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OBIIASI XAPAKTEPUCTHKA PABOTBI

AKTya/IbHOCTB Tembl. Pa3BHTHE OTEYECTBEHHOIO NOJBEMHO-TPAHCIOPTHOTO
MAlIMHOCTPOEHHS SBNAETCA BaXHOM XO3AHCTBEHHOH 3ajaueil, pelleHHe KOTOpoH
BO3MOXHO MyTeM pa3paGOTKH KOMIUIEKCA MEpPOTPHATHH, HANPAaBNEHHEIX Ha
noBblilleHHe 3((HEKTHBHOCTH MPOEKT
MEXaHW3MOB, Y3/I0B H lleTaeil MaluH.
TopMo3a ABNAIOTCA OOHMM M3 HauGonee OTBETCTBEHHBIX  Y3VIOB,
paGor o U b IPY30NONBEMHBIX MalIMH

(lTIM) Onert 3xkcrutyarauun [TIM nokasan, yto He Menee 10% cnyyaes BeIXona U3
CTposi KpaHa oBGyCNOBJNEHO OTKa3oM Topmo30B. Kpome Toro, 33% npocroes I'TIM

p , W3 H ryataus

BBI3BAHO HEOGXOUMOCTBIO 3aMeHbI 3/IEMEHTOB TOP

IostoMy npu pa3paGOTKe HOBBIX M MOJEPHW3AUWH CYLIECTBYIOLUHX
xoHcTpykuuit T'TIM P Tb K P p
noBblillieHHA 3QPEKTHBHOCTH TOp npu paboThi
ITIM. YnyylieHue 3KCILUTyaTallHOHHBIX CBOMCTB M 3(¢ekTuBHbIi BbIGOp TopMO3a
TI03BOJIAIOT YMEHbLIHTD 3aTPaThl HA €ro NMPHOGP Tex

H PEMOHT, a Taioke NOBbICHTH GesonacHocts [TIM.

CylLecTBylolKe TEOPETHYECKHE U IKCTIEPHMEHTANbHBIE MOAXONbI K BHIGOPY
Topmo3os I'TIM mpeanonaraioT yyet Takux NMapameTpoB, Kak TOPMO3HOH MOMEHT,
4acTOTa BKJIOYEHHH H OTHOCHTENbHast np b BKJ (IB).
OCHOBAaHHBIE Ha JTHX MOAXONAX pPAcYeTHble METOAbl H METOAHKH IOCTATOYHO
IIMPOKO HCMIONB3YIOTCA B  HACTOsee BpPeMs NpH MPOBENEHHH NPOEKTHO-

KOHCTPYKTOPCKHX pa6oT mno P T Onnako oHM He
YIHTHEGIOT PEANLHYIO TEMNOBYIO HAIPYKCHHOCTL H Pecype  3eMEHTOB

napsl Top u TOp 0 MOMEHTa B Mpolecce ero
3KCITUTyaTallHH, CBA3aHHOTO C pi0 ['TIM, b TOP! a TaKkxe
IKCILTYaT: 3aTpathl. 10 uX 3PeKTUBHOCTS H JOCTOBEPHOCTD H

TpeGyeT pa3paGOTKH HOBBIX PAacyeTHbIX METONOB M METOAMK aHaNM3a W BbiGopa
Topmo30B ['TIM. Kpome Toro, OTCYTCTBHE JOCTAaTOYHOW IKCMEpPHMEHTaNbHON Ga3bl
Qs TIOATBEP)KAEHHMS — TEOPETHYECKHX  Pe3ysibTaToB  TpeGyeT — MpoBedeHHs
JIOTIONIHUTENBHBIX TPHOOTEXHHYECKHX HCTBITAHHH (QPHKUHOHHBIX Map TOPMO3OB B
peKuMax IKCIUTyaTalku Mexanusmos [TIM.

Taxum P 'BOBaHHE P npu
6e30nacﬂoﬂ IKCIUTyaTal|u l'l'IM SABJISETCS aKTyalbHOW Hay4HO-TEXHUYECKOH
p p P Ha 0 ypoBHS

OTEYECTBEHHBIX NOABEMHO-TPAHCIIOPTHBIX MALUHH.
e n 3apaun. Lenbio paGotsl sBnsieTcs nosbilleHHe 3HEKTHBHOCTH
npu o6 # pa6otel I'TIM Ha ocHoBe pa3paboTku
HOBBIX Hay TEOPETHYECKHX H IKCTIEPHMEHTATBHBIX
METO/IOB H METO/IMK OLEHKH H BbIGOpa TOPMO30B C Y4ETOM TeXHHKO-3KOHOMHYECKUX
a TaKxke p BOBaHHsA HX KOHCTPYKLH.
JInst ROCTHXKEHHS UeNH GbLNK MOCTABNEHB! H PELIATHCE CIIEAYIOUIHE 3afayH:

AT 1y
M. H.9. Baymar
Buenmorer




. TENBHO K p l'TIM pasp: Ka MaTeMar i mozenn

BO ¢ i mape, y4uT i Ten. MexITy
3MeMeHTaMu q;puxuuonuoﬁ napbi ¥ KOHBEKTHBHYIO TETUIOOTAAuy B OKPY)XAIOILYIO
cpeny, p Th HEC p paTypsl

 TOp J P
e xnaccudukaums W BbIGOp i apax

3 ¢exTHBHOCTS paboTs TopMo30B I'TIM, pa3paGoTka MaTeMaTHYeCKHX MOZeNneH
HX OLIEHKH;
* npumennTensHo k [TIM paspa6oTka anroputma 3¢¢exmnuom BEIGOpa TOpMO3a,

YHHUTI 0 e €ro 3KCIL,
o npumenutensio k ITIM mp TANBHBIX i
TpHOOTEXHHYECKHX ~CBOHCTB nap Top BKJI 1

pa3paoTKy M  CO3NaHHe CTEHNOB, BHIGOp  H3MEDHTENbHBIX  CHCTEM,

HBIX p H p MCTIBITAHUH;  BBIMOJNIHEHHE
CPaBHHTENBHOrO aHANH3a P TOB HBIX H TEOPETHYECKHX
MCCeNoBaHHHA;
® pa3paGoTka TNpaKTHYECKHX P i Ha
3 HEKTHBHOCTH KOJONOYHBIX, " NpHCTp
Topmo3os I'TIM.
Hay paGotei. [1p x I'TIM nony 0 ot
el %) b
1p p 60 ¢p i nape mop
o s PHO-KPATKOBD 0 pexuma paGoTel TOpMO3a

paspa6oTaHa MaTeMaTHYecKas MOJeNb TEMJIOBBIX MPOLECCOB BO (PHKUHOHHOM
nape, y4MTbIBalOWlasl, B OT/IWYHE OT CyLIECTBYIOUIMX MOZeNeH, KOHTaKTHBI
TEMI006MeH MEXIy SMEMEHTAMM Maphl TPEHHs, KOHBEKTHBHYIO TEIUIOOTAAdY
(PHKLUHOHHOH HAKNANKH W TOPMO3HOIO JMCKA/IIKHBA B OKPYXAIOIIYIO Cpedy,

BIHAHUE TEMIIEPATYpPbl Ha KO3 T TPEHUA H HH Th
dbp # HaknmanakH, p: YCNOBHH B 3aBUCHMOCTH OT
JTana paGoTsi TOpMO3a;
e nuis map metann / ¢r i i puan (OIM),
B Ttopmosax ITIM, Bnepeeie yc 1 ™ P! 0

conporupnenns koutakta (TCK) oT naBneHus, TeMnepaTypbl H MapaMeTpoB
ILIEPOXOBATOCTH KOHTAKTHPYIOLIMX HOBCPXHOCTeﬁ;

e mis map OIM / merann T M ye U
KOHTYpHOH nnomaay kouTakTa (KIMK) ot TeMnepa‘rypu KIIK;
e mns nap acGecroseiii ®OIIM / merann P ye b
3HEpreTHYeCKOH MHTEeHCHBHOCTH M3HawmBanus Ha KITK ot Temnepatypsi KITK.
by/ x I'TIM np HOBbIe NOOXO00bI K OYyeHKe gy

mMopmo308, ux evibopy ¢ yuemom
® o6ocHoBaH BbIGOp MokasaTenei, XapakTepu3yIOWKX 3¢GPEeKTHBHOCTD TOPMO30B K
6esonacHocTs paGoTs I'TIM: TOpMO3HO#M MOMEHT, pecypc GPHKLHOHHOM Napsl U



IApHUDHBIX ~ COGNMHEHWH, MEXDEMOHTHBIH CPOK CmyX6bl H  Bpems

BOCC pabo TH TOp

. paapaﬁo'raﬂa HOBas MaTeMaTH4ecKas Moaens, YUYHTBIBaOLIAA BIIHAHHE
Temnepatypsl KITK u u3Hoca ] Ha MOMEHT B
TPOLIECCE TOPMOXKEHHST;

. P TIOJTy4eHbI ¥ H3HOCA ¥ HaKNa[IK¥ W WAPHHPHBIX

COENMHEHHH (BpallaTeNbHBIX KMHEMATHYECKHX Map S5-ro Kiacca) phIYaXHOM
CHMCTEMbl OT KOJMYECTBAa UMKIOB paGoThl Mexanusma ITIM, nossonsioutne
OLEHHTh PeCYpC (PHKUMOHHOW HaKNaZkh W LIapHHPOB P

OMpEeNeNHTh MEXPEMOHTHBIH CPOK Cly6bl TOpMO3a;

BepBbIe npe/oXeHa MaTeMaTHyecKas Moaens ans OLEHKH

PEMOHTONIPHTOAHOCTH ~ TOPMO3a,  MO3BONAIOWIAA  OMpPENENHTh  BpeMs
BOCC €T0 p: H;

. b A% Onp 3aTpaT TOpMO3a
Fl'IM C Y4ETOM €ro MEeXPEMOHTHOIO CpOKa CITYX6bl H BpEMEHH BOCCTAHOBJIEHHA
paboTocnocobHoCTH;

e onp BO P (IMapeto-onT )T
PAII0B TOPMO30B, COOTBETCTBYIOLIMX 3aTpaTaM Ha npHo6peTeHHe U

9KCITyaTaLHIO TOPMO30B.

VKasaHHble OCHOBHbIE HayuYHble MONIOKEHHS H PE3y/NbTaThi, COCTABNSIOLIAE

TeopeTHyecKyio 6asy MiA pellleHHs 3ajay NOBBILIEHHS 3PQPEKTHBHOCTH TOPMO30B,
BBIHOCATCS Ha 3aLIMTY.

O b H J0CTOBEPHOCTb Hay u
pesynbTatoB  Gasupy Ha M ONBITE  TEOPETHYECKHX M
HBIX 7 P I'TM, TCH

MPUMEHEHHEM: HAay4HO OGOCHOBAHHBIX TONOXEHHH M NOMYyILEHWH TeOpHH
T H, TEOpHU 0 KOHTAaKTa MOBEpXHOCTEH W

MOJIEKYIPHO-MEXaHHYECKOH TEOPHH TPEHHS; METONOB MAaTEeMAaTHYECKOro aHalH3a,
TEOPHH BEPOATHOCTEH M MaTeMaTH4eckod CTAaTHCTHKH, 4YHCJIEHHOrO aHanwu3a;
COBPEMEHHBIX CPEICTB W3MEPeHHS H METONOB OGpabOTKH IKCIEPHMEHTANBHBIX
pe3y/bTaToB;  MOATBEPKNAETCA  MPAKTHKOH  NPOMBIULIEHHOTO — BHEAPEHHs
Pa3paboTaHHBIX KOHCTPYKLHH.

IlpakTuyeckas ueHHocTh paGoThi. B pesynbTaTe  BBINONHEHHS
HCCIIelOBaHHii JUIsi IPAKTHYECKOTO HCTIOb30BaHHs pa3paboTanbi:

® Hogblll MemoO oyeHKku 3¢ u pabomet

I'TIM, OCHOBY KOTOPOTO COCTaBASIOT anropm'msl, MpOrpaMMbl W METOAHKH,

Th b paGorer [TIM, cBssanHylo

M3MEHEHHEM TOPMO3HOrO MOMEHTa; Mnpor b p THBI  CPOK

cyx6sl M BpeMs BOCCT p H TOp ; onp b
SKCITYaT: € 3aTpaThl TOp 5

® Hogbii  Memod  evibopa P ITIM,  yunT! 3aTpathl  Ha

npuHoGpeTeHHe H OKCILTYaTallMio TOPMO3a, BKIIOYAIOLIMHA METOAMKY OLEHKH
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TEXHHUKO-3KOHOMHMUYECKOH IPPEKTHBHOCTH TOPMO3a, AIFOPHTM H MpOrpaMMy
s dexTuBHOro Bribopa Topmosa I'MIM;

. P i, BKJ HBIX CTEHOB
s b p B dNieMeHTax ¢ nap
Topmosos ['TIM; BriGop HKMEPHNHLHHX CHCTeM, 3KCnepHMeHTaJIbHHX 06pasuoB
M PEXHMOB  MCMBITaHUH, y TaJIbHOTO p

Temneparypsl KITK Haknankd (pHKUHMOHHOM Tapsl TOpMO3a C MOMOLIBIO
JIEHTOYHBIX ~ TepMONap; METONMKY  3KCMepuMeHTanbHOH  ouenkn TCK
$pukuronHEIX nap mMetann/®IM s H OT YpHI M
1LIEPOXOBATOCTH MOBEPXHOCTEH;

P -pamyp nap

I'ITM, peanusoBaHHas B BHIE KOMMNBIOTEPHOH nporpamMmsl Thermobrake,

nossonsiomas  onpenensts Temneparypy KIIK, ofsemHyio Temneparypy

HaKNIaJIkv, TeMIepaTypy AHCKa;

® pexomenOayuu, peann3oBaHHbIE B POEKTaX K KOHCTPYKTOPCKOH AOKyMEHTallHH, a
TaKke B OMBITHBIX 0Opasuax, KOTOpble NMPOULTH CTEHNOBbIE WCIBITAHHSA, B TOM
yucne:

- ans )2 pasp: KOHCTPYKUHS PBI@XHOH CHCTEMBI
Duplex, : BMECTO THIIOp p 160 n 200 wucnonb3oBaTh
THnopasmep 160 B nana3oHe TOpMO3HBIX MOMEHTOB oT 50 110 250 Hm; 3a cyer

(TOPOIIACTOBBIX

ckonbxenuss (MOIIC) B S...7 pa3 MOBLICHTB PeCYpC IAPHHPHBIX COEAWHEHHH
PBIYXNHON CHCTEMbl TOPMO3a; CHM3MTb B 3..7 pa3 cyMMapHbie 3aTpaThl Ha
npuHOBpeTEHHe U IKCILTYaTaLHIO TOPMO3a;

- mus O TAIl  pasp: pan ¢
JMana3oHOM TOPMO3HBIX MOMEHTOB oT 20 no 2100 Hm u Bunmmeua ero
KOPPEKTHPOBKA, YTO MO3BONMAO: BMECTO 5 MCMONb30BaTh 4 THMOpasMepa
TOPMO30B; YCTAaHOBMTH B KauecTBe 3aMBIKAIOILErO 3/IEMEHTA TMPYKHHBI
(ueHTpanbHy!o K nepud ) uin ; 32 cyet
HCMONb30BaHHA ABTOMATHYECKHX KOMIEHCATOPOB H3HOCA (AKH) YMEHBLIHTH
BIIMSHUE M3HOCA (PPUKLMOHHBIX HAK/IaJIOk TOPMO3a Ha TOPMO3HOH MOMEHT;
YMEHBLIHTh MaccorabapHTHbIE TOKa3aTeNH NPHBOAA MEXaHH3MOB: Maccy A0
20%, anuny o 10%, wmpuny B 1,4..2,2 pa3sa, BsicoTy 10 28%; yBeNHYHTH
pecypc (GpHKLMOHHOM Mapsl TOPMO3a MO 2 MIIH TOPMOXEHH; COKDAaTHTb B
1,6...7 pa3 akcniya 3aTpathl; pasp aTh  KOHCTPYKLMIO
BEHTHJIHPYEMOTO TOPMO3HOTO JIHCKa, Ha
30...40% 'reMnepaTypbl JIMCKA B CPABHEHHHU CO CIUIOLUHBIM LLHCKOM,

- Ha O THK paspaboran OCT 92-5020-87;
H3rOTOBJIEHA OMBITHAA NApTHS TOP ¢ AKH pas3: T
obecneunsatoumx GesonacHyio paboty I'TIM, B cpaBHeHHH ¢ TOpPMO3aMH TﬂE
CHHXeHHe B 3,5...8 pa3 Macchl, B 1,1...3 pa3a raGapuTHbIX pa3smepoB, a TakxKe

3KCIL, 3arpar Ha 10...20%.




