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WnxeHepHas MIKo0JIa 3HEPTETUKU
Hanpasnenue noarorosku — 13.04.02 DnexkTposHepreTuka v 3J1eKTpOTEXHUKA
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MATUCTEPCKASA JTUCCEPTAIIUA

Tema pa6oTsl

CepBonpuBoj pyJieBoii peliku 0eCIUJIOTHOTO TPAHCIOPTHOTO CPeICTBA

VK 629.73.062

CryneHt
I'pynna [025(0) Moanuch Jara
SAMS7 Snymkesny Cepreit CepreeBud
PykoBoaurens BKP
Jlo/zKHOCTH DdUO Yuenasi cTeneHb, Hoanmucy Jara
3BaHHe
HoueHt Hanexep Banepuii K.T.H.
ApkaabeBu4

KOHCVYJIBTAHTHBI 10 PA3JAEJIAM:
ITo pazneny «PuHAHCOBBIA MEHEIKMEHT, pecypcod((HEeKTUBHOCTD U pecypcocOepeskeHue)

JloJzKHOCTH DdUO Yuenasi cTeneHb, Hoanucy Hara
3BaHUE
JoueHT oTaeneHus Crunprga JIro00Bb K.3.H.
COLIMAJILHO- IOpbeBHa
T'YMaHUTApHbBIX HAYK
1o pazneny «CoianbHasi OTBETCTBEHHOCTbY
JloJzKHOCTH DdUO Y4eHasi cTeneHb, Hoanucy Jara
3BaHHUe
Crapuuit ®dex AnuHa
MperojiaBaTeib Wnbnaposna
OTIEICHUSI
OOIIETEXHUYECKUX
JUCIUILINH
JONMYCTUTH K 3AIIUTE:
PykoBoautean OOII dPUO YyeHasi creneHb, IMoanucn Jara
3BaHHUe
13.04.02 lapranees A.T'. [Ipodeccop
«DNEKTPOIHEPTreTHKA U I.T.H.
AIIEKTPOTEXHUKA»

Tomck — 2020 1.



INJIAHUPYEMBIE PE3YJIbTATBI OBYUYEHMUS 11O OOII
13.04.02 «2J1eKTPOIHEPreTHKA U YJIEKTPOTEXHUKA)

Kox
pe3yJibTa-
TA

PesynabTaT 00yuenus
(BBIIYCKHHUK J0J17€eH ObITH I'OTOB)

yHHBepcaﬂbele KOMIICTCHIUH

P1

Cosepuiencmeoéams W Pa3BUBATh CBOM UHMENIEKMYANbHbIL U OOWEKYTbMYPHBIL YPOGEHD,
TOOUBATBHCA HPABCMBEHHO20 U QUULECKO20 COBEPUIEHCNB08AHUs CBOCH TUIHOCTH, 00YIEHHIO
HOBBIM MCTOJaM HCCJICAOBAaHUA, K HN3MCHCHHIO HAYYHOTO W HAYYHO-IIPOU3BOJACTBCHHOI'O
npoduist cBoel MpoQecCHOHATBHOM eI TETHHOCTH.

P2

C60000HO TIONIB30BATHCS PYCCKUM W UHOCMPAHHbIM SI3bIKAMU KaK CPEJICTBOM JIETIOBOTO
00IIeHHs, CIOCOOHOCTRIO K aKTUBHOM COLIMAILHOM MOOMIILHOCTH

P3

Hcnonvzoeams Ha NMPaKTUKE HABBIKU U YMeHUs B Op2anu3ayuu HAyIHO-HUCCIIEI0BATEIbCKUX U
MIPOU3BOJICTBEHHBIX PabOT, B ynpasieHuu KOJIJIEKTUBOM, HCIOJIB30BAaTh 3HAHUS IPABOBBIX U
STUYECKUX HOPM IIPU OILIEHKE MOCJIEICTBUI CBOEH NPO(heCcCHOHATILHOM esITEIbHOCTH.

P4

Hcnonvzoeams TIpEeNCTaBICHHE O METOJOJIOTMYECKUX OCHOBAX HAYYHO20 NO3HAHUA W
meopuecmea, POl HaydyHOU MH(OpMalUU B pa3BUTUU HAyKd, TOTOBHOCTBIO BECTH paboOTy C
MIPUBJICUEHUEM COBPEMEHHBIX UHPDOPMAYUOHHBIX MEXHOI02ULl, CUHTE3UPOBATh U KPUTUYECKH
pe3IOMUPOBATH HH(HOPMAITHIO.

IIpodeccuonanbHble KOMIIETEHIIUH

P5

HpI/IMeHSITI) er'Iyﬁ]'I@HHBIC ecmecmeerHHoORayurbvle, mamemamuvecKue, CoOyualbHoO-
SKOHOMU4YecKue u I’lpO¢€CCL!OHClJZbel€ 3HAHUA B MCKIUCHUILIMHAPHOM KOHTCKCTC B
HHHOBaHHOHHOfI HH)KCHCpHOﬁ JCATCIBHOCTHU B obnactu OJICKTPOOHCPI'CTUKHU U SJICKTPOTCXHHUKHU

P6

CraButh W pewamsv UHHOBAYUOHHblEe 3a0a4yu WHXXEHEPHOIO aHaimM3a B  00JacTH
ANIEKTPOIHEPIETUKH M DIJIEKTPOTEXHUKU C HCIOJb30BaHUEM TIyOOKHX (yHAaMEHTaldbHBIX U
CHelMalbHbIX 3HAHUM, aHAJUTHYECKUX METOJOB U CIOXKHBIX MOJele B YCIOBHSIX
HEONPEeIEHHOCTH

P7

BremoaHsTh UHOCeHepHble npoeKkmbl C TPUMEHCHUEM OPUTMHAJIBHBIX MCTOAOB ITPOCKTUPOBAHUA
IJId JOCTHXKEHHUA HOBBIX PE3YIIBTATOB, 06CCHeLII/IBaIOH_[I/IX KOHKYPCHTHBIC IIPECUMYIICCTBA
OJICKTPOOHEPICTUYCCKOIO M JJICKTPOTCXHUYECKOI'0 IIPOM3BOACTBA B YCIOBHUAX KECTKUX
OKOHOMHYCCKHUX U IKOJIOI'MYCCKUX OFpaHquHHﬁ.

P8

[IpoBOIUTH MHHOBALIMOHHBIE UHIICEHEPHble UCCIe008aHUsi B OOIACTH 3JCKTPOIHEPTeTHUKU U
ANEKTPOTEXHUKHU, BKIIOYAs KPUTUYECKUN aHalu3 JaHHBIX W3 MHUPOBBIX HH(OPMALUOHHBIX
pECYpCOB.

P9

[IpoBomuTh mexHuxKo-3KOHOMUUECKOe 000CHOB8aAHUe TIPOEKTHBIX PEIICHW; BBINIOIHAThH
OpraHU3aI[MOHHO-TJIAHOBBIE PACUEThl MO CO3/JaHUI0 WM pPEeOopraHU3alUd MPOU3BOJCTBEHHBIX
YYaCTKOB, IUIAaHHPOBaTh paboTy mnepcoHana u (GOHAOB OIJIATHl TPYAA; OINPEAesaTh U
obecnieunBath 3(h(PeKTUBHBIC PEKUMBI TEXHOJIOTHUECKOTO MpoIecca.

P10

[IpoBomuTE MOHmMadICHVIE,  pecyIUpoOBOUYHble,  UCHbIMAMENbHble, HalaJlouHble  PabOThI
ANEKTPOIHEPTETUYECKOTO U AJIEKTPOTEXHHUUYECKOTO0 000pyIdoBaHHs OOBEKTOB U CHUCTEM
JJIEKTPOIHEPIETUKHU U AIEKTPOTEXHUKHU.

P11

Ocsausamsv HOG0e INEKTPOIHEPIETUUECKOE U IIEKTPOTEXHUUECKOE 000PYIOBaHHE; IIPOBEPSTH
TEXHUYECKOE COCTOSIHUE M OCTaTOYHBIH pecypc OOOpYyAOBaHUS M OPraHU30BBIBATH
pO(QUITAKTUYECKUHA OCMOTP M TEKYIIIUHA PEMOHT.

P12

PazpaOaTbiBaTh pabouyto npoekmmuylo u Hay4HoO-mexHu4ecKyio TOKYMEHTALUI0 B COOTBETCTBUU
CO CTaHJIapTaMH, TEXHHYECKUMHU YCIOBHSIMH U JPYITMMH HOPMATUBHBIMU JOKYMEHTaMH;
OpraHu30BBIBAThH METPOJIOTHYECKOE obecrieueHue ANIEKTPOIHEPTETHUECKOTO u
ANIEKTPOTEXHUUECKOTO  OOOpYIOBaHUS;  COCTABIATH  ONEPAMUBHYIO  OOKYMEHMAayuio,
MPEIYCMOTPEHHYIO TMpaBWJIAMU TEXHHUYECKOM SKCIUTyaTallid OOOpYIOBaHHS M OpraHHU3aluu
paloThI.




TOMSK
POLYTECHNIC
UNIVERSITY

TOMCKWNWN
NONMUTEXHUYECKUN
YHUBEPCUTET

MWHMCTEpPCTBO HaYKM 1 Bbiclero o6pa3soBaHuA Poccuinckon ®egepaunn
depepanbHoe rocygapcTBeHHOE aBTOHOMHOE
obpasoBaTesibHOe yupekaeHune Bbicliero obpasoBaHua
«HauunoHasnbHbIN nccieqoBaTeNibCKnin TOMCKMIA MONUTEXHUYECKNIA YHUBepcuTeT» (TITY)

NHxeHepHas 1IKoj1a SJHEPreTUKN

Hanpasnenue noarorosku — 13.04.02 DnexTposHepreTuka v 3J1eKTpOTEXHUKA
OTtneneHue 21EKTPOIHEPTETUKHU U DJEKTPOTEXHUKH

YTBEPX/IALO:
Pykosomurens OOII

A.T'. "'apraneen
(ITommucws)  (Mlata) (®.1.0)

3AJJIAHUE
HA BbINOJIHEHNE BBINYCKHON KBAJIN(QUKAMOHHON padoThl

B dopwme:

Marucrepckoi 1uccepTanuu

CryneHnry:

(bakanmaBpckoi paboThI, IUITIOMHOTO MPOEKTa/paboThl, MArUCTEPCKON TUCCEPTALIN)

I'pynna

(0700}

SAMS7

SuymkeBuuy Ceprero CepreeBuuy

Tema paboThI:

CepBonpuBo/ py/ieBoi peliky 0eCMJIOTHOT0 TPAHCIIOPTHOIO CPeACTBA

YTBepxkaeHa IPUKA30M JUPEKTOpa (1aTa, HOMep) 27.02.2020 Ne 58-29/¢c
Cpok cauul CTy/IEHTOM BBITIOJTHEHHOM pabOThI: 08.06.2020 .
TEXHUYECKOE 3AJIAHHUE:

Hcxoanbie 1aHHbIE K padoTe

NpoU3B0OUMeNbHOCHb UNU HASPY3KA, pedtcum pabomol
(HenpepbiBHbILl, NEPUOOULECKUL, YUKIUYECKUL U M. O.); 6UO
CbIPbsL UL MAMEPUAn uzoenus, mpebosanus Kk npooyKny,
usoenuio unu npoyeccy,; 0codvie mpedo6aHus K 0COOEHHOCHAM
yHKkyuonuposanus (IKCnayamayuu) 0ovekma ui u3oenus 8
naane 6e30naAcHOCH IKCHIYAMAYUY, GIUAHU HA
OKpYIUCAIOWYIO CPedy, IHeP2O3AMPAMAM,; IKOHOMULECKULL
ananus u m. 0.).

