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YK 621.43:628.892.2

H. A. ®EJINH, C. C. PAbOB

AHAJIN3 MATEMATHYECKOM MOJIEJIA ITPOIIECCA HAKOILJIEHUA
HPOAYKTOB U3HOCA B MOTOPHOM MACJIE U OBOCHOBAHHE
HOMEHKJIATYPbI OCHOBHBIX CONPSIKEHUM JIBUTATEJIS,
JUATHOCTUPYEMBIX METOAOM CIIEKTPAJIBHOI'O AHAJIU3A MACJIA

B cmamve paccmompenvr cocmasnaiowue ypasHeHus npoyecc HaKonaenus npooykmos 8 Mo-
MOPHOM Maciie 08ueamesis 6HympeHHe20 C20panus, Gakmopel eusiowue Ha HaKoNIAeHus nPOOyKmos
usHoca, pacuemusie 3agucumocmu. OOOCHOBAHBI OCHOBHbIE OEMANU CONPANCEHUU, OUACHOCHIUPYEMBIX
MEMOOOM CREKIMPATIbHO20 AHANIU3A MACTA.

Kniouegvie cnosa: ogucamens, 06Kkamka, npoOyKmul UsHOCA, MOMOPHOE MACIO0, pecypc, aHa-
U3 macaa.

OcHoBHas Macca MPOAYKTOB M3HOCA HAKAIUIMBACTCS B KapTEPHOM Macie, PUIbTpax W yaams-
€TCsl C M3PacXOJ0BaHHBIM MacioM. [Iporiecc HaKOMIEHUS MPOIYKTOB M3HOCA B MOTOPHOM Maclie
JIOCTaTOYHO TOYHO OMHUCHhIBaeTcs cucremoir ypaBHeHuit (1), (2), (3), (4), KoTOpble MO CYIIECTBY
MPEJICTABIISIOT CO00M MaTEMaTHYECKYI0 MOJIETh 3TOTO MpoIiecca.

A=[do-Ar (1- )] (1+KE:P)), 1)

B+[Bo— Bi(1 - €)1 + K¥:p,), )

riae Ao — HadanbHasi CKOPOCTh MOCTYIUICHUS MTPOYKTOB U3HOCA B MAcCIIO, KI/4;

A; — BeTMYMHA U3MEHEHHS CKOPOCTH TOCTYIICHUS MPOyKTOB M3HOCA B MACJIO B TICPHUOJ TIPH-
paboTku, Kr/d;

¢ — OCHOBaHHUE HATYPaJILHOTO JIoTapudMa;

¢1, C2— K03 DUITHEHTBI, XapaKTePH3yIOIIHe HHTEHCHBHOCTD MPOIIECCA PHPAOOTKH, U

K1, K2 — ko3 puImeHTsI, XapakTepu3yronme n3MeHEHNE KOHIIEHTpAIlMK IPOIyKTOB U3HOCA B

MacJje B 3aBUCUMOCTH OT cpeaHero 3¢ dekTuBHOrO napieHus, Mlla Paz) ;
B1, P2 — moKka3aTeny CTENeHu;
P, — cpennee s dextuBHOE naBnenue, Mlla;
By — HavanbHBIN pacxon Macia, Kr/d;
B; — BenmmurHa u3MEHEHUs pacxo/ia Maclia B IEpUO MPUPAOOTKH, KI/4.

0,01Vy = 0,0lyo+ [ Adt—0,01J (Qe + B)ydt. (3)
yt=1f(t) + Af; K (Dy(t)dt, 4)

[Ipoananuzupyem cocrapisonire ypasuenuit (1), (2), (3), (4) ¢ uenbo yCTaHOBUTH BEJIMYUHBI,
HauboJiee CyleCTBEHHO 3aBUCAIINE OT KaUeCTBa PEMOHTA.

a) HauanbHasi MHTEHCHUBHOCTh OYMCTKH Maciia MOJHOMOTOYHOM neHTprdyroii (Qpo)

Mertoap! ornpeaesieHus] KauecTBa OYUCTKU Maciia HeHTPpU(yYroil TOBOIBHO CIOXKHBI, TPYI0EM-
KM, HEe Bcerja o0ecneurnBaloT HEOOXOJUMYI0 TOYHOCTh pe3ysbTaToB. MOXXHO HaXOAUTh SKCIIEPH-
MEHTAJIBHBIM IIyTEM 3aBUCHMOCTbh KOHIEHTPAallMM MEXaHUYECKHX NPUMECEW B Macje OT BPEMEHHU
paboThl aBUTATENS, KOTOpasl 3aTEM COIMOCTABISETCS C aHAJIOTUYHBIMU TEOPETUUYECKHUMH KPHUBBIMH,

CYIAPCTBEHHA
WMBEPCHTET 3
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HOCTpOGHHBIMI/I JJI paBHI/I‘-IHBIX 3Ha‘{eHHI>'I HMHTCHCHUBHOCTU OYHNCTKMH. OI[HaKO METOAOM MOXKHO
MOJTH30BaThCS JIMIIH B TOM Cydae, €ClId M3BECTHBI CKOPOCTh MOCTYIUICHUS MPOJYKTOB M3HOCA B
MacJio, pacxoJ Macia U Ips3eeMKOCTh poTopa HeHTpudyru. [TocKonbKy 3HAYCHHS] ITHX BEITUYHH
O0OBIYHO HEM3BECTHBI, MPETaraéMblii METO] HEJIb3sl CYUTATh MPUTOIHBIM ISl SKCTIEPUMEHTATBHBIX
I/ICCJIG,Z[OBaHI/Iﬁ B HpOI/ISBOI[CTBeHHBIX YCJIOBI/I}IX.

OrnpezerieHe MHTEHCUBHOCTH OYHMCTKH B JIAOOPATOPHBIX YCIOBHSAX Ha OE3MOTOPHBIX yCTa-
HOBKAax C BBCACHHECM I/ICKYCCTBGHHOI‘O 3an513HI/ITeJI5I B MaAcCJIC TAKXEC HpI/IBOI[I/IT K 3HAYHUTCIIbHBIM
ommuoOkam (B 3—4 paza), 00yCIOBICHHBIM B OCHOBHOM pa3jinvreM (PaKIMOHHOTO COCTaBa M MPHUPO-
bl 4aCTHUIL 3an513H€HHI>'I B I/ICKYCCTBGHHO HpI/II‘OTOBJIeHHOM U €CTCCTBCHHO pa60TaBmeM Maclie.
Hawnbonee onepaTuBHBIN U TOCTOBEPHBIA METOJ OTPE/ICICHUS HaYaTbHOW MHTEHCUBHOCTH OYHCTKH
Macliia HGHOCpGI[CTBeHHO Ha ABUTATCIIAX, pa60Ta101uHx B €CTCCTBCHHLBIX yCJ'IOBI/ISIX, OIIUCBHIBACTCA C
TTOMOIIIbIO JAHHOTO BBIPAKEHUS:

_ 200 _ 200pg= 200 o=
Qpo = (yp+wlt  (vptwelt - ye o ©)
rae QOsy—  Macca BIOKHBIX OTJIOXCHHUH B IIEHTpHUdYyTe, KT}
g, KOX((UIIMEHT, YIUTHIBAIONIUH T0JII0 MEXaHMYECKHUX IIPUMEcei B 0CaKe POTO-
€= g_ pa ueHTpudyru.
BII

NHTEHCUBHOCTh OYHMCTKH MOTOPHOTO Macja TIOJTHOMOTOYHOW IeHTpudyroii mpu oOKaTke
MOKHO MPHHATH TocTossHHOM (Q@ = Q@ = const), Tak Kak paccMaTpUBaeTCs HEOOJBIION MEPHO.
paboTel. UHTEHCUBHOCTDh OYMCTKH Maciia 3aBUCHUT OT 3((EKTUBHOCTH CPEJCTB OUYMCTKU, BIUSHUE
KOTOPBIX MOKHO MIPOCIEANTH, UCTIOJb3Ys ypaBHEHUE (6):

_ _2e+E, 1004 _Qo+B,
Y= e 7 +Q¢.~+E(1_e v ) (6)
[Tpunss yo=0:

- Qup+EB(t)
_ tooa() (, -0

Y= Gets® (1 ¢ 7 ) 0

rae pyuaknuu A(t) u B(t) onucansr ypaBaenusmu (1) u (2). Db dekTHBHOCT, OYUCTKH Maciia ya00HO

yiE)

OIICHUBATh IIapaME€TpOM » TIE S — oTHOIIEHHE KOJUYECTBa IMPOAYKTOB U3HOCA, IMTOCTYIIMBIIUX B

s
CHCTEMY CMa3KH 3a BpeMsi t, K collepiKalieMycsi B Hei B 9TOT MOMEHT KOJIMYECTBY Maciia.
[Tpu pabore Ge3 gonuBa mMacna

— At
5 - li"rn’ (8)
I[Ipu paboTe ¢ HEMPEPHIBHBIM JOJIMBOM Macja
A
5= v, + Bt' 9)

rae Vo — HadaJbHBIA 00bEM Maciia;
B — xomn4ecTBO AOIMBAEMOTO Macia.

¥YcranosneHo, uto ocHoBHast Macca (80-90 %) xene3a, CHATOrO C JeTallel ABUraTeNs MpH ux
W3HAIIMBAHUY, 33]IePKUBACTCS B (PUIbTPE TOHKON OYMCTKH M TOJIHKO HE3HAYUTEIbHAS YacTh MOTa-
naeT B KapTepHoe Macio. Hampumep, B macie mpurareneir AM3-238HbB 3a 240 moto-u paboTh
Hakaruaetcs ot 10,8 1o 30,1 % sxenesa, B punpTpax — ot 39,8 mo 69,2 %, ynansercs ¢ MacioMm
ot 11,1 no 45,7 % »xene3a oT 0OIIETO MOCTYIIJICHUS.

Bcé sTo moarBepxkmaeT BIMSHUE MHTEHCUBHOCTH OYHMCTKH Macja MAaclIOOYHCTUTEISIMH Ha
MPOLIECC HAKOIUIEHUsI MPOAYKTOB M3HOCA B MOTOPHOM Macie. PaccMaTpuBasi KOHIIEHTpAIUIO TIPO-
JIYKTOB M3HOCA B MOTOPHOM Maclie KakK IMOKa3aTelb KayecTBa PEMOHTA MPH MEPUOTUISCKUX KpaT-
KOBPEMEHHBIX HCIBITAHUAX, CIEIyeT OTMETHTb, YTO WHTEHCHUBHOCTb OYMCTKH 32 3TOT NEpPUOJ]
MPAKTUYECKH HE MEHSETCS MPU CTCHIOBOW OOKaTKe.

0) HauanbHast KOHIIEHTpAIHS MPOIYKTOB M3HOCA B Maciie ( Yo )

[Ipu cobmroaeHNy MPaBIII XPAaHSHHSI U TIEPEBO3KM Macja 3HAYCHUS Yy MAJIO U3MEHSIOTCS U HE
MOTYT 3aMETHO MOBJIHUATH Ha MPOIECC HAKOIIEHUS MPOAYKTOB U3HOCA B Macje U OUUCTUTENAX. Be-
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JUYUHY Yo COCTABJISIIOT B OCHOBHOM MPOJYKThI M3HOCA, KOTOPBIE OCTAIOTCS IMOCJIE TEXHOJIOTHYe-
CKOI1 0OKaTKH.

B) KosnruectBo Macia, 3anutoro B cuctemy cMasku (Vo)

KonnuecTBo Macia B cucteMe CMa3KH MOIYYHUM IO BBIPAXKEHUIO

Vp =V, — J; Bdt + X, AV, (10)

rae AV — KoJIM4ecTBO NEPUOANUECKH JOJIMBAEMOr0 Macya, Kr.

[Ipu BBIBOZE ypaBHEHHS (6) Mpoliecca HAKOIICHUS MPOJYKTOB U3HOCA B Macje MPUHUMAIIOCh,
4TO B Ipoliecce paboThl ABUraTessl KOJIMYECTBO Macyla B CUCTEME CMa3Ku He u3MeHsercs. M3pacxo-
JIOBaHHAs 4acThb Macjia KOMIIEHCHpPOBAJIACh HENPEPHIBHBIM JIOJIMBOM M Ha IPOLIECC HAKOIUICHMS
IIPOAYKTOB M3HOCA BIMSJIO HE3HAYUTEIBHO.

Pemenue ykazanHoi 3amaun npu V,#CONSt (0e3 JomuBa CBEXKETO Maclia) UMEET CMBICI JUIIIb
70 TeX IOp, MOKa €ro KOJIWYECTBO B CHUCTEME CMa3KH OOJIbIIEe WIM PaBHO MUHMMAJIbHOMY 3Haye-
HUI0, 00€CIIeUnBaIOLIeMy HAJISKHYIO CMA3Ky JIETaJICH U y3JI0B IBUTATEIs.

BnusHue xonMuecTBa Macia B CUCTEME Ha IPOLIECC HAKOIUICHUS] B HEM MEXaHWYECKHUX MpUMecei
uccienosaiock Hukudopossiv O.A., HemoroabeBsiM A.B. u apyrumu uccienoBaTensiMi. Y CTaHOB-
JIEHO, YTO C U3MEHEHUEM 00beMa Macila B CHCTEME MEHSETCS KaK CKOPOCTb MOCTYIUICHHS 3arpsis-
HEHM, Tak U 3(deKkTuBHOCT, OunCTKH Macna. [lepBoe 0OBsACHSAETCA TeM, YTO MPU HEM3MEHHOU
IIPOU3BOIUTENIBHOCTH MACISHOIO Hacoca MEHSETCsl 4acTOoTa MOCTYIUIEHUS Macja B TOps4YHe 30HBI
JBUTaTelNsi, BTOPOEC — M3MEHEHNEM WHTEHCHBHOCTH LIMPKYJISIMU Macia yepe3 GpuiabTpel. B pe3yib-
TaTe XapakTep HapacTaHUs KOHLEHTpAaLMU MpUMeECcEH, ¢ U3MEHEHHEM 00beMa 3aJIMTOr0 B CUCTEMY
Macia OyZeT 3aBHCETh OT M3MEHHUBLIETOCS IMPH 3TOM COOTHOILICHHS CKOPOCTEH IMOCTYIUICHHS W
ynayenus 3arpssaeHuid. [Ipu manosdhpexkTHBHBIX CpecTBax OYMCTKH 00BEM Maciia B CHCTEME pe-
KOMEHYETCSl yBEJIMUMBATh, IOCKOJIBKY KOHIIEHTPALUs IPUMECEN B 3TOM CIIy4ae YMEHbBIIAETCS.

r) Pacxon macna (B) B OCHOBHOM OIpenensieTcs TEXHUYECKUM COCTOSIHUEM ITHJIHHAPOTIOPIII-
HEBOH TpyIIbl, KOHCTPYKLIMEN ABUTaTeNs U BSA3KOCThIO Macia. Kpome Toro, pacxoz macia UMeEET
cllyyailHble OTKJIOHEHUS, O0YCJIOBJIECHHbIE TEXHOIOTHENH M3TOTOBJICHUS WJIN PEMOHTA JIBUraTEleH.
ITocKOMBKY 3TH OTKJIIOHEHMS CIIy4ailHbIE, TO pacxoj Macijia JOJDKEH pPaccMaTpUBaThbCs Kak Clly-
qaiiHas BEJIMYMHA, U3MEHSIOLIascad BO BpeMeHU. B nepuoa mpupaboTKu pacxo]] Macia 3aBUCUT OT
BHEIIIHUX BO3/JICHCTBUH, peskuMa paboThl U CKOPOCTH U3HAILIMBAHUS JETaeH JBUTaTeNs.

UccnenoBanus yuensix, nposenennsie B OCHUTH, teopetrnueckn 000CHOBAIN U SKCIEPH-
MEHTQJIBHO IMOATBEPAWIN BO3MOXHOCTH HCIIOJIB30BaHUS KBa3HMJIETEPMUHHUPOBAHHON MOJAEIH IS
OINMCaHMsI U3MEHEHUs pacxoja Macia B IepHoj NpupaboTKU TPAKTOPHOIO JBUraTels (Ha mpuMepe
J1-50). bb110 BBISBIEHO, YTO pacxo]l Macja B EPUOI TPUPAOOTKH U3MEHSETCS IO HKCIIOHEHTE:

B=B,— By(1-e%), (11)

rae msg J1-50 C, = 0,071-0,092.

[To mMepe npupaboOTKH JeTanel ABUTaTess pacXxoj Macia CTa0MIN3HPYeTCsl Ha ONpeaeIeHHOM
ypoBHE. J{OMOTHUTENbHO HEOOXOAMMO YYUTHIBATH U HArPy30YHBIE PEKUMBI, C YUETOM KOTOPBIX
4acoOBOM pacxoj Maclia B IepHoJ] MPUPAOOTKH MOXKET ObITh YCTAaHOBJICH MO YPaBHEHHIO (2).

1) CKOpOCTh MOCTYIUICHUS MPOIYKTOB M3HOCA B Macio (4) B mepuo MpUpaOOTKH 3aBUCHUT OT
MHOTHX (paKTOPOB: KaueCTBAa PEMOHTA, 3a30pOB B COINPSDKEHUSIX IMJIMHAPOIOPIIHEBOM U KPUBO-
UIUITHO-IIATYHHOU TPYIII, peKuMa paboThl IBUTATENs, (PU3UKO-XMMHUYECKUX XapaKTepUCTHUK Maca,
TEMIIepaTypPHOTO PEKUMa CUCTEMBI CMa3KH U T.JI.

HccnenoBanus MOKa3bIBalOT, YTO MEXKIY CKOPOCTBHIO MOCTYIICHUS JKeJie3a B CUCTEMY CMa3Ku
U pacxo/IoM TOILIMBA JBUTATENICH

J-50 cymecTByeT npsIMOJIMHEHAs CBSI3b:

Are= aG, + b, (12)
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rae G, — pacxo TOTUINBA;

a,b-  xo3dduueHTHI.

C yBenuYeHHEM YacTOThI BPAIlEHHs CKOPOCTh M3HAIIMBAHMS COMPSDKEHHN JIeTajlell Bo3pacTa-
€T, YTO BBI3BAHO IMOBBIIICHUEM TEMIIEPATYPhI COMPSKEHUN AeTanel MUIHHIAPO-TOPIIHEBOW TPyII-
IBI, @ TAK)KE POCTOM JTUHAMHYECKHX HArpy30K M paboToil cui TpeHus. B Hacrosiee Bpemst 3KcIie-
PHUMEHTAIBHO J0Ka3aHo, uto A(t) B meproa npupabOTKK JABHUTATEIEeH 3aBUCHT OT HAIPY30YHBIX pe-
’KHMOB. AHATH3UPYsI CKOPOCTh MOCTYILICHUS MIPOJTYKTOB H3HOCA B MACJIO B MPOIIeCCe MPUPabOTKH,
C y4eTOM BO3/IEHCTBHUS HArPY30YHBIX PEIKUMOB, OHA 00JIee TOYHO OMHCHIBACTCS 3aBUCHMOCTBIO:

AM=[4o - A(1-6)](1+K]Po). (13)

IIpu paccMoTpeHMM PACUETHBIX 3aBUCUMOCTEM IIPOLlecCa HAKOIUICHMS IPOAYKTOB M3HOCA B
MacJie BBIBICHO, YTO CKOPOCTh MX MOCTYIUIEHHS UIPAET BaXHYIO POJIb, IPH 3TOM KOHLICHTPALHSA
MOKeT u3MeHAThCs oT 60 10 160 1/T B 3aBucuMOocTH OT A(t).

Takum 00pa3zoM, paccMOTPEB COCTABIAIOLIME YPaBHEHHs HAKOIUIEHUS IPOAYKTOB HM3HOCA B
MOTOPHOM Macje B MEpHUOJ MPUPAOOTKU, MOKHO CHENIaTh BBIBOJ, YTO KOHLIEHTPAIUS MPOJYKTOB
M3HOCA B HauOOJIbIIEH CTENEHHM 3aBUCUT OT CKOPOCTH MX MOCTYIUICHHsS B MOTOPHOE Maciio M OT
pacxoza Macia Ha yrap.

B mporecce paboThl ABUraTesns MpOAyKThl H3HAIIMBAHUS JIETalel B BUJE YACTHUI[ Pa3IHUHBIX
pa3MepOB CMBIBAIOTCSI MAacJOM C MOBEPXHOCTEW TpeHU M momnajaaroT B kaprep. [Ipu ucnons3oa-
HUM CIIEKTPAILHOTO METO/a JUIsl IMarHOCTUPOBAHUS TEXHHUECKOTO COCTOSIHHS BHIOMPAIOT M3HAIIH-
BAaIOIMECS AECTAIU, OMBIBAEMBIE MACIOM U COAEP KAILUE B CBOEM MaTepuae XUMUYECCKUHN DJIEMEHT,
XapaKTepHBIN JIMIIb JJis 9THX Aetaneil. [lo Hamuumio xapaktepusix anementoB Al, Cr, Fe, Sn, P,
CU u 1p. ycTaHaBIMBAIOT HOMEHKJIATYPY M3HAIIUBAIOIINXCS AeTayed (OPILIHYU, HOPIIHEBbIE KOJb-
11a, TWJIb3bl LUJIMHPA, TOJIIMIIHUKY KOJIEHYaToro Baja U 1p.). IIockonbKy conepkaHue OTIENb-
HBIX DJIEMEHTOB B Macileé OY€Hb MaJIO, BA)KHO YYUTBIBATH YYBCTBUTEIBHOCTD alaparypsbl, IpUMe-
HSIEMOM NpHU OINpPENETIECHUH TOTO WM MHOIO AJIeMeHTa. Eciayu KOHLEHTpauus YM 3JEMEHTa B Macie
IIPU NHTEHCUBHOM M3HALIMBAHUU 32 IPOMEKYTOK BpeMEHU t; okaxkeTcs 0oJbllle HaUMEHbIIEH KOH-
LEHTPAIHHU )y, OOHAPYKUBAEMOIl TPUOOPOM, TO ITOT IEMEHT MOKHO BBIOPATh B KAYECTBE XapaK-
TEPHOTO.

Ya > Vi (14)

[Toaromy ycnoBue (14) sBiseTcs OAHUM M3 BaXKHBIX MPU OOOCHOBAaHMU HOMEHKJIATYpHI AHa-
THOCTUPYEMBIX JeTanei neuratens. M3 neranelt, Bxomaumx B coctaB asurarenss CM/I-62, Obutn
BBIJICJIEHBI T€ NMPOAYKTHI U3HAIIMBAHUS, KOTOPBIE BBIMBIBAKOTCS U3 y3JI0B TPEHUS U LUPKYIUPYIOT B
cucreMe cMa3ku. B TaGnuue | mpuBeneHbl mepeyeHb 3TUX JeTajeid U XapakTepHbIE Uil XUMHUYe-
CKOI'O COCTaBa AJIEMEHTHI.

Tabnuua 1 - XapaktepHble 31eMeHTHl aetaneit apurarenst CM/1-62

HaumenoBanue neranei XapaKTepHbIE AIEMEHTbI
Cr | Ni |Cu| Sn | P | Al | Fe
1 2 3 4 5) 6 7 8
1. ITopuran 0
2 Brynku BepxHel TOJIOBKHY IIaTyHa
0
3. Bxyapln KoJIEHYaToro Bajia + 0
4. BTyjK# 1IECTEpHU TOIJIMBHOTO HAacoca 0 +
5. [TogmmmHnk pacpeaeauTeIpHOTO Baja 0 + +
6. [Nogmumnunk TK P 0 + +
7. Brynku macioHacoca 0 + +
8. BepxHue KOMIpecCHOHHBIE KOJIbLIA 0
9. Kimamman BoyckHO# + 0
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Oxonuanue Tadaunsr 1

1 2 3 4 5 6 7 8
10. Kinanan BBITYCKHOM + + 0
11. I'mnb3bl, KONBIA, HOPIIHEBBIC MAJBIIBI, AETATN MeXa- - 0
HH3Ma ra3opacnpeiesieHust, Oopbl pacipeieaTuTeIbHOTO
Baja

0 — koHueHTpanus daemenTa cBoiire 20 %;

+ — KoHIleHTpanus nemenTa a0 20 %.

AHanu3 MOKa3bIBaeT, UTO TaKUe AJIEMEHTHI, Kak (ocdop, cepa, Mapranel, TUTaH, MarHu,
00p, BombppaM U MOTUOMCH, COAEpIKAIIMECS B CIJIaBaX B HEOONBIINX KOJIMYECTBAX B BHJE J00a-
BOK WJIM IPUMECEHN, MOKHO Cpa3y UCKIKOYUTh U3 PACCMOTPEHHUA. YTJIEPOJ TAKKE HE MOXKET CIIy-
KUTh XapaKTEPHBIM 3JIEMEHTOM, TaK KaK BXOJUT B COCTaB Macja; TO K€ U KPEMHHUU, KOTOPBIN MO-
nagaer B OOJBIIOM KOJIMYECTBE B MACJIO BMECTE C IBUIBIO U B OOJbIIEH CTENEHU XapaKTepU3yeT
COCTOSIHUE YTUIOTHEHHH U paboTy CUCTEMBI BO3yXa OYMCTKH.

TakuM 00pa3oM, B KayecTBe XapaKTEPHBIX AJIEMEHTOB MPHU JUArHOCTHUPOBAHHUH JBUTATENS
CM/I-62 MoryT OBITh MpeABapUTEIHHO BHIOpAHBI CIEAYIOIINE DJIEMEHTHI: XPOM, HHKENb, OJIOBO,
CBHHEII, aTIOMHHHMH, jxere30 (Tadi.1).

W3 tabnuuel 1 Takke BUTHO, YTO OJUH U TOT XK€ JIEMEHT XapaKTepeH OJHOBPEMEHHO IS
HECKOJIbKUX AeTajneid. [IpakTuyeckn HEeT Takoro 3JIeMEeHTa, KOTOPbIM BXOIUI OBl B COCTaB TOJBKO
onHoil neranu. [loaToMy mpu OllEHKE TEXHUYECKOTO COCTOSIHUS JleTaneld He0OXOAUMO YYUTHIBAThH
HE TOJIbKO KOHIEHTPAIUIO OJTHOTO AJIEMEHTA, HO U UX COYETaHUM, a TakKe 3HaTh, Kakas JOJis 3Jie-
MEHTA MOMaJlaeT B MAcJ0 OT Ka)KJOW M3HAIIKMBAEMOH JeTalu, AJIs Yero B MEepBYIO ouepeib He00Xo-
JTUMO OIPEICIUTh CKOPOCTH U3HAILLIMBAHUS JETaICH.

CKOpOCTh W3HAIIMBAHUS JETANEH I JAHHOTO JBUTATENSI MOKHO ONPEIEIUTh IKCIIEPUMEH-
TanbHO. OJJHAKO U3BECTHO, YTO TEKYIlasi CKOPOCTh U3HAIIMBAHMS — BEJIMUYMHA CIy4yaliHas U HE BCe-
r7la MpaBUJIbHO OTpa)kaeT JAeUCTBUTENbHYIO KapTHUHY, a POBEICHNUE dKCIIEPUMEHTA TpeOyeT 3HaAYH-
TENBHBIX CPEACTB M BpeMeHU. [103ToMy 17151 yCTAaHOBIIEHUSI CPEHUX CKOPOCTEH M3HAIIMBAHUS Jie-
Tajgel OOBIYHO HCHOJB3YIOT JIaHHBbIE [0 M3HOCY JeTalel OJHOTHIHBIX JBUTATENell, a Takke pe-
3YJNbTAThl CTATUCTUYECKON 00PaOOTKU JAHHBIX, MOJYYCHHBIX MPU IKCIUTYaTAI[MOHHBIX U KOHTPOIIb-
HBIX HUCTBITaHUAX TpakTopa Ha MUC. KoHueHTpaluio npoayKTOB H3HOCA PACCUYUTHIBAIOT 1O (op-
MyJie

E
y=—, (15)
B ey
rae §— CKOPOCTh MOCTYIUICHUS MPOJAYKTOB U3HOCA B CUCTEMY CMa3KH, KI/4;
gn - HpI/IBe,Z[GHHa}I HUHTCHCUBHOCTDH I_[I/IpKy.]IHI_[I/II/I Macjia B MaCHOO‘-II/ICTI/ITeJIe, KI‘/‘I;

Jy— HHTEHCUBHOCTh yrapa Macia, Kr/4.
[Ipu HOpMaNBHBIX YCIOBUSX PaOOTHI JBUTATENS MOKHO MPUHATH HHTEHCUBHOCTH OYHCTKHU
Macia HeHTpUu(yroi U pacxo] Maciia Ha yrap NOCTOSSHHBIMU. J{Jisl Halllero cirydasi B CpeIHEM

9n=0,1 xr/y u gy= 0,3 kr/u.
CKOpPOCTh IMOCTYILICHHSI 3JIEMEHTOB B Macj0 COCTaBHT:
9A=Xi=184 - (16)
rae
ga; =V, %5;7p,¥114; <10 [uf]' 17)
3JIECh Y, — CKOPOCTh U3HAIIMBAHMUS I~ JleTany, MKM/4;

s; —TUTOMIA (b TPYIICHCS TOBEPXHOCTH I-i JeTaNH, Mz;
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3.
P, — IVIOTHOCTh MaTepyaa AeTalu, KI/M';
I1,,— comepsanue sneMeHTa A B { — il geTanu, %0.

[Tnomans MOBEpXHOCTEH TPeHMsT ONpeersuTH M0 pa3MepaM, yKa3aHHBIM B PabOUMX yepTexax
neranei. B tabm.2 (mo manueiM uccnenoBanuii [ OCHUTH) npuBeneHsl comepikaHue XapaKTEPHBIX
JIEMEHTOB B CIUIABE JIETAJICH, AUANla30Hbl CKOPOCTEN M3HALUIMBAHWS U JUAla30Hbl CKOPOCTEMN MOCTYII-
JICHUSI SJIEMEHTOB B MAacjio MPH MX YCTAHOBUBIIMXCS 3HAYEHUSX oOKaTtaHHOro npuratens. KoH-
LEHTPAIMI0 OCHOBHOT'O 3JIEMEHTA MOACUYUTHIBAIM Kak pa3HocTh Mexay 100 % u cymmapHbIM conep-
xaHueM (B %) ocTalbHBIX KOMIIOHEHTOB.

Homenknarypy perucTpupyeMslxX 3JIEMEHTOB ONPEENsIN UcXoAsl u3 yciaoBus (14) mo Bo3-
MOKHOM B Maclie CyMMAapHOM KOHILIEHTpAllMM 3JIEMEHTa U YYyBCTBUTEIBHOCTH OIPEAETICHUS dJie-
meHTOB. [To nanaeiMm T[OCHUTH, takue snementsl, kak Si, P, Sn, Fe, Al, Cu, mage:xxno oOHapy-
YKUBAIOTCS TIPY KOHIIEHTPAIIMU UX B Maciie He MeHee 6 1/1, a Cr — 3 1/1 (mpu padote Ha poTodiek-
Tpudeckoii yctanopke M®C-3).

Ha ocHoBaHMM pacyeTHBIX JaHHBIX B KaueCTBE XapaKTEPHBIX BBHIOPAHBI CIEAYIOUIHE 3Jie-
mentsl: Al, Cr, Fe, Cu, Sn.

YuuTbiBas KOHLIEHTPALIMIO 3JIEMEHTA B Maciie, 00yCIOBIEHHYIO U3HAITMBAaHUEM HECKOJIBKHUX
JeTaneil, MO>)KHO YCTaHOBHUTbH IIEPEUYEHb JI€TaJIel, COCTOSHUE KOTOPBIX MOAJAETCSI KOHTPOJIO METO-

JIOM CTIEKTPAJIbHOTO aHAJIN3a, M SJIEMEHTHI, XapaKTePHBIC JIJIs ATUX JeTanei (Tad:a.3).

Tabmuia 2 - OnpenenaeHne CKOPOCTH MOCTYIUICHUS JIEMEHTOB B MacyIo

I Jnama3oH ckopo-
JIOTHOCTh Conep- N
Huamna3on ckopo- | Ilnomanb CTEU MOCTYIJICHUS
. Marepuaia JKaHUe
CTEH M3HAIMBAHUSA, | TIOBEPXH. 3JICMEHTOB
MKM/4 TpEeHUS, M I[eTgaHH 3 3HeMeHTa0 /B B MAacJIo,
px10° kr/m” | crnase, % gx10 Mr/a
[Topuran 0,0227-0,0887 0,022323 2,12 Al-81,3 0,11-0,44
Komnbna:
BEpXHHUE 0,03-0,1272 0,001428 5,0 Cr -100 0,02-0,09
KOMITPECCUOHHBIC 0,0057-1,1 0,003266 7,0 Fe-90,7 0,01-2,3
1 MacJOChEMHBIC
Brynka Bepxneit| 0,0033-0,0197 0,0065 8,8 Al-9.0 0,001-0,01 0,02—
TOJIOBKH IIIaTyHa Cu-88.8 0,1
Bxnageimm konen-|  0,0029-0,0292 0,009608 2,7 Al-92 0,007-0,07
4aToro Bajia; Sn -6,0 0,0005-0,005
IIaTyHHBIE Cu-7,0 0,00007-0,0007
Ni-1,0 0,00007-0,0007
KOPECHHBIE 0,0033-0,035 0,0465 2,7 Al-79,0 0,008-0,087
Sn-20,0 0,002-0,022
Cu-1,0 0,0001-0,0014
[Mogmmmank  pac- 0,002 0,009734 8,8 Cu-85.0 0,015
npen. Baja Sn-5,0 0,0009
PB-5,0 0,0009
Zn-5,0 0,0009
I'mp3a 0,00039-0,125 0,09062 7,0 Fe-92,4 0,23-7,33
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Tabmuua 3 - [lepeyens neraneii apuratens CM/[-62, mpoBepseMBbIX CIIEKTPaIbHBIM METO-
JIOM, ¥ UX XapakTepHbIe 1eMeHThl o faHHbM [T OCHUTU.

HaumenoBanue neranu DJIEMEHTHI
Al Cr Cu Sn Fe
[Topenp +
Bxnagslmy KojeH4aToro Bajia + +
Brynka BepxHeil roOJ0BKH IIaTyHA +
[Topmunuauk pacnpen.saia + +
BepxHue koMIpeccnoHHBIE KOJIbIIA +
I'mib3a, KOJEHYATBIA M PACHpENCIUTENIBHBIA Ball,
MTOPIIHEBBIE KOJIbIA, NIECTEPHU +
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N. A. FEDIN, S. S. RYABOV

THE ANALYSIS MATHEMATICAL MODEL OF THE PROCESS OF WEAR
PRODUCTS ACCUMULATION IN MOTOR OIL AND
NOMENCLATURE SUBSTATION OF BASIC ENGINE COUPLING,
BEING DIAGNOSTICATED BY SPECTRUM

ANALYSIS METHOD OF OIL

The equation constituents of the process of wear products accumulation in motor oil, of in-
ternal-combustion engine, the factors having an influence on accumulation of wear products, the
calculation dependences are considered in the article. The basic details of coupling, being diagnos-
ticated by spectrum analysis method of oil are substantiated.

Keywords: engine, breaking in, wear products, motor oil, resource, oil analysis.

BIBLIOGRAPHY

1. Grigor'ev, M. A. Kachestvo motornogo masla i nadezhnost™ dvigateley [Tekst] / M. A. Grigor'ev, B. M.
Bunakov, V. A. Doletskiy. - M.: 1zd-vo standartov, 1984. - 232 s.

2. Fedin, N. A. Kachestvo otremontirovannykh dvigateley [Tekst] / N. A. Fedin // Izvestiya vuzov. Stroi-
tel’stvo - Novosibirsk. - 2000. - Ne 1. - S. 81-84.

3. Fedin, N. A. Issledovanie rezul tatov diagnostirovaniya motornogo masla dlya otsenki kachestvo otremon-
tirovannykh dvigateley [Tekst] // Materialy 1 mezhdunarodnoy nauchno-tekhnicheskoy konferentsii . -2000. - CH2. -
Penza: PGASA. - S. 65-68.

4. Fedin, N.A. Otsenka kachestva otremontirovannykh dvigateley [Tekst]: monogr. / N. A. Fedin, T. G. Fedi-
na. - Penza: PGUAS, 2010. - 132 s.

5. Koval’, I. A. Dizel' SMD-60 i ego modifikatsii. Tekhnicheskoe opisanie i instituta po ekspluata-tsii [Tekst]
/1. A. Koval'. - Har kov: Prapor, 1980. - 176 s.

6. Kostetskiy, B. I. Trenie, smazki i iznosa v mashinakh [Tekst] / B. I. Kostetskiy. - Kiev: Tekhnika, 1970. -
396 s.

7. Artem’ev, YU. N. Kachestvo remonta i hadezhnost™ mashin v sel’skom khozyaystve [Tekst] / YU. N. Arte-
m’ev. - M.: Kolos, 1981. - 239 s.

8. Ventsel’, S. V. Primenenie smazochnykh masel v dvigatelyakh vnutrennego sgoraniya [Tekst] / S. V. Ven-
tsel’. - M.: Himiya, 1979. - 249 s.

9. Birger, I. A. Tekhnicheskaya diagnostika [Tekst] / I. A. Birger. - M.: Mashinostroenie, 1978. - 240 s.

10. Velichkin, 1. N. Uskorennaya otsenka stoykosti detaley dizeley protiv abrazivnogo iznosa [Tekst] / 1. N.
Velichkin [i dr.] // Traktory i sel'khozmashiny. - 1981. - Ne 10. - S.5-7.

11. Velichkin, 1. Otsenka tekhnicheskogo sostoyaniya tsilindro-porshnevoy gruppy bez razborki dvigatelya
[Tekst] / 1. Velichkin, N. Homenko // Tekhnika v sel’skom khozyaystve. - 1976. - Ne 7. - S.67-69.

10 Mup mpancnopma u mexHoni02uuecKux Mauiun



mailto:ngig@pguas.ru
mailto:sergryaboff@mail.ru

Mup mpancnopma u mexunonozuueckux mauwiun 2014

12. Ventsel’, S. V. Primenenie smazochnykh masel v dvigatelyakh vnutrennego sgoraniya [Tekst] / S. V. Ven-
tsel’. - M.: Himiya, 1979. - 240 s.

13.Volkov, S. I. Struktura i analiz pokazateley kachestva remonta avtotraktornykh dvigateley [Tekst] / S. 1.
Volkov. - M.: TSNIITEI, 1975. - 64 s.

14.Gmurman, V. E. Rukovodstvo k resheniyu zadach po teorii veroyatnostey i matematicheskoy statistike
[Tekst] / V. E. Gmurman. - M.: Vyssh. shk., 1975. - 333 s.

15. GOST 15467-79. Upravlenie kachestvom. Terminy i opredeleniya [Tekst]. - Vzamen GOSTov 15467-70,
16431-70, 17341-71, 17102-71; Vved. 01.07.79. - 25 s,

16. Fedin, N. A. Napolnenie produktov iznosa v motornom masle dvigateley vnutrennego sgoraniya [Tekst] /
N. A. Fedin, S. S. Ryabov // Mir transporta i tekhnologicheskikh mashin: Orel, Gosuniversitet - UNIK. - 2014. - S. 21-
25.

17. GOST 16468-79. Nadezhnost™ izdeliy mashinostroeniya. Sistema sbora i obrabotki informatsii. Osnovnye
polozheniya [Tekst]. - Vzamen GOST 16468-70; Vved. 01.01.80. -8 s

18.GOST 17510-79. Nadezhnost™ izdeliy mashinostroeniya. Sistema shora i obrabotki informatsii. Plani-
rovanie nablyudeniy [Tekst]. - Vzamen EGOST 17510-72; VVved. 01.01.80. - 19 s.

19. Grigor'ev, M. A. Iznos i dolgovechnost™ avtomobil nykh dvigateley [Tekst] / M. A. Grigor'ev, N. N.
Ponomariov. - M.: Mashinostroenie, 1976. - S. 15-17.

20. ZHdanovskiy, N. S. Diagnostika avtotraktornykh dvigateley s ispol zovaniem elektronnykh pribo-rov
[Tekst] / N. S. ZHdanovskiy, V. A. Alliluev, V. M. Mikhlin. - Leningrad-Pushkin: LSHI, 1973. - 127 s.

Fedin Nikolay Akekseevich

FGBOU VPO “Penza State University of Architecture and Construction”
Address: 440028, Russia, Penza city, Titova, 28

Candidate tech. science, assistant, professor of “Descriptive Geometry”
E-mail: ngig@pguas.ru

Ryabov Sergey Sergeevich

FGBOU VPO “Penza State University of Architecture and Construction”
Address: 440028, Russia, Penza city, Titova, 28.

Student gr. ETMK-11

E-mail: sergryaboff@mail.ru

IIpodoaxcaemces noonucka Ha H#ypHan
«Mup mpancnopma u
MexXHOA02UUECKUX MAWUH»

IToonucHotl undexc xcypHaaa:
16376 («IIpecca Poccuu»)
IToonucka uepe3 pedaxuuro:

(c nr06020 mecsiua)
Hugopmauus o noonucke Ha Hawem catime
WwWw.qu-unpk.ru
Ten. +7(4862) 43-48-90

QCYRAPCTBEHHbI 11
AnIGE
HMBEPCUTET



mailto:ngig@pguas.ru
http://www.gu-unpk.ru/

Ne 3(46)2014 (uronb-cenmaops) Ixcnayamayus, pemoHm, 60CCMAHOBICHUE

VIK 629.331

H. B. MAKAPOBA, P. I'. XABUBYJIJIMH,
JI. M. TABCAJIMXOBA, 3. 1. BEJISEB, 1. 1. BAJIUEB

AHAJIM3 TIEPCIIEKTUB U PUCKOB IITPUMEHEHUSA
AJIBTEPHATHUBHBIX BU/10OB TOIIJIUBA HA
ABTOMOBHWJIBHOM TPAHCIIOPTE

B cmamwe npusooumces 0630p 0cHoGHbIX HAnpasienull nepexood K UCNOAb308AHUIO ANlbmep-
HAMUBHLIX 6U008 MONIUBA HA ABMOMOOUTLHOM mpanchopme. [Ipedcmagnen ananus npeonocsiiok
nepexooa oouecmseHH020 MPaHCNoOpma U MpaHCnopma KOMMYHANbHbIX CIYHCO HA UCNONb308AHUe
corcamozo npupoono2o easza. Paccmompenvt npeumywecmsa ucnonv308anusi npupooHo2o 2asd, a
maxoice npusedeHvl U NPOAHAIUIUPOBAHbl cOepicugarouue akxmopuvl nepexood. Buinoanen xaue-
CMBEHHbIl AHAIU3 PUCKO8, XAPAKMEPHLIX 0I5l NPOEKMO8 NO PACULUPEHUIO CemU d8mMOMOOUTbHBIX 2d-
30HANOTHUMENbHBIX KOMAPECCOPHbIX CIAHYULL U PA3BUMUIO CEPBUCA.

KaioueBble ci1oBa: agmomoOunvbubii mpancnopm, sHepeonompebneHue, HU3K0yerepoOHbie
8UObI MONUBA, 2A30MOMOPHOE MONAUBO, AHATU3 PUCKOS.

BEJIEHUE

TpaHcnopT TpaAULIMOHHO SBJISETCA CTPATETMUYECKUM IPUOPUTETOM T'€OMOIUTHYECKOTO, CO-
[IUAJIEHOTO ¥ SKOHOMHYECKOT0 Pa3BUTHUS TOCYJIApCTB, MPEACTABIIAL cO00I BaXKHEHIIIYIO COCTAaBHYIO
4acTh MPOU3BOJICTBEHHOW W COIMAIBLHON HH(PPACTPYKTYpHI, a €ro ycroiuuBoe u 3¢h(HEKTHBHOE
(YHKIMOHMPOBAHUWE — HEOOXOAMMOE YCJOBHE YCIEIIHOTO pa3BUTHS 3KOHOMHUKH, OOECIICUCHHUS
HallMOHAJIbHON 0€30MaCHOCTH U MOBBILIEHUS YPOBHs )KU3HU HacelaeHUs. [IockonbKy TpaHCHOPT sIB-
JSieTCsl KIIIOYEBBIM CEKTOPOM B KOHTEKCTaX SHEPreTUYECKON M HKOJOTHUECKOi 0e30macHOCTH, Ha
HNPOTSHKEHUM TOCIEIHUX ACCATUIETUI BO BCEM MHUpPE HE TEPSIET CBOCH akTyaJlbHOCTH BOIPOC O IO-
MCKE alIbTepHATUBHBIX BUI0B MOTOPHOTO TOILIMBA.

Bropas He MeHee cepbe3Has npobieMa, CBsI3aHHasi C pOCTOM aBTOMOOWIIN3ALINY, - HETaTHUB-
HOE BO3/ICHCTBHE aBTOTPAHCIOPTA Ha OKPY)KAIOLIYIO CPEIy: 3arps3HEHHE BO3AyXa BBIXJIOIMHBIMH
ra3aMy ¥ Melb4allllIMMU TBEPABIMH YAaCTHIIAMU; 3arpsA3HEHUE IPYHTOBBIX BOJl TOKCUYHBIMU CTOKa-
MU C aBTOJIOPOT, aBTOMOEK U CTOSIHOK aBTOTPAHCIIOPTA; IIYMOBOE 3arpsi3HEHUE; OTeps TOPOJICKO-
ro JKU3HEHHOro npoctpaHcTBa (10 50% 1uiomaau COBPEMEHHBIX IOPOAOB OTBOJUTCSA HA JOPOTH,
MApKOBKM, TapaKl M 3allpaBOYHbIC CTAHLIMW) U Pa3pacTaHue MPHUTOPOJOB, KOTOPHIC MOTJIOLIAIOT
MecTa OOUTaHMS JUKUX KUBOTHBIX M CEIbCKOX03HCTBEHHBIC 3€MIIU. SIBJISISICH OTHUM U3 OCHOBHBIX
notpeOuTeneil SHEPrun, TPAHCIIOPTHBIA CEKTOP BHOCHUT CYIIECTBEHHBIN BKJaJ B 00bEM BHIOPOCOB
MApPHUKOBBIX TA30B B aTMOC(EPY, Hapsly ¢ IPOMBIIIUIEHHBIMU IPEANPUATHIMHU, BEIOpAChIBAaET 4€p-
HBIH JBIM M 3€JICHOBATO-XKENTHIA TUOKCHUJ, KOTOpPBIC TIOBBIIIAIOT PUCK paHHeil cmeptu [1]. [daxe
CPaBHUTEJIBHO HU3KAasl KOHIEHTPAlMs 3THX BEIIECTB B aTMOC(epe BhI3bIBAET OT 4 10 22 NPOLIEHTOB
CMEpTel 10 COpPOKa JIET, a 3arpsiI3HEHUE BO3yXa MOBBIIIACT BEPOSITHOCTh POXKACHUS IETEH C MOpO-
KaMu pa3BuTus [2].

BO3MOXKHOCTHU CHUXKXEHUSA DQHEPI'OIIOTPEBJIEHUSA B TPAHCIIOPTHOM
CEKTOPE

Ha pucynke 1 npusenens! nannsie BP Statistical Review of World Energy 2013 [3] o mupo-
BOM TOTPEOJICHUH SHEPTHH, 3HAYUTEIBHYIO JO0II0 B 00beMax KOTOPOH COCTABISIOT YIJIEBOIOPOIBL.
[Ipu coxpaneHun 00BEMOB AOOBIYM HEPTH, KOTOPAst OTHOCUTCS K HEBO30OOHOBIISIEMBIM UCTOYHHUKAM
SHEpIUH, B TAKHX XK€ MacumTadax, Kak U ceddac, B CKOpOM OyayIeM ee 3amachl OyayT MOJHOCTHIO
ucuepnanel. bonee SKOHOMUYHBIA U SKOJIOTMYECKH YUCTBIM TPAHCIOPT SBISETCS KIHOYEBBIM 3Jie-
MEHTOM KOHIICTIIIUM Tepexo/ia K HU3KOYTJIEPOIHOW SKOHOMUKE, SIBJISIOIIEHCS OJHUM M3 IMPUOPH-
TETHBIX HAINpaBJIE€HUH (OPMHUPOBAHUS YCTOMUMBOIO Pa3BUTHUS COLMAIBHO-3KOHOMHUYECKOH cHcTe-
Mbl Poccnn, criocoOCTBYIOIIMX MEPEXONy K «3€JICHOMY» POCTY, CHIDKEHHIO Harpy3Kd Ha OKpyXKa-
IOLIYIO CpeAY, MOBBILIEHHIO 3(()EKTUBHOCTH UCIIOIb30BaHUS IPUPOJHBIX PECYPCOB.
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H THAPO3JIEKTPHYECTBO

© BO30OBHOBJIAEMBIE HCTOYHHKH
TOILUIHBA

Pucynok 1 - Muposoe nompebnenue snepzuu

PacTymuii ypoBeHb aBTOMOOMJIM3ALIMN BBIHYKAAE€T MHUPOBOE COOOIIECTBO K MOMCKY pelle-
HUU 110 CHUKCHUIO HETAaTHUBHOIO BJIMSHHS aBTOTPAHCIIOPTA HA OKPYKAIOLIYIO CPEAy: YKECTOYaroT-
csi TpeOOBaHMA K SKOJIOTUYECKON 0€301macHOCTH aBTOMOOMIIEH, BBOASTCS KECTKUE CTaHAapThl EB-
po-4, Epo-5, paspabotansr EBpo-6.

PaboTel 1O CHIKEHHMIO SHEpronoTpeOseHus M, COOTBETCTBEHHO, OOBEMOB BBIOPOCOB OT
TPaHCIIOPTHOI'O CEKTOPa BENYTCS, B OCHOBHOM, B IBYyX HaIIpaBJICHUSAX:

® HOBBIE TEXHUYECKHE U TEXHOJOTUYECKUE PELICHUS, HAIPABJICHHBIC HA MTOBBILLIEHUE Kaye-
CTBa TOIUIMBA, MEPEXOJ] Ha HU3KOYIJEPOAHBIC BUABI TOIUIMBA, U3MEHEHHE CIIOCO0a MOJTyYECHHUs
SHEPruM, NPUHIUINAIBHO HOBBIE BUIbI YHEPTOCHIIOBBIX YCTAaHOBOK, a TAK)KE€ NPUMEHEHHE HOBBIX
MaTEpUaJIOB U KOHCTPYKTUBHBIX PELIEHUH JJIs1 CHUKEHUS Beca TPAHCIIOPTHOIO CPENICTBA.

® OpraHU3allOHHO-YIIPABICHUECKUE PEIICHMs], HallpaBIeHHbIE Ha MOBbIIEHUE () (HEKTUB-
HOCTH 3KCIUTyaTallUd TPAHCIIOPTHBIX CPEICTB, B TOM YHUCIIE 3a CYET OPTaHMU3ALMHU UX Ka4ECTBEHHO-
IO U CBOEBPEMEHHOI'O CEPBHCA U PEMOHTA, MPEAYNPEXKIECHUS OTKA30B, MOBBIIIECHUS KCILTyaTalu-
OHHOM Ha/IeXXHOCTH U 0€30I1aCHOCTH.

[TockonbKy B KPYIHBIX TOpPOAAaX B TOPOJICKOM IIMKIJIE IBM)KEHHUS aBTOOyca, MPHU YaCTHIX
OCTaHOBKAaX M TOPMOXKEHUSX, JABHUrareiab padOTaeT HE B ONTUMAIbHOM DPEKUME, 3HAUUTENIbHas
YacTh TOIUIMBA CKHUTAETCS BITYCTYIO, BBIOPOCH B aTMoc(epy yrapHOro rasa, JByOKHCH yIJepoja,
APYTUX BPEIHBIX BEHIECTB M TBEPJBIX YACTHUI[ MPEBBILIAIOT YKOJOTHUYECKHUE HOPMBI PAOOThI TPaHC-
MOPTHBIX CpeACTB. DPPEKTUBHBIM PEUICHUEM 10 IKOHOMHHM TOIUIMBA U CHUKEHUIO BBIOpOCa Bpe-
HBIX BEIIECTB SBIIACTCS KOMOWHWUpOBaHHas (TMOpWIHAs) dHEpPreTHYecKas CUCTEMa - THOPUIHBIN
npuBoa. Co3znanue THOpUIHBIX aBTOOYCOB SIBJISIETCS MUPOBOM TeHJICHIMEH B aBTOOycocTpoeHnu. B
ATOM HallpaBJeHUU paboTaroT MHOTHE MUpoBbie TponsBoauTenu. CIIIA u Kanana sBistoTcs kpyr-
HEHIIUMHU MOTpeOUTeNsIMU THOPUIHBIX aBTOOYCOB, B OCHOBHOM JM3€Nb-3JIEKTpUUECKuX. Bractu
Hero-Mopka mepemnn Ha 3aKynKy HOPHIHOTO TPAHCIIOPTAa, apryMEHTHPYS 3TO TEM, dTO IIpH
CXOJIHBIX JKOJIOTMYECKMX TMOKa3aTessiX IU3elb-3JeKTpUUYeckue aBTOOYChl 0ojee SKOHOMHYHBI,
UMEIOT CYILECTBEHHbIE IPEUMYIIECTBA B AKCILTyaTallul U KOM(OpPTe, HE TPEOYIOT TOMOTHUTEIBHON
UHOPACTPYKTYpHl. B psige eBponeickux CTpaH BBIPA3UIN 3aMHTEPECOBAHHOCTh BO BHEJIPEHUH T'H-
OpHUI0B B CXEMY MACCAXKUPCKUX MEPEBO3OK.

ITo cnoBam skcnepToB, B P®D skonoruuselii TpancnopT 3¢ QeKTuBeH, npexae BCero, B ro-
POICKHX YyCIOBUAX. Tak, IO MHEHHIO 3aMECTHTENs TeHAupekTopa lLleHTpanbHOro HaydHO-
HCCIIEI0BATEIBLCKOTO aBTOMOOMIIBHOTO B aBTOMOTOpHOTO MHCTHTYTa (HAMU) AHaTonus DiauHo-
Ba, "MMEHHO TaKOM TPAHCHOPT JOJKEH ObITh BHEJPEH B KPYIHBIX TOPOJAax: aBTOOYChl ¢ KOMOMHU-
POBaHHOW SHEPTOYCTAaHOBKOM, 3J1EKTpOOyCHI, Tpy30Bbie aBTOMOOWIM ¢ KDV, nerkuii kommepue-
CKHUI TPAHCIIOPT ¢ THOpUAHBIME aBuTatesMu' [4].

PaccmaTpuBasi BO3MOXHOCTU NPUMEHEHUS aJbTEPHATUBHBIX BUJOB TOIUIMBA HAa aBTOMO-
OMIIBHOM TpaAHCIOpPTE, CIeNyeT YYUTHIBAaTh MEPCHEKTUBHBIM crpoc y norpebuteneil. [lockonabky
noTpeOuTeNs HE BCErJa rOTOB OTKA3aThbCs OT NMPHUBBIYHBIX TPAHCIOPTHBIX CPENICTB, CIEAYET MpH-
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MEHSTh MEPCIICKTUBHBIC JABUTATEIM HAa T€X CETMEHTaX PhIHKA, TNle TocyaapcTBo Hambomee dddek-
THBHO MOXET c(OPMHUPOBATH CIIPOC, UCHOJB3YS Pa3IHYHble METOAbI CTUMYIUPOBAHUSA. ABTOPHI
cTathu [5] paccMaTpuBarOT B Ka4eCTBE aJbTEPHATUBHOIO TOILIMBA OMOAM3EIbHOE. ABTOPHI CUMTA-
10T, YTO CJIEyeT IPUHUMATh BO BHUMAHUE HE TOJbKO TEXHHUUYECKHUE MapaMeTphbl, HO TaKKe€ YUHUTHI-
BaTh PKOHOMHUYECKHUE, COIUANBHBIE H CTPATETUUYECKUE aCMEKThl COBPEMEHHOTro obmecTBa. Tak, mo
MHEHHIO aBTOPOB, HA MAaKPOSKOHOMHYECKOM YPOBHE, HApsAy C COKPALIEHUEM 3aBUCHMOCTH MaKpo-
SKOHOMHYECKUX TIapaMeTPOB OT BHEIIHHX (PAKTOPOB, Pa3BUTHE MPOMBIIICHHOTO MPOU3BOACTBA
Oounoau3enst 00eCeunT 3aHATOCTh HACEIECHUS, TOTIOTHUTENbHBIN MPUTOK B CEIBCKOE X03SIMCTBO (Pu-
HAHCOBBIX CPEACTB U SKOHOMHUUYECKOE PAa3BUTHUE CENBCKUX PaliOHOB.

OObeKTHBHBIE MPEINOCHUIKM POCTa B IMOCIEAHHE TOJbl MHTEpeca K razy Kak MOTOPHOMY
TOIUIUBY - 0OJiee BBHICOKHE SHEPreTUYECKHE U DKOJIOTHMUYECKHE XAPAKTEPUCTUKH IO CPABHEHUIO C
He(TAHBIMH TOIUIMBaMHU. V3 BCceX MaccoBO MCHOIB3YEMBIX MOTOPHBIX TOILJIUB M TEXHOJOTUH MpH-
ponHbIi Ta3 olecrmeunBaeT Hambosee Oe3omacHble BHIOPOCHI OTPAOOTABIIMX Ta30B, OKAa3bIBACT
MeHblIIee BO3/eiicTBIE Ha cMa3ouHble Macna (Ha 30-40%). Tak, nepeBoa aBTomMoOumIel ¢ OeH3uHa
Ha ra3 MO3BOJISET CHU3UTh B CPEAHEM B IMATH pa3 BRIOPOCHI BPEIHBIX BEIIECTB, & ITyMOBOE BO3/ICH-
cTBUE - BABoe. KpoMe TOro, ra3 He COJEPKUT OCHOBHOTO 3arpsi3HUTENE OCH3UHA - CEphl, TOITOMY
Jla’ke CaMblil OUHIIEHHBIA OCH3UH cTaHaapTa «EBpo-5» He MOKeT U OJU3KO CPABHUTHCS 110 YHCTOTE
CrOpaHHUs C Ta30BbIM TOITMBOM. HemanoBaxkubiM hakTopoM siBisieTcs Oosiee cTabuiibHas, MO CpaB-
HEHHIO ¢ He(ThIO, IIeHa Ha ra3 M 0oJjiee BBICOKAsk 5KOHOMUYHOCTB: MpH Oojee HU3KOH (B 1Ba pasza
HIDKE, YeM Y AU3eIbHOTO0 TOTUIMBA) €T0 IIEHE, SHEProoTAada mo4tu oguHakonas - 0,95:1.

[Ipupoanslii ra3, Kak MOTOPHOE TOIUIMBO, MCIIOJIb3YETCS B HECKOJIBKUX (opMax: KOMIPHU-
mupoBanHbIi nipupoanbiii ra3z (KIIT), cxmwkernsii npupoansii ra3 (CIIIY) u momyTHBIN npupo-
ueiif raz (I1I1D) [6, 7]. IIpu aTom TpancnoptHbie cpenctBa Ha KIIIT yxe HCMONb3ylOTCs M0 BCEMY
MUPY, IpUYEM pa3paboTaHbl TEXHOJIOTHUHU €ro MOJyUYeHHUs, XpaHEeHUs U UCToab30BaHus. [Ipu sTom B
MHUpE CYIIECTBYET OKOJIO YEThIPEX MIJITMOHOB TpaHCTOPTHBIX cpeacTtB Ha KIII'. Kommpumuposan-
HBIM IPUPOJIHBIN a3 B Ka4eCTBE MOTOPHOI'O TOIUIMBA IIMPOKO PACIPOCTPAHEH B CTpaHax € CcOO-
CTBEHHBIMHU 3alacaMd MPHUPOJHOTO Ta3a. Takue TPAHCIOPTHHIE CPEACTBA BBIJACISIOT TOJBKO HE-
00JIbIIME KOJIMYECTBA YIJIEKUCIIOro ra3a U UMEIOT BBICOKOE OKTAHOBOE YMCJIO, IO3TOMY OHM IOJ-
XOJIAT JUIsl UCTIONB30BaHUSI B Ka4ecTBE TOILIMBA B OOIIECTBEHHOM TpaHcmopTe [8]. B HeKoTOphIX
CTpaHax Jijisl 001ecTBeHHOro TpancmopTa ucnonb3yercs CIII. Tak corimacHo mpoBeIeHHBIM HCCIIe-
noanusim [9], B SAnonun, Utamuu u Kanage 7% aBTOOYCOB HCIONB3YIOT B Ka4eCTBE MOTOPHOTO
tormuBa CIII', a HEKOTOpbIE €BPOIEMCKHE CTpaHbI MJIAHUPYIOT UCIOIb30BaTh aurarenu Ha CIIT
JUTSL CHYDKCHUSI Harpy3KH Ha OKpYXKamIyto cpeay. Tem He MeHee, Hanboee akTyalbHBIME BOIIPO-
camy, HYXJAIOIIUMUCA B JANbHEUIINX HCCIEAOBAHUAX, SBISIOTCA OpPraHU3alMs MOJyYEHUS MpH-
ponHoro rasa [10], ero pacnpeneneHue u 6€30MaCHOCTh UCTIOIb30BAHUS.

[To mMHeHMIO 3apyOexHBIX crneruanucToB, Ha Ommxaimme roael KIIIN u CII sBusroTcs
€IMHCTBEHHOH peaJlbHOW aJbTepHATUBOM OEH3WHY M TU3EIbHOMY TOIUIMBY. BONBIIMHCTBOM WH3-
BECTHBIX 3apyOSKHBIX aBTOMPOU3BOAMUTENICH HATAKEH CEPUIHBIN BBITYCK OoJiee uem 180 moneneit
ra30MOTOPHBIX aBTOMOOMJICH, cpen KOTOphIxX 112 Moneneit erkoBbix aBToMoOmIeH, 35 rpy30Bu-
KoB, 38 aBT0OycOB. Hambosee mmpoko ra30MOTOPHBIC aBTOMOOUIIN TMPEICTABIICHBI €BPOMEHCKUMU
npousBoautensiMu (126 moneneit).

bnarogaps coeii Hu3koi croumoctu (croumocts KIII™ cocraBnsier okono 50% oT cToumo-
ctu 6en3una, CIII' - 75%), npupoaHblil ra3 BeI3bIBAET BCe OONBIINI MHTEpec MOTpeOuTeNnei, a ra-
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MecTo B mupe 1o yuciy apromobuieit Ha CIITI (1,3 mun.) u nemut 17-18 mecta ¢ CIIHA mo uucny
asromobmiierr Ha KIII™ (okoso 100 Teic.). [ToMmuMo 3TOTO, CTUMYIUPYIOMIMM (HAaKTOPOM Tepexojia
Ha ra30MOTOPHOE TOIUIMBO CIEIYyeT CUUTATh TOT (hakT, uTo B Poccuu mpeaycMOTpeHbI IPOTPaMMBI
rocy/1apCTBEHHON MOAJEPKKU MepeBojia OOIIECTBEHHOTO TpaHCIOpTa Ha ra3oBoe TomiuBo. [Ipen-
ceparens [IpaBurenscrBa PO JIMutpuit Mensenes, BeICTyIas Ha COBEILAHUM 10 PA3BUTHUIO aBTO-
MOOUJIFHOM MPOMBIIINIEHHOCTH Ha CPEHECPOUYHYIO TIEPCIIEKTUBY, O3BYUMI HCI0 TIEPEX0/ia CTPaHBbI
Ha razomMoropHoe ToruBo [11], a 13.05.2013 r. moamucan [locraHoBiIeHHE O MacCOBOM (HE MEHeEe
50%) nepeBojie Ha Ta30BOE TOILIMBO OOIIECTBEHHOTO TPAHCIIOPTA.

[Ipu ucnonp30BaHUM METaHA B KaU€CTBE MOTOPHOT'O TOIUIMBA, MPOIYKThI HEMOJIHOIO Cropa-
HUS IPAKTUYECKH HE 00pa3yloTCsl, MOCKOJIbKY BCETla eCTh U30BITOK Kuciopoaa. OKUCIbI a30Ta 00-
pa3yroTcs B MEHBIIIEM KOJIUYECTBE, TaK KaK TeMIepaTypa CropaHus OCIHBIX cMeced 3HAYMTEIbHO
Huxe. [IpucTeHOUHBIN cI0W KaMephl CropaHusi MPH UCIOIb30BaHUHN OE€THBIX I'a30-BO3AYIIHBIX CMeE-
ceil ColepKUT MEHbIIMK 00BbEeM TOIUIMBA, YeM INpH Oosiee OoraTtbix OCH3MHO-BO3MYIIHBIX. Takum
o0pa3oMm, Mpu MPaBUIBHO OTPETYIUPOBAHHOM METAaHOBOM ra30BOM JBHUTaTele, BHIOPOCHI B aTMO-
cdepy yrapHoro rasza cokpamaroTcs B 5-10 pa3 mo cpaBHEHHIO ¢ OEH3MHOBBIM, OKHCIIOB a30Ta BbI-
nensiercs B 1,5-2,0 pa3za MeHbliie, a yriieBOAOpOJ0B - B 2-3 pa3a meHble. Kpome Toro, npu UCnosib-
30BaHWM METaHA 3HAYUTEIILHO CHIIKAETCS BBIJCIICHHWE TaK HAa3bIBAEMBIX MapHUKOBBIX razoB. Co-
JiepKaHue yriepoja Mo Becy B cocTaBe MeTaHa - 75%, a B coctaBe 6eH3uHa — 85%, MO3TOMY IIpH
MIOJIHOM CTOpPaHUM MPUPOAHOTO Tasza nByokucu yriaepoaa (CO;) obpasyercs Ha 13% Mensblne, yem
MIPU CrOpaHuM OCH3WHA.

Tak, yuntsiBas, 4yTo cpenHeronoBoit nmpoder aBromoOmitst KAMA3 cocrasiser 80 000 km, a
cpeaHeronoBoil pacxon tormmsa npu pacxoae 40 1 Ha 100 kM coctapiseT 32 000 TUTpOB, MOXKHO
OILICHUTh HACKOJIBKO CHU3SATCS BBHIOPOCHI TOKCHMYHBIX BEIIECTB B aTMOc(epy B TOJ MPH IKCILTyaTa-
LIMU OJIHOTO aBTOMOOWJISI IPU MEPEBOJIE €0 Ha Ta30BOE€ TOIUIMBO. Bricokas skonornyeckas sddex-
TUBHOCTH JIaHHOTO BHUJA TOIUIMBA MOATBEPKAACTCS U TeM (PAKTOM, YTO KOJIHYECTBO TOKCUYHBIX
BBIOPOCOB, BBIJICISEMBIX Ta30BbIMH ABUTATEISIMH KAMA3, 3HaUNTEILHO MEHBIIIE, YeEM JTOTTYCKAeT-
cs HopmatuBamu EBpo- 4: NMHC (HemeTaHOBBIX YriieBOAOPOJOB) - B 1,9 paza; CH, (MeTana) - B
3,2 paza; CO (okcupaa yraeposa) - B 200 pa3; NOx (okcumoB azora) - B 1,6 pa3za. Takue aBToMOOU-
7Y, HCTIOJTh3yEeMbIE KOMMYHAIbHBIMU CTYKO0aMH, & TAK)KE B KAUECTBE Pa3BO3HBIX B TOPOJCKOM ITHK-
Jie, TI03BOJISIT CHU3HUTh BPEIHOE BO3JCHCTBIE aBTOTPAHCIIOPTA Ha OKpYXarollyto cpeny [12].

MHNOBBIHIEHUE D®®EKTUBHOCTHU INEPEBO30OYHOI'O NTPOLECCA

Jlis cHukeHus 00beMOB BBIOPOCOB B IrOpoOJiaX MPUMEHSIOT YIPaBIEHYECKUE PEIICHUs], KaK
0 PEryJIMPOBAHUIO IJIOTHOCTH TPAHCIOPTHBIX TTOTOKOB, TAK M TI0 ONTUMH3AIUHU TTapKa TPAHCIIOPT-
HBIX cpeacTB. /st peuieHus 3TUX BOMPOCOB MPUMEHSIOT MEpPbl TOCYIapCTBEHHOI'O PErYJINPOBAHMUS,
a TaK»Ke CO3Jal0T MHTEJUICKTyaJIbHbIE TPAHCIIOPTHBIE CUCTEMBI.

Jlns perynupoBaHuUsl BUIO-BO3PACTHON CTPYKTYphI MApKOB MPOBOISAT €ro OOHOBJICHHUE WIIU
3aMeHy TPaHCHOPTHBIX CPEJCTB Ha OoJiee IKOJIOTMYHBbIE. B 3TOM OTHOIIeHHH Hauboliee mepcrek-
THUBHBIE TPYIIIbI - JTOTUCTUYECKHE M aBTOTPAHCIIOPTHBIE KOMIIAHUH, KOTOpPbIE MPU COOTBETCTBYIO-
[IeM TOCYAapCTBEHHOM CTUMYJIUPOBAHUU MOTYT OOHOBJSATH MApK ONTUMAIBHBIM ISl PEIICHUS
AKOJIOTUYECKHUX MTPOOIIEM CIIOCOOOM.

ABtops! uccnenoBanus [13] mo pesynbraTaMm aHajaM3a 3aTpaT Ha CO3JAHHE YCIOBHM s Te-
pexoza K UCIMOJIb30BAHUIO aBTOOYCOB HA allbTEPHATHBHOM TOIUIMBE PA3IUYHBIX TUIIOB, IPUXOJAT K
BBIBOJY, YTO HamOoJee BaXKHOUM MPEANOCHUTKON Ml TAKOTO MEePEXo/a sSBISETCS TOTOBHOCTh TOPO-
JI0OB ¥ aBTOOYCHBIX OIEpPaTOpOB MPUMEHATh TaKHe HOBble TexHosoruu. JIuio, npuHuMaroiiee pe-
[IEHWE, JOJKHO YYBCTBOBAaTh BAXXHOCTH OSKOJOTHYECKHX MPEHMYIIECTB TAaKUX TPAHCIOPTHBIX
CPEICTB, MOCKOJIbKY, C YHCTO SKOHOMHYECKON TOYKH 3pEHHs, 3TH aBTOOYChl Oojiee 3aTpaTHBI.
Onenka 3¢ (EeKTUBHOCTH TPAHCIIOPTA MOKET OCYIIECTBIISTHCS C TOMOIIBIO TAKOTO MOKa3aTens, KakK
sHeprodhPEeKTUBHOCTH 110 hopMyIie:

QCYRAPCTBEHHbI 15
HMBEPCUTET




Ne 3(46)2014 (uronb-cenmaops) Ixcnayamayus, pemoHm, 60CCMAHOBICHUE

100
¥ XT,

23(%) =

rae Y - yIenbHbIN pacxoa ToruBa (Kr/kBTxu);
T - TennoTBOpHAsE CIOCOOHOCTH TOTUIMBA (yAeNbHas TerioTa cropanus) (kBrxu/kr). [Ipu aTom
JAHHBIH MMOKa3aTeIh MOKET PEriiaMeHTHPOBAThCS rocyaapcTBoM [ 14].

ABtop crateu [15] mns omneHkn 3(pPEKTUBHOCTH TPAHCIOPTA BBIAEISET JBa OCHOBHBIX
HaIMpaBIICHUs: TOITUBHAS YKOHOMUYHOCTh U 3 (HEeKTUBHOCTH Mapka. [Ipu 3TOM TOMIUBHAS KOHO-
MUYHOCTB - hopMa TEII0BOI 3P(EKTUBHOCTH, 3aBUCSIIAS OT YHUKAJIBHBIX TapaMeTPOB JABUTATENS,
a’pOIMHAMUYECKOTO COMTPOTUBIICHHS, BECa U COTMPOTHUBIICHUS KAUYSHUIO TPAHCIIOPTHOTO CPE/ICTBA, B
TO BpeMs Kak 3()(PEeKTUBHOCTh MapKa OMUCHIBAET HCIOIb30BaHUE TOIIMBA MPYMIIONH TPAHCIOPTHBIX
CPEICTB, YTO MOYKHO TOBBICUTH KaK YIYYIICHUEM XapaKTEPUCTUK OTACIHLHOTO aBTOMOOWIIS, TaK U
ONTUMHU3ALMEN MapLIpyTa WK MOAU(UKAIEeH TOBEACHHUS.

B kadecTBe MOTEHIMATBLHBIX BIAACIBIEB TPAHCIIOPTA HA ATbTEPHATUBHOM TOIUIMBE, aBTOPHI
BBIICTISIIOT CJIEAYIOIINE TPYIIIIbL:

e [opona m mkoJbl
» [IIkosbHBIE aBTOOYCHI
= [lonuueiickue ynpaBieHUs U OTIEIbI OKAPHOU OXPaHbI
* OOuIEeCTBEHHBIN TPAHCIIOPT
KoMmanuu mo mpokaTty aBTOMOOUICH
®enepalibHbIE U TOCYIAPCTBEHHBIE ar€HTCTBA
Kommepueckue 1opuanyecKue Jnia
®upmbl rpy30NepEBO3KU
[TouTa u cmyx051 gocTaBku, Takue kak USPS, denepanbubiii Dxcnpecc, 1 O0beIuHEH-
Has ciayx0a jgoctaBku mocbutok (UPS)

AKTYaJlbHOCTh TaKOTO BBIOOpa aBTOPbI MOTHUBUPYIOT TEM, YTO COTJIACHO CTATUCTUYECKUM
JAaHHBIM BO3JIEHCTBUE HA OKPYKAIOIIYIO CPEely KPYIHBIX MapKOB BHIIIC, YEM JIMYHBIX TPAHCIOPT-
HBIX CPEJCTB BBHUIY OOJIBIIOTO €XerogHoro mpoodera. [Ipoder mMYHOrO aBTOMOOMIISI COCTABIISET B
cpenem 12 000 Mumnb/Tof, TOTa Kak CpeaHHid aBTOMOOWIH B mapke npoxoauT 23 000 Mums/ros.
Kpome Toro, 107151 HOBBIX aBTOMOOWIIEH B MapKe 3HAYUTENbHA, TIOCKOJIBKY UX OOHOBJIEHHE ITPOUC-
XOJIUT YaIle, YeM Y HHIMBUTyalIbHBIX BJIaJICIbIICB.

BO3MOXHOCTHU NNEPEBOJIA ABTOTPAHCIIOPTA HA AJIbTEPHATUBHBIE
NCTOYHUKHU TOIIVINBA

[TockonbKy TpaHCIIOPTHBIE CPEICTBA HA albTEPHATUBHOM TOILIMBE UMEIOT OTIMYHUS OT Tpa-
JTUIMOHHBIX, TO CYIIECTBYET P MPOOJIeM, BOSHUKAIONINX MPU PACIIMPEHUH UX JOIH B YUCICHHO-
CTH mapka. [ TaBHBIM caiep>KuBaomuM (HakTOpOM IpU CTUMYIUPOBAHUU MEPEX0/ia K SKOJIOTHUYHOMY
TPAHCIIOPTY SBJSICTCS. HETIOATOTOBIEHHOCTh HH(PACTPYKTYPHI K MACCOBOMY MCIOIB30BAHUIO TAKOM
TeXHUKH. J[7s1 OGecipoOIeMHONM SKCIUTyaTallid U TOAIepKaHUs pab0TOCIIOCOOHOCTH aBTOMOOMIIEH
C aJbTEPHATUBHBIMH UCTOYHUKAMHU TOIUTMBA HEOOXOIUMO CO3aHHUE CETH 3allPABOYHBIX CTAHIIUN U
aBTOCEPBUCHBIX MPEINPUIATUN [T 00CTYKUBAHUS aBTOMOOMIIEH JaHHOTO MOJIEIBHOIO Psijia.

[Tockonbky nmnsi Poccum Hambosiee MEPCHEKTUBHBIM SIBISIETCS WCIOJIB30BAaHUE B KAueCTBE
aIbTEPHATUBHOTO TOIUIMBA MPHUPOJHOTO Ta3a, TO HeoOXoIuMa KadeCTBEHHAasl OI[EHKa BO3MOKHO-
CTeH W PUCKOB IJISl pealli3alii MEPONPUSITUN TI0 MPOJBIKEHUIO UX Ha PHIHOK. OqHuM U3 3 dek-
TUBHBIX MHCTPYMEHTOB /i Takod oneHku sBisiercss SWOT-ananu3 (tabn. 1). Ha mepBom srarme
aHallM3a BBIICTSIOTCS (aKTOPHI BHEITHEH Cpe/ibl U BHYTPEHHHUE YCIOBUS M BOBMOXKHOCTH ISl pea-
JU3aluu pa3pabdaTbiBaeMOl CTpaTeruu pacuIMpeHus phIHKA.

Martpuiia OlIeHOK BHYTPEHHUX W BHEMIHUX (PAKTOPOB (POpPMHUPYETCS IKCIEPTHBIM METOJOM
(tabmn. 1). IIpu 3TOM CHIIBHBIM W CJIa0BIM CTOPOHAM JKCIIEpTaMU MPHUCBAMBACTCS OIeHKAa Al 10
mkane or 0 10 4 (MakcUMaabHOMY 0ajuly COOTBETCTBYET 3HauMMOeE INposBieHHE ¢akrtopa). s
OLICHKH BHEIIHUX (PAaKTOPOB UCIIONIB3YIOTCS [IBA TapaMeTpa:
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® BEPOSITHOCTb JOCTHXKEHHUs COOBITHA pj 1O mkane oT 0 g0 1, rae elMHUIIE COOTBETCTBYET
MaKCHMaJbHasi BEPOSTHOCTD MOSBICHUS COOBITHS;

e 3HauUMOCTh (akTopa K|, Xapakrepusyromas creneHp BiusHUA (akTopa no mkaiue ot 0 1o
4, rae MakcUMaJbHBIM OasljlaM COOTBETCTBYET BBICOKAsl CTEIICHb BIUSHHUS.

BHYTPEHHME CUJIbHBIE CTOPOHBI - Strength

1. COOTBETCTBUE COBPEMEHHBIM TPEBOBAHUAIM U
CTAHJAPTAM

2. HU3KAA CTOMMOCTb TOIIMBA

3. HEBOJIbIIIASI PABHUIIA B LIEHE I10 CPABHEHHIO C
JIM3EJIbHbIMH

4.. CH)KEHME BbIBPOCOB BPE/IHBIX BEIECTB B
OKPY>KAIOILLYIO CPEAY

1. BO3MOXHOCTb MMOJIYYEHUSA FOCYAAPCTBEHHBIX
CYBCUUN

2. I[IEPCIEKTUBHOCTb U JAJIbHENIIEE PA3BUTUE
MPOJYKTA

3. POCT 014 HA POCCUHCKOM PBIHKE

4. POCT KOHKYPEHTOCIIOCOBHOCTH MPOAYKTA

BHEIIHKE BJIATONPUATHBIE BO3MOXKHOCTH - Opportunities

Weakness - BHYTPEHHUE CJIABOCTHU

1. HEOBX0JUMOCTb MOBBIIIEHHOTO KOHTPOJISA

TA30BbIX FAJIV/IOHOB

2. OTCYTCTBUE UH®PACTPYKTYPBI /11 CEPBHCA
T'A30BbIX BAJIJ/IOHOB

3. HEOBXOJUMOCTb PA3BUTHS CETH 3AIIPABOK

4. OTCYTCTBUE IEPCOHAJIA 10 CEPBUCY

1. HU3KMii CIPOC HA PBIHKE, HENOIYJIIPHOCTD Y
MOKYIATEJIEM

2. OTCYTCTBHE IOJJIEPKKH CO CTOPOHDI
TOCYJJAPCTBA

3. IIOABJEHME BOJIEE NIEPCIEKTUBHBIX
HAIIPABJIEHUIA

4. TIOSIBJIEHUE AJIbTEPHATUBHbBIX BU/0OB TOIIJIMBA

Threats — BHELIHUE YTPO3bI

Pucynok 2 - @akmopui, yuumepieaemsie npu nposedenuu SWOT-ananusa (2azosvie asmoodycoi)

Tabnuna 1 - Marpuna oneHok no dakropam SWOT-ananmza

CuJibHBIE CTOPOHBI Crabble CTOPOHBI
1 | 2 | 3 | 4 1 | 2 | 3 | 4
Orenku A; [0;4] Orenku A; [0;4]
1 4 3 2 2 3 4 1
g 1 % — 0,8x3 2,4 9,6 7,2 4,8 4.8 7,2 9,6 2,4
§ = 2 ':Ng 0,5%3 15 6 45 3 3 4,5 6 15
z © 3 -‘2-_;—' 0,5%3 15 6 4,5 3 3 4,5 6 15
A 4 = 0,5%3 15 6 4,5 3 3 4,5 6 15
= 1 % — 0,5x2 1 4 3 2 2 3 4 1
8 2 = g 0,3x1 0,3 1,2 0,9 0,6 0,6 0,9 1,2 0,3
;Q‘ 3 -‘2-_;—' 0,3x2 0,6 2,4 1,8 1,2 1,2 1,8 2,4 0,6
4 = 0,3x1,5 0,45 1,8 1,35 0,9 0,9 1,35 1,8 0,45

Jlns ompeneneHus CUJIBHBIX M CIAOBIX CTOPOH JEATEIbHOCTH, MOTEHIUAIbHBIX BHEIIHUX
yrpo3 U OJaronpusSTHBIX BO3MOXKHOCTEH COCTaBIsIETCs MAaTPHIla B3aMMHOTO BIUSHUS (pakTopoB. Mx
OLIEHKY B 0ajulax 1o OTHOILIEHUIO K JaHHBIM CTPAaTeTMYeCKU Ba)KHBIX KOHKYPEHTOB JAIOT BbIOpaH-
Hble 3KcnepThl. [l Kakaoil mapsl (pakTopoB BBOJUTCS OallibHAs OLIEHKA UX B3aUMOJEHCTBHA ajj
(ot -1 mo 1): mpu mpsimoii (0OpaTHO) 3aBUCUMOCTH OIICHKA TOJIOKHUTENIbHAS (OTpUIIaTEeNIbHAS) U
YeM CHJIbHEE 3aBHCHMOCTb, TEM BBIIIE OIICHKA [0 MOy 0. Pe3ysbrar npeacrasieH B Tabnuie 2.

Tabmuma 2 - Marpuiia orieHoK 1Mo B3anmoiericTerio haktopoB SWOT-ananm3a

CHITbHBIC CTOPOHBI CnaOpble CTOPOHBI
1 2 3 4 1 2 3 4
2 1 +1 -1 +0,5 -1 -1 -1 -1 -1
2 = 2 +1 +1 +1+ +1 +1 +1 +1 0
§ © 3 0 0 0 -1 -1 -1 -1 -1
aa) 4 +1 +1 +1 +1 +1 +1 +1 +1
= 1 +1 +1 +1 0 +1 0 +1 +1
2 2 0 -1 -1 +1 -1 -1 -1 -1
5 3 +1 -1 +1 +1 0 +1 +1 +1
4 +1 +1 +1 +1 -1 -1 0 +1

Ouenku GOpMHUPYIOT KOMILIEKCHBIE TapaMeTpsl Ajj:

Aj:pijijxaij,

(1)

rae Aj — OaytbHas OlleHKa CHIIBHOM (c1a00#) CTOPOHBI KOMITAHUH;

|OCYOAPCTBEHHBIF
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Kj — creneHp BIUsSHUA BO3MOKHOCTH I YTPO3BI;
Pj — BEPOATHOCTb MPOSIBICHUS (paKTOpa BHEIIHEH Cpeabl;
djj — CTETIeHb B3aUMOJACHCTBHS (PAaKTOPOB IIAPHOTO aHAIH3A.
OneHuBaeTcsl CTeNeHb 3HAUMMOCTH KaXAO0ro ¢akTopa ¢ TOYKU 3peHHs] (HOPMHUPOBAHUS

CTpaTeruu:
W=3A (2)

Pe3ynbTaThl BRIYKCICHUH TpeacTaBiensl B utoroBoit SWOT-marpuiie (tadi. 3).
Tabnuna 3 - Utorosas SWOT-maTpuiia

CI/IJ'H)HI)IC CTOpOHLI CJ'Ia6I)I€ CTOpOHLI
1 2 3 4 Y A 1 2 3 4 Y A
= 1 2.4 9,6 3,6 48 -84 48 | 72 | 96 | 24 | -24
3 2 15 6 45 3 15 3 45 6 0 13,5
£ 3 0 0 0 3 3 3 45 6 | -15 | -15
= 4 15 6 45 3 15 3 45 6 15 15
g T A; 5,4 2,4 12,6 18 18 | 2,7 | 36 | 2,4
1 1 4 3 0 8 2 0 4 1 7
= 2 0 12 0,9 0,6 15 06 | 09 | -12 | -03 3
e[ 3 0,6 2.4 18 12 12 0 18 | 24 | 06 4,8
> 4 0,45 18 1,35 0,9 4,5 09 | 135 | 0 045 | -18
SA; | 2,05 2,2 5,25 2,7 05 | 045 | 52 | 175

HroroBas SWOT-marpuma cOAEpKUT CYMMBI B3BEUICHHBIX OIEHOK. BBIOOp B TMOJB3Yy
HamOoJee 3HAYMMOTO C TOYKH 3PEHHS CTPATErHMH KBaJpaHTa JENIaeTCsl MCXOJs U3 MAKCUMAIbHBIX
0 MOAYJIIO KOJIMYECTBEHHBIX OL[EHOK.

ITo utoram SWOT-ananu3a cocTtaBisieTcss MaTpHuiia cTpaTerudyeckux meponpustuii: SO —
MEpPOMPUATHS, KOTOpPble HEOOXOAMMO IMPOBECTH, YTOOBI HCIOJIB30BAaTh CHUJIBHBIE CTOPOHBI IS
yBenuueHus: Bo3MoxHocTed kommanuu, WO — MepornpusaTus, KOTOpble HEOOXOAUMO IMPOBECTH,
MpeojioJieBas ciiadble CTOPOHBI M MCTONb3Ys MPeACTaBICHHbIE BO3MOXKHOCTH; ST — MepONpHUsITHS,
KOTOpBIE UCHOJB3YIOT CHJIBHBIE CTOPOHBI OpPTraHU3allU C LEeNbi0 mpeaoTBpameHus yrpo3; WT —
MEPOIPUATHS, KOTOPble MUHUMU3UPYIOT cllabble CTOPOHBI JIJIsl MPEOTBPAIICHUS YTPO3.

Martpuiia cTpaTernaeckux MEpONPUSITHIA, CIOCOOCTBYIOIINX BBIXOY THOPUIHBIX aBTOOYCOB
Ha PBIHOK, ITOKa3aHa B TaOyHIle 8, Ta30BBIX aBTOOYCOB B TaduIe 9.

) N wo
PA3PABOTKA PA3PABOTKA
CTUMYJIMPYIOILIUX KOHCTPYKTHUBHbIX
MEPOIIPUSITUHA IS PEIIIEHUHA A4
MOBBIIIEHUS MPEJAOTBPAIIEHUS

KOHKYPEHTOCIIOCOBHOCTH || YTEYKHN I'A3A U KOHTPO.JIA

MPOJIYKTA j IA30BbIX BA/IJIOHOB
CTUMYJ/IMPOBAHUE PA3BUTHE CETH ATHKC,
NOTPEBUTEJIEN K PA3PABOTKA
CHWXXEHHIO BPEAHOT'O AJIbTEPHATUBHBIX
BO3JEMCTBUA HA CIIOCOBOB 3ANPABKH
OKPYIKAIOIYIO CPEAY ABTOMOBWJIEA

(ST
& /

Pucynok 3 - Mampuua cmpamezuyuecKux Meponpusimuii o OMHOWEHUI0 K KOHKYPEHMHOIL cpede

AHAJIN3 PHUCKOB MCIIOJB30BAHUSI TA30MOTOPHOH TEXHUKH B
CTABPOIIOJIbBCKOM KPAE

Pucku, koTopble MOTYyT BOSHUKHYTH Ipu paciuupennu napka 'bA KAMAS3, uccnenoBanuch
Ha mpumepe CrTaBpomoysbcKoro Kpas. [Ipm 3TOM y4YuTHIBaNIOCh, 4TO MJisi OecmpoOIeMHOM
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IKCIUTyaTallui PaCIHIMPSIONIErocss mapka mnorpedyercss cooTBeTcTBue MomHOCTH ATHKC u
CEPBUCHOM ceTH pactynuM nmotpedHoctsM nmapka ['bA. CtaBpomonabsckuii Kpait ObIT BEIOpaH MO TOM
MPUYMHE, YTO PETUOH SBIISIETCS KYPOPTHBIM - Ha TeppuTopuu CTaBpOMOJIBCKOTO Kpas co3jaHa
ocobasi  DKOHOMHYECKas 30HA TYPHCTCKO-pekpeamrionHoro tuma «['pang  CmalOmay»
(ITocranoBnenue Ne 71 IlpaBurensctBa P® ot 3.02.2007 r.), B CBA3M C YeM, K HEMY
MIPEIbSABISIOTCS MOBBIIICHHBIE TPEOOBaHUS MO COCTOSHUIO OKpysKatomei cpeabl. [Ipu aTom olras
YHCJIEHHOCTh Napka aBToTeXxHUKU KAMA3 B aHHOM pernose cocrasiser 17 261 equnun.

ABTOOYyCHBII Tapk CrtaBpomnosibckoro kpass Ha konerm 2012 r. coctaBun 20,6 ThIC.€.,
IpUYeM MapK XapaKTepu3yeTcs 3HAYUTEIbHON H3HOIIEHHOCTHIO (mpuMepHO 80% YHCIEHHOCTH
mapka), 4to Tpedyer ero ooHoBeHwMs [16].

AHanIM3 pPUCKOB OCYIIECTBIIETCS METOJOM SKCIEPTHBIX OLEHOK. [Ipu 3TOM yuuThIBaeTCs
MHeHHe 10 D3KCIepToOB, XOpOIIO 3HAKOMBIX C CyImecTBOM TmpoOiembl. Kaxkmomy skcmepry
MPEAOCTABIIACTCS TMEPEUYeHb PHUCKOBBIX CHUTYyallMd, W Mpearaercs OLEHUTh BEPOSTHOCTh HX
HACTYIUICHUS 110 CIEAYIOLIEH CUCTEME OLIEHOK: () — pUCK paccMaTpUBAETCs KaK MaJIOBEPOSITHBIN; 25
— pHUCK, cKopee Bcero, He peanusyercs; 50 — 0 HAaCTYIUIEHHMH COOBITHS HUYETO ONPEAETICHHOTO
CKa3aTh HENb3s; 75 — pHCK, CKopee Bcero, npossutcs; 100 — puck HaBepHska peanusyercs. Bec
nokasarens:1 — 0e3 mocneacTBUi; 2 — MOCIEICTBUS HE3HAUUTENBHBL, 3 — IMOCIEACTBUS CEPbE3HBIE,
HO HE KPUTHUYECKHE; 4 — KPUTUUECKUH YPOBEHD MOCIIEICTBHIA.

OLIeHKH 3KCIIEPTOB aHAIM3UPYIOTCS HA HEMPOTUBOPEUUBOCTh 10 CIEAYIOIIUM MPABUIIAM:

1) max|A - Bi| <50, i=1...n, rae A‘, B, OLIEHKH JIBYX 9KCIIEPTOB B OTHOIIEHUH I-Or0 PUCKa,

TO €CTh MaKCHMaJIbHAsl pa3HUIAa MEX/y OIEHKaMH DKCIIEPTOB IO JI000MY (PaKTOpy IOIKHA OBITH
He OoJbIe 50;

. —B.
2) ZMS 25. Mcnonp3yercs [Uisl COTVIACOBAHMS OLIEHOK SKCHEPTOB B cpemHeMm. [[is
n
9TOrO OLICHKH CYMMHUPYIOTCS [0 MOJAYJIO, U AEJIATCS Ha YUCIO PUCKOB. Eciin Mexay skcrepTramu
oOHapyKEeHBI IPOTUBOPEUHS, OHU OOCYKIAFOTCS HA COBEIIAHUSAX JUISI BBIPAOOTKU COTJIACOBAHHMSI TIO
JAHHOMY BONpoCy. BeposATHOCTP BO3HMKHOBEHUS M 3HAUYMMOCTb PHUCKOB, 3aT€M OTpPAXKaeTCs Ha

auarpammax (kaprax) puckos (puc.4).

100

75

BEPOATHOCTh

BEPOATHOCTDb

3HAYHMOCTE 3HAYMHMOCTDb

Pucynox 4 - Kapmut puckos
a) pacuwupenusi cemu ATHKC; 6) — pacuupenus cepsuchoii cemu onst I'bA

Jlns KoHTpoyis HamOojee KPUTHYHBIX BHAOB pHcka Obuth BbiaedaeHsl KPI — (Key
Performance Indicator), mo3Bosnstone Npu JTOCTHKEHHH OTKJIOHCHHEM MaKCHMAaJIbHOTO YPOBHS
NpEeINpPUHIMATh COOTBETCTBYIOIIME MEPHI IO pealn3aldy CTPaTeruy BhIXOJa U3 PUCKOBOW CHUTYya-
MU, 3HAYeHMs] STUX [OKazaTejel NMpU MEeCCUMUCTUYHOM CIIEHApUU DPa3BUTHUS, BBIPAXKEHHOM B
orkinoHeHnn yucineHHoctu napka I'BA KAMA3 na 50% ot nporHosnoii, cienyromue: NPV —
qucTas MpUBEIEHHast CTOUMOCTh - CHU3HUTCA ¢ 6 943 1o 513 ThIc.py6.; PBP — nuckonTHpOBaHHBIH
CPOK OKYIIaeMOCTH - yBeauuuTcs ¢ 10,55 jeT u npeBbICUT ropu30HT 1ianupoBanus (> 18 ner); IRR
- BHYTPEHHSISI HOpMa PEHTa0eIbHOCTH - YMEHbIUTCS ¢ 25,9% 10 15,1% [17].

[TockoyIbKy TTPOBEICHHBIM KaUYE€CTBEHHBIM aHAJIN3 PUCKOB CBUJIETEIIHCTBYET O JOCTATOYHOM
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KPUTUYHOCTH PUCKA, CBA3AHHOTO C U3MEHEHHEM JIMHAMUKHU pocTa yrcieHHOcTH nmapka ['BA KA-
MAZ3 (MapKETUHTOBBIM PUCK), @ CHUKEHUE JaHHOTO MOKA3aTelisi MOKET MPUBECTU K 3HAUUTEIbHBIM
MOTepsIM, TIPU Pa3pabOTKe CTPATETHH HEOOXOAMMO MPEIYyCMOTPETh COOTBETCTBYIOIINE CTHMYJIH-
pytomue Mepornpuatus misg pacumpenun yuciaeHHoctu napka 'BA KAMA3. C ogHol CTOpOHBI,
3TO — OTMEHa Bcex cyocummii u motanuii Ha kKomrieHcanuio ['CM mis myrununansabeix ATII, a ¢
JpYTOil — MPOJIBIKEHUE W Pealiu3allis Ta30MOTOPHBIX aBTOMOOUIIEH 1 aBTOOYCOB, a TaK)Ke 3amac-
HBIX YacTell W Ta300a/UTOHHOTO OOOpYIOBaHUS, Yepe3 HMMEIOIIYIOCS IUIIEPCKO-CEPBUCHYIO CETh
KAMA3, ctuMynupoBaHue AHJICPOB K CO3JIaHUIO TTOCTOB M YYaCTKOB JIJIsi CEPBUCHOTO 00CITYKHBa-
uus I'BA [18].

BbBIBO/JbI

Pemenne mpoGieM Mo CHUKCHHIO BO3JICHCTBUS aBTOTPAHCIIOPTAa HA OKPYXKAIOIIYIO CPery
MOJKET OBITh IOCTUTHYTO 3a CUET KCII0JIb30BAHUS aJIbTEPHATUBHBIX HCTOYHUKOB TOIUIMBa. HecMoT-
psl HAa OYEBUHBIE HKOJIOTHMUYECKHE U SKOHOMHYECKHE MPEUMYIIECTBa HCIOIb30BaHUS PUPOTHOTO
raza B KauecTBE ra30MOTOPHOTO TOILIMBA, UMEIOTCS CACpXKUBAIONINEe (aKTOPHI A pealld3aiuu
MIPOEKTOB MEPEBO/Ia ABTOMOOUILHOTO TPAHCIIOPTA HA ra3, a TAKXKe PUCKH, KOTOPbIE MOTYT BO3HHK-
HYTh NPU peajn3aluu MoJo0HOro pojaa mpoekToB. [loaTromy HE0OX0IUM KOMIUIEKC CTUMYJIHUPYIO-
IIMX MEp FoCyAapCcTBa IJs UX MOIIEPIKKH.
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. V.MAKAROVA, R. G. KHABIBULLIN
L. M. GABSALIHOVA, E. I. BELYAEYV, I. |. VALIEV

ANALYSIS OF THE PROSPECTS AND RISKS OF
ALTERNATIVE FUELS FOR ROAD TRANSPORT

In article the review of the basic directions of transition to use of fuel alternative kinds for
vehicles in cities is led. The analysis of public transport transition preconditions, and also transport
of public utilities on gas fuel is resulted. Use of natural gas advantages and also deterrents of such
transition are resulted and analyzed. The qualitative analysis of risks, characteristic for projects on
expansion of a network automobile gas-filling compressor stations and to development of service.

Keywords: motor transport, power consumption, low-carbon types of fuel, gas motor fuel,
risk analysis.
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C. A. CEPHUKOB, IO. H. BOPOJEHKO, A. A. JIBIOBEHKO

UCITOJb30BAHUME JTJOI'MYECKHUX ITPABNJI ITPU BBIBOPE
CTPATETI'M YIIPABJIEHUS CWJIOBOM YCTAHOBKOM
T'MBPUJTHBIX ABTOMOBWJIEN

IIposeden cpagHumenvbHblll aHATU3 BAPUAHINOE NROCIPOCHUS CUCEM YNPAGLeHUsi 2UOPUOHOT
CUNOB0IL YCMAHOBKOU U CNOCOD08 peanu3ayu ORMUMUSUPYIOWUX AN2OPUMMO8, HOCIPOEHHbIX HA OC-
Hoge no2udeckux npagun. Ilpusedenuvl pe3yibmamul UCCIC008AHUL GeOYUUX NPOU3BOOUMENEI.

Knrwoueeste cnosa: cubpudnas cunoas ycmaHo8Kd, cucmema asmomMamuyeckozo ynpasie-
HUA, 3S1eKMmponpugoo, ma208ds AaKKYMYJIAMOpHAs Oamapes, HeuemKkoe Jao2udeckoe ynpasieHue,
HelpOKOHMPOIED, 8EHMUNbHBIL INEKMPOOBULAMETD.

AKTYaJlbHOCTb MPOOJIEMBI U CII0KHOCTH BOIIPOCOB, CBSI3aHHBIX C MOCTPOCHUEM M ONTUMHU3A-
et cucreM apromarudeckoro ynpasieHus (CAY) rubpunnsiMu cunoBbiMu yctaHoBkamu (I'CY)
obcyxmanuch B [1]. B vacTHOCTH 0TMEUYanoCh, YTO B HACTOSIIIEE BPEMsI UCIIOIB3YIOTCS HECKOJIBKO
noaxonoB k mnoctpoeHutro CAY I'CY, pasnuuaromuecs NpUHLOUIAMHU peaau3aluy CTPATErHH
yIOpaBiIeHUs MPU PELIeHUH 3a]lad MepepacipeeieHuss MOIIHOCTH MEXJy CHUJIOBBIMH arperaTramu
rHOpPUIHOTO aBTOMOOUIIS B TpoIiecce ero ABMkeHus. [lokazaHo, uTo Hanboiee pacpoCTpaHEeHHOM
MPAKTUKOW TP PEIICHUH MOCTABICHHBIX 3a/ad4, sBisieTcs BbIOOp crpareruu ['CY Ha OoCHOBE JIOTH-
YEeCKHX MPABWII U TaOJIMYHO 3a/IaHHBIX 3aKOHOB peryaupoBanus [2, 3, 4, 5, 6, 7-10].

[IpaBuna u 3aK0oHBI yIpaBieHUS 3anatoTcs pazpadorunkamu CAY myTemM coueTaHus 3BpH-
CTMYECKHX METOJIOB U aHAJIM3a PE3yJbTaTOB BBHIUMUCIUTENBHBIX SKCIIEpUMEHTOB. Jloruka ¢pyHKIno-
HupoBanusg CAY MOXKeT Takke 3a/JaBaThbCs MPHU MOMOIIU 0a3bl HEYETKUX MPAaBHJ M HCIOIb30BATh
Ty WIM UHYIO CUCTEMY HEUETKOIO BbIBOAA. BO3MOXKHO NPUMEHEHHE MCKYCCTBEHHBIX HEHPOHHBIX
cereit (MHC) nnst anmpokcuMaIuy 3aKOHOB PETYJIMPOBAHMS WM OTIIEIBHBIX XapaKTEPUCTUK arpe-
raroB [2, 10, 11, 12, 13]. B paMkax JaHHOH cTaThbH paCCMOTPUM BapUaHTHI IOCTPOCHUS U CLIOCOOBI
peain3aly ONTUMU3HUPYIONIUX AITOPUTMOB Ha IMpHUMEpax TMOPUIHBIX YCTAaHOBOK BEAYLIUX IPO-
W3BOJUTEIICH.

1. ITpunHIMTT yIIpaBiIeHUs HA OCHOBE JOTHYeCKUX npaBui ucnoibzyercs B CAY I'CY 6omb-
IIMHCTBA BBIYCKaeMbIX B HACTOsIee BpeMs TMOPUAHBIX aBToMoOuiei. PaccmoTpum paboty cu-
CTeMbI yIpaBjeHus OoaHOW u3 Hambosee coBepmieHHBIX ['CY — Hybrid Synergy Drive (HSD), co-
3MAHHOM CrHelMaIrcTaMu KoMmmanuu Toyota Motor ans aBromoOuiieit cepuu Prius. Taxoii sxe ['CY
ocuaimensl apromoomnu Highlander u Camry. Mogudukaruun HSD ycTtaHOBICHBI Ha MOJHOMPH-
BOJHOM THOpHIHOM BHemopoxxHuke Lexus RX400h, a Takxke nepeaHeenpruBOJIHOM aBTOMOOWMIIE
Lexus GS450h [2, 3, 8, 9].

[lepepacnpenenenre MOIIHOCTH MEXAY TPAHCMHUCCHEN, OCHOBHBIM M BCIIOMOTAaTEIbHBIM
JBUTATEISIMU U KOHTYPOM pEKyMepaluu SHEPTrui 00ecreunBaeTcs Py MOMOIIH IJIAHETAPHOTO Me-
XaHHU3Ma C IEKTPOHHBIM BapuaTopoM. s nepekiatodeHust kunematuueckoi cxemsl I'CY, kaxaoe
3BEHO TUIAHETApPHOI'0 MEXaHU3Ma YIPaBIIAETCS KOMIBIOTEPOM MO CPEACTBAM JEHTOYHOI'O TOPMO3a.
[Tpu 5TOM MPOU3BOAUTCS BHIOOP M MOJKIIOUEHHE BeTylero 38eHa. CKOpOCTH BpallleHHsI IECTEPEeH
IUIAHETApHOrO MeXxaHu3Ma cucreMbl HSD cBs3aHbl cooTHomeHHeM og =3,6-0n —2,6-0gr, TIe

®g, O U ®R — CKOPOCTH BpAILICHUS COTHEYHON LIECTEPHH, BOJIUIIA CATEIIIUTOB U KOPOHHOM Ie-

CTE€pPHU COOTBETCTBEHHO [7].
OcCHOBEBIBasCh Ha JaHHBIX O PC)KUMC IABUIKCHUA, CTCIICHHU HAXKATUA He[[aﬂeﬁ akceJieparopa u
TOpMO3a, a TakXke cTeneHu 3apsukenHoctu (State of charge — SOC) TsaroBoit akKyMyIsaTOpHO# Oarta-
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peun (TADB) cucrema 3HEpreTMUECKOro KOHTPOJISL oCylecTBiIsieT ynpasieHue ['CY Ha HECKOJIbKUX
pexumax (puc. 1).

Pexum snekrpornpuBoza (puc. 1, a) obecriedqnBaeTcs pu CTapTe U ABHXKEHUHM aBTOMOOWIIS C
MaJIBIMHU CKOPOCTSIMHU M Harpy3KamH.

:| TAb ;| TAb *| TAB

..... | TAB

—> IloTok MomHOCTH

= MexaHn4YecKas CBSI3b

""""" DnexTpudeckas 1emb

Pucynox 1 — Pexycumol pabomut 2UOpUOHOIL CUNOGOU YCMAHOBKU:
a — 37IeKkmponpusooa; 6, 6 — 2UOPUOHO20 NPUBVIA; 2 — peKynepayuu sHepault; 0 — noosapsioxku TAD

Onextpuueckas MamuHa MG B pexumMe JBUraTelis, NOJydaeT SHEPruio0 OT OaTapeu uepes
npeoOpazoBarens HanpsbkeHus [TH u nmepegaer kpyrsamuii MOMEHT Ha Beaymue kojeca BK gepes
noHwxaromu pegykrop I1P. B ciiydae HU3KOM TeMIlepaTypbl OKPYKAOIIEH CPENbl UIIU pa3psyKeH-
Hoit TADB, B paboty Bctymaet JIBC.

Pexxum rulGpugHoro mpuBoja oOecreurmBaeTCsl Ha TMOBBIMICHHBIX CKOpocTsxX. Ilpu stom,
MomHocTh JIBC uepes manerapubsiid Mexanu3M [IM nepena€rcst Ha Beayliue Kojieca U TeHepaTop.
[TpeoOpa3oBaHHas MIEKTPUUECKas YHEPTHs C TeHepaTopa, ucnojib3yercs i 3apana TAb u nura-
Hus daekTpoasurarens (puc.l, 0). [Ipu 3HaUnTENHHBIX Harpy3kax Ha kojiece, TAb nmepeBoautcs B
pPEXUM MCTOYHMKA SHEPIUM ISl YBEIUUYEHUSI MOIHOCTH 3JieKTpornpuBoaa (puc.l, B). [lepepacnpe-
nenenue mourHoctu Mexxay MG u JIBC nns mojaep:kaHus 3alaHHOTO TATOBO-CKOPOCTHOTO PEXH-
Ma aBTOMOOMWJIS, OCYIIECTBIISIETCS M3 YCIIOBHs 00€CHEeueHUs] MaKCHUMAJIbHOM SKOHOMHYHOCTH H
sKoJiorudeckoi 6ezonacuoctu JIBC.

B pexxume pexynepanuu suepruu JIBC otkitoueH, a anekrpudeckas mamuHa MG B pexxume
reHeparopa npousBoauT 3apsag TAD (puc.1, r). IIpu ocranoBkax aBromo6wmiis JIBC aBTomarnaecku
3arnymaerca. Eciu npu 3TOM perucTpupyercsl HeloCTaTo4Has CTENeHb 3apskeHHocTH TAD, mpo-
M3BOAMTCS ee mom3apsiaka 3a cuyer sueprun [IBC (puc.1, o). Ha pucynke 2 mpuBeneHa cxema pac-
YyeTa peXKMMOB CHUJIOBBIX arperatroB, peanusyemas cucteMoil ynpasienus I'CY aBromoOuis Lexus
GS450h [2].

KitoueBbIM 371€EMEHTOM JaHHOW CHUCTEMBI SIBISETCS KOHTPOJIJIEP LIENU BBICOKOIO HampsiKe-
Hus (HV ECU). 1o monoxeHuto nemany akcenepaTropa, CeIeKTopa yIpaBiIeHUs KOpOOKO# mepenad
U 110 3HaYCHMIO CKOpocTH JBMxkeHus apromoomins HV ECU Beruucnser TpeOyemMoe 3Ha4eHUE Kpy-
Tsmero momeHTa 'CY u peanusyer ero HamrydmuM oOpa3zoM, coderas Bo3moxkHoctr JIBC u snek-
tpuueckux MammH MG1 u MG2. IIpu 3Tom perynupoBaHue KpyTSAIIEr0O MOMEHTA U CKOPOCTH Bpa-
uienust JIBC ocyiecTBiisieTcs U3 yclIoBUsS MUHUMYMa Pacxo/a TOIUIMBA U TOKCHYHBIX BEIOPOCOB.

s momyuenust Heooxoaumoi momrHocty oT JIBC xontpomiep HV ECU Beinaer 3ampoc B
OJIOK yrpaBJeHHsI IBUTaTelIeM Ha HEOOXOJMMYIO YaCTOTY BPAIEHUS! KOJIEHYATOro Bajia ¥ 3HAUECHHE
KpyTsiero MomenTa. biok ynpasnenust IBC peanusyer noctynusiime TpeOOBaHUS Yepe3 peryiu-
pOBaHUE MOJIOKEHUSI IPOCCEIBHON 3aCIOHKH, UKIOBOM MOAAYX TOILJIMBA, YIila ONEPEKECHUS 3aKH-
raaust u (a3 razopacnpenenenus. Hemocraromas momtHocts ['CY obecrieunBaeTcst 2JI€KTPOIBUTA-
teneM MG2, koTopsIil moydaet sHepruto ot reHeparopa MG1, unu ot TAB.
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1
Tonoxenne i Konrposnep nenu Boicokoro nanpsikenus (HV ECU) | | Bok ynpasnenuns JBC
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Pucynok 2 — Cxema pacuema pesrcumunix xapaxmepucmux I'CY asmomoouns Lexus GS450h

Kontpomnep HV ECU ocymectBisier monutopunr SOC BbeicokoBosibTHOM TAB mo He-
CKOJIbKUM TapaMeTpaM (YpOBHIO HAmpsDKEHUs, CUJIe TOKa 3apsiji/paspsii, TeMIeparype akKyMylis-
topoB). Eciiu SOC Hmke 10mycTUMOro ypOBHS, KOHTpoJUIep yBenuuuBaeT MouiHocTh JIBC, obec-
neunBas 3apsag TAB reneparopom MGI1. B mporiecce aBuxeHus aBToMoOuIst 6arapesi MUKINISCKU
paspspkaercs Ha MG2 nipu pa3rose u 3apskaeTcs Ipu peKylnepaTiBHOM TOPMOKECHUU.

TemneparypHoe cocrossane TADB peructpupyercs: 4eThlpbMs TaTYUKAMH, CUTHAJIBI C KOTO-
pBIX ucnoib3yercst koHTpoiuiepoM HV ECU mist ympaBiieHUsT BEHTHIIATOPOM oxJyaxaeHus. Ecmu
SOC Hmxke HOpMBI NTUMOO Temmeparypa OaTaped WM DJIEKTPUYECKHX MAIIMH BBIIIE HOPMBI,
HV ECU orpanuunBaer hopMupoBaHue TAroBoro ycuius. Ecnu Benyue koseca TepsIoT clerie-
Hue ¢ goporoi, HV ECU orpannunBaer MmoMmeHT MG2, 4T0OBI HE TIeperpykaTh IUIAHETAPHBIN pe-
IYKTOP M UCKIIIOUUTH U30BITOK reHepanuu sueprun MGL.

Bo Bpems TopmorkeHust OJIOK yMpaBiIeHUs aHTHOJIOKUPOBOYHOMN/TIPOTHBOMPOOYKCOBAYHON
cucrembl (ABS/ASR) Ha OCHOBaHWM CUTHAJIOB JABJICHUS B TIABHOM TOPMO3HOM IHJIMHIPE M X0/
nefaayd TOpMO3a BHIYMCIISET 3HAaYSHHS TOJTHOTO M PEKYIEPaTUBHOIO TOPMO3HBIX MOMeHTOB. [locie
3TOTO 3aIpoC Ha peKyrnepaTuBHOe TopMoskeHue nocrynaer B HV ECU, koropsiit nepeonutr MG2 B
reHepaTopHbIi (TOpMO3HOI) pexum. B cBoro ouepenn, ABS/ASR cucrema obecrieunBaeT TOPMO3-
HOM MOMEHT 3a BBIYETOM PEKYIIEPATUBHOM JOJIH.

2. Pe3ynbTarhl UCCIEAOBAaHUM CHEIMATUCTOB TEXHUUYECKOTO IIEHTpa Kopropauuu |0yota B
ceBepHoii Amepuke (Toyota Technical Center, A division of Toyota Motor Engineering and Manu-
facturing North America — TEMA), mocBsiméHHbIe MPUMEHEHUIO UCKYCCTBEHHBIX HEHPOHHBIX Ce-
Teit B cucteme ynpasienus ['CY aBromooOmist Toyota Prius npusenens! B [14]. B yka3anHo# pa6o-
T€, BHaYaje, MPH MOMOIIHM CUMYJIsATOpa THOpUaHOTO aBTOMOOMIIA Prius, oOydaercst HelpoceTeBas
MOJieTTb aBTOMOOWIIS (puc. 3), KOTOpas BIIOCIEICTBUU UCIONb3yeTcs st off-line o0ydenus ueiipo-
KOHTpoJuiepa (31ech U J1ajee 0003HaYEHUST OPUTHHAJIOB).

KavecTBO 00ydeHHs HEHPOKOHTpOILIEpa poBepsieTcs ¢ ucnoib3oBanueM HEV Prius — cu-
mynsaropa. [Ipu ganpHelinem GyHKIMOHUPOBAHUM CHUCTEMBI YIPABICHUS MapaMeTpbl HEMPOHHBIX
cereil He U3MeHsAI0TCs. OTCYTCTBHE aJJalTallii BECOBBIX KOA((UIIMEHTOB B Ipoliecce (HyHKIIMOHH-
poBanus CAY 0OBSICHSIETCS TEM, YTO ATO MPHUBEIO OB K TOTEPE TOJITOBPEMEHHON MaMATH CHCTEMBI
B Cllydae BOSHHKHOBEHHUS KPaTKOBPEMEHHON HEHCIPABHOCTHU, a TAK)KE BO3MOXHOCTHIO BO3HHUKHO-
BeHUs OMdypKauuii mpy afanTalyuy B CyIIECTBEHHO-HEIMHEHHBIX CUCTEMAX.

QCYRAPCTBEHHbI o5
HMBEPCUTET
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Pucynok 3 — Cxema odyuenus HeilpoKoHmponiepa

[Tpeo6pazoBarens (Converter) omnpenensieT TpeOyemble 3HAUEHUSI CKOPOCTH w(rj 1 MOMEHTa

BpaIICHHS TrOI KOPOHHOH IIECTePHH IJIAHETAPHOTO PEIYKTOPA I 00CCTICUeHUS JKeIaeMoi CKOpO-
cru aBromobumist (Vehicle desired speed), kotopas onpenensiercst e3a0BbIM 1tukiIoM (Drive cycle).
Bepuduxarop orpannyennii (Constraint verifier) obecrieunBaeT ornpeeneHne CKOpocTeil 1 MOMEH-
ToB BpameHus JIBC (wg, Tg), TATOBOrO 2nmexkrpoasurarens ( oy, Ty ) U reHepaTopa (u)g , Tg) c
y4€TOM OTrpaHUYCHUI IIAHETAPHOTO MexaHu3Mma. LleneBas (yHKIUMS ONTHMHU3AIMU YIPABICHUS

MperoiaraeT MUHUMH3AIMIO pacxoa TOIUIMBA IPHU COXPAaHEHUHU CTeneHH 3apsbkeHHOCTH TAD B
3aJlaHOM JTMana30He MPU JIBIKEHUH B €3]J0BOM ITUKJIE (3/1€Ch U J1ajiee B 0003HAUEHUSX aBTOPOB):

2
cost(t) =y st 2 (t)+ 1 SOC (t)-S0C (1) |,
rae sf — pacxon rorumsa (fuel rate);
SOC - ¢akTuueckas creneHb 3apspkeHHOCcTH TAD;

soCY - xemaemas crenens 3apspkeHHocTH TAD;
A, Ay —BecoBble KOI()(UILUEHTBHI.

3HaueHHs BECOBBIX KOI(Q(QHULIUEHTOB, B 3TOM Cllydae, 3a1aeTcs 0 yClIoBuIo: M =1, Ay =10

ecim SOC >S0CY; 4y =1, Ay =50 ecom SOC < SOCY .

HeiipoxonTtpomep (NN controller) npeacrasisier co0oii TpEXCIOWHBIM PEKYPCUBHBIN TEp-
CENTPOH, UMEIOIIUI 5 BX0A0B, 10 HEMPOHOB B CKPBITOM CJIO€ U JIBA BBIXOJAHBIX HEMpOoHA. B KaxabIi

MOMEHT BpEMEHH t Ha BXOJ HEHPOHHOU CETU NOMAETCA IMATUKOMIIOHECHTHBIM BEKTOP [o)crj (t)

Trd (t), sf(t-1), soc! (t), SOC(t—1)]. Ha ocHOBaHMH JaHHOTO BXOJHOIO BEKTOpA HEHPOHHAs
CeTh ONpesieNiseT HOPMUPOBAHHbIE 3HAYEHHUs KpyTsiiero Momenta JIBC T, M CKOPOCTH BpalleHHS

KOJIEHYaToro Bajla Wy, KOTOPbIE BIIOCIEACTBUU NPEOOPA30BBIBAIOTCSA B PEAIbHBIE CUTHAIIBI YIIPaB-

nenus I'CY B 6noke Constraint verifier.

IIponecc 0ob6yuenus HeipocereBoit Monenu (NN model) u HelipokoHTposIepa paccMaTpu-
BaeTCs Kak 3ajada ONTUMAaJbHON (UIBTpalMK ¢ Mcnosib3oBanueM ¢uiabTpa Kammana. Ilpu sTom
BeCOBbIe KO()(DUIIMEHTH HEUPOHHOW CETH MHTEPIPETUPOBAINUCH KaK BEKTOP COCTOSHUS JUHAMH-
yeckol cucreMbl. HelipocereBas Mmoaenb oOydanack B TedeHnn 3000 5110X Ha MacCUBE JaHHBIX, CO-
ACPKAIIECM ITapbl CUTHAJIOB BXOA — BBIXOI OT 20 PAa3JIMYHBIX €3OO0BbIX IMUKIIOB, CTCHCPHUPOBAHHBIX
Prius — cumynsropom. OOydeHne HEHPOKOHTPOJIIEPA IPOU3BOAMIOCH B TeueHue 1200 3rmox.
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Jns oueHkn >QQPEKTUBHOCTH MPEJIaraéMoro MeToja HeHpoympaBieHHs ObLI NPOBEICH
CpPaBHUTEJIbHBIA aHANU3 MOKa3aTesiel KauecTBa YIpPaBJIEHUS OPUTMHAIBHOrO aBToMoOuis Prius u
OCHAILICHHOI'0 paccMarpuBaeMor cucreMou. Ilo pesynbraram HCHOBITAHMN Ha MHOTMX €310BBIX
LUKJIaX MOKHO 3aKJIIOUUTh, YTO HEHPOKOHTPOILJIEP B CpelHEM 00ecIiedrBaEeT YMEHBIIEHHE pacxoaa
ToruBa Ha 17% u cokpamaer quanas3oH kojebanuit SOC Oarapen Ha 35%. B pabGorte Takxke yka-
3aHO, YTO MIpeJiaraeMblii METOJ KOCBEHHO 00ecreyrBaeT MHUHMMM3AIMIO0 BHIOPOCOB TOKCHYHBIX
BEILIECTB B CHJIY UX BBICOKOW KOPPEJIALIMH C PACX0JI0OM TOILIMBA.

BMmecre ¢ TemM, MOXXHO yTBEp>KIaTh, YTO BBEACHHE B LIENEBYIO (PYHKIHMIO ONTHUMH3AIUU
HEHPOKOHTPOJIEpA MapaMETPOB IKOJIOTHUECKOM O6€30MaCHOCTH B SIBHOM BHUJIE MOTJIO ObI yIyUIIHTh
AKCILTyaTal[MOHHBIE XapaKTEPUCTUKU CUCTEMBL. ABTOP HUYETO HE TOBOPUT O CTPYKTYPHOM ONTUMHU-
3aIlMi HEMPOHHBIX CETeW MO U HEUPOKOHTPOJLIEPA, XOTSI CTPYKTYpa CETH CYIIECTBEHHO BIHUSET
Ha KauyecTBO e€ (pyHkunoHupoBaHusa. HegocraTkom merofa ciieqyeT Takke MPU3HATh OTCYTCTBHE
aJanTalluy CTPATETUHU YIPABICHUS K U3MEHEHUSIM PEKUMa JIBHXKCHHUS.

3. B [11, 15, 16] usnoxeHsl pe3ynabTaThl UCCICIOBAHUN crieHaTncTOB OKJICHICKOTO YHHU-
Bepcuteta (Electrical and Systems Engineering Department, School of Engineering and Computer
Sciences, Oakland University, USA) u nenTpa ucciieoBanuii U pa3padboTok kKopropaiwn "J[keHe-
pan motopc" (General Motors Research and Development Center, USA), nocBsiméHHbIe HCIIOIB30-
BaHHIO HEYETKON CUCTEMBI YIIPABJICHUSI aBTOMOOMIISIMH C mapasuienbHoi cxemoit ['CY.

B nannoit CAY Heuy€TKkuil KOHTPOJUIEp, PEATU3YIOIIMM alropuT™M HeYETKOro BbiBoja Cyre-
no-Takaru (Sugeno-Takagi), onpezaensier TpeOyemMoe COOTHOIIEeHHEe MoInHocTeld Mexay JIBC wu
TATOBBIM DJIEKTPOJIBUTATENIEM HA OCHOBE MH(MOpMAIIUU 00 YIIPaBISIONIEM BO3ACHCTBUH CO CTOPOHBI
BOJIUTEIISI, CTETIEHU 3apskeHHOCTH TAD, Tekylel cKkopoCTH TSITOBOTO 3JIEKTPOABUTATENS, Mepeaa-
TOYHOTO OTHOIIEHUSI TPAHCMHUCCHH, CKOPOCTH aBTOMOOWIIsA. ba3a mpaBui J10oru4eckoro BhIBOJA CO-
nepxut 44 npasuna. Mcxoas us xapakrepuctuk JIBC, 6a3a nmpaBuil HacTpauBaliach Ha PEXXHM IKO-
HOMHH TOTUIMBA JIMOO CHUKEHHS TOKCUYHBIX BHIOPOCOB MyTEM PYYHON KOPPEKIIUU BBIXOJHBIX Tie-
PEMEHHBIX COOTBETCTBYIOLIUX MPABUIIL.

B cocraB I'CY aBroMoOmist ¢ obmieii Mmaccoit 1100 kr. Bxomsar: JIBC momHoCTBIO 55 KBT;
TSTOBBIM AJIEKTPOJBHUTATENIb HOMHHAIBHONW MOIIHOCTHIO 20 KBT M MaKCMMalbHOW MOIIHOCTBIO
40 xBT; nmutuii-uonnas TAB momHocThI0 40 KBT 11 émMKocThio 2 KBTu. [lepenaya kpyTtsmero Mo-
MEHTa Ha Beaylue Koseca obecrieunBaercst Tpancmuccueir TPh ¢ GeccryneHuaTsiM M3MEHEHUEM
MepeAaToyHoro oTHoueHus (puc. 4, a).

IIpeobpa3zoBaTens
TAB MOLIHOCTH | | TAb
Cuensnenue I Cuennenue
OnexTpo- | | TPE L Benymue Onektpo- || || Benymue
JABC _-IF JBUTaTENb Konéca ABC 1F JBUTaTeNb ECAT KoJéca
a 0

Pucynok 4 — CmpyxkmypHuole cxemol 2UOPUOHOIL CUTI080IL YCHIAHOBKUL:
a — ¢ beccmynenuamou mpancmuccuel; 6 — ¢ 9NeKMPOHHbIM YNPAGIeHUeM KOPOOKOU nepeday

[Tapametpsr I'CY BBIOMpanuch U3 YCIOBHUS YIOBICTBOPECHHS TPEOOBAHUHN K DKCILTyaTallH-
OHHBIM XapaKTEepPHCTUKaM aBTOMOOWS (Tabu. 1), chopMynHpOBaHHBIX B COBMECTHOM HCCIENOBa-
Tenbckor mporpamme mnpasutenbcTBa CIIA u ocHOBHBIX aBTO-mipou3Boauteneil: «llapTHEpcTBO
TS HOBOTO MoKoJieHus aBTomoOmsiei» (Partnership for New Generation Vehicles — PNGV).
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Tabmuua 1 — Orpannuennst PNGV skcnmyaTallMOHHBIX CBOWCTB aBTOMOOMIIS

YcnoBust OrpanuueHus
0 - 97 xkm/u <12c¢
0—-137 xm/u <23c
64 — 97 xm/u <53c¢
Jucrannus, npeogosieBaeMas 3a S ¢ >42,7Mm
MakcumanabHOE YCKOPEHHE > 5,2 m/c’

MakcumanbHbIi IPEOA0IEBAEMBIN YKIOH JOPOrd B TEYECHUE
20 mMuH mpu ckopoctH 89 KM/4, JOMOJIHUTENBHOM Macce | > 6,5 %
272 xr
MakcumanbHasi CKOPOCTh > 161 km/g
N3navaneno PNGV kputepun NpUMEHSUTUCh K MATUMECTHBIM JIETKOBBIM aBTOMOOUIISIM C
pacxomom TtommBa 2,94 11/100 km [11]. Tlpemnaraemas KOHIENIUS YHpPABJICHHS IPEIIOIaraeT
OTIpEeICIIEHHYIO CTpaTeruio obecrnedenus Tpedyemoii momaocTr ['CY (puc. 5).

Hcnonp3oBaHue reHepatopHoro pexuma npu podote B3 ompexpensiercs creneHbio 3apsi-
xeHHoctu TADB. IIpu stom, ontumuzamnus padouero pexxuma ['CY ocyiiecTBiseTcs myTeM cMele-
Hus paboueit Touku JIBC B 30Hy ¢ 601ee Beicokum KIT/I.

JABC (48+55 xBT) +
anekTponpuBoj (40xBT)
OnexrponpuBod  JIBC + 51eKTpoNpHBO/l B TEHEPATOPHOM JBC (48 xBT1) +

i pexxume i 3apsinku TAB anextpornpusoy (0+40 xkBT)

| ] ]
1 1 1
0 kBt 10 kBt 48

kBT 88 kBt 95 kBt

Pucynox 5 — Cmpamezus ynpaenenus MouwyHOCmusio 2UOPUOHOIL CUN060IL YCMAHOBKU

Crenens 3apspkeHHOCTH TADB mognepxuBaercs B auanazone SOC = 0,6 — 0,87. IIpu HeoO-
XOZMMOCTH, TMO/3apsiiKa OCYLIECTBISETCS TOJBKO B JHMAara3oHe ONTUMAIbHBIX CKOPOCTEH poTopa
ANEKTPOABHUTATEINSI IPU MaJIbIX TOKAaX.

[IpoBepka 3¢ heKTUBHOCTH TpeIokeHHOW cuctembl ynpasienus I'CY ocymiecTBisuiach
nyTéM MOJCIIMPOBAHUS JBIKEHHS aBToMoOmIss B ropoackom (Federal Urban Driving Schedule —
FUDS) u 3aropoanom (Federal Highway Driving Schedule — FHDS) e3noBbix nuxiiax. [Ipu stom
HEYETKUI KOHTPOJUIEp HACTpauBaiCs ISl SKOHOMHUHU TOIUIMBA JIMOO JUIsl COKpAIlleHHs BBHIOPOCOB
NOy B oTpaboTaBmux ra3ax. Pe3ynbraTsl HCIBITAHUN TPUBEACHBI B TaOH1IE 2.

Tabmmia 2 — Pe3ynbrarel MogenupoBaHus Heu€Tkoro ynpasienus [ CY

E3zno- Pacxon Conepxa- Conepxa- Conepxa-
BOH Hacrpoiika koHTpoJIIepa TOILIHBA, aue HC, aue CO, aue NOX,
LUKII /100 xm /KM /KM /KM
DKOHOMUS TOILIUBA 2,6 0,0285 0,2986 0,1673
FHDS | Cokparienne BEIOPOCOB
NO, 3,0 0,0220 0,0410 0,1126
DKOHOMHUS TOILIABA 29 0,0201 0,1313 0,1834
FUDS | Coxkpamienue BEIOPOCOB
3,6 0,0179 0,0302 0,1303

NOx

ITonyuyeHHbIE pe3ynbpTaThl IOKA3bIBAIOT, YTO HACTPOMKA HEUYETKOIO KOHTPOJUIEpA HA DKOJIO-
THYECKHUI peXuM 1Mo3BoJsieT CHU3UTh BBIOpockl NOy 6omee uem Ha 10 %. [Ipu HacTpoiike KOHTPOII-
Jiepa Ha peXHUM 3KOHOMHUU TOIUIMBA, PACcXo]l TOIUIMBA CHUXkaeTcs Oonee yeM Ha 25 %. HenocraTka-
MU TIpeIaraeMoro mojaxoaa K ynpasieHuto ['CY sSBisStoTcs HEBO3MOKHOCTh y4éTa 00Jiee 0OHOTO
KpUTEpHUS ONTUMAIBHOCTH U OTCYTCTBHE aIallTAllMK K JOPOKHOU CUTYyaIUH.

4. Metoj cuHTe3a HEUETKOW CHCTEMBI YITPABICHHUS CHIIOBON YCTaHOBKOW TMOPUAHOTO aBTO-
MOOHJIS ¢ apaJUIeIbHOM CXEMOM MOCTPOeHHMsI, pa3paboTanHblii B yHuBepcutere Yynuun (Chong-
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ging University, China) paccmotpen B [17]. JlaHHBIN MeTO/ IperionaraeT onpeaeicHrne Hanooee
s dexTUBHOrO TIepepacnpeenenre KpyTsmero MmomerTa Mexay JIBC u 35mekTponpuBoaOM Ha OcC-
HOBE aHaJIM3a YNPABIAIOLIET0 BO3AEHCTBUS CO CTOPOHBI BOJUTENS, CTENEHU 3apsbkeHHOCTH TAD n
CKOPOCTH BpPalICHUs pOTOPA MIEKTPOJABUTATEIIA.

B pab6ote paccmarpuBaercs ['CY (puc.4, 6), BKIOYaOmas 4eThIpEXIUIMHIPOBBINA OCH3H-
HoBbI# JIBC ¢ paGounm o6bE€MoM 1,4 1 1 MakcuMalibHON MOITHOCTHIO 50 KBT; aCHHXpOHHBIN JJICK-
TPOJBUTATENb IEPEMEHHOTO TOKa C HOMUHAJIBHOM MOIIHOCTHIO 20 KBT 1 MakcuManbHOM MOIIHO-
cteio 40 kBt; nutuit-uon-pocharnass TAb ¢ HomuHansHbM HanpspkeHueMm 300 B u éMKOCTBIO
10 A-u; msATHCTymeH4aTas KopoOka mepemad ¢ 3JeKTpoHHbIM ynpasieHueM (Electronic control
automatic transmission — ECAT). O6mas macca aBTomo0mitst coctasisiet 1050 kr.

[Mapametpsr ['CY BbIOMpanuch B COOTBETCTBUU ¢ TpeOoBaHUsAMHU HarmonanbHOTo craniapra
Kwuraiickoii HapomHoit pecnyOnuku: «[ mOpuaHBIE aBTOMOOWIIM, MOIIHOCTHBIE XapaKTEPUCTHKH,
metozbl poBepku» (National Standard of the People’s Republic of China: Hybrid electric vehicles
— Power performance — Test method) GB/T 19752-2005 (ta6u. 3).

Pabora He4€TKOro KOHTpOJUIEpa MOoJYHHEHa TPEM MpHHUUIIAM. Bo-miepBhIX, cTeneHpb 3apsi-
keHHOCTH TAD He HoJIKHA CHMXKAThCS CIMIIKOM HU3KO. BO-BTOPBIX, YNpaBISIOMIME BO3ACHCTBUS
CO CTOPOHBI BOJIUTEINA OT NEJAJIEH aKkcelepaTopa U TOPMO3a yJIOBJIETBOPSIIOTCS MOCTOSIHHO, 32 MC-
KIIFOUEHUEM CIIy4yacB, KOTAAd OHM BCTYNAIOT B IIPOTUBOPEYHUE C IEPBBIM NMPUHLUIOM. B-Tperbux,
ontumuzanus obmero KII/I cumoBoii ycTaHOBKH OCYIIECTBIISICTCS B TOM Clly4yae, €Il 3TO He Ipo-
THBOPEUYUT IIEPBOMY U BTOPOMY IIPHHIIMIIAM.

Tabmuua 3 — TpeboBaHUS K AKCIUTyaTAallMOHHBIM CBOMCTBaM aBTOMOOMIJIS COTJIACHO CTaH-
napty GB/T 19752-2005

Ycnosus TpeboBanus
MakcumanbHasi CKOPOCTh 110 xm/u
Bpewms pasrona 0 — 50 km/4 5S¢
Bpewmst pasrona 0 — 100 km/g 13 ¢
CxopocTh TpH yKJIoHEe fgoporu 4 % 80 km/u
CkopocTh npH ykJoHe goporu 12 % 65 kM/u
CnocoOHOCTh K CTapTy NPH YKIOHE TOPOTH 30 %
MaxkcuManbHBIN YKIIOH T0POTH 30 %

Ontumusanus obmero KITJ[ gocturaercs 3a c4€T COOTBETCTBYIOMIETO BBIOOpa pabodmx ToO-
yek JIBC u snekTpoaBurateiss Ha OCHOBAaHMM aHalv3a CTeneHu 3apsikeHHocTH TADB, Tsaroso-
CKOpPOCTHOTO pPEeXKUMa JIBUKECHHS aBTOMOOWJISI U COOTBETCTBYIOIIUX KapT 3((PEKTUBHOCTH KOMIIO-
HeHToB ['CY. IIpunuumns! ynpasienue ['CY B €310BOM IHKIIE TPOUIUTIOCTPUPOBAHBI HA PUCYHKE ©.

[Ipu cranmonapHbIX ycnoBusx aBuxeHus (pparment CD) gacte mommuoctu JIBC oTBOAMT-
cs aia nom3apsinku TAB. Ycekopenue aBromoomiis DE, obecrieunBaeTcss COBMECTHBIM BKITIOUCHHEM
JABC u sanextponpuBoaa. B nepuon topmosxkenust EF peanusyercs pekynepaius SHEpruu.

[Ipu napamnensaom BrmoueHnn /IBC u snexrponpusona (pparmentst CD u DE) tpebye-

MbIii MOMeHT BpamieHus ['CY Treq , 3a/1aBa€MbIi TIOJIOKEHHEM aKCEJIEPATOPOM, OMPEAEIISIETCS

CYMMO# NPHBEJEHHBIX MOMEHTOB BpamleHus saekrponpuBoga Toym U ABC Tie.. Ilpu stom, Topy

MOXET OBITh OTPHIIATEIIFHBIM WIIH TTOJIOKUTEIBHBIM. [lepepacnpenenenue montHocT Mexay JIBC
Y DJICKTPOTIPUBOAOM MTPOU3BOIUTCS MyTEM cMerieHus padoueit Touku [IBC k TMHUM ONTUMATBHBIX

pexumos (puc. 7). Ha pucynke: Tice_may — BHELIHsS CKOpOcTHast xapakrepuctuka IBC; Tice_opt
— xapakrepuctuka HauBbicliero KIIJ; Tice_off — MHUHMMaJIBHBIA KPYTALIMKA MOMEHT, COOTBET-

crByronmii otkimodenuto JIBC. O6macte «EM assistance» — cooTBETCTBYeT COBMECTHOM pabote
anextpornpuBoja u JIBC, a «Active charge» — or6opy momnocT ABC mist 3apsiaxu TAB.
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Pucynok 6 — Ilpunyunst ynpagnenus I'CY Pucynok 7 — Ilpunyunst onmumuzayuu pexcuma /B3

PaccmoTrpennsie mpunIumel ynpasinerus ['CY peann3oBaHbl B BUIe 0a3bl MPaBUI HEYETKO-
ro BeIBojIa B Heu€TkoM KoHTpoiutiepe (Fuzzy Logic Controller — FLC), koTopslii sSBISICTCS OCHOB-
HOM 9aCThIO CHCTEMBI yIipaBiicHus (puc. 8).

Wurepnperarop xomann Boaurens (Driver Command Interpreter — DCI) npeoGpa3syer cur-
HaJIbl, MOCTYMAIOIIUE C MeJalel akceraepaTopa U TOPMO3a B CUTHAT TpeOyeMoro MOMeHTa Bpallie-
Hus ['CY Treq .

Cursaisl Toeq L
yIpaBi. OT > q T
BOIUTEILS Teeopt | = > \ Mogmenp | 5
—> g FLC=— [Ty JIBC
SOC x em—obj >

CkopocTb DCI T |—> U 3JICKTPO- T
aBTOMOOMIIA S mex npuBoga |—o

Tice—off I—)

Pucynok 8 — Cmpykmyphas cxema cucmemvt ynpasieHus ZUOPUOHOU CUNLOGOU YCIAHOGKU
st 5TOrO cUrHai, NpornoOpIUOHAILHBIA CTEIEHN Ha)KaTus TMealn akceleparopa, yMHOXa-
€TCsl Ha MaKCUMaJbHBIA KpyTammii momeHT /IBC Treq—max' COOTBETCTBYIOIIUI €ro TEKYIIEMY
CKOPOCTHOMY peXuMy. MOMEHT Treq—max OTIpENIENSIETCS] ¢ YYETOM NEPEIATOYHOTO OTHOIICHUS
tpancmuccun ECAT n cootBeTcTByeT mepenate, 06ecneqnBaromei MakCHMab bl Troq_max TPH
nanHo# ckopoctu. Ha Bxoasl FLC mogaércst vactHoe OT nieneHust ( :Treq /Tice—opt , 4 TaKXKe CTe-

nieHb 3apspbkeHHocT TADB — SOC. Ha ocHoBanuu 3To#t mHGOpMAIIMK METOJIOM HEYETKOTO BHIBOJAA
OTIpEICTISETCS ONTHUMAILHOE 3HAYCHINE MOMEHTA BPAIIEHUS TATOBOTO 3JIEKTPOIPUBOIa B HOPMAITH-
30BaHHOM BHJZIe A . PeanpbHOe 3HaU€HHE MOMEHTA BPAIICHUS AJICKTPOIPHUBOIA HAXOIUTCS U3 BhIpa-
JKCHUSA Tem—obj =AM Tem—max> T%€ Tem—_max — MaKCMMaJbHO BO3MOXXHBIH MOMEHT 3JIEKTPONPHBOIA

MIPU JJTAHHOUM CKOPOCTH BpaiieHus poropa. [locneaauit 610K CTPYKTYPHOUM CXEMBbI BBIUUCIISIET OKOH-
JaTtenpbHbIe 3Ha4eHHsT MOMEHTOB BpamieHus /IBC u snekrpornpuBona. B OonbIIMHCTBE CilydaeB
Tem = em—obj M TicezTreq_ em- OIHAaKo, MMEIOTCA JIBa MCKIIOYECHUS: €CIIU Tem—obj >0 u

Treq —Tem—obj <Tice—off » T0 Tice =0 m  Tgm =Treq; ecmu  Troq —Tem_obj > Tice—max> TO

Tice = Tice—max ¥ Tem = em—obj -
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[Ipennaraemas cucrema ympasieHus I'CY Obiia mpoMonaenupoBaHa Ipy MOMOIIU aBTOMO-
ounsHOro cumyisropa ADVISOR (Advanced Vehicle Simulator) B cpene MatLab/Simulynk. /Tan-
HBIA CUMYNATOp pa3paboTtan B HarmonaneHOI 1abopaTopun BO30OHOBISEMBIX UCTOYHUKOB SHEp-
run (National Renewable Energy Laboratory), CIIIA [18, 19]. MozaenupoBaHre MPOU3BOIUIOCH
npyu HauabHOM crenenu 3apskeHHOCTh TAB SOC;q;; =0,65. Ina ouenku s¢pdexruHoctu I'CY

onpeaenensl KIIJ ocHOBHBIX €€ KOMIOHEHTOB 1 M pacxoj TorumBa FC mpu ABMXEHHH B €BpO-
nefickom e3nosoM 1mkire (New European Driving Cycles — NEDC): njce =0,244; ney, =0,875;
Npat =0,907; n =0,796; FC =5,588/10081 . HemoctaTkoM MpPesIOKEHHOTO TTOAXO0/A SBISETCS

OTCYTCTBHE aIallTAlIMM YTIPABICHUS K U3MEHSIOIIEMYCS PEKUMY ABUKEHUS, a TAKKE ONTUMHU3ALMS
0e3 yuéra TpeOoBaHUIT SKOIOTUIECKON OE30MacHOCTH.

5. Ha kadeape aBTOMOOMIBHOM 3JIEKTPOHUKH XaphKOBCKOTO HAIMOHAIBHOTO aBTOMOOWIIb-
HO-JIOPO’KHOTO YHHUBEPCUTETA CO3JIaH AKCIEPUMEHTaIbHBIA rHOpuaHb aBToMOOMIb ¢ ['CY ma-
pajuIeTbHOTO THIA Ha 0asze mepeaHenpuBogHOTO aBToMoOuis «TaBpus-nukam» 3A3-11024-08 c
JABC MeM3-307 momrHocThIO 52 KBT [3, 20 — 24]. Llenbto pa3paboTKu SBISIIOCH CO3[JaHUE TEXHO-
JIOTUU KOHBEPCUHU HEJOPOTOro aBTOMOOWMIISI ¢ MEXaHUYECKOW KOpOOKOi mepesad B ruOpUIHBIN aB-
TomMoOuIb. B kKauecTBe BcmomorarenbHoro apuratens I'CY npuMeHEH OpUrnHaIbHbINA BEHTUIBHBIN
anekTpoasurarens (BO/]) ¢ anekTpoMarHuTHBEIM BO30YKI€HHEM HOMHUHAIBHOW MOITHOCTHIO 7 KBT
1 MakcuMallbHOW MomIHOCThIO 15 kBT. B kauectBe Hakonutens sHepruu ['CY ucnonb3yroTcs rep-
METU3UPOBAHHbIE CBUHIIOBO-KHCIOTHBIE aKKyMYJISTOPHBIE OaTapen ¢ 00e31BUKEHHBIM 3JIEKTPOJIHU-
TOM (CpaBHHUTEIBHO HU3Kasi CTOMMOCTh). MakcuManbHas sHeprus, 3anacaemas B TAB maccoit 132
KT, coctaBiser 4,4 kBT-4, a sHeprusi, JOCTyNMHas B TATOBOM pexume, 2,2 kKBT4, nmpeaycMoTpeHo
CETEBOE 3apsAHOE YCTPOUCTBO.

Cuctema yrmpaBJieHHUsI CUJIOBOW YCTaHOBKOW T'MOPUIHOTO aBTOMOOWIIS 0OECTICUMBAET 3aKOH
yIpaBJIEHUS, KOTOPbIM YHPOIIEHHO MOXET OBITh ONMMCAH CIEAYIOIIMM 00pa3oM: CTapT C MECTa,
Hayayio JBWKEHUS M Pa3roH 10 ckopoctu 30+40 KkM/4ac OCYIIECTBISIIOTCS MPU MTOMOIIH JICKTPOTSI-
I'M [IPU HAIMYMK J0CTaTouHOro 3amaca sHepruu B TAB; npu ckopoctu 6onee 30+40 km/gac n1ubo
MpU HEAOCTaTOYHOM 3arace >Heprur B TADB nBmxenue ocymectBisierca npu nomomu JIBC. B
nporecce Topmoxkenuss CAY obecrnieunBaeT peKynepanuio M3JIMIIKOB KHHETUYECKONH U MOTEHIH-
aMbHOW PHEPrur aBTOMOOWJISA, ocymecTBisst noa3apsaaky TAB. Ilpu HemocTaTke 3JIE€KTPOMAarHuT-
HOT'O TOPMO3HOI'0 MOMeHTa oT BO/I, mokitouaeTcsi ruipaBaIndeckasi CHCTeMa TOPMOKEHUS.

Pazpaborannas CAY obOecrnieunBaeT ABUKEHUE aBTOMOOWIISI Ha AJIEKTPOTATE, KOT/Ia phlvyar
KOpOOKHM Tiepead HaXOAWTCsS B HEUTpanpbHOM ToJiokeHuu, u Ha JIBC, korma BkIloueHa nepenaya.
[Ipu nepexone c anektponpuBoga Ha JIBC mpoucXoauT aBTOMAaTUYECKUW 3allyCK IMOCIEIHEro, a
1pu BbIKItoueHUH nepenaun, JABC ocranaBnuBaercs. [Ipu neuxenun Ha JIBC win nHakatom CAY
OTKJIIOYaeT 0OMOTKY B030Yyx1eHus BDJI, uTo CylecTBEHHO YMEHbILAET CONMPOTUBIICHHUE IBUXKE-
HUIO 00YCIIOBJIEHHOE AJIEKTPOTPAHCMHCCHUEH.

[Ipu aBTOMaTnyeckoMm mycke JIBC Bo Bpemsi ABMKEHUS aBTOMOOMIIS 0OecrieunBaeTcs CTa-
Ounmsanyst 000pOTOB ANEKTPOABUraTeNs, MPEAIIECTBOBABIINX pexxuMy nycka. I[locne mycka JIBC,
B3/l mememnenno otkmouaercs. JlomomHuTtenpHo, CAY OMoKHpyeT BKIIIOUEHHE 3aJHETO XOja
ANEKTPONPUBOJIA TIPU JBUKCHUH aBTOMOOWIS Brepen. llepekitoueHue HampaBiICHHS BpaIICHUS
BD3/J1 BO3MOHO TOJIBKO TOCJIEC TTOJTHOM OCTAaHOBKH aBTOMOOMJIA.

PexxuM pexynepaTMBHOTO TOPMOXKEHMSI BKIIIOYAETCS IIPU OTXOJIE €Al TOpMO3a OT yIopa.
[Ipu sTom mpomcxoaut moaropmakuBanue BDOJ] B pexxuMe reHepatopa (aHaJIOTUYHO TPHHYIU-
tenbHOMY Xxonoctomy xoxay JIBC). Ilpu momHocThIO 3apshkeHHOM 6atapee BOJl B pexxume rexepa-
TOpa HAarpy»K€H Ha MOJOTPEBATENb OXJIAXKAAOUIEH )KUIKOCTH. JTO MO3BOJISIET MOAACPKUBATH TEM-
neparypHslil pexum [IBC B cocTosiHUM 0)XKMIaHUS TyCKA.

B npornecce ucnpiTaHUN 3KCIEPUMEHTATIBHOIO aBTOMOOWJIS B TOPOJCKOM LIHKIIE PacXo
OeH3MHA CHU3WJICS B TP pa3a B CpaBHEHUH ¢ 0azoBoi mozenbio. [Ipu sTom monuoro 3apsina TAB
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JOCTATOYHO IS TIpoOera mo TOpoAy B THOPUIHOM pexKHME OKOJIO 44 KM. U B PEKUME IIIEKTPOMO-
owrst 1o 16 kM. Bpemst aBTroromHuoM 3apsnku TAB cocrapmsier 8+12 u.

[To pe3ynbraTam aHanu3a, MPOBEACHHOTO B CTAaThe, MOXKHO CJENaTh BBIBOIBI 00 3P PEeKTHB-
HOCTHU HCIIOJB30BaHUSI METOJ0B Jiorndeckoro ympasieHusa ['CY. K goCcTOMHCTBaM JIOTMYECKOIO
MOAX0/a MOKHO OTHECTH CPaBHUTENBHYIO IPOCTOTY pean3aluu 3aKOHOB yrpasiieHus. K Tomy xe,
HaMe4eHbl TyTH coBepiieHcTBoBaHUA CAY mnpu HCHOIb30BaHUM HEHWPOCETEBBIX TEXHOJOTHIA.
Hapsiny ¢ 3TuM, Kak HEIOCTAaTKH OTACNIBbHBIX paccMOTpeHHBIX CAY cieyeT OTMETUTh UX OTpaHu-
YEeHMUs, CBSI3aHHbIE C HACTPOHKOI HEYETKMX CHCTEM TOJIbKO Ha OJUH KPUTEPU ONTUMHU3ALNU U OT-
CYTCTBHUE a/IallTAllUU CTPATETUN YIPABICHHS K M3MEHEHUSIM PEXKUMa JIBIKESHUST aBTOMOOIIS.

Martepuain, MOCBSIIEHHBIN BONpOcaM MPUMEHEHUs aJalTHBHBIX aJTOPUTMOB IMpPH BBIOOpE
ctpaterun ynpasnenus ['CY, Oyaer nmpeacTaBiieH B MOCIESIYIONICH MyOIUKAIIMKA HACTOSIIETO H3/1a-
HUSL
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S. A. SERIKOV, Y. N. BORODENKO, A. A. DZIUBENKO

USE OF LOGICAL RULES FOR CHOOSING OF HYBRID
VEHICLS POWER UNIT CONTROL STRATEGY

A comparative analysis of variants of construction control systems of hybrid power plant and
ways to implement the optimizing algorithms that are based on logical rules. The results of researches
leading manufacturers are presented.

Keywords: hybrid power setting, automatic control system, electric drive, storage batteries,
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C.10. PAJTYEHKO, JI. O. IOPOXOB, A. A. KUCJIOBCKUIA

HEPCIHIEKTUBBI IPUMEHEHUSA TEXHOJIOTYTX KOMIIJVIEKCHOI'O
JIOKAJIBHOT'O JE®@OPMHUPOBAHUA JJIAA YITPOUHEHUSA
MNOJAIIHUITHUKOB CKOJIB’KEHUSA KOJIEHYATOI'O BAJIA

B cmamove paccmompeHbsl obracme NPpUMEHEeHUSl U OCHOBHble npO6]l€Mbl NOOUUNHUKOBLIX
IJIEMEHMOM 6 MPAHCNOPMHOM MAWUHOCMPOEHUU U asmomoounsx. PaCCMOmpeHbl nymu peuteHus
amux np05ﬂeM. ,ZZCIHO paszeeprymoe onucanue mexnoiocu KOMnieKCHo20 J0Kal1bHOcO 6ed)opMupo-
BAHUSL KAK 0OHO20 U3 pemeHmZ.

Knrouesnie cnosa: nodmunnuku; asmompaHncnopm, KOMNIEKCHoe JIOKAlbHoe ded)opfwupoea—
Hue; ynpodHnerue.

BBEJEHUE

[ToBbIIeHNE HAIEKHOCTH U JOJITOBEYHOCTH MAIIIWH SBJSETCS OJHOW M3 TJIaBHBIX MPOOIEM
COBPEMEHHOTO MAIIMHOCTPOCHHS. DKOHOMUYECKOE 3HAYCHHE 3TOM MpoOsieMbl oueBHIHO. Jlonro-
BEUHOCTh MAIIMHBI 3aBUCUT OT pecypca €e COCTaBHBIX 3JeMeHTOB. Cpeau mocieqHuX BaXKHOE Me-
CTO 3aHUMAIOT MOAIIUITHUKOBBIE Y3JIbl, SIBJISIIOIIMECS PACPOCTPAHEHHBIMU 3JIEMEHTaMU KOHCTPYK-
IIUA aBTOMOOWIIEH.

[ToAmMIHUKY CKOJBKEHUS HAILTU IIMPOKOE MPUMEHEHHE B y3J1aX aBTOMOOUJICH: KOPEHHBIE
Y MATyHHBIC IIEWKH KOJEHYaTOr0 Bajia BPAIIAIOTCS B MOJIIMITHUKAX CKOJbx)eHHs. ObecrieueHue
JAHHBIX TOJIIMITHUKOB BBICOKHMH SKCILTyaTallMOHHBIMU CBOMCTBAMH — aKTyajbHasl mpodsieMa, Tak
KaK BBICOKUM MPOIEHT HEUCIPABHOCTEN MPUXOJUTCS HA JBUTATENb KaK YHEPreTUYECKUU JIEMEHT
JMOOBIX MalIMH, U 3HAUYMTENbHAsI YaCTh OTKA30B OT OOIIEro KOJIWYECTBA OTKA30B COCTABJISAIOT HEUC-
MIPaBHOCTH KOPEHHBIX U IIATYHHBIX MOAMIUITHUKOB KoJIeHYaToro Bana (puc. ).

Pucynox 1 — H3nowennsie nOOWURHUKYU CKONbIHCCHUA

Bpixoa NOAIIMITIHUKOB U3 CTPOSI MOKET MTPOUCXOIUTH B pe3ybTaTe U3HOCA M3-3a HEJIOCTaT-
Ka CMa3KH, MOMa/laHus TPS3U WM MOCTOPOHHUX YACTHII, MIEPErpy30K JBUTATENIS, Pa3BUTH KOPPO-
3UM W IPOYMX HEOJAaronpusTHBIX BozneiicTBuil. Hanbonee xapakrepHble NeeKThl MPUBEICHB Ha
pHUCYHKE 2.

B COBPEMCHHBIX ABHUIaTCIIAX COIIPAXKCHUA ((IHGI‘/JIKI/I-HOI[I_HI/IHHI/IKI/I» KOJI€CHYAaTOI 0 Bajia p3.60-
TalOT B YCIOBUSAX THIPOJMHAMHYECKOTO pEXKHMa CMa3Kd Ha OCHOBHBIX PacueTHBIX peXuMax pado-
TBHI IBUTATENIs, ’TO OCHOBHOM >KeJaeMblil pexuM TpeHus. CKOpOCTh U3HOCA PE3KO YBEIUUMBACTCS,
KOTI'/la IBUTaTellb paboTaeT B P&KUMAax C TaK Ha3bIBAEMbIM «MACIISIHBIM T'OJIOJJaHUEM) — IIPH MTyCKe,
Ha MaybIX o0oporax mpu OoibIIoN Harpy3ke. COrIacHO CTaTHCTHYECKUM JaHHBIM, KOPEHHBIC
MOALIUITHUKY paboTaloT B 60siee 01aronpusTHHIX YCIOBUSX, YEM IIaTYHHbIE, UCTIBITHIBAIOIINE JCH-
CTBUC HaI/I60.HBH_II/IX HMUKIIMYCCKUX HArpy30K OT COOTBCTCTBYIOLICTO UM ITOPIIHA. yCTaHOBHeHO, qTo
Ha IITAaTHBIX pexxumax paboTsl coBpeMeHHbIX JIBC u3 Bcex BO3MOXKHBIX BHUJOB M3HAIIUBAHUS CY-
IIECTBEHHBIM SBIIACTCA TOJBKO yCTaHOCTHBIﬁ HU3HOC, paBBHBaEMHﬁCH Ha p3.60‘-II/IX MOBCPXHOCTAX
MOJIITUITHUKOBBIX y3JI0B, KaK MPaBWIO, P FPAHUYHOM TpeHuH [1].
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Pucynox 2 — Ilpumepot usnoca éKknaoviuieli NOOWMURHUKOS KOIeHUamozo eéana: A — noyapanamsvl UHOpoo-
HbIMU YACMUYAMU — BUOHBL KPYRUYDL, NOSPYIUSUIUEC 8 pabOYUll CIOU 8KAAbIUA, B — nedocmamok macna — eepxuuil
caoti cmepm,; C — 8K1a0bIUU HENPABUILHO PACHONIONHCEHbI NPU YCMAHO8Ke — UMelomcs Oiecmaujue (OmnoauposanHuie)
yuacmxu,; D — wetixa ceedena Ha konyc — eepxHuii ciou cHam co 8ceil nosepxHocmu, E — uznoc kpas exraoviua, F —
HeucnpasHocms “yemanocmu’’ — 00pazo8anucs, Kpamepul unu kapmawwl [2]

I'maBHOW 0OCOOEHHOCTHIO TOJIIMITHUKOB CKOJIBKEHHS SIBIISETCS TO, YTO OHH PAa0OTAIOT B
YCIIOBUSX AMHAMUYECKUX JAedopmanuii meek Baja U BKIAIbIIIEH MOJ AeCTBUEM 3HaKOIEepeMeH-
HBIX MEHSIOIIMXCA Harpy3ok. Tak, Hanmpumep, U3MEHEHUE TUAMETPAIIBHOTO pa3Mepa MOAMIUITHUKA
IpHU JEHCTBUM MaKCHMAalbHBIX CHJI MHEPLMHU MPEBBIIIAET MOJOBUHY BEIMYHUHBI pabodero 3asopa.
Panuanbnas nedopmanus S5KBUBaJICHTHA TUHAMUYECKOMY U3MEHEHUIO KPUBU3HBI paboueii moBepx-
HOCTH TMOJIIMIHUKA. JTO, KaK MPABUJIO, MPUBOAUT K YBEIMYECHHUIO TOJIIIMHBI MACIISIHOTO CJOS U,
CJIEIOBATENHHO, K TIOBHIIICHHUIO 3araca HeCyIIed CIOCOOHOCTH MOAIIUITHUKA; C APYTOil CTOPOHBI —
BBI3bIBACT JOIMOJIHUTENbHBIE JUHAMHYECKUE HANpsKeHHs] B MaTepualie aHTU()PUKLIUOHHOTO CIIOs,
CHIDKAIOIIME 3armac YCTAIOCTHON MpoyHOCTU. CHITBI TUAPOAMHAMUYECKOTO JaBiieHus u jaedopma-
s U3ruda MopIIHEeBON U KPUBOLIMITHOM TOJOBKH LIATyHA CO3JAI0T B MaTepHalie aHTU(PPUKIIUOH-
HOT'O CJIOSI TIOAIIUITHUKOB CJIOKHOE HAaIpshKEHHOE cocTostHue. CHUITbI JaBjCHUSI BBI3BIBAIOT 3HAKO-
MOCTOSIHHBIE MYJIbCUPYIOIINE HaNpsHKEHUs cxatus, nedopmanus u3ruda — rnosiBjIeHHe TaHTEeHIU-
QIBHBIX 3HAKOTIEPEMEHHBIX HampspkeHud. Takum oOpa3om, aHTU(DPUKIIMOHHBIN CIIOH UCIBITHIBACT
IIJIOCKOE HAMPS)KEHHOE COCTOSIHUE, KOMIIOHEHTBI KOTOPOr'0 M3MEHSIOTCS BO BPEMEHHU IO CII0KHBIM
3aKoHaM. B 3TOM cllydae HACTYIJICHHE OMACHOTO COCTOSHUS aHTU(DPUKIIMOHHOTO CJIOs MaTepuaia
MOJLIUITHUKOB CKOJIBXEHHUS MOXKET OBITh BBI3BAHO PA3NMYHBIMU 3HAYCHUSIMH TJIABHBIX HarpsiKe-
HUH B 3aBUCUMOCTH OT MX B3aMMOCBSI3H MeXAy co0oi. Kax ol B3aMMOCBsI3H OyJIyT COOTBETCTBO-
BaTh ONPEJEICHHBIE OMACHBbIE 3HAYEHUS TJIABHBIX HAIPSIKEHUHM, MPU KOTOPBIX HACTYINUT ONACHOE
COCTOSIHME aHTU(PHUKIIMOHHOTO CIIOSI MaTepuaia, CBI3aHHOE C BOSHUKHOBEHUEM OOJBIINX HAYah-
HBIX TEXHOJOTMYECKNX OCTAaTOYHBIX HAMPSKEHUHU WM MMOBEPXHOCTHBIX YCTAIOCTHBIX TpemuH. [lo-
SIBJIEHUE TOCJICIHUX BBI3bIBACT KAYECTBEHHO MHBIE TMAPOJMHAMUYECKUE CHIIBI, CO3JAI0IIUE pac-
KJIMHUBAIOLIUH 3P PEKT, YCKOPSIOMINHA TPOLIECC pa3pylIeHUs MOAUTUITHHUKA.

KonenuaTeiif Basl nepegaer KpyTAIIUA MOMEHT W BOCHPUHUMAET HArpy3KH, CO3/1aBacMble
CUJIaMH JIaBJICHUS T'a30B U MHEPLUU MOCTYNATEIbHO ABUKYIIUXCSA M BpALAOLINXCs Macc. DTH CH-
JIbl ONPENENSAIOT HAJIMYME B BajaX LHUKIMYECKU IEHUCTBYIOLIMX COKUMAIOUIUX U PACTATHMBAKOLIUX
Harpy3o0K M IMEPEeMEHHbIX CKPYUYMBAIOMIMX U HM3rHOaronmx MoMeHTOB. CocCTaBsIOLIUE CUIBI P,
(puc. 3), IpOU3BOAHON OT CYMMBI CHJI IaBJICHUs Ta30B U MHEPIMU, TAaHT€HIIMaNbHasA T U paauaib-
Hasi Z ¥ UX peaklMy Ha KOPEHHBIX MOAIIMITHUKAX U3rM0al0T MIAaTyHHYIO IEHKY, IIeKH KPUBOUIUIA
Y KOpPEHHBIE LIECHKU. Bpamaromuecs MacChl KpUBOIIMIIA KOJIEHYATOTO Bajla, CMELIEHHBIE OTHOCH-
TEJIbHO OCHM BpAILICHUS, a TAK’KE MAcChl YaCTH IIAaTyHa, OTHECEHHOW K OCH IIATyHHOM IIEUKU KO-
JIGHYATOr0 Bajia, CO3JAI0T CUJIy MHEPIUM Bpamarommxcs macc P, DTta cuia BMecte ¢ cuiion Z
Harpy’kaeT MOALIMIHUKN KOJIEHYaToro Bajia. [lepeMeHHble HArpy3ku 00yCiIaBIMBalOT BO3HUKHOBE-
HUE KPYTHUIBHBIX KOJICOAHUI, KOTOPBIC TAKXKE BO3ICHCTBYIOT HA MOAIIUITHUKY.

36 Mup mpancnopma u mexHoni02uuecKux Mauiun



Mup mpancnopma u mexunonozuueckux mauwiun 2014

e

g

T

s }?m ) { Ko Pﬂj
A ﬁ’- / Sk

{ \
1 ! !
'ui 2 L
Pucynox 3 — Cunvt u momenmel, oeiicmeyrouiue Ha KOJ1eHYAmolii 641:
1 — konenuamotii an; 2 — nodwunHuKu ckoavdicenuss;, Z, T — HOpManbHAsL U KACAmenbHas COCMAgIswue K ocu

sana cunvl P,; Rza, Rya, Rzb, Ryb — cocmasnsrowue pearxyuii Ra, Rp, 603nuxaiowux ¢ noowunnuxoewix onopax A u B
coomeemcemeento, Pr — cuna unepyuu epawarowuxcs macc

[ToMImMMHUKN KOJIEHYATOro Baja IMOABEP)KEHBI MTOBBIILICHHOMY U3HOCY B CBSI3U C JICHCTBHEM
Ha HUX BBINIETIEPEUYNCIICHHBIX CHII. [lo Mepe M3HAIIMBaHUS MOANIMITHAKOB M IIEEK KOJIEHYATOrO
BaJIa MONEPEYHOE CEUCHHE MOXKET CTaTh AIUIMITUYECKUM, a HMIMHIPUIHOCTD IIOBEPXHOCTEH mepe-
XOMT B KOHYCHOCTb (pHC. 4), 4TO BEACT K YBEIMYCHHUIO 3a30pOB. B CBsI3U ¢ 3TUM obneryaercs mpo-
TEeKaHUE 4Yepe3 MOIIIMITHUKU Maciia, TMO3TOMY JIaBICHHWE B MACISIHOM MarucTpaly MOHMKAETCs.
OOBIYHO MUHHMAJIBHO JIOIMYCTUMOE JABIICHHE NIPU HOMHUHAIBHOW YacTOTE BPAIICHHUS KOJIEHYATOTO
Bana pasHo 0,7—1,0 krc/cm’. Ilpu Gollee HU3KOM IABICHHH B LIATYHHBIC TTOAIINITHAKA OCTYIIACT
HEIOCTaTOYHOE KOJMYECTBO Macia, YTO BBI3BIBACT PE3KOE YXYALICHHE CMa3KH THIIb3 IWJIHHIPOB,
MOPIIHEH U MOPIIHEBBIX KOJIEIl.
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Pucynox 4 — Ilocnedcmeus uzHoca KoJ1eHYAMO20 8ana U €20 HOOUUNHUKOB

C yBenuueHHEM 3a30pOB U C TIOHWKEHUEM JaBJICHHUS B MarucTpalyd BCIIEICTBUE HEAOCTa-
TOYHOTO CJIOS Maclia ¥ Haludusi OOJIbIINX MEPEeMEHHBIX HArpy30K Ha MIEHKH KOJIEHYaTOro Baja
MIPOUCXOTUT CONMMKEHHE TPYLIUXCSI MOBEPXHOCTEH IIeeK M BKJIAAbIIe. PacTeTr MHTEHCHBHOCTD
BHYTPEHHEI0 HarpeBa MAacCIITHOHM IJICHKH, YTO BJIEYET 3a COOON Upe3MEpHOE CHUIKEHHUE BS3KOCTH
Macia M, CJelIOoBaTelbHO, elle Ooibliee COMMKEHHE TpyLUXcs noBepxHocTeil. [Ipu upesmepHo
TOHKOM MACIISTHOM CJIO€ HaXOJSIIMeCs B HEM MEXaHUYECKUE MIPUMECH BBI3BIBAIOT YCHIICHHOE abpa-
3UBHOE M3HAIIMBaHHE TPYIIMXCS MOBEpXHOCTEHl. B 3TOM ciiydae Takxke BO3pacTaeT BEPOATHOCTD
pa3pbiBa MacCJISIHOM IJIEHKH U COTMPUKOCHOBEHHMS IIEPOXOBATOCTEH, B Pe3yJIbTaTe KOTOPOro MPOUC-
XOJUT MOJIEKYISPHO-MEXaHUYECKOe (KOHTAKTHOE) U3HALIMBAHHE IIEEK U BKIIAJbIIICH.

[To Mepe yBenuyeHus: 3a30pOB B MOJIIMITHUKAX KOJEHYATOrO Baja M B BEPXHHUX TOJIOBKAX
IIaTYHOB HAapsAy C HapyIIEHHEM YCJIOBUN KHIKOCTHOTO TpPEHUS BO3pacTaloT JUHAMHUYECKHE
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Harpy3KH, MOCTETICHHO TPpHOoOpeTast ynapHblid xapaktep. Takue Harpy3Kd BBI3BIBAIOT JOTOTHUTEIh-
HbIE€ HallPsDKEHUS Ha JeTajsX, MOTYILME IPUBECTU K aBaAPHUSIM.

Cy1iecTByeT HECKOIBKO MyTEH pelIeHNsI BBIIICTICPEYHCICHHBIX TPOOIIEM.

Bo-nepBbiX, 3T0 3aMeHa AOPOTUX U Je(UIUTHBIX LIBETHBIX METAJIIOB OOJjee JeTKUMHU U Jie-
[IEBBIMU TTOJIMMEPHBIMU MaTepUAIaMH, UYTO MPUBEACT K CHUKEHHUIO YJEIbHONH MAaTepUATIOEMKOCTH
u ctouMocTH u3aenuit. [lomumepHbpie MaTepraibl XapakTepU3yIOTCsS BBICOKUMHU TEXHOJIOTHUYECKUMHU
CBOWCTBAaMH, KOPPO3MOHHON CTOMKOCTBIO, XOPOIIEH CLHEMIAEMOCThIO K Pa3JIMYHBIM IO CBOEU MpH-
pojie MaTepuasaM, Xopoiieid 00padaThIBAEMOCTHIO, BEICOKOH JeMI(UPYIOIICH ClTOCOOHOCTHIO.

C moMomIbI0 MOJMMMEPHBIX MAaTePUAIOB HAHOOJIee MPOCTO YCTPAHUTh 3a30pPbI B COCTUHEHU-
X KOJIeI] OJIIUITHUKOB M TTOCAJOUYHBIX MECT U 00ECTIeYUTh OTHOCUTEINIbHBIE TIEpEMEIICHUSI COTPs-
raeMbIX METaJUIMYECKUX MMOBEPXHOCTEH uepe3 MpOMEKYTOdHYIo cpexy. Cioi MmoJIMMepHOro Mate-
pHalia UCKJII0YAaeT KOHTAKT MOBEPXHOCTEH METAJUIMUECKUX JleTasled, MpeAoTBpallaeT UX U3HOC U
o0ecrneurnBaeT 3HAYUTEIILHOE MOBHIIICHNE JOJITOBEYHOCTH HETIOABIUKHOTO COCTUHEHUSI.

[Tpu BOCCTaHOBJIEHMM HEMOJBUKHBIX COCIWHEHUHN MOJIMMEPHBIMU MaTepuaiaMH CJIOH Io-
TUMeEpa MEXIY KOJIBIIOM TOJIIUITHAKA M MOCAA0YHBIM MECTOM UTPAET POJIb YIPYrod MPOKIAIKH,
nedopmariisi KOTOPO BMECTE C KOJIBIIOM ITOJIIMITHUKA MOYKET CITOCOOCTBOBATh O0jIee paBHOMEP-
HOMY pacIpeeICHUIO HATPy3KU MEXKIy TellaMU KaueHUs ¥ MOBBIIICHUIO JOITOBEYHOCTH MOAIIUTI-
HUKa KadueHus [3, 4].

Ho BmecTe ¢ 3TUM, MOIIIMITHUKY CKOJIbKEHUS, H3TOTOBJICHHBIE U3 MOJUMEPHBIX MaTepua-
JIOB, HE MOTYT MOJHOCTBIO 3aMEHUTh OOBIYHBIE MOAIMINUITHUKNA CKOJIBKEHUSI TI0 Py NMPUYHH, U3 KO-
TOPBIX TJIABHBIMHU SIBIISIOTCS: HU3KAs TPY30MOABEMHOCTH, 3HAUUTEIHHOE COMPOTHUBIICHUE BpaIlle-
HUIO U OTPAaHUYEHHOCTh NMPUMEHEHUS MPU BBICOKMX CKOPOCTSAX CKOJIBKEHHS M3-32 HU3KOW TEIuio-
MIPOBOJHOCTH U BBIICTICHUS OOJBIIOr0 KOJMYECTBA TEIUIa BCICACTBUE TPEHUS HAa KOHTaKTe. Teruio-
CTOMKOCTbH MPUMEHSIEMBIX IS MOJIIMITHUKOB CKOJIbKEHUSI MaTEepUaIoB HaXoAuTcs B mpenaenax 80-
100°C. U ecnu y4ecTb, 4TO BCIAEACTBUE HU3KOM TEIUIONPOBOAHOCTH MOJIMMEPOB TEIUIO, BBIAEISIO-
nieecs Npy TPEHHUH, HAKAIUIMBAETCS Ha TPaHMIIe TPEHHUS MOBEPXHOCTEH, TO BOSHUKAET OMACHOCTb
MeperpeBa U BHIXOA U3 CTPOSI MOAMIUITHUKA.

Bo-BTOpBIX, 3TO HCIIOJIB30BAHHE BO3MOXKHOCTEH IMPOLIECCOB HAINBUICHUS W HaIUJIaBKU TO-
POIIKOBBIX MaTEePHANIOB, PUHHUIIHOTO TUTA3MEHHOTO YIPOYHEHHUS, IJIa3MEHHOW 3aKaIKU U MJIa3MeH-
HOHM MOAM(UKAINK, 00ECTICUUBAIONITUX ITOBBIIEHHYIO PA00TOCTIOCOOHOCTH Mmap TpeHus [S].

OddeKkT oT peaau3alMH TaKUX IPOIECCOB JIOCTUTACTCS 3a CUET HM3MEHEHHUS (PU3HKO-
MEXaHUYECKUX CBOMCTB HOBBIX MJIM BOCCTAHOBJICHHBIX PA0OUMX MOBEPXHOCTHBIX CJIOEB: YMEHbIIIE-
HUS Kod(h(UIIMEHTa TPEHUS, YBEIUYCHUS MUKPOTBEPIOCTH, CO3JAAHUS CKUMAIOMINX OCTATOYHBIX
HaNpsDKEHUH, 3alledrBaHusl MUKpPOIe(EeKTOB, 00pa3oBaHus Ha MOBEPXHOCTH IUAJIEKTPUYECKOTO U
KOPPO3UOHHOCTOMKOTO TUICHOYHOTO TMOKPBHITUS C HU3KUM KOIPQPUIIMEHTOM TEIUIONPOBOIHOCTH,
XUMUYECKON WHEPTHOCTHIO M CIeIU(UUECKOr Tororpadgueil mOBEpXHOCTH.

OpnHako, ¥ y 9TUX METOJIOB €CTh HEJAOCTATKU: U3MEHEHHE XUMHUYECKOTO COCTaBa OCHOBHOTO
Y HaIUIaBJICHHOTO MaTepuasa BCIIEICTBUE OKUCICHHS JIETUPYIOUINX 3JIEMEHTOB U OCHOBBI METAaJLIa;
BO3MOYXHOCTh CTPYKTYPHBIX IPEBPAIIEHUH B OCHOBHOM METAJlJIe, B YACTHOCTH, 00pa30BaHUE KPYII-
HO3EPHUCTOI CTPYKTYphI, HOBBIX XpYNKHX (Da3; BOBHUKHOBEHHUE JepopMaluii B HaIJIaBICHHbBIX U3-
JENUAX 32 CYET 3HAYUTEITHLHOTO TEPMUUYECKOTO BO3JICHCTBUS; CHIDKEHUE XapaKTEPUCTHK COTPOTHUB-
JICHUS YCTAIOCTH HATUIABIICHHBIX U3JIENHIA; 00pa3oBaHne OOJBIINX PACTATUBAIONINX HAMPSKCHHIA B
MOBEPXHOCTHOM CJIO€ JIETaJIN; OTPAaHUYEHHBIA BBIOOP COUETAaHUI OCHOBHOI'O M HAIJIaBJICHHOTO Me-
TaJIOB; YXy/IICHHE aHTU(OPUKIIMOHHBIX CBOHCTB.

B cBsi3u c BbIlIENEPEUNCICHHBIMU HEJAOCTAaTKaMU TPAJUIUOHHBIX CIIOCOOOB YIPOYHEHHS
MEPCIIEKTUBHBIM SIBIISIETCS Ie(hOPMAIlMOHHOE YIIPOYHEHUE C IPUMEHEHHE MPOTPECCUBHBIX METOJIOB
00pabOTKK METaJIOB AaBleHHEM. B yacTHOCTH, MpUMEHEHHE TEXHOJOTUU KOMIUIEKCHOTO JIOKalb-
Horo aedopmupoBanus (KJI1) [6-25].
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OCHOBHASA YACTb

Cnoco6sr KJIJ] mo3BOJISIOT MPOU3BOIUTE YIPOYHEHHUE HAPYKHON MOBEPXHOCTH BTYIIOK C
IpaJIEHTOM MEXaHHYECKUX CBOMCTB IO CEYCHMIO; CO3aBaTh CTPYKTYpPHI, KOTOpPBIE, C OAHOI CTO-
POHBI, MO3BOJIAIOT JAOCTUTaTh MAKCUMAJIbHBIX 3HAUEHUH MEXaHHYECKHX CBOMCTB Ha MOBEPXHOCTH
U3JENUH, C IpYroil — 00ecrneunTh UX KOHTPOIMPYEMOE U3MEHEHHE OT BHEIIHETro AMaMeTpa K BHYT-
peHHeMy (WJIM IIEHTPY 3aroTOBKHU B cirydae o0paboTku oced min BasioB). OMHO U3 OCHOBHBIX IIpe-
MMYIIECTB IaHHOTO METO/1a — BO3MOXKHOCTh 00pabOTKK OpPOH3, KOTOphIe HEBO3MOKHO NOJBEPTaTh
OOBIYHBIM CIIOCO0AM YITPOYHEHHSI 00pa0OTKH METAIIJIOB JIaBJICHUEM, a TAaK)Ke TEPMHYECKUM Olepa-
IIUSIM BBHJTY CII0KHOTO XMUMHUYECKOTO COCTaBa.

cKUMarolyro cuiy P, co3gamouylo oceBoe
HampspKeHUe, He JIOCTUTarollee Ipenena TeKyde-
CTH, TOCPEACTBOM TNpMXuMa 3. 3aroToBKe CO00-
IAI0T KPYTSIIUA MOMEHT, 3aTéM BHYTPEHHIOIO
MOBEPXHOCTh (OPMUPYIOT MHOTOKPATHBIM BO3-
BpPaTHO-TIOCTYMATENbHBIM OCEBBIM IE€peMeleHuEM
pa3farouiero nyaHcoHa-aopHa 4, HMEIOLIEro yva-
CTOK C OONBIIMM AMAMETPOM, a HapYXHYIO TO-
% ‘E BEPXHOCTh — OOKAaTKOW ¢ O0KMMOM B POJHKOBOU
MaTpHUlIe 5, MOCcie Yero pa3BOIAT POJIUKU, OTBOISAT

MIPY>KUM U U3BJIEKAIOT TOTOBYIO BTYIIKY [6].
[IpumepHasi TEXHOJOTHS  HM3TOTOBJICHUS
OMMETaJUIMYECKOTO  TOJIIUITHUKA  CKOJBXKEHUS

Pucynok 5 - Cxema MHO20UUKI06020 KOMNIEKCHO-

20 OKWIBIOZ0 HAZPYICEHUA ¢ MPUTONCCHUEM OCE- D66x58-40MM, 00pabOTAaHHOTO MO CXEME MHOIO-

601l cunbl 014 ynpounenus uzdeaus om enympen-  LHUKIOBOI'O KJIJ, Boirmsiaut cenyrommm o0pasom

Hell nogepxnocmu: 1 - sacomoska, 2 — ynop, 3 — (pI/IC. 6):
npuodicum, 4 — 0opn, 5 — eanxoeas mampuya [6]

B 055 OO6paboTka OCYILIECTBISETCS CIEAYIONUM
—— obpa3zom (puC. 5): 3aroToBKy 1 ycTaHaBIMBAaIOT Ha
5 J ; E‘E BpAIIAIOIIUAIACA yIIop 2, K TOPIY MPHKIIBIBAIOT

5 ;"‘I‘j 7 ‘.‘""‘I“ ‘I“I{ 4 \I\"'u,‘ z I“"'\ 3

Tab6muna 1 — TexHoI0rus U3roToBICHNE OUMETAININYECKOTO ITOAIITUITHUKA

HaunmenoBanue onepanuu OnepaimoHHbIN 3CKHU3

1 2

1. U3roToBneHue sieMeHTa TpeHus (Ma- - 6208 _

tepuan 1, nanpumep, AK12 I'OCT 1583- |

93) ¢ pasmepamu D62u8x54-40"° mum; i i 1 1
: | e
4 I Ay

#54
2. U3roroBneHue 060104KU (MaTepHal B 270 _

2, HanboJee emeBbIi, HapuMep,
Crans 3 I'OCT 380-94) ¢ pasmepamu
@70x62H8-40"%° mm;
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[Tponomxenne Tabmuisl |

1 2
3. 3ampeccoBka 3eMeHTa TPEHUs B 000- 2627
JIOYKY, HauOOJIBIIINNA TOTTYCTUMBIN pac- I~ =
YEeTHBINA HATAT COCAUHCHHUA |
Opax = 94,6 MKM !
| B
|
#54
270
4. HapyxHoe ToueHue marepuana 2 10 2620 ff
()67 Ha TOKapHO-BUHTOPE3HOM CTaHKE. = -
i
| 5
| 3
Il !
B54
267
5. UepHOBOE pacTauuBaHUE OTBEPCTHS B 262 :5
marepuaiie 1 go 955. =
|
[ [
|
| S
; |
255
267
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[Tponomxenne Tabmuis |

1 2
6. Pe3ka Ha J1Be MOJOBUHBL. JTa onepa- L/e, /
M HE00XOIMMAa, YTOOBI UCKIIOYNTD {(}:Q/
OBAJILHOCTb U 3a30p IBYX IIOJIOBUH N Y
MTOAIIUITHAKA TIPH KX TTOCIIEIYIONIEH T10-
CaJKe Ha BaJl. | i
/ )
' S
a N B
7

7. CBapuBaHue MOJIOBUH BTYJKHU JJIS TIO-
cnenytomeidr 00paboTKu (CBapKa mpous-
BOJIUTCSI 110 TOPLIAM)

8. HapyxHoe ToueHue matepuania 2 10 26 2183
L
()66 Ha TOKapHO-BUHTOPE3HOM CTAHKE.

w”

255
266
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OxoHuaHnue Ta0munbl 1

1 2

9. PacTtaunBaHue OTBEpCTUS B MaTEpHa- 26018
+0,1 7

ne 1 no @S6H8 ™" Ha TokapHo-

BUHTOPE3HOM CTaHKE.

|
|
| 3
i D
~3}
|
2568
266
10. O6paboTka MHOTOIHKIOBEIM KJITH CM. puc. 6
OT BHYTPEHHEH MOBEPXHOCTH OMMeTa-
JINYECKOM BTYJIKH Ha TOKapHO-
BUHTOPE3HOM CTAaHKE CO CIIELUAIbHON
ocHacTkol (puc. 6) [6-18];
11. llInmudoBanme oTBEpCTHS B MaTepra- 260 *;5
ne 1 Ha kpyrinonu@oBaJIbHOM CTaHKE. — . -
|
|
| U -
I C:‘e‘
‘ S
"-..d.
|
B56H8
266

12. Pa3enenue BTYJIKU Ha JBE PaBHBIC
TTOJIOBHHBI ITYTEM yJIaJICHUST CBAPKH
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Pucynok 6 — cneyuansnaa ocnacmka 013 moKapHo-6UHMOPe3n02o cmanka moo. 1K62 ona ynpounenus
u3oenuii om eHympennei no8epxXHOCmu:
1 — konmetinep, 2 — 3acomoska, 3 — KpvluiKa, 4 — 3amaxcuvle 2aiku, 5 - 0OKAMHUK

SAKVIFOYEHHUE

OnucaHHasi TEXHOJIOTHSI TIO3BOJISIET CO3/]aTh HOBBIM MPOIYKT — OMMETAJUTMYECKUN MO IINTI-
HUK CKOJbXeHUs. [Ipu 3TOM BaXKHO OTMETUTH, UTO TEXHOJOTMUYECKOE YAOpPOKaHUE MPOU3BOACTBA
OyZeT KOMIIEHCUPOBAHO BO3pAacTaHUEM CpoKa 3KcIutyaTanuu. Kpome Toro, Hecyas crnocoOHOCTb
MOJIYYEHHBIX W3J1eui OyleT CyIIEeCTBEHHO BBIIIE MCXOAHBIX HCIIOJIB3yEeMbIX MaTepHalioB Ha 0al-
OWTHOH, HUKENIEBOUN MJIM aTIOMUHUEBBIX OCHOBaX. CTOMT OTMETUTh, UTO YKA3aHHBIN CIIOCOO JIETKO
aBTOMATHU3HUPYETCS U MOXKET ObITh BHEAPEH Ha JIIOOOM MAIIMHOCTPOUTENLHOM NPEANPUITUH, €O1H-
CTBEHHOM 3aTpaTHOW MO3UIMEH OYyAeT SBIATHCS KOHCTPYUPOBAHUE U M3TOTOBICHHUE CIICIIHATLHON
OCHAcCTKU. B 11e5om, 1o yka3aHHON TEXHOJIOTUU MOTYT ObITh M3TOTOBJIEHBI U MOIIUITHUKHA CKOJIb-
JKE€HUSI, UCIIOJIb3yeMble B JPYTHX OTPACISAX, B YACTHOCTU, B CTAHKOCTpOEHUU. [IpuHIMMIHMANBHO
JuaMeTpaibHble pa3Mephbl MOJYyYaeMbIX MOAIIUITHUKOB CKOJILXKEHHSI OTPaHUYEHbI TOJIBKO MapKOM
HUMEIOIIETOCS 000pYIOBAaHUS HA KOHKPETHOM MPEATIPUSATHH.

B pe3ynbrare MokHO TOBOPUTH 0 HOBOM HampasieHud B KJIJI — co3mannm OmmeTande-
CKHMX MOJUIMITHUKOB CKOJBXEHHUSI C MOBBIIIEHHON HAJIEXKHOCTHIO M JOJTOBEYHOCTHIO, TIPU 3TOM
MIPEUMYIIECTBEHHBIM HCIOIb30BaHUEM OYyIET SBISATHCS Y3€J «KOJEHUYaThIi Bajl» B aBTOMOOUIIE.
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S.YU. RADCHENKO, D. 0. DOROKHOV, A. A. KISLOVSKAYA

PROSPECTS FOR THE USE OF TECHNOLOGY INTEGRATED LOCAL
STRAIN HARDENING FOR SLIDE BEARINGS CRANKSHAFT

The article discusses the scope and main problems bearing element in the transport machin-
ery and vehicles. The ways of solving these problems. Given a detailed description of technology of
complex local deformation as one of the solutions.

Keywords: bearings, transport, complex local deformation, hardening
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10. H. BAPAHOB, H. E. CAKOBIY, B. . CAMYCEHKO

PA3PABOTKA TOPMO3HOI'O YCTPOMCTBA JIJIS1 IOBBIIIEHUSA
TOPMO3HBIX KAYECTB ABTOTPAHCIIOPTHbBIX CPEJICTB

Paspabomarno mopmosnoe ycmpoiicmaeo, 8 KOmopom 6blCOKUe MOPMO3HbLE KAYeCmEa 00Cmu-
2aomcest NpUMeHeHueM Habopa NOOBUIICHBIX U HENOOBUNCHBIX OUCKO8 83AUMOOCICIBEYIOWUX MeIHCOY
co601l npu mopmodiceHuu. PabomocnocobHocms npeodioHceHHO20 MOPMO3HO20 YCMPOUCm8a noo-
8epoicena pe3yibmamamu IKCNePUMEHMalbHbIX UCCLe008AHUIL.

Kniouesvie cnosa: 6e30nachocms 08UNCEHUsl, MOPMO3HOE YCMPOUCMEO, NOOBUICHBI OUCK,
HENnoOBUINCHBIIL OUCK, PE2YIsMOp 3A30P08, (PPUKYUOHHBIL IeMEHM.

Amnanus o0ecrieyeHus 6€30MAaCHOCTH AOPOKHOTO JBMKeHUs B Poccuiickoit deneparuu mo-
Ka3bIBAET, YTO YMCIIO JOPOKHO-TPAHCIOPTHBIX MPOMUCIIECTBUH HA 10pPOrax CTPAaHbl OCTAETCS CTa-
OomnbHO BhIcOKHM. 3a mepuos ¢ 1999 no 2013 ron B Poccuiickoii denepanuu npousonuio 2703592
JTII, B kotopsix morubao 369138 venoBek u 2778669 uenoBeK MOTYYUITN TPABMbI Pa3IMYHON CTe-
MIEHH TSKECTH, TIPU 3TOM OKOJIO 22% TpaBMHUPOBAHHBIX CTajdM MHBaIHIamH. [lo maHHBIM oduim-
ATHHOM CTATUCTUKH €XKETHEBHO Ha JOpOrax cTpaHsl morudaet B cpeaHeM 100 genorek, 6onee 60%
noru6mmx B JTII moau B Bozpacte 10 45 ner. O6mas cMepTHOCTD cpeau nocrpanasimmx B JTII, B
12 pa3 BbIIIIE, 4EM Y JIUII, KOTOPHIE MOJYYWIIA TPABMY IIPU APYTUX HECUACTHBIX ciaydasx [1,2].

CounanbHO-3KOHOMHYECKHUE MTOTEPH OLICHUBAIOTCS crenuaiuctamu ot 2,4 1o 2,6% BanoBo-
ro BHyTpeHHero npoaykrta. B nmenax 2006 roga ymep6 ot ATII coctaBun 476437 miuH. py0., B TOM
grcie ot rubenu moaei 229068 miH. py06., panenus 65633 miH. pyo.

AHanmu3 NpUYMH JOPOKHO-TPAHCHOPTHBIX MPOUCIIECTBUN MOKA3bIBAET, YTO OCHOBHBIMU W3
HUX SBJISIOTCS: HEAUCLUILUIMHUPOBAHHOCTh BOAUTENEH, HapylieHrue uMu IlpaBun nopoxHoro asu-
wenus (ITJJ/1), mmoxue AOpOKHBIE YCIOBUS, OTKA3bl U HEUCIPABHOCTH aBTOTPAHCIIOPTHBIX CPECTB
(ATC), okono 50% JTII nmpoucxoasar u3-3a HEYAOBIECTBOPUTEIHLHOW PabOThl TOPMO3HBIX CHUCTEM,
IIPU 3TOM HEUCIIPAaBHOCTU aBTOTPAHCHOPTHBIX CPENICTB MPUBOAIT K Hanbojee TSHKKUM JOPOKHO-
TpancnopTHbIM npoucuiectBusM. Takue JATII exxeronno yHocest xu3uu 10 1000 uenosek, a yuiepod
ot Hux 10 10 mupz. pybneti [3,4].

[Ipobnema CHIKEHHS YHCIa TOPOKHO-TPAHCIIOPTHBIX MPOUCIIECTBUI SABISETCS CIOXKHON U
MHoromaHoBor. Ha ee pemenne Hanpaiensl @eaepanbabiil 3akoH Nel196 — @3 ot 10. 12. 1995
roga “O 0e30macHOCTH JOPOXHOTO JABMKEHHs pa3paborana DenepanbHas LeieBas Mporpamma
“IToBeImeHne 6e30macHOCTH JOpokHOTO JBIKeHUs Ha 2013 — 2020 roapl”, B KOTOPBIX YKa3aHBI
OCHOBHBIC TPeOOBAaHUS MPU U3TOTOBJICHUM W SKCILTyaTallMd aBTOTPAHCIOPTHBIX CPEICTB, MPEIIO-
JKEHa CHCTeMa OPraHHU3alMOHHBIX, NHKEHEPHO-TEXHUYECKUX MEPOIPUATUN MO MPELYNPEXICHUIO
aBapuIHOCTH Ha Jloporax. BrInoiHeHne HayYHO-TEXHUYECKUX MPOrpaMM CIOCOOCTBOBAJIO CHUXKE-
HHIO TeMIioB pocta uncia [JTII, mo cpaBHEHHIO C MPEANIECTBYIOIMMHU IEPUOAAMHU, HO HE PEUIUIIO
MHOTHX TPOOJIEM JTOPOKHO-TPAHCIIOPTHOTO TpaBMaTHU3Ma, a0COIIOTHBIC IU(PBI U OTHOCUTENIbHBIC
ITOKA3aTEeIN KOTOPOr0 OCTAKOTCSI OUEHb BBICOKHMH.

B nacrosimee Bpems Ha 1000 poccusin npuxoaurcst 6osee 200 aBToMOOMIIeH U, KaK MOKAa3bl-
BaeT OMBIT Pa3BUTHIX cTpaH, Poccus HaxoauTCa B cTaguu B3PHIBHOTO pOCTa aBTOMOOWIM3anuu (ce-
TOAHS pOoCcT aBTOMOOMIIeH B cTpane cocrasisier 10% B rox wim 1.3 muH. equnun). [Tostomy, npo-
THO3UPYs pa3BUTHE CUTYallMM, €CThb BCE OCHOBAaHMS MOJararb, 4TO, HECMOTPS HAa IMPUHUMAaEMBbIE
MEpBbI, B OJIMKANUIINE TObl BO3SMOXEH POCT KOJHMYECTBA JOPOKHO-TPAHCIIOPTHBIX MPOUCIIECTBUH,
YHUCIIa MOCTPAJAABIINX B HUX JIIOJIEH.

YBenuyeHrne Macchl M MOIIIHOCTH T'PY30BbIX aBTOMOOWIIEH, Bce OoJiee BBICOKUE TpeOOBaHMUA,
MpeAbSBISEMbIE K TOPMO3HBIM CUCTEMAaM HM3TOTOBUTEISIMU U MOJIB30BATEISIMU TPAHCIIOPTOM, a TaK
&Ke Bce 0oJiee JKeCTKUE YCIOBUS COOTBETCTBYIOIIMX CTaHAAPTOB, CO3/AIOT CIOXKHYIO Ipobiemy —
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obecrieyeHre 0€30MacHOCTH JIOPOKHOTO JBMKEHHS, KOTOPYIO TPYIHO PELIUTh IPU MOMOIIH KOJIO-
JOYHBIX TOPMO30B.

[MpoBoaumseie pupmoit Mintex Don MexxayHapoHble KOH(PEpEeHIMH o polieMaM CoBep-
IIEHCTBOBAaHHUS TOPMO3HBIX CHCTEM I'PY30BbIX aBTOMOOWJIEH, OTMEYaeTcsi, YTO HECMOTPsI Ha PsI Mpo-
0J7eM CTOSIIMX TIepe] CO3MAaTeNsIMU JTUCKOBBIX TOPMO3HBIX MEXAaHM3MOB (BBICOKAsl SHEPrOHArpyXeH-
HOCTh) MX TIPUMEHEHHE TIPEATIOYTUTENTFHEE B CJICICTBUE TAKUX MTPEUMYITIECTB, KaK CTaOMIHLHOCTD (P dek-
THBHOCTH MPH M3MEHEHHH TEMIIEPATyphl, HAYaIbHOIM CKOPOCTH TOPMOXKEHHs [5-7].

Hamu pazpaboTana KOHCTPYKIMSI JUCKOBOTO TOpPMO3a MAJIi aBTOTPAHCIIOPTHBIX CPEACTB
00mbII0# Tpy3onoaseMHocT (puc. 1) [8].

TopMoO3HOE YCTPONCTBO COCTOUT M3 KOpITyca 7, 610Ka IMUIHHAPOB 9, Habopa MoABMKHBIX 13
U HenojaBWHOro 14 nucka. Ha nuinHIpuueckodl MOBEPXHOCTH KOPIyCa BBINOJHEHBI Masbl 15, B
KOTOpPBIE BXOIAT NUIUII HEMOABUKHOTO 14 1 NMpMKUMHOTO 12 THCKOB.

Ha kopryce 7 nMeroTCst MITHIIBI, AJIs YCTAaHOBKH OJ10Ka UIUHAPOB 9. Ha munmuHapuyeckon
YacTU KopIlyca TOpMoO3a U OJIOKa HUJIMHAPOB CIENIaHbl MPOTOYKA M KOJbLIEBas KaHaBKa Ji CTO-
MOPHBIX TOIYKOJIEI 8, 3aKPBITHIX KPBILKOH 5. briok munmuHapoB 9 npencrasnser codoit pacoHHBIH
muck ¢ 16 pe3bOOBBIMU THE3/1aMH, B KOTOpPhIE BBEPHYTHI TWJIb3bl. B BOCBMH M3 HUX pa3MelllEHBI
MOPUIHY 2, B BOCBMHU JPYTUX — peryasTopsl 3a30opoB 10. [lonocTy nuauHAPOB COEAMHEHBI MEKIY
co0oii KoybIeBBIM KaHaIoM 4. [1InumeBbiMu BRICTYIIaMU TMOJIBHIKHBIE IUCKU BXOJAT B a3kl 7 TOP-
MO3HOro 6apabana.

[Tpu BpaieHuu Koseca MOJBUKHBIE TUCKU BpaIIalOTCsl COBMECTHO C TOPMO3HBIM Oapaba-
HOM, U KOJIECOM, IPU 3TOM, UMesl BO3MOKHOCTb IIEPEMELIATHCSI B OCEBOM HAIPaBJIECHUU I10 M1a3aM.
Ha moBepXHOCTH MOJIBHKHBIX U HEMOJBHKHBIX JAMCKOB HaKJENaHbl HAKIAIKU U3 (PUKIIMOHHOTO
Mmatepuaina. [ToBepXHOCTH (PUKIIMOHHBIX HAKIAJOK 00pa3yloT MEXAy cOO00H (pUKLIMOHHBIC Haphl
TpEHHUSI.

Topmo3zHoit MexaHu3M paboTaer ciuenyromuM odpasom. [Ipu nogaue nasieHus padouee Te-
JIO Yepe3 IITylep 3 moJgaeTcsa B KOJbIEBOM KaHaAT 4 K MOPIIHSIM 2, KOTOPbI€ HAYMHAIOT JBUTATHCH,
nepeMenas NpykKUMHOM JUCK 12 B oceBOM HampaBieHHH. [Ipy 3ToM nmakeT JUCKOB CKUMAETCs, Ha
(GPUKIIMOHHBIX MMOBEPXHOCTAX BO3HUKAIOT CHUJIBI TPEHHS W, CJE€I0BaTEIbHO, TOPMO3HONW MOMEHT,
IIPONOPLIMOHAJIBHBIN 1aBJIEHUIO B IPUBOJAE TOPMO3HON CUCTEMBI.

3y0uaThlii BeHell 6, yCTAaHOBIICHHBIH Ha TOPMO3HOM OapabaHe, mpeHa3HaueH ISl 3arlerie-
HUS C IIECTepHEW JaTurka aHTHOIoKupoBouHOU cuctembl (ABC), pa3paboTaHHOTO IS AaHHOTO
TOPMO3a.

OxJnaxJeHne TopMo3a OCYIIECTBISETCS HaOETalouMM ITOTOKOM BO3/yXa, Yepe3 TEXHOIOIH-
YECKHUE OTBEPCTHUS B TOPMO3HOM OapabaHe.

MeTtonuka pacyera TOPMO3HOIO MEXaHHM3Ma IPEAIONAracT ONpEAEIEHUE TOPMO3HOIO MO-
MEHTAa, Pa3BUBAEMOT0 TOPMO30M, U €r0 COOTBETCTBHE TOPMO3HOMY MOMEHTY, pa3BUBa€MOMY aBTO-
TPaHCIOPTHBIM CPEJCTBOM IIPH MAKCUMAJIbHOM 3aMEIJIEHUH.

TopmM0O3HON MOMEHT AUCKOBOTO TOPMO3a:

M, =72uR P,

r7le Z — YUCIIO0 Map MOBEPXHOCTH TPeHHUs, Z = 4;
p — ko3 durment tperwns, p=0,45;
Rep — panuyc necTBUS CHI TPEHHUs, SKBUBAJICHTHBII IEHCTBUIO BCEX DJIEMEHTAPHBIX CHII TPe-
HYs Ha miomaay KoHTakTa: Re,=(Ru+Ry)/2;
Ry, Rz — HApY»XHBIN ¥ BHYTPEHHUI paauyc aucka M (puc. 2);
P — oceBoe ycunue, H.
Jli1s Gonee TOYHOTO OMpeieNIeHUsl CPETHETO pauyca, UCIOIb3yeM popMyTy:

R, =R,0,.

rie g — Ko3hduureHt GopMbl QPUKLIMOHHOIO 3JIEMEHTA.
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Pucynok 2 - Cxema cun P u napamempos mopmo3nozo mexanuzma

B npeanaraemoM TOpMO3€ MOXKHO HMCIOJB30BaTh (PPUKIIMOHHBIE JIEMEHTHI B BHJIE KOJIbIIE-
BOT'O CeKTopa, Kpyra win oBajna (puc. 3). J{ns pacyeToB Bo3bMeM (PPUKIIMOHHBIN 3JIEMEHT B BUJIE

KOJIBIICBOTO CEKTOPA.
JInsl HaKJIaJKK B BUJE KOJBLEBOIO CEKTOpa KOI(QOHULMEHT J¢ 3aBUCUT OT COOTHOILEHHUS pa-

JNYCOB

s pacueroB mpumem R,= 0,21 m, R,= 0,16 M, R; — R;< 0,6.
Orcrona a=0,16/0,21= 0,79, Torna 64 =1,021 .

TBEHHBIF
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Pucynox 3 — @opmvl puKyuoOHHBIX IIEMEHM 08
a — Koavbyesoil cekmop,; O — Kpye, ¢ — 06al
OceBoe ycunue P B mpenyiaraeMoM TOpMO3€ CO3a€TCsl YCUIIMEM BOCbMHM LIMJIMHAPOB. Jliid
MMHEBMAaTUYECKOTO IPUBOIA

I !

P=025pz).d;
i=1

rie p — AaBieHue B mHeBMocucteme, p = 0,9 Mlla;
dyi — muamerp nununapa, d, =0,07 m.
Orcroga
P =0,25x3,14x0,9%x10°x8x0,07% = 27689,8 H.

Torna Rep= [(RutRs)/2] 64=[(0,21+0,16)/2] x1,021= 0,189 m.
Otcroa TOpMO3HON MOMEHT paBEH

M, =zuR, P =4x0,45x0,189x27689,8 = 9420,07 Hm
TopmMO3HOW MOMEHT, pa3BUBAaE€Mblii aBTOTPAHCIOPTHBIM CPEJICTBOM MPHU 3KCTPEHHOM TOP-

MOXEHUU,
Ml = (ngka)/ 2’

rne G; — Macca aBTOTPAHCIIOPTHOTO CPENICTBA, MPUXOASIIASICS Ha TEPEIHIO OCh MPU TOPMOXKE-
HHUU:

GaXh"xi .
=S @

a

G,=G, +

z

re ¢ — K03 HUIMEHT CIeNIeHNs IHUHBI ¢ 10poroi, ¢ = 0,8;
Rk — paauyc koseca aBTOTpaHCIOPTHOTO cpenctBa, Ry= 0,477 wm;
G1 — Macca aBTOTPaHCIIOPTHOTO CPEICTBA MPUXOSIIASCS Ha TIEPEAHIOI0 OCh,
G, =2538 kT3
G, — monHas Macca aBTOTPAHCIIOPTHOTO cpeAcTBa, Ga= 7825 Kr;
ho — BeICOTA IIEHTpa TSHKECTH aBTOTPAHCIIOPTHOTO cpecTBa, o= 0,9 Mm;
L, — 6a3a aBTOTpaHCIIOPTHOTO CpeacTBa, L,=3,6 m;
J — MakcUMabHOE 3aMeIJIeHue TTPU TOpMOXKeHuH, J =7,0 M/CZ;
g — ycKopeHHe cBOOOXHOro maneHus, g =9,81 m/c?.
[ToncraBuB B popmyiy (1) BEIOpaHHBIE paHee 3HAYCHUS BETUYUH, TIOTYUIUM
G, = 2538+7825 x 0,9 x 7,0/3,6 x9,81 = 3934 kr.
Orcroga
M; = (39340 x 0,8 x 0,477)/2 = 7506 Hwm.
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Topmo3HOI MOMEHT pa3BUBaeMblii TOpMO3HBIM MexaHu3smMoMm 9420,07 Hm obecrieunBaet
TOPMOKEHHE TPAHCIIOPTHOIO CPEACTBA C 3aMEUTCHHEM 7M/C2, TIPH JaBICHHN B IPHBOJE TOPMO3HO-
ro mexanusma 0,9 MIla:

Mt > M;.

Pacuer TopMO3HOrOo MOMeHTa AJisi (PPUKIIMOHHBIX 3JIEMEHTOB KPYrOBOM M OBaJIbHON (DOPMBI
IMIPUHLIMIIHAIBHOTO OTJINYMS HE NMEET.

B kauecTBe pacyeTHBIX JaHHBIX Hcnonb3oBaiu nanusie KAMA3-44108.

PazpaboTanHoe TopMO3HOE yCTpOiCTBO Tpomnio auarHoctupoBanre B OO0 «EBporieHTp»
Ha CTEHJE€ TEXHUYECKOIro quarHoctupoBaHus Topmo3oB mapku CTC10V.11.00.00.000P3, pe3ynb-
TaThl IMArHOCTUPOBAHUS NPUBEAEHBI B TabnuLe 1.

Tabnuua 1 — Pe3ynpTaThl IMarHOCTHPOBAHUS TOPMO3HOT'O YCTPOMCTBA

[Tokazarenu Tpebosanust TOCT P [Tonydyennbie
51709-2001 pe3yIbTaThI
VYaenbHas TOPMO3Hasl CHIIA,
0,46 0,52
7t , HE MEHEe
OtHocuTenbHAsT ~ pPa3HOCTH 20 % 12%
TOPMO3HBIX CHJI KOJIEC OCH
VYceunue Ha Oprase ympas- 686 610

nenus, Pnp H
JIOCTOMHCTBO pa3pabOTaHHOTO JMCKOBOTO TOPMO3a — 3TO IMOBBIIIEHHE M3HOCOCTOMKOCTH,
YBEJIMYEHUE CLEIVICHUs TPYLUXCS IEMEHTOB 10 IUIOCKOW MOBEPXHOCTH, YTO OOECIEUMBAET paB-
HOMEPHOCTb pacIipe/ie/IeHus! 1aBJICHHUs, a CIeJOBATEIbHO PaBHOMEPHBIH N3HOC MaTepHaa.
Pa3zpaboTaHHOE MHOIOJMCKOBOE TOPMO3HOE YCTPOWCTBO C OCEBBIM Ha)KaTWEM JUIsl aBTO-
TPAHCIIOPTHEIX CPEICTB C 3aMeuieHneM Gomee 7,5 M/c” o cBoeit sdextisHocTH B 1,5 — 2,0 pasa
IPEBOCXOAALINN TPUMEHSIEMbIE HA OT€UYECTBEHHBIX ABTOMOOMIISX OOJIBIION IPy30HN0AbEMHOCTH, YTO
MO3BOJISIET TIOBBICUTH OE€30MIACHOCTH JOPOKHOTO ABMKEHHS 710 10 %.
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J. N. BARANQV, N. E. SAKOVICH, V. | SAMUSENKO

DEVELOPMENT OF A BRAKING DEVICE TO RAISE BRAKE
QUALITIES OF VEHICLES

The brake device in which high quality brake achieved through a set of moving and stationary
discs interacting braking. The efficiency of the proposed braking device is exposed experimental re-
sults.

Keywords: traffic safety, the braking device, the movable disk, fixed disk, control gaps, fric-
tion element.
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VJIK 621.436.681.51
B. M. MAHOMJIO

PEI'YJIMPOBAHUE ITPOLHECCA ITIOJAYU CMECH ITIOJIOXKEHUEM
MOBOPOTHOM 3ACJIOHKH JIPOCCEJIBHOI'O Y3JIA CUCTEMBI
BO3YXOCHABXEHHUSA TPAHCIIOPTHOI'O ABUI'ATEJIA

Ilpeonooicena mamemamuyeckas Mooens pe2yauposanus npoyecca nodadu paboiezo mena
(ceedice20 3apsada uau MONIUSHO-6030VUIHOL CMeECU), NOCMYNAIOWe20 6 CUCHEM) 8030YXOCHAO Ce-
HUs 0gueameria; NOBOPOMHOU 3ACIOHKOU 0becheyusaemcs niasHoe UsMeHeHue npoxooHo2o ceye-
HUsL 8 20PNOGUHE OPOCCENLHO20 Y3Id, YMO O0dem G03MONICHOCMb Pe2yluposamy 6eIuduny pacxood
pabouezo mena (PT) 6 /[BC, npu usmeHenuu 3KCHAYAMAYUOHHBIX PEHCUMO8 pabOmbl MpaHCnopm-
HbIX cpedcma.

Knroueswte cnosa: mamemamuyeckas Mooensb, OpOCCenbHblil y3el, NOBOPOMHAS 3ACIOHKA.

BBEJIEHUE

B nopapnstoiiemM OOJNBIIMHCTBE COBPEMEHHBIX Ia30BBIX M OCH3MHOBBIX JIBUTaTeNlel CHCTe-
MBI BO3IyXOCHa0XeHHUs 000pyI0BaHbI APOCCENbHBIM y3710M. II0BOpOTHOII 3aciioHKoi y3ma obecre-
yuBaeTcsa 3G(HEeKTUBHOE pEryJIupoOBaHUE BEIMUMHBI pacxoja padouero tena B munuHAps! BC. 3a-
CJIOHKa B CBOEM J'II060M MPOMCIKYTOUYHOM IOJIOKCHHUU MCIKAY IMOJIHBIM 3aKPBITUEM U OTKPBITUCM
o0ecrnieunBaeT MjIaBHOE U3MEHEHHNE MPOXOAHOIO CEUEHUs TOPIOBUHBI JPOCCENBHOTO0 y3ia. M3mene-
HUEM MPOXOJHOTO CEYCHHS OCYIIECTBISIETCS PEeryaupoBaHUE pacxoja pabodero Temna, MOCTYIAa0-
miero B nunuHaps! JIBC. DTo caMblii TpoCTOM, HAJACKHBIA CIIOCOO PETyIMPOBaHUS.

CornacoBaHHas pa60Ta APOCCCIILHOTO y3JIda, CUCTCM TOILNIMBOIIOAAYH, 3AKUTAHUA U TP, KOH-
TPOJIUPYETCs] KOMILIEKCHOM cuctemont yrmpasienus JIBC, cozmaer OGiaronpusiTHbIE yCIOBUS IS
ocymecTBiIeHUs 3PPEeKTUBHOTO paboyero mporecca B UIMPOKOM TUAMa30HE U3MEHEHHS CKOPOCT-
HBIX U Harpy304YHBIX PEKUMOB pab0Thl TpaHCTIOPTHBIX cpeacTs (TC).

AHAJIN3 TOCJEJHUX JOCTUKEHUN U TYBJIUKAIIAN

JpoccenbHbIe y3JIbI CHCTEM BO3AYXOCHAOKEHHUs, allaiTUpOBaHHbIE K TpaHcnopTHbIM JIBC,
HU3roTaBJIMBAKOTCA B OJOCTATOYHO pa3H006pa3H0M KOHCTPYKTUBHOM HCHOJHCHHUU U OTJIWYAKOTCA
MEKIy Co00H (HYHKIIMOHATBLHBIMU BO3MOKHOCTIMH [ 1-20].

Tem He MeHee, B TEXHHUUECKOW TMeyaTH MOJIEIb PEryJIUpOBaHUS Ipolecca TeUeHHs padbo-
Yero Telia B TOPJIOBUHE JIPOCCEIBHOTO y3ja CUCTeMbl Bo3myxocHa0xkeHus JIBC ¢ momoIpo moBo-
POTHOM 3aCIIOHKH OTCYTCTBYET.

ABTOpOM TpeJiaraeTcsi Takasi MaTeMaTu4yeckasi MoJielb, C MMOMOILIbI0 KOTOPOU MOSBISETCS
BO3MOXHOCTb YHUCJIICHHOI'O MOACIUPOBAHUA MICPCXOJHBIX MPOLECCCOB, MPOUCXOIANINX B APOCCCIIb-
HOM Yy3Ji€, BO3HUKAIOIIUX B Pe3yJbTaTe MOSBICHHS Pa3IMYHbIX BO3MYIIAIOUIUX BO3JCHCTBHI, OT
KOTOPBIX 3aBUCHT PETYJIHPOBAaHUE BEIWYHHBI pacxoja pabodero tena u 3PpPeKTHBHOCTh pabovero
npouecca JIBC. IlpuBeneHHble MEPONPUATUS BIUAIOT HA TATOBO-CKOPOCTHBIE XapaKTEPHUCTUKH
TPAHCIIOPTHBIX CPCACTB, B IIMPOKOM JUAINNA30HEC NU3MCHCHUS CKOPOCTHBIX W HAIPY30YHBIX PCIKUMOB
9KCIUTyaTalluy MOCIEeTHUX.

HEJIb U IOCTAHOBKA 3AJIAYA

[enbto HacToAIIEH pabOTHI sBIsETCS 00ecneueHns ObICTPOro, TOYHOTO U IJIABHOTO PETYJIH-
pOBaHUS BEJIMYMHBI pacxona padodero tena B mumHAps [IBC, 0T KOTOPOro 3aBUCAT B Ipoliecce
AKCIUTyaTallid TATOBO-CKOPOCTHbBIE, TEXHUKO-DKOHOMUYECKHE U JKOJOTHYECKHE XapaKTEePUCTUKH
TC.

CYHNIHOCTb MATEMATUYECKOHN MOJIEJINA

Ha ycranoBuBmuxcs pexumax [IBC nmoBopoTHasi 3aciiOHKa, YCTAHOBJIEHHAs] HA OCH, BHYT-
PH IPOCCENBHOTO y3I1a, B 3aBUCUMOCTH OT U3MEHEHHUSI CKOPOCTHBIX M Harpy30YHBIX PEKUMOB pado-
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~7p1 TC, 3aHUMaET CTPOTO OIpeNeiIeHHOE (3aJaHHOE) MOJIOKECHHE, IPU STOM COOTIOIATHCS YCIOBHE
CTaTHUYECKOTO paBHOBECHSI.

JIJist TOBOPOTHOM 3aCIIOHKH YCJIOBHE CTATUYECKOI'O PABHOBECHS MOKHO BBIPA3UTh CJie-
JTYIOIIMM COOTHOIIICHHEM

M -M_ _ =0um M =M 1)

n.zacun peaxk n.zacun peaxk '

rae M, ... - MOMEHT, BOSHUKAIOIIUI Ha OCU MOBOPOTHOM 3aCJIOHKM HAOEraroIiero BCTpeyHoro mo-
ToKa pabouero tena, nocrymnatouiero B JIBC, H
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N3 xypca (pU3MKK U3BECTHO, YTO MPH AIEMEHTAPHOM H3MEHEHUHU IO BPEMEHH YIJIOBYIO
CKOPOCTb OCH TIOBOPOTHOM 3aCJIOHKM MOXXHO TIPEICTABUTH BBIPAKEHUEM

d
a)dp.s‘am = d_f ! (6)

r7ie [/ — yroJ moBOpOTa 3aCIOHKH, TPajl. MOB.
Tornma, nepByro MPOU3BOAHYIO YIJIOBOM CKOPOCTH OCH MOBOPOTHOM 3aCJIOHKH 3amlMIIEM 3a-
BUCUMOCTbIO

dwo .3acn d Zﬁ
dpt = dtz = 8¢)p.3ac,7 ' (7)

. -2
THC &, ., - YIVIOBOC YCKOPEHHE OCH [IOBOPOTHOM 3aCIOHKH, C .

[ToxacraBum Beipaskenus (6 U 7) B cooTHomeHue (5), ¥ 3anuiieM

2
sacn d Azﬂ + kz ' dAﬂ = (Mn 3acz+AMn 3acn)_ (Mpear( + AMpeaK) ' (8)
S dt dt o '
[Tocne ynpoieHuit noay4yum
2
‘]3ac.1 ’ ddTAzﬂ + kZ dﬁ_tﬂ = AMn.aacn - AMpear( ' (9)

MoMEeHT, PUIIOKEHHBIN BOJIUTEIEM K OCH IOBOPOTHOW 3aCJIOHKH 3aBUCUT OT: JaBJICHUS
pabouero Teaa B JPOCCETBHOM Y3II€ Popsacr, YCHIIHS, IPUIOKEHHOIO K OCU 3aCIIOHKU Py U1
yTJia TOBOPOTa APOCCETHHOM 3aCTIOHKHU [

Mn.3ac/1 = f(ﬂ; pdp.;fac/z, Pycuﬂ)- (10)

Ha ocnoBanum 310ro, mocie yrnpoleHHM, 3alMIIeM 3JI€MEHTaPHOE U3MEHEHUE MOMEHTA,
IPUIIOKEHHOTO K Me/Iay pblyara yrnpasleHHs, KOTOpOe€ HEOOXOAUMO MPUIIOKUTh BOAUTEIIO, K OCH
IIOBOPOTHOM 3aCJIOHKHU C Y4€TOM MaJIbIX OTKJIOHEHUU

oM oM oM
AMn vy = n.3acn 'Ap()p e + n.aci Aﬁ+ n.saci_ APycm ) (ll)
o 6p op.3aci o 6ﬁ aP yeun

MoMeHT TPOTHUBOJICHCTBHSI, CO3/1aBACMbIi JBIDKYIIEMCS paOO4YMM TEJIOM B APOCCETHLHOM
y3JI€ IOBOPOTHOM 3aCIIOHKM 3aBUCHT OT: Nepenana AaBleHUs APy suc, PAOOUETO TENA B y3I€ U yI-
J1a TIOBOPOTA IPOCCETBHON 3aCTIOHKH [

M peax = f ’ (p()p.'}acn ! ﬁ) (12)

Torma, mocne ympoIIEHWH 3amuIIeM 3JEMEHTapHOE W3MEHEHHE pacxoia padodero Telna
MPOXOJISAIIETO Yepe3 APOCCENbHBIN y3€lI TPHU MaIbIX OTKIOHCHHUSX

AM My M e AB (13)
= L+ AR,
peax 8p pdp.sacﬂ 5,3

op.3aci

[ToncraBuM BhIpaXKEHHs MOMEHTOB MPUJIOKEHHBIX K JIPOCCEIBbHOMY Y31y B ypaBHEeHHE (9).
Torna, nuddepennunansuoe ypasaenue (1Y) npupaiieHus yrioBoro yCKOpPEHHs IMOBOPOTHOW 3a-
CIIOHKH MOKHO NPEJCTABUTH B BUJIE
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2 oM oM oM
\]mm d;Azﬂ_'_ kZ . dAﬂ — n.sacn 'Apop e + n.saciu Aﬂ"_ n.sacn AP},CM _
. dt dt apdp.sam o aﬂ ap yeun ( 1 4)
aM peax A aM peax A ﬂ
-~ p .3aci T S,
apdp.wm ” aﬂ
Beipasum 3HaueHus Apyp saca, APyeun B AP 4EPE3 OTHOCUTENIBHBIE KOOPAUHATHI
- A 3acn - AP cun 5 A
p@p.mm = pop. : : Pycwz = = ; ﬂ :_ﬂ1 (15)
PO()p.sac,z Pchu() ﬁO

TAE P,y o0 - O€3DA3MEPHOE M3MEHEHHE TEPENaa JIaBIeHUs Pabovero Tena mepes MOBOPOTHOU

3aCJIOHKOI;

Do - OE3paZMEpHOE U3MEHEHNE YCHUIIMS Ha Nelallb YIPABIEHHS B IPOCCEIBHOM Y3IIE;

S - Ge3pazmMepHOE U3MEHEHHE YIJIa IOBOPOTA JIPOCCEIbHON 3aCIOHKY;
uHaekc 0 — 3HaYeHUs1 mapaMeTpoB Ha YCTAaHOBUBIIHUXCS PEKUMAX PaOOTHI MOBOPOTHOM 3aCIIOH-
KH.
@DakTOp YCTOMYMBOCTH ITOBOPOTHOM 3aCIIOHKH 3aIIUIIEM COOTHOILICHUEM
oM . —oM

F{)plgam — peax a’B n.3aci ] ( 16)

Bripazum nuddepennnansHoe ypaBHEHHE TPUPAIICHUS YIIIOBOTO YCKOPEHHSI MOBOPOTHOM
3acioHKU (14), ucnonp3ysi 3HaAUEHUS OTHOCHTEIBHBIX KoopauHat (15) u dakropa ycroitunBocTu
(16), cneayrommM COOTHOIIICHHEM

d 2B dﬁ_ﬂ _ (aMn.mczz - aM eax ) -
Jxac,'t .ﬂO ' dtIZB + kZ ’ dt : + F()p.z’acfl : ﬁ'ﬂo = a 2 ’ p()p.sac’ﬂ ’ pOap,gac,z +
p()p.3am . (17)
+ aMn.zam T
apyau p yeun p 0.ycun

Ilocie HpeO6pa3OBaHI/I${ U JICJICHHUS BCEX COCTABJIAIOIIUX Ha MATBIA YIeH YPaBHCHUA TI0JTY-
qyum
2= —
2 d°p dg a_ e
T Op-sacn 2 +Tk.3ac,1 ’ + K@psam ’ ﬁ - Q()p.s’aca ' p()p.xac.v + pycwz ' (18)
dt dt

[MonyueHHOe BbIpaxkeHHE sBIsSCTCs MuddepeHInaTbHbIM ypaBHEHUEM TIPUPALICHHS YTIIO-

BOT'O YCKOPECHUA HOBOpOTHOﬁ 3aCJIOHKH OAPOCCEIIBHOTO y3J1a B 6e3pa3MepHBIX KOOpauHaTax.

F;[e, BpEMsA p€aKIU H, COOTBECTCTBCHHO, BPEMJ KaTapaKTa HOBOpOTHOﬁ 3aCJIOHKU

TZ _ ‘Jaaav'ﬂo T _ kz 'ﬂO
op-sacn = oM A Ly spen = oM
n.zaco p n.3aco
Oycun Oycun
ap yeui ap yeun

XapaKTEePU3YIOT CKOPOCTh cpabaThiBaHUs NOABMXHBIX neraneit (1) m  uneprmonnocts I1]]
JPOCCENBHOTO Y3714,
Koaddurment camoBbipaBHUBAHUS IPOCCETBHON 3aCTIOHKA

K _ Fz)p.sacn ) ﬂ 0
op.sacn
aM n.zacin
Oycun
ap yeun

56 Mup mpancnopma u mexHoni02uuecKux Mauiun



Mup mpancnopma u mexunonozuueckux mauwiun 2014

XapaKTepu3yeT CroCcOOHOCTh MOBOPOTHOM 3aCIOHKHU TOJICPKUBATH 3a/IaHHBI PaBHOBECHBIN pe-
HKUM.
KoaddummenT ycunenus o n3meHeHuto napieHus PT B cedeHnn 1poccenbHON 3aCIIOHKH

6M n.sacn aMpeaK
a : p Qop.3acn
Q p op.3aci
op.sacn
aM n.sacn
Oycun
ap yeun

xapakrepusyeT 3pEKTUBHOCTh BO3ICHCTBHUS U3MEHEHHSI JABICHHUS OT MOMEHTA, IPHIIOKEHHOTO K
OCH TTIOBOPOTHOM 3aCJIOHKOM.

B oneparopnoii ¢popme 3anmcu, ypaBHenue (18) mpupaiieHust yrioBoro yCKOpeHusi moBo-
POTHOM 3aCJIOHKH MPEICTABUM CJIEIYIOLINM BbIpaXKEHUEM

(Tz‘)p'mm : pz +Tk.3ac.1 ’ p + K()p.mc,z) E = Q()p.:eaczz ' p()p.sam + pycu:l ' (19)
['me TpexuneH B CKOOKax, B3SATHIA U3 ypaBHeHUs (19)
d()P.xac.z (p) = TZ‘)I"”C” ’ p2 +Tk.3ac,7 P +Kt)p.3ac,v (22)

- SIBJISIETCSI COOCTBEHHBIM OIEPAaTOPOM TTOBOPOTHOH 3aCIIOHKH APOCCEIBHOTO Y3IIa.
YropomerHoe  u300pakeHHE CTPYKTYPHOW CXEMBbI MOBOPOTHON 3aCJIOHKH JIPOCCEIBHOTO
y371a TPUBEJICHO Ha pUCyHKe 1.

Q@oac).mm ’ p op.3acn

p cun E
—y> d op.zacn ( p) 5

Pucynok 1 - Ynpowennoe uzobdpasicenue cmpykmypHoil cxemsl ROGOPOMHOU 34C/10HKU
o0poccenbrozo y3na cucmemsl 8030yxocnaovcenusn /[BC

BbIBO/IbI

1. [Tonyuennoe /[Y, onuchiBaeT AMHAMUYECKHUE CBOMCTBA MOBOPOTHOM 3aCIIOHKHU JAPOCCEIb-
HOTO y3J1a CUCTeMBI Bo3yxocHaOxeHus /IBC TpaHCIOPTHBIX CPEACTB, MO3BOJSAET CHOPMUPOBATH U
peain30BaTh MaTEMaTHUYECKUE MOJIETH HCCIEAYEMOro 00bEKTa.

2. Tlonyueno, nuHelHOE HeoHOpOoAHOE 1Y 2-T0 MOpsiiKa ¢ MOCTOSHHBIMU KO3 duiineHTa-
MU, KOTOPOE MOXHO HUCIOJIb30BATh ISl pa3pabOTKU U peain3aliil MaTeMaTUYECKUX MOJIeeld MHO-
TOKOHTYPHBIX CUCTEM BO3IyXOCHAO0XEHHUS, a TaKXKe JUIsl PEICHUs JaTbHEHIINX 3a/1a4 CBSI3aHHBIX C
ONTUMHU3ALMEN TapaMETPOB PACCMATPUBAEMBIX CUCTEM.
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V. M. MANOILO

THE MODEL OF REGULATING THE WORKING FLUID FLOW PROCESS
BY MEANS OF THE BUTTERFLY IN THE NECK OF THE THROTTLE
DEVICE OF THE VEHICLE ENGINE AIR SYPPLY SYSTEM

A mathematical model of the regulation of the working fluid flow that enters the system of
air supply of the engine is offered. The rotary valve provides a smooth flow area change in the inlet
throttle unit, which enables to adjust the working medium in ICE by changing the operating modes
of the vehicle.

Key words: mathematical model, butterfly valve, rotary valve.
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TEXHOJ/IOI'HYECKHE MAIIIHNHbBI

VK 622.271.002.5 (06)

0. M. JIIILIEHKO, E. A. PEBAKHHA, A. 1O. JLIHIEHKO

IOI'PY30YHBIE OPT'AHBI C POJIMKOBOM PABOYEMN
HOBEPXHOCTBIO ITIOT'PY304YHO - TPAHCIHHOPTHBIX KOMIIVIEKCOB
KAPBEPOB HEPY/IHBIX MATEPHUAJIOB

Paccmompena 603mooicnocms nosvluienus dGekmusHocmu noepy3Ku HepyOHbIX KYCKOBbIX
Mamepuanoe Ha Kapbepax OCHAWjeHUueM pOIUKOGLIMU INEMEHMAMU PADOUUX OP2AHO8 NOZPY3OUHO —
MPAHCNOPMHBIX KOMNTIEKCO8.

Kniouegvle cnosa: nocpyska u mpancnopmuposanue HepyoHbiX MAMEpPUanos, nocpy304Hvle
op2aMmbl ¢ poIUKOBOU paboueli N08ePXHOCMbIO, HO2PY30UHO — MPAHCHOPMHbIE KOMNIEKC.

Jlo6bI4a 1 MPOU3BOICTBO HEPYAHBIX CTPOUTEIBHBIX MaTepuanoB B Poccuiickoit deneparuu
ABJISICTCA OAHOM M3 BEYIIMX OTpacieil, KoTopas olpelesseT He TOIbKO pocT 00BEMOB, HO U Kaue-
CTBO BCEro CTPOMTEIBHOIO KOMIUIEKCA CTpaHbl. biarogaps moBCEMECTHOMY paclpeleieHUI0 Me-
CTOPOXKJICHUH HEPYAHBIX CTPOMTEIbHBIX MAaTEpUAIOB, MX A00bIYA M IPOM3BOJICTBO HAXOIATCA
IIPaKTUYECKHU BO BCEX PETMOHAX CTPaHBbI.

CeronHs OTKPBITHIM croco® pa3paOOTKK TBEPIBIX IOJIE3HBIX HCKONAEMbIX HEOCIIOPUMO
NpEeBAIMPYET KaK B MUPOBOM JOOBIBAIOIIECH MPOMBIIUIEHHOCTH, TaKk U B Poccun m pecmybiamkax
ITOCTCOBETCKOTO IPOCTPAHCTBA.

Kak cnenctBue pocta 00bEMOB KallMTAIBHOTO M JIOPOKHOTO CTpOMTENnbCTBa B Poccun Bce
BO3pacTaroIre 00beMbl JOOBIYM HEPYIHBIX CTPOUTEIBHBIX MAaTEPHUAIOB OTKPBITHIM CIOCOOOM Tpe-
OyIOT IPUMEHEHHUSI BHICOKOIIPOM3BOIUTEIbHBIX MALIMH U 000PYIOBaHMS JIJIsl IPOU3BOJICTBA Kapbep-
HBIX padoT.

[Tpu pa3paboTKe CKaJbHBIX M MOIYCKAJIBbHBIX TPYHTOB MPOU3BOJCTBEHHBINA LUK Yallle BCETO
BKJIIOYAET OYpOB3PBIBHYIO OATOTOBKY MAacCHBA U MOCIEIYIOLIYIO BBIEMKY Pa3pbIXJIEHHOM Macchl U3
HaBajia IOrpy30YHbIMHU OpraHaMH C IOTPY3KOi B TPAHCIIOPTHOE CPEJICTBO.

AHanu3 nporecca NOrpy3Ku U TPaHCIOPTUPOBAHUSA KPYIMHOKYCKOBBIX MAaTEpPHAIIOB C IIOMO-
IIbI0 CYIIECTBYIOIUX TPAHCIIOPTHBIX CPEJCTB BBIIBUIN KOHCTPYKTUBHBIE HEIOCTATKH, BIUSIOLINE
Ha 3 pekTUBHOCTH UX paboTh [1].

Hcnonp3oBanne pabounx OpraHoOB pallMOHAIBHBIX KOHCTPYKIMHA U IMapaMeTpoB MOXKET 3Ha-
YUTEIBHO MOBBICUTH TPOU3BOAUTEIIBHOCT MAIIMH U 00OPYAOBaHUS JUIsl IPOU3BOJICTBA KapbePHBIX
paboT, MOBBICUTH UX HAJIEKHOCTh U JIOJTOBEYHOCTb, CHU3UTh HEPro3arparbl U ce0eCTOMMOCTh TEX-
HOJIOTHYECKOTO MpoIiecca.

Co3znanue 00pa3ioB HOBBIX THUIOB pa0OYUX OPraHOB — CIOXKHAs, MHOTOATaITHAas 3a/1a4a (puc.
1). Pemenue 3agaun HaXOXIACHUS MEPCIIEKTUBHON KOHCTPYKTUBHOM CXEMBI TIOTPY30YHOTO OpraHa
HAYMHAIOT TOCJIEe M3YYEHHS HAKOIUIEHHOTO OIBITa M YCTAaHOBJICHUS MOP(OIOTMYECKUX MPU3HAKOB
CYIIECTBYIOILEr0 000PYAOBaHMS B CIEAYIOIIEH MOCIEN0BAaTEIBHOCTH: KOMOMHATOPUKA BO3MOKHBIX
COYETaHUI AJIEMEHTOB MPU MHOT000pa3uu WX KOJUYECTBEHHOTO COCTaBa, B3aMMHOIO PacIIOJIOKe-
HUS U HAJIOXKCHHBIX CBSI3€M M CHMHTE3 HOBBIX TEXHMYECKHMX PEIICHUH MOTPY30YHBIX U MOTPY304YHO-
TPAHCIIOPTHBIX MOJYJICH.

ITponiecc morpy3ku — HeoTheMIIEMasl 4acTh TEXHOJIOTMYECKUX IMPOLIECCOB JOOBIUU HEPYA-
HBIX CTPOUTENIbHBIX MarepuajoB. [Ipu 3ToM OCHOBHOW 00BEM NMPOU3BOJCTBEHHBIX MPOTPAMM BbI-
IIOJIHAETCS OJTHOKOBILIOBBIMH JKCKaBaTOPaMH.
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[Iporecc yepmnanus sIBISETCS OJHONM M3 OCHOBHBIX ONEpalfii paboyero IMKiIa OJHOKOBIIO-
BOro 3Kckaparopa. CTeneHb HaloJIHEHHUs KOBIAa MaTepUaJOM U BEIMUYUHBI CONPOTUBIICHUM BHE-
PCHUS KOBIIA B IITA0EIh BO MHOT'OM 3aBHCST OT €r0 KOHCTPYKTHBHBIX MapaMeTpoB (puc. 2).

MOCTAHOBKA 3AJIAYH HOHCKA TEXHHYECKOT'O PEIHEHHA

' (YAYYUIEHHOTO)

OLIEHKA COOTBETCTBHSA BA3bI KJACCHOHKAIIHOHHBIE
| I3BECTHBIX TP <! JIAHHBIX CHCTEMbI OBBEKTA HC-
CIIHCKY TPEBOBAHHH (namenmut, CJAEJIOBAHUIA
A.C) ¢
KOHCTPYKTHBHBIE
P-»\g:’lf:lf(if;; l{;l\‘:\ ®OPMUPOBAHUE BA3bI OYHKUHOHAJIBHBIE
TPEBOBARNH I'PAOHYECKHUX <] rr:-l.l\["”:]} CTPY ‘f\.I 3'.|‘:bl U})'hl‘,‘l.\l A
. . epahusecrue HUCCIOEJOBAHHH
(hynxyuonaisneoix, JCKH30B TP npUMUMUGH)
KOHCMPYKIMUBHBIX) T v
BbIBOP COBOKYITHOCTH
KOHCTPYKTHBHO - MOP®OJTOIMYECKAS TABJIMIA KOHCTPYKTHBHO -
= |OYHKUHOHAJIbHBIX [IPH3HAKOB, GOYHKIHOHAJIBHBIX [TPH3HAKOB OBBEKTA
COOTBETCTBYIOWEH CITUCKY UCCJIEJTOBAHMI
TPEBOBAHMIA
A ]
KOMBHHATOPHKA BO3MOKHBIX COYETAHHI < | YCTAHOBJIEHHE MOP®OJIOMHYECKHX
YEMEHTOB MOP®OJIOTHYECKOM TABJIHIIBI IMPH3HAKOB MPOTOTHIIA

Pucynoxk 1 — Cmpyxkmypa npouedyp pewienus 3a0a4u cunme3a mexHU4ecKux peuieHuil padouux opzanos
NOZPY304UHO — MPAHCROPMHBIX MOOYNEll

oTKoC mrradens

G>0 .
—
Rem= 2 (—:]
C 1 ’\
—
B

Pucynok 2 - I'eomempuueckue xapakmepucmuku Kosuia
A — yeon HakoHa nepeoHnell KpoMKU OOKO801U CIEHKU K nouee gblpabomiu, [3— yeon Hakiouna onuwa k nouge, C — yeon
conpsiicenus 60Ko8bix cmenok ¢ onuwem, Cy — yeon omxnonenusi O0K0BoU CmenKy om gepmuxanu, B — wupuna onuwa
Koswa, Sy — OnuHa svlcmynarwel Yacmu OHUWA OMHOCUMENTbHO OOKOBbIX CIEHOK, S — 2IyOUHAa 8HeOPeHUsl KOBUId, O —
V2Ol HAKIOHA NO46bl 340051 K 20pU30HMY.

[Ipu pemienuun 3afauu COBEPIIEHCTBOBAHUS TEXHUKHU, HCIOJIb3YEeMON Ha MOTPY3KE CKallb-
HBIX TPYHTOB, 11€JIECO00PA3HOCTh yAy4IIeHUs] pabouyuX KauecTB JIEMEHTOB KOBIIA B paboTe orpe-
JeNAaach 1Mo pe3yjabTaTaM OlEHKa BECOMOCTH BIMSIONIMX (PaKTOPOB B TEXHHUKO - SKCILTyaTallMOH-
HBIX TOKa3aTelsiX OJHOKOBIIOBBIX 3KCKaBaTOpoB. B kauecTBe 0a30BON 3aBHCHMOCTH, XapaKTepH-
3yIouIeil pa3mMepbl KOBIIOBOTO MOTPY30YHOIO OpraHa, IpUHATa 3aBUCUMOCTh COMPOTUBIIEHUN BHE-

OCYIAPCTBEHHbI 61
N[O
HMBEPCHTET




Ne 3(46) 2014 (uronv-cenmaops) Texnonocuueckue mawiunvl

pCHHIO KOBIIIa B mTadenb oT riryounsl BHeApeHust Wy, «(S) kana. TexH. nayk B. JI. Epeiickoro, pac-
CMaTpUBAIOIIAsl COMPOTHUBIICHUS BHEPEHUIO KOBIIA C ABYMsI OOKOBBIMU CTeHKaMHU B Ta0eb Wy «
KaK cyMMy comnpoTuBiieHus: BHeApeHus: nHUa Wy 1y, KOTOPOE ONPEAENseTCs CYMMapHBIM COTIPO-
TUBJICHUEM Si7jpa YIUIOTHEHUS W ; U HEMOCPEACTBEHHO MIOCKOCTU Wy, U COMPOTUBIICHUS BHEApE-
Hust CTeHOK Wy o [2].
W,,..=10[B(0,1d,S+Kp15%)+0,24d,,4"°x(1,45— C1)(S—S1)*]-2°*"K K Ko , (1)
rae Wy, , — OJTHOe CONPOTUBIICHNE BHEAPEHUIO KOBIa, H;
d,g— SGPEKTUBHBIN «IHaMeTp» YaCTHIl, T.. YCPEIHEHHBIH «INaMeTpP» YacTHI], OXHOBPEMEHHO
B3aUMOJICHCTBYIOIIUX C IIEpeJHEN KPOMKOM KOBIIA, CM;
Kp1 = 0,25+0,03431 — x03(dduLMEHT, yINTHIBAIOIIUI yroa HAaKJIOHA JHHINA KOBIIA K IOYBE,
rpai.;
K, — k02 GHLIUEHT, yUUTHIBAIOIIUI BIUSHHUE YA CONPSKEHHUS OOKOBBIX CTEHOK C JHHIIEM;
Kir — x03hDHUIMeHT yUYUTHIBAIOMINN BIUSHIE TOPHOTEXHUYECKUX YCIIOBUH;
K — xoddduimeHT, XxapakTepu3yoIluid «TPyIHOCTH» TMpoIecca MOTPY3KH, T.e. COCTOSHHUS
MOYBBI, Pa3PBIXJICHHOCTh CKAJIbHBIX IPYHTOB IMOCJIE B3phIBA.
JIJist OLIEHKH 3HAYMMOCTHU (TPOIIEHTHOTO COOTHOIICHUS) COPOTUBIICHHS BHEPEHUS JTHUIIA
Wiy ¥ CONPOTHUBIICHHS BHEIPEHUS CTEHOK Wiy or B OOIIEM CONMPOTHBIICHUH BHEIPEHUIO KOBIIA
W, x BBITOJTHAIOTCS TIpeoOpazoBanust popmyisl (1).
YpaBuenwus, onuchiBaroniue OTHOMIEHUS Wy 1/ Wy« 8 Wiy oo Wy« IMEIOT CITEAYIOIINN BUT:
Wi/ Wanx = B(0,10,4+KS)/[B(0,1d,+KS)+0,24d, A™°S x(1,45 — Cy)]
U
WBH.CT/ WBH.K= 1- WBH.Z[H/ WBH.K'

ITo pe3yJibTaTaM BBIYMCIICHUI CTpOUTCA rpaduk 3aBUCUMOCTEN

Wi/ Wy =f (B/dep) (puc. 3):

[Toctpoenne rpapmka Wy, i / Wy« = f (B/dp) BBIIONHACTCS NP CIIEAYIOMNX 3HAUYCHUSX,
MPE/ICTABICHHBIX B Ta0uma. 1.

Tabauua 1 — Jlarnsle 1t noctpoerust rpaduka 3aBUcuMoctd Wy il Woy .« =f(B/d.p)

B’ M dCD’ M B/ de WBHAI{H/WBHAK WBHACT/WBHAK
0,6 0,2 3 0,74 0,26
12 0,2 6 0,85 0,15

rpaHI/ILIBI O6HaCTI/I 3HAYUMOCTHU AJI1 OAHOKOBIIIOBBIX BKCKaBaTOpOB C EMKOCTBHIO KOBIIIa
E=0,65+8 M OTPEICIISIMCH 10 CIIEAYIONICH 3aBucUMOCTH [3]:

B=123YE  wm B/dy=12 YE)/d,

Kak BumHO u3 rpaduka (puc. 3), mpu KoOBIIaxX eMKOCThIO Ooiee 0,65 M COTIPOTUBJICHUE
BHEJPECHUIO THUIIA KOBIIA cocTaBisieT oT 80 % u BBINIE, YTO JeJaeT HEelenecoo0pa3HbIM MPH CO-
BEPILIEHCTBOBAaHUHU pabouero oO0OpyHOBaHUS OJIHOKOBIIOBBIX 3KCKaBaTOPOB BAapbUPOBAHHUE KOH-
CTPYKTHUBHBIMH TlapaMeTpamMu OOKOBBIX CTEHOK. CIeIoBaTEeNbHO, PEIICHUE 3a/1a4l CIeIyeT UCKATh
B HAIlPaBJICHUU yIy4IlIeHUs pabo4ynX CBOMCTB JHUINA KOBIIA.

[Ipu pemeHny MpakTUYECKUX 3a]lad IMOMCKOBOTO XapakTepa OCHOBOHM aHalW3a W CUHTE3a
(YHKIIMOHATIBHBIX 3JIEMEHTOB MOTPY30YHBIX U MOTPY30YHO-TPAHCIOPTHBIX MOJyJIEH, KOTOpBIE 3a-
YepIBIBAIOT OTMACICHHBIA OT MacCHBa Pa3phIXJICHHBIA TPYHT, HAKAIIMBAIOT, TPY3ST B TPAHCIOPT-
HbIE CPECTBA WK COPAChIBAIOT B OTBAJ, SIBJIAIOTCS €CTECTBEHHAsl CUCTEMATHKa, WIIM CO3JJaHHBIE U3
COOOpaXCHHI MOJIE3HOCTH M YI00CTBA MCKYCCTBEHHBIC KIIACCH(UKALIUU CPEJCTB MEXaHU3UPOBAH-
HOM Torpy3ku (puc. 4).
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Pucynox 3 - I'pagux 3asucumocmu W, i/ W, .=f(B/A,,)

Jnist BeIOOpa M3 CHHTE3MPOBAHHBIX B MOP(HOJIIOTHYECKOM TabiuIe BapUaHTOB TEXHUUECKUX
pelIeHni CpeACTB MOTPY3KH CKaJbHBIX IPYHTOB HAWIYYIIUX, CIEAYET MPUACPKUBATHCS CIEIYIO-
IUX OPUHOHUIIOB:

- KO BCEM 3JIeMeHTaM MOP(OJIOTHYECKON TaOIULIbI TOJIKEH MPOSIBISITHCS PAaBHBIA HHTEPEC;

- 3¢ eKTUBHOE UCIOJBL30BaHNE MOP(OIOTHIECKOr0 METOAA BO3MOXKHO JIHIIb IMPU MAKCH-
MaJIbHO TOYHOU (hOPMYITUPOBKE TOCTABICHHOM 3a/1a4H.

HpI/I COCTAaBJICHHUU CIIMCKA BAPHUAHTOB CTPEMATCA K BbBIXOAY Ha HCTPAAUIIMOHHBIC IMOAXOBI.
DTO crmocoOCTBYET MPEOAOJICHUIO TCUXOJIOTUYECKON MHEPIMH K BBIXOJY Ha HOBbIE pelieHus. bes-
YCIIOBHO, HCKOTOPLIC U3 3TUX BAPUAHTOB OKA3bIBAKOTCA HCHPUCMIICMBIMU IO MHOI'MM IpHYMHAM U
cpasy ke orOpacbiBatoTcs. JIuiib HeOObIIash YaCTh U3 OCTABIIMXCS BapHAHTOB IOCIIE MPOBEPKU Ha
COBMECTUMOCTbH 3JIEMEHTOB U PEaTN3yeMOCTh IPUBIIEKAET K ceOe cephe3HOe BHUMAHUE.

DJIeMeHT KOHCTPYKIUH
(MaTepHaNbHBI HOCHTEJID)

CHU3Y - BBEPX Hanpassenue TexuHomornyeckas (KOMILICKT)
CBepXxy - BHU3 pabouero Venosus

Kunemarnueckas (KOMHJ’ICKC)

nepeMeIICHU A
Ha onnoMm ypoBHe pemetlL CBsI3U KonctpykTusHas (arperar)
KonnuectBo onHo-
THUITHBIX 3JIEMEHTOB CPEJICTBO YEOPKH
CKAJIbHBIX Tun npusona
I'PYHTOB
[IpononsHO-0CEBOE Bzaumnoe Kunematuue- | HemoaBuxHO 3aKpeIieHHOE
I'opU30HTaNBHO-TIIIOCKOCTHOE | pacIoiio- CKO€ COCTOS- BpamarensHoe
BepTukanbHO-IIJIOCKOCTHOE | KEHHE dITe- HUE 3JIEMEHTOB IToctynarensHoe
OpOHTANTBHO-TIIIOCKOCTHOE MEHTOB BuntoBoe
Momnos3neMeHTHOe | Bua cunresu- Bun neuke- HenpepriBHoe
KomOununpoBanHoe poBaHus HUA BosspaTtHoe

OnopHasi NIT0OCKOCTH B BbIpaboTke
[Tousa Crenst  Kpoist  bazoBblid 371eMEHT

Pucynox 4 - Knaccugpurkayusa cpedocme nozpy3ku CKaaibHulX ZPYHHIOG

MoMeHT BbIOOpa KeNmaTeNbHBIX PEIICHHH, KOTOpbIe MOTYT OKa3aThCsl MEPCIEKTHBHBIMH,
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HanboJyiee OTBETCTBEHEH, TaK Kak B MOP(OJIOTMYECKOM METO/Ie HE CYIIECTBYET KaKUX - JINOO MPaKTH-
YEeCKUX M YHHBEPCAIBHBIX KPUTEPHEB OILCHKH 3((EKTHBHOCTH BCEBO3MOXHBIX BAapHAHTOB. Y CIIEMI-
HOCTB BbIOOpa 00yCIIaBIMBACTCA UHTYUIIUEH pa3paboTyrKa, €ro OMBITOM U YMEHUEM OPUEHTHUPOBATh-
Csl B CaMBIX Pa3JIMYHBIX 00JacTAX 3HaHUHA. TOYHOCTH M 000CHOBAaHHOCTH BBIOOpA MPH WCIOIb30BaHUU
MOP(OJIOTHYECKOT0 METOa MOBBIAIOTCS MPUMEHEHHUEM METOOB SKCIEPTHBIX OLIEHOK U BECOBBIX
K02 (D PUITHEHTOB.

Mopdoiornueckuii / Bua ucnosnnenus
HNupexc
NPHU3HAK ]/ 2 3 .n
Bun Mono3J1eMEeHTHOE
1 [TonuanemenTHOE
CHHTE3HPOBAHUS ~
JJ1eMeHT KOH- \
CTpyKI UM (MaTe- WJIVH 3BCHbBS
2 pysetmu ( N IJIOCKOCTh t AP map
PHMAJBHBII Lenu
HOCHTEJIb)
HanpasJienue Ha onnom
CHuzy - BBepx CBepxy - BHU3
3 pabouero YpOBHE
nepeMeneHns L
Kunematnueckoe Bunrosoe \}3
HenonsuxHo 3a- ITocrymna- paiua-
4 COCTOSTHHE dJIeMeH-
KpEIUIEHHOE TeIbHOE TeIbHOE
TOB T
[ OpU30HTANBHO-+—BepTH- dponTah-
B3aumuoe pacno-
[IpononsHo- II0CKOCTHOE KaJIbHO- HO-
S) JIOJKeHHe JIeMeH-
0CEBOE IJIOCKOCT- | IUIOCKOCT-
TOB
HOE HOE
Kunemarnueckas | Koncrpyk-
Ycaosust
6 TexHomornueckas (KOMIUTEKC) _|—THBHas
CBSI3U
7 Bua nBuxenus Bo3sspatHoe HenpepsiBHOE
8 Onopnasn ‘ BokoBeie
IUIOCKOCTh CTCHKH

Pucynok 5 - Ilpumep mampuysl cmpyKmypHusIX peuteHuil 013 KOGULA € YAYUUIeHHbIMI PAOOYUMU CEOIICIBAMU

OHuwa (ppazmenm)

[Tpu cuHTeE3€e KOBIIA C YIYYIICHHBIMH paOOYMMH CBOMCTBAMH THHILA CIeNIaHa MOMbITKA CHU-
3UTh PHEPTOEMKOCTh IMpollecca MOrPy3KH 3a CUET CHIKEHUS KOd(PPUIIMEHTa TPEHUs CKalIbHBIX I'PYH-
64
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TOB O JHHUIIE MyTEM NEPexoaa OT TPEHHUSI CKOJBKEHHs K TPEHHIO KayeHus. B 3ToM HampaBieHUU Be-
JIETCsl aKTUBHASL HAYYHO-TIPAKTHYECKas 1eATeIbHOCTD [4].

Ha pucynke 5 npuBeznen ¢pparmMeHT MOp(hOIOTHIECKOM TabIuUIIBl, B KOTOPOil chopMupoBaHO
TEXHUYECKOE PEIeHHsI KOBILIA C YIYYIIEHHBIMU pab0YMMH CBOMCTBAMU JHMILA.

Pe3ynbraToM npakTHUECKOW peanu3anuud MOP(OJIOTHYECKOTO CHHTE3a SBUIIACH pa3pado-
TaHHasi KOHCTPYKITUS KOBIIIA C POJIUKOBBIM JHUIIEM [5].

CornacHo mpeyaraeMoil KOHCTpYKIMHU (pHC. 6), MOCTABJICHHAs 3a/ladya JOCTUTaeTCs TEM,
YTO B KOBIIIE dKCKaBaTopa | nHuIIe 3 BBHITOJIHAETCS B BUI€ COBOKYITHOCTH BPAILAIOIIUXCS POJIUKOB
4. Ponuku 4 ycTaHaBIMBAIOTCSA C BO3MOXKHOCTBIO BPALEHUS OTHOCUTENBHO OCEHl 5, KOTOphIE 3a-
KpETUIeHbI Ha OOKOBBIX cTeHKax 2 (puc. 6.a).

[lepen Hagamom paboOThI, KOTIa MPOLIECC PHIXJICHUS CKAJIbHBIX TPYHTOB B Kapbepe 3aKOHYEH,
pabounii opraH OJHOKOBIIOBOTO 3KCKaBaTOpa HAXOAUTCS Mepeq ITadesieM KYCKOBBIX CKalbHBIX
I'PYHTOB B MOJIOKEHHUH, TIOKa3aHHOM Ha PUCYHOK 6.4.

[{ukn paboThl OJIHOKOBIIOBOTO IKCKABATOPA COCTOUT W3 HECKOJBKUX MOCIEI0BATEIbHBIX
onepauuii. HamonHenue koBma 1 mpouCXOAWT BO BpeMs €ro NMPUHYAUTEIBHOTO MEpEeMEIeHHs B
HaIpaBJIeHUHU MTa0eIs, MOKa3aHHOTO Ha PUCYHOK 6.0. [Ipu sTOM, pexyias KpoMKa U 3yObs JHUIIA
3 cpe3aroT yacTh Marepuaia mradels, pacloiI0kKEeHHOT0 Ha TOBEPXHOCTH 3a00s1. CKaJlbHbIE TPYHTHI
B Pa3pbIXJICHHOM COCTOSIHMM CKOJIB3AT MO poJIMKaM 4 W moctymnaroT B koBlI 1. Posuku 4 mox Hamo-
POM TIOTPY>KAaeMOM Cpe/ibl BPAIIAIOTCSl OTHOCUTENBHO OCEH 5 3aKperieHHbIX Ha OOKOBBIX CTEHKAX
2, CHWIKasl COMPOTHUBJICHUS €€ MEPEMEIICHUI0 OTHOCUTEIRHO JHUINA 3 U CIOocOOCTBYsS Ooiiee d¢-
(eKTUBHOMY HAIOJIHEHHUIO KOBIIA 1.

[lepemenieHne CKaNbHBIX TPYHTOB K MECTY pa3rpy3Ku OCYIIECTBISETCS B MOJIOCTH KOBIIA 1.
Pasrpyska koBma 1 mpouUCXOAUT BCIEACTBUE MAJCHUS IPYHTOB IOJ JEHCTBUEM CHUJI TSXKECTU IPHU
HakJioHe AHuIa. [Ipu 3TOM, CKOJIb)KEeHHE CKabHBIX TPYHTOB B 0OpaTHOM HampaBiIeHUH MO Bpalla-
IOUIMMCS B TOM K€ HalpaBJICHUH POJIMKaM 4 CIOCOOCTBYET COKpAIlEHHIO BPEMEHHU Pa3TpPy3KH.
[{uk1 3aBepiIaeTcss BO3BPATOM KOBIIA B HCXOJIHOE MOJIOKEHHUE U €r0 MOJArOTOBKOM K HOBOMY pabo-
4YeMy ABM)KEHUIO U HAMOJHEHUIO.

a. 0.

A = )
3 4 5
Pucynok 6 — Koew ¢ ponukosvim onuuiem:

a — obwutl 6uo; 6 - cxema OBUICEHUS MAMEPUANA NO
8PAWAIOWUMCS POTUKAM

Taxkum o0Opa3om, mperaraeMplii KOBII C POJIMKOBBIM JHUIIEM BBITOJHO OTIMYAETCS OT CY-
IIECTBYIOIIUX aHAJIOTOB TE€M, YTO TAKOE €r0 UCIOJHEHHE 00ecIIeunBaeT IIPYU BHEAPEHUHU B IITA0Eb,
3a4epIbIBaHUM U Pa3rpy3Ke CHUKEHUs K0d((UIMEHTa TPEHUsI TOPHOW MACChl O THUIIE ITyTeM Iie-
pexona OT TPEHHs CKOJIBKEHUS K TPEHUIO KaycHMs, a, CJICIOBATEIIBHO, BEIET K YMEHBIICHHIO
HATOPHBIX YCHJIMH U CHUKEHUIO YHEPrOEMKOCTH pabodero mpouecca. Kpome Toro, Bparmaronecs
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POJHMKHU 00ECTIEYMBAIOT PABHOMEPHOE UCTUPaHKE padoueii TOBEPXHOCTH, YTO CYIIECTBEHHO YBEIH-
yuBaeT HaApaOOTKy Ha OTKa3 pabodyero o0opymoBaHUsS U MOBBIMIACT 3PHEKTUBHOCTh paboyero mpo-
ecca.

[Ipencrasnenuss 06 >PpPEKTUBHOCTH OCHAIIEHUS POJIMKOBBIMH JJIEMEHTAMH pabOvHMX Oopra-
HOB TIPH MOTPY3KE CKATBHBIX TPYHTOB MOJIYYUIIN Pa3BUTHE B 00J1a/1a01Ieil HOBH3HOM KOHCTPYKIIMH
pabouero oprana Morpy304HO — TPAHCIIOPTHOTO MOAYJISI C IUKJIOBBIM UCTIOJHUTEIBHBIM MEXaHU3-
MOM [6]. OTCYTCTBHE CIOXKHBIX KHHEMATHUECKUX U PEIYKTOPHBIX TPYII, TATOBBIX ILIeNeH, YHU(H-
Kalusi pabovrx 3JIEMEHTOB U 3JIEMEHTOB ITPUBOIA OTIUYAET YCTPOUCTBO OT BBITYCKACMBbIX.

CornacHo pa3paboTaHHOW KOHCTPYKIUH (puc. 7), pabounii opraH MOTPY304HO — TpaHC-
MOPTHOTO KOMITJIEKCA BKITFOYAET HETOABIDKHBIN )keI00 1 ¥ ycTaHOBIICHHBIE B HEM Ha pame 2, Co-
BEpLIAIOIIEH BO3BPATHO — MOCTYNATEIbHOE NIepEMEIICHHE OT THAPOLMINHIPA 3, CBA3aHHBIE MEXKITY
WCTIOJTHUTEIIEHBIC DJIEMEHTHI 4.

11 5 6 9
Pucynok 7 - Ilozpy3zouno — mpancnopmuuiit MoOynb:
a — 6uo cboxy, 6 — euo ceepxy.

HcnonHuTenbHbIE 371EMEHTHI 4 BBIIOIHEHBI B BUJIE POJIMKOB, OJJUH U3 KOTOPBIX 5 SIBISAETCS
BEIYILIUM U OCHAIlleH OOTOHHBIMU MypTamu 6 1 7 B BUJe 3yOuUaThIX Kojec 8 BXOASIIMX B 3allerie-
HUE C MOHTUPYEMBIMHU Ha JIOTKE peiikamu 9 u 10, ogHa U3 KOTOPBIX 9 yCTaHABIMBAETCS C BOZMOXK-
HOCTBIO BpAILlCHHs BEIYILIETO POJIUKOB B HAINPABICHUU TPAHCIOPTUPOBAHUS MaTepHalia MpHU Mps-
MOM X0jie, a BTopas 10 — nmpu oOpaTHOM, IIPH STOM POJHMKH COCTUHEHBI MEKAY cO00M M BeayIINM
pOMKOM HienHOM nepenaveit 11.

B ocHOBe 1aHHOTO yCTpOICTBa peann3yeTcsl NPUHIUI HENPEPHIBHOCTU BPALEHHS POJIUKOB
1 COOTBETCTBEHHO Ipoliecca MOTPY3KH TPyHTA MPHU ITUKINYHOW paboTe pabodero opraHa. Y cTpoii-
CTBO paboTaer cienyromuM obpa3zoM. LMK mOrpy3ku HauMHaeTcs ¢ padOThl THIPOLMIMHApA 3,
MOJI ACMCTBHUEM KOTOPOrO paMa 2 C YCTAHOBJICHHBIMU HA HEW pOJIMKaMH 4 TepeMeIlaeTcsi OTHOCH-
TEeNBHO >kenoba 1, yBiekas pa3pbIXJICHHbBIN CKaJbHBIN IPYHT K Pa3rpy304HOIl yacTu pabodero op-
raHa.

[Ipu sToM 3yOuaToe koeco 8, BXoasiiee B 3alensieHue ¢ peikoit 10, mocpencTBoM 0OroH-
HOUM My(Thl 7 MIPUBOAMUT BO BpallleHUE B HANPABICHUH TPAHCIIOPTUPOBAHUS CKaJIbHOTO TPyHTa Be-
OyIIUi BaJIOK 5. BparmieHue ponukoB 4 CBS3aHHBIX C BEIYIIMM POJIMKOM S 1enHOM nepenayeid 11
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obecrieynBaeT JOMOJHUTEIHHOE MTEPEMEIIEHUEe MaTepralia U YBeIUYUBACT CKOPOCTh MEePEeMEIICHUS
TPYHTOB OTHOCUTEIHHO pambl 2. O6ronHast mydra 6 mpu 3TOM HaXOJUTCS B OTKIFOYEHHOM COCTOSI-
HUU.

ITocne peBepcupoBaHus TUAPOUMINHIPA 3 pama 2 OCYIIECTBISET JBUKECHUE B HAITPABICHUHN
mradenst KyckoBoi paboueit cpensl. B 310 Bpems o6ronnas mydTta 6, mocpecTBOM 3y04aToro Ko-
Jieca 8 BXOJAINAs B 3allCIUICHUE ¢ PEKOW 9, MPUBOAUT BO BpalllEHUE B HAMPABICHUU TPAHCIIOPTHU-
pOBaHMsI TPYHTOB BEIYIIUN POJIMK 5 W CBSI3aHHBIC C TOCIEIHUM IIEMHON mepenadeid 11 Bamku 4.
OO6ronHas mydTa 7 Ipu 3TOM HAXOJUTCS B OTKIFOUEHHOM COCTOSIHHH.

Bpamienne ponukoB 4 B HampaBiICHHH Pa3TPy304YHON YacTH TPHU JBUKCHHH paMbl 2 B
HampaBJIeHUU MTaldensi MpeBpallaT Mpoliece MPOTATKUBaHUS KyCKOBOW pabodeil cpeabl U3 IHK-
JTUYHOTO B HEMPEPHIBHBIN.

HaubGonee »hdexTuBHBIMU, 00ECIIEUNBAIOIIMMHI HEMPEPHIBHOCTh T'PY30MOTOKA, PUTMHY-
HOCTh pabOT W TOBBIIICHUE MTPOU3BOJUTEILHOCTH TPYyJa MpU HAuOoJIee HU3KUX SHEPTOEMKOCTH U
TPYJOEMKOCTH TPOILIECCOB MOTPY3KU M TPAHCIIOPTUPOBKU T'PYHTOB NPUHATO CUUTATHh MOTOYHBIE
TEXHOJIOTHH.

DKCIepUMEHTaIbHBIC UCCICAOBaHMS (PU3MUECKOW MOJENTH pabodero 00OpyIOBaHHS OIHO-
KOBIIIOBOTO JKCKaBaTopa (pHC. 8) M MCHBITAHUS HKCIIEPUMEHTAIBHOrO0 00pasla IMOTrpy304HO —
TPAHCIIOPTHOT'O MOJYJIS C IIUKJIOBBIM HCIIOJIHUTEIbHBIM MEXaHU3MOM B peKuMe paboThl TOJ 3aBa-
aoM (puc. 9) mokazanu padOTOCIIOCOOHOCTh CHHTE3MPOBAHHBIX TEXHHYECKUX PEIICHUH M BO3MOX-
HOCTb MPOMBIIIJIEHHON peanu3anuu, 3pGEeKTUBHOCT UX MPUMEHEHUs! Uil TOTPY3KU M TPAHCIOPTH-
POBKH KPYITHOKYCKOBBIX CKQJIbHBIX TPYHTOB M OTKPBUIM TIEPCHIEKTUBEI pealu3alliy MIOTOYHBIX TEXHO-
JIOTUN U CO3JJaHUsI KOMIUIEKCOB O0OPYIOBaHUS JUIsl MTPOU3BOJICTBA KapbepHBIX pabOT mpu A00bIYe
HepyIHbIX MaTepuaios [7,8] .

Pucynox 8 — Quzuueckas mooenv padouezo 060pyo00eanus 00HOKOBUI08020 IKCKABAMoOpa:
1 - wmabenv nozpyscaemozo mamepuana, 2 - 2u0pAGIULECKUL MAHURYAAMOP, 3 - TUHUU 2UOPOPA3BOOKU,
4 - cunoeast IneKMpo2UOPAGIULECKAs YCMAHOBKA (MACIOCMANYUSL).

OaHUM U3 KOHCTPYKTHBHBIX DPELIECHUH, MO3BOJSIOIUM PEIIUTh MPOOIeMbl MEXaHHU3aIl[UU
MOTPY3KH U TPAHCIIOPTUPOBKHU CKAIBHBIX TPYHTOB B Kapbepe SBISIETCS MPUMEHEHUE MOTPY304YHO—
TPAHCIIOPTHOTO KOMIUIEKca Ha 0a3ze HKCKaBaTopa C pacCCMOTPEHHOM BBIIIE YCOBEPIIEHCTBOBAHHOM
KOHCTPYKIIMEN KOBIIIA B COYETAHUHU CO B3PHIBOHABAIKON Ha MOrPY304HO — TPAHCHIOPTHBIN MOIYJb C
POJIMKOBOM paboueli MOBEPXHOCTHIO.
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Pucynox 9 — Ixcnepumenmanwvhulii 00pazey nOZPy304Ho — MPAHCROPIIHOZ0 MOOY/IA C UUKIO0BLIM
UCNOTHUMEIbHBIM MEXAHUZMOM 6 pedicume padomul nod 3a6a10Mm:
1 - noepyarcaemulii mamepuan, 2 - noepy304HO — MPAHCNOPIMHBIN MOOYTb,
3 - uHUU 2u0pPOPaA3600KU, 4 — npuemHblll OYHKED.

PaccMOTpeHHBIC BBIIIE YCOBEPIICHCTBOBAHHBIE KOHCTPYKIIMHM KOBIIA W IOTPY309HO-
TPAHCIIOPTHOTO MOAYJId MOT'YT 6BIT]E; pCalin30BaHbl B COCTABC MOTPY30UYHO — TPAHCIIOPTHOI'O KOM-
mwiekca (puc. 10).

Pucynox 10 — Cxema nozpy30uno — mpancnopmHuo2o KOMHnjieKca

[Tepen B3pbIBHBIME pabOTaMu MOTPY30YHO — TPAHCIIOPTHBIN KOMITJIEKC YCTAHOBIICH TaK, YTO
paccTosiHue OT IMOTPY30YHOTO MOAYNS A0 Tpyau 3abos cocrtaBisier 0,5-0,8 M. Ot mpoBeneHus
B3PBIBHBIX pa0OT pa3phIXJICHHBIA CKAIBHBIA TPYHT B IEHTPAILHOW YacTH 32005 TONaIaeT Ha MpH-
CMHYIO 4aCTb HCIIOABUIKHOI'O )KGJ'IO6a MOrpy304HOro Moayljd € MmoCICAYHOIUM IMEPEMCIICHUCM B
npUeMHBIH OyHKep. BoKOBbIE 00BEMBI Pa3pBIXJIIEHHOTO TPYHTA TPY3SATCS ¢ IOMOIIBIO YKCKaBaTOpa
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Ha MPHEMHYIO YaCTh MOTPY304YHOTO MOJYJsSI, YeM O0ECIeUMBAETCSl COBMECTHAsI peaju3alus Ipo-
1ecca orpys3KH.

[Ipenmnaraemslii MOrpy304HO — TPAHCIIOPTHBIA KOMIUIEKC Ha OCHOBE pabOYUX OPraHoB C Po-
JIMKOBOM IMOBEPXHOCTBIO OTINYAETCS OT CYLIECTBYIOIIUX AHAJIOTOB TEM, YTO TaKOE €ro UCIOJIHEHUE
IIpelyCMaTpUBaeT COBMECTHOE UCIOJIb30BaHUE HKCKABATOPA U MOIPY30UYHO-TPAHCIOPTHOIO MOAY-
151, o0ecrieunBaeT HeMPEePbIBHOCTh MIpoIiecca NOrpy3KU MaTepualla, 4To B LIEJIOM CIIOCOOCTBYET IO-
BBIIICHUIO €T0 MPOU3BOIUTENBHOCTH 1 3(h(HEKTHBHOCTH paboUero mporecca.
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Y. M. LYASHENKO, E. A. REVYAKINA, A. YU. LYASHENKO

MACHINE WORKING BODIES WITH ROLLER
SURFACE LOADING - TRANSPORT COMPLEX PIT AGGREGATES

The possibility of increasing the efficiency of loading non-metallic bulk materials in quarries
equipment roller elements of the working bodies of loading - transport complexes.

Keywords: loading and transportation of non-metallic materials, loading bodies with rolling
work surface, loading - transport complexes
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V/IK 621.86
10. H. KAMAHUH

INPAKTUYECKHE PEKOMEHJIAIIMA 110 MNPOEKTHPOBAHUIO
I'MAPABJIUYECKUX YCTPOUCTB YJIAPHOI'O JEMCTBUA
IS PABOTBI B YCJIOBUAX IOHUWKEHHbBIX TEMIIEPATYP

Cmamws nocesuwenape3yibmamam meopemudeckux ucciedo8anull pabomst 0omoouHo2o 2uo-
PABIUYECKO20 MOIOMA NPU PAZTULHBIX MEMNEPAMYPHBIX YCI06UX U NPAKMUYECKUM PEKOMeHOayu-
M NO UX NPOEKMUPOBAHUIO U IKCIILYAMAYUU C YUEMOM MEMNEPamypHo2o Gaxmopa.

Kniouesvie cnosa: 2uopomonom, 2uopoyoapHuK, npoeKmuposanue, IKCHIyamayus.

B pesynbrare pabotsr Han rpantom Ilpesuaenra PO MK-6405.2013.5 nmpoBeneHsl TeOpeTH-
YecKUE MCCIIeOoBaHMs padOThl THAPABIMYECKOrO0 OTOOMHOTO MOJIOTa M TMOJYYEHBI €r0 BBIXOJHBIE
XapaKTePUCTUKU B BHUJIE 3aBUCUMOCTEH YacCTOTHI yIapoB, YHEPTHH YIapOB, yAAPHOW MOIIHOCTH U
KII[I ot temneparypsl [4 - 6, 12 - 15]. I3MeHeHnue Temriepatypsl B MEPBYIO OYepeIb BIUACT Ha
BSI3KOCTHBIC XapaKTEPUCTUKU pabodel )KHUIKOCTH, HO TaK KaK MPH IKCILTyaTallid KOHTPOJb 3Haue-
HUN BA3KOCTH 3aTPYAHUTEJECH, TO MPAKTUUYECKUA MHTEpEC MPEACTABISET 3aBUCUMOCTh BBIXOIHBIX
XapaKTePUCTUK THIPOMOJIOTa UMEHHO OT TeMIIepaTyphl. Y UUTHIBasI, TAKKE, YTO B CTPYKType TUI-
POMOJIOTa €CTh THAPOMHEBMOAKKYMYIISITOP, TO U3MEHEHUE TeMIepaTyphl OyJeT oKa3blBaTh BIIUS-
HUE ¥ Ha COCTOSTHUE Ta3a B Ta30BOM MOJIOCTH.

[To pe3ynmpTaTaM NPOBENEHHOTO MAaTEMaTHYECKOTO0 MOJEIUPOBAHUS PabOThl OTOOHHOTO
THIPABIMYECKOTO MOJIOTA OBLIM TMOJIYYE€HBI 3aBHCHMOCTH OCHOBHBIX BBIXOJHBIX MapaMeTpoB (4a-
CTOTa yJIapoB, SHEPTHUS yaapa, yAapHas MOIIHOCTb U KII) OT TeMIiepatypbl. i3MeHeHne BbIXOAHbBIX
MapaMeTpoB THAPOMOJIOTA OT TeMIIepaTyphl HOCUT HEIMHEUWHBIN XapaKTep, 4TO XOPOIIO BUIHO IO
rpadukam, moxydeHHbIM 11 Maciaa BMI'3 u npeacraBieHHBIX Ha pUCYHKE 1.
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Pucynok 1 — 3agucumocmu 861X00HbIX RAPAMEMPOE ZUOPOMOIOMA OM HeMNEPAMYPbL:
uacmoma (n), Inepzua yoapa (A), yoapnas mownocms (N,,), koagppuyuenm nonesnozo oeiicmeus (KI1/0)
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Ha paccmaTtpuBaeMoM JuamnazoHe TeMIlepaTryp SKCIUIyaTalldd THAPOMOJIOTa XOPOUIO Mpo-
CMaTpHUBAIOTCS 00JaCTH BBICOKOM M HU3KOW MHTEHCUBHOCTU U3MEHEHU napaMeTpoB. Tak B 1uamna-
30He OT -70°C no -50°C nmpoucxoAUT HE3HAYUTEILHOE YBEIIMYEHUE BCEX BBIXOJHBIX MAPAMETPOB.
ITpu temnepatypax -40°C u Bblme HabmaromaeTcss HanboJee MHTEHCUBHOE YBEIMYCHHE SHEPTHH
yaapa, yaapHoi momHocT U kia. [Ipu temnepatypax cBbiiie -10°C MHTEHCUBHOCTh POCTa 3HAYe-
HUN paccMaTpUBAaEMbIX MAapaMeTPOB CHUKACTCS, a MPU PACHIUPEHUU PacCMaTPUBAEMOTO TeMIiepa-
TYpHOTO JMAana3oHa B OOJACTH TOJOKUTEIBHBIX TEMIEPATYpP XapaKTEPUCTUKU JOCTUTAIOT MAaKCH-
MaJIbHBIX 3HaueHui [14]. s apyrux Macei ¢ OTJIMYHBIMHA BA3KOCTHBIMU XapaKTepUCTUKAMU Kaye-
CTBEHHBIM XapakTep M3MEHEHUS BBIXOJHBIX MapaMeTPOB COXpAHIETCS CO CMEIIEHHEM B 00JacThb
OoJiee BBICOKUX (111 Macelsl ¢ 0oJiee BHICOKOW BSI3KOCTBIO) WM 00Jiee HU3KUX (JJIs1 Macead ¢ MEHb-
el BA3KOCTBIO) TEMIIEpaTYyp.

Ha ocHoBe pe3ynbTaToB MPOBEICHHBIX HCCIENOBAaHUI CPOPMYIMPOBAHBI CIEAYIOIIME pe-
KOMEHAINH TI0 TIPOSKTUPOBAHUIO U IKCILTyaTaIl[UU THAPOMOJIOTOB B YCIOBUSX OHMKEHHBIX TEM-
nepatyp [12, 14], koTopble MO3BOJIAIOT MOBBICHTH d3PPEKTUBHOCTH pabOTHI OTOOHHOTO THPaBIIHUC-
CKOT'0 MOJIOTa C YIpaBIIIeMON KaMepoil pabovero xo/1a U, COOTBETCTBEHHO pa3pyIIeHUE CKaIbHbBIX
U Mep3JIbIX IPyHTOB [7]:

e B 3aBUCHMOCTH OT MUHUMAIILHOH TEMIEPATyphl YKCILTyaTaIllui, MHTEHCUBHOCTH Pa0OTHI
U BpPEMEHHU MpOorpeBa CieayeT BHIOMpaTh MAcjo C COOTBETCTBYIOIIECH BS3KOCTHOM XapaKTepUCTH-
Koii. Jlns 3amycka ¥ paboThl pu HaubosIee HU3KUX TeMIIepaTypax KelaTeJIbHO BBIOMpaTh Macio ¢
MMOHMKEHHOM BSI3KOCTHIO, Takoe kak AMI'. JlaHHOE Maciio MO3BOJIUT POU3BOANTH 3aIyCK 0a30BOM
MAalIHBI TUAPOMOJIOTa C MUHUMAIBHBIM BPEMEHEM IOJI0TPEBa, a TakKe padoTaTh B MEHEE WHTEH-
CHUBHOM DPEKMME, KOT/Ia BKIIIOUEHUE THAPOMOJIOTA OCYIECTBISIETCS HE YacTO, YTO MPUBOJIUT K €ro
OBICTPOMY OXJIAKACHUIO.

e Jlnsa paboThl mpu OOJBLINX, HO OTPULATENIBHBIX TEMIIEpaTypax MOAOHAET Macio C BA3-
KOCTHBIMH XapakTepucTukamu kak y BMI'3.

o Jlnis MpOIOIKUTENEHON pabOThI P HEOOMBIINX OTPUIIATEIBHBIX TEMIIEpPaTypax ¢ MoJIo0-
IPEBOM Maciia Mepes 3ayCKOM IS ITOJTyYeHHs BBICOKMX BBIXOJHBIX XapaKTEPUCTUK MOAOHAYT 00-
JIee BsA3KUE Macna, Takue kak M20 uw AY.

o Jlns CHWKCHHS CUJI TPEHHS M MOBBIIICHUS BBIXOJHBIX MApaMETPOB THAPOMOIIOTA, MPE-
HA3HAYEHHOTO JJIsi pabOThl B YCIOBHSIX HMOHM)KEHHBIX TEMIIepaTyp, HEOOXOIUMO BBIMOJHATH CO-
NpshKEHUE OOCK-KOPITYC € YBEJIMUEHHBIM 3a30poM (He meree 0,025 - 0,040 mm).

Tak KaKk rHIPOINHEBMOAKKYMYJISTOP, YCTAHOBJICHHBIN B HAIIOPHOU JIMHUM OKAa3bIBACT CYILE-
CTBEHHOE BIJIMSIHUE HA BBIXOJIHBIE MapaMeTpbl, TO XapaKTEPUCTUKU THIPOMOJIOTA MPHU Pa3IUUHbIX
Temreparypax OyIyT U3MEHSATHCS B pe3yJbTaTe M3MEHEHHs XapaKTepPUCTHK Ia3a B ra3oBOi MOJO-
ctu. [Ipu n3mMeHeHuu TemnepaTypsl OyJeT U3MEHSThCS JaBJeHHE ra3a, U, COOTBETCTBEHHO, JaBJje-
HUE MpeABAPUTETHHON 3apaaku. YTOObI CKOMIICHCHPOBATh BIUSHUE U3MEHECHHUS JABJICHUS TIPE/IBa-
PUTENbHOI 3apsiIKK Ha BBIXOAHBIE XapaKTEPUCTUKH HEOOXOIUMO MPU MPOEKTUPOBAHUU THAPOMO-
JI0Ta YBEITUYUTH 00BEM T'a30BOM MOJIOCTH THAPOITHEBMOAKKYMYJIISATOPA MIIK CKOPPEKTUPOBATH CAMO
JaBIICHHE MTPeABapUTEIIbHOM 3apsiaku [15].

B 3aBucumocTt oT paboueil TeMriepaTypsl U BHIOpaHHOT'O Macja 3alyCcK THAPOMOJIOTa MO-
&KeT ObITh OCYILECTBIEH cpa3y C 3alyCKOM 0a30BOM MalIMHBI WK nocie e€ nmporpesa. Ho mpu sTom
CIIEYET YUECTh, UTO BBIXOJHbIE XapaKTEPUCTUKU THIPOMOIIOTA cpa3y MpH 3amycke 6a30Boil Malm-
HbI OYAYT B HECKOJIBKO Pa3 HUXKE, 4YeM MpHU MporpeTor. Tak sHeprus yaapa MoKeT ObITh HIbKE 00-
jee yeM B 5 pa3, a yAapHas MoIHOCTh B 11 pas.

[TporpeB ruApOMOIIOTA IEICCO00Pa3HO OCYINECTBIIATH MMOCIE IporpeBa MamuHsl [1, 2, 5, 9,
16, 17]. HecmoTpsi Ha BBICOKYIO TEMIIEpaTypy Macia B THAPOCHCTEME 0a30BOM MAIIMHBI TIOCIIE
MporpeBa cieAyeT y4ecTb, YTO caM THAPOMOJIOT M, COOTBETCTBEHHO, Macjio B HEM OCTalOTCs XO-
JIOJTHBIM, TI03TOMY BBIXOJ] HA MaKCUMAJIbHbIE XapaKTEePUCTHKH NMPOU30iAET He cpa3y. OO1iee Bpems
MpOrpeBa TUAPOMOJIOTa 3aBUCUT B OCHOBHOM OT BpPEMEHH IporpeBa 0a30BOM MallIWHBI, MPUYEM
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BpeMsl TIPOTpeBa Pa3IMYHBIX BUAOB 0a30BbIX MarinH pasznudaetcs [1]. HeoOxoauMo yduThIBaTh,
YTO CTAOWIIM3AIUsl TeMIepaTypbl pabouel KMIKOCTH (TETUIOBOM OanaHC) MPOUCXOAMUT IpH Oojee
HU3KUX TEMIIEpaTypax, 4eM Ipu paboTe B HOPMAIBHBIX YCIOBHUSAX, H CHIIKACTCS C YMEHBIIICHHEM
TEeMIepaTypbl OKPYKArOIIEH CPE/IbI.

Jist 2pheKTUBHOTO pa3pylICHUs MOPOJ, MOJE3HBIX MCKOMAEMBIX U JPYTUX MaTepUaloB B
YCIIOBHSIX TOHIDKEHHBIX TEMIIEPATyp MEIeCO00pa3sHO MPOU3BOANTE 3aIyCK THAPOMOIIOTA TIPU CHU-
’KCHUU SHEPTUU yaapoB He MeHee yeM Ha 30% oT HoMuHaIbHOTO 3HaueHwus [3, 8, 10, 11, 17].

OOmmiit anropuT™ BEIOOpA IMApaMeTPOB THIPOMOJIOTA ISl SKCIUTYaTalluH B Pa3IUNIHBIX TEM-
MePaTyPHBIX YCIOBUSX MPEACTABICH HA PUCYHKE 2.

Temmepatypa
SKCTUTYATAIHE
THAPOMOIOTA

!

Huskas Bricokas
VBeTHIeHHBIH HopmanbHBIA
3asop 3asop

TIoxbop Macaa Macao HOpMAaTBHOH
NOHHAEHHOH BA3KOCTH BASKOCTH
Beioop
VIUIOTHEHHH

v Koppextapoeka
napaMeTpoB

Pacuet BpeMeHH

nporpesa AKEYMYyIgTOpa

h 4
BI{CE"_[}’E.TELHH‘F[ C BBICOKHMH
BEIXOJHEIMH IIapaMeTpaMH

Pucynox 2 — Boibop napamempoe zudpomonoma

Taxoke cieyeT YYHTHIBATh CIEIYIOIIHE OCOOCHHOCTH SKCILUTyaTallidl THAPOMOJIOTOB TPH
HU3KUX TeMIleparypax. Huskue temneparypsl OTpULIATEIbHO BIUSAIOT HA PE3UHOBBIC U APYTHE 3JIa-
CTUYHBIC JETAM THAPOMOJIOTa, Takue Kak yrutotHenus [20]. [ns HopMaibHON pabOThI THIPOMO-
JIOTa CJICAYCT HCIIOJIb30BAaTh YINNIOTHCHHA, BBIACPIKUBAIOIINC 3HAYUTCIBHBIC CKOPOCTU JABUKCHHA
MOABMXKHBIX jaetanedt (mo 10 m/c) u Hu3KMe Temmeparypbl. Te ke TpeOOBaHMS OTHOCSTCS K JTHa-
¢parme rUAPONMTHEBMOAKKYMYJsATOpa. Tak kak AuadparmMa JoJDKHA BBLICP)KHMBATH 3HAUUTEIIBHBIC
Harpy3K#, TO TpeOOBaHMS K HEH MPH HU3KUX TEMIIepaTypax CyIIeCTBEHHO moBbIimatorcs. [Tpu uc-
MOJIb3OBAHWU NOPHIHCBOTO THAPOINHCBMOAKKYMYJIATOPA HaI[é)KHOCTB THUAPOMOJIOTAa MNOBBIIACTCA

[10, 18, 19].
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C yMmeHbIIEHHEM TEMIEpaTypbl YMEHbIIAETCA yAapHas BA3KOCTb MATEPHAIIOB, U3 KOTOPBIX
M3TOTOBJICH THAPOMOJIOT. UTOOBI M30€kKaTh OBICTPOTO M3HOCA M pa3pyIICHUs AeTalled HEOOX0IUMO
IporpeTb pabouyro KUAKOCTh Mepei 3amyckoM ruapoMoiiora. C yMEHBIICHHEM TEeMIIepaTyphl
YMEHBIIAIOTCS U JIMHEHHBIE pa3Mepsl Aetaneil. B runpomonore 00NTh KPEIUIEHUS U CTSKKU OCTa-
I0TCS XOJIOAHBIMH, TaK KaK paclojIOKeHbl Ha BHEIIHEHW 4acTH KOpILyca, TOTAa Kak KOpPIyC U psij
IpYTUX JeTaliel MPOorpeBaroTCsl, YTO MPUBOIUT K 3HAUUTEIbHBIM TEMIIEPaTypHBIM JehopMallusiM U
MOBBIIIEHUIO HanpsokeHud. HeoOxoauMo KommeHcupoBaTh Ae(opManuy yMEHbIIEHHEM MOMEHTa
3aTSHKKU PE3bOOBBIX COEMHEHUH.

[IpencraBneHHble pe3yabTaThl JOMOIHSAIOT 00JaCTh UCCIEAOBAaHUI OTOOWHBIX THApaBINYE-
CKHX MOJIOTOB, 9KCILUTYaTUPYEMBbIX B YCIOBUSX HU3KUX TEMIIEPATYP.
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PRACTICAL DESIGN GUIDELINES
HYDRAULIC DEVICES PERCUSSION
FOR OPERATION IN LOW TEMPERATURES

The article is devoted to the results of theoretical research work breaker hydraulic hammer
under different temperature conditions and practical recommendations for their design and ex-
operation taking into account the temperature factor.

Keywords: hydraulic hammer, hydrohammer, design, operation
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B. E. KIIMMOB

PASPABOTKA U MNPOYHOCTHOM PACYET KOHCTPYKIIMA
HABECHOU PAMbI KOMBUHHUPOBAHHOU JOPOKHOU MAILINHbI

B cmamve npedcmaenena Koncmpykyus HA8eCHOU pamvl MAWUHBL OI51 COOEPAHCAHU 00PO2 8
3umHull nepuod. Ilpusooumcsa npounocmuoli paciem Hagecrot pamvl K/IM c yuemom ycmarnognem-
HO020 OONOIHUMENbHO20 000PY008aHUs: OOKO8O 0mean u wemkd. B pezyromame pacuemog nooo-
opano ceuenue u mamepuan nasecrou pamul K/JIM.

Knrouesvte cnosa: xombunuposannas dopoxcnas mawuna (K/IM), pacuem na npounocmo
PaMbl, KUHEMAMUYeCKUll aHanu3 HasecHol pamul, msaeosulii pacuem KM, mooderuposanue.

YBenudeHrue MpOU3BOIUTEIILHOCTH JII0O00W MAIIWHBI SIBISIETCS OJHON W3 BaXKHEHIIHMX CO-
CTaBJISIONIMX JIBUTATENII HAy4YHOTro Tporpecca. B nmaHHOW cTaThe mpencTaBiieHa pa3paboTaHHas
KOHCTPYKIMS HAaBECHOM paMbl MAILMHBI ISl COJEPKAHUS JOPOT B 3UMHHUM NEpHOJ. YBeTudeHHas
mupuHa 00padaThIBAEMOM MOJOCH JOCTUTACTCS 3a CUET BO3MOXKHON YCTAaHOBKH OOKOBOM IIETKH U
oTBasia. BokoBoii oTBaJ o0ecrneunBaeT MaKCUMAIbHYIO MPOU3BOAUTEIHLHOCTh MAIIWHBI 1O IIH-
pHHE 3aXBaTa B CKOPOCTHOM pekume (110 4M), yOOpKy cHera 0e3 Bble3ja Ha 000YMHY U PUCKA CHOCA
B KIOBCT.

Pucynok 1 - Oouguii 6uo KoHCmPYKYuU 6 08yX ROJI0HCCHUAX
a- mpaxcnopmuoe, 6- pabouee
1- pama KJIM, 2- nasecnas pama K/IM, 3- boko6oii omean, 4- 2udpoyunrunopvl n00vbema HA8eCHOU pamvl, 5- UOPOYU-
JIUHOP NOBOPOMA OMEANA (WemKa YCLOGHO He NOKA3AHA)

Pacuer pabouero o0opyaoBaHUs Ha MPOYHOCTh MOXKHO BBIMOJIHUTH HECKOJIbBKUMU METOJIa-
M. CyTb MIEpBOrO COCTOUT B pa30MEHUN METAITIOKOHCTPYKIIMU HA CTEP>KHU, HAXOXKACHUU YCUITHHA
B HUX, IOJI0OpE MaTepuaia U MOoMnepeyHoro ceueHus: KOHCTpyKuuu. Pacdyer mo BTopoMy mMetony 3a-
KJIFOUAETCSl B MOJEIMPOBAHUN METAITIOKOHCTPYKIMK Npu nomoutn komiuiekcoB CAIIP nns aBTO-
MaTHU3aliy paboT Ha ATarax KOHCTPYKTOPCKOM U TEXHOJIOTMUECKOHN pa3pabOTKH MPOEKTa.

NEPBBIA METO/]

Kunematuueckuii aHanmu3 pacyeTHON CXEMbl HABECHOUM paMbl CBOJUTHLCS K pa30UeHHIO e Ha
TPU CTEPKHS: JIBA MOMEPEYHBbIX M OJMH MPOAOJbHBIN. KaxKIbIil cTep>KEHb UMEET B IPOCTPAHCTBE
IIeCTh CTENEHEH CBOOOIBI, TO €CTh BCETO JIBEHAIATh CTETICHEH CBOOOIBI.
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Pucynok 2 - Pacuemnaa cxema pamol
1,2- nonepeunvie cmepoictu, 3- RPOOOILHBLU CIMEPIHCEHb

Jlanee cocTtaBisieM ABEHAALATh YpaBHEHHH, U3 KOTOPBIX MOKHO OMPEIENIUTh BCE HEU3BECT-
HBIC YCUJIUA.

Pa30uBaeM KOHCTPYKIIMIO HA CTEPKHU

JUTS1 TIEPBOTO MOTMEPEYHOTO CTEPIKHSA:

Fz=0: zy+z5+ S;sina =0,
Ty =0: y, +y3% + S;co5a =0,
EIM;=0: zl+ Scsina(l—-1,)=0,
JUIsL BTOPOTO IIONEPEYHOI0 CTEPIKHS:
Fz=0: z,+z, +5.5tna=0,
Ey=0: y,+y,"+5.,c05a=0,
EIM, =0: zl+ 5 sina(l—1,)=0.

[lo Takomy e NPUHLKITY 3aIIUCBIBAIOTCS €llle 6 ypaBHEHUH IJI MPOJOJIBHOTO CTEPKHS U
OIIpECIICHUSI HEM3BECTHBIX YCWIMK OT PacHpelelICHHOM HArpy3Ku. Bce HEM3BECTHBIE peIlaroTcs
IIyTEM COCTaBJIEHUS MaTpULbl. [lanee MOKHO MEPEUTH K ONPEACIICHUIO YCWIMM U HANPSKEHUN B
Ka)KJIOM JIEMEHTE pabouero o0opy0BaHMUS.

BTOPOM METO/]

I[J'I}I BBISABJICHUSA BO3MOXXHOCTH YCTAHOBKHU HOOIIOJHHUTCIBHOI'O HABCCHOI'O OGOpy,Z[OBaHI/I}I
MPOBOJUTHCS TPOYHOCTHOM aHAIM3 HaBECHOW pambl Npu nomoinn komiuiekca CAIIP nns aBToma-
THU3auu paboT Ha ATanmax KOHCTPYKTOPCKOM M TEXHOJIOTUIECKON Pa3pabOTKH MPOEKTa.

JlanHast paMa ObLTa CMOJEIMPOBaHA M TOCYMTAHA C MOMOIIBIO mporpammbl  Solidworks
simulation.

Jlns onpezneneHuss OCHOBHBIX HArpy30K Ha KOMITIOHEHTBI paMbl ObLI MPOU3BEACH TATOBBIM
pacycT, U3 KOTOPOro GBIJII/I B3ATBI pACUCTHBIC COIIPOTUBJICHUA.
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Tabmuua 1 - Tsarossiii pacuer KAM

PaccrosiHue nepeMereHus rpyHTa
HaunmenoBanue napamerpa
x=0 x=0,51,=7,85 x= 1,=15,7
TonmuHa CTPYXKH, M 0,24 0,16 0,08
O0beM pHU3MBI, M 4.8 9,8 12,4
[Iepemenienu0 Npu3Mbl  BOJIO-
o 7200 14700 18600
S YeHUs
=
= TpeHuIo CHera 1o OTBAY 1710 3500 4450
S
=
% [lepemerienuto kam 173580 173580 173580
Qo
© CyMMa conpOoTHUBIICHUMA 182490 191780 196630
3amnac taru, H 74910 65620 60770

Paccunrannble conpoTuBieHus (B H/M?) Gbin IIPUJIO’KEHBI K CTEpkHAM |1 1 3 B BUJIE pac-
MpeICTICHHONW Harpy3KHu.

6)

Pucynok 3 - Pacuemnas mooens
a - obwutl 6uod, 0O - nonepeuHoe ceueHue
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Pucynok 4 - Peynomamut Hazpysicenus
a- Hanpsiicenue, O- nepemewyerue, - oepopmayuu,
2- Koauyuenm 3anaca no npounocmu

B pesynbrare monaenupoBaHUsS C MCHOJIb30BAaHMEM AaBTOMATH3WPOBAHHOTO KOMILIEKCA
CAIIP 6pina pa3paboTana KOHCTPYKITMS HaBECHOM paMbl MAIIMHBI TSI COJEPIKAHUS JOPOT B 3UM-
HUH MepPHOJ] C YYETOM YCTaHOBKM OOKOBOTO OTBaja M MIETKH. Pama M3roraBIMBaeTCs U3 Yriepoau-
croi crayii 40, MaKCUMaJIbHbIE HANIPSYKEHUSI COCTABUIIN 5,5*106 H/m? , MAaKCUMaJbHbIE TIEpeMenIe-
HUS - 3 MM, MUHUMaJbHBIN K03 duIenT 3anaca no npounoctu — 39,8.
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V. E. KLIMOV

DEVELOPMENT AND DESIGN STRENGTH CALCULATIONS
MOUNTED FRAME COMBINED ROAD VEHICLES

The paper presents the design of the machine frame mounted for maintenance of roads in the
winter. Provides strength calculation hinged frame KDM considering the installed options: side
blade and brush. The calculations matched section and material hinged frame KDM.

Key words: combined road machine (CDM), the calculation of the strength of the frame,
hinged frame kinematic analysis, traction calculation KDM, modeling.
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VK 621.86
P. A. PEJIEJIUH

PE3YJIbTATBI MATEMATHYECKOI'O MOJAEJIUPOBAHUA
PABOTBI OTBOUMHOI'OI'MIPABJIMYECKOI'O MOJIOTA
ITPH PA3JIMYHBIX TEMIIEPATYPHBIX YC/IOBUAX

Cmamwvs noceéswena pesyibmamam meopemudeckux uUcciedo8anuili. pabomosl 0moouUH020
2UOPABTUYECKO20 MONIOMA NPU PA3IUYHBIX MeMnepamyphuix yciogusx. Tlonyuenst meopemuyeckue
3asucuMocmu pabomul 2UOPOMOIOMA C YUEMOM MEMNEPAmypHO20 haxmopa.

Knrouesste cnosa: cuopomonom, eudpoyoapHux, MoOeiuposaHue.

HccnemoBanusiM THAPOMOJIOTOB MOCBSIICHBI MHOTHE PadoThl [1-7], ogHAKO, U3MEHEHHE HX
rapaMeTpoB MPHU HU3KUX TeMIIepaTypa U3y4eHO He B MosHoU Mepe. C u3MEeHEeHHEM TeMIIepaTyphl pa-
Ooueil )KunKocTH U3MeHsoTes e€ cBoiicTBa. Hamnbornee cymiecTBeHHOE BIMSIHUE U3MEHEHHE TeMIlepa-
TYphl OKa3bIBae€T Ha BA3KOCTh paboyell KUAKOCTH, a, COOTBETCTBEHHO, U HA BBIXOJHBIE MapaMeTphbl
rugpomoniora [8-15]. C moBeIlIeHHEM TeMIepaTypbl padodeit KUIKOCTH €€ BA3KOCTh yMEHBIIAETCs,
YTO MPUBOJUT K YBEJIMUEHUIO yTEUEK Yepe3 3a30Pbl COMPITraeMbIX MOBEPXHOCTEN, HO B TOKE BpPEeMs K
YMEHbIIEHHIO cuil TpeHusl. C MOHM)KEHHEM BA3KOCTH YTEUKH BO3pacTaroT 0ojiee MHTEHCHUBHO, YeM
YMEHBIIAKOTCS CHIIbI TPEHHS.

n, yafc
A, O

.00
80 -6 =40 20 0 -8
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: ~u | g
= —+=20
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Pucynox 1 — Teopemuueckue 3asucumocmu uacmomut (1), snepzuu yoapa (A), yoaprnoit mownocmu (N,,) u
KILI(KIL/]) om memnepamyput (T)npu paznuunsix 3nauenusnx 3azopa (om 5 00 40 mkm)
Medxncoy 6oitkom u kopnycom (macno BMI'3)

[ToMHMO 3TOrO Ha YTEUKH U CHJIbI TPEHUS BIMSIET BEIMUYMHA 3a30pa B CONPSITaeMbIX MOBEPX-
HOCTSIX TOJABWXKHBIX neTaneil. C yBelIMYEHMEM 3a30pa YTEUKM YBEIMUYMBAIOTCS, a CUJIBI TPEHMS
yMeHbIIatoTCs. i1 TUIPOMOJIOTa 3TO CONPSIKEHHSI 00EK-KOPIYC M 30J0THUK-KOPIYC (30JI0THHK-
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ruib3a).OCHOBHBIE YTEUKH BO3HUKAIOT MEXKIY OOHKOM M KOpiycoMm. BiusHue 3a3opa B compsbke-
HUU 30JOTHUK-THJIb3a B MEHBIIECH CTENEHU OKa3bIBAaeT BIMSHUE Ha BBIXOJHbBIE XapaKTEPUCTUKH
THJIPOMOJIOTA, TaK KaK TEXHOJIOTHS MX M3TOTOBIIEHHUS XOPOILIO OTpabOTaHa U MO3BOJISET C OONbIIeH
TOYHOCTBIO M 00Jiee BBICOKMM KaueCTBOM BBITIOJIHUTh COTIPSATaeMbIE ITOBEPXHOCTH.

Jl1g onleHKM BIUSHUS TEMIIEpaTypbl Ha BBIXOAHBIE IapaMeTpbl TMIPOMOJIOTa MPOBEAEHBI
BBIUHCIIUTENbHbIE IKCIIEPUMEHTHI, Pe3y/IbTaThl KOTOPBIX MPEACTABIEHBI B BUJIE JUarpaMM Ha pu-
cyHkax 1-5. PacueTsl mpoBOAMIINCH 711 HECKOJIBKUX BUIOB I'HpaBaudeckux macen (AMI', BMI'3,
N20, AY) ¢ pa3HbIMHU BA3KOCTHBIMHU XapaKTEPUCTUKAMHU.

Ha pucynkax 1 u 2 mpezacraBieHsl AMarpaMMbl 3aBUCUMOCTEN YacTOTHI YIapOB, DHEPTUHU
yaapoB, ynapHoi MouiHoctd U KIIJ rumpomoniora oT TeMmeparypbl NpH Pa3iMYHbIX 3HAYCHUSAX

3a30pOB B COMPsHKEHUH Ooek-kopmyc it Macer BMI'3 u AY cooTBeTCTBEHHO (Iuamna3oH 3a30pa Ot
0,005 mo 0,040 Mm).

5,00 1600
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Pucynox 2 — Teopemuueckue sasucumocmu wacmomst (), snepzuu yoapa (A), yoapnoit mownocmu (N,,) u
KIUI(KII/]) om memnepamyput (T)npu paznuunsix 3nauenusax 3azopa (om 5 00 40 mxm)
Medxncoy 6ouKom u kopnycom (macinoAY)

Ananu3 quarpamm (puc. 1 1 2) mokasbIBaeT, 4TO NMpU MOHWKEHUU Temneparypsl Hike 0 °C
4acToTa ynapoB yMmeHbmiaercs. CHayama TPOUCXOAUT HEOOJBIIOE YMEHBIIEHHWE YacTOThI (IS
BMI'3 ot 0 1o -30 °C, aig AY ot 0 no -10 °C), 3aTeM UHTEHCUBHOCTH yBeiaunuunBaeTcs (st BMI'3
ot -30 1o -60 °C, s AY ot -10 no -40 °C), a nanee cHOBa CHI)KAaeTCsl. 3HAUCHHS 4acTOT MeHee |
yII/C HE pacCMaTPHUBAIIUCH B CBSI3H CO CIOKHOCTBIO €€ TOoJIcYeTa. DHEPTHUs yIapoB, a TaKXKe yaap-
Hasi MOIITHOCTh ¥ KO3 (UIIMEHT TOJIE3HOTO JIEUCTBHS ManaT 0osiee mHTeHCHBHO (11 BMI'3 1o -
50 °C, nist AY no -40 °C), a 3aTeM 3HaYCHHUS aCUMIITOTHYECKH MTPHOIMKAIOTCS K HYJIIO.

Taxoke 3HaAYCHHS BCEX MapaMETPOB YBEIMYHMBAIOTCS C YBEIMUYECHUEM 3a30pa B COMPSHKEHUU
0oek-kopmyc. BunHo, 4To Oojiee MHTEHCUBHO TOBBIIICHHE YaCTOTHI U SHEPTUU YAApOB, YAAPHOM
MOIITHOCTH | KIIJI MPOUCXOIUT B Auamna3zoHe 3a30poB ot 0,005 g0 0,020 MM, 4T0 0COOEHHO 3aMETHO
npu Oosee BBICOKOW Temmeparype. [Ipu nanbHeiemM yBeIMYeHUH 3a30pa HHTEHCUBHOCTh MPUPO-
CTa CHI)KAETCs, ¥ 3HAUCHUE TPHUOIMNKACTCS K Han0oJiee ONTUMAILHOMY.
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s mMeHee Bs3kuX macen (Hampumep, it AMIT) xapaktep M3MEHEHHs BCeX MapaMeTpoB
OCTaeTcsl TAKUM K€, TOJbKO HYJEBbIE 3HAUEHUS BCEX IapaMETPOB, K KOTOPbIM OHM aCUMIITOTHYE-
CKH CTPEMSTCS, YXOIIT B 00yacTh Oojee HU3KUX Temreparyp. [y Oosee BI3KUX Macell, COOTBET-
CTBEHHO, CMEILIEHHE TPOUCXOIUT B 001aCTh O0sIee BBICOKMX TEMIIEPATYP.

1 I ! I !

CkopocTs Golka, Mic

a) - - - Bpewms, ¢

CkopocTb Golika, mic

1 12 14 16 18 2
Bpewmn, ¢

oW

Haenenve, MMa

Haenenve, MMa
=

2) Bpema, ¢
Pucynok 3 — Hamenenue ckopocmu 6oiika npu memnepamype -60°C (a) u 0°C (6) u oasnenus 6 HanopHoii mazu-
cmpanu npu memnepamype -60°C (8) u 0°C (2) 6 npouecce padbomot 2udpomosioma (3a3op 6 CONPAIHCEHUU DOeK-
xopnyc 0,040 mm, macno BMI '3, macca boiika 62 ke, pacxoo 100n/mun, dasnenue Hacmpouxku npeooxpanumenbHo-
20 knanana 16 MIla, ouamempuor cmyneneii 6ouxa di=116 mm, dy=118mm, ds=105mm)

bonee HarmsaIHO M3MEHEHUE YACTOThI M SHEPTUU YAAPOB MOXKHO MPOCIEANUTH MO JUarpam-
Mam, MpeJICTaBICHHBIM Ha pUCyHKE 3 (@, 6), Ha KOTOPBIX OTPaXEHBI rPa)UKU U3MEHEHHSI CKOPOCTH
nBuKeHus 0oiika Bo BpeMeHU. OTpuliatenbHble 3HaYCHHs] COOTBETCTBYIOT paboueMy Xofy Oolika,
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MOJIOKUTETbHBIC — 00paTHOMY. Buino, uro ans macna BMI'3 npu nonmxkenuun temnepatypsl ot 0
10 -60 °C gacroTa ymapoB cHuXkaeTcs B 2,1 pasa, npeaynapHasi CKOpOoCcTh Oolika B 2,3 pasa, a, COOT-
BETCTBEHHO, SHEPTrus yaapa B 5,3 pasza u ynapHas mouHocTs B 11,1 pasa.

OneHky n3MeHeHus K03(puLeHTa Mose3Horo ASUCTBUS MOYKHO IPOBECTH, 3HAs AOIOIHU-
TEJbHO W3MEHEHHE JaBJICHUS B HANOPHOW MAarucTpaid THApoMojoTa. JluarpaMmsl ¢ Tpaukamu
W3MCHCHUS aBJICHHS IPEICTaBIICHBI Ha PUCYHKE 3 (8, 2).

AHanu3 nuarpaMM JaBJ€HMs NTOKA3bIBAET, YTO C YMEHBIIEHUEM TEMIIEpaTypbl BO3PacTaeT
CpelHEee MHTErPAIbHOE JaBICHUE B HAIIOPHOM MArucTpaja, XOTs MHUHHMAIbHOE JABICHUE YMEHb-
maercs. /laBieHue MHTEHCHBHO CHIDKAeTcs Mpu pabouem xoze Ooiika, a mpu 00paTHOM X0/1e OBICT-
PO BOCCTAHABIIMBAETCS, CTAHOBUTCSI PaBHBIM JABJIICHUIO HACTPOMKH IPEJOXPAHUTEIBHOIO KilanaHa
U MIPAKTHUYECKH HE M3MEHSET CBOETrO 3HAYCHMS Ha MPOTSHKEHUH BCETO 0OpaTHOTO Xoja. JTO CBs3a-
HO C YBEJIMYEHUEM IOANOpa MPHU BBHITECHEHUM paboueil *HUIKOCTH U3 KaMepbl padoyero xoja B
CIIMBHYI0 Maructpaib. C yBEIMUYEHHUEM CPEIHEr0 HMHTETPAIBLHOIO JaBJIEHHUS COOTBETCTBEHHO
yMmeHbIaercs koddduiment nonesHoro aeicteus. Jns macina BMI'3 u ykazaHHBIX mapameTpoB
K1 ymeHbinaercs B 11 pas.
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Pucynox 4 — Teopemuueckue 3agucumocmu uacmomul (a), Inepzuu yoapa (0), yoapnoit mowgnocmu (8) u kno (2) om
memnepamypuvl NPU pa3TUYHBIX 3HAYEHUAX 3A30Pa MexHcOy OOUIKOM U Kopnycom ona macaa BMT 3-
(azop 0,020 mm, macno BMI'3, macca ooiika 62 ke, pacxoo 1001/mun, daenenue Hacmpoiku npedoxXpaHumenbHozo
knanana 16 MIla, ouamempuor cmyneneii 6oika d1=116 mm, d2=118wum, d3=105mm)

[TpakTryeckuii MHTEpeC MPECTaBIsIeT OLEHKA U3MEHEHUS! BBIXOJHBIX MapaMeTpoB THUAPO-
MOJIOTA B 3aBUCUMOCTHU OT TCMIICPATYPHI I Pa3JIMIHBIX MACCJI, YTO 60)166 HarjasaaHO MOXHO CAC-
JaTh, COBMECTUB IpauKu ISl pacCMaTpUBaeMbIX Maces Ha ofHOU auarpamme. [Ipu sTom HEoOXo-
AUMO 3a1aTbCd OJHUM 3HAYCHUCM BCIIMYUHELI 3a30pa (B AAaHHOM CJIydac IMpuHATa CPpCAHAA BEIIMUNHA
3a3opa 0,020 mm). Takue ararpaMMbl IPEICTABICHBI HA PUCYHKE 4.

Anammuz AuarpaMm MmokKas3bIBaCT, 4YTO HaH60nee BBICOKHC BBIXOJHBIC ITapaMETPhI THAPOMOJIO-
Ta TIPU OTPUIATEIHHONU TemIepaType (0COOCHHO TpH Hanbosee HU3KUX 3HAYEHUAX) 00eCreYnBaeT
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macino AMI'. lnsa npyrux macen (BMI'3, U120 u AY) pacxoxeHue napaMmeTpoB HE3HAYUTEIBHO B
nuamna3one ot -50 1o -80 °C. Tak yacrora ynapos aist AMI' u BMI'3 npu temneparype -60 °C ot-
nuyaroTes B 2,5 pasa, sHeprus yaapos B 11 pas.

[IpencraBieHHble pe3yabTaThl MATEMATHUECKOTO MOJEIUPOBAHUS JOMOIHAIOT 00IacTh uc-
CIICTOBAaHUI OTOOWHBIX TUAPABINYECKUX MOJIOTOB, IKCILTyaTUPYEMBIX B YCIOBHUSX MMOHUKCHHBIX
TEeMIIEpaTyp.

Crarbhs BBHINOJTHEHA B paMKaxX pa0OTHI HaJ TrpaHToOM mpesuneHTa Poccuiickoit @eneparmn
MK-6405.2013.5. Hayunslii pykoBoautens Kamanun FO.H.
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R. A. REDELIN

THE RESULTS OF MATHEMATICAL MODELING
WORKING HYDRAULIC BREAKER HAMMER
UNDER DIFFERENT TEMPERATURE CONDITIONS

The article is devoted to the results of theoretical research work breaker hydraulic hammer
under different temperature conditions. Theoretical dependence of the operation of the breaker tak-
ing into account the temperature factor.

Keywords: hydraulic hammer,hydrohammer, mathematical model.
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Y]JIK 62-822+62-686

A. B. KYPBUIEB, E. I'. PBUISIKWH

CUCTEMA PEI'YJIMPOBAHUSA TEMIIEPATYPBI
PABOYEU ’KNJIKOCTHU B 'NAPOIIPUBOJAE
TPAHCHHOPTHO-TEXHOJIOI'MYECKUX MAIIIUH

Hsnooicenvt ocnosHble ocobeHHOCMU QYHKYUOHUPOBAHUA 2UOpOacpe2amos mpaHchOpmHO-
MEXHONI02UYECKUX MAWUH 8 X0L00Hoe 8pems 200a. [[na nosviuienus pabomocnocooHocmu 2uopoaa-
peaamosg 3Mmux MauiuH npeondzaemcs UCnoib308ams CUCEMY pe2yIupo8aHus memnepamypvl pa-
bouell JcuoKocmu OpueUHaIbHol Koncmpykyuu. [lpusoosmes ocnoeHvle npeumyujecmea paspabdo-
MAHHOU CUCMEMbl, €€ KOHCIPYKMUBHbIE INEMEHMbI, a MAKIHCe Pe3yIbMmamsl UCCIe008aHUll ¢ NPU-
MeHeHUueM peanu308aHHblX MEXHUYEeCKUX peuleHuti no 006ecnedeHuio pazocpesa U noooepHCanHus
memnepamypbl paboueli HeUOKoCmu 2UOPORPUBOOa MpanCHOPMHO-MEXHOI0SULECKUX MAWUH 8 Pa-
YUOHANLHOM UHMeEPBATIe 8 YCI08UAX 3UMHEL IKCHTYAMAyul.

Knrouesvle cnoea: mepmopezynuposanue, paboudas HCUOKOCMb, YCIO6US IKCHIYAMAYUU,
2UOpPONpUBoo0, MPAHCHOPMHO-EXHOI02UYECKUEe MAUUHb]

Ha ceromnsimiauii geHb TUAPO(GUIIMPOBAHHBIE MAIIUHBI AKCIUTYaTUPYIOTCS B Pa3sIUIHBIX
reorpaUyecKuX IMHUPOTaxX ¢ OOJBUIMM JIHMANa30HOM TEMIIEpPaTypbl OKpYXkKaromero Bo3ayxa. OneIt
JKCIUTyaTalliy MAIllMH MOKAa3bIBAET, YTO UX HAJIEKHOCTh CYIIECTBEHHO 3aBUCUT OT KJIMMaTa. JTO
CTaHOBUTCS OCOOCHHO 3aMETHBIM, €CJIM MallliHa B LIEJIOM WJIM OTAENbHBIE €€ AIIEMEHThI paboTaloT B
KJIUMAaTe, Ha KOTOPbIA OHU HE PACCUUTAHBI.

HccnenoBanue HaACKHOCTH TUIPO(YUIMPOBAHHBIX MAIIMH PA3JIMYHOTO Ha3HAYEHUsS IMOKa-
3BIBAET, UTO HAa 3UMHUI nepuos skcmryaranuu npuxoaurcs 70...90% Bcex 0TKa30B U HEUCIIPABHO-
creit ruapoobopymoBanus [ 1-4].

OCHOBHBIM (PaKTOPOM, OrPaHUYMBAIOLIMM JIOJTOBEYHOCTh THUAPONPHBOJA TPAHCIIOPTHO-
TEXHOJIOTUYECKUX MAIlIUH, SBJISIETCS M3HOC JeTaneid. B cBsi3u ¢ 3TuM mpuoOpeTaeT BakHOE 3Haue-
HUE TTONCK HOBBIX YPPEKTUBHBIX MyTeH COXPAHEHUS MOTCHIIMATBHBIX CBOWCTB KOHCTPYKIIUU B 9KC-
IUTyaTallMOHHBIX YCJIOBHSX, TJI€ aKTyalbHbIM U 3(PPEKTUBHBIM SABIISETCS OOECreueHue paluoHalb-
HOT'O peXKMMa CMa3bIBaHUS MMOBEPXHOCTEU TpeHus Aetaneld. [Ipu xapakTepHbIX JJIsl TUIPOIPUBOIA
TPAHCIIOPTHO-TEXHOJIOTUYECKUX MAIIUH HEYCTAaHOBHBIIMUXCS HAarpy304YHO-CKOPOCTHBIX U TeMIlepa-
TYPHBIX peKUMax pabOThl BaKHBIM MapaMETPOM PANUOHAIBHOTO PEXUMa CMa3bIBaHUS SIBISETCS
CHIDKEHHE CKOPOCTH OKHMCIICHHS Macja U CKOPOCTH TOCTYIUIEHUS a0pa3uBHBIX IpHUMecel, HaKoM-
JIeHHE KOTOPBIX CBA3aHO C ra3000MEHOM IMOJIOCTH TUAPOCUCTEMBI, 00YCIIOBICHHBIM U3MEHEHHUEM €€
TEMIIEPATYPHOTO PEeKUMA.

OaHMM U3 METOJO0B NOBBINIEHHS] M3HOCOCTOMKOCTH arperaToB TI'MAPONPUBOAA SIBISIETCA
yIIydllleHUuE pekrMa UX CMa3K{ MyTeM MPUMEHEHHUs PAalMOHAIBbHBIX TEMIEPaTyp THIPAaBINYECKUX
Macesl B YCIOBHUAX OKCIUTyaTallMM. OJTO CBSI3aHO C TEM, 4YTO COBPEMEHHBIE TPAHCIOPTHO-
TEXHOJIOTUYECKHE MAIIMHBI HE UMEIOT 3(D(PEKTUBHBIX CPEJICTB pa3orpena U MOJAepKaHUs TeMIepa-
TYpbI TUAPABINYECKOTO Macjia B PAlMOHANBHBIX MPEJENax, YTO CKa3bIBa€TCS B I1€JI0M Ha paboTo-
CIOCOOHOCTH THIPOIIPUBO/IA, @ U3BECTHBIE KOHCTPYKLIUU CUCTEM TEPMOPETYINPOBAHUS B IKCILITya-
TAI[MOHHBIX YCJIIOBHUSIX HE MOJHOCTHIO YYUTHIBAIOT OCOOEHHOCTH MPOTEKAaHUs Ipoliecca Ternaooome-
Ha MEXIy paboueil KUIAKOCTHIO THAPONPHUBO/Ia MAIIMHBI C OKPYXKAIOIIeH cpenoit. BBuay Hemocra-
TOYHO HM3YYEHHOTO BIIMSHUS TEMIIEpaTypbl Macja Ha IMPOLECC M3MEHEHHUs paboToCrnocoOHOCTH
TUIPOTIPUBO/IA, BHEAPEHHE METOJIOB TEPMOPETYIHPOBAHUS B PEabHBIE TEXHOJOIMH U MPOLIECCHI
MIPEACTABIISICT 3HAYUTEIBHBIM TEOPETUUECKUI U IIPAKTUYECKUN UHTEpEC.

OddekTuBHOCT,  pabOTHl  THUAPABIMYECKOTO  IMPUBOJA  ONPEACTsACTCS  TEXHHUKO-
HSKOHOMHYECKUMH IOKa3aTeIsIMH PabOThl OCHOBHBIX €r0 arperaToB — Hacoca, pachpeaeIuTess,
TUIPOLIMIIUHIPOB [5,6].
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Knumarndeckue ycrmoBHs 3KCITyaTallud BIUSIOT Ha paboTOCnocoOHOCTh U 3P (HEKTUBHOCTD
THIPOIIPUBOJIa B OCHOBHOM Yepe3 COCTOSHUE Pabodeil KHUIKOCTH, ONPEAEIIEMOe €€ BSI3KOCTBIO,
cojiep>KaHueM MEXaHUYEeCKHX MPUMECE, ra30B U BJar, a TakKe MOYJIEM yIIPYTOCTH.

PabGouast )kuAKOCTh B THIPONPHBOAAX CAMOXOIHBIX MAIIMH C HIECTEPEHHBIMH HACOCaMH
SKCIUIYaTHPYIOTCS B IIMPOKOM Juamna3oHe temmeparyp: munyc 40 go +100°C [7-10]. XXuakocts
KOHTaKTHPYET C MOJIMMEpPaMH, IBETHBIMU U YEPHBIMH METaJUIaMH, HAa KOTOPBIX B CBS3H C H3HOCOM
OTCYTCTBYIOT 3aIlIUTHBIE OKUCHBIC TJICHKH, HA KUIKOCTh BO3JICHCTBYIOT AJIUTENbHbIC BUOpALUH, B
THPOCUCTEMY IONAAI0T U3 OKPYKAIOIIEH cpenbl Biara U abpa3uBHbIC YacTUIBL. Bee 310 co3nmaer
BeChbMa HeOJIaronpHsITHBIE YCIOBUS SKCIUTyaTallud U COKPAIAeT CPOK CIIY:KObI paboueil KUIAKOCTH
Y THJIPOarperaros.

Taxum 06pa3zoM, MOKHO MPEATOIOKUTH, YTO CYLIECTBYET JUAMa30H TEMIIEpaTypbl pabouei
’KHUJKOCTH, B KOTOPOM HETaTHBHBIC BO3/ICHCTBUS Ha PabOTOCIIOCOOHOCTH arperatoB THAPOIPHUBOJIA
MUHUMaJBHBL. [lognepxuBas Temreparypy B ONTUMAIBHOM JTHAIa30HE, MOXKHO CYIIECTBEHHO CHU-
3UTh BEPOSATHOCTh BOSHUKHOBEHHMSI OTKA30B M HEUCITPABHOCTEH rusipoodopynoBanms [11].

Hamu Obiia pa3paboTaHa u 3araTeHTOBaHA CUCTEMa PEryJIUpOBaHMs TeMIIEpaTypsl padoueit
XKUJKOCTH rusponpuBoja [12-17]. Ee MOXHO NpUMEHSTh Kak Ji1 MOAOTPEBA, TaK U ISl OXJIaxe-

HHUA Macjia B YCJIOBUAX IMMOHUKCHHBIX HUJIW MMOBBIIICHHBIX TCMIICPATYP.

B 10 1 u

Pucynok 1 - Cxema cucmemvl pezyiuposanus memnepamypusl padoueil HeuoKocmu
6 cuoponpuesoode: 1 — nacoc wecmepenuwiti HIII; 2 — 3abopuas eudpoaunus, 3 — nHanopuas cuopoaunus, 4 — pecugep
nHesMocucmemyl, 5 — HacHeMAamenbHdas NHeBMOAUHUA, 6 — paouamop oxnaxcoenus, 7 — 3meeux,
8 — cauenas euoponunus, 9 — noooon kapmepa JABC; 10 — macasanoiii nacoc, 11 — paduamopHas 2uOpOIUHUSL MACTSHO-
20 Hacoca; 12 — mepmopecyniamop, 13 — snexkmpomacHummvle pene; 14 — kpanviuiaposoie; 15 — menioobmeHHuK

Cucrema paboTtaer cienyromuM oopazom. [Ipy HU3KHUX TemrepaTypax OKpYKaroIero BO31y-
xa ruaponacoc 1 (puc.l) Oyner HarHeTarh pabouy0 KHUIKOCTh THIPONPHBOAA BO BHYTPEHHIOO MO-
JIOCTh TeruiooOMeHHuKa 15 m3 Oaka uepe3 3abopHyro ruaponuHuio 2. [loctymas yepe3 HammopHYyIO
TUJPOJIMHHUIO 3 BO BHYTPEHHIOIO MOJIOCTh TEII00OMEHHUKa 15, pabouast )KUIKOCTh HarpeBaercs, 00-
TeKasi 3MEEBHUK 7, 4epe3 KOTOPBIN MPOITyCKAeTCs MOTOPHOE Maciio ABHUraTelisi, uMeromiee pabouyro
temnepatypy 80...90°C. Ilocne gero, Macio u3 TerooOMeHHHKa 15, moctymaer oOpaTHO B Oak.

[Tocne narpeBa Macna B 6ake TepMOPEryiiaTop 12, mocpencTBOM 3JIEKTPOMArHUTHOTO perie
13 u mapoBoro kpaHa 14 mepeHampaBUT MOTOK YXHUJIKOCTH MOTOPHOTO Macja JABUTATENsI B 00XOT
3MEEBHMKa 7 10 HAarHeTaTelbHOM TMIPOIMHMM cucTeMbl cMa3ku JIBC ¢ MaciasHeIM pagnaTopoM.
[Ipu pazorpese padoueit xuakoctu cBoime 60°C, TepmoperynsaTop 12, mocpencTBOM dIEKTpoMar-
HUTHOTO pene 13 u mapoBoro kpaHa 14, OTKpoeT HarHeTarelnbHYI MHEBMOJIUHUIO 5. Boznyx u3
pecuBepa MHEBMOCUCTEMBI 4 HAYHET MOCTYIATh B PAJAHATOP OXJIAKICHUS 6 TermooOMeHHUKa 15 u
3aTeM BBIBOJHUTHCS B aTMocdepy. Ilocie oxnaxaeHus ®HUIKOCTH 10 ONTUMANbHBIX 3HaYeHUH, Tep-
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MoperyisaTop 12 nmepekpoer nogauy Bo3ayxa. KoHTpons Temmeparypsl paboueil )KuaKocTH B Oake
OCYILIECTBIISIETCS C MOMOIIBI0 YCTAHOBJICHHON B HEM T€PMOIIAPBHI.

C nenpio uccaenoBanus 3(PQPEKTUBHOCTH NpEAsIaraeMoOi CHCTEMBI TEPMOPETYIHMPOBAHUS
ObUTH TIPOBEJEHBI CPAaBHUTENIbHBIC SKCIUTyaTallMOHHBIE MCCIeNoBaHusl Ha mpennpustusx [lenszen-
CKOMi 001acTH.

B pesynbpTaTe mpoBeleHHBIX UCCIEAOBAHUNA YCTAHOBIEHO, YTO B THUAPONPUBOJE, HE 000pY-
JIOBAaHHOM CHCTEMOW TEpMOPETYINPOBAHUS, Pa30rpeB MPOUCXOIUT TOJIBKO 32 CUET MPOKAYMBAHUS
XKUIKOCTH yepe3 Hacoc. [Ipu pabore MamuHbl 60j1€e ABYX 4acoB padodast >KHIKOCTh THIPOTIPHUBOIA
HE JJOCTUTaeT PeKOMEHIYyEeMOro HHTepBaa Temmneparyp [18].

C mpuMeHEHHEM CHUCTEMbl TEPMOPETYJIUPOBAaHUS YCTAHOBUBIIASCS TemIepaTypa padoueit
KHIKOCTH cocraBuiaa +23...+25°C mpu Temmeparype OKpy»karomiero Bosayxa t, = 21°C u
+41...+43°C npu u t; = 0°C. Bo BTOpoM cilydae yCTaHOBHUBIIASACA TEMIIEpATypa paboueii )KHUIKOCTU
COOTBETCTBYIOT HMHTEPBAIY PEKOMEHAYEMBIX pabouux TemIepaTyp Maciia, 00eCreunBaOUINX
Hanbosee 3 PeKTUBHYIO pabOTOCIIOCOOHOCTh THAPOOOOPYTIOBAHUS.

Takum o0pazoM, yiydiieHHe padOTOCTIOCOOHOCTH THAPOMPHUBOJA 32 CUET MOMAJEPKAHUS
paIMOHAJIBLHOTO TEMIIEPATYPHOTO pexuma padoueil >KUIKOCTH MPHU IKCIUTyaTallud TPaHCIOPTHO-
TEXHOJIOTUYECKON MAaIllMHBI MPEACTABIACTCS AOCTATOYHO 3(P(PEKTUBHBIM CPEICTBOM, MO3BOJISIO-
MM HaumOoJiee MOJIHO Pealin30BaTh €€ MOTEHIMATbHBIE BO3MOXKHOCTH. DTO BO3MOXHO 32 CUET CO-
BEPLICHCTBOBAHMS THUIPONPUBOJIOB TPAHCHOPTHO-TEXHOJIOTMYECKUX MAIIWH IPH AKCIUTyaTallliu
myTeM pa3paboTKu CUCTEM UX TepMoperyiaupoBanus. Kpome Toro, B nmepuoj 3uMHEN dKCILUTyaTaluu
JUIS. YMEHBIICHUS TEeIJIOOTAauM OT LITATHBIX THAPOArperaToB MalllWH, IIeIeCO00pa3HO MPUMEHSTh
YTEIUTUTENbHbBIE YeXJIbl, KOXKYXH U pa3InYHble U30JSIUOHHBIE MaTEPHAalIbl, YTO MMO3BOJIHUT JOCTUYD
palMOHANBFHOTO HWHTEpBalia TEMIIEpaTyp THAPABIMYECKOrO Maclia MpHU HHU3KHX TeMIleparypax
OKpY’KaIoIlIero BO3IyXa.

B xone uccnenoBaHus TUAPONPHUBOAA B YCIOBUSX SKCILTyaTallMd OBLJIO YCTAHOBJIEHO, YTO
0e3 y4acTusi CUCTEMBbl TEPMOPETYINPOBAaHUS IPU PabOTE THIPOArperaToB CBBILIE 2 YaCOB IPU TEM-
neparypax OKpYXaroLlero Bo3ayxa oT Munyc 28 1o munyc 8°C, TeMmeparypa mMaciia Tak ¥ He JI0-
cruria pekomenayemoit Temmeparypst 40°C (puc. 2). Bpemst HarpeBa Macia 0 yKa3aHHOU TeMIie-
paTypbl C UCIOIB30BAHUEM CHUCTEMbI TEPMOPETYIUPOBAHUS COCTABIISET: MPU HavalbHOW Temrepa-
type Maciaa Munyc 28°C — 82 mun.; munyc 18°C — 67 mun.; munyc 8°C — 23 mun. [19].

0+
T,°C

-28 -B -8
Pucynox 2 - Bpemsa pazozpesa macna zudponpugoda oo 40°C
npU OMPUYAMENbHBIX MEMNEPAMYPAX OKPYIHCAIOU|e20 6030yXa
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Pucynok 3 - 3agucumocms o6vemnozo KIIJI 2uoponacoca
om memnepamypul padoyeil HeuoKoCmu 2UOPOnpPuUEooa:
1 — na cmenoe KH-4815M ;7:-0,0002t/w2+0,0139tM+0,6867;
2 — na npubope J{IP-90 17:-0,0002tM2+0,0155tM+0,5489

Jlunamuika M3MEHEHHUsl TeMIiepaTypbl padouel KHAKOCTH MMEET TOT K€ XapakTep, 4To U
IIpU CTCHAOBLIX UCCICAOBAHUAX.

N3menenune ooremuoro KIIJI ruaponacoca Tak e HOCUT IMOXOKUN XapakTep, OAHAKO UMe-
€T HEeCKOJBbKO MEHbIIHME 3HaueHus (puc. 3), 4ro oOycnaBiuBaeTcs BiIMsHHEM Ha BennuuHy KIIJ]
HEYUYTEHHBIX SKCIUTyaTallHOHHBIX ()aKTOPOB, HAIPUMED, CKOPOCTH BETpa, BO3ACUCTBHUE CHEra U T.1I.

Hcxona u3 onpeneneHus 3arpar 3()(EeKTHBHOM MOIIHOCTH Ha MPHUBOJ THApOHAcOCA IPH
pasnmuuHO# Temmeparype macia (puc. 4) Obl1a IPOBEICHA aHATUTUYECKAsT OIEHKA BJIMSIHUS pa3pa-
00TaHHOM CHCTEMBI TEPMOPETYIUPOBAHMS Ha TOITUBHYIO SKOHOMHUYHOCTb TpakTopa. B pesynbrare
ObUTH TMOJIy4YEHbI 3aBUCUMOCTHU JJISl OINpEAETIeHUs] YacoBOro pacxona ToriauBa. CpaBHEHHE MOITY-
YEHHBIX 3aBUCUMOCTEH PACCUUTAHHBIX IS TEMIIEpaTyp padoyei )KUAKOCTH THAPOCUCTEMBI PaBHBIX
5 1 50°C, mo3BONIMIIO BBISBUTH CHIKEHHE 4acoBOT0 pacxoza Tommmsa Gus/ Gyso = 0,02 [20].

3 11,4
27
11,3
S 24 N s G, =0,00007¢2 - 0,00849t + 11,30041
b Nen = 0,000312t? - 0,038569t + 2,880607 £ 112
z21 \ ©
A
S~ _t 111 ™.
1,8 ~& e /Z&
15 11
5 25 45 65 85 5 25 45 65 85
T.°C T.°C
a 9]

Pucynox 4 - 3asucumocmu nomepu mouwyHoCmu 08uzamens Ha NPeoooaeHUe CONPOMUGTIEH UL 6 2UOPONPUBOOe
(N.) (@) u uacoeozo pacxooa monnusa (G,) (6) osuzamenem IM3-236
npu Ng, = 2100 mun™ om memnepamypur padoueii scuoxocmu (T)

Takum oOpa3om, mpuMeHeHHE pa3pabOTaHHON CHUCTEMbI TEPMOPETrYIHUPOBAHUS MO3BOJISET
CHM3HTb YaCOBOW PacXo TOIUIMBA Iu3ens Ha 2% mpu padoTe ABUTATENIs] HA HOMUHAJIBHOM PEXHUME.
[Ipu pabote Ha pekuMax, OTIMYAIOIIUXCS OT HOMUHAJIBHOTO M MU TemrepaType paboueit KuIKo-
CTH HU)KE UCCIIEIOBAaHHOTO TIpeJieNa, YaCOBOI pacxo/1 TOIUIMBA Oy/AET BO3pacTath.
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A.V.KURYLEV, E. G. RYLYAKIN

THE THERMAL REGULATION SYSTEM OF WORKING LIQUID
IN AHYDRAULIC ACTUATOR OF TRANSPORT TECHNOLOGICAL
MACHINES

The main features of transport technological machines hydrounits functioning in a cold sea-
son are stated. The system of working liquid temperature regulation of an original design is offered
to use to increase operability of hydrounits in these cars. The article contains main advantages of
the developed system, its constructive elements and also results of researches with application of the
realized technical solutions for providing a warming up and maintenance of working liquid temper-
ature in a transport technological machines hydraulic actuator within a rational interval in the win-
ter operation conditions.

Keywords: thermal regulation, working liquid, service conditions, hydraulic actuator,
transport technological machines.
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BE3OIIACHOCTH /IBHKEHUA H ABTOMOBH/IBHBIE IIEPEBO3KH

1. ITP2KUBBIJI, A. H. HOBUKOB, A. A. KATYHIH

ABTOMOBW/IBHBIE IEPEBO3KHN KAK HAYKA

B cmamve paccmampusaemcs 6onpoc, a6iA0mcs iU nepegosKu HAyKou. Yoice mMHo2o Hayy-
HbIX pabom nOKA3GAU, YMO Mo OelicmeumenbHo max. boavwuncmeo nybruxayuil, Komopbvie npo-
yumuposauvl 8 3moi pabome OvLiU GuinoaHenvl 8 90-e 200vl. B 9mo eépems nepesosku OvLIU pacye-
HeHbl, 2IA6HbIM 00PA30M, ¢ MOYKU 3PEHUsL PACIOTOICEHUSL U OOCTYIHCUBAHUSL MPAHCHOPMHBIX cemell.
OcHognas (hynKyust nepegosok - nepemewerue Macc N0 MmpancnopmHol cemu, KOmopdsl s6/s1emcst
opuenmupogannvim epagom. C coBpeMeHHOU MOYKU 3peHuUst Mo OOINCHO 0053amenbHO onpede-
UMb HOBble yenedvle yHKyuu. Dmu QyHKyuu 3ampasusaiom 9K0102uto, 6e30nacHocms u opyaue
cpepvl. Kpome mozo, sma cmamuvsi nepeyucisem maxice 00bekmyl, opmMupyom ROHsmue nepe-
so3ku. Camvim 8adxcHviM sgasiemces 06vekm P, komopuiii ocywecmensem yenesvie Qynkyuu. Tpemos
uacmes cmamvi pACCMampueaem UCKyCcCmeeHHbill UHMENIEKM KaK 6AdICHbIN UHCIPYMEHm Ynpaeie-
HUSL CIOJNCHBIMU MPAHCROPMHBIMU CUCTHEMAMU.

Knrouegvle cnoea: nepesosxu, Hayka, cucmemd, Mooenb, 6KIOUAEm 6 MPAHCHOPM, UCKYC-
CMEEHHbI UHMETIEKM.

INTRODUCTION

When considering the role of transportation in the society and whether there is a comprehen-
sive science named as "transportation”, we can quote Mark Twain, "Everybody talks about the
weather, but nobody does anything about it," (ref. [1]) which has, to some extent, an analogy with
transportation. Everybody knows that transportation exists and that it is a skeleton for development
of the society and it is still not clearly defined and not even anchored as a specific scientific field.

The system of sciences can be divided into formal sciences, which include e. g. logic or phi-
losophy and real-world sciences, which are natural, social and humanities, and furthermore to theo-
retical and practical sciences. The subgroup of application sciences is represented by technical sci-
ences (mechanical engineering, civil engineering, informatics, ...), agricultural sciences, etc. The
universe of discourse of the above mentioned technical sciences is relatively well-defined.
Transport should belong to application sciences, but this does not corresponds to its interdiscipli-
narity - the design of means of transportation requires to knowledge of mechanical engineering,
transportation networks are developed according to building standards and transportation networks
are managed by methods based on theories derived from cybernetics. A branch is in general a part
of objective reality created through practical experience. It can be concluded that the branch of
transportation is usually regarded as a set of processes ensuring transfer of entities in time and
space. The branch of transportation should be considered in a broader sense, as an essential part of
life of society, as points this contribution, which argues with the idea of considering transportation
branch discipline only from the point of view of its transferring functions.

A branch can be divided into a set of specific and well-identifiable objects. These objects al-
ready carry typical characteristics of processes based on them. Their interfaces are well defined,
both within the branch, but also outside it. The existence of the branch, including the transportation
one has been defined by prof. VI¢ek in 0 by four basic conditions:

1. There must exist a separability of objects the branch from objects of other branches;

2. There must exist and be developed a specific language and terminology clearly describing

objects of the branch;

3. There must exist some specific methods to control processes of the objects in the given

branch;

4. The branch must be accepted by social practice.

It seems that the key concept is an identity of the branch. Philosophically it means that there
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is a set of characteristics that defines the entity/object so that it is distinguishable from branches. If
we want to talk about the transportation as a branch, it is necessary to specify the identity of objects
that constitute the branch of transportation distinguishing it from other branches.

TRADITIONAL CONCEPT OF THE TRANSPORTATION BRANCH AS A SCI-
ENCE

A number of authors tried to distinguish the transportation from other branches. Prof. Vicek
[2] found three primary entities that could distinguish transportation branch. These entities are as
follows:

a) Entities which are relocated;

b) Means enabling the relocation;

¢) Channels through which the relocation occurs.

In further reflections he concludes - case a) a given entity equipped with features of carrying
is relocated. In case b) the dominant is means of transport, realizing the relocation in a given space,
and in case ¢) a decisive is a path allowing a relocation. Prof. Vi¢ek does not identify himself with
above mentioned characteristics distinguishing clearly transportation and he introduces another dis-
tinguishing characteristic, which is the "site".

d) A site that accepts inputs and assigns outputs

The transport system is then formed by cooperation sites participating in the process of relo-
cation. Each site is influenced by supply of entities though certain channels, which changes its ca-
pacity and also its relocation functions. The result of these considerations is that the branch of
transportation consists of elements, i. e. sites and their displacement functions.

The outcome of these considerations is that the branch of transportation is usually presented
as an oriented evaluated diagram of transportation relations. These diagrams are then used for pro-
cesses implementing different production functions. These production functions capture the rela-
tionship between sizes of inputs and outputs.

Prof. Mojzi$ notes that "one of the attributes of the science of transportation is that it has its
applications in social practice", ref. [3]. In his article the transportation technology is considered the
core the scientific branch. Its task is to identify and describe the transportation processes, so that
they could be effectively organized.

Prof. MojZi$ presents the problems of organization and operation of transportation net-
works, their optimization, as well as the appropriate allocation of servicing centres, regionalization
of network, its capacity and traffic capacity.

Prof. Stary in the 80th dealt with transportation as a science and stated that the science of
transportation exists in the form of technical, technological and social disciplines, but this distinc-
tion does not always corresponds to conditions imposed by objective laws of its technical, techno-
logical and social reality, ref. [4]. Prof. Stary states that a comprehensive theory of transportation
should generalize relations of continuous development of technical, technological and social rela-
tions in the branch of transportation. The transportation in this work is generally regarded rather as
a set of not only technical, but also of social processes.

Even the new (2007) edition of "The Theory of transportation systems", ref. [5], describes
the transportation by the following definition: "Transportation is a purposeful change of place of
persons or goods by a vehicle through a transportation channel.”

It has been once again stated in [6] of the 2010 that “transportation refers to the movement
of people and goods across nontrivial geographical distances, and its history is as old as our civili-
zation." However it here also stated that it is not possible to extend indefinitely extensively trans-
portation network (only in the U.S.A. there are 5.5 million kilometres of roads), but that it is neces-
sary to look for new, innovative and creative ways of more efficient use of existing network. It also
results in development of new methods of traffic control systems described in this contribution.

All of the above definitions and considerations are based on the fact that the branch of trans-
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portation is based on a oriented diagram and its primary function is transportation from point A
to point B. The concept of transportation science is limited mainly to optimization problems asso-
ciated with the control and management of movements and servicing of elements and sets at the
edges and nodes of transportation networks.

Moreover these definitions are almost always based on the fact that the transportation flows
are stationary processes, which, though they may contain a stochastic component, but do not con-
sider the excesses in form of step changes in traffic parameters. It could be any form of accidents or
suddenly formed queues. However, these situations are, in relation to transportation, confronted al-
most on a daily basis. And for that, it is clear that the current consideration of transportation re-
quires new approaches and new methods of investigation.

GENERAL CONSIDERATION OF THE TRANSPORTATION SYSTEM

Target functions of the transportation system

The fundamental target function of transportation is undoubtedly realization of the transpor-
tation process in an optimal way, which means in minimal time and with minimal transportation
costs. Target function ¥z may be expressed as a sum of weighted and normalized characteristic crite-
ria that express the price as a qualitative index Pl (Performance Index). Natural aspiration is to
achieve minimum costs for transportation, which can be expressed as:

¥e = min(PD) = EF:L{W;:[F;:[ + Wy Cr) - G (1)

where the transportation network is represented by N edges and optimized is the cost of movement
Cp and the cost of lost time c; in the entire network. Preference of a path is expressed weight coeffi-
cients w and the intensity transported entities at the i-th edge is denoted as q

A typical example is optimization of the city transportation network consisting of controlled
and uncontrolled transportation nodes. Price for the transportation within a network consisting of N
edges is determined by the cost of one hour delay D and the cost of 100 stops K, see equation (1). A
delay on each line is d [h] and is weighted by coefficient wyg. Number of vehicles stops (and re-
starts) on a line is given by coefficient k and influence of number of stops is rated by weight wy. The
choice of weights can favour e.g. to communications with preferences in the so called Green Wave.

S min(PI) = L, (Dowyod; + Sowi Ky ). )

In this case the movement in the transportation network control system is controlled by mac-
ro-function F.. The basic objective is to minimize losses for the movement of elements in the net-
work by minimizing delays on individual lines and reduces number of stops and restarts of vehicles.
It is therefore a process of traffic control in order to minimize financial losses for transportation.

For completeness, it may be noted that the target function ¥ is from the semantic point of
view equivalent to so-called User Needs (UN), ref. [6]. The definition of user needs is based not on-
ly on the experience of experts, but the UN result also from a controlled discussion with users and
they are therefore user-oriented. In order to preserve consistency of UN, a slightly formalized form
of notation is used: "The user expects ...", "The user requests ..." etc. But in further text a symbolic
notation in form of (macro) function will be used that is less formalized and their description may
be broader.

In the modern concept of transportation, in addition to the basic transportation functions, ap-
pear also further demands on the transportation system. A typical example is the ecological trans-
portation, which means that certain objects transportation processes are controlled in order to pro-
duce lower externalities and less effect on humans. A typical external costs incurred by the trans-
portation process is the noise pollution near roads, environmental pollution, e.g. due to congestions
or damage to the transportation infrastructure caused by overloaded vehicles. In this case the target
function implements an optimization process
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¥, E opt (L.E, WY, 3

which consists in seeking balance between noise pollution L, environmental pollution E and damage
to road surface W by applying control function of transportation, generally designated F,. Each of
these components can be influenced by various traffic engineering procedures. Reduction of noise
exposure can be achieved, among other things, with help of function F, controlling reduction of ve-
hicles speed by using the variable road signs. Reduction of traffic congestions may be based on in-
formation systems that perform an information function #: that timely redirects traffic flows out of
areas of congestion. Damage to roads can be limited by application function £, weight in motion.
From the above it is clear that in this case the basic function of the transportation system, which is
usually optimal transportation of entities is replaced by a purpose-built function preferring another
goals.

Further requirement on the branch of transportation that might be in contradiction to mini-
mization of transportation costs in the network is a requirement for safety of transport, i. € on mini-
mizing of risks. In this case it is the maximum safety of passengers that is being looked for and the
general form of the specific function is

¥, —max(s), (4)
where the transportation control function £, searches maximum security S for a given part or given
entities of the transportation system. This can be achieved by a number of transportation-
engineering measures, such as speed reduction, warning of drivers, applying cooperative systems
etc.

Another quite general objective function may be also impact of warning information systems
on the driver, which can result in a gradual change their driving habits and behaviour. Likewise, can
be implemented functions that affect the demographic indicators by the fact that the transportation
system and its functions affect the migration of the population. There are also needs giving to the
relationship between economy of regions and the quality of transportation services in these units.

Interim conclusion: Unlike many definitions of the transportation branch, which are based
on optimal relocation of elements in the transportation network, the current view of the transporta-
tion system generalises more in terms of the desired goal functions and/or user needs. These are
numerous and depend on actors of the transportation process, which needs are required. A user
needs may prefer security at the expense price for transportation, as well there can be a long-term
goal based on transportation policy aimed at changing the behaviour of people in a particular region
in favour of public transport, etc.

User requirements imposed on the transportation system are given by requirements of its ac-
tors, which must be known in advance. If the transportation science consists of common entities,
there may be necessary various combinations of entities for implementation of different user needs.
Fig. 1 shows UP1 formed by entity E1 and E2: UN1e(EF1,E2), similarly UN2e (E1,E3) a

UN3 e (E2, E4,E5, E6)

\
.

~

L

[N

Figure 1 - Transportation entities and their allocation according user needs
Categorization of transportation science
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When considering whether the transportation is a science it is necessary to categorize, i. e. to
define its environment, to find its internal structure and to search processes that are run over this
structure and that are typical for transportation. The science of transportation is a unique object in
the general universe, which means the world of objects, people, processes and knowledge. We can
talk about transportation as a science as it can be delimitated as a part of the objective reality of this
universe, which is covered by transportation. Thus is created the branch of transportation.

The branch of transportation is further divided into objects. These may be numerous, but for
basic categorization it is sufficient to define the following:

a) Object of transportation S (£:): the object of transportation is goods, substrates and all
material elements that have needed to transported between different locations. Objects of individual
and public transportation are also people. Object of transportation is related to an object of transpor-
tation means and to transport network.

b) Object of transport means T (<;): This object includes all means changing specific
sources of energy to movement that allow transportation of these elements. In a broader sense also
humans may belong to these objects.

c) Object of transport network N (£y): This object endures the possibility of movement of
certain entities in a specific environment. This environment can be a network of surface communi-
cations, railway infrastructure, environment of water and air transportation. By environment is
meant not only the actual transport route, but also the infrastructure belonging to it.

Until now the enumeration contained a list of real physical objects, which are indeed an es-
sential part of the transportation system, but in terms of the dynamics of a transport system they are
passive elements of the transportation process. The above mentioned objects are approximately cor-
responding to description in [2]. Further object is already a new one. It is an object implementing
processes that require relevant actors in the form of User needs:

d) Object for realization of target function P (&:): This object creates also real physical
components, but it implements abstract processes aimed generally at control transportation. The
concept of transportation management is meant in a broader sense than the concept of traffic con-
trol.

Figure 2 is presents a basic categorization the transportation branch into objects, which ap-
plies to all modes of transportation (road, rail, water and air). In order to achieve the desired effect
and target function % it is necessary to implement a process that can be generally described by fol-
lowing equation

-‘;f;r = fT(X AX,w, U, AU, Ty, N, 5p)- (5)

This equation can be regarded as a state equation of the transportation system that has input
variables represented by vector ¥ and its changes 4¥ .The output state of the system is given by vec-
tor of internal states I and their changes AZ. The system is mapped in discrete time instants T. Sen-
sitivity at the input variable is set by weighting function w, whose values are usually set heuristical-
ly based on the targets and a degree of knowledge. The formula contains also a link to entities of
transportation means T;, to investigated the transport network N, and to transported entity s,. In this
case, all the three mentioned objects are characterized by measurable parameters of individual enti-
ties.
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" ofthe objective function ¥

U object S

mode of transport

Figure 2 - Basic categorization of transportation

Unlike in [2], where the similar function f is considered as "hard" one, this function is con-
sidered as "soft™ one, which is appropriate to implement by methods of artificial intelligence. Hard
functions, for example in form of analytical expressions, are used for description of deterministic
systems, which can also be transportation systems, but at the lowest hierarchical level of transporta-
tion control. A typical example might be the vehicle actuated intersection control. The extension of
Green stage is based on measured time gap between vehicles. If the gap is less than given time in-
terval (~ 3 s) the stage is finished, if it is shorter the stage is extended. This process can be described
by simple logic equations. On a similar way can be solved a highly simplified case which can con-
sider transportation network as an oriented graph with evaluated edges. Nevertheless, the transpor-
tation system is generally characterized as a complex multidimensional system, which implements
output functions in a state space.

Need to use methods of artificial intelligence results also from the fact that variables in a
transportation system include usually also stochastic components. There are also many special cas-
es, to which it is difficult to control complex traffic systems by conventional algorithms. These sys-
tems are typically nonlinear, and to achieve a target function it is usually necessary to integrate sev-
eral heterogeneous subsystems. A typical example of this integration is a management of traffic in
city road network, based on a mathematical system for estimating the queue lengths. Length of the
queues enters into two different sub-systems: intersection control and information system. Control
system uses expert system and a set of expert rules. Control algorithms at intersections are influ-
enced according these rules or there are activated information displays recommending drivers to
follow another routes without delay.

MODELING AND CONTROL OF TRANSPORTATION SYSTEMS

Modelling of complex transportation systems

Accepting proposed classification Figure 2 shows three real objects (N, T, S) forming the
basic branch of transportation. These three objects are characterized by attributes and measurable
parameters. From the viewpoint of transportation, it is necessary to consider in equation (5), only
such parameters that are specific for the particular solution or intended target function. In other
words, only parameters directly affecting the process implemented by equation (5) are considered.
In principle, this does not include attributes associated with construction of means of transport —
these are solved by applied science of mechanical engineering and also any construction designs of
transport networks, which are dealt with by civil engineers. On the other hand, the parameters that
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directly affect the target function belong here. Thus, e. g., for the target function ¥zand road trans-
portation it can be fo the width of the road lane, road gradient, etc.

The branch of transportation is differentiated and identified in relation to other sciences by
object P, which provides all the processes towards achieving the target function. As it is not just
only the basic function of transportation (moving entity from A to B), but new set of broadly con-
ceived target functions {¥¢, ¥, ...}, ...} creates more complex description of this object. In principle,
the problem can be simplified by defining system S over the object which is composed as a set of
elements A and theirs relations R [8]:

5 ={A |R}, (6)
where A is a set of N elements
A=1{a,.a;.a5 ... ay;n €N} (7)
and R is a set of relations among elements
R ={n|me = (o a;). apay € NI 8

If it is required to control the transportation system, it is necessary first to design its model.
The model can be either formalized or abstract one. To formalized models belong the mathematical
ones. When modelling the operation of vehicles (&) on a transportation network (<, it is advanta-
geous to apply deterministic mathematical models describing the relationship between transporta-
tion variables - intensity g, velocity v and density k - in the form of non-linear analytical expres-
sions, and graphical representation in form of so called fundamental models. To describe the fre-
quency of vehicles, gaps between vehicles or distribution of speed various forms of stochastic mod-
els are used. In this case, the Poisson or binomial, negative exponential and normal distributions.
When classifying mathematical models further, there are two basic categories: simulation and ana-
Iytical models. Analytical models in transportation are further divided into deterministic and proba-
bilistic, linear and nonlinear, static and dynamic, etc.

In the same way, but in form of a physical model, it is possible to describe the propagation
of exhaust emission in tunnels due to vehicles. The physical model is a mathematical model work-
ing with variables that have dimension of physical quantities. In Fig. 3 are among formalized mod-
els also included demographic models that use various statistical methods.

The outputs of these partial models constituting the lowest hierarchical level of all models
can be apply for control of a transportation process directly. However, in principle, their outputs
create inputs for abstract models, which implementing a target function, see the arrow to the ab-
stract model in Figure 3.

Models of traffic

Physical Abstract systems

system system

Conceptual
model

abstract

Control of complex
traffic systems
Figure 3 - System modeling on an object — models categorization
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In order create a general model, i.e. of a complex transportation system, it is assumed that
an abstract system is defined on object €., whose goal is to implement the user needs UP, Figure 2 .
These needs are generally described by equation (5). The first step in modelling and following im-
plementation of a specific system controlling a complex transportation process is development of a
conceptual model, which can simply describe, in form of a descriptions or verbal-graphic presenta-
tion of all goals (User needs), for the fulfilment of which is the system designed and to describe the
basic idea on which the system is based. The concept contains basic requirements for the transporta-
tion management, increase of security, description of the subsystems, functional requirements, de-
scription of internal and external links. Conceptual model facilitates communication with actors of
the process and it is of great importance as it subsequently allows, after implementation and during
operation, to determine whether the project objectives have been achieved.

In order create a general model, i.e.of a complex transportation system, it is assumed that an
abstract system is defined on object P, whose goal is to implement the target function ¥. The func-
tion is generally described by equation (5). The first step in modelling and following implementa-
tion of a specific management system of a complex transportation process is development of a con-
ceptual model. It has describe on simple way, in form of a verbal descriptions or verbal-graphic
presentation all goals (User needs), for the fulfilment of which is the system designed and to de-
scribe the basic idea on which the system is based. The concept contains basic requirements for the
transportation management, increase of security, description of the subsystems, functional require-
ments and description of internal and external interfaces. Conceptual model facilitates communica-
tion with actors of the process and it is of great importance as it subsequently allows, after imple-
mentation and during operation, to determine whether the project objectives have been achieved.

Processes forming the target function should be described relatively in detail. It is advanta-
geous to use a model of system architecture. The architecture is widely used to describe transport
telematics systems because of their complexity. In this paper, it is recommended to use reasonably
well-established procedures for the description of ITS systems also for generic dynamic transport
system managing traffic. The architecture is usually divided into functional, physical, communica-
tion, organizational architecture 0. Because the main aim of processes realized by object P is some
form of traffic management the basis is description of functions implementing this process It is
done by hierarchical functional architecture which contains functions and their relations. Figure 4
depicts three subsystems 5;.53. 52 associated on object P to achieve the target function ¥.
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Figure 4 - Hierarchical division of functions of three associated subsystems
Management of complex transportation systems

OCYAPCTBEHHGIR
I s 108
HUBEPCUTET




Ne 3(46) 2014 (uronv-cenmaops) bBezonacnocmo 0eudricenuss u agmomooOUIbHble NePe6o3KU

The hierarchy of traffic management systems can be divided into several levels. The tasks at
the lowest level can be usually converted into algorithms using the classical binary logic. In such a
way works e.g. intersection control, whose schematic diagram is shown in Figure 5. Symbol O in
the figure denotes the object of control, i.e. transportation nod and symbol S denotes the control sys-
tem. The system controls the traffic flow, respectively duration of Green stage, based on the meas-
ured time gaps between vehicles at respective branch of the intersection. A flowchart with different
logical conditions enables to control sufficiently this kind of traffic nodes

u ' 0 i
[ — -
| i
12 g: 3
- ] g
R
Ll —

Figure 5 - Principle of dynamic control

As the figure shows, there is no feedback, which would correct eventual disturbances that
could influence the object of control (traffic accident, congestion). In this process and most of other
ones the traffic control is a control of traffic according to a pre-processed model. There is a
fundamental distinction from the control of technological equipment. A control is generally a pur-
poseful influencing of controlled object O in order to achieve the required measures of the control
even under disturbances and adverse conditions. The basis of this type of control is requirement of
realization of desired output, which is ensured by supplying feedback to the control system S output
values and the control system then corrects the process according to these data.

Basic difference between traffic control systems and the feedback control systems is that at
the beginning of an attempt to control the transportation system a model has to be elaborated. Its
rightness and conformity with reality, sensitivity to change of input parameters, i.e. resistance to
disturbances, influences the result of the control. Most transport systems, which have pseudoran-
dom input variables of transportation flow, work in this manner. They are therefore not controlled
in the sense of feedback control, but they are controlled by a model. They also work by optimizing
transportation according to various parameters considered in the model, but do not regulate any de-
sired value. Thus conceived control procedure does not put high requirements on the quality of the
model only, but there is a need to check at regular time intervals the conformity of the model with
the real transportation process and to correct deviations in the model.

The above mentioned form of traffic control used a model with fixed parameters and it is not
able to react to changes that might occur in traffic, when they were not considered in advance and
were not elaborated into model. A higher form of transportation control is represented by adaptive
system, see Figure 6. According input parameters is controlled object O through link (4) which is
the same procedures as in Figure 5. In addition, an optimization criterion is monitored and if it is
found that the system S does not control on optimal way and the quality of transportation in the
network deteriorates, the internal control parameters of system S are corrected (link 3).

On Figure 6 (right) are shown the results of the automated city area control. The adaptive
control system changes the cycle time T of intersections connected to the control centre. The dia-
gram shows that due to a low traffic flow at night (10:00 p.m. to 7:00 a.m.) is adjusted low cycle
time 65 s. In the morning and midday hours will the cycle rise to about 85 s and during the evening
rush hours will the cycle increase up to 120 s.

At closer examination of road trasport it can be concluded that there are only three basic
possibilities how to control the traffic flows:

1. Control by stopping: vehicles are stopped by light signals (Red) or by variable traffic

signs;
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a. Disadvantage of stopping vehicles is the lost of kinetic energy that has to be obtained
again at increased costs for fuel consumption and increased emissions.

2. Changes of the traffic parameters: speed of traffic flow or possibility of overtaking of lor-
ries are usually changed by variable traffic signs

a. Reduction of speed has positive effect and leads to higher capacity of the road.

3. Control by information and by navigation: the drivers are either advised on possibility to
use alternative roads or they are directly navigated to diversion routes;

a. Information system is used optionally, based on drivers’ experience. Its efficiency de-
pends to a high degree on its credibility.
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Figure 6 - Principle of adaptive control (left); adaptive change of parameter T,
in relation to load of the network (right)

For the implementation of user needs specified in Sec. 3.1 "Target function of the transport
system™, when the combination of the above methods of control object O, is not sufficient in most
cases strictly logically oriented management procedures based on binary logic, but it is necessary to
apply artificial intelligence (Al).These find a significant application when solving non-stationary
behaviour of a transport system. The transportation models work in general with stationary or pseu-
do-stationary models (adaptive control). In addition, the systems present a number of non-stationary
characteristics due to traffic accidents. These complex conditions would certainly solved optimally
be human being and control systems based on Al are utmost trying to simulate the human beings.

Control methods based on artificial intelligence are discussed in many publications, for ex-
ample the review of methods is in [10] or theory of Al [11]. From the available methods the most
important application in the process of traffic management are various forms of expert systems and
increasingly also used methods based on the description of transport in space. Other methods, such
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as neuron networks, genetic algorithms and knowledge mining in databases are more often applied
in the process of data analysis and model creation.

MODELLING AND CONTROL OF COMPLEX SYSTEMS - SUMMARY

The notion of a complex transportation system does not only mean that it is a complex, or
extensive system, but also a transportation system consisting of subsystems whose inputs are also
non-stationary events which have to be automatically responded. Non-stationary traffic situations
differ from normal traffic conditions. This may be a situation where the transportation network ap-
proaches to saturation and queues are formed, it may be also a traffic accident or other sudden ex-
cesses. The first premise in the design of a complex transportation control network is therefore the
need to address not only “static” traffic situations, but also an extraordinary events.

Furthermore, the possibilities and means by which it is possible manage transportation are
different, and their effect is completely different, see the list in chapter 4. Complex transportation
systems combine functionalities of various subsystems to achieve the desired target function. To use
standard flowcharts and binary logic is impossible in this complex environment and it is necessary
to apply methods of artificial intelligence (Al).

Figure 7 shows a schematic diagram that describes the entire product chain starting with
goals setting, through its design, implementation and feedback of achieved goals. So what is the
concept of transportation systems control? In order to define area O that has to be controlled. Then
it is necessary to define the final reason for which is/will be system S installed - which is the target
function ¥, that must be achieved if we could consider that the system is successfully implemented
and operated.

The right side of the Fig. 7 shows the design process of the common transportation system,
as described in this contribution. The design is based on the target function as defined by a user, or
by a team of actors who have a relation to the system. A successful application of the transportation
system should be based on an appropriate model which can be system architecture. Architecture is
usually elaborated in the form of a global model. This model is generic one, but well captures the
principal areas of interest and a mode of achieving required objective. Model is usually not related
to a specific implementation. The research results applied in practice newly introduce process-
oriented domain architecture [6]. It is a layer architecture where the number of layers determines the
requirement on a detail of solution. Domain architecture is usually tied to a concrete territory to be
solved, but there is also an idea about technologies that may be applied and thus it goes into a great-
er detail compared to a global architecture. Domain architecture has been for example successfully
applied for tunnel systems to solve the problem of integration multiple heterogeneous subsystems
(ventilation, lighting, safety, ...).

The domain architecture is still "only™ a model of a system and a detailed design of the sys-
tem in form of a project follows. The project of such complex systems cannot be based only on reg-
ulations and standards for design of buildings and electrical equipments. A new methodology for
project elaboration is proposed in [6] using object-oriented techniques and special software tools.
The result is a detailed and controllable project, which can be also used for programming the facili-
ties. At this stage it is necessary to comply the project with all valid standards relating to the design
and operation of transportation systems.

The operation of the system is shown in the left part of Fig. 6. System means a comprehen-
sive transportation system, with clearly marked limits and defined links to the outer world. Collect-
ed traffic, weather and other data enter into the Data model. Creation of this model is essential for
control the entire system. As already mentioned, transportation systems are primarily controlled by
models. At the same level of models is the Status model. The introduction of a Status model for so-
lution of complex transportation situations is an essential contribution to the management of these
systems. The Status model enables to solve traffic problems that are necessarily to handle ad-hoc
more or less successfully by dispatchers.

Processed transportation data, or outputs of the Status model enter into the traffic manage-
ment model using Al. The figure also indicates the arrow "checking"”, which indicates that the
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transportation system, respectively the parameters must be confronted throughout its lifetime with
the target function for whose realization the system was created. The whole proposed system is
therefore a generic off-line feedback system - the user will propose the target function, and these
requirements are entering into the project and consequently also into the realization. After putting
the system into operation and its setting-up the results are permanently monitored and it is checked
whether the desired function was achieved. If not, it is necessary to examine the operation of the
system - data collection, processing and process control. If there is no error here, it is necessary to
come back to the design of the system and make adjustments to the project, such as adding addi-
tional devices or subsystems.
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Figure 7 - Structural schema of areas of solved problems

CONCLUSIONS AND FURTER STUDIES

The article examines the issue of whether the transportation is a science. Already a number
of previous works ([1] - [4]) showed that this is so. For existence of any branch, including the
branch of transportation are known some criteria. Most of the articles that are cited in this work and
were available originate in the 90th. At that time the transportation was regarded mainly in terms of
lay-out of and servicing of transportation networks. The fundamental function of transportation was
moving mass in the transportation network, which was conceived as an oriented graph. This defini-
tion is also supported by two publications from 2005 and 2010 ([5], [6]).

From the modern point of view at transportation and especially in relation to what should the
transportation ensure, the requirements on transportation have augmented. Therefore, there denomi-
nated new target functions, which in addition to the “traditional” transportation function ¥ ensure
optimal distribution of externalities ¥; or maximize safety for users of transportation systems %;.
There may be a number of these functions. The term “function” is often replaced by the term “User
need”. This is the requirement of a potential users in the form of clearly structured statements ex-
pressing in explicit form what the system has to do. The present view shows that the function of
transportation even in relation to examination of its scientific nature goes largely beyond definitions
referring predominantly to its transportation function.

Furthermore, this contribution enumerates also objects, constructing the branch of transpor-
tation. Except for explicit objects (Transported element S, Means of transportation T, Transporta-
tion network N) is the most important the object P that implements the target functions. These func-
tions are more or less related to so called management of transportation. It is pointed out that the
system P has a higher level of abstraction and wider functionality than it has been until now as-
sumed. For its creation and subsequent implementation it is necessary to create a conceptual model
of transportation management, for example in the form of graphic-verbal representations and archi-
tecture. This means that for general descriptions of complex transportation systems, principles
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known from modelling of transportation telematics systems are used. Implementation of the system
is possible only on basis of a detailed model. The science of transportation must take into account
the complexity of the issue, which can be modelled based on a number of formalized and abstract
models.

The third part of this contribution deals with the implementation of target functions and thus
with transport management. It is shown that transportation systems are controlled by models and
not as a feedback systems. It is clear that each model has its limitations in case of an out of-
tolerance-change of input parameters. In certain cases it is possible to find a solution in the form of
adaptive control that can accommodate control parameters according input parameters.

Until now, the transportation system has been regarded as a pseudo-stochastic system. In
complex systems, however, there are many extraordinary traffic situations that ordinary algorithms
fail to solve and that it is necessary to apply methods of artificial intelligence. The same Al systems
are also successfully used for transportation control using alliance of several subsystems. The sci-
ence of transportation thus expands the research of large systems and methods for their control us-
ing methods of artificial intelligence.

Further direction of effort to define the science of transportation should take into account the
current civilization problems that are connected with the transportation.

REFERENCES

1. http://quotationsbook.com/quote/41294/#sthash.nZB835ou.dpuf.

2. Vl¢ek J.: Nastin systémové teorie dopravy (Outline of the theory of transport system, Konference o dopravé.

3. Mojzis V.

4. Stary J.: Teoretické zéklady dopravy, Spole¢né védecké pracovisté pro bezpecnost a spolehlivost dopravnich
systémi CSAV a FMD, 24 str., 1985.

5. Pastor O., Tuzar A.: Teorie dopravnich systémii, ASPI, 2007, ISBN 978-80-7357-285-3, str. 312.

6. Gosh S., Summit T.: Intelligent Transport Systems — Smart and green infrastructure design, Taylor and
Francis Group ISBN 978-1-4398-3518-0, 2011, pp. 211.

7. Piibyl P., Systémovy projekt dopravné-telematickych aplikaci — Metodicky pokyn, FD CVUT, 2008.

8. Votruba Z., Kalikova J., Kalika M.: Systémova analyza (Systems Analysis), CVUT, Praha, 2008, ISBN 978-
80-01-04081-2, pp. 192 (in Czech).

9. Jesty, P. H., J. F. Gaillet, et al. (1998). CONVERGE - TR 1101 - Guidelines for the Development and As-
sessment of Intelligent Transport System Architectures.
ftp://ftp.cordis.europa.eu/pub/telematics/docs/tap_transport/converge dsa2.3.pdf.

10. Martin G., Toledo F.: Knoeledge-based systems for road network traffic control, 12" International confer-
ence Artificial Intelligence, Avignon, June, 1992.

11. Dean T., Allen J., Aloimonos Y.: Artificial intelligence — Theory and Practice, Addison Wesley Publishing
company, ISBN 0-8053-2447-6, pp. 562.

12. Ilpxuo6sn, I1. KonTpons ckopocty Ha ydacTke Kak 3((EeKTHBHBIN MHCTPYMEHT YIIyUIIECHHS JOPOXKHOU
6e3omacuoctu [Texcer] / I1. Ipxu6eii / Mup Tpancnopra v TEXHOJOIHYeCKUX ManinH. - Ne 4(43). — 2013. - C. 69-77.

13. HoBukoB, A. H, MoaepHu3anus yIn4HO-I0pOxKHOM cetr ropoaa Opia (Ha npumepe Hayropckoro mocce)
[Tekcr] / A. H. HoBukos, 1O. H. bapanos, A. A. Karynun, /I. /I. MaTHazapoB / Mup TpaHCTIOPTa U TEXHOJIOTUIECKUX
MarmH. - Ne 2(45). — C. 86-97.

Magex Hp:xu6wia (Pavel Pribyl)

TIpaxxckuit Beicimmii TeXHUUECKUNA YHUBEPCUTET

Ipodeccop, 3aBeayromuii kKadeapoii «CUCTEMBI YIPaBICHUS IBHKCHAEMY paKkynbTeTa «Tpancmopr»
Anpec: 110 00, Ilpara, yi. Bamuarronosa 25

E-mail: info@gostudy.cz

HoBukoB Anexkcanap HukonaeBuu

OI'bBOY BIIO «I'ocynusepcuret-YHITK»

Anpec: 302030, Poccus, r. Open, yin. MockoBckas, 77

J-p TexH. HayK, npodeccop, 3aB. kKadeapoi «CepBUC U PEMOHT MAIIIHH»
E-mail: srmostu@mail.ru

Karynun Anapeii AlnekcaHapoBu4

OI'bBOY BIIO «I'ocynusepcuret-YHITK»

Anpec: 302030, Poccus, r. Open, yn. MockoBckas, 77
Kann.TexH.HayK, TOICHT Kadeapsl «CepBUC U PEMOHT MAIITHH»
E-mail: katunin57@gmail.com

108 Mup mpancnopma u mexHo102uLecKuUx Mauun



ftp://ftp.cordis.europa.eu/pub/telematics/docs/tap_transport/converge_dsa2.3.pdf
mailto:info@gostudy.cz
mailto:katunin57@gmail.com

Mup mpancnopma u mexunonozuveckux mawiun 2014

P. PRIBYL, A. N.NOVIKQOV, A. A KATUNIN
TRANSPORTATION AS A SCIENCE

The article deals with the issue of whether the transportation is a science. Already a number of previous works
showed that this is so. Most of the articles that are cited in this work and were available originate in the 90th. At that
time the transportation was regarded mainly in terms of lay-out of and servicing of transportation networks. The fun-
damental function of transportation was moving mass in the transportation network, which was conceived as an orient-
ed graph. From the modern point of view it is necessarily to define new target functions. These functions respect eco-
logical, safety or another targets. The present view shows that the function of transportation even in relation to exami-
nation of its scientific nature goes largely beyond definitions referring predominantly to its transportation function.
Furthermore, this contribution enumerates also objects, constructing the branch of transportation. Except for explicit is
the most important the object P that implements the target functions. Third part of article discuss artificial intelligence
as one important tool for management of complex traffic systems.

Keywords: transportation, science, system, model, branche of transport, artifical intelligence.
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VK 630.383
C. B. JIOPOXWH

METOJ/IUKA PACUETA JOYCTUMOMN CKOPOCTH ABUKEHUSI
IO KPUBOJIMHEMHOU TPAEKTOPUU

K nacmosiwemy eépemenu nem 00CMAmMouHO HAOEHCHBIX MEMOO08 pacuema OONYCKAeMbIX
cKopocmell 08udiceHUst 0JisL YUYACMKO8 C 02PanuieHHol suoumocmotro. Cyuecmsyouue meopemuye-
CKUe pacyemvl CKOpocmell O8UJICEHUs. HA YHACMKAX 20PUBOHMANbHLIX KPUBLIX pa3pabomanvt O/is
HY2HCO KOHCMPYUPOBAHUSL U pACYema agmomoouell u He Mo2ym Oblmb UCHOIb306AHbL OJI1 HOPMUPO-
eanusi. Ilpu pacueme cxopocmeil 3HaueHus KOIP@uyueHma cyenieHus onpeoeienvl npu NoJIHOU
OIOKUPOBKe Kojleca, Ymo He COOmEemcmeyem OetuCmeUmMenbHbIM YCI0GUAM MOPMOJICEHUS. U3 YCI0-
8UsL YCMOUMUBOCIU AGMOMOOUIL 68 npedenax Noaocel 0gudiceHus. B cmamve npeonacaemcs pac-
cuuUmames 0ONYCKAeMylo CKOpOCHb OGUIICEHUS. ABMOMOOUS OISl YUACMKO8 20PUSOHMATbHBIX KPUBBIX
HA JIeCHbIX ABMOMOOUNIBHBIX 00pPO2ax UCX00s U3 mpebosanus OCMAHOBKY ABMOMOOUNA 8 Npeodenax
30HbL GUOUMOCTU, Oe3 nomepu YCMOUYUSOCMU, C V4emOM OONYWeEHUN: 8 NPOoYecce MOPMONCEHUs
08uUdICEHIle OCMAemcs YNpasiaeMbiM, 800umensb yoepicugaem agmomooulb 6 npeoenax NoaoChl
OBUIICEHUSL, BETUNUHA Y2TOB0L CKOPOCMU NOBOPOMA YNPAGISLEMbIX KOAEC MAAA; NOJTHOCHbIO UCNOTb-
3YIOMCsi MOPMO3HBLE CEOUCMEA HAUMEHEe HAZPYICEHHO20 KOoJlecd, Kodpuyuenm conpomueieHus
Y600y WUH MAJIO 3A6UCUM OM USMEHEHUs HAZPY30K HA WUHY,; CONPOMUBIEHUE KAYEeHUIO MAJO.

Knrouesvie crnosa: mpancnopm; 6e3onachocmo; 00nyckaemas CKOpoCmb;, 20PU30HMAbHAS
KPUBAsL, 6ePMUKATIbHASL KPUBAS, MOPMO3HbIE CEOUCMBA; A8MOMOOUb.

[TocranoBka npo0sembl. CyIliecTBYIOIINE METObI MOBBILIEHUSI O€30MIACHOCTH JBHKEHUS HE
B IIOJIHOM Mepe OTBEYalOT TPEOOBAHUSAM COBPEMEHHOTO JABIIKEHHS Ha JIECHBIX aBTOMOOMIIBHBIX J10-
porax, TO €CThb CHI)KEHHIO YHCla JTOPOKHO-TPAHCIOPTHBIX MPOUCHIECTBHA U SKOHOMUYHOCTH aB-
TOMOOMJIBHBIX TMEPEBO30K. ABAPUUHOCTH Ha CIOKHBIX YUYaCTKaX aBTOMOOHMJIBHBIX JOPOT, B YaCTHO-
CTH, Ha y4acTKax ¢ OrPaHUYCHHON BUJIMMOCTBIO B IJIaHE U MPOQUIIE COXPAHSIETCS, a CPEAHUE CKO-
POCTH TPAHCIIOPTHOT'O MIOTOKA UMEIOT TEHICHINK K CHWKeHuto [3,4,5,6].

[IpumeneHue Tex WM APYTUX METOAOB HE BCETJa OMpPaBIbIBAeTCS YKOHOMUYECKUMHU CO00-
pakeHusiMu. Tak, HanpuMep, MJIAHUPOBOYHBIE MEPONPUATHUS IKOHOMHUYECKH I1eJIeCO00pa3HO Mpu-
MEHSITh [TPH HHTeHCUBHOCTH aBrxkenus 7000 aBr/cyr [1,2,7,9].

HopmupoBanue CKOpOCTH MyTEM OIpaHUYEHHUS €€ BEPXHEro Ipejesia ONpaB/bIBacT ceds
TOJIBKO B TOM ClIy4ae, €ClIM OrpaHUYeHHE CKOPOCTH COOTBETCTBYET TPaHCIOPTHO-
HKCIUTYaTAallMOHHBIM TapaMeTpaM Yy4acTKa JIOpOTH, TJle OHO BBOJHUTCSA, B MPOTHBHOM CIIydae OHO
MepecTaeT UrpaThb CBOIO POJIb.

K HacrosimeMy BpeMeHU HET AOCTATOYHO HAJEKHBIX METOJIOB pacyera JOMYCKAaeMBbIX CKO-
pocTeil IBMKEHUS Ul YYacTKOB C OTPaHHMYEHHOM BUAMMOCTHIO. CYIIECTBYIONINE TEOPETUUECKUE
pacyeTbl CKOpOCTEH IBM)KEHUS HA y4acTKaX TOPH3OHTAIBHBIX KPHUBBIX Pa3pabOTaHbl A HYKA
KOHCTPYHPOBAHUS U pacyeTa aBTOMOOMIIEH U HE MOTYT ObITh UCIOJIb30BaHbI UIsI HOPMUPOBAHHUS.

Kpowme toro, Bxosmue B (opMysbl pacueTa CKOpocTel 3HaueHUs KodpHUIMEeHTa Clerie-
HUS OIpe/ieIeHbl MPY MOJTHON OJOKHUPOBKE KOJIeca, UTO HE COOTBETCTBYET JNEHCTBUTEIBHBIM YCIIO-
BUSM TOPMOXKCHHMSI M3 YCJOBUS YCTOHYMBOCTH aBTOMOOHJISI B TpeAeiax I0JIOCHl JBHXKCHHS
[3,19,20].

Llenpro MccnenoBaHus SBISIETCS YCOBEPIICHCTBOBAHME CIOCOOOB MOBBIMIEHUS 0€301acHO-
CTH JIBWYKEHUS Ha CJIOXKHBIX y4acTKaX JIECHBIX aBTOMOOUIILHBIX JIOPOT.

JUnst AOCTH KEHHSI TIOCTABICHHOH 1€ He0OX0IMMO pa3paboTaTh METOUKY pacueTa JIoIyc-
KaeMbIX CKOPOCTEH JBHKEHUS I YYaCTKOB TOPU30OHTAIBHBIX KPUBBIX.

JlonmyCcTUMYIO CKOPOCTh JBMKEHHUS Ha y4acTKe ¢ KPUBOJMHEHHOW TpaeKkTopuei OyaeM Bbl-
Oupath MCXOAs U3 TpeOOBaHUS OCTAHOBKH aBTOMOOWJIS B IMpeEeiax 30HBI BUIUMOCTH O€3 MOTEpH
ycroitunBoctu. [Ipu pacuere mpuMeM cieayromue J0MyIIeHus:
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1 B npouecce TOpMOKEHHUS IBUKEHUE OCTACTCSl YIPABIIIEMbIM, BOJUTENb YIECPKUBAET aB-
TOMOOWJIb B Mpejieniax MoJ0Ck ABMKeHUs. bynem cuntarp, 4To paanyc MoBOpoTa Ha BCEM Y4acTKe
TOPMOKEHHSI OCTaeTCs moctostuubiM [15,16,17,18].

2 BenuuunHa yriioBOil CKOPOCTH MOBOPOTA YIPABJISEMBIX KOJIEC MaJIa.

3 Boautenb OCYHIECTBISIET TOPMOKEHHE TaKMM 00pa3oM, YTO MOJHOCTHIO HCIOJIB3YIOTCS
TOPMO3HBIE CBOMCTBAa HAaMMEHEee HarpyKeHHOro Koieca [12,13,14].

4 KoaphumeHT COmpOoTUBICHHS YBOAY IIMH Mall0 3aBUCHUT OT M3MEHEHHS HArpy3oK Ha
HIUHY.

5 Conportusienue kauenuto maio [4,8,10,11].

UccnenoBarenbckas yacThb. M3 Teopun aBTOMOOUIIS M3BECTHO [1] , 4TO MpH KPUBOJIMHEHHOM
JBUKCHUH YCKOPEHUE IICHTPA TSHKECTH aBTOMOOWIIS MOKET OBITh HAMIEHO 10 BRIPAKECHUIO:

2
. \Y; b dv v do
=—+——+b——, 1
Ve R " Ra Lt @)
. dv v2
JX = dt - b F? 2 4 (:2)

€ jx,]y - COOTBETCTBEHHO YCKOPCHMS, ACHCTBYIOIIME B MOICPEYHOH U IPOJOILHOM HAlpaBiIe-

HUSX;

V - MTHOBEHHAasi CKOPOCTh aBTOMOOMJIS;

R - paamyc moBopoTa;

L - 6a3a aBTOMOOMIIS;

b - paccTosiHuE OT IEHTpa TSHKECTH IO OCU 3aHET0 MOCTa,

0 - yroa noBopoTa ynpaBisieMbIX KOJIEC.

[Tonepeunsie peakuu (puc. 1), TeUCTByONIME HA TIEPEIHUN W 38 JHUN MOCTHI aBTOMOOWIIS,

OTIPECTISIOTCS U3 BRIPAKEHUS:

Malb o b24p2dv v(p o\do
=—a| Zyer——F 4" b — |, 3
n="11rY "R dt+L( er)dt ®)
My[a » ab—p2dv V[, 2)do
_Maja o ab-p®dv vio 2)d0) 4
Y2=7"1R R dt L( p)dt )

rae M, - Macca aBTOMOOMIIS; @ - PacCTOSTHUE OT LIEHTPA TSDKECTH 0 OCH MEPETHET0 MOCTa;

p - paaMyC HMHEPLUHUU aBTOMOOWIS OTHOCHUTEIBHO BEPTHKAIBLHOW OCH, MPOXOJIEH uepes
LIEHTP TSAKECTH.

dVv
B stux BLIp&DKeHI/ISIXE >0, ecii MPOUCXOIUT YCKOPEHHOE JIBH)KEHUE aBTOMOOUIIS.

[Ipu KpUBOJIMHEHMHOM JABUKECHUU aBTOMOOWJIS IO JEHCTBUEM MOTIEPEUYHON CHIIBI KY30B aB-
TOMOOWJISI TOBOPAUMBAETCSl OTHOCUTEIBHO OCH KpeHa Ha yroil . YTroJl KpeHa Ky30Ba MOXET ObITh

HaiIeH U3 BBIPAKECHUI:

v = M ijh \} ’ (5)
(Cy, +Cy, J-Myah,,
rae M, - moapeccopeHHast Macca;
hw - IIJIEY0 KpeHa (PacCTOSHUE OT IEHTPA TSHKECTH TOIPECCOPEHHOM MacChl 10 OCH KPEeHa);
C\l/ L CW , = YTTIOBBIE )KECTKOCTH NepeHen U 3aJHEN MOJIBECKH.

[Ipu npuOIMKEHHBIX pacdyeTax B 3HAMEHATeNEe BBIPAXKEHHS (5) MOXKHO HE YUYHUTHIBATH BTO-
poe ciaraemoe. Toraa yron KpeHa ONpeAesuTCs 10 BEIPaKCHUIO:
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— MHJth 6
V=c .c (6)
V1 V2
BCHGI[CTBI/IC erHa Ky3013a peaKI_[I/II/I Ha BHYTpeHHI/IX KoJiccax yMeHBLHaeTCH, da Ha BHCIHIHHUX
BO3pacTaeT Ha BenuuuHy AR,
Cy. v Cy. v
AR, =—21 AR, =—12-, (7)
1 B 2 B
1 2
rae By, By - koneu nepegHero u 3aHEr0 MOCTOB aBTOMOOMIISI COOTBETCTBEHHO.

I 3
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= == 1
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Pucynox 1 — Cxema cun, oelicmayrouux Ha agmomooulb npu ezo 08UIHcCeHUU no 00poze

[Toacrasmsis (6) B (7) umeem

C _h
AR, :¢Mnly_\v’
Cy, +Cy, B,
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AR, :#Mnly_\u-
Cy; +Cy, B2

Hopmasnbhble peakiny Ha BHYTPEHHUX KOJIECax

RZ

; ©
" _ ZZ _
Peakuun R, L H R, , OTPEEISIOTCS O BBIPAKCHHAM
R _ gb+ jxhg
Zl a L
gaihe )
_ —IX'g
Rz =Ma———
rac hg - BBICOTA ueHTpa TSKCCTU aBTOMOGI/I.HH.
M h
Ry, =52 (gb+ jhg)- aaMyjy =¥,
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" Ma H : h\lf
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e o = —H
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Sy
C\Vl + C‘Vz

[TpononpHas COCTABIISAIOINIAS TOPU30OHTATBHON PEaKIMK JTOPOTH BHYTPEHHETO Kojieca, KOTOo-
paﬂ MOXKET 6]E>ITB HUCIIOJIB30BAaHaA IJIs1 TOpMO)KeHI/IH HaxXOoIUTCsA U3 COOTHOMGHHﬁ:

wRYy, = /(vi)? ( r )21
wRy =4/(y5) ( r F-

Ecnu ko3¢ duinueHT cuersienysi Ha 10pore MeHbIIe pacueTHOro M0 ONTUMAIbHOMY TOPMO-
KEHHIO, TO OTPAaHUYEHNE UHTEHCUBHOCTH TOPMOXKEHHSI IIPOUCXOJUT MO OMACHOCTH MOTEPU yIIpaB-
JIIEMOCTH aBTOMOOWIISI BCJIEJCTBUE 103a MepeAHHuX Kojec. PaccMoTpuM mpoiiecc TOPMOKEHHUS B
sToM cinydyae. CymMmmapHasi TOpMO3Has CHJIa, pa3BUBaeMasi aBTOMOOUIIEM B ATOM cliy4ae, Oyer:

oo =

(11)

" 2P[}]_ ” 1
Pp =Py +Pp, =2P +——==2P7 |1+ —|, (12)
Br Pr
rae B, - KoahGHULUUEHT pacnpeiesieHHs TOPMO3HOI CHIIBL.
b= m
.=
P, )
3amesieHne aBTOMOOMIISI CBSI3aHO ¢ TOPMO3HOM CHIION COOTHOIICHHEM
dv _
=M;'P,. (13)
dt
Torna yckopeHue, HalrpaBJICHHOE BJIOJb OCH ABTOMOOHIIS Jy OINPEAENUTCS BHIPAKCHUEM

1 V2
Jx = Mg'P, +b—— M,
R

3Hak (-) yKa3bIBaeT, 4To cuia P, HampaBieHa B CTOPOHY, IPOTHBOIOJIOKHYIO JIBH)KEHUIO
V2
aBTOMOOWJIS, OOBIYHO cjlaraeMoe D—— 3HAYUTEIHLHO MEHBIIC MPOAOIBHOTO yeKopeHus. [loaTomy
R2
npu HpI/I6HI/DKeHHBIX pacucTax MOKHO IPUHATH
Pr = jxMa. (14)
B naHHOM BBIpaK€HUHU 3HAK CHJIBI MPHUHSAT MOJIOKUTEIbHBIM, TaK KaK HaIlpaBJIEHUE CHUJIBI
y4TeHO B (hOpMyiax, OmpeessIFoInX TepepacnpeaeliecHue HOpMaabHBIX pEakluid Mpu TOPMOXKe-
guu. Torma

"o _ jXMa
P ——1. (15)
21+ —
Pr
Ecnu npuHATH yclnoBHE, YTO OTHOIIEHUE MPOIOIBLHOM WM TMONEPEYHOM COCTABIAIONIUX Y
yi

BHYTPEHHETO MEPEIHEr0 KOJeca ONPEAEACTC U3 BBIPAKECHUS Y1 = =, TO HOIYy4UM YPABHCHHE
PT
JUTSL HAXOXKACHUS TOTYCTUMOTO 3aME/[JICHHSI aBTOMOOMIIS
1 JxMg
(0] 1
To14 =
Br

"

Z]_:

1+73 . (16)
¥5
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j\y ~ M, Ix \/:l-"'yl2

M . .
Z_E(gb+Jth)_aanJXB_l_ 0 2(1 ]

1

T
[Tocne mpeobpazoBaHuii MOTyIUM
-1

. M, . hy gb)h 1+vf
=2 Mp, v _ S99 °9_ _N-"71 ] 17
Ix (Oﬁl M, ly B, ZLJ 17)

AHaJOTMYHBIM 00pa30M, €Clid IPUHSTH YCIOBUE, YTO OIpaHUYEHHE TOPMO3HOI CHUJIBI MPO-
HCXOJUT IO OJIOKUPOBKE KOJIEC 3aTHETO MOCTA, TOTy4YUM

Py =P, +Py =2P7 +2B,P} =2P; (1+B,),
ixMa . _ Y5

p. =—X"a_ i —-_Z

"2 2(1+BT) J2 P’;z

Jx,Ma 2
R —_Xz& h,.2
2 = o4+p) V2

M ) hy, . Ix. M
_a(ga_lxzhg)_OLZMnB_wa =—2(P>Ef+; ) —Y%,
7 T

-1
2
Co_ofag My hy )y hg YL+
Ix, =2 10%) Ix + . (18)
z 2L M, “B, | L (1+B;)oy

B BBIPAXCHUAX 3aMCIJICHUA 0003HaYEHHE IMOKa3bIBACT, YTO paCy€T IMPOBOAUTCA C YUCTOM
3aBUCUMOCTH CLCIVICHUA OT CKOPOCTHU, 4 UMCHHO!

Oy = Po(l+ Avy), (19)
rae ¢ - ko3hduuueHT cuenyieHus, 3aMepeHHbIN PU MaJIoi CKOPOCTH;

A - k03 unmenHT, 3aBUCAIIMNA OT COCTOSHHSI MOKPBITHS, TUIIA IIUHBI U CKOPOCTH JBHXKCHHS
(A=0,015...0,03).

Ecnu ko3¢ GuIMeHT cueruieHns: Ha J0pore MEHbIIE PacYeTHOro MO ONTUMAIIEHOMY TOPMO-
KEHHUIO, TO OTPAaHUYEHNE UHTEHCUBHOCTH TOPMOXKEHUS ITPOUCXOAUT 110 OMACHOCTHU MOTEPH yIpaB-
JSIeMOCTH aBTOMOOMJISL BCIIECTBHE 1032 MEPEAHUX KoJiec. B 3TOM citydae jomycTumoe 3aMeyieHIe
aBTOMOOMIIS HaxoauTcst 1o popmyie (15).

Ecnu xos¢¢umment cuensienus Ha Jopore 0oJbllle pacueTHOrO MO ONTUMATbHOMY TOPMO-
’KEHHIO, TO OTPaHMYCHHE TOPMO3HOM CHIIBI IPOMCXOIHT IO OJIOKHPOBKE KoJec 3aaHero mocra [5].
JlonycTMOe 3aMeUIeHUE B 3TOM cllydyae onpeaesstoT no ¢gopmyne (18). JIBoitHBIM HHTErpUpOBa-
HueM Gpopmyasl (17) nnn (18) onpenensercs TOpMO3HOM IMyTh aBTOMOOHIIS S .

ITosHpli OCTAHOBOYHBIN MyTh aBTOMOOMIS S; = CKIIA[BIBACTCS U3 ITYTH, NPOXOJXUMOTO aB-
TOMOOMIIEM 32 BPEMsI pEaKLUU S, U TOPMO3HOIO MyTH S,
St, =So +5;:-
JInvHa MyTH 3aBUCUT OT HA4aJIbHOM CKOPOCTH aBTOMOOMIIS V , TPOJOKUTEILHOCTH PEaK-
LMK BOXUTEI {p, BpeMCHH CpabaThIBaHHs IPHBOAA tpy M BPEMCHH HApaCTaHMs 3aMEUICHUS ;.

Taxum o6pazom
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t3
Sy = (tp +1np +?jv0. (20)

CorocTaBisis MOJTHBIA OCTAHOBOYHBIN MYTh C UMEIOLIENHCS 30HOM BUAUMOCTH, OIPEIEseTCs
JOMYCTUMAasi CKOPOCTh JBUKCHUS.

BbBIBO/]

ABTOpPOM BBITIOJTHEH pacyeT JOMYCKAaeMOW CKOPOCTH JBMIKEHHUS aBTOMOOWIIS NIl y4aCTKOB
TOPU30HTANBHBIX KPHUBBIX HAa JIECHBIX aBTOMOOWJIBHBIX JOpPOraxX C HCIOJIb30BAaHUEM TOPMO3HBIX
CBOWCTB HAaMMEHEE HArPYKEHHBIX KOJeC. A Tak)Ke U3y4eHbl HOpMaJIbHBIE PEaKIIMU Ha KoJiecax aB-
TOMOOWIISI TIpH ero TopMoxkeHuH. [IpencraBieHHass METOIMKA pacueTa JOIMyCKaeMOil CKOPOCTH SIB-
JisieTcss HanOoJiee HaIeKHOM I YIaCTKOB C OTPAaHUYCHHONW BHIMMOCTHIO.
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S.V. DOROHIN
THE CALCULATION OF THE SPEED LIMIT ALONG A CURVED PATH

There are currently no sufficiently reliable methods for calculating allowable speeds for are-
as with unsecured visibility. Existing theoretical calculations speeds in areas of horizontal curves
designed for the needs of the construction and calculation of cars and can not be used for valuation.
When calculating the value of the coefficient of friction velocity determined at full wheel lock that
does not correspond to the actual conditions of braking stability conditions of the car within its lane.
The article proposes to calculate the permissible vehicle speed for the sites of horizontal curves on
forest roads from the requirement car stop within the zone of visibility without buckling considering
assumptions: during braking movement remains manageable, the driver keeps the car in the outside
lane; magnitude of the angular velocity of the steering wheel is small; fully utilized inhibitory prop-
erties least loaded wheel; cornering power coefficient of resistance of tires depends little on the load
variation on the bus; low rolling resistance.