Peannzauns pesyabTaTtoB paGoTni. Marepuansl AHCCEPTaUHOHHON paboTsl
ABJAIOTCS COCTaBHOM yacThio oryeToB no HUP u HUOKP MI'TY um. H. 3. Baymana
u HUM ATIT1 MI'TY um. H. 3. Baymana: «Pa3paGoTka M McCle0BaHHE AMCKOBO-

TOp A CTp kpaHoB cepun KC», «PaspaGotka
oTpacieBoro cranpapra Ha Topmosa TIK», «PaspaGoTka M HccienoBaHue

THOTO 0 TOPMO3a CTPOMTENBHOTO  KpaHa-
MaHunynsTopa», «PaspaboTka T 0 pAla MPHCTp p
KPaHOBbIX ~ JJIEKTPOJIBHIaTeNei»; OTYETOB M0  XO3ANCTBEHHBIM  JOrOBOpaM:
«Pa3paboTka NpUCTp IX TOP poTa BbLIETA

CTpelbl MOPTaNbHbIX KpaHOBY, «IIpoBesieHHe WCMBITAHWH KPaHOBOTO TOPMO3ay,
«Pa3paGoTka KOHCTPYKUHMH W H3TOTOBJIEHHE OMBITHOTO o6paslia IMCKOBOTO TOpMO3a
A BUHTOBOTrO ctpensy, «[l TOpMO3
npuBoza I1K-6,3», «PaspaGorka npucoennﬂmenmux 3NIEMEHTOB NPHCTPOEHHbIX
JMCKOBBIX TOPMO30B JUlA MEXaHM3MOB KO3/OBOTO KpaHa 3269», «Paspaborka
TEXHHYECKOTO MpOEKTa MakeTHOro obpasua Topmo3a neGelku  wWaXTHOR
BCIIOMOTaTeNbHOM ¢ TsAroBbiM ycunueMm 25kH», «IloarotoBka W opraHMsauus
CepUHHOro Bhilycka [MCKOBBIX TOpMO30B npuBoma IIK-6,3», «ABTopckoe
CONpPOBOXIEHHE ~ MCTIBITAHHH ~ JHMCKOBOTO ~ TOPMO3a  BMHTOBOTO  MeXaHH3Ma
TENECKONUPOBAHHA CTPENb», B KOTOPBIX COMCKaTeNlb ObL1  OTBETCTBEHHBIM
HCTIO/THHTENEM.

Kak Hayu4Hblii pyKOBOAMTENb COMCKATeNls BO3[VIAB/AN  BHITOJIHEHHE
XO3SHCTBEHHBIX JOTOBOPOB MO TeMaM: «Pa3paboTka KOHCTPYKLHH H H3TOTOBIEHHE
ONBITHOrO 06pa3slia AHCKOBOrO 3NEKTPOMATHHTHOrO TOPMO3a Tal¥ INEKTPHHECKOH
r/m5,0 ™, «Pa3paboTka KOHCTPYKUMH H W3rOTOBNEHHE OIMbITHOrO o6pasua

0 TOpMO3a KapeTKH aBTOMAaTHYeCKOro KpaHa-
wrabenepa», «PaspaGoTka onm‘Hom obpasua 0 TopmoO3a
P p pay, «Pa3pabotka B3PbIBO3ALUMILEHHONO

3NIEKTPOMAarHUTHOTO MPHBOJIA AHCKOBONO TOPMO3a.

Pe3ynbTaThi HCCNEOBAHHI peanu30BaHbl B TEXHHYECKHX PEUICHHAX, HOBH3HA

P 5 aBTOp ceuaerenscTBaMu. PaspaGoTanHsle  ans
NPaKTHYECKOTO HCMONB30BAHMA PEKOMEHIALMH, METObI H METONUKH BHEAPEHbI Ha
OAO «Cubanexrpomorop», OAO «Opecckuii MalWMHOCTPOMTENBHBIH 3aBOA
«Kpacnas [eapuus», OAO «Tomckuit 3/IeKTpOMEXaHHYECKHMH 3aBOX  HM.
B.B.Baxpyuwesa», 3A0 «Crt i y ] i 3asom, 3A0
«MTL «KPOC», OO0 Hucrutyr TPUBOJIOTUU um. H. B. Kpareasckoro, OAO
«YKkpaBTOGYCpOM», B 3KCMEPTHO-AUATHOCTHYECKOH HAy4HO-HCCIIENOBATENbCKOR
N1aGopaTopuM  IPY3OMOABEMHBIX MAIUHH W MPOMBIIUIEHHBIX  COOPYXeHHi

Bocr p J ro pcuteta uM. B. Jlans, ucnonssyiorcs
BY p Ha kadenpax «IT T Hble MITY um.
H. D. baymana, «Jleranu mawmuH» H: 0y p «JT
TIONIHTEXHHKAY.

OnpITHBIH 06pa3ell AHCKOBOro TOpMO3a OTMe4eH cepebpaHoil Menansio BIIHX
CCCP B 1991 r. (ynocrosepenne Nel11246 ot 06.11.1991).



Anpobauus paGorei. O H P THI
PpaGoThl y H obcy: : Ha

uayqnslx koHpepenumsix «Hosoe B PTHOH (r. Mocksa,
PO, 1985, 1994); Ha Bcecoto3Hoit Hayqno-npamuqecxoﬁ koHepeHunn «Teopus u
NpaKTHKA CO3/aHMA, MCTIBITAHHA H IKCIUTyaTauuu muﬁorexuuqecxux cHCTeM»
(r. Poibunck/Angponios, P®, 1986); Ha 3-i M
KoHpepeHLMH «TpHGOTEXHHKA — MALIMHOCTPOEHHIO» (I. Mocxna, PO, 1987); Ha
BbI€3ZHOM 3aceiaHnH komuteTa BCHTO 1o mpo6ieMaM H3HOCOCTOHKOCTH H TPEHHA
«Oco6eHHOCTH  JKCILTyaTaluMH  (QPUKUHOHHBIX YCTpOHCTBY (. dpyHse/buiukex,

Kuipreisckas Pecny6nuxa, 1987); va Hay4HO-
«3}!6!{[")0}13"]‘&1’3!"4 TNEepEMEHHOro ToKa nO}:['bEMHO—TpﬂHCl'IOpTHBIX MEXaH"SMOB»
(r. Cy3pans, PO, 1988); ma B Hay4HO-

«TpHGOTCXHH‘{CCKHe HCNBITAHHA H npoﬁneMa KOHTpOJIA KayecTBa MaTepua.noa H
xonmpykuuﬁ» (r. PmGuch/Annponos, P®, 1989); ua II-ii BcecotosHoli HayuHo-

dep «Ip pasBMTHA M  COBEPLICHCTBOBaHHS
MOABEMHO-TPAHCTIOPTHOM, CKJIaACKOH 'rexn-mxu M TexHonoruu» (r. Mocksa, P®,
1990); wa Hay‘{ﬂo-n:)\ ¢ «T cpencTea

Ba» (r. CeBactonons, Ykpanua, 1990,
1993); Ha lntematlonal Tnbology Conference (Nagoya, 1990, Yokohama, 1995,
Japan), Ha Japanese ’I’nbology Conference (Nagoya, Japan, 1993); na Bcecoo3Hoi
«HoBoe B MOABEMHO-TPAHCIIOPTHOM
Mamuﬂom‘poeuuu» (r. Mockaa, P®D, 1991); Ha MexayHapoaHBIX CHMIO3HyMax Mo
Tpubonoruu Lj)puxuuonﬂux Marepua.ncs «SPO®PU» (r. Spocnaens, P®, 1991,
1994, 2010); Ha Pecny! i u Hay i
KoH¢epeHuun  «Hayyro- Texﬂuqecmm NpOrpecc B aBTOTPAKTOPOCTPOGHHH H
npo6nemMsl NOATOTOBKH HHXEHEpHBIX kaapoe» (r. Mocksa, P®, 1992); na
Py i y OM p «C i onbIT

NPOEKTHPOBAHMA, ~HCTIBITAHWH, TNPOM3BOACTBA H  JKCIUIyaTalld TOPMO3HBIX
ycTpoiicTB TOMbEMHO-TPAHCTIOPTHBIX  MALUHK) (r Mocksa, P®, 1992); Ha
MIiXHapoAHHX CHMIO3iyMax yKpail - ikiB y JIsBoBi (M. JIbBiB,
Vkpaina, 1993, 1995, 2005, 2007, 2009, 2013); wa 6th Nordic Symposium on
Tribology «NORDTRIB-94» (Uppsala, Sweden, 1994); Ha cemunape «ITpnGopst
6€30MacHOCTH IPy30MOABbEMHBIX KpaHOB. ITpoGnembl pa3paGoTkH, NPOH3BOACTBA,
ocnameumi u skcnnyataunny (r. ViBanteeska, P®, 1996); Ha Hay4HO-TeXHUYECKOH

C MexXay! M yuacTHeM «IToIbEMHO-TPaHCTIOPTHBIE MAIUMHBI
Ha pyGe)ke BEKOB) (r. Mocxna P®D, 1999); Ha 4-i perHoHasbHOH Hay4HO-
Tex W nertand mawuHy (r. JloHeuk,
Vkpauna, 2002); Ha HayuHo- p Bonp
P 'BOBaHHA H Np TBa TOABEMHO-TP PTHBIX
7-# Bcep dbep «IMopbeMHO-TPaHCTIOPTHA!  TEXHHMKa,
BHYTPH: T ckname»  (r. Mocksa, P®, 2004); Ha
MemnyuapoﬂHoM cemunape «Topmosa [TTM u o6opynosanus — 2006. HopmatusHo-
Gaza u T Pa3BuTHAY TpH MITY wum. H.D.Baymana
(r Mocksa, P®, 2006); Ha 2-ii O6
P pTHOTO 060p; «CranExpo-2007» (r. Mocksa, P®, 2007);




Ha 19 Internationale Kranfachtagung «Der Kran und sein Umfeld in Industrie und
Logistik» (Magdeburg, Deutschland, 2011); ua Bcepoccuiickoli HayuHo-

C yyacTHeM TOB «IJ]
P HA — (r. Mocksa, P®, 2012); na
p «nO)l'beMHO- HBIE MITY um.
H. 3 Baymana (r. Mockna, P®, 2013).
OnbiTHble  06pa3subl  pa3sp JEMOHCTP Ha
TemaTuyeckux BbictaBkax BJIHX CCCP (r. Mocxna, PO, 1990 l99l), Ha
Poccuiickom HayYHO-T p «Cosp ONBIT

NPOEKTHPOBAHMSA, HCMBITAHHMH, MPOM3BOACTBA H  3KCIUTyaTallMH  TOPMO3HBIX
YCTpo#cTB TIOABEMHO-TPAHCTIOPTHEIX Mamuu» (r. Mocksa, P®, 1992), Ha

MexayHap: «Ci p 1
MaIIHHOBEIEHH» (r JIyrchk Vkpauna, 2003)

0 ma m; 78 Hay
pabor, B ToM uucne: 1 MoHorpadus, 30 c'raTen B Xypl B Mep:

BAK P®, Benopyccuu, VYkpaunsl, 33 Te3uca J.'lmulanos Ha KOH(epeHUHsX,
CHMIIO3HYMaX, CEeMHHapax, 5 aBTOPCKKX CBHAETENLCTB.

Crpykrypa paGorbl. [lucceprauus COCTOMT M3 BBEJIeHHS, CEMH [JIaB,
OCHOBHBIX BBIBOJOB H CIHCKa JHTepaTypsl. Pa6ota n3noxesa Ha 493 nucrax

"0 TeKcTa, T 167 p , 88 Tabnuu. Bubnuorpadms
paboThI conepxut 324 HaMMEHOBaHHH.
Bo aKTy TeMBbl

oblas xapakTepHcTHka paGoThl, CHOpMyNHpOBaHa ee Leslb H OTPaXKeHbi OCHOBHbIE

TIOJI0XKEeHHs HAYYHOH HOBH3HBI M NPAKTHYECKOH LIEHHOCTH, BHIHOCHMBIE Ha 3aLlMTY.
B nepBoii rnaBe mNpOBENEH aHATM3 OTEYECTBEHHBIX M  3apyGexXHBIX
KOHCTPYKLHMH T I'TMm, 0 pacyera M BbIGOpa TOPMO30B
I'TIM, MeTomoB OLEHKH 3KCruTya CBOWCTB W TaIbHBIX
p YECKHX XapaKTEPHCTHK q;pukuuormux nap

TOPMO30B.

B Hacrosee Bpems B PO skcruyaTupyroTces Topmosa I'TIM pasnuyHbIX THIOB
(xo. KaK OTEYECTBEHHOr0, TaK H
3apy6exmoro npoussozncTea. Kak noxassmaef TIpaKTHKa, OTeYEeCTBEHHbIE 3aBOBI
M3TOTOBUTENH H KCILTYaTHPYIOUIHE OpPraHH3allHH [0 CHX TOp OPHEHTHDYIOTCH B

Ha P KoTopsle 6bini paspaboransl 8 CCCP B
p 50-x ronos 0 BeKa M psaom B: TP
KOHCTPYKLIMH, W3TOTOBJIEHHS PBIY@XKHON CHCTeMbI, CGOPKH, MOHTaXa, IEMOHTaXa,
0CMOTpa, perysHp 3aMeHbl O JfeMeHTa M MNpPHBOAA, HH3Kas
CTOHMOCTS.
Ha cer # meHp H3roT B PO
saHuMaiorcs  3A0  «3aBOon  MOABEMHO-T Horo  o6op;

(r. Exarepun6ypr), OAO  «Kypranmamsason»  (r.Kypraw), OOO  HII
«ITonvemrpanccepsuc» (r. Mockea), 3A0 «Cubtskmam» (r. KpacHospek), OAO
«Crpoiimau» (r. Capato), OAO «ToMckuii 31eKTpOMeXaHHYeckuil 3aBON HM.
B. B. Baxpymesay» (r. Tomck), OO0 «Ypanpemaeransy (r. Yensbuuck) u ap.