(HauMeHoeaHue 00bexma uccie0o8anus uiu npoeKmupoeanusl,

MakcuMasnbHas CKOpOCTh BpallleHus: 0004a pyJaeBoro
komeca: | 00/C; MakcumanpHas Harpyska Ha
YIpaBIAEMYIO OChb: 1550 KT; PazpaboTka
JJIIEKTPOIPHUBOIA IIPOU3BOJUTCS Ha 6aze
CYILLECTBYIOILETO JJIEKTPOMEXaHUYECKOTO YCHIIMTEIS
pYJIEBOTO yIpaBJeHUs aBToMoOuel cemelictBa BA3;
PazpabaTsiBaeMbIit JJIEKTPOIPUBO L JOJDKEH
IPUMEHATHCS B MACCAKUPCKOM  TPAHCIOPTE, CO
CHapsKEHHOM Maccod 2.5 1. B kauectBe mpoTtoTuna
aBTOoMOOWMIIA paccmaTpuBaercs 'A3 -322132,;




TpeboBanus K ciefsmeMy >JIeKTPONPUBOAY: YUecTb
npu ONpCACIICHNU ONTUMAIbHOM KOHCTPYKIIMU
CEpBOIPUBOJA  PYJIEBOIO  YIPABIECHMs, HalIW4ue
OTPaHWYEHUH IO CKOPOCTH, MOMEHTY; OOECIICYUTh
TpeOyeMble NapaMeTPbl TEXHOJIOIMUYECKOTO IIPOLIECCa;
Pa3paborarth aneKkBaTHYIO KOMIBIOTEPHYIO MOJEIb
YIIPABJICHUS] CUCTEMBI CIICSIIETO IEKTPOIPHUBOJIA.

IlepeyeHb moJIeKAMX HCCIEJOBAHNIO,
NPOEKTHPOBAHHUIO U pa3padoTke
BOIIPOCOB

(ananumuueckuil 0630p no aAUMepPamypHbLIM UCMOYHUKAM C
YebIo bISAACHEHUS] OOCTNUICEHUL MUPOBOT HAYKU MEXHUKU 6
pacemampusaemou 0oaacmi; NOCMAaHO8Ka 3a0adu
UCCRed08anUs, NPOEKMUPOSAHUs, KOHCMPYUPOBAHUSL,
cooepaicanue npoyedypsl UCCIeO0BaAHUSL, NPOEKMUPOBANUS,
KOHCMPYUPOBAHUsL, 0OCYdIcOeHUe Pe3yIbInamos 6binoIHeHHOU
pabomul; HaumeHo8anue OONOTHUMETbHBIX PA3OEN08,
noonexcawux paspabomke; 3axuovenue no pabome).

1. AHanu3 KOHCTPYKIMH U 3JIEKTPOIPUBOIOB PYIEBOTO
yIIpaBJICHUS] aBTOMOOMIICH;

2. Maremaruueckass MOJEINb 3JIEKTPOMEXaHUUECKON
CUCTEMBI PYJIEBOTO YIPABICHUS aBTOMOOUIIS;

3. CuHTe3 cuCTeMbl aBTOMATUYECKOTO YIpABICHUS U
MOCTPOEHUE CTPYKTYPBI CIEIAIIEr0 3JIEKTPOIPHUBOJA
PYJIEBOM pENKH;

4. Hccnenosanue AMUTAIIHOHHON
CUHXPOHHOTO 3JIEKTPONPUBO/Ia

MOJEIN

Ilepeyens rpaguyeckoro Mmarepuajia

(c mounblmM ykazanuem oosa3amenbHbIX yepmedicel)

1. ®dyHkmoHaNBHAS U CTPYKTYPHASI CXEMBI;
2. ImMuTanmnoHHas MOJIEITh,
3. Pe3ynbTathl ncciieI0BaHUM.

(c ykasanuem pazoenos)

KoHcyabTaHTBI 10 pa3aenaM BbIIYCKHOM KBATH(UKALUOHHOI padoThI

Pazpen Koncyabranr
«DOUHAHCOBBIM MCHE/KMEHT, Cnounsiga JILIO
pecypcorhHEeKTUBHOCTD U
pecypcocOepekeHre»
«ConmanpHas dex AN.
OTBETCTBEHHOCTH)
HNHocTpaHHBIN S3BIK Kauanos H.A.

Ha3panus pa3jiesoB, KOTOpbIe J0/KHBI ObITH HANIMCAHBI HA PYCCKOM M HHOCTPAHHOM fI3bIKAX:

BBenenue; 0030p suTeparypbl MO BOIpPOCaM CJEAAILIETO SJIEKTPOIPHBOJA PYJIEBOM pelku,
COCTaBJIEHUE MAaTEMaTUYECKOTO OTIMCAHUSI UCIIOJIb3YEMOTO YIIEKTPOIBUTATENIS; 3aKIIOUCHHE.

JaTa BbI/1a4M 321aHUS HA BHINOJIHEHHE BBIITYCKHOM 10.02.2020 .
KBAJIN(UKANMOHHOM padoThI 110 JMHEeITHOMY rpaduKy
3agaHue BbIIAJ PYKOBOJUTEb:
JloJZKHOCTH DOUO Y4eHnasi cTeneHb, Hoanucy Jara
3BaHHUE
JloueHT Manexep B.A. K.T.H. 10.02.2020 r.
3agaHue NPUHAJ K HCIIOJIHEHHIO CTY/ICHT:
I'pynna DPUO Moanucey Jara
SAMS7 SAnymkesuu C.C. 10.02.2020 r.

MuHHCTEPCTBO HAYKH M BbIcuiero odopazoBanus Poccuiickoii ®@enepanun
(benepanbHOE TOCYIapCTBEHHOE aBTOHOMHOE 00pa30BaTEIbHOE YUpPEKICHNE




BBICIIIETO 00pa30BaHuUs
«HAITMOHAJIbHBIA HCCJIEJOBATEJIbCKUM
TOMCKHWA MOJIUTEXHUYECKHWA YHUBEPCUTET»

WnxeHepHas MIKo0JIa 3HEPTETUKU

Hanpasnenue noarorosku — 13.04.02 DnexkTposHepreTuka v 3J1eKTpOTEXHUKA
YpoBeHnb 00pa3zoBanus — Marucrp

OTtneneHue 31EKTPOIHEPIETUKHU U DJIEKTPOTEXHUKH

Ilepuon BeIOTHEHUSA BeceHHui cemectp 2018/2019 yuebHoro roja

dopma npeacTaBiaeHus: pabOTHI:

‘ Marucrepckas nuccepranus

(bakamaBpckas paboTa, IUIUTOMHBINA TPOEKT/paboTa, MarucTepcKast IICcepTarus)

KAJIEHJIAPHBIV PEUTUHT -TIJIAH
BbINOJIHEHH S BBINYCKHOI KBAJIH(HUKALMOHHOMH PadoThI

| Cpok ciauu CTYJACHTOM BBITTOJHEHHON pabOThI: | 08.06.2020
Hdara Ha3zpanue pa3aena (MmoxyJis) / MakcuMaJIbHbIil
KOHTPOJIsl BU/ pa0doThI (MccileJ0BaHNSA) 0an pasnesa
(Moy.Jist)
10.03.2020 | KanenmapHoe miaHMpOBaHKHE PadOT IO TEME 3
12.03.2020 | Omucanue 0ObEKTa UCCIIEIOBAHUS 3
20.03.2020 | INoxbop ¥ M3y4eHHE MATEPUAJIOB 110 TEME 3
22.03.2020 | CocrapiieHHE U YTBEPIKICHHUE TEXHUYECKOT'0 3aTaHHUS 3
28.03.2020 | Pacuer sHepreTuyeckux mapaMeTpoB 3
11.04.2020 | HccnenoBanue pabOTOCIIOCOOHOCTH JCKTPONPUBOIA 6
15.04.2020 AHaJn3 TOJTyYeHHBIX JIAHHBIX 3
25 04.2020 KoHTponb kavecTBa BBIMOTHEHUSI MPOEKTa U KOHCYIhTHPOBAHUE 3
CTyJICHTa
02.05.2020 | Ouenka 3¢ heKTHBHOCTH IPOACIaHHON PadOThI 3
10.05.2020 | TexHHKO-IKOHOMHYECKHE PACUCThI 3
12.05.2020 | Bompochl 3KOIOrHYecKor 6e301acHOCTH 3
15.05.2020 | CocTaBlieHHE MOSICHUTENHHOM 3aIHCKA 4
22.05.2020 | Uror 40
CocTaBuil IPENoaBaTelib:
JokHoCcTh (1700} Yuyenas crenenb, IMoanuck Hara
3BaHue
Jloment Hanekep B.A. K.T.H.
COI'TACOBAHO:
PykooauTens OOIT DoUO0 Y4enast crenens, Hoamuce Hdara
3BaHue
13.04.02 l'apranees A.T. ITpodeccop
«ONEeKTpOIHEPTETHKA U JI.T.H.
JJIEKTPOTEXHUKA




3AJAHUE JUISI PA3JIEJIA
«@UHAHCOBBINA MEHEUKMEHT, PECYPCOD®®EKTUBHOCTD 1

PECYPCOCBEPEKEHUE»
Crynenry:
I'pynna DPUO
5AMS7 AnymkeBuuy Cepreto CepreeBuuy
I koaa JAlIIc] Otaenenue mkoabl (HOLD)
Yposennb obpasoBanus | Marucrtp Hamnpasienue/cnenuajbHOCTh | DJIEKTPOIHEPreTHKA 1
DJIEKTPOTEXHHKA

Hcxoaubie nanHblie K pasgeny «PHHAHCOBbIH MEHEIKMEHT, pecypcod(p(peKTHBHOCTH U

pecypcochepeskeHne»:

1. Cmoumocmo pecypcoé nayunozo ucciedosarnus (HH):
MAMepuanbHO-MeXHUYECKUX, IHEPLETNUUECKILX,
PUHAHCOBBIX, UHDOPMAYUOHHBIX U YETOBEUCCKUX

Obwa 51 cymma 6cex 3ampam Ha 6blNOHEHUE
npoexma — ne donee 115 000 py6.;

B m.u. sampamel na onnamy mpyoa — He b6onee
65 000 py6.

2. Hopmbvl u Hopmamuesl pacxo008anus pecypcos

- 6 coomeemcmeuu ¢ TOCT  14.322-83
«Hopmuposanue pacxooa mamepuanoe» u I'OCT P
51541-99 «Duepeocbepescenue. Onepeemuueckast
agpgpexmusnocmo» B coomeemcemeuu ¢ 'OCT 14.322-
83 «Hopmuposanue pacxooa mamepuanos» ul OCT P
51541-99 «Duepeocbepedcenue. Dnepeemuueckast
aghghexmusrocmo »

- MuHuManvhbld pazmep oniamol mpyoa 6 2020 200y
cocmasnsem 12130 py6.

45 % mamepuanvhuie pacxoobvl

30 % pacxoowl na onnamy mpyoa

16% naxnaouvie pacxoovt

30% pationnwiii koagpuyuenm

3. HCV!O/lbf)’yeMa}l cucmema Hdﬂ02006ﬂ00fC€H1/Lﬂ, cmaeku

HANl0208, Om’-luC/leHulZ, 0uc1<0Hmupoeanl u eréumogcmuﬂ

28% omuucnenus Ha coyuanvHvle Hylcobl

l'[epeqeﬂb BOIIPOCOB, MOAJICKAIUX UCCJICA0BAHUIO,

NMPOEKTHPOBAHMIO U pa3padoTKe:

1. OHEHKCZ KomMmep4ecKo2o U UHHOBAYUOHHO20 nomeHyuajla
HTH

- Ananus KOHKYPEHMHbIX MEeXHUYECKUX pemeum]

2. Paspabomxa ycmasa HayuHO-mexHU4ecKo20 NnpoeKma

- Honywenus u oepanuienuss 60 epems npousgo0cmed
pabom

-Bvicoxoyposnegoe mpebosanue Kk npoexmy

- Co30anue H068086e0eHUs, NOAYUEHUe Pe3yTbIMama no
3a8epuieHuY npoexma

3. ITnanuposanue npoyecca ynpaenenuss HTU: cmpyxmypa u
epaghux nposedenus, 6100cem, PUCKU U OPeAHU3AYUSL
3aKYnoK

Inanupoeanue HU:

- Cocmasenenue niana pabom;

- Onpedenenue mpyooemxkocmu pabom;

- Hocmpoenue ouazpammer I'anma .

Dopmuposgarue 6r00xcema 3ampam Ha HU:

- Mamepuanbubie 3ampamoi;

-3apabomuasn niama (OCHOB8HAS U OONOHUMENbHAS),
- OMuUCTIEHUs HA COYUATbHbIE YeTU,;

- amopmuzayus;

- HAKAOHble pacxoobl.

4. Onpedenenue pecypcHol, QUHAHCOBOIL, SIKOHOMUYECKOU
aghghexmusrnocmu

- Onpedenenue 5KoHOMUYECKOU d¢hdhexmusHocmu
ucciedosanusl

Ilepedyens rpadpuueckoro Marepuaja(c TOYHbIM YKa3aHHEM 0053aTeJbHBIX YepTekKei):

. «llopmpem» nompebumens pezynomamos HTH
. Ceamenmupoganue pbiHKa

. Huaepamma FAST
. Mampuya SWOT
. I'pagux nposedenus ubrooxcem HTHU

OO WN P

. OueHKa KOHKypeHmOCnOCO6HOCWlM mexnuquKuxpemeHmZ




1. Oyenka pecypchoii, punancosoti u sxonomuueckoil sgpgpexmuerocmu HTH

| laTa BbiIaum 3a1aHus UIs pa3eia 10 JHHeiHOMY rpaduKy

3aL[aHne BbIJaJ1 KOHCYJBbTAHT:

Jlo1KHOCTH DPUO Yuenasi cTenens, Moanucey Jara
3BaHHe
I[OIIGHT OTACIICHUA CHI/IIILIHa JIr060Bb K.3.H.
COLMAJIBHO- IOpreBHa
T'YMAaHHUTAapHBIX HAYK
3a)1a}me NMPUHAJ K HCIIOJJHCHUI0 CTYJACHT:
I'pynna oUuo Moanucey Jara
SAMS7 Anymkesuu Ceperii CepreeBuu




3AJIAHUE JIJISI PA3JIEJIA
«COILUAJIBHASI OTBETCTBEHHOCTb»

Crynenry:
I'pynna DPUO
SAMS7 AnymkeBuuy Cepreto CepreeBuuy
I kona 21016 Otaenenne (HOLL) DIIEKTPOIHEPTETUKHU U
AIIEKTPOTEXHUKHU
YpoBenn Maructp HanpagieHue/cnenuajbHOCTh |  DJIEKTPOIPUBOIBI U
00pa3oBaHus CHCTEMBI YIPaBIICHHUS
AIIEKTPOIIPHUBOIOB
Tema BKP:

CepBonpuBoj pyJieBoii peiiki 0eCUJIOTHOTO TPAHCIOPTHOTO CPeICTBA

Hcxoanble JaHHbIE K pasaeiay «COIII/Ia.]'lI)HaH OTBETCTBEHHOCTDb)» .

1. XapakTrepuctrka 00beKTa HCCIICTOBAHUS

(BemiecTBO, MaTepual, mpubdop, aIrOPUTM, METOTUKA,

pabouas 30Ha) 1 00JIaCTH €ro MPUMEHEHHUS

CHHXPOHHBIN CIEAAIIMI JIEKTPOIIPUBO]L
PYJEBOTO YIPABIECHUS KOJIECHOTO
0eCHMIOTHOTO TPAaHCIIOPTHOTO CPEACTBA.

Pabouast 30Ha — COOPOYHBII 1IEX, TAKKE,
ucHbITaTeNbHAs JabopaTopus

OO0acTh MPUMEHEHUS — AaBTOMOOMITH,
Ha3eMHbBIE TPAHCIIOPTHI.

IlepeyeHb BONPOCOB, MOMJIEKANIMX HCCIETIOBAHUIO, POEKTHPOBAHUIO H pa3padoTKe:

1. [IpaBoBbIe 1 OPraHU3aAMOHHbIE BONPOCHI

o0ecreyeHus1 0€30IACHOCTH:

- CrieninanbHble TPAaBOBbIE HOPMBI

TPYAOBOI'0 3aKOHOJATCIIbCTBA

- OpranuzanoHHbIe MEPOIIPUSITUS [IPU

KOMIIOHOBKC pa6oqel71 30HBbI

1. TK P®, Cratesg 221. ObecnieueHue
PaOOTHHUKOB CPEICTBAMHU UHANBHUYaTbHON
3aIUATHI.

2. TK P®. I'nasa 15. Pabouee Bpemsi.
OO011ue MOJI0KEHUS.

3. ®enepanbHbIM 3aKk0HOM OT 24.07.1998
r. Ne 125-®3 «O0 00sa3aTeIbHOM
COIIMAJIbHOM CTPaXxOBaHUH OT HECYACTHBIX
CJIy4JaeB Ha MPOU3BOJICTBE U
poeCCUOHANIBHBIX 3a00JICBAHHIN.

4. TK P®, Craresa 213. MeaunuuHcKkue
OCMOTPBI HEKOTOPBIX KaTerOpuit
PaOOTHHKOB.

2. IlpousBoacTBeHHAsi 0€30MACHOCTD

— AHanu3 BBISABJICHHBIX BPEAHBIX U OIACHBIX
(bakTOpOoB; 000CHOBAHHE MEPOIPUATHI MO

CHIDKEHHMIO BO3JICHCTBUSA

BbisiBeHHBIE  BpegHBIE M ONACHBIC
(akTOpBl IPOU3BOJICTBEHHON CPEIbI:

1. Iym;

2. MexaHnYeCcKUe MOBPEXKACHNUS;

3. HegocraTok €CTECTBEHHOTO CBETA;

4. MereoyciioBus B LIEXY;

5. OnacHOCTh NOpaXEHUS ANEKTPUIECTBOM

3. DKkoJoruyeckas 0e30MacCHOCTD:

— 3amuTa ceauTeOHOI 30HBI

1. CoopouHsIif 11ex 1 1abopaTopust
HaXOJATCS BHE CEIMTEOHON 30HBI

2. Heo6xoumo paccMOTpeTh HEraTUBHOE
BJIMSIHME TIPOM3BOJICTBA B COOPOYHOM IIEXY




— aHaJIu3 BO3JIEHCTBUS 00BEKTA Ha aTMOChEpy
(BBIOpOCHI);

— aHalu3 BO3JICHCTBUS 00BEKTa HA TUAPOChHEpPY
(cOpochr);

— aHaju3 BO3JACUCTBUS 00BEKTa Ha IUTOChHEpY
(oTx01pl);

Y UCTIBITATEIILHOM TabopaTopuu 3ajia Ha
OKPYKAIOUIYIO CPEy, @ UMEHHO:

— ruapocdepy;
— nuTtocdepy.

4. be30onacHOCTDH B Ype3BbIYANHBIX CUTYaLIUSAX:
— 1nepedyeHb Bo3MOXHBIX UC nipu
pa3paboTKe U IKCIUTyaTalluK
MIPOEKTUPYEMOTO PELICHUS;

— BbIOOp Haubonee TunuyHoit YC;

— pa3paboTKa MPEeBEHTHUBHBIX MEp IO

HaubGonee  BeposiTHOM  upe3BbIUaliHON
CUTYyalHeH SBISIETCS TI0XKap, 10 MIPUYNHE:
-HapyLICHUS paboThl
AJIEKTPOOOOPYIOBAHUS, TPHUBEIIIETO K
BO3TOPAHUIO;

-HEOCTOPOXKHOCTH OOpaIlleHus] ¢ OTHEM B
TIOMEIICHUH;

-KOPOTKOTO 3aMbIKaHHsI, TPUBOJSIIETO K

npeaynpexaeanto YC; BO3TOPAHHIO;

— pa3paboTKa ACHCTBUU B pe3yJbTaTe Cucrema TIOKapHOH SaluThl
BozHuKIer YC u Mep 1o TMKBUIAIINN €€ TpEAYCMATPUBACT CICAYIOLINE MCPEI-
HOCIECTBHIE. -TIpeI0OTBpAIICHUE pacrpocTpaHeHus

nmo>kapa 3a MpeJIebl 04ara;
-TIPUMEHEHHNE CPEJICTB TIOKAPOTYIICHUS;
-3BaKyalus JIOACH B CiIydae 1oxapa;
-IPUMEHEHHUE CPEICTB MOYXKapHOU
CUTHAJIM3allUN U CPEJICTB U3BELICHNUS;
-CpenctBa MHAMBUIYAIBHOW  3alIUTHI
OpraHoB JIbIXaHUs (pecnipatopsl,
TKAHEBBIC TIOBSI3KH).
\ JlaTa BbIIauM 3aJaHMA JJIsl pa3jieia 1o JuHeiiHoMy rpaduky | 09.03.2020r
3agaHue BbIAAJ KOHCYJIbTAHT:
JloskHOCTH DdPUO Yuyenan IMoanucek Jara
CTeNEeHb,
3BaHue
Crapumiil npenoaBateib Oex AnunHa 09.03.2020r
OTJIEICHUS NnppapoBHa
O0IIIeTeXHUYECKIX
MUCIIUTIIINH
3agaHne NPUHSAJ K HCIIOJTHEHUIO CTY/ICHT:
I'pynna DPUO Hoanuck Hara
SAMS7 Snymxkesuu Cepreii CepreeBud 09.03.2020r




Pedepar

BoeinyckHas kBanudukanuonHas pabora coaepxut 106 crtpanun, 33
pucynka, 17 tabnui, 33 uctounuka, 1 mpuiIOKeHHE.

KntoueBbie cnoBa: pyneBo€ yHpaBlIEHUE; CEPBOIPUBOJ PYJIEBOU pPEHKH;
CUHXPOHHBIA SJIEKTPONPHUBOJ; JUHAMHUYECKHE XapaKTEPUCTHKHU; DICKTPUUECKUN
YCUJTUTEINb PYJIsl, CHHXPOHHBIN JIBUTATENb C MOCTOSHHBIMUA MarHUTaMHU.

[lenpto  pabGoThl  pa3paboTKa  CXEMBI  YIpPABICHUS  CIEISAIIETO
AIIEKTPOTIPUBOJIA PYJICBOM PEHKH Al OECNUIOTHOTO TPAHCIOPTHOTO CPECTBa,
NpeIHa3HAYCHHOTO /ISl TIEPEBO3KM MACCaXKUPOB B TPEENIax TOPOACKOW YepThI, C
MOJTHOW Maccoil 2,5 TOHHBI, pEXMME MaKCUMAIbHON Harpy3kw, pa3paboTaTh
MaTeMaTUYECKYI0 MOJIENIb yIPABICHUS CEPBONPUBOIOM PYJICBOW PEKU B cpene
Matlab Simulink ¢ yderom kOHTYpOoB peryaupoBanus. I[IpoBecTd aHau3
MOJIYYEHHBIX M 0’KHJIa€MBIX TOKa3aTesiel KauecTBa pabOThl KOHTYPOB YIpaBIEHUS
ANEKTPONPUBOIOM. BBITIONIHUTE CpaBHEHHE >KEIaeMOM M PpeaqbHOM KPHUBBIX
JIBUKEHUSI.

BoimyckHas kBanuduKalMoHHas paboTa BBINOJIHEHA B  TEKCTOBOM
penaktope Microsoft Office Word 2010 ¢ ucnonbp3zoBanuem mnaketoB: Microsoft
Visio 2010, Matlab Simulink u npencraBinena Ha nucke (B KOHBEpPTE Ha 000pOTe

00JIOXKKH).
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BBenenue

B coBpemeHHOM aBTOMOOMIIECTPOECHUU YETKO MPOCIICKUBAIOTCS TCHICHITUN
MOCTENIEHHOIO0  MEPEeX0/la K  HMHTEJUIEKTyaIbHBIM  CHUCTEMaM  YIIPaBJICHUA
TPAaHCIOPTHBIMU CpeAcTBaMU 0e3 ydactus uyenoBeka. /[ OezomacHoil
KaueCTBEHHOM pabOThl OECITUIOTHOTO TPAHCTIOPTHOT'O CPEACTBA TPEOYETCS PEIIUTh
MHOJKECTBO 3aJ1a4d, CBSI3aHHBIX C OpPraHU3alMEN YNPABICHHUS HCIOJIHUTEIbHBIMU
OpraHaMH.

MHorue u3 QyHKIUi NepexoaaT OT BOAUTENS K CUCTEMaM BBICOKOTOYHOTO
ANIEKTPONPUBO/IA U PEIICHHE 3a/lay, CBS3AHHBIX C pa3pabOTKaMu HaAEKHOTO U
KOMITAKTHOTO CEPBOMPHUBOJA PYJIEBOW PEeWKH OECHMIOTHOTO TPAaHCIOPTHOTO
CpeACTBAa  BBIXOJWUT Ha TPUOPHUTETHBIM  YpOBEHb. 3ajmada  pa3pabOTKH
UCITOJIHUTENBHOTO JJEKTPONPUBOAA I YIPaBJIEHUS YIJIOM IOBOPOTa KOJEC
OCCIUJIOTHOTO  TPAHCIIOPTHOTO CPEJICTBA SBJISIETCS B HACTOSINEE BpeMs
MEPCIIEKTUBHOW U aKTyaJIbHOM.

Heanbio 1anHo# padoThl BIISETCS pa3paboTKa CASASIIETO AIEKTPOIIPUBOIA
pyJeBOM peiiku sl OECIMIOTHOTO TPAHCIIOPTHOTO CPENICTBA, MPETHAZHAYEHHOTO
JUIsl TIEPEBO3KHU MACCAKUPOB B IMpejeaax TOPOJACKON 4epThl, ¢ MOJHOW Maccou 2,5
TOHHBI.

[Ipy gocTUKEHWM TOCTAaBIEHHOW MeNU OyAyT BBITIOJHEHBI CIEAYIOIINE
3a1a9n: pa3paboTKa CTPYKTYPHOM cXeMbl, (YHKIIMOHAIBHOW CXEMBI, BBIOOD
JIBUTATEIsA, BHIOOP METOJIa W CUCTEMBI YIIPABJICHHS, BHIOOP DJIEMEHTHOW Oa3bl,
MaTeMaTU4ecKo€ W HMHUTAIMOHHOE MOJEIMPOBAHUE IMIPU Pa3JIMYHBIX BHUIAX
Harpy3o0K, 9KCIIEPUMEHTAIbHAS YacCTh.

OOBEKTOM WCCIIeIOBAaHUSI TPEICTABICHHONW palbOThl CJIEAyeT CUHUTATh
pa3pabOTKy CEpBOMPHUBOAA PYJIEBOM peWKHW C 3aJaHHBIMU MapaMeTpamMu MpU
YCIOBUHM  JOCTHXKEHUA  ONTHMAJbHBIX TEXHUYECKHUX M  3KOHOMHYECKHUX
xapaktepuctuk. IlpenmeroM wuccaenoBaHus SBIAETCA CUCTEMA  CIEIAILIETO

AIEKTPONPUBOIA PYIEBON PEHKHU OECITUIOTHOIO TPAHCTIOPTHOI'O CPEICTBRA.
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[TpakTryeckasi IEHHOCTh MPOJIETaHHON PadOTHI 3aKIIFOYAETCS B TIOJIYUYEHUH
0oJiee ONTUMAIBLHOTO PEIICHHS B OTHOIIICHUH PYJIEBOTO YIPABICHUS OCCITUIOTHOTO
aBroOyca, IMyTeM MCHOJIb30BaHUS JEIIEBOTO W PACIpPOCTPAHEHHOTO BapHUaHTa
AJIEKTPONPUBOAA YCUIIUTENsL pyJs, AoOWBasch TMpPU ITOM, HEOOXOIUMBIX

TpeOOBaHUM K YIPaBICHHUIO.
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1 O030p JuTEpaTYpPHI
1.1 PasBuTHe COBPEeMEHHBIX 0eCNIMJIOTHBIX ABTOMOOMJIEH

Pa3Butrie = OpPOMBINIUICHHOCTH W DKOHOMUKH  TE€PEJOBBIX  CTpaH
CYLIECTBEHHBIM 00pa30M 3aBUCUT OT JaJbHEHILEro COBEpPIIEHCTBOBAHUSA
TPAHCIOPTHBIX CPEACTB M CHUCTEM, KOTOpBIE JOJKHBI 00ECIeUrBATh MOBBIIICHUE
MOOMJIBHOCTH  HacesleHus, 3PQPEKTUBHOCTU TIPYy30MACCAKUPCKUX TMEPEBO3OK,
NOBBILIEHUE O€30MaCHOCTH JIOPOXKHOTO JBUYKEHHUS, CHIXKEHHME HKOJIOTHYECKOM
Harpy3Kd Ha OKPYXKAlOIyI0 Cpey, MOBBIINICHHE KOMMDOPTHOCTH BOAUTENICH U
noJib3oBaresnel Tpancnopta. OHUM U3 TPUOPUTETHBIX HAMPABJICHUHN MPU PEIICHUN
ATUX 3a/a4 SBJISICTCS CO3JaHWE HA3eMHBIX OCCIUIIOTHBIX TPAHCIIOPTHBIX CPEICTB
(BTC) u cucrem nomoriu Boautesnto [1].

becnunorueiii  aBromoOune  wiaum  bTC — TpaHCcOpTHOE  CPENCTBO,
000pyZOBaHHOE CUCTEMOM aBTOMAaTUYECKOTO YIPaBJICHHUS, KOTOPOE MOXKET
NepeBUraThCs 0€3 yJacTHs 4esloBeKa.

B nmocnennee necstuietrie pa3paboTKa OECHMIOTHBIX TPAHCHOPTHBIX
CPEIICTB TIEPEKUBACT TEXHOJOTUYECKU OyM B aBTOMOOMIBHOM OTpaciu BceX
BeIyIIMX CTpaH Mupa. Hambosmee akTHBHO pabOTHI MO CO3MaHUI0 OECHUIOTHBIX
TpaHCHOPTHBIX cpeactB Beayrcs B CIIA, T'epmanum, Anonum, Kwurae,
Bemuko6puranuu, [lIsenun, ®panmuu, Kopee. 3HauntenbHbiii 00beM paboT 1Mo
co3nanuto bTC npoBoauTCs 1O 3aKpBHITON TEMAaTUKE B paMKaX 0OOPOHHBIX 3aKa30B
U MO 3TOW NPUYHMHE PE3YJbTAThl UCCIEIOBAHUI MAJIO IMYOIUKYIOTCS B OTKPBITOMN
neyaTu. ClI0KHbIE HAYKOEMKHE TEXHUYECKHE PEILICHHS, MATEMaTUYECKUH ammapar,
ANTOPUTMBI YIIPABJICHHSI JIBUKEHUEM, POTPAMMHOE 00eCTieUeHNe, TaTYNKN CHCTEM
yopaBieHuss BTC BO MHOrux cTpaHax OTHECEHbl K NPOIYKIMU JABOWHOTO
Ha3HAYECHUSI.

— OcHoBHbiMU nipeumytiecTBaMu BTC sBasitoTCS
— YyAy4YllIeHUE TPAHCHOPTHOW U IKOJOTMYECKOW 0e30MacHOCTH, MUHUMH3ALIUS

JTII u unicna 4enoBEeYECKUX KEPTB B HUX;
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— CHW)KEHHE BPEMEHU U 3aTpaT HAa TPAHCIIOPTUPOBKY I'PY30B U NACCAKUPOB;
— CHIKEHHE pacxo/ia TOIJIMBA, BIOpPOCA BPEAHBIX BEIIECTB B aTMOC(hepy;
— 0Oonee 3(ppeKTUBHOE UCTIOIB30BAHUE IPOIMYCKHON CITOCOOHOCTH A0POT;
— pacHIMpeHHEe BO3MOXKHOCTEHM HCIOJIb30BAHUS AaBTOMOOWJIEH ISl JIOJEH ¢
OTPAaHUYEHHBIMHU BO3MOKHOCTSAMU;
— BO3MOYKHOCTb IIEPEBO3KHU I'PY30B B OIACHBIX 30HAX, BO BPEMs IIPUPOJIHBIX U
TEXHOTE€HHBIX KaTacTpO( WM BOCHHBIX JIEWCTBUI;
— TMOBbIIIEHHE KOM(POPTHOCTH MACCAKUPOB.
Haubonee cnoxHoit u Haykoemkod B HazeMHoM bBTC sBusercs
aBTomaTtudeckasi cucrema ynpasineHnus aswkennem (CY]l). Ha pucynke 1
MpejicTaBlieHa TUmMoBas (QyHKIHMOHAJIbHAsE CXeMa OCHOBHBIX  IOJICHCTEM

ABTOMATUYECKON CHCTEMBI YIPABJICHUSA ABUKXCHUCM BTC.

Cucrema
ynpaBJeHHUs
JIBUIKEHUEM

BTC

Cucrema
HABUTalu¥ U
OpHCHTAIIHH

Cucrema
TEXHUYECKOTO
3pEeHHs

HNurennexkryansHoe
(po6oTtuzuposannoe) NTACCHU

Pucynok 1 — TunoBas ¢hyHKIIMOHATBHAS CXeMa OCHOBHBIX MOJCUCTEM

aBToMaTthueckoil cucremsl ynpasieHust bTC.

Cucrema HaBUTallud W OPHUEHTAMM OOECIEYMBACT  OIpPEICIICHUE
nonoxkeansi BTC Ha mectHOCcTH. CHCTeMa TEXHHYECKOTO 3pEHHsS (HOPMHUPYET
KapTUHY OKpY)Kalomeil OoO0CTaHOBKHM, OOECIeYrBaeT pACMO3HABAHHUE JIPYTUX
TpaHcnopTHeIX cpeacTB (TC), nmpenarcTBuil Ha MapuipyTe JBHKEHUS, TOPOKHOU
pa3MeTKH, JOPOXKHBIX 3HAKOB, TMOKazaHwii cBetogopoB. Hubopmarmonso -
YOpaBJSIONIasl CUCTEMa SIBIISIETCS SIIPOM CUCTEMbl yrpaBieHus aBuxenuem bTC,

OTBCHAKOIMM 3a TIIOCTPOCHHUC MapumpyTa JABUKCHUA, OKCTPCHHOC IIPHHATUC
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pelIeHHI B  3aBUCHUMOCTM OT OKPYXKaIOIIEH JOpPOKHOH OOCTAaHOBKM U
(opMHUpOBaHUE  YHOPABISIONIMX CHUTHAJIOB HA HCIOJHUTEIbHbIE IPHUBOJBI.
HcnosmHuTenbHble TPUBOABI B COOTBETCTBUM C YNPABIAKOIMMU CUTHAIAMU
oOecrieunBalOT YIpaBIsIONlee BO3JAecTBUE Ha arperathl u cuctembl bTC,
UMUTHPYSL JIeWcTBUA BoauTens. B 3aBucumoctn oT KoHCTpykumu maccu BTC
CUCTEMa UCTIOIHUTENbHBIX IPUBOAOB 00€CcTIeunBaeT paboTy MPUBOAOB YIPABICHUS
TATOBBIM JBUTaTesieM (mojavei torumBa npu npumenenun JIBC), cuemnenuem,
KOpOOKOHM Tmepenay, pyJeBbIM MEXaHHU3MOM, TOPMO3HOW CHCTEMOMW, CTapTepoM,
CBETOBBIMH MPUOOpaMHU U .

Cuctema aBTOMaTHYECKOTO YNPABJIECHUS MPUHUMAET PELICHUS] UCXOAS W3
JAHHBIX, TOJYYEHHBIX C Pa3IUYHBIX HHGOPMAIMOHHBIX KaHAJIOB, HampUMeEp,
JaTYUKOB, YCTAaHABIMBAEMbIX Ha OOPTY TpaHCHOPTA.

OOBIYHO yCTaHABIMBAaEMbIE JATUUKU:

— LIDAR (Light Identification Detection and Ranging) — mambHOMEp
ONTUYECKOI'0 paclO3HaBaHMUS,
— Cucrema crepeo3peHus;

— Cuctema riobansHoro nosurmonupoBanus (I'moHacc);

— T'upocTadbmimsartop.

[IporpammHoe  obecnedeHue  OCCHIJIOTHOTO  aBTOMOOWIISI ~ MOXKET

BKJIFOYAaTh MallIMHHOC 3PCHHUC U HeﬁpOCGTH.

Hekoroprie cucTteMbl monaratoTcss Ha HMHPPACTPYKTYPHBIE CHUCTEMBI
(HampuMep, BCTPOEHHBIE B JOPOTY WU OKOJO HeE), HO Ooyiee MPOJBUHYTHIC
TE€XHOJIOTHU MO3BOJIAIOT UMUTUPOBATH IPUCYTCTBUE YEJIOBEKA HA YPOBHE IPUHATHUS
pelmIeHH O W3MEHEHWUW TIOJOKEHUsS Pyl ©  CKOpPOCTH, Omaromaps

HabOpy Kamep, CEHCOPOB, PaJIapOB U CHCTEM CIYTHUKOBOW HABUTAITUU.

B COBPCMCHHBIX OCCIUIOTHBIX aBTOMOOMIISAX HCIIOJIB3YIOTCA aJITOPHUTMEI Ha

ocHOBe baliecoBCKOro MeToaa OJHOBPEMEHHOW JIOKAJIM3AIMU M TOCTPOECHUSI

kapT (SLAM, simultaneous localization and mapping). CyTh paboThl aJTOPHUTMOB
COCTOUT B KOMOMHHPOBAHUM JIAHHBIX C JATYMKOB aBTOMOOMIIA (real-time) u JaHHBIX

kapt (offline). SLAM u Meton oOHapyX eHUS U OTCICKUBAHUS JABUKYIIHXCS
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o0vekToB (DATMO, detection and tracking of moving objects) paspabortansl u
MPUMEHSIIOTCS B aBTOMOOWIsIX jgouepHer kommnanun Google Waymo. Google
cynunach ¢ Uber mo moBoay BopoBCTBa nocieaneit texunonoruit y Google. Tem He
Mmenee ¢ 2017 roga Google Bbutoxkmna 6ubiuoreky SLAM B OTKpBITBIN AOCTYH JJ1s
0eCIUIaTHOTO UCIOJIb30BaHUS JIF0OOH CTOPOHHENH KOMITaHUEH.

CymectByer Knaccudukanus aBromatuzanuu aBTOMOOWIEH pa3paboTaHa
Coo0111ecTBOM aBTOMOOUIIBHBIX HHKEHEPOB U COJAEPKUT 6 YPOBHEI:

— 0-i1  ypoBeHb: OTCYTCTBME KOHTPOJSI HaJ MAIIMHOW, HO MOXET
IPUCYTCTBOBATh CUCTEMA YBEJOMIICHUN

— 1-i1 ypoBeHb: BOAMTENb JOJKEH OBITH TOTOB B JIIOOOW MOMEHT B3ATh
yhnpaBjieHne  Ha  cebs1.  Moryr  OpuUCYyTCTBOBaTh  CIEAYIOIIHE
aBTOMaTU3UPOBaHHbIE cHUCTeMbI: Kpyu3-koHTposib (ACC, Adaptive Cruise
Control), aBromaTrueckas MapKOBOYHAS cucrema U cucTema
npeaynpexaenus o cxone ¢ monocsl (LKA, Lane Keeping Assistance) 2-ro
THUTIA.

— 2-i1 ypOBEHb: BOJUTENb JIOJDKEH pearupoBaTh, €CIM CHUCTeMa HE CMOIJIa
CIIPABUTHCS CaMOCTOSITEIBHO. Cucrema VIPAaBIISIET YCKOPEHUEM,
TOPMOKEHHEM U pysieHreM. CuctemMa MOKeT OBITh OTKIIIOUYECHA.

— 3-i1 ypOBEHb: BOJAUTENTh MOXKET HE KOHTPOJIUPOBATH MAIIMHY Ha JIOpOrax ¢
"mpeackazyeMbIM" IBHKEHHEM (HAIpHMEpP, aBTOOAHBI), HO OBITH TOTOBBIM
B3ATb yIPaBJICHHUE.

— 4-ii ypoBeHb: aHaNOTU4YHAs 3-My YPOBHIO, HO YyXe He TpelyeT
BHUMAaHUS BOJUTES.

— - YpOBEHb: CO CTOPOHBI YETIOBEKA HE TPEOYyeTCs] HUKAKUX JEUCTBUI KpoMe
CTapTa CHCTEMBl M YyKa3aHWs MyHKTa Ha3HAYCHHUS. ABTOMAaTH3UPOBAHHAS
CHUCTeMa MOXET JoexaTh A0 JII0OOM TOYKM Ha3HAUYEHUS, €CIM HMHOE He
3aMpenieHo 3aKOHOM.

[Tpu BBICOKOM ypOBHE aBTOMATH3aIMU TPAHCIIOPTA HIUPOKO OTKPBIT BOMPOC
O €ro TOYHOM YMPABICHHUH, 4, CIETOBATEIbHO, M BHIOOPE KOHCTPYKTUBHBIX Y3JIOB,

OTBCUHAIONIMX 3a JOTY TOYHOCTD. Ha CCFOI[H?IHIHHﬁ ACHb MAKCHMAJIbHYIO

RNV}



YIPABIAEMOCTh 00€CIEYUBAET HCIOIb30BAHUE PYJIEBON PEHKH C BBICOKOTOYHBIM
cepBolpuBOAOM. Takke, IO MHUMO TOYHOCTH YIPABICHUA, HCIIOJIb30BAHUE
CEpBOIIPUBOA PYJIECBON PEUKU UMEET PAL APYTUX IIPEUMYILLIECTB:
— yA0OCTBO PEeryJMpOBaHUs XapaKTEPUCTUK PYJIEBOrO yIpPaBIEHUS;
— BBICOKasi HHPOPMATUBHOCTb PYJIEBOIO YIPABICHHUS;
— BBICOKas HAJIE)KHOCTh B CBSI3U C OTCYTCTBUEM THIPABINYECKON CUCTEMBI;
— TOIUIMBHAs 3KOHOMHYHOCTbH, OOYCIOBJIEHHAs 3KOHOMHBIM PacX0J0BaHUEM
sHepruu (CHmwkeHue pacxoja tortusa 10 0,5 1. Ha 100 xkm).
Takol NPUBOJX HCHONB3YETCS B DIEKTPUYECKOM YCWIMTEIE PYJIEBOIrO
yOpPaBJIEHUSI, MHA4YE TOBOPS, SBISIETCS KOHCTPYKTUBHBIM 3JEMEHTOM PYJIEBOTO

YIIPAaBJIICHUA aBTOMO6I/IJI$I, B KOTOPOM HAOIIOJIHHUTCIIBHOC YCUIIMC IIPHU ITIOBOPOTC

PYJICBOTO KOJIECA CO3JACTCA C IOMOIIBIO 3JICKTPUYCCKOI'O ITPpUBOAA.

1.2 JjekTpoMexaHUYeCKHE YCHIIUTEIHN PYJIeBOr0 yIIPaBJIEeHUSA
DNEeKTPOMEXaHUYECKUH YCUIIUTENb pyJieBoro ynpasieHus (OMVYP), kak u
000 IPYroil yCUInTeNNb, MPU3BaH YMEHBIIUTh YCUITUE, TPUIIAraeMoe BOJUTETIEM
py BO3JCHCTBUHU HA PYJIEBOE KOJIECO, TEM CAMBIM MOBBIIIAs YPOBEHb KOMpoOpTa 1
JIETKOCTh yIPaBIICHHUsI aBTOMOOMIIEM. J[OTIOIHUTETbHOE YCHIIME CO3JJaeTCs 3a CUeT
ANEKTpUYECKoro mnpuBoaa. OTCYTCTBUE THUAPABIMYECKHX SJIEMEHTOB B CHUCTEME
NOBBIIIAET €€ HAAECKHOCTh M CO3JACT JIOMOJHUTENbHBIE BO3MOMXHOCTH JIS
peanu3anuu Takux GyHKINNA, KaK aBTOMaTHYEeCKas apKOBKa.
K OCHOBHBIM mpeuMylIeCTBaM 3JIEKTPOYCUJIUTENA B CPAaBHEHHUH C
TUAPOYCUIIUTEIEM MOKHO OTHECTH
— BBICOKYIO HAJEXKHOCTh 3a CUET OTCYTCTBUS THAPABIMKHU: HCKIIOYACTCA
BEPOSITHOCTh TMOSIBJICHUSI YTE€YEK W APYTUX HEUCIPABHOCTEH, XapaKTEpPHBIX
JUTSL TUAPABIMYECKOTO YCUITUTENS,
— Oomee BBICOKYIO TOYHOCTh U YyHOOCTBO DETYJIHPOBAHUS PYJIEBOTO

YIPaBIICHUS;
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— SKOHOMHIO TOIUIMBA 33 CYET TOTO, YTO JICKTPOYCHUIIUTENh padoTaeT TOJIbKO
BO BpEMsI TIOBOPOTA PYJIA.

Pa3HoBUAHOCTBIO OMYVYP SIBIISIETCS CHUCTEMA aJlalITUBHOT O
AIEKTPOYCHIIMTENS, pabOoTaroIas COBMECTHO C CUCTEMOM KYPCOBOM YCTOMYHUBOCTH.
OnHa fmaeT BaKHBIC MPEHMYIIIECTBA C TOYKH 3PCHHS 0€30MacCHOCTH: KOPPEKTUPYET
yIabl  TIOBOPOTA KOJEC, TIOBBINIAS YCTOMYMBOCTH aBTOMOOMIIS, a TaKke
KOMIIEHCUPYET  HEJAOCTATOYHYIO  WJIM  W30BITOYHYIO  ITOBOPAYMBACMOCTh
aBTOMOOMJIS.

— HagexHocTs;

— Bo03MOXXHOCTH peanu3aliui aBTOMaTHUYECKOTO YIIPABIICHUS aBTOMOOHIIEM;

— TIlpocToTta obcnyxuBanus U OecuryMmHas padbora;

— DKoyornyeckas ¥ TEXHOJIOTMYHOCTH O€30I1aCHOCTD;

— Bo03MOXXHOCTB ympaBJICHHs] TPAHCIOPTHBIM CPEJICTBOM B Cllydae BBIXOJa
CHUCTEMBI U3 CTPOS;

— OO0ecrieueHue JIETKOCTU U TNIABHOCTH PYJIEBOTO YIIPABIICHHUS;

— (OO0ecrieueHre COOTBETCTBUS MEXKIY YIJIaMH MOBOPOTA YIPABISIEMBIX KOJIEC
U PyJIs;

— OO0ecrieueHre TMPOTOPIHUOHATBHOCTH MEXKIY CHJIAMH  COIPOTHBIICHUS
MOBOPOTY KOJIEC U YCHUIIMEM Ha PYJICBOM KOJIECe;

Taxoke HaHHBIM THUN YCUJIUTENS HMMEET HEAOCTaTKU II0 CPAaBHCHHUIO C

TUAPABIMYCCKAMH:
— HHU3Kas MOIIHOCTH;
— TPYIHOCTH HACTPOMKH CHUCTEMBI YIPABJICHUS MPU MPOCKTHPOBAHUH HOBOTO
ABTOMOOMJIA;
— TIPH TIOJIOMKE YCHIIMTEIIb 3aMCHSICTCSI SIMHBIM COOPHBIM Y3JIOM

Paznuuaror JBe OCHOBHBIX CXEMBI KOMITOHOBKH 3JICKTPOYCHIIHATEIIS
PYJICBOTO yIPABICHUS:

— YCHIIHME 3JICKTPOJBHIaTelIs Iepe1acTcs Ha Baj PYJIECBOIO KoJieca;

— YCHWJIME 3JICKTPOJBUTATEIIS IEPEAAETCS HA PEUKY PYJIECBOr0 MEXaHU3MA.
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Haunbonee BocTpeO0OBaH MEKTPOYCUIUTEID C IPUBOAOM Ha PYJIEBYIO PEHKY.
W3BeCTHBIMM KOHCTPYKLHSMH TAKOTO YCHJINTENS SBISIOTCS YCUIUTEIb
pyJs ¢ ABYMsI IIECTEPHSAMHU U YCUIIUTENb PYJIsl C HapauleIbHbIM IPHUBOJIOM.

OCHOBHBIE COCTABIISIONINE TAKOTO YCUIIUTCIIA NPEACTABJICHBI HA pI/IC2

Harqmk MmomeHTa Euross Jrpasnonn

HapynesomM Konece OnekTpoasuraress
@) O
{
/ UlectepHs
UlecTepHs Bana ycMnMTgnﬂ
PYNesoro yrnpasneHns
3ybuyaras
pevika
Ban pynesoro
ynpasneHus
Harqnk yrna

riogopora
PYNeBoro Koneca

PucyHnok 2 — DneKkTpoMeXxaHUUeCKU YCUITUTEINb PYJIEBOTO YIIPABICHHS C IBYMS
HIECTEPHAMHU
Mexanndeckas nepegaya o0ecrneynBaeT nepenayy KpyTamero MOMeHTa OT
ANEKTPOABUTATENS K pEUKE pyJIeBOro MexaHusma. B anekrpoycunurtene ¢ AByMs
HIECTEPHSMH OJHA ILIECTEPHS MEpefacT KPYTAIIUA MOMEHT Ha PEUKy pYJEBOrO
ME€XaHu3Ma OT PYJIEBOI0 KoJieca, Ipyras — OT AJNEKTPOABUTaTeNs ycunurend. s
ATOTO Ha peiike MPeayCMOTPEHBI JIBa y4acTKa 3yObeB, OJIMH M3 KOTOPBIX CIYKHUT

MIPUBOJIOM YCUJIMTEJS.
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Kaprep pynesoro mMexaHuama

Pynesoit Ban
y v
o e /

Marunk kpyTawero
MOMEHTa

LWapuko-euHTOBaA —ia
nepegava

& /

Benywan wectepHa
SnexTpomorop

Monwi# potop

Bnox ynpasnexuna

PucyHok 3 - DneKTpOMEXaHUYECKUH YCUITUTEh PYJICBOTO YIIPABICHUS C
napaiIeIbHBIM MTPUBOJIOM

B oanmekTtpoycminmrtene ¢ mapajulebHBIM - [IPUBOJOM — YCHJIHME  OT
DIIGKTPOJIBUTATENSI TIEpETacTCsl Ha PEWKy pYJICBOrO MEXaHH3Ma C ITOMOIIBIO
PEMEHHOH Tiepelad U CTIeIHAIBLHOTO IIAPUKOBUHTOBOTO MEXaHU3MA.

Cucrema ympaBleHUs OJJIEKTPOYCWIMTEIEM Pyl BKIIOYACT BXOIHBIE
TaTYUKH, JIEKTPOHHBIN OJIOK YIPaBIECHUS U UCIIOJTHUTEIIHFHOE YCTPOUCTBO.

K BXOmHBIM JaT4YWKaM OTHOCSATCS JATYMK yIJIa TIOBOPOTa PYJIEBOTO
KoJIeca M IaTYUK KPYTAIIEro MOMEHTa Ha pyJieBoM kojiece. Cuctema ynpaBlieHUs
AJIEKTPOYCHIIMTEIEM PYJIS TaKKe HUCIOIb3yeT WH(POPMAIUIO, TOCTYMAIIYI0 OT
6moka ynpasienuss ABS (maTauk ckopocTH aBTOMOOWIISI) W OJOKa YIpaBJICHUS
JBUTATENIeM (JaTYUK YaCTOTHI KOJIGHYATOTO Baja JIBUTATEN).

DOnexkTpoHHBIH OJIOK ympaBiieHuss oOpabaThiBaeT CUTHANBI JAaTYMKOB. B
COOTBETCTBHH C 3aJI0O)KCHHOW MPOTrpaMMoOil BbIpaOATHIBAETCS COOTBETCTBYIOIIEE
VIPABIISIONIEE BO3/ICHCTBHE HA MCIIOTHUTEIBHOE YCTPOUCTBO — DIICKTPOABUTATEID

YCHUIIUTCIIA.
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http://systemsauto.ru/electric/control_engine.html
http://systemsauto.ru/electric/control_engine.html

Henocratku OYP ¢ nByms mectepHsIMu:
e VYopokaHHe€ KOHCTPYKIIMM 3a CYET YBEJIMYEHHsI KOJIMYECTBa
MEXaHMYECKHUX CBsI3€l (IBE peeyHbIe Mepeadn );
e VYMeHbIIEHNE TOYHOCTU PEryJUPOBAHUS H3-3a HAJUYMs 3a30pOB B
3yOuaThIX nepegavax;
e Jlpurarenb pacmojioXKeHHBI Ha 3y0uaToil peiike TpeOyer

JIOMOJIHUTEIILHON 3aIUTEHL.

2 IIpyHIUIIBI MOCTPOCHUS CJEASAIIEr0 YJIEKTPONPUBOAA PYJIeBOil peHKH

BTC

2.1 Pe:kuMbl padoThI 3JIEKTPONIPUBO/IA PYJIeBOM peiKH
DNeKTpoNnpuBOJ, pyJeBOM pelku obecneunBaeT pabOTy  PYJIEBOTO
yIpaBJI€HUs aBTOMOOWIISI B CIAEAYIOLIUX PEXKUMAX:
— TIIOBOPOT aBTOMOOMIISI B OOBIYHBIX YCIOBHUSAX;
— TIIOBOPOT aBTOMOOWMJISI HA MaJIOM CKOPOCTH;
— TIOBOPOT aBTOMOOMJISI Ha OOJIBIIION CKOPOCTH;
— AKTUBHBII BO3BpaT KOJIEC B CPEHEE NIOJIOKECHHUE;
— MOJJAEP/KaHNUE CPEAHETO MOJIOKEHHSI KOJIEC;

[ToBOopoT aBTOMOOWIJISI OCYLIECTBIIETCS IOBOPOTOM pYJIEBOIO KOJjeca.
KpyTamumii MOMEHT OT pPYJIEBOrO KoJieca MEPEJAeTCsl Yepe3 TOPCUOH Ha PYJIEBOI
MEXaHU3M. 3aKpyTKa TOPCHOHA U3MEPSAETC JAaTYMKOM KPYTALIErO0 MOMEHTA, yroJl
IIOBOpOTa PYJIEBOr0 Kojeca — JAaTYMKOM YIUIa IOBOPOTa pYJEBOro KoJieca.
WNudopmarus OT JaTYNKOB, a TAKKe HH(OPMALIKS O CKOPOCTH aBTOMOOMIISI, 4aCTOTE
BpallleHUs] KOJICHYAaTOrO0 Bajla JBUTATENs, IMEPEeNaloTCsi B AJIEKTPOHHBIA OJO0K
YIPABJICHHUS.

bnok ympaBneHus paccuMTHIBAC€T HEOOXOAMMYIO BEIHMYHMHY KPYTALIETO
MOMEHTA JIEKTPOABUTATEINS YCUIIUTEIN U IIyTEM U3MEHEHUS BEJIMYMHBI CHJIbI TOKA

o0OecrnieurBaeT ee Ha AnekTpoaBurarene. KpyTaiiniit MOMEHT OT 3J€KTPOABUTATENs
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NepefaeTcss Ha peKy pyJeBOro MeXaHM3Ma M Jlajee, 4epe3 pyJieBble TIrd, Ha
BeIyIUE Kojeca.

Takum 00pa3omM, MOBOPOT KOJEC AaBTOMOOWJISL OCYLIECTBISETCS 3a CUeT
0o0OBbEMHEHUSI YCUTUH, TIEpPEelaBaeMbIX OT PYJIEBOrO KOJIeCa U AJIEKTPOABUTATENS
YCUJIUTETIS.

[ToBOpOT aBTOMOOMIISI HA HEOOIBIIONW CKOPOCTH OOBIYHO MPOU3BOJUTCS IPU
napkoBke. OH XapakTepuzyeTcsi OONbIIMMH yTiaMy MOBOPOTA PYJEBOro KoJjeca.
DNeKTpoHHAsi CUCTeMa yIpaBlieHUs oOecnedyrBaeT B JaHHOM  Cllydae
MaKCHUMAJIbHBI  KPYTSIIMM MOMEHT 3JIEKTPOJABUTATENsl, COOTBETCTBYIOLIUMI
3HAYUTETBHOMY YCUJICHUIO PYJIEBOTO YNPABIEHUS (T.H. «JIETKUU PYIIbY).

[Ipu moBopoTE Ha BBICOKOW CKOPOCTH, HANpPOTHUB 3JEKTPOHHAS CHCTEMA
yIpaBiICHUS 00ECTeYMBACT HAWMEHBIITUN KPYTAMIMA MOMEHT W MUHUMAIIBHOE
YCUJIEHUE PYJIEBOTO YIPaBICHUS (T.H. «TSHKEIBIN PyIby).

Cucrema yrmpaBieHUSI MOXET VYBEJIMYMBATH PEAKTUBHOE  YCHIIHE,
BO3HUKAIOIIEee MPHU MOBOPOTE KoJiec. [[poucxoauT T.H. aKTUBHBII BO3BpAT KOJEC B
CpellHEee MOJI0KEHUE.

[Ipu »skcmmyatanuu aBTOMOOWIST HEPEJIKO BO3HHMKAET IMOTPEOHOCTH B
NOJIIEP>KaHUH CPETHETO TIOJIOKEHUS KOJIeC (IBH)KEHHE TPU OOKOBOM BETPE, PA3HOM
JIaBJICHUM B IIWHAX). B 3TOM ciyyae cuctemMa ympaBieHHs OOecreurBacT
KOPPEKIIMIO CPETHETO MOJI0KEHUS YIIPABISIEMbIX KOJIEC.

B nporpamme ympaBieHHS DIEKTPOYCHIIMTENS pylis MTPeaycMOTpeHa
KOMIICHCAIIUS yBOJIa TIEPEIHENPUBOIHOTO aBTOMOOWIISI, BBI3BAHHOTO Pa3IUYHOU
JUTMHOW TIPUBOJTHBIX BAJIOB.

B psine cuctem akTUBHOMN 6€30MMaCHOCTH AJIEKTPOYCHIIUTENh (PYHKIIMOHUPYET
0e3 yuactusi BoauTelns. B cucrteMe KypcoBOW YCTOWYMBOCTH OH 00O€CIeunBaeT
o0paTHOE OJAPYIMBAHHUE KOJIEC, @ B TAPKOBOYHOM aBTOMMJIOTE - aBTOMATUYECKYIO
napauIeIbHYO0 B MIEPIICHINKYIISIPHYIO TTApKOBKY [4].

I[Ipu  pazpaboTke cepBOmpUBOAA  pPYJIEBOM  peillku  OECHUIOTHOTO
TPaHCIOPTHOI'O CPEACTBA, CIEAYET Y4YUTHIBATh, YTO YCWIHE, NEPEIaBAEMOE OT

o6ona pyirt MOXKCET OTCYTCTBOBATH IIOJTHOCTBIO H KOMHGHCI/IPYIOIHI/Iﬁ MOMCHT
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PYJEBOro MeXaHu3Ma 00yCIIOBJIEH HCKIIOYUTENIBHO 3JIEKTPOMAarHUTHHIM MOMEHTOM
JBATATENSA. JTO 3HAYUT, YTO JIBUTATEIb, UCIIOJIb3yEMBIA B COCTABE AJIEKTPOIIPUBOA
PYJIEBOrO yIpaBiIeHUsl OECIUIOTHOTO TPAHCIOPTA AODKEH UMETH 00Jiee BBICOKUMN
HOMMHAJIbHBIA U KPATKOBPEMEHHBIN DJIEKTPOMAarHUTHBII MOMEHT.

Cpenu mnpencTaBiI€HHBIX PEXUMOB pabOThl 3JIEKTPONPHUBOJA PYIEBOTO
YIIpaBJIEHUS CIEIyeT BBLIEIUTh HAauOOJee TSHKENbI — IOBOPOT KOJIEC HA MECTE,
KOI'Jla aBTOMOOMJIb HaXoJUTCAd Ha CyXOM ac(aibTOOETOHHOM MOKPBITUH, T.K. B
TAaKOM Clly4ae oOOecrneunBaeTcsi MAaKCUMAaJbHbIH KOA((UIMEHT CLEIIeHUs C
IIOBEPXHOCTBIO, A, CJIEAOBATEIIbHO, U MAaKCUMAJbHBIM CTATUYECKUM MOMEHT
Harpy3ku. 11o 5Tol npudrHe TaHHBINA PEXKUM SABIIAETCS PACUETHBIM, MaKCUMaJIbHbIN
MOMEHT COIIPOTUBIICHUS IIOBOPOTY KOJIEC IPUHUMAEM KaK MAaKCUMAJIbHBII MOMEHT

CTaTUYECKOM Harpy3KH 3JIEKTPONPUBO/AA.

2.2 PaccMaTpuBaemMasi KOMIIOHOBKA 3JIEKTPONPHUBO/IA PYJIEBOT0
ynpaBJieHHSs

Ha HekoTOpbIX OTeUeCTBEHHBIX aBTOMOOMIISX, TakuX Kak Lada Granta, Lada
Priora, Lada Kalina ycranaBiauBaioT 3JCKTPOABUIATEIN SJIEKTPOYCHIUTES PYIIs
C TaK Ha3bIBACMbIM, MPSIMBIM HPUBOJOM, 3TO 3HAYHUT, YTO OCh DJICKTPOIABHTATEIIS
npeacTaBiIsieT co0oiM YacTh pysieBoro Baia. [Ipu Takoll KOMITOHOBKE, JBHUTaTelb
HPUXOJUTCS HCIOJIB30BaTh TOpa3no 00jee MOIIHBIN, BBICOKOH TOYHOCTBIO
MO3MIIMOHUPOBAHUS Bajia MO yriry moBopota. OHaK0, KOHCTPYKIIAS MEXaHHYCCKOM
YaCTH MPEICIbHO MPOCTA.

B naHHBIE MOMEHT Takas KOMIIOHOBKA SIBJIIETCS CaMbIM JICIICBBIM M
paclpoOCTPAaHCHHBIM  BapUaHTOM 3JICKTPONPHBOIOB  YCHIIMTENCH pyas JUis
AaBTOMOOMJICH OTEYECTBEHHOIO MPOM3BOJCTBA. YUHTBHIBass 3TH (HaKTOPhl OBLIO
OPUHATO pEIICHHE pacCMaTpUBaTh HMMEHHO STOT BapHaHT KOMITOHOBKH JUIs
pa3pabOTKH CIEASIIETO SJACKTPOIPHBOIA PYICBOIO yIIPABICHUS

HccnenoBanue 3JIEKTPONPHUBOAA MPOM3BOIUTCS Ha 0as3e CYIIECTBYIOIIETO
SIIEKTPOMEXAHHYECKOTO  YCHIIUTENS  PYJIEBOrO  yIpaBJIEHUS  aBTOMOOHIIEH

cemeiictBa BA3 (puc. 4).
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PucyHok 5 — BHewHuii BU1 3JIEKTPONIPUBOA YCUIIUTEIS PYJIEBOTO
yIpaBJICHUS

Ha pucynke npuHsaTH 0003HAYCHHUS:

1 — pyneBoe koiieco, 2 — CHHXPOHHBIN AJIEKTPOIBUTATEND C MOCTOSIHHBIMU
MarHuTaMH, 3 — MEXaHU3M pPYJIEBON PENKH.

B cocTtaBe 1aHHOTO yCUIIUTENIS PyJisl UCIIOIb3YETCsS CUHXPOHHBIN JBUTaTEIlb
C TOCTOSIHHbIMM MarHuTamMu. CUHXPOHHBIM JBUTATENb OOECIIEYMBAET HYKHBIM
YPOBEHb MO3UIIMOHUPOBAHUS U TA0APUTOB MPU MOBBIIIEHHOM YPOBHE MOIITHOCTH.

YHOMSHYTBIA YCUIUTENb PYJIEBOTO YIPAaBICHUS HMEET TpeXda3HbIii
CUHXPOHHBIN nBUTaTENb pyneBoi koaoHku JIPK-CHG6c npousBonctea AO «C3OI3»

CO ciIcayromruMu OCHOBHBIMH TCXHUYCCKUMHU XaAPAKTCPUCTHUKAMU, IIPCACTABJICHHBIC

B Tabume 1.
Ta6muma 1 — OCHOBHBIC XapaKTEPUCTHKA CHHXPOHHOTO JIBUTATEIS C
noctossHHbIMU MarHuTamu JIPK-CHOc
Ha3Banme mapamerpa 3HaucHHE
HomunanpHas MOIIHOCTE, BT 530
da3Hoe HanpsHKEHWE nuTanus, B 14,5
Homunanesubeiii MoMenT, H-m 10.1
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OxkonuaHue Ta0JIUIBI |

MaxkcumaabHBIM MOMEHT, H-M 30
KIIA, % 76
Coso, o.e. 0.93
Macca, xr 5.6
Uwucno map noiatocos 8
YacToTa mUTAIONIETO HANPSHKeHUS, 111 66,67
HomunanbHas yactoTa BpallleHus, 500
00/MuH

JlanHblid BUraTenb NpelHa3HauyeH [ paboTbl ¢ MpeoOpa3zoBaTesieM

YaCTOThI, BCTPOCHHBIM B 010K YHpaBJICHUA YCHUIIUTCICM PYJI, KOTOpBIﬁ IIUTACTCA

ot 60pTOBOiIi cetn Tpancmoprta (12/24 B).

2.3 MaremaTn4ecKkoe ONMCcAHUEe CAHXPOHHOI0 IBUTaTeJIs €

MNOCTOAHHBIMHM MAarHUTaMH

B COBPCMCHHBIX CJICOAINUX CHCTEMAX JJICKTPOIIPHUBOJOB HCIIOJIB3YCTCA

CUHXPOHHAasA MallrH4, B KOTOpOﬁ YIIPaBJIICHUC TOKaMH CTATOPHBIX 00MOTOK

OCyHIECTBIISIETCS] B (DYHKIIMM YTIJIIOBOIO TIOJOKEHUS POTOpa, HU3MEPSIEMOro

JATYUKOM TIOJIOKEHUsT poropa. PaccMoTpum (Qu3nyeckyio MoOjeNlb CHHXPOHHOM

BEHTWJIBHOW MalllnHa, IPeACTaBIECHHYIO Ha puc. 6.

dx)
A d’(e)
4
C 0 _ 4
Dy
qQ (B) f\\ N
v UC
qw)
- -— q <
Us Un A
Up S
B

PucyHok 6 - ®u3nveckas MOJIeJIb CHHXPOHHOW MAIlIMHBI C MOCTOSTHHBIMHA

MarHuTtamMmm
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Ha puc. 6 0603HaueHbI:

U 4,Us,Uc — BEKTOPBI (ha3HbIX HANPSKEHHIA;

U — IPOCTPAHCTBEHHBLI BEKTOP HAIPSAIKEHHS,

@, — MPOCTPAHCTBEHHBIIl BEKTOP MArHUTHOIO [OTOKA POTOpa (MallMHa ¢ BO30YyK-

J@HHUEM OT MOCTOSHHBIX MArHUTORB);
d'q'(aff) — HENOABHIKHAA CUCTEMA KOOPAHHAT,

dq(xy) — Bpallawimascs cCucTéemMa KOOp/AHHaT.
IIppu mocTpoeHUM MAaTEeMaTUYECKOW MOJCIM  ABUTATENS  NPUHATHI
CIICAYyIOIIME NOIMYIICHMS
— OTCYTCTBYIOT: HACBIIIEHME MAarHUTHON ILenM, NMOTepU B cTand, 3P eKT
BBITCCHCHUSI TOKQ,
— O0OMOTKHU CTaTopa CHMMETPHUYHBI;
— HUHIAYKTUBHOCTH pPACCESIHMs HE 3aBUCUT OT IIOJIOKCHHUSA pOTOpa B
IIPOCTPAHCTBE;
— OTCYTCTBYECT BI3KOC TPEHHE B MOJLIMIIHUKAX POTOPA.
C yuetoMm »THX monyuieHui ypaBHeHMs paBHoBecus OJIC Ha oOMOTKax
cTaTopa B HEIMOJBUKHOI CUCTEME KOOpAMHAT, Oa3upyIOUIMecs Ha BTOPOM 3aKOHE

Kupxroda (porop He mMeeT 00MOTOK) 3alUIIYTCS B BUIE:

d¥

U,=R,i, +—=*

o dt
U};=R353+d:5 - (D

. frks o

fz‘rf- = Rf'ff' +d—;

r7ie Ui MalluHbI C BO30YKI€HHUEM OT IMOCTOSIHHBIX MarHUTOB
W, =L,i, +® cosar
VY, =L,i, +®, cos(ewr—120%)
V,=L,i,+®, cos(e+120°)

3
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@, = const — MArHUTHBIH NOTOK CO3/1aBAEMbIH [MOCTOAHHBIMH MArHUTaMH CTATOPA.
Jnst npeodpa3oBanust YpaBHEHHIl B MTHOBEHHBIX 3HAYCHHUSX K YPABHCHUSIM

2
B MPOCTPAHCTBEHHBIX BEKTOPAX YMHOMHM MEPBOE ypaBHEHHE HA -, BTOPOE —

2= 2-
Ha Erx , TPEThE — HA Erx U CII03KHMM, TOI/IA I1OJIy4YUM

Ug =R, +

dt . (2)
Vs = L_,’-I__ﬁ.' +¢'n€_mr = L_ﬁ-.’-_s.' +¢’D

rae Ly — MHAYKTUBHOCTb CTAaTOpa, ‘Ps — BEKTOP MOTOKOCLEILIEHHs CTaTOpa

®, — BEKTOP MArHUTHOIO MOTOKA OT MOCTOSHHBIX MATHUTOB POTOPA.
DNEKTPOMArHUTHBII MOMEHT, Pa3BUBAEMbIH Ha Baly ABUrATE/A PABEH:

M=z, -[Fsxii. (3)

3
2

YPaBHeHI/IH PaBHOBCCHA MOMCHTOB Ha Bally ABUI'aTCIIA (OCHOBHOG YpPaBHCHHC

AJIEKTPOMEXAHUKH):
d
J—"-=M-M_, (4)
dt
@
rie @, =—,z — 4YUCIIO Nap MoICcoB.

n

2.3.1 Mogeab CHHXPOHHOII MAalIMHbBI B HEMOABW:KHOH cCHCTeMe

KOOPIAMHAT

YpaBHEHHUS] BEHTUIBHOW MAallMHbBI B IPOCTPAHCTBE:
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U, =R;i; + L dis +jm$_\
3 — -
M=z, [Wexi| . (5)
d
T _p
dt

Pa3zioxuM ypaBHEHHS IO OCSIM HETIOJIBUYKHOM CUCTEMBI KOOpAUHAT (of3 ):

. d;.ﬁ'u
Ugy = Rgig, +Lg od _m[]j,rs
. d }}.‘;s
”.s;s :R.ﬁ"'.ﬁ'ﬁ + L +d @', g (6)

[IpoekuuK MPOCTPAHCTBEHHON0 BEKTOPA MOTOKOCLEIUICHHS ¥, HAa OCH
a,f, c ydetoM Ws =L is+®e'™ =Liis+®, (BTOpoe ypaBHEHHE CHCTEMbI (2)),
3aruileM B BHJIE

Y =" cosax =L i, +d,cos r’ﬂ.’} 7
VY, =¥ smaor = Ljig, + @, smax
rie Le Lp , — MHIYKTHBHOCTH OOMOTOK CTaTopa IO MPOIOJIBHOW U

MOMEPEYHOM  OCSIM  pOTOpa  COOTBETCTBEHHO. [[;ma  4acTHOoro  ciy4as

HESIBHOITOJIFOCHOM MAaIlIMHBI

Lo=Ly=Ls.
JIJIsl MAIITKHBI C TOCTOSIHHBIMA MarHUTaMHU:
dd
—L=0; ®,=const.
dt

Otkyna 3anuiieM ¢ yuetoM yciaoBus (7) nepenuuieM cucremy (6) B BUIE:
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ﬂrf Sa

U, =R, +L, i @Lgig, — oD, sinwt
Uyy = Ryigy + Ly 2 1 0l i, + o, cosa
Jop = Rgigp + Lg ?+ wlLg, +aod cosw
8)
3 . . . . - ] {
M= 2% ‘(f.s,r:[fom + @, cosmr)—ig, (Lig, + D, sinawr)
dw
Tm = Ji"f _J"(f{
t

CrpykTypHasi cxema COOTBETCTBYIOLIAs CUCTEME YPAaBHEHHI MOKa3aHa Ha

puc. 7.

U

[r3

Ls+R,

Ls+R;

Pucynok 7 - CTpykTypHas cxemMa CUHXpPOHHOT'O BEHTUJIBHOTO JIBUTATENS B

HCHOHBH)KHOﬁ CUCTCMC KOOpAHNHAT

2.3.2 Mogegb CHHXPOHHOH MAalIMHBI BO BpallalOUIUiics cUcTeMe

KOOPIAMHAT

Jns  ynpouieHus pacyeToB JUHAMUYECKHX IPOLECCOB B JIBUTATENE
BBOJMTHCS BPALIAOLIAACS CHCTEMA KOOPAMWHAT C OPUEHTAUMEW IO MOJOKEHUIO
pPOTOpA BEHTWJILHOM MAIIUHBI.

[Ipu nepexoje U3 HEMOABUAKHOM BO BPaIlAION[YIOCS CUCTEMY U OOpAaTHO U3
BpalalOIIeiicsi B HEMOJBWKHYIO CHCTEMY TMOJB3YIOTCS IpeoOpa3oBaTeisiMu

KoopauHaT. MaTeMaTtuueckasi OCHOBa NMPeoOpa30BaHUs MOSCHSIIETCS PUC.S.
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Pucynok 8 - Maremarnieckast OCHOBa mpeoOpa3oBaHusi KOOPAUHAT

B nemoaBwxkHOU cucteMe KoopauHAT (of3) BEKTOp TOKa (HAmpsiKEHUs,

MOTOKOCIEIIJICHHUS ) MOYKET OBITh MPEICTABIICH B aJIreOpandeCcKOl U ToKa3aTeIbHOM
dbopme:

i

!--" :!-u +.1Hﬂ = ‘Ir.ure

AHaAJOrMYHO BO Bpallarouieiicsi cucTeMe KOOPAMHAT (Xy) TOT K€ CaMbli

BCKTOP MOXKCT OBITH MMpCaACTaBJICH B BUIC:

- ; - g - —j#
iser =i +ji =1 ¢e" " =is-e".

m

OTtcroa Jerko nojay4uTh YpaBHEHUS MEpEXoaa OT HEMOIABUKHON CUCTEMBI

KOOPJAMHAT K BpalllaroIieiics U HAa000pOT:
i =i cosf+i_ smb
X i a [9]
i, =—i,sin@+i,cosd ’
i, =i cosf—i sm@

. _ : (10)
i, =1, sin @ +i, cosd

OTU ypaBHEHHUs TMOJIYyYWIM HA3BAaHHUE COOTBETCTBEHHO ImpsiMoro (9) um

obpatHoro (10) mpeoOpazoBanus [lapka—I opesa.

NmMutanmonnele  Moaenu — mpeoOpas3oBaTesied,  COCTaBJICHHbIC

ypaBHeHusiM (9), (10) npeacraBnensl Ha puc. 9, 10.

1o
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D
’ #(d)
@ -
| W)
— zin |—

G—

tetta
L——p cos

Pucynok 9 - [Ipsimoe npeobpaszosanue Ilapka-I'opeBa

- :,? =
=(d) "
@ :,? P

¥(q)

@_' P cos

tetta

Pucynok 10 - O6patHoe npeobpazoBanue [lapka-I'opeBa

[Tpu MOCTpPOEHUH PEaTBHBIX CUCTEM AJICKTPOIPUBOAA TIEPEMEHHOTO TOKa,
KaK CHHXPOHHBIX, TaK H ACHHXPOHHBIX, TIPAKTUICCKHU BCET/Ia B CUCTEMY YITPABICHHSI
BKJTFOUYACTCSI TPeOOpa30BaTeIl KOOPAUHAT. DTO 00YCIIOBICHO TEM, UTO PEaTH3AIIHSI
PETYIATOPOB BO3MOXKHA JIUIIIH BO BpAMIAIOMIEHCS CUCTEME KOOPIUHAT, a PeabHbIC
TOKH, TIPOTEKAIONINE B 0OMOTKaxX CTaTOpa — 3TO BEKTOpa B HEIMOJBIKHOM CHUCTEME
KOOp/IMHAT.

[ToaTOMy, