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METOJ0JIOTASA PACYETHBIX UCCJIEJIOBAHU TOPMO3HOM
IOPPEKTUBHOCTHU NACCAKUPCKHUX BAI'OHOB C KOJIOJOYHBIM
TOPMO30M, BASUPYIOIIASCS HA PEHIEHU N
JNPDPEPEHIAJIBHOI'O YPABHEHUSA IBU/KEHUSA
IPY TOPMOXXEHHWHU BO BPEMEHHOM OBJIACTH

Ilpuseoena memoouxa pacuema mopmo3noil Ihhexmugnocmu nacca)rcupckozo 8azo-
Ha ¢ KOJNO0OOUHBIMU MOPMO3AMU, Oazupylowiasca Ha peuwienue oudpghepenyuanvnozo
YPABGHEHUA OBUNCEHUS NPU MOPMOMCEHUU 80 8PeMeHHOoll oonacmu. IIpedocmaenennt pac-
yemmnple 3a86UCUMOCIU 011 Onpedenenus OelcnmeumenbHvlX MOPMO3HbIX nymeil nacca-
HCUPCKO20 noe3oa, a makyce O nepecuema mopMo3HbIX KoIhuyuenmos Kkomno3uyu-
OHHBIX KOI000K HA YYZYHHbIE U HA0OOpom. Memoouka no3zeonsem ocyuiecmeisims pac-
yempl MOPMO3HOU Iphhekmuenocmu co CMEUWAHHBIM MUROM MOPMOZHBIX KOJI000K.
Ilpueeoen npumep pacuema mopmo3Hoil IPheKmusnoCmu nACcas@cupcKo20 8azoHA cO
CMEWAHHbBIM MUROM MOPMO3HBIX KOJI000K U CPAGHUMEIbHDLI AHAIU3 €20 IpeKmueHo-
cmu npu 0OHOMUNHBIX KOTOOKAX.

Knwouesvie cnosa: naccaxcupckuti 8azon, MopmMo3ndas 3@QeKmusHOCb, pacdemHblil
MOPMO3HOU KO3 puyuenm, mopmosHot nyms.

Haeseoena memoouxa po3paxyHKy 2anbMieHOl e(heKmueHocmi nacarcupcbKozo 6azoHa
3 KOJI0OKOBUM 2A/IbMOM, W0 OA3YEMbCA HA PileHHA OudhepeHUiiinozo PiGHAHHA PYXYy npuU
2anvmyeanni 6 uacogiit oonacmi. Ilpeocmasneni po3paxynkoei 3anexcnocmi 011 eu3Ha-
YeHHA OIICHUX 2A/TbMIGHUX WITIAXI8 NACAICUPCLKO20 NOI30a, A MAKOMC 011 NEPEPAXYHKY
2a1bMI6HUX KoeiuicHmie KOMNOZUYIHUX KOJ1000K Ha 4agyHHi i Haenaxu. Memoouka
0036013€ 30IliCHIO8AMU PO3PAXYHKU 2aTbMIGHOT eheKmusHocmi 3i 3miuiaHumM MUunom
2anpvmieHux Kono0ok. Hasedeno npuknao pospaxynky zanvmienoi egpexmuenocmi naca-
HCUPCHKO20 8aA20HA 31 3MIWLAHUM MUNOM 2ATbMIGHUX KOJI0OOOK I NOPIGHAIbHUIL AHANI3
11020 ehekmueHocmi npu 0OHOMUNHUX KOTOOKAX.

Knrouoei cnosa: nacasxcupcokutl 86a20H, eanbMi6HA eeKMUBHICIb, PO3PAXYHKOBUUL 2Alb-
MiBHULL KOehiyicHm, 2anbMi6HULL ULTLSX.

IocranoBka mpodaeMsbl. B ycrnoBusx nanbHEHIIEro pa3BUTHS U COBEPIICHCTBOBAHUS
TPAHCIIOPTHOM CHCTEMBI JKEJIE3HOJJOPOXKHOTO TPAHCIIOPTa, CO3JaHMsS KOHKYPEHTOCIIOCOOHOM
MPOIYKIMH, BAKHOE 3HAUYEHHE NMPUOOPETA0T BOMPOCH! aHAIN3a KOHCTPYKTUBHOTO HCIIOJIHE-
HUS M KOHTPOJIs (PaKTHIECKUX MapaMeTpOB €MHHUIL ITOJIBIPKHOTO COCTaBa, B YACTHOCTH Baro-
HOB [ 1-3]. IIpx 5TOM 0COOYI0 aKTyaJIbHOCTh IPHOOPETAIOT 3aJaUK
OLIGHKM COOTBETCTBHUS JOCTUTHYTOTO YPOBHS KOHCTPYKLMM BaroHa M €ro COCTaBIIIOLIMX
JJIEMEHTOB COBPEMEHHOMY YPOBHIO Pa3BUTHS OTPACIH BaroHOCTPOCHUS, a TaKKe HOpMa-
TUBHO-TEXHUYECKUM TPeOOBAHUSIM HA CTAJMU MPOSKTUPOBAHUSI.
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Takue 3agauu, B YaCTHOCTH AJISi TOPMO3HBIX CHCTEM, HEBO3MOXKHO PELINTh 0e3 COBEpILICH-
CTBOBAHMSI TEOPETHUECKUX METOAOB, 0a3sHPYIOLIMXCS Ha NPUMEHEHHH OCHOBHBIX IOJIOXE-
HHUM MaTeMaTHYECKOH CTAaTUCTHKH U KOMIIBIOTEPHOI'O MOJEINPOBAHHUS.

AHaJIU3 MOCJIeIHUX HCCae0BaHMii U myOaukanmii. B mpeapiaynmx uccieqoBaHusIX
[4-7] pacueTHO-3KCTIEPUMEHTATIBHBIM IIyTEM OBbLIM MOJNYYCHBI OTICIbHBIC YTOYHCHHBIC Xa-
PAKTEPUCTUKU IPOLIECCOB, KOTOPHIE BO3HUKAIOT MPH TOPMOXKCHHU MOJBIKHOI'O COCTaBa.
Tak B pobote [4] Oba mpenokeHa METOJOJIOTHs MepecueTa TOPMO3HON 3 (EeKTHBHOCTH
BaroHa Ha TOPMO3HYIO 3(deKkTuBHOCTH Moe3na, 0a3upyIoMascs Ha pe3yabTaTaX XOIOBBIX
TOPMO3HBIX MCIIBITAHUN OJUHOYHOIO BaroHa. IIpu nepecdere HCIoab30BaINCh (haKTHUECKHE
XapaKTEePUCTUKA TOPMO3HOM CHUCTEMBI: BpeMsl HAMOJHEHUS TOPMO3HOTO LWJIHMHApA, U3Me-
pEHHBIC 3HAUCHHUS TOPMO3HBIX MyTed B auamazoHe ckopocteid 40 — 120 kM/4 u cooTBeT-
CTBYIOIINE UM TOPMO3HbIE KO3()(hUIIMEHTHI, CKOPOCTh PACIPOCTPAHEHNSI TOPMO3HON BOJIHBI.
B pobore [5] mpencraBneHsl pe3ysbTaThl UCCIECAOBAaHNS BIMSHUS BPEMEHHU HEYCTaHOBHBILIE-
rocsi TOpPMOKECHHUSI Ha TOPMO3HYIO 3Q(PEKTHBHOCTD MACCAKUPCKOTO BaroHa ¢ KOJIOJOYHBIMH
TOPMO3aMH IPU 3KCTPEHHOM IHEBMAaTHYECKOM TOPMO)KEHHH. [loka3aHo, uTo HambOoubIIas
TOPMO3HAas 3PPEKTUBHOCTh PU YMEHBIICHUH BPEMEHH IIEPEXOJHOI0 IEPHUOAA JOCTUTAeTCs
JUTsL CKOpocTel B Hauyane TopMokeHus 10 80 km/4. [Ipencrasiensl rpadyiku U AUArpaMMBbl
MPOIIECCOB TOPMOXKEHHsSI MACCaKMPCKUX BAarOHOB JUISi IBYX BapHUAHTOB: MPU CTaHAAPTHOU
JuarpaMMe HaIllOJHEHUS TOPMO3HOTO LMJIMHIPA CXKAaThIM BO3AYXOM M YCKOpeHHOH. Meto-
JIOJIOTHS UCCIIEIOBaHUS TOPMO3HBIX TPOILECCOB BaroHOB, Oa3upyeTcss HA COBMECTHOM HC-
MOJIb30BaHUHM MaTEeMaTHUYECKUX MOJENEH W pe3ybTaTOB XOJOBBIX TOPMO3HBIX UCIIBITAHUM.
Taxoke ucciuenoBaaich TOPMO3HBIE MPOLECCH TACCAKUPCKOIO BaroHa ¢ KOJOAOYHBIM TOP-
MO30M TP 3KCTPEHHOM ITHEBMaTH4YeCKOM TOpMoxkeHHu. Ha ocHoBaHumM pacueTHo-
IKCIEPUMEHTAIBHBIX UCCIIEIOBAHNH MOTy4YeHBI OCHOBHBIE OCOOCHHOCTH M OTIIMYUS KTHEMa-
TUYECKUX MapaMeTpOB MPH TOPMOKEHHM BaroHa Ha YyTYHHBIX U KOMIIO3HIMOHHBIX KOJIOJI-
Kax ®W ompeaeneHa ¢opMyna Uil OmpeAeNieHHs TOPMO3HOTo Kod(pQuimeHTa ¢ ydeTom
HAIOJIHEHHS TOPMO3HOTO IMJIMHJpPA CXKAThIM BO3AyXxoM. [lokazaHo, 4TO Ha XapakTep pac-
npeeNieHNs] 3aMeJICHHST OKa3bIBACT BIMSHUE TEPEXOJHON PEXHM TOPMOXCHHS, YTO MaK-
CHUMaJIbHbIC CHJIBI MHEPLUUHU MIPU TOPMOKEHHH PEAIU3YIOTCS B MOMEHT OCTAaHOBKHM BaroHa
[6]. B poGoTe [7] ObLIH POBEAEHBI AKCIIEPUMEHTATBHBIC HCCIICTOBAHKS TOPMO3HOM (P dek-
TUBHOCTH MOJIBMPKHOT'O COCTaBa P HCIOJIb30BaHIH CMEIIAHHBIX TOPMO3HBIX KOJIOAOK. [Ipu
3TOM Ppe3yJbTaThl PacyeToB TOPMO3HOH 3((PEeKTHBHOCTH MACCaKUPCKOTO0 BaroHa CO CMe-
[IaHHBIMH TOPMO3HBIMU KOJIOAKAMH IPUBEIEHHbIE B HACTOSIIEH CTaTbe MMEIOT XOpollee
COBIQJICHUE C pe3yNbTaTaMH paHee MPOBEJICHHBIX UcCIeI0BaHui [7].

Heas cTaTbu — NPOBEJICHNE PACYETHBIX MCCIICOBAHMI IS BBIOOPA PAlMOHAIBLHOTO ajl-
ropuT™Ma M METOJUKH pacueTa TOPMO3HOH 3(h(HEKTUBHOCTH MACCAKUPCKOTO BaroHa C MpH-
MEHEHHUEM YHUBEPCAIBHBIX MATEMAaTHUYECKHX 3aBHCUMOCTEH, KOTOpBIE TO3BOJIAT €Ille Ha
CTaJIuM MPOEKTHUPOBAHUS MPOU3BOIUTH MHOTOBapUAHTHBIE PACUYETHI ITPH BHIOOPE XapaKTepH-
CTHK TOPMO3HON CHCTEMBI, yIOBIETBOPSIOIIMX HOPMATUBHBIM TPEOOBAaHUSIM K TOPMO3HON
3¢ $EeKTUBHOCTH MOABUKHOT'O COCTaBa.

OcHOBHOIT MaTepuaa uccaenoBanuid. TUnoBas METoMKa pacyeTa TOPMO3HOU I dek-
TUBHOCTH MAaCCaKUPCKUX BaroHoB [8-10] nmeer psija cylecTBEHHBIX HEJOCTATKOB, K OCHOB-
HBIM M3 KOTOPBIX CJIEAYEeT OTHECTH HEBO3MOXKHOCTB!

— OIpeJieNieHHs PAaCUETHBIX TOPMO3HBIX KOA(GUIMEHTOB MpPU CMEIIAHHBIX THUIAX TOP-
MO3HBIX KOJIOJIOK, YCTAHOBIJICHHBIX Ha BarOHE;

— TepecueTa PacueTHBIX TOPMO3HBIX KOX(PQHIIMEHTOB KOMITO3WIIMOHHBIX KOJOJOK Ha
YyTYHHBIE U HA000POT;

— OCYILIECTBJISITH MHOTOBAapPHUAHTHBIE PAacUEThl Ul BbIOOpa pallMOHAJBHBIX MapamMeTpoB
TOPMO3HOU CHCTEMBI.
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YkazaHHbIC HEJOCTAaTKH OOYCJIOBJICHBI TEM, YTO WHTETpHpOBaHHMe Au(QepeHIIHaTLHOTO
ypaBHenue nBmxkenns noesna (1) [10] ocymecTBusieTcss Mo MHTEpBAIaM CKOPOCTH, a JeH-
CTBUTENHBIA TOPMO3HOHU My Th IOe3/1a onpeensercs no ¢popmyne (2) [9].

dv i
=G 100066, 4w, )+, @)

rae { — 3aMeJIeHHe Moe3/a MpH JAEUCTBUH YICIbHON 3aMeUISIONIEeil CUitbl, 3HaYeHne &
JUTSI TPY30BBIX M MTACCAKUPCKUX MOE3/I0B MpUHUMaeTcs paBHbiM 120 km/a’ [5, 6,
7;
®,, — PacUETHBIA KOXPYUUMEHT TPEHHS KONOOK TIPU CKOPOCTHU JIBHIKEHHS;
W, — OCHOBHOE yJIeIbHOE CONPOTHBIICHHE JBIKEHUIO MT0€3/1a;

0 , ~ DACUCTHbII TOPMO3HON KO3 HLKCHT.

2 2
S _z 4.17- (Vn — Vn+1) )
0o -
~1000-6, -, +W,, +i,
rae V,,, ¥ V, — KOHe4YHas W HayaJlbHas CKOPOCTh 110€3/1a B IPUHATOM Pac4e€THOM MHTEpPBa-
JIe CKOpOCTEH, KM/4;
I, — ykion, %o, s mwiomaku i, = 0.

YKa3aHHBIX HEJOCTATKOB MOXHO M30e€XaTh, ecnu pemenue audepeHmaaTb-Horo ypas-
HEHHS OCYLICCTBUTH OJHMM M3 NPHONMKEHHBIX METOAOB pemeHus anddepeHnraIbHbIX
ypaBHEHUH BO BpeMeHHOH obnactu. Tak kak nuddepeHnnansHoe ypaBHeHHE IBIKeHUs (1)
npecTaBiIsieT 0OBIKHOBEHHOE AU depeHaIbHOe ypaBHEHUE U OTHOCUTCS K KJIacCy 3ajad
Komm, To u3 Bcero MHOroo0Opasus 4ucieHHoro pemenus 3afgaun Komu Hanbonee pacnpo-
cTpaHeHHBIM sBisercs Mmetoa Pynre-Kyrrtel [11]. AHanu3 u3MeHEHHS TOPMO3HOTO IyTH
BaroHa OT BEJMYMHBI PACYETHOTO TOPMO3HOTO Koa(duitmenTa st CKOPOCTH B HavYale Top-

MoxeHust V; CBHIETENBCTBYET 00 MX CTENCHHO (QYHKIMOHAIBHOMN 3aBUCHMOCTH:

S,(V,) =c(V,) -5, 3)

rie koodduumentsr C(V,) u d(V,) ypasHenus, 3aBucsmme 0T CKOPOCTH B HAYAle TOPMO-

KEHUS.

Koaddumnmentsr ypaBaeHus (3) onpenensirtoT METOJI0M MaKCUMAIILHOTO IIPaBIOTION00US
(meTomoM HammeHnbmux kBagparoB) [11]. s atoro dopmyna (3) myrem jorapudmupoBa-
HUSI IPABO U JIEBOM YacTEN IPUBOAUTCS K BUILY:

I(S, (V,)) ~ In(c) — d (v,) - In(5,) = 0 @

Tocune BBoxa o6osnadennii Y =IN(S(V;)); A=1In(c); B=d(V,);z=In(5,), bopmyna

(4) mpeoGpasoBeiBaeTcsi K JMHEHHOMY ypaBHeHHIO Y = A+ B-z. C yuerom yka3zaHHBIX
npeoOpa3oBaHuid, pa3peliaroliee ypaBHEHNE MET0/1a HANMEHBIITNX KBAAPAaTOB IPUMET BHI:
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U=Y(-(4+B-2) ©

7€ N — 4YMCJI0 MHTEPBAJIOB.

Iocne mudpdepennuposanus ypapaenus (5) mo HeussecTHBIM Kod(duuuentam A u B
MOJy4aeTCsl CUCTEMa YpaBHCHUH:

A-n+BZn:zi =zn:yi

i i=1 i i=1 i (6)
A 7+BY 1 =) yz,

i=1 i=1 i=1

B pesynbTare pemenus cucteMbl ypaBHeHHH (6), Ko dumnuenTsr ypaBHeHus (3), ¢ ydue-
TOM BBEJICHHBIX 0003HAYEHH, OTIPEIEIIsIeM 10 POpPMyIaMm:

SIS, Vo) (0(3,))7 = 3 I(8,,)- (S, (V) Y In(3,)

i=1

c(V,) =exp ; ; (7
(2 I(3,))7 -3 (n(5,)°
13 () (S, (Vo) - S I(5,)- IN(S, (V)
d (VO) — i=1 i=1 i=1 (8)

- (N(3,0)° 3 ((5,,))°

JeiicTBUTeNbHBIE TOPMO3HBIE MYTH (Tabna. 1 W 2) ompenensuinch Ha OCHOBE pEIICHUs
muddepernnansHoro ypaBHenus (1) meronom Pynre-KyTTel 4 nopsiika B 3aJlaHHBIX JMaria-
30HaX U3MEHEHUs paCue€THOr0 TOPMO3HOT0 Ko3(duiieHTa 1 cKopocTeil B Hadajie TOpMOXKe-
Hust (40 xm/g9 — 160 km/4a ¢ marom 10 KM/9) ¢ MCHONB30BaHUEM MaKeTa MPUKIATHBIX MPO-
rpaMm HanrcanHbix Ha s3bike VBA (Visual Basic for Application).

BennunHa norpemHoCcTy Mpy OnpeaeneHns AeHCTBUTEIEHOIO TOPMO3HOT'O ITyTH BaroHa 1o
AQHAJTUTUYECKHM 3aBHCHMOCTSIM B HanOoJiee BEPOSITHOM AMANa30HE U3MEHEHHS PACUETHOTO
TOpMO3HOTO KO3 uirenrta He npesbiiaet 0,5 % (puc. 1). DopMyiibl i onpeacIcHus
JIeHCTBUTEIHLHOTO TOPMO3HOTO IIyTH BaroHa B 3aBUCMOCTH OT PacyeTHOrO TOPMO3HOTO
Kod(GUIEeHTa IPUBE/ICHBI B Ta0I. 3.

Tabruya 1. lelicTBUTeIbHBIE TOPMO3HBIE IYTH MACCAKHPCKOT0 BAroHa
¢ KOMIO3MIIHOHHBIMH KOJIOAKAMH HA MJIOMIAKe

V, PacuerHblii TOpMO3HO# K03 HUIMEHT

KM/4 | 020 0,22 | 0,24 | 0,26 0,28 0,30 (0,32 0,34 |0,36 |0,38 | 0,40 | 0,42 | 0,44 | 0,46 | 0,48 | 0,5
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17
40 104 94 87 80 75 70 65 62 58 55 52 50 48 46 44 42
50 165 151 139 128 | 119 | 111 | 105 | 99 93 88 84 80 76 73 70 67
60 243 221 204 188 175 | 164 | 154 | 145 | 137 | 130 | 123 | 118 | 112 | 108 | 103 99
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Oxonyanue maon. 1

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17
70 336 307 282 261 | 243 | 227 | 213 | 201 | 190 | 180 | 171 | 163 | 156 | 149 | 143 | 138
80 445 407 374 346 | 322 | 301 | 283 | 267 | 252 | 239 | 228 | 217 | 207 | 198 | 190 | 183
90 571 521 479 444 413 | 387 | 363 | 342 | 324 | 307 | 292 | 279 | 266 | 255 | 245 | 235
100 | 712 | 651 | 599 | 555 | 517 | 483 | 454 | 428 | 405 | 384 | 366 | 349 | 333 | 319 | 306 | 294
110 870 795 732 678 632 | 591 | 556 | 524 | 496 | 471 | 448 | 427 | 408 | 391 | 375 | 360
120 | 1043 | 954 879 814 759 | 710 | 668 | 630 | 596 | 566 | 539 | 514 | 491 | 470 | 451 | 434
130 | 1232 | 1127 1039 963 | 898 | 841 | 791 | 746 | 706 | 670 | 638 | 609 | 582 | 558 | 535 | 514
140 | 1436 | 1314 1212 1124 | 1048 | 982 | 924 | 872 | 826 | 784 | 746 | 712 | 681 | 652 | 626 | 602
150 | 1654 | 1515 1398 1297 | 1210 | 1134 | 1067 | 1008 | 954 | 906 | 863 | 824 | 788 | 755 | 724 | 697
160 | 1888 | 1730 1597 1483 | 1384 | 1297 | 1221 | 1153 | 1092 | 1038 | 988 | 943 | 902 | 865 | 830 | 798
Tabnuya 2. JleiicTBATEIbHBIE TOPMO3HBIE IYTH MACCAKHUPCKOT0 BaroHa
C YYI'YHHBIMH KOJIOAKAMM HA IUIOINAKe
vV, PacuerHs1it TOpMO3HOU K03 rItHeHT
KM/ | 0,40 0,45 | 0,50 0,55 | 0,60 |0,65|0,70|0,75|0,80|0,85|0,90|0,95(1,00|1,05|1,10| 1,15
40 109 | 97 88 80 74 68 63 59 55 52 49 47 45 42 40 39
50 184 | 164 | 148 | 135 | 124 | 115 | 107 | 100 | 94 88 83 79 75 72 68 65
60 281 | 251 | 227 | 207 | 190 | 176 | 164 | 153 | 144 | 135 | 128 | 121 | 115 | 110 | 105 101
70 402 | 360 | 325 | 297 | 273 | 252 | 235 | 220 | 206 | 194 | 184 | 174 | 166 | 158 | 151 144
80 548 | 490 | 443 | 405 | 372 | 344 | 321 | 300 | 282 | 266 | 251 | 238 | 227 | 216 | 206 198
90 718 | 643 | 582 | 531 | 489 | 453 | 422 | 394 | 371 | 349 | 331 | 314 | 298 | 284 | 272 | 260
100 | 913 | 818 | 740 | 677 | 623 | 577 | 538 | 503 | 473 | 446 | 422 | 401 | 381 | 364 | 347 | 333
110 | 1131 | 1015| 920 | 841 | 775 | 718 | 669 | 627 | 589 | 556 | 526 | 499 | 475 | 453 | 433 415
120 | 1374 | 1233 | 1119 | 1024 | 944 | 875 | 816 | 764 | 719 | 678 | 642 | 610 | 580 | 554 | 529 507
130 | 1640 | 1473 | 1338 | 1225 | 1130 | 1048 | 978 | 916 | 862 | 814 | 771 | 732 | 697 | 665 | 636 | 609
140 | 1928 | 1734 | 1576 | 1444 | 1333 | 1237 | 1155 | 1082 | 1019 | 962 | 911 | 866 | 824 | 787 | 753 721
150 | 2237 | 2015 | 1833 | 1681 | 1552 | 1442 | 1346 | 1262 | 1188 | 1123 | 1064 | 1011 | 963 | 919 | 880 | 843
160 | 2567 | 2315 | 2107 | 1934 | 1787 | 1661 | 1552 | 1456 | 1371 | 1296 | 1228 | 1168 | 1113 | 1062 | 1017 | 975
0.15 ’/
—
—
= N

Puc. 1. Ilorpeminocts (%) npu onpeaeneHus AeficTBUTEIbHOI0 TOPMO3HOI0 My TH
Barosa mo ¢gopmyJam tadJ. 3
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Tabnuya 3. @opMyabl AJs onpeaejieHNs NeliCTBUTEIbHBIX TOPMO3HBIX MyTel
NMAaCCAKUPCKOT0 BArOHA HA MJIOLIAJKe

CkopocTh B Havajue

TOPMOKEHHS, KM/4 KoMmo3umoHHbBIC KOTOIKH YyryHHble KOJOIKH
40 S =21,3074 _5;3,9831 S — 44'511_51;5),9827
50 S = 34’166 . 5‘;3981 S = 75’1444 . 5};([),9793
60 S =50,362 ‘5];?,978 S =115 3807 ‘5;?,9755

S =70.0248 - § 978 -0,9714

0 S PK S =165,7643 - é‘pq
80 $=93262-5," S =226,7142 - 5,°%
90 S =120,1645 '5[;? 97 S =298,5191 - 5;39621
100 S =150,816 - 5};?'966 S =381,3917 ,5};?,957
110 S =185,297 ‘5;3'963 S = 475,4566 ‘51;?,9514
120 S = 223,6632 -5;3'959 S =580,7718 .5;3,946
130 S =265975-5,% S = 697,334 - 5,05
140 $=312,278-52% S =825,0981- 5,0
150 S =362,625 .5;346 S = 963,960 - 5;3,9265
160 S = 417,038 . 5;3941 S = 1113,806 . 5;:),9196

Tak Kak OCHOBHBIM KPHUTEPHUEM AOIYCTHMOW CKOPOCTH IBM)KEHUS MACCAKUPCKUX IOE€3-
JIOB, COTJIACHO JEWCTBYIOIIEH HOPMATUBHOM JOKYMEHTALUH, SBJISETCS CyMMapHOe Ha)KaTue
YyTyHHBIX KoJIoJ0K Ha 100 TC Beca moes3na, a BarOHBI B OCHOBHOM 3KCIUIYaTHUPYIOTCSI Ha
KOMITO3UIIMOHHBIX TOPMO3HBIX KOJIOZKAX, TIOATOMY Ba)KHOE 3HAUEHHE NPUOOPETAIOT 3a/1a4n
nepecyeTa TOPMO3HOT'0 KO UIIMEHTa KOMITO3UIIMOHHBIX KOJIO/IOK Ha UyTyHHBIE.

Takoli nepecyeT NPOU3BOJUTCS UCXOMs U3 PABEHCTBA TOPMO3HBIX IyTEH I1ACCAKUPCKOTO
1oe3ja MpH YyT'YHHBIX M KOMIO3UWIMOHHBIX KoJojkax. B Tabiuue 4 npuseneHs! GoOpMyIibl
JUIS TIepecdeTa pacyeTHOro TOPMO3HOIO KOA(QHUIUEHTa KOJIOIOK OJHOrO THIA HA JAPYron
tut. [TorpemHocTs nepecueta He npesbimaet 0,4 % (puc. 2).

IlpakTuueckue BbuUcHeHUs 1O (popmynam Tabmui 3 U 4 MOTyT OBITH peaqu30BaHbl B
cpene Excel ms aToro moctaTtouHo B COCeIHUX sueiikax 3amucath KOd()(UIHECHTI ypaBHe-
HUI U IPUMEHUTH (OPMYITy BEIUUCIICHHS cTerieHH (puc. 3).

Ha ocHOBaHWM W3110)KEHHOTO, pacdeT TOPMO3HOH 3()(PEeKTUBHOCTH MACCaKUPCKOTO Baro-
Ha MOJKET OBITh MPEJCTABJIECH aJlTOPUTMOM, IPUBEIECHHBIM Ha puc. 4.

Ha 6onpmnHCTBE MaccaXMPCKUX BaroHax JOKOMOTHBHOW TATH COBMECTHO C KOMITO3UIIH-
OHHBIMH HCHOJIB3YIOTCSI YyT'YHHBIE KOJIOJKM Ha KOJIECHBIX Mapax ¢ MPUBOJOM OT MOABAroH-
HOro reHeparopa. O4eBUAHO, AJIsl TAKUX BarOHOB HEOOXOJUMO YUUTHIBATh BIMSHHUE UyTyH-
HBIX KOJIOZIOK Ha TOPMO3HYIO 3()(heKTUBHOCTD.

36ipnux nayrxosux npays JJETYT. Cepis « Tparncnopmmui cucmemu i mexronoziiy, 2016. Bun. 29

18



TEXHIKA I TEXHOJIOT'TT

Tabnuya 4. @®opMyabl AJ MepecyeTe PaCIeTHOT0 TOPMO3HOT0 K03 puiinenTa

C OJHOTO THUIIA KOJOJAOK Ha prFOﬁ

CkopocTh B Havaje
TOPMOIKEHUS, KM/

DopMynbl AT IEpecdeTa Top-
MO3HOTO KO3 QHUIHNEHTa KOMIIO-

SUIMOHHBIX KOJIOLOK
Ha YyT'YHHBIC

YyT'YHHBIX KOJIOZOK
Ha KOMITO3UIIMOHHBIE

dopmyisl s iepecuera
TOPMO3HOTO KO3 UITUCHTA

-0.25%

-0.30%

0.40%

40 5, =2116-65," 5, =0,4727 - 57%%
50 5, =2236-5,° 5, =0,4477 . 5%
60 5, =2,339-50% 5, =0,4286 -6,
70 5, =2428-6,0° 5, =0,4135. 507
80 5, =2,5061- 5, 5, =0,4013- 5%
90 S5, =2575-6,°" 5, =0,3912- 577
100 5, =2,6366-5,"° 5, =0,3828-5"%
110 5, =2,692-85,% 5, =0,3757 - 5%
120 8, =2,7429 6,707 5, =0,3696 - 5%
130 5, =2789-6,7% 5, =0,3643- 5%
140 5, =28323-5.0% 5, =0,3597 - 5%
150 S5, =28726-5:7% 5, =0,3556-65,7"%
1,023 _ 0,9775

160 5,=291-6) 5,=0352-5

i ‘ ‘ !

g St A ———

0.15% \\ .u._yu% \\\\‘\

-0,20% \\ 0.30%

-0.50%

Puc. 2. IlorpemHocTsb (%) npu nepecyere TOPMO3HbIX KO3 (GULIMEHTOB
no ¢opmyaam tadJa. 4
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£5 - | =DS*CTENEHbICS:ES) ¥
rem— c 2 : ~— S S T T O O Y

i

: 8

o v, S, . <5

al w <o) dr). Onpegenerie feicTBuTeNbHoTo

5 40 0,28 21,30738| -0.983092) 74,48

] 30 0,28 34,16594| -0,930905 | 119,1 7 0 L ! v ) )

: ol s asrsers 1o TOPWIOSHOTO NyTi Mo

2 T R B BE/IUYMHE PACYETHOTO TOPIO3HOIO

10 L 0.28| 1201645 | -0,969684 | 412,29 b o A, l L pey

n | 100 0.28| 150.5156| 0,9066264] 510 H@qul)]@'w urerHTa

s mleslemilasnl el (wownosuumosHsle KoAOAKN)

bt} 130 0.28| 265,9752| -0,954519| 896,5

15 140 0,28 312,2785| -0,950164| 1047

16 | 150 0.28)| 362,6247| -0,945585| 1208| d v

17 160 0,28 417,0382| -0.940818| 1381 S —_— C(V . b ( 0)

T o 0 0

»

= . —

2

2

IR ™ W ST I ™ S ) g ! m —
o~ Gut] 1

2 <

- (Z aw, 9 I

: @ . Al Jf”ﬁi‘; — Onpeaenexvie pacyeTHoro

- 2 = g TOPIMO3HOTO KOIQPULMEHTA Mo

: R e 3aAaHHOMY SHAYEHIO

jf R e AENCTBUTENBHOTO TOPIVIOSHOTO MyTH

= T e (komnosuLMoHKHBIE KOMOAKN)

" 130 898 -1,047596 | 0,28

15 140 1048 0,28 I T T 1 T 2y

16 150 1210__| 508,8846 | 1057505 | 0.28 | — . Qd(p)

) 160 1384__| 609,8053 | -1,062968 | 0,279 “V(’))o —C(K)) 5‘:

18
15
2
2

T s et 58 e - —
F5 . | =DS"CTENENbICS:ES)
A ] 3 ) E P [ H 1 1 3 L M N o P a R 5]
B % e aw,
f v o ) MNepecuer

3o 0,28 2,236311 | 1,0016347
60 0,28 2,33928 | 10031095
7o 0,28 2,428037 | 1,004544
80| 0.28 | 2506085 | 10061953

pacyHeTHOoro ToOpo3HOIo
KO3IQPULMEeHTa KOMMO3ULWOHHBIX

1
2
3
2
5 40 0,28 2,116217 | 1,0003715
6
T
8
]

10 90| 028 | 2574715 | 1,0075168 ! A R PO PV
u 100] 028 | 2.636396 | 1,0097217 KONO40K Ha YyryHHble

2 110|026 | 2,692113 | 10116341

5 120 028 | 2742901 | 1013728

1 130] 028 | 2789243 | 1,0158545 d(Vy)

1 140|028 | 2832284 | Lo18i360 o) q(I/O) = C(I/O) o) " 0

s 150]_0.28 | 2.872603 | 1,0205769 P P

v 160] 0,28 | 2010084 | 1,0230268

s

»

2

2

2

WA Dmcr), nerd e | s J—

Puc. 3. Ilpumeps! Bbruncjienus no ¢popmyaam tadi. 3 u 4 B cpene Excel

Sran 1 Sram 2 Otan 3
Onpesiernienne AeHCTBHTEN- OrmpezieneHye pacueTHON CHIIBI HaXKaTHUsI TOp- Onpeznenenue pacyer-
HOI1 CHJTBI HAKATHS TOPMO3- MOSHOM KOJIO/KH HOTO TOPMO3HOTO
. K+20 KkodpduImeHTa
HOI KOJIOJIKH K =122.K
=1 K -m
K=Lo(E-p -y —K. —K|)-n 4K +20 5 =—2
==(F,-p,-n-K, - . 16K =
y Py y p +100 4
m K,=222- K~ "=~ T+Q /
80K +100
A 4
Otan 4 )
JUJ1s KOMITO3HIIOHHBIX KOJIOOK MPOM3BOIUTCS OrnpefeneHre TOPMO3HOTO MYTH MACCaXKUPCKOTO
HepecyeT TOPMO3HOro K03 HIMEHTa Ha YyTYHHbIC oe3/ia Ha IUIOIIAIKe
KOJIOAKU V, -t
_ d(Vo) 0 ™
Sn(VO) _C(\/O)'ép +

3,6 -

Puc. 4. Anroput™m pacuera TOpMO3HO#i 3¢ (PeKTHBHOCTH MACCAKUPCKOT0 BAroHa
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st onpeienieHust pacYeTHOTO KOA(P(MUITUCHTA CHITBI HAXKATUS TOPMO3HBIX KOJIOJOK Tac-
CaXMPCKOTO BaroHa CO CMENIAHHBIMH TOPMO3HBIMH KOJIOJKaMH IPEIaraeTcsi METOInKa
pacdera, B KOTOPOH IIJIsl ONpEeeNieHns] pacueTHOTo K03 ummenTa cuitbl HaXXaThus TOPMO3-
HBIX KOJIOJIOK B IIEpECUETe Ha YYT'YHHBIC KOJIOJKH UCIIONb3yeTcs (hopMyIia:

i

N -6, 7" +n, -6, >~

o) = = ©)
n +n,

rae N, — KoIW4ecTBO Oceil ¢ KOMIIO3MIMOHHBIMU KOJIOJKAMHU;

N, — KOJIMYECTBO OCEHi ¢ YYTI'YHHBIMU KOJIOAKaMHU;

y

&7 — pacueTHbIif TOPMO3HOH KO3(DHUIMEHT KOMITO3UIIMOHHBIX KOIOJIOK B TIepecyere Ha
YyTYHHBIE,

0, — pacueTHEIH KOd()OUIMEHT HaXKATHA TOPMO3HBIX KOJIOJIOK Ha KOJIECA MACCAKMPCKOTO
Barona ¢ 4YyryHHbIMHU KOJIOJAKaMHU;

i, — TEpe/laTOYHOE OTHONIEHHE PBIMAKHOH MeEpe/iaui TOPMO3a MPH KOMIO3UIIMOHHBIX
KOJIOJIKAX;

i, — MepenaTouHOe OTHOIIEHHE PHIYAKHOH TIepe/Iad TOPMO3a MPH TYTYHHBIX KOJOKAX.

AIroput™ pacdera TOPMO3HOH 3()(HEKTUBHOCTH MACCAKUPCKOrO BaroHa CO CMELIAHHBIM
THIIOM TOPMO3HBIX KOJIOJOK MPEICTaBIEH Ha puc. 5.

1) Omnpenenenue NeHCTBUTENBHON CUIIBI HAXKATHUSL KOMITO3UIIMOHHBIX KOJIOJOK

1
K=—-(F,-p,n,~K,~K,)nn,

2) OmnpezieneHne pacyeTHOM CHITBI HAXKaTHUS 3) OmpeienieHnue pacueTHOTO TOPMO3HOTO
KOMITO3UIIMOHHBIX KOJIOHOK KOO PHULHEHTa KOMITO3UIHOHHBIX KOJIOIOK
K+20 K -n
K,=12-K— s ="
K
4K +20 T 4+Q

v

5) Onpenenenue yrOYHEHHOTO PACYETHOTO 4
TOPMO3HOTO K03 HIIHEHTA IIPH TYTYHHBIX ) [epecuet pacyeTHOro TOPMO3HOTO K03 HH-

KOMOJKaX [MEHTa KOMIIO3UIHOHHBIX KOJIOJOK Ha 4yTyH-
Hele (Tabmuma 4)

i
s 5t PK K>y _ b(Vy)
-85 AN, 5 5 = a(Vy) - 52

5" = 'y

p

n,+n,

\V 7) OnpenienieHre TOPMO3HOTO ITyTH TTaCCAKHP-

ckoro noe3aa (Tabmura 3)
6) Ilepecuer pacyeTHOro TOPMO3HOTO KO3 DHH-

IHEHTA YYTYHHBIX KOJNOJIOK HA KOMIIO3UIHOH- —_— _ .5 dMo) VO ) tn
uele (Tabmima 4) Sn (VO) =C (VO) 5p + 36
)

5]71( = a(VO) ’ §b5V0)

p

Puc. 5. Aaroputm pacyeta TOpMO3HOIi 3¢ (PeKTHBHOCTH MACCAKMPCKOT0 BaroHa
€O CMELIAHHBIM THIIOM TOPMO3HBIX KOJIOI0K
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JIis WUTIOCTpaIMy TIPEUTOKEHHOTO alTOPUTMa OBLI BBITOJHEH pacueT JJIS MacCaXup-
CKOTO BaroHa Ha KOMITO3MIIMOHHBIX KOJIOAKAX M C YyTYHHBIMH KOJIOJKAMH Ha KOJICCHOU
mape ¢ IMPUBOIOM OT IIOABArOHHOTO T€HEPATOPa, MCXOAHbIE JAHHBIE IS KOTOPOTO IIPHUBELE-
HbI B Ta0I. 5.

Tabauya 5. UcxoaHble JaHHBIE AJIs1 pacueTa TOPMO3HOi 3P PeKTUBHOCTH
NMaccaKUPCKOro BaroHa

3HaueHne
HaumenoBanue napamerpa Ob6o3HaueHUe
napamerpa
Cuia TSKeCTH BaroHa, TC T 59,00
Cua TAKECTH Ipy3a, TC Q 4,20
Yucno TOPMO3HBIX KOJIOJIOK m 16,00
IMapamMeTpbl TOPMO3HOTO HUJIUHAPA
JuamMeTp mopuHs, cM du 35,60
JKecTKoCTh Py KUHBL, KI/CM 9, 6,57
Ycunue npeaBapuTeIbHOTO CKATHS TPYKUHBI
peABap PYIHHEL F, 159,00

KIC
KII[J TopMo3HOTO HNMIHHIpA n, 0,98
JaBneHre B TOPMO3HOM IIJIMHIPE, KTC/CM? p, 4,10
[lepenarounoe OTHOIICHNE PHIYAKHON TIepeIadn n 5,51
BpIX0/1 [ITOKA TOPMO3HOTO IIWINH/IPA, CM (TPY- |

9 15,50
JKCHBIN) wm

IHapamerpsl aBTOpeEryasTopa

Ycunue npeBapuTeIbHOTO CHKATHS, KI'C Fa om 169,00
XKecTkocTh NPyKUHBI, KI/CM Ooom 23,10
Benuuuna cxaTys Ipyu TOPMOKEHUH, CM I aem 4,50
Ilepenarounoe oTHOIIEHNE (KOMIIO3UIIHOHHBIE) N, 1,45
KII/I ppruaHoii mepeaaun 7 o 0,90

AHanu3 pe3yabTaToB BhIUUCICHHUH (Tab. 6.) MoKa3aj, YTO HAJIMYKE YYTYHHBIX KOJIOJOK
YMEHBIIIAET pacueTHbIH TopMmo3HoW kodddunuent Ha 13,2 % coorBercTBeHHO C 0,2788
(Tpunossliit pacuer) 110 0,242 (yTOUYHEHHBII pacyer).

JeiicTBuTenpHbIE TOPMO3HBIE MTyTH B AMana3oHe ckopocteit 40-160 km/4, moiydeHHbIe
10 U3JI0KEHHOMY aJIrOpuTMy (pHUC. 5) mpencTaBieHsl B Ta0J. 7, a B mepecdere Ha 1Moe3 npu
MTHEBMAaTHYECKOM TOPMOKeHHH — B TaOJ. 8. [lepecuer TOpMO3HOTO KOAPPHUIMEHTA KOMITO-
3ULMOHHBIX KOJIOIOK MpHBE/EH B Ta0I. 9.
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Tabnuya 6. Pacdet TopMo3HOii 3¢ (PeKTHBHOCTH MACCAKHUPCKOr0 BaroHa
€O CMEILIAHHBIM THIIOM TOPMO3HBIX KOJIOIOK

Ne

i HaunmenoBanue PesynbraTa BeIYKCIICHHS
PacuerHoe ycmme cxxatus [{n = F" +0,," |mm =

1  |BHyTpeHHei OTIyCKHOU mIpy- ’ ’ ’

KHMHBI IAIAHAPA, KTC =159 + 6,57 -15,5 = 260,84
VYcunue npyXuHbI aBTOPEry- _ _

o |mTopa PBIYaKHOM TTepenayn, Kap - (Faem T 0uem” Iaem) MNogm =
MPUBCIICHHOE K IITOKY T0p- | — (160 4 231-4,5) -1,45 = 395,78
MO3HOTO IIMJIIMHAPA, KIC

k=1. & i K, —K.)
=—- ‘. . - — -n- =
JleficTBUTEIbHAS CHIIA HaXa- m~ 4 PR m Rl
3 |THA KOJIOJKH Ha KOJIECO, KI'C 1 314.356°
=—(——-41.0,98-260,84 -395,78)-5,33-0,9 =
(TC) 16
=1036,1(1,0361)

4 |PacuerHas cuna naxatys K, =122-K K+20 12210361 1,0361+20 11013
KOJIOZIKH Ha KOJIECO, TC 4K +20 4.1,0361+ 20
PacueTHsIi TOPMO3HOH K03(]- K -m 11013-16

5 |(puuHeHT KOMIO3MIMOHHLIX (0, = £ == =0,2788

6 Hepecqu Ha 9yT'YHHBIC 5p.{ — 2,91 51,,?23 — 2'91 0,27881,023 — 0,79
KOJIOJIKH P

[
n -6, +n,-6,7" -
YTouHEHHas OLICHKA pacueT- ; pu
HOT'O TOPMO3HOTO KO3 HIH- o p =
7  |eHTa B mepecueTe Ha YyT'yH- n +n,
HbI€ KOJIOJIKH 551
3:0,79+1.0,79-
= = 0,683
3+1

g |Hepecter Ha S, =0,352- 5% = 0,352 -0,683°" =0,2425

KOMITO3MIIMOHHBIE KOJIOJKU
Tabnuya 7. JleiicTBUTEIbHBIE TOPMO3HBIE MYTH MACCAKUPCKOT0 Moe31a
VO KoMmo3uinoHHbIe KOJIOAKH CMerIaHHbIe KOIOIKH
KM/4 ) 404)
J, c(V,) d(Vy) [s.w=ctv)5 6, c(Vy) | d(Vy) | s.=ctv)-s,
1 2 3 4 5 6 7 8 9
40 | 0,2788 | 21,3074 | 0,9831 75 0,2425 | 21,3074 | 0,9831 86
50 | 0,2788 | 34,1659 | 0,9809 120 0,2425 | 34,1659 | 0,9809 137
60 | 0,2788 | 50,3620 | 0,9785 176 0,2425 |50,3620 | 0,9785 201
70 | 0,2788 | 70,0248 | 0,9758 244 0,2425 | 70,0248 | 0,9758 279
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Oxonanue mabn. 7

1 2 3 4 5 6 7 8 9
80 0,2788 | 93,2617 | 0,9729 323 0,2425 |93,2617 | 0,9729 370
90 0,2788 | 120,1645| 0,9697 415 0,2425 (120,1645| 0,9697 475
100 | 0,2788 | 150,8156| 0,9663 518 0,2425 (150,8156| 0,9663 593
110 | 0,2788 | 185,2971| 0,9626 634 0,2425 [185,2971| 0,9626 725
120 | 0,2788 | 223,6632| 0,9587 761 0,2425 [223,6632| 0,9587 870
130 | 0,2788 | 265,9752 | 0,9545 900 0,2425 [265,9752| 0,9545 1028
140 | 0,2788 | 312,2785| 0,9502 1051 0,2425 |(312,2785| 0,9502 1200
150 | 0,2788 | 362,6247 | 0,9456 1213 0,2425 (362,6247| 0,9456 1384
160 | 0,2788 | 417,0382 | 0,9408 1387 0,2425 [417,0382| 0,9408 1581
Tabnuya 8. TopMo3HBbIe MYTH MACCAKUPCKOTO Moe31a
MPHY MHEBMATHYECKOM TOPMOKECHUHU
DNEeKTPOIHEBMAaTHIECKOE
[THeBMaTHYECKOE TOPMOKCHIE
V TOPMOIKEHHE
0 Kommosu- CmMmemaH- Kommosu- CMelIAHHbLC
KM/4 LIUOHHBIE HBIE % ILIUOHHBIE %
KOJIOJIKH
KOJIOJIKH KOJIOJIKH KOJIOJIKH

40 97,0 108,0 10,19 119,2 130,2 8,45

50 147,4 164,9 10,62 175,1 192,7 9,13

60 209,1 234.,8 10,94 242.4 268,1 9,59

70 282,4 3179 11,17 321,3 356,8 9,95

80 367,6 4145 11,32 412,0 459,0 10,24

90 464,6 524,7 11,45 514,6 574,7 10,46

100 573,7 648,5 11,53 629,2 704,0 10,63

110 694,7 785,8 11,59 755,8 846,9 10,76

120 827,6 936,5 11,63 894,3 1003,2 10,86

130 972,4 1100,6 11,65 1044.6 1172,8 10,93

140 1206,6 1277,7 5,57 1206,6 1355,5 10,98

150 1380,0 1467,7 5,98 1380,0 1551,1 11,03

160 1475,8 1670,3 11,65 1564,7 1759,2 11,06
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Tabauya 9. 3HaYeHUsI paCYeTHBIX TOPMO3HBIX KO3 (PPUIIHEHTOB
B MepecueTe KOMNO3NIHOHHBIX KOJIOI0K HA YyTyHHbIE

KOMHO?;PIHI/IOHHLIG KOJIOJAKH

CMelIaHHbIe KOJIOJKH

VO KM/4

Goe | Vo) | AVg) et 0y | Vo) [d(V) froctmra™

40 0,2788 | 2,1162 | 1,0004 0,5897 |0,2425 | 2,1162 | 1,0004 | 0,5129

50 0,2788 | 2,2363 | 1,0016 0,6222 |0,2425 | 2,2363 | 1,0016 | 0,5411

60 0,2788 | 2,3393 | 1,0031 0,6496 |0,2425 | 2,3393 | 1,0031 | 0,5648

70 0,2788 | 2,4280 | 1,0045 0,6730 |0,2425|2,4280 | 1,0045 | 0,5850

80 0,2788 | 2,5061 | 1,0062 0,6932 |0,2425|2,5061 | 1,0062 | 0,6024

90 0,2788 | 2,5747 | 1,0078 0,7107 |0,2425 | 2,5747 | 1,0078 | 0,6175

100 0,2788 | 2,6366 | 1,0097 0,7260 |0,2425 | 2,6366 | 1,0097 | 0,6306

110 0,2788 | 2,6921 | 1,0116 0,7395 |0,2425|2,6921 | 1,0116 | 0,6422

120 0,2788 | 2,7429 | 1,0137 0,7514 | 0,2425|2,7429 | 1,0137 | 0,6523

130 0,2788 | 2,7892 | 1,0159 0,7621 |0,2425|2,7892 | 1,0159 | 0,6614

140 0,2788 | 2,8323 | 1,0181 0,7716 |0,2425 | 2,8323 | 1,0181 | 0,6694

150 0,2788 | 2,8726 | 1,0206 0,7801 |0,2425 | 2,8726 | 1,0206 | 0,6766

160 0,2788 | 2,9101 | 1,0230 0,7878 |0,2425|2,9101 | 1,0230 | 0,6830

AHanm3 TOpMO3HOH 3(()EKTUBHOCTH HCCIEAYEMOTO MACCaKUPCKOTO BaroHa MO KpHTe-
PUIO €AMHOTO HAMMEHBIIIETO TOPMO3HOTO HaXXaTHs YyTYHHBIX Kooaok Ha 100 Tc Beca moes-
na [12] mpu cMemaHHBIX KOJIOJKaX IOoKa3aj, YTO JOMyCTUMAasi CKOPOCTh JBMXKCHHSI COCTaB-

nser He 6onee 120 km/4 (Tabm. 10).

Tabauya 10. ExiHOe HanMeHbIIee TOPMO3HOE HAKATHE LISl IACCAKUPCKHUX M0e310B
B llepecyere Ha YyIr'yHHbIEe KOJIOAKH [7]

Topmo3Hoe HaXxkaTHe
Ha 100 Tc Beca moes-
Hanmensmee | Topmo3HOe HaxkaTue Ha a. Tc
TOPMO3HOE 100 Tc Beca moe3na, TC Aa,
MaxkcumanbHast CKOPOCTh (C YyryHHBIMH KO-
Ha)kaTUe Ha (C KOMITO3HIIMOHHBIMHU
JIBHOKEHHMSI, KM/4 JIOJKaMHU Ha KOJIEC-
100 tc Beca KOJIOJKaMU Ha BCEX KO- o
HOW mape ¢ MpUBOJIOM
rmoe3na, TC JICCHBIX TTapax)
OT ITOABAarOHHOIO T'e-
HepaTopa)
Ao 120 xw/aac 60 (0.6) 75.1 (0,751) 65,2 (0,652)
BKJIFOYUTEILHO
ot 120 km/49ac go
130 kM/ro BKITIOUHTEIEHO 68 (0,68) 76,2 (0,762) 66,1 (0,661)
ot 130 xm/gac 10
140 xM/4ac BKJIIFOYUTEIBLHO 78 (0.78) 77.1(0,771) 66,9 (0.669)
ot 140 km/gac go
160 xM/4ac BKJIIFOYUTEIBLHO 80 (0.80) 78,7(0,787) 68,3 (0.683)
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BruiBonsl. [IpeanoxeHHbli anroput™M pacyera TOPMO3HOU 3((EKTUBHOCTU C MpHUMEHE-
HUEM TOJTYYCHHBIX YHUBEPCATLHBIX MATEMAaTHYECKUX 3aBUCUMOCTEH TIO3BOJISET:

1. BHITTONHATE pacdeThl TOPMO3HOH 3((PEKTHBHOCTH MACCAKUPCKUX BAaroHOB CO CMe-
HIAHHBIM TUTIOM TOPMO3HBIX KOJIOZOK;

2. OueHnBath TOPMO3HYIO 3(PPEKTUBHOCTH BaroHa Mo HaWUMEHBIIEMY TOPMO3HOMY Ha-
JKaTHIO B TIepecueTe Ha YyTryHHbIe Komoaku Ha 100 Tc Beca moesna;

3. Ilpou3BoaMTH, MHOTOBapUAHTHBIE PACUETHI MPH BHIOOPE PALMOHAIBHBIX XapaKTepHUC-
THUK TOPMO3HOH CHUCTEMBI, YIOBJIECTBOPSIOMUX HOPMATHBHBIM TPEOOBaHMUAM TOPMO3HOH 3(-
(hEeKTHUBHOCTH;

4. Pe3ynbpTaThl pacyeToOB TOPMO3HOW 3((PEKTUBHOCTH MAaCCAKUPCKOTO BaroHa co cMe-
[IaHHBIMH TOPMO3HBIMH KOJIOAKAMH MMEIOT XOpOIIee COBHAACHHS C pe3ylbTaTaMu paHee
MIPOBEICHHBIX HCCIICAOBAHMM [7].
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Aleksandr Safronov, PhD (Technical Sciences)
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Transport of Ukrainey)

METHODOLOGY FOR CALCULATION RESEARCHES OF THE BRAKING
EFFICIENCY OF PASSENGER CARS EQUIPPED WITH BLOCK BRAKES,
BASED ON SOLVING A DIFFERENTIAL EQUATION OF MOTION
AT BRAKING IN THE TIME DOMAIN

Calculation methods for braking efficiency of a passenger car with block brakes, based
on solving a differential equation of motion at braking in the time domain was given. Cal-
culation dependences for effective braking length calculation of a passenger train, and for
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TEXHIKA I TEXHOJIOT'TT

braking coefficients recalculation of composite brake shoes for cast-iron brake shoes and
vice versa were represented. The methods allow making calculations for braking efficiency
of mixed type brake shoes. A calculation example of the passenger car braking efficiency
with mixed type brake shoes and comparative analysis of its efficiency with same-type
brake shoes was given.

Keywords: passenger car, braking efficiency, calculated braking coefficient, braking
length
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