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BBEJEHUE

Hacrosmue Meroauyeckue yka3zaHWs TpPEIHA3HAYEHBl U1 CTYACHTOB
MHCTUTYTa MEXaHUKM W SHEPreTHMKU Mo HampasieHuto noarotoBku 23.04.03 -
OKcmtyaTanusi TPaHCIIOPTHO-TEXHOJOTMYECKUX MAlIMH U KOMIUIEKCOB BCeX (popm
oOy4eHHMsI TIpU BBINIOJHEHUH KYypCcOBOW paboThl mo nucuurimHe «CoBpeMeHHas
KOHIIEMIIMS CO3JaHMSI M UCHOBITAHWS CUIOBBIX arperatoB TPAHCHIOPTHBIX U
TPaHCIIOPTHO-TEXHOJIOTHUECKU I MALLIHH.

B cootBercTtBUM ¢ paGouyeil mporpammoil yueOHON NHUCUUILIUHBI KypcoBas
pabora BbInoNHsETCS MO TeMe: «Pacyer aBTOMOOMJISE ¢ THOPHIHOI CHJI0BOI
YCTAHOBKOW». BapuaHT 3a1aHUs CTYyIEHTY BBIJIA€TCS IPETIO1ABATEIIEM.

eab KypcoBoii padoThbI

1. 3Bakpemnenue, yrayOjleHHe UM COBEpPUICHCTBOBAaHME 3HAHUU W
npodeccuoHaNbHBIX YMEHHI.

2. @opMUpOBaHME HAaBBIKOB CaMOCTOATEIbHON y4eOHOW U Hay4yHO-
UCCJIeI0BATEIbCKON PaOOTHI.

3. Pa3BuTHe HaBBHIKOB pabOTHI ¢ JuTEepaTypoil (moadop, omucaHue, aHAIU3
JUTEPATyPHBIX UCTOYHUKOB).

4. CdopMupoBaTh yMEHHE TMPUMEHATH METOJbI HCCJICJAOBaHUS TIPU
BBIMIOJTHEHUHU PAOOTHI.

3agaum KypcoBoii padoThbl

3aaya TATOBO-IMHAMHYECKOTO pacdyeTa aBTOMOOWIIS C MOCJEA0BATEIbHON
cxemoit I'CY cBomurcss K METOAMKE TATOBO-AUHAMHYECKOTO  pacuera
anekTpoMoouiia. OHa BKIIIOYAET B ce€0sl TaKWe pacyeThl KaK ONpe/eeHre BHEIIHEH
CKOPOCTHOM XapakTepUCTUKU OM, MepenaToyHoro 4Yucia TIJIABHOM Iepenayu,
MOIIIHOCTHOTO Y TSTOBO-AMHAMHYECKOTO OajaHca aBTOMOOWIISA, YCKOPEHUS, BpeMs
IyTH U pa3roHa.

AnroputMm pacuera aBToMoOmirst ¢ I'CY mociaenoBarelbHON CXEMbI HMEET BU/I:

- OnpefienieHne MOTHOW MacChl aBTOMOOWIIS;

- [TonGop koseca u muH,

- Be16op OM u noctpoeHue ee BHEIIHEW CKOPOCTHON XapaKTePUCTUKH;

- Onpeenenye nepeJaTouYHbIX YUCET,

- PacueT TaAroBo-1mHaMuUecKuX IOKa3aTeeH;

- Pacuer yckopeHus;

- OnpeesieHne BpEMEHHU ITyTH U pa3roHa.

Brei6op anekTpuueckold MalluHBI TPOW3BOAUTCS AHAJIOTHYHO BBIOODPY
JIBUTaTeJIs] BHYTPEHHETO CTOPaHMUSL.

CrpykTypa KypcoBOM pabOThI: TUTYJbHBIN JUCT (MpUJIOKEeHHE A); 3a1aHue
Ha KypCOBYIO paOOTy; OTIJIaBJICHHE; BBEJCHHE; OCHOBHAsi 4acTh C pacueTaMy;
3aKJIFOYEHHE; CITUCOK UCTOYHHUKOB JINTEPATYPhI; IPUIOKEHUS.

OcHOBHas 4acTh € pacuyeTaMH BKJIIOYAET B CeOs: ONpeneseHUuE IOJHON
Macchl aBTOMOOWJIS, BEIOOP ABUTATENS] BHYTPEHHETO CrOpPaHUsI U MOCTPOCHHUE €ro
BHEIIHEW CKOPOCTHOM XapaKTEPUCTUKHU, OIPEIACICHUE IMEepPEIaTOYHbIX YHCETN,
pacuer TArOBO-IMHAMHUYECKHX ITOKA3aTeIeH, ONPENECICHUE YCKOPEHUS, BPEMEHHU
IIyTH pa3roHa.
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O6muit 00beM KypcoBOW palOOThl COCTaBIAET HE MeEHee 25 CTpaHUIL
MallMHOMUCHOTO TekcTa. KypcoBas pabota opopmiisercs Ha nuctax popmara A4 ¢
YCTAaHOBJICHHBIM THUTYJIbHBIM JIUCTOM (MpuioxkeHue A) u Opouropyercs B
ckopocuiuBatenab. Pekomenayemas rapuutypa mpudra Times New Roman-14,
MEXCTPOYHBIM UHTEPBAJ — MOJIYTOPHBIN, TBYXCTOPOHHEE BhIPABHUBAHUE TEKCTA —
no mupuHe. Pasmepsl nonei: neBoe — 30 MM, npaBoe — 1,5 MM, BepxXHEe U HUKHEE
— 20 mMm. [omyckaercs odopmiieHHe KypcoBOW padOThl C HCIOJIb30BaHUEM
Microsoft Office Excel.

TpeOoBanus Kk 3amure padoTbl

KypcoBas paborta (mpoekT) AOomMycKaeTrcss K 3alldTe MNpH BBHIMOJIHEHUU
CIIEIYIOUINX YCJIOBHSIX: - CTEIIEHb OPUTMHAIIBHOCTU TEKCTa KYpCOBOW paboThl) HE
HUKE YCTAHOBJICHHOW Kadenpoil B COOTBETCTBUU €O CHEUU(DUKON JUCIMILTAHBI
(pekoMeH1yeMble 3HaueHUsI: He HUuxKe 25%); - Hau4us pelieH3UH TpernoaBaTers,
NPUHUMAIOUIETO KYpCOBYIO pabory. 3amura paboOThl NOpOXoaAuM B Qopme
nyOIMYHOTO BBICTYIUIEHUS (5-7 MHH.) C MPEACTaBICHUEM PE3yJbTaTOB pabOTHI B
BUJIE Mpe3eHTanuu (5-7 cnaiiioB) M1 OTBETOB Ha BOIPOCHI MTPETO/1aBaATEN s/ KOMUCCHH
(5 mun).

