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TOPMO3HASl CUJIA T'YCEHUYHOW MALLUHBI

BRAKE FORCE OF TRACKED VEHICLES

B.U. KOMNOTUNOB, k.T.H. V.l. KOPOTILOV, PhD in Engineering
TIOMEHCKOE BbICLLIEE BOEHHO-UHXEHEPHOE KOMaHHOe Tyumen High Military Engineering Command School, Tyumen,
yunnmwg, r. Tiomenb, Pocems, vikopotilov@mail.ru Russia, vikopotilov@mail.ru

IIpunATO CUMTATD, YTO 3aME/IJICHUE U OCTAHOBKY MAIlIMHbI BBI3bIBAIOT CUJIBI CLIEIJICHHA €€ I'yCEHMI] C I'PYHTOBOM IO-
BepxHOCTHIO. OTHAKO CHJIOBOM aHAJIN3 MOKA3BIBACT, YTO, XOTSA 3TU CHJIBI IPH TOPMOKCHUH M UI'PAIOT BaKHYIO POJIb,
HENOCPEICTBEHHO MPUYNHOM 3aMe/IJICHUsl MALlIMHBI ABJIAIOTCA IPOJOJIbHbIE COCTABIIAIOIINE BHYTPEHHUX CHJI, IPUKJIa-
JBIBAEMBIX K BaJlaM 3aTOPMaKMBAaE€MBIX BEAYIIMX KOJIEC MALIMHBI M NIEPETHUX ONMOPHBIX KATKOB I'YCEHUYHOT'O ABHKH-
tesit. CyMMa 9TUX IPOIOJIbHBIX YCUJIHIA, HANTPABJICHHBIX IPOTHB XO/1a ABUKCHUS IT'yCEHIYHOM MAIlIMHbI, U COCTaBIIACT
TOPMO3HYIO CUJTy I'yCeHUYHOI MaiuHbl. [Ipy 3TOM BesMunHa 3TOi CyMMapHOIl TOPMO3HO# CUJIbI B KOHEYHOM CUeTe
ornpesesAeTcsa OTHOIIEHNEM TOPMO3HOIO MOMEHTA, Pa3BUBAEMOI'0 CUJIaMH TPEHHMsA, K paguycy BeIyIIHUX KOoJIec, C KO-
TOPBIMH CONPSKEHBI TOPMO3HBIE YCTPOICTBA.

ITockosbKy Ipy TOPMOKEHUH TYCEHMYHOU MAallMHbI MPOAOJIbHASA PEaKIs ypaBHOBENICHa, TO OHA HE MOXET OBITh
HeMoCpeICTBEHHON NMPUYMHOM 3aMeIJICHHsI MAIlUHEL, T.€. €€ TOPMO3HOi cuioil. K Tomy ke, nmponosibHas peakius,
MIPUJIOKEHHAS K HWKHEH HETOJIBMIKHON YaCTH TYCEHHIIBI, HE COBEPIIACT MEXaHNYECKYI0 paboTy M HE MOXKET IOTJIO-
11aTh KUHETHYECKYIO SHEPIUIO IBMKYILEHCA MaliHbl. Takyio paboTy coBepliaeT BHYTPEHHASA TOPMO3HAs CHJIa Pmp,
pa3BHBaIOIIAs IPY TOPMOKEHUHU OTPULIATEIbHYIO (TOPMO3HYIO) MOIIHOCTb. BBIACHAETCSA, YTO IPU TOPMOKEHHUH NPO-
NOJIbHAsA PeaKiys Hy»KHa BOBCE HE JIJIA TOr0, YTOOB! BBI3BIBATh 3aMEIJICHUE, a U1 TOTO YTOOBI OHa, Oy/ly4d BHEUIHEH
CWJIOH, ypaBHOBEIMBaJIa YaCTb BHYTPEHHUX CUJI T'YCEHUYHOH MaluHbl. B pesysipbTare ee neiicTBUA HeypaBHOBEILICH-
Has 4acTb BHYTPEHHUX CHUJI 00pa3yeT BHYTPEHHIOIO TOPMO3HYIO CUITY, KOTOPas HEMOCPEICTBEHHO BBI3BIBACT 3aMe/l-
JICHHE ¥ OCTaHOBKY MamuHbL. [Ipu aTOM mpomosbHas peaxiys OMOPHOM MOBEPXHOCTH, 0€3 KOTOPON HEBO3MOKHO
o0pa3oBaHye BHYy TPEHHEH TOPMO3HO# CHJIBI, OTpaHUYMBAET KaK HIKHEE, TaK M BEpXHee 3HaueHHe MOCIIeIHEl, a caMH
9TH CUJIbl YUCIJICHHO PaBHBI.

Tot dakr, yTo TOpMO3HAA CHJIAa TYCEHUYHOI MAaIllMHBI, KaK 1 €€ CHJIa TATH, ABJIACTCA BHYTPEHHEH CHIIOH, COBCEM HE
[IPOTUBOPEYUT TEOPEeMaMm O JBMKEHUHU LIEHTPa MacC WA U3MEHEHUH KOJIMYECTBA JBIYKEHUA MEXaHUYECKOI CUCTEMBI,
KOTOpBIE CITPABEIJIMBBI TOJIBKO JIJ1 N30 IMPOBAHHBIX MEXaHNYECKUX CUCTEM, HE UMEIOLIUX UCTOYHUKA aKTUBHBIX BHY-
TPEHHUX CHUJL.

Karoueesvie cnosa: ryceHMYHas MalMHa, BEIyIIee KOJICCO, OIIOPHBIN KaTOK, 'YCCHHIIA, TOPMO3HOI MOMEHT, TOPMO3-
Hasl CHJIa, TPOIOJIbHAS PEAKITHsl, OTIOPHAS TOBEPXHOCTb.

It is commonly supposed that the slowing down and stopping of vehicle is caused by adhesion of its tracks to the
dirt surface. However, force analysis shows that, although these forces play an important role during braking, the
longitudinal components of the internal forces applied to the shafts of the vehicle’s braked drive wheels and the front
support rollers of the tracked propulsion are directly responsible for its deceleration. The sum of these longitudinal
forces directed against the motion of the tracked vehicle con-stitutes the braking force of the tracked vehicle. The
value of this total braking force is ultimately deter-mined by the ratio of the braking torque developed by the friction
forces to the radius of the drive wheels with which the braking devices are coupled.

Since when braking a tracked vehicle, the longitudinal reaction is balanced, it cannot be the direct cause of the de-
celeration of the vehicle, i.e. its braking force. In addition, the longitudinal reaction applied to the lower fixed part of
the track does not perform mechanical work and cannot absorb the kinetic energy of a moving vehicle. This work is
performed by the internal braking force Prop, which develops negative (braking) power during braking. It turns out
that during braking, the longitudinal reaction is needed not at all to cause a slowdown, but as an external force, to
balance some of the internal forces of the tracked vehicle. As a result of its action, the unbalanced part of the internal
forces forms the internal braking force, which directly causes the machine to slow down and stop. In this case, the
longitudinal reaction of the supporting surface, without which the formation of an internal braking force is not possi-
ble, limits both the lower and upper values of the latter, and these forces themselves are numerically equal. The fact
that the braking force of a tracked vehicle, like its traction force, is an internal force, does not contradict theorems on
the movement of the center of mass or the change in the amount of motion of a mechanical system, which are valid
only for isolated mechanical systems that do not have a source of active internal forces.

Keywords: tracked vehicle, drive wheel, track roller, track, braking torque, braking force, longitudinal reaction,
bearing surface.
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Baenenne

3aMenjieHre W OCTAHOBKY TYCEHHMYHOH Ma-
IMUHBL 00ecIeunBaeT ee TOPMO3HasA CUCTeMa, KO-
Topasi CO3MaeT HMCKYCCTBEHHOE COMPOTHUBJICHUC
IBUKCHUIO, T.€. TOPMO3HYIO CHITY.

HecMoTpst Ha BayKHYIO pOJTH TOPMO3HOU CHJTHI,
OpeaAcTaBJICHUA O Hell B JIUTEPATypeE 1O I'yCEHNY-
HBIM MAallMHAM KpallHE CKYIHBI U, K COXKaJICHUIO,
HE COBCeM BepHHL [IpakThyeckn camrTaercs, 4TO
3aMCVICHUE MW OCTAaHOBKY MalllMHbI BbI3bIBACT
CHUJIa CIIETJICHUS €€ TYCEHUI] C TPYHTOBOH MOBEpX-
HOCTHIO [1, 2]. Takoit B3I HA TOPMO3HYIO CHITY,
Ha HCpBbeI B3IJIAM, KaXKETCA BIIOJTHEC OYCBUIHBIM,
XOTsA U HE IOAKPEIJIACTCA COOTBETCTBYIOIIUM TEC-
OpEeTHYSCKIM 0OOCHOBAaHHCM.

Llenn uccaenoBanust

AHanuTtndyeckoe 0OOCHOBaHUE TOHSTHSA TOpP-
MO3HOM CHUJIBI cheHHqHOﬁ MalllnHBbI.

Pe3ynbrartsl HecnenoBanus
H HX 00CcyxKIeHune

Cui0BO# aHaIM3 TpoIecca TOPMOXKEHUS Tyce-
HUYHOM MaIlIHBI IIOKA3bIBACT, YTO HEIIOCPEICTBEH-
HO TIPUIMHON €€ 3aMeIJIeHNs M OCTAHOBKH SIBJIS-
eTcsA BOBCE HE IMPOJIOJIbHAS PeaKIusa TPyHTa, XOTH
OHA ¥ UTPaeT MPU TOPMOKEHUH BXKHYIO POJIb.

Yrtobsl pa3obpaThcsd B TOM, Kakasg HMCEHHO
CUJIa B ICUCTBUTEILHOCTH TOPMO3UT TYCEHUIHYTO
MaIrHY, PACCMOTPUM TIPOIECC €€ TOPMOKEHUH.

Y TyceHWYHOU MAIWHBI IJI1 TOPMOXKCHHS M
OCTAaHOBKH IPEAYCMAaTPUBACTCS, KaK MPaBUJIIO, IBA
OCTaHOBOYHBIX TOPMO3a, COMPSKECHHBIX C BETYyIIH-
Mu Kosiecamu. Cxema pacIioJIOKEHUSI TOPMO30B
B cJIydae TPHUBOAA BEAYIMUX KOJIEC IMOCPEICTBOM
OOpTOBBIX (PPUKITMOHOB IIPHBEEHa Ha prc. 1.
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Puc. 1. Cxema npuBoaa Bexynux Kojiec:
1 — riaBHas nepenaya; 2 - BaJ IPUBOJIA,;
3 — dpuximonnad Mmydra; 4 — TopM03;
5 — Beqy1ee KoJIeco MalliHbl

OCHOBY Ka)KIOI'O U3 HUX COCTaBJICT OOBIYHO
TOPMO3HON IIKHMB, ITMJIMHAPUYECKYIO TMOBEpPX-
HOCTb KOTOPOT'O OXBATHIBAET CTaJIbHAsA COTHYTas
1O Tyre OKPYXHOCTH JICHTa, K BHYTPEHHEH I0-
BEPXHOCTH KOTOPOH MPUKPEIUIEHB (PUKIIUOH-

HbIe HaKJIagKu. JIeHTOUHbIE TOPMO3a I'yCCHUYHOM
MallMHbl  CaMO3aTATUBAIOIINECS, TJIaBAIONIEeTO
tuna. [lpu TopMoXeHMM JIeHTa MpHKUMaeTcs K
MMOBEPXHOCTH TOPMO3HOI'O IIKWBA, M HA €ro Io-
BEPXHOCTH 00pa3yloTCsl CHJIBI TPEHHS, KOTOpPbIC
CO3MaI0T TOPMO3HOK MOMEHT (M ). DTOT MOMEHT
BOCIIPUHUMACT BeAyIlee KOJIeco MallWHbI, B3aH-
MOJICHCTBYIOIICE C T'YCCHUIICH, B pe3ysIbTaTe 4ero
Ha TOCJIC[HION TMEPenacTcsi COOTBETCTBYIOIICE
MIPOJIOJIBHOE YCHUITHC.

PaccmoTpum MexaHu3M 00pa3oBaHUS CHUIHI,
HETIOCPENCTBEHHO BBI3BIBAIOIICH 3aMeJIeHHe T'y-
CEHUYHOI MAIlIMHBL, T.c. TOPMO3HOH CHJIBL.

[IpumemM, 4YTO TyceHWYHas MallMHA WMEET
3aHee PACIOJIOKEHUE BEYIIMX KOJIEC U TOPMO3-
HBIX MCXaHU3MOB.

[Ipy TOpMOXKEHUM CHJIBI TPEHHS O0pPasyloT
CHJIOBYIO Tapy, KOTOpas XapaKTepusyeTcs Mo-
MEHTOM TpeHus M, T.e. TOPMO3HBIM MOMEHTOM,
KOTOPHBIH NiepeaaeTcs BeMyeMy Kojlecy MalliHbl.
IIpencraBum 3Ty napy B BUIE JIBYX COCPEIOTO-
uyeHHblX cunt F, u F, (puc. 2).

Puc. 2. Cxema cui, npuKiIagbIBaeMbIX
K KOJIeCcy ryCEeHHIHOTO IBIKHTEIS

Tak kak 1JIe40 3TOM Mapbsl paBHO paguycy 7
KoJieca, TO YUCJICHHOE 3HAYCHME KayKIOU CHJIBL:

F,=F,=—=<. 1)

OnHa U3 cujl maphl (ﬁo) MIPUKJIAABIBACTCA K
ocu O xoiseca, a apyras (F, ) k Touke 4, Haxo-
AsIIIecsl Ha PACcCTOSIHUU 7 OT OCH €ro BpalleHUs
(puc. 2). Ilocnenuss cuia nepenaeTcs ryceHUIe
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TopmMO3Hasi cuna ryCeHMYHOM MalluUHbI

B BUJIC CHJIBI @A , KOTOpasi IpUKUMAaeT ee JTyro-
00pasHblii y4acTok AB K Kojiecy W HaTsATUBacT
BEPXHIOIO YacTh I'yCEHUIIbl. B oTBeT Ha neiicTBre
CHITBI OA TYCEHMIIA CO3MAET aHAJIOTHYHYIO 110 Be-
Jaune peakuuio P, (P, = T,), koTopas npukJa-
JIBIBAETCA K Koutecy. B pesysibrare okpy»kHas cuiia
F, Kxoseca OKa3bBa€TCsl yPaBHOBEIICHHOH peak-
nuei 13,4 rycenunpl (£, +P,=0).

Bropyio cumy maphl, T.e. cuity F, , IpUIIoKeH-
HYIO K OCH KOJIECa, Pa3JI0KKM Ha JIBE COCTABIIAIO-
mwe F, u F,. N

BepTukanbHasa cocraBifionmas [, 4uCIeH-
HO paBHa F, =F,-sino, CTPEMUTCA CMECTUTb
KOJIECO BBEPX, HO €€ ICHCTBHE yPABHOBEINBACTCA
cyMMapHoit cuitoit (G, ) TAXKeCcTH caMoro KoJieca
¥ YaCTBIO CHJIBI TAKECTH KOPITyCa CaMOH MallMHBI
(G, +F. =0). .

l'opusonTanbHas cocrasisoomas F, , 4ucieH-
HO paBHas

F =F,-cosa 2)

TOPMO3UT [JBMKEHHE Bajla KoJjieca B IPOIOJIb-
HOM HallpaBJIECHUW ¥ BOCHPUHHUMAETCS KOPITY-
COM T'yCeHWYHOI MAIllHBI B BUE CHJTBI Ii’ . Tax
KaK BEKTOpP 3TOW TPOHOJBHOW CHJIBI HAIPaBJICH
MPOTHUB XONa T'YCEHMYHON MAaIlWHBI, TO CHJIa Ii’
BBI3BIBACT €€ 3aMeJIJICHIE.

Onnako mponoJibHasA CUjIa F;’ — 9TO HE eNH-
CTBEHHas CWJIa, 3aMEMJIAIONIAs XOJ MAIIUHBL
Hpyroit  cuyoi, TOPMO3SIIEH TI'yCEHHUYHYIO
MAaIluHY, ABJIAETCA MPOIOJIBHOE YCHUJINE, BOCIPHU-
HHAMaeMoe MepPeHUM OMOPHBIM KaTKOM JBMKUTE-
Jis1. PaccMoTpuM, Kak OHO TIpH 9TOM 00pa3yeTcs.

OrmopHasg 4YacTh TyCEHHUIIBI, B3aMMOICHCTBY-
Iolasi ¢ TPYHTOBOH MOBEPXHOCTHIO BCJICACTBHE
cubl HatskeHust O ), » CO31aBaEMOr0 TOPMO3AIIUM
KOJIECOM, CTPEMHUTCS BHITAHYTb T'YCEHUITY U3-TION
OTIOPHBIX KaTKOB ABMKUTEJIA, KOTOPBIE MPUKUMA-
10T ee Bcell TskecThio MamuHbl. OmHAKO, TPYH-
TOBasAg MOBEPXHOCTb, B3AUMONCHCTBYA C TpaKamu
T'YCEeHHUIIBI, CO3/1aeT MPOMOIBHYIO (I_éx) peaxnuio
(puc. 3), xoTopas, ABJIAACH CUJION CLEIJICHUS Ty-
CEHUIIBI C OTIOPHOM MMOBEPXHOCTHIO, TPENATCTBYET
aromy. [ToaTOMy y4YacTOK T'yCEHUIIbI, HEMOCPE/-
CTBEHHO NPUMBIKAIOMINI K IepeHeMy OIOPHO-
My Katky I, B MpoILEecce TOPMOXKEHWs MallHbI
WCIBITHIBACT IEHCTBHE TPeX CHIL: ﬁx , 5[[ u Q'
(puc. 3). Ilpu sToM cua O TPEACTaBIIsAeT cOOOI
ycuime, epenaBaeMoe BepXHei 4acThlo T'yCeHH-
1Bl BCJICACTBUE MPUJIOKEHHUS K HEW CHJIBI OA Ha
IPYroM KOHIIe T'YyCeHHITH (puc. 2).

JIBe nepBble U3 BhIIIE YKa3aHHBIX CUIL, T.€. ﬁx
1 O, , CKJIaJIbIBasACh, ONPENeIAI0T cuity Q naBiie-
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Puc. 3. Cuibl, npHKIajbiBaeMble K HepegHeMy KaTKy
T'yCeHHYHOi MalIMHbI

HUA TyCEHHIIBl Ha KaTOK (Ha pHUC. 3 OHa cMeleHa
OT TOYKHM [ 1o JIMHMK NEHCTBHA B HEHTP KaTKa),
KOTOpBIii B OTBET M co3aeT peakiuio O, mpu-
KJI[IbIBAEMY 10 K T'yCeHuUIIEe B TOUKe [1.

Besmmunny cuisl Q' onpenesiiM 13 ypaBHCHU S
paBHOBECHS TPEX YKa3aHHBIX CUJI, HCUCTBYIONINX
Ha paccMaTpUBACMBIN yYaCTOK I'yCEHUIIBI, B TIPO-
eKIINH Ha TPOIOJIbHYIO KOOPIUHATHYIO OCh X!

—R, +Q'cosP+T;cosp=0. 3)
YuaureBas, 9ro R = TII =1, =T,=F, =F,
MOJTy9aeM, 4TO

Q,:FO-(I—coscp). @)
cosf
Cwia O cO30aeT IPOIOJIBHOE YCUIIHE o.,
apciieHHo  paBHoe Q. =(Q-cosP. Tak Kkak
0 = @, a cuia Q' BeIpaxkaetcsa Gopmyioit (4), To
MOJTy9aeM, 4TO

O, =Fy-(1 —cos9). &)

OTa MpojoJIbHAA CHJIA, KaK U CuJ1a F, IpUKJIa-
apIBacMas K TOPMO3AIIEMY KOJIecy, TaKke mepe-
JaeTcs Ha KOpIyc, HallpaBjIeHa MPOTHUB XOfa ryce-
HUYHOI MaIlIMHBI ¥ BBI3BIBACT €€ 3aMe/IJICHHUE.

CruanpiBas (5) u (2), mojiyyaeM BbIpayKeHHE
3HAYEHUs1 CYMMapHOi TPOIOJILHOM CUJTBI, TOPMO-
3s11ei T'YCEHUYHYI0 MallHY:

Pp=0,+F =F, (1 +cosa—cos¢). (6)

Ecnm yrsl cBeca IBYX y4YacTKOB I'yCEHHIIBI,
NPUMBIKAIONINX K TOPMO3HOMY WU HAalpaBJIfgio-
eMy KOJIECy MaIlWHBI, OMWHAKOBHI (A = (), TO
P =F,

T
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HpI/I OTOM T'COMCTPUYCCKAd TOYKa ITPUJIOKE-
HHA BEKTOPA TOpMOBHOfI CHJIbI PTOp pacmoJjiaracT-
CA Ha BbICOTC

- hF. +h
h(PTop)= O~ x le

(7
TOp

OT HIXKHEH (OTTOPHOI) YaCTH I'yCEHUITHL.

Ecnu sxe yruiel cBeca HEOMUHAKOBHI (00 # (), TO
K _JIByM YKa3aHHBIM BbIIIE MPOIOJIbHBIM CHJIAM
O n 17; , BBI3BIBAIOIIM 3aME/JICHUE MalIWHBI,
no0aBysieTCsl €Ile OMHA CHJIA CONPOTHBIICHHUS,
KOTOpas 4epe3 KoJjieca MallWHbI NepefaeTcs Ha
KOpIyC W OOYCJIOBJICHA PasHUICH MPONOIbHBIX
COCTAaBJISIIOIIUX JIBYX CHJI éE 171 OA , TIPAJIOYKEH-
HBIX K BEPXHEH YacTH I'yCCHUIIBL:

AT, =T, -coso—T,-cosa= ®)
=F, -(cos@—cosa).
Ecnm ke ydecTb 3TO IPONOJIBHOE yCUIIUE, TO
OKa3bIBACTCA, YTO BEIMIMHA TOPMO3HOI CHIIBL P,
MalllMHbI BCE PaBHO paBHa F). Jle#cTBUTEIIBHO,

P, =0 +F +AT. =F,(1 +coso—cos@)+

Top ( 9)
+F,(cosp—cosa) = F,.

TakuMm oOpa3oM, MOKHO KOHCTaTHPOBATh, YTO
TOPMO3Has CHJla T'YCCHHUYHOM MaIluHBI HE 3aBU-
CUT OT COOTHOIIICHHUS YIJIOB IIEPEIHEIO U 3aTHCTO
cBeca I'yCEHHIIbl M YUCIIEHHO paBHa cuiie F.

Tak kax F, = M/r, TO YHUCIICHHOE 3Haye-
HUC CYMMAapHOH TOPMO3HOM CHJIBI T'YCCHUYHOIM
MaIlIAHbL:

Yop . 10)

Ilpu cnyxebHOM (yMEpPEHHOM) TOPMOKCHHUH
YHUCJICHHOE 3HAYCHHE 3TOM TOPMO3HOU CHJIBI pe-
T'YJIUPYeT BOJAUTEJIb, KOTOPHIH, 3a/1aBasi COOTBET-
CTByIOIIlcE 3HAUYCHUE CUJT TPEHUSA B TOPMO3HOM
MeXaHu3Me, onperessieT GaKTHUECKYIO BEJTNINHY
TOPMO3HOTO MOMeHTa M .

PaccmoTpum Terepb BeJTMUMHY TMPOIOJIBHOMN
peaxknuu ﬁx , BOCIPUHUMAEMON T'YCCHHIICH TpU
TOPMOXKEHUH, U €€ POJIb B TIporiecce 00pa3oBaHUs
TOPMO3HOM CHJIBL.

W3 ypaBuenus (3) umeem:

R =0Q"cosp+Tcosa. (1D

Tax kak 7, = F,, a ycunue Q’ BBIpaxKaeTcs
(dhopmyroit (4), TO HETPYOHO YCTaHOBUTBH, UTO
MPOJOJIbHASA PEAKITUs OMOPHOI TTOBEPXHOCTHU UHC-
JICHHO paBHA TOPMO3HOM CHJIE:

R =F,=P_=M_|r.

TOp

(12)

[TockolbKy TIpM TOPMOXKCHHUU T'yCEHUYHOMU
MallMHbl NPOJOJIbHAS PEAKIUs ypPABHOBEIICHA
CHJIaMHU QI u Q' (Rx+5H+Q'= 0), To R,
€CTECTBEHHO, HE MOYET OBITh HEIMOCPEICTBEHHON
NPUYHUHOK 3aMEUVICHHs MALIMHbI, T.€. €€ TOPMO3-
Hoii cusioii. K Tomy ke, mpoposbHas peakuusa R,
NPUJIOKEHHAs K HIKHEH HETONBUKHON YaCTH Ty-
cerutpl (V"= 0), He coBepIacT MEXaHUYECKYIO
paboTy

A=R.-V'=-R -V'=-R.-0=0

1 HE MOXET MOIVIOTUTb KHHETUYECKYIO SHEPrHIO
ABMIKyLIelicss MamuHbl. Takyio pabory cosepiua-
©T BHYTPCHH:AA TOPMO3HasA cuia P, pa3sBuBaio-
mas Npyd TOPMOKEHUH TOPMO3HYIO (OTpHULIATEIb-
Hy10) MotHoCTh N, =—F, -V,.

OTO 03HAYAECT, YTO IPU TOPMOKECHUU IIPOIOIIb-
Has peaxIus ﬁx HY>KHa BOBCE HE [J11 TOI'0 YTOOBI
BBI3BIBaTb COOTBETCTBYIOLICE 3aME/IJICHUE, a [JIs
TOro 4TOoOBI OHA, OyAydYd BHEUTHEH CHJION, Hapy-
[aja YPaBHOBEIICHHOCTb COBOKYIIHOCTH BHY-
TPEHHUX CHUJI I'yCEHUYHOI MaliuHbl. B pesysbra-
TE €€ NEUCTBUSA YaCTh BHY TPEHHUX CHUJI, & IMEHHO
pofoJibHbIe cuiIbl Q. , ﬁx u Aax , 1 00pas3yioT
BHYTPEHHIOIO TOPMO3HYIO CHJIy, KOTOpas Hemo-
CPEICTBEHHO BBI3BIBACT 3aMEIJICHUE 1 OCTAaHOBKY
I'YCEHUYHOW MAIlIMHBL.

Takass poJib NPOJOJIBPHON peakUuu MO3BOJISAECT
eil BBICTyIIaTb B POJIM CHJIOBOrO hakTopa, orpa-
HUYMBAIOLICTO IMANa30H Peau3alii BEJIMYUHbI
TOPMO3HOH CUJIBL M TPOSIBJISACTCS B CJICAYIOIICM.

Ecau npoposibHas peakuus ﬁx 10 KaKUM-JTU-
00 MpUYMHAM HCYE3acT (Ex = 0), HarrpuMep pu
OTpPbIBE T'YCEHHLIBl OT ONOPHON MOBEPXHOCTH, TO
OIHOBPEMEHHO MCYe3aeT U TOPMO3Has CcuJia.

Ecinn peakuus ONOPHOH IOBEPXHOCTH ﬁx
OOCTUIaeT CBOEro Ipefesia 10 CLEIJICHUIO
R™ =G, uryceHn4Has MaIliHa IPU SKCTPEH-
HOM TOPMOXKCHUU IIEPEXONUT B CKOJIBKCHHE, TO
3TO BBI3BIBAET COOTBETCTBYIOILEE OI'PAHUYCHUE
BEJINYMHBI €€ TOPMO3HOI CUJIBI U, KaK CJICICTBUE,
pasBuBaeMoro 3ameJsieHus. B Tom ciiydae, korna
KoJleca U I'yCEHUIbl 3a0JI0KUPOBaHbl, I'yCEHUYHAS
MalIMHbI MOKET PacCMaTpPUBATHCA KaK OJHO IIPO-
CTOE TEJI0, COBEPIIAOIIEE CKOJIBKEHHUE 10 OIOp-
HOU NOBEPXHOCTH C YCKOpeHHeM j=g-¢_  (rue
¢, — BeJIMYMHA KO3(PUIUEHTa IPOIOIBHOIO ClIe-
ILJICHUS TYCEHUL] C IPYHTOBOM).

3axouenue

B 3aximioueHne oTMeTUM: TOT (PaKT, YTO TOP-
MO3Hasl CrJia TYCEHUYHOI MaIlliHbI, KaK U e¢ ChJjia
Taru [3], ABnseTCA BHYTPEHHEH CUJION, COBCEM
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TopmMO3Hasi cuna ryCeHMYHOM MalluUHbI

HC IPOTUBOPCUUT TCOPEMaM O OIBUKCHUU LICHTPA
MacC WM HU3MCHCHHMH KOJIMYCCTBA OBUKCHUA
MEXaHUYECKOU CHUCTEMBI, KOTOPBIC CIIpaBCaJIN-
Bbl TOJIBKO [JIA H3O0JIMPOBAHHBIX MCXaHUYCCKHUX
CHUCTEM, HC UMCIOINX NCTOYHUKA aKTHUBHBIX BHY-
TPECHHUX CHJI.
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