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ABTOTOPMO3a

TOPMO3HASI CUCTEMA AASI NOABUKHOMO COCTABA
HA OCHOBE NPEOBPAS0OBAHNS KMUHETUYECKON
SHEPIrAM NoOABWIKHON EANHWLLLI

C.I. YYEB,

KaHA, TeXH. Hayk, 3acnyxeHHbIf KOHCTPYKTOp PO, reHepanbHbli KoHcTpykTop AO MT3 TPAHCMALL

034aHWEM MPUHUKNNANLHO HOBLIX TOp-
CMOSHI:IX CUCTEM ONA Kene3HOAO0POXKHO-
ro TpaHcnopTa B MUPE W B HaweW cTpaHe
3aHUMANNCk MHOTME GUPMbl, KOMNaHWU W
oTpacniesbie MHCTUTYTbL [TpakTuyeckn sce
OaHHble WMccnefoBaHna 6bini HanpaeneHol
Ha pa3spaboTky nHesmaTuyeckux $pukuu-
OHHBIX TOPMO30B, YNpaBneHue KOTOpPbIMU
OCYLIECTBNIAETCA C TOMOLIbI0 TOPMO3HON
NHEBMATUYECKON MarucTpani uny anekTpu-
Yyeckum curHasnom, B nocnegHwe 15 — 20 net
ANA yrpasneHusa TOpMo3amy CTany akTUBHO
MCNONB30BATLCA MUKPONPOLECCOPHBIE Ci-
CTeMbl, KOTOpbie 3Ha4YWTENbHO obnervaioT
paboTy malmHucTa U nosbiwaiT besonac-
HOCTb [OBWKEHWA Ha KenezHofopoKHOM
TpaHcnopTe. Ha NnoKomMoTMBaxX Takke Hawsio
MpUMEHEHUE 3NEeKTPORMHaMUYecKoe (peo-
CTATHOE U PeKYNEePaTUBHOE) TOPMOMEHE,

OpHako ANA TOPMOMEHWA COCTaBa MWC-
MONHWUTENBHbLIM MEXAHWU3MOM TOPMOMXEHWA
ABNAeTcA GPUKLMOHHAA napa TPeHWa «<Ko-
NECO-TOPMOBHaA KONOAKE» WK TOPMO3HOW
JAWCK, PACNONOKEHHBIN Ha OCK, U TOPMO3HasA
Haknajka, pacnonokeHHas Ha KieuweBom
MexaHusme. [nA BbinonHeHWA ¢yHKLUMK
TOPMOMEHWA K GPUKLMOHHON Nape [oNXHO
OLITh NMoyBeaeHo NOBONbHO OCNAbLIOE KONKU-
YECTBO IHepruu (Hanpumep, 0T KOMIPecco-
pa win gpyroro WCTouHuKa aHepruu). Mpu
STOM BCA 3aTpadeHHas SHeprid B KoHue
Bcex ee nNpeolpa3oBaHnii NpeBpallaeTcA B
TEMAOBYIO.

MHorue rogbl paznuuHbIMK GUpMaMn 1
UHCTUTYTaMK Benuch paboTbl No oTKasy ofT
GPUKLMOHHOM Napel TpeHUA NPK TOpMOKe-
HUW. K HUM MOMHO OTHECTW BpalaWMnCcA
BUXPETOKOBbI Topmo3 (BBT) gna xenesHo-
fopoxHoro TpadcnopTa [1], Bnepeble pas-
paboTauHbIlt OTHeNneHnem aBTOTOPMO3HOro
xoasuctea BHUMMTa coemectHo ¢ Kade-
LPOi anekTpudeckux mawvd M2 B 1980 r.
MozaHee B 1986 1. nofiobHON paspaboTKoh
3AHANOCE NPOEKTHOE GIOpO  BLICOKOCKD-
pocTHoro asvkeHua DB (fepmanua),

MpuHyun pabotul BBT 70T e, 4to 1 B
NUHEHHOM WCMONHEHWW, TIpK  BpaweHun
KONECHON Napkl C BLICOKO YacToToll poTop
BpaljaeTca napasnensHo MarHutam, Koto-
pble pacnonoMeHbl B Kopnyce ¢ Yepegosa-
HWEM CEBEPHOTO W I0HOTO Nonocos. Mexay
MarHWTamW 1 POTOPOM BO3HUKAIOT BUXpe-
Bblé TOKY, KOTOPbIE CO3/AI0T CUilbl, Hanpas-
NIEHHBIE NPOTUE BPalleHWa poTopa. 3a cHeT
3TOr0 KOMEcHas Mapa HadlHaeT TOPMO3NTh.
BUXPETOKOBLIA TOPMO3 MOMET BbITE BBINON-
HEH TaIKE B JIMHERHOM WCNONHEHUN — Jik-
HeliHbIl BrXpeToKoeblil TopMos (NIBT).

RN R AR RA RN AR RS

Crout otmMeTuTh, YTo B JIBT posib a1emen-
Ta, BbIAGNAIOWEro TEMNO, urpaeT pensc. B BBT
TaKUM 2MeMeHTOM As/AeTc potop. Kopryc
MOMET KPenwTbCa K pame Tenexkn unu paz-
MelarbecA Ha KonecHon nape. B nocnegHem
cnyuae HeoOXOAMMO UCKIIOUUTb BOIMOMKHOCTh
eI0 NpoBOPaYMBaHNA NYTEeM YCTAHOBKW NMOA-
LUMMHWKOB.

Mposegentsie Bo BHWWMTe wcnbitanma
noKasani, uTo MaKCUManbHBIA TOPMO3HOM
MOMEHT BO3HMKAET MpPK YacToTax BpalleHus B
fuanazole 200 — 400 o6/muH. Mpw gautens-
HOM TOPMOMKEHIN QUCK HarpesaeTca Jo 600 °C,
4TO MPWROAMT K CHUKEHWIO TOPMO3HOIo Mo-
meHTa npumepHo Ha 30 %, ofHaKo TOpMo3Hoe
ycunue npu 3TomM BCe pPasHO ocTaeTca AocTa-
TOYHO BLICOKUM ¥ cocTasnaer 1000 — 1100 krc
[2]. MolHOCTE NUTaHKA TOPMO3a COCTaBnseT
3 — 4 kBt [NocKONbKY BHEWHAA TOPMO3HadA
cina y BBT peanuayerca B TOuKax KoHTaKTa
Konec ¢ penbcamu, 7o emy (B otnudue ot JIBT)
npucylle orpaHuyeHue no cuennexuio, TaKxe
BUXPETOKOBbIE TOpMmO3a 0osiee IKOHOMUYHbI 11
IKONOTUYHBI, UEM PPUKUMOHHBIE.

MHorve rogbl pasinqHbIMA YUYeHbIMA |
npaktMkamu ofCyKaaeTcs BOMPOC WUCMONb-
30BaHWA OIPOMHON KWHETMYECKON 3HEepruw,
KoTopoii  obnapaet OBMMywasca eguMHuLa
(BaroH, NOKOMOTHB, NOe3] W T.N.) PenbCoBoro
TpaHcnopTa. OfHako npakTuveckas peanuza-
UMA WCMNOMb30BAHUA KUHETUYECKOW 3HEPrun
NOABVHKHON efuHULBl B Hene3HOAOPOKHOM
TPAHCMOPTE B HACTOALLEE BPEMA OTCYTCTBYET.

Pazautne TexHonoruii B ofnacti coanaHua
MOCTOAHHDIX MdTHUTOB DTKpb]BaET HOBbie nyTn
PasBUTUA HeNesHOJOPOXHOrO  TpaHcnopTa.
ﬂaﬂee I'IpMEDﬂFlTCF] TEOpPEeTHYeCKnE noone-
LOBAHWA MPUMEHEHWA TeHepaTopoB Ha Mo-
CTOAHHBIX MarHuTax 6es marnuTonposoga. B
HacToAlllee BPeMA TaKMEe reHepaTopkl Halufu
WWPOKOe MPYMEHEHWE B BETPO3HEPTETWKE.
OHwn obnapaloT pafoM NapameTpoB, KOTopkle
NO3BONAIOT NMPUMEHWTE WX ONA TOPMOMEHWA
MOABMMKHOTO  COCTABA  KENE3HOAOPOKHOM
TpaHcnopTa.

BaxHeAlWMMM  [OCTOMHCTBaMW reHeparo-
POB Ha MOCTOAHHBIX MarHwWtax 0e3 marHwTo-
rlpOBOﬂEI ABNAIOTCA:

¥ NPaKTMYecku MOJHOE OTCYTCTBME TOp-
MO3fILIero MOMeHTa Ha Bany reHeparopa Bo
BCEM [ManasoHe CKOPOCTEl BPALleHWs MpK
HyneBoli Harpyake, pocTuraemoe 6naropa-
pPA OTCYTCTEMIO Y TeHepatopa 3amMKHYToro
MarHWTONPOBOAA; CKOPOCTh BPalleHWA Bana
reHepatopa (OcM KonecHol napbl) B Auana-
30He cKopocTell ABW#eHUA noesga or 0 go
300 km/u cocTaBnAeT, COOTBETCTBEHHG, oT 0 Ao
1676 ob/MmiH Npu gruameTpe kKoneca 950 mm;

» reHepatop BLIXOAMT Ha MOMHYIO MOl
HOCTe MNPV OYeHb Mambix oGopoTax (oT
100 06/MUH), 4TO COOTBETCTBYET CKOPOCTU A1BY-
eHua noesfa 18 kw/y (Mpw nNpoekTUpoBaHUK
reHepaTopa nofi KOHKPeTHYIo 3afjady MUHW-
ManbHble 06opoThl MOTYT GbITb CHIRKEHBI);  ~

# NpW KOPOTKOM 3ambiKaHuu 0OMOTOK
reHepaTopa Ha Bany CO3JaeTcA MOMEHT, KOTo-
Phift MOXET ObITh UCMONb30BaH ANA YAEPKaHna
BaroHa (noe3pga) Ha CToAHKe, MPUYEM 3TOT MO-
MeHT He Tpebyer 3aTpar 3Hepruw.

TaGnuua 1
HexopHble ofoaHayeHnn matemMaTUYEcKoi MoAENn TOPMOXEeHUR
HawmeHoeaHwe napameTpa OBosHavueHwe | PaamepHocTb

Ocesan Harpyaka Qe Kr
KonuiecTao ocer Ko, LT,
HauankHan GKOpPOCTL BaroHa Y, mfc
Terywan CKOpOCTE v m/c
Maceca Barona m, Kl
KiHeTHYackas JHepris saroHa B Hayane TOPMOMEHWA B I
Kuteruieckasn 9Hepris Ha 0Cb B HANEANE TOPMOXEHMUA Boau Ax
Yekoperus a /o2
TopMO3HOH NyTh L, M
Bpems TopmoxeHus L c
PazHOCTb SHepriy Mexay NBYMS CKOPOCTSIMM N{IM TOPMOKEH WA AE ok
Bpems Mexay O8YMA CKOPOCTAMMW NPKM TOPMOXEHWH At o
MouHOGTE Ha ocK Pace Br
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. ABTOTOpMO3a

Eocs.u

V=278 s/c = 100 ni/u

Eo=0,0 9163
Va=0,0mlc
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Topuoskoit myTs L Ly Ln L
Puc. 1. Cxema TOPMOXEHWUA WABANLHOTO BaroHa Puc. 2. Cxema TOpMOXeHHs BaroHa Ha y4yacrke
HET s Tabnunua 2
70 PaGouue napameTpel reHeparopa
& : = 3 - Ha NOCTOSHHLIX MAarHUTaxX Moaenu
: = - TGET900-1-60KW-300R
50 = = ==
40 f = MapameTpht 3naveHue
30 }"' ==rrt HoMuHansHas MoWHoCTs, KBT 60
20 = 4 Puc. 4. O6wuii sup seTporeHeparopa
10 =2 HomuHankbHas CKOpooTL 300
EEs57>2: ro BaroHa. PezynbraThl faHHbiX PAacUeTos 3ech BRALIBHHS, O6/MIAH
0= T He NPUBOJATCH, TaK KaK OHY ABMAIOTCA Npome-
0 102030 40 50 60 70 80 90100 wws |  wyroumbiMu. B fanbheiiwem npyu siuvcnenyy | BOVnHa Toka, A &
Puc. 3. XapaKkTepHeTuKi BeTpOreHeparopos: PeanbHOro TOPMO3HOTO NyTi ONUCaHHLIN Npo- TN HaMOoTKK ame3nay
1— 4087, 700 06/mun (TGET770-1-H-40KW-700R);  1jecc TOPMOKEHMA € NOCTOAHHBIM 3aMeaneHu-
- é’é)x‘;?fagguog‘% ’::::':ggfgg gﬁ_‘gggm'ggg?}: em WaeanbHoro garoHa Gymer ucrionbsosan | CONPOTMBAEHME u3OMLML, MOM 190
Mnpy BeIYMCIEHWA TOPMO3HOTO NYTH Ha 3Me- Vrinroi v <5 mA
paccmmpmm MaTeMaTHYeCKyl0 MOAEMb TOP-  MEHTAPHOM yUacTKe, Ha KoTopsle Bypet pasinT

MOMeHUS uaeanbHoro earona (noesfa).  peanbHbii TOPMO3HGH NyTo. MyckoBoi MomenT, H/m <0,5
VcxonHbie o6o3HaveHna npueenensl & taén. 1. Ha puc. 2 npepcraenena cxema topmose- - il

[pu paspaboTke maTematyeckoi MOGENW  HWs BAroHa Ha yyacTke L;, koTophiit pazbusa-
Gblv NPUHATE CNERYIOUIME [OMYUIEHMS: eTcA Ha 2/1emenTapHble yuacTki L, Ha Kaxgom Groyypa BHYTREHHMI

¥ YCKOpeHue BaroHa ABAAETCA MOCTOAH- W3 KOTOPbIX MPUHUMAIOTCA AONYLUEHUA U APO- parop
HEIM OT Ha4ana TOPMOKEHWUA f10 MONHOW 0CTa-  L|ecC TOPMOMEHIA, ONUCAHHBIH BbiLle, Cratop nonsi
HOBKWY; OcHoeHbie Gopmynbl, KOTOpble GNUCHIRAIT

v CONPOTMBAEHYME [ABIKEHUIO NPY TOPMO-  NPOLIECE TOPMOKEHWA C nepemeHHLIM 3amef- Patop BHYTDEHHIAT
KEHWM COIAAETEA TONBKO TOPMO3HLIM reHepa-  JIEHMEM MeanbHOro BaroHa: pemY
TOpPOM, MOPMOIHOU NYMe, M: OuameTp, My 895

Ha puc. 1 npepcTaBneHa cxema ABUKEHMA L=ly+lpn+.. L =0
BAroHa Mpy PaBHOMEPHOM TOPMOMEHIN ¢ Mo- mopmosHoli nymb Ha n-om (dnemermapiion) | OPWAR AHa, M o
CTOSHHBbIM YCKOPEHNEM OT HauanbHOM CKOPOCTIN  Y4AaCmKe MopMoaHO20 nymu, m: OBuwmii Bec, Kr 300
100 Km/4 0 HYNeBOl CKOPOCTH Ha yuacTke L. L,=V,-V, J2a);

MpoLecc TOPMONKEHNA € MOCTOAHHDIM 3a- pasHocme 3uep2uu Mendy Deyma ckopocma- | AvaeTp sana, M 100
MefINeHViemM MieasibHOTO BaroHa ONMCLIBABTCA MU NPU mMopmaxenul, Ix: G )
chenyouvMy Gophynamu; ocoomy=En=En.ti Marepuan kopnyca i i

mekyLyan ckopocme sazoHa: V = L/t MOWHOCMb IMOPMO3HOZ0 2eHepamopa Ha

1 Martepuan eana cTaib

macca gazora:m,=Q, K _;

KUHEMUYecKan 3Hepeus 8azoHd & Hadasne
MOPMOMEHUS!

Ey= ms'vnz” %

KUHEMUYeCKas 3Hepeus Ha ock 8 Hauyaie
MOPMOMKEeHUA:

EOC&H ik EBN/KO(B:

KUHeMUuYecKas IHepeua om cKopocmu eazo-
HO HA OCh) "

Ecca omv ™ ms'W/ZfKa o

yekoperue:  a = VH2L) — npu
a = const; 6 duanasotie ckopocmeil om V, do
V=0

BPEMA MOPMOXKEHUA OM HAYanbHOU cko-
pocmu 90 HyTA NPU NOCMOSHHOM YCKOPeHUL:
=V /ja

PO3HOCMb 3HEp2UU MeXdy dayma ckopocma-
MU NP MOPMOEHUIL:

AE=E -E ;

Bpema Mexay 08yMs CKOPOCMIAMU NPU MOp-
MONEHUL

M=t -t =V /ja-V, /&

MOWHOCTIL HA OCU MeXAy BayMA cKopocmamu:

AP, = AE/AL

Ha ocHoBaHnv npuaefieHHbIX (hopmyn Bbifn

BbINONHEHBI pacyeTel TOPMOMEHUA leanbHO-

30

n-om yyacrrike, Bm:

Prn=Eertys

8pemaA MOPMOKEHUA HA N-OM YYACIMKE, ¢

1‘Tn = Afocb am V/P!T J

YCKODEHLIE HA N-0M YHacmKke, M/

Orp = (Vn e Vn-lytl"rf

CpedHAA MOWHOCE MOPMO3HO20 2eHepa-
Mopa Ha yyacmye npu MopmoxeHuL, Bm:

'Dan = Pn-l T (Pn _Pn- :)/2;

BPEMSA MOPMOMEHLA HA N-OM YYacmke mop-
MOMKEHUA, &

lL‘r'ﬂ = ﬂEocu am v/ Pr 14

MOPMO3HOU NYMb HA N-0M YHACITIKE MOPMO-
HEHLA, M

JI'?'n ~ [’Vn i Vn- !‘Jz/r}a?'n)'

Ha 0cHOBaHMI NpUBEAEHHbIX MaTeMaTue-
CKUX BLIPaxeHWid Bbink npoeeneHbl pacyets
TOPMO2HEIX MyTell [Ans TOPMOZHbIX reHepato-
P08, PacnoNOMEHHbIX HA OCH KONECHO! napbl,
MMEILX PAZNUUHYI0O MOWHOCTL W BHELHWe
XapaKkTepPUCTKY,

flna pacueta wMcnonb3oBanuch peanbHbie
XapaKTepPUCTUKK BETPOreHepaTopoB Ha NocTo-
AHHBIX MarHuTax (puc. 3, 4) npomseogcrsa KHP
PaBouue napameTpbl reHepatopa Ha MocTosH-
HbIX Martutax mofenu TGET900--60KW-300R

npeacTasnedel & tabn. 2. Heobxogumo obpa-
TUTB BHWMaHWe Ha To, 4to otbop MOoUHoCTU
OT reHepaTopa Npon3BOAUICA B COOTEETCTBIM
€70 MOLHOCTW OT CKOPOCTH JIBUKEHUA Baro-
Ha, NepecHuTaHHoi Ha vucio oBopoToR ocu
KONecHoi napbl, HO He Bonee HOMWHaNLHON
MOLLHOCTI TeHepaTopa, Y410 u oflycnasnneaet
JMHERHYIO YaCTb XapaKTepUCTHK Npu CKopo-
cTi Bonee 60 km/u.

Pacyetbl nposoaunuck B nporpamme Excel, pe-
3yNbTaThl, KOTOPbIX NpeACTaBneHsl B Tadn, 3 — 6.

B rabn. 7 npegcragneHsl peaynstathl pac-
ueTa TOPMO3HBIX MyTel L B 3aBUCMMOCTI OT
HalanbHOW CKOPOCTH TOPMOMEHWA W MoLly-
HOCTM TOPMO3HOrO reHepatopa. [ojyYeHHble
TOPMO3HLIE nyTH NONHOCTbLID YEnansLlealoTca B
TpeboBaHuA HOPMATUBHLIX 3HaueHWi (Tab, 8).
Mpu 3TOM CnEpyeT OTMETUTL, UTO TOPMO3HOIH
nyTh 06ECNeYUBANCA TONbKO TOPMOZHBIN reHe-
patopom 1 Nph 3TOM He YUNThIBANNCE ApYrie
dakTopbl, BAMALLME Ha CONPATUBAEHUE ABU-
HeHWIo BaroHa.

Ha puc. 5 npegcrasneda dyHkUWOHaNbHAA
CXeMa TOPMO3HOW CHCTEMBl BarOHa Ha OCHORe

OxmaBps 2020 1.
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ABTOTOpPMO3a

TaGnuua 3
TopmoxeHue Npu MOWHOCTH reHepaTtopa 30 kBT (HayansHas ckopocts 100 km/u4)

TOPMO3IHOTO reHepaTopa Ha NOCTOAHHDBIX Mdf-

HUTax.
B paHHOlt cxeme npumeHeHsl cnefylowpe | VKM | Viwjo | B bk | P kBT BB kOK | P, KRBT t,C e
ycTpoiictea 100 |27,77778(7908,950617 30

90 25 6406,25 30 1502,700617 30 50,0800206| 0,0554557 | 69,56047
80 22,22222 |5061,728395 30 1344,521605 30 44,8173668| 0,0619799 |62,24637
70 18,44444 [3875,385802 30 1186,342593 30 39,5447531| 0,0702439 |54,92327

@ TopMO3HOW reHepaTop Ha NOCTOSHHBIX
MarHuTax. OH MOXET COCTOATbL W3 [BYX Wi
TPeX reHeparopos 00Lel MOUIHOCTBIO A0

60 KBT, pacnonoMeHHbIX Ha OAHON KONecHoit 60 |16,66667 [2847,222222( 30 1028, 16358 30  [24,2721193| 0,0810507 [47,80017
nape. 50  [13,88880[1977,237654] 225 |869,9845679 | 26,25 |33,1422693] 0,0838137 |46,03003
@ CrabunusaTop C BoIXOAHBIM HANPAKEH- 40 |11,11111[1265,432099] 135 |711,8055556| 18 |39,5447531| 0,0702439 |54,92327
em (Hanpumep, 24 win 48 B). BennuliHa Hanpa- 30 |8,333333[711,8085856] 7,6 |H53,6265432| 10,5 |52,7263374| 0,0526829 |73,23102
HKEHWS BbIBUPAETCH NPY NPOEKTUPOBaHH. 20 |5,555556 316,3580247] 3 | 3954475308 | 5,25 |75,3233392| 0,036878 |104,6157
© Briok ynpasneHua Harpyakol, euipata- 10 |2,777778[79,08950617] 1 | 237,2685185| 2 |118,634259| 0,0234146 | 164,7698
ThIBAIOWWA CArHa ynpasneHua KomMyTay- 0 0 0 0 79,08950617 | 0,6 |158,179012| 0,017561 |219,6931
e[l Harpyaku reHepatopa. B 3aBucumocty oT Tabnuua 4
JaBNeHna 8 TOPMO3HOK Marnctpany (TM) unu TopMoXeHue NPy MOLIHOCTH reHepaTopa 40 kBT (Havanbhas ckopocTs 100 km/H)
BMEKTPUUSCKOTO CUrHama B Leny 3NeKTpo- Vo | Vowio | Edbx | P kBT | AE ik | P kBT]  too o/ | L
nHesmaTyeckoro Topmosa (3MT) 310 MoXeT 100 | 27,7778 |7908,950617 | 40
BbITb TPaAULMOHHAA CUCTEMa ypasneHus T 90 25 6406,25 40 | 1502,700617 | 40 | 37.5675154 | 0,0739409 | 52,1771
unn cuctenma MCKPA.200 [3]. 80 | 22,02922 [5061,728395| 40 | 1344521605 | 40 | 33,6130401 | 0,0826399 | 46,68478
@ Brok kommyTalyn Harpyskw. B sancu- 70 | 19,44444 |3875,385802| 40 | 1186,342503 | 40 | 20,6585648 | 0,0936585 | 41,19245
MOCTI OT CyrHa/ia, NOCTYNalolLero o Gnoka 60 | 16,66667 |2847,222222| 40 | 1028,16358 | 40 | 25,7040895 | 01080675 | 35,70012
YRPABICHMAREIPyE G, TIGRINORaETEA KTeHe- 50 [13,88880 |1977,207654| 28 | 869,9845679 | 34 | 255877814 | 0,1085588 | 35,53659
pareRysSiabunuaaTapy) %aanwmaﬂ Harpy(‘:"(a 40 | 11,1111 1265432009 | 135 | 711,8055556 | 20,75 | 34,3038822 | 0,0809756 | 47,64428
(BysiphienBienimutol o1 Geckorevnoc (o 30 |8,333333 |711,8055556| 17 | 553,6260432 | 1525 | 363083799 | 00765157 | 50.42136

cyTcTBMe Harpyaku) 4o 0 Ow (KopoTkoe 3ambl-
KaHue, UCMOoNbayeTcA [NA YAePkatna cocTasa
Ha CTOAHKE W NOAKMIYAETCA TONbKO BO BPEMA
ocTaHoBKY). BenwuyHa Fi”arp BeibupasTea 13
YCNOBUA HEMPEBLILEHNA HOMWHANbHOW MOLL-
HOCTH reHeparopa.

20 5,565556 | 316.3580247 4 395,4475309 10,5 | 37,6616696 | 0,0737561 | 52,30787
10 2777778 | 79,08950617 1,5 237,2685185 2,75 86,2794613 | 0,0321951 | 119,8326
0 0 0 0 79,0B950617 0,75 105,452675 | 0,0263415 | 145,462

TaGnwua 5
TopMoxeHWe Npy MoWHOCTH reHepaTopa 60 kBT (HavansHas ckopocts 100 km/y)

@ Harpyaka (HarpyzouHble CONpOTUEneHis) Vokaga | Vim/e | B ki (P KBY | AR el | Py kBTt c ap /e | Lp.m
061Wen MoWHOCTLIO 1o 60 KBT (KOHKPETHbIE 3Ha- 100 | 2777778 | 7908,350617| 60
YeHun CDI"IpOTHBJ'IEHIu"IIﬁ W KOnWUecTBo CT)’I'IEHE‘!;I a0 25 6406,25 80 1502, 700617 80 25,0450103 | 0,1108114 | 34,78474
OMPEMENFIOTCA rPH NPOEKTUPOBaHNM). SO | 22,22222 |5061,728395| 6O 1344 521605 B0 | 224086934 | 0,1239508 | 31,12319
@ bnok [OTOpMaXUBAHUA W YaepKaHus, 70 | 19,44444 |3875,385802| 6O 1186,342593 B0 19,7724765 | 0,1404878 | 2746163
3101 6noK MENonbayeTcA NPY HeAoCTATOUHOI 80 | 16,66667 |2847,222222| 6O 1028,16358 50 17,1360597 | 0,621013 | 23,60008
3deKTUBHOCTU TOPMO3HOIO reHepaTopa npu 50 | 13,88880 | 1977237654 45 869,9845679 | 52,6 | 16,5711346 | 0,1676275 | 23,01546
Marnbix ckopocTax (MeHee 10 Kw/u, yTouHAeT- 40 11,11111 | 1265,432099 27 711,8065556 36 19,7723765 | 0,1404878 | 27,46163
CH MPY NPOEKTHROBAHNK) WK Ha cToaHKe. OT 30 |8,3323233 |711,8055556| 15 553,6265432 21 26,3631687 | 0,1053650 | 36,61551
HnoKa NoAAeTCA MOCTOAHHOE HaNpAKeHwe Ha 20 | 5,555656 | 316,3680247 6 395,4475309 | 105 |37,6616696 | 0,0737561 | 52,30787
06MOTK reHepaTopa oT HeGONLLIOID KCTOu- 10 2777778 | 79,08950617 2 237 2685185 4 59,3171296 | 0,0468293 | 82,3849
HUKa NOCTOAHHOTO ToKa, HeobxoaumacTs 310- 0 0 0 0 79,08950617 1 | 79,0895062 | 0,035122 | 109,8465
ro 610Ka ONPefenAaeTca XapakTepucTMKami TaBnuua 6
TOPMO3HOTa reHepatopa. TopmMoXeHue NPy MOLHOCTU reHepaTopa 60 kB (HavansHan ckopocts 300 km/4)
PacEmmpwm ANIFOPUTHILI YPABIIEHNA TOP- V,kw/a | Vowse | E.klx | PookBr| AE, &Ik |PookBT] toc A, M/C? L~
MO3SHOW CUCTEMOKW BaroHa Ha ocHoge TOPMO3- 300 83,33333 | 607,6388859 0
HOTO FEHEPATOPA HA NOCTOAHHLIX MarHuTax, 280 | 77,77778 | 529,9208877 | 60 78,31790123 | B0 | 1305298 | 0,0425616 | 382,5829
lpu. ynpaeneuuy no kawamy 3meKmpo- 260 | 72,29292 | 456,404321 60 72,91666667 80 121,5278 | 0,0457143 | 337,5772
NHeBMAMUYECKoe0 mopmosa: 240 |66,65667 | 288,8088888 | 60 67,5154321 60 112,5257 | 0,0493714 | 3125714
“ curHanb! wratHoro SMT npeoGpasyiotca 220 | 61,1111 326,7746914 | 60 | 62,11419753 | 60 | 1035237 | 0,0536646 | 2875657
Bnokom ynpaenenua Harpyskoii B ynpasnio- 200 | 55,56556 | 270,0617284 60 56,71296206 80 94,5216 | 0,0587755 | 262,56
WKe CUrHanbi BNOKOM KOMMYTaLMW Harpy3ku; 180 50 218,75 60 51,3117284 50 85,51955 | 0,0649624 | 2375543
“ npu ynpasneHuu TOpMoO3ami ¢ HCNoNb- 160 | 44,44444 | 172,8395062 60 45,91049383 BO° | 76,51749 | 0072605 | 212,5486
sosaHuem cucremsl MCKPA200 ynpasnelne 140 | 38,80880 | 132,3302460 | 60 40,50925926 50 67,51543 | 0,0822857 | 187,5429
MPONCXOANT aHanoryHo 3T, 120 | 93,29393 | 97,22000022 | 60 35,10802469 60 58,51337 | 0,0049451 | 162,5372
[lpu ynpaesnenuu no kaHany mopmo3sHoll ma- 100 | 27,77778 | 67,5154321 60 29,70679012 60 49,61132 | 0,1122078 | 1375314
2ucmpant: 90 25 54,6875 60 12,8279321 60 | 21,37989 | 0,1299248 | 29,69429
<& NPW 3apAIHOM faBneHuK B TM Harpyaka 80 |22,22222/43,20087654| 60 |11,47762346| 60 | 19,12937 | 0,1452101 | 26,56857
NONHOCTbIO OTKAIOUYEHA OT TOPMO3HOIO reHe- 70 19,44444|33,08256173 60 10,12731481 60 16,87886 | 0,1645714 | 23,44286
paropa; 60 |16,66667(24,30555556) 60 | 8,777006173| 60 | 14,62834 | 0,1898901 | 20,31714
% Npu cHkeruu gasnenus 8 TM (npu pe- 50  |13,88889|16,87885802| 45 |7,426697531| 52,5 |14,14609 | 0,1963636 | 19,64735
TY/IMPOBOYHOM WIK NOAHOM CRyxeBHOM Top- 40 |11,11111]10,80246914| 27 |6,076388869| 36 | 16,87886 | 0,1645714 | 23,44286
MOMKEHWN) HaUMHEET NOAKNIOYATCS Harpyska 30 |8,393333|6,076388880| 15 |4,726080247| 21 | 22,50514 | 0,1234286 | 31,257 14
(Npuuem, Yem HIKe HABNEHWE B TOPMO3HOM 20 |5,555556(|2,700617284 5} 3,375771605| 10,5 | 32,1502 0,0864 44,65306
MarucTpanu, Tem boabluas HArpyzKa NoaKmio- 10 |2,777778|0,675154321 2 2,025462963 4 50,63657 | 0,0548671 | 70,32858
yaeTcA K TOPMOZHOMY reHepaTopy); 0 0 0 0 0,675154321 1 67,51543 | 0,0411420 | 93,77143
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Tabnwuuya 7

CpasHuTensHas TaGnuua pacueTHbIX TOPMOSHEIX nyvei L,

HavanwHaa
CKOPOCTL
TOPMOXKEHMS, K/

MOIUHOETE TOPMO3HOID
reHepaTopa Ha ock, kBT

TopPMOIHOR
NyTh, M

Macca Harpyaka Ha ocb,
BaroHa, Kr Kre

100 30

82000 20500 8976

100 40

82000 20500 627.9

100 80

82000 20500 448,8

TaBGnwuua 8
HopmupoeaHHEIid TOPMOSHON NyTh
anexkTponoesfa B 3aBUCUMOCTH OT CKOPOCTH

TopMOSHOH NYTb Ha
YUCTHIX 1 CYXMX
penscax, M, He Donee

CropocTe Hauana
TOPMOMEHWUA, KM/Y

140 930

160 1150

300 60

70000 17500 28834

Bnok

yrpanneHs
HArpyscoi

anT

Brok
JOTOPMANKHBEHH IS
H YASPHanHA

| =110B

0
=

Bnox
KOMMYTALHH

Crabnmn.

Harpysu

TopM. rerep. Ha

Harpyska

MOCTOAHARIX MarHETAX

MOCTOAHHLIX MarHnurax

Puc. 5. DYHKUMOHANLHAS CXEMa TOPMO3HON CHCTEMBI BaroHa Ha 0CHOBE TOPMOSIHOTO reHepaTopa Ha

i)

1440

=L/‘

O6mOTRa reHepatopa

JMCK € NOCTOAHHLIMKM MarHuTami

Puc. 6. CxeMa YCTAHOBKH TOPMOSHOTO reHeparopa Ha KOnecHyio napy

< npu NOAHOM OCTaHOBKe Noesga Conpo-
TUBNEHWE Harpysky Ha reHepaTope [0/MKHO
BLITh paBHO HYMIO (PEXUM yaepKaHna);

< peRuM YAEPHaHWA Noesaa Ha CTOAHKE
(R,=0)

% [PV IKCTPEHHOM TOPMOXEHN K TOPMO3-
HOMY TEeHepaTopy MOMKIIoYaeTcH Mo/HAA Ha-
rpyaKka, pasHasl NOHON MOWHOCTI TOPMO3HOTO
reHeparopa uinv Gonbluel MOWHOCTY, ecan re-
HepaTop paccunTaH Ha Takoe NofAKIuUeHNe;

32 FLERLL b

< Mpu Hauane ABWXEHWA Noesfa gna «oT-
Mycka» TOPMO308 HeOBXOAUMO OTKMIOUMTL Ha-
rpyzry ot reHeparopa (R, = oo, OTCYTCTBHE
Harpysku).

Ha puc. 6 nokasaH npumep ycTaHoBKW 271e-
MEHTOEB TOPMO3HOIO FeHepaTopa Ha KONecHyk
napy. Pacnonoxerie oGMOTKN U NOCTOAHHBIX
MarHuToB MoMeT ObITb KMHbIM, HO MpU 3TOM
JION#HO 0DA3aTeNbHO BBIMONHATLCA YCNOBUE:
0BMOTKa fjoKHa ObITE HENOABWHHON, 8 NOCTO-

Harp

1670
2600
3800
6140

200

260

300
360

FHHbIE MarHWTbhl HECTKO KPenuTbcA Ha GWCK,
KOTOPLIA CUAUT Ha OCK KonecHol napsl U Bpa-
LaeTCcA NPy ABVKEHWMN MOABMKHOIO COCTaBa.
Ha OCHOBE BhbILWernepeyncneHHbIX NpoBeeH-

HbIX TEOPETUYECKNX PAcYeToB MaTemaru-
YECKO MOgEenid HOBOH TOPMO3HOW CUCTEMbI
MOMHO CIENATH CREeAYIOLNE BLIBOALI:

2 paccmatpyBaemMan TOPMO3Has CUCTEMa
C TOPMO3ZHEIM FEHEpPaTOpPOM Ha MOCTOAHHLIX
MarHuTax He TPeOYeT BHelWHWX WCTOYHWUKOB
SHepritM [ANA OCYL|ECTBNEHWA TOPMOMKEHWA
MOARMMHON  EAMHWLLI  KENe3HOMOPOMKHOTO
TPaHCNopTa;

2 TOpMO3HaA CUCTEMA Ha OCHORE TOPMO3-
HOFO FEHepaTopa Ha MOCTOAHHLIX MarHuTax
cama MOMKET ABNATLCH MCTOYHMKOM SHepruu;

2 TopMO3zHaA cUCTEMA MOKET 3QdeKTHs-
HO paBoTaTh NMPK CKOPOCTAX ABMXEHWA BAaroHa
(noeapa): BepxHWIA Npefen He orpaHuyet (Ha-
npumep, 500 km/4); MUHMMANbHaA CKOpOCTh
cocTapineT 5 — 10 km/y (B 3aBMCMMOCTH OT
KOHCTPYKLMM reHepaTopa 3Ta CKOPOCTb MOMET
BbITh CHUKEHA W COCTABNATE OKONO HOMA KM/4);

2 TopMO3Has CUCTEMA He UMEET ppHKLU-
OHHBIX HacTell U He Tpebyer nepuoguuecKoro
oBcnyxuBaHus;

2 KuHeTwWdeckas 3Heprus npeopasobbl-
BAETCA B TEMNIOBYIO HA Harpy3o4HbIX Pe3ncTo-
pax, KOTOpble pacnofarawTca 8 xopowo ob-
JlyBaeMblx MECTEX U He BNUAIOT Ha NapameTpbl
TOPMOMKEHWS;

2 TopmMo3HON cucTeme He TpebyeTca Bpe-
MA Ha MOArOTOBKY K TOPMOMKEHMIO;

2 TOPMO3HON TeHepaTop  MOUHOCThIO
30 — 40 KBT Ha ocb obecneynsaer TopMosHbIE
NyTH NPW Ha4aNbHOK CKOPOCTU TOPMOMKEHUA
100 Km/y, a npi MotiHocTH 60 KBT — 300 Km/Y;

2 TOpMO3HEA CUCTEMA MOXKET YcTaHaenu-
BaTbCA KAaK Ha CepUiiHOM NOABUAHOM COCTaBe,
TaK W Ha BHOBb pa3pabaToizacMom.
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