HecmoTpst Ha cBOHM Mp TOpMO3a OTedecT
MPOM3BOACTBA B HACTOSLUEE BpeMs HE MOTYT B MOJHOH Mepe YIOBNETBODATH
p P K CBOHCTBaM U u I'TIM,
TaK Kak WMEIoT KH, "3 peiX: OBICTpOE H3HaIIMBaHHE
QPHKLUMOHHBIX HAKNAOK H UIADHHPHBIX COENMHEHWH DBIYAXHOH CHCTEMBI;
HECTabH/IBHOCT  TOPMO3HOTO ~ MOMEHTa; b
JUIMHHOXOZIOBBIX 3/IEKTPOMATHHTOB M 3JIEKTPOT i, 4TO y
raGapHTBl H MacCy NMPUBOJA, a TAlOKe TOPMO32 B LIETIOM.
Hauunas ¢ 70-X rogoB MpOLUIOTO CTONETHS, Hapsilly C KONOAOYHBIMH
P MONy4YHIH JHCKOBO-KOJIOIOYHBIE TOPMO3a,
OCHOBHBIM npeuMymec’rﬂoM KOTOPBIX SB/SETCS MANblii KOIQQHUMEHT B3aHMHOrO
nepexpbiThst Ky; = 0,05 ... 0,2 M, COOTBETCTBEHHO, NOBBILIEHHAs TEMIOOTAaYa /IHCKa

B oKpyxaioulylo cpeny. Kpome Toro, B
TOpMO3aX (PHKLMOHHBIX HAKMaNoOK M3 Goslee TBEPIBIX MATEpHalOB MO3BONSET B
4...6 paz y Th KOHTaKTHOE H, TEM CaMBIM, PaCUIHPHTb [AHANa3oH

TOpMO3HBIX MOMeHTOB 110 20 kHMm.

VkasaHHble PEHMYILECTBA SBUIHCH NPUYHHOH GbICTporo BHeapenus TIK B
ITIM 3a pyGexom. Kak nokasan 0630p nuTepaTypbl, Ha CErONHALIHWH NeHb
npoussoautensmu TIK ssnsrotcs EM3 (Jlarsus), SIBRE Siegerland-Bremsen
GmbH (Tep ), EMG A GmbH (T ), Galvi
(Hranus), Akebono Brake Industry Co., Ltd (SInonus), Hilliard Corporation (CLLIA)

Ap.
B P® TIK np B Ha POXKHOM
TPaHCIoOpTe, B IIAXTHBIX MOJBEMHBIX yCTaHOBKaX, Mu¢Tax. OnHako B I'TIM onu
HMEIOT OrpaHHYEHHOE MWCMOJIB30BAHHE M OTEUECTBEHHOH NPOMBILLIEHHOCTEIO B
BPEMs He BBIIT

C rosBNEeHHeM KOMMaKTHBIX xoucrpyxuuﬁ TIOHIKEHHOM METaIOeMKOCTH
(1 p-6ap s P-PenyKTOpOB, p KOHCTPYKUMH
Tane#t c mlaHeTaprmu PeIyKTOpaMH) MONy4aloT pa3BUTHE MalloraGapHTHbIE
TOpMO3a npHCT e (TAI), B COCTaB MPHUBOJHOIO
JBHraTeNs Wi MPHCT K Kopnycy X " no
CPaBHEHHIO TOPMO3aMH APYIHX KOHCTDYKTHBHBIX MCIIONHEHHH P NpeHMyLIeCTB:
Sonbmau 3Hepl'OCMKOCTb M BBICOKHE TOPMO3HBIE MOMEHTHI NPH CPaBHHTENBHO
b KOHTaKTa, YTO MO3BONAET YMEHBIUHTE
TAMM TPEHMS M MOBBICHTh pecypc

KOHTaKTHOe Mexay
(DPHKLIMOHHO#M mapbl.

OreuecTBeHHbIH M 3apyGexHblii ONBIT MPOM3BOACTBA H IKCIUTYaTaLHH
TOPMO30B NOKa3a/l: B HACTOsLLIEE BpeMs B oTeyecTBeHHbIX [ TIM 10CTaTOYHO 1MPOKO
npencrasnenst T/I[1 anexkTpoasurateneil 3apyGexHbIX NPOM3BOAHTENEH, HMeeT
Mecto ycraHoBka T/IIT 3apyGexHOro mnpOM3BOACTBA Ha 3NEKTPOLBHIraTeNnd
OTEYECTBEHHOrO NPOH3BOACTBA.

Benywumu 3apy6exHbIMH NPOH3BOJMTENAMH M TOCTABIUMKAMH TOPMO3HBIX
anexrponsurarenei u T/IIT Ha poccuiickuit peiok ssnsiotcs: SEW-EURODRIVE
GmbH (Tepmauus), Leroy-Somer (CILLUA), KONE (®unnsuaus), Demag
Cranes&Components (I"epmanns), VEM Motors GMbH (I'epmannusi), GKN Stromag
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Inc. (CIIIA), Lenze SE (I'epmanns), Bonfiglioli Group (Mrtanus), Chr. Mayr GmbH
& Co. KG (Tepmanns), C.S.M. Motori S.r.I. (Mranus), Motovario S.p.A. (Mranus),
Bauer Inc (CLLUA), KEB Antriebstechnik GmbH (T ), M.G.M. Motori
Elettrici s.p.a. (Mranus) u ap.

Cpenn npoK3BOAKTENEl TOPMO3HBIX EKTPOABHraTenel kak OTEHECTBEHHRIX,
Tak u ctpad CHI' cnenyer ormeruts OAO «B PCKHii 3J1eKTp pl
3apom», OAO «Cubanextp P OAO Sp 3MEKTP
crpoutensbii 3aBox (OAO «ELDIN»), Morunesckuii 3aBofi «DNeKTPOABHIaTeNb»
(Benopyccus), COOO «3asox HOZIBUI (Benopyccus) u ap.

OnHako, ofbnanas GeccriopHbIMH MPEHMYILIECTBAMH, JHCKOBBIE TOpMO3a
HMEIOT CYLIECTBEHHBIH HemocTaTok. B cuiy Toro, uto Ky, (pHKUHOHHOW mapsl
HaxoluTcA B AuanasoHe 0,5...1,0, MMeeT MeCTo HH3Kas TEMI0OTAa4a TOPMO3HOTO

JMCKa B OKpY cpeny, ®pHK W Top A
Harp Ao patyp. B PHIX CHlydasx 310
Tpeﬁye'r HCMONb30BaHHUs CnelUHabHbIX Ma P ( p P ),

BBIIEPXKHBAIOUIMX BBICOKHE TeMMepaTypbi 6e3 yXymueHHs GPHKUHOHHBIX CBOHCTB,
WIH TIPHMEHEHHA KOHCTPYKTHBHBIX pElIeHHH, TMOBBIAIWKX —TemIOOTAaYY
hPHKLMOHHOM napbl.
OIHHM W3 TaKMX KOHCTPYKTHBHBIX P i, mnomy
yo B aBT TPOCHHH H Tp
aBnseTCA NpPHMEHEHHE BEHTHIUPYEMBIX UCKOB, MO3BONAIOWNX YMEHBIIHTH uarpes
¢bpukuMOHHOM maphl  Topmosa. OmHako s pa3spaGOTKH  OGOCHOBAHHBIX

p no mp BEHTHJIH) JIACKOB B TOpPMO3aX

oTeyectBeHHbIX [TIM TpeGy p P TaNbHBIX
HCTILITaHHH.

HecMoTps Ha sBHBIE NpEHMYIECTBA u

B ¢ Top JIPYTHX KOHCTPYKTMBHBIX MCMONHEHUH, B PO

9TH TOPMO3a LIHPOKOrO NMPUMEHEHHs MOoKa He Nosy4nau. OCHOBHBIMU MPHUUHHAMH,

Havano poKoro  mp c u

nucxoaux TOPMO30B OTEYECTBEHHOrO TIp tBa B ['TIM, OTCYTCTBUE

Hay4HO OBOCHOBAHHBIX METONOB pacyeTa TelJOBOH HArpyXXeHHOCTH H H3HOCA
3IEMEHTOB Mapbl TPeHUs, 3GHEeKTHBHOrO BLIGOPa TOPMO3OB C YHETOM HX TEXHHKO-
3KOHOMHMYECKHMX NoKasaTenei.

3HaunTeNbHBIA BKNAL B TEOPHIO H CMa3KH
(DPHKIMOHHOrO KOHTAaKTa BHECHM HayuHble wikonbl P®, Benopyccun u Ykpaunsi:
Bpayu 3. [I., Bysaxosckuit M. A., Tuus6ypr A. T, Jlposnos FO. H., WUruateesa 3. B.,
Koposuunckuit M. B.,  Kparensckuit . B,, Yuuunanse A. B., Llenpos B. C.

(MuctutyT uM. A. A. Bnaronp PAH); A pos B. M.,
Tlopsuepa U.T.,  Jo6eraun M. H.  (MHCTHTYT npobneM  MeXaHHKH  HM.
A.10. o PAH); Tlp b.B. (CaparoBckuii rocyaapcTBeHHbIH
YHUBEPCHTET HM. H. . YepHsiiueBckoro); JHémkun H. B. (TBepcxoit
rOCYNapCTBEHHbIH TexHWyeckuit yuusepcurer); INoactpurau 5. C., Wepuyxk IT. P.
(UHcTHTyT IX TIp u mateMatuku uM. S1. C. [Toactpuraua
HAHY); Tpunuukuii [I. B., Ebrymenko A. A.  (JIbBOBCKHH  HauMOHaNbHbIA
yHuBepcuter uM. U. Opanko); B. A, Bor I. H., Mi H.K.,
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IMerpoxoBeu M. U.  (MuctutyT CHCTEM  HM.
B. A.Benoro HAHB); Anekcanapos M.I1., Pomamo A. M., ®enoceesB. H.,
Xypuunze T. B.,, Uukosanu M.T., Ynnanues O.K. (MI'TY wum. H.D.Baymana);
Tox6enko B. U.  (FOxHO-YpasnbCkuii ToCyNapCTBeHHBIH yHuBepcuteT); JIyxHOB
IOM. OAO  «Hay4HO-HCCNENOBATENbCKUI ~ HHCTHTYT — XKEJIE3HONOPOXHOTO
Tpancnopra» (OAO «BHUMKT»); Lllapunos B. M. (MockoBckHii rocynapcTBeHHBIH
POMTENBHBIH p (MAMHM) / VHHBEpCHTET MAIHHOCTPOEHH),
yueHble pasauyHbIX TpuGOsoruyeckux wmikon mupa: Archard J.F., BarberJ.R.,
Bardon J. P., Berry G. A, BlokH., BowdenF.P., ChantrenneP., CharronF.,
Hasselgruber H., Jaeger J. C., Johnson K. L., Kennedy F. E., Laraqi N., Lefebvre A.,
Ling F. F., Raynaud M., Ridler E. W., Tabor D. u ap.
AHaH3 SKCIEPHMEHTANIBHBIX H TEOPETHYECKHX HCCIIENI0BaHMH, IPOBENEHHBIX
BHILIE Y , NOKa3al, 4YTO: KOMIUIEKCHBIM [OKasaTesneM,
xapanepmymuxum YCNOBUS HAarpyeHWs, KOHCTPYKTHBHEIE NapaMeTphl H DEXHM
paboTsl GpukLHMOHHOH maphl Topmosa ['TIM, paTypa p H
TpeHHs; PPHKLHOHHAA HaKJalKa ABIAETCS 6} K HCTBHIO
3JIEMEHTOM Maphl TPEHUS; TEMIepaTypa HakIaJKH OKa3biBaeT ocx-msnoe BIMSAHHE Ha
bp npu
YUHTHIBATh TEIIOOGMEH MeXIy nemenTaMH Tapb! TPEHHS.

p Ha kadenpe «[TonbeMHO-Tp PTHBIE MITY um.
H.D.B ans TOYHOCTH P!
Heobxomumo yunteiBath KITK ¢ i napel W parypy KIIK; npu
NPOBEJIEHNUH MCTIBITAHUH TOP MM D Th p

p patypsi KITK.
AHanmz TaBHBIX Tp!
XapaKTepUCTHK (QPHKLHOHHBIX map Topmo3oB I'TIM nokasan, 4To Ajis NpOBeAEHUS
KOMIUIEKCHBIX i pas. THNOB peby pasp Ka H
TanbHBIX BO3M Th
NpoBeJieHUs MCTBITAHKH B MOBTOPHO-KPATKOBPEMEHHOM PEXHME, XapaKTEPHOM Ul
paboThl I'MM, ¢ wup PbHD p P
pexuma.
Besonacﬂax akcrutyataums [TIM Bo MHOTOM 3aBHCHT OT MPaBHIBHOTO BhiGOpa
P 3afa4 3bQeKTHBHOCTH ~ QyHKLHOHHPOBAHHS
a TaKxe # paboTsl I'TIM nocesiens! paGots! Baunosa JI. I1.,
BpayneB u., Bonkosa [, I1., T uB. ®., Iep yka ®. K.,
poc nu HBawkosa H. U., Kernuua B. T,
Koc'rpoMuHa A Il N Ky3ueuosa E. C., Hukutnna K. 1., Ocranenko B. U.,
Muneca A. 10., TMnacyxosa C. M., Cerana JI. U., Cemenosa JI. H, ComosaTl. B.,
CnuusiHo#t M. O., Tumodeena I'. A., Yykmacosa C. ®., Ilnuwkosa H. A. 1 1p.
M3BecTHble METONMKH OLEHKH 3KCIUTYaTalMOHHBIX CBOHCTB Topmo3os I'TIM
6binH pa3paGoTaHBI A1 KOJIOIOUHBIX TOPMO30B. BMecTe ¢ TeM, aHan3 nokasal, 4To
3TH METOJMKH HE YYHTHIBAIOT H3MEHEHHe (QPHKLIHOHHO-W3HOCHBIX XapaKTepPHCTHK
pUKUMOHHOH MNapsl TOPMO3a B TMPOLECCE TOPMOXEHHS, a TaKkKe TEXHHKO-
IKOHOMHYECKHMX ToKa3aTene# sddextuHOCTH paboTsl Topmo3a. MHbopmaumio o
Ppa3paloTaHHBIX METOJaX M METOAMKAX OUEHKH OJKCIUTyaTAalHOHHBIX CBOWCTB
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" B OTDaciii OTEYECTBEHHOrO H

py 0 1o P PTHOTO POEHHS PYXHTb HE yaoch.
Ha ocHoBe aHaiH3a 3KCTUTyaTallMH TOp AN pass

pabotsi MexanusmoB I'TIM ofocHoBaHa HEOOXOAMMOCTH yueTa cncnylomux

rnokasateneii, onpexensioWnX 3QGeKTHBHOCTL TOpMO3a M GesomacHocTb paboThl

TTIM:

MOMEHT, p ITHBIR CPOK CITyXGBI H BpeMs BOCCTAHOB/IEHHS
PaGoTOCOCOGHOCTH.

To pesynbTaTaM NpOBENEHHOrO JHTEpaTypHOro o0630pa onpeneneHsl
HanpaB/IeHHs TEOPETHYECKUX H TAlbHBIX ]

Bo Bropoit rnase ans Topmosos I'TIM npeacranensl paspaGoTaHHBIE

TalbHbIE p yp KIIK, ouenkn TCK

dpHKI nap Top p pasp CoHcKaTeneM B

naboparopuu enp «TT P pTHBIE  cHCTeMb» MITY  um.

H.3. b TATBHBIX H3MEPHUTENbHBIX CHCTEM,

TaNbHBIX 06D up MCTIbITaHHH; NPENCTABIEHB! PE3yNbTaThl

TaJIbHBIX i Tp! YECKHX XapaKTePHCTHK

dpukuMonHbIX map  TopMoso  [TIM;  cdopmynup p
Ha TH TOp I'TIM nytem
3¢dexTHBHOrO BEIGOpa MaTepHanos H DPHUKUMOHHBIX Map.

Jinsi MCClefloBaHHs Harpesa M H3HOCa (PHKLHMOHHBIX map Topmo3zos I'TIM
paspa6oTaHa u co3iaHa MawMHa TpeHus MT-84, kotopas, B OTJIHYHE OT H3BECTHBIX
MallMH TpeHus, obecneynBaeT: NpoBeieHHe HCTIBITAHHI KONOJOYHBIX, IMCKOBBIX H
JZIHCKOBO-KOJIOAO4YHBIX TOPMO30B MalTbiX raﬁﬂpnToB B NIOBTOPHO-KPAaTKOBPEMEHHOM H

P K napel; W
reMnepaIypbl KHK M O6BEMHBIX TeMIepaTyp J/eMEHTOB (PHKLHMOHHOM mMapbi;
IIHPOKOE BapbHPOBaHUE MapaMEeTPOB PEXMMOB HCIIBITAHHH, COOTBETCTBYIOLIMX
YCNIOBHAM JKCIUTyaTaUuu Topmo3os I'TIM (Ta6nuua 1).

Ta6nuua 1.
JIManasoH U3MeHeHHS NapaMETPOB HCNbITaH M
Jluanason usmeHenHs
Maj HenbITaHKH
paue1.p MT-84 HHepumoHbik
cTena
SRRl
Pa6oTa eAHHHYHOTO TopMOXenHs Wiy, kIDk 35...14 40...74
KonrakrHoe aasnenue p, MITa 0,05...5 13
HauanbHas 4acToTa BpalleHHs AuCcKa Mg, 06/MHH 1000...3500 725
OTHOCHTENbHAs NPOJIOIKHTENBHOCT BKIioennit [1B, % 25...60 30...50
KonuuecTo BKIOYEHHH B yac H 60...240 60...180
Koopuunent s3anmtoro nepexperris Koy 0,05...0,2 0,09
Konetpykuus aucka CoImon o CINOWHOA
P! BEHTHAHpYeMbIH
IpoBoaunuce HCMbITaHUS ONOYHBIX H c
BEHTHJIHDY M CI. AMaMeTpamMu 152 MM H

220 vM. Martepuansl nucka — cTanb (CT 3, Cr.45) wmu yyryu (CY-15, CY-20);
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- W i OIM. i
KOHO]IO'-IHHE TOPMO3a CO CIUTOLIHBIM TOPMO3HBIM HckoM CT. 3 nuametpom 375 MM
" OIM pazs # HCIIBIT) Ha
CTeHze, Ha denpe T
cucteme» MITY um. H. 3. Baymana (Puc. 1).

Puc. 1. OBuinit BHA HHEPLUHOHHOTO mHﬂa

IS HCTIBITaHKHA TOPMO30B

Pasp TaIBHOTO p paTyphl
KIIK ¢p nmap Top I'M c 6e3 3apaHee
TOATOTOBNEHHONO cMiad — NIEHTOTHBIX. Peaynbrarst Hccnenoaanuﬁ MaTepHajioB

nap Top ITIM, nonyye!

HHc‘m'ry'ra uM. A. A. Bnaroxp PAH MITY uu.
H. 3. Baymana, Institute of Industrial Science of Tokyo University (Tokyo, Japan),
I0Ka3a/IH IPeUMyLIeCTBa. JIEHTOUHBIX p. OTH Tep \pbI 110
P ¢ Tep C 3apaHee MOAT criaeM HMMEKT Manyio
TEIIOBYIO 10*c)n ypy B P
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CHIOSX MATepHaloB Maphl TPEHHs, $HOPMHP) B H
HMEIOLMX TouMHy nopsaka 10...30 MxM.

MOHTHP BO H JIMCKH.
B HaknanKy ycTaHaBAMBAaNMCh He MeHee 6 TepMonap: 5 NEHTOYHBIX H |
I C 3apaHee MOATrO cnaeM. B kaxnoM aucke pasmemanocs 4
2 Ha P TH TpeHMs M 2 B obGbeme Marepuana. 3amuch
paTypRI TIp nach B
Jlns omnp KITK nap TTIM np
BEpOSTHOCTHas MEeTOAHKa, NosBosiowas oueHuts KITK B npouecce TOpMOXeHUS.
Bo ¢ Y10 HaKJIaKy yc JIaTYHKH KoHTakTa. [Ipeanonaranocs,

YTO BEPOATHOCTG KOHTAKTAa [aTiWKa C TOPMO3HBIM JMCKOM/LIKMBOM paBHa
otHocuTenbHOH KITK 1)c = Ac/Ay, tae Ac — KITK, M% A, — HOMHHanbHas miowans
KOHTaKTa, M. PacueTs! MOKasanH, 4T0 BEPOATHOCTb H3MEPEHHS 7] NATHIO AATYHKAMH
KOHTaKTa paBHa 0,75, a wectsio — 0,83.

Jlns oueHKH M3HOCA (PUKLMOHHOH Haknanku TopMoza I'TIM o6ocHoBana

P b I SHEPreTHUYECKOH HHTEHCHBHOCTH
MaccoBoro usHaumBanus Ha KIK:
1 = Mupudedhe _ nupancAudhe
Wen Wry

rae m, - KONM4eCTBO HaknaAoK; Wi, — pabota exuHHYHOTO TOpMOXeHHs, JIK; o,
— NJIOTHOCTh MaTepuana HakIankH, Kr/M’; Ah, — nHHeHHBIN M3HOC HaKMaaK¥ Ha
KITK, M. B 3aBHCHMOCTH OT pa3MepoB QPHKLIMOHHOH HAaKNaJKK 3aMephl JIHHEHHOro
HM3HOCA MPOBOAMJIKCH B 6...15 Toukax.

Ha ochose p HBIX NaHHBIX INIA Map TpeHus
metan/®IIM  topmoso I'TIM, paboTatowx B MOBTOPHO-KPATKOBPEMEHHOM
pexume, MOy 4eHbI H ¢ ¥ Iy oT Temnepatypsi T KIIK,

KOTOpBIE M03BOJAIOT MPOBOAHTh KONHYECTBEHHYIO OLEHKY pecypca (pHKLUHOHHOH
napsl ¢ NOrpewHocThbio 15...25%.
B kayectBe npuMepa Ha pHC. 2 U PHC. 3 NMpeACTaBlieHbl 3aBHCHMOCTB 7)¢ OT T,

ans ¢p nap i OIM, H b Imc o1 T, 1st
puKLMOHHBIX Nap ac6ecTosblit PIIM/MeTa1 COOTBETCTBEHHO.

Jlns Marep bp nap Top I'TIM pasp

TaNbHOrO  OIIp TCK. Co3ma 3KCMepUMEHTaNbHbIH CTeHI,

MO3BONSIOMWMA NPOBOAMTH MCIILITAHMS [N DasfU4HBIX 3HAYEHMH JaBleHMs,
TEMNepaTypbl, YHCTOTBI OOPAaGOTKH KOHTAKT X p # M TuMOB
MaTepHanos.

Mo p TaM  TIp TOB MOCTPOEHBI YPaBHEHHS
perpeccud s GpUKUMOHHBIX nap MeTamn/PIIM, ucnonssyemsix B Topmosax I'TIM.

41O HHa M XapaKTep TCK

TNPOBOJUMOCTBIO YHaCTKOB (JaKTHYECKOrO KOHTAaKTa M CYLIECTBEHHO 3aBHCAT OT
HM3HKO-MEXaHHYECKHX XapaKTEPHCTHK NEMEHTOB (PHKUHOHHOH Naphl.



, X Ime: |\ o6nacts

SKerepus
P . sacr/ KCIICPHMCHTATBHEIX \
- annpokcuMatus Jox IHAvEHHiT
0,75 0,075
. — annpokcumauus

0.5 0,054
.
. .
n, = 0,31+ 0,0014 T,
025 ‘ 0,025
Ie = 0,02+3-1077 T2
04— T o 0
50 100 150 200 T, °C 0 100 200 300 T,,°C
Puc. 2. 3asucumocts 77 ot T, Puc. 3. 3asucumocts I, ot T,
ans GesacGectobix GITM nia acGectossix OIIM
Paspa6oTaHHble Ha OCHOBE Tp TP MCTIBITAHHH

TopmozoB ITIM MeTONMKH M NporpaMMsl MO3BOJNAIOT  3KCNEPHMEHTAIBHO
onpenenats KITK, temneparypy KITK, TCK, usxoc Ha KIIK; o60ocHOBaHHO MOXOHTH
K BbIGOpY MaTtepHanoB (pUKLMOHHON Maphl Ha JTane NMPOEKTHPOBAHHA TOPMO3a,

npor p b pecypc ¥ mapsl.

AHanu3 pesysnbTaTtoB Mp TANbHBIX i
TopmozoB [TIM nosBonun coopm; b Ha
COBEpLIEHCTBOBAHHE KOHCTPYKUMH TOPMO30B M 3¢¢ennnnbm nuGop MaTepHanoB
$p nap: B KayecTBe Marepuana
GPUKLHMOHHON HAKIAZKH B TOPMO3aX CyXoro TpeHus (6e3 cMa3ku) MPHBOAMT K
HH y M3HOCY TOp IX HHCKOB M SABNIAETCH HELenecooGpasHbIM; s
PEXHMOB 3KCIUTyaTallHH TOPMO30B C KOJIMYECTBOM BiUTIOueHH# B yac H=60...120
BKI1./yac u [1B=25...40% b JIMCKH, a s

pexumoB  oskcnnyatauun ¢ H=180...240 Bkn/dac u TIB=60...80% -
BEHTHAHDYEMBIE; L1l PEXXHMOB SKCILYATAIMH TOPMO30B ¢ H=60...120 Bxn./uac u
TIB=25...40% He BbIABJEHO CYLIECTBEHHBIX D: no ¢

XapaKTepHCTHKaM Mexay acGectosiMH M GesacGectoBsiMu OIIM; nns pexuMoB
3KCrUTyaTaumk TopMo3oB ¢ H=180...240 Bkn./4ac u [1B=60...80% npeanoytHTensHO
ucrons3oBath acbectossie MIIM; MNpH KOHCTPYMPOBaHHH TOPMO3HOTO JHCKA
CHELYET GTAABATS NpEANOUTEHHE (PHKIMOHHBIM NapaM C YyryHHBIM JHCKOM; IS

b P TH TPEHHS BEHTHIHD, ro o
JIMCKa B TIp ITh KOHCTPYKUHIO JIHCKa C
na3aMH Ha NOBEPXHOCTH TPEHHUA H KOJIHYECTBOM BEHTH.

KaHAJIOB; NpH BbIGOpe MaTepHana ¢ i HaKnaaKH p oTxaBaTh

npeanoyTeHHe MaTepuanaM ¢ Gonee HH3KOH TBEPAOCTHIO, obecneyrBaiowmM Gonee
BbicOKoe 3Hauenue KITK.
B Tperneii raase np P Bl OX

3JIEMEHTOB IX map I'TIM, np pacyeTHo-
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TalbHbIe H U TEMNIOOTAAYH
3JIEMEHTOB (PHKLIMOHHOM Maphl TOpMO3a.

PaccMOTpeHa 3ala4a O KOHBEKTHBHOM OXJ@XIEHHH Hakiaoku c
TEIIoHN: js Haknanka  npeactaBneHa B Buje
TIpAMOYTOIbHOH MJIACTHHBI, 3aHMMaloled B mpocTpaHcTBe obmacts 0 <x <1,
0<y<b,0<z<h,rael- nnuna, m; b — WKpHHA, M; h — TonuHa, M. [Tonyyeno
TOYHOE sanaqu H B HaKJIaIKe:

T,=Tp+ 32T\,ZZZ exp(—(k? + &} + hk)u,,t)

=0 /=0 k=0

x cos(k;x — arctg(a,/(A,k,))) cos(x;y — arctg(a,/(A,k;))) cos(kyz)
sin(k;1/2) cos(k;l/2 — arctg(a,/(A,k;))) 1)
x Kl + sin(i;1) cos(i;l — 2 arctg(a,/ (A,k;)))
sin(x;b/2) cos(k;b/2 — arctg(a,/(A4x;))) sin(kyh)

K;b + sin(k;b) cos(x;b — 2 arctg(a, /(A,x;))) Kih + sin(xyh) cos(kih)'
rae t — nepeMentas Bpemeny, c; T, — Temnepatypa Haknanku, °C; T, — TeMnepatypa
okpyxatoweit cpensl, °C; Ty — HaanbHbIH Harpes HakNalki OTHOCHTENLHO
TemmnepaTyphl OKpyxatouwer cpemsl, °C; A, T

Haknazaku, Br/(m °C); a,, — ko3 paTyp " Hak.'la}.lku, Mz/c;
@, — KO3(QQUUHEHT KOHBEKTHBHOH TEMNOOTAa4YH HAKIAIKH, B'A'/(Mz °C); i,j,k -
TiepeMeHHbIe CYMMHPOBAHHS; K;, Kj, K — KOPHH Y (M"), P
HIDKe:
KjAy KA
ctg(k;l) = —(1 - Z—P);ctg(K,h) = Zla,, (l Z/1‘) ctg(keh) = _IT“

C p C 3apaHee MoAr cnaem, BO
PHKLHOHHBIE HAKNA[KH, MOJyYeHbl TaNbHble KPHBBIE OX
Koadduument tennoornauu ay oF i Hakmanku

M3 YCIIOBHS, YTO OTKIOHEHHE & Teope'm'-leckoﬁ KpHBO# T, OT 3KCIEPHMEHTANBHOMN
KkpHBoO# T, MHHUMANIBHO:

min « é(((u) = Z “”(r'vl). (71 vl)‘([‘)"

The t; — i-i MOMEHT BPEMEHH, C.
HccnenoBanel KOIQGHUUHMEHTE! TEMIOOTIA N MaTEPHANOB, XapaKTEPHBIX I
HaK/IaZ0K M. Ye 4yTo npH € <3%
Koa¢¢14uueﬂ'r a, =51..59 BT/(M2 °C) ans ®IM 145-40, @, = 46 ... 53 B/(M’ °C)
s GMK-845.
TpoBeneH aHan¥3 mnpouecca OTAaYd TEMUIOTHl B OKPYXKAIOWYIO Cpedy
JINCKOB/ . InA ydyera BAMAHMA 4YacTOThl T
Bpal.uenun TOpMO!HOI‘O nucka/wikua  (06/MHH) Ha ero KodduuMeHT a,
TENJIOOT/A4H MPEIUI0XKEeHa 3aBHCHMOCTb:

1,23
o = kn®78 x 1 f rO78dA, = kn®7 x g, )

n
Ay



rae A, - ox ML —p or

ocH IO paccMmat # TOuKH Ba, M; k=1 —
BCrOMOTa” i ¢ T, Br ¢* "/(M’ 78°C); g — koadduuHenT,
XapaKTepH3yIoLnii GopMy H pa:uepsx nMcKa/wkuBa, M. 3HaueHns ko3 duLMenTa
g PACCYMTaHBI JUIS IKHBOB KOJIONOYHBIX TOPMO30B M AHCKOB TopMo3oB TJIK.