Keywords: transportation; security; permissible speed; horizontal curve; the vertical curve;
inhibitory properties; car.
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FO. YAPCKU, I1. IIIATPA

HPEJJIOKEHUE NPUHIUIIOB JIUIAA PEKOHCTPYKIMHU AOPOT
1/2 1 1/12 B UEHICKOM PECIIYBJIMKE K CTAHJIAPTY 2+1

Ilpeomem uccneoosanus «lIpednosicenue npunyunos 0t pekoHcmpykyuu oopoe 1/2 u /12 ¢
Yewickou Pecnybnuxe k cmanoapmy 2+1» sensiemcs enagrvlm 00pazom npeodiodceHusi Memoooio-
2UYeCK020 noox00a OJisi PEKOHCIMPYKYUU CYWeCmEYIoWUll 08YXIUHEUHbIX 00p02 00 MPEXTUHEUH020
cmanoapma dopoau «2+1» 6 pamkax dopodcnotl ungppacmpykmypur Yeuicxkou Pecnyonuku. Kpome
mo2o 3adauell SGNAEMCsl AHAU3 NOCLEOHUX MEXHUYECKUX U IKCHILYAMAYUOHHBIX YCI08ULL U YCI08UU
be3onacHocmu u UOeHMuUGUKAYUY y4acmra 00pocu Henooxooauum OJis peKOHCMPYKYUU Ha bluie-
yKazauHvle dopoau. Kuouegylo uacme npedcmasisiem co60u peaibhoe npednodiceHue PyKoGoOSUiUxX
NPUHYUNOG U NPOEKM DPEeKOHCMPYKYuu smux 0opoz 00 cmanoapma «2+1» 6 coomeemcmeuu
€ MEXHUYEeCKUMU O3MONCHOCHAMU U nompebHocmel 6e30nachocmu. Oma 4acms COnpo8oICOaAent-
¢Sl NpUONUUMENLHOU OYEHKOU NPOCHPAHCMBEHHBIX NOMPEeOHOCMel U PACYEMOM CMOUMOCIMU NPO-
exma. 3akniouenue cooepaicum oyeHxy spghexmuenocmu cpedcms, 3ampavyeHHbiX HA NPOeKm No
CPABHEHUIO ¢ €20 00X00AMU.

Kniouesvte cnosa: dopozcu, 0opodicnoe 0sudicenue, npoekm 00pozu, 3amena, ocpajicoenue,
nepekpécmok, 6e30nacHOCmb 00POACHO20 OBUIICEHUS!, 20PUSOHMATbHOE BbIPABHUBAHUE, NPOOOIb-
HbLUL RPOQuib

Origin of the feasibility study «Proposal of Guidelines for Reconstruction of 1/2 and 1/12
roads to 2+1 standard» is based on demand of Road and Motorway Directorate of the Czech Repub-
lic after addressing the adverse operational, safety and traffic situation on first-class roads 1/2 and
1/12 in the Central Bohemia Region (fig. 1) with the conversion of the two-lane roads into the roads
in 2+1 standard. The first concept of the project eventually became a basis of his thesis with
the above name. This ensures practical use of conclusions and knowledge arising from the thesis.
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Figure 1 — Road pavement widths in the Central Bohemia Region, roads 1/2 and 1/12 are located in the red ellipse [1]
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Let’s start with a question «What is a 2+1 road?» One of the terms which are occasionally
used when referring to the 2+1 roads is the «three-lane road». It is because the 2+1 roads compose
of three traffic lanes, two in one direction and one in another. What makes 2+1 roads special from
other three-lane roads is the fact the centre lane is not used by both direction simultaneously,
but alternately. This means, that drivers in one direction can use two traffic lanes and the drivers
in opposite direction only one, but after a certain distance, this scheme is reversed, giving
the chance to drive on two lanes to the drivers who previously had been driven on one lane only
and vice versa (fig. 2).

f&isﬂg Lane L Length Between Passing Lanes

_““"h\\%&\\ e —— Y — \i“‘m\“\\\%‘mml_

—— ——
\ Passing Lane

Critical Changeover Noncrtical Changeover
{Lane Drop) (Lane Gain)

Figure 2 — Simplified 2+1 road scheme [2]

The scheme change occurs in so called «transition zones». As such scheme alternates peri-
odically along the way, the drivers are periodically given the chance for safe passing maneuvers on
stretches which comprises of two lanes in their direction (fig. 3, 4, 6 and 7).

. B0 100 - 150 , 80 o

— e i, — —— — e —

T0 in. 20 70 x
| [ 1 ]
— - - —
i — e B A =

Figure 4 — Example of noncritical changeover (lane gain) according to the Czech Technical Standard
CSN 73 6101 21

The key advantage of the 2+1 roads is better traffic flow, higher level of service and last
but not least, better safety performance of such roads in comparison with the classical two-lane
roads. The periodically alternating stretches with two lanes in one direction are offering opportunity
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for safe passing maneuvers, which decreases the need of the drivers for committing unsafe or even
dangerous passing maneuvers on improper road section with limited sight distance. Thus, the risk
of head-on collisions decreases significantly. In case the opposite direction are separated
by any restraint system (e.g. guardrails — fig. 5), this risk very much minimized. That
is why the greatest advantage of the 2+1 roads is the safety increase in comparison
with the ,classical“ two-lane roads. The high level serves results in travel time savings
and the ,,smooth* traffic flow in fuel savings.
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Figure 6 — Example of critical changeover (lane drop) localized within the crossroad
(picture for left-handed traffic) [2]
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A theoretical part of the study, which has defined the fundamental design principles, had
preceded the design part itself. The subject of the theoretical part was primarily a detailed explana-
tion of the concept, design and operation of roads in 2+1 standard. In the absence of practical do-
mestic experience with this special sort of road, it seems necessary to draw knowledge from abroad,
especially from countries where this principle is applied for a long time and has undergone some
evolution already. Examples of such countries are Sweden, Finland and Germany, i.e. countries
where great emphasis is put on the road safety. Based on the studies from above mentioned coun-
tries, the 2+1 road scheme is the most effective on roads with traffic volume between 8 000 —
20 000 pcu/24h [2].
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Figure 7 — Example of noncritical changeover (lane gain) localized within the crossroad
(picture for left-handed traffic) [2]

All  findings drawn from the foreign experience have been incorporated
in the methodological approach outlined in the Czech technical standard CSN 73 6101Z1 in a way
they do not interfere with the logical framework of road infrastructure design in the Czech Repub-
lic. The resulting methodology allows a remedy of the operationally unsuitable roads within the
limits of economic efficiency of funds expended.

The 2+1 road design methodology outlined in this study have expanded the basic principle
of the extra passing lane alternately used in the opposite directions. This passing lane should
be designed in upward slopes, where the need for passing over slow vehicles (i.e. trucks, buses) in-
creases as the speed of these vehicles decreases in upward slopes. The alternation principle and the
principle of the lane addition in upward slopes are in the real world practice often contradictory and
thus is the horizontal and vertical alignment of the passing lanes result of a compromise (fig. 8).

Another key parameter regarding the 2+1 road design is the length of the stretch with
the extra passing lane. This can be given including the length of the lane-addition and lane-drop
sections (total construction length of the stretch) or just the length of the fully operational passing
lane (effective length). According to the Czech standard, the effective length of the stretch should
be within 800 — 2000 m. This interval is in accordance with the foreign experience as well
as with the research works on this topic [3].

Last but not least, the methodology expands the recommendations given by the Czech stand-
ard about the safe transition zones design. The standard gives scheme only to lane-addition and
lane-drop located on regular road section. No guidelines are given for using transition zones located
on crossroads. Based on the foreign experience, the methodology outlined in the study proposes
possible solutions how to solve the transition within the crossroads (fig. 9
and 10 — further research was done in the following study [4]).

OCYAPCTBEHHGIR
I s 21
HUBEPCUTET



Ne 3(46) 2014 (uronv-cenmaops) bBezonacnocmo 0eudricenuss u agmomooOUIbHble NePe6o3KU

country road 108

a - - 13.0 = = - 3 14.0 o = 2

Figure 8 — Part of the vertical alignment drawing, showing one of the stretches with passing line designed
in the upward slope working as a climbing lane
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Figure 9 — Proposed solution of the critical changeover (lane drop) localized within the crossroad [4]
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Figure 10 — Proposed solution of the noncritical changeover (lane gain) localized within the crossroad [4]

The need for designing transition zones into crossroads is given by the practical need
for using the maximum length of the route for constituting the extra passing lanes. Since
it is not recommended to design any crossroads on stretches with the extra passing lane,
it is necessary to design no passing lane in proximity of any crossroads, or preferably design
the transition zones on the crossroads. This can possibly have a synergic effect. Since both
the crossroads and transition zone needs to be worn about well as the driving environment changes
there, this can be done advantageously at one place. However, this can as well become the biggest
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threat of the system; if the warning ahead of the crossroads with transition will be executed improp-
erly (fig. 11).

The issue of reconstruction of existing two-lane roads to 2+1 arrangement is a narrower ap-
plication of the concept of development of roadway network by means of alternated tree-lane roads.
By applying these means, newly constructed parallel routes are not necessary to obtain safer roads
with better level of service, but on the contrary, it is possible to implement better roads in the axis
of the existing ones. The reconstruction of existing roads has many advantages, besides significant
financial savings also the environmental benefits, such as prevention of fragmentation
of comprehensive landscape wholes by adding artificial barriers.

Figure 11 — Example of use of balisets (special green delineator post) used to emphasize the crossroads and which
could potentially emphasize the changeover as well [5]

The next task of the study was to analyze the current traffic situation on the given roads,
their catchment area, as well as the level of service and road safety on these roads. The traffic vol-
umes on the road 1/2 are ranging from 4 000 to 14 750 pcu/24h [6]. The traffic volumes on the road
1/12 are more stable along the route and are ranging between 8 800 and 12 850 pcu/24h [6]. Float-
ing car was used for measuring the traffic flow performance plotting
the velocity — distance graph. Traffic accident rate was analyzed based on the data accident data
from years 2007 — 2012 given by the Police of the Czech Republic (fig. 12). The societal lost can be
than evaluated based on tabulated values of societal lost per traffic accidents of different conse-
quences (kill, severe injury, light injury, material damage only).

Before the measures relating to the conversion could have been drafted, it was also neces-
sary to identify road sections unsuitable for widening, because of both technical as well as road
safety reasons. The typical road sections unsuitable for widening are the sections located within the
urban areas. There are only three urban areas located on the studied part of the 1/12 road, but the
number of 16 urban areas is very much limiting the 2+1 road design on the 1/2 road.

The design takes into account both technical and financial needs of the reconstruction,
aswell as the above-mentioned effect of technical condition of roads on the road safety.
The horizontal alignment of additional passing lane stretches (2+1 scheme) as applied on both roads
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is shown on the figures 13, 14 and 15. It is evident, that the amount of urban areas (villages)
and crossroads can be limiting for the 2+1 road design. For the 1/2 road is typical, that the stretches
mostly are designed ,,from village to village*, however most of the stretches on 1/12 road
are designed ,,from crossroads to crossroads”.
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Figure 12 — Drawing of the horizontal alignment of the 1/12 and 1/2 roads showing all the serious traffic accidents
happened during 2007 — 2011 on the road sections where 2+1 stretches are planned
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Figure 13 — Drawing of the horizontal alignment of the 1/12 road

In the final stage, the spatial and financial needs of the reconstruction on one side
and the benefits on the other side were determined. Since the traffic safety increase is considered
to be the biggest benefit, the prediction of the benefits was based on the anticipated saving
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in the traffic accident societal lost after applying the 2+1 scheme. Based on the foreign experience,
this savings were assumed to be 30 % on 1/2 road, where narrower variant of the cross-section
with no restraint system in the median was designed [3], but 50 % on 1/12 road, where cable barrier
was proposed to be installed in the median [7] (fig. 16).

¥ - ¥ Coordinafion layout
A — ; - e - ; - 4 12 upgrade (2+1)

Figure 14 — Drawing of the horizontal alignment of the 1/12 road

A subsequent assessment of the cost to benefit ratio of the project was carried out. By simple
comparison of the estimated construction cost and the anticipated traffic accident societal lost sav-
ings within the planning period of 20 years, it is possible to make first approximate assessment of
the feasibility of the project. From this perspective, reconstruction of the 1/2 road has been found
unfeasible, but the road 1/12 feasible and economically very effective way how to improve traffic
safety and operational performance on the existing road network, proving the assumption based
on the foreign experience.

Key:
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1 stretch number
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Figure 15 — Key for the horizontal alignment drawings (see fig. 13 and 14)
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Figure 16 — Drawing of the proposed cross-section of the 1/12 road with rope guardrail installed in the median
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J. CARSKY, P. SATRA

PROPOSAL OF GUIDELINES FOR RECONSTRUCTION
OF 1/2 AND 1/12 ROADS IN THE CZECH REPUBLIC TO 2+1 STANDARD

The subject of the study ,,Proposal of Guidelines for Reconstruction of 1/2 and 1/12 roads to
2+1 standard* is mainly a proposal of methodological approach for reconstruction of recent two-
lane roads to three-lane (2+1 standard) roads in the road environment of the Czech Republic. Fur-
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ther objective is an analysis of the recent technical, operational and safety conditions and identifica-
tion of road section inappropriate for reconstruction on the above mentioned roads. The key part is
the actual proposal of guidelines and design of reconstruction of these roads to 2+1 standard in ac-
cordance with the technical possibilities and safety requirements. This part is followed
by an approximate estimation of spatial needs and calculation of costs of the project. The conclusion
contains an assessment of the effectiveness of the funds spent on the project in comparison to its
revenues.

Keywords: roads, road traffic, road design, changeover, guardrail, crossroad, traffic safety,
horizontal alignment, vertical alignment
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OBbPA30OBAHHUE H KA/IPbI

YK 656.13

. E. WJIbUHA, E. C. KYIIPUAHOBA, /1. A. KPOTOBA

HPUMEHEHUE TPEHAXKEPA TA-2 JIs1 ONEHKHU
IMCUXOPU3NOJOTMYECKUX OCOBEHHOCTEM
KAHAUJAATOB B BOAMTEJIN

Yenewnoe svinonnenue oesmenvnocmu 6ooumenem mpedyem onpeoesienHo20 YPoeHsL Pa3su-
Mmusi nCuxonocudecKux kawecme. Mcnonv3oeanue ncuxoouazHoCmuieckKux mpenaicepos npu ooyue-
HUU gooumenel no360J1em KOHMPOIUPOBAMd U MPEHUPOBAMb PA3IUYHbLE NCUXODUIUOIOSULECKUE
npoyeccwl. Ilposedennvie UCCIe008aAHUsL NOKAZALU, YMO Pe3VIbMambl CYWECMEEHHO PA3IUYAIOMC S
npU MecmupOBaAHUU HCEHWUH U MYHCUUH, UMEIOUSUX CIANC B0NHCOEHUsL U MOTbKO NPOXOOSUUX NOO-
20MOBKY.

Knrwouesste cnosa: Obyuenue, godcoenue, mperaxcep, 800umenb, asmomoous, oopoad, as-
mowxoa.

[Icuxonornyeckue 0COOCHHOCTH KEHIIWH U MY)KYMH HPOSIBIAIOTCS €lle Ipu 0Oy4eHUH B
aBTolIKOJIE. B HacTosiee BpeMsi COOTHOLICHHE MY)KYHH BOJHTEINCH 10 CPABHEHUIO C JKCHIIIMHAMHU
pPaBHO MPUOIU3UTENBFHO YeThIpe K oJHOMY. Ha cerogusmHuil 1eHb O0JbIIe MOJOBUHBI YUAIIUXCS
aBTOLIKOJI — >KeHIIMHBI. COrTacHO HaOJIOJICHUSM HWHCTPYKTOPOB, MY)KYHMHBI BOAMTEIH TOpPa3zio
XYK€ IOJIAt0TCsl O0YUCHHUIO.

PE3YJIBTATBI TECTUPOBAHMUSI

Ha ncuxodusnonornyeckom TpeHaxképe TA-2, mpenHa3HAYECHHOTO /I TOBBIIICHUS YPOB-
Hs IPO()ECCUOHATTFHO BAYKHBIX TCHUXO(PU3NOJIOTHYECKUX KAUueCTB BOIUTENCH, OBLIIO IPOBEICHO Te-
CTUPOBAHHE TPYIIBI KaHIUIATOB B BOAWTENIN MO BOCBMH MeToaukam [5]. B manHoit pabote mpen-
CTaBJICHBI PE3YJIbTaThl TECTUPOBAHUS MO 4 MeTOAUKaM: MeToanKa 5 «TpeHupoBKa pacrpeaesieHus
BHUMaHU», MeToJuKa 6 «IloBbIlIEHNE MOIMOHATIBHOW YCTOMYMBOCTHY», MeToiuka 7 «lloBbIe-
HUE THOKOCTH TeMIa JelCcTBUil», MeTouka 8 «[loBbilIeHne YCTOHYMBOCTH K MOHOTOHUI.

METOIUKA 5 «TPEHUPOBKA PACIHPEJAEJEHUA BHUMAHMUS

Jlns BoguTens aBTOMOOWISI OYeHb OOJbIIOe 3HAUEHHE UMEeT 00beM BHUMAaHMS, T.€. KOJIU-
4eCTBO €IMHUI] (0OBEKTOB) BOCHIPUATHUS WIH JACUCTBHS, YACP)KUBAEMBIX OJTHOBPEMEHHO B I0JIE CO-
3HaHUs. B cpeHemM 00beM BHUMaHUS PaBEH S5 €IUHUIIAM.

PaCHpeI[CJICHI/IC BHUMAHHS — 3TO MMPOLCCC HCIIPCPBIBHOTO OAHOBPECMCHHOI'O BOCTIPHUATUS HC-
CKOJIBKMX OOBEKTOB M IepepadoTka moixydaeMoil nHbopmaruu. XapakTep pacnpeneieHus BHIMa-
HHUA 3aBUCUT OT CKOPOCTH ABUKCHUA aBTOMOGI/I.HH, HMHTCHCUBHOCTH ABUKCHUS.

[Tpu ABMKEHUU B TOPOJE IPUXOAUTCS OAHOBPEMEHHO CIEAUTH Cpasy 3a HECKOJIBKUMH 00b-
eKTaMu: CBeToopamMu, YJaCTHUKAMHU JIBMDKEHUS, 3HaAKaMH | T. Tl. HaCKOJIbKO X0po1IIo 310, moxyva-
€TCsl, 3aBUCHUT OT CIIOCOOHOCTH K ObICTPOMY paclpeIeieHUIO U MEPEKII0YCHUI0O BHUMAHMUS.
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Pucynok 5 - Memoouka «Tpenupoeka pacnpedenenus 6HuManun»

Pe3ynpTarel TECTa MOKA3bIBAIOT, YTO PACHPEACIEHUE BHUMAHHUS Y )KEHILWH Pa3BUTO JIYYIIIE,
YeM y MYXXYHMH. Y JKCHIIWH OOJIbIlIe TMPaBUJIBLHBIX OMpPEIeNICHUH 1IEeJIEBOTO CIOBA M OIEHKH I[BETA.
My»X4uHBI IO 3TUM IIOKA3aTENISIM YCTYMAKOT.

METOAUKA 6 «<ITIOBBIINEHUE 3MOI_II/IOHAJII>H0171 YCTONYUBOCTN»

Bo Bpems yrpaBiieHUsI TPaHCHOPTHBIM CPEICTBOM BOJUTEIIO MPUXOJUTCS HENMOCPEACTBEH-
HO CTQJIKUBAThCs ¢ (haKTOpaMu SMOIIMOHAIILHOTO HAIPSDKEHUS: OMacHasi CUTYyallus Ha JIOpPOre, BbI-
HYXJEHHOE SKCTPEHHOE TOPMOKEHUE, TOABE3 K IEPEKPECTKY C UHTCHCUBHBIM JIBUKEHUEM U TOMY
nono6Hoe. ONBITHBIE, YBEPEHHBIE, C TBEPABIM XapaKTePOM BOIUTEIHN JCHCTBYIOT B OMACHOU CHUTYa-
UM JIOBKO U OBICTPO. B MPOTHBOMOIIOKHOCTh UM HEOIBITHBIE BOAWTEIIN TMPOSBISIOT PacTepsH-
HOCTb, HE BBIMIOJIHAIOT HEOOXOUMBIX JEHCTBUI WM ACUCTBYIOT MOCHENIHO WK HepasymHo. Cro-
COOHOCTh HE TMOJJAaBaThCA PACTEPSIHHOCTH W CTpaxy, JOBKO W OBICTPO JCHCTBOBATH B CIIOXKHOM
ONACHOM CUTYallMU Ha3bIBAETCSA SMOLIMOHAIBHON YCTOMYUBOCTHIO.
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Pucynok 6 - Memoouxa «Ilogvluenue IMOUUOHATLHOU YCMOUYUBOCHIU

OCOOEHHOCTh KEHCKOH IMCHUXOJIOTMU 3aKII0YaeTcsi B TOM, YTO OHM paboTaioT Oosee cTa-
OWIbHO, 0€30MMaCHO M HAJIEKHO B TO BpeMs, KOT/Ia HAXOATCs B 0€30MacHON CUTyalnH. JKEeHITUHBI
YHOpaBJIsAOT aBTOMO6I/IHeM C MCHbIIIMM PUCKOM U C MCHBIIIUM KOJIMYCCTBOM OH_II/I6OK, HCXKCIIN MYK-
YUHBI.

METO/IUKA 7 «IIOBBINIEHUE TUBKOCTHU TEMIIA JEVCTBUI»

B ycnoBusX HHTEHCUBHOTO TOPOJICKOTO JBMXKCHHS W TIPU JBMKEHUU C OOJBIION CKOPOCTHIO
UMEIOT MeCTO WH(OpPMAIMOHHBIE TIeperpy3ku. Bo3HHKaeT HEeJOCTaTOK BPEMEHH, B pe3ylbTare Ko-
TOPOTO BOAMTENb HE YCIEBAeT BOCIPHUHATH, MEpepadoTaTh BCIO MOCTYHAIOIIYI0 MHPOPMALUIO U
CBOCBPCMCHHO BBITIOJIHUTD HCO6XOI[I/IMI)IC YIIPABJIAOIINEC HeﬁCTBHH.
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Pucynox 7 - Memoouxa «lloeviuenue cubkocmu memna oeiicmeuiiy

[To pe3ynpTaTam TecTa MOXKHO CIETaTh BBIBOJ, YTO KEHIIMHBI 00Jiee TPUCIIOCOOTICHBI K U3-
MEHEHHUIO TEMITA IEUCTBUM, YEM MY>KUUHBI.

METO/JHMKA 8 «(IIOBBIIIEHUE YCTOMYNBOCTHU K MOHOTOHHN»

Hemano JITII mpoucxoaut m3-3a ommMOOK BOIUTENSI B pe3yJbTaTe CHUXKEHHUsS pabOTOCIO-
COOHOCTH.

YTomiieHue — 3TO MpoIllecC BPEMEHHOTO CHUXKEHUSI pabOTOCIIOCOOHOCTH, HACTYMAIOMIUNA B
pe3yibTaTe NEATEeNbHOCTU. Pa3nnyaioT yTOMJIEHHWE HEPBHO-MBIIIEYHOE W HEPBHO-TICUXWYECKOE
(ymctBeHHOE). CyObEKTHUBHO YTOMJICHHE BBIPAXKAe€TCAd B UYBCTBE YCTAJOCTHU. Y TOMJIEHHE OTpHIIa-
TENbHO BIIUSIET HA BCE NICUXUYECKHUE MPOIECChl BOAUTENSA: BOCIPUSITHE, BHUMAHHUE, MBIILJIEHUE, KO-
OpJIMHAIMIO ABMKEHHH, CHUXKAET CKOPOCTh PEAKLIMI U Ap., YTO MOKeT nmpuBoauTh k JITII.

OtpunarenbHoe BIUSHHE Ha pabOTOCIIOCOOHOCTh OKAa3bIBA€T HENOCTATOK HH(POPMALUU
(CEeHCOpHBIIl T0JI0/), KOTOPBIA UMEET MECTO MPU OTCYTCTBUM Ha JIOPOTe APYTUX YYACTHUKOB JIBH-
KEHHSI, MOHOTOHHOM OJHOOOpa3HOM NaHAmadTe, JIUTETLHOM JIBHKCHHH C TOCTOSHHOW CKOpO-
CThIO Ha MPSIMBIX Y4acTKaX JOPOTH, a TaKKe MpHU yINPaBICHUH aBTOMOOWJIEM B YCJIOBHSX IJIOXOU
BUJIUMOCTHU (HOYBIO, B TYMaHe, IPH CHETOMA/Ie U T.1.), YTO BBI3BIBAET CUIHLHOE HEPBHO — MICUXHYE-
CKO€ HaIpsKeHHE, 3aTPYHSIOIIEEe BOCIIPUATHE U TepepaboTKy HHPOpMAIUH.
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Pucynok 8 - Memoouxa 8 «Iloeviuienue ycmoiiuugocmu K MOHOMOHUU)

Ha ocHOBaHuu pe3yabTaTOB TECTa MOXHO CJIIENaTh BBIBOMA, YTO U JKEHIIWHBI, U MYKUHUHBI
JIOCTaTOYHO YCTOMYMBEI B YCIOBHUSIX MOHOTOHHBIX JEHCTBUI. Bpemsi peakuiun He MPEBBIIAECT CPE-
Hee 3HaueHue, KoTopoe konednercs ot 0,5 1o 2,0 ¢, B 3aBUCUMOCTH OT BO3pacTa U (hU3MUECKOTO
COCTOSIHUSL.

Tabmuma 1 - UtoroBas Tabiuma pe3yabTaTOB aHalW3a TECTHPOBAHMS Ha aBTOTPEHAXKEPE
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x1 0 1 1 1 0 0 0 1 VIOBIL XOPOIII0
K2 1 0 1 1 0 0 0 1 VIOBIL XOPOIII0
x3 0 1 0 1 1 1 1 1 XOPOIIIO XOPOIIIO
x4 0 0 1 1 1 1 0 1 XOpOILIO XOpOILIO
xS 0 0 0 1 1 0 1 1 HEYJ. YAOBIL.
KO 1 0 1 1 0 1 1 0 VIOBIL XOPOIII0
Ml 0 1 0 1 0 0 0 1 HEYI. VIIOBIL
M2 0 0 0 1 0 0 0 1 YJIOBJL. YJIOBJL.
M3 1 1 0 0 1 0 0 1 YAOBIL. YAOBIL.
M4 0 1 1 1 0 0 0 1 YAOBIL. XOpOILO
M5 0 1 0 0 0 0 0 1 VIOBIL HEYI.
M6 0 1 0 1 1 0 0 0 VIIOBIL XOPOIIIO
Ilpumeuanue:
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Ha ocHoBaHMM UTOrOBOI TaOIMIIBI MOKHO CIENaTh BBIBOJI, UTO JKEHIIMHBI IOKA3aJId JTyd-
M€ pe3yabTaThl IO CPAaBHEHMIO C MyX4nHaMH. Tak, Mpu mpoBepKe MaMsATH Ha 00pa3sl (METOAMKA
3), B 1ienioM, sxeHIuHbI (67%) crpaBUiIuCh ¢ 3aaaHueM Jydie MyxuuH (17%) na 50 %. IIpu npo-
BEpKe MaMsATH Ha CUMBOJIBI (MeToauka 4): y skeHumH (100%) pe3yabTarsl Jgydiie, YeM y MY>KUHH
(67%) na 33% [5]. Ilpu npoBepke 3MOIIMOHATILHOW YCTOMYMBOCTH (METOUKA 6) U THOKOCTH TeMIIa
JeNCTBUM (METOAMKA 7) MY>KUMHBI IIOKa3aJIi HEYJOBJIETBOPUTENbHBIE PE3YIbTaThl. Pe3ynbTarhl Te-
CTOB 1O M30MPATEIbHOCTH M KOHIICHTpAI[MM BHUMAaHHs (METOAMKa 1) M yCTOMYHMBOCTH K MOHOTO-
HUM (METOJMKA 8) HE MOKa3aIl 3HAUYUTENbHBIX OTJINYMNA MY>KYMH OT JKEHIIMH. A TPHU IMpOBEpKe ac-
COLIMAaTUBHBIX IMPOLIECCOB PE3YNbTAThl MOKA3BIBAIOT, YTO YKEHIIUHBI TPATAT OOybllle BPEMEHHU Ha
BBITIOJIHEHUE 3a/laHUi, YeM MYXXYMHBI, KOTOPHIE H3-3a CAMOYBEPEHHOCTH BBITIOJHSIOT 3aJaHHe
OBICTPO, HO C OOIBIIMM KOJIMYECTBOM OIIHOOK.

XKenmunus! 60s1€€ MOCTYLIHBI, AKKYPAaTHBI, HO Y HUX €CTh CYIIIECTBEHHBIN HEOCTATOK: B CH-
ay OoJiee pa3BUTOTO MHCTHMHKTA CaMOCOXpPAHEHHs, OHM MCIBIThIBAIOT cTpax. [Ipu yriybmenHom
00y4YeHHMHU B JAaJbHEWUIIEM U3 HUX MOTJIM ObI MOJyYUTHCS HEIUIOXUE BOAUTEIH.

BBIBO/I

[ToAroTOBIEHHOCTh BOAMTENS OMPEACTSCTCS YPOBHEM €ro Mpo(ecCHOHANbHBIX 3HAHUH H
HaBBIKOB, KOTOPBIC MPUOOPETAIOTCS B MpoIlecce OOyUeHHs] M TOCIeayromell mpodeccruonanbHON
JeSTeIbHOCTH. XOpOoIlasi MOATOTOBKA BOJUTENS BBIPAXKAETCS B HAIMYMM IIHPOKOTO TUAMa30Ha
HABbIKOB, JIOBEJIEHHBIX [0 YPOBHSI aBTOMAaTH3Ma JEWUCTBUN M 00ecrnevyMBarolIMX MpaBUIbHBIE U
CBOEBPEMEHHBIC JICHCTBUS B KPUTUYECKHX JTOPOXKHBIX CUTyalusx. OHa MO3BOJIIET MAaKCUMAJIbHO
HCIOJIb30BaTh TEXHUYECKHE BO3ZMOXKHOCTH aBTOMOOUIIS U 6€301IMO0YHO, C MUHUMAaJIbHOM 3aTpaToii
CHJI, YIPABJIATh UM; MPABUIBHO OLIEHUBATH U CBOEBPEMEHHO INPEIBUJCTh BO3MOXKHBIC N3MEHEHUS
JIOPOKHOM OOCTAaHOBKM U TMpPENyNpexaaTh BOZHUKHOBEHHE aBAapUMHBIX CUTYyalMii; 0€301MO0YHO
YIPaBIATh aBTOMOOMJIEM Ha OOJBIINX CKOPOCTAX, HOUbIO, B TyMaHe, PH BHICOKOW MHTEHCUBHOCTH
JBIKEHUS,, B TOPHBIX M JPYTUX CIOXHBIX YycnoBusix. Ilpodeccnonanusm ompeaemnsercs Takxke
YpOBHEM TCHXOJIOTMYECKOI MOATOTOBIEHHOCTH BOJIUTENS, T.€. (POPMUPOBAHUEM y HEro ncuxodu-
3MOJIOTUYECKUX CBOWCTB, KOTOPHIE 00ECTIEUMBAIOT HAJISKHOCTh paboThl B JMIOOBIX ycinoBusx. Hemo-
CTaTOYHAs MOJArOTOBIIEHHOCTD SIBISIETCA HauOoJiee 4acTOil MPUYMHON OMIMOOK, JOMYCKaeMbIX MO-
JIOJBIMU, HEONBITHBIMH BOJHUTEISIMH B KPUTHYECKUX CHUTYaLHUAX, KOTOPbIE HEPEAKO MPUBOAAT K
JTII. TToaToMy COBEpIIEHCTBOBAaHHUE MTOATOTOBKY BOJAMUTENEH IMyTEM UCIOJIb30BAHUS aBTOTPEHAXKE-
POB M MOBBIIICHHE UX TPOPECCHOHATHLHOIO MAaCTEPCTBA SIBIISIOTCS BAKHEUITMMHU (pakTOopaMu obdec-
neueHust bJ1J1.
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I. E. ILYINA, E. S. KUPRIYANOVA, D. A. KROTOVA

USE OF THE SIMULATOR TA-2 FOR THE ASSESSMENT
OF PSYCHO-PHYSIOLOGICAL PECULIARITIES
OF CANDIDATES FOR DRIVERS

The successful implementation of the activities of the driver requires a certain level of devel-
opment of psychological qualities. The use of psychodiagnostic trainers in the training of drivers al-
lows you to monitor and train the various physiological processes. Studies have shown that the re-
sults differ considerably when testing women and men with experience of driving and only in train-

ing..
Keywords: Training, driving, simulator, the driver, the car, the road driving school
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VIK 331.1
T. JI. IVKbSIHUMKOBA

CUCTEMHBIN MMOAXO0/ K CTPATET'MA MOTUBAIIMU ITIEPCOHAJIA
HPEAIIPUATUU TPAHCIHHOPTHOU NHHO®PACTPYKTYPBI

B cmamve 060cno8an HOBbI ROOX00 K NOHUMAHUIO POAU H4el08eYecKo20 hakmopa u mpyod 6
9KOHOMUKE — MEeOpUsl 4el08e4ecko20 Kanumanda. A6mopom 6vil npoanaru3uposan Onvim MOMUGA-
Yuu NepcoHAd KOMRAHUL 8eOYUUX CINPAH C Y4emOM 6KIA0A YeN08e4ecKo2o Kanumana u papabo-
Mana MemoouKa 803HAPANCOEHUs: NEPCOHANA NPEONPUSMUL MPAHCNOPMHOU UHPPACMPYKIMYPOL.

Kniouesvie cnosa: onnama mpyoa, 603HazpadicOenue, Yei08eyeckull Kanumai, Memooukd
OYEHKU NO BKIAJY YeN0BEYeCKO20 Kanumad.

Ponb uH@pacTpykTyphbl B pa3BUTHU SKOHOMHKH CTPaHbl TPYIHO MHepeoreHuTb. CoBpeMeH-
Hasl ¥ MepeoBas TPaHCIOpTHAs MHPPACTPYKTYpa UMEET CTPATETHYECKOE 3HAUCHUE JIJIsi SIKOHOMHU-
YEeCKOro0 pocTa M KaueCTBEHHOTO IEepexoJia SKOHOMUKHM K MHHOBAIIMOHHOMY IyTH pa3sutus. [lo-
3TOMY TJIABHOH 1IEIhI0 TOCYAAPCTBEHHOW MOTUTHKU B chepe pa3BUTHS TPAHCIOPTA SBISETCS CO-
3/1aHuE YCIIOBUI I MOBBIIIEHUS KOHKYPEHTOCIIOCOOHOCTH SKOHOMMKHM M KauecTBa *U3HU Hace-
TICHUSL.

['maBHBIM yclIOBHEM OOECIeueHusl COLMAIbHOTO COrjachsl Ha pPbIHKE TPYAd, B TOM YHCIE U
Ha PBIHKE TPAHCIIOPTHBIX YCIIYT, SBJISETCS JTOCTIKEHUE OalaHca HHTEPECOB BEAYIIMX COIUATBHBIX
CHJI COBPEMEHHOT0 00IIeCTBa: MpeAIpUHUMAaTENeH U HaeMHbIX paboTHHKOB. Kaxxapiii pabOTHUK U
MPEeANPUHUMATENh CTPEMSTCS MMOTYYUTh HAMOOJBIIUN JOXOJ U B 3TOM UX HHTEPECHl COBMAIAIOT.
PaGoTHHKM 3aMHTEpecOBaHbI MOTy4YaTh BCE BO3PACTAIOIIYIO 3apIUIaTy, a MpeANpUHUMATENN — MaK-
CUMAaJIbHO BO3MOKHYIO TPUOBLITE.

CtumMynupoBaHue TpyAa — CHOCcO0 BO3HATPaXKIACHHsS paOOTHUKOB 3a y4acTHE B IIPOU3BO/I-
CTBE, OCHOBaHHBIN Ha comocTaBiIeHUH 3PPEKTUBHOCTH Tpy/a U TpeboBaHUl TexHonmoruu. Cucrema
OIJIaThl JIOJKHA CO3[aBaTh Y JIIOJEH YyBCTBO YBEPEHHOCTM M 3alUIIEHHOCTH, BKJIIOYATh JEii-
CTBEHHBIC CPEJICTBA CTUMYIUPOBAHUS W MOTHBAIMH, OOECIIEYMBATH MPOIECC BOCIPOU3BOJICTBA
BCEX BHJIOB YEJIOBEUECKOI0 Kanuraia.

B sxoHOMUYECKOW HayKe B TOCIEIHHUE NECATUICTUs pa3pabaThIBacTCsi HOBBIH IMOAXOI K
MMOHUMAHMIO POJIM YeJIoBEeYeCcKOoro (akTopa M TpyJa B IKOHOMUKE — TEOpHUs YEJIOBEUECKOro Kamu-
tana. B pamkax 3Toi Teopum 3apaboTHas TUIaTa MOHMMAETCS KaK IIeHA 3a BIIOJKEHUE B MPOU3BO/I-
CTBO 0C000T0 (haKTOpa — YEIOBEUECKOTO KaruTaa.

Husmas rpanuiia omiaTel TpyAa ONpeaesieTcss pacXogaMu Ha BOCIIPOM3BOJICTBO KaruTama
3I0pOBBSI M TPYA0BOTO Kanutaia. [Ipodcoro3sl u paboTogaTeNM COTIACYIOT COCTaB U IIEHY IIPHO0-
pereHusi MoTpeOUTEIHCKONH KOp3UHbI (Habop OJar u yciayr, HEOOXOAUMBIX JAJIs1 HOPMaJIbHOTO BOC-
MIPOM3BOJICTBA PAaOOTOCIIOCOOHOCTH) HA OYEPEIHOM MEePUO KOJIJIEKTUBHOTO J0rOBOpa WM OTpac-
neBoro TapudHOro cornanieHus. JJONoTHUTENBHBIN 3apab0TOK B BUAEC MPEMUN HIIM YACTH TMPUOBI-
JIM 3aBUCHUT OT BEJIMYMHBI BKJIaJla YEJIOBEUECKOTO KamuTajla B T0XOAbl NpeAnpuatus. MHremnekTy-
aJlbHast COOCTBEHHOCTh, IPEINPHHUMATEIBCKUE CEKPEThI U PHUCK, pemyTaIusi paOOTHUKA U €ro To-
JIOKeHUe (CTaTyC) B OPraHU3AIMK YIUTHIBAIOTCS B CHCTEMaX MAaTePHAILHOTO TOOIIPEHUS MTePCOHa-
na.

JlaHHOW KOHIIETIIIUU COOTBETCTBYIOT M CKJIAJIBIBAIOIIUECS CHUCTEMBI OIJIaThl Tpylda B
pa3BUThIX cTpaHax. [lpuHIUNManbHas CcXeMa CTpaTerMu MOTHBALMKM TMepcoHana B d(h(eKxTus-
HBIX (pupmax npeacraBieHa B kaure [1. Unaroca «Omtara o pe3ynbrary. M3 ombiTa omnaTsl Tpyaa
nepconaia B CIITA» [20, ¢.42].

CHCTeMHBIH MOAXO0]I K pa3padOTKe CTPaTeruy MOTUBAIIMU TEPCOHANAa B KOMITaHUAX U (up-
Max TPaHCHOPTHON UHPPACTPYKTYPHI B COUETAHUH C TPUMEHEHHEM MTPOTPECCUBHBIX HHCTPYMEHTOB
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aHanm3a nHGOpMauKU O TPYIOBBIX pecypcax ¥ SKOHOMHYECKHX Pe3ybTaTax AeATeIbHOCTH KOM-
MaHUU 3HAYUTENHHO MOBBIIIAET KAYECTBO YIPABICHYECKUX PELICHHI 110 YeJIOBEUECKOMY KamuTaly,
0COOCHHO €ro MCIOJIb30BaHUE TSl yaydllieHus: PUHAHCOBBIX mokazareneil. [Lnan pazpaboTku crpa-
TErnyd MOTHBAIMH IIEPCOHAIa B 0000IIIeHHOM BHIE BKIIIOYaeT ceMb 3TaroB [20, c. 41-42].

1. Ananu3z oenoesoii cpedvl. BnussHrue OCHOBHBIX BHENIHUX ()aKTOPOB (IKOHOMHYECKHX, T€0-
rpaduyecKuX, HOPMAaTUBHO-3aKOHOATENbHBIX, MOJIUTUYECKUX, TPYIOBBIX, XO3SHCTBEHHBIX) Ha Ye-
JIOBEUECKHIA KalmMTaja KOMITAHUY U TIPUHATHE CBS3aHHBIX C HUM YIIPaBIEHYECKUX PEIICHUN.

2. Oyenka mooenu dusneca komnanuu. OnpeneneHne KOpnopaTUBHBIX Lielei, KOHKYpPEeHT-
HOM CpeIbl M KIIFOUEBBIX (DAKTOPOB JESATEIIHLHOCTH.

3. Uccneoosanue ocnosHbix pakmopos, enusiowux Ha yenosedeckuil kanuman. Ornpenene-
HUE POJIU TPYAOBBIX PECYpCOB U MOJEIU B3aMMOOTHOIIECHUH C IEPCOHAIOM (BKIFOUAs OTLIATY TPY-
7la, OpraHU3allfIo yIpaBIeHUs, TPYAOBble (YHKINHU, HH()OPMALMOHHBIE MOTOKH U 0a3bl, MEXaHU3M
MPUHSATHS YIPABIEHYSCKUX PEIICHUI) B peai3allii KOPIIOPATUBHON CTPATETHH.

4. Kauecmeennas u KoiuuecmeeHHas oyenka uenoseyeckozco kanumana. OmnpeneneHue
HaMpaBJICHUH CTUMYIUPOBAHUS C MIOMOIIBI0 KAY€CTBEHHBIX U KOJMYECTBEHHBIX METO/IOB U3YYCHHUS
YesoBe4YecKoro kanutana. MlHaue roBopsi, HEOOXOJUMO BBISICHUTH, YTO CUUTAIOT OOBEKTAaMH CTH-
MYJIUPOBAaHUS PAOOTHUKHA M MEHEIDKEPHI, M UTO SBISIETCS OOBEKTAMHU CTUMYJIHPOBAHUS B JICHCTBU-
TenbHOCTU. M3yueHne BIUsSHUS PHIHOYHOM cpelbl Ha 3()()EKTUBHOCTD yHpaBICHUS YETOBEUECKUM
KaIuTaIoM.

5. Onpedenenue npuopumemos u A6HvlX NPOBANOE 8 YNPABLEHUU YETI08eYeCKUM KANUMATIOM.
KoMIiekcHBIN B3TJIs] Ha YeTTOBEUYECKHUM KaluTal IJs BRIPAOOTKH ONTHMAIbHOW CTPATeTUU MOTH-
Balli{, Pa3BUTHS U CTUMYJIMPOBAHUS MEPCOHANA B 3aBUCUMOCTH OT CTPATErMUecKHX Liejeil KoMra-
HUU, T.C. TUIATUTH HYHCHbIM JTIOISIM HYJHCHYIO 3apa00THYIO TUIATY 32 HYJMCHble PEe3YIbTAThl U B HYiC-
Hoe BpeMsl.

6. Paspabomka niana meponpusmuil. OllEHKa TUHAMUKHA JOXOJHOCTH WHBECTULIUN B MO-
THBAIIUIO MTEPCOHANA, OCYIIECTBUMOCTH M PUCKOB pedopmbl omiaTel Tpyaa. Llens atamna pa3paboTku
COCTOUT B ()OPMHUPOBAHUH YCTOMUYMBOW W TOCIEAOBATEIIBHOW CTPATeTMd MOTHBAIIUU, CIIOCOOHOM
MO3UTUBHO MOBJIHATH HA TEKyIIHe (PMHAHCOBBIC PE3yIbTAThl M OJHOBPEMEHHO 00ECIICUYUTh KOHKY-
PEHTHBIE TTO3UIMH KOMIIAHUU B OYAYIIIEM.

7. Peanusayuu meponpuamuii u MOHUMOpUHe pe3yivmamos. Pacnpoctpanenue uHdpopma-
MU O MEPONPUSITUSX, YIIPABICHHE X pealln3allell U Mpodre Mephl o 00eceYeHnIo cTpaTernye-
CKOW HAIpaBJICHHOCTH TPOLIECCa, BKIIOUAS pa3pabomKy cmpamecuieckou Kapmul 4en08e4ecKoco
Kanumaia.

Ha nam B3, npuHIMOHanbHas Moienb 3¢ (HeKTUBHON 3apabOTHOM MIaThl 3aKII0YaeTCs B
MIPOIMOPLHMAX BIIOKEHHUS YEIOBEYECKOTO KalMuTajla U MaTepUaIbHBIX aKTUBOB C COOTBETCTBYIOIIUM
pacnpenenenuem noxoaa pupmer (puc. 1). OcHOBHO# GopMoOli cormacoBaHUs IKOHOMUYECKUX WH-
TepecoB paOOTHHUKOB U MpeANpUHUMATENeH 371eCh BHICTYIAET COLUaIbHOE MapTHEPCTBO.

Ha nmpeanpustusx TpaHCIIOPTHON MHOPACTPYKTYPHI BOZHATPAXKICHUE YCIYT TPYIa MOXKET
OCYILIECTBISATHCS MO BKJIAAy YEJIOBEUECKOMY KamuTally, a HE MPOCTO MO TPYAy. DTOT BHIBOJ MOJ-
TBEPKJIAETCS M MPAKTUKON CTUMYIHMPOBAHUS BBHICOKOTO KayecTBa YCIYT TPyAa B CTpaHax-TUIepax
Hay4YHO-TEXHUUYECKOI 0 Iporpecca.

Tak, cucrema oruiaTel Tpyzaa B SIIOHMM OCHOBaHA HAa CHCTEMax MOKMU3HEHHOTO Hakma, po-
TallMM, PEryTaly ¥ MOATOTOBKH Ha padodem mecte [5, C.178]. ITlpu Bcem MHOTOOOpa3uu SIMOH-
CKUX MOJIeJIe OTIaThl TPY/Aa MOKHO BBIICIHUTH CIEAYIONINE OCOOSHHOCTH.

Ilepsas ocobennocms - 3aBUCUMOCTH OIUIATHI TPYyJla OT CTa)ka, Bo3pacTa pabOTHHKA (cHCTe-
Ma OIUTAaTHI 3a BHICIYTY JieT). [Ipuyem 3apruiaty moBBIIIAIOT HE 32 CTaXK M BO3PACT, a 32 KBaIuQu-
KallMIo U MPoQeccCuoHaNN3M, T.€. 32 Ka4eCTBO TPYAOBOI0 KanuTaja, KOTOPhI MOBBIIIAETCS IO Mepe
yBeMHUEHUs cTaxka. Eciii pocT cTaxka He 00yCIOBIMBAET MOBBIMICHUS MPOU3BOIUTEIHHOCTH TPYIa
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U KBaJTM(pHUKAIMU pabOTHUKA, TO pa3Mep OIUIAThl TPy/Aa B 3TOM ciiy4yae (YTO ObIBaeT KpaiHe peaKo)
HE YBEITMYMBACTCHL.

Omnara Tpyaa
CoOCTBEHEHKH Te10BETEC- H JIOXOZ(H HA
KOFO KAIHTANA (IPOCO03LI

9eJIOBEICCKHHA
KAIIATal

Hoxomsx
bupMEx

Hoxons

(axmmoBEpOB)

HenoBas cpena

Pucynox 1 — Cucmemmuulit n00xo0 K 3¢hpekmusnoii cmpamezuu MOMUGAyUU nepconana
npeonpuaAmMuil MpPAHCHOPMHON UHPPACMPYKMYPbL

Bmopoti ocobennocmypio SBISETCS 3aBUCUMOCTh BO3HArpaXJICHHH OT ONMPENETEHHBIX KH3-
HEHHBIX JTamnoB (BCTyIUICHHE B Opak, pokJCHHE pEOCHKA, MOKYIKa XWIbsS B KPEeOUuT U IIp.).
Hacrynnenue Kakaoro M3 MEpEUMCIICHHBIX 3TaloB COMPOBOXKAAETCS MOBBIIICHHEM 3apaOOTHOM
m1atel. TakuM 00pa3oM, paOOTHHMK 3HAET, YTO B CIOXKHBIX CUTYaLUsX OH HE OJUHOK, EMy MaTepH-
albHO TMOMOXeT (upma. JKUTh B TaKuX YCIOBHUSAX CIOKOMHEW M HaleXHEH, CKIIQIbIBACTCS IMOJIO-
KUTEIbHAs MOTUBALMS U OTHOLICHHUE K (PMPMeE, pacTeT OTAaYa Tpy/la paOOTHUKOB.

Tpemveii ocobennHocmyio OTUIATHI TPYAA B SIMOHCKUX (PUpPMax CTAHOBUTCS OLIEHKA BIUSHUS
Ha pOCT WJIN CHUYKEHME OIJIaThl TPy MoKa3aTess (aKTHUYEeCKOro TpyA0BOr0 BKJIAAA WIH PeaIbHbIX
pe3yabTatoB padotel. Ceituac B SImoHMUM oruiaTa Tpyna Mo pe3yibTrataM padoThl COCTaBisAET Oojee
60% B COBOKYITHOI1 3apa0OTHOM MJ1aTe, U 3Ta TEHJACHIIUS YCUINBACTCA.

Yemeepmas ocobenHOCmMb OIUIATBl TPYyJla MEHEDKEPOB BBIPAKAETCSI B 3aBHCHUMOCTH HX
OKJIaZIOB OT PEe3yNbTaToB paboThl mpennpuatus. Ha Bcex mpeanpusATHsIX UCIONIb3YyeTcs CUCTEMa
«TUTaBAIOLINX» OKJIAJ0B. bazoBble cTaBKM JUpEKTOpa 3aBOJA, HAYAIBHUKOB IIEXOB, IPYTHX MEHE-
JPKEPOB KOJIEOJIIOTCS] B 3aBUCUMOCTH OT IMHAMHUKHU Ce0ECTOMMOCTH, 00bEMa IPOU3BOACTBA, HOMEH-
KJIATyphl, JPYTUX MOKa3aTelel, 3a KOTOpble OTBEYaeT TOT WJIM MHOW PYKOBOAMTENb. Takum obpa-
30M, OLIEHMBAIOTCS BJIOKEHHSI OPraHU3ALMOHHOIO KalWTala U MpealpUHUMATEIbCKUX CIIOCOOHO-
CTEH.

CrpyKTypy THIMYHON CHCTEMBI IUIATHI TPYyJa C YYETOM MEPCOHAIBHBIX BIIOKEHHH YeloBe-
YeCKOTo KamuTaja MOXHO IPEJCTaBUTh CleAylomei cxemoit (puc. 2.). Lludpsl B ckoOkax MOKa3bl-
BAIOT JIOJIU B MPOLIEHTaX OT OOLIeH BEIMYUHBI 3apaOOTHOM IIATHI.

Jlpyrum mpuMepoM OIIaThl TPyAa C YU4ETOM BKJIaJa YEeJIOBEYECKOrO KalMuTana CIyKUT pa3-
paboTaHHas aMEPUKAHCKUMU CIeruaaucTaMu «oriara 3a kanudpukauo» (O3K). CyTs 3T0i cH-
CTEMBI B TOM, YTO YPOBEHb OILJIAThI 3aBUCUT HE TOJIBKO OT CJIOXKHOCTH BBITIOIHIEMOM pabOTHI, HO U
oT Habopa CHenuaaIbHOCTEH, KOTOphIe paOOTHUK CIIOCOOCH MCIOJIB30BaTh B CBOCH JesITeIbHOCTH. B
JAHHOM CJIy4ae IUIaTAT HE 3a TO, YTO OH JEJIAeT, a 33 TO, YTO OH 3HAET, T.€. OIIAYMBAETCS HE TOJIb-
KO TPy, HO U pOCT KBaJTM(HUKALIMU, OCBOCHHBIE CIIELIUAIBHOCTH, T.€. UHTEIUIEKTYaIbHbIA KalIUTaJl.
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Mecsunas
3apruiata

(100)

IImanoBEIN

OKJIaJ
(70)

OcHoBHaA
CTaBKa

(80)

110 BO3pacTy ("KU3HEHHBINA OMBIT)

1o CTaxy (mpodeccuoHaIbHBIN OITBIT)

[0 KaTeropusiM (OmpeneisieMbIM pe3yiIbTaTaM OICHKH
KaJIpOB, TPYAOBOM KaIUTaI)

II;manoBrle
Haa0aBKU

(70)

IIpemust 3a Xxopo1ne pe3yapTaThl (MHUIIMATUBHOCTS)

[Ipemus 3a OTCYTCTBHE M MAJIOE YKCIIO THEN HEBBIXOZA
Ha paboTy (KanmuTaa 37J0pOBbS)

JlomkHOCTHOE TTOCOOME (OpraHN3aIMOHHBIN KaruTan)

ITocobue 1Mo kareropuu HaBLIKOB (HHHOBAITMOHHOCTD )

[Tocobue mo pomy 3aHs-
THI

[Tocobue mo kommepyecKon
pabote (MHTpanpeHEePCTBO)

[Tocobue mo cnenpadore

[Tocobue mo omacHo#t pado-

T
M0 COJICPKAHUIO CEMbH

10 00ECTIEYEHHIO KUITBEM
[0 JUIMTEIBbHOM pasllyke C
ceMbei

no ciyxbe B paifoHe ¢ XO-
JIOJHBIM KJIMMaTOM
rOCy/IapCTBEHHBIC
YacTHBIE (KYJbTYpa,
HUST)

[Tocobus nnst perynupoBanus (MOTHUBAIUN)
[Ipoune

OmnaTa cCBEpXypOYHBIX PaboT

Omutata paboT B BBIXOJHBIE JHU

[Toco6ue 1Mo BBIMOTHEHUIO BpEMEHHOM paboThI
[Tocobue Ha ponbl, CBaALOY 1 TOXOPOHBI

JKuzHennble mocoous:
(coumanbHBIN KarmuTa)

[Ipemun 3a xBanupuka-

1185000) 3Ha-

HenmnanoBeie
HanoaBkw (7)
(TOTIOTHUTENBHBIN
BKJIQJ B YEJIOBEUECKUU
KaruTan)

+

Bonycsr (200-800)
(TpennpuHUMATETECKUI KaIruTam)

Jletnuii 6onyc (100-300)
bonyc na xoner roga (100-300)

+

Koaddunuenr,
onpeaensieMbIi
MIPUYMHON BBIXOJ1A

JloneBoil K03 UIHEHT,
X OINpenesseMblil B 3a- X
BUCHUMOCTH OT CTa)Ka

OcHoBHaA
CTaBKa

Brixonnoe
mocoobue =

BrixoaHoe
nmocooue

Pucynok 2 — Cucmema onnamul mpyoa é anonckou komnanuu [5, c.191]

CymectBennbie (aktopsl BHenperuss O3K — Hanmuure KOHCeHCyca MEXy aIMHUHUCTPAIH-
el 1 mpodcoro3amu, CIJIOUEHHOCTh WICHOB Opuraj Ha 0aze B3aMMOIIOMOIIH U coryiacus. bes atoro
MPUMEHEHHE 3TON CUCTEMBI OIUIATHl TPYZa MOXKET UMETh 00paTHBIN 3((EKT, T. €. IPUBECTH KaK K
CHIDKEHUIO 3 (PEKTUBHOCTH MPOU3BOJACTBA, TaK U K POCTY COIMAIbHOMN HamnpsKeHHOCTU. B 1emom
«oriaTa 3a KBaTM(UKALKIO» 03HAYAET, YTO NMPH OCBOCHHM Ka)/10i HOBOH CIEIMATBHOCTH HCIOJ-
HUTENb NONyyaeT MpuOaBKy K 3apabOTHOM IjiaTe, IpU ATOM  NPUOOpPETEHHbIEC 3HAHUS JOJKHBI B
TOM MJIM MHON Mepe UCIIOIb30BaThCs B paboTe.

B nenom cucrema O3K cuntaercs 3¢ (HEKTUBHON U MEPCIIEKTUBHOM, HECMOTPS HA PsAJT OTHO-
CUTEJIbHO HETaTUBHBIX MOcieAcTBUM. [loBbIIEHHE pacXol0B Ha OIUIATy TPyJa B 3HAYMTEIbHOU
CTETIEHH KOMIIEHCUPYETCSI pOCTOM THOKOCTH HMCIIOJIb30BaHUs paboyeil CUiIbl U ee MPOU3BOIUTENb-
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HOCTH. YBenuueHrne GUPMEHHBIX MHBECTHIINIA B TIOJTOTOBKY KaJPOB PACCMATPUBACTCS HE KAK POCT
HEMPOU3BOJUTENBHBIX PACX0/0B, a KaK J0JITOCPOYHbIE HHBECTUIIMU B Pa3BUTHE YEIOBEUECKUX pe-
cypcoB. HemanoBaKHO U TO 00CTOATENBCTBO, UTO pabodne BHIPAXKAIOT BCe OOJIbILEE yIOBIETBOPE-
HUE TAaHHOW CHCTEMOM OIIAThI, CUMTasl ee 0oJiee CrpaBeNIMBON. J{eCTBUTEIBHO, YPOBEHB OILIATHI
npu O3K 3aBucut B 60JbIIEH CTENIEHU OT MX CIIOCOOHOCTEH, IIEIeyCTPEMIICHHOCTH, XEIIaHUi, a He
OT CTa)ka WM HEOOOCHOBAHHBIX YIPABIEHYECKUX PEIIEHUI IPU PacCTaHOBKE KaIpOB.

[Ipu 5TOM pabOTHUK JTydllle TOHUMAET W OI[CHUBACT CBOM BKJIAJA B PE3yJIbTaTUBHOCTH IMPO-
M3BOJICTBEHHOTO MpoOIIecca, MOBBIIIAETCSA CTENIEHb OTBETCTBEHHOCTH, MPEO0JI0JIEBAETCS OTUYKIEHUE,
4T0, O€3yCIOBHO, CKAa3bIBACTCS HA POCTE €r0 MOTHBAIIMH, yIOBJIETBOPEHHOCTH TPyAOM. B koHeu-
HOM CYETEe, BCE ITO OTpa)kaeTcs Ha KayecTBE pabOTHI M COIMAIILHOM CTAaTyCe HEMOCPEICTBEHHOTO
MIPOU3BOIUTENS.

KomneHcalioHHbIM MEHEKMEHT MpeJyiaraeT eiie OJHy CHUCTEMY BO3HArpa)JeHus, KOTo-
past criocobHa quddepeHpoBaTh TpeOOBaHUS K paboyeMy 3aaHUI0, 3HAHUSAM U OIBITY PabOTHU-
Ka, a TaK)Ke CTUMYJIbI K POCTY MPOU3BOIUTEIBHOCTH, KOTOPBIE CBSA3BIBAIOT IMOKA3aTeNU JIeATEIbHO-
CTH UHAMBHAA, OpUTaabl, TPOU3BOJICTBEHHOW SIMHUIIBI U TIpeanpusaTs. KoMmeHcalmoHHbIH MakeT
B II€JIOM BKJIIOYAET B c€0s1 MHOXKECTBO JILI'OT, 00EpEramnx 1 000raamiux CTUIb KU3HU pado-
4yero u ero cembu. Tak, Hanpumep, B komnanusix «Lincoln Electric», General Motors», «Ford»,
«Chrysler» u mp. o011ee YKCII0 IEMEHTOB [0 OCHOBHBIM HAITPABJICHUSIM KOMITCHCAI[UI COCTABIISCT:
miara 3a paboTy U MPOU3BOAUTEILHOCTh — 36 BHIOB KOMIICHCAIIMIA; IJIaTa 3a Hepabodee Bpems —
21 BUI; TPOJOIDKEHNE BBITUIAT TIPH HETPYAOCTIOCOOHOCTH — 19; MpoaomKeHUE BBITIJIAT MPU yTpaTe
paboter — 10; oxpaHa 30pOBbs, OT HECUYACTHOTO CIIydas, 00s13aTeNbCcTBa — 23; BBIILIATHI SKBUBA-
JIEHTHBIE JIOXOAY: OCBOOOXKJIEHHE OT HAJOToB — 26; JBroThl Mo Hajoram — 11 mu3mepenuii. Beero
179 Bu0B KOMIICHCAIM (Bo3HarpaxaeHuii) [7, c. 89].

XapakTepHO, YTO YK€ B POCCUICKUX KOMIIAHUSAX OOIIee YHCIO0 KOMIEHCAI[MOHHBIX BBIIJIAT
npesbicuiio 100 BugoB [7, c. 90]. ITo manubm uccnenoBanmnii Ward Howell International, 86 % Be-
OYIIAX POCCUUCKUX KOMIAHUN MPEOCTaBISAIOT MEHEHKEpaM CPEIHETO U BBICIIETO 3B€HA KOMIICH-
calMio, HEe YCTYNAIOU[yI0 aHAJOraM B 3amaJHbIX KOMIaHUAX. [IpyBeeHHbIM JaHHBIM BTOPST HC-
crnenoBaHus noprana E-xecutive, mokaszasmue, 4to 65 % Bcex couckaTesel npu BeIOOpe padoTona-
TeJIsl OPUCHTUPYIOTCA UMEHHO Ha OTJIMYHYIO KOMIEHcaluto [3].

Jpyroi 4acTbl0 CUCTEMBI BO3HAIPAKACHUN SBJISIIOTCS HEKOMIICHCALUOHHBIE BO3HATrpaxie-
HUS. DTU BO3HArpa)<JI€HUS BBIIUIAUYMBAIOTCA (PAKTUUECKH 3a JIIOOYIO AESITeIbHOCTh, KOTOpast OKa3bl-
BaeT OIpEeeTICHHOE BO3CHCTBHE HA MHTEIUICKTYalIbHOE, IMOIMOHAEHOE U (PU3UYECKOe O1aromo-
Jyyue pabOTHUKA W HE IMpelycMaTpUBAETCs CIELHATbHO OTOBapHBAeMbIM MOKPHITHEM B paMKax
KOMIICHCAILIMOHHON CHCTEMBI.

Mexy KOMIEHCAlMOHHBIMA M HEKOMIIEHCAIIMOHHBIMH BO3HATrPaK/ICHUSMHU CYIECTBYET
TECHAasl B3aUMOCBS3b, MIOCKOJIbKY OHM KOMILUIEKCHO BO3JIEUCTBYIOT Ha MOBBIIICHUE TPOU3BOAUTEIb-
HOCTH U SIBJISIIOTCSL COCTaBHBIMU 3JIEMEHTaMU KOMIIEHCAIIMOHHOM CTpaTeruu.

KomnencanmonHnasi crpaTerusi 3akiiO4yaeTcs B OCMBICIICHHMH U TPYNIHUPOBKE COCTAaBHBIX
AJIEMEHTOB KOMIIEHCAIIMH TaK, YTOObI MO3UTUBHBIM 00pa30M CKa3bIBAIUCh HA MOTUBAIIUHU [IEPCOHA-
J1a ¥ IPUBOJIMIIH K YITYYIICHUIO POU3BOIUTEIIHBHOCTH U MPUOBUTBHOCTH KOMITAHUU.

CucreMbl OoruiaTel Tpyna, AOIUIATHl M HaI0aBKU KOMIIEHCAIMOHHOTO M CTUMYJIHPYIOIIErO
XapakTepa JOJKHBI YCTAaHABIUBATHCS KOJUIEKTUBHBIME JOTOBOPAMH, COTJIAIICHUSIMU, JTOKATbHBIMH
HOPMAaTUBHBIMH aKTaMU B COOTBETCTBUU C TPYAOBBIM 3aKOHOJATEILCTBOM U MHBIMH HOPMATHUBHBbI-
MU MPAaBOBBIMU aKTaMH, COAEPKAITUMU HOPMBI TPYJOBOTO MpaBa.

KomneHcanyionHasi cTpaTerusi yCTaHaBJIMBaeT NPSIMYIO CBA3b MEXKIY TpeOyeMbIM 00BeMOM
paboThI, TPOU3BOIUTENBHOCTHIO U 0OecreunBacMoOn 3apabOTHOM MIIATOM, a TaK)Ke HallelMBaeT Ha
noBbIIeHNE Y3PGEKTUBHOCTH KOMIAHUH ITyTeM CTUMYIHPOBAaHUS paOOTHUKOB Ha JOCTUKEHUE BbI-
COKHUX PE3yJbTaTOB.

