEPh:

1) Mertoa SKCTpanoJsuy JAUHUM 9aCOBOTO pacxoja TOIUIMBA, WM MeToj Bui-
JaHca.

[TonpoOHOE omnKcaHue JAaHHOTO METO/Ia MOYKHO HalWTH B padoTtax [46, 56, 65]. Co-

TJIaCHO 3TOMY MCETOAY MOIIHOCTb MCXAHHNYCCKHX ITOTCPb MOKCT OBITH OIIPpCACIICHA I10
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HArpy3049HOM XapaKTEPUCTUKE ABUTATENS KaK OTPE30K Ha OCHU aOCIUCC, 3aKIIFOUYCHHBIN
MEXIy Ha4aJIoM KOOPAMHAT U TOUYKOW MEPECEUEHHMSI C OChIO aOCLMCC MPOIOKEHHOM JIH-

HHUM 4aCOBOT'O pacxojia TOIIMBa (PUCYHOK 8).

E

Gy

Y

9

L
F

F

¥

Pucynok 8 — Onpenenenyne MOITHOCTH MEXaHUYECKUX MOTEPH 110 METOLY

SKCTPAIIOJIAINHU JIMHUHU YaCOBOI'O pacxoa TOIIJIMBa

Cuuraercsi, 4TO MPU YaCTUYHBIX HArpy3Kax ABUTATENs (HA MaJIbIX 3HAUYCHUSIX BBI-
pabaTbiBaeMoii MoIHOCTH) UHAUWKAaTOpHBIM KIIJ[ mMmeer mocTrosiHHOE 3HAYe€HHE 7 =
const. B aToM ciyuae 4acoBoii pacxo/] TOIUIMBA MPSMO IPOIOPIIMOHAIEH BhIpadaThiBae-
MOM MHJIUKATOPHOW MOIIHOCTH, U NPU SKCTPANOJIALMHN JUHUHA YaCOBOTO pacxoa Jo Ie-
pecedeHus ¢ OChI0 abCIMCC BETUYMHA TTOJIy4aeMOro OTpe3Ka OT TOUKH MEePECEUCHUS 10
HayaJia KOOPJANHAT PaBHA MOIIHOCTH MEXaHUYECKUX MOTEPD:

G. = AN; = A(N, + N,), (13)
rie A — Touka nepecedeHus ¢ ocbro aocimce; Ne — apdexkTuBHas momHOCTh; G, — pacxon
toruBa; Nj — mHIUKaTOpHASI MOIIHOCTH; Ny — MOIIIHOCTh MEXaHUYECKUX MOTEPb.

Merona o4eHb MPUBIIEKATEIICH CBOEH IPOCTOTOMN, HE TPEOYET CIEeIMaIBHOTO 000PY-
noBanus. OJTHaKO, OH MOKET OBITh UCIIOIB30BaH JIUIIb JIJIs1 TPyOO OLIEHKU MEXaHUYECKHUX
MOTEPb AU3ENECH, T.K. 3aBUCUMOCTh YACOBOT'O Pacxo/ia TOIUIMBA OT HArPy3KU HE ABJISETCS
cTporo auHerHou. Kpome Toro, Meton Buinanca, anemupyst K TOINIMBHOW SKOHOMUYHO-
CTH, a HE K MEXaHUYECKUM IOTEPSIM, SIBJIIETCS KOCBEHHBIM U HECET B ce0e 3aBeJOMO OO0JIb-
Iyr0 (HEXENH MPSMOW METOJ U3MEPEHUS] MEXaHHYECKUX MOTEPb) OTHOCUTENIbHYIO IMO-

IPEIIHOCTb.
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2) MeTtoa CKOPOCTHBIX XapaKTEPUCTHUK.

Coxkparenue pacxoaa TOIIMBa, 00yCIOBIEHHOE CHI)KEHHUEM BHYTPEHHUX NIOTEPh
B JIBUTATEJIE, B YUCTOM BUJE MPOSBISECTCSA TOJBKO B PEKHUME XOJIOCTOrO X0/1a, KOT/1a BCS
WHIUKATOPHAs! MOIIHOCTb M ONPEAEIAIOMNNA 3Ty MOIIIHOCTD PacXo TOIUIMBA HAIPSIMYIO
CBSI3BIBAIOTCA C MPEOJIOJICHUEM MEXaHUYEeCKUX MOTepb. JlaHHas 0COOEHHOCTh pexuMa
XOJIOCTOT'O X0/1a UCTIONB3YETCS B METO/I€ CKOPOCTHBIX XAPAKTEPUCTHUK JIJIsl ONPEIETICHUS
mexanudeckoro KIIJ[. CormacHo nanHOMy MeTOay A (PUKCHPOBAHHON YacTOTHI Bpa-
HICHUS] YaCOBOW pacxoJ| TOIUTMBA MpHU paboTe ABUTATeNs 1o Harpy3koi G, OyJeT 3KBU-
BAJIEHTEH UHMKATOPHON MOLIHOCTH, & PACXO]l TOILIMBA Ha X0JI0CcTOM Xo1y G, ** — Mom-
HOCTU MeXaHn4eckux noreps (pucyHok 9). Torna mexannueckuit KI1/] nBuratens onpe-
JEIUTCS 3aBUCUMOCTBIO!

Ni—Ny GT_G%(X

Ty =~ = (14

L J

XX
Minin Amax n

Pucynox 9 — Onpenenenre MexaHUYECKUX MOTEPh IO METOy CKOPOCTHBIX XapaKTepH-

cTuk:1 — paboTa moJ1 Harpy3Koi; 2 — X0JIOCTOM X0/

MeTto CKOPOCTHBIX XapaKTEPUCTUKH SIBIISIETCS JOCTATOYHO TPYJIOEMKUM C TOUKH
3peHHsT TIPOILeAYpPbl 00pabOTKH Pe3yJbTaTOB M3MEPEHUS, MOATOMY MPUMEHSETCS OH

KpalHe peJiKo.

3) MeTon BBIACIIIEMOrO TEILIA.
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CyTp MeTO/1a 3aKJII04aeTCsl B 3KcnepuMeHTanbHoi ouenke Tpenus B LI JIBC no
JOTIOJTHUTENIBHOMY KOJIMYECTBY TEILIa, IEPEJAHHOMY OXJIAXAAIOUIEH )KUIKOCTH MIPHU pa-
00Te BUraTelis 1o Harpy304HOM XapaKTepUCTUKE, TUO0 IyTeM U3MEPEHHS U CONIOCTAaB-
JICHHsI TEMIEPaTypPHBIX MOJIeH MUJIMHAPA Ha pexkume MpokpyTku [31]. JlaHHbIM moaxos
Hanbosiee UHTEPECEH B CPABHEHUU C OCTAJIbHBIMU, MOCKOJIBKY OMMPAETCS Ha TOT (PAKT,
YTO OCHOBHAS 4aCTh SHEPTHH OT TPEHUS MEPEXOUT B HATPEB OXJIAKAAIOUIEH KUIKOCTH,
TEeMIIepaTypa KOTOPOW MOXET OBITh MPOCTO U BEChbMa TOYHO M3MepeHa. OueBHIHbBIE
OTpaHUYEHUS KacaloTcs B IIEPBYIO OUepeb OTACICHUS TeIlla TPEHUs OT TeIlla, CBsA3aH-
HOT'O ¢ paboYMUM MPOLIECCOM U OOMEHOM C OXJIXKIAIOIIEH CPeoi.

Hcxons u3 NMpoOBEACHHOIO aHAIN3a SKCIEPUMEHTAIBHBIX METOJOB OIpPEACIICHHUS
MEXaHUYECKUX MOTEPh MOKHO CAENATH CIAEAYIOIINE BBIBOABI:

1)  PaccMoTpeHHBIC METOJIBI HE MPEIIOIAraloT OIIEHKY MEXaHUIEeCKHUX TIOTEPh
OTJEJIbHBIX Py KOMIIOHEHTOB U UX BKJIaJbl B 00mue norepu [1BC;

2) CocraBnstomye Mmexanndeckux norepb JIBC 3aBUCAT OT pa3inyHbIX (akTo-
POB: YaCTOTa BpallleHHE, Harpy3Kka v JaBjeHUE B IMWIMHIpE, Temneparypa OXK u macna
U Ap. Y CIOBUS, IPU KOTOPBIX MPOBOASTCS UCIBITAHMS 110 BBINIEYKA3aHHBIM METOAUKAM,
HE MOTYT B MOJHOW MEpPE YYHUTHIBATh 3aBUCUMOCTH MEXAHWYECKHUX MOTEPh OT JAaHHBIX
¢akTopoB. JlaHHbIl (akT ObLT TaK)Ke OTMEYEH aBTOpamMu B padorax [40, 109];

3)  Bce paccMOTpeHHBIE BBIIIE METOJBI U3-32 UX OTHOCHTEIBHO BBICOKOM TIO-
rpemHoCcTH (0T 10 10 30%) NpUTrOIHEI B OCHOBHOM ISl U3MEPEHUS a0COTIOTHBIX 3HAUE-
HUM MEXAHUYECKUX MOTEPD.

4) B ciydyae HeOOXOIMMOCTH ONPEACIICHUS PA3HMIIBI B IOTEPSX MPHU MPUMEHE-
HUH Pa3IMYHBIX KOHCTPYKTHBHBIX pellieHui (Hanmpumep, MPUMEHEHNUE U3MEHCHUE I'eo-
METpUM TOPIIHEBBIX KOJell, A00aBlIeHHEe AaHTU(PPUKIMOHHOW MPHUCATKU B MOTOPHOE
MAacJo | T.II.), KOTOpble MOTYT AaBaTh 3((deKT B cHkeHuu notepb 5-10%, tpebyroTcs
0oJsiee YyBCTBUTEIbHBIE METO/IbI U3MEPEHUSI.

B nacTosiee BpeMsi SKCIIEpUMEHTaIbHbIE METO/IbI ONPEACIICHUS] MEXAHUUYECKUX
noteps JIBC akTUBHO JOMOIHSIOTCS TeopeTnyeckumu metogamu [49-50, 53-54]. Ha oc-

HOBC MHOI'OYHCJICHHBIX JaHHBIX S9KCIICPUMCHTOB HUCCIICAOBATCIISIMU ObLIH BBIBCACHBI OM-
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MUPUYECKUE 3aBUCUMOCTU KOIPPHUIIMEHTA TPEHUS OT TaKuX (PaKTOPOB Kak: IIEPOXOBa-
TOCTb, HArpy3Ka JBUTATENS, CKOPOCTh CKOJIBXKEHHs, BI3KOCTh U T.N. B pe3ynpTaTte co-
3[JaHBl MaTeMaTUYEeCKHe MOJIENHU IS pacyeTa Kod(pduimeHTa TpeHus Kak Mpu pexume
CyXxoro TpeHus [22-23], Tak ¥ IpH peKUMaxX TPAHUIHOTO U TOTYKUIAKOCTHOTO TPEHHS, a
TaKXe NpU TUAPOTUHAMUYECKOM M THIPOCTATUYECKOM PEKUMAaX >KUIKOCTHOTO TPEHHS
[64]. [Tpu uconp30BaHNU JAHHBIX MATEMATUIECKIX MOJIEIICH MOKHO PACCUUTHIBATH 110~
TEPH MEXaHUYECKOM PHEPTUU B OT/ICTHHBIX KHHEMAaTHYECKUX Mapax, TJe MPOUCXOIUT OT-
HOCHUTEIJIbHOE TIEpEeMEIICHUE IBYX TPYIIUXCS MOBEpXHOCTEN. Tem He MeHee, OlIeHKa Me-

XaHUYCCKHUX ITOTCPb Ha CCroJHsA ITPOBOANUTCA IMIPCUMYIICCTBCHHO OKCIICPUMCHTAJIBHO.

1.3. O0630p u aHaIHU3 CIOCOOOB CHUKEHUSI MEXaHUYECKHUX MOTePh
OO6uue moaxoabpl U MPUHIUIBI CHUKEHUS MexaHndeckux noteps B JIBC mpen-

cTaBjieHbl Ha pucyHke 10.

O6wme noaxoabl AV MPUHLMMBI CHUXKEHUA
MmexaHuuyeckux notepb B [1BC

[ KOHCTPYKUMOHHbIE ] [ TexHonorMyeckue ] [ 3KcnayaTauUOHHbIe ]

Pucynok 10 — O61mue moaxoasl K CHHYKSHHIO MEXaHUUECKUX TTOTEPh

B pamkax KOHCTPYKIIMOHHOI'O IOJXO0/a PacCMaTPUBAIOTCSA ONTHMH3AIMS M yCO-
BEPIICHCTBOBAHME KOHCTPYKIIUU: U3MECHEHNE KHHEMATHUECKOW CXEMBI C IIEJIbI0 CHIDKE-
HUS HArPY30K Ha MEXaHU3M JIH00 CKOPOCTEH IBMKEHHUS ICTAICH, MOAepHHU3ALNS (OPMBI,
pa3MepoB, Makpo- ¥ MUKPOIPOUIIs MOBEPXHOCTH TpeHus jaeraneil. Kpome toro, pac-
CMaTPHBAETCS BO3/ICHCTBHE KOHCTPYKIIMK Ha CBOMCTBA CMa309HOI0 MaTepralia u ero oI-
TUMH3AIM (COTIacoBaHKe IMOKa3aTesel) MPUMEHUTEIBHO K CMa3bIBAEMbIM JeTaissM. B
MOCJICTHEM ClTydae CMa304YHbIA MaTepHall BRICTYIAET KaK MOJHOIMPAaBHAS YacTh TPHA b
TPEHHS «TEJIO — CMA30YHbIM MaTepHual - KOHTpTeso» [48].

TexHOoIOTMYECKUI MOAXO MpeanogaracT U3MEeHEHHe Marepuaia (BKIYas ero
BHIOOP) M MMapaMeTPOB MOBEPXHOCTH JACTAJIH, C YYECTOM B3aMMOBIIUSHUS CBONCTB CMa304-

HOI'0 MaTepuaja Ha CBOWCTBA TPYLIUXCS MMOBEPXHOCTEN JIETAJICH.
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W, nakoHer, TpeTuil MoIX0/ 0XBAThIBAET YIPABICHUE PeXUMaMH PaOOTHI JBUTA-
TEJs B LEJIOM M €r0 OTJEIbHBIX Y3JI0B C LIEJIbI0 MUHUMHU3AIMU NOTEPh MEXAaHUUYECKOU
sHepruu. Tak, B paborax Baneesa /1. X. u Kapa6uera B.C. [8-11] paccmarpuBaet Borpoc
CUHXpOHU3aNUU Hanbosee 3 (HEeKTUBHBIX PEKUMOB IBUTATENSI K TPAHCMHUCCHH B COCTaBE
aBTOMOOUJISI. DKOHOMUYHBIA PEXHUM JIBUTATENsl ¢ TOYKU 3PEHHUS JOCTHKEHUS] MAaKCH-
MaJbHOM 3(PPEKTUBHOCTU TPAHCIIOPTHOTO CPEJICTBA MPEANIOYTUTETbHEE 00ECTIEYNBATH B
00J1aCTH, B KOTOPOU OOJIBIIIE BCETO IKCILTyaTUpyeTcs npurarens. B paborax /. ['epuepa
[100-103] oOocHOBBIBaETCS 1E€IECOO0OPA3HOCTD MOBBIMICHUS TEMIIEPATYPHOI'O PEKAMA
JIBC 10 ypoBHs, 00€CIEYMBAOIIEr0 MUHUMAIBHO JOIYCTUMYIO BSI3KOCTh CMAa304HOMN
IUIEHKH B COIPSDKEHUAX, YTO CHUYKAET OTEPHU HA TPEHUE U 3aTpaThl HA IPUBOJ MEXAHU3-
MOB CUCTEMBI OXJlaxieHus asurareins. CooOuiaercs 00 yaydlieHUH TOIUIMBHONW 3KOHO-
MuyHOCTH OT 4 10 10 r/kBT 4 B pe3ynbrare paboThl ABUTaTENsl C MUHUMAJIBHO JTOMYCTH-
MO BSI3KOCTBIO MOTOPHOTO Macya. OJJHaKO BEICOKOTEMIIEPATYPHBIA PEXHUM, BEAYLIUHN K
CHI)KEHMIO BSI3KOCTH Macia U 3a30poB B 30Hax Tpenus LI, Bneder 3a coboit HeoOxo-
JUMOCTB COTJIacCOBaHUS MPOQUIIeH TPYIIHUXCSA MOBEPXHOCTEN MOPIIHEN U KOJIEI| C U3Me-
HUBIIVMMHUCS YCIIOBUSAMM CMa3KH U TpeHusa. Kpome Toro, nopaep:kaHue ONTHUMAIBHON
BA3KOCTU Macjia B IIMPOKOM JIMANAa30HE CKOPOCTHBIX M HAIPY30YHBIX PEKUMOB PaOOTHI
COBpeMEHHBIX aBTOTpakTOpHBIX JIBC mo TexHMuecKUM MpUUrnHaM MPaKTUYECKU HE OCY-
HIECTBUMO. B CBSI3U € 3TUM, BO3MOKHO JIMILIb PACIIMPEHUE TPAHUL] ONITUMAJIBHOTO TEM-
NepaTypHOro Jrara3oHa ¢ OJHOBPEMEHHBIM MPUHATUEM MEP MO MPEAOTBPALIEHUIO OT-
Ka30B, BbI3bIBAEMBIX POCTOM TEIUIOHANPsHKeHHOCTH aetanent LT

Takke, OTHUM U3 IPUMEPOB IKCILTYaTAIMOHHOTO MOAX0a K CHU)KEHHUIO MEXaHHU-
YECKUX ITOTEPD SBIIACTCS OTKIOYEHNE HECKOJIBKUX UIMHIPOB MHOTOLIMIIMHAPOBOIO aB-
tomobunsHoro JIBC npu nBrkennn aBToMo0mits 6e€3 Harpy3ku. Ho, kak yka3piBaeTcs B
uccienoBaHuu [62], uCIBITaHUST OMBITHBIX O0Pa3IOB TaKWX JIBUTATENIeH Najll BeCbMa
CKPOMHBIE PE3yJIbTaThl, KOTOPbIE HE ONPABIBIBAIM 3aTPaT, CBA3AHHBIX C YCIOKHEHUEM
KOHCTPYKIMU JABUTATENs, 000PYJOBAHHOTO YCTPOMCTBOM OTKJIFOUEHHUS HUIUHAPOB. BbI-

TIOJTHCHHBINM B pabote [62] aHamu3 gaeT OCHOBaHUE YTBEPXKAATh, YTO OTKJIFOUCHHE ITU-
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JIMHIPOB II0KA HEJIb3s PACCMATpPUBATh B KAYECTBE CEPHE3HON AJIbTEPHATHBBI KOHCTPYK-
TOPCKO-TEXHOJOTUYECKUM DPEIICHUSIM TPOOJIEMbl CHIKEHHUS MEXaHUYECKUX IMOTEpPh B
JABC.

CpaBHHBas MPEACTABICHHBIE BBILIE MOAXO0AbI, MOKHO MPEANOJIOKHUTH, YTO Ha CO-
BpeMeHHOM dtane pa3Butus [IBC nHaubonee 3ppexkTUBHBIM SBISETCS NEPBBIA (KOH-
CTPYKLMOHHBIN) noaxoa. OIHaKO, C pa3BUTHEM HAHOTEXHOJIOT i, HOBBIX COCTABOB U Ma-
TEpHUaJoB, CIIOCOO0B HAHECEHHs aHTHU(PPUKIIMOHHBIX MOKPHITHI Ha JETajH, Ja3epHOTO
TEKCTYpUPOBAHUS TOBEPXHOCTH U HOBBIX BO3MOXHOCTEN B (POPMUPOBAHUU MUKPOPEIb-
eda Ha MOBEPXHOCTAX TPEHUS, U HAKOHEI] C MPUMEHEHHEM dHEProcOeperarimx MoTop-
HBIX Macell U TPUOOJIOTUYECKUX COCTABOB (MPUCAZOK K MOTOPHBIM MaciiaM), TEXHOJIOTU-
YeCKUIl MoJXo/ B ONmKaiilliee BpeMsi MOXKET BCTaTh Ha OAUH YPOBEHb C KOHCTPYKLIMOH-
HBIM NOJX0J10M. TpeTuil %e noAxXo0/1 HalpsAMYIO CBSI3aH ¢ THOpUIU3ALMEN U 3NeKTpUdU-
kanueil JIBC, ero KOMIIOHEHTOB, M TAKXE aKTUBHO pa3BUBacTcsa. B Hacrosiiee Bpems
aKTUBHO M3YYalOTCS M BbIPA0ATBHIBAIOTCS CTPATETMU WHTEIUIEKTYaJIbHOTO YIPaBICHUS
KoMITIoHeHTaMu U cuctemamu JIBC, ¢ TOUKHM 3peHHs ONTUMH3ALUU PEKUMOB padOTHI (B
3aBUCHUMOCTH OT YCIIOBUI HAarpyXeHHs M JIOPOXKHBIX YCJIOBUI), TEPMOMEHIKMEHTA
(ympaBneHust TerioBbiM pexxumoM [IBC 1 aBTOMOOWIIS B 11€JI0M) 1 MUHUMU3ALUH 110-
TEpb Ha UX IIPUBO/I.

Jlanee paccCMOTPUM TEHACHUMU PAa3BUTHS OCHOBHBIX I'DYII KOMIIOHEHTOB U CH-
creM [IBC ¢ Toukn 3peHUsI COKpALIEHNS] MEXaHUYECKUX ITOTEPb.

HuauHaponopHeBas rpymnmna.

Kak nokaspIBatoT MHOTOUMCIIEHHBIE SKCIIEPUMEHTATbHBIE HCCIIEOBAHUS, B OOIIMX
Mexanundyeckux norepsax LI 3anumaer camblii Becomblil Bki1aa (0T 35 1o 50% 1o pas-
JUYHBIM UCTOYHHUKAM). ITO OOBSICHSACTCA CIACAYIOMUMH (aKkTopamMu: OoJiee TSHKeNbIe TIo
CPABHEHUIO C JPYTMMHU KOHTAKTHBIMU CONPSKEHUSIMU JABUTATENIS YCIOBHS HATPYKEHHUS,
XapakTep JBUKEHUS MOPIIHS ¢ KOJIbIIAMU, KOTOPBIN 00yCIaBIMBaeT MOsIBICHNUE 30H Ipa-
HUYHOTO TPEHUS B 001ACTSIX MEPTBBIX TOUEK; BBICOKHE Y/ICJIbHBIEC HATPY3KH MOPIIHEBBIX
KOJIELl; Pa3BUTHIE TJIOMIAINA TPYIIMXCS TOBEPXHOCTEN NOPIIHS IPU HE3HAUYUTENIBHBIX 3a-

30pax U, KaK CJICACTBHUC, pOCT CABHUI'OBBIX COHpOTI/IBJ'IeHI/Iﬁ CMAa304YHOIro Mmarcpualia u T.II.
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Hcxons nx ananvsa MUPOBBIX MPAKTHK, B paMKaxX KOHCTPYKIIMOHHOIO IMOJIXOAA
MOHO C(OPMHUPOBATH CIEAYIONIMA MEPEUCHb PEIICHUA N0 CHIKCHUE MEXaHMYECKHX

noteps B LTI (Tabauma 2).

Tabnuna 2 — [lepedyeHb TEXHUUECKHUX PEIICHUH MO CHIKEHUIO MEXaHUYECKHX MOTEPh B

LT

IMonxon Pemrenus

YMeHbIIICHHE OTHOLICHUS paanyca KpuBOIIUIIa K JJJIMHC IIaTyHa

VYMeHbIlIeHHE OTHOIIEHUS XO0Ja nopuiHAa K AMaMEeTpy HUJINHApPA

VMmenbuieHue IJIiomanaun FOOKU IMOpUIHA

KOHCTDYKLIHOHHBIH OnTuMu3anus KeCTKOCTH I00KH IOPIIHS

YMeHbIIIEHHE MaCChl IMOPIIHA

[IpuMeHeHue ne3akcuana NopUIHs

CHmKeHne 0CeBOU BBICOTHI, YIPYTOCTH U YHCJIa TOPIIHEBBIX KO-
el

Br16op MatepuaioB U MOKPHITHIA, 00€CIIEUUBAIOIINX MUHIUMH3a-
LU0 TPEHUS

TexHonornueckuu v v
Br160p pexrMoB MeEXaHHMUYECKOW WIIM MHOM 00pabOTKH MOBEpX-
HOCTEW TpEeHMsI JUIsl IOJTY4YEeHHUs 3a/laHHOM Tonorpagun
. Br100p onTUManpHbIX ¢ TOYKU 3pEHUS IPUPAOOTKH JeTanieit
DKCIUTyaTalluOHHBII

HIIT" pesxumon o6katku JIBC

Ha ocHOBe JaHHBIX pe3y/IbTaTOB MCCJICIOBAaHUM, ONMCaHHBIX B padoTe [111, 142]
MaKCUMalbHOU 3((hEKTUBHOCTHIO IO KPUTEPHUIO CHIXKEHHSI MEXaHUYECKUX MOTEph 00J1a-
JAI0T CIIEAYIONINEe KOHCTPYKTHUBHBIC PEIICHUS: YMEHbBIIICHUE TUIONIAIA FOOKU MOPIIHSA,
CHIPKEHHE BBICOTHI M YNPYTOCTH MOPIIHEBBIX Koyiell. HecMoTpsi Ha psii orpaHUYEHUN,
MEPCIEKTUBHBIMU SIBIIIIOTCA MPUMEHEHHUE JIe3aKchaia MOPIIHS OTHOCUTEIIBHO OCH IIH-
muHApa (6onee noapoOHas nHdopmalus npeacrasieHa B pazaene KIIM).

Oco060€ BHUMaHUE B TPUOOJIOTHH YIETISETCS OLIEHKE XapaKTepa CHIKEHUS TPEHUS
JUTSL pEeIICHUH TI0 HU3KO-(PPUKITMOHHBIM MOPIIHAM, 10 3PHEKTUBHOMY B3aUMOICHCTBHUIO
napbl «IOPIITHEBOE KOJIBLIO — FMJib3a MUIUHApa» [84]. OneHuBas pacupe/eieHue moTephb
Ha TpeHue Mexay aetansmu LI, GonpmmmHCTBO MccaenoBareneit oTMedaroT nmpeoda-
Jarolee 3HaueHue KoJell B opMupoBanuu motepb Ha Tpenue B LI, Tak, cormacHo

pabdoram [108, 137, 147], 6onee mosioBUHBI 001MX noteph Ha Tpenue LI npuxomutcs
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Ha MOpIITHEBbIE KoJbIa. B pabote [142] nmpuBeneHbl UCCIIEAOBAHUS 110 BIUSHUAIO CKOPO-
CTH TIOPIIHS U HATPY3KH JIBUTATels Ha TPeHHE MOPITHEBBIX Kojell. CormacHo Tabmuie 3,
IIPY HU3KOM CKOPOCTH U BBICOKOM Harpy3ke HauOOJIbIINHM BKJIAJl B TPEHUE B ITUKJIE JBU-
raTeysi BHOCST BepxXHee KoJiblio Bo3nie BMT Ha TakTax cokatwsi/paciiipeHus 1 Macio-
ChEMHOE KOJIBLIO Ha MPOTSIKEHUU BCEro pabouero nukia apuratess. C yMeHbIIEHUEM
Harpy3Kd M MOBBILIEHUEM CKOPOCTH JOJII TPEHUSI BEPXHETO KOJIbLIa YMEHBIIAETCS, OC-

HOBHOM BKJIaJl B TPCHHC B 3TUX CJIydasiX, 663}’CJ’IOBHO, BHOCHUT MACJIOCBEMHOC KOJIBIIO.

Tabnuna 3 — OcHOBHBIE (PAaKTOPBI, BIUSAIONINE HA TPEHUE MTPU PA3IMUHBIX YCIOBHUSIX pa-

ootsl JIBC

YBenuueHue BKJIaJa BEPXHEr0o KOMIIPECCUOH-
HOT'0 KOJIbIIa B TPAaHUYHOE TpeHue Bo3ie BMT

>
Hu3skas Harpyska Bricokast Harpy3ka
IToTepu MoimHOCTH Ha Hwuzkas cko- MacnocsemHoe 1) MacnocseMHOE
rPaHUYHOE TPEHUE pOCTh KOJIBIIO Ha MPOTSKE- | KOJIBIIO HAa MPOTSHKeE-
YBEJIMUHMBAIOTCS KaK HUU BCEro paboyero | HUM Bcero paboyero
ckopocts U LHKJIA JBUTATEISA LHKJIA JBUTATENIS;

2) BepxHee KoJb110
Bo3sie BMT Ha cxxkatuun
Y PaCHIUPECHUN

Bricokas cko- MacnocremHoe 1) MacnocsemMHOE
pOCTh KOJIBLIO Ha MPOTSIXKE- | KOJBLO Ha MPOTSIAKE-
[ToTepu MoIHOCTH Ha HUM BCETO pabOYero | HUU BCETO paboyero
TUAPOANHAMUYIECKOE LMKJIA TBUTATENS LMKJIA IBUTATENIS;
TPEHUE YBEIINUNBAOTCS 2) BepxHee KoOJbII0
KaK u” 232 v Bo3siie BMT Ha cxxkatuu

U PaCUIMPEHUN

Ha pucynke 11 npezacraBieHa cuia TpeHUs MOPIIHA B cOOpe B TEUEHUU MOJTHOTO
LIMKJIa HEOONBIIOTO AU3ENBHOrO ABurarens, paboraromero mpu 1000 mun. Bonbmue
CWJIbl TPEHUS, BO3HUKAIOIIME MPHU JABUKEHUU KOJIEL B OOPAaTHYIO CTOPOHY OYEBU[IHBI,
O0COOEHHO B KOHIIE XOJla CXaTusl U Hayajie pabodero xoxa. Takum oOpa3om, xapakrep
TPEHMsI TIOPIIHEBOIO KOJIbIA B OOIIEM MOYHO MPEICTaBUTh, KaK BOSHUKHOBEHHUE 0OOJIb-
IIOM CUJIBI TPEHUSI B MEPTBBIX TOUKAX, U3-32 HYJIEBBIX WJIM HU3KUX CKOPOCTEU, KOTOPbHIE
HE TMO3BOJISIIOT 00pa30BBIBATHCS TUIPOJMHAMUUECKON CUJIe IUIEHKH. JTO UMEET Cle/-

CTBHEM IPaHUYHYIO CMa3Ky (COMPUKOCHOBEHUE METAILI- METaJUT) Ha 000MX KOHIAX X0/1a,
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YTO corjlacyeTcs ¢ HabmogaeMoi Mosenbto u3Hoca. Korna kosbio npubnmxaercs K ce-
pearHe X0/a, CHJIa TPEHUSI HAUMHAET YMEHBIIATHCS, YTO CIYXKHUT MPU3HAKOM MOCTEIEH-
HOT'O CO3JJaHUs JIaBJICHUS] BHYTPU MacCJIIHOM IUIEHKH, U3-3a YBEJIMUEHUsI CKOPOCTH, a pe-
UM CMa3K{ MEHSIETCSI C TPAHUYHOrO Ha CMEIIAHHBIN, a 3aT€M Ha TUAPOAUHAMUYECKUN.
OTHOCUTENBHO OOJbIINE CUJIBI TPEHUSI HAOIIOAaeMblEe B 00JIACTH CEpEeIUHBbI X014, Jie-

MOHCTPHUPYIOT 3G (HEKT MACISTHO-BSI3KOCTHOTO CIIBUTA, KOTOPHIN BO3pacTaeT BMECTE CO

CKOPOCTBIO.
Fup 1
20 bryck cxamue pacoyud xod Boinyck
00 ,
0 v 7 A i f’/r//' /\
1m0 —
A 40 N
200
g 90 80 270 360 450 540 630 720

‘nkb

Pucynok 11 — Cuna TpeHus MOPIIHS MPHU MOJIHON Harpy3Kke

Faro Barros A. u Dyson A. [95] npoBenu aHamu3 xapakTepa TPEHHsI KOJIbIA, UC-
N0JIB3YS TIepeMEeNIatoIINiics Bepea-Ha3al UCIIBITATENbHbBIN CTEH ] M CMOTJIM IPOEMOH-
CTPUPOBATh OCHOBHOW THI M3MEHEHHs CUJIbI TPEHHUS KOJIbIIa Ha MPOTSHKEHUU JIJTHHBI
xoja. B obmieM, Ux TMHUM U3MEpPEeHMsI CHIIbI TPEHUS MOKA3bIBAIOT OCTPhIE MUKU B ABYX
TOYKaX OOpaTHOrO JIBWXKEHUS MOPUIHS, BEJIMYMHA ITUX MUKOB 3aBUCHUT OT BSI3KOCTH
Maciia, Harpy3Ky 1 pekuMa CKOPOCTH.

Becomplii BKk1aa B pa3BUTHE KaK TEOPETHUECKUX, TaK U IKCIIEPUMEHTAIbHbBIX UC-
CJICZIOBaHUI TPHOOJIOTUH TOPIITHEBOTO KoJiblla BHecu mpodeccop Furuhama S. u ero
xouteru [98]. B wacTHOCTH, €r0 METOI K3MEPEHUS TPSHUS B TIOJABHYKHOM KOMILICKTE OT-
BEPCTHUE/TIOPILIEHD, MPEAHA3HAUYECHHBIM Ui M3MEpPEHUs] CHIIbI peakuuu (MPOTHUBOICH-

CTBUS1), UCCJIENOBATENSIM B O0JACTH JABUTATENsl MPEAOCTABIII BAXXKHYI0 MH(GOPMALIMIO O
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CMa3Ke U TPEHUU OCH3WHOBBIX M JU3EIHHBIX JIBUTATEJICH, 0COOEHHO B PEKUME 3a)KUTa-
HUSI IBUTATES.

OtnenbHOM Ba)KHOU 3a7ayeii IO CHUKEHHUIO MeXaHudeckux norepb B LTI sBis-
eTcs 3a/1a4a BeIOopa mpoduias pabounx MOBEPXHOCTEH.

OcHOBBIBasICh Ha aHAIM3€ MHOTOUMCIIEHHBIX padOT B 00J1acTU pacyeTa, KOHCTPY-
UpOBaHMS W HcnbITaHu nopHeBsix konen JABC [98, 117, 139, 147], MoxHO cnenaTh
ciemyroniee 3akitoueHue: npodummpoBanue padodeir moBepxHocTu koibiia (PIIK) mo
HACTOSILETO BPEMEHH BBIMIOJIHAETCA MO Pe3yJibTaTaM BapHUaHTHBIX pACUYETOB WM DKCIIE-
puMeHTOB. [Ipu 3TOM B KauecTBE MCXOAHBIX MAPAMETPOB UCHOJIb3YIOT: MUHUMAJIBHYIO
TOJIIHNHY CJIOS CMa3KU B 3a30p€ KOJbLO-IUIMHAP, MOIIHOCTh TPEHUS KOJIbLA, PAcXo
MacJja Ha yrap v u3Hoc. Takum o0pa3zoM, (hakToM SIBISIETCSI OTCYTCTBUE €IUHOTO KpUTe-
pust ontuMasibHocTH Tpoduiia PIIK.

OrnenuBasi BKJIaJ], KOTOPBIA MOXKET AaTh ontumuianus npoduis PIIK B sHepro-
coepexxenue [IBC, crout cocnatbcsi Ha pe3ynbTaThl JeTallbHOrO ucciaenoBanus [110],
BBITTOJIHEHHOTO TOKTOpoM Jakobs R. o 3aganuto pupmer Goetze AG (I'epmanus) - KpyTi-
HEWILIETO MUPOBOTO TPOU3BOIUTENS MOPIIHEBBIX KoJiell. Tak, HA OCHOBAHUU PACUETOB U
UCIBITAHUM HECKOJBKUX KOMILIEKTOB MOPIIHEBBIX KOJIEI] (B TOM YUCIe 00UKOOOpa3HBIX
¢ paznuuHoi BeITyKJI0cThi0 PIIK) Ha ueThIpexXuanHapoBOM OCH3MHOBOM JBUTATENE B
€3/I0BOM LIHMKJIE OBLIO YCTAHOBJIEHO, UTO:

- nobuTthcst Becomoit (0osee 1 %) sKkOHOMUM TOIUIMBA MPU OJHOBPEMEHHOM TOJ-
JIep>KaHUH BBICOKOM pab0OTOCIIOCOOHOCTH TOJBKO 33 CYET U3MEHEHHUS MTapaMeTPOB KOJIEI]
(3a MCKITIOUEHUEM CHIDKEHUS YIIPYTOCTH MacIOChEeMHOI'O KOJIbIIA, JTAroIIero okojo 1,8
% CHM>KEHUS pacxo/ia TOIJIMBA) HE MPEICTABIISIETCS BO3MOXXHBIM;

- 3a CUeT YJJaYHOM MOJIEpPHU3AIMU BCEr0 KOMILUIEKTA MOPIIHEBBIX KOJEI MOKHO
JIOCTUYb COKpAILIEHUs pacxoa TorirBa Ha 2,3 %;

- 0oJiee 3HAYUTEIHPHOE YMEHBITICHUE TPEHHSI MOXKET ObITh JOCTUTHYTO TOJIBKO TI0O-
CPEICTBOM psifia Mep, HalPaBJIEHHBIX Ha MOJICPHU3AIIMIO CAMUX MTOPIITHEH.

3HaYUTEIbHBIC YCUITUS TPUKIIAIBIBAIOTCS K PA3BUTHIO TEXHOJOTHI 00pabOTKH pa-

00YMX TOBEPXHOCTEH «IOPITHEBOE KOJIBIIO — TUIIH3a IIMIIMHIPAY. TEeXHOIOTHS Ja3epHOTO
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TEKCTYPUPOBAHMS IOBEPXHOCTU JIEMOHCTPUPYETCS KaK OAWH W3 MOTCHITUATHHBIX BapHU-
aHTOB JIJI1 MUHUMU3AIMH TIOTEPh YHEPTUU MPU B3aUMOICHCTBUU JAHHOU MaphI, TyTEM
CO3J]aHUsl MacCUBa MUKPOYTIYOJIeHUI BHICOKOM MIOTHOCTH HA METAINTMYECKON MOBEPX-
HOCTH 4epe3 Ja3epHYyI0 a0JsAIri0 - METOJ yIaJeHUs BEIIECTBA C TIOBEPXHOCTH Jia3ep-
HBIM UMITYJIbCOM (pUCyHOK 12). Makpockonuueckuii 3pGeKT Takoi MHKPOCTPYKTYPHI
obecreurBaeT BBICPKUBAThH TIOBBIIIICHHBIC HATPY3KH, 00ECIICUYNTh COTIPOTUBIICHUE U3-
HOCY U TIOBBICUTH (DPUKIIMOHHBIE CBOMCTBA Ha MOBEPXHOCTH, 0OPaOOTaHHOI J1a3epoMm.
DKCIepuMEHTAIbHOS UCCIIeI0BaHKe, IPeACTaBIeHHOE B padoTte [152], mokasbiBacT 3¢-
(EKTUBHOCTH JIA3€PHOTO TEKCTYPUPOBAHHUS MMOBEPXHOCTH THIIB3bI ITUIMH/PA C AKIIEHTOM
Ha pacnpejieJieHue yIioB BIaIUH, KOTOPbIe OTBETCTBEHHBI 32 PEKUM CMa3KH U yJIaBIIU-
BaHME MIPOJYKTOB U3HOCA — YMEHBIIICHUE MIYOMHBI CJe/la U3HOCA THUJIh3bl IMJIMHIpA Ha

21,7% 10 cpaBHEHHIO ¢ Hea3epHOi 00paboTKoM (prucyHoK 13).
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Pucynox 12 — Tonorpadust azepHOro TeKCTypupoBaHus: (a) 006JacTh Ja3epHOTO TEK-

crypupoBanusi; (0) oguHOYHAs JTyHKA — r1yOuHa; (C) OJMHOYHAS JIYHKA - THAMETP.
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Pucynok 13 — Cpennue 3HaueHust TITyOHHBI Clieja H3HOCA I JBYX

Pa3JIMYHBIX METOA0B OOPAOOTKU TUJIb3bI HIWJIMH/PA.
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B pa6ote [105] mpuBeeHO cpaBHEHHE PA3IMYHBIX TEKCTYp MOBEPXHOCTEH yepes
CEPHIO IKCIIEPUMEHTATBHBIX UCIIBITAHUH, HCCIICIOBAHNN MaTePHAIOB H3HOIIEHHON TEK-
CTYpBI IOBEPXHOCTEH Maphbl, aHaTKM3a MOTOPHOTO MacJjia U MPOAyKTOB u3Hoca. bbio ycra-
HOBJICHO, YTO BOTHYTHIC BHAJWHBI OB JTYUYIITUM BapHUAHTOM TEKCTYPHUPOBAHHOTO 00-
pasiia, He)Kelld OCeBbIe KaHABKHU Ha THJIb3ax IWIHHAPOB. B pabote [132] Obu1a mpoBeneHa
KOJIMYECTBEHHAs OIEHKA CHIKEHUS TOTEPh YHEPTUU 3a CUET CHJI TpeHus 10 26% c uc-
MOJIb30BAHUEM JIA3€PHOTO TEKCTYPUPOBAHUS TTOBEPXHOCTH HA TIOPIITHEBOM KOJIBIIE.

MonenupoBaHue SIBJICHUS CMEIIAHHON CMa3KH M peoJioruu (pasaen GU3uKu, u3y-
yaromui aehopMaIMOHHbBIE CBOMCTBA M TEKY4ECTh BEIIECTBA) MOTOPHOTO Maciia SIBJISI-
€TCs aKTyaJIbHOM 3aJaudeil Ui JallbHEHIIEeW ONTUMHU3AaUUU B3aWMOJECHCTBUS IOPLIHE-
BOT'O KOJIbIIA ¥ THJIB3bI MUJIMHAPA MPU HOPMAJIBHBIX HIIA SKCTPEMAJIbHBIX YCIOBUSIX pa-
60ThI aBUTaTENsI. OOPA3IBl TEKCTYPHI IIOBEPXHOCTH C BapbUPyEMBbIMH (HOpMaMH U OpH-
CHTAIUSMH OBLITM YUCIICHHO UCCIICAOBAaHbI M ONTUMHU3UPOBaHbI B padote [148] mis cHu-
KEHUS TOTePh DPHEPTUU B JABUTATEIIAX C BOCIUIAMEHEHHEM OT HMCKPBI TIPH MPOTPETHIX
yCIIOBHSIX dKcIUTyatanun. CpaBHEHUS MOATBEPAMIIN, YTO KaHABKH, TICPIICHINKYIISIPHBIC
K CKOJIB3SIIIIEMY HaIlpaBJIECHUIO (MTOTIEPEUHbIC KAHABKHU ) — HAWJTYUIITNE BAPUAHTBI JJIsI MO-
muukaruu nosepxHocTu. Aoki H. u ap. [85] mpomeMoHCTprpoBa N BIMSHUE OPUCHTA-
U BOJIb OAHOM ocu U (hOpM yriyOJaeHUM Ha TOJIIMHY MACIISTHOM TIJICHKH, a TAK)KE BJIU-
sHHE KO3(PPUIMEHTa TPEHHSI Ha MOBEPXHOCTh FOOKU MOPIIHS Yepe3 TEOPHUIO THIPOIUHA-
MUYHOUW CMa3Kd. BBUTO MOATBEPKICHO, UTO YIITyOJICHUS B HAITPABICHUH ITUPUHBI MOTITH
M0 CPABHEHUIO C YIITYyOJICHUSIMU B HAMPABICHUH BBICOTHI CHIDKAIOT KOI(PDUIIMEHT Tpe-
HUS, B KOMIUIEKCE ¢ MEHBIIIEH TITyOWHON TEKCTYpHI Mpu Oojiee KPYITHOM COOTHOIICHUHN
yrayOneHne-3a30p MeXAy yTriyOIeHUsMH.

VY ayumenue KOHQUTyparu TUb3bl TAKKE MPE/oIaraeT CHIKEHUE TPEHUS U T10-
TEepHU Maciia, OrpaHu4YuBas AeGOpMAIH TP BEICOKUX TEMITepaTypPHBIX TPagueHTaX, TeP-
MUYECKHUE HAMpPSDKEHUS W MexaHudeckue Harpysku. Alshwawra A. u ap. [83] mpemo-
YKUJTH METOJIOJIOTHIO JJTSI IOCTHOKCHHMS JIYUIIIeH KOHPUTYPAITUN «KOJIBIIO-THIIH3a» W CHH-
JKEHUS TPCHUSI B JABUTATEIIC Yepe3 YCHIICHUE TPSIMOJIMHEHHOCTH THIIB3bI, OKPYTJIOCTH U
napaJieTbHOCTH, UCTIONB3YS TUIB3Y KOHUYECKOW (DOPMBI C AJUTUNITUYECKUMH TTOTIEpey-

HBIMH CCUCHUSIMMU.
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Pemmenust mo CHMKEHHUIO TPEHUS MOPIIHEH TOCTUTalOTCS TJIaBHBIM 00pa3oM mep-
CHEKTUBHBIM TEKCTYPHUPOBAHUEM MOBEPXHOCTH, ONITUMHM3AINEH pabodero Xoa u Tero-
BOT'O COCTOSIHMSI TIOPIIIHS, a TAKKE MPUMEHEHHEM HOBBIX MAaTEPUAJIOB U aHTU(DPUKIIMOH-
HBIX TOKPBITHIA. CTOUT OTMETUTH TEXHOJOTHI0 «dOWNSIZiNg», aKTHBHO TPHMEHSFOIITY-
1ocst B coBpeMeHHbIX [IBC, ¢ ymeHblieHueM pabodero oobema MmopIiHs, KoTopasi IpUBO-
JUT K CHUKEHUIO TPEHUSA MEXIY MOPIIHEM U TMib30M HUIMHApPA. COOTHOUIEHUE XOJ
nopiHs-guameTp mwmHApa (SXD) Takke oka3pIBaeT BIHMSHUE HA TOTEPH 32 CUET ABYX
KOHKYPHUPYIOIUX 3(PPEKTOB, BOSHUKAIOIIMX M3-32 TPEHHS B TIOJIIIUITHUKAX KOJIEHYATOTO
Bajia ¥ Tuib3bl uimHApa. Korna cootHomenune SXD cTaHOBUTCS MEHbIIIE, TPEHUE MOJ-
IIMITHUKOB CTAHOBUTCS 00Jiee BBICOKMM BBH]Iy OOJIbLICH IJIOLIAAM MOPIIHS, MEpEeaaro-
1ero OOJbIlIe CHIIbI K MOIIMITHUKAM KojieHuaToro Baja. C Ipyroil CTOPOHBI, COOTBET-
CTBYIOIIMI OoJiee KOPOTKUH XOJ CIIOCOOCTBYET YMEHBIIEHHOMY TPEHUS 00 THIIb3y LIU-
JMHAPA, BOSHUKAIOIIETO IPY B3aUMOJICHCTBUY MTOPIIHEBON KOJIBLO — I'MJIb3a HWJINHIPA.
[Ton6op ontumansHOTO cooTHOMIeHUsT SXD mo3Bomut ymyurmts dddextuabiii KIT [96].

AnMazonono0Hble yriaepoanbie TokpeiTus (DLC) st mopirHeit uMeroT O0IbITYIO
NEPCHEKTUBY IS JTOCTHMIKEHUS HU3KOTO TPEHUS, BBICOKOI'O COIPOTHBIIEHUS M3HOCY U
Koppo3uu (pucyHok 14). Dddekr 3akimrodaercs B oM, uto DLC-iokpsiTHE 00pa3yer me-
PEXOJIHOM CJION Ha MPOTHUBOIIOJIOKHOW MOBEPXHOCTH, KOTOPHIA B CBOIO ouepeab o0Opa-
3yeT BMECTE CO CMa30YHbIM MaTEPUAIIOM TPUOOJIOTUYECKYIO INIEHKY, YTO MUHUMU3UPYET
ko3 duiment Tpenus. Ilo pesynbraraMm HcclieOBaHUs, MPEACTABICHHOM B padore
[114], BecoBbie moka3atenu nopiiHs u mpmuHapa ¢ DLC-mokpeiTHeM ObLTH CHUKEHBI Ha
5%, pu 5ToM Ha 20% CHMKEHO TPEHUS B IAPE MOPUIHEBOE KOIBLO-THIIB3a, YTO B KOHEY-

HOM UTOT€ NpUBENO K 2-3% yNnydllleHUsI TOIUIMBHOM SKOHOMHYHOCTH.

CmaHdapmHasa KOHCMpyKyus TexHonozusa ¢ DLC-noKpbimuem

ANOMUHUEBBIV
610K

YyryHHasa BCTaBKa '
ANOMUHUEBBIN
nopLueHs MokpbiTue DLC Ha anioMuHUiA

Pucynox 14 — AnromMmuHuEBbIN TTOpINIEHb U THIIb3a MmHpa ¢ DLC-nokpeiTuem
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Ha ocHOBE MHOTOUYHMCIIEHHBIX UCCIEI0BAHMM, KOJIELl M THJIb3 LIMJIMHIPOB, U3BECT-
HoU mBeltapckoit kommanueit «Oerlikony chopmupoBana maTpuiia MaTepualioB U Io-
kpbiTuid s neraneit LI, oGecrneunBarommux CHIKEHNE MEXaHMYECKUX MTOTePh (PUCY-
HOK 15). Tak, mpoBeieHHBIC KOMITAaHKUEH JTabopaTopHbIe UccienoBanus (TecT mo Kecrep-
HUXy, 14 mukiioB, 336 yacoB) nokazanu 3OPEeKT OT BHEAPECHUS MJIA3MEHHBIX MMOKPBITUN
b3 HMHAPOB XPT512: cHmkenue Tpenus 10 5%, yMEHbIIEHUE W3HOCA THIIB3BI JI0

90%, ymensIieHre u3Hoca koJell 10 50%, CHIKeHNe Beca Il alFOMUHUEBBIX OJIOKOB

10 30%.
BCE 3HAYeHWA NpencTaBeHbl B NpoLeHTax o macce -%
c Mn Cr Mo Ni Fe others HV;4
XPT512 | 10-13 : 14-16 : 14-16 = - balance 450
F4301 10-13 ; 14-16 : 14-16 = - balance 30% Mo 450
F4334 | 10-13 14-16 i 14-16 - - balance 50% Mo 450
F2056 | 10-13 : 14-16 : 14-16 = - balance | 33% ALO,/ZrO; 450
XPT627 | 04-05 ;: 04-08 i120-140; 20-30 - balance 400
F2071 04-05:04-08 :120-140; 20-3.0 - balance ; 35% ALOs/ZrO, 400
Marepiani! nokpLITHil PeKomeHayeMie MaTepuan XPT512: HuskonernpoBaHHas
- ONA MOpLUHEN yrnepoaucTas ctanb (C NOKpbITUEM)
u M MOPLUHEBBIX Konew,
XPT512 - TBepAbIi XpoM ¢ Kepamukon (CKS)

aucnepcus
- Cr,C, - NiCr (HVOF)
YMeHblueHUe TpeHus -CrN-PVD

- Teepablil xpom c kepamukoin (CKS)| =
- CryC, - NiCr (HVOF)
H o+ anp -CrN-PVD

XPT 627

B +

F 2056

B +

F 2071 -Cr,C, - NiCr c Mo

KO 03MH - A3OTMPOBEHH85| cTanb
B + - CrN-PVD

U3HOC -GDC, CKS, DLC

-CrN-PVD

- Teepablil xpom ¢ kepamukoi (CKS)
- CryC, - NiCr (HVOF)
- CrN-PVD

LI

Pucynox 15 — DueprosddextruBHbIC MaTeprabl U MOKpbITUS AeTanen LTI

Benuuuna 3a30pa MCIKIY rOJIOBKOM IMOPIIHA U MUIKMHAPOM OIIPCACIIACT AAaBJICHUC
Ha IEpBOC 1 BTOPOC KOJIbIO, a, CICA0BATCIbHO, IOTCPU HA TPCHUEC U TCIIJIOBOC COCTOSAHHC
IMOPIIHA. Pacxoz[ TOIINIMBA MOKHO YMCHBHUIWMTBL, CBCIA IO MUHHMYMaA 3a30p «T'OJIOBKa

MNOpHIHA — HUJIMHAP» U MaKCUMAJIbHO IMOAHAB KOMILJICKT ITIOPITHEBBLIX KOJICI. HOJIHHTI/IC
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KOJIeIl cO3/1aeT 00Jie€ HHTEHCHUBHBIN TETJIOBOW MOTOK OT MOPIIHS K OXJIAXKAIOIICH KK/~
KOCTH, YTO JIOJDKHO MPUBOANTH K CHIDKEHHIO TeMmepaTypsl nopmHs [34-35, 140].

Ha pannux srtamax pa3BUTHS KOHCTPYMPOBAHHS MOPIIHEN MPUOPUTETAMHU SIBIISI-
JIUCh MPOYHOCTh U HAZEKHOCTh, TPOCTOTA (hOPM U TEXHOJIOTUYHOCTh N3roToBIeHUs. [Ipn
TOM MPOPUIMPOBAHKE OTPAHUUYMBAIOCH 33JJaHUEM XapAKTEPHBIX JUAMETPOB IO BHICOTE
KOHUYECKON, KOHUYECKO-IIIIMHIPUICCKON WM CTYIEHYATO-KOHUYIECKON o0pa3yromiei
nopHs [39]. Briramom B Teopuio mporiimpoBaHus MOPIIHEH HanOoJee pacripocTpa-
HEHHOTO B HaCTosIlee BpeMsi O0UYKOOOpa3HO-0BaJIBLHOTO THMA SIBUJIACH pabOTa, BHIOJI-
HeHHas non pykoBoacTBoM b.4A. I'mamnoOypra [13]. B To ke Bpems mpodrmpoBanue mo
['uanOypry, pemias npobdiieMy Tak Ha3bIBAEMOT'O «PaMOYHOT0» KOHTAKTUPOBAHHUS 000K
MOPIIHEHN, COBEPIICHHO HE YYUTHIBAJIO HAJTUYUE CMA3KU M XapaKTep MONEPEUYHOrO JBU-
YKEHUsI TIOPILIHS B 3a30pe ¢ HUIMHIApoM. [loaToMy naHHasi Teopusi HE JaBaja OTBET Ha
BOIpoc obecrieueHrs MUHUMU3aIuu noreps sueprun B LI cpencrBamu npodunupo-
BaHMs nopiiHsa. boyiee Toro, Ha COBpeMEHHOM 3Tare mpouaupoBaHue coriacHo [13]
BCTYIIA€T B IPOTUBOPEUUE C MPUHIIUIIOM SHEProCcOEPEKEHUS, T.K. OCHOBBIBAETCSI HA MaK-
CUMAJIBHO BO3MOXHOM ITOBBIIIEHUH TUIOIAAN KOHTAKTUPYIOWIEH C HUIMHIPOM MOBEPX-
HOCTHU IOOKH TOPIIHS, YTO B YCIOBUSX THIPOJIMHAMUYECKOTO PEKUMa CMa3KHU BEJIET K
M3BECTHOMY POCTY MOTEPh SHEPTHH HA MPEOJO0JIECHUE CUJT BI3KOCTHOIO COMPOTHUBIICHUS
MacJja B 3a30pe 100Ka MOPIIHS-LUIUHID.

OpuruHaabHbI PacyeTHO-3KCIIEPUMEHTAIBHBIN METOA NMpoHInpoBaHus, pelia-
IOIUH 3a/1a4y CHUKEHUSI KOHTAKTHBIX JaBICHUI FOOKHM B MOMEHT TIEPEKIIAIKHU TOPIITHS B
uMHape, ObL1 paspadoran B.H. Hukummneim [30, 37-38].

OcCHOBBIBasICH Ha TEOPUH yJlapa U KOJEOAHUI CUCTEMBI «IOPIICHb-IIIIUHIIPY, C
y4€TOM OCOOCHHOCTEW BTOPUYHON TWHAMUKH TOPIIHS, THAPOJIUHAMHUKN U TPUOOIOTHU
[36], npodunupoBanre 0OYKOOOpPA3HBIX MOPIIHEH MOJYUYHIIO JalbHEHIEe pPa3BUTHE.
Opnnako MoaepHm3aius npoduiisi 609K000pa3HBIX MOPITHEN HE TO3BOJISIET IPEOI0ICTh
MPUCYIIUE JaHHOMY THUIY HEIOCTATKU: Pa3BUTas MOBEPXHOCTh FOOKU, KOHTAKTHPYIO-
IIyI0 C MacJIOM; HEOTPEIeIEHHOCTh TOYHON KOOPAMHATHI MaKCUMAaJIbHON BBITYKJIOCTH

npoduis Ha YPOBHE OCH TMOPIITHEBOTO MaJiblla B HATPETOM COCTOSHUU (TSI CHYDKCHHUSI
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ONPOKH/IBIBAOLLIET0 MOMEHTA MOPIIHS ); CYILIECTBEHHAs Pa3HULIA YCIOBUI CMAa3KHU U Tpe-
HUS I00KU MPH IPSIMOM U 00paTHOM XOJ1aX MOPILHS; MOBBIIIEHHAS YYBCTBUTEIBHOCTD K
UCKaXCHUIO T€OMETPUN HWIMHIpA. YUYUTBIBas 3TO, C LEbI0 OBBILIEHUS dHEprocoepe-
raromiero 3¢ dexra yueHble CTalal UCCIeI0BaTh MPUHIMIMATBEHO HOBBIE TIOXObI K TIPO-
(GunMpoBaHUIO, OJHUM U3 KOTOPBIX CTAJO NMPUMEHEHHE MHOTOOMOPHBIX CMAa3bIBAEMBbIX
HECYIIUX MOBEPXHOCTEN I00KH MOPIIIHSL.

OnHuM 13 IEPBBIX, KTO MPOBOIMII aHAJIU3 MHOTOOIIOPHON CMa3bIBa€MOM MOBEPX-
HocTH, Obl1 O. @anbl [70], 06paTuBLINI BHUMAaHKE HA OBBILIEHHYIO HECYIIYIO CIIOCO0-
HOCTb M JYYIIYIO CAMOYCTaHOBKY TaKUX Mpoduieil. 3aTeM NPUHLIHUII MHOTOOIIOPHOCTH
ObL1 Hcnionb3oBaH .M. PrikoM [1s1 000CHOBaHUS IPEUMYIIECTB, UCCIEIOBAaHUS U MIPO-
€KTUPOBaHUs MOPIIHEH ¢ F00KaMU B popMe COueTaHUsI HECKOJIBKMX KyOnUecKuX rnapadout
[61]. Ilpuaumn mMHOroonopHoctu ObL1 npuMeHeH (upmoit «AE Developments» (AH-
IJIMs1) IPU pa3pabOTKe HOBOTO MOPIIHS C MaJIbIM TpeHHEM. OCOOEHHOCTHIO KOHCTPYKITUH
nopIHs, noiay4usinero Hazsanue «Econoguide» [136], sBisuiock Haamuue Ha OOKOBBIX
MOBEPXHOCTAX FOOKM HEOOJBIIMX KOHTAKTHBIX MOJIYIIEK CHEUAIbHOTO MpOQuis, pac-
MOJIO’KEHHBIX B BEPXHEH U HUYKHEH 30HaX I00KU 10 Pa3Hble CTOPOHBI OT OCHU MOPILIHEBOTO
naibia. JpoOieHne noBepXHOCTH 000K MOPIIHEN HA OTAEIbHbIE HECYIIIUE YYAaCTKH HC-
M0JIb30BAHO B X0/¢ u3roroBieHus pupmoit «Mahle GmbH» (I'epmanus) [124].

OnHuM U3 OpUTMHATIBHBIX PEHIEHUI CTOUT OTMETUTh X-00pa3Hyl0 KOHCTPYKIUIO
nopIHs (pUCYHOK 16a), KOTOpBIE OTIIMYAIOTCSI MMOBBIICHHOM KECTKOCTHIO 1 MUHHUMAJTh-
HOM IO 60 ONMOPHBIX moBepxHocTer [118]. Pa3zpesnas (6e3 cpenHeit yactu) o6Jer-
YeHHasi F00Ka MopuIHs o0ecrieunBaeT CHUKEHNUE MACChl MOPIIHS B cpeanem 110 20 %. Jls
0c000 HarpykeHHbIX JIBC HaxoaiT NpUMEHEHNE MOPIUIHU C IIAPHUPHBIM COECUHEHUEM
TOJIOBKH M I00KU yepe3 MOPIIHEBOM Majell — TaK Ha3bIBAEMBbIE IIOPILIHU C Kayarouecs
100KOI1», KOTOpasi BOCIPUHUMAET OOKOBYIO Harpy3Ky U B 3HAUUTEIbHON CTETIEHH U30JIU-
pOBaHa OT TEIUIOBBIX IOTOKOB, NEPENAIOIINXCS CO CTOPOHBI KAMEPBI CropaHusl (PUCYHOK
166) [77]. OnHako, BBUAY CIOXKHOCTH KOHCTPYKIIUH TIO CPABHEHHUIO C TPAIUITHOHHBIMU
MOPIIHSMHU, UCHOJb30BaHHE X-00pa3HbIX MOPIIHEH M MOPIIHEH C KayaloIUMHCS 100-

KaMH OI'paHU4YHUBACTCA IPUMCHCHHUECM B COCTABC I[BC CIICHMAJIbHOI'O Ha3HAYCHM .
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a)

Pucynok 16 — X-00pa3Hblii mopiieHs (a) U MOpIIeHb ¢ Kadaromiencs 100koi (0)

KpuBomIMNHO-IATYHHBI MeXaHU3M
[Tocne LTI Becomyto A0mi0 B OOIIyI0 KapTUHY MEXAHUYECKHX MOTEPh BHOCUT
KIIM. s rpynnel koMnoHeHTOB KIIIM M0KHO BBIAECINUTS Psii OCHOBHBIX HAITPABIICHUM

U TEXHUYECCKUX PEIICHUH 110 CHIYKCHUIO MEXaHUYECKHUX ToTeph (Tadymna 4).

Tabnuna 4 — HanpaBieHUst U1 TEXHUUYECKUE PELICHUSI TI0 CHIKEHUIO0 MEXaHUYECKHUX T10-

tepb B KIIIM

Ne OcHOBHbIE HaINpaBJICHUS TexHuueckue pereHus
. 1) Aezakcuanbubiii KILIM
CHuxeHue OOKOBBIX yCHIIUN
1 2) YMeHblIeHHEe OTHOLIEHUS PaJyca KpUBOILUIA K JUIMHE
Ha CTEHKY LIWINHpa
11aTyHa
1) I3meHeHue JUIMHBI KaHABOK MOAIIUITHUKOB KOJIeHYa-
TOTO BaJia.
CHmxeHue pacxoja U Temrie- .
2 2) CenekTUBHBIN MOA00P MOAIIMITHUKOB MO TOJIIMHE C Iie-
paTypsl Macia
JIBIO C II€JIbI0 0OecTIeueHus ONITUMAIBHOIO 3a30pa.
3) U3MeHeHune KaHaIOB M0/1a4y Macja B KOJIEHYaTOM BaJle.
1) OHeprosppekTUBHBIE MOKPHITHS NOJIIUITHIKOB KOJIEH-
4aToro Baja
CHuxenus ko3ddunuenra .
3 2) Downsizing xosieHYaToOro Bajia - ONTHMHU3AIHS pa3Me-
TPEeHUs
P POB ILIEEK KOJIEHYaTOro Baja
3) DHeprod¢heKTUBHBIE YIIJIOTHEHHS KOJICHYATOTO Bajia

B 3aBucHMMOCTH OT KOHCTPYKTUBHOM CXEMBI pa3nuyaroT cienyromue suapl KIIM:
akcuanbHblil (11eHTpanbHbiil) KIIM, y KkoTOporo ock HUIMHApPA MEPECEKAETCs C OCBIO
KOJICHUATOTO Baja; Ae3akcuanbHbld KIIIM, y KOTOpOro och HMIMHApPA HE NIEPECEKACTCS
C OCBIO KOJIEHYATOTO BaJla, a CMEIIEHA OTHOCUTEIBHO HEE HAa HEKOTOPOE PACCTOsTHUE €
(pucyHok 17) [78]. CymiecTByeT TaKXe Mmoaxo/1, Ipyu KOTOPOM OTHOCHTEIHHO OCH IIHJIHH-

JIpa CMEIaeTCs OCh MOPITHEBOTO MajbIla (J1e3aKCcuall MOPITHS).
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Pucynok 17 — Bunbst KIIIM: a — ackuaibHbIH, O - Je3aKCHATbHBIN

OtMeyaroT cieayrouye NpeuMyIecTBa IpUMeHeHHs ie3akcruansbHoro KIIM:

- yMEHbIIIeHNE OOKOBOM CHUJIBI MOPIIHA U JABJICHUS Ha CTEHKY IIHJIMH]Ipa BO BpEMs
paboyero xoAa W yBEIMUYEHUE ITOrO JIABJICHHS BOBPEMs XOJa C)KaTusl, MPUBOJSALICE B
UTOTe K 00JIce paBHOMEPHOMY M3HOCY JBHTraTels (4TO OTPakeHO B McclieoBanuu [4]);

- YMEHbLIEHUE CKOPOCTH MopiuHs okosio BMT, 6narogaps uemy yiydiiaercs mpo-
L[ECC CTOPAHMSI, KOTOPBIN MPOTEKAET MPU YCIOBUAX, IPUOIHKAIOIIHUXCS K YCITIOBUSAM CIrO-
paHus P MOCTOSTHHOM O00BbEME;

- YBEJIMYEHHE MTPOCTPAHCTBA, HEOOXOJUMOr0 1Ji OECTIPENsITCTBEHHOIO BpaIlleHUs
HUKHEH TOJOBKHU IIaTyHa;

- IPUMEHEHHE JE€3aKCHAIIBHOTO MOPIIHS MTO3BOJSET YMEHBUIUTh CTYKH IIPH Iepe-
X0Jle CTYKH Npu nepekiaake nopuHs B BMT, U, COOTBETCTBEHHO, CHU3UTh LIyM pabOThI
JIBUTATEIS;

- npumenenne ae3akcuanbHoro KIIM mo3Bonuth ymeHbmuTh radaputbl [IBC
(Mpu yCIOBUSAX KOPPEKTHOTO MOA00pa 3HAYEHUS JIe3aKcaxa U BbIOOpa KOMIIOHOBOYHOM
CXEMBI C YY€TOM COOTHOIICHHUS T'a30BOM 1 HHEPIIMOHHOM cu [68]).

[Tapa «TOAMIMITHUK - KOJIEHYATHIA Ba» SIBISETCS OJHUM U3 JIUUPYIOLIUX UCTOYU-
HUKOB MexaHnnudeckux noreps B JABC. Heo0x0auMoCTh yUUTHIBATh pa3inyHbIe YCIOBUS

sKcIuTyaTauuu noamunHukoB KIIIM, Takre kak TuApOIMHAMUYECKOE U CMELIAHHOE Tpe-
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HUE (THAPOJIUHAMUYECKOE B COYETAHUU C TPAHUYHBIM TPEHHUEM), IPUHITHI, a TAKXKe pa3-
JIMYHBIC YCIIOBUS paOOTHI IBUTATENs (Harpy3Ka, X0JIOCTOM X0/, CTapT-CTOII U T. 11.), (hop-
MHPYET pa3IMyHble HAIIPABICHUS U MEPHI 10 CHIKEeHUIO TpeHus [87]. [Ipu pa3zpaboTke
HAICKHBIX HU3KO(QPHUKIMOHHBIX MOAIIUITHUKOB CIIEyeT YUYUTHIBATh MEXaHU3MBbI yCTa-
JIOCTU B TEPMUYECKUX ACHEKTaX, PABHO KaK U OCTATOYHBIE HAIPSKEHMUS], YIIPYTOIIACTH-
YeCKHE CBOWCTBA, aJaNTallMI0 MHHOBAIMOHHBIX MAaTEpUajOB MOJAUINITHUKOB, 0a30BYIO
TCOMETPUIO MOIIIMITHUKOB (MaMeTp, MIUPUHA) ¥, KOHEYHO, OKPYKAIOIIYIO CPEeIy TMO/I-
IIMTTHUKOB (KOHTYP CMa3KH).

3apy6exnbie yueHsle Knauder C. u ap. [115-116] geranbHo rccnenoBaiu moTepu
MOIIHOCTH Ha TpeHHE B 13 OMOPHBIX MOJIIMUITHUKAX TSKEJIOTO HU3EJIbHOTO JIBUraTels
KJjacca 13 nuTpoB Juis MIMPOKOro Juana3zoHa yciaoBHi skcrryaTtanui. OOHapyKeHOo, 4To
cpenuee 3¢ (heKTUBHOE JaBJICHHUE TTOTEPh HA TPEHHUE MO IIITUITHUKOB CKOJIBKEHUS 3aBUCUT
IPAKTUYECKU JIMHEHHO OT YaCTOThI BPALLEHUS JBUTATENS U HATPY3KH ABUTaTEINsl, IpUYEM
3aBHCHMOCTH OT Harpy3Kd MPaKTUYECKU MCUYE3aeT MPH MEePEX0Ie C MOJTHBIX Ha YacTHU-
HbIC Harpy3ku (pucyHok 18). Pe3ynmbTaThl MOKa3bIBalOT, YTO TAKOE TOBEJCHNUE BBHI3BAHO
COUYETAHMEM BBICOKHX TEMIIEPATYP MOAIIUITHUKOB C BBICOKUMHU CKOPOCTSIMH CJIBUTA, KO-
TOpbIe BMECTE 04€Hb A3((HEKTUBHO CHUKAIOT BSI3KOCTH MOTOPHOT'O Macja M CBsI3aHHBIC C

9THUM IIOTCPH HA TPCHHUC.

CpedHee 3¢hgpekmusHoe daeneHue nomepsb
Ha mpeHue nodwunHuKos, 6ap

200
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MakcumansHoe dasneHue 6 yunuHdpe, bap

T T T T T T T T T T T T T T T 1
600 800 1000 1200 1400 1600 1800 2000 2200
Yacmoma epaujerus, 06/muH

Pucynox 18 — Cpennee spdextruBHOE NaBIeHNE TOTEPh HA TPEHUE MO IITUITHUKOB

CKOJIBKeHUS (7 KOPEHHBIX TMOAIIUITHAKOB, 6 IMIATYHHBIX MOAIIUITHUKOB)
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UccnenoBanuio BIUSIHUS HEHbIOTOHOBCKUX CBOMCTB Macell Ha XapaKTePUCTHUKU
MOIIUITHUKOB CKOJIBKECHHS TTOCBSIIEHO O0IBIIOE KOTUISCTBO TEOPETUICCKUX M DKCITC-
PUMEHTaIBHBIX paboT [26]. [IpeHeOperkeHe HEHbIOTOHOBCKUMH CBOMCTBAMHU (TaK Ha3bl-
BAEMBIMU OTKJIOHEHUSIMH OT PEOJIOTMYecKoro 3akoHa HeroToHa-CTokca U3 Kiaccuye-
CKOM THUAPOJMHAMUYECKON TEOPUHM CMAa3KH) MPHU pacyeTe MOAMIMITHUKOB KOJIEHYATOro
Bajla MOKET MIPUBECTU K HEMPABWIIBHOM OLICHKE UX pabOTOCIIOCOOHOCTH.

AKTyanmbHOW TEHJCHITUEH SIBISETCS TMOBBITIICHUE 3(P(HEKTHBHOCTH IBHUTATEIS 3a
cuer TexHosoruii «downspeeding» (mepemeinenrue 30HbI Hanboiee 3PPEKTUBHOMN pa-
OOTBI ABUTATENS B 30HY €T0 XapaKTEPHOU pabOThI B COCTaBE aBTOMOOWJISL, CHH>)KEHUE HO-
MHUHAJIBHBIX 000POTOB KOJICHUATOTO Basia) U «downsizing» (yMeHbIneHne padodero o0b-
eMa JIBUraTelIeH ¢ COXpaHeHHEeM MOIIIHOCTHBIX Mmoka3ateiel [25]). DT u3mMeHeHus o3Ha-
YaloT, YTO TOJAIIUITHUKY ABUTATENS paboTaloT B 00Jiee TsHKENbIX YCIoBuUsAX, ueM 10 net
Hazajn. HoBeie TpeOoBaHUs, NMpeabsIBIsieMble K MOIIIUITHUKAM, TIPEICTABICHb HA PU-

cynke 19.
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Pucynox 19 — HoBsie TpeboBanwmsl, mpeabsaBiaseMblie K moamumankam KIIIM

i cTpyKTypHupoBaHUsl SHEProdPPEeKTUBHBIX pElICHU B MOALIMIHHUKAX, pac-
CMOTPHUM TPH JOTOJIHAIOLIMX APYT Apyra HalpaBICHUS

1) U3menenue maTepuaia U HOKPBITUS MOAIIUITHUKOB

IIo KOHCTpYKIIMM BKJIAIBIIIM KOJEHYATOIO Bajla JEIATCA HA JABE OCHOBHBIC

IPYIIbL: ABYXCIOHHBIC (OMMETaNTMYCCKUE); TPEXCAOUHBIC (TPUMETAUIMYCCKHUE).
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bumeTannuyeckre MOALIMIHAKA (CamMblii paCIpOCTPAHEHHBIM HAa CErOAHS THI
TIO/IIIAITHUKOB CKOJIBKCHHS) MCTIOJIB3YIOTCS JUTsl CHIDKEHUSI Harpy3Ku B OCH3WHOBBIX H
0e3HaTyBHBIX JU3EJbHBIX JBUTATENSAX B JIETKOBBIX aBTOMOOMIsIX. MIX OCHOBY cocCTaB-
JSIeT cTajbHas 1MoJ0ca, Ha KOTOPYI0 HAaHECeH aHTU(PHUKIIMOHHBIN croif. JlaHHbIN croii
M3TOTaBIIMBAETCA U3 MATKHX CIUIABOB C COJAEPKAHUEM AIOMUHUS U Meau 110 75%, u
0JI0Ba (KOTOPOE BBICTYHAET B POJIM TBEPIOTO CMAa30uyHOTO MaTepuaia) 10 25%.

TpexcioitHple MOAMMITHUKNA HCTIONB3YIOTCS, TIaBHBIM 00pa3oM B JIBUTaTENAX C
Oonee TsKenon Harpy3koi. [loMUMO cTanbHOM OCHOBBI M aHTU(MPUKIIMOHHOTO TIOKPBITHUS
JAHHBIC MOIIIUITHUKNA UMEIOT MOKPOBHBIA CIOM (METAUIMYECKUM WA MOJIUMEPHBIN),
o0ecIeunBaroIINiA 3allIUTHBIE CBOMCTBA U YIyUYIIAIOIMINWNA aHTU(PPUKITMOHHBIE KaueCTBa.

Bri6op aHTHGPUKIIMOHHOTO MaTepuania MOXKET UIpaTh CYHIECTBEHHYIO pOJib B
CHWKeHUH TpeHus. HoBast TEXHOJIOTMs OKPBITUS Ha TOJIUMEPHON OCHOBE 00ECIIEUNBAET
HE TOJIbKO CHUYKEHUE TPEHUS, HO 3HAYUTEJILHO NOBBIIIAET U3HOCOCTOMKOCTH 110 CpaBHE-
HUIO C OOBIYHBIMU METANIMYECKUMH MOKPBITUAMHA. OCHOBA MOJUMEPHOTO MOKPBITUSA -
cBs3ytouii mosmmep PAI (mommamua-umug), o0ecrieunBaromui AeMIIPUPYIOIIUE CBOM-
CTBA U IPUJIETAEMOCTb ISl TOBBIIEHUS YCTAJIOCTHOM MPOYHOCTH, a TAKKE BBICOKAS U3-
HOCOCTOMKOCTh. KpoMe 3TOro B OKphITHE 100aBISIOT Pl 100ABOK, JUCIIEPTUPOBAHHBIX
Mo BCeW Marpulle. BBICOKOTEeMIIepaTypHas TBepaas cmaszka (M0S2+ rekcaroHalib-
ueiii BN), koTopas obecrnieunBaeT MaKCHMaIbHYIO CMa3bIBaIOIIYIO CIIOCOOHOCTH B YCIIO-
BUSIX CMEILIAHHOM CMa3KW; U TBEP/bI€ YaCTHULIbI, 33]]a4a KOTOPBIX COCTOUT B IOJATOTOBKE

MOBEPXHOCTH BaJia M YJIYUIICHUH U3HOCTOUKOCTH (prucyHok 20).

Teepable CMa304YHble maTepuanbl

Teepaple yacTuubl

Pucynox 20 — ITonmmMepHO€ MOKPHITHE TOIITUITHUKOB KOJIEHYATOTO BaJia
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[TonumepHbIe MOKPBITUS 0COOEHHO 3P(PEKTUBHBI B THOPUIHBIX aBTOMOOWIIAX U C
dynkmueit «Ctapt-CTomy, KOTOpbIe MPEABABISAIOT AOMOJIHUTEIbHBIE TPEOOBAHUS K MO/I-
IIMTTHAKAM BCIIICTBHE YACThIX MIOBTOPHBIX MTyCcKOB. B paboTte [144] ObL1 cienaH akIeHT
Ha HCCJIeI0BaHUU (DPUKIIMOHHBIX CBOMCTB HOBOTO MOKOJICHUS TOJIIIUITHUKOB KOJEHYA-
TOTO Baja, HA OCHOBE CIIEYEHHOW OECCBUHIIOBOM OpOH3BI, C MOJMMEPHBIM MOKPBITHEM
yepe3 1abopaTOpHBIE TECTHI B PA3TUYHBIX pEKUMaX pabOThI IBUraTelNs, 00ecieunBas 11e-
JOCTHYIO KapTUHY (HACKOJILKO OBLIIO BO3MOKHO) OTHOCUTENILHO (DPUKIIMOHHBIX XapaKTe-
PUCTHK IMOJIIMITHUKOB B TPAHUYHOM M CMEIIAHHOM PEeXHMMax cMa3kd. bbuio moarsep-
KJICHO, YTO MPEBOCXOAHBIN OTHOCUTEIHHO TPEHHS M H3HOCA HOBBIN MOJIMMEPHBIA aHTH-
(GPUKIMOHHBIH C10M ObLT 00YCIOBIEH CTPYKTYPOH MJIOTHOTO 3aIIOJHUTENS MEIKO3EPHHU-
CTOro pacmpeneiaeHHoro MoS2, rpadura u 4acTull TUTaHa, IpeAOXpaHsis Oonbline 00-

JaCTH YUCTOTO MojuMepa (pucyHok 21).

MpownssoaguTenbHOCTL [%]
1] 10 20 20 40 50 &0 70 g0 a0 100
CTapT—cmn,mHocl.lthllillll""“‘
3aKNMHMUBaHKUe
3arpAasHeHue
JonycTrman Harpyska 5 I I I

0 15 30 45 60 75 90 105 120 135 150
Honyctumasn Harpyska [MNa]
Pucynox 21 — IlpenmytiiecTBa HOBOTO MOKOJICHUS! TIOIIUITHUKOB C TIOJIMMEPHBIM TI0-

KpPBITHEM

2) I3MeHeHre reoMeTpru MOAIIMITHUKOB U KOJIEHYaTOro Baja.

Pemenust mo M3MEHEHHIO T€OMETPUH ISl HU3KO(PPUKIIMOHHBIX MOIIIMITHUKOB
MO>KHO Pa3/IeJUTh HA TPU YPOBHS: MAaKPOCKONUYECKUN YPOBEHb (ILIMPUHA MOAIIUITHAKA
U IMAMETP ), ME30CKOITMYECKUI YPOBEHD (TEKCTypa MOBEPXHOCTU U MUKPOBOJIHBI ) U MUK-

POCKOTIMYECKUI ypOBEHb (IIIEPOXOBATOCTh M TEKCTypa BoJaHKMCTOCTH) [121].
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Ha pucynke 22 mpexacraBiieHbl mcciienoBanus komranuu «Federal Mogul» 1o
OILICHKE BIIMSHUS U3MEHEHUS AUaMeTpa U IIMpUHA MOAIIMITHUKAa HA MEXaHUYECKHE I0-
tepu. C yMEHBIIICHHEM JUaMeTpa MOIIIUITHAKA Ha 5,5% cyMMapHbIe TIOTEpH Ha TPCHHE
MO>KHO YMEHBIIHUTH 110 14,6%. C 1pyroi CTOpOHbI, NP YMEHBILIEHUH ITUPUHBI ITOALLINII-
HUKa Ha 14% cymmapHble TOTEpU yBEeIUYUBatOTCA Ha 9%. DTO CBSI3aHO C TEM, YTO BO3-
pacTarolee KOHTaKTHOE TPEHUE HEPOBHOCTEH MPEBOCXOAUT YPOBEHb CHUKEHHS THIIPO-

JAUHAMHWYCCKOI'O TPCHUA.

YpoBeHb NoTepb B KONEHYATOM Basne

CHMMKeHMe guameTpa

CHM)XeHue WUPUHDI

25%

20%

15%

10%

5%

rvapoguHam. KoHTakTHOE CymmapHsie
TpeHue TpeHue notepw

TugpoguHam. HOHTEKTHOE CymmapHsie
TpeHune notepu

W -14.0%

-5%

-10%

-15%

-14.6%
-20%

Pucynoxk 22 — YpoBeHb oTeph Ha TPEHUE TTPU U3MEHEHUU JUaMETpa U IUPUHBI MO/~

HOIWITHUKA KOJICHYAaTOI'O BaJjia

Yro kacaeTcs TEKCTYpUPOBaHUS MOBEPXHOCTH MOJIIUITHUKOB, TO 3a nocieaHue 10
neT Obula mpojenana 6omapiias padora. OIHUM UX TEXHUUYECKHX PEIICHHH, KOTOPBIA B
HACTOsIIEe BpeMsl IPUMEHSIETCS B OUIUITHUKAX, — 3TO MUKpOKaHaBKH. [{1si MuKpoka-
HABOK YIIOMUHAETCSI MHOT'O NMPEUMYIIECTB, HO HUCTOPUUECKH BBIOOP ATOrO TUIA TOBEPX-
HOCTH B OCHOBHOM CBSI3aH C IPOIIECCOM CBEPJICHUS, KOTOPBIA KOHKYPUPOBAII C MPOIIeC-
coMm npoTtsruBanus. CeronHs ObUTM MpHU3HAHBI HEKOTOPBIE peajibHbIe MPEUMYIIeCTBa

JAHHOI'O PCIICHMUA.
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- Jy4IllIee CONMPOTHUBIICHUE yCTAJOCTU M3-3a OCTATOYHBIX CKUMAIOIIUX HaIpshKe-
HUI, CO3/JTaBaEMBIX PEXKYIIUM HHCTPYMEHTOM B MPOIIECCE PACTAYUBAHUS;

- BO3MOKHOCTbD IOJIaBJICHUS TOPIIEBBIX 3a30POB MOALIUITHUKOB U, KaK CIIE/ICTBUE,
YMEHBILIEHUS TOTOKA yTEYKHU MacJa;

- JIy4iias IpujIeraeMocTb, €ClId «MHKpOpeOpay Ha MOBEPXHOCTH UMEIOT TOHKYIO
dbopMy, Kak TokazaHo Ha pucyHke 23. BricoTta pebpa BapbHpyeTCs OT 2 MKM 710 8 MKM
OTHOCHUTEIFHO PACHOJIOKEeHUsI MUKPOKaHABKH B MOAIIUIHIUKE. Toraa, B ciiydae KOHTaKTa
C BaJIOM, a/IallTallHsI IOBEPXHOCTU MOKET OBITh BHIMIOIHEHA 0€3 CO3aHus BBICOKOTO Tpe-
HUS;

- Oonee HM3Kas pabouas TemmepaTypa u3-3a 0ojee BBICOKOTO pacxoja Macjia Ha
HOJIUINITHUK;

- Oosiee ToyicTasi MUHUMAJbHAsI TOJIIMHA MACTSHOW TJICHKU MPU U3MEPEHHUH OT

MTOBEPXHOCTH MEXIy pedpaMu.

200...300 mKm

A

2...8 MKM

D A ’, ', v ! A A 4, ’
B ) 2 % Z 7 / Z 2 S 4
D e e
AHTUGPUKLMOHHbBIN CI0M

CranbHana ocHoBa

Pucynok 23 — MukpokaHaBKH Ha MMOBEPXHOCTHU TOIIITUITHUKA

3) 3MeHeHue OKpyKaroluX yCIOBUI

OnTuMu3aIms NOAINIMITHUKOB 0€3 yueTa OKpYKaroluX yCIOBUN, KOTOPBIE BIUSIOT
Ha WX COOCTBEHHOE TPEHUE WU TPEHHUE KOTOPBIX CBSA3AHO ¢ MX KOHCTPYKIIMEH, HETIeIe-
cooOpa3Ha. MOXHO BBIICIUTH CIEAYIOIINE OCHOBHBIE BIMSIONINE (AKTOPBI OKPYKAIO-
ICH TOIITUITHUKHA CPEIbI: BA3KOCTh M IMAKET MPHUCAI0OK MOTOPHOTO Macja; TeMIiepaTypa
U pacxoj Maciia; reoMeTprueckas ¢opMa U ypaBHOBEIIEHHOCTh KOJICHYATOTO Baja; He-

COOCHOCTb MEXIY LIEHTPAMU KOPEHHBIX MOAIINITHUKOB U JIp.
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CoryracHO MHOTOYHCIIEHHBIM 3KCIIEPUMEHTATBHBIM JAaHHBIM, PACX0/1 Macia, moja-
Ba€MOT'0 MACJISTHBIM HACOCOM K TIOJIITUITHUKAM KOJICHYATOTO Bajia, paclpeaesaeTcs clie-
nytomuM oopazoM: 30% - Ha mIaTyHHBIC MOMIMIHUKHN; 35% - HA KOPEHHBIE IO IITHII-
HUKH; 35% - yreuku [129]. CooTBETCTBEHHO, ONTHMH3HPOBAB MTOIady Macja K MO/ IIIHTI-
HUKaM KOJICHYAaTOr'0 BaJjia, MO’)KHO CHU3UTh €ro PacXojl U MOTEPU MOIIHOCTHA Ha MPUBO/I
MAacJITHOTO Hacoca.

OTAeNbHO CTOUT OTMETUTH 3HEProd(PPeKTUBHBIC PEHICHUS MO YIJIOTHEHHIO KO-
aeruyaroro Bana. Kommanus «Freudenberg» npeacraBuia HOBOE MOKOJICHHE MAHKET KO-
aerygaroro Basa CASCO [97]. DTo HHTEUIEKTyaIbHAs KOHIICTIINS YIUIOTHEHHS, OJ1aro-

Japs CrieIUaIbHOW KOHCTPYKITUM CBOCH OCEBOM YIIJIOTHUTEIBHON KPOMKH (PUCYHOK 24).

Texkywee YnnomHeHue
ynnom+eHue PTFE CASCO

YNAOTHUTENbHaA KPOMKa

S
—_

Pucynoxk 24 — CpaBuenue ymiotnenus PTFE ¢ yninornennem CASCO
Mamxetrst CASCO 007a1at0T yIyqieHHBIMA XapaKTEePUCTUKAMU B OTHOIICHHUH
ylIep KaHUs Maciia 1 00eCeunBaOT HAAEKHYIO 3allUTy OT MPOHUKHOBEHUS TBEPABIX U
KUJKUX 3arpsI3HEHUHN, YMEHbIIAsk TPEHUE U YBEJIMUMBAs CPOK CIykObI yrmmoTHeHus. [1o
JAHHBIM HcclieioBaHui koMnanuu «AVLy, o cpaBHeHHIO ¢ HauboJee pacnpoCcTpaHEH-
HBIM Ha cerojHs ymiotHenueMm PTFE (monurerpadropatuien nim Gropormiact) ymioT-
HeHust CASCO no3BoJIsIIOT COKPATUTh MEXaHWUYECKHUE MOTEPH B TTape «MaHKeTa-KOJICH-

yaTelid Ba» 10 50%.
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Cucrema cMa3Kku

Jlanee ObUTH PACCMOTPEHBI COBPEMEHHBIC W TEPCIICKTUBHBIC PEIICHUS 1O MOBHI-
meHuto 3¢ pexTuBHOCTH paboThl KOMIIOHEHTOB cucteM cMmasku (CC) ABC.

K MacnssHoMy HacoCy MpeIbsBIISIOTCS BHICOKAE TPEOOBAHMS IO CTEIIEHH ITOBBITIIE-
HUS JaBjeHus macia (ropsiaka 3-4 corjacHo padote [21]), a Takke Mo 00eCeYeHHUIO
pacxoja mo1aBaeMoro cMa3oqHoro mMatepuana. CpaBHUTEIBHO OOJIBIINE KPYTSIIHE MO-
MEHTBI TTPU HU3KUX YaCTOTAX BPAIEHHUS KOJICHYATOTO BaJjia, 0COOCHHO Y TU3EIIbHBIX JIBU-
rateyieid ¢ HaJAyBOM, JUKTYIOT HEOOXOAUMOCTh YBEIMYCHHS JABJICHUS HArHETaHUs U
MIPOU3BOUTEIILHOCTH MACIISTHBIX HACOCOB. DTO CBSA3aHO C TEM, UTO MPHU TAKUX HArPy3Kax
MPOUCXOIUT UHTEHCUBHOE HArpeBaHWE KOHCTPYKTHUBHBIX 3JIEMEHTOB JBUTATEIIS, YTO, B
CBOIO 04epe/lb, TPUBOAUT K MEepErpy3Ke MOAMUITHUKOB KoJeH4aToro Baya. C Apyrou cTo-
POHBI, MOBBIIIICHUE MPONU3BOIUTEITHFHOCTH MACIISTHBIX HACOCOB OTPAHUYEHO HEOOXOMMO-
CTBIO JOCTHXKEHHUS HU3KOTO pacxo/ia TOTUINBA, TAaK KaK MOIIHOCTh, pacXxoJlyemMasi Ha Mpu-
BOJI HACOCa, MOXKET COCTABIIATH 10 5-8% MomHOCTH ABuTartess. Takum oOpa3om, Ha CO-
BPEMEHHOM JTare aBTOMOOMJIECTPOCHHUS aKTyaJIbHBIM SBJISIETCS BOIIPOC PETYIUPOBAHUS
MIPOU3BOIUTEIILHOCTH MAaCIISTHOTO HacOca MPH Pa3IMYHbIX PEKUMaX pabOThl ABUTATEIS.

CymiecTByeT O0JBIIIOE KOJIMIECTBO Pa3HOOOPA3HBIX BAPHAHTOB KOHCTPYKITUH Mac-
JSTHBIX HaCOCOB (pUCYHOK 25). OCHOBHBIMU KPUTEPUSMH IIPU BHIOOPE TOM MIIM HHOW KOH-

CTPYKIIMHU HACOCa ABJIAIOTCA: Fa6apI/ITHBIC pasMEphbl; CTOUMOCTDL, ITPOU3BOAUTCIbHOCTD.

[ Knaccudpurkauyma macnaHbix HACOCOB ]
-~
[ Mo TUNY KOHCTPYKUUKU ] [ Mo Tuny ynpasneHusa
-’
r I_I -
LecTepeHuaTble OCTOAHHOM
| Npou3BOAUTENLHOCTH |
C BHYTpPeHHMM —
3auenneHuem LecTepeH Pe rynupyemou
. NPOW3BOANTENBHOCTU |
C BHELWHMM 3aLenneHnem ]
wecreper OpHoyposHesoe
p ynpasneHue
e POPOTOPHbIE ] [syxypoBHeBoe
- ynpasneHue
LLnbepHble YnpasneHwe no 3afaHHoOM ]
L (nnactuHyatble) KapTe

Pucynok 25 — Knaccudukanust MaciasHbIX HACOCOB
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Haubonee pacnpocTpaHeHHBIN THIT MaCJISIHBIX HACOCOB — HIECTEPEHYATOrO THUIIA.
[Tpou3BOANTENIBHOCTS JAHHOTO HAcOCa MPOIMOPLMOHAIbHA YaCTOTE BPALLEHUS KOJIEHYa-
TOrO Baja. [Ipy npesplieHny 1aBJIEHNs HArHETAEMOT'0 Macia OIIPEAEIICHHON BEITMYHHBI
cpabaTbIBaeT peIyKIMOHHBIN KJIallaH U MEPEMyCKaeT 4acTh Macia BO BCACHIBAIOLIYIO I10-
joctb. TakuM 00pa3zoM, MacisHbIM HACOC UMEET TOJIBKO OJMH MEXAHWU3M YIIPaBJICHUS
CBOEH MPOU3BOIUTENBHOCTHIO. C 1IebI0 Mo1auu TpeOyeMoro Macia Mpu BBICOKUX pabdo-
9uX 000pOTax JBUTATENIs, HACOCHI IIIECTEPEHYATOTO THUIIA HEU30EKHO 3aBBIIICHBI 110 Pa3-
mepam. COOTBETCTBEHHO, 110/1a4a U30BITOYHOIO TOTOKA Maciia MPU HU3KUX pabodnx 000-
poTax ABHUTraTens JAelaeT HAacOChl M3HAYaIbHO HEd((HEKTUBHBIMU U YBEIUYUBAIOIIUMHU
IIOTEPU MOIIHOCTH JBUTATEIIS.

IToMuMO mIecTepeHYaThIX MacsHbIX HACOCOB JOBOJIbHO YacTo B JIBC npumens-
IOTCSI TEPOTOPHBIE HACOCHI (PUCYHOK 26), KOTOPBIE KOHCTPYKTHBHO OJIM3KHU K IIECTEPEH-

4aTbIM, 4 UX OCHOBHBIM OTJIMYUCM ABJISACTCS (bopMa 3y6BeB poTOpa U CTaTtopa.

CropoHa HarHeTaHus | CTOpOHa BeackIBAHNS

B MACNAHYIO

MAarMcTpane

U3 macngHoro

noAAcHa

Pucynok 26 — PerynupyeMsblii TepOpOTOPHBINA MACIISHBIN HACOC:
1 — mpomMeKyTOUYHBINA KOPITYC; 2 — HAPYKHBIA POTOP; 3 — BHYTPEHHUHN poTOp; 4 —
NpY>KMHA PEryJjsiToOpa; a — IPH JABICHUM Macjia HUXKE 3a/laHHOro; O — Mpu JIaBJIEHUU

MacJjia BBIIIC 3a4aHHOTI 0.

[TpuaIIMI pabOTH HacOCa TEPOTOPHOTO MACIISTHOTO HAacoca CIEAYIOIHIA: Bpalaro-

HIMiiCS BMECTE C BEAYUIUM BaJlOM BHYTPEHHUU pOTOp 3 yBJEKaeT 3a cOO0M HapyKHBIN
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potop 2. Tak Kak OCH BHYTPEHHETO ¥ Hapy>KHOT'O POTOPOB HE COBIAJAOT, IIPH KX Bpa-
IICHUU Ha CTOPOHE BCACBIBAHUS IMPOUCXOIUT YBEIHMUYCHHE OOBEMOB, 3aKIIFOUCHHBIX
MeXKIy 3yObsiMu. BcackiBaeMoe B pe3yibTaTe 3TOTO Maclio MEepeMeNaeTcsi Ha CTOPOHY
HarHeTaHus. Ha cTopoHe HarHeTaHus 00BEMBI MEXKIY 3yObSIMH BHOBb YMEHBIIAIOTCS, B
pe3ysbTaTe 4ero Macjo BBITECHSETCS B MarucTpalib CUCTEMbI CMa3Ku. PerynmupoBaHue
HOJaYl Hacoca MPOU3BOIUTCS C IOMOIIBIO IPOMEKYTOYHOTO KOJBIIEBOTO KOpITyca, Ha
KOTOPBIH IeHCTBYET NMpyxuHa peryisropa [17, 99].

C uenpio peryaupoBaHus MPOU3BOAUTEIBHOCTh HACOCA B 3aBUCUMOCTHU OT YHCIIa
000pOTOB MpHBO/Ia, ObLITA pa3padoTaHa KOHCTPYKIUS ITACTHHYATOTO (IIHOSPHOT0) Mac-
JSTHOTO Hacoca (pucyHoK 27). Fimes B cBoeM cocTaBe HEOOIIbIII0E KOJTMYECTBO KOHCTPYK-
TUBHBIX 2JIEMEHTOB, HACOC TAKOH KOHCTPYKIIUH MTO3BOJISIET PEryIMPOBATH BEIHYUHY MTPO-
M3BOJUTEIBHOCTH 33 CYET CMEIIECHHSI HAPYKHOTO CTaTOPa OTHOCHTENNBHO IIEHTpa Bparie-
HUS poTopa. [Ipy MakcUManbHON YacTOTe BpaIIeHUs! KOJIEHYATOTO Bajla IJIaCTUHYATHIN
MAaCIISTHBIA HACOC HYKJACTCS JIMIIb B IIOJIOBUHE IMTPUBOAHON MOIIHOCTHU TI0 CPaBHEHHIO C

MeCTCpCHYaTbIMU HACOCaAMH, YTO CHOCO6CTByeT CHMJKCHUIO pacxoda TOIIJIMBA.

Pucynox 27 — KoHCTpyKIIHS TJIaCTUHYATOTO (IIMOEPHOT0) MACIsTHOTO Hacoca

OnHuM U3 IEpCIIEKTUBHBIX HAaMpaBjieHUM pa3Buths cucteM cmasku [IBC aBnsiercs
UCITOJIb30BAHUE MACIISTHBIX HACOCOB € PETYIMPYEMOM IPOU3BOIUTEIBHOCTHIO HA OCHOBE
T'epPOTOPHBIX, IMMOCPHBIX U 00BEMHBIX HacocoB [128]. JlaHHbIE HACOCHI CLIPOCKTHPOBAHBI
JUISL aJallTUBHOTO YIPABJIEHHS PACX0JI0M Macia, COOTBETCTBYIOIIETO JAEHCTBUTEIbHBIM
NOTPEeOHOCTSIM ABUTaTENsl. BapuaHThl cXeMbl yIpaBieHHs TOJ0OHBIMH HACOCAMHU TIPEI-

CTaBJICHBI Ha pUCYHKe 28.
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PI/ICYHOK 28 — BapI/IaHTBI CXCM YIIPABJICHNA MAaCJLIHBIMHA HACOCaMU

B pa6orax [86, 113] aBTOpHI MOAPOOHO OMUCHIBAIOT OCOOCHHOCTH U MPEHMYIIIC-
CTBa PETYJIMPOBAHUS B TUHAMUYECKOM PEXUME MACIISIHBIX HACOCOB JIJIst UCKPOBBIX JIBC
HA OCHOBaHUU JACHCTBUTEIHHBIX OTPEOHOCTEN NaBICHUS MOIaYH Maciia B IBUTATENE, a
TaKXe JIEMOHCTPHUPYIOT MOTEHIIMAT SKOHOMHUHU pacxoja Mmacna. A. Jlovikuna u np. [93]
MPECTaBUIIM MOJIEINIb TPOTHO3UPOBAHUS JOJITOBEYHOCTH JJIsI YCOBEPIICHCTBOBAHUS OH-
JafH-MOHUTOPUHTA COCTOSIHUS M TMAarHOCTHUKU MAcIlSHBIX HACOCOB HA OCHOBAaHWH aHa-
JIM3a YIpaBJIeHUs MOTOKOM JaHHBIX 3JIEKTPOHHOTO OJIOKA YIPABJICHUS ABUTATEIIEM; 3TO
BBISIBUJIO (DAKTOPBI, OOYCIIaBIMBAIOIIAE MHOTOIMKIOBYIO YCTaJOCTHYIO MPOYHOCTH,
a’pallid Maclia U CHW)KEHHE MPOU3BOJUTEIHLHOCTH HACcOCa, yCTAHABJIMBAS BAXKHOE
HarpaBJeHUE B OYAyIIUX KOHCTPYKTOPCKO-TEXHOJIOTUYECKUX pa3paboTKax.

Yamamoto M. u np. [150] pa3paboTanii ”HHOBAaIMOHHBINA BCEPEKUMHBIN/TIOTHO-
CTBIO PEryJIUPYEeMbIii MACIISIHBIH HACOC IMIECTepeH4YaTroro Tuma (pucyHok 29). DTot HO-
BBII MacJISTHBIN HACOC CITOCOOEH 00eCTIeYnTh aJaNTUBHO PETYINPYyEeMOe IaBlIcHIE Macia
pu Temmeparypax, koaeomronmxcs ot MuHYyC 10°C 10 ycmoBuil BRICOKUX TEMITEpaTyp.

C ynydieHHbIM npoduiiem 3y0a MecTepHr BHYTPEHHETO 3aIleTUICHHs] ObLIIO TOCTUTHYTO
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34% cHuXeHHs TPEHHs Ha pOTOPE MO CPaBHEHUIO ¢ OOBIYHBIM TPOXOUAAIBHBIM MPOQPH-

neM 3y0a, BMecTe ¢ 1,2% ynydiiieHueM B 5)KOHOMUU TOIUIMBA MIPU XOJIOJHOM 3aITyCKeE.
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Pucynok 29 — PerynupyeMslii MaCIISIHBIM HACOC

[Tpoananu3upoBaB KOHCTPYKIIMA MACIISHBIX HACOCOB W TEXHOJOTHUHU YIPABIICHUS
MIPOU3BOIUTEIILHOCTHIO MACIISTHOT'O HACOCa, MOKHO MPUMUTH K CIICYIOIINM BBIBOIaM:

- HacOChI MKOEPHOro/00bEMHOIO THIIA 00JIAIa0T NPOCTOM KOHCTPYKTUBHOM CXe-
MO, HO U3TOTOBJICHUE KAYalOIINXCA PhIUAroB TpeOyeT BHICOKOW TOUYHOCTH 0OpabOTKH
M3-32 UX CIOXHOU ()OPMBI, YTO HECKOJIBKO YCIOXKHSIET MPOU3BOCTBO MOAOOHBIX H3JIE-
JINI;

- IPUMEHEHNE KaYaloIUXCsl phIYaroB CIOCOOHO YBEIMYUTh PECYPC U HAJIE)KHOCTh
HACOCOB C PEryJIUPYEeMOi TPOU3BOIUTEILHOCTBIO;

- COTJIaCHO JIaHHBIM, MPEJCTABICHHBIMH MOCTABIIMKAMU MACJISIHBIX HaCOCOB, BbI-
rojia Mo pacxoAy TOIUTMBA MPH UCIIOJIb30BAHUHU JIBYXYPOBHEBOTO YIPABISIEMOTO Hacoca
JUTS TSDKEITTOTO TU3EIIBHOTO JBUTATENSI MOXKET TOCTUTATh 1%, a TPU MCIIOIB30BaHUH TTOJT-
HOCTBIO YIIPABJISIEMOTO HACOCA MOXKET JOCTUTHYTH 1,5%);

- OYEBHIHO, YTO IMOJTHOCTBIO YIPaBJISEMbI HAacoC SBJISETCS Oojee MpeAroyTH-
TeabHBIM 11 JIBC aBTOTpaHCIIOPTHBIX CPEICTB UCIOJIB3yEMBIX B IIIMPOKOM JTHAIIa30HE
pPEXUMOB pabOThI, HO B TO K€ BpeMs TAKOW HACOC, BEPOSATHO, OyJIeT 00JIee CIOKHBIM U
JIOPOTOCTOSIIIIMM B TIPOM3BOJICTBE, COOTBETCTBEHHO C IICJIbIO YCIICBICHHUS UTOTOBOTO
MIPOIYKTa UMEET CMBICIT PACCMOTPETh MCIOIB30BAHKE JIBYXYPOBHEBOTO HacOCa IS IIIH-
POKOTO CErMEeHTa JIBHTaTesIeH paboTaronuXx OOJIBITYIO YacTh BPEMEHH B Y3KOM JIHaria-

30HE PEKUMOB pabOThI, HAMPUMEP B COCTABE MAaruCTPAIbHBIX TATa4eH.



55

B xadecTBe TOMOIHUTEIBHOTO MEPCHEKTUBHOTO HAMPABJIEHUSI CHUKECHUS MEXAHU-
YeCKHUX Moteph B cucreMme cmasku JIBC BO3MOKHO pacCMOTPETh TEPMOPETYIUPOBAHUE —
BBEJICHHE aKTUBHOM CUCTEMBI yIIpaBJICHUS TeMIEpaTypoi Macia u odecredyeHue padoThl
JIBUTATEJNSI IPU 00JIee BBICOKOM TEMIIepaType Macia (MEHbIIEH BA3KOCTH Macja) C CHU-
JKEHUS TpeHus. [ 3TOro B CHCTEMY CMa3KH YCTAHABIMBAETCS TEPMOCTAT C AJIEKTPO-
MArHUTHBIM KJIAITAHOM, KOTOPBIM YIPABIISIET PACXOA0M Macia 4epe3 MaCIsHbIN OXJIa IH-
TEJIb.

[TpenmyiecTBa TEPMOPETYJIMPOBAHUS CHCTEMBI cMa3ku (pucyHok 30):

- MOJIJIep>KaHue ONTUMAIILHOW pabdoueil TemnepaTypbl Macia;

- OBICTpBII MPOTPEB IBUTATENS 10 paOOUHX TEMIIEpaTyp;

- OoJiee ropsuee Maciio MPUBOJAUT K CHUKEHUIO BA3KOCTH U CHUKEHUIO TPEHUS B

IIOAIIMWITHUKAX.

Mgy y’

be3 repmocrara C repmocratom

/4

v

Ynpasnaembiun
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——————————
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Pucynok 30 — TepmoperynupoBanue cucrembl cMa3ku J[BC

CucremMa oxJIaKaeHus
AHaJIU3 UCTOPUHU Pa3BUTUSI CUCTEM JBUTATENS MOKA3bIBAET, YTO CUCTEMBI OXJia-
xaeHust (CO) TpaHCIIOPTHBIX CPEACTB OCTAIUCH 0€3 KaKUX-JIM0O CYIIECTBEHHBIX U3Me-

HEHHUI ¢ MOMEHTA MOSIBJIICHUSI B HUX BOCKOBBIX TepMOCTaTOB B 1950-x romax. OngHako B
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nocJieIHee BpeMsi TpeOOBaHUS K MOBBIIEHUIO 3P (HEKTUBHOCTH ABUTATEIIS BBI3BIBAIOT I10O-
BBIIIICHHBI UHTEPEC K MOUCKY HOBBIX PEIICHUM JJIs1 KCTIOJIb30BAaHUS B CHCTEMAX OXJia-
xaeHus. [lopbimenue 3¢pHeKTUBHOCTH paboThl cucteMbl oxyaxaeHus: JIBC no3Bossier
TOOUTHCS Pa3IMYHBIX TTOJIOKHUTEINBHBIX 3P(HEKTOB, B TOM YHCIIC CHIDKEHUE 3aTpaT MeXa-
HUYECKOM PHEPTUU U, KaK CJIEJICTBUE, IKOHOMMSI TOILJIMBA U CHIKeHUE BBIOpocoB CO; B
OKPY’KAIOIIYyI0 cpe/ly. MOKHO BBIICJIUTH JIBA OCHOBHBIX HAIPABJICHUS PA3BUTHS CUCTEM
oxnaxaeHus JIBC: cHIKeHHe TEIIOBBIX (0OCOOCHHO OTMEYaeTCsl TEXHOJIOTHS TepMoba-
prepHbIX mokpeiTuit getaneit LTI u I'BL [82, 91, 131]) u MexaHHYECKUX MOTEPh, (-
dbekTuBHOE yrpaBieHue TemioBbM pesxkumoM [IBC.

[IpuBOJI BOJSHBIX HACOCOB CUCTEM OXJIAXKIEHUSI, MPUMEHSIEMBIX B OOJIBIITMHCTBE
coBpeMeHHbIX JIBC, oCylIecTBISIETCS MOCPEACTBOM PEMHSI, COEIMHEHHOTO C KOJICHYa-
ThIM BajioM. B pesynbTare, mis ocyuectieHus: upkysiuu OXK B cucteMe oxmaxe-
HUS 3aTpayuBaeTCs MOJIE3HAsE MOIIHOCTh JABUTaTens. KpoMe 3Toro, mpu JaHHOM Bapu-
aHTE KOHCTPYKIIUU CUCTEMbI OXJIAXKIEHUS, 000POTHI HACOCA 3aBUCAT OT 00OPOTOB KOJICH-
yaToro Baja. 13 atoro cienyet, 4To 3PpGHeKTUBHOCTh CUCTEMBI OXJIAXKICHHUS] MOYKET OBITh
WM HEJOCTATOYHOM, WJIM U30BITOYHOM, NMPU PA3IMYHBIX HArpy3Kax Ha JIBUTATEIb U O
HUX U T€X k€ 000pOTax KOJEHYATOro Baja. K ToMy CTOMT OTMETUTS ellie OJJUH HeT0CTa-
TOK - pab0OTa CUCTEMBbI OXJIAXKJEHHUS C BOJSHBIM HACOCOM C MEXAHUYECKUM IPUBOIOM
uMeeT HecTaOmwibHYyI0 Temneparypy OXK mpu paznuunbix pexumax padotst JIBC.

[Tocnenueit TenaeHIIMENH B 00JIACTH aBTOMOOUIIECTPOCHUS B 00JIACTH MOJIEpHU3a-
MM CUCTEM OXJIAKICHUS JBUTATENeH SBISETCS TUOpUAM3AIMS TPHUBOJA BOISHOTO
Hacoca (B YaCTHOCTH, TIOJIHBIN OTKa3 OT MEXaHHUYECKOTO MPUBO/IA) U MHTEIUIEKTYaIbHOE
yrpasiieHue temnepatypabiM pesxkumom JIBC [120]. i 3TOro npuMeHstoTCs porpec-
CHBHBIC KOMITIOHEHTBI M KOHTPOJIJIEPBI, K KOTOPBIM MOKHO OTHecTH [151]:

— ynpaBisieMble KJIAMaHbl 7151 peryaupoBanusi noTokoB OXK;

— peryjaupyeMbie BOASHBIE HACOCHI HA PA3IMYHBIX MIPUHIIUIIAX YITPABICHUS;

— peryampyeMble TEPMOCTATHIL;

— pPEryJaupyeMbie BEHTUIISTOPHI,

— PEKyncpanuns TCIJIa BBIXJIOIHBIX I'a30B C ITIOMOIIBIO TENJI000MEHHHUKOB.
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B npoTuBOMonoKHOCTh OOBIYHBIM MEXaHHUECKUM BOJSHBIM HAcOCaM PETyIupye-
MBI€ BOJSTHBIE HACOCHI, HCIIOJIb3YIONINECS B IEPCIeKTUBHBIX nokoieHusx JIBC, obecre-
yuBas O0ojee rubkoe ynpaiaeHue pacxogoMm OX, KOTOpelli paHee CHUIIBHO 3aBHCEN OT
yCIIOBUI pabOThI IBUTATENS, TAKMX KaK Harpy3ka 1 000poThl. B xo1e npoBenenus aure-
paTypHOro o030pa BbISBIEHO, uTO peryaupoanue OX B cucreme oxJaxaeHUs JBUTA-
TEJIS C MOMOILBIO JJIEKTPUYECKHUX KUIKOCTHBIX HACOCOB JA€T MACCy MPEUMYILECTB, IO
CPAaBHEHHUIO C MEXaHMYECKHMMHU BOASAHBbIMU Hacocamu. K Hanbonee 3HaUMMBIM U3 HUX
MO>XHO OTHECTH: Iojjaepxkanue temueparypsl OJK B ONTUMaIbHOM JHAIla30HE; COKpa-
HICHUS TOTEPh HAa MPUBOJ U O0OecTeueHne SKOHOMHUHU TOIUIMBA; YMEHbBIIEHUS BHIOPOCOB
BPEIHBIX BEUIECTB B aTMOC(epy pU pa3IUYHBIX CKOPOCTAX U TEMIIepaTypax ABUTATEIsL.

Perynupyemsie BOASHBIE HACOCHI, KOTOPBIE B HACTOAILEE BPEMs AKTUBHO BHEJ-
PAIOT B COBPEMEHHOM JBUTaTEIECTPOECHUN, UMEIOT PA3IMYHYI0 KOHCTPYKIHMIO U OTJINYa-
IOTCSL CIIOCOOAMM PETYJIMPOBAHUS PacXoda OXJIAXAAIOMIEN KUAKOCTU. Tak pa3audaror
CJIEAYIOIINE BUIBI PETYIMPYEMBIX BOJSHBIX HACOCOB!

1) C perynupoBanueM mupHHbI KaHaita HUpKysiuu OXK (OTKIIFouaeMble U yIpaB-

JsieMble Hacochl (pucyHok 31, a-0)).

Komuax
\ Kpl;mqm(a

Ocepoit mopurHenoit

W s

Conexong (CreMaTrHo)
')’moninem

\Tonanm:

N\ ['.nas%mee XOMBLSBOE VIVIOTHEHME

|
5 TTofunImHIK EoAHOTO Kacoca
npyRIHA

L

TIpy#ania comamon

Bo&spam Komueeol nopuens

a)
Mopgymrpyronpni nopurens
zaxppizaer pabouse Koaeco
Hacocs

6)
Pucynok 31 — BoasiHOM Hacoc ¢ peryaupoBaHUEM IUPHUHBI KaHana qupKyassauu OX:

a) yIpaBisieMblil; 0) OTKIIOYaEMBbIi

OTtnnune oT 0OBIYHOI0 MEXaHMYECKOTO Hacoca 3aKJII0YaeTCs B TOM, UTO NMECTCs

BO3MOXXHOCTh PETYJIUPOBATH PACXO01 OXJIAXKIAIOIICH )KMIKOCTH B MEHBIIIYIO CTOPOHY WJTH
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OCTaHaBIUBATh €€ MUPKYJIIHUIO B CUCTEME OXJIaXIeHUs. DTO BO3MOXKHO Onarogaps pe-
TYJUPOBAHUIO IIMPHUHBI KaHaa nupKyassuun O 3a cyeT Toro, 4To KpblibyaTKa Hacoca
YaCTUYHO WJIA TOJIHOCTBIO NIEPEKPHIBACTCS BHEIIHUM KOXKYXOM, KOTOPBIN yIpaBisieTCs
AIIEKTPOMArHUTOM OT CUTHAJIOB OJIOKA YIIPaBJICHUS JBUTATETIS.

2) JIByXpeKUMHOE PEryJIUpOBaHKUE MPHU MOMOIIN dJIEKTPOMArHUTHONU My THI (T1e-
PEKIIFOYaEMBbIl BOJSIHOW HACOC).

[IpencraBneHHble Ha pUCyHKE 32 ABYXpPEKUMHBIC BOJSHbBIE HACOCHI HMEIOT YHH-
KaJIbHYI0O KOHCTPYKIIMIO, BKJIIOYAIOIIYI0 B ce0si OecleTOYHbINH BbICOKOA(h()EKTUBHBIN
AJIEKTPOJIBUTATENb U 3JIEKTPOMATHUTHYIO My(Ty, KOTOpas MO3BOJISIET BpalaThcs pado-
yeMy KOJIECY Hacoca IMpHU JBYX Pa3HbIX YacToTax BpamieHus, Hanpumep, 100% u 40%
MaKCUMaJIbHOW 4acTOThI BpamieHus (pucyHok 33) [145]. Takoe pemrenue 1aét BO3MOXK-
HOCTh COE€JIMHUTH B OJTHOM H3/I€JIMU OCOOCHHOCTH JABYX THUIIOB BOJISIHBIX HACOCOB — Tpa-
JULUOHHOTO MEXaHWYECKOI'O M 3JIEKTPUYECKOI'O - CO BCEMM MX NpeuMmyiiectBamu. K
3TUM [IPEUMYILIECTBAM OTHOCHUTCS BOZMOXHOCTB perynupoBanus pacxona OX B cucrteme
BHE 3aBUCHUMOCTH OT peXHMa pabOThI IBUTATENS M YACTOTHI BPAalIEHUs KOJIEHYATOro Baja
C IIOMOUIBIO IEKTPOJABUTATEINS CO BCTPOSHHOM YIIPaBJIAIOIIEH 3JIEKTPOHUKOM, U OTKA30-
YCTOMYMBOCTb IPHU OTKIIOYEHUU MUTAHUS U MUKOBBIX pexumax padotsl J(BC 6maronaps

MEXaHMYECKOMY MPHUBOIY HAacoca yepe3 dIEKTPOMArHUTHYIO My(TY.

- JnexTpEseckui parném

Berpoenmas
IJIATA yOpasaesEs
Kperassarea

BecméTognemm
JIeKTPOJBHraATeNh

daexTpoMarEETEaE My@Ta

Pucynok 32 — JIByXpe>XMMHBII BOASIHOM Hacoc: a) BapuaHT 1; 0) BapuaHTt 2.
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MydTa B 3auenneHun

HEeU3MEeHHOMN
KOHpUrypauum

— } B 3aBMcCMMOCTH OT
MarHuTa

— -

—

koneca (06/MuUH)

MydTa pazoMkHyTa

YacTora BpauleHus paboyero

YacroTa spalleHus wrkunsa (06/MuH)

Pucynoxk 33 — [Ipunuun paboTsl BOASIHOTO HAcOCA C JIEKTPOMAarHUTHOU My TOM

B crarbe [119] npencrasieHo penieHre no CHIKeHuto pacxoja tormaa B JIBC 3a
CYET MCMOIh30BaHMUS BOASHOTO HACOCA M BO3AYITHOTO KOMIIPECCOpa C AJIEKTPOMArHUT-
HeiMH MydTamu. [lo pe3yiapTaTaM NpejcTaBICHHBIX B CTaThe MCCIEIOBaHUM, TIPU UC-
MOJIb30BAaHUU BOJSTHOTO HAcoca M BO3IYIIHOTO KOMIIPECCopa C AIEKTPOMAarHUTHBIMU
MydTaMu, pacxo TOIUIMBA ABUTraTesieM ymenbinaercs 10 8,0% (1o 2,8% c anexrpomar-
HUTHBIM BOJISTHBIM HacoCOM U 10 7,7% C 3J€KTPOMAarHUTHBIM BO3YIITHBIM KOMIIPECCO-
pOM), TI0O CPAaBHEHHIO C KOH(UTYypaIuel JBUTATENS, BKIIFOYAIOIICH SJEMEHTBI CHCTEM
OXJIQXKICHHUSI U TOPMOXKEHUS, MPUBOJUMBIX B JBIKEHHE HAMPAMYIO OT KOJIEHYATOTO
BaJja.

3) PerynupoBaHus py TOMOIIH BSI3KOCTHOW My(ThI (OJHOCTHIO YIIPABIISICMBbIit

BOJISTHOM HACOC, pUCYHOK 34).

DACKTPOMAT HNTHBII
Kaanan

Pucynok 34 — Perynupyemblit Hacoc oxiaxaaromiei sxuakoctu Borg Warner [94]
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KoHcTpykius Hacoca BKITIOYAET B ¢€0s BI3KOCTHYIO MYy(PTY U DJIEKTPOMArHUTHBIH
KJIalaH, MPUBOJIAIINE B JIBMXKEHUE KPbUIBYATKY. DJIEKTPOMArHUTHBIN KJIallaH OTBEYAET
3a mojiauy padoydei >KMIKOCTH (CHJIMKOHA) B My(PTY ¥ TEM CaMbIM 32 MTOJIHOE OTKIIFOUEHUE
¥ BKIIFOUCHHE KPBUIPYATKH OT PEMEHHOM Mepeaun, a BA3KOCTHAs MydTa 3a IJIaBHOE pe-
T'YJIUpOBaHHE OOOPOTOB B 3aBUCHUMOCTH OT PEKHUMa padOThHI JABUTATENs. YIpaBicHHE
HacocoM ocymiecTBisiercs nocpeAactsoM [IIMM-curnana npu 12 wim 24 B. Taxxe nume-
€TCsl JaTYUK YaCTOThI BpAllCHHU S, CBSI3aHHBIN C JJIEKTPOHHBIM OJIOKOM YITPABIICHHUS.

OpnHuM U3 IIIaBHBIX OCOOEHHOCTEH Hacoca sBIsETCS ObICTPOE BPeMs OTKIIMKA, KO-
raa Tpedyercss HEMEUICHHOE OXJIaXACHUE JBUTATENs MPU PE3KOM U3MEHEHUU PEKUMA
ero padotsl. [Ipu 3TOM Gi1arogaps HaJIUYMIO YIIPABIISIEMbIX 2JIEMEHTOB 00€CIIEUYNBACTCS:

— HHU3Kas 4acToTa BpaIleHUs JUIsl OBICTPOTrO MPOrpeBa JIBUraTeIs Ha XOJIOCTOM
xony (pacxon mipu 3toMm 50~100 11/mMuH);

— CHIDKEHHE Mapa3uTHBIX MOTEPh MpU padOTe ¢ HU3KOW HArpy3KoW Ha JBUTATEINb
(mosermraercs KIT/1 JIBC);

— OOJIBIIION JTUAIa30H PEryIUPOBaHUs YACTOThI BpAIleHUs JJIsl ONTUMU3AILUU Pac-
X0/J1a OXJIAKIAIOIIeH KuIKocTH B cucteMe (B uaTepBaie 100~800 n/Mun).

4) C ynpaBiieHUEM CKOPOCTH BpallleHUs KPbUIbYATKHA Hacoca IyTeM HCITOJIh30Ba-

HUS B Ka4ECTBE MPUBOJIA DJIEKTPOABUTATENS (JIIEKTPUUECKHUI BOJSIHON HACOC, PUCYHKO

35).

Pucynok 35. Dnekrpuueckue Hacochl: a) Pierburg; 6) Mahle

biiarogapsi BO3MOKHOCTH PETYJIUPOBAHUS PACX0/a OXJIAXKIAOUIEH KUIKOCTH U
HU3KUM MEXaHUYECKUM TOTEPSM MPU HCIOJIb30BAHUU JAHHBIX HACOCOB MOXKHO JO-

OUTHCA 3HAYUTEILHOIO CHMIKECHUS pacxoaga TOILIMBA. HpI/I 9TOM, COKpamacTCsa BPCM:A
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Harpesa jBuratelst. CoriacHo padote [90], ucnonb30BaHUE AICKTPUUESCKOM TOMITHI JIAeT
CJIEIYIOLIME MPEUMYIIECTBA 110 CPABHEHHUIO C PEMEHHBIM MTPUBOJAOM: COKPAILAET BPEMS
nporpesa npuMepHo Ha 30 ¢ 0 CpPaBHEHHIO CO CTAHIAPTHON C PEMEHHBIM ITPUBOJIOM H,
KaK CJIEICTBHE, MO3BOJISIET CHU3UTh PACX0/l TOIUIMBA IPUMEPHO Ha 2 %, a TakKe U Ipo-
I'PEB CMA3KH YMEHBIIAETCS NPUMEPHO HA 2,5...3 MUH, C YMEHBIIEHUEM PACX0/1a TOIINBA
npuMepHo Ha 2,5...3 % Bo BceMm 1ukiie NEDC (HOBbIN €BpONEUCKUA [IUKIT BOKICHUSA).

Bcst MOIIHOCTD AMIEKTPOABUraTENsI MOXKET OBITh UCIIOJIb30BaHA B JIFOOOH MOMEHT
no komaHje Ojioka ympaBiieHUs. [[OMOJHUTEIBHBIM MPEUMYIIECTBOM HCIOJIb30BAHUS
JTAHHBIX HACOCOB SIBJIIETCS YMEHBILIEHHE ITOTEPh B ABUTATENE (32 CUET YMEHBILIEHUS 110-
Tepb Ha peMeHHOH nepeaaue). OgHaKo MPHU ATOM BCTAET 3aJja4a U3MEHEHUS! KOMIIOHOBKHU
JIBUTATENIs, U, B YACTHOCTH, PEMEHHOTO IPUBOJA arperaToB JIBUTATENIS 110 IPUYMHE yCTa-
HOBKH 3JIEKTPONPUBOJIA HA BOASHOW HAcOC.

[ToMuMO pa3BUTHS KOHCTPYKIMM BOASHBIX HAcOCOB, AJis Oosee 3¢ (HEeKTUBHOrO
YIPABJICHUS TEMIEPATYPHBIM pexuMoM J[BC npuMeHsIoTCs 31€KTPOHHO-YIIPABIISIEMbIE
TepmocTaThl [43, 67].

B pa6ore [89] n3yueHa BO3MOKHOCTb YIIPABIICHUSI TEMIIEPATYPOI OXJIaKaroIIen
JKAJKOCTH B Pa3JIMYHBIX YCIOBUAX Harpy3ku Ha JIBC ¢ UCONB30BaHUEM yIIPABIAEMOTO
JIEKTPOHHOIO TepMocTaTa. ['J1aBHas 3aada TEpMOCTaTa C AIEKTPOHHBIM YIIPaBICHUEM
3aKJII0YaeTCsl B TOM, YTOOBI MOJIJEPKUBATh TEMIIEpATypy pabOTarOUIEro JBUraTels Ha
ONTUMAJIbBHOM YPOBHE B COOTBETCTBHM C YCIOBUSIMH SKCIUTyaTallid, YTOObI MOBBICUTH
3¢ (HEKTUBHOCTH UCIOJIL30BAHUS TOIJIMBA MPU YaCTHYHON HArpy3Ke, YMEHBIIUTH BbI-
OpOCHI BBIXJIONHBIX T'a30B, @ TAK)KE MOBBIIIEHUE MOIIHOCTHA WM MOJIABJIEHUE JIE€TOHAIIMU
pu OBICTPOM YCKOPEHUU U JBH)KEHUU C BBICOKMMHU Harpy3kamu. XapakTEepUCTUKU Tep-
MOCTaTa C JIEKTPOHHBIM YIPABICHUEM BO MHOI'OM 3aBHCST OT AJITOPUTMA YIIPaBJIECHUS,
KOTOPBIN TOJKEH 3(PPEKTUBHO OTCIEKUBATH TEMIEPATYPY OXJIAKIAIOIIECH KUJIKOCTH B
COOTBETCTBUH C KaXJIbIM pabO4YMM pEKUMOM JBuratesns. Jias atoro Tpedyercst TouHas
KapTa ONTUMAJIbHBIX TEMIIEPATYP OXJIAXKIAIOIIEH )KUJIKOCTH B 3aBUCUMOCTH OT 000POTOB

W Harpy3ku jasuratens (pucyHok 36) [143].
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Set point T[]

Pucynox 36 — KapTa ontuManbHbIX TeMIIEpaTyp OXJIaxkAar0IeH KUIKOCTH

OcHOBHOMH yTOp B TIOCIIEAHHUX 3apyOekHbIX HecienoBanusx CO B paborax [88, 90,
104, 106, 151] nenaeTcs Ha BBIPAOOTKY CTPATETUH YIIPABJICHUS TEMIICPATYPHBIM PEXKH-
MoM JIBC (¢ ucrionp30BaHUEM PETYIHPYEMBIX AIEKTPHUYCCKUX BOASHBIX HACOCOB, BEH-
TUJISITOPOB U TEPMOCTATOB, a TaK)KE PA3CICHHEM OXJIAKIAIOMNX KOHTYPOB), KOTOpas
UTpaeT KIIYEBYIO POJIb B YBETUUCHUU TPOU3BOAUTENHLHOCTH U 3 dexTuBHoCcTH [IBC 1

HaIPsMYIO BIUSET HAa OOLIMI pacXo/1 TOIUIMBA U BRIOPOCH! BPEAHBIX BEIIECTB.

1.4. Ilenau u 3agaum Uccaeq0BaAHUS

Ha ocHoBe nmpoBeIeHHOTO aHaI1u3a METOIUK OTPeIeICHNS MEXaHUUECKUX MTOTEPh,
METOJ/IOB CHMIKEHHUS MEXAaHHUYECKUX MOTEPh ISl Pa3HBIX TPYII KOMIOHEHTOB U CUCTEM
JIBHUTATENS, (AKTOPOB, BIUSIONIMX Ha MEXaHUYECKHUE TIOTepH, CHOPMYITUPOBAHBI 1IETH U
3aJ1ayy TUCCEPTAIMOHHON PaOOTHI:

eanb pa6oThl: MOBHICUTH AG(HEKTUBHBIC MTOKA3ATENH PSATHOTO MIECTUITUITNHIPO-
BOT'O JIU3EJIs ITyTEM I1€JIE€BOT0 KOMITJIEKCHOTO COKpAIEHUS] MEXaHUYSCKHUX MOTEPb.

Jiist nocTHakeHus 1eu chopMyJMPOBaHbI CJIeAYIONINE 3a]a4HU:

1. Pa3paboTarh METOIUKY SKCIIEPUMEHTAIBHOTO ONPEICIICHUS MEXaHUYECKUX I10-
TEph, MO3BOJISIONIYIO OMPEISIUTh BKJIA OTASIBHBIX TPYII KOMIIOHEHTOB B OOIIHE TIO-
TEPH ¥ OIICHUTH BIIMSHUE HA HUX PA3JIMIHBIX (PaKTOPOB;

2. IIpoBecTr dKCIEpUMEHTAIIbHBIC UCCIICIOBAHMS PATHOTO MISCTULIMIIMHIPOBOTO
JTU3EIIS TT0 pa3pabOTaHHOW METOAMKE, OTPEICTUTh aKTyaIbHBI YPOBEHh MEXaHUUECKHUX

IMOTCPb, a TAKIKC IIPUOPUTCTHBLIC HAIIPABJICHUA OJIA NX CHUKCHUA.
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3. UccnenoBaTe HampaBieHUs MO CHIDKEHUIO MexaHnueckux norepsb. Chopmupo-
BATh KOMIUIEKC PEUICHUM ISl JAJIbHEUIIEH OLIEHKU UX BIUSHUS HA TOIUIMBHYIO 9KOHO-
MHYHOCTB uccieayemoro IBC.

4. PazpabotaTh UM BepU(UIMPOBATH MATEMATUYECKYI0 MOJEIb HCCIEAYEeMOTO
JIBC, mo3BOJSIONIYI0 OIEHUTH BIMAHHE CHOPMHPOBAHHOTIO KOMILIEKCA PEIICHUM MO
CHIDKEHHUIO MEXaHHUECKUX MOTeph Ha ¢ dekTuBHbIe mokazaTenu JBC.

5. lloarBepanTh 3(H(PEKTUBHOCTH BHEAPEHHOTO MAaKeTa PEIICHUH M0 CHIKECHUIO

MCXaHUYCCKHUX ITOTCPb CTCHAOBBIMU MOTOPHBIMH UCIIBITAHUAMHU UCCIICIYCMOI'O J_—[BC

I'naa 2. 9JKCIIEPUMEHTAJIBHOE UCCJIEJOBAHUE MEXAHMU-
YECKHUX ITOTEPD JIBC

2.1 Pa3paboTka MeTOAMKH UCTTBITAHUI

C uenbio BhIPAaOOTKHU CTPATETHHU MO CHUKEHUIO MEXAHWYECKHUX MOTEPh MPHUHSITO
pELIEHHE MTPOBECTH HKCIEPUMEHTATILHOE UCCIIEA0BAHUE U ONPEEIUTh aKTyaJbHbIN ypO-
BEHb U XapaKTep U3MEHEHUSI MEXaHWYECKUX MOTEPh COBPEMEHHOIO JU3EJIHLHOTO JIBUTA-
Tens ¢ BEICOKUM 3¢ dexkTuBHbIM KIT/I.

PazpaboTka METOMKHN UCIIBITAHUN MPOBOUIACH C YIETOM OCHOBHBIX MOCTABJICH-
HBIX 3a]1a4 UCCJICAOBAHUSA:

1) OmnpenenuTh aKTyalbHbIH YPOBCHb MEXaHUYECKHUX MOTEPh COBPEMEHHOTO M-
3esis1 ¢ BbICOKUM 3 pextuBHbIM KITJI;

2) O1ieHUTD BKJIaJl OCHOBHBIX IPYIIIT KOMIIOHCHTOB JIBUTATEIIS B OOIIME MEXaHHUe-
CKHE TIOTEPU U ONPEICTUTh MPUOPUTETHBIC 00JIACTH ISl JAIBHEHIIIEro UCCIICIOBaHUS U
COKpaIIEHHUs MOTEPb.

3) OneHuTH BIUSIHUE HA MEXaHUYECKHUE TTOTEPH CIICTYIOIINX OCHOBHBIX (DAKTOPOB:
4acTOThI BpalleHUs KOJeHYaToro Baja; Temreparypa OXK u Macna; naBieHue ra3oB B

HWJIUHIPE.
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Hcxons #3 BECOMOCTH OCHOBHBIX COCTABIIAIOIIMX MEXaHHUUYECKHUX TIOTEpPhb
Py(100%) = Ppp (80%) + Py (20%), yunThiBasi mocTaBlIeHHBIC 33a4d HCCIIEI0BA-
HUS, a TAKKE MHOTO(AKTOPHYIO 3aBUCUMOCTh MEXaHUYECKUX MOTEPh, MPUHSTO CIEIYIO-
1Iee pelieHne pa3padoTaTh IKCIEPUMEHTAIBHYIO METOIUKY, BKIIOYAIOMIYIO:

1) Ouenky norepb Ha TpeHHE Prp METOOM MPOKPYTKU HA UCTIHITATEIbHOM CTEH/IE
C MOCJIEJIOBATENIbHBIM JIEMOHTaKEM OCHOBHBIX TPYII KOMIIOHEHTOB U M3MEHEHHEM pa-
00UHMX yCIIOBHI (TeMIlepaTypa Macia 1 OXJIaxAarollen >KUIKOCTH).

N3 Bcex paccMOTPEHHBIX METOIOB OIPEIENICHUS HHTErPaIbHBIX (CYMMapHBIX ) Me-
XaHUYECKUX MOTEPh JaHHBIA METO/1 00JIaJacT HAMTYUIIIUM COUETaHUEM TTOKa3aTeNnen Iyt
OIICHKM UMEHHO NOTephb Ha TpeHue. [Ipu oTCyTCTBUU cropaHus B IUIMHAPaX (OCHOBHAS
CHCTEMAaTHYeCKasl TIOTPEITHOCTh JAHHOTO METO/a) MPOUCXOAUT UMHUTAIUS PEKUMA XO-
JIOCTOTO XOJa JBUTATENs, IPH KOTOPOM BCs pacioyiaraeMasi SHEprusl 3aTpaunBaeTcs Ha
MIPEOJI0JICHUE BCEX BHYTPEHHUX COMpPOTUBIEHUM (TpeHus). [lommeprkaHue 3amaHHOTO
TEIUIOBOTO PEeXHMMa (TeMIIepaTypa Maciia U OXJIKAAIOMIeH KUIKOCTH), KOTOPHIE TaKKe
oroBapuBatorcsi B [[OCT 14846-2020, no3BosisieT obecneynTh CcTaOuiIbHBIE pabouune
YCJIOBUSI M CTAOWJIM3ALIUIO YCIIOBUHM TPEHHS BO BPEMsI HCTIBITAHUN.

B T0 xe Bpems onieHka Prp C mOCieI0BaTeIbHBIM JEMOHTAaKEM OCHOBHBIX Y3JI0B
U JIeTajiell TO3BOJISIET OLEHUTD: BKJIa/ OTACIBHBIX TPYIIT KOMIIOHEHTOB B 00IIIME TOTEpHU
Ha TPEHHE, KOHCTPYKTOPCKO-TEXHOJIOTHUYECKUN YPOBEHb OTICIBHBIX KOMIIOHEHTOB H
TexHnueckoe passurue J[BC B nenom.

2) O1leHKY BIIMSIHUS HA MEXaHMUYCECKUE MOTEPU HATPY3KH U JAABJICHUS B [IHJIHMHIPE
POBECTU METOJOM MHIAWIMpoBaHus. [Ipu 3TOM moTepn Ha c)kaThe U HACOCHBIE XOJbI
Py OyayT ompenenarbes Kak pa3HUIla MEXIy MOIIHOCTBIO TIOTEPh, OMPEICTICHHBIX Me-
TOJAAMH UHJIULUPOBaHUS (MCIBITAHUS CO CTOPAHUEM ) U IPOKPYTKHU (UCHIBITAaHUS O€3 Cro-
paHusi).

DKCIepuMEHTAIbHOE UCCIIEJIOBAHKE 110 OLIEHKE MOTEph Ha TPEHHE METOI0M Mpo-
KPYTKH C TIOCIIEOBATEIbHBIM JIEMOHTaXEM OCHOBHBIX TPYMI KOMIIOHEHTOB TpeOyeT
HAJIMYHE CTICIIHAIIBHO 000PYI0BAHHOTO HCIIBITATEIBHOTO CTEH/Ia U 00eCTICUeHnEe CTa0u-
JU3UPOBAHHBIX PabOUYMX YCIOBUHM (Jake MPU JEMOHTHPOBAHHBIX HACOCAX CHUCTEM

CMa3KHU U OXJaXKJICHHUS).
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Ha pucynke 37 mpencraBiieHa ynpomiéHHash cXema JTaHHOTO HCIBITATEIhHOTO

creHna [74].
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Pucynok 37 — YpoleHHasi cxeMa HCTBITaTeIbHOTO CTeHA!
1 — mpuBOAHAs TMHAMOMETpHUYECKAs MAILIMHA; 2 — JATYMK KPYTSIIEr0o MOMEHTA; 3 — map-
HUPHBINA BaJI C MEPEXOIHBIM (hiaHIeM; 4 — TJIaBHAsl MacjsHas MarucTpalib, TaTYUK TEM-
nepaTypsl U JaBJIeHUs; 5 — MacsHbIA QUIBTP; 6 — cUCTEMA BITyCKa BO3/lyXa; 7 — Macs-
HBIN Hacoc; 8 — naTuuk gaBiaeHus U temneparypbl OXK Ha BbIxoze; 9 — TeI000MEHHUK;
10 — ycTpoHCTBO KOHIUITMOHUPOBAHUS OXJIAXKAAIOMIEH )KUIKOCTH; 11 — yCTpOWCTBO KOH-
JTUALIMOHUPOBAHUS Maca; 12— BoAsSHOM HAcOC, NaTYMK JaBiaeHus U temnepaTtypsl OX Ha

BXoJie; 13 — MacnsHBIN ITOA00H.

['paHUYHBIC YCIIOBUS YCTAHOBKH JBUTATEINSI HA CTCH/T 110 HCCIICOBAHUIO TIOTEPh HA
TPEHUE CIICTYIOIIHE:

1) Cucrema Brycka (BIyCKHOM TpyOOIIpoBo 0€3 IpOCCeTbHOM 3aCIIOHKH, BO3TYIII-
HBIM (QYIIBTP OT MCIBITATEIFHOTO CTEH/A) U CUCTEMa BBIMTyCKa U3MEHEHBI I PeKUMa
MPOKPYTKH JIBUTATEJIS;

2) CucreMa cMa3Kd HAXOJHMTCS B MCXOJHOM KOHCTPYKTOPCKOM COCTOSHUH. JIJist
MO IJIeP KaHMS TOCTOSTHHOW TeMITepaTyphl Macjia UCITOJIb3YIOTCS CIICIIMAIBHBIN OJIOK KOH-
nunrorupoBanus (pucyHok 38). CucreMa KOHAMIIMOHUPOBAHUS M MOJATOTOBKH MOTOP-

HOT'O MacJjia COCTOHUT M3 JJICKTPUUCCKOI'O HAarp€BaTejsd, BOAOMACIAHOTO TEIJI0O0OMEHHHKA
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U LUPKYJISIMMOHHOro Hacoca. Korga paboTaeT MacisiHbI HAcOC ABUTATENIsl, BHEIIHSSA
CUCTEMA KOHIWLMOHHUPOBAHMS TOJIBKO ITPOKAYMBAET MACIIO YEPE3 MACISIHBIM MOJJIOH
JBUTATENS] M yIPABISIET TeMmmeparypod Macina. IIpu neakruBanuu MacisiHOro Hacoca
UPKYJISAIUS Macyia 00eCredrBaeTCsl BHEIIHUM YCTPOMCTBOM KOHAMIIMOHUpPOBaHus. Jlo-
IIOJIHUTEIIBHO YCTAHABIIMBACTCS TEXHOJIOTMYECKas 3ariyllka Ha BBIXOAE U3 CEPUMHOTO

MaCJIHOTO HacocCa, KOoTopasa HPCIITCTBYCT IPAMOMY IIOINNAAaHWUIO Macjia B MacCJISHBIN

IHOAA0H.
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Pucynok 38 — Cxema mojiaun Maciia ¢ MacJISHbIM HaCOCOM JIBUTATENs U O€3 Hero:
1 — Gnok nBuraTens; 2 — MOJJA0H KapTepa; 3 — JaBjeHUE U TeMIIepaTypa IIaBHOTO cMa-
304HOr0 KaHaja; 4 — KOHJIUIIMOHEP Maclia; 5 — MacisHbIN GUIBTP; 6 — MaCIISIHBIN HACOC;

7 — anmanrep.

3) Temneparypa oxnaxaatomei xuakoctu (OXK) Ha BbIXoJie U3 IBUraTes yIpaB-
JISIETCSL BHEIIHUM yCTPONCTBOM KOHIUIIMOHUpOBaHUs. [Ijist obecrieuenus ya0BIeTBOPHU-
TeJLHOTO0 ynpasieHus Temnepatypoit OX Ha BbIXoJie U3 ABUTATENS TEPMOCTAT 3a0JI0KH-
pPOBaH B OTKPHITOM MOJIOKeHUH. BoisiHOM Hacoc nBUTaTess o0ecrneynBaeT UPKYIISIIHIO
OX. Tlpu neaktuBanmu BoAsHOTO Hacoca upkysnus OXK obecrieunBaeTcsi BHEIITHUM
YCTPOHMCTBOM KOHAUIIMOHUPOBAHHUS.

4) oxnaxaaromas )XuakocThb ¢ 50% striteHraukois kinacca G12+;

5) motopHoe maciio SW-30.

WcnbrTaTenbHblid cTeHJ 000pYI0BaH HArpyXaroluuM yCTPOMCTBOM (AMHAMOMET-
pudeckoil mMamuHo) u cpeacrBamu u3mepernit (CM) B cOOTBETCTBUU TPeOOBAHHUSIMU
['OCT 14846-2020 u ITpaBun OOH NeNe49-05B2, 85-00 (arrectauus crenna u CHU npo-
BesieHa). C MOMOIIbIO CUCTEMbI YIPABIEHUSI UCHBITATENIBHBIM CTEHAOM OCYIIECTBIICH

KOHTPOJIb TapaMEeTPOB B COOTBETCTBUU € TAOJIULIEH O.
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Tabnuna 5 — O61Ke KOHTPOIbHO-U3MEPUTETbHBIE CPECTBA UCTIBITATEILHOTO CTEH 1A

No /it KonTponupyemslit napamerp Enuuuiel usmepenus

1 TeMneparypa OKpyx aroIIero Bo3ayxa Ha CTCHIE °C
2 Temmneparypa macina B 'MM °C

§ 3 Temneparypa macnia B OJIIOHE °C

g 4 Temmneparypa OXK Ha BXoji€ B IBUTaTelb °C

% 5 Temnepatrypa OX Ha BbIXOJie B JBUTATENh °C

i 6 TemmnepaTypa Bo3/1yXa BO BITyCKHOM KOJUIEKTOPE °C
7 Temneparypa Torumba Ha Bxoae B THB/] °C

= 8 O06bemHsI pacxon OXK avMe/MuH

<

n% 9 OOBEeMHBIN pacxoa Macia aMe/MuH
10 JlaBieHue OKpy»XKaromiero Bo3ayxa Ha creHe (abc.) klla
11 | JaBnenue macna B MM (oTH.) klla
12 Hasnenue OX Ha Bxoje B 1BUTaTeib (OTH.) klla

2 13 Hasnenne OXK Ha BbIXOJIe B IBUTATENH (OTH.) klla

% 14 | JlaBneHue B OJ0Ke UIMHAPOB (OTH.) klla

e 15 | JlaBnenue TormBa Ha Bxone B THB/I (oTH.) klla
16 | JlaBrneHue Bo3ayxa BO BITYCKHOM KOJUIEKTOpE (OTH.) klla
17 | laBienue macia B oOmIei MarucTpaiu (OTH.) klla
18 | JlaBieHue Macia Ha BBIXOJIE€ M3 MACISTHOTO Hacoca (OTH.) klla

Uccnenoanus notepsb Ha TpeHUE Ppp METOIOM MPOKPYTKH MPOBOIUIIUCH 10 MPO-
rpamme, cocTosIei u3 9 mociea0BaTeIbHBIX TANoB (Tadsmia 6). [Iporpamma BKIrOUaeT
B ce0s MPOKPYTKY HA UCIBITATEIILHOM CTEHJIE YKOMIUIEKTOBAHHOTO JABUTATENS C MOCJIe-
JIOBATEJIbHBIM JIEMOHTAKEM OCHOBHBIX JIeTaJIel U y3/10B ABuratess. [I[poBenenue ucmel-
TaHWI MO JAHHOW METOJUKE MO3BOJSET OLIEHUTh, KAK OCHOBHBIE KOMIIOHEHTHI BJIHSIOT
Ha CWJIBI TPEHUS, U COOPMHUPOBATH AKTYyAIbHOE pPacCIpeie]ICHUEe MEXaHUYECKUX MTOTEPD.
Ha xax oM mocieoBaTeIbHOM 3Tare IBUTaTellb padoTaeT C MOCTOSHHBIMU YaCTOTaMU
kosenuaroro Bana ot 500 1o 1900 Mua™! ¢ yCTaHOBIEHHBIMH TEMIIEpATYPAMH MAclia B
[JIABHOM MacCJISTHON MarucTpayiv ¥ TeMIIepaTypamMu OXJIaXKIAI0IIeH )KUIKOCTH Ha BHIXO/IC
npuratens: 60 u 90°C. 310 mo3BoIseT JONOJIHUTEIBHO TPOaHAIU3UPOBATh 3aBUCUMOCTh

CUJIBI TPEHHUSI OT TEMIIEPATYPHI MACTIa U OXJIAXKIAOIIEH KUIKOCTH.
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Tabnuna 6 — [Iporpamma ucnpITaHu# - MaTpULla U3MEPEHUSI MEXaHUUECKUX TTOTEPh Me-

TOAOM ITOCJIICAOBATCIIBHOI'O JCMOHTAXKa OCHOBHBIX I'PYIIIT KOMIIOHCHTOB ABHUI'aTCJIA

AwnanasoH
yactor

Mpusopg,
BCMOMOTaTeIbHbIX

BpalleHus,

MuH

Lar ncnbitaHui
MHanumpoBaHme
OaBNEHWA B UMAUHAPE
MacasHbI Hacoc
MopuHeBan rpynna
BoasaHol Hacoc
THBA,
KnanaHbl 1 Tonkatenu
PacnpeaenutensHbli Ban
M ero npueof,
KoneHyaTblt Ban
TemnepaTypa macna, °C
TemnepaTypa OXK, °C

+

+ |+ |+
+ |+ |+

+ |+ |+ [+

+ |+ [+ |+ |+

60, 60,
90 90

500 - 1900

+ |+ |+ |+ |+ |+ | Bo3aywHbIi Komnpeccop

+ |+ |+ |+ [+ |+ |+

e N S o A )

+ |+ |+ |+ [+ ||+ |+ |+

wlo|N|jo|ju|s|lw vk |o
1
1
1
1
1
|+ |+ [+ |+ |+ |+ |+ [+ |+

Ha nepBom sTane uccie10BaHui ONpeAeIIIeTCs CPEAHEE TaBICHUE MEXAHUYECKUX
noTtepb P, YKOMIUJIEKTOBaHHOTO ABUTaTelis. JlJis 3TOro B MEepBYIO O4epeab NPOBOASTCS
3aMepbl JUHAMUYECKUX AABJICHUN B HUIMHApPAX. J[aTdyuK yria moBopoTa KOJIEHYATOro
BaJla yCTAHABJIMBAETCS HA OJHOM OCH C KOJICHYAThIM BajJOM, a KBapLEBbIE JaTYUKH JaB-
JICHUS! HEMOCPEACTBEHHO B TOJIOBKY OJIOKAa HUIUHAPOB. JTa KOMOUHALIUS TPEIOCTABIISET
JaHHbIE, HEOOXOAUMBIE IS OIPEIEICHHs CPETHEr0 MHANKATOPHOTO naBieHus Pj. JlaH-
Has CUCTeMa UHJIMLIKUPOBAHUS UCTIOJb3YyeTCA A cOOpa NaHHbIX 3a 250 TepMoiMHaAMHYe-
ckux 1UKIOB (500 000pOTOB KOJIEHYATOTO Baja) ¢ pa3penieHuem B 0,1° moBopoTa KoJieH-
yaToro Baya (ot -360° no +360°).

Jlnst onpeenenysi CpeJHEro MHAMKATOPHOrO JaBiieHus Pi 1i1s onpeneneHHon ya-
CTOTBI BpAILEHUs1, U3MEPSETCA AaBICHUE B HUIMHAPE 33 BECh TEPMOANHAMUYECKUN [IUKJIT
(Bmyck, cxatue, pabounit xol, BbIMyCK). C LENbI0 MOBBIMICHUS TOYHOCTH U3MEpPEHUN
BHauajsie TpeOyeTcs OnpeleTuTh BEpXHIO MepTBYI0 Touky (BMT). CTOUT OTMETUTH, 4TO
norpemHocTh B 0.1° npu onpenenenun BMT naet B pesynbrare 1% norpemHocT 3Ha-

YEHUS CPEIHET0 UHIANKATOPHOIO AasiieHusd. st onpenenenus BMT B kosioen roJioBKu
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0JI0Ka IMJIMHIPOB MO/ TOIUIUBHYIO (DOPCYHKY yCTaHABIMBAETCS MHAYKTUBHBINH OECKOH-
TakTHbINA AaT4uK. [locie ycTaHOBKM OECKOHTAKTHOIO TaTYMKA MOJIOKEHUS, IPOBOJATCS
n3MepeHus nojoxxenus nopmHs B BMT ¢ tounoctsro £0,2° moBopoTa KOJIEHYATOTO
BaJia. Takas BBICOKAsI TOUHOCTH ITO3BOJISIET MTOJIYYUTh JOCTOBEPHYIO BEJIMUYUHY CPEIHETO
VHAMKaTOPHOIO AaBieHus. Janee npoBoasTCs KanuOpoBKa KpUBOM 1aBJIEHUS U ONpe/e-
aseTcs yroJ noreps. [1o pesynpraram n3aMepeHns ITMHAMUYECKUX JTaBICHUMN B [IUIUHAPE
crtpourcs P-V numarpamma. [lmomanes BHyTpu KpuBou P-V ompenenseT MHAMKATOPHYIO
paboty. /lenenunem 3Toil BeIMUMHBI HA pabounii 00bEM IMIMHIPA MOIYyYaeM BEIUUYHUHY

CpEIHEr0 MHINKATOPHOTO AABICHHUS JUIS IIEJIOTO NUKIa (pUCYHOK 39).

) 6) [ VHAVKaTOPHES PaGOTa (30Ha BLICOKOTO A3BNEHNS)
IS 14 p K aTOPHaR PABOTa (30HA HU3KOTO AABNEHNR)

““Bnyck (-360°C go -180 °C)

==CxaTne (-180 °C go 0 °C)
Paboumit xoa (0 °C go 180 °C)

«=BbiNyck (180 °C go 360 °C)

-360 -300 -240 -180 -120 -60 0 60 120 180 240 300 360
Pucynox 39 — Onpenenenne cpeTHETO HHAUKATOPHOTO AaBJICHHUS:

a) KannbpoBka unnukatopHoit nuarpammsr; 0) [loctpoenue P-V auarpamMmmel

[Ipu oTCYTCTBUU CrOpaHUs CpeAHEE UHAUKATOPHOE AaBieHue P; cocTouT u3 cpe-

HEro MHAUKATOPHOI'O JIaBJICHUS, BO3HUKAIOILETO B PE3YyJIbTAaTE CKaTHUs ra3a B LMJIMHIPE

Pit ¥ U3 cpeHero MHANKATOPHOTO JaBJICHUsI, BO3HUKAIOIIETO NP MEpEeMEIIeHNU raza

yepe3 TOJOBKY IUIMHAPOB U BITYCKHBIC-BBITYCKHbIE KaHANBI Pj, KOTOpbIE pacCUUTHIBA-
I0TCS B IPOTPAaMMHOM O0€CTICUEHUH UCTIHITATEIHHOTO CTEH/IA.

Py =Py + Py (15)

[IpokpyTKOM OT IPUBOAA AJIEKTPOABUTATEIIS HA KAXKI0M YCTAHOBUBIIEKCS YaCTOTE

BpaIlleHUs] KOJICHYATOr0 Bajla JATYMKOM KPYTAIIEro MOMEHTa (HOMHUHAJIBLHOE 3HAUYCHUE

natuuka cocrasisieT 500 H-m ¢ uyBcTBUTENBbHOCTHIO M3MepeHus: B 0,03% oT monHoi

IIKaJTbl) QPUKCUPYETCS MOMEHT CONPOTHBIICHHUS M¢ IBHraTess u cpeIHee HHAMKATOPHOES

nasyienue Pi. Cpennee 3¢ (ekTHBHOE TaBlICHHE COMTPOTHBIICHUS ABUTATENS P, 1 cpeiHee
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JaBJIEHUE MEXaHUYECKUX oTeph P, onpenensiercs mo ¢popmynam 6 u 7 COOTBETCTBEHHO.

Hanee Beruucistorcs kpyTsauii MoMeHT (M,,) 1 MotHOoCTh oteps (N) Ha TpeHue:

My = =4 (16)
_2mn My
Ny = 60 1000 (17)

Ha nmocnenyromux 3ranax B COOTBETCTBHM ¢ IPOTPAMMOM MCIIBITAHHM, TPOU3BO-
JUTCS TIOCJIEN0BATENBHBIN JEMOHTAX CIIETYIOIINX KOMIIOHEHTOB: MACIISIHBIN HACOC, ITOP-
1IeHb B cOOpe, HACOC OXJIAKIAIOIIEH KUIKOCTH, PEMEHHBIN MTPUBOJI arperatoB, BO3AYIII-
HBI KOMIIPECCOP TOPMO30B, TOIJIMBHBIN HACOC BBICOKOTO JABIICHUS, KJIAllaHbl U TOJIKA-
TEJIU, pacTpeeIUTENbHbIN Ball ¢ puBoAoM. Ha ¢puHanpHOM 3Tare mpoBOAUTCS OIICHKA
MEXAHUYECKUX MTOTEPh KOJIEHYATOIO Baja.

Jlanee B COOTBETCTBUU C pa3pabOTaHHOW METOJIUKOUN MPOBOJATCS UCTIBITAHUS 11O
OLICHKE BJIMSHUS HArPy3KW U MAaKCHUMAaJIbHOTO JIABJICHUS ra30B B LWJIUHAPE HA MEXAHU-
YECKHE MOTEPHU HA PA3JIMYHBIX YACTOTAX BPAIICHHS KOJIEHYATOr0 Bajga METOJ0M UHIULIH-
poBaHus (MCIBITAHUS CO CTOPAHUEM).

[Tocne ompenenenuss BMT (o panee omnucaHHOHM mpolienype) O€CKOHTAKTHBIN
JaTYuK AeMOHTUpyeTcs. [lanee B 3apaHee MOATOTOBIEHHYIO TOJOBKY LWIMHApPA yCTa-

HABJIMBACTCS TATUYMK BBICOKOTO MaBieHus (pucyHok 40).

Pucynoxk 40 — YcraHoBka gaTumka BbICOKOTO JaBieHus B ['BL]
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3amepsl J1aBJI€HUSI Ta30B OCYIIECTBIAIOTCA Ha YCTAHOBUBIIEMCS PEKHUME, HA 4Ya-
CTOTax BpalleHus KojeHdaToro Bana ot 600 1o 1900 mun™ ¢ marom 100 mun™. Harpyska
Ha KaXJ0M yacTtore npu 3ToM usMmensiercss oT 10 1o 90 % »ddhekTUBHOTO KpyTSIIEro
MoMeHTa. 13 pe3ynbTaToB 3aMepOB J1aBJIEHUs ra30B B LWJIMHAPE [0 MOJIOKEHUIO yIiia
MOBOPOTa KOJEHYATOI'0 Baja CTPOUTCS MHJMUKATOpHas nuarpamma. MuaukartopHas pa-
0ota L; mponopuyoHanbHa TJIOMIAIM BEpXHEN METIN WHIAMKATOPHOW JuarpamMel, T.€.
aa101C1C2ZpZ,Zchiba (pucynok 41). ManukaTopHOE NaBlIeHHE €CTh OTHOIICHUE WHIMKA-
TOPHOM pabOTHI IIUKIIA K eUHUIE paboyero oobema nuinHapa. Eciu oTHecTH nHAMKA-
TOPHYIO pabOTy LIMKJIA K €UHUIIe paboyero oobema HUINHAPA V), OIYYUM yAEIbHYIO

HHAWKATOPHYIO pa60Ty HKJ4, HA3bIBACMYIO CPCAHUM MHIUKATOPHBIM JAaBJICHHUCM:

L
Pi =5, (18)

Zr

Ze

)

c2 \/ L
¢ '\/ >>\bi
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Ve Ve L |V

Lal Ll

Pucynok 41 — MnaukatopHas nuarpamMmm

Haiee, nociie NOCTPOCHUS UHANKATOPHON AMArpaMMBbl U OIPEIEICHUS CPEIHETO
WMHIUKATOpPHOro AaBieHus P; mo gopmynam 4 U 5 BBIYUCISETCS MHIUKATOPHAS MOIII-

HOCTb N; 1 MOIITHOCTh MEXaHUYECKUX MTOTEPH N,.

2.2 O0beKT uccjaeJ0BaAHUA
OOBekTOM uccienoBanus ObUT BbIOpaH au3enbHbli aBurateab KAMA3-910 pabo-
gum o0beMoM 11,95 nutpos (6UH 13/15) ¢ ogHOCTyIEHYaTOM CHCTEMOM HaayBa, TOII-
JIMBHOM anmnapaTtypoil akKyMyJIATOPHOIO TUIIA U AJIEKTPOHHBIM yIPABIECHUEM, KUIKOCT-

HBIM OXJIAXJICHHUEM. TexHuueckue napaMcETpbl ABUTaTCJId IMPCACTABICHLI B Ta6JII/II_[€ 1.
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JIBuratenr KAMA3-910 Obu1 BBIOpaH UCXOSI U3 CIETYIONTUX (PaKTOPOB:

- 10 CBOMM MOTPEOUTEIBCKUM CBOMCTBAM (B IEPBYIO, 1O TOIJIMBHON 3KOHOMHUYHO-

CTI/I) I[&HHI)Iﬁ ABUI'AaTCJIb SABJIACTCSA OAHUM M3 JIYYIIHNX B KJIACCC NU3CJIBHBIX I[BI/IF&TCJ'IGﬁ

pabouum oobeMoM 12-13 nuTpoB (CpaBHEHHE JBUTATEINICH MPEACTABICHO B Ta0II. 8);

- ABUI'aTCJIb ¢ TCKYIIUMHN KOHCTPYKTHBHBIMHU OCOOCHHOCTIMH HMMEET M3HAYaIbLHO

BbIcokmit A dextuBnbIil KIIJ (mopsiaka 46%) 1 ABIsE€TCSA OJHUM U3 MIPEANOUYTUTEIBHBIX

00BEKTOB HCCIICA0BaHMA, C TOYKH 3PCHUSA OLICHKH AKTYAJIbHOTO YPOBHA MCXaHHYCCKHUX

IIOTCPb ,Z[BPII“aTeJIefI C BOCINIAaMCHCHHCM OT CXKaTH:I.

Tabnuna 7 — Texuuueckue xapakrepuctuku 6azoBoro nsuratenss KAMA3-910

Ne i/ HaumenoBanue En. u3m. %:K&;fgfo

1 Pabounii 0oneM, iV o’ 11,95

2 Ywcia0 MUIHHAPOB, | - 6

3 PacroniosxeHre MuIMHIPOB - psgHOE

4 [Topsimok paboThI TUIUHAPOB - 1-5-3-6-2-4

4 Juametp mwmnapa, D MM 130

5 Xox nopurss, S MM 150

6 Ortnomenue S/D - 1,15

7 CreneHp CKaTus, € - 17,5

8 HomunansHast MOIHOCTE, Ne kBT 404

9 HomunanpHas yactoTa BpalieHus, Ne MHH 1900

10 MakcuManbHbIA KPYTALIIUIA MOMEHT, Me H-m 2550

11 YacroTa BpalieHus pu MaKCUMaIbHOM J— 900-1400
KPYTSIIEM MOMEHTE, Nv

12 Kosdduuuent npucnocobasiemoctu, K - 1,33

13 CkopoctHOi k03 dumment, K¢ - 0,65

14 VY aenbHbIN pacXo TOIUIMBA HA HOMUHAJb- kBT 195
HOM peXHMe, g

15 MuHUMaNbHBIA YAEIBHBIA PACX0/1 TOI- /kBr-u 1825
nuBa o BCX, ge

16 MakcumanbHoe cpeaHee 3PphHeKTUBHOE MITa 2 682
naBienue, Pe

17 CpenHsisi CKOPOCTh MTOPITHS HA HOMUHAITb- we 95
HOM PEXHME, Cpy

18 JIutpoBast MOITHOCTH, N kKB1/n 33,5

19 Uuciio BIyCKHBIX KJIAaaHOB Ha IWJIMHJP - 2

20 Tun xKamepbl cropanwus - HepaszJeabHas

21 Bun oxnmaxxknenus - JKUIKOCTHOE

22 OCOOEHHOCTH CHCTEMBI TTUTAaHUS - ARKYMYJIATOPHOTO THITA €

AJICKTPOHHBIM YITPABICHHEM
23 Hannys - TKP+OHB
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Tabnuna 8§ — CpaBHEeHHE KOMMEpUECKHUX Au3enel padounm o0bemom 12-13 nutpoB sKo-

JIOTHUYECKOI0 Kjiacca 5

KOHMP[)‘IE‘CI\"HE‘ JOBHTATE/IH
IapameTprr ®upma | Volvo Scania MAN [ Daimler | Cummins KAMA3
JBHIATCIA
Mozems| D13 DCI3 | D2676 | OM460 | ISGI12 | 910.10-550

Tun aBurarens P6 P6 P6 P6 P6 P6
Pabowmii obpem 1 12,8 12,7 12,42 12,80 11,8 11,95
JIBHTaTEeIIA
HoMIHATBEAL MO~ | by 397 353 397 375 373 405
HOCTB
MakcrvarsHetil H-u 2600 2500 2500 2400 2300 2550
KPYTAIIIHT MOMEHT
VICTBHAL IITPOBAT | b/ 31 27.8 32 30 31,6 3375
MOIIHOCTB
VilelbHas Macca KI/KBT 2,82 3,03 2,53 2,7 2.3 2,75
Murs. yre BRI r/xBrul 189 186 190 184 186 1825
pacxo TOILTHBA
[Tepuommaaocts TO | TRIC,EM 100 90 120 100 60 150
Pecypc TRIC.EM| 1500 1500 1500 1000 1000 1500
Macca KT 1121 1070 1005 1015 856 1113

2.3 Pe3yabTaTbl JKCHEPUMEHTAJBHOI0 UCCJIEI0BAHUS

B cooTBeTcTBUU ¢ pa3paboTaHHOW METOJUKON Ha MEPBOM AdTarle TMPOBEICHBI UC-
CJIeIOBaHUS TOTEPh HAa TpeHue Prp METONIOM MPOKPYTKH HA MCTIBHITATEIHLHOM CTEHJIE C
MOCJIETIOBATEIHHBIM JIEMOHTAXKEM OCHOBHBIX I'PYIIIT KOMIIOHEHTOB U M3MEHEHUEM pabo-
YUX YCIIOBHH (TeMItepaTypa Macia U OXJIaKIArOIICH KUIKOCTH).

B niepByto ouepens mpoBeaeHbl 3aMephl JMHAMUYECKUX JIaBIICHUN B IUJIMHAPAX.
3aBucuMocTh Pi, Piy 1 Pj. OT 4acTOTHI BpallieHus: KOJIEHYAaTOro Baja MpeCcTaBiIeHbl Ha

pucyHke 42.
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Pucynox 42 — 3aBucumocts Pj, Pin 11 PiL 0T 9acToThI BpaiiieHrs KoJieH4aToro Bajia

Jlanee, B COOTBETCTBUH C pa3pabOTaHHON MPOrpaMMOil MPOBEAECHBI IPOKPYTKa Ha
UCIIBITATEIBHOM CTEHJE YKOMIUIEKTOBAHHOI'O JIBUTATENs C IOCJIEN0BATEIbHBIM JIEMOH-
Ta)K€M OCHOBHBIX JIETAJICH U y3JI0B IBUTATENS:

1) [MoTepu Ha TpEHHUE YKOMILJICKTOBAHHOTO JIBUTATEIIS

[IpoxkpyTKO OT IPUBOJA DJIEKTPOABUIATEIA HA KAXKI0M YCTAHOBUBLIEHCS YaCTOTE
BpallleHUs1 KOJIEHYaTOro Bajia JATYUKOM KPYTSIIEro MOMEHTa (GUKCUPYETCS MOMEHT CO-
npotussieHus M 1Buratens u cpennee nuaukaropaoe aasienne Pi. Cpennee r3hdexTrn-
HOE JIaBJICHHE CONTPOTHURIICHUS IBUTATENISI onpeesnseTcs mo Gopmyie (6).

Pe3ynbTaThl UCHBITaHUN YKOMILIEKTOBaHHOTO IpH Temmneparypax OXK 60 u 90°C

npejcTaBieHbl B Ta0auIe 9.
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Tabmuia 9 — Pe3ynbTaThl HCIIBITAHWNA YKOMITJIEKTOBAHHOTO JIBUTATEISI

t=60°C t=90°C
P P | P. | P Pi [ P.
MUH o0ap o0ap o0ap o0ap Oap o0ap
500 1.26 0.647 | 0.613 | 1.129 | 0.635 | 0.494
600 1.311 | 0.631 0.68 1.146 0.62 0.526
750 1404 | 0.627 | 0.777 | 1.199 | 0.614 | 0.585
900 1492 | 0.633 | 0.859 | 1.283 | 0.619 | 0.665
1050 | 1.597 | 0.654 | 0.942 | 1.381 | 0.637 | 0.743
1200 | 1.724 | 0.691 | 1.033 1.5 0.674 | 0.826
1350 | 1.866 | 0.734 | 1.133 1.63 0.717 | 0.914
1500 | 2.017 | 0.783 | 1.235 1.77 0.764 | 1.006
1650 2.18 0.838 | 1.341 | 1.922 0.82 1.101
1800 | 2.347 | 0.891 | 1455 | 2.078 | 0.874 | 1.204
1900 | 2.454 | 0.921 | 1533 | 2.183 | 0.909 | 1.274

n

1

2) IloTepu Ha TpeHUE C IEMOHTUPOBAHHBIM MACIISTHBIM HACOCOM

[Ipy 1eMOHTHPOBaHHBIM MACISTHOM Hacoce Mojavya Macia OCYIIEeCTBISIIaCh Up-
KYJSIUUOHHBIM HaCOCOM M, C IIOMOIIBIO CHCTEMBI KOHJIMLIMOHUPOBAHMS, MOIJIEPKUBA-
Jach IOCTOSIHHAS TEMITepaTypa.

Pe3ynpTaTel HCHIBITAaHUI JBUTATENS C JEMOHTUPOBAHHBIM MACJISIHBIM HACOCOM IIpU

temneparypax OXK 60 u 90°C npezacrasnenst B Tabnuie 10.

Tabnuua 10 — Pe3yapTaThl MICOIBITAHUNA IBUTATENS C IEMOHTUPOBAHHBIM MACIISIHBIM HACO-

cCOM

t=60°C t=90°C
Pc Pi P Pc Pi P
mun’ | Oap 6ap 6ap 6ap oap oap
500 1.185 | 0.654 | 0531 | 1.063 | 0.641 | 0.421
600 1.214 | 0.637 | 0576 | 1.072 | 0.626 | 0.446
750 1274 | 0.633 | 0.642 | 1.109 0.62 0.488
900 1.348 0.64 0.708 | 1.166 | 0.625 | 0.541
1050 1.44 0.66 0.779 | 1.243 | 0.644 | 0.598
1200 1551 | 0.696 | 0.855 | 1.347 | 0.682 | 0.665
1350 1678 | 0.741 | 0936 | 1.462 | 0.724 | 0.737
1500 1.812 0.79 1022 | 1587 | 0.771 | 0.816
1650 1.96 0.846 | 1.114 | 1.723 | 0.826 | 0.896
1800 2.112 0.9 1.211 1.87 0.883 | 0.987
1900 2208 | 0.932 | 1277 | 1.964 | 0.916 | 1.047

n

3) INoTepu Ha TpeHUE C ICMOHUTPOBAHHOM MOPIITHEBOM MPYIIIIOW
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Ha manHOM 3Tane neMOHTHUPOBAIMCH WIATYH M NOPIIHEBAs IPyIna KaXI0ro LH-
muHApa. /{1 ypaBHOBEIMBAHUS BPAIAIOIMIMXCS MACC U 3aKPBITHS CMA30YHBIX KAaHAJIOB
MIATYHHOW HIEWKHU KOJIEHYATOI0 Bajla ObUIM YCTAaHOBJIEHBI PA3HOBECHI, 3aKPEIIJICHHBIE Ha
KOJICHYaTOM Bally. B kaHambl MacisaHbIX GOPCYHOK I OXJIAXKICHUS TTOPIIHS, 3aKpyUH-
BAIOTC CIUIOLIHBIC BUHTHI.

Pe3ynbTaThl HCNIBITAHNN ABUATATENS C JEMOHTUPOBAHHBIM MACIISIHBIM HACOCOM IIPU

temneparypax OXK 60 u 90°C npencrapiens! B Tadbnauie 11.

Tabnuma 11 — Pe3ynpTaThl MCOBITAHUN JBUTATENS C JEMOHTHPOBAHHOW MOPIIHEBOM

rpyNIou

t=60°C t=90°C
Pc P Pc P
mMuH! Gap oap oap oap
500 0.276 | 0.276 | 0.236 | 0.236
600 0.298 | 0.298 | 0.248 | 0.248
750 0.335 | 0.335 | 0.272 | 0.272
900 0.376 | 0.376 | 0.302 | 0.302
1050 0.423 | 0.423 | 0.341 | 0.341
1200 0.472 | 0472 | 0.383 | 0.383
1350 0.525 | 0.525 | 0.429 | 0.429
1500 0.578 | 0578 | 0.477 | 0.477
1650 0.633 | 0.633 | 0.528 | 0.528
1800 0.692 | 0.692 | 0.583 | 0.583
1900 0.733 | 0.733 | 0.621 | 0.621

n

4) IMotepu Ha TPEHUE C IEMOHTHPOBaHHBIM HacocoM OXK

IMunpaBnuyeckuii Hacoc OXK oTKIIIOYAETCs TIPU CHATUU paboyero Kojieca Hacoca.
[Tomaua OXX B gBUrarenb OCYyIIECTBIACTCS MPU MTOMOIIHA BHEIIHETO HACOCA U CUCTEMBI
KOHJUIIMOHUPOBAHUSA, KOTOPASI PETYIUPYET NOCTOSHHO 3aJJaHHYIO TEMIIEPATYPY.

Pe3ynbprarsl ucnbiTaHuid ABATATENS ¢ AEMOHTHUPOBAHHBIM HacocoMm OX npu tem-

neparypax OX 60 u 90°C npencrasneHsl B Tadaute 12.
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Tabnuna 12 — Pe3ynbTaThl UCTIBITAHUN ABUTATENS C IEMOHTUPOBaHHBIM HacocoMm OXK

t=60°C t=90°C

" [ Pc [ Pu [ P | Ps

mun! 0ap oap 0ap 0ap
500 0.262 | 0.262 | 0.224 | 0.224
600 0.278 | 0.278 | 0.231 | 0.231
750 0.305 | 0.305 | 0.246 | 0.246
900 0.333 | 0.333 | 0.263 | 0.263
1050 0.368 | 0.368 | 0.289 | 0.289
1200 0.399 | 0.399 | 0.314 | 0.314
1350 0.433 | 0.433 | 0.341 | 0.341
1500 0.465 | 0.465 | 0.368 | 0.368
1650 0.496 | 0.496 | 0.395 | 0.395
1800 0.528 | 0.528 | 0.423 | 0.423
1900 0.549 | 0.549 | 0.443 | 0.443

5) IMoTepu Ha TpeHUE C IEMOHTUPOBAHHBIM PEMEHHBIM ITPUBOOM BCIIOMOTATEIh-
HBIX arperaTros

JI71s1 MCKITFOYEHU ST HABECHOTO 000pPYA0BaHMs, KOTOPOE BKIIIOYAET B ce0s reHepa-
TOP, KOMITPECCOP KOHIUITMOHEPA U POJIMKH JIJISl HATSHKEHUS PEMHS CHUMAETCS CaM pe-
MEHb.

Pe3ynbTaThl UCHIBITAHUM JABUTATENS C JEMOHTHUPOBAHHBIM PEMEHHBIM MPUBOJIOM

BCIIOMOTaTeNbHbIX arperatoB npu temneparypax OX 60 u 90°C npeacrasieHsl B Ta0-

mmie 13.

Tabnuna 13 — Pe3yabTaThl HCTIBITAHUI JBUTATEINS C IEMOHTUPOBAHHBIM PEMEHHBIM MPHU-

BOJIOM
t=60°C t=90°C

" Pe | Pu | Pc | Pu
mun? 6ap oap oap oap
500 0.21 0.21 0.173 | 0.173
600 0.233 | 0.233 | 0.186 | 0.186
750 0.263 | 0.263 | 0.203 | 0.203
900 0.292 | 0.292 | 0.222 | 0.222
1050 0.328 | 0.328 | 0.249 | 0.249
1200 0.36 0.36 0.274 | 0.274
1350 0.394 | 0.394 | 0.302 | 0.302
1500 0.424 | 0.424 | 0.328 | 0.328
1650 0.454 | 0.454 | 0.354 | 0.354
1800 0.484 | 0.484 0.38 0.38
1900 0.505 | 0505 | 0.399 | 0.399
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6) [ToTepu Ha TpeHUE C JEMOHTUPOBAHHBIM BO3AYIIHBIM KOMIPECCOPOM

ITocne cHATUS BO3AYIIHOIO KOMIIPECCOPA I IPEAOTBPAILICHHUS BBITEKAHHS MACIIa
U3 JIBUTATElIsl YCTAHABIMBACTCS KPBIIIKA, & JIMHUU OXJIAXKIEHUS BO3AYIIHOIO KOMIIpEC-
copa OXJIaX/IaroIe )KUIKOCThIO 3a0JIOKUPOBAHBI.

Pe3ynbTaThl HCOBITAHUI ABUTATENS C JEMOHTUPOBAHHBIM BO3AYIIHBIM KOMIIpPEC-

copom nipu temrepatypax OX 60 u 90°C npeacrasiensl B Tadimie 14.

Tabnuna 14 — Pe3ynbpTaThl HCTIBITAHUA JABUTATENS C JEMOHTHPOBAHHBIM BO3IYIIHBIM

KOMITPECCOPOM

t=60°C t=90°C
Pc P Pc P
mMuH! Gap oap oap oap
500 0.174 | 0.174 | 0.143 | 0.143
600 0.189 | 0.189 | 0.148 | 0.148
750 0.21 0.21 0.155 | 0.155
900 0.229 | 0.229 | 0.164 | 0.164
1050 0.254 | 0.254 | 0.181 | 0.181
1200 0.277 | 0.277 | 0.198 | 0.198
1350 0.301 | 0.301 | 0.216 | 0.216
1500 0.324 | 0.324 | 0.233 | 0.233
1650 0.346 | 0.346 | 0.252 | 0.252
1800 0.37 0.37 0.271 | 0.271
1900 0.386 | 0.386 | 0.285 | 0.285

n

7) Tlotepu Ha Tpenue ¢ AeMoHTHpoBaHHBIM THB/I
Jlns uckirouenus padotsl THB ]I neMmoHTHpOBAaHO IPUBOAHOE 3yOUaTOE KOJIECO.
Pesynprarel ucnibiTanuil apurarens ¢ AeMoHTupoBadnHbiM THB/I npu Temnepary-

pax OX 60 u 90°C npencraiiensl B Tabmuie 15.

Tabnuna 15 — Pe3ynbraThl UCTIBITAHUI ABUTATENS ¢ JeMOHTHpoBaHHBIM THB/]

t=60°C t=90°C
Pc P Pc P
mun? 6ap oap 6ap 0ap
500 0.138 | 0.138 | 0.109 | 0.109
600 0.151 | 0.151 | 0.114 | 0.114
750 0.172 | 0.172 | 0.123 | 0.123
900 0.192 | 0.192 | 0.134 | 0.134
1050 0.215 | 0.215 | 0.149 | 0.149
1200 0.238 | 0.238 | 0.165 | 0.165
1350 0.26 0.26 0.182 | 0.182
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[Tponomxenue Tadbmuubl 15

t=60°C t=90°C
Pc P Pc P
mun! 0ap oap 0ap 0ap
1500 0.281 | 0.281 | 0.198 | 0.198
1650 0.302 | 0.302 | 0.215 | 0.215
1800 0.37 0.37 0.271 | 0.271
1900 0.386 | 0.386 | 0.285 | 0.285

n

8) Ilotepu Ha TpeHHE C JEMOHTHUPOBAHHBIM IPUBOIOM KiiantanoB [ PM

Jlis TOro yToOBl UCKJIIOUUTD BIHSHUS KJIallaHOB HA MOTEPU B JBUTATEle, CHUMA-
IOTCS IITAHTY TOJIKATEJIEH, IIPU 3TOM KJIAIlaHA OCTAOTCs HE3a4CHCTBOBAaHHBIMU. biloKH-
pyercs 1ojava Maciia B rOJIOBKY LIWJIMHIPA.

PesynbraThl UCHBITAHUN ABUTaTENs ¢ JIEMOHTHUPOBAHHBIM IIPUBOJOM KIIAIIaHOB

['PM mpu temmniepatypax OX 60 u 90°C npencrasiens! B Tabmuie 16.

Tabnuua 16 — Pe3ynbTaThl UCMIBITAHUM IBUTATENS C AEMOHTUPOBAHHBIM MPUBOJIOM KJla-

nanoB I PM

t=60°C t=90°C
Pc P Pc P
mMuH! Gap oap oap oap
500 0.11 0.11 0.078 | 0.078
600 0.124 | 0.124 | 0.086 | 0.086
750 0.145 | 0.145 | 0.097 | 0.097
900 0.164 | 0.164 | 0.111 | 0.111
1050 0.185 | 0.185 | 0.127 | 0.127
1200 0.207 | 0.207 | 0.142 | 0.142
1350 0.228 | 0.228 | 0.158 | 0.158
1500 0.248 | 0.248 | 0.174 | 0.174
1650 0.269 | 0.269 0.19 0.19
1800 0.291 | 0.291 | 0.207 | 0.207
1900 0.305 | 0.305 | 0.219 | 0.219

n

9) [loTepu Ha TpeHUE C IEMOHTUPOBAHHBIM MIPUBOAOM PACIPENETUTENBHOTO Bajia

PacrnipenenntenbHplid Basl HCKITIOYAIOTCS U3 padOThI IPU CHATHH €0 3y04aToro Ko-
aeca. B paboTe yyacTByeT JUIIb KOJIEHYATHIA BaJl U ONpeNessieTCs] CHila TPEHUS B MOJ-
HIUITHUKAX.

Pe3ynpTaThl HCIBITAHUI ABUTATENS C JEMOHTUPOBAHHBIM IIPUBOJIOM PACIPEAEITH-

TenpHOro Baia npu temmneparypax OX 60 u 90°C npeacraniensl B Tadbiuie 17.
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Tabnuna 17 — Pe3ynbTaThl HCMIBITAHUN ABUTATENs C IEMOHTHPOBAHHBIM NPUBOJIOM pac-

MNpCACIUTCIBHOTO Bajla

N t=60°C t=90°C
Pc P Pc P
mun! oap 6ap 0ap 0ap

500 0.085 | 0.085 | 0.065 | 0.065
600 0.095 | 0.095 | 0.07 0.07
750 0.11 0.11 | 0.079 | 0.079
900 0.125 | 0.125 | 0.089 | 0.089
1050 0.141 | 0.141 | 0.102 | 0.102
1200 0.159 | 0.159 | 0.116 | 0.116
1350 0.177 | 0.177 | 0.129 | 0.129
1500 0.194 | 0.194 | 0.142 | 0.142
1650 0.211 | 0.211 | 0.156 | 0.156
1800 0.23 023 | 0171 | 0.171
1900 0.242 | 0.242 | 0.181 | 0.181

ITo pe3ynbTaTam Kcciea0BaHUM MO MEPBOMY 3Tamny (OIleHKa MOTEePh HAa TPEHHUE Me-
TOJOM TPOKPYTKU C MOCJIENOBATEIBHBIM JEMOHTAKEM KOMITIOHEHTOB) C(hOpMUPOBAHbI
JlaHHbIE TI0 cpeaHeMY 3(D(PEKTUBHOMY IABJICHUIO MOTEPh HA TPEHHUE, a TAKKE 3HAUYCHUS
MOITHOCTHBIX MOKa3aTeJIel MOTEPh HA TPEHUE MOJHOCTHIO YKOMIUIEKTOBAHHOTO JIBUTa-

teist KAMA3-910, a Takke ero OTAeIbHBIX TPYIIT KOMIIOHEHTOB (Ta0:uie 18).

Tabnuna 18 — O630p mexannveckux noreps B apuratene KAMA3 910, momydeHHbIX

I10 pE3yjibTaTaM SKCIICPUMCHTAJIbHOI'O UCCIICIOBAHMA

YacroTa BpaweHuna KoneHyatoro Bana N (06/MmuH)
Temnepatypa macna B 900 1900
MM, OX Ha BbiIxoae % ot % ot
n3 gsuratena 90°C Py My Ny obwero Pu My Ny obwero
TpeHus TpeHus
KomnoHeHTHas rpynna (6ap) (H:m) (kBT) [%] (6ap) (H:m) (kBT) [%]
[Oswuratens B cbope 0,665 63,176 5,954 100,0 1,274 121,103 24,096 100,0
KoneHyaTbii Ban 0,089 8,500 0,801 13,5 0,181 17,205 3,423 14,2
MNMopwHesad rpynna 0,239 22,703 2,140 35,9 0,426 40,480 8,054 33,4
Pacnpeg. Ban v npusog, 0,021 2,037 0,192 3,2 0,038 3,635 0,723 3,0
KnanaHbl n TONKatenu 0,023 2,185 0,206 3,5 0,026 2,515 0,500 2,1
MacnsHbIi Hacoc 0,124 11,764 1,109 18,6 0,227 21,555 4,289 17,8
BogasHol Hacoc 0,039 3,712 0,350 5,9 0,179 16,993 3,381 14,0
MpuBoA HaBeckbix 0,040 3,849 0,363 6,1 0,044 4,180 0,832 3,5
arperaTtos
THB[, 0,030 2,897 0,273 4,6 0,039 3,725 0,741 3,1
Bo3gyLwHbIi
0,058 5,529 0,521 8,8 0,114 10,815 2,152 8,9
Komnpeccop
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Janee, B paMKax BTOPOIO 3Tana UCCAEAOBAHUI, TPOBEICHO MPOBEAEHBI UCIIBITA-
HUS 10 OLIEHKE BIMSHUS HA MEXAHUYECKUE MOTEPU HArpy3KH M JIaBJICHUS B LIMJIMHIPE
IIPOBECTU METOJOM MHAULIMPOBAHMUS.

[lo pe3ynpTaTaM MHIWLHAPOBAHUS OINpPEEICHAa MOITHOCTh MEXaHUYECKUX MOTEPD
JUI Kaxaoi Harpy3ku Me Ha ompezesieHHOM 4YacToTe BpalleHHsl KOJIEHYaToro Baja.

Harpy30qHa${ XapaKTCPUCTUKA MOITHOCTH MCXaHNYCCKUX IMOTCPb IIPCACTABJICHA HA PU-

cyHke 43.
N,, kBm
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2500 1A ; “‘“Jairx
34
— 26 QF
2000 — 14 30
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L 4500 | 22
L]
= 3
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Pucynok 43 — Harpy3ouHasi XapakTepUCTUKa MOIIIHOCTH MEXaHUYECKHUX MOTEPh

Pe3ynbTaThl McceI0BaHNM BIUSIHUS HATPY3KU U JIABJICHUS B IUJIMHJIPE IBUTATENS
Ha MEXaHWYEeCKHeE MOTEPH I 4acTOT BpalieHus kojendaroro Banga 700, 1300, 1900 mun
MIpeJICTaBJICHbl Ha pucyHkax 44, 45, 46.

OTMe4eHO TOBBINIEHUE JIABJICHUS B IIMJIMHIPE TIPH 00JIee BRICOKUX HArpy3Kax, 4YTo

SHAYUTCIIbHO CKA3bIBACTCA HA YBCIIMYCHUC MCXAHUYCCKHUX ITOTCPb.
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Pucynok 46 — BiusiHue Harpy3Kku JABMraTens Ha Mexannueckue norepu npu 1900 munt
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2.4. AHanu3 pe3yJbTATOB IKCNIEPUMEHTATbHOI0 HCCIe0BaHusl. BbIBoAbI

[To pesymbpraraM MPOBENEHHBIX IKCIEPUMEHTATBHBIX HCCICIOBAHUN TIOTYUYCHBI
aKTyaJIbHBIC TAHHBIE 110 YPOBHIO MEXaHUYECKUX IMTOTEPh COBPEMEHHOTO TU3EIILHOTO JIBH-
rarens KAMA3 910 ¢ Boicokum 3 dextuBabiM KIT/I.

Ha pucynke 47 mpuBeIeHO MPOIICGHTHOE paclpeielieHUe MOTeph Ha TPCHHUE KaxkK-
JIO¥ TPYIIIBI KOMIIOHEHTOB B OOIIMX MEXaHWYECKUX MOTEPSIX UCCIETYEMOTO JIBUTATEIS

900 111900 1
IIPU 9aCTOTE BPAIIEHUS KOJICHYATOTO Bajia MUH ™ U MUH ~, TEMIIepaTypax Macia
U oxyaxaaromiei xuakoctu 90 °C /90 °C.

rPm rPM
5,1% MacnsHbiin

6,7% MacnsHbii
nacoc 18,6% Hacoc 17,8%

KM 13,5%  BozgywHsiii KLWM 14,2% BozgywHbii

KomMmnpeccop Komnpeccop

8,8% 8,9%

IIpu yacmome epauyeniis Ilpu yacmome epaiyeniis
xonenuamoezo eana 900 mun! xonenuamoczo eana 1900 mun?!

Pucynox 47 — Jlons rpymn KOMIOHEHTOB OT cyMMapHbIX noteps JABC mpu Temnepa-

Type macna, OXK 90° u yactorax BparieHus koneHdaToro sana 900 u 1900 munt

AHaJIN3 NOJIYYEHHOTO PACIPEEIEHUS M0 OTACIbHBIM TPyIIaM KOMIIOHEHTOB:

1) MacnsHblif Hacoc

I[Ipu yacToTe BpameHus: KojaeHuaroro sana 1900 Mun™, npu Temmeparype oxia-
JKaaromen xkuakocty U Macia 90 °C Ha macnaHblil Hacoc npuxoautcsa 17,8% ot Bcex
MOTEPh MOJHOCTHIO YKOMIUJIEKTOBAHHOTO JBUTaTesis. MOIIHOCTh MEXaHUYECKHUX MOTEPh
MacJistHoro Hacoca cocrasiisieT Ny, = 4,3 kBT.

2) TMopurHeBas rpymma

3aTpayeHHbIC MEXAHUYECKHUE MTOTEPU B IOPIIHEBOM rpy1iie cocTaBisitoT 33,4 % ot
BCEX MOTEPh MOJTHOCTHIO YKOMIUJIEKTOBAHHOTO JBUTATENsSl, COOTBETCTBEHHO MOIIHOCTb

IIOTEPH IPH YACTOTE BpalleHus Konenuaroro Bana 1900 mun™ cocrasusger Ny, = 8 kBr.

3) Hacoc OX
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I'mapasanyeckue norepu Hacoca OXK mpu yacToTe BpallleHHs] KOJICHYAaTOro Bajia
1900 mun? cocraBmsior 14% OT Becex MOTEPh YKOMILIEKTOBAHHOIO ABMraTens. Mom-
HOCTb MeXaHnueckux notrepb Hacoca OXK cocrapmsier N,= 3,38 kBT.

4) PeMeHHBII MTPUBO,T HABECHBIX arperaTon

[Torepu Ha IPHUBOA HaBeCHOro 00opyxoBanus npu 1900 mun™ cocrasmsror 3,5 %
OT BCEX MOTEPh YKOMIUJIEKTOBaHHOTO ABUrarend. A MomHocts Ny = 0,8 kBT.

5) [TueBMOKOMIIpPECCOP TOPMO30B

[ToTepu Ha NPUBOA THEBMOKOMIIPECCOPA TOPMO30B MPH YACTOTE BPALIEHUS KOJICH-
garoro Bana 1900 mun cocrasmsror 8,9 % OT mOTEph YKOMILIEKTOBAHHOTO JIBHTATEIIS,
a 3arpaunBaemas mouHocTh N, = 3,38 kBT.

6) THB/]

[ToTepu Ha NMPUBOJ TOIJIMBHOTO HACOCA BHICOKOTO JAaBJIEHUS MPU YaCTOTE Bpallie-
HHs KoseHdaToro Baida 1900 mun™ cocrasmsor 3,1 % OT MOTEPh YyKOMILIEKTOBAHHOTO
JBUTATENA, a 3aTpaurBaeMasi MOIHOCTb Ny = 0,74 kBT B pexxuMe NpoKpyTKHU U 0€3 yueTa
TUJPABINYECKUX NMOTEPh HA MTPOKAYKY TOILIUBA.

7) Knamanst ['PM

[ToTepu Ha mpeooneHne CUl BO3AEHCTBHS Ha Kianansl | PM nipu gacrore Bpanie-
HHs KoseHdaToro Baida 1900 mun™ cocrasisror 2,1 % OT moTEPh YKOMILIEKTOBAHHOTO
nBuraresis. MonHocTh Ha puBo/ kianaHoB ' PM 6e3 yuera naBnenus B uiauHape N, =
0,5 xkBrT.

8) PacnipenenuTenbHbIN Basl ¢ TPUBOJIOM

ITo pe3ynbTaram UCTIBITAHUM TOTEPH, TPUXOISIIUECST Ha IPUBOJ PaCIPEACIUTEb-
HOTO BaJla IIPH YaCTOTE BpalleHus Kojaendaroro Bana 1900 mun cocrasmsior 3% ot mo-
TE€pPb YKOMIUIEKTOBAHHOTO JIBUTaTelIsl. MOIIIHOCTh MEXaHUUECKUX MTOTEPH HA IPUBOJ, pac-
npeaenutensHoro Bana Ny, = 0,72 xBrT.

9) Konenuarslii Ban

Ha nocnennem srarne npu CHITUU pacipee/IMTEIbHOTO Bajla U €ro MPUBOJIa B pa-
00Te 3a71eHCTBOBAaH TOJBKO KOJICHUATHIA BaJl U TIO pe3yJibTaTaM HCIBITAHUN OMpeaesis-
€TCs CUJIa TPEHUS B MOAIIUITHUKAX CKOJIbKEHHSI KoJieH4YaToro Bana. [lorepu Ha TpeHue B

IOJIIMITHUKAX CKOJIBKEHHS KOJIEHYaTOro Bajaa IIPU 4acToTe ero Bpaienus 1900 mun™
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coctaBisieT 14,2 % ot Bcex MoTeph YKOMIUIEKTOBAHHOTO ABUraTessi. MOIIHOCTh Mexa-
HUYECKUX MOTEPh B MOJIIMITHUKAX CKOJbKEHUs KoieHyaToro Bana N, = 3,42 kBT.

N3mepenne MexaHM4eCKUX MOTEPh 10 METOUKE MPOKPYTKH € TOCIEI0BATEIIbHBIM
JIEMOHTAKE€M OCHOBHBIX I'PYII KOMIIOHEHTOB MO3BOJIMIIO TIOJIYYUTh aKTyaJbHOE pacipe-
JIeJIeHUE U BKJIAJl KaXKI0W TPYINbl KOMIIOHEHTOB B OOIlee TpeHHE. 3HaUYnuTEeNbHAs YacTh
noteps npuxoautcs Ha LI — ot 33% no 35%; Ha npuBoa MaciIsiHOro Hacoca — oT 14
1o 17%; npuBoJ Hacoca OXJIAXIAOIIEeH KUAKOCTU — OT 2,5 10 14%; Ha NpuBOA KOJIEH-
yaToro Bajia — ot 13 no 14%.

Hcxons v3 moydeHHBIX PE3yIbTaTOB MOXKHO MPOCIEAUTH OCHOBHBIE HAIpaBiie-
HUS pa3BUTUSL COBPEMEHHOTO n3es B kiacce 12-13 autpos. o cpaBHEHHIO C TaHHBIMU
pacrpeiesieHrdss MEXaHMYEeCKUX TOTEeph MO y3JIaM U arperaram, MpUBEICHHBIMU B pabo-
tax [6, 31, 47, 79], 3HaunTENBHO COKpaTHIUCh IToTepu Ha Tpenue B LTI (6onee 10%).
OT0 HE YAUBUTEIHHO, MOCKOJIBKY B XOJI€ PEIICHUS 3a/1aud 10 ONTUMHU3AIMN padoyero
npoiiecca (OCHOBHOW akIICHT B MOCJEAHHUE JECATHICTHS CTaBUJICS MMEHHO Ha ATy 3a-
Jlayy), B COYETAaHUU C U3YYECHUEM Pa3JIMUHbBIX SIBICHUU CMa3KU U TPEHUSI JIBYOKYIIUXCS
4yacTel, OCHOBHBIE U3MEHEHUS B KOHCTPYKLIHMH, MATEpPUAIIAX U CTPYKTYPE MOBEPXHOCTH
KacaJIiCh, PEUMYIIIECTBEHHO, MOPIIHEeBOH Tpymnmsl [1-2, 44, 81]. Bee 310 mo3BOIMIIO
CHU3HUTH KOOI HUIIMEHT TPEHHUS W TMOBBICUTH HM3HOCOCTOMKOCTH KoMmIoHeHToB IIIII.
Tak)ke CTOUT OTMETUTh YCIIEXU B Pa3BUTHU aHTU(PUKIIMOHHBIX MOKPHITUM BKJIAAbIIIEH
KOJICHYaTOro Baja (CokpalieHue morepb Ha 5-8%). B To ke Bpems, oTepu Ha MPUBOJ
MAacCJITHOTO M BOJISHOTO Hacoca COXPaHMIN CBOM mo3uiiu (B cpeareM 10-15% ot oOmux
MEXaHUUYECKHUX MOTEPh). ITO TOBOPUT O HEJOCTATOUHOM BHUMAaHUU K ONTUMU3ALIUU pa-
OOTBI arperaToB CUCTEMbl CMa3KH U CUCTEMbI OXJIAXKICHUS. Y YUTHIBAasi HAJTUYHE COBpE-
MEHHBIX TEXHOJIOTHH (B 4aCTH TMOpUIN3AIIN U HHTEIJICKTYaIH3alliy YIIPaBICHUS BCIIO-
MoratenbHbiMu arperatamu JIBC), cHUKEeHHE MTOTEPh B JAHHBIX y3J1aX MPEICTABISIETCS
BO3MO>XHBIM.

Takoke, UCXO/S1 U3 MPOBEJACHHOTO AKCIIEPUMEHTAILHOTO UCCIICI0BAHUS, CTOUT OT-

MCTHUTD, YTO C PAa3BUTHEM U COBCPIICHCTBOBAHNEM KOHCTPYKIIMHU OCHOBHLIX Y3JIOB M ar-
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peraToB ABUTATENIeH HAOIIOaeTCs CYIECTBEHHOE CHUKEHUE YPOBHS MEXaHUYECKHX TI0-
Teph, JaXe MPU arpecCUBHBIX pabouux mporeccax J[BC, compoBoXmarommxcs BHICO-
KUMH JaBieHusMu cropanus (Pz 0onee 240 Gap).

Pe3ynbTaThl MPOBEACHHOTO SKCIEPUMEHTAIBHOTO MCCIIEIOBAHUS ITO3BOJISIOT
chopMUPOBATH 3aBUCUMOCTH, HEOOXOTUMBIC JIJIsl OIICHKH BIIMSIHHSI Pa3IMIHBIX (DAKTOPOB
Ha MexaHuwdeckue motepu ucciemyemoro JIBC, a Takxke sl yTOYHEHUS MaTeMaTH4e-
CKOM MOJIEITH C TOYKU 3PEHUS 3aJJaHUs TPAHUIHBIX YCIOBHM 1O MEXaHWIECKUM TTOTEPSIM:

- 3aBHCUMOCTH CpeJHero 3pGEeKTUBHOTO NaBICHUS MEXaHMYECKHUX MOTEPh YKOM-

IUIGKTOBAHHOTO JIBUTATeIIs OT TeMireparypsl Macia, OX (pucynok 48).
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Pucynok 48 — I'padpuik U3MEHEHHUSI MEXaHUYECKUX MOTEPh YKOMIUIEKTOBAHHOTO JIBUTA-

TEeJsl B 3aBUCUMOCTH OT TemnepaTypbl Maciia u OK

- 3aBUCUMOCTDb MOIMHOCTH MCXaHUYCCKHX IMOTEPb OCHOBHLIX I'PYIIIT KOMIIOHCHTOB

UCCIICyeMOr0 JIBUTATENs OT YaCTOThI BpPaIlCHHsI KOJIEHYATOro Baja (pucyHok 49);
- 3aBUCHUMOCTD JI0JI MEXAHUYECKUX MOTEPh OCHOBHBIX TPYIN KOMIIOHEHTOB HC-

CIIEAYEMOr0 JABUraTesIsl OT YaCTOThI BPAIICHHS KOJIEHYaToro Baja (prucyHok 50).
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Ha ocHoBaHMU TIPOBENEHHOTO SKCIIEPUMEHTAILHOTO HCCIEI0BaHUS CHOPMUPO-
BaHBl 00JIACTH TOTCHIMAIBHOTO YIYUYIIEHUS TPEHHs ISl KaKI0HW KOMITOHEHTHOM
rpynnsl. J{s mpoBeACHUS JaTbHEHIINX UCCACAOBAHUI U CHIKEHUS MEXaHUYECKHX I10-
TEph OMPEJIEIICHBI CICAYIONNE TPUOPUTETHBIC KOMIIOHCHTHI M Y3JIbI IBUTATEIIS:

1) LT,

2) KIIM;

3) MacnsHslil Hacoc;

4) BoasiHoi Hacoc.

Taxoke, TOTTOJTHUTENLHOM 3a7a9ei ISl HCCIISOBAHUS OMpe/IeieHa 3a1a4a Mo BIIH-
STHUIO TIPUMEHEHUS dHEeprocOeperarmmux MOTOPHBIX Macell Ha YPOBEHb MEXaHUYECKHUX

MOTEPH U TOTUIMBHYIO SKOHOMUYHOCTH Hccieayemoro JIBC.

I''TABA 3. PACYETHO-9OKCIIEPUMEHTAJIBHOE UCCJIEJOBAHUE
METOA0OB CHUXKEHUA MEXAHUYECKHUX ITOTEPDH ABC

3.1. UccnenoBanue cHukeHus1 Mexannyeckux noreps B LI u KIIIM

Kaxk nokasaiu npoBeieHHbIE IKCIIEPUMEHTAIbHBIE UCCIIEA0BAaHMS, B OOIIMX MeXa-
HUYECKUX noTepsax ucciueayemoro [ABC uunuHapo-nopuiHeBas rpymnmna 3aHUMaeT CaMblii
BecoMbIi BKJIaa — oT 33 110 35%. Tem He MeHee, 0 CPaBHEHUIO C JAHHBIMU pacipe/ierie-
HUSI MEXaHUYECKHX MOTEPh 10 y3JIaM U arperaram, MpuBeIeHHBIMY B padorax [6, 31, 47,
79], cToUT OTMETUTH KOHCTPYKTUBHBIC U TexHOMOornueckue ynyummenus LT uccnemye-
moro JIBC, no3BonuBIInE COKpaTuTh norepu Ha Tpenue B LI oT TpaguunoHsbix 45-
50% 6o0mee yem Ha 10%:

- CTaJIbHBIE MOPIIHUA C AHTU(HPUKIIMOHHBIM TPaQUTOBBIM MOKPHITHEM FOOKHU U OII-
TUMaJIbHO CMOJIETMPOBAHHBIM MTPOPUIIEM;

- BEpXHEE KOMIIPECCHOHHOE KOJIBLO BBICOTOM 3 MM, U3 BBICOKOIIPOYHOIO YyTYHa,
a30TUPOBAHHOE, C CUMMETPUYHBIM CEYEHHEM, C XPOMAJIMa3HbIM MOKPBHITHUEM paboyeil
MOBEPXHOCTH;

- HUKHEE KOMIIPECCHOHHOE KOJIBLO U3 BBICOKOIIPOYHOI0 YyT'yHa, IPSIMOYTOJIBHOE,

MHHYTHOE, BBICOTOM 2,5 MM;
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- MacJIOChEMHOE KOJIBIIO U3 CEPOTo CIEUUaIbHOrO YyryHa , KopoO4aToro Tuma c
NPYKUHHBIM PacCUIMPUTENIEM, BBICOTOM 3,5 MM, C XpOMaJIMa3HbIM OKPBITHEM Ha pado-
YUX MOSICKaX.

[TockonbKy MOPIIHEBHIE KOJIBIA CUIIFHO BIUSIOT Ha 001IME OTEpH Ha ob11ee Tpe-
Hue asurarens (mpumepHo 50% ot tpenus LIIIN u, coorBercTBenHo, 20% oT TpeHus
JIBC), akTuBHO BeayTCs pabOTHI 10 KOHCTPYUPOBAHUIO, YCOBEPIICHCTBOBAHUIO U BHE/I-
PEHHIO B IPOU3BOJICTBO KOMIIEKTOB IMOPIITHEBBIX KOJIEI C MaJIbIM TpeHueM. Tak B paboTe
[146] ObLTH Mccaen0BaHbl N3MEHEHUS B KOHCTPYKIIUH KOJIbIIA, HATIPABJICHHBIC Ha CHUYKE-
HUE YOPYTOCTH KOJIbLIA ¥ YMEHBUIEHUS! TPEHUS, 3aKIIOYAIOIIMECS B UCIIOJIb30BAaHUU KO-
JIel] ¢ MEHBIIEH BBICOTOM, N3MEHEHUN OCHOBHBIX MATEPUAJIOB U NOKPBITUN JUUIS KOJIEL U
COKpAILIEHHsI KOJIMYECTBA KOoJIeL. B KOHEeYHOM UTOre, JaHHBIE U3MEHEHMS, 110 CJIOBaM aB-
TOPOB, IPUBOJAT K CHIKEHUIO HA 22% TpeHnne nopmHeBbIx konen [IBC.

[Tpu 6osee BBICOKMX Harpy3Kax J1aBJIEHUE B IIMIMHIPE TaAKXKe YBEINYUBAETCS. ITO
3HAYUTEIBHO CKa3bIBACTCS HA YBEIMYEHHE TPEHHUS, OCOOCHHO B MOPIIHEBBIX KOJbLAX.
CornacHo ypaBHeHuto (19) cuna TpeHus Kojblla Mo CTEHKE UJINH/pA HAMPSIMYIO 3aBU-
CUT OT CHWJIbI JIaBJICHUS Ta30B, JCHCTBYIOIIKUX Ha BHYTPEHHIOIO OOKOBYIO MOBEPXHOCTH
KOJIbLIA.

Erpz(Pi-I'F;/np)'f! (19)
rae f — xkoadbdunuent tpenus (f = 0,1...0,15), P; — cuiia naBieHus Ta30B Ha BHYTPEH-
HIOK OOKOBYIO OBEPXHOCTH Kouiblia (H), Fy,, — cuina ynpyrocrtu kosbua (H).

Ha pucynke 51 npencraBiieHa cxema cuil, J€MCTBYIOUIMX Ha MOPLUIHEBOM KOJIBIIO,
TJIe: @ — BBICOTA MOPIITHEBOTO KOJbIA (MM); b — TONIIIMHA TIOPIITHEBOTO KOJiblia (MM); F,

— CuJIa JIaBJieHus Ta3oB 32 KonbluoM (H); K., — cuita ot 1eicTBUsE THAPOJAMHAMUYECKOTO

nasienus macna (H); Fp, — cuna Tpenus o kanasky B nopiuse (H); Fy,, — cuna ynpyro-

mp
ctu konbia (H); hy — Tonmunaa MacisHou miIeHKU (MM); hy — 3a30p MEXKITy CTEHKOH ITH-
JUHAPA U OJKHEN Touku (MM); Fl.,{ — CUJia 1aBJIEHUs Ta30B HA BEPXHIOI0 OOKOBYIO MO-
BepxHocTh (H); F._; — cuiia maBieHus ra3oB Ha HIDKHIOW OOKOBYrO moBepxHOCTH (H);

F,ux — CHAJIa MHEPLMU KOJIbLA.
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Pucynok 51 — Cxema cuii, IEACTBYIOIIMX HA MOPIIHEBOE KOJIBIIO

Ananuz JyYIUX MHUPOBBIX IIPAKTHK ITOKA3bIBACT TCHACHIWMU IIO0 CHUIKCHHUIO BbI-

COTBI M CHJIBI YIIPYTOCTH MTOPITHEBBIX KOJIEI (PUCYHOK 52).
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PucyHok 52 — TenaeHMHU 110 U3BMEHEHUIO BBICOTHI U CUJIBI YIIPYTOCTH MOPIIHEBBIX KO-

nen 11 pa3abix JIBC pa3HbIX SKOJIOTHYECKUX KJIACCOB
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Ha pucynke 53 nmpencraBieH pacu€T MO CHIKEHUIO TPEHUS MEPBOTO KOMIIPECCH-
OHHOTI'O KOJIbLIa B 3aBUCUMOCTH OT BBICOTHI. B cilydae n3MeHEeHHsI BBICOTHI KOJibLa ¢ 4 110

2 MM BO3MO>HO CHU3UTH TpeHHe 110 28%.
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Pucynok 53 — IloTeHuman CHUKEHHS TPEHHS BEPXHETO KOMIIPECCUOHHOTO KOJIBIIA

Hcxonas u3 pe3ynbTaToB MPOBEICHHBIX AKCIIEPUMEHTAIBHBIX UCCIICI0BaHUM, 10
noteps Ha TpeHue B KIIIM cocraBnsier ot 13 g0 14%.

B nepByto ouepens, npoBeneHa pacueTHas oleHka ae3akcuanbHoro KIIM.

Kpome nmapamerpa e (MMeHyeMoro Je3akcaxeM), ne3akcuanbubiii KIIIM xapakTe-
pHU3YeTCS BETMYNHON OTHOCHTEIILHOTO CMEIeHHs k = e /r , T1ie v — paauyc KPpUBOIIIHTIA.
Cornacho [14], mist cOBpeMEHHBIX aBTOMOOMJIBHBIX W TPAKTOPHBIX JBUTATENCH mMmapa-
meTp k Haxomutcs B ipeaenax 0,05...0,20.

B pabGore [15] HalineHbl aHATMTHYCCKUE 3aBHCHMOCTH IS OMPEACIICHUS XOia

MOPIIHA B UMIIMHAPE i Ae3akcuaibHoro KIIIM:

Sy=r \/(§+ 1)2—k2—\/(%—1)2—k2 (20)

J171s1 COBpEMEHHBIX JIBUTATENEH pa3HUIIa MEKly XOJaMHU MOPIIHS J€3aKCUATbHOTO
S, u akcuanpHoro KIIIM § = 27 oyeHb He3HayMTEeNbHA U cocTaBisieT MeHee 1 %. Ipu
ATOM CTOUT OTMETUTH CHI)KEHUE OOKOBOM CUJIBI TIOPIIIHSI, UTO B ONPECICHHON CTEIeHU

CHOCO6CTByeT YMCHBIICHUTIO CHHKCHHUIO MCXAHNYICCKUX ITOTCPb ABUTATCIIA.
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B pa6ote [12] mpoBeneHO MccienoBaHUE BIUSHUS MOJIOKHTEIHLHOTO M OTpPHUIIA-
TEJILHOTO JIe3aKCaXka MOPIIHS HA TEXHHKO-D)KOHOMHUYECKUE MOKA3aTeNU JABYXTAKTHOTO
JABC. IToa mosoXUTEIbHBIM JI€3aKCaKeM MPUHATO CMEIIEHUE OCH TOPIIHEBOTO Majblla
B HANpaBJICHUU BPAIICHUS KOJECHYATOrO Baja, a IMOJ OTPHUIIATEIBHBIM JI€3aKCAXKEM — B
IPOTHBOIOJIOXKHOM HampaBieHud. C Ienblo OLEeHKU (haKTopa MEXaHHMYECKUX MOTEph
ObLT pa3paboTaH KpUTEPHil OOKOBOM CHIIBI, XapaKTEPU3YIOIINI MEXaHUYECKUE IOTEPH B

JBUTATEIIC:

Ky ==, (21)
rne N, = Pitgf, ~ P,A(sing — k) — O0okoBas cuia, JEHCTBYIONIAs HA CTEHKY LIMJIUH-
pa JBUraTells ¢ Je3aKcaxeM; P, — cymmapHas cuja, JeicTByIoIas Ha IOPUIHEBOH na-
Jer ¢ ae3akcakeM (pucyHok 54); N = Ptgf = PA(sing) — 60KoBas CHJIa aKkCHAIBHOTO

ITOPIITHA, ,8 — YI'OJI OTKJIOHCHHA IIaTyHa OT OCH HUJIMHAPA, A= T'/L — OTHOLICHHUC paau-

yca KpUBOIIMIA K JJIMHE IIaTYHA; ¢ — YroJl HOBOPOTa KOJIEHYATOro Baja.

Pucynok 54 — Cxema cui, aeiictyromias B KIIIM ¢ ne3akcuanom nopuiHs

AHaIIN3 JaHHBIX 3aBUCUMOCTEN MOKA3bIBAET, YTO MPU OJHOM U TOM K€ JaBJIECHUU
B LMWJIMHApPE OOKOBas Cuia WU, KaK CJIEICTBHE, OOKOBOE /1aBJIICHUE HA CTEHKY ILMJIMHIApA
OyZyT MEHBIIIE Y ABUTATEIISI, UMEIOIIETO TIOJIOKHUTENbHBIN Je3akcax B mopiHe. OHaKko
C POCTOM TOJIOKHUTEIHHOTO JIe3aKCaka KpuTepuii 00koBo# Ky cuiIbl CHIDKaeTcs. JlanHbie

TEOPETUYECCKHIE BBIBOJIbI TIOTBEPKIACHBI SKCIICPUMEHTATBHBIMH HUCCIIe0BaHUsIME [12].
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Jlnis mpoBeZieHUs pacueTHbIX uccieaoBanusa 6a3zosoro asurarens KAMA3-910 c
ne3akcuaiibHbiM KIIIM B3STHI ClleIyrOIIME UCXOIHBIC TAHHBIE:

- nuameTp mwmHapa D = 130 mm;

- xox nopmHs S = 150 mwm;

- BEeJIMYMHA Jie3aKcaxka € BapbupoBaack ot 0 10 +30 mm;

- ronaAe nopins F,= 13273,23 MM?:

- paauyc KpuBolumna I = 75 mum;

- unHa 1matyHa | = 245 mwm;

- YUCJIO IIMJIUH/IPOB | = 6.

Ha pucynok 55 npencrasiieH rpaguk 00koBoi# cuiibl opiHs N 171 akCHaIbHOTO
u ne3akcuanbHoro KIIIM (e = 15 mm). Kak BugHO U3 rpaduka, kpuBasi O0KOBBIX YCUITUN
Ha TOPIICHb CMEMIACTCS Ha HEHArpy)KEHHYIO0 CTOPOHY IMOpIIHS. HauBeiciiee mMUKOBOE

3HaYeHHEe OOKOBOM cuiibl 0k0sio BMT nipu 3TOM 3HaYNTEILHO CHHUYKACTCS.

BMT
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——Ng, kH ——N, kH

Pucynok 55 — bokoBast cuiiel mopitHs N 1J1s1 akCHaJIBHOTO M JI€3aKCUATTLHOTO
KIIIM
Hcxons U3 moTydeHHBIX 3HAYCHUH OOKOBBIX CHUJI TOPIIHS, UCTIONB3Ys KOdhuIu-

et tpenus f = 0,1 (ycmoBHO), ObUIM MOTYYEHBI 3HAYCHUST CHITBI TPEHUS OPIIHS Frp. C
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Y4ETOM TOCUYHUTAHHBIX TepeMeIeHri nopiHs S (pUcyHok 56) pacunTaHa OTHOCHUTEIb-

Has paboTa TPECHHUS B 3aBUCHMOCTH OT BEJIMYMHA JIe3aKcaxka € (pUCyHOK 57).

Xop, nopuiHa
160
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Pucynok 56 — Xoa nopuiHs 11 akcuaiabHOro U Aezakcuansaoro KIIM
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Pucynox 57 — OTHOcuTenbHAsS paboTa TPEHUS I PA3TUIHON BETNYUHBI

Je3aKcaxa €
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Ha pucynke 58 npezacraBieHo cpaBHEHHE X0/1a MOPILIHS U OOKOBOM CHIIBI TOPILIHS

N g akcuaapHOTrO U ne3akcuaibaoro KIIM.
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Pucynok 58 — CpaBHeH#e X0/1a TOPIIHA U O0KOBO cuiibl opinHs N 111 akcHaabHOTO

" ne3axkcuaiasrHoro KIIM

B 3aBucMMOCTH OT 4acTOTHI BpaIlleHUs] KOJICHYATOTO Bajia M Harpy3KH Ha JBUTaA-
TeJIb HEKOTOPhIE U3 YKA3aHHBIX MPEUMYIIECTB TEPAIOT CBOE 3HAUYCHUE, TaK Kak padoTa
TPEHUSI B 3HAYUTEIHHOU Mepe OINpeAeNsaeTcs AaBJICHUEM BHYTPH IWIMHIAPA U CUJIAMU
WHEPIINH, 3HaY€HNE KOTOPHIX MPAKTUYECKH HE 3aBUCAT OT 3HaueHud jae3akcaxka. Ha oc-
HOBE aHAJTUTUYECKUX U PACUETHBIX JIAHHBIX OMPEEIECHO ONTUMAIBHOE C TOUKH 3PEHUS
MOTEHIIMAIa CHIDKSHHS TTOTEPh 3HAUEHUE JIJIS JIe3aKcaxa JUisl ABUraTesield pabounm Kiac-
coMm 12-13 nmutpoB (pucyHok 59). MakcuMaTbHBIHN MTOT0XKUTETBHBINA 3P HEKT TOCTUTACTCS
MIPY CMEIIIEHUU OCH KoJieH4YaToro Bana Ha 15 mM. Cpennee 3¢ dheKkTHBHOE JaBIECHUE Tpe-
HUs cHUKaetcs: Ha 13% mpu cpeIHuX 4acToTax BpalleHUs U MOJHOM Harpys3ke; Ha 6%
IIPU BBICOKUX YacTOTaxX BpallleHUs W MOJHON Harpyske; 10 1% mpu HU3KUX YacToTax

BpAILICHUA.
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Hu3kue obopoTel/ = Cpepnve 0BopoTsl/ st Boicokme obopotsl/
YacTM4HaA Harpyska no/HasA Harovaka YaCTMYHEA Harpy3Ka
Huzkue obopoTel/ — CpepHue 060poTel/ e Bbicokue obopaTsl/
4acTHM4HaA HarpyskKa 4acTM4HaA HarpyskKa nonHaA Harpyska

Pt

-14%

-16%

OTHOCUTEAbHbII noTeHUWan CHUHeHHUA TPpeHUA, %
[}
()]
R

20 25

BenuuunHa gesakcarka, mm

PI/ICYHOK 59 — OTHOCUTEIBHBIN IOTCHIMAJI CHUKCHHUA ITIOTCPb B 3aBUCUMOCTH OT 3HAYC-

Hus ne3akcaxa KIIM

Jns onenku BnugHusA Ae3akcuanbHoro KIIIM Ha TONMIMBHYIO 3KOHOMUYHOCTH
JIBUTATEJISI IPOBEJIEHO MaTeMaTUYecKoe MojieinpoBanue 6azoBoro apurarens KAMA3-
910 momHOCTHIO 550 1.C., ¢ 6a30Boit LIIII" cTenenbro cxxaTus € = 17,5 1 MaKCUMAaIIbHBIM
naBieHueM cropanus Pz =240 6ap ¢ yueToM BIUsSHUA Je3aKcaxka Ha cpeaHee 3P pexTrB-
HOe NaBiieHue TpeHusi. Monenuposanue nposeneHo B [10 AVL Boost (6onee moapodHo
METOJIMKa pacueTa onvcana B ['nase 4).

C yueroMm pucynke 60 chopmMrpoBaHa KapTa U3MEHEHHsI cpeHero 3G (HEKTUBHOTO

JABJICHUS TPEHUS.

CpepgHee 3ddekTUBHOR AaBaeHHe TpeHusA, 6ap
-1.34 0 2 4 6.15 10.85 12.3 185 217 234 246 30
0.010 0.015 0.020 0.030
0.010 0.015 0.020 0.020 0.030
0.010 0.015 0.020 0.020 0.030
0.010 0.015 0.020 0.020 0.030
0.015 0.020 0.020 0.020 0.025
0.020 0.020 0.020 0.020
0.010 0.010 0.010 0.020 0.020 0.020 0.020 0.020
0.010 0.020 0.020 0.020 0.020
0.010 0.010 0.010 0.010 0.010

8

YacTtoTa BpauieHus KB, muH1

Pucynok 60 — Kapra usmenenus cpeaHero 3QpeKTUBHOTO J1aBJICHUSI TPEHUS B 3aBUCH-

MOCTH OT Je3aKkcaxa e = 15 mm
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Pesynbrar — cHUXKeHHE cpemHero 3(PGEeKTUBHOTO MaBJICHUS TPEHUS COCTABUIIO
1...1,5 Gap, cHIDKEHHE yAECTBHOTO Pacxoa TOIUTHBA — OPUEHTHPOBOYHO 10 | I/kBT 1 Ha
BCEX peXXMMax paboThI ABHraTels (pUCyHOK 61).

Cpenanee a2¢dexrunoe napneuue tperus (FMEP) VienbHbli pacxo TOIUIMBA
2,1 : 200
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Yacrora BpALICHUA K.B., MI{H’1 YacTota BpameHu K.B., MHH']
—baza - He3akcax
Pucynoxk 61 — Pacuetnas onienka cpeanero 3¢ (GeKTUBHOTO JaBJICHUSI TPEHUS U YIEb-

HOI'0 pacxo/ia TOIUIMBA € y4eToM ne3akcaxka KIIIM

Jlanee ObUIM MPOBEACHBI UCCIEAOBAHUS MO CHUKEHUIO MEXaHUUYECKUX MOTEPh B
rape «IOJALIMITHUK - KOJIEHYaThIM Bai». B mepByro ouepep pacCMOTPEHBI BAPUAHTHI 10
M3MEHEHUIO TEOMETPUM MOAIIUITHUKOB KOJIEHYATOr0 BaJia C LEJIbI0 ONTUMH3AIMU PaC-
X0J1a MacJia K MOAIIUITHUKAM KOJIEHYaTOr 0 Baja.

OCHOBHBIMM HMCXOJHBIMU JaHHBIMU, HEOOXOAUMBIMHU ISl mocTtpoeHust 1D-mo-
JIEIIN, SIBIISTFOTCSL:

— Macca JIBUraTelis;

— MOMEHTBI HTHEPLIUH IBUTATEIIS;

— HyMeparus ¥ mopsaoK paboThl HIUIUHIPOB;

— MEXLWIMHIAPOBOE PACCTOSIHUE,

— SKBUBAJICHTHASI CXEMA KOJIEHYATOro BaJa;

— pacnoyIOKEHUE KOJIEHYATOr0 Bajla OTHOCUTEIBHO LIEHTPA TSYKECTU JBUTATEINS;

— HallpaBJICHUE BPALICHUS KOJIEHYATOTO Baja OTHOCUTEIBLHO CUCTEMBI KOOPIUHAT
JIBUTATEISA;

— UHJAWKATOPHAs AuarpaMma JJisi BCEX pacu€THBIX PEKUMOB;
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— MOMEHTBI HHEpUUH 3j1IeMeHTOB KB 1 maryHa;

— CAD-moxenu u ueprexu snmementoB CC, KILIM, I'PM;

— IMaMeTp, Macca MOpIIHs (BKI0Yasi MOPUIEHb, MaJell U KOJIbIIa);

— XapaKTepUCTUKU MACISHOTO Hacoca (pabouunii 00bEM, pacXxoHO-HAMOPHAS Xa-
PaKTEepUCTHUKA);

— XapaKTEpUCTHUKHU KJIallaHa PEryJMPOBKHU JIaBJICHUSI MACISIHOTO Hacoca (TeoMeT-
pUYECKHE MapaMeTphl, CTENEHb NEepEeNycKa B 3aBUCMMOCTH OT YMPABJISIONIETO CUTHAIA
13 IJIaBHOM MacCJIsTHOM MarucTpaim);

— XapaKTePUCTUKH MacIsTHOTO (prtbTpa (pabounii 00bEM, 3aBUCUMOCTD THIPABIIH-
YECKOr0 COMPOTHUBIICHUS OT pacxojia, nepenaj AaBiaeHUs JUIsl OTKPBITHS NEPEMYCKHOTO
KJIallaHa MacstHOTO QUIIbTPA);

— XapaKTEpUCTUKH TEII00OMEHHUKA (pabounii 00BEM, TUAPABINYECKHUE COIPO-
TUBJICHUA, KOADPUITMEHT TeIUIonepeiadn);

— reOMETPUUECKUE XapaKTePUCTUKHU MOIIUITHUKOB ckoybxeHus:t KB u pacrtipese-
JUTEIBLHOTO Bajla (UaMeTp W HIMPUHA MOJIIUITHUKA, YIJIIOBOE IMOJOKEHHUE U TUAMETP
MacCJIOTOABOISIIMX U MACIOOTBOISIINX OTBEPCTUM, PaUaTIbHBIN 3a30D).

Ha ocHoBe npenocTaBIeHHbIX HCXOAHBIX JaHHBIX ObLa noctpoeHa 1 D-monens CC

0azoBoro asurarens (pUcyHok 62).

Pucynox 62 — I'mapoannaMuyeckast MOJIenb CUCTeMbI cMa3ku aBuratens KAMA3-910

B Simcenter Amesim
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Mopenp COCTOUT U3 CAEAYIOIMX KOMIIOHEHTOB: T€HEPATOP JABICHHUS I LINJINH-
JPOB; 3JIEMEHTHI, MPEACTABISAOIME COO0M COBOKYMHOCTh MOpIIHEH, maTtyHoB U KB;
NOJIUIMITHUKY CKOJIbXKeHMs; KaHanbl CC B OJ10Ke JBUTATENs; MAacJIsIHBIN HACOC C PEryJiu-
PYIOIIUM KJIamaHoM; OJIOK MaciastHOro GuibTpa U OXJaauTeNst; GOPCYHKU OXITaXKICHUS
NOpPIIHEW; THAPaBINYECKUE CONPOTUBIIEHUS OT noTpedutenei CC; a7eMeHThI, IPECTaB-
JSIOLIKE COOOM COBOKYITHOCTB IIPUBOAA KJIAIAHOB U PACIPEIETUTENBHOTO Bajla; JaTYUKU
Y IIPOYHE BCIIOMOTATENbHBIE JIEMEHTHI.

Komnonent Thermal-hydraulic bearing B ITO Simcenter Amesim (pucyHok 63) uc-
MIOJIB3YETCA JJIsl MOJAEIUPOBAHUS OANITHUKOB IIPU PA3IMYHBIX YCIOBUAX HATPYKEHHUS.
Mogens 103BoIseT pacCUUTHIBATE THAPOAMHAMHUKY ILIUIIA HA CMAa304YHOM CJIOE, C YYETOM

KOH(bI/IpraHI/II/I MAcCJIOIIPOBOAANINX KaHABOK M TCIIJIOTHI TPCHHA.

g yiod 38 23Ed MOy JEBY

N =
£ nbap &= g 10d Je aunjesedwa] Buleag

g/ rL '\\a [INU == 5 140 32 |E‘UI3!S‘

ﬂ\ T ’//EI INU = ¢ iod 2 |Eu|3!s‘

sign reversed duplicate of mass flow rate at port 4 +—kag/s mass flow rate at port 4 —kafs
enthalpy flow rate at port 8 —\ enthalpy flow rate at port 4 —»w
volume st port 8 —cm**3 volume at port 4 =3 cm**3
derivative of volume at port 8 &=L fmin derivative of volume at port 4= L/min
flow index at port 8 — tfflow flow index at port 4 — tfflow
pressure at port 8 —+bara pressure at port 4 &—barn
temperature at port 8 —+degC temperature at port 4 &—deqgC
node index at port 8 — tfnode ;;L node index at port 4 &—tfnode

£ Jod 3e anbuo] 3Jeys

1 140d JB 23ed MO JESY
LI AR = £ J0d 38 A0 A dIE]0U 1JELS

Dbep—s 1 J40d Je 2unjeladwa] Euanol
Z 4od 38 anbaog Bulesq

LI AR =y 7 J00d JE AQ00[@ 4 LIE70) BuESq

i, —
WY =

LN —

Pucynok 63 — Moesp moanminHuKa ckoimkenus Thermal-hydraulic bearing B

Simcenter Amesim
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[Tpu HacTpolike MOJENr HEOOXOIUMO 3a]1aTh MOJICNIb pacyeTa SKCIICHTPUCHUTETA B
3aBUCUMOCTH OT COOTHOUIIEHUS IUPUHBI U AUAMETpa MOAIINIHUKA (1J1s1 paccMaTpuBae-
MBIX TOAMIMITHUKOB 3TO Mojielb pa3padoranHas P.K. Goenka, koTopas moaxoauT ais
COOTHOIICHHSI MTUPUHBI TOITUITHUKA K AuamMeTpy oT 1/4 no 1) Tum u reoMeTpuio mac-
JIOTIOTAFOITUX KaHAJIOB (111 KOPEHHBIX MOAIIMITHUKOB ATO YaCTHYHAs KaHaBKa, JJIs I1a-
TYHHBIX MMOJIITUITHUKOB — OJJMHOYHOE OTBEPCTHE), IIUPUHY U TUAMETP MOJITUITHUAKA, KO-
b GHUIHEHTHI TEMIIEPAaTyPHOTO PACIITUPEHUS IITUTIA U TIOIITUITHUKA, TTApaMETPhI IIIEPOXO0-
BaTOCTH MOJIINITHUKA.

Jlist kopenubix noamunHUKOB KB Obuta BeiOpana mogmonens [TFBEAPET23] —
CTallMOHAPHBIN MOAIIMITHUK CKOJIBKEHHUS C OJHUM MacCJIONOAa0IUM OTBEPCTHEM, JIMHA-
MHUYECKHM PacdeTOM 3a30pa U THAPOAMHAMUYECKUX 3(PGHEKTOB, MEXaHUYECKUMH TIOP-
TaMH JIJI 3aJjaHUs BPAIICHUS [ITUTIA U MOAIIUITHUKA.

Jlns matyHHbIX noamumHaukoB KB 6puta BeiOpana nmoamonens [TFBEAPET31] —
BpAIAIOIIUICS TOAMUITHUK CKOJIBKEHHS C OJJHUM MacCJIOMOIal0IUM OTBEPCTUEM, THHA-
MUYECKHUM Pacue€TOM 3a30pa U THApOAMHAMUYECKUX 3(PEHEKTOB, MEXaHUYECKUMH TOP-
TaMu JJIs 3aJjaHUs BpAILCHUS 1IUMa U TTOIIUITHUKA.

Moens moAmmMITHIKa ckojbkeHus B [1O Simcenter Amesim mo3BoJisieT BhIOpaTh

OCHOBHBIC TCOMETPUUCCKHE MTapaMeTPhI MO IIMITHUKOB (PUCYHOK 64).

SaAaHMe reoMeTpuyecKkmMx pasmepos 3aAaHME napameTpos WaTyHHOro NoAgWwunHuKa 3aAaHME napameTpos KOPEeHHOro noawunHuKa

e

[uameTp nogwmnHmka

Pucynok 64. 3ananue napameTpoB noammmnarka B [10 Simcenter Amesim:
d — mmameTp oTBepCTHs MOABOAA Macia; L - mupuHa moammmnuanKka; sg — yroa Hadasia
KaHaBKU; eQg — yroyl OKOH4YaHHs KaHaBKH; Oh — yroj oTBepcTHs MOJBOJA Macia, W —

IIpHUHA KaHaABKH.

B coctaBe 0azoBoro nsurarenss KAMA3-910 npuMeHeHbl MOIITUITHUKN, CKOJIb-

YKEHUS, TTapaMeTPbl KOTOPBIX MPEACTABICHBI B TaOmie 19.
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Tabmuia 19 — [TapameTpbl TOAMUITHUKOB KoJieHdaToro Baia aeuratens KAMA3-910

Tapamerp Kopennoit [IaTynubrit
MOJIIUITHUK HOJIIUITHUAK

Jlmamerp Basia, MM 104 95
MunumanesHas paboyas IIMPUHA BKIIAIbIIIA,
M 30,5 36,7
MaxkcuManbHbIN THuaMeTpaIbHbBIN 3a30p, MM 0,116 0,106
MuHMMaITEHBIA TUaMEeTPAIBHBIN 3a30p, MM 0,048 0,042
JlmameTp Macionoaroniero OTBEpCTUs, MM 10 6
VYT0I1 pacnoaokKeHus: MacIONOJaro0IIEro OT-
BepcTHs (0T BEPTHKAIN IO X0y BpallleHUs 38 60
Bajia), rpaji.
[[npuHa KaHABKU, MM 5 -
[Imomaae MacmopacnpeaenuTeNbHON Ka- 139 )
HABKH, MM° '
JnuHa kaHaBKH, rpaj 214 -

Pacxoz[ Maclia qepe3 KOpCHHHe nu H_IaTyHHBIe IOJAIIUITHUKHY KOJICHYATOI'O BaJjla BbI-
YUCIISIeTCA 10 cleayromiei popmye:

Q=0Qu+0Q,—03/Qx"0Qp, (22)
rac Qp- BCJIMYMHA ITIOAa4Y MacClia K HOI[H_II/IHHI/IKY, paCC‘—II/ITBIBaCTCH I10 ypaBHeHI/IIO Mar-
tin-Lee:

- JJIA IJ_IaTyHHBIX IIOAUIIUITHUKOB KOJICHUYATOI'O Bajia (C OJHUM MaAcCJIOIIOdAar0IIM

OTBEPCTUEM):

h3 d 1.75
Qp = 06757 (7+04) - (ps —p2). 23)
- V14 KOPCHHBIX ITOAIIHUITHHUKOB KOJCHYATOI'O Ballia (C MacCJIOIOAAar0ImM OTBECP-

CTHEM U KaHABKOH IS €T0 pacipeeicHus):

¢ | 125-0.25¢ z
Qp = P f1(64,0;) + (“—a)(fz (62) — 0| (s —p2), (24)
() 0-3)
Q- BO3BpaT MacJja Ha BXOJI B TTOAMIMITHHK 33 CUET TUAPOANHAMUIECKOTO A PekTa,

paccuuTbiBaeTcs 1o ypaBaenuro Wilcock:

QH=O.9L-§-c-s-w, (25)
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riae d — mnameTp MaciIsTHOTO KaHaia, M; D — quamerp moammnHuka, M; L — mmpuHa mo-

IIMITHAKA, M; C — paJldalIbHBIN 3a30p, M; h — BerunHa paauanbHOTO 3a30pa B 30HE Mac-

JIOIIOJA0IICTO OTBCPCTHUA, M, { — JTMHAMHUYCCKAaA BA3SKOCTb MacCJia, Ha'c; & — OTHOCHUTCIIb-

HBIA AKCIEHTPHUCUTET (BBIYHCIIAETCS 110 (opMysie €/C, Tae e — 3HAaYCHHUEe dKCICHTPUCH-

TeTa, ¢ — paauaibHbIA 3a30p);  — yrioBas CKOPOCTb, Paj/C; Ps — JAaBJICHHE Maciia Ha

BXxoje, [1a; p» — naBneHue macna Ha BeIXoJe, [1a; o — mupuHa KaHaBKH, M.

Jlanee ObLT IPOBENICH PSl CPABHUTEIBHBIX PACYCTHBIX HCCIICOBAHUHN TI0 CIEAYIO-

UM HAIIPpABJICHUAM:

1) Bausinue 1uHbBI KaHABKU KOPEHHOTO MOAIIMITHUKA Ha PacXo]] Macia.

[IpoBeneH pacuer ciaeAyronMx BapuaHToB JUIMH KaHaBok: 150°, 180°, 214°, 246°.

YMeHbI1eHHnE JJINHBI KaHaBKH CHOCO6CTByeT CHIM)KEHUTO OOKOBBIX YTCUYCK MacCJIa. Ha pu-

CYHKe 65 mpecTaBlIeHbl Pe3yJIbTaThl UCCIASAOBAaHMUSA. Y MCHBIIIEHNE ITTHHBI KaHABOK KO-

peHHoro noamunanka ¢ 246° no 150° mo3Bosiniio cokpaTuTh pacxoa macia 110 5%.

50

30

Pacxoa macaa (71/MHH)

20

10

=== KaHaBkKa 246°,
=== KaHaska 214°,
=== KaHaska 180°

=== KaHaska 150°

, 3a30p 101 mkm L o=~

3a3op 101 mkm

3asop 101 mkm

,3a30p 101 mKm

Kopennoii noxmunuuk (KII)

500

1000 1500 2000 2500 3000

Yacrora Bpamenns (00/MHH)

g

e i [l Tl

Pucynox 65 — 3aBucuMocTh pacxojia Macja OT JUTMHBI KaHABKU TTOAIIAITHAKA

2) UcknroueHne KaHaBOK Yepe3 OJIMH KOPEHHOM MOIITUITHUK.

ITo pe3yibTaTaM paCuYCTHBIX I/ICCHCJIOBaHI/Iﬁ BBIABJICHO, YTO HCKJIIOYCHHUC KaHaBKHU

Ha 1,3,5,7 KOpEHHBIX MOJUIMITHUKAX [MO3BOJIUTh COKPATUTh pacxo macia 110 47% (pucy-

HOK 66).
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Pucynox 66 — 3aBuCHMMOCTH pacxojia Macja OT HaJIMIUs KaHABKH IO IITHITHIKA

3) Usmenenus 3a3opa Mexy MIEHKON KOJIEHYATOrO Bajia U TOAUTUITHUKOM

3HaYUTEIHLHOE BIUSHHUE HA PACXO0JI MAcJia OKa3bIBAET 3a30P MEX1Y MOAMIMUITHUKOM
Y IEHKOM KOJEHYaTOro Bajia. Y MeHbleHue 3azopa co 101 Mxm 10 89 MxM Ha uccneny-
eMOM JIM3eJIbHOM JIBUTATEJIC MO3BOJSCT CHU3UTh pacxo macia 10 33% (pucyHok 67).
Jns onTUMU3ANMU 3a30pa MPUMEHSIOT CEJIEKTUBHBIA MOJ00p MOIIIMITHUKOB MO TOJ-

[UHE.
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Pucynoxk 67 — 3aBucMMOCTb pacxojia Macja OT 3a30pa MEXAy MOAIIUITHUKOM U IIEHKON

4) I3meHeHus cxeMbl oJa4yu Macia
OpuruHaabHBIM PEIIEHUEM SIBJISIETCS MOAU(UKALIMS CXEMBI MTOJa4l Maciia OT KO-

PEHHOTO MOJINIMITHUKA K IATYHHOMY NOIIUITHUKY [134].
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Jlyist pacueTta ObUT1a M3MEHEHA OpTraHU3AIMS TI0JIaYM Macja K MATyHHBIM TTOIIIHII-

HUKaM 4epe3 KopeHHbIe oropbl Ne 2.4,6, kak moka3zaHo Ha pUCYHKe 68.

PI/ICYHOK 68 — I3MeneHne cxeMbl mogadyn Macjia K MaTyYHHBIM ITOAIIUITHUKAM

JanHoe peuienne cHkaeT Ha 30—40 % MoToK yTeuku U3 KOPEHHOTO MOAIINITHUKA
Y YBEJIMYMBAET CIIBUI Macja B KaHABKaX KOPEHHBIX MOJIIUITHUKOB, U, COOTBETCTBEHHO,

€ro TeMIeparypy.

3.2. CHM:KeHre MeXaHHYEeCKHX MOoTEPb B CUCTEMAX CMAa3KHU M OXJTAKICHUSA

VYuuThiBas BKJIaJ B 00N ChOPMUPOBAHHBIN OallaHC MO MEXaHUYECKUM MOTEPSIM
MacJITHOTO U BojsiHOTO HacocoB (17,8% u 14% nipu obopoTtax kojeHyaToro Bajga 1900
MHH! COOTBETCTBEHHO), OBLIM IIPOBENEH P PACUETHBIX U DKCIIEPUMEHTAIBHBIX MCCIIE-
JIOBaHUH 10 MOBbITIIeHUIO dhdexTuBHOCTH padoThl KomrnoneHToB CC u CO [IBC.

Ha pucynke 69 npencraBiieHa 3aBUCUMOCTh CpeaHETO d(DPEKTUBHOTO JTaBICHHUS
MEXaHUYECKUX MOTEPh Ha MPHUBOJ MACISIHOTO Hacoca oT 00opoToB KB u TemrepaTypbl
MacJia, oJy4eHHast BO BpeMs IKCIIEPUMEHTATbHBIX UCCIE0BAHUM 0a30BOT0 JU3EIHBHOTO
neuratensi KAMA3-910. Tlpu moctuxeHuu TemrepaTyp macia OJUM3KUX K pabouum
(oxouio 90°C), pa3HHIIa B MEXaHUYCCKHUX MOTEPSIX HA TIPUBOJ MACISTHOTO HAcoca CTaHO-
BUTCS HE3HAUYUTEIBHOM, YTO cOrjacHo [133] sBnsercs npsiMbIM CIEICTBUEM CHUKECHUS
BSI3KOCTH MacJja Mpy JOCTKEHUU pabodelt TeMrepaTypbl U CBUACTEIIBCTBYET O CTPOTOM
HEOOXOJIMMOCTH HCIIOJB30BaTh MAacCj0 CO CBOMCTBaMHU, PEKOMEHIOBAHHBIMHU 3aBOOM-
npousBojautesieMm JABC i fOCTHXKEHHUS MAaKCUMaTbHON SKOHOMHUYHOCTH U KOJIOTUYHO-

CTHU TPAHCHOPTHOT'O CPCACTBA HA HCYCTAHOBUBIINXCA PCKUMaAX pa60TLI ABUTATCIIA.
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Pucynox 69 — Temneparypraoe BiusHue Ha 3 (PEKTHBHOE NaBICHHE MEXaHUYECKHX T10-
Tepb HA NPUBOJ] MACIITHOrO Hacoca asuratens KAMA3-910 munt
CornacHo [5] kpyTaluii MOMEHT, 3aTpaunBaeMbiii JIBC Ha mpuBOJ MacisHOTO
Hacoca, IpsiMO MPOMOPLIMOHATIBLHO 3aBUCUT OT OOBEMHOTO pacxo/ia Maciia, pa3HOCTH J1aB-
JICHUs Maclia Ha BXOJI€ M BBIXOJE HAacoca; U 0OpaTHO MPOMOPIMOHAIBHO OT 000POTOB

Hacoca, MexaHn4eckoro u 0osémuoro KII/I:

Q*(Perix—Psx)
My, = R L ) (26)

N M@
rae M, — KpyTSIuii MOMEHT, 3aTpayrBaeMblil Ha IPUBOJI MACIISIHOTO Hacoca,  — 00b-
€MHBIM PAacXoJl Macia, Pgy — AABJICHUE HA BXOJIE B MACIISIHBIM HACOC, Py, x — JAABICHUE
Ha BBIXOJIE U3 MACJISIHOTO Hacoca, 17, — oobemublil KIIJI nacoca, n7,, — MexaHU4EeCKUA
KIIJI nacoca, w —4acToTa BpalleHus poTopa Hacoca.

[Toseimenune KIIJI coBpeMeHHBIX MacasHBIX HACOCOB 33Jla4ya HETPUBHAJIbHAS, TAK
KaK OHU YK€ UMEIOT JOCTAaTOUYHO HU3KKE 3HAYCHUS KOI((DUITUEHTOB TPEHMUSI, @ BEIIMUUHBI
3a30POB MEXY CTAaTOPOM U POTOPOM MUHHUMAJILHBI, 4TO yBeauuuBaeT o0beMHbIin KIT/I.

CHmxeHue O60pOTOB MaCJIIHOTO HAaCcoCa CIIOKHO PCaAIN30BaTh KOHCTPYKTUBHO, TAK KaK
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IPUBOJ] MACJISIHOTO Hacoca, KaK MPaBHIIO, OCYIIECTBISIETCS OT KOJIEHYaTOro, Cie10Ba-
TEJNbHO, U CHIKEHHSI 00OpPOTOB Bajla Hacoca HEOOXOAMMO BBECTH peaykTop. bomee
TOTO, JUIsl yIpaBJieHUs 000pOTaMHU MacCIsTHOTO HAacoca BO3HUKAET HEOOXOIUMOCTH HC-
M0JIb30BaTh JHO0 KOPOOKY OTOOpa MOIIHOCTH, YTO CHUJIBHO YCIIOXKHSIET KOHCTPYKIIHIO,
100 IIEKTPOABUTATEIIb, UTO CO3/IAET PsI/I CIIOKHOCTEH, CBSI3aHHBIX C HCTOYHUKOM MHUTa-
HUS U cioco0oM noABoAa Macia K y3nam JIBC npu 3amycke.

OOBEMHBIN pacxoa Macia coryacHo [21] 3aBUCHT B MepBYIO ouepeapb OT KOJude-
CTBa TeIuia, KoTopoe Heo0xoauMo oTBecTH 0T JIBC. MuHuMaibHOE M MAKCUMAJIbHOE KO-
JUYECTBO OTBOJAMMOIO TEIJIa MOTYT pa3nuydarbes B 4 u Oonee pas3a, 4To JaeT MIUPOKYIO
HACTPOEUHYIO XapaKTEPUCTUKY JIJIsl ONITUMU3ALIMHU, HO IIPU 3TOM MOXET IIPUBECTH K 3Ha-
YUTEITbHOMY YCIOKHEHUIO KOHCTPYKIUU.

[lepeman maBieHust Maciia Ha BXOJIE M HAa BBIXOJIE M3 MACIISTHOTO Hacoca B TIEPBYIO
ouepe.b OINpeeNseTCs JaBJICHUEM Macia Ha BBIXO/IE, TaK KaK JaBJICHHE Maciia Ha BXOJIE
B HACOC B MIEPBOM MPHUOIMKEHUH MOYKHO CUHMTATh MOCTOSHHBIM M PaBHBIM aTMmocdep-
HOMY JaBlieHHI0. B To ke BpeMs MUHHMAalIbHOE JaBJICHHE Ha BBIXOJIE M3 MACISHOTO
Hacoca OyJeT 3aBUCETh OT T'MAPABIMUYECKUX MOTEPh MPH MOABOJE Macja K MoTpeduTe-
J5IM, @ MAaKCUMaJIbHOE JaBJIEHUE JOJKHO OBITh MOJI0OpaHO TaKUM OO0pa3oM, 4TOObI HE
IPOUCXOAMIIN YTEUKU Maciia 4Yepe3 CAIbHUKU U MaH>KEThl YIUIOTHEHUH, 1 Maclio He T0-
najano B kKamepy cropanus. OTHOIIEHHE MKy JBYMsI 9TUMHU BETMYMHAMU MOXKET pas-
au4aThes 00JbIle, 4eM B 3 pasa.

[Ipoananu3upoBaB yka3aHHbIE BbIIIE OOCTOATEIBCTBA, MOKHO CAENATh BHIBOJ, UTO
HanboJee MePCIIEeKTUBHBIM ITyTEM BBITJISAUT YIPABICHUE CTEIIEHBIO MOBBILICHHUS JIaBJie-
HUSl B MacJISTHOM HAacoce, TOCKOJIbKY JaHHBIM MOJXOJ JOJKEH 00eCleuYuTh HE TOJIBKO
CHIDKEHUE MEXaHWYECKUX MOTEepPh ABUTATENsl, HO U 00Jiee BBICOKYIO 3KOJOTUYHOCTH 32
CUeT COKpaIlleH!sI KOJTMYEeCTBA Maciia, MPOHUKAOIIEro B kKaMmepy cropanus. K Tomy xe,
0oJiee HU3KO€ YUCIIO COOTHOUICHUSI MUHUMAaJIbHOW BETUYMHBI K MAKCUMAJIbHOMY 3Haye-
HUIO JIABJICHHs Macjia, 4YeM y aHAJIOTMYHOTO COOTHOUIICHHSI TI0 OOBEMHOMY PacXoiy

MacJiia, KOHCTPYKTHUBHO OyJieT 0oJjiee MpOoCTO pean30BaTh.
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Onupasich Ha NEPCHEKTUBBI IPUMEHEHUSI MaCIsTHOTO HAacoca ¢ peryaupyeMoi mpo-
U3BOJAUTEIBLHOCTHIO U BOBMOXKHYIO BBITOJy OT €TI0 MPUMEHEHHUS JIJI1 MUHUMU3AINU Me-
XaHU4eCcKuX noreps B ucciaeayemom JIBC ObLIM MpoBeEHBI SKCIIEPUMEHTAIbHBIE CTECH-
JTIOBBIE UCCIIEIOBAHUS

1) ITpoBeneHbl 6€3MOTOPHBIE CTEHIOBBIE UCTIBITAHUS TEKYIIIETO BapUaHTa MACIs-
HOT'O Hacoca IMEeCTEPEHYaTOro TUIIA.

CxeMa cTeHfa 11 UCIIBITaHUSI MACISTHBIX HACOCOB MpeCTaBieHa Ha pucyHke 70.

5 6 7 8 9 10

14

Pucynox 70 — Cxema cTeHma 15 IPOBEICHUS UCITBITAHUN HACOCOB!
1 - ucnbITBHIBa€MBIN HacoC; 2 - MOTOP-BECHI; 3 — yactotoMep; 4, 5, 7 — manomeTtp; 7, 11,
15 — xpan; 6 — apoccens; 9 — pacxogomep; 10 — Tepmoperynsatop; 12 - npegoxpanu-

TeJIBHBIN KianaH Hacoca; 13 — anekTpoHarpeBatelnb; 14 - 6ak

KoHcTpykius cTeHa o0ecreunBact:

- punbTparuio Maciaa ¢ TOHKOCTBIO OTCeBa YacTull 6osiee 80 MKM;

- PETYJIUPOBKY U MOJICpKAHUE TEMIIEpATyphl Maciia B quamnaszone ot mitoc 30 10
mtroc 90 °C;

- PETYJIMPOBKY MPOTUBOIABJICHHS Ha BBIXOJIE U3 HACOCA;

- PEryJIMPOBKY pa3psiKEHUS HAa BXOJIE B HACOC;
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- U3MEPEHUE JIaBJICHUS HAa BXOJE U Ha BBIXOJIC U3 HACOCA;

- U3MEPEHUE pacxoja Maca;

- BpalllcHUE BAJIMKA BEAYIIMX IIECTEPEH C 4acTOTou oT 15 10 75 ct (o1 900 mo
4500 mun?).

HcnpiTanus Hacoca Mpou3BeieHa C UCIIOIB30BAHUEM C UCIIOJIB30BaHUEM MOTOP-
Horo Macia SW-30.

[TorpemHocTh U3MEPEHUS TAPAMETPOB MIPHU ONPEICTICHUH MOJIa4y U Hayaja OT-
KpBITHA KJ1anaHa - He 6osee =1 %.

[TorpemHOCTh M3MEPEHUS YACTOTHI BpallleHUus — He 06osee 1 % npu HOMUHAIBHOU
4acTOTE BpallleHUs Bajia Hacoca.

ITo pe3ynbpTaTam CTEHI0OBBIX O€3MOTOPHBIX UCIIBITAHU C(hopMHUpOBaHa TpeOyemast
3aBUCUMOCTh U3MEHEHUS N30BITOYHOTO JIABJICHUS Maciia Ha BBIXO/JIC U3 HacOca MePEMEH-
HOM IIPOU3BOJUTEILHOCTH B CPABHEHUH C AaHAJIOTUYHOMN XapaKTEPUCTUKOM Jj1s1 6a30BOT0O

nrectepéHuaToro Hacoca (pucyHok 71) [76].

P, dap

45

00 Foo EDO 200 100 1 30 1200 1300 1400 1500 1600 1700 1800 1200
E . x “ : * 7, MHEH!

Baz0ERIH MACTAHLE HACOC ODOCTOAHHOH MPOHIEOIHTENEHOCTH

------- ONHITHEIH MACTIAHEEH HACOC PETVIHPYEMOH NPOHAEOIHTEIEHOCTH

Pucynok 71 — CpaBHUTEIBHBIN aHATU3 U3MEHEHUS U30BITOYHOTO JABJICHUS HA BBIXO/IE

13 0a30BOr0 MacsSHOIO Hacoca 1 PETYINPYEMOro MacCJIIHOT'O HaCOoCa.
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CoriacHo cripaBOYHBIM JaHHBIM, ITPEJICTABICHHBIM Ha puCyHKe 72 [5] Gonee a¢-
(GeKTUBHO ympaBisisi 00bEMHBIM PACcX0JIOM Macjia MOXKHO JOOUTHCS COKpAIICHHS MeXa-
HUYECKUX IIOTEPh Ha IPUBOJ HACOCA, TAK KAK 3a CYET MUHUMU3ALUU YBEIUYCHUSA I10
HEOOXOMMOCTH 00BEMHOTO pacxoa MOKHO 3HAUNTEIBHO CHU3UTh BEJTMUYHUHY N30BITOY-
HOTO JIaBJICHUs Macja Ha BBIXOJIE U3 MACIIHOTO Hacoca. OnUChIBAEMBIN MOAXO JOJKEH
MO3BOJIUTH MOAOOPATh TAaKHE AJITOPUTMbI YIPABJICHHUS MPOU3BOAUTENBHOCTBIO HAcoca,
KOTOPBIE CMOTYT OOECIIEUUTh HAJIEKHYIO MMOJavy Maciya JJi1 CMa3bIBaHMS y3JI0B JBUTA-
TeNsl, HEOOXOAUMBIA OTBOJ TEIJIa OT 3JIEMEHTOB JIBUTATENs OXJIAKIAEMBIX MAacioM,
IIPEAOTBPATUTh MOBBIIIEHHBIM PACXO/] MAciia Ha yrap Npu MUHUMAJbHBIX 3aTpaTax Me-

XaHUYECKOU OHCPI'MH Ha IIPHUBOJ HACOCaA.

d{, A/MUN

I l
n=1500 od/MuwH

n-l-*f 2000/Mun

d g2 Q4 Mo
Hidsrmouwoe dalbrewuve

Pucynok 72 — XapakTepucTrKa MaciIsIHOTO Hacoca.

[Ipoananu3upoBaB 3aKOH U3MEHEHHUSI U30BITOYHOTO JIABJICHUS Maciia JiJisi HACOCOB
C TIOCTOSTHHOM M PETYIHPYEMO MPOU3BOAUTEIHLHOCTHIO, OB CPOPMHUPOBAH CIIEAYIO-
II1€ BHIBOJI: BO3MOJKHA PeaM3alisl CHIKEHUS U30BITOYHOTO JaBJICHUS Macja Ha HOMHU-
HaJIBHBIX 000POTaX MPUMEPHO Ha YeTBepTh. CHIDKCHHE BEIMUUHBI N30BITOYHOTO JIaBIie-
HUS HA COTJIaCHO HACTOCUHOM XapaKTEpHUCTUKE MIMOEpHOTO Hacoca (PUCYHOK 72) BeAeT

K YBEJIMUECHHUIO 00BEMHOTO pacxo/ia macia nmpumepHo Ha 5-10%. B pesynbraTe cormmacuo
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dopmyie (26) mpoOTHO3UPYEMOE CHIDKEHHUE 3aTpaT MEXaHHMYEeCKON SHEPTHH HA MPHUBO
MAacCJISTHOTO Hacoca Ha BBIOPAHHOM pexXUMe JBUTATeNst cocTaBUT mpuMepHOo 20%.

2) CdopmupoBaHbl TpeOOBaHUS, OpraHU30BaHa pa3paboTKa W ajamnTaius B CO-
craBe 6azoBoro ausenbHOro apurareiis KAMA3-910, a Takike U3rOTOBJICHUE OIBITHOTO

O6p&3112l MacCJIIHOI'O HaCcocCa HCpGMGHHOﬁ IMPOU3BOAUTCIIBHOCTH I]II/I6CpHOFO THIIA (pI/ICY-

HOK 73).

Pucynok 73 — OnbITHBIN 00pasel] Hacoca NEPEMEHHON MPOU3BOAUTEIILHOCTH IHOEp-

HOI'O THIIa

3) [IpoBeaceHBI CTEHIOBBIC 0€3MOTOPHBIC UCITBITAHUS OMBITHOTO OOpasiia Macis-
HOTO Hacoca.

HcnpiTanus TpOBOIMIIUCH TI0 CIICAYIONMICH METOIUKE:

- HacOC YCTAHOBJICH M 3aKpeIUICH Ha CTCHJIC,

- TeMIiepaTypa Macia joBeneHa jo (85 = 5) °C;

- MpoBeieHa 00KaTKa Hacoca B TEUCHUE 2 MUHYT;

- OTIpeJIeIICHa BEJIMYHMHA T10/1a4X Hacoca ¢ IMOBOAOM YIIPABJISIONICTO AaBICHUS 1
0e3 Hero;

- OIIpEAaciICHA IMPUBOJHAS MOIITHOCTH HACOCA.
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[lo pesynbraraM ucnbpITaHUN ObUTA MOATBEpXKAECHA TpeOyemas MPOU3BOAUTEIb-
HOCTb MacJsTHOI'O Hacoca, IPU 3TOM 3aTpaThl Ha MPUBOJ] HACOCA COCTAaBMIIM nopsika 3,0
kBT, uyto Ha 20% HMKe 3aTpaT Ha NpUBOJ 0A30BOT0 MIECTEPEHYATOTO HACOCA.

Jlanee, yautbiBas nsnokeHHbIe B [1aBe | TeHIEHIIUN pa3BUTHSI CUCTEM OXJIaXKIe-
HUS, TPOBEACHBI CIIETYIONINE SKCTIEPUMEHTAIbHBIE NCCIICA0BAHUS:

1) UcnpITanust 1o OMPEIeICHNI0 ONITUMAIIBHON TEMITePaTypPhl UCCIIEAYEMOTO JBH-
raTe’s.

Ilenb ucnplTaHuil - onpeaeneHus BausHusA temnepaTtypsl OXK Ha mapameTpsl pa-
601s1 6a3oBoro aBurarenss KAMA3-910 npu pa3nuyuHbIX peXuMax ero SKCIUTyaTalim.

HcneiTtanus IMPOBOAUJINCH HAa CTCHAC UCIIbITAHUA I[BHF&TGJ'IGIZ (MOTOpHOM CTGHIIG)

Pucynox 74 — VcnipITaTeIbHBIN CTEH]T C yCTaHOBIEHHBIM aBurateieM KAMA3-910
IIpu ucnbITaHUSIX HAa MOTOPHOM CTEHJI€ ONPEACIIIMChH CICAYIOIIME MTapaMeTPhI
JIBUTQTEJIS:
— 3¢ dexTuBHAs MOUTHOCTB, KBT (J1.C.);
1.
— yacToTa BpauleHus kosneHuaroro Bana (KB), mun;
— pacxo]1 TOIJIMBA, KI/4;

— pacxox OX uepes nBurarens, J/c;

—remriepatypa OX Ha BbIX0jie U3 TepMOCTaTHON KOpoOkH, °C;
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— 3Ha4YeHus naryuka temrepaTtypbl OXK (35IeKTpOHHOI cucTeMbl yipaBieHus), °C;

— BBIOPOCHI BPEIHBIX BEIIECTB ¢ 0TpadoTaBmnMu razamu (OI'), BBIOPOCHI OKCUIOB
azota (NOx), yrineBoaopoioB (THC) u okucu yriepoga (COL), ppm.

Hcnbrtanus npooawirch no BCX, a Takke Harpy304HbIM XapaKTEPUCTHKAM Ha
3HaueHusAxX Temreparypsl OX Ha Bbixone u3 asurarens 80, 95, 107 °C. Ilpu stom Ha
KQKJIOM 3HAYEHUHM TEMIIepaTypbl UCIBITAHUS OCYIIECTBISUIMCH JUIsl YACTOT BpALICHUS
KB 900, 1000, 1100, 1200, 1300, 1400, 1500, 1600, 1700, 1800 1 1900 mMun.

[To pe3ynbprataM HMcciaeaOBaHUM MOJIYYEHbI 3HAYEHMs pacxojia TOIMBa (KI/4) B
3aBHCHUMOCTH OT 4acToThl BpameHusi KB npu paznnunsix temneparypax OXK (tabmuia
20).

Tabnuna 20 — Pacxon TtomnuBa (Kr/4) B 3aBUCMMOCTU OT 4acToThl BpamieHuss KB npu

pas3nnuHbIX Temieparypax OXK

N, MHE" 900 1000 1100 1200 1300 1400
N, xBT 181 227 270 310 346 366
80 | 3531479 4253508 49.81697 56,55508 64,51805 69,3112
u‘ 95 | 3508643 42 56378 4967321 56,36062 62,13741 67,6304
2 107 | 3534745 42 63278 49 54107 56.11041 6380360 6749333
N, MHE 1300 1600 1700 1800 1900
N, xBT 382 389 395 400 401
80 744 75,149 17, 78.8 80,33812
u‘ 95 7205701 75.90076 76,60444 78,5658 80,24185
~ 107 72 22607 75,12914 76,96249 18,51487 79.94508

N3 rpadgukoB Ha pUCyHKE /5 BUAHO, 4TO ¢ pocToM TemrepaTypbl OXK ymeHnbiia-
€TCsl pacxo/ TOTUIMBA MPU OJHUX U TEX K€ YacTOTax BPAIICHUS KOJEHYATOIO Baja JBHU-
rarensa. C pocTOM 4acTOTHI BPAIICHUS 9Ta TCHACHIINS CTAHOBUTCS 00JIE€ 3aMETHOM, 0CO-
6enno B quamnazone ot 1200 mo 1700 mua. [TouTn Ha BceM Auana3zoHe 4acToT BpAILICHUS
xoseHgaToro Bana ot 900 go 1900 mun™ nmpu Temneparype OX or 95 °C umeer mecTo
OBITh HAUMEHBITUHN pacxo] ToruBa. CpaBHEHHE TEMIIEPATypPHBIX PEKUMOB JTBUTATEIIS
MOKa3bIBaET, uTo npu nepexoje remmeparypsl OX ¢ 80 Ha 95 °C, MOKHO OITYyUUTH CPE/I-

HIOIO0 9KOHOMHUIO ToruiuBa B 0,96%, a mpu niepexoje ¢ 80 Ha 107 °C — 0,79% skoHOMUU.
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Hcnonn3oBanue AJIrOpuTMOB pa6OTBI QJICKTPUICCKOI'O HACOCA I IMMOAACPKAHUA 3a1dH-

HOM TeMIepaTyphl Ha KKIBIX 000pOTax JABUraTENsI MOXKET JaTh SKoHOMHIO B 1,18%.
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PI/ICYHOK 75 — Fpa(I)HK 3adBUCHUMOCTH 4aCOBOI'O pacxoJa TOIIMBA OT 4aCTOTLI BpAaIllCHUA

KoJieHuaToro Bayia npu temneparype OXK 80, 95, 107 °C

Onpez:eneHbl IIOKA3aTCJIK pacXxoJa TOIIIMBA B 3dBUCHUMOCTH OT HAI'Py3KH HAa ABHU-

TaTciiC U TCMIICPATYypPhI oxnaxcz(a}omeﬁ KHUAKOCTH IIPHU 9aCTOTAaX BpalllCHUSA KOJICHYATOIO

1300, 1900 mun (pucynxu 76 u 77).
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WameHeHune pacxopga tonamea AG, Kria

Harpyska Ha geuratene, %

e A3MEHEHWE PACX0A3 TOMIMEE NPK pocTe Tom ¢ 80 Ao 90 °C

=== {3meHeH1e pacxoda TonAMsa npu pecre Tom ¢ 90 go 100 °C

Pucynoxk 76 — I'padku 3aBHCHMOCTH U3MEHEHUS PacxXo/1a TOIUIMBA OT HArpy3KH IPH

n3menennu Temmnepatypsl OXK mpu yacrore Bpamenus 1300 mun
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e AZMEHEHWME PACXO 43 TOMAWES NPMW pocTe Tox ¢ 80 go 90 °C

== [1apmeHeHMe pacxoAa TONAMES NpK pocTe Tox ¢ 90 go 100 °C

Pucynoxk 77 — I'padviku 3aBUCUMOCTH U3MEHEHUS pacxo/a TOIUIMBA OT HArpy3KHu MpH

n3menenny Temmnepatypsl OXK mpu gacrore Bpamenuns 1900 mun

Ha ocHOBaHMM TOJTy4EHHBIX JAHHBIX, ObUT paCCUMTaH MPOIEHT SKOHOMHUU Ha Ya-
-1
croTax BpauieHus kosieH4aToro Bana 1300 u 1900 mMue™ nipy moanep;kaHuu TeMIiepa-
Typbl OX Ha 100 °C, o cpasaenuto ¢ 90 °C. I'paduk npeacTaBieH Ha pucyHke 78.
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Pucynox 78 — IlporieHT 5KOHOMUH TOILTMBA TIPH HojAepkanuu Temiepatypbl OXK

100 °C no cpaBuenuto ¢ 90 °C
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OnpeneneHbl onTuManbHbIe TemiepaTypsl OXK B 3aBUCUMOCTH OT pekUMa paOOThI
nBurarens (Tadnmma 21).

Tabnuna 21 — Ontumanbsabie Temnepatypbl OXK B 3aBUCUMOCTH OT peskuMa padoThI

JIBUTATEI
Ontamanerad Temnepatypa O, °C (mpm ooopotax KB, MHH'I}
Harpysga. %
<1300 = 1300
<40 95 100
40-70 100 95
=70 100 100

CornacHo MPOBEAECHHBIM UCCIICIOBAHUSM, MOJIJIEPKAaHNE ONTUMAILHOW TeMIiepa-
TYpPBI COTJIACHO 3HAYCHUSAM Ta0suIle 21, MO3BOJIMT COKPATUTh PacXo/ TOIIMBA Ha 3HAYE-
Hus ot 0,5 110 2,5 % B 3aBUCUMOCTH OT peKruMa paboThl aBurarens. [loaydeHHbIe TaHHBIC
OBUIM KCIOJB30BaHbI JI1 pa3pabOTKU 3JIEKTPUUECKOTO BOJSHOIO Hacoca U HACTPOUKHU
aJITOPUTMOB €T0 yIIPaBJICHMUS.

2) IloaroToBieHbl TEXHUYECKHE TPeOOBaHMS, pa3paboTaHa KOHCTPYKIIUS OIIbIT-
HOTO o0pasiia AIEKTPUUYECKOr0 BOJSHOIO HAcocCa, aJlalTUPOBAHHAs MOJI YCTAHOBKY Ha
nsurareab KAMA3-910. M3roTosiieH onbITHBIN 00pa3el] Hacoca (PUCYHOK 79).

HomunannbHass MOIIHOCTH ONBITHOTO BOJSHOTO Hacoca — 5 kBT, HOMHHaJIBHOE

HanpsbkeHue — 48B.

Pucynok 79 — KoMImoHOBKa ONBITHOTO JIEKTPUYECKOTO BOJSHOIO Hacoca
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3) IIpoBeneHbl 6€3MOTOPHBIE HCITBITAHUS OMBITHOTO 00Pa3Iia AIEKTPHIECKOTO BO-
JITHOTO Hacoca Ha MPOJMBOYHOM CTEHJIE, & TAK)XKE CTEHJOBbIE MOTOPHBIE UCIIBITAHUS .

[enu npoBeneHnss 6€3MOTOPHBIX UCTIBITAHUM Ha TIPOJMBOYHOM CTEHJIC:

1) mpoBepKa KOHCTPYKIHUH OMBITHOTO 3JIEKTPUYECKOIO >KMAKOCTHOIO Hacoca Ha
TePMETUYHOCTD;

2) nmpoBepKa MaKCHUMaJIbHO BbIJJABAEMOIl MOIIHOCTU OMNBITHOTO 3JIEKTPUYECKOTO
JKHIKOCTHOT'O HAcOCa;

3) onpenenenue 3aBucuMocTu pacxoaa OXK ot mogaBaeMoro HanpsHKEHUS Ha dJIeK-
TPUYECKUH KUIKOCTHBIN HAcOC.

IIpu ucnibITaHUSAX HA MPOJUBOYHOM CTEHJI€ TPOBOIMIIACH TPOBEPKA HA T€pPMETHY-
HOCTb U Pab0TOCIIOCOOHOCTh, (PUKCUPOBAIKCH CICAYIOIINE TTapaMeTPhl JIEKTPHIECKOTO
JKHIKOCTHOT'O Hacoca:

— 4acTOTa BPaIlleHUs KPBUIbYATKU HACOCA, MUH

— pacxox OX G, n/muH;

— IaBJeHue Ha BXoJie P2 1 BbIxojie P1 3JIeKTpUUECKOTO XKUAKOCTHOTO Hacoca, Kl1a;

— 3HAYCHME YIPaBIISIONIEro HampsbkeHus U, mojgaBaeMoro Ha 3JICKTPUUYCCKHI
JKMJIKOCTHBIM Hacoc, B;

— 3HAYEHUS IEKTPUUECKOM MOITHOCTU P, moTpebiisiembie HacocoMm, BT.

JlaHHBIE CHUMAJIKCh C OJIOKA YIIPABJICHUS JIEKTPUUECKOTO KUIKOCTHOTO Hacoca.

AHalu3 pe3yJbTaToB 0€3MOTOPHBIX MOKA3BIBAET, UTO XapaKTEPUCTUKHU DIICKTPUYIEC-
CKOT'0 KHJKOCTHOTO Hacoca HE YCTYIAeT XapaKTepUCTUKAM IITATHOTO BOASHOI'O Hacoca,
U JJaXKe TIPEBOCXOJIAT:

— Ha yactote Bpamienus 1500 MUH ! 10 3HAYCHUI pacxoma OX 200 n/muH;

— Ha yactoTe BpaieHus 2200 MUH ! OT 3HAYCHUIA pacxoma OX 200 n/muH;

— Ha 4acToTte BpaieHus 3373 MUH! 10 3HAYCHUI pacxoaa OX 500 n/mMun

JI1s1 OLICHKM BO3MO’KHOCTEHN AJIEKTPUUYECKOTO KUIKOCTHOTO HAcoca, Ha HCIHbITa-
TEIBHOM CTeHJE ObL1 Mcnoiib3oBaH EBpomerickuii Tpansuentusiii [uxka (ETC) [63].
JlaHHBIN ITUKIT TTOJpa3yMeBaeT UCTILITAHUE JIBUTATENS U OLICHKY IMapaMETPOB €0 padOThI

B U3MEHSIOMUXCs yenoBusix npmkenus. ETL Bkirouaet B ce0s TOpOICKOM, CMETIaHHbIN
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¥ 3aTOpOJHBINA HUKIBL. [1o pe3ynpTaTaM MOTOPHBIX UCTIBITAHUI 000POTHI HACOCA C JJICK-
TPUYECKUM MPUBOJOM MMEIOT MEHbIIIEEe 3HaUEHUE BO BceM nuarnas3one nukiaa ETC (pu-

CYHOK 80), 4 3HA4YUT, HACOC HOTp€6J'I}I€T MCHbBIIC DHCPIUU HA IICPCKAYUBAHUC JKUIAKOCTH.

20007
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Pucynox 80 — CpaBHeHHE pabounx 000POTOB BOJISTHOTO HACOCa C MEXaHWUYECKHUM TIPH-

BOJIOM M 3JICKTPHUECKOT0 BOJIsTHOTO Hacoca (muki ETC)

W3 nosty4eHHBIX B XO/€ UCCIEI0BAHUIA JAHHBIX OBLIIO CAEIAHO CIAEAYIOIIEE 3aKII0-
YEeHHE: MOILHOCTb, 3aTpaueHHas IIOMIIOH € 3JIEKTPUUYECKUM IIPUBOJIOM, 32 BpeMSs pabOThI
ETC mukia cocrabuna 1199 BT, a ¢ MexannueckuM ripuBojioM — 4724 Bt, Takum oOpa-
30M, TIOMIIA € 3JIEKTPUUYECKUM MPUBOAOM MOTpedsieT B 3,9 pa3 menblie sueprun. Kpome
TOT0, OTMEUEHO OoJiee cTabuiibHOE noaaepkanue Temnepatypsl OXK mpu pe3ko MeHsto-
mmxcst 00opoTax JBHUraressi U Harpyske: cpennee otkiioHeHue — 0,22 °C y nmomisl ¢

ANEKTPpUYECKUM ITpUBOAOM U 1,18 °C y moMmsl ¢ MEXaHUYECKUM MPUBOJOM.

3.3. [IpumeHeHue IHepProcoeperalumux MOTOPHBIX MaceJ

3amada pa3paboTku/mogdoopa MOTOPHOTO Macjia M MOBBIMICHUS ()PEKTUBHOCTH
npolecca CMasKu TpeOyeT BCeOObEMITIONIETO 3HAHUS XapaKTEPUCTHK PEKUMOB CMa3KH

JUISL UCCIEAYEMBIX JIEMEHTOB Aetaien. [Ipupona nmorepp Bo Beex cityvasx pasHas. [loa-
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JIep’KUBAaEMbIe 00JIACTHIO TPUOOJIOTUU PEXUMBI CMA3KH, KaK MPaBUIIO, KIACCUPUIUPY-
IOTCS] THIIMYHOU Xapaktepuctuiaeckoi kpusoii [lITpudeka [107]. Ha pucynke 81 nzobpa-
KEHbl OCHOBHBIC KOMIIOHEHTHI IBHUTaTels, padoTalollfe MNpu Pa3IUyHbIX pPeKUMax

CMa3KH, HaUWHAasE OT TPAHUYHOTO JI0 PSKAMa THIPOIMHAMUYECKOr cMasku [92].

MpaHu4Han CmewaHHan MMapoguHamu4ecKas
cMmasKa cMmasKa cMasHa
MogwrunHUKK
-

MopwHeBble KoAbLA
-

| \J
TonkaTtenb KnanaHa

L o

Koaghpuyuenm mpeHus u

>

ﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁ

Pucynox 81 — Kpusas LlITpuGeka, mokaspiBaromiasi KOMIOHEHTBI JBUTATEINSI MIPU pa3-

JIMYHBIX PEKUMaX CMa3Ku

Kak nokazano Ha pucynke 81, ToikaTenp KianaHa paboTaeT IpeUMYIIECTBEHHO B
TPaHUYHOM PEXKMME, ITPU KOTOPOM MAcCIIsIHAsI IUICHKA TOHKAas W Harpy3ka MOJJIepKUBa-
eTCsl TJIaBHBIM 00pa30M MJIM MOJIHOCThIO KOHTAaKTOM HepoBHOCTH. [loammnuuky 1Bura-
TeJsl padoTa0T B THAPOAMHAMUUYECKOM PEKUME, TJI€ CMA304HAs INIEHKA IOCTATOYHO TOJI-
cTas AJid MOJACPKKH HArpy30K, U KOHTAKT HEPOBHOCTH MpeHeOpexumMo Mall. B To xe
BpeMsl MOPILHEBbIE KOJbIa padoTaloT B 000MX pEKUMax: FHAPOJIUHAMUYECKOM U CMe-
HIEHHOM, 3aHUMasl IEPEXOTHON PEKUM MEXKIY IBYMS YIIOMSHYTBIMH PEKUMAaMU CMa3KH,
YTO OTHOCHUTCS K YCJIOBHSIM, IIPU KOTOPBIX HAarpy3ka IMOIJEP>KUBACTCS U CMA30YHOMN
IIJIEHKOW, U KOHTAaKTOM HEPOBHOCTH. ICXOa5 U3 3TOr0 BO3MOKHOCTH 110 CHUYKEHHIO Tpe-
HUS UCCJIEAYEMbIX KOMIIOHEHTOB AeTallel ABuratens OyayT pa3nuunbiMu. U, cooTBeT-
CTBEHHO, dHEprocoeperapolye CBOMCTBa Macia HAJJIEKHUT «IIPOrpaMMHUPOBAThY C yde-

TOM PEKHUMOB €ro pabO0ThI B KAKI0W KOHKPETHOU IPYIIEe KOMIIOHEHTOB.
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Haubonee pacnpocTpaHeHHON BSI3KOCTBIO AJISi COBPEMEHHBIX TSIKEIBIX aBTOMO-
OWJIBHBIX nAu3enel sBisieTcs BA3KocTh SW-30 (ucxost U3 yCIIOBHl XOJIOJHOTO MyCKa) U
10W-40 (kxax yHHUBEpcaJlbHOE BCECE30HHOE Macjo). Macia Takoi BSI3KOCTBIO €CTh U B
nepevHe JOMYIICHHBIX s uccaemxyemoro nsurareinst KAMA3-910 [33].

C TOUKM 3peHUs YMEHBIICHUSI TOTEPU MOIIHOCTU HAa TPEHUE HAMIYUYIIMMHU Mac-
JamMu OyAyT Macjia ¢ HaUMEHBIIEH BA3KOCTHIO, TaK Ha3bIBaeMble YHEProcOeperaromie
macia. CIKOHOMUTH Ha MOLTHOCTH TPEHHSI MOKHO, YIPABISSA IBYMS IapaMeTpaMu MO-
TOpPHOTO Macjia. Bo-mepBbIX, BI3KOCTHBIMU CBOMCTBAMU Macja B >KMJIKOCTHOM (THUIPO-
JTUHAMUAYECKOM) PEKHUME; BO-BTOPBIX — €r0 «IIPABMWIHBHBIMY TIOBEJICHUEM B TPAHUIHOM U
CMEILIaHHOM pEeXHMaXx.

He6omnb1110r0 CHUXKEHMSI BA3KOCTH OBIBAET 1OCTATOYHO, YTOOBI YMEHBIIUTH TPEHHUE
B KUJKOCTHOM PEXHMME CMa3Kd — HampuMep, B MOAIIMITHUKAX U B IMJIMHAPAX, KOTJa
NOpIIEHb HaOUPAET CKOPOCTh IOCJE MPOXOXKJIEHUS BepXHeW MmepTBoi Touku. Kpome
TOTO, B dHEprocOeperaroime Macia J00aBIAI0TCs 3arymarone npucaaku. biaaromaps
0COOBIM CBOMCTBAM MX MAaKpOMOJIEKYJ BA3KOCTh Maciia 3aBHCUT HE TOJIBKO OT TeMIIepa-
TypbI, HO U OT TaK Ha3bIBAEMOT0 TPaJMEHTa CKOPOCTHU c/BUra. B urore, cBoiicTBa macia
B 3230p€ CTAHOBSTCS YIPABIIEMBIMU: TIPYU YMEHBIICHUH CKOPOCTHU ABMXKCHUS TPYIICHCS
MOBEPXHOCTHU (HAMpUMeEp, MOPIIHS B IIJIUHJPE) BSI3KOCTh BO3PACTAET, a MPHU yBelIUYe-
HUM — naaaer. UtoOwl noBbICUTH 3(PpPexkTuBHOCTH padoThl Aetanei [IBC B rpaHnyHOM
pEeXHUME CMa3KH, B Macjio JOOABISIOT 0COObIE PUCATIKU — MOAU(PUKATOPHI TpeHust. OHU
aJIcOpONPYIOTCS Ha METAUIMYECKHUX MOBEPXHOCTAX, 00pa3yss HEKOe MoAo0ue 3IacTHy-
HOTO «BOpca». Ero crnoit nerko aedopmMupyercs B HANpaBICHUU IBUXKEHUS TOTO Ke
MOPIITHS, 3HAYUTENBHO CHIKAs KodpdurimeHt tpenusd. [loaromy BOmu3u BMT Takske co-
3JIAETCSl «PEXKUM IKOHOMUUY». MoAUPHUKATOPEl TPEHUSI TOMOTAlOT HECKOJIBKO CHU3UTH
NIOTEPHU U TPU CMEIIAHHOM PEKUME CMa3KH (B TIapaxX «KyJIadyoK — TOJIKATEIIbY).

Hcxoas U3 BBIMIECKA3aHHOTO, MOKHO OTMETUTH CIIEAYIOLUINE OCHOBHBIE IPEUMY-
IECTBA YHEPTOCOEPETAIONTNX MACEN:

- CHW)KCHHE TTOTEepPh Ha TPEHUE W, COOTBETCTBEHHO, MEXaHUYECKUX MTOTEPH;

- CHJKCHHUC pacXxoJa TOINIMBA, a TAKIKC TOKCUYHOCTH Or.
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OpnHako eCTh 1 MUHYCBI: HEJOCTATOYHAS TOJIIMHA MACJISHOTO KJIMHA HA PEKUMAaX
PE3KOr0 YCKOPEHUSI U BBICOKUX 00OPOTOB; CHIDKEHUE BSI3KOCTH MPUBOAUT K MOTEPE He-
CylIei crnocoOHOCTH Maca.

[TonGop sHeprocOeperaroiero MOTOPHOTO Maciia ¢ LENbI0 CHIKEHUE TPEHHS U
YMEHBILIEHUSI MEXaHUUYECKUX MOTEPh B JIBUraTelle UMEET BaXXHOE OIPAaHUYECHUE — HU3-
KO(QPUKIIMOHHBIE PEIICHUS HE IOJDKHBI BIUATH Ha HAJCKHOCTh CUCTEMBI, T.K. CHUKCHHE
BSA3KOCTH MaCKHPYET «IOBYIIKY OTHOCUTENbHO HafaexxHocT» [112, 130]. Kak mokazano
Ha pUCYHKe 82, Korja HaJeXKHOCTh U HU3KOE TPEHUE JOJIKHBI paCCMaTPUBATHCS OJIHO-
BPEMEHHO, K CO’KAJICHUIO, HE BCETIa HAXOAUTCS onTHMaibHoe pemenne [138]. B nannoi
paboTe rccnea0BaHa HaleKHOCTh KOHCTPYKLIMY MOIUIUITHUKA CKOJIBKEHUSI CO CTIUPaIIb-
HOW KaHaBKoW. Ha/exHOCTh MOJIIMITHUKOB 3aBUCUT IJIaBHBIM 00pa3oM OT KOJIMYECTBA
JKAJKOW IUICHKH, IMPUCYTCTBYIOIIEH MEKIYy MOBEPXHOCTIMU. ECIM COOTBETCTBYIOIIAS
CTEINEHb TOJIIMHBI IUIEHKH HE TOCTUTHYTA, 3TO MOKET IMOBJIEYb 3a COOON M3MEHEHHUS B
Kod(pduiireHTe TpeHUs U MOTEHIIMATbHBIE OTKa3bl B pabote (nedopMaius uim TuHaAMU-
yeckass HecTaOWIIbHOCTh). B uTore, HEOOXOAMMO MOAAEPKUBATH MUHUMAJIBHYIO TOJI-

IMUHY INICHKW Ha Oe301macHOM YPOBHC.
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Pucynox 82 — Toru mo paznmu4HbIM pexKuMaM CMa3Kd MOAMIUITHUKA CKOJIBKEHHUSI C

BO3MOXXHBIMH OTKa3aMH
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[Tpu BEIOOpE Macia HEOOXOAMMO YUUTHIBATh, YTO €r0 BA3KOCTh H3MEHSETCS B 3a-
BUCUMOCTH OT TEMIIEPATYpPhI: C MOHMKECHHEM TEMIIEPATyPhl BI3KOCTh YBEITHMUNBACTCS, a
C MOBBIIICHNEM — YMEHBIIIAETCS, IIPHYEM HHTCHCHBHOCTD U3MEHEHUSI ITUPOKO Pa3Jiu-
gaercs [60, 123]. Pucynok 83 wutrocTprpyeT BI3KOCTh pa3IMyHble MOTOPHBIX Macell
npu temmneparype -20°C.

BaskocTb pa3nuuubix Macen npu Temneparype -20 °C
0W-30 5W-30 10W-30 10W-40 15W-40

y N

Pucynox 83 — BA3KOCTh pa3u4HBIX MOTOPHBIX Macel mpu Temmeparype -20°C.

B pamMkax sKCnepuMEHTaIbHOTO UCCIIeI0BaHMsl, onrcanHoro B ['nase 1, Obia mo-
JydeHa OIleHKa BIIUSHUS TeMIepaTypbl MOTOPHOTO Maciia, IPOKAaYMBAaeMOro 4epes3 JIBU-
ratesb (yrnpaBlIeHHE TeMIepaTypol C MOMOIIBIO BHEIIHENW CUCTEMbl KOHIUIIMOHUPOBA-
HUS), HA MOITHOCTh MEXaHUYECKHUX MOTepb. Pe3ynpTaThl cleayrolire: Ha YaCTOTE Bpa-
mennsa 1900 MuH™ MOIIHOCTL MEXaHUUYECKHUX ITOTEPH ABUTATENIS ITPU TEMIIEPAType Macia
100°C HuKe MOUIHOCTHM MEXaHWYECKHX MOoTepb npu temmneparype macia 80 °C mpu-
MepHO Ha 3 KBT. (pucyHok 84). M3 mosydeHHBIX OMBITHBIX JaHHBIX MOYKHO C/IC/IaTh 3a-
KJIFOYECHHE O MOJYYEHUH TOTUIMBHOM 3KOHOMUYHOCTH 110 1,5...2,0% B CTEHAOBBIX yCIJO-

BHIX.
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PI/ICYHOK 84 — OI_ICHKa BJIMSTHUS TCMIICPATYPBI Macjia HAa MOIITHOCTh MCXaHUYCCKHUX I10-

TEPb ABUTaTCJIA

Jlanee ObUIM TIPOBENICHBI CPaBHUTEIBHBIE CTCHIOBBIC UCIIBITAHUS UCCIEIYyEMOTO
nsuraresis KAMA3-910 ¢ yeTbipbMs BappaHTaMU SHEProcOeperarnmx Maces, mpeio-
KeHHbIX KommaHuei «[ asnmpomuedTh». OeHKa MEXaHMUECKUX MOTEPh METOJIOM IPO-

-1
KPYTKHM B JIMaIia30HE 4acTOT BpalleHus kojeHyaToro Bana 600...2200 MuH™ mokazana
CHIDKEHHUE AaBiieHus1 Mmexanndeckux oT 10 1o 50 klla u cCHUKeHNnE MEXaHUYECKUX TTOTEPh

Ha 0.2...1.7 kBT (pucyHok 85).
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Pucynok 85 — MomHOCTh MEXaHUYECKHUX MOTEPh U JABJICHUE Macja IIPU 4acTOTe Bpa-

menns 2200 MuH! B 3aBUCHMOCTH OT TEMIIEPATYPHI VIS OIBITHBIX BAPUAHTOB SHEPIO-

cOeperaronmx Macesn

[TepecdeT moMydeHHBIX TAHHBIX B yleabHbIC d3()PEKTUBHBIC TTOKA3aTEIN MMOKA3bI-
BaeT CHIDKEHHE pacxojia TorummBa J10 0,5 r/kBT1-4. O1HaKo B X0/1€ CTCHAOBBIX UCITBITAHUN
CHI)KCHHE MUHIMAJIBHOTO yISITBHOTO Pacxo0/1a TOIUIMBA 0Ka3aI0Ch B paMKaX MOTPEITHO-
ctu creraoBoro obopynoBanus (0,1...0,15 r/kBt-4). D10 maeT moBoa MPEAIIOIOKHUTS,
TP HAJTMYHH TaBJICHUSI CTOpPaHUs (IaBJICHUS B IIUIMHAPE), MOJTYICHHOE CHIDKCHHE MOTII-
HOCTH MEXaHMYECKHUX IMOTEPh MPH UCTIOJIBb30BaHUHU YHEPTrocOeperaronmx MOTOPHBIX Ma-
CeJI METOZIOM MPOKPYTKH HUBeHpyeTcs. M3 uccnenoBanuii kommnanuu «AVLy» npume-
HEHUE MaJIOBSI3KOTO Macia cHuxkaeT g Ha 0,09 %, uro cocrasmnsier 0,17 r/kBt 4 npu-

MCPHO. Yto u IMOATBCPIKACHO BBIMNICOIIMCAHHBIMHA PC3YyJIbTaTaMU HCIIbITAHUM.

3.4. BrpIBOABI

B cooTBeTcTBUM CO MPUOPUTETHBIMU O0JACTAMH, COOPMUPOBAHHBIMH B XOJI€ UC-
CJIe/IOBaHUM MO pa3padOTaHHOUN SKCIEPUMEHTATBHON METOJUKE OIEHKH MEXaHUYECKUX

IMOTCPb, IIPOBCACH PAL PACUCTHBIX-OKCIICPUMCHTAJIbHBIX pa60T 110 CJICAYIOINUM I'PYIIIIaM
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uccienyemoro asuraressa: LI m KIIM, macnsassiii 1 BoAsSSHOW HACOCHL. [[omonHu-
TEJIbHO OLICHEHO BIIUSHUE MIPUMEHEHUSI SHEPTrocOEperaromx MOTOPHBIX Maces Ha Ypo-
BEHb MEXaHWYECKUX MOTEPh U TOTUIMBHYIO SKOHOMUYHOCTH uccieayemoro [IBC.

Ctoutr OTMETUTH, YTO MPUMEHEHUE THOPUAHOTO MOJXOJa (3aMEIECHUS YacTh
HaTYPHBIX UCTBITAHUN PacYeTHBIMHU HCCIEIOBAHUSIMU) IIPU UCCICIOBAHUM PA3TMYHBIX
TEXHUUYECKUX PEHICHUN MO CHUKEHUI0 MEXAHUYECKUX IMOTEePb MO3BOJIAIO COKPATUTH
BpeMs Ha 1MoAO0D, pa3pabOTKy pa3IMYHbBIX KOHIENTYaIbHBIX U KOHCTPYKTOPCKUX H3Me-
HEHUM, Ha IPOEKTUPOBaHUE U 10paboTky kommoHeHToB [IBC.

[Tomy4yeHHBIE pe3yabTaThI UCIOJIB30BAHBI I (POPMHUPOBAHUS KOMIUIEKCA HanOo-
nee 3G PEKTUBHBIX TEXHUYECCKUN PEIICHUN 110 CHIYKEHHIO MEXaHUUECKUX TTOTePh HCCIIe-

nyemoro JIBC.

I'masa 4. PASBPABOTKA KOMIIVIEKCA TEXHUYECKUX PEIIE-
HUM MO CHUKEHUIO MEXAHUYECKHUX MOTEPH JIBC U UX
TEOPETUUYECKHU-3KCIIEPUMEHTAJIbHBIA AHAJINU3

4.1. q)Ole/lpOBaHI/Ie KOMIIJICEKCA TEXHUYECCKHUX pemelmﬁ 10 CHH’KCHHIO MEXa-

HUYCCKHUX IIOTEPb

[IpoBeneH KOMIUIEKCHBIM aHAIU3 MEPCHEKTUBHBIX TEXHUYECKU PEIICHUN U TEH-
nennuit pazputus LI, KIIM, cucrem cMa3ku u oxnaxaeHus. DPpGheKTUBHOCTD peliie-
HUW B YaCTU CHUIKEHUSI MEXaHWYECKUX MOTEePh ObLJIO I0Ka3aHa PaCUETHBIMU U IKCIIEPH-
MEHTaJbHBIMU METOJIAMHU.

C uenplo NMpoBeJIeHUsI JaTbHEUIIINX PACUETHBIX M DKCIIEPUMEHTAJIBHBIX padOT MO
uccnenyemomy JIBC Tpebyetcs copmupoBaTh nakeT Hanbosee 3(pPEeKTUBHBIX pelle-
Huit. [Ipu BeIOOpE peniennii TpedyeTcst ydecTh cienytonue hakTophl:

- 3(deKT B CHIDKCHUU MEXaHUYECKHUX MOTEPh C YUETOM 3HAUUMOCTH/I0JIU B 00-
IIMX TTOTePsX;

- 3(peKT B CHIKEHHH Pacxo0jia TOTUINBA;
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- CJIOHOCTh, 00BEM U CTOUMOCTH JOPAOOTOK MPU BHEAPEHUH TOTO HIIK HHOTO Pe-
LICHUS.

Haubonee BecoMblil Bkiaa B OOIIME MOTEPU HAa TPEHHUE BHOCAT CIEIYIOIINE
IPYIIbI KOMIOHEHTOB:

3. Py = 0,34Pypr + 0,14Pyy + 0,17Pc + 0,14Pgo + 0,215, (27)

OO0t mepeyeHb TEXHUYECKUX PEIICHUI BBITVIIUT CICAYIOIUM 00pa3oM:

1) Pemenus o cHmwkeHuto notepp B LIIII': CHIYKEHHE BBICOTHI M CHITBI YIIPYTOCTH
MOPIITHEBHIX KOJIEIN, aHTU(DPUKITMOHHBIC TIOKPHITUS TIOPITHS U KOJICI, CHUKEHUE MaCChI
MOPIIHS, IE3aKCaX MOPIIHEBOrO Nayblla, I3AMEHEHHUE XOHA TUJIb3bl, TEPMOOAPhEPHBIE MO-
KPBITHS TIOPIITHS;

2) Pemenust o cHmwxkenuto notepb B KIIM: ne3zakcaxk kojieHBaja, yBEIUUYEHUE
X0/1a opiHs (yIJTUHEHUE IaTyHa), U3MEHEHUS CXeMa T0/1auu Macja K MOAINIUITHUKAM,
W3MCHEHHUE TeOMETPHH MTOAIIUITHUKOB, PUMEHECHHS TTOJTMMEPHBIX MTOAIIUITHIKOB, SHEP-
ro3@pexkTUBHOE YIUIOTHEHNE KOJIEHYATOro BaJia;

3) Pemenus mo noBeimenuto d¢pdextuBHoctd B CC: peryaupyeMblil MacIisiHbIN
HAcOC, TEPMOCTAT CUCTEMbI CMa3KH, SHEprocOeperaroue MOTOpHbIE Maca;

4) Pemenus o mnoBeimennio dddextuBHoctd B CO: perynupyembiii BOASHOM
Hacoc, ynpasisieMblid Tepmoctat CO.

OTnenbHO CTOUT OTMETHTHh BaXXHOCTh 00BheMa AOpabOTOK W MHBECTHIIMNA B U3Me-
HEHUE KOHCTPYKIMU apurarens. K mpumepy, mo utoraMm MpoBEACHHBIX PACUETHBIX UC-
cienoBaHui, 3pHEKT OT BHEIPEHUS 1€3aKCUAIBHOTO KOJICHYATOr0 Bajia cocTapisieT 10 1
r/kBT'4 ynenpHOTO pacxona TOIMJIMBA Ha BCEX pPEeKMMax paOOTHI IBUTATENs. Y UUTHIBAs
HEO0OXOMMOCTb U3MEHEHHS KIIFOUEBBIX KOMIIOHEHTOB JABUTATENs (OJIOK IUITUHIPOB, KO-
JIeHYaThld BaJl, MOPIIHEBAs M IIATyHHAas TPYMIbl), JAHHOE pPEIICHUE IeIeco00pa3Ho
TOJIBKO B CJIy4ae CO3JaHHsi HOBOTO JIBUTaTelIs.

C ydeToM BhIIIEyKa3aHHBIX (DAKTOPOB OblIa C(hOPMUPOBAHA KapTa peasiu3alluu pe-

HIeHui (prucyHok 86).
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YoenuqeHWe X003 NopwHA
Perynupyemeld MacnaHbBIA HAcoo
Jesaxcax NopWHEBCIo Nanbua

Tepmoperynipoeadme CC

Bruicorne HHBELTHLHA

IxeprocheperalowMe MOTOPHBIE Macna
Perynupyemsii Hacoc OM

AHTUGPHKUMOHHOE NOKPBITHE Ha NOpLUHE

W NP e W N e

MepemMmeHHBIA XOH NO BLICOTE MMAL3bI
UHAHMHAPE, 3Hepro3gerTHBHOE NOKPBITHE
9, MakeT NoOpWHeBBX KONEL C

ONTUMWIMPOBAHHBIM NpogHAEmM

CpegHHe HHBECTHLHH

10. BuicoHoTEMNERPATYPHLIA 0BNErYEHHBIRA
NopWeHe

11. JearkTHBaUHA UHMAHMHADOR

12. Brnagbiwn KB ¢ NOAMMEPHBIM NOKPBITHEM

13, [Oesaxkcam KONEHYATOro sBana

14. TepmobapbepHble NOKPLITUA NOPWHEH W

MakeT PisEHW A LR fHAb3

MEEAE LS8 HHT

HH3IHME HHBECTHLMH

15. JueporaddexTveHan madmera Tuna CASCO

16. KB C v3am. macnaHbIMH KaHanama

SR oo 1-2 rfwBr= Loge g 34 rfuBry ! Joge go 4-5 rfeBry
L]

Pucynoxk 86 — Kapra peanuzanuu penieHuii 1o CHUKEHUIO MEXaHUYECKUX TTOTEePh

s ucenegyemoro JIBC

B o01muit koMIieke o CHUKEHUI0 MEXaHUYeCKUX nmoteps uccieayemoro JIBC Bo-
UK CJICAYIOIINE TEXHUYECKUE PEIICHHUS:

1) Io rumuHAPO-TOPIIHEBOM TpyIe (pUCYHOK 87):

- TIOPILIEHb CTAIBHOW C AHTU(PPUKIMOHHBIM IPAPUTOBBIM MOKPHITHEM Ha I00KE C
M3MEHEHHOU BBICOTON KaHABOK MOJT ONIBITHBIC MOPITHEBBIE KOJIBIIA,

- BEpXHEE KOMIIPECCUOHHOE KOJIBIIO CTAJIBHOE, BEICOTOM 3 MM BMeCTO 3,5 MM, a30-
THPOBAHHOE, C ACCUMETPUYHBIM CEYEHHEM, HAKJIIOH BepXHero Topua 7°, HuxHero 3°. I1o-
KpbITHE padodeit moBepxHoctu DuroGlide. 3azop B 3amke 0,30-0,40 mm. Cuita yripyroctu
KoJbIla cHkeHa ¢ 32,25 no 17,7 H;

- HI)KHEE KOMIPECCUOHHOE KOJIBIIO U3 BHICOKOIIPOYHOTO YyTYHA, IPSIMOYTOJILHOE,
BBICOTOM 2 MM BMECTO 2,5 MM, 0€3 MOKPHITHS, C BHYTpeHHEH (HacKoil CO CTOPOHBI HUXK-
Hero Topua. 3azop B 3amke 0,90-1,10 mm. Cuita ynpyroctu kosiblia cHukena ¢ 20 go 14,0

H;
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- MacJI0ChEMHOE KOJIbIIO U3 CEPOro 4yryHa, BICOTOM 3 MM BMeCTO 3,5 MM, U3HO-

cocroiikoe mokpeiTe DuroGlide. Cwta ynpyroctu koseiia cHmxkeHa ¢ 49 o 26,0 H;

ba3oBbiU OnbITHbLIX
BapUaHT BapMUaHT

BepxHee
] % KOMMNpeccuoHHoe
A

3° Konbuo

HuXXHee
| m KOMMNpPECCUOHHOoe

KONbL,0

20

Y

MacnocvemHoe
KONbUO

35
30

Pucynok 87 — DueprosddexruBusie pemenus no LI

2) ITo KPUBOIIMITHO-IIIATYHHOMY MeXaHu3MYy (pUCYHOK 88):

- IOIIUITHUKY KOJICHYATOTO Baja ¢ mosuMepHbiM okpbiTueM (IROX) HarpysxeH-
HOT'O HWYKHETO BKJIAJIBIIIA, C TaJIbBAHUYECKUM IMOKPBITUEM BEPXHETO BKJIAJIBIIIA C HUKE-
JIEBBIM TIOJICJIOEM, C U3BMEHEHHBIMU [TApaMETPaMU IO paJualbHOMY 3a30py;

- IIATYHHBIC TOIIIMITHUKU ¢ ToiauMepHbIM mokpeiTHeM (IROX) HarpykeHHOTO
BEPXHETO BKJIAJBIIIA, C TaJIbBAHUYECKUM MOKPBITUEM HUKHETO BKJIAJBIIIA C HUKEJIEBBIM
MOJICJIOEM, C U3MEHEHHBIMU MapaMeTpaMu MO paguaibHOMY 3a30pY;

- sHeprodddextuBHbie MmaHxkeThl THIIA CASCO.
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MNoJWHUNHKMKK KONEHYaToro Bana MNoJWHUNHKKN KONEHUATOro Bana
BepxHuit BKNaabiw: Pb, Sn, Cu; MonumepHoe NoKpeITHE (IROX) HarpyKeHHoro
HusHWIA Bknagsiw: Pb, Sn, Cu, In; HWKHEID BKAaablwa
LMpMHa KaHAaBKM BEPXHErD BKAaAbIWE 5 lanbBaHWYeCcKOe NOKPbITHE CMIABOM BEPXHErD
il r MM .~ BKA3ObIWLA C HUKENEBbIM NoACNOeM
'[’ | L Jnuua kanasku 216° LUMpuHa KaHABKM BEPXHETD BRAAABIWE 5 MM
i \ 3azop: [nKHa KaHaskw 216°
PesyneTatel Max-Min BepoaTH. 1 3a3zop:
SHaueHne 0,06 0,08 ~ PeayneTars Max-Min | Beposth
;'fm:::we 0,056 0,040 NonwmepHoe SHauenne 0.072 0072
Husee 0,012 0,004 NOKpbITHE BepxHEE OTHNOHEHUE 0,056 0,040
OTxnotetive Husnee OTKNCHEHWE -0.012 0.004
Marc. Snaverne 0.116 0.100 Magc. 3HaueHne 0.128 0112
MuH. 3naveHue 0,045 0,064 M, 3HaueHne 0.06 0,076
Ronyek 0,068 0.035 Lomyer 0.068 0,035
MopwKnNHUKKY WaTyHa MNogWwHnNHKEN WaTyHa
BepxHuid BKAagbiw: Pb, Sn, Cu, In; MonumepHoe nokpbiTue (IROX) HarpyKeHHoro
HuseHmid Brnageiw: Pb, Sn, Cu; BEPXHErD BHA3AbIWA
FanbBaHUUECKOE NOKPBITUE CMAZBOM HUMHETO
) BKNaObIla C HUKENEBbIM NoACNOeM
=,
3asop: 3asop:
PesynbTarsl Max-Min BEpoATH. L PeaynbTarsl Max-Min BepoaTH.
SHaYeHne 0.05 0.05 SHaveHne 0.04 0.04
BepxHee oTRnoHEHME 0.056 0,041 NoAumepHoe BepxHee oTRNoHEHKE 0.056 0,041
Hixree OTknoHeHune -0.008 0,007 NOKPbITHE Huxnee OTknoHeHue -0.008 0,007
Makc. 3HaueHWe 0,106 0,091 Makc. 3HaueHue 0,086 0,081
MuH_3HauyeHue 0,042 0,057 MuH 3HauYeHue 0032 0,047
fonyck 0.064 0,034 flonyck 0084 0,034

Pucynok 88 — Dueprosddexruasie pemenus no KILIIM

3) ITo cucTtemMaM CMa3Ku U OXJIaXKICHHUS:
- peryJIMpyeMbIi MACIIIHBIA HACOC;
- peryaupyeMbIid BOASIHOM HACOC;

- TEPMOPETYJIUPOBAHUE CUCTEM CMA3KH U OXJIAXKICHUS.

4.2. PazpaboTka MaTeMATHUYECKOIl MO/Ie/IH IBUTATE/ISl C Y4eTOM KOMILIeKca

pemeHm‘/i M0 CHU’KCHHUI0 MEXAHUYECCKHUX MMOTEPD

Co3aaHne BUPTYaJbHOTO MMPOTOTHUIIA IBUTATENSI — 3TO OOJIbINAs KOMILIEKCHAS pa-
0oTa, KOTOpas, Oaaromapst MPUMEHEHHIO COBPEMEHHBIX MH)KCHEPHBIX MHCTPYMEHTOB U
II0JIXO/I0B, TO3BOJISICT BBIUTH HA HOBBIC TEMITBI Pa3paOOTKU BBHICOKOTEXHOJOTHUHOM M
KOHKYPCHTHOM mpoayKiuu [27].

B macrosiiee BpeMst IPOEKTHPOBAHNE M JOBOAKA COBPEMEHHBIX ABHraTElC He-
BO3MOYKHBI 0€3 MTPOBEACHUS MAaTEMAaTHUECKOTO MOICTMPOBAHUSA M KOMIIBIOTEPHOM OITH-
MH3aInd. AKTYaJIbHOCTh MPOBEACHUS PACUETHBIX UCCIICOBAHUI BCe OoJiee BO3pacTaeT
C Y/KeCTOYCHHEM HOPMATHBOB, OTPAHUYHMBAIONINX BHIOPOCHI BPEIHBIX BEIIECTB, TPEOO-

BaHUI 10 BBICOKOW 3(P(HEKTUBHOCTH U TOIUTMBHOW SKOHOMUYHOCTHU ABuratenei. [lpen-
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BapHUTeNbHAs pacueTHasi MpopabOTKa BOMPOCOB, CBSI3aHHBIX C COBEPILIEHCTBOBAHUEM pa-
0ouux npoueccos JIBC, no100poM ONTUMAIBHBIX, C TOUYKH 3PEHHS JOCTHXKEHHS Ty4YlIei
3¢ (HEeKTUBHOCTH, TTapaMeTpoB KOMIOHEHTOB U cucteM JIBC, mo3Boiser cyiecTBeHHO
COKPAaTHTh 00bEM JOPOTrOCTOSIINX IKCIIEPUMEHTAIBHBIX UCCIEI0BAHUN U HATYPHBIX UC-
neiTanuil. [Ipu 3TOM mporpammHoe oOecnedueHue, MPUMEHsSEeMOe i ITUX LeleH,
JOJKHO MO3BOJIATh MOJEIUPOBATH COOTBETCTBYIOIINE MPOLECCHI C IOCTATOYHON TOYHO-
cThio. UeM mosiHee MaTeMaTudeckass MOJENb OXBaThIBAET paccMaTpUBacMble (Ppu3nde-
CKHE MPOIIECChl U KOPPEKTHEE UX ONMMCHIBAET, TEM TOUHEE U HAJIe)KHEH MOKET OBITh TO-
Jdy4eH pe3yabTat. Ele o1HUM HeMaloBaKHBIM CBOMCTBOM JIOJKHO 00J1a1aTh IPOrpaMM-
HOe 00ecrevyeHre - BO3MOKHOCTBIO PEIIaTh CII0KHBIE ONTUMH3AI[MOHHBIE 3a1aun. Heno-
CTaTOYHO IOJYYUTh B PacCUeTe XOPOIIEE COBIIAJECHUE C IKCIIEPUMEHTOM; JUIS PELICHUS
MPaKTUYECKUX 3a]a4 HEOOXOAMMO HalTH 3P(HEKTUBHBIE MyTH COBEPUIEHCTBOBAHUS KOH-
CTPYKIIMH, OTBICKATh ONITUMAJIbHbIC 3HAYEHUSI MHOTHUX KOHCTPYKTHBHBIX (PaKTOPOB, T0-
pa3HOMY BIMSIOLIMX HAa pabouduid poiecc, U, MOpoH, NPUBOIAIINX K KOHQIUKTHBIM CH-
Tyanusm [24].

JIns uccienoBaHusl MIKUPOKOro crekrpa 3axad no IABC B HacTosimee Bpems Hc-
MOJIB3YETCS JIBa OCHOBHBIX KJIacCa MaTEMATUYECKUX MOJICIICH:

- repmoauHamuudeckue monenu JIBC (mporpammel, UCTIOIB3YIONINE JaHHBIA BH/T
MaTeMaTUYECKUX MOJIETIeH, TOTYYUIu HauOoJIbIllee pacIpOCTPaAHEHHUE);

- MOJIEJIM Ha OCHOBE PEILEHUS 3a/1a4 TPOCTPAHCTBEHHON TUIPOIMHAMUKH (B aH-
TJI0SI3BIYHOM cpefie HazbiBaeMble kKak Computational Fluid Dynamic unu CFD).

OcHOBHas 11eJ1b TEPMOJUHAMUYECKOTO MOJIETUPOBAHMS — OLIEHKAa OCHOBHBIX Iapa-
metpoB pasuratens, noabop TKP, OHB, ¢a3 I'PM, crenenu cxatusi, mapameTpoB
BIIPHICKA, ONITUMU3ALINS T€OMETPUUECKUX pa3MepoB. [lepeueHs OCHOBHBIX 3a/1a4, BXOS-
IIMX B pa3/ie] paCyETHBIX UCCIEAOBAHUI TEPMOAMHAMUKH:

- orieHKa 3(PPEeKTUBHBIX MMOKA3aTEICH ABUTATENS HA MMEPBOM 3Tare MPOSKTHPOBa-
HUS, PACUETHOE MOJTBEPkACHHE (YTOUHEHUE) 3asIBJICHHBIX XapaKTEPUCTHK;

- OLICHKA BJIMSIHUS TPAHUYHBIX YCJIOBUHM HA XapaKTEPUCTUKHU JBUTATEIS;

- OIIPCACIICHHUC KIIFIOUCBBIX PAa3MCPOB BHYCKHOﬁ n BBIHYCKHOﬁ CHCTCM,
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- ICTAIBHBINA TIPOTHO3 XapPaKTEPUCTHK JBUTATENSA, B T.4. OLICHKA BHIOPOCOB BpE-
HBIX BEIIECTB (B IIEPBOM MPHOITMKCHHN)

- IOJTy4YEHUE JaHHBIX U TPAHUYHBIX ycloBui it npoBenenus CFD-ananusa, pac-
YETOB CHUCTEM, TEIUIOHANPSIKEHHOCTH W HANPsHKEHHO-IE()OPMUPOBAHHOTO COCTOSHUS
(HAC) xomnonentos JIBC.

[Ipy TepMOaMHAMUYECKOM MOJEIMPOBAHUN HCIOJIb3yeTCs ynpoueHHas (0-mep-
Has) MOCTaHOBKA, T.€. B IWJIMHJIPE, B CUITy €0 KOMIIAKTHOCTH, PEHEOPETatoT pa3HULICH
JaBJIEHUHN 10 00beMy. ITO IONYIIEHUE CYIIECTBEHHO YIPOIIAET pacyeT U HE BHOCUT 3a-
METHBIX TMOTPEIIHOCTEH B KOHEUYHBIC pe3yibTaThl. [{unuHap paccMaTrpuBaeTcsi Kak OT-
KpbITasi TEPMOJIMHAMUYECKAS] CUCTEMA, WM KaK COUYETAHUE HECKOJIbKUX cucteMm. [loie
CKOPOCTEHN HE PacCCMATPUBAETCS, JABJIICHUE U TEMIIEPATypy BHYTPHU KaXJI0W TEPMOIUHA-
MUYECKON CUCTEMBI CUUTAIOT HE 3aBUCSIIIUMU OT KOOPAMHAT, a 3aBUCSIIUMHU OT BPEMEHHU
(yriia moBopoTa KOJEHYaTOro Baja).

0030p TEPMOJMHAMUYECKHUX MPOTPAMM, IIMPOKO MCIOJIb3YEMbIX ISl UCCIIEA0Ba-
Hus JIBC u nonyuuBimx Hanbosbliee pacnpoctpanenue B Poccuu u 3a pyoexxom, rpe-
cTaBiicHbl B pabote [24]. JlumepaMu 1o MOMYJIIPHOCTH BO BCEM MHUPE SIBJISIOTCS PO-
rpammbel: AVL BOOST, GT-Power, WAVE. Bce nporpamMmbl TTO3BOJISIFOT MOJIETHPOBATH
pabouuii mMpoIecC KaK AU3EIbHBIX JBUTATENICH, TaK M JBUTATEICH C HCKPOBBIM 3a)KUTa-
aueM. [Iporpammer BOOST, WAVE, GT-Power oT Tpex MUPOBBIX JIUJEPOB IO pa3pa-
0otke nmporpammuoro odecriedenust — AVL, Ricardo Software, Gamma Technologies Inc.
- HUMEIOT NMPAKTUYECKH PABHbIE BO3MOKHOCTH.

PacueTsl TepMOIMHAMUYECKOTO LIMKJIA B TaHHOM paboTe ObUIM MPOBEAECHBI C HC-
MOJIb30BaHUEM pacueTHOro mozaenupoBanus asuratens B cpeae AVL BOOST. OcHos-
HbIE PACUETHBIE MAPAMETPHI:

1) Pacyer TepMOIMHAMHYECKOTO COCTOSHUS IIUJIMH/PA OCHOBBIBACTCSA Ha peIlle-

¢ IICPBOIo 3aKOHA TCPMOJIWHAMHNKHN
d(mu ) U) = —py- av n dQronn _ dQcr _hy,- dmy, n Z dmyy Ry, —
do do do do do do
d BbIX d HCIL.TOI
- Z o thIX — Qucn.ton f . Slnenon (28)

do dt
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* YpaBHEHUS COXPAHEHUS MACCHI

dmu — Z deX _ 2 debIX _ dm}(l" + deCH.TOl'[ (29)
de de de de de

¢ YpaBHCHHUA COCTOAHHA UACATIBbHOTO I'a3a

1
pu:V_h'mu'R'Tu' (30)
d(myU) av

rac T — N3MCHCHHC BHYTpeHHCﬁ OHCPI'MU B MUJIMHAPC, _pU. % — MHAUKATOPHAsA pa-

d aQ
0oTa; ——== — TEIUIO, BBOJAUMOE C TOIUIMBOM; ), —— — ITOTEPHU TEIIa YePe3 CTCHKH; N . *
9 dq) 9 9 d(p > KT

dmy,

— DHTAJIBIMS KapTEPHBIX ra3oB; M, — Macca pabo4ero Tejia B UUIMHAPE; Py, — JaB-

JeHue pabodero tena B HuiauHape; Vi, - 00beM nmiuHapa; Q oy, — YHEprus, BBOAUMAS C
TOTUTMBOM; (., — KOJIMUECTBO TEIIa, TEPSIEeMOE B CTEHKHU; (9 — YTOJ MMOBOPOTA KOJIEHYA-
TOTO Bajia; dmg, — Macca MOToKa , BXOJIAIIEro B MIIMHIP; dmy,,, — Macca MOTOKa, BbI-
XOJIAIIETO U3 MUIUHAPA; e ron — TSTIOTA UCTIAPEHUS TOILINBA; f— MOJIS TEIJIOTHI MC-
napeHusi OT OOIIEro KOJIMYECTBA B IWIMHIAPE; My ey ron — MACCA UCTAPUBIIETOCS TOII-
JUBa.

2) Pacxoj1 ra30B yepe3 BITyCKHBIC U BBIITYCKHBIC KaHAJIBI PACCUUTHIBACTCS U3 ypaB-
HEHUs JUIsl U303HTponuveckoro noroka. Koadduiumentsl pacxona (4o) onpeaensroTcs

Ha 0E3MOTOPHOM TPOJYBOYHOM CTEHJIE.

2
deenn'T

Fscl)d) = uo- T , (31)
rae (o — kodpGUUMeHT pacxona; deey, - MUHUMAIILHBIA IHAMETP B MECTE KOHTaKTa
celyia u Kianana; F,ge — dQpexTuBHas momais noToka.
3) KosirdaecTBO TEIIOTHI, MEpEJaHHOE B CTEHKH KaMepbl Cropanus (MOpIIeHb, Fo-
JIOBKA U CTEHKA IIUJIMHPOB), BEIYUCIAETCS U3 ypaBHeHUus: HproToHa-Puxmana
AQcr; = Acr " Fery (Tu - TCTi) , (32)
rae dQ..; — TEIUIOBOM MOTOK Uepe3 CTeHKY (TOJIOBKA IWJIMHAPOB, MOPIIIEHb, CTEHKA I1TH-
nuHApa); F.; — TIIONaab MOBEPXHOCTHU (TOJIOBKA ITUIMHAPOB, MOPIICHD, CTCHKA IHJINH-
apa); dcy; — Kod(hduuuent remnooraaun; T, — TemMneparypa pabodero Tena BHYTPH LH-
muaapa; T..; — TeMrneparypa cTeHKH (TOJI0BKa [MUJIMHPOB, TOPIIEHb, CTCHKA IIHJIUHIPA).

4) Tennootaaua B cTeHkH KaHanoB Beruucisercss B AVL BOOST mo popmyie:
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Xxan

Tq= Ty —Te)- e(_ACTG'CP) tTer s (33)

THC Ay, — KOdGOUIMEHT TeTiooTauu B KaHaie; Ty — TeMmepaTypa 3a JaHHBIM cede-
HUEM KaHana; T, — Temmeparypa nepes JIaHHbIM cedeHueM KaHaua; T.,. — TeMreparypa
CTEHKH KaHala; A, — IJIOMIAab MOBEPXHOCTH; G — PACXOX; €, — YyIENbHas TEMIOEM-
KOCTb.

5) [Iporecc cropanus B nmporpaMmmuoM ooecriedennn AVL BOOST monenupyercs
MyTEM IPSIMOTO 3a/laHUsl WM MYTEM BBIUMCICHUS XapaKTEPUCTUKHU TEIUIOBBIJICTICHUS.

Mopnens BuOe 1mo3BossieT CiporHo3upoBaTh XapaKTePUCTUKY TEIIOBBIICICHHUS:

= a mA D)y e, (34)
dx = (35)
y = —A"’(p_n‘fo‘; ) (36)

1€ Qon,; — TEIUIOTA, BBEIEHHAS C TOIUIMBOM,; (0— YIrOJl IOBOPOTA KOJIEHYATOI'O BAJIa; (o—
Hayaso Cropanus; A@y,,, — NPOJOIDKUTENBHOCT CTOPAHHUS, M — KO3 PUIIMEHT, a — KO-

aurnuent Bube (paBeH 6,9 1715 MOTHOTO CrOpaHUs).
6) s monenmupoBanus padotel TKP B cocTaBe ¢ aBUraTeieM UCIOIb3YFOTCS IOJI-
HBIC peajbHbIC XapaKTEPUCTUKU KOMIIpeccopa U TypOuHsl. [Ipu 3ToM paccUuThIBarOTCS:

* Tlpusenennsiii pacxoa Bo3yxa yepe3 Komnpeccop Gyyp, (Kr/c):

G _GB.@. Tia (37)

BIp T Do Tip
rae G, — ACUCTBUTENBHBIM Pacxo/i Bo3Ayxa yepe3 KoMmpeccop (Kr/c); p, — armocdep-
Hoe nasnenue (MIla); T, — Temneparypa Bo3myxa Ha Bxoze B kommpeccop (K); py, =
0,1013 MIla u T;, = 298 K — naBneHue u Temreparypa yciaoBuil IPUBEICHUS.
* Ilpusenennas yacToTa BpalEHHUs KOJECA KOMIPECCOPA Ny, (vun’Y):

Tp

: (38)

n =n-
knp Tiy

rjie N — JAeHCTBUTENbHAS YAaCTOTA BPALIEHUS Kojleca Kommpeccopa (MuH™).

* IlpuBeneHHbId pacxos rasa yepes Typouny G, (Kr/c):
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_ GeTra

Grnp - p_Tl ’ (39)
rae G, — pacxoj rasa uepe3 typouny (xr/c), T,y = 873 Kuiau 923 K — temneparypa
rasa nepen Typounoit (K), p,; — naBienue raza nepeja TypouHoi (6ap).

* TlpuBeneHHas 4aCTOTa BPALICHHS KOJNECA TYPOUHBI My, (MuH™):

Nppp = —— ’ (40)

Tr1
IJIe N — IeHCTBUTEbHAS YaCTOTa BPAIEH s Kolleca TypOuHbI (MuH L),
B nepByro odepenp Obuta pazpaboTana MaTeMaTHIeCcKasi MOJEIh 0a30BOTO AU3EIh-
Horo nBurarenst KAMA3-910 pabouum o6bemom 11,95 mutpos (6UH 13/15). Ucxonubie
JaHHBIC, TEXHUYECKHUE XapaKTePUCTHUKN, HEOOXOAMMBIC JIJIsl TPOBEICHHS pacueTa, OblUH
MIPE/ICTABIICHBI paHee B TaOIuIE .
Ha ocHOBe MCXOJHBIX JaHHBIX MOCTPOEHA (HYHKIIMOHAJIbHAS MOJENb HCCIEIye-

moro asuratens (pucyHok 89).

o

5 R X wps  pLY
MP4

co1

MP3

NS
N T

CLA C

-g 882 5 WP

Pucynox 89 — dynkiunonansaas mojens apurarens KAMA3-910

F

E1

J2 MP13 PL2

Jlanmee B MoJienH 3a/1aHbl XapaKTEPUCTUKU UCCIEAYEMOTO IBUTATEIIS.

Ha xaxaoM OUIMHApPE YCTAHOBJICHO MO 2 BITYCKHBIX M 2 BBITYCKHBIX KJIallaHOB
TUaMeTPOM Ay pn = 39 MM U dyjy 5o = 36,5 MM. JluaMeTpsl BIYCKHBIX M BBITYCKHBIX
KaHAJIOB UMEIOT Pa3sMePhl Ay gy = 55 MM U dyayy oy = D0 MM. TerutoBbie 3a30pbl ObLITH

NpUHATHL paBHbIMU 0,3 MM U1l BIyCKHOTO KianaHa ¥ 0,6 MM /171 BBIITYCKHOTO KJIalaHa.
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3aBUCUMOCTB BBICOTHI ITOAbEMA KJIAMMAHOB OT yIJia NoBOpoTa KojieHyaroro Bajia (YIIKB)

MpecTaBIeHa Ha pUcyHke 90.

1
380 450 540 830 7270

yron nke (deg)

Brycrmoi { mmy
------- Barty cacHoi { mmy)

Pucynok 90 — 3aBUCMMOCTB BBICOTHI ITOBEMA KJlalmaHOB B 3aBucuMocTy oT YIIKB

3aBUCHUMOCTbD KOI)(i)(bI/II_[I/IeHTa pacxoada KaHaJIOB OT BBICOTHI IIOABCMA KJIAIIAHOB

IIPEACTABIICHA HA pUCYHKeE 91.

uc
0,8 ot
”
. e
0,6 1
P -”
0,4 v
P
0,2 //

0 2 4 6 8 10 12 hy.MMm

BMYCH BBIMYCK

Pucynox 91 — 3aBucumocTts kod(pduimenTa pacxoaa KaHajIoOB OT BBICOTHI TIOIbeMa KJla-

IIaHOB

da3b1 razopacnpenencHuss 6asooro asuratenss KAMA3-910 npencraBieHbl B

Tabnuie 22. ['paHuyHBIE YCIOBHUS M0 TOIUIMBY U OKPY>KaIOILEH cpesie MPEeACTaBICHbI B

tabnurte 23.
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Tabnuna 22 — ®assl razopacnpenenenus 6azosoro asurarensi KAMA3-910

Hauasno otkpeiTus 3akpbITHE Hauasno oTkpeiTus 3akpbITHE
BITYCKHOTO BITYCKHOTO BBIITYCKHOT'O BBIITYCKHOTO
KJIanaHa KJIaraHa KJIanaHa KJlanaHa
VIIKB 315 601 86 416

Tabmuia 23 — ['paHudHBIC YCIOBUS: TOITUBO M OKpPYKAIOIIas cpena

ITapamerp \ ExuHuubl usmMepeHus \ 3HaYeHus
Tonaueo

K JIK/KT 42440

Hwuzmias rermorBopHas
CIIOCOOHOCTB, Hy
Teopernyecku HEOOXOAUMOE
KOJMYECTBO BO3/lyXa JIJISl CTOpaHusi | KT BO3/I./KT TOTLIL. 14,452
1 xr Toruaa, lg

Ycnoeusa oxkpyscaroweni cpeowt
ATMmocdepHoe naBieHue, Po 0ap 1
Temmnepatypa, To °C 25

B kauecTBe BXOJHBIX THJIPABIMYECKUX XAPAKTEPUCTUK HAJ/IyBa (CTENECHb MOBBI-
IICHUS] JIaBJICHUS W TPUBEJIEHHBIM MacCOBBIM pacxoj)) ObLUIM HCIOJIb30BaHbI JIAHHBIC
Mpe0CTaBIECHHbIE, TPEAOCTABICHHBIE TOCTABIIMKOM TypOOKOMIIpeccopa.

Cpennee > dexkTuBHOE JaBICHUE I KaKIO0W YaCTOTHI BBIUUCISETCS HA OCHOBE

BCX uccnemyemoro npuratens mo gpopmyiie:

__ 30T Ng

rje p, — cpeadee 3GdEKTUBHOE JTaBICHUE HA PEKUME HOMUHAIBHOW MOIIHOCTH, MIIa;
N, — sddextuBHass MomHOCTh, KBT; iV}, — pabouunii o0beM aBUraTens, j; n — 4acToTa
BpalICHUs KOJIEHYAaTOro Baja.

BCX, onpeneneHHas mo pe3yiabTaTaM CTEHIOBBIX MCIBITAHWUW BUTATEINs, MPEN-
ctaBjieHa Ha pucyHke 92. [locne storo nporpammuoe obecneuenre AVL BOOST pac-
CUMTHIBACT padOTy JABUraTesl HA TaHHOW YaCTOTE BPAIICHUS N1 ¢ KOHKPETHBIM CPEIHUM

7 ()EKTUBHBIM JTaBICHUEM P, . Pe3ynbTaThl pacuera mpencTaBieHbl B Tabauiie 24.
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Pucynox 92 — BCX 6a3oBoro nsurarens KAMA3-910

Ta6nuna 24 — Cpennee 3gpheKTUBHOE JIaBIICHUE UCCIEAYEMOTO ABUTATENs

n_ |vma® | 700 | 900 | 1100 | 1300 | 1500 | 1700 | 1900
p, | MIla 15 | 214 | 27 27 2,6 24 | 217

Jlist MoaenupoBaHusl CroOpaHusl MCMOJb30BaHa Mojenb Bube. ITapamerpnr s
HacTpoiiku Mozenu Bube nipeacraBiieHsl B Tabnuie 25. J[1s MmoaenupoBaHus mpoliecca
CTOpaHHs Ha YaCTUYHBIX HArpy3Kax ObLIM MCIOJIb30BAaHBl WHIUKATOPHBIE TUATPAMMBI,
nostyueHHbie npu ucnbiTanuu asuratenss KAMA3-910. JIns npuMeHeHUus WHAUKATOP-
HbIX guarpamm B pacuere B [0 AVL BOOST onu Obutr 00paboTaHbl IpH MOMOIIHU CIie-

nuagbHOM yTuiuThl. [locie 00paboTKM MOydeHbl KpUBbIE TEIUIOBBIAEICHUS (PUCYHOK

93).
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Tabnuna 25 — [apameTpsl ans HacTpoiiku Moaenu Bube

pp— HpOI[OJDKI/ITCJIIgHOCTB Cro- | Houano Cropasus, *1IKs Koaddumnuent

paHus, °IKB m

1900 64 -11 1

1700 66 -10 0,99

1500 67 -9 0,98

1200 69 -8 0,97

1100 70 -7 0,96

700 84 -6 0,95

CKOpOCTb TennoBbiaernieHUA
0.12

1100_ROHR. Cylinder 1 (1/deg)
1000_Max ROHR Cylinder 1 (1/deg)
1000_Min ROHR Cylinder 1 (1/deg)
900_ROHR Cylinder 1 (1/deg)

0.1

0.08
0.06 -

0.04 -

norm Rate Of Heat Rel. (1/deg)

g

o

N
1

-0.02

T T T -
-10 10.625 31.25 51.875 72.5
Y.MK.B. (deq)

Pucynok 93 — 3aBUCHMOCTH CKOPOCTH TEIUIOBBIIEIEHHUS OT yTIila IOBOPOTa KOJIEHYATOrO

Baia juist ABurarens P6 MmomHocteio 404 kBT Ha YaCTUYHBIX HAarpy3Kax

I[JI?I y4ucTa TCIuIoncpcaadn 4€pe3 CTCHKU BHYTPH HUIMHAPA UCII0Jb3YCTCA MOACIIb

2
Bomnu. ITnomane nopmus pasua S, = (1,3 ...1,5) -% = 17246 Mm?, momags ro-

7TD2 2
JIOBKH LIUJIMHIPOB Sy = = 13266 MM“ 1 TIOIIaAb CTEHKU LMJIMHAPOB MPHU HAXOXK-

nernu oputHst B BMT Sep = 7+ D - h = 450 mv?.
[Tnomamy BITyCKHBIX U BBIITYCKHBIX KaHAJIOB:
Sansn = T Ayanpn * lxanpn = 3,14+ 55165 = 28000 mm?;
Sxanssm = T * Gappen * leanpen = 3,14 - 50 - 150 = 23500 mm”.
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Kak oTrmedeHo aBTopoM B padore [28], TepMoaMHAMUYCCKUI aHATU3 JaeT 3aBbl-
MICHHYIO OIEeHKY 3(()EKTUBHOCTH, TaK KaK HE YUYUTHIBACT BIHMSHUE PEATHLHOTO MOBEIC-
HUSI MEXaHUYECKUX MOTEPh B JBUTATEIIC.

OOBIUHO, 17151 y4eTa MOTEPh Ha TPEHUE HUCIIOIB3YETCS 3aBUCHMOCTD CPEIHETO J1aB-
JICHUSI MEXaHUYECKUX TIOTEPh P,, OT YaCTOTHI BPAIICHUS KOJICHYATOTO Baja JBUTATEIS
n, 100 OT cpeaHel ckopocTu nopiiHs ¢, . B nmporpamme AVL BOOST ucxoanbie gaH-
HBIC TI0 MOTEPSM Ha TPEHHUE 33JIal0TCS B KadecTBe cpenHero 3(GHEeKTUBHOTO JaBICHUS
tpenus, wiu friction mean effective pressure (FMEP) B Bue TaONHUYHBIX TaHHBIX, ITOJIY-

YCHHBIX B XOJI€ CTCHIOBBIX UCIIBITAHUN ¥ WHAWIMPOBAHUS BUTATENS (PHUCYHOK 94).

M2

Pm, bap
L1 1 I L1 1 I L1 1 I L1 1 I 11 I

o
co

T | T T T T T T T T T T T T
900 1100

|
1700 1900

1 1
1300 1500

n,MHH1
Pucynok 94 — 3aBUCHMOCTH CpEJIHETO AaBJICHUS MEXaHUYECKUX MTOTEPh OT YaCTOThI

BpallICHHA KOJICHYATOI'O BaJia. MI/IH_1

[IpenmyiecTBeHHbIN BBIOOp JAaBJICHUS MEXaHUUECKUX MOTEPbh B KAUeCTBE Liejie-
BOI (DyHKIIMK 00YCIIOBIIEH, TTIABHBIM 00pa3oM, TeM, YTO TI0 MHOTOYHCIIEHHBIM Pe3yJIbTa-
TaM SKCTIIEPUMEHTOB 3aBUCUMOCTH KMEHHOTO 3TOTO TIOKA3aTeNsI OT CKOPOCTHOTO pexUMa
OJM3Ka K JIMHEHHOM, YTO MO3BOJISIET UCIIOJIB30BaTh MPOCThIC JIMHEHHbIC Moaeau [51]. B
pabote [52] Ha OCHOBE MHOTOYHCIICHHBIX PE3YJIbTATOB HCIIBITAHUI U BHIBOJIOB O JIMHCH-
HOM XapaKTepe U3MEHEHUs CPETHETO JIaBJICHUS MEXaHUUYECKHUX MOTEPb BbIBEICHbI SMITHU-
pudeckue kodhureHTs! a,, u b, , onpeaenseMple o TUITY ABUTATENsS. 3HAYCHUS JTaH-

HbIX KoahuimenToB ast IBC pa3nuuHbIX TUIIOB TPUBEAECHBI B Tabnuie 26.
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Ta6nuna 26 — 3HaueHust ko3PpGuIMeHToB a,, u b,, s paznuunbix TunoB JIBC

Tun gBuraresns Ay by
C "HepazaeneHHon KaMepoit
cropais 0,089 0,0118
BuxpexamepHbie 0,089 0,0135
[IpenxkamepHbIe 0,103 0,0153

Ilocne OIIPCACIICHUA KOB(b(bI/IHI/IeHTOB CPpCAHCC NAaBJICHUC MCXAHNYCCKUX ITOTCPb

Py paccuuThiBaeTcs 1o Gpopmyie:

C nenpro 6oJiee TOYHOTO TTPOBEACHHS PACUCTHBIX MUCCIICIOBAHUNA M OTICHKU BIIHSI-
HUSI TEXHUUYECKUX PELICHUM MO CHUYKEHUIO MEXaHWYECKUX MOTepPh Ha TOTUIMBHYIO JKO-
HOMHUYHOCTb HCCJIETyeMOTO JBUTATENsI, IPUHITO pelIeHue M0padoTaTh MaTeMaThye-

CKYIO MOJIEJIb CJIEAYIOIKNM 00pa3oM. B kauecTBe UCXOIHBIX JAHHBIX B MOJIC)Ib BBE/ICHBI

pM=a'M+bM.

ABC KPHUBBIC MCXaHUYCCKUX IIOTCPb!:

- I XOJIOCTOT'O XOd4a. Fpa(bI/IK 3aBUCHUMOCTH CPCAHCC NABJICHHC MCXAaHHYCCKHX

C

IMOTCPb OBILIT ITOJIYYCH B X0AC HUCIIBITAHUH 11O 3KCHepHMeHTaHBHOﬁ MCTOHMKCE,

- J1JI MaKCUMaJIbHOM Harpys3KHu. Fpa(l)I/IK 3daBUCHUMOCTH MCXAaHUYCCKUX ITIOTCPb OBLI

IMOJIYYCH B X0AC MHAWTTHUPOBAHUS UCCIICAYCMOI'O ABHUTaTCIIA.

I/ICXOI[HI::IG JAaHHBIC 110 IBYM KPHUBBIM MCXaHUYCCKUM IMOTCPb IMPCACTABIICHLI B Ta0-

mmie 27.

Tabnuna 27 — JlaHHble O MEXaHUYECKUM noTepsiM 6a3zoBoro JIBC

S Py JJIS XOJIOCTOTO Py I MAaKCUMAaIbHOM
' xoJa, 0ap Harpy3ku, 0ap
500 0,57 0,9
700 0,641 0,72
900 0,713 0,72
1100 0,859 0,96
1300 1,009 1,22
1500 1,146 1,5
1700 1,284 1,78
1900 1,408 2,02
2100 1,529 2,32
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[IpoBenem Oonee mMOAPOOHBIN aHAN3 BBIMICYKA3aHHBIX U3MEHEHH B MaTeMaTH-
YeCKOU MOJIEIIH:

1) Ecnu chopMupoBaTh JUHUIO TPEH 1A 110 BIIIICYKAa3aHHBIM 3HAUCHUSM CPETHETO
JIABJICHUS] MEXAHUYECKUX MOTEPh B 3aBUCUMOCTH OT YaCTOTHI BPAIICHUS] KOJIEHYATOTO
BaJla ¥ BBIBECTH ypaBHEHMUsI JIMHEHHOTO IpadrKa, TO MOTYyUUTC:

- 71 XOJIOCTOT'O XO0J1a:

p.(y) = 0.1261x + 0.3872 (43)

- U1 MAKCHUMAJIbHOW HATrpy3KHu:

pu(y) = 0.1963x + 0.3872 (44)

CoOOTBETCTBEHHO, METOJ pacyeTa 3HAaUCHU p,, C TOMOIIBIO SMIIUPUIECKUX KO-
(GUIIMEHTOB MOXHO HMCHOJIB30BaTh JHIIb JJIs1 epBoro npuomnkenus. KoadduimneHtor
a, W b, omnpenenstoTcs UCXOIs U3 IKCIIEPUMEHTATBHBIX U CTATUCTHYECKUX TAHHBIX IS
PAa3HBIX TUIIOB JIBUTaTEJICd U HE MOTYT YUUTHIBATh UHAWBUAYAIbHOCTh XapAKTEPUCTUK U
KOHCTPYKITUHU UCCIIEAYEMOTO JIBUTATEIs, BIUSIOMUX Ha cpeHee 23 (HEKTUBHOE JaBICHUE
MEXaHUUYECKUX MOTeph. ECU CpaBHUTH WHIUKATOPHBICE M A(PPEKTUBHBIE MOKA3aTEIH
JIBUTATENS PU 3HAYCHUAX Py, ONPEIICIICHHBIX UHAULIUPOBAHUEM U METOAOM SMITUPHUYE-
CKUX KO3 (ULIMEHTOB, OJIYYUTCS CIAEAYIONIEE: pa3HUIa MUHUMAIBHOTO YAEIBHOTO 3(-
(heKTUBHOTO pacxojia TOIUIMBA COCTABHIIA OKOJIO 2 I/KBT 4, MHAUKATOPHON MOIITHOCTH —

B IIpejieniax 5 kBT, MHAMKAaTOPHOTO KPYTSAIIEro MoMeHTa - B ipezenax 50 H-m (pucyHox

95).
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Pucynox 95 — CpaBuenue paccuutannbix B nporpamme AVL BOOST unauka-
TOPHBIX TIOKa3aTeNel U yAeIbHOTO 3G (EeKTUBHOTO Pacxo/ia TOIJINBA C 3a1aHHBIM CPE/I-
HUM JaBJICHUEM MEXaHUYECKUX IMOTEPH, OMPEACICHHBIM AIMIUPUUYECKUMU KOADPuiim-

CHTaMM U HHAULIUPOBAHHUCM

2) MexaHnu4deckue moTepyu Ha X0JI0CTOM X0y (PaKTUUYECKH SBIISIOTCS MOTEPSIMU HA
Tpenue. [lomydeHHble B X0JI€ MPOBEACHUS MCHIBITAHUNA MO IKCHEPUMEHTAIBHOU METO-
JTUKE TAHHBIE 110 CPETHEMY JIaBIICHUIO MEXaHUYECKUX MTOTEPh YUYUTHIBAIOT PsiJl (DaKTOPOB:
4acTOTY BpallleHUs] KOJIEHYaToro Baia, remneparypy OX u macina.

MexaHuueckue MmoTepu, MoJTy4YeHHbIEC B X0/ TPOBECHUS] MHAUIIMPOBAHUS TAKKE
YUUTBHIBAET Psijl (AKTOPOB: YACTOTY BpaIleHUsI KOJEHYATOrO BaJjia, HArpy3Ka Ha JIBUTa-
TeJb U JJABJICHUE B IIUJIUH/IPE.

3) ChopmMupoBaHO 10JI¢ 3HAYCHUH MEXaHUYECKUX MMOTEPh, OTPAHHUECHHOE 110 OCH
OpAMHAT ABYMsI KpUBBIMHU (pUCYHOK 96). [Ipu TepMOAMHAMUYECKOM pacueTe IBUTaTes,
KOHEUHBbIC TIOTEPU HA TPEHHUE OMPEACIISIIOTCS aBTOMATHYECKH ISl KaXI0W TOYKH, 3aBH-
cAlEed OT KOOpPAMHAT «X-Y», TJ€ X — 4YacToTa BpAIEHUS KOJEHYaTOro Baia, ay —

Harpy3ska, 3aJjaHHasi B BUJie CpeiHero 3PPEeKTUBHOTO IaBJICHUS P, .
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Pucynok 96 — [lose 3HaueHn MEXaHUYECKUX MTOTEPh

Takum oOpa3zoM, paspaboTaHa mMaremaTHueckass MoJieJb 0a30BOro JU3EIHLHOTO
nsurateirst KAMA3-910, TouHO omMChIBAIOIasi 3aKOH U3MEHEHUSI MEXAHUYECKUX I10-
Teph, MO3BOJIAIONIAS YIUTHIBATH M3MEHEHNE MEXaHUYECKUX MTOTEPh MPU U3MCHEHHUH Pa3-
JUYHBIX (DAKTOPOB, U, COOTBETCTBEHHO, 00JIEE TOYHO OLIEHUBATH BIUSHNE MEXaHUUECKHUX
notepb Ha 3¢ pexTuBHbIE TOoKazarenu IBC.

Bepuduxkanus maremarruueckoin Mojenu paboyero mpoiecca 6a30BOro JBUTATEINS
P6 Obina BeIMONMHEHA IO pe3yabTaTaM CTEHOBBIX MOTOPHBIX UCIIBITAHUI 0a30BOTO JIBU-
rarenst KAMA3-910. Jlns Bepudukanmm maTemaTnueckoil Moaenu pabodero mporecca
ObLT BBIOpaH psiJl MapaMeTpPOB, MPUBENCHHBIX Ha pucyHkax 97-99. Kak M0oXHO BUJETH,
MOJIeJIb JOCTaTOYHO TOYHO OMHCHIBAET paboUMii IPOIECC ABUTATENS, C IOJIeH TOTrpel-

HOCTH HE Oosiee 5%, 0 BCEM pacCMOTPEHHBIM MMOKA3aTENsIM.
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Pucynok 98 — D pexTuBHBIN KPYTAIIUNA MOMEHT
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Pucynok 99 — DddekTuBHBIN yACIbHBINA PacX0;] TOILJINBA



Jamee Obuta pa3paboTaHa BTOpasi TepMOJAMHAMUYECKass Mojienb onbiTHOTO J[BC.
Monens 6bu1a pa3paboTana ¢ yaetom c(hOpMUPOBAHHOTO KOMILJIEKCA TEXHUYECKUX pele-
HUN. aHTU(GPUKIMOHHOE MOKPHITHE MOPIIHS, MOPIIHEBLIE KOJIbIA C U3MEHEHHON reOMeT-
pueil, 3MEHEHHE IMapaMeTpOB XOHA THIIL3bI, dHeprodddextuBHoe yrmotHenne CASCO,
M3MEHEHUE MACIISIHBIX KaHAJIOB KOJIEHYATOr0 Baja, peryJMpyeMblii MacisiHbI Hacoc, pe-
TyJIMPYEMBIA BOJSIHOW HACOC, TEPMOCTAT CUCTEMBI CMa3KU. B paMKax IpOBEIECHHBIX UC-
CIIEZIOBAaHUI M PACUYETOB IO OTACIBHBIM IPyMIIaM KOMIIOHEHTOB C()OPMHUPOBAHBI JJAaHHBIE

10 CHIDKEHHUIO MEXaHHUECKUX MOTeph (Tabuia 28).
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Tabnuna 28 — McxoaHble TaHHBIE IO MEXaHUYECKUM MOoTepsaM onbiTHOTO [IBC

-1 Py AJISL XOJIOCTOTrO Py U MAKCUMAJIBHOM

’ xoJ1a, 6ap Harpy3ku, 0ap
500 0,511 0,801

700 0,570 0,6408

900 0,635 0,6408
1100 0,765 0,8544
1300 0,898 1,0858
1500 1,020 1,335
1700 1,142 1,5842
1900 1,253 1,7978
2100 1,361 2,0648

Pa3nuna B 3HaueHusx cpeaHero 3(h(PEeKTUBHOIO IABJICHUS MEXAHUUYECKUX NOTEPh

0azoBoro u omnbiTHOro JIBC cocraBmia ot 0,5 mo 1,3 6ap. (pucynok 100).

Cpegnee 3ddekTMEHOE AaENEHME
MEXaHWUUECKWX NOTEPL ANA XONOCTOTO X043

Bazoemi geuratens
CrbiTHHA SEHTETEAD

YacToTa BpalleHWA, MUH™L

CpegHee 3ddekTMEHOE AaENEHME
MEXSHWUUECKWX NOTEPD AA MAKC. HAarpysKu

+#~ BazoEHH AEWraTEAb
CNuITHOIA AEWTETEAD

YacToTa BpalleHua, MUH1

Pucynoxk 100 — Cpennee > hekTUBHOE AaBI€HHE MEXaHUYECKHUX MOTepb 0a30BOT0 U

onbiTHOTO JIBC
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Jlanee mpoBeJeHBI pacueTHbIE UCCIeIOBAaHUS N0 OIeHKE 3(P(HEKTUBHOCTH pelie-
HUU 110 CHUYKEHUIO MEXaHUUYECKUX MOTEePh Ha TOIMBHYIO 3koHOMUYHOCTH [IBC. Ilo pe-
3yJbTaTaM HMCCIIeJOBAaHUN ObUIO YCTAHOBJIEHO, UTO BHEJIPEHUE MaKeTa PEHICHUH 1Mo Me-
XaHUYECKUM TOTEPSIM TMO3BOJIIET CHU3UTh MOMEHT TpeHus Ha 20...25 H:'m (pucyHok

101), a yaenwsHbIN pacxoa TormuBa 6azoBoro JIBC no 2,5 r/kBT 4 (pucyHok 102).

200

basosbiit 1BC

______ OnbiTHbIA [BC

180
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120
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804
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40 T T T T T T T T T
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n (06/muH)

Pucynoxk 101 — Pacuetnbiit MOMEHT TpeHus 6a3oBoro u onbiTHOTO JIBC

—— ba308bli [1BC
""" OnbiTHbIK A1BC

n (06/MmuH)

Pucynok 102 — PacuetHblil yJenbHbIN pacxo TommBa 6a30Boro u onsitHoro JIBC
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4.3. M3roroBjieHne U UCTILITAHUA ONBITHOTO oOpa3ua /IBC ¢ komMiiekcoM TeXHH-
YECKHX PelleHMil.

C uenbro MOATBEPKICHUS PE3YJIbTaTOB PACUETHBIX UCCIICIOBAHMS, OLICHKU Y 1€Jb-
HOTO pacxoja TOIUIMBA, MEXaHWYECKUX NoTepb ombiTHoro nasurarenss KAMA3-910,
YKOMIIJIEKTOBAHHOTO 3HEProd(PPeKTUBHBIMA KOMIIOHEHTAMH, B CPAaBHCHHH C 0a30BBIM
JIBUTATEJIEM TIPUHSATO PEIICHHE 00 M3TOTOBJICHUE OMBITHOTO 00pa3iia ABUTATENS U IPO-
BEJICHUU CPaBHUTEIBHBIX CTEHAOBBIX UCTIBITAHUN.

B cocrtaBe ombiTHOrO 00pasiia ABUraTessi ObLIM MPUMEHEHBI CIAEAYIONIUN MaKeT
HeprodPpHeKTUBHBIX PEIICHUMH:

- TIOPILIEHb CTATBHOU ¢ aHTU(HPUKIIMOHHBIM IpadUTOBBIM IMOKPHITHEM Ha I0OKE U C
M3MEHEHHBIMHM KaHABKAMU T0J1 MOPIITHEBBIC KOJIBIIA,

- BEpXHEE KOMIIPECCUOHHOE KOJIBIIO CTAJIBHOE, BEICOTOM 3 MM BMeECTO 3,5 MM, a30-
THPOBAHHOE, C ACCUMETPUYHBIM CEUEHHEM, HAKJIIOH BEpXHEro Topua 7°, HuxkHero 3°. Io-
KpbiTHE paboueit moBepxHoctu DuroGlide. 3azop B 3amke 0,30-0,40 mm. Cuiia ynipyroctu
KoJblla cHIKeHa ¢ 32,25 no 17,7 H;

- HI)KHEE KOMIPECCUOHHOE KOJIBIIO U3 BHICOKOIIPOYHOTO YyTYHA, TPSIMOYTOJILHOE,
BBICOTOM 2 MM BMeECTO 2,5 MM, 0€3 MOKPBITHUS, C BHYTpEHHEN (PacKoil O CTOPOHBI HHK-
Hero Topra. 3asop B 3amke 0,90-1,10 mm. Cuita ynipyrocTtu kogisiia cHrkera ¢ 20 1o 14,0
H;

- MacJI0ChEMHOE KOJIBIIO U3 CEPOro 4yryHa, BBICOTOM 3 MM BMECTO 3,5 MM, U3HO-
coctoiikoe nokpeiTue DuroGlide. Cuia ynpyroctu kosibiia cHuxkeHa ¢ 49 no 26,0 H;

- OMBITHBIC BKJIAJBINIM KOPEHHOTO U MIATYHHOTO MOJIIUITHUKOB C MOJIUMEPHBIM
MOKPBITUEM;

- OTBITHBIN 00pa3el MacIsIHOTO0 Hacoca MEPEMEHHON MPOU3BOAUTEIHLHOCTH.

MecTto npoBeneHus ucnbitanuii — ucnsitateabHblid cTeHa HTL] ITAO « KAMA3».
Ha pucynke 103 mpeacrtaBiensl ¢oTorpaduu yCTAaHOBJIEHHOTO Ha MCHBITATECIBHBIN

CTCH OIIBITHOI'O ABUTATCIIA.
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Pucynok 103 — dortorpadun ycTaHOBIEHHOT'O Ha CTEH/T ONBITHOTO JIBUTATEIIS

Ucnbrratenbubiii cren ¢. «AVL» yKOMIUIEKTOBaH aCHHXPOHHOMN MaIIMHOM, pac-

XO0AOMEPOM TOINIMBA MOJACIU U APYTUMH U3MCPUTCIIbHBIMHA HpI/I60paMI/I B COOTBCTCTBHUU

¢ tpeboBanusamu 'OCT 14846-2020, ITpaux OOH NoeNe 24, 49, 85. Ctenna aTTecTOBaH.

CpencTBa u3MepeHUiA, BXOISIINANA B COCTaB CTEH/A, TIPEICTaBIeHbI B TabmuIle 29.

Ta6nuna 29 — Cpencra u3MepeHui

Kitacc Tounoctn

Haumenosanune CU1U Tun CU Jnamna3oH n3mepenuit
WJIH TIOTPEIIHOCTD
W3mepuTenbHBIN KaHAT KPYTS-
IIEr0 MOMEHTA: JaTYUK KPYyTsi- T40/T40B +0,5% ot 0 xo
IeT0 MOMEHTa 5000 How
N3meputenbHbIi KaHA YUCIIa HEIDENHAIN o1 0 10
000pOTOB: TaT4YMK Yrciaa 000- ROD 426 2048 +0,5% 4000 el
poTOB 27512-03
Pacxonomep >kuaKoro tor- AVL 740 ot 0 1o
Ba FUELEXACT +0,5 % 250 kr/a
MASS FLOW
ABB Sensyflow ot 0 1o
Pacxoromep poyxa FMT700-P-Tube w1 4000 xr/
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[Tponomxenue TadauIbI 29

K
Haunmenosanne C1U Tun CU F1ace TORHOCTH Jnamna3oH u3MepeHuit
WJIM TIOTPEIITHOCTh
PT100 +1°C ot 0°C zo
Cucrema Jaranx wtoc 200 °C
u3mepe- . . ot 0 °C 1o
:l: o
HUS TEM- NICHNT (Tun K) >°C wtoc 1000 °C
neparyp | HWM3meputenbHbIN AVL E-FEM-AIS £ 0.1% ot 0 °C 1o
010K wtoc 1000 °C
ot 0 1o 100 xITa
Cucrema Narunk APT 100 + 0.4 % or 0 2o 250 fla
n3Mepe- ot 0 mo 400 xIIa
HUS 1aB- ot 0 go 1000 kITa
JICHUU " i
SMC%T:ITI’HH“ AVL C-FEM-P +0,4 % ot 0 10 1000 kITa
YcTpolicTBO U3MEPEHUS KOH-
-1
HeHTpanuu BeiopocoB NOx B AMA i60 S| 1o ot 0 MiTH ):[;) 10000
otpaboTtaBmmux razax (I'azo- MJTH
aHaJIM3aTop)
H3smepurenbHas cucrema oT- o
. 1 0,
HOCHUTEJIbHOM BJIQXKHOCTH U Vaisala HUMI- ot 0% zo 100 %,
+0,5% ot munyc 40 °C 1o
TEMIIEPaTypHI BO3AyXa Ha CAP HMT330 wioc 80 °C
Biycke (Tepmorurpomerp)

JIBUrarenab UCHBITHIBAIICSA 0€3 BEHTUJISITOpPA, KOMIIPECCOpa U Hacoca TUApOyCUiI-
Tens pyna. Mcnpltanust fABUrarens MNpPOBOAWIMCH HA AU3EIBHOM TOIUIMBE MAapKu
Jlykoitn EN-590. B cucreme cmaszku ucrnonb3oBaioch Maciio mapku SW-30. B kauectse
OXJIQXKJAIOIIECH JKUJIKOCTH NMPUMEHsUIAch oxjiaxaaromas kujakoctb 40% KOHILEHTpara
ATUIEHTIIHKONS, 60% IUCTMILUIMPOBAHHOW BOJBI. TeMIieparypa OXJIaXIJarolen KHUIKO-
CTH IIPM HCIBITAHMAX Haxoawiaach B auanazone 92..97°C, temmeparypa macna -

98...108°C.

WcnbrTanust NpoBOAUIUCH TPU aTMOC(HEPHBIX YCIOBUSX, YKa3aHHbIX B Ta0nuiie 30.
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Tabmuna 30 — [TapameTpsl aTMOC(hEpPHBIX YCIOBUN MTPHU UCTIBITAHUAX

No [TapameTp 3HayeHue CpenctBo u3mMepeHus
1 TeMmeparypa oKkpyxarouiei oT 1ItoC 22 110 Hatuuk PT100 B cocTaBe usmepu-
cpensbl, °C iroc 27 teapHoro 6ioxka AVL F-FEM-AIS
2 %THOCHT“"H” BIKHOCTD, ot 16 10 19 Vaisala HUMICAP HMT330
ot 100,7 mo Hatuuk APT100 B cocTtaBe uamepu-
3 | Atmocdeproe pasrenne, klla 101,2 TenbHOro 6710ka AVL C-FEM-P

dopMUpOBaHUE OCHOBHBIX KapT yMHpaBlieHHUs] pabO4YMM IMPOILIECCOM JABUTATEN B
OCVY ]l ocyliecTBISIOCH C UCIIOJIB30BAHUEM TECTOBBIX MOCIIEOBATENBHOCTEN B CTEH 0~
BOM nporpammHom obecnieuenn PUMA u rpaduueckoro pegakropa UniPlot.

MexaHnueckue MoTepu ABUraTEeNs OIEHUBAIUCH IO pa3padOTaHHOM SKCIIEPUMEH-
TaJIbHOW METOJuKe 0€3 Mo/iaud TOIUIMBA (OIEHUBAJICS YKOMIUICKTOBAHHBIN JIBUTATEIb)
JIBUTATEJIs] aCMHXPOHHOM MalIMHOM 0€3 1mojauu TOIIMBa, Ipu TemiepaTtype macia 90°C,
oxJyaxaaromen xuakoctu 90°C.

OcHOBHBIE TapaMeTphbl JBUTATENsl IMOCJEe HACTPOMKU (ailioB HaOoOpa TaHHBIX
OTIPEJICISUTUCh B MOITHOCTHBIX HacTpoiikax 550 j.c. BHelHne cKOpOCTHBIE XapaKTepu-
CTHKH I KQXKI0W MOJIEIIH ONIPEAEISINCH B Auarna3zone yactot 600...1900 muH! ¢ marom
100 mun. Harpy3ounble XapaKTEpHCTUKH OIPEAEISINCh TAKKE B AMANA30HE YACTOT
600...1900 mun? ¢ marom 100 mun. Kpyrsammit MomenT usMensuics ¢ marom 10% ot
MaKCHMAJIbHOTO 3HaUY€HUsI HA COOTBETCTBYIOIIECH YacTOTE BpAILICHHUS.

ITo pe3ynbTaTam UCHBITAHUM JBUTATENS C ONBITHOW KOMIUIEKTAIMEW B CPABHEHUH
¢ 6a30BOM KOMIUIEKTAIMEH TOJIYyYEHO:

- CHIDKCHHE MOIIIHOCTH MEXaHUYECKUX MOTEPh 10 2 KBT 1 MOMEHTa MEXaHUYECKHIX
notepb 10 15...20 H-M B Amama3zoHe 4acToT BpaieHus kosenyatoro Bana 1000-2000
mun" (pucyHOoK 104);

- CHUOKEHUE YCIBHOT0 pacxoja TormBa 10 2,5 /KBt 4 Ha yactorax cBsime 1300
muH! kak mo BCX, Tak ¥ Ha 4aCTUYHBIX HATPY3KAX, YTO DKBMBAJICHTHO B cpeaHem 0,35

J1/9 pacxoja TOIJIMBA MPH PaBHBIX YCIOBHIX (pUCyHOK 105).
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4.4. BeiBoabI

B cooTBeTcTBUM € MOCTaBIIEHHBIMH 33/1a4d MCCIIEOBAHUS C(POPMHUPOBAH KOM-
IJIEKC TEXHUYECKUX PEUICHUN MO CHIKEHHIO MEXAHMYECKUX IOTEPh HCCIEyeMOro
JIBC. ®opmupoBaHie KOMIUIEKCA PEIIEHUI TPOBENECHO C YUYETOM:

- aKTYaJIbHOTO pacIpeiesieHne MOTEPh Ha TPEHUE MEKTY IPyIaMi KOMIIOHEHTOB
uccnenyemoro /IBC;

- adexra oT BHeApEeHUS pernieHUN Ha d(PPEKTUBHBIC TTOKA3aTeNu (JIaBIICHUE U
MOIIIHOCTh MEXaHUYECKUX MOTEPh, dPHEKTUBHBIN YIEIbHBIA PacXo/] TOILJINBA);

- (hakTOopa 0O6BbeMa TOPaOOTOK B KOHCTPYKIIMH HCCIICAYEMOTO IBUTATEIIS;

Pa3paborana u BepuduunpoBaHa MareMaTuueckasi MoJellb 0a30BOTO IBUTaTEIs C
KOPPEKTHBIM YYETOM JAHHBIM [10 MEXaHUYECKUM MOTEPSM, MTOJYYEHHBIM B X0JI€ HCCIIe-
JIOBaHUM MO pa3pabOTaHHON METOJIUKE.

Pa3paborana maremarnyeckass MOJENb ONBITHOTO JBUTATENS C yU€TOM BHEAPEH-
HOTO KOMILJIEKCA TEXHUYECKHX PEHICHUH MO MEXaHUYECKUM MOTEPSIM, MO3BOJISIFOLIAs
OLICHUTbh UX BIUsiHKE Ha 3 (dekTuBHbIe noka3arenu JBC.

M3rotoBieH ONBITHBIN 00pa3el JBUraTess ¢ KOMIUIEKCOM TEXHUYECKUX PEeIIeHUN
1o pe3ynbpTaTam UCIBITAHUNA JBUTATEINS B ONBITHOM KOMILJIEKTALlUHU B CPAaBHEHUU C 0a30-
BOM KOMIUICKTAIIUEH MTOJYUYEHO:

- CHI)KE€HHE MOITHOCTH MEXaHMYECKUX MOoTeph Ha 2 KBT B nana3oHe 4yacToT Bpa-
menns kojeruatoro Baja 1000-2000 muna?:

- CHUOKEHUE YCIBHOTO pacxoja Tormaa 10 2,5 /KBt 4 Ha yactorax cssime 1300
muH ! kak mo BCX, Tak ¥ Ha YaCTUYHBIX HArpy3Kax, 4TO SKBUBAIEHTHO B cpeanem 0,35

J1/9 pacxojia TOTUIUBA MPU PABHBIX YCIOBUSIX.
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OCHOBHBIE PE3YJIBTATBI PABOTbI

1. IlpoBeneH neTanbHBIN aHATU3 U CPABHEHUE METOJ0B ONMPEACICHUS MEXaHU4Ye-
ckux norepsb JABC. BBuay Toro, 4To KIFOUEBbIE COCTABIIAIONIME MEXAHUYECKUX ITOTEPh
3aBHUCST OT Pa3IUYHbBIX (PAKTOPOB, a TAKXKE C LIETBIO0 OIICHKU BKJIa/1a B 00IIME IOTEPH HA
TPEHUE OTJEIbHBIX Py KOMIIOHEHTOB OblIa MPUMEHEHA TMOpHIHAs METOJUKA HCCTe-
JIOBaHHUS, BKJIIFOYAIOIIAsl IPOKPYTKY JBUTATENS C MOCIEAOBATEIbHBIM TIEMOHTAKEM OC-
HOBHBIX rpymnn KoMnoHeHToB [IBC (mpu moJIHOCThIO CTAOMIM3UPOBAHHBIX YCIOBUSIX) U
WHUIMPOBAHMS 1aBJICHUS B IMJIMHpaX (MCIBITAHUS CO CTOPAHUEM).

2. ITo pe3ynpraram NpoOBEAEHHBIX SKCIEPUMEHTAIBHBIX UCCIECAO0BAHUN MTOTYyYEHBI
aKTyaJIbHBIE TAHHBIE IO YPOBHIO MEXaHUYECKHUX ITOTEPH COBPEMEHHOTO TU3EIBHOIO ABU-
rarens ¢ BblcokuM 3¢ ¢dektuBHbIM KIIJ[. 3HaunTenpHass 4acTh MOTEPh MPUXOIUTCS Ha
LI — ot 33% 1o 35%; Ha npuBoa MacisiHOTO Hacoca — oT 14 1o 17%; npuBoj Hacoca
OXJIAKIAIOLIEHN KUIAKOCTH — OT 2,5 1o 14%; Ha nmpuBOj KOJEHYATOTO Baja — OT 13 1o
14%. Ha ocHOBaHMU IPOBEAECHHOIO 3KCIEPUMEHTAIBHOTO UCCIEN0BaHUs CHOPMUPO-
BaHbI IPUOPUTETHBIE 00JIACTH MOTEHIIUAIBHOTO YIIYUIICHUS TPEHHUS.

3. IlpoBenen 0030p U pacyeTHO-IKCIEPUMEHTAIbHBIN aHaIN3 HANPaBICHUN CHU-
JKEHHsSI MEXaHWYECKUX MOTeph No ciuenyromum HanpasiaerusaM: LI, KIIIM, cucrema
CMa3KH, CUCTEMA OXJIAKICHHS. JJOTTOTHUTENBHO OLIEHEHO BIUSHUE IPUMEHEHUS SHEPTO-
cOeperarpImx MOTOPHBIX Macesl Ha YpOBEHb MEXaHUUECKHUX MOTEPh U TOIIUBHYIO KO-
HOMUYHOCTB uccieayemoro JIBC. [Ipumenenne ruOpuaHOro moaxoja npu MCCiaeaoBa-
HUMW PaA3JINYHBIX TEXHUYECKUX PEIICHHUI MO CHW)KCHHI0 MEXaHWYECKHUX MOTEPH IMO3BO-
JUJIO COKPAaTUTh BpeMsl Ha 1moalop, pa3pabOTKy pa3IUYHbIX KOHLENTYaJlbHbIX U KOH-
CTPYKTOPCKUX U3MEHEHUI, Ha MPOEKTUPOBAHUE U 10pabOTKy KomnoHeHToB JIBC.

4. ChpopmMupoBaH NakeT TEXHUUECKUX PELICHUI: CTaJbHON MOPIIEHb C aHTU(PPUK-
LMOHHBIM TPa(UTOBBIM MMOKPHITHEM; [TAKET MOPILIHEBBIX KOJIEI] C yMEHBIIIEHHOW BHICOTOM
U YIIPYTOCTBIO, @ TAKXKE TBEPABIM YIJIEPOJHBIM MOKPBITUEM; BKJIAIBIIIHN KOJIEHYATOTO
Bajia ¢ MOJMMEPHBIM MOKPBITHEM; SHEPTrod(D(PEeKTUBHAS MaH)KETa KOJIEHYATOr 0 Bajia; pe-
I'YJIMPYEMBIE MACIIIHBIA U BOJSIHOM HACOCHI; TEPMOPETYIMPOBAHUE CUCTEMBI CMA3KU U

OXJIaAXKXACHU .
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5. Pazpaborana u BepuduImpoBaHa TEPMOAMHAMUYECKAS MOJIETh HCCIIETyeMOTO
JIBC. [lony4yeHHbIe JaHHBIE IO MEXaHUYECKUM MOTEPSAM YYTEHBI B pACUETHON MaTeMa-
TUYECKOM MOJIeNId HccaeayeMoro asurarens. PazpaboranHas TepMoauHaMU4YecKas Mo-
Jieh pabodvero mporiecca UCCIIeTyeMOro U3es MO3BOJISET ¢ BRICOKON TOYHOCTRIO OI1e-
HUTH BIVSIHUE TEXHUYECKUX PEIICHUN M0 CHUKEHUIO MEXaHUYECKUX MOTEPh HA TOIJIUB-
HYI0 9KOHOMUYHOCTb. [10 pe3ynbpTaTaM CpaBHUTENBHBIX PACUETHBIX UCCIIEI0BAaHUMN ObLIO
YCTAHOBJIEHO, YTO BHEJAPEHUE MAKETa PEIICHUN 110 MEXAHUYECKUM IOTEPSIM MO3BOJISIET
CHU3HTH yJIENbHBIN pacxo TormBa 6azoBoro IBC o 2,5 r/kBt 4.

6. CripoexTupoBaHa KOHCTPYKIIUS onbITHOTO ABurarenss 6UH 13/15 ¢ makerom pe-
IIICHUH 110 CHIDKCHHUIO MEXaHUYECKUX MOTeph [75]. I3roToBiIeH ONBITHBIN 00pa3ell 1BH-
raTeiisi sl POBEJICHUS UCCIIEIOBATEIbLCKUX UCTIbITaHUU. [1o pe3ynbraTam ucnbITaHUN
JIBUTATEJIS C ONBITHOM KOMILJIEKTAaI[Uel B CpaBHEHUU C 0a30BOM KOMIUIEKTAIMEH MOJTy-
YEHO CHIDKEHHE YIEIbHOTO pacXojia ToIIuBa 110 2,5 r/kBT 4, 4To TI0Ka3bIBaeT JOCTOBE-
HOCTb pa3pabOTaHHOM MaTeMaTUYECKONW MOJIENIU U KOPPEKTHOCTh BHIOOPA TEXHUUYECKHUX
pPELICHUN 10 CHIDKEHUIO MEXAHWYECKHX MoTepb. [lo pesynbraram mNOATBEpKICHUS
HAJCKHOCTH U TEXHOJOTMYECKOW IMOATOTOBKM IMPOU3BOACTBA JAaHHAsS OMBITHAS KOM-
mekranusa JIBC BHenpena B cepuitHoe npon3BoAcTBO [TAO «KAMA3».

7. PazpaboTanHble MaTeMaTHYECKHE MOJEIHM, METOJMKa SKCIEPUMEHTAIbHON
OLICHKM MEXAHWYECKUX MOTEPh, & TAKKE KOMIUIEKC TEXHUYECKUX PEUICHUN MO CHUXKE-
HUI0 MEXaHUYECKUX MOTEPh MOTYT OBITh HUCMOJb30BaHbI MPU MPOSKTUPOBAHUN HOBBIX

nokosnenuii JIBC.
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HNPUJIOXKXEHHUE

YTBEPKIAIO:
~ I'naBumiit koucrpykrop ITAO « KAMA3»-
~ . appekTop HayuHO-TeXHHYECKOro HeHTpa,
"l'\'\ e S\ p
% s E.I'. Makapos
3 }l"i//ttiﬂ‘&. 2023 r.

AKT
NPOMBILICHHON anpodauny MaTepuasos IMCCEPTALHH
Xanunanosa Mapara /lamuposrua
«PacyeTHO-IKCNEePUMEHTA/IbHASA OLICHKA MEXaHWYECKHX MOTEPh COBPEMEHHOTO
JH3EI15 M UCCIeIOBaHHE CIOCODOB HX CHHKEHHA JUIA oDecneyeHus BhICOKO#
TOIUIHBHON JKOHOMHYHOCTH»

Hacrosimumm aktom yrtBepikaaetrcs, 4to B Hay4yHo-TeXHHYECKOM IEHTpe
[TAO «KAMA3» nposeaena anpobanms pe3ysibTaToB HayYHO-HCCIIE10BATE LCKOH
paborer Xanuanosa M.JI. - couckarens HabepexHOHETHHHCKOTO HHCTHTYTA
(punnana) Kazanckoro (Ipusomkckoro) geaepanbHOro yHHBEpPCHTETA,

Paspaborannsle B pamkax JMCcepTaluMoOHHON  paboThl  MeToaHKa
IKCIEPUMEHTANIBHBIX  MCCIICAOBAHHH  MEXaHWYeCKHX  MOTeph  JIBHrarels,
MaremMarHqeckue  Mojend  0asoBoro M 9HeproaddheKTHBHOTO  PAAHOrO
wecTHunanHaposoro ausens 6YH 13/15 ucnone3yercs npu npoBejieHNs Hay4yHO-
MCCIIeIOBATENLCKHX W ONBITHO-KOHCTPVKTOPCKMX pabor B ciyxde rnaBHOro
KOHCTpYKTOpa 1o Asurarensm Hayuno-rexuuueckoro nentpa I[AO «KAMA3»,

PaspaboranHblii  KOMMJIEKC TEXHHYECKHX PpeIUeHHH M0 CHHXKEHHIO
MEXaHHYECKHX M0Tepb (B  LMJIMHAPO-TIOPIIHEBOH rpynne, KpPHBOIIHMITHO-
IATYHHOM MeXaHH3Me, CHCTeMaxX CMasku M OXJIaXAEHHs ), BHEJAPEHHBbIH B COCTaB
Oazoporo asurarens KAMA3 P6 cemeiicta 910, no3sonua noBBICKHTH
apdexTuBHBIe  nokasatenM  ABMratens M 0DECNEYHTh  KOHKYPEHTHbIE
NoTpeOUTENECKHE  CBOHCTBA  (TOMIMBHYK) IKOHOMHYHOCTB) MAarucTPalibHOIO
aBTOMOOM/IA ¢ JIaHHBIM JIBHTATEIIEM.

["naBHBIA KOHCTPYKTOP MO ABHrATEISIM
HTLLTTAO «KAMA3»