Ins "0 IMCKa pa 200 MM H
(2) c usBecTHOM TaIbHOH bt0. I1 yTo s n > 1000
06/MuH norp: B H (2) He np T 15%.

Ha ochose (2) mp aHaNH3 HH M TEIUIOOTAAYH CIUTOUIHBIX
JAHCKOB M LUKMBOB TOP I'TIM pas3n P Y 4TO
JIMaMeTp IHCKa/IIKHBA OKa3bIBAET CYIIECTBEHHOE BrmARve Ha Q, , TOpMO3HBIE
wKHBbI HMelOT 10 30% 6 i a, no cp ¢ Top TaKoro

Ke uaMeTpa.

TonyyenHsle 3aBHcMMOCTH (1) ¥ (2) MO3BOJNMIHK ONpENENHTh KO3phUUHEHTE!
TENnooTAa4YH (GPHKUHOHHBIX HAKNANOK M TOPMO3HBIX HMCKOB/IUKHBOB UIS
Pa3HYHBIX 3TAN0B paboThl TOPMO3a.

B u4ersepToil riaBe NpeACTaBIeHa MaTeMaTHYeCKas MOJENh TEMIOBBIX
npoueccoB B0 (pHKUHOHHOH nape Topmo3a I'TIM, npeanoxeHa u anpoGupoBaHa
TeopeTudeckas 3aBHCHMoCTh i pacyera TCK, st pasnHuHbIX peXHMOB paboTsi
TOPMO3a MPOBENEH CPABHUTENbHBIH aHATH3 PACYETHBIX M IKCTIEPHMEHTANBHBIX
3HayeHu# Temnepatypel KITK.

Paspa6orana MaTemaTH4ecKas MOAeNb p BO
nape Topmosa ['TIM, yauT) Th P paTyphl
BO ()PUKUHMOHHOH HaKNaJKe; KOHTAKTHbIH TennooGMet Me)KIl)' JNIEMEHTaMH Maphl
TpeHus; paTypsl  Ha b T TPEHHA; KOHBEKTHBHYIO

TENIOOT/Aayy 3MEMEHTOB Napkl TPEHHS B OKDYXKAIOILYIO CPelly; BIHSHHE CKOPOCTH
BpalLlEHHs MCKa/LIKHBA Ha ero KO3 OHLMEHT TEMIOOTAaYH; H3MEHEHHE IPaHHYHBIX
ycnoBuii B 3aBUCHMOCTH OT 3Tana paGoThl TOpMO3a.

Pacnpenenenne Temnepatypsl T, BO c
0 yp Tenonp "
Ty o1, + o, + o1, 0 L0 b0 h,t >0, 3
i, 5, 0<x<[,0<y<b0< ,t >0,
at axz T2 T o x Y z<ht &

HauabHOTO yCNOBHA
Tule=o = Tops 4)
¥ TPAHHYHBIX YCTOBHIA

o,
W] =T = T = (Tyloet = T
T

\.;y'ilv; = &, (Tyly=o0 — Tep); = ay(Tyly=p = Tep): ®)

a
=

[ Gy — TUIOTHOCTB NOCTYNAIOWIEro B HAKNAAIKY TEMJIOBOro oToka, Br/M?.
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Jins onpeneneHus Temmepatypsl T, AMCKa/LIKMBA MOJYYEHO ypaBHeHMe,
yuuTHIBalollee (PUKUMOHHBIH HArpeB NMCKA/IUKHBA H €ro TemIooTaady B

OKpYXaIOLYIO CPe.y:
)J’dc J’&h(n)e\D(

rae Cy — TEmIoeMKocTh nmka/mknsa, lIxc/“C, Qg — TUIOTHOCTb MOCTYMAIOWIEr0 B
MCK/LIKHB TENJIOBOTO NOTOKa, BT/M?; ¢ — nepeMeHHas HHTErpHpOBAHHS, C.

Jns B 06NnacTH KOHTakTa (PHKUHOHHOW
HAKIa[Kd ¥ TOPMO3HOIO MHMCKA/IIKWBA OGOCHOBAH BHIGOD YC/IOBHS HEHIEATLHOTO
KOHTaKTa, Y4YHThIBAIOLIETO KOHTaKTHBIH TermnoobmeH. [TnoTHOCTE qu¥ q‘1 TENJIOBbIX
TOTOKOB ONpeJieNieHa € y4eToM p T o
pexuma pabotsl Topmosa ['TIM:

—ay(Tylo=n = Typ),  0ST <t +1ty
qu =

T,=Tp+ il exp( )dA,., 6)

ayforp = RO (Tulomn = Ta). Gty ST<ty o
0, 0<7<t,+t,
o {(1 —a)forp + R (Tyloon = T), G+t <1<ty
rae T =t — (N — 1)t, — BcrioMoratensHas nepemenHas Bpemeny, ¢; N € {1,2,...} -
HOMep LMKJIa paboThi ty — mp TeNBHOCTh LMK, t, —
TNIPO/OJKHTENBHOCT, pasrona Mexauusma ITIM, c; t, — NpOOMKHTENbHOCTH

ycTaHoBMBILEroCs ABHXeHHs mexanusma I'TIM, c; f — k03¢¢uuueur TPeHUS; W —
yI110Bast CKOPOCTH TOPMO3HOIO NUCKA/LUKHBA, Pajy/C; Ty — CPENHHH PafMyC TPEHHS, M;

P — KOHTaKTHOe IMa; a,, — k03dd T pacnp JHEPTHH TPEHHS;
- TCK, M’ °C /Br.
CKOpOCTb w 3a/jaHa C y4eToM 3Tana paboTsl TopMO3a:
,
27, o0st<ty
t,
P
wg, t,<T< t‘, +i
“= ».pA.. n P . ®
Wy — ——~ f(9)ds, L+t ST<t+ty+ty
"” tytty
0, [p+ty+tTST<{“,
[Ie Wy — HayanbHas YIJoBas CKOPOCTh TOPMO3HOTO IMCKa/IIKHBA, pan/c; t, —
p TeBHOCTH TOP (c), onp M3 yCNOBHSA
ey,
M».T.
Olretyriyre, = @0 = [ roa=o.
"I! totty
Ha ocHoBe mogenu (3)~8) paspaﬁo'ranu YHCNIEHHBIH  QIrOpUT™M M
KOMMNblOTepHasi nporpaMma  Thermob s 0,
] 0 TOp ITIM onp b Bp
Mooy L
ol

BHENK



ypsi KIIK, o6 i paTyphl
reMnepaTypu JIHCKa/ILIKHBA, TOPMO3HOTO MOMEHTA.
IMonyyeHa 3aBMUCHMOCTb [Ji PacyeTHOro ofp Ry, ydurt
TIPOBOAMMOCTB Y4acTKOB (JaKTHY€CKOro KOHTAKTa H NPOBOAMMOCTB NPOMEXYTOUHOM
Cpefibl My dieMeHTaMH GPHKUHOHHOH napsl:

1 4pi, Ac
1_ o, wrrs ©
R 3ndo, (h + hmax)(l —m)(1 - (0,1p/HB)°28)’
roe A, — T M KOHTaKTHPYIOLHX
Marepuanos, Bt/(m°C); d — IluaMeTp y4acTtka q:ak'rwieckom KOHTaKTa, M; 0 —
npenen mp M TPH CKATHH Haknanku, Mlla; A; — koabuunent

TENJIONPOBONHOCTH NPOMEXyTo4HoH cpeasl, BT/(M°C); h, — cpenmss Bbicora
MHKPOHEPOBHOCTEH MOBEPXHOCTH TPEHHS AMCKA/UIKHBA, M; Rmay — MaKCHMallbHas
BBICOTa MHKPOHEPOBHOCTEH NMOBEPXHOCTH TPEHHS HAKNANKH, M; M — Kod(duunesT

npoduns Hep #; HB — TBepnocTs Marepuana Haknanku, MlTa.
Jnst pi dp nap TIM Top I'TIM np
CpaBHH' i aHamu3 m (9) un P TalbHBIX  JIaHHBIX,
y npu p KOHTAaKTHOrO JIaBJICHHs, MapaMeTpoB

IIEpPOXOBATOCTH MOBEPXHOCTEH W TemmepaTypbl. [lokasaHo, 4YTO MOrpelIHOCTH
pacuera TCK ¢ nomomsio (9) cocrasnser 10...15%.
PaspaGoTanHsle MaTeMaThueckas mofenb (3)~9), UHCIEHHBIA aIrOPUTM U

KoMnbloTepHas nporpamma Thermobrak B OCHOBY pacuera
paTyp 3NeMEHTOB ¢ nap Top i

Hposeneuo CpaBHEHHE DaCYeTHbIX M TaIbHBIX i

¢ i Haknagku TJK-

yph

00.01 u TIK- 00 04 ans pasnU4HBIX pEXHMOB paboThl Mexanusmos [TIM.
VcTaHOBNEHO, YTO CPe/IHss MOrpeHoCcTh pacyera T /TS YCTAHOBHBLUETOCS peXuMa
cocrasnser 15%. B kauecTse npuMepa Ha puc. 4 peacTaBneHa 3aBUucuMocTs T, o N
mns pexuma Wy, =40 xlx, p=11
MIla, no =725 o6/mun, IIB=30%,
H = 120 Bx1./4ac. |
B nsAToli riaBe MpeMIOXKEeHB! }
HOBBIE noaxonst K OLEHKe |
|

|

{

T.°C |

apdektuHocTH  TOopMo3zoB  [TIM ¢
yueTom TEXHUKO-IKOHOMHHYECKHX
rnokasatesielf, pa3paboTaH METOX OLEHKH
3ddeKTHBHOCTH TOPMO30B "
6e3onacHocTy pa6otel I'TIM.
Pa3paGoTana MeTONMKA OLEHKH
M3MEHEHHs TOPMO3HOTO MOMEHTa, B
KOTOpOH ~ BpeMeHHas  3aBHCHMOCTh
TOPMO3HOTO MOMeHTa M, 0 7 0w N
XapaKTEpU3yeTcsi €ro  MMHHMATbHBIM
Bunin u MEKCHMABHBIM Bumax Puc. 4. 3asucumocts T, o1 N:

W obnacth
IKCHEPUMEHTATLHBIX

100+
3 sHaveHnit

|
I — pacuer
i
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OTHOCH 3a nepuon
min Myl o <occ, v, o, Max Myl v <o<e sty o,
min = , max = 3
My, M,y
rae My, — HOMHHaIBHBIH TOpMO3HO#H MoMeHT (HM), co3naBaeMBlii TOPMO3OM.
OnpeneneH MHTEpBal JOMYCTHMBIX M, ,
6e3onacHocTs pa6oTsl [TIM. 3TOT MHTepBaN OrpaHHYeH HEPABEHCTBAMH:
[Blmin < Bmins Bmax < [Blmaxs (10)
rae JZONyCTHMOE min PACCYHTHIBAETCA M3 YCIOBHS
¢ san 3aMaca

1
[Bloin =
MaKCHMalbHOE JIOMYCTHMOe 3HaueHHe [Blmay PACCUHTHIBAETCH W3  YCIOBHS
p p ro J p 0 BHAOM
Ipy3a, THIIOM KpaHa H AMH HYECKOTO TIp JUIS KOTOPOTO
KpaH MpeiHa3HayeH:
[ = L) = Ll
" MR
Ju - npu W% Iy —
i MOoMeHT I'TIM; u — nep YHOE OT
Mexanu3Ma I'TIM, Ha KOTOpOM YCTaHOBJIEH TOPMO3; JJIi MEXaHH3Ma MoAbeMa a —
KpaTHOCTh nonucnacta, R — panuyc 6ap M; ans
a = 1, R - paauyc XoN0BOro Koneca, M; JUIsi MEXaHH3Ma NI0BOpOTa @ = 1 R - mnuna
CTpensl, M
Onp akTopsI, Mmp K M;: daktop
TeMnepaTypsl — paTyphbl Ha i) T TPeHHs, GakTop H3HOCA —
u3Hoca ¢ Ha YCH/IHE HaXATHA TOPMO3HOH KONOIKH
Ha JMCK/WIKKB.
Jnst p: THIOB ¢ nap, mp B TOp I'TIM,
p aHanu3 M. TI 4TO (aKTOp TEMMNepaTypbl MOXeT
TMPHBECTH KaK K Y 0, TaK H K M;. Ilpu 3TOM B MHTepBane
pabounx TeMnepatyp Pmin = 0,59 ...1 ¥ Bay = 1...1,37 ans napsi OIIM/merann,
Prmin = 0,64 ...1 4 Brax = 1 Ana napsl Metannokepamnka/merann. ®akTop W3Hoca
TPUBOAMT K yMeHbileHHio M. CornacHo pacyeraM, B KONOIOYHBIX W JMCKOBBIX
p TTIM, ue AKW, u3Hoc QpuUKUMOHHON Haknamku B | MM
COOTBETCTBYET Ppin = 0,52..0,95 . V¢ YTO MpH
JieficTBHHM (aKTOPOB TEMIEPAaTyphl M H3HOCA BENHYHHA Pmin MOXET 6biTh MeHbLIE
0,5, B 3TOM Cityyae M; BEIXOIMT 3a npeaensl HHTepBana (10) DOMYCTHMBIX 3HAYSHHH
u ycnoeus GesonacHoct paborel I'TIM Hapymaiorcs. C UENbIO YMEHbLIEHHS
BIMAHMA GaKTOpa H3HOCA peKOMeHA0BaHO Henonb3oBaue AKH B Topmosax I'TIM.
PaspaGoTana MeTO/IMKa OLIEHKH 0NMOBEYHOCTH Topmo3a ['TIM. [TokasaHo, 4To ool

M3 NPHYHH NOTEPH TOP p ¥ ABMAETCA H3HOC ¢ napbl ¥
i phIMaKHON Tp M IS pacyera
Me)erMOl-rrHOm CpoKa CITyGbl TopMO3a, c 3 CTpOsi ero
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MeXpeMOHTHbI CPOK Ty  CHyXGbl P c

d B BUIIE:
2[AR)n,p,A,
T T @2 e (60 x K) (24 X K)(365 X K)H'

rae [Ah] — MakcHMaNBHBIH JOMYCTHMBIH JIHHEHHBIA H3HOC QPHKLHOHHOH HAKIAIKH,
M; Ky, K. 1 K. — k03 OHUHEHTBI HCNIONBL30BAHHA MEXaHH3Ma B TEYEHHE 4aca, CyTOK
W roaa COOTBETCTBEHHO.

Ha kadenpe «[TonbeMHO-T, THBIE MITY um. H. 3. Baymana

pecypca IX i

TKTI-300M. Ha ocHoe
CTAaTHCTHYECKOH 06paboTKH pe3yNbTaTOB MCTIBITAHHH IS PasNMYHBIX BHIOB CMa3Ku

" MOIIC y y PerpeccHH, Mo3BOJIAIOLIHE
NPOBOAUTL pacyeT HM3HOCA ManbleB H OTBEPCTHH WADHHDHBIX COEIMHEHHit
PBIYXKHOR CHCTEMBI KOJNONOUHBIX, " j B
H  oT i oB COOTBETCTBYIOUIHX  YCIIOBHAM

IKcIuTyaTauuy Topmosos ['TIM.
B kauecTBe npHMepa Ha PHC. 5 Np! M H3HOCA i, maJibLa

M M3HOCA i, OTBEPCTHS WIAPHHPA OT AABNEHHS Py, I Clly4as KOHCHCTEHTHOH CMa3Ki
nocne 3,5 MJIH UMKJIOB.

Pasp: Mozenb J YUHT!
H3HOC Majibua U OTBEPCTHS, HAYaNbHBIA M MpelesbHbIH 3a30pbl MEXIY ManbLeM H
OTBEpPCTHEM, MO3BONAIOWIAS OLEHHTb DECYpPC LIAPHHPOB DHIYAXHON CHCTEMbI
Topmo3os I'TIM.

Mo pesynbraram pasp: p

Ha pecypca pi

CHCTEMBI  TOP M. P ITh
MOIIC, nossonsiouiue B S...7 pa3 yBeNTH4HTh PECYPC IUAPHHPHBIX COEAHHEHHH.

PaspaGoTana MeTonuka OUEHKH .
PEMOHTONPUIOAHOCTH  TopMo3os  ITIM, i, = 0,091p,, =022 -~
no3sonsiowasn onpeensTh BpeMs
BOCCT pabor CENONE
TOPMO3a MK 3aMeHe BBILIEALINX H3 CTPOS
3/1€MEHTOB, TOBBICHTD. ero
PEMOHTONPHUIOAHOCTh Ha cranud 0.4 ® HIHOC OTBEpCTHA
POEKTHPOBAHHS. METOHKa OCHOBaHa Ha e
P Tax 0
Topmosa TKI-300 u auckosoro Topmosa 0051 , _ 0,034p,, - 0,12 ) M
TAI-11, npoBeneHHbIX B nabGopaTOpH -
Kadenpsi «[ToxbeMHO-TPaHCTIOPTHEIE )
cuctemb» MI'TY um. H. O. Baymana.

Mpennoxes  airoput™M  OLEHKH
PEMOHTONPUIOAHOCTH TopMo3os  I'TIM,

® H3HOC natbua

T
38 4l 4.4 Py, Mlla

Puc. 5. Y3HOC 3/1eMeHTOB wapHupa
PhIMaXHOH cHcTeMb TopMo3a [TIM
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BKJ i B cebs: JHOCTYMHOCTH M JIETKOCHEMHOCTH 3JIEMEHTOB
coc MaTpHIIBI €10 3NIEMEHTOB, ONpE/ieNieHHe BPeMeHH
pabor H.

Jlna pacuera Bp Z; pa6ot H TOpMo3a,
CBS3aHHOTO C 3aMEHOH i-I0 JIEMEHTa, NPE/IOXKEHa 3aBHCHMOCTb:

Lo+ 2y (142

= Tt 2 (145
e Znsi — 3aTpaThl Ha Mp MOArOTOBHTENbHO-3aKTIOYHTENBHBIX
onepauui, 0GecieHBIOWHMX I0CTYT K TOPMO3Y, 4ac; Zp.; — BPEMEHHBIE 3aTpaThl Ha

TOJIHOH P PKH H COOpKM TOpPMO3a, 4aC; X; — OLEHKa
nocTynHocTH i-TO 3NIEMEHTa, Y4HT! ner Th 3/IEMEHTOB TOP! 5 Vi
— XapaKTepHUCTHKa MaTpPHLbI ¥ 21eMeHTOB TOp , YUK yKcno

MOMYTHBIX CHEMOB i-rO JJIEMEHTA NpPH 3aMeHe NAPYTHX 3NIEMEHTOB TOpMo3a; M; —
KONIMYECTBO HEHYJIEBBIX JIEMEHTOB MATPULILI IOJIOXKEHHH 3/IEMEHTOB TOPMO3a.
l'lpoBeJleH CpPaBHUTENBHBIA aHAIH3 pacYeTHOTO M 3KCMEPUMEHTAIBHOTO

BOCC ™™ Topmo3a TKTI-400 npu
3amMeHe HSHOI.L(CHHHX DPHKLHOHHBIX Halula):lok. IMorp b pacuera
14%.
Pasp: Ans P rmm OLEHKH

TOPMO3HOTO MOMEHTA, JOJIFOBEYHOCTH, PEMOHTONPHIOAHOCTH COCTABJSIOT OCHOBY
MeTo/ia OLleHKH 3 (EeKTHBHOCTH TOPMO30B H GesonacHocTH pabots ITIM.

B wecroii rnase nMpeanoXeHa METONHKA OLEHKH TEXHUKO-3KOHOMHYECKOH
ap¢exrnsHocTH  Topmosa [TIM; paspaGotaHbl —anropuT™ M nporpamMma
addexTHBHOro BEIGOpPa TOPMO3a; pellleHa 3aJaya ONTHMW3ALMH THIOPA3MEPHBIX
pﬂnos TOPMO30B; NpOBeAeH aHaIH3 3pQPEeKTHBHOCTH NMPUMEHEHHS CTaHAAPTHOrO

0 pafa P C  3NIEKTPOTHAPOTONKATENEM H

NPENOXEHbl  PEKOMEHJAaUMH Mo ero

CpaBHHUTENIbHBIH aHATH3 TEXHUKO-IKOHOMHYECKOH 3¢¢emuauo¢‘m TIPHMEHEHHS
y " TOp

TpoBezena knaccHHKalus NapaMeTPOB TOPMO3a Ha BHYTPEHHHE, BHEIHHE H
BbIXOJIHBIE NApaMeTPhl, XapaKTEpH3yIOlHe CBOHCTBA 3JIEMEHTOB TOPMO3a, PEXHM
paboTst TTIM u skcnnya CBOHCTBa TOPMO3a COOTBETCTBEHHO.
K BBIXOZHBIM OTHECEHbl TEXHHYECKHE MapaMeTpbl: KOHTAKTHOE JaBleHWe P ,
MakcHManbHas TeMrnepatypa Trmax KITK 3a nepHos TOpMOXKEHHS, MEHHMANIbHOE Bryin
M MaKCHMANbHOE S,y 3HAUYEHHS OTHOCHTENLHOrO TOPMO3HOTO MOMEHTa, a TaKXke

napameTph, ofl TEXHHKO- Y10 3¢ eKTHBHOCTb MPHMEHEHUS
TOpMO3a: 3aTpaThi S, Ha MpHOGpEeTeHHe TOPMO3a, 3aTpaThl S, Ha JKCIUTyaTaUMIO
TopMO3a B Teuenue 1 rona. Paspaborana OLIEHKH Tex
addexrusHocTH TOpMO3a I'TIM, Bk: i aHamu3
napkl; MPOYHOCTHOH aHanM3 ¢f # mapel M p 0¥ CHCTEMBI; aHaIn3
" 0 ; AHAJM3 JONIFOBEYHOCTH W PEMOHTONPHIOAHOCTH;
pacyer 3atpar Sy H S,.

p b JUTA pacyera KCruty 3aTpar:
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rae n, - BO paccMart J/IEMEHTOB Ti — THBIH
CpOK CTyx6bi TOPMO3a, CBA3aHHBIH C BHIXOZIOM H3 CTPOS i-O JJIEMEHTA, TOM; Syni —
CTOMMOCTb  i-FO 371€MeHTa, PY6.; Sy — 3aTPaThl Ha 3aMeHY WM PEMOHT i-ro
anemenTa, py6./yac; Sy, — MOTEpH, BBHI3BaHHbIE MPOCTOEM MEXaHHM3Ma IV,

py6./4ac
Cdop! p 3ajja4a OnT 0 BeIGopa TopMo3a I'TIM: onpenenuts
B0 Py HBIX BapHaHTOB TOP nytem
KpuTepHeB S, U S, MpH Bbl ycnoBuit p BENHYHH P H Trax

cBoMX JomycTHMbIX 3HaveHui [p] u [T] cooTserctBeHHO, a Takke ycnosuii (10)
6e3sonacHocTH paGoter TTIM; u3 MHOXeCTBa Py BHIOpaTh ONTHMANIbHBIA BapHaHT
Xonr M3 YCNIOBHS MMHHMYMa CyMMapHBIX 3atpaT S = S; + S,t Ha npuoGpeteHue u
3KCIUTyaTaLHIO TOPMO3a JU1A 33[IaHHOTO CPOKa t ero ciyx06sI (B romax):
D < [Pl Trnax < [T
Dy = {X,,: 12! [Pl Toax < T1 )
[Blmin < Bumins Bmax < [Blmax
l)Y O Py - min, S, = min,
(3 Koui:S

rae Dy — MHOXeECTBO JONYCTHMBIX BApHAaHTOB TOPMO30B; Tty — 06Ilee KOIHYECTBO
JIOTYCTHMBIX BADHAHTOB; X; — i-if BapHaHT TOpMO3a.

Ha ocHose (11) paspaGoTaHsl anropuT™ H nporpamMma 3¢dextnsHoro BeiGopa
Topmo3a ['TIM.

Ip aHanu3 PTHOTO  THIOP PHOrO  psifia
TOPMO30B. YCTaHOBJIEHO, 4TO: H3 8 THNOP poB psna 4 T (160, 200,
300, 400) ¢ TopMo3HeIM MomeHToM oT 50 mo 1500 Hm coctaBnsior Gonee 98%

an

» min,

M3T M mp B PO TOp Aans. Top 0 MOMEHTa,
671M3KO0r0 K TIp oMy, B 6 TBE Clly4aeB p TOpMO3 G ro
THIOpa3Mepa, 4TO ABNAETCH Hep c ¥ TOYKH 3peHHs;

Topmosa TKI™-160 perynupyioTcs, kak NpaBHio, Ha TOPMO3HOM MOMEHT GIH3KHH K
MaKCHMaJIbHOMY 3HA4Y€HHIO IUI NaHHOro THIopasMepa, a Topmosa TKI-200 — Ha
TOPMO3HOH MOMEHT G/IH3KHI K MHHHMATbHOMY 3HaYEHHIO.

CdopmynupoBana 3ajaua ONTHMH3ALMHM THIOP PHOTO pAna
ITIM. B kauecTBe dneMeHTOB BekTopa X ynp p 6p
3Ha4eHHs M; TOPMO3HBIX MOMEHTOB, TIPH KOTOPBIX MPOMCXOMMT NEPEXOM MEXAY i-M
u (i + 1)-M THNOpa3Mepamu:

X = (M, My, .., My ), (12)

Taie N, — o6llee KOIMYECTBO THIOPa3MEPOB B PAAY.

MtoxecTso Dy JOMyCTHMBIX T PAZIOB TP B BHJIE:
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Mpin S My <. S My, g S Moy
_ | P < [P] Mmin < My < Moy
Dy = { X | Tiax < [T], Miin < My < Mpnay; ] (13)
[Blimin < Bmin Mmin < My < Moy
Bmax < [Blmax Mmin < My < Miyay;
rae Mpin B Mpax — A ou i
MOMEHTa THIOPa3MEPHOTO psJia COOTBETCTBEHHO, HM.
B KkayecTBe YaCTHBIX KPHTEpHEB 3(GEKTHBHOCTH MPHHATHI CPEJHHE 3aTpaThl
S, Ha npHoGpeTeHne TopMo3a:

Mmax
min « S, = f Sa(X, M) w (M) dM, (14)
Mmin
H Cpe/iHHe 3aTPaTH! 5, Ha SKCILTyaTalHIo TOpMo3a B TedenHe | roga:
Mmax
min « S, = j S,(X, M) w,(M)dM,, (15)
Tmin
Fhie W, — MIOTHOCT pacnpeneNienus crpoca Ha Topmosa, (Hm)™, onpesensemas
nyTem oﬁpaﬁm‘ku CTaTHCTHYECKHX JaHHBIX O BBINYCKE KONOAOYHBIX TOPMO30B B PD.
B0 Py p THIOP psnos
creytouum o6pazom:

Dy o Py: S, = min, S, - min. (16)
C yuetom (12)~(16) npoBesieHa ONTUMH3ALMSA CTAHIAPTHONO THIIOPA3MEPHOTO
pana X, = (100,250,800) xonomounsix TopMo3os cepun TKI ¢ npusomoM oT
3MeKTPOr 0 T PaccMOTpeHBI XapaKTepHble JUlsi JaHHOTO THIA
TOpMO30B (pukuHoHHas napa Crans 45/PIM 6KB-10 1 pexums pabotsi I'TIM. C
nomosio mporpammet Thermobrake onpenenenst Muoxectsa Dy u Py. Ha puc. 6
T P Py na nnockocts (S, 5,).
Ha ocHose aHanuia MOJIyYeHHBIX PE3Y/bTAaTOB YCTAHOBNEHO: [MANa30Hb!
0 MOMEHTa, COOTBETCT KOHKDETHBIM T , MOTYT GBITH
3Haqm‘enbﬂo P 1i pan P T'TIM moxer
BBITH coxpau.leH nyTeM MW3bATHS W3 Hero Tunopasmepa 200, BMecTo Hero
Tb  TOPMO3 T 160 B

perynﬂpoaaﬂuﬂ TOPMO3HOro MOMeHTa oT 50 10 250 HM
OLEHKH TeX Kot a¢dexTnuBHOCTH TopMosa ['TIM,
aIropuT™ M nporpamma 3¢ dekTusHOro BeiGopa Topmoza ['TIM nonoxeHs! B OCHOBY

MeToza Bbi6opa Topmo3os [TIM.

pa3pab 0 MeToza mnp
pacyer p: THIIOB o6op; AKH. PaccmoTtpeHs!
TKTI-300, # TJE-1u # T/IM-31 Top
OTperynup Ha i MomeHT 750 Hm 1 ucnonssyemsie

B MeXaHW3Max BCIOMOraTeNbHOro MoabeMa KO3loBoro kpaHa r/m 160/50-10T B
pexxume: ny = 960 o6/mun, H =180 Bkn./gac, [1B=60%. AHanu3 nokasan, 4to
yenosus  (10)  GesomacHoctd  pabotsi [TIM  BeimonusOTCs  Ans  Beex
paccMaTpuBaeMbix TOpMO30B: [Blmin = 0,67 <1 = Brin 4 Prmax = 1,03 < 1,6 =
[Blmax ans TKI-300; [Blmin = 0,67 < 0,96 = Brin # Bmax =1 < 1,7 = [Blmax
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218 THE-L; [Blmin = 0,67 < 0.96 = Bruin 1 Prmax = 1 < 1.6 = [Blmax w5 THT-
31

Ha puc.7 npeacTamieHsl 3aTpaThl S IUIS PaccMaTpPHBAEMbIX TOPMO3OB.
3atpartsi S, coctansot 32 Thic. py6. ans TKI-300, 61 Thic. py6. ans TAE-1, 64 Teic.
py6. ans TIIT-31; otHOwWweHH e S/ S, Ui HOPMATHBHOTO CpoKa ciyx6bl TopMosa (7
MJIH BKJTIOUeHHH MexaHusma) pasHo 11 mns TKI-300, 2,9 ans THE-1 u 1,4 nna

TAI-31. [lokasaHo, YTO BMECTO KOJNOZOYHOTO TOPMO3a 3KOHOMHYECKH
P o -KOJIONOUHBIH HITH i TopMo3.
(250.700.800) S, TKI-300
Thic. THIC.
py6. \/? pyo.
14 4 ' 300
_ A
124 x 2004 THE-1
(250,250,800) —
o = (100,250,800) ,ow
il
(100.100.800 TAN-31
s
8 +— v — 0 T v r
14 16 18 20 S, Thic. py6. 2 4 6 N,mnn

Puc. 6. MHOXECTBO pauHOHATBHBIX
panos

Puc. 7. CyMMaprxe 3aTpaThi S Ha

TOPMO30B

Topmo3a

B raase 1p NpaKTHYECKHE PEKOMEHJAUMH Mo
COBEpLUEHCTBOBAHHIO  KOHCTPYKUHME 5 H
JIHCKOBBIX TOPMO30B

K Ha 6aze 0 TOpMO3a pa TKI-160
pa3pa6oTaHa KOHCTPYKUMs pbiuaxHoH cuctembr Duplex (Puc. 8), nossonsiowas
peryaupoBaTh TOPDMO3HOH MOMEHT B auamasoHe ot 50 go 250 Hm.

OTIHYHEM 0ro TOpMO3a ¢ pedaxHo# cuctemoit Duplex

(TKI-160D) siBniseTcsi KOHCTPYKUMS KONEHYaTOro pblyara (NMOKa3aH CTPENKo#) u
MOIIC. Jins TKI-160D nposenens!
TIOBEPOUHBIE pacqe'm Ha MPOYHOCTb H XKECTKOCTh PhIYaXHOH CHCTeMBI, paspaboTtana
TEXHOJIOTHA M3TOTOBNIEHHA KOJNEHYaToro phiyara. Ha KOHCTPYKLHMIO KONOZOYHOro
TOPMO3a C phIuaxHOM cHcTeMbi Duplex noaana 3asBKa Ha MOJIE3HYI0 MOAEb.

TeXHHKO-3KOHOMHYECKHH aHamH3 >((}EKTHBHOCTH HCIIONb30BaHHS TOPMO3a
TKI'-160D nokasan: npumenenre TKI-160D Bmecto nByx tunopasmepos TKI-160
1 TKT-200 no3sosniseT MoBBICHTb 10 95% nomio HCmonb3yeMbIx B MexaHu3max [TIM
KOJIOAOYHbIX 'I‘OpMO:!OB 160 THmopa3sMepa M, TeM CaMbIM, CHH3HTh Ce6ECTOHMOCTB
H3r TKI-160D Bmecro TKI-200 o6ecneunsaer
YMEHbLIEHHE B 3“.7 pa3 cy 3aTpar Ha mpuHoOpeTeHHe W IKCIUTyaTalHio
TOpMO3a B TEYEHHE HOPMaTHBHOro cpoka ciyx6er I'TIM; npumenenne MOIIC
TI03BOJIAET TOBBICHTH PECYpPC X cucTembi 10 7
MJIH BKoYeHHH (15...20 net paGoTsl MexaHH3Ma).
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Prc. 8. Monens Topmosa TKI™-160D Puc. 9. luckossiit Topmos TAM-11,

¢ phiyaxHO# cucteMoit Duplex TIPHCTPOEHHBIH K peayKTOpy
g 10 KOPPEKTHPOBKa THIOpPa3MEepHOro psna
4TOo BMeCTO S Tb 4 T

TOPMO30B (TaGnHua 2) B Ouana3oHe TOPMO3HBIX MOMeHTOB OT 20 mo 2100 Hm,
xapakTepHoM 1 98,5% Topmosos I'TIM; B KauecTBe 3aMbIKAIOLIErO deMeHTa 1is

Topmosos TJI1-32 u TAM-4 np b BMECTO
NpPYXHH; C UebiO MOBBILEHHs 3hPEKTHBHOCTH TOpMO3a H Ge3onacHocTH paboThl
I'mM s AKU ¢p Haknanok (A. c. 1423843, A. c. 1757044);

YMEHBIINTh  MaccoraGapuTHble —MOKa3aTeld  TOPMO30B; MOBBICHTb  pecypc
(PHKLIMOHHOM Napbl, COKPATHTh IKCTLTYaTALHOHHBIE 3aTPaThI.

Tabnuua 2.
Tunop # psn Top pHCTD (Tam
OnekTpoasHratesh
T T¢ Boicota ocH
(ucnonuenne) | Moment, Hm 3NEMEHT Macca, s Mon:;:crb. BpAUCHHS,
TA-1(1) 3
TAN-12) e — 18
TAI-2 TIPYXHHBI 40
TAI-3(1) TNIPYXHHBI 105
TAI-3(2) TOPCHOH 165
TAT-4 TopcHOR 190
Pasp: NPHCTP # Topmo3 THII-11 (Puc. 9). Crennossie
MCTIBITAHHSA,  COOTBETCTBYIOUIME  YCNIOBUAM  OKCIUIyaTalMH  MeEXaHH3MOB
p H BbLTETA kpaHoB cepud KB, u pacueTsl
4To TAI-11 yenosu#t (10)

6esonachocti pabotst ITIM ([Blmin = 0,67 < 1,0 = ﬂm.,, HPBmax =1,05<18 =
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[Blmax); mo cp c TKT-200/100 crmxenne Ha 20%

Macchl u BBUIETA
KPaHOB; rabapHTHBIX D p (no anuHe Ha 7%, NO WHPHHE
Ha 40%, no Beicote Ha 1,5%); pecypca dp napsl 3a cyeT

ucronp3oBanus Gonee Teepabix ®IIM 10 2 MIH TOPMOXEHHH (4TO MNpeBbiaeT
pecypc kpaHosoro mnpusoga IIK-6,3 Gonee uweM B 4 pa3a); COKpalleHHe
3KCIUTyaTallHOHHBIX 3aTparT B 1,6...7 pas.

Pa3paGoTana KOHCTpYKUHMS Manoraﬁapumoro JHMCKOBOTO TIPHCTPOEHHOTO
Topmosa THIT-11M, ¢ TOI-11 Macchl,
JNIMHBl M BHELIHEro JHameTpa TDpMOBa Ha 27%, 22% u 26% COOTBETCTBEHHO,
cokpatenue 10 20% 3aTpaT Ha NpHOGPeTeHHe TOPMO3a.

Pa3p: i npucT i Topmos THII-32 (A.c. 1474352,
A. c. 1467275) BepTi ro € Top (Puc. 10).
CoracHo pesysnbTaTaM CTEHJOBBIX WCMBITAHHH, B CPAaBHEHHH C aHATOTHYHBIM
npHCTp P ¢ np T/M-32
ofecneynBaeT yMeHbilieHHe oceBoro rabaputa Topmosa Ha 15..20%, cHinkeHHe
Macchl Ha 3%, yMeHblleHHe raGapuTHBIX p P H
H3MEHEHHs BblNeTa CTPesbl MOPTaNbHBIX KPaHOB I/l 16/20 T (Ha 9,5% no n,vlmie, B
2,2 pasa no wHpHHe, Ha 28% MO BbICOTE), Y pecypea ¢ ¥ mapbl

Topmo3a 110 10° TopmoxKeHHii.

ul @
Puc. 10. luckoBsiit TopMo3 T};{n-zz‘ Puc. 11. TopMo3 AHCKOBO-KONOAOUHBIH

NPUCTPOECHHBIH K 2/IEKTPOABHTaTENIO TIK-00.01
4 MTH 280 L6 Y2 mownocTsio 75 KBT

PaspaGoTaHa ~ KOHCTPYKUMS  BEHTHJIHDYEMOro  TOPMO3HOMO  JMCKa
(A. c. 1484995), B co JHUCKOM
YMeHbLIEHHe TeMnepaTyphbl aucka Ha 30...40%.

Pa3paoTaHHas  KOHCTPYKTOPCKO-TEXHONOTHYECKas  JOKyMeHTalMs  Ha
OMbITHbIE OGPa3Lbl NPHCTP p T npH
TPOEKTHP Taqd INeKTp i r/m50T, 0 KpaHa
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P KpaHa, ka6 TO KaHaTa, BCIOMOTATENBHOIO NObEMa),
KpaHa-mrabenepa  (KapeTkH, P P pa), BHHTOBOrO
MeXaHHu3Ma cTpensl, 0 TOpMO3a ¢

31eKTPOMAarHHTHBIM NPHBONOM JieGelKH INAaXTHOH BCTIOMOTATENbHOA C TATOBBIM
ycunnem 25 kH.

A Jins H P
cTpenoBbix KkpaHoB cepud KC-4372 M3roTOB/eHa M WCIIBITAHA OMBITHAs MNAapTHA
Topmo3os TJIK-00.01 (Puc. 11), p
MCTIOJIHEHHE PBIYaXHOH 5 M. 0 B

Ka4ecTBE 3aMbIKAIOLIEro 3neMeHTa, HcnonbloBanHe AKHW. Tlo cpasHeHuio ¢
Topmosamu  THE (Tabnuua3), cepuiino Beinyckaemeima EM3  (Jlatsus),
npumenenne TIK-00.01 o6ecneuuBaer cHwkenwe Macchl B 1,1.3 pasa;
yMeHbleHHe raGapuTHBIX pasMepoB: B 2,5...3 pasa BeicoTsl, B 1,4..1,7 pasa
wHpuHsl, B 1,1...1,4 pasa WiHHBI, yMeHbleHHe ¢ 12 0 4 KONMHYECTBA TOPMO3HBIX
JINCKOB THIOPa3MEPHOTO psijia.

Tabnuua 3.

CpaBHeHHe raGapuTHBIX Pa3MEPOB H MacChl TOPMO30B

TAK (MITY um. H. 3. Baymana, r. Mocksa, P®) u TIIE (EM3, r. Enrasa, Jlatsus)
T

TMapametp TAK-0001 | TAK-0004 | TAK-00.07 | TAK-00.10
TIE-1 I THE-2 | )
100..400 | 400...1600 1600...5000 |sooo 12500
U LTt 350...2100 [ 900...7300 4300...19600
JIHameTp TOPMO3HOTO 285 | 285 | 60C [ 750
JMCKa, MM 315...500 | 400...710 630...1250
325 | 325 [ 41 [ 610
rpmcpu Haura 300 I 300 450
152 152 I 21 [ 2%
:lﬁeanpnnona ILnpnna 350 T 350 T 370
241 | 241 270 | 334
IHCKa), MM Bsicota 590 T 790 T 980
Macca (6e3 npusona 8 [ 12 [ 25 | 80
" 0 MCKa), KT 65 | 130 [ 275

Mo pesynbTaTaM CTEHIOBBIX HCIBITaHWH TOPMO30B pa3paboTaH OTpacieBoH
CTaHJapT Ha JMCKOBO-konono4Hsle Topmosa (OCT 92-5020-87 «Topmo3a auckoBo-

KoNofiouHble. KOHCTPYKIMS, TEXHUYECKHE TP ). P: Texi
JIOKYMEHTaL|A [ CepHiHOro BhINyCka TOPMO30B TI[K 00 01. JoxymeHTauus
Heno. ans " it rpy3oBoif neGeakn u

MeXaHH3Ma 10BOpOTa CTPOUTENLHOIO KpaHa-MaHHMyJIATopa.
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OCHOBHBIE BbIBO/IbI U PE3YJIbTATBI PABOTBI
B muccepTauMoHHoOl pafoTe pelieHa BaXHas Hay4HO-TEXHHYecKas npobrema

noBeilieHHe 3PHEKTHBHOCTH TOP paboty
ITIM, Ha ocHOBe pa3pabOTKH HOBBIX Hay4HO-OGOCHOBAHHBIX MO/IXOJOB,
TEOpeTHYECKHX H ITANBHBIX u OLEHKH H BblGOpa
TOp C y4eToM nokasareleif, a Takke peanu3aLHH
TIPOrPECCHBHBIX KOHCTPYKTHBHBIX DELIeHHUH.

B xoze bl paboTsl Ly p B,

KaK Hay4yHOe, TaK M MPHIKIIa[IHOE 3HaYeHHe:
1. Paspaboran merton oueHkH 3ddeKTHBHOCTH TOpMO30B U Ge3omacHoCTH paboTs
TTIM, MPH  MPOEKT M JKCIUlyaTallMH TOPMO30B
[POrHO3UpoOBaTh 3GQexTHBHOCT, HX paboTel. OCHOBY MeTOAa COCTAaBISIOT
METOAMKHM OLEHKH H3MEHEHMS TOPMO3HOIO MOMEHTa, JOJrOBEYHOCTH,
peMOHTONpPHrogHOCTH. OCOGEHHOCTs METOfa 3aKIOYAETCs B BO3MOXHOCTH
onpejieNieHHss  MEKPEMOHTHOro  Cpoka  CioyxGbi  TOpMO3a,  BpeMeHH

BOCC €ro p: H, KCIUTya 3aTpar, a Takxe
ycnosui u pabotsi I'TIM. Meron

Gmnpyercn Ha aHQIH3e HIMEHEHHS TOPMO3HOTO MOMEHTE, OUEHKE pecypca
i napel 1 p OLIEHKH

peMOHTOanrO}:lHOCTH TOpMO3a.
2. Paspaboran meton BbiGopa TopMo30B I'TIM, no3BONAIOWIMHA [ KOHKPETHOTO
MeXaHW3Ma M peXuMa paGoThl ONpenenaTh ONTHMATbHBIH BapHAHT TOPMO3a,
obec npu 3arpaTax d¢dekTiBHYI0 U GesonacHyo
pabotry I'TIM. OcHOBy MeToAa COCTABNAIOT aNTOPHTMBI, MPOTPAMMBI H
METONMKA OUEHKH TeXHHKO-DKOHOMHYECKOH 3((eKTHBHOCTH TOpMo3a.

Oco6eHHOCTBIO MeTONa ABNAETCA: 3aTpar Ha NpHoGp u
3aTpaT Ha JKCIUIyaTalMIO TOPMO3a B KaueCTBe KpUTepHeB 3(GQeKTHBHOCTH;
Tb OIp Th BO BapHaHTOB H
ONTHMANBHBIH BapHaHT.
3. Pewena 3anaya onr! p POB T PpAnoB
M TIPHCTP IX JIUCKOBBIX TOP I'TIM:
e ans T 0 pana TOp TKT ¢
wkkBoB 160, 200, 300 1 400 MM onp 'BO
T PAnoB; yCT YTOo PTHBIR THIIOpA: i

PAll  KOJOJOYHBIX TOPMO30B MOXET ObiTh ONTHMH3MPOBAaH MyTeM
HcKmoyeHns TunopasMepa TKI-200 W npuMeHeHHEM BMECTO HEro
THMoOpa3Mepa TKI‘-160 unu TKI™-300;
® I8 mpUCTp TAI ¢
MomenToB oT 20 o 2100 Hm npoaeneHa KOPPEKTHPOBKa THINOPa3MepHOro
pAAa, YTO NO3BOJHIIO BMECTO 5 \Th 4 THMOP P p
4. Tlpumenutensho Kk Topmosam [TIM paspaGorana Mmeroauka pacueta
TeMmnepaTyp 31eMeHTOB ¢f IX nap, € MOrPelHOCTbIo
15% onpenenats Ttemneparypy KIIK, obbemHyio TemnepaTypy HaknaikH,
TeMmrepatypy Aucka. B ocHosy METO/IUKH TIOIOKEHa MaTeMaTH4eckas MoJenb
TEMIOBbIX rape, Y4HT! KOHTaKTHBIA
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MexIy Mapsl TPEHHS, KOHBEKTHBHYIO TeMooTAauy
H TOp 0 INCKA B OKP)] cpeny,

cxopocm BPALLICHHS IMCKA/IIKHBA Ha €ro KO3OGHUHEHT TEMI00TAauH, BIHAHHE
Pl Ha ol T TPEHHs ¢ HaKJIaaKH,

TPaHHYHBIX YCJIOBHH B 3aBHCHMOCTH OT 3Tana paGoTl TOpMO3a.

PaspaGoTaHbl  HOBbIE HBle

Temnepa'rypm KIK u ouenkn TCK, nporpamMMsl HCTIBITaHHH Ma‘repuanoa H

nap I'TIM, ™ KIIK,
Temnepatypy KIIK, TCK, usnoc Ha KITK; oGocHoBaHHO mojoiiTH k BeIGOpY
MaTepHanoB (PHUKLUMOHHONW Mapel Ha IJTame MPOEKTHPOBAHHS TOPMO3a,

npor P b pecypc ¢p napsl.

Pe3synbTaThi P TaNBHBIX H H p P ™
noaTBepuaH 3G EKTHBHOCT MPEMIOKEHHBIX METOOB OLEHKH H BhiGOpa
TOPMO30B:

* s MoIIC

Mo3BONHAO B 5..7 pa3 YBENWYHTh PECYPC WIADHMUPHBIX COENMHEHHH
PHIYXHOM CHCTeMBl (10 7 MIH BimoueHu#), npumenenne TKI-160D
Bmecro TKI-200 B3..7 pa3 3aTpar
Ha npHoGpeTeHHEe H SKCIUTYaTalHIO TOPMO3a8 B TEYEHHE HOPMATHBHOrO
cpoka ciyx6s1;

e Ha 0 THK pa3p OCT 92-5020-87;
MpOBENCHB!I CTEHAOBLIE HCMBITAHHA OMNBITHOM NapTHH TOPMO30B Tlu( c
AKH; B cp ¢ TOp TJHE 06 Macchel B
3,5..8 pa3, raGapuMTHBIX pa3MepoB: BBICOTH B 2,5..3 pa3a, LUMPHHBI B
1,4..1,7 pasa, anueel B 1,1...1,4 pasa; 3Kcnya
3aTpar 3a cueT uenons3oBanus AKH coctasuno 10...20%;

e ans  Ouckoebix mopmo3oe paspaboran TunopasmepHbiit pax  THII,
NpoBeJieHb!  CTEHIOBBIE HCMBITAHHA ONMBITHBIX 06pa3slioB  TOPMO30B
Pa3NHYHBIX THNIOPA3MEPOB:

HX BMECTO  MpYXHH
NO3BOJIMIO YMEHBLIHTb OCEBOH raGapm‘ TopMo3a Ha 15..20%,
ymeHpwuTe B 1,1..2,2 pasa rabapuTHele pa3mepsl TpHBOJAOB

mexaHusmos I'TIM;

- npumeHenue Gonee TBepabix OIIM NO3BONMNO YBENHYHTH pecypc
PHKUMOHHOM Mapbt 0 2 MITH TOPMOXEHHH;

- NpeiIOKeHHass KOHCTPYKLMS BEHTHIMPYEMOro TOPMO3HOMO JHCKA

no3BONMNIA B cocn MCKOM Th PacyeTHyIo
‘TemnepaTypy aucka Ha 30...40%;
- 3a cuer BMECTO

CHIKeHa Ha 20% Macca M J10 40% ra6apu'rﬂ5|e pasmepbl NMPHBOAOB
Mexanu3moB ['TIM, cokpauiens! B 1,6...7 pa3 3aTpatsl Ha 3KCTUIyaTalUHIO
TOpMO3a.

29



()

w

>

w

&

=

hd

o

IS)

«

30

OCHOBHBIE NOJIOXKEHHMS THCCEPTALIMHA
OTPAXEHBI B CJIEAYIOIIUX PABOTAX

. Hocko A.JI., Boiikol. A. Topmo3Hple NMCKH M IKHBEL KOHCTpyKUHS.

Marep 1. Mar Pemont. T passutus. Jlyranck: Usn-so
Boc 0 reta um. B. Jlans, 2009. 78 c.
Hocko A. Il Pomauu(o A.M, K B. JI. U TeMnepatyphbi

NOBEPXHOCTH TPeHHs napbl MeTal — ®ATIM TepmonapaMu pasiH4HBIX THNOB //
Tpenue u usHoc. 1982. Ne6. C. 1086-1093.

. JInHamMu4YecKHe XapaKTEPHCTHKH Tep p Ans onp

TeMnepaTypbl NOBEPXHOCTH TPEHHS TOPMO30B MOABEMHO-TPAHCTIOPTHBIX MALLIHH

/ A.JI. Hocko [ ap.] // UsBecTus By3oB. MamutocTpoekue. 1984. Ne3. C. 111—

115.

Hocko A. JI. Onpenenexue TemmnepaTypbl MOBEPXHOCTH TPEHHS MAaTEpHANoOB
nap C y4eToM Tep! "0 COMpOT KOHTaKTa

// 3BecTus By30B. MawuuHocTpoerte. 1986. Ned. C. 96-100.

. INMotamnoe B. A., Hocko A.JI. KOppo3WOHHBIH H3HOC map TpeHHs B

9KCTpPeMabHBIX YCNOBHsAX // M3BecTns By3oB. MammHocTpoenue. 1987. Ne8.
C. 158.

Hocko A. JI. p TaNbHOe HarpeBa  TOPMO3HBIX
YCTPOHCTB C MabiM ) TOM 0 peiTus // W3BecTus
By30B. MawnHocTpoeHHe. 1988 Ne9. C. 118-122.

Xypuumze T. B., Hocko A.JI., ®enocees B. H. CpaBHHTeHbelﬁ aHanu3
TpHOOTEXHHUYECKHX TOKazaTenedt ¢ IX

(®IM) B ycnosusx 3Kcrulyarauuu Topmosos ITTM // l/l3secmn BY3oa
MaumnHoctpoenue. 1989. Ne10. C. 89-93.

Mapuksan C. C., Hocko A.JI., ®enocees B.H. Ouenka ko3dpduunenta
TeMIOOTAa4M NPHCTPOEHHOTO IUCKOBOrO TOPMO3a KPaHOBOTO 3EKTPOABHraTeNs
// U3BecTus BY30B. MawnHoctpoenue. 1990. Nel. C. 95-98.

Ipuson x kpaHoB / A. JI. Hocko [u np.] /
MexaHu3zauus c'rpomulbcTna 1991. Nel12. C. 6-8.

. Anekcannpos M. I1., Hocko A.JI. PacuerT HarpeBa TOPMO3HBIX YCTPOHCTB C

ManbiM ¢ TOM 0 P THs  (Ha mip. P
KOJIOZOYHBIX TOPMO30B MOABEMHO-TPAHCIIOPTHBIX MallkH) // TpeHne u H3HOC.
1993. T. 14, Ne5. C. 895-901.

. Buwnesckuii A. B., Hocko A.JI. O np p
npoueccos Tpenus // Bectnuk H: ro J pcUTeTa
«XTTH». 2002. T. 4, Ne10. C. 145-148.

. Hocko A.J1,, B A.B. Mi 3alMs MHTErpaibHOM MOTPeLUHOCTH
AHAMHHECKHX XapaKTePHCTHK T npx CKOPOCTAX
/I Bicuuk CximHoy Y i ro yHiepcutery iMeni B. Jans.

2003. Nel2 (70). C. 97-100.

. Hocko A. JI., Hocko A. I1. M OX. YyCTpo#CTB

I1TM // Bectank MI'TY um. H.3.Baymana. 2005. Ne3. C. 88-99.



5

2

21.

22.

IN)

23.

<

2

=

25.

G

26.

27.

28.

I

. Hocko A. JI., Hocko O.I1. BruiiB ¢piKuifiHO-3HOIIYBaNBHHX MOKAa3HUKIB Ha

dynkuioHansHi MoxuiuBocTi raneM IITM // MawmuHo3HaBcTBo. 2005. Ned.
C.22-25.

. Hocko A. JI., Hocko A.TI. TennoBsle mpouecchl B y3Nax TPeHHs MawuH //

Hssectus By3os. MaumuHocTpoenue. 2005. Nel 1. C. 3-9.

Hocko A. JI, Hocko A.TI. ¢ HYECKHX
cucTeM (MPHMEHHTENBHO K TOPMO3HBIM ycTpoiicTBam ITTM) // I/l3sec1'm BY30B.
Mammnnoctpoenue. 2005. Ne12. C. 8-17.

Hocko A. JI, Makapos I1. E.  OueHka peMOHTONPHIONHOCTH — KONOAOYHBIX
TOPMO30B  MOXBEMHO-TPAHCNIOPTHBIX MawHH // PeMoHT. BoccraHomneHue.
Monepuusauus. 2006. Nel. C. 10-13.

. Hocko A. JI., Hocko A. [1. MaTemMaTHuecKoe MOEJHPOBaHHE TPHGONOrHYECKHX

cHCTeM (MPHMEHHUTENBHO K TOPMO3HBIM ycTpotictam [1TM) / Becthuk MI'TY
um. H. 3. Baymana. 2006. Nel. C. 83-98.

Hocko A. JI., Hocko A. I1. Peiuenne KOHTaKTHOM TENJIOBOW 3a/layu C y4eToM
Telionepefayi MeXay dneMeHTamu Tpuboconpskenus // TpeHWe M H3HOC.
2006. T. 27, Ne3. C. 279-284.

Hocxko A. JI., Hocko A. I1. Pewenue pHKUHOHHOM TENNOBOH 3aKa4u C y4eToM
TEPMHUYECKOH MpPOBOAMMOCTH KoHTakTa // IIpoGnems Tpubonoruu. 2006. Ned.
C. 75-77.

Hocko A. JI. Tlpaktuyeckue p MO OUEHKe Harp) y3noB
TpeHus (mpuMenuTenbHO k TopMosam ITTM) // Hssectus Tya['Y. Cep.
1p PTHbIE 1 obopy, Tyna: Hsp-so Tyal'V,

IT
2006. Bein. 7 C. 146-160.
Hocko A.JI, Hocko A.TI. HccnenoaHue TepMOYNpPYroro  KOHTaKTHOTO

BHA B TP // Bectauk MI'TY um. H. O. Baymana.
2007. Ne2. C. 71-81.
Hocko A. JI., Hocko A.TI. M ynpyroro ¢ o

kourakTa // Tpenue u uszxoc. 2007. T. 28 Ne4.C. 345 350.

. Hocko A. JI,, Hocko A.TI. Pacyer Harpesa Topmo3Hbx yctpoiicts IITM //

CrpoutenbHble H 10poxHbie MawuHbL. 2007. Ne3. C. 38-43.

Hocko A.JI,, Hocko A.Tl,, Mnuukapesa E. B.  TexHUKO-3KOHOMHYECKHE
pacueThl Mpu BbIGOpe KONOAOYHBIX TOPMO3HBIX yctpokcts IITM // Tsxenoe
MarmHocTpoerne. 2007. Nel0. C. 35-39.

Hocko A.JI,, Benskos H. C., Hocko A.Tl. IIpumeHenune o6o6uieHHOro
TPaHHYHOrO YCIOBHS [1A PELICHHs TENOBEIX 3a/a4 TpeHHs // TpenHe W u3HOC.
2009. T. 30, Ne6. C. 615-625.

Hocko A. JI. OueHka pEMOHTONPHIONHOCTH
TPaHCTIOPTHBIX MaluuH // Taxkenoe MawnHocTpoenue. 2009. .N'°4 C.37-39.
Pacuer paTyp B yriep JMCKax X C yuerom
Tennoo6MeHa ¢ okpyxatoweii cpenoii / A. JI. Hocko [u zp.] // TpeHHe u U3HOC.
2012. T. 33, Ned. C. 280-287.

31



2!

©

30.

31

32.

33.

34.

3s.

36.

37.

38.

39.

©

4

S

32

Hocko A. JI. Oueska gonr ¥ i TPY30TNOABEMHBIX
MalnH // MexaHu3alus cTpontenscTsa. 2013. Ne6 (828) C. 36-40.

Hocko A. JI, Boiiko . A., Jlenny C. B. OueHka AONrOBEYHOCTH LIAPHHPHBIX
COelMHeHHiI TOPMO3HBIX YCTPONCTB Irpy3ononbemusix Mauid // Bicunk CHY
im. B. Jlans. 2013. Nel5 (204), yactuna 2. C. 167-173.

Nosko A., Sokolov A. The evaluation of friction pair heat duty of brake devices /
Proceedings of the International Tribology Conference. Nagoya, 1990. P. 1497—
1502.

Nosko A., Kimura Y., Mizuguchi S. Measurement of surface temperature of
sliding materials under sparse lubrication // Proceedings of Japanese Tribology
Conference (JAST). Nagoya, 1993. P. 37-38.

Nosko A. L., KimuraY. Surface temperature measurement with tape-type
thermocouples // Proceedings of the 6th Nordic Symposium on Tribology.
Uppsala, 1994. P. 613-620.

Nosko A., Romashko A. An analysis of surface temperature in brake discs /
Proceedings of the International Tribology Conference Yokohama, 1995. P. 429.
Nosko A.  ( t der B von Kranen // 19
Internationale Kranfachtagung «Der Kran und sein Umfeld in Industrie und
Logistik». Magdeburg, 2011. S. 45-55.

A.c. 1423843 CCCP, MKHMB F 16D 55/02, HO02K 7/106. Topmo3
anexktpoasuratens /  ®enoceen B.H., Xypuwumse T.B.,  Hocko A. JI.,
Mapuksn C. C. Ony61. 15.09.88, Bion. Ne34.

A.c. 1467275 CCCP, MKHMB F16D59/02, HO02K 7/06. Topmo3s
anektponsurarens /  ®enocee B.H.,  Xypuumse T.B., Hocko A. JI,
Taspunenxo C. H., Mapukau C. C. Ony6n. 23.03.89, Bion. Nel1.

A.c. 1474352 CCCP, MKMB F 16 D 27/06. Topmo3 anektpoasurartesns /
®enocees B. H., Xypuumse T. B., Hocko A. J1., TaBpunenko C. H.,
Mapuksn C. C. Ony6a. 23.04.89, Bion. Nel5.

A. c. 1484995 CCCP, MKUB F 16 D 65/12. Topmo3Hoii auck / ®enocees B. H.,
Xypuunze T. B., Hocko A. JI., Mapuksan C. C. Ony6a. 07.06.89, Bion. Ne21.

. A.c. 1757044 CCCP, MKHMB H 02 K 40/00, F 16 D 55/02. DnexTpoMarHuTHbIA

TopMo3 anektponsuratens / Xypuunse T.B., ®enocees B. H., Hocko A. JI.,
Kacaypos A. B. Ony6:1. 23.08.92, Bron. Ne31.