B 3amagHpIx KOMIIaHUAX B KOMIIEHCAIIMOHHBIN MaKeT MOTYT ObITh BKJIIOYEHBI TaK Ha3bIBae-
MBbIE JIOJITOCPOYHBIE MPEMUANIbHBIE MPOrpaMMbl. B OCHOBE JOJTOCPOYHBIX MOTHUBALMOHHBIX IPO-
rpaMM, CTUMYJIMPYIOIIUX YIPaBJIEHILEB pad0oTaTh HA JAJIUTENbHYIO EPCIEKTUBY Paau YBETUUYECHUS
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KanuTaau3anuu Ou3Heca, JeKUT HHBECTULIMOHHBIN MOAXO0/, P KOTOPOM BO3HArpakJIeHUE MEHe-
JDKepa 3aBUCHUT OT JIOCTHXKEHUSI KOHKPETHOro (PMHAHCOBOTO pe3yibTaTa — MPUObUIM WM yBelnye-
HUS CTOMMOCTH KOMITAaHWUHU. JTO, TaK Ha3bIBa€MbIC, OMIIMOHHBIE MPOrpaMMBI, pa3pabaTbiBaeMbIe
O0OBIYHO CPOKOM Ha 3 — 5 JIeT.

CyTh ONIIMOHHBIX MPOTPAMM 3aKJITIOYAETCS B TOM, YTO KOMIIAHHS MEpeAaeT WIH MPOJACT
yIpaBiEeHITy MaKeT COOCTBEHHBIX aKIUH, B pe3yJbTaTe Yero OH Haps1y ¢ COOCTBEHHHMKaMU OM3Heca
3aMHTEPECOBAH B POCTE PHIHOYHOW CTOMMOCTH KOMITaHUU.

Takum oOpazoM, aHaM3 COBPEMEHHBIX 3aMaJHBIX TEOPHH OIUIATHI TPyJa, 000OIIArONITUiA
OTBIT TEPENOBBIX (PUPM, MO3BOISIET YTBEPKIATh, YTO SKOHOMHUYECKON OCHOBOW BO3HATPAXKICHUS
3a Tpy[, B TOM 4HCJIe U B cepe TPaHCIOPTHBIX YCIYT, BCE LIMPE CTAHOBUTCS BKJIA/l YEJIOBEYECKOTO
Kanurasa B TOCTHKEHHUE I0XOA0B (PUPMBL.

Jloxoapl COBpEMEHHOTO paOOTHHKA, KBATH(PHUIIMPOBAHHOTO, CO CPEIHUM U BBICIITUM 00pa3o-
BaHHEM, KOMIIETEHTHOTO, TIPOSBISIONIETO OTBETCTBEHHOCTh, MHUIIMATUBHOCTb, MIPEANIPUHIMATEIh-
CKYI0 CMEKaJIKy U MHHOBAallMOHHYIO aKTUBHOCTB, COCTOSAT M3 TPEX yacTeil: 3apaboTHas Iuiata 3a
MPOCTOM TPY/ TUTFOC JOXOJIbI HA BIIOKCHHBIN YEIOBEYECKUN KAamuTall TUIF0C (PUPMEHHBIC WHBECTH-
[[MU B YEJIOBEUECKUN KalnTal.

C 1uenpio OIEHKH JIMYHOTO BKJIAJa YEIOBEUECKOTO KamuTala padOTHHUKA B JOCTHIKCHHE KO-
HEYHBIX Pe3yJbTaTOB ACSITENbHOCTH NPEANPUITUNA TPAaHCIOPTHOW MHPPACTPYKTYPHI HAMU MPEIIO-
’KEHa METO/IMKa BO3HATPAXKACHHUS 110 BKIIa1y B KOHEUHbIe pe3ynbraThl [18, c. 120-121] (tabmn. 1).

JlaHHast METO/IMKA OILJIATHI TPY/AA M0 BKJIAAY YeJIOBEUECKOro KanuTala J0JKHA MOBIUATH Ha
KAaueCTBO PEIICHUN B yNPABICHUH YEIIOBEYECKUM KAIUTAIIOM M OJHOBPEMEHHO Ha o0Imue (uHaH-
COBBIE PE3YJIbTAThl AEATEIbHOCTU MPEITPUSIITHSL.

B nensx nosiHONpaBHOM MaTepUaIbHOW OLEHKH BJIOKEHHOT'O YEJIOBEUECKOIO KaluTalla pa-
OOTHUKA MPEeANPUATHI TPaHCIOPTHONM MHGPACTPYKTYPhl B KOHEUHBIE PE3YJIbTaThl ACSITEIbHOCTH
TaKHUX MPEANPHUATHSI HEOOXOMMO MPABOBOE 0OeCIIeueHNEe IKOHOMUYECKUX pedopM o oruiaTe Tpy-
na.

Tabmmma 1 — Meroauka Bo3HarpaxaeHus IepcoHasa Mo BKJIaay B KOHEUHBIE Pe3yJIbTaThl

No Mepa ®aktuue- | Iloten- | Crenenn
/i pe3ynbTa- CKHIA [UATb- | UCIIOJIB30-
ITokazarenu TUBHOCTH | JOXOX 3a | HBIM JO- | BaHUA IIO-
JeSTeNbHOCTH TeKYIIHA X0/, TEHIMaa,
rof, TBIC. %
TBIC. PYO. pyo. (4:5)
1 2 3 4 5 6
1. | Tpyoosoit kanuman
1.1 | ba3ucHas (TapudHas) oruiata Tpyja 3a roa | 4ei./dac. B
HEJl.
1.2 | Jlomiatel 3a yCIOBUS TPyAa 10 BUJaM
1.3 | Crumynupyromue BBIIUIATHI (IPEMUHU 32 Ka-
YECTBO M 9KOHOMHMIO) 1o Buiam
1.4 | lomonuuTenbHast 3aHATOCTh (COBMECTH- | 4eil./dac B
TEIBCTBO) roj
1.5 | Ipyrue TpyaoBbI€ TOXOIbI
2. | HumennekmyanvHulil Kanumail
2.1 | OOBEKTBl HMHTEIJICKTYIbHOW COOCTBEHHO-
CTH M UX WCIIOJIH30BAHHE 110 BHIaM
2.2 | ABTOpCKHE MpaBa Ha MPEIMETHI HICKYCCTBA | TTO BUJAM
2.3 | HUOKP 1o TeMam
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OxoHuaHue Tadmumel 1

1 2 3
2.4 | PanmoHaM3aTOpCKHE MPEMIOKEHUST (MHHO-
Bawyi) 0 BHJIaM
2.5 | JIpyrue ucTouHuKH
3. | lIpeonpunumamenvckuit Kanuma
3.1 | CoOcTBeHHBIN KanmuTan (aKUWH, Mav, BKJIA- | M0  GuUp-
JIbI B YCTABHBIN KaIlUTaN) MaMm
3.2 | HegBmwxumocThb no oOBeK-
TaMm
3.3 | ®uHaHCOBBIC aKTUBHI (JCTIO3UTHI B OaHKaXx,
KOOTIEpaTHBaX, B BAIIOTE U JI.) 110 BrIaM
3.4 | llpennpuHUMATETLCKAE TPOEKTHI (JOMOJ- | IO MPOEK-
HUTEJILHBIC) TaMm
3.5 | Jlpyrue ucTouHUKU
4. | Opzanusayuonnslii Kanuma
4.1 | Craryc B CHUCTEME YIMPABICHUS M JIOTLIATHI
32 OTBETCTBEHHOCTb YPOBEHD
4.2 | KoHTponupyemblii KanuTal MJIH. pyO.
4.3 | TlpencraBUTENbCKUE PACX OB
5. | Coyuanvusiii kanuman
5.1 | Beimiatel 3a MOYETHbIE 3BaHUSI M Harpajisbl,
dbupma, oTpacib, CTpaHa) 1o Buiam
5.2 | Boituiathl 3a IpUBEPKEHHOCTH (hupme (BbI-
ciIyra JieT) Tk
5.3 | Bo3HarpaxxaeHust 3a BBIIOJHEHHE 0C000
Ba)KHBIX 3aJaHUM TpHKA3bI
5.4 | Boruer 1mrpadoB (mempemMupoBaHHE) 3a
HapylIeHUEe TPYAOBOM M TEXHOJOTHYECKOU
JCITUTIIAHBI
5.5 | [Ipyrue conuanbHbI€ BBITIIATHI
6. | buoguzuueckuii kanuman (300poeéwve)
6.1 | «JleueOHBIE)» K OTITYCKY HI0JIOKE-
HUE
6.2 | Omnara ¢gupmoit (mpodcoro30M) MyTEBOK B | KOJ.
caHaTOpHH, NPOPUIAKTOPUHN JIOTOBOP
6.3 | Omnara pacxos0B Ha TMPOPHUIAKTUKY U Jie- | KOJ.
yeHue npod3zadosieBaHmit JIOTOBOD
6.4 | Bo3Merienne 4acTH 3aTpaT Ha JICYEHUE M | KOJ.
037I0POBJICHUE JIOTOBOP
6.5 | [ToTepu 10X0/10B IpH OOJIE3HU
6.6 | JIpyrue noxojsl U moTepu
7. | Obwuii 2000601t 00x00 (1+2+3+4+5+6)

CuuraeMm nenecooOpa3HbpIM BHECTH B TpynoBoit kojmekc P® B pazmen VI «Omnara Tpyna»
cratbi «OruiaTa 1o BKJIaly Y€JIOBEUECKOro Kamurtana». M3smenuts conepkanue raassl 21 TK PO
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«3apaboTHas mara» Ha «Bo3HarpaxaeHue 3a TpyA U BIOKCHHBIH YeIOBEUECKUI KalUTad» B COOT-
BETCTBUM C METOJANKOU, MPEJI0KEHHOH BBILIE.

Jlnst Toro 4ToObl BHEAPHUTH B CO3HAHHE padoTomareneil U paOOTHUKOB HOBOE IMOHMMAaHHUE
NPUHINIA U CTPYKTYPHI BOSHArPaKACHUS 32 YEIOBEUESCKUN KamuTall, He0OXOANMO BKJIIOYATh pas-
nensl «OraTel Tpyaa Mo BKJIAAY YeJI0BEYECKOTrO KaluTallay B KOJUIEKTUBHBIC JOrOBOpa MpEANpHs-
THI TPAaHCTIIOPTHON MHQPACTPYKTYpPHI, B OTpacieBble Tapu(HbIC COTTAMICHNUS, B HHIUBHIYyaIbHbBIC
KOHTPAKThl paOOTHHUKOB.
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T. L. LUKYANCHIKOVA

THE SYSTEM APPROACH TO THE STRATEGY OF MOTIVATION OF
THE PERSONNEL OF THE ENTERPRISES OF A TRANSPORT
INFRASTRUCTURE

In the article the new approach to understanding the role of human factors in the economy
and labor - human capital theory. The author analyzed the experience of staff motivation companies
leading countries with regard to the contribution of human capital and the method of remuneration
of staff in enterprises of transport infrastructure.

Keywords: labor, remuneration, human capital, methodology of evaluation on the contribu-
tion of human capital.
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J1. JI. OBOJIEHIIEB

YACTHO-TOCYAAPCTBEHHOE ITAPTHEPCTBO B
TPAHCIIOPTHON UH®PACTPYKTYPE

B cmamve paccmompena ponv gopmuposanus u pazeumus 4acmHo-20Cy0apcmeeHH020
napmuepcmea 8 mpancnopmuoil ungppacmpykmype Poccuu. Paccmompensl npobnemsl u nepcnex-
MUBLL IMUX NPOYECCO8, NPUBEOEHbl KOHKPEmHble NPUMepbl UX Pearu3ayu.

Knrwueeste cnosa: uacmuno-eocyoapcmeentoe napmuepcmeo, peaiuzayus, opmuposatie,
MPAHCNOPMHAA UHPPpACPYKMYpA.

l'ocynapcTBeHHO-4aCTHOE MAPTHEPCTBO — BELIb i1 Poccum oTHOcUTENbHO HOBas. [laxe B
BenukoOpuTanuu, cuuTaronieics poJoHaYaIbHHUICH 3TOW (DOPMBI peann3alid WHBECTHITMOHHBIX
MIPOEKTOB, MepBble maru 1no ¢popmanuzanuu Y11 6buM NPUHATHL B HE CTONB YK JanekoMm 1981 ro-
ny. B Hameil xe cTpaHe 3TO MOHSTHE B Y3KOM CMBICIIE (€CJIM HE OTPaHUYMBATHCS MOHATHEM «KOH-
IIECCHs») BIIEPBBIC MOSIBUIIOCH B 3aKOHOIaTeIbHOM akTe Jauib B 2006 roxy B Cankt-IleTepOypre.

TpagumonHbIME cepamMul TOCYIapCTBEHHO-YaCTHOTO MapTHEPCTBA BO BCEX CTpaHaXx SBJIS-
JUCh OOBEKTHI COLMANBHON M TPAHCIOPTHOM MH(PPACTPYKTYPHI, a ABMXKYIIEH CHIION mporecca Obl-
Jla TEHJICHIIUSA K COKpAIIEHUIO y4acTHsl TocylapcTBa B sKoHOMHKe. B ocHoBe mumen ['YIl nexut
TEOpHsI CMEIIAHHOW YKOHOMHKH, OJHAKO, HEJb3sl CYMTATH JII000E B3aMMOJEHCTBHE IOCyJapCTBa U
yacTHoro kanurtajna 3to ['UIl. KpurepueM MOXeT SIBIAATHCS BBITTOTHEHHE OU3HECOM (YHKIIUMA, KO-
TOpBIE TPAJAULMOHHO BBINOJIHAJIO TOcyapcTBo. PasButue u nojaepkanue HHPPaCTPyKTyphl (Ipo-
M3BOJICTBEHHOM, TPAHCIIOPTHOM, COIIMAIBHON) — HanOO0JIee TUITMYHBIN TTPUMED.

B mupe ceifuac HET eIWHOrO MPEACTABIEHUS O TOM, B KakOW 3aKOHOJAATENbHOW (opme
JOJKHO OBITH 0(OPMIICHO TOCYAapCTBEHHO-YAaCTHOE MapTHEPCTBO. B HEKOTOPHIX pa3BUTHIX CTpa-
Hax — MPU3HAHHBIX Jujepax 1o crenenu pazpurus ['YII — equHOro 3akoHa HET, a OCHOBHBIE NIPUH-
LIMTIBI €r0 3aJI0KEHBI B Pa3JIMYHbIC 3aKOHOAATENIbHBIE aKThl 1 HOPMBI I'PaXIaHCKOTO pasa. [Ipume-
pamu MOryT ciyxuth ®panuus, Anriuus, Yaaec, Anonus, Asctpanusa. B apyrux rocymapcrBax
NpUHATH oTeNbHbIe 3aKoHbI 0 ['UII. Takas cutyanus cnoxuiacs B ['epmanuu, bpasunuu, ['penun,
Erunre, Anrose u psage crpan Bocrounoit EBponbl. OTyacT npUyrHa Takoro pasjieicHus B TOM,
yT0 B nepBoi rpymnme crpad ['UI1 pa3BuBanock ecrecTBEHHBIM 00pa3oM («CHHU3Y»), COOTBETCTBYIO-
1€ MPaBKU MOCTENIEHHO BHOCWINCH B YK€ JIEUCTBYIOIIME 3aKOHBI. CTpaHbl, B KOTOPBIX IPUHSATHI
otnenbHbIe 3aKoHBI 0 ['UII, BXOAST B rpyIlly CTpaH C JTOTOHSIONICH SKOHOMUKOW (MCKIIOUYCHHE W3
IIEPEUUCIIEHHBIX — ['epMaHus), M03TOMY pa3BUTHE IOCYAAPCTBEHHO-YACTHOI'O MApTHEPCTBA IIPOUC-
XOJIUJIO B HUX «CBepXy». Jpyrumu cioBamu B 3toit rpynmne crpan ['UII tpebyer oT rocymapcrsa
aKTUBHOTO y4yacTHs U npojsuxeHnus. Poccus, kak u crpansl CHI', oTHOCHTCS K rpynnupoBKe CTpaH
C JOTOHSIONIEH YKOHOMHUKOM.

B mupe Beinensitor ceMb ocHOBHBIX BUOB [ UIT (Tabm. 1).
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Ta6mumma 1 — Knaccudukanus sugos UI'TI

Ne Coxkpaienue PacmmdpoBka Onwucanue
1 BOT Build. Operate. Transfer | Dta cxema HCHOIB3YETCS TJIaBHBIM 00pa-
(Toctpoit. Ympapmsii. 30M B KoHIeccusx. MHbpacTpyKTYpHBIN
[Tepenair) 00BEKT CcO3MaeTCs 3a CYET KOHIIECCHOHE-
pa, KOTOPBI IMOCie 3aBEpLICHUS CTPOU-
TENhCTBA IMOTYYAET MPaBO IKCILTyaTallUU
COOPYKEHHOI0 00BEKTa B TEUCHHE CPOKA,
JIOCTaTOYHOTO ISl OKYAaeMOCTH BIJIOXKEH-
HBIX cpeAcTB. [lo ucTeueHun cpoka 00b-
€KT BO3BpaIiaercs rocyaapctBy. Konmec-
CHOHED MOJYYaeT MPaBOMOYHE HCIOJIb30-
BaHUS, HO HE BIAJEHUS OOBEKTOM, COO-
CTBEHHUKOM KOTOPOTO SIBIISIETCSI TOCYAap-
CTBO.
2 | BOOT Build. Own. Operate. B sTOoM ciydae wacTHBIA mapTHEpP MOIY-
Transfer (IToctpoii. YaeT HE TOJBKO MPABOMOYHE II0JIH30Ba-
Bnaneii. Yopasistii. [le- | Hust, HO ¥ BiaieHUs] OOBEKTOM B TEUCHHE
penaii) CpOKa COTJAIMICHHUs, TI0 UCTEUYCHUU KOTO-
pOro OH TepeaaeTcs MyOITuIHON BIACTH.
CymectByer Takke oOparueii BOOT,
IpU KOTOPOM BIJIaCTh (PUHAHCUPYET U BO3-
BOJIUT MH(PACTPYKTYpPHBI OOBEKT, a 3a-
TEM TIepelaeT €ero B JIOBEPUTEIHHOE
yIpaBjeHUEe YaCTHOMY IMapTHEpy ¢ Ipa-
BOM ISl MOCJIETHETO MOCTENEHHO BBIKY-
IIUTh €T0 B CBOIO COOCTBEHHOCTb.
3 BTO Build. Transfer. Operate | Cxema mpeamojaraer mepeaady 0OOBEKTa
(TToctpoii. Ilepenai. MyOJMYHOM BJIACTH CPa3y MO 3aBEPIICHUH
VYnpasistii) ctpoutenscTBa. [locie mpuema rocymap-
CTBOM OH TIEPEXOJUT B TOJH30BaHUE
YaCTHOTO MapTHEpa, HO 0e3 mepenayn eMmy
IpaBa BJIAJCHHUSL.
4 | BOO Build. Own. Operate. [To cxeme co3maHHBIN OOBEKT MO HUCTEUE-
(IocTpotii. Bnanei. HUM CPOKa COIVIALIEHUS HE IEePenacTcs
Ynpasistii) MyOMYHOM BIIACTH, @ OCTAeTCS B pacro-
pSKEHUH MHBECTOPA.
5 | BOMT Build. Operate. Main- 31ech CrenranbHbIN aKICHT IeTaeTCs Ha
tain. Transfer (ITocTpoii. | OTBETCTBEHHOCTH YaCTHOTO MapTHEpa 3a
VYupasnai. [lonnepxu- | conepkaHue U TEKYILHM DEMOHT COODY-
Bail. [lepenair) JKEHHBIX MM HWHQPACTPYKTYPHBIX OOBEK-
TOB.
6 | DBOOT Design. Build. Own. OCOOEHHOCTD COTJIALICHHI 3TOrO THIIA
Operate. Transfer COCTOUT B OTBETCTBCHHOCTH YacCTHOTO
(Crpoekrtupyii. ITo- IapTHEpa HE TOJBKO 3a CTPOUTEIBCTBO
ctpoii. Brnaneit. Yopas- | uHbpacTpykTypHOTO 00BEKTA, HO M 32 €T0
nsu. [lepenait) MIPOEKTUPOBAHUE.
7 DBFO Design. Build. Finance. | [ToMuM0o  OTBETCTBEHHOCTH  YacCTHOTO
Operate (CnpoekTupyii. | mapTHepa 3a MPOCKTUPOBAHUE CIICHIUAb-
[Toctpoii. ®uHAHCUPYH. | HO OTOBapHBAETCSI €r0 OTBETCTBEHHOCTh
Bnaneii. Yopasmsii. [le- | 3a dbunancupoBanue CTPOUTENbCTBA WH-
penaii) (bpacTpyKTYpHBIX 0OBEKTOB.
Ucrounuk [4]
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B Poccuiickont ®enepanuu, Kak U B IpYruxX PasBUTHIX CTPAHAX, TPAHCIIOPT SIBJISETCS OAHOU
W3 KpymHEHmux 0a30BBIX OTpAcCie SKOHOMHUKH CTpPaHbl, BAXKHEWIIIEH COCTAaBHOW YACTHIO MPOM3-
BOJICTBEHHON MH(PACTPYKTYpPhI. Y CTOWYMBOE Pa3BUTHE TPAHCIIOPTA SIBJISAETCS TapaHTUEH e€INHCTBA
COLIMAJIbHO-9KOHOMHUYECKOTO MPOCTPAHCTBA, CBOOOIHOIO MEpPEMEILEHUsI TOBAPOB U YCIYT, KOHKY-
PEHLIMU U CBOOOBI YKOHOMHYECKON NEATETLHOCTH, 0OeceueHus enocTHocTu Poccun u ee Hanu-
OHAJIBHOW 0€30MacCHOCTH, YJIYYIICHHS YCIOBUH M YPOBHS JKM3HU HaceneHus. Hamra ctpana pacro-
JaraeT BCEMHM COBPEMEHHBIMM BHJAaMHU TPAHCIOPTA, Pa3MELIEHUE U CTPYKTypa €€ TPAaHCIOPTHBIX
KOMMYHHUKAIM{ B LIEJIOM OTBEYAIOT BHYTPEHHHUM W BHEIIHUM TPAHCHOPTHO-DKOHOMHYECKUM CBSI-
35IM BCEX PETHOHOB U CYOBEKTOB, HO HYKJIAIOTCS B CYIIECTBEHHOM MoaepHu3anuu [1].

O6nanas MpOTHKEHHOCThIO aBTOMOOMIIBHBIX JTIOpOr 0011ero mojs3oBadus B 1200 TeIC. kM.,
Poccuiickas denepanns mo 3ToMy nokasaTelno B 2-3 pasza OTCTaeT OT pa3BUTHIX cTpaH mupa. [lo-
gt 90% mpOTAKEHHOCTH (eiepalIbHBIX JOPOT CTPaHbl MPEACTABIAIOT COOOM TOpOTH, TIE JBUXKE-
HUE OCYIIECTBISIETCS 1O OJHOM MOJ0ce B KaKIOM HarpasieHud; 29% ¢enepanbHbIX Tpace pabdo-
TaloT B pexume neperpy3ku. Okosno 76 npoueHToB NpOTSKEHHOCTH aBTOMOOMIIBHBIX JIOPOT peruo-
HAJIBHOTO (MEXMYHHIIMIIAJIHHOI0) 3HAYEHUS HE COOTBETCTBYET HOPMATHUBHBIM TPEOOBAaHUAM IO
TPAHCIOPTHO-3KCIUTYaTallHIOHHOMY COCTOSIHUIO, YTO NMPUBOJAUT K MOBBIIIEHUIO C€0ECTOMMOCTH aB-
TOMOOMJIBHBIX MEPEBO30K M CHUIKEHUIO KOHKYPEHTOCIIOCOOHOCTH MPOAYKLUHU MPEANPHATUN. DKC-
TUTyaTallMOHHAs JUIMHA CETH JKEJIEe3HBIX I0por 0011ero nojas3oBanus B Poccun cocrapinser okoio 85
TBIC. KM., B TOM YHCJI€ MPOTSHKEHHOCTh Y4aCTKOB, UMEIOIIUX 2 U 0oJiee MyTH, — OKOJIO 38 THIC. KM.
J171s GONBIIMHCTBA IPY30BIIA/IENbIIEB JKEIE3HOIOPOKHBIN TPAHCHIOPT SIBJIsieTCA Oe3aibTepHATUBHBIM
BUJIOM TpaHcmopTa, nepeBosst 70-90% maccoBbIx Tpy30B, mpu 3ToM Oonee 40% — mepeBo3Ku poc-
CUHCKHX TPY30B Ha 3KCHOPT, OKOJIO 3% — TpaH3UTHbIE NepeBO3KU. OTHAKO, HA CETrOIHAIIHNN 1CHb
Ha CETH XKEJIE3HBIX JIOPOI COXPAHSIETCSl 3HAUUTEIbHOE KOJIMYECTBO YYAaCTKOB M CTAHLIMN, XapaKTe-
PUCTHKU MOIIIHOCTH KOTOPBIX HE COOTBETCTBYIOT TEKYIIUM U MEPCHEKTUBHBIM MOTPEOHOCTSIM B Tie-
peBo3kax. IIpakThuecku OTCYTCTBYIOT BBICOKOCKOPOCTHBIE U CKOPOCTHBIE XKEJIE3HOAOPOKHBIE JIU-
HUU, HE MOJHOCTBIO UCIOJIb3YIOTCS BO3MOKHOCTH JKEJIE3HOIO0POKHOIO TPAHCIIOPTA 1JII OCBOCHHUS
TOPOJICKUX M MPUTOPOIHBIX NACCAKUPCKUX MEPEBO3OK.

Mopcko# TpaHCIIOPT UIPaeT BaKHYIO POJIb B pa3sBUTUU 3KOHOMHMKHU Poccuiickon denepa-
MU ¥ PENIAIoIIyI0 POJib B TPAHCIIOPTHOM OOECIEUYEHUHU €€ BHEIIHEIKOHOMUYECKUX cBsizeill. MM
BhIMONHAIOTCS 50% BceX SKCIOPTHO-UMITOPTHBIX MEpeBO30K. OCOOCHHO BEIMKO €ro 3HaueHHe B
paiionax Cesepa, CeBepo - Boctoka. B Poccuiickoin @enepanuu 64 mopckux nopra. Bmecre ¢ tem
Y MOPCKOTO TPAHCIIOPTa €CTh M CYIECTBEHHbIE HEJIOCTATKU: HEIOCTaTOYHBIE TITyOUHBI B aKBaTOPUHU
Y MOJIXOJIHBIX KaHajaX OOJBIIMHCTBA POCCUMCKHUX MOPTOB CYIIECTBEHHO CHUKAIOT MX KOHKYPEHTO-
CIOCOOHOCTH, TaK KaK HE TO3BOJIIOT 00padaThiBaTh COBPEMEHHBIE KPYIMTHOTOHHAXKHBIE cyaa. Cy-
JIOXOJHBIC TIYTH B 30HE OTBETCTBEHHOCTH Poccuiickoit depepanuu HE TOCTATOYHO 00OPYTOBAHBI
COBPEMEHHBIMM HaBUTALIMOHHBIMU cpeacTBamMu. Ha moaxopax K psiay NOPTOB OTCYTCTBYIOT CHCTE-
MBI YOPABJIECHUS BH)KECHHEM CYJIOB, YTO SIBJISETCA OJHOM M3 OCHOBHBIX MPUYMH HABUTAI[MOHHBIX
aBapuii [5].

Poccust pacronaraer cambiM OOJIBIIUM B MHUpPE BO3AYIIHBIM MPOCTPAHCTBOM, KOTOpoe -
(EKTUBHO UCIIONB3YETCS IS TPAH3UTHBIX MOJIETOB MHOCTPAHHBIX BO3AYLIHBIX CY/I0B, B TOM YUCIIE
[0 TPAHCCUOMPCKUM M KPOCCIOJISIPHBIM BO3AYUIHBIM MapuipyTaMm. [IpoTsiKeHHOCTh BO3IYIIHBIX
Tpacc Poccuiickoit denepannu cocrasisier 532 ThIC. KM., U3 KOTOPBIX Oosee 150 Thic. KM. SBISIOT-
¢ MeXIyHapoAaHbIMU. OQHAKO, HA CETOAHAIIHMI JEHb a’pPOJIPOMHAsI CETh BKJIIOYAET 0KoJo 390
a’pOJIPOMOB, U3 KOTOPBIX TOJIBKO 62% MMEIOT B3IETHO-I0CAA0YHBIE ITOJIOCH! C HICKYCCTBEHHBIM I10-
KpPBITHEM, UX a3pOHABHUTAIIMOHHOE 000pyaoBaHue ycTapeno. [Ipuuem eme B 1992 romy KoandecTBO
asporioptoB 6but0 60see 1300. OcHOBHasg HpUYKMHA — PE3KOE COKpAIIEHHE BO3AYIIHBIX JTHHUN
MECTHOTO Ha3HAa4YeHMsI U3-3a UX YOBITOUHOCTH U KaK CJIEJCTBUE — COKpAIlEHHE KOJINYECTBA MaJbIX
a’pOIOPTOB.
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[TomoOHast cuTyalus B 1EJIOM 10 CTPAHE CIOKUIACH B TOM YHUCIIE M TOTOMY, YTO B MOCJIE-
HUE JIECATUIETUSI B POCCUNCKOMN MPaKTUKe HHPPACTPYKTYPHbIE MPOEKTHI, CBA3aHHBIE C TPAHCIOPT-
HOHM OTpaciiblo, pealn30BbIBAINCH TOJIBKO 32 CUET rOCYJapCTBEHHBIX cpeacTB. Hemocrtatok rocy-
JapCTBEHHOTO0 (DMHAHCHPOBAHUS TPAHCIOPTHOM OTpaciu BeAET K MOpaJbHOMY M (DHU3HUECKOMY
CTapeHUI0 TPAHCIIOPTHON MHEGPACTPYKTYPHI U 00IIEMY COKpalleHHuio e€ cocTaBisirormmx. OmgHako,
KaK MOKa3bIBaeT MHUPOBAs MPaKTHKa, TOJHKO TOCYIapCTBO 3a CUET COOCTBEHHBIX CPEJACTB HE CIIO-
COOHO peanu30BaTh BECh KOMIUIEKC 3a/1ad M0 Pa3BUTHIO TPAHCIOPTHOM MHPPACTPYKTYPHI. 3auHTE-
PECOBAaHHOCTh TOCYAAPCTBA B YAaCTHBIX MHBECTULMUAX OTUETIMBO MPOCIIEKHUBACTCS B MaTepHaiax
denepanbHOI 1eNeBOM porpaMMel «Pa3Butue TpancmoptHo# cuctembl Poccun (2010-2020 rr.)»,
COTJIaCHO KOTOPOW Ha peau3aiiio MEPOIPUATUN TPAHCIIOPTHOW MH(PPACTPYKTYpHI OyAeT MpHUBJe-
yeHo nopsaka 11,4 TpaH. pyOineil, U3 HUX CpeAcTB OIOIKETOB PAa3IMYHBIX YPOBHEH - 5,5 TpiH. pyo-
Jieil, a ocTajgbHbIe CPEACTBA - 5,9 TpaH. pyOieit (wiu noutu 52%) 4acTHBIX UHBECTOPOB.

[lepcnieKTUBHBIM MEXaHHU3MOM MPHUBJICUYECHHS] HETOCYJApCTBEHHBIX CPEICTB M OJHHM U3
[VIABHBIX MHCTPYMEHTOB T'OCYJAPCTBEHHOW WHBECTULIMOHHOM MOJUTHUKH BO BCEM MHpPE SBIISIETCS
rocyJapCTBEHHO-YACTHOE MAPTHEPCTBO, B paMKaX KOTOPOTO OMPEESIOTCS BOIPOCHI, KacatoIIHecs
pacnpezielieHus: PUCKOB, YPOBHS 0053aTeNbCTB, B TOM YHCII€ U (PUHAHCOBBIX, TOCYJApPCTBEHHOTO U
YaCTHOTO CEKTOPOB, MPOJOHKUTEILHOCTH pealn3allii MPOCKTOB U MpaBa COOCTBEHHOCTH HA UMY-
HIECTBO. B Hensx ycTpaHeHuss HECOOTBETCTBUS YPOBHS pa3BUTHs TPAHCIOPTHOTO KOMIUIEKCA B pe-
THOHAX TEKYIIMM U CTPATErHYECKUM MOTPEOHOCTSIM €IWHOTO SKOHOMHYECKOTO MPOCTPAHCTBA, IMO-
BBIILICHUS MHBECTUIIMOHHOW TPHUBJIEKATEIBHOCTH peruoHoB Poccuiickas denepanus B LEIOM U
KOKIBIA U3 CyOBEKTOB B OTACITBHOCTH NMPUHUMAIOT COOCTBEHHBIC MPOTPAMMBI Pa3BUTHS TPAHC-
MOPTHOM crucTeMbl. DUHAHCUPOBAHUE U peanu3aliysi MoJOOHBIX IPOrpaMM OCYIIECTBISETCS 3a CUET
CpeICTB OIO/KETHBIX aCCUTHOBAHMIA, B TOM YUCJIC HA OCHOBE COUYETAHMS OFOKETHOTO (PMHAHCUPO-
BAHMS C IPUBJICYEHNUEM 3a€MHBIX U YACTHBIX HUHBECTULIMOHHBIX CPEJCTB.

Tak, HampuMep, B paMKax BBINOJHEHUs MOANpPOrpaMMbl «Pa3BuTHe 3KCoOpTa TPaHCIOPT-
HBIX ycayr» @DenepanbHON LeIeBOM INporpaMMbl «Pa3BuTue TpaHCHIOPTHOM cucTteMbl Poccum»
ocylecTBisieTcs peanu3anus 13 KpynHbeIX HHOPACTPYKTYPHBIX MPOEKTOB (peiepaabHOr0 YpOBHS Ha
MPUHIUIIAX TOCYaPCTBEHHO-YACTHOI'O MAapTHEPCTBA, B TOM YMCIIE 3a CUET cpeAcTB MHBecTULIMOH-
Horo ¢onma Poccuiickoit Deaepanmu. A cornmacHo TpaHcnoptHo# crpaterun Poccuiickori dene-
paruu 10 2030 roga WHBECTUIIMOHHAS TIOJUTHKA CTPAHBI TOJKHA OBITh HAMpABICHA HA CO3JaHHE
3¢ (HeKTUBHON TPAHCIIOPTHO-IOTUCTUYECKONW MH(MPACTPYKTYPHI, B TOM UYHCJIE€ TEPMUHAIOB U JOTH-
CTUYECKHX MApPKOB, U MEPEBOOPYKEHUE KOMITAHUM COBPEMEHHBIM MOJABUKHBIM COCTaBOM, TEXHUYE-
CKHMHU CpeICcTBaMU W HWH(OPMALMOHHBIMH CHUCTEMaMH, Ha OCHOBE TIOCYAapCTBEHHO-YaCTHOIO
napTHepcTBa [2].

Ocob6oe mecTo B HHGPACTPYKTYPHOU cdhepe 3aHUMAET TPAHCIIOPTHAsI COCTABJIAIONIAs, 00pa-
3yIOIIasi KapKac BCEM SKOHOMMUYECKOW CHCTEMBbI, TPEICTABIIAIONIAs «KPOBEHOCHYIO CUCTEMY» KO-
HOMUKH CTpaHbl. TpaMIIMOHHO B POCCUICKOMN MPAKTHUKE B TEUEHUE MOCIEIHUX HECKOIbKHUX JIECAT-
KOB JIeT MH(PACTPYKTYpPHBIC MPOCKTHI, CBSI3aHHBIC C TPAHCIOPTHOW OTPACIBIO, PEATU30BBIBAIHCH
TOJIBKO 32 CYET IOCYIaPCTBEHHBIX CPENICTB.

OnHako, 1Mo OLlEHKaM MHHHUCTEPCTBA TPAHCIOPTA, EMKOCTh PhIHKA YACTHBIX MHBECTHIUHN B
pa3BUTHE TpaHCHIOPTHON MHpacTpyKTypsl Poccun oneHuBaercs B miipa. B roa. Ilo atum xe naH-
HBIM, B HACTOSIIUH MOMEHT 00hEM MHBECTUIIMH B HHPPACTPYKTYPY TPAHCIOPTA €/1Ba MPEBBIIIACT
2% BBII, B To BpeMs, Kak B OOJIIIMHCTBE APYTUX CTPaH MUpa 3TOT MOKAa3aTelb COCTAaBIISIET HE
meHee 4%. Takum o6pa3zoMm, AeULINT YaCTHBIX MHBECTUIMH B TPaHCHOPTHBIN cektop Poccuu co-
CTaBJISIET OKOJIO MIpA. B rof. [loTeHnnanibHyr0 €MKOCTh pPhIHKA YacCTHBIX MHBECTHUIMI B TpaHC-
MOPTHYIO HHPPACTPYKTYPY OTpakaeT pUCYHOK 1.

OpnHako, HECMOTPS Ha BBICOKYIO €MKOCTh JAHHOTO PBIHKA, CPEIM OCHOBHBIX MPOOJIEM, C KO-
TOPBIMU TPUXOAMUTCS CTAJIKUBATHCS TOCYAApPCTBY M YACTHBIM MHBECTOPAM, BBICTYNAIOT BBICOKAs
KaluTaJI0€MKOCTh, JUIUTEIbHBIE CPOKH OKYITAa€MOCTH MH(GPACTPYKTYPHBIX MPOEKTOB, HEPA3BUTOCTD
BHYTPEHHUX (UHAHCOBHIX U (DOHIOBBIX PHIHKOB, OTCYTCTBHE KOHCTUTYIIMOHHOTO 3aKOHOIATEIh-
CTBa, a TAKXKe MPaKTHUKa MPEAOCTaBICHHS HAJIOTOBBIX JILIOT U MpedepeHIIHii 1151 HHBECTOPOB.
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Pucynok 1 — Ilomenyuansnana eMKOCHb PbIHKA YACIHBIX UHEECIMULUTL
6 mpancnopmuyio ungppacmpykmypy Poccuu [3]

CrienuanucThl BBIACIAIOT CIEIYIOIUE BUbI TOCYAAPCTBEHHO-YAaCTHOIO MAapTHEPCTBA B 00-
JIaCTU TPAHCTIOPTHOW MHPPACTPYKTYpHI [3]:

1. Pacnponaxa aktuBoB. Pacmpomaka B 4acTHBIE PYKH TOCYAapCTBEHHBIX aKTHBOB JIHMOO
HanpsMylo, JIMOO dYepe3 MpOoJaxXy akUMi TOCylIapCTBEHHBIX Npennpuatuil. Pacmponaxa moxer
OBbITh TIOJTHOW MJIM YACTHYHOM.

2. «@'pundung». IIpoexTsl (MPOEKTHI <«3eNeHOro Mois»). YacTHas WM YacTHO-
roCyJapCTBEHHAs KOMIIAHUS CTPOUT Ha HOBOM MECTE U 3aTE€M YIPABIISIET HOBBIM OOBEKTOM TpPaHC-
NOPTHON HMHPACTPYKTYpBl. OOBEKT CTPOUTCS HA HOBBIX MPUHIUIAX MPOEKTHOrO (PMHAHCHUPOBA-
HUS, COKPAIAIOLIETr0 U Mepepacnpeiessioero HHBECTUIIMOHHbIE PUCKH. Pa3HOBUIHOCTBIO 3THX
MIPOEKTOB SIBIIIOTCS TaK Ha3bIBaeMble «OpayH(HUII» - MPOEKTHI (MMPOEKThl «KOPUYHEBOTO TOJIS»),
KOTI'J]a YaCTHas KOMIIaHHs Ha CBOM CPEJICTBA BEAET PEKOHCTPYKIIMIO M PEMOHT yX€e CYIIECTBYIOIIUX
00BEKTOB TPAHCIIOPTHON CEpHlI.

3. KoHTpakThl Ha yrpaBieHue U coaepxanue 00bekToB (O&M) pa3pemaoT 4aCTHOMY CEK-
TOpY YIPAaBISATh FOCYAaPCTBEHHBIM TPAHCIIOPTHBIM OOBEKTOM M OPraHU30BHIBATH TPAHCIOPTHHIC
YCIYyTd B TE€UYEHHUE ONPEAEICHHOIO BPEMEHM, HO HE BKIIIOYAIOT MHBECTUIMOHHBIE 0053aTENbCTBA
YacTHOT'O KanuTana. Takue MpoeKThl HOCAT, KaK MPaBUJI0, KpPaTKOBPEMEHHBIN Xapakrep (3-5 5er), u
roCyJapcTBO MPOJIOJIKAET HECTH OCHOBHYIO YacTh PUCKOB, CBS3aHHBIX C IIPOEKTOM (KOHTPAKThI Ha
YIPABIEHUE U JTU3UHT).

4. KoHIleCCHOHHBIE TPOEKTHI MM KOHTPAKThl Ha YNpaBJIEHUE U COJEpPKAHUE OOBEKTOB C
MHBECTULIMOHHBIMU 00s13aTebCTBaMU. YacTHON KOMIAHHMM TepelaeTcss B YIpaBJICHHUE Trocynap-
CTBEHHBIN TPAHCIIOPTHBIM OOBEKT Ha OMpPEACNICHHBIN Tepro/ BpeMeHH (B cpeaHem, Ha 10-30 mer).
[Ipennonaraercss OCyIIECTBICHHE YaCTHONW KOMITAaHMEH KPYIHBIX MHBECTULMH B 00BEKT. B ocHOBe
JIe)KaT KOHTPAKTHI THUIIA «CTPOUTENbCTBO-YIIpaBIeHUE-TIepeaya» (MMeeTcs B BUAY mepenada o0b-
eKTa 1100 00paTHO rocyIapCcTBY, TM00 YACTHOMY CEKTOPY B KOHIIE KOHIIECCHOHHOTO IEPHOAA).

B MupoBoii mpakTrke U3 4eThipex (opM MpUBATH3AIUN TPAHCIIOPTHBIX 00BEKTOB Mpeodia-
naeT pacnponaxa akTuBoB. OcobenHo xapakrepHa 3ta ¢opma it CLHA u CesepHoii EBporbl.
Konneccronnrie Gpopmel peodnagaot B Benmukooputanuu u HOxHoit EBpornie. B pa3BuBaronuxcs
cTpaHax HabJrogaeTcst oOpaTHast KapTHUHA: Ha KOHIIECCUU MPUXOAUTCS Oosee 67% BcexX TpaHCIOPT-
HBIX NMPOEKTOB, Ha TpuHGMIAbI — 19%, Ha KOHTpPaKThl Ha ynpaBieHue — 9%, Ha pacnporaxy aKTH-
BOB — Bcero 5%. ®opMbl mpUBaTU3aUMK MO0 BUAaM TPaHCIOpTa mpecTasieHsl B Tadmuue 1. Kon-
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IIECCUOHHBIE MPOEKTHI MPe0dIalaloT BO BCEX THUIAX TPAHCHOPTHBIX MPOEKTOB. Pacmponaka akTu-
BOB OTHOCHTEIBHO OOJIbIIOE 3HAUYEHUE MMEET TOJBKO ISl KEeJe3HOAOPOKHOTO TPAaHCIOpTa, HO U
371ech ee 1o He npesbimaet 11% [3].

B nacrosimee Bpems B Poccun peanuzyercs 6omnee 300 npoektos ['UII, mpeameToM KOTOPBIX
SBIISIIOTCSL HE TOJIBKO OOBEKTHI TpaHCHOPTHOH mH(ppacTpykTypsl. ['UII Takke 3aTparuBaer cepbl
KKX (HO, Kak yXe TOBOPHJIOCH, TOJIBKO B BHJI€ KOHIIECCHI), 37PaBOOXPAHCHHUS U 0Opa3oBaHUS,
(GU3KYIBTYPHI U CHIOPTA, IEPEPadOTKH MyCOpa, a TAKKE HHIYCTPUAITBHBIC TTAPKH.

CambpIMH MacmITaOHBIMHU IO 00BbEMaM KalmUTAIbHBIX BIOKEHHU sBIsSt0TCS mpoekThl [UIT B
00JIaCTH TPaHCHOPTHON MHPPACTPYKTYpHl. B OCHOBHOM OHM peain3yloTCsl IPU CTPOUTEIHCTBE aB-
TOMOOWIIBHBIX Jopor. Tem He MeHee, eCTh peIKUe MPUMEPHI COTPYAHHUECTBA TOCyaapcTBa U OU3-
Heca B cepe Kelne3HOIOPOKHOTO CTPOUTENLCTBA. YHUKAIBHBIM mpoektoM [UII cranma craHmus
MeTpo «MSKMHUHOY», mocTpoeHHass o uHunuatuee 3A0 «Kpokycy, Bioxusiiero B mpoekt 600
MJIH. pyOsel. TO 0Ka3aJIoCh BBITOJHO BCEM CTOPOHAM CAEIKU: 1 MOCKOBCKOMY METPOIIOJIUTEHY, U
MHBECTOPY, O0ECeUrBIIEMYy IPUTOK KIMEHTOB B TOPTOBBIM LEHTP, PACHOJI0KEHHBIA PAIOM C MET-
po, 1 MOCKOBCKOW 00J1aCTH, Ha TEPPUTOPHH KOTOPOH PACHONOKMIACH CTaHLMA (B IIaroBOH 0-
CTYITHOCTHA OT METPO pacmoyioxkeHbl JJom mpaBuTeabcTBa MOCKOBCKOM 001acTH, MOCKOBCKHMA 00-
JIACTHOM CyJ M ApyTUe aAMUHUCTPATUBHBIC 3/IaHUS).

[To mporpamme pa3BuTHs TpaHCHOPTHOU cucteMbl MockBbl 10 2020 roja miaHupyercs mo-
CTpOUTH 1ouTH 150 KM HOBBIX TUHHUI MeTpo. Bo3MOXkKHO, NP peanu3anuy 3TUX MIaHOB OyieT uc-
MI0JIb30BaH YaCTHBIM KalluTaj, Kak B ciaydae ¢ MeTpo «MAKHHUHO». OIHAKO CIIEyeT OTMETUTh, UTO
yuacTHe OM3Heca B TAaKHX MPOEKTaX — CKOpee UCKII0YEeHUE, YeM npaBuio. M Bpan nu cutyarnus us-
MEHHUTCSI: HEOOXOIMMO CIIUITKOM YHHKAJIbHOE COYETAaHUE YCIOBUM, UTOOBI MMOJAOOHBIN MPOEKT OBLI
peannzoBad. K mpumepy, TOJIBKO JIMILIb YBEIUYEHUEM CTOMMOCTH KBAapTHP B AEBEIONEPCKUX IIPO-
€KTaxX YaCTHBIX MHBECTOPOB HE MPUBJIEYb, & BOBMOKHOCTh JaTh UM IIPABO B3UMATh IUIATY 3a MPOE3]
IIPENICTABIISETCS IEJIOM OUYEHb OTJAJIEHHOMN EPCIEKTUBBI.

[Ipumepom Il o cTpoUTENBCTBY KENE3HOW AOPOTH SIBISAETCS cOo3qaHue BeTKH KbI3bLI-
Kyparnno B Tyse. «TyBuHCKass MHBECTUIIMOHHAS KOPIOpALMI» MOCTPOUT 3a CBOM CYET JOPOrY,
COEUHSIOLIYI0 DJIEreéCTCKOE MECTOPOXKAECHUS KOKCYIOIIErocsi KAMEHHOIo yriid. l'ocynapcTBo ke
OyZeT rapaHTUpOBaTh KPEIUThl WM OOIUranoHHble 3aiimbl. Kak u B cimydae ¢ mMeTpo «MSKUHU-
HO», B 3TOM IIPOEKTE COBIAIN YHHKAJIbHBIE YCIOBH: pa3paboTKa yroJdbHOIO MECTOPOXKICHUS OKY-
IIUT 3aTpaThl HA CTPOUTENLCTBO Aopord. Eciu Okl He 6in3ocTh TpaHccuOMpCKoil MarucTpaiu U He
BEJIMYMHA pa3BeJaHHbIX 3amacoB yris (6onee 800 Miapa TOHH), BpsiI U ObI HAIIEICS YaCTHBIN MH-
BECTOP, TOTOBBII BIOKHUTBCS B IPOEKT. K TOMY k€ CTpOUTENBCTBO KEJIE3HON JOPOTH — 3TO OIrPOM-
HbIE KalUTaJIbHbIEC BIOXEHUS, IJTUHHBIN EPHOJI OKYITAeMOCTH U JAJIEKO HE BCErJa — BOBMOXKHOCTh
YUCTO KOMMEPUYECKOTO MCIOJIb30BaHUS.

Crout otaensHO cka3aTh o nepcrnektuBax ['UIl B cdepe aBuanepeBo30k. YCHENIHO peanu-
30BaHHBIA MTPOEKT PeKOHCTPYKIMU arporopra «llymkoBo» B Cankt-IleTrepOypre cram NUIOTHBIM B
TaHHOM cepe. YUHUTBIBast, YTO U3HOC OCHOBHBIX ()OHJOB OOJBIIMHCTBA a3PONOPTOB COCTABISIET OT
40% o 80%, B OnpkaiImMe okl MOKHO 0KHAaTh HOBBIX ITpoekToB ['UII mo ux peKOHCTPYyKIUH.
OTOT BBIBOJ MOATBEP)KIAECTCS U TOTOBHOCTBIO TOCyIapcTBa COPMHAHCHUPOBATH ITH MPOEKTHI: B
2013-2015 rr. Ha PEKOHCTPYKITUIO adPOINOPTOB IIAHUPYETCS MOTpaTuTh 172,5 mupa py6. (HeMHO-
I'MM MEHBbIIIE, YeM 3a npeaplaymue 13 ner).

Ho mepcniektubl ['UII kyna Gonee mMacmTabHBI B aBTOMOOMJIBHOM TpaHCIIOpTe. Y BCEX HA
CIIyXy TPOEKTHI CTPOUTENHCTBA HOBBIX M PEKOHCTPYKIIMH CTaphIX (perepallbHbIX JOpOT, pacxos-
muxcss oT MockBbl. Ha mpHCOEIMHEHHBIX K CTOJIMIE TEPPUTOPUSAX IUIAHUPYETCS MPOJIOKHUTH
TpaHcnopTHYIO xopay «CoinHueBo-byroBo-BunHoe», cTpOUTENbCTBO KOTOPOM HaMepeEBAETCs Ipo-
¢bunancuposath aesenonep MD Group. Bayrpu MKA/J] npaButenbcTBo MOCKBHI Npejiaraet oOus-
HECY MOy4acTBOBaTh B CTPOUTENLCTBE IUIATHBIX yOnepoB KyTy30BCKOro npocnexra.

Hu onun npoext 'UIT He MokeT ObITh peann3oBaH 0€3 MOHATHOW JIJIsi YaCTHOTO MHBECTOPA
BbITOJbI. B ciydae ¢ xopaon B HoBoil MockBe yiydllleHHe TPaHCIIOPTHOM TOCTYITHOCTU BO3BOJIU-
MOT'O JEBEIONEPOM MHUKPOpPAaOHA NMPUBEAET K MOBBIIIECHUIO CTOMMOCTH HEIBHXKMUMOCTH. BHYTpH
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MKA/I, rie KpynHBIX IUIOIAA0K OCTAIOCh MaJIO U Ii€ IUIOTHOCTh TPAHCHOPTHON MH(PACTPYKTYpHI
BBIIIIE, MOJJOOHBIN MPOEKT BPs JIM OyAeT Bo3MOkeH. B «ctapoi» MockBe fmaneko He Bcerjaa BO3-
MOKHO BBEJICHHUE TIJIATHI 32 MPOoe3]] Ha aBTOMOOMILHOM gopore. [losTomy mnaraeie ayonepst Kyry-
30BCKOTO TIPOCIIEKTA, BEPOSTHO, OCTAHYTCSl OJIHUMH M3 HEMHOTHX MOJO0OHBIX TpoekToB. C apyroi
CTOpOHBI, Ha TeppuTopun HoBoit MOCKBBI Jopora K J€BEIONEPCKOMY MPOEKTY BIIOJIHE CMOXET
MpuBJIeYs YacTHOE (uHaHCHpoBaHue. [IpencraBusercs TakkKe, 4TO TaKOW (GopMar pa3BUTHS CETH
ABTOMOOMIIBHBIX JJOPOT Ha MPUCOCTUHEHHBIX TEPPUTOPUIX OYIE€T OCHOBHBIM.

CIIMCOK JIMTEPATYPBbI

1. Anmaros, A. A. 'ocynapcTBeHHO-9acTHOE MapTHEPCTBO. MexaHu3mbl peanmzanun [Texct] / A. A. AnmaTos,
A. B. Ilymkun, P. M. Jlxanapunze. - M., Ansnuna [Tabnumeps, 2010. — 200 c.

2. Bapnagckuii, B. I'. 'ocynapcTBeHHO-4acTHOE apHepcTBO: Teopus U npaktuka [Texcr] / B. I'. BapnaBckuii,
A. B. Kimmenko, B. A. Kopone u ap. // T'oc. yH-T — Beicmas mikosia sxkoHomuku. - M.: Uzn. JJom I'Y-BILD. - 2010. —
287 c.

3. Henmon, [I. T'ocynapcTBeHHO-uacTHOE MAapTHEPCTBO B MH(pAcTpyKType. [IpakTnueckoe pyKoBOJICTBO st
opraHoB rocyaapctseHnoi Biactu [Tekcr] / 1. Jenmon. - 2010. — 261 c.

4. JlutBsikoB, C. C. Otbop u omeHKa >()(HEKTHBHOCTH MPOEKTOB B cdepe pa3BUTHS TPAHCHOPTHOH WHOpa-
CTPYKTYpHI [UIA UX pealn3allii Ha OCHOBE TocyIapcTBeHHO-4acTHOTO mapTHepctBa [Tekcer] / C. C. Jlutskos // daii-
moxect @uHaHchl. — 2013, — Nel12 (228). — C. 17-28.

5. Maxkcumos, B. B. I'ocymapcTBeHHO-4aCTHOE MAapTHEPCTBO B TPAHCIIOPTHONH HMHQPACTPYKTYpe: KPUTCPHH
OIIEHKH KOHIIECCHOHHBIX KOHKYpcoB [Tekct] / B. B. Makcumos. - M.: Ansnuna [Tabnmmeps. - 2010. — 178 c.

6. CazonoB, B. E. Tl'ocymapcTBeHHO-4acTHOE MapTHEPCTBO: TIPAXKIAHCKO-TIPABOBBIC, aJIMHHHUCTPATHBHO-
npaBoBble ¥ (puHaHCOBO-npaBoBbIie acnekThl [Tekcr] / Kadenpa agmunuctpaTuBHoro u ¢uHancoBoro npasa Poccuii-
CKOTO YHHMBEpcUTeTa ApyxObl HaponoB. — M.. - 2012. — 492 c.

7. Bapwepsl pazsutust Mmexauusma [ Ul B Poccun [Teker] / M.; HII® «3kcneptHbiit nHCTUTY T, 2010.

8. http://www.pppinrussia.ru/userfiles/upload/files/Library/Vitaly_Maximov_PPP_
in_transport_infrastructure_(enc).pdf — TocynapcTBeHHO-4aCTHOE MAPTHEPCTBO B TPAHCIIOPTHON HHPPACTPYKTYpE.

9. http://transproekt.ru/otrsl/2_0.htm — TpaucnoptHas uadpactpykrypa.

10. http://conference.be5.biz/r2012/3711.htm — MexaHu3MbI TOCYIAPCTBEHHO-YACTHOTO MAPTHEPCTBA B TPAHC-
MOPTHON MHPPACTPYKTYpE.

11.http://knowledge.allbest.ru/economy/3c0b65635a2bc68b4d43b89421216¢26 2.
html — cnosnp30oBaHre MeXaHU3Ma rOCYIapCTBEHHO-YaCTHOTO MApTHEPCTRA.

12. http://www.tencon.ru/article/199 — Peanu3zarus nHPPACTPYKTYPHBIX MPOEKTOB B PaAMKaxX roCyaapCTBEHHO-
YaCTHOTO MAPTHEPCTBA.

13. http://www.creativeconomy.ru/articles/11142/ — TocynapcTBEHHO-4aCTHOE MAPTHEPCTBO KAK MEXaHH3M
rOCYAapCTBEHHOM TOICPIKKU Pa3BUTHUSI TPAHCIIOPTHOT'O KOMILIEKCA.

14. http://lwww.mon.gov.ru/news/report/ministr/doc5.doc — «Crpaterust Poccuiickoit @enepaiin B 06aacTu
pa3BUTHA HAyKW U HHHOBaIWH 10 2020 Tomay.

15. http://www.tradecenter.ru/NewsAM/NewsAMShow.asp?1D=164729 — KoudepeHIus M0 rocyaapcTBEHHO-
YacTHOMY NapTHEPCTBY B MHHOBAIIMOHHOH cdepe.

16. http://www.businesspress.ru/newspaper/article_mld_44_ald_410555 - Tlomaepkka WHHOBaLMOHHOTO
HpeANPUHUMATENbCTBA — IPUMEDP YaCTHO-TOCY/IapCTBEHHOTO MapTHEPCTBA.

17. http://www.gzt.ru/politics/2007/01/26/193558.html — npecc-koHdpepenius B paMmkax BecemupHOro skoHo-
Mugeckoro gopyma B JlaBoce.

18. http://cyberleninka.ru/article/n/gosudarstvenno-chastnoe-partnerstvo-v-razvitii-transportnoy-infrastruktury-
za-rubezhom — rocymapcTBeHHO-YaCTHOE MAPTHEPCTBO B PA3BUTHH TPAHCIIOPTHOI HHPPACTPYKTYPHI 32 PYOEIKOM.

19. http://mindortrans.tatarstan.ru/rus/info.php?id=44062 — IoamporpamMma rocyaapCTBEHHO-YACTHOTO MapT-
HEpCTBa IPH CTPOUTEIBCTBE TPAHCIIOPTHONH HH(PPACTPYKTYPHI.

20. http://www.pppi.ru/lib — dexepanbHblil HHPOPMALHMOHHBIH MOPTan HHPPACTPYKTYpA H TOCYIAPCTBCHHO-
YacTHOE MapTHepCcTBO B Poccun.

OobosienueB JImurpuii JleonnioBu4

OI'BOY BIIO «I'ocynusepcutet — YHIIK»

Anpec: 302020, Poccus, r. Open, Hayropckoe w1., 40

Kann.3x0oH.HayK, TOLEHT Kadeapsl « IKOHOMUYECKAst TEOPHS U YIPABICHHE IEPCOHATIOM)
E-mail: dimitrasO0@inbox.ru

OCYAPCTBEHHGIR
I s =
HUBEPCUTET



http://www.tradecenter.ru/NewsAM/NewsAMShow.asp?ID=164729
http://www.businesspress.ru/newspaper/article_mId_44_aId_410555
http://www.gzt.ru/politics/2007/01/26/193558.html
http://cyberleninka.ru/article/n/gosudarstvenno-chastnoe-partnerstvo-v-razvitii-transportnoy-infrastruktury-za-rubezhom
http://cyberleninka.ru/article/n/gosudarstvenno-chastnoe-partnerstvo-v-razvitii-transportnoy-infrastruktury-za-rubezhom
http://mindortrans.tatarstan.ru/rus/info.php?id=44062
http://www.pppi.ru/lib
http://www.pppi.ru/
http://www.pppi.ru/
mailto:dimitras00@inbox.ru

Ne3(46) 2014 (uronrb-cenmaops) Ikonomuka u ynpasienue

D. L.OBOLENTSEV

PUBLIC PRIVATE PARTNERSHIP IN TRANSPORT
INFRASTRUCTURE

The article discusses the role of formation and development of public-private partnerships in
the transport infrastructure of Russia. The problems and prospects of these processes are specific
examples of their implementation.

Keywords: public-private partnership, the implementation, the formation, transport infra-
structure.
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YBaxkaemble aBTOpbI!
IIpocum Bac 03HAKOMHUTBCS ¢ OCHOBHBIMH TPEOOBAHMAMU K 0(popMIIeHHIO
HAY4YHBIX CTATeM.

* ObbeM MmaTepuana, mpenjgaraéMoro K IyOJMKaluK, U3MepsieTcsl CTpaHUIlaMU TEKCTa Ha
nucrax ¢opmara A4 u COACPKUT OT 3 70 7 CTPAHUIL, BCE CTPAHUIBI PYKOMHUCH JOKHBI UMETh
CILUTIONIHYIO HyMEpaIuIo.

 CraThs npenocTaBisgercs B 1 ak3eMIUIsipe Ha OyMa)kHOM HOCUTENE U B 3JIEKTPOHHOM BUJIE
(10 3NIEKTPOHHOM MOYTE UITU HA TFOOOM AJIEKTPOHHOM HOCHUTETIE).

* B onmHOM cOOpHHMKE MOXET OBITh OMyOJIMKOBaHA TOJBKO OJHA CTAaThsl OJHOTO aBTOPA,
BKJIOYasi COABTOPCTBO.

 CraThH IOJKHBI ObITH HaOpaHsl mpudTom Times New Roman, pasmep 12 pt ¢ oxgunap-
HBIM WHTEPBAJIOM, TEKCT BBIPABHHUBACTCS 10 MIUPUHE; a03alHblid oTcTynm — 1,25 cM, mpaBoe mojie —
2 cM, JIEBOE T0JI€ — 2 CM, T0JI BHU3Y U BBEPXY — 2 CM.

» Ha3zBanue cratby, a Taxke paMUIUN U MHUIUMAIBI aBTOPOB, CBEJCHUA 00 aBTOpax 00s3a-
TEIbHO AYOIHUPYIOTCS Ha aHTJIUHCKOM SI3bIKE.

* K craThe mpunaraeTcs aHHOTAILUS U MePEUYCHb KIIFOUEBIX CJIOB HA PYCCKOM H aHTJIHICKOM
SI3BIKE.

* CBeneHust 00 aBTOpax MPUBOIATCS B TaKOM mocienoBaTenbHOCTH: DaMuiusi, uMs, oTde-
CTBO; YUPEKICHHE WM OpraHu3alus, aJlpec YUPEKACHHs WIM OPraHU3allui, YUeHas CTENeHb, yue-
HOE 3BaHUE, TOKHOCTh, TeNe(OH, FIEKTPOHHAS ITOYTA.

* B Tekcrte cTaThy jKenaTenpHo:

- HE IPUMEHATH 000POTHI PA3TOBOPHON pedH, TEXHUIIU3MBI, TPOHECCHOHATI3MBI,

- HE MPUMEHSTH AJIS OJHOTO M TOTO € MOHATUS pa3jNyYHble HAyYHO-TEXHUYECKHE Tep-
MUHBI, OJIM3KHE MO CMBICITY (CHHOHUMBI), @ TAK)K€ MHOCTPAHHBIC CIIOBA M TEPMUHBI MIPH HATUIHH
PaBHO3HAYHBIX CJIOB U TEPMUHOB B PYCCKOM SI3BIKE;

- HE IPUMEHATH MPOU3BOJILHBIC CIIOBOOOPA30BAHMS;

- HE NMPUMEHATh COKpAIIEHHsSI CJIOB, KPOME YCTAHOBJICHHBIX IpaBHJIaMU pycckoil opdo-
rpaduu, COOTBETCTBYIOIIUMU TOCYIAPCTBEHHBIMU CTaHIAPTAMHU.

» CokpatieHusi 1 abOpeBUaTYphl JOJKHBI paciin(poBBIBATHCA 110 MECTY MEPBOTO YIOMHU-
HaHUs (BXOXKJICHHUS) B TEKCTE CTAThH.

» dopmyuibl crieayeT HabupaTh B peaakrope dopmyn Microsoft Equation 3.0. dopmybl,
BHEJPEeHHbIE KaK H300pakeHue, He JOMyCKATCsl!

* PucyHKH ¥ 1pyrue WutocTpanuu (4epTexu, Tpaduku, CXeMbl, JuarpaMMbl, (HOTOCHUMKH )
CIIeIyeT pacroyiaraTh HEMOCPEICTBEHHO MOCIIE TEKCTA, B KOTOPOM OHH YIIOMHUHAIOTCS BIIEPBBIC.

* [Tognucu x pucyHkam (TosrykupHbIA mpudT KypcuBHOTO HauepTanus 10 pt) BeipaBHUBA-
0T TI0 LIEHTPY CTPAHUIIBI, B KOHIIE TIOITUCH TOYKA HE CTABUTCS:

Pucynoxk 1 — Texcm noonucu

C nosHOM Bepcuert TpeboBaHM K 0OPMIICHHIO HAyYHBIX cTaTell Bhl MOkeTe 03HAaKOMHTh-
csl Ha caiite WWw.gu-unpk.ru.
IInama c acnupanmog 3a onybaukoeanue cmameti He 83UMAeMcs.
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