Kpurepuu onenkn padorsl

B cootBercTBuu ¢ IlonoxkeHueM o GasIbHO-PEUTHHIOBOM CUCTEME OIICHKHU
3HaHUM CTYAEHTOB, 00YyYalOIIUXCS MO 00pa3oBaTENIbHBIM MPOTrpaMMaM BBICIIETO
o0pa3oBaHus KypCOBYIO pabOTy HEOOXOMMO OIIEHUTD MO CIASAYIOIIUM KPUTEPUSIM
C YYETOM YCTAaHOBJICHHBIX MAaKCUMAJIbHBIX 0aJlIOB:

Kpurepmnii MakcumaJjibHOe
3HaYeHHue B Dasiax
OdopmieHue KypcoBor paboOThI 10
CopepxaHue KypcoBOi pabOThI 60
3amura KypcoBoi paboTbl 30
nUTOro 100




1 METOJIMKA PACUETA ABTOMOBWJIS C TUBPUIHOM CUJIOBOM
VCTAHOBKOM

1.1 Meroauka TAroBO-AMHAMUYECKOTO pacuera it aTomooumneit ¢ I'CY

Metoauka TpaJIUIIMOHHOTO TATOBO-AMHAMHYECKOTO pacyeTa BKJIIOYAeT B ceOs
OTpEeNIeJICHUE TIOJIHOM Macchl aBTOMOOWIIS, BBIOOP JBUTATEIsl BHYTPEHHETO
CrOpaHUs U MTOCTPOEHUE €r0 BHEIIHEH CKOPOCTHOM XapaKTEPUCTUKHU, ONPEICICHUE
NEepPEIaTOYHBIX YUCEJ, PACUET TATOBO-IMHAMHYECKHX IOKA3aTeNeH, ONpeiesicHue
YCKOPEHMS, BPEMEHU MYTH Pa3roHa.

B npumenenue x aBromobmwisim ¢ I'CY meTonuka TSATOBO-IMHAMUYECKOTO
pacueta TpeOyeT nOpabOTKM U JIOJDKHA YYHUTHIBATH B3aUMOCBSI3b JBUTATENS
BHYTPEHHETO CTOPAHUS U SIICKTPUUECKON MAIIMHBI, UX B3aUMHOE PACIIOI0KEHHUE U
BBITEKAIOIIUE U3 3TOT0 OCOOEHHOCTH TPAHCMHUCCHUH.

B 3aBucuMocTH OT HMpUHIUTIUAIBHONW CXEMbI THOPUIHON CHIIOBOM YCTaHOBKHU
pazIuyaroT NoCieA0BaTEIbHYIO U apauienbHyto cBa3b JJBC u OM.

Metoauka TSITOBO-IUHAMHYECKOTO pacyeTa aBTOMOOMIIS C TOCJIEI0BATEIIbHON
cxemoi [I'CY cBogurcss K  METOAMKE TATOBO-IMHAMUYECKOrO  pacyera
anexkTpomoOmiis. OHa BKJIIOYAET B ce0s TaKKMe pacyeThl Kak ONpe/esieHne BHEITHEH
CKOPOCTHOM XapakTepucTUKH OM, MepenaToyHOro 4Yucia IJIAaBHOM Iepenayu,
MOIIIHOCTHOTO Y TSTOBO-AMHAMHYECKOTO OajaHca aBTOMOOWIISA, YCKOPEHUS, BpeMs
IyTH U pa3roHa.

Anroputm pacueta aBToMoOmis ¢ I'CY nocnegoBaTebHON CXeMbl UMEET BHI:

- OnpejienieHne MOJTHOW MacCchl aBTOMOOWIIS;

- [TonGop koseca u muH,

- Bei6op OM u noctpoeHue ee BHEIIHEH CKOPOCTHON XapaKTePUCTUKH;

- OnpenenieHne NepeaaTOYHbIX YUCEIT;

- PacueT TaAroBo-a1mHaMuuecKuX IoKa3aTeseH;

- Pacuer yckopeHus;

- OnpenenieHre BPEMEHHU IMYTU U Pa3roHa.

Bei6op anexTpuueckoil  MallMHBI  MPOW3BOAMTCS  AHAJOTHYHO  BBIOOPY
JIBUTATENId BHYTPEHHETO cropanus. [ns 3TOro HyXHO HaWTH HEOOXOIUMYIO
MOIIHOCTh 3JIEKTPUYECKOW MAlIWHBI JJIs1 JOCTHMKEHUS MAaKCUMaJIbHOM CKOPOCTH,
BOCITOJI30BaBIINCH (POPMYIION:

3
Yvmax®a Vmaxt KFVinax

Vinax — 10000 mp Vinax *

1)

1€ Yvmax— KO3OPUUIUEHT CONTPOTUBIIECHUS T1OPOTH;
Nmp.vmax— KU Tpancmuccuu npu Vmay;
kF — aspoguHamuueckuii KO3 OUITUCHT.
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B 3aBucumoctn or tuna TC wu ycrnoBUil 3KCIUTyaTalluy YCTAHABIMBAIOT
KOd(pPUIIMEHT 3amaca MOIIHOCTU JJIEKTPOJBUTATEINS, KOTOPBIM OMPEAENsIOT €ro
MaKCHUMAIbHYIO0 MOIIIHOCTb.

BriOpaB moaxonsimuii  ABUraTedb, HEOOXOIUMO IMOCTPOUTH €r0 BHEIIHIOIO
CKOPOCTHYIO XapaKTEPUCTUKY. 3a4acTyl0 BHEIIHSASI CKOPOCTHAasi XapaKTEPHUCTHUKA
JITAaHHOW MAaIlIMHbI N3BECTHA.

Ecnu BHEHIHAS CKOPOCTHAST XapaKTEPUCTHUKA HE MPUBEACHA, & U3BECTHHI JIUIIb
YaCTHBIC 3HAYCHHUS MOIITHOCTH 1 MOMEHTA, TO HEOOXO0IUMO PACCUYUTATh U IOCTPOUTH
BHEIITHIOK) CKOPOCTHYIO XapPaKTEPUCTUKY. B 3aBUCMMOCTH OT THUNA 3JICKTPUYECKOU
MAaIllIMHbI BU]I BHEITHEW CKOPOCTHOM XaPAKTEPUCTUKU MOKET PA3INYaThCS.

Ha aBTOMOOUIISAX M APYTrUX TPAHCHOPTHBIX CPEACTBAX MPHUMEHSIOTCS TATOBBIC
3JIEKTPOABUTATEIIN C «MITKON» MEXAHUYECKON XapaKTEPUCTUKOM, ITOKA3aHHOMU Ha
pucyske 1.

3 Mougiocrs

N °

xBm Kpyraungt moneny

w, ¢t
Pucynok 1 — BHenHssi CKOpOCTHAsI XapaKTEPUCTUKA DJIEKTPUUECKONM MaIlIMHbI

Takas xapaKT€pHUCTHKA ONMMUCHIBACTCS CUCTEMON YPaBHCHUN

MKp:MmaprHOSwax; (2)
M = Mmaxvmax 1110 0)) <w<w (3)
Kp v x max
nm N =Mmaenpp0<v<vp
Kp wx x

NKp = Nmax IPUA Wx < W < W max, (4)
€ Mmax — MaKCUMaJbHBIA KPyTAIIUM MOMEHT DM, Hw;
Nmax — MakcuMaabHas MOITHOCTE DM, KBT;
W max — MAaKCUMaJIbHas 4acToTa BpalieHus Bajda OM, 1/c;

X  —  OTHOUICHHE MAaKCHUMaJbHOM  YacCTOTHI BpaIllCHUS K
HOMMHAJIBHOW, XapakTepusytomen tun OM.
X = wmax (5)

vXx
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1.2 MeTtoauka TOIUIMBHO-3KOHOMHYECKOTO pacuera Jisi aBTomobmneit ¢ I'CY
TomnuBHO-3K0HOMUYECKHH pacueT aBToMoOuis ¢ ['CY cBonutes K onpeaeieHuo
MOKa3aTesiedl TOIUIMBHOW 3KOHOMUYHOCTH, PETJIaMEHTUPOBAHHBIX HOPMATUBHBIMHU
nokymeHntamu, oredecTBeHHbBIM ['OCT 20306-90 m mexnayHaponusiM [IpaBuinom
ESQK OOH NeO15. K pgaHHBIM MOKa3zaTeIsIM OTHOCSTCS KOHTPOJBHBIM pacxojl
TOIUIMBA, PacXoJ TOIUIMBA B MAruCTPAILHOM M TOPOJCKOM IHMKJE, TOIJIMBHAs
XapaKTEePUCTUKA YCTAHOBUBIIETOCS JIBUKEHUS.

HauGonbiyro  akTyalbHOCTH  NPEACTABISIOT  OIICHOYHBIC  IMOKa3aTesu
TOIUIMBHOM  3KOHOMHMYHOCTHM B FOPOJICKOM U MarucTpajibHOM IIMKIE, B
HauOOJIBIIIEH CTENIEHN XapaKTEPU3YIOIINE peajbHbIE YCJIOBUS JKCIUTyaTallUuu
aBTOMOOMIS.

lopojckoli W MarucTpaJibHBIM UK MOPEACTAaBICHbI B HOPMAaTHUBHBIX
JOKYMEHTaX COOTBETCTBYIOIIMMM €3/10BBIMU LMKJIaMU. B Hamel crpaHe B
HacTosIee BpeMs npu- Mensercs Ha ocHoBanue I'OCT 20306-90 NEDC (New
European Driving Cycle) onncannsiii B [IpaBmiax ESK OOH Ne(15.

Tak ke B €ero OnvcaHuM MPUBECHBI 3HAYEHUS BEJIMYMH YCKOPEHUSI IPU PA3TOHE
W 3aMEJUICHUHU, YTO TIO3BOJIAET TMOCTPOUTh T'paduK 3aBUCUMOCTH YCKOPEHUS
aBTOMOOWJISI OT BPEMEHU 3a BECh ITUKII.

3Has 3aBUCMMOCTh YCKOPEHUW OT BPEMEHHU M 3HAUYCHHE CKOPOCTU B €3J0BOM
IIUKJIC MOXXHO W3 YPaBHCHUS JBIDKCHHS aBTOMOOWIISI HAWTH CHIy Ha BEAYIIUX
KoJIecax BEIOPAHHOTO aBTOMOOMJIS.

P — MizpNy (6)

i (7)
P, = ¥Ymg (8)
P, = kFV? ©9)
P, = méa (10)

Mizphiep _ Wmg + kFV? + méa, b
I (12)
rjae:
P« — cuna Ha konece, H;
P, —cuna conporusnenus noporu, H;
P, — cuna conporusnenus Bo3ayxy, H;
P, — npuBeneHHas cuna nHepuu apTomoouis, H;
M — KpyTAIMi MOMEHT CHIIOBOU yCTaHOBKM, HMm;
lp — IEPEJIATOYHOE OTHOILICHUE TPAHCMUCCHH;
N+ — KII/ Tpancmuccuuy;
I'« — paguyc KoJseca, M;
M — Macca aBTOMOOMIIS, KT
KF — dakrop obrexaemoctu, H*c?/m?;
6 — ko3 (ppuIMEHT yueTa BpalalOIIUXCs Macc;
7
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V — CKOpOCTh aBTOMOOHIIS, M/C;
a — YCKOpEHHE, M/C?,

_ (Wmg+KkFVZ+méa)ry

M= i

TP n'rp ( 1 3)

[TpunsaB gomyuieHue, 4To OYKCOBaHUE OTCYTCTBYET, YaCTOTAa BPAIIEHUS] M MOIITHOC
Th OyyT COOTBETCTBOBATH CIECAYIOIINUM PAaBEHCTBAM:

_ Vi
= aen, (14)

N=628Mw (15)

B cnydae ¢ TpagunrorHbiMU aBTOMOOMIIMU ¢ JIBC 3T0 1M03BOIMIO0 ONIPEASTUTD
pexum padotel JIBC B kaxap1ii MOMEHT BpeMeHHU. U 110 TOTIMBHO-2KOHOMHYECKOM
XapaKTEPUCTUKE PACCUUTATh MTHOBEHHBIM PACXOJl TOIUIMBA B KaXKIAbIH MOMEHT
BPEMEHHM €37]0BOT'0 LIMKJIA.

CrenoBaTenbHO, YaCOBOM pacxo]l TOIJIMBA B KaXKIbld MPOMEXYTOK BPEMEHU
ompenenseTcs mo hopmyre:

G = geN , (16)
rae:
Je — YACIBHBIN pacxo TominBa ABuraress, r/(kBr*q).

[TyTeBoii pacxo TorimBa 3a UK B iuTpax Ha 100 kM paBeH:

_ [ Gdt . 105,
6 pr | Sd
3,6 pr [ Sdt (17)

rae:
Pr — INIOTHOCTB TOIUIMBA, KI/M3,;
S — myTh, MPONACHHBIN 3a ITUKJI, KM.

Jlns aBTomoOuis ¢ mocienoBarenbHol ['CY ananornyno aBromoomnio ¢ JIBC,
pacyeT TOILTMBHO-3KOHOMUYECKUX MTOKa3aTelNel 3a €3/J0BOM LUK ONpeIeNsAeTCs Mo
pexuMam paboThl TATOBOM DM B KaxKJIbIii MOMEHT BpeMeHH. U no xapakrepuctuke
s pextrBHOCTH DM paccuuTaTh MOIHOCTH, HOTPEOISIEMYIO SJICKTPOIBUTATEIIEM.

Muv
NTB'M = JT
aM

- (8)



rae: s, — KIII OM.
A TakKe pacxoj YHEPTHUHU 3a BECh €3/J0BOM LIUKII:
M= [ Nt (1)

Takoe »e KOJTUYECTBO SHEPIUU JOJKHA BhIpaOaThIBaTh T€HEPATOPHAsT YCTAaHOBKA
Ha ocHoBe JIBC.

EM=E Ly, (20)

JIBC, paBHa: npuHSB JOIYIIEHUE, YTO PEKUM pabOThl TeHEpaTopa MPOXOIUT B
30H¢ MakcUMalibHOW 3G (PEKTUBHOCTH, TOrjAa DOHEpPrus, BbIpaboTaHHAS
E)IBC = Ernrmax (21)

Tae: Nrmax — MakcumaibHbil KITJI reneparopa.

JBC taxxe paboTaet B 30HE MaKCUMaJIbHON 3 (HEKTUBHOCTH, PU MUHUMAIILH
OM YZEJIBHOM Pacxoje, C YaCOBBIM PaCcX0IOM:

Gmin= gmin N, (22)
IJI€: Gmin— MUHUMAJILHBIN YAEIBHBINA pacXxo/ TOIUIUBA, I/(KB1*u).

Torna myTeBoi pacxo]1 TOIJIMBA aBTOMOOMIIS ¢ TtocienaoBaTenbHoi ['CY paBeH:

Q — GmlﬂE,![Bf ‘ 105,
3,6p:Ngmin | Sdt

(23)

rac. N min — MOIIHOCTb BC npu MuUHMMaIbHOM JCJIBHOM pacxoac€ TOIIJIMBA BrT.
g 5

Jist apromo6miis ¢ mapamiensHoit 'CY HeoOXonuMO y4uTHIBATH COBMECTHYIO
paboty /IBC 1 OM. A nMEHHO aJITOPUTM WX COBMECTHOM pabOThI, XapaKTePUCTUKU
COIIaCyIIIEro  yCTpPOWCTBA W OTHOIIEHWE  MOIIHOCTEW  JBHUTaTEIIeH.
3Has 3HAUYEHHE KPYTSIIET0O MOMEHTAa CHJIOBOM YCTAaHOBKM HEOOXOAMMOTO ISt
JNBH)KEHUS B €3J0BOM LHKJIE, MOXHO HAWUTH HENOCTAIOIIECE 3HAYEHUE MOMEHTA
JJEKTPUYECKOW  MAallWHBI B TATOBOM  HWJIA  TE€HEPATOPHOM  PEXUME.

MC = MZ{BC + M3M. (24)
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B cnydae, ecnu KpyTsIuii MOMEHT AJIEKTPUYECKONW MAaITUHBI B T€HEPATOPHOM
pPEXMME TIPEBBINIAET CBOE MAaKCUMAIBHO 3HAYCHUE, 3HAUCHUE KPYTAIIETO MOMEHTA
JIBC Bbruncnsiercs no popmyiie:

MZ[BC = Mc - M3M max . (25)

Takxe ecnu KpyTAIHUM MOMEHT CUJIOBOM YCTAHOBKM MEHBIIE MAaKCHUMaJIbHOTO
Kypsiero momenra OM:

Me < Moy max (26)
TOFIIa TPAHCIIOPTHOC CPCACTBO ITPUBOJIUTCA B ABUKCHHUC TOJIBKO OM:

MI[BC = O .
Taxke He0OX0MMO 00ECIICUHTD MOASPKAHKUE 3apsiga HAKOIUTEIISI YHESPTHH 3
a BECh €3JI0BOM ITMKJI, PacXOJ SHEPTUU HE JIOJDKEH OBITh OOJIbIlIE BHIPAOOTAHHOM

SHEPIHH.

E, < 0. (27)
Esm =f Ndt (28)

MoOIIHOCTh 3H€KTpPI‘I€CKOﬁ MAalllHBI B TATOBOM U I'CHCPATOPHOM PCIKHUMCE!:

_ My
oM Mam ] (29)
M
N, =
ram Nam (30)

Pazpaborannas MeToguKka TSATOBO-IHHAMUYECKOTo pacdera apTomoouis ¢ I'CY
npuMeHnma Jjisi oCHOBHBIX cxeM ['CY, y4uThIBa€T OCHOBHbIE KOHCTPYKTHBHBIE
ocooennoctu ['CY u mo3Bos€T ONpeNeauTh HEOOXOAUMBIE TUHAMUYECKHE
XapaKTEPUCTUKHU.

PazpaboTtanHasi MeToAMKa TOIUIMBHO-DKOHOMHUYECKOTO pacyeTa IO3BOJISET
ONpPEAEIUTh MOKAa3aTelb pacxo/a TOIUIMBA 34 €340BOM LIMKJI, MCIOJIb3YEMbIM Ha
tepputopun P®. JlanHasg meTonuka NpuMeHMMa K OCHOBHbIM cxeMam ['CVY.
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2. PACYET TATOBO-IMHAMUNYECKUX u
TOIUIMBHO PKOHOMUNUYECKUX ITOKA3ATEJIEM ABTOMOBUJIEN

[lo mnpennokeHHBIM METOAUKAM  TSATOBO-IMHAMUYECKOTO U  TOIUIMBHO-
SKOHOMUYECKOTO PACUYETOB MPEJIaraeTcsi MPOU3BECTH pPacueThl aBTOMOOWICH C
Pa3IMYHBIMHA CHJIOBBIMH YCTaHOBKaMHM, MOIIHOCTh KOTOPBIX paccuMTaHa Ha
JOCTH)KCHUE UIACHTUYHOM MakcuMaibHOU ckopoctH. ApTomoOumns c¢ JIBC,
AJIEKTPOMOOUIIS 15 RI0 |
aBromoOmtst ¢ I'CY mocnenoBarenpHOM cxeMbl, aBToMoOuisa ¢ I'CY mapamnensHO#
cxeMbl ¢ cooTHomenrneM MoiqHoctedt JIBC m OM 1 k 15, g oueHku
UCIIOJIb30BaHUSI  JJAHHOTO  COOTHOIIEHUSI  MOIIHOCTEHW, HCIOJIb3yeMOTO B
npeobnanatomiem 6omapiuHcTBe ['CY.

2.1 Onpenenenye MOJIHONW MacChl aBTOMOOUIIS
[TomHyr0 Maccy aBTOMOOUJISI PACCUUTHIBAIOT IO hopMyJie:
Mae= Mo+ ‘mq+ men, (31)
rje My — Macca CHapsHKEHHOTO aBTOMOOMIIS ¢ 3aITpaBKOM M CHapshKEHUEM, HO 0e3
rmaccaxupoB U BoguTens. /s Hamero npoekra mo = 1080 kr;
My = 70...80 Kr — Macca BOAUTEN WM NTaccakupa, My = 75 Kr; n — YUCI0 MECT

IJIA CHACHUA ITaCCaAXKUPOB, NI = 5;

M — Macca O6araxa, Mg = 10 Kr Ha OJHOr0 YeJIOBEKA B JIETKOBBIX aBTOMOOMIIAX.
Takum o6pazoM, M= 1080 + (75 + 10) * 5 = 1505 «kr.

2.2 [TogGop koJieca v MHUH

Jlyist onipeieNieHrs Harpy3Ku Ha TIEpeTHIOI0 OCh BOCIIONIB3YEeMCSl Pa3BECOBKOM aBTO-
MOOWIIS-TIPOTOTHUIIA TIPU TTOJTHON Harpys3kKe, To ecTh 59/41.

my = mq* 0,59 (32)

rJe M; — Macca, MPUXOAIascs Ha MEePEIHIOI OCh; M,y — MOJIHAs Macca
aBTOMOOWITS.

Jst pacueToB B padore my = 1530 * 0,59 = 902,7 kr.

Bb100p 1IMH OCYIIECTBISAETCS IO MAKCUMAIBLHOM CKOPOCTH M Harpy3Ke Ha KOJeco.
MakcuMarbHasi CKOpOCTh aBTOMOOWIISI paBHA 167 KM/4, TOTJ1a UHJIEKC KaTETOPUU
cko- poctu T, mHAEKC HArpy3kHu Ha MUHY — 82. JlnameTp 060/1a Koeca BbIOepeM
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KakK y npo- Totuna — 14 nroimos.

[TycTh mHa OyaeT UMeTh caeayromnui pasmep: 175/65R14 82T. rae 175 —
ITUPUHA PO WIS HUH, MM;

65 — oTHOIIEHUE BBICOTHI MPO(UIIA K IIUPUHE B MPoLeHTax; R — paananpHas
IIMHA;

14 — BHyTpeHHUI AMaAMETpP IIMHBI, COOTBETCTBYIOIIUN TUaMeTpy 000/1a KoJieca
B JIOMMax;

82 — uHJeKC Tpy30n0AbeMHOCTH; T — MHAEKC CKOPOCTH.

PaccuuteiBaem paanycC KauCHUs KOJIeca € BBI6paHHOI>’I IIMHOM:

= (0,9 ... 0,95)r, (33)

rjie Ic — CTaTUYeCKui paanyc, onpeaensieMpli mo Gopmyiie:

re=0,5d + Ay H, (34)
rIe .
d — nnameTp 060/a KoJieca, M;

Ay — K03hPUITMEHT, YUUTHIBAIONINN BEPTHKAIBHYIO 1e(OpMAaITUIO IUHBI (115
ctaH- naptHeIx muH A,,= 0,88...0,9);

H — BbICOTa IPOGWIISI IIUHEL, M.

PaccunThiBacM JaHHBIC 71 HAIIETO MTPOSKTA!

d=14%2,54 = 0,355 m;

AL =09

H=0,102m.

Torna:

r. = 0,5*0,355 + 0,9*0,102 = 0,28 m, 1 = 0,95*0,28 = 0,266 wm.
2.3 Be1O0Op MakcHManbHOW MOITHOCTH CHJIOBOM YCTaHOBKHU

MaxkcumanbHasi MOITHOCTh CHJIOBOM YCTAHOBKH OIPEIEISECTCS U3 YCIOBHUS JOCTH-
KEHUS MaKCUMAJIbHON CKOPOCTH:

12



3
wvmﬂ_fﬁu Vimax+ KFVinax

V I : )
max 1000Mmp.V i ax (35)

1€ Yvmax— KOOOPUIUEHT CONTPOTUBIIEHUS TOPOTH;

Nmp.vmax — KII] TpaHCMHCCHM TPY MAKCUMAaJIbHON CKOPOCTH.

Py =f=fo(1+ ki 0,361%ax), (36)

riae fo— K03 OUIMEHT CONPOTUBIICHUS KAUCHHUIO, OTHOCSIIIHICS K MaJbIM CKOPOCT
sm; 1uist achanbrodeTona fo = 0,012...0,015;

ki=(4..5)10°

Ga=m, = g = 1505 * 9,81 = 14749,3 H — Bec aBTOMOOUIIS,

Vimax = 47,25 m/c;

kF=0,353 H c?/m?;

Nmp.vmax = 0,9.

Toraa k03 GuMeHT CONMPOTUBICHUS JOPOTH MTPU MAKCUMAJIbLHON CKOPOCTH

Py=f=0,013 1 +4,5*107 % 1752 =0,03.

A MOIIHOCTH JABUTATENS MPU BEIOPAHHON MaKCHUMAaJIbHON CKOPOCTU PaBHAETCS:

0,3 * 14749,3 % 47,25 + 0.353 * 47,253

Nvmax = 1000 «0,9 = 65,3 kBT
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3. PACYET TATOBO-TMHAMUNYECKUX TOILUIUBHO-
HKOHOMMNUYECKUX ITOKA3ATEJIE ABTOMOBUJIEN

3.1 Bei6op JABC u noctpoeHue ero BHEIIHENH CKOPOCTHON XapaKTepUCTUKH

B cnydae pacuera aBtomobmns c¢ JABC u I'CY mnapamienpHOM CXEMBI
npou3BouTces BbIOOp JIBC u3 uriciia mpou3BOUMBIX ¢ MAKCUMaIbHON MOIIIHOCTBIO
65 kBt u 56 kBt coorBercrBeHHO. [lo aHHBIE XapakTEPUCTUKU MOAXOAST
nsuratenn BA3-21124 u BA3-2111.

JIns manmbHEHIUX pacdeToB HEOOXOIUMO MTOCTPOUTh MX BHEIIHHE CKOPOCTHBIC
XapaKTEPUCTHUKH, BOCITOJIb30BABIIIUCH AMIIMPUYECKOU 3aBUCUMOCTBIO:

o) - ()]

rae Nmax onpeaeneHo mo hopmyie;
Nm—TeKyIiee 3HauYeHne MOITHOCTH, KBT;

N = Niax [a (Bz) +

ny

I[HH ]_—[BC BA3-21124: VUmin — 800 1/C, Vmax — 5600 1/0, I[JIH I[BC BA3-2111: VUmin =
800 1/c; vmax = 5400 1/c;

3agaguM B HHTEPBAIE  OT Vmin 10 Vimax €€ DS 3HAYCHUH Vi, HaHIEM
COOTBEeTCTBYMOIIME 3HAYeHUSI Nyl MOCTpOoUM KpHuBYIO 3aBUCHMOCTH Npm= f(Vm), a
3ateM U M, = f(Vm), UMest BBHY, YTO

1000 Ny,

M, = N,

Um (3 8)

rae Nm — MoIHOCTE nBurarens, KBT;
Nm — 9UCTI0 00OPOTOB Bayia IBUTATEIISI, 00/MUH;

Pacuetsl cBeniensl B Tabumiy 1, 2 1 oToOpakeHbl B Tpadukax (PUCYHOK 2, 3).
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Tabnuna 1 — Jlanueie BHenHeH ckopocTHOM xapaktepuctuku JIBC BA3-21124

v, 1/c N, kBt M, Hm
13,33 6,14 73,34

20 10,61 84,48

26,67 15,74 93,93

33,33 21,29 101,71
40 27,09 107,79
46,67 32,89 112,19
53,33 38,50 114,91
60 43,70 115,94
66,67 48,29 115,29
73,33 52,04 112,95
80 54,75 108,93
86,67 56,21 103,23
90 56,40 95,75

Tabnuna 2 — JlanHbIe BHENTHEH ckopocTHOM XapakrepucTrku JIBC BA3-2111

v, 1/c N, kBt M, Hm
13,33 7,31 87,23

20 12,38 98,49

26,67 18,11 108,08
33,33 24,29 115,99
40 30,72 122,23
46,67 37,17 126,79
53,33 43,45 129,68
60 49,34 130,90
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66,67 54,64 130,44
73,33 59,12 128,31
80 62,58 124,51
86,67 64,81 119,02
93,33 65,60 111,87
Nz [ N M. Hu
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Pucynok 2 — Buemnss ckopocTtHas xapakrepuctuka JJBC BA3-21124
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Pucynok 3 — BaemHss ckopocTHas xapakrepuctuka J[BC BA3-2111
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3.2 Bei6op OM u noCTpOEHHE €ro CKOPOCTHOM XapaKTepUCTUKU

OM nns snekrpomobuis (nocnenoBatenbHoi ['CY) onpenensercs us ycioBus
J0- CTHXKEHUS MaKCUMallbHOM MOIIHOCTH. A B ciydyae I'CY napannenbHOW CXeMBbl
U3 Bbl- OpaHHOro cooTHomenus Momuocte J[BC u O9M. OM momHocThi0 65 1 9
kBT COOTBETCTBEHHO.
BremHsAs cKOpoCcTHas XapaKTEpUCTUKA OIMCHIBACTCA CUCTEMON YPaBHEHUM:

Mip = Mimaxtiput 0 < v < v « (39)

M  Mpmax? max

xp = - npung < v

V max>» (40)

r71€ Mmax — MakcuMaIbHbIA Kpy Tl MoMmeHT DM, Hwm;
V max — MaKCHMaJIbHAs 4aCTOTa BpaleHus Bayia OM, 1/c;
X— OTHOILLIEHUE MaKCHMaJbHOU YaCTOTBI BpalLlCHUs K
HOMUWHAJIBHOM, XapakTepusyrouiee Tuin OM.

3HauCHUE X3aBUCHUT OT TUIIA JICKTPHUSCKOW MAIIIMHBI, JUIT JAHHOH 3JICKTPUYEC
KOUW MaIlluHbI X = 3.

3.3 TonmMBHO-?KOHOMUYECKUH pacyeT

TomnuBHO-3KOHOMUYECKH  pacdyeT aBTomoOunss ¢ ['CY cBomurcs K
ONPEAEICHUIO PACXO TOIIMBA, PAcXo[ TOIJIMBAa B MaruCTpaibHOM U TOPOACKOM
ke NEDC (New European Driving Cycle).

W3 ypaBHEHUs JIBW)KCHHS aBTOMOOWIIS HAaXOAWM CHIIYy Ha BEIYIIMX KoJjecax
aBTOMOOMJIA

Pu:PK_PIl_PB’ (41)
riae Py — cuia Ha Konece;

P, — cuma comporuBnenus noporu, H; Py — cuna conporuBnenus Bo3ayxy, H;
Py — npuBeeHHas cuia MHEPITUU aBTOMOOKIIS.

Mir, Ny
R{ — fkﬂ :

P,=W%mg (43)

P, = kFV? (44)
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P.= mba (45)

jWi'rp Np

=Ymg + kFV? + mba
rk (46)

rae M — kpyTAIui MOMEHT CUJIOBOW YCTaHOBKH, Hw;

lp — TIEpEIaTOYHOE OTHOLICHUE TpaHcMmuccuu, st JIBC Ha kaxaoii nepeaaye

Imp1 = 13,34; 1pp2= 8,7; lp3 = 6; Iypa = 4,57; Ipps = 3,07, g DM i,,=  2,57.
Nop = 0,9 — KIIJ tpancmuccun; = 0,266 —  paguyc  koieca,  M;
m = 1000 — macca aBTOMOOMJIS, KT

kF= 0,45 — paxrop obTekaemoctu, H*c?/m?;

6 = 1,29 — xoapuireHT yuera BpaIaronmuxcs Mace;

Takum 00pa3oM, 3Hasi IepeIaTOUHbIE YHCIIa TPAHCMUCCUU, KPYTAIIUNA MOMEHT
CHJIOBOM YCTaHOBKH B 000it MOMEHT BPEMEHH:

(¥mg+ kFV2+ méa)r,

M (t) = - . .

|  Vig
v(t) = 6.287,

(48)

N(t) = 6.28 Mv. (49)

B cnyuae ¢ tpaguiimonasiMu apToMoomiisimu ¢ JIBC 3To 1O3BOJINIIO OTIPEICIIUTh
pexum pabotsl JIBC B kaxap1ii MOMEHT BpeMeHH. M 10 TOTUIMBHO-9KOHOMUYECKOU
XapaKTEePUCTUKE PACCUUTaTh MTHOBEHHBIM pPAacXoJl TOIJIMBA B KaXKJIbIH MOMEHT
BpEMEHHU €310BOro mnukiaa. I[IpuHSAB gomyiieHue, YTO NOpPU  OTPULIATEIbHBIX
3HAYCHUSAX KPYTAIIETO MOMEHTA M BKJIIOUSHHOU My Te CIIEIINICHUS PacX0]l TOTUIMBA
PaBHSIETCS HYIIO, TaK KaK JIBUTATEIh pab0TaeT B TOPMO3HOM PEIKHME.

CrnenoBaTenbHO, YaCOBOM PAcXo/1 TOIUTMBA B KAXKBIM MPOMEKYTOK BPEMEHU
G = geN, (50)
r7i€ Je — YACIBHBIN PACXO/ TOIUTMBA ABUTATENA, T/KBTU.
U myTeBoii pacxos ToruirBa 3a Uk B uTpax Ha 1000 km:

fGat 5

Q= 3,6 pr [ Sdv ’ (51)
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rae pr = 730 — IIOTHOCTH TOMIUBA, KI/M>. S — ITyTh, IPONIEHHBIH 32 UKL, KM. Q =
9,69 1/100xkM

s aBToMoOuis ¢ mocnenopateapbHor I'CY anamornyno aBromoouito ¢ JIBC,
pacyeT TOIJIMBHO-3KOHOMUYECKUX NTOKA3aTeIe 3a €310BOM LIUKJII OIPEIENSAETCS 110
pexuMamM paboThl TATOBOM DM B KaXKJbIli MOMEHT BpeMeHH. U mo xapakrepuctuke
s pexktruBHOCTH DM paccuuTaTh MOIIHOCTh MOTPEOIAEMYIO AJIEKTPOABUTATEIIEM.

Pacxon sHepruu 3a BeCh €340BOU IIUKII:
Eou =] Vet (52)
E-sm — 0,135 kBru.

Takoe e KOJIWYECTBO JEpruu JOJDKHA BBIpaOTaTh IeHEpaTOpHas yCTaHOBKA Ha
OCHOBE JBC:

Etom = Erom (53)

[IpunaB  gomyiieHWe, dYTO PEXUM  pabOThl TEeHeparopa MPOXOIUT B
30HE MakCUMalbHON 3(hPEeKTUBHOCTH, TOTJa SHEpTHsl, BeipaboTtanHas JIBC, paBHa:

BC = Eifr max (54)
rae Nrmax = 0,9 Mmakcumaneubiii KIT renepatopa.

E s = 0,15 xkBTu.

JIBC pabGortaer Takkxe B 30HE MaKCUMaIbHON 3(()EKTUBHOCTH, IPH MUHUMAJILHOM
yIIETLHOM PacX0Ji€ C YaCOBBIM PACXOJIOM:

Gmin= gminN, (55)
r71€ gmin = 250 — MUHUMAaNBHBIN YACTBHIA pacXoj] TOIIMBa, I/KBTY.

Gmin = 7,5 KF/LI

Torma myTteBo#i pacxoja ToranBa aBToMoOuIis ¢ nmocienoBarensHoit 'CY paBeH:

Q — GmiTlE,?IBC - 105
3,6 prNgmin [ Sdv

 (56)

rae Ngmin= 30 Hr — Mommuocts [IBC npu MUHHMaIbHOM YAEIBHOM paCXO0]e
toruBa. Q = 5,0651/100kMm.
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s aBromobuiist ¢ napamienbHor ['CY HeoOX0auMO yUHUTHIBATH COBMECTHYIO
paboty JIBC u OM. A UMEHHO aJTrOpPUTM UX COBMECTHOM pabOThI, XapaKTePUCTUKU
COIIAaCyIOUIEro  yCTpOWCTBA Y OTHOIIEHME  MOIIHOCTEW  JBUraTElIeH.

OcHoBormonararonuM  (GpakTopoMm JUisi OOJNBIIMHCTBA alIropuTMoB padotel ['C
spisiercs pabora /IBC mo xapakTepucTHKE MHUHUMAIBHBIX YIACITBHBIX PAcXOOB

M= f(n, g). (57)

3Has 3HA4YCHHUEC KpyTAamero MOMCHTA CUJIOBOH YCTaHOBKH, H606XOI[I/IMOI‘O JJIs
JABHKCHHA B €3J0BOM HNHMKIIC, MOXHO HAWTHU HCOO0CTArOMCC 3HAYCHUEC MOMCHTA
BHeKTpI/I‘ICCKOﬁ MalIrHBbI B TATOBOM 501041 T'CHCPATOPHOM PEKUMC!

Mc = M}Z[BC + M3M (58)

B cnydae ecim KpyTSImuid MOMEHT 3JICKTPHYECKOW MAIIMHBI B TEHEPATOPHOM
PEXKHMME MPEBHIIIACT CBOC MAKCUMAIBHOE 3HAUCHUE, 3HAYCHHUE KPYTSIIET0 MOMEHTA
JIBC Bbrumcisiercs mo popmyiie:

MI[BC = Mc - MaMmax (59)

Taxk e ecu KpyTAUIMA MOMEHT CUJIOBOM YCTAHOBKH MEHBIIIE MAaKCUMAJIBLHOTO KpPY-
TAIIEr0 MOMEHTa DM:
MC S MaMmax

Torga TpaHCIIOPTHOE CPEACTBO MPUBOAMTCS B IBMIKEHHE TOJIBKO DM B My = 0.
Taxke HE0OX0AMMO 00ECIIEUNTh MOAAEPKAHUE 3apsa HAKOIMTEIIS SHEPTUn
3a BeCh €3J0BOM IHKJ, pacxXxoj »JHEPrUM HE JOKEH OBITh OOJIbIIe

BbIpaOOTaHHOMU SHEPTHH:

Eom = [ Ndt .(60)

BriBoabI

PaccunteiBaemble aBTOMOOMIN ¢ cHiIOBBIMH yeraHoBKkaMu ¢ JIBC, I'CY u DM
OJIHOW MAaKCUMAaJIbHOW MOITHOCTH UMEIOT CXOKHUE JTUHAMUYECKUE XapaKTEPUCTUKH,
BpeMsi M MOyTh pa3roHa. Ho HMX TOIUIMBHO-’KOHOMHYECKHE XapaKTEPUCTUKU B
FOPOACKOM IMKJIE KapJIWHAIBHO OTJIIMYAIOTCA JPYyr OT Jpyra, 4TO MO3BOJISIET
caenath BBIBOJ 00 3(P(GEKTHBHOCTH WCIOIB30BAHMS TOW WIIA WHOW CHJIOBOM
YCTaHOBKH.
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3AKJIIOYEHUE

MeTtonuka TATOBO-AWHAMHUYECKOTO pacdeTa aBTomoomis ¢ I'CY mpumeHuma
7u1s1 ocHOBHBIX cxeM ['CY, yunThiBaeT 0COOEHHOCTH HUCTIOJIB3YEMBIX JIEKTPOMAITUH
U COTJIacyIoIUX yCTpoucTB. [1o3BomsieT onpeaennTh He0OX0AUMbIE TUHAMUYECKUE
CBOMCTBA.

MeTonuka TOIUIMBHO-3KOHOMHUYECKOTO pacyeTa IMO3BOJISIET ONPEAECIUTD
MoKa3aTesb pacxoja TOIUIMBa 3a e310Boi Uk ycraHoBieHHbd ['OCT 2030690,
WCMOJIB3YEMBIM TAKK€ U JJIs1 SKCIEPUMEHTAJIbHBIX UCCIEIOBAHUM, MPUMEHUMA K
ocHOBHbIM cxemam ['CY.

PacueroMm ycTaHOBI€HO, YTO aBTOMOOMIIU C CHIJIOBBIMU ycTaHOBKamu ¢ [IBC, mo
cinenoBarenbHoM I'CY u mapamiensHoit I'CY paBHOI MakCHMalbHONW MOIIHOCTH 65
KBT UMEIOT OTINYMs AMHAMUYECKUX XAPAKTEPUCTUKAX, BPEMEHHU U MYTH pa3roHa
He npeBbimaromue 5%.

Ho ux TOnnMBHO-?KOHOMUYECKUE XapaKTEPUCTUKU B TOPOJICKOM LUKJIE
KapJIMHAJIBLHO OTJWYAIOTCA JAPYr OT apyra. Pacxon TomjivBa B €310BOM IIHUKJIE
asromoomst ¢ JIBC, nocnenoatensHoit I'CY u nmapamnensuoit 'CY cocrasui 9,6,
5,1 u 4,6 mutpa Ha 100 KM COOTBETCTBEHHO, YTO IIO3BOJISET CHENaTh BBIBOJA 00
s dexTuBHOCTH Hcnioab3oBanus ['CY.
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HNPWJIIOXKEHHUE A
[MPUMEP O®OPMIJIEHUA TUTYJIbBHOI'O JIMCTA KYPCOBOU PABOTEI

MHMHHUCTEPCTBO CEJBbCKOI'O X031 CTBA
POCCHUMCKOM ®EJEPAIINA
denepajibHOE TOCYyJapCTBEHHOE 0I01KeTHOE 00pa3oBaTebHOe
yupe:KIAeHHe BbICIIero o0pa3oBaHus

«CTABPOIIOJIbCKUHN IT'OCYJAPCTBEHHBIN
ATPAPHBINI YHUBEPCHUTET»

NHCTUTYT MEXaHMKHU U JHEPreTUKHU

Bba3zoBas kadenpa mamun u TexHosoruii AIIK

KypcoBasi pabora

no qucuuminie «CoBpeMeHHAasi KOHIENIMS CO3aHNs M UCTIHITAHUSA
CHJIOBBIX arperaTtoB TPAHCIMOPTHBIX U TPAHCIIOPTHO-
TeXHOJOTHYCCKUN MAIITHH»

Tema: Pacuyer aBTOMOOWISA ¢ THOPUAHOI CHIOBOI YCTAHOBKOM.

Beimosann:

CTyneHT__ Kypca __ rpynIibl
HNBanoB Ban BaHoBuY
HanpaBneHnue noaroToBKuU:
23.04.03-DOkcruryaTanus

TTMuK
dopma oOydeHUs: OUHAS
[Tposepu:
K.T.H., JIOIICHT
3apeructpupoBaHa
« » 20 r.
Kpurepuii MakcumasbHoe Ha0Opannbix
3HaYeHue B 0ajiax 0aJ10B
Odopmiterne KypcoBoii paboThI 10
Conepxxanue KypcoBOi pabOThI 60
3amuTa KypcoBoi paboThI 30
UTOTO 100
OneHka « » Jlata ITonmce

Crapormons, 20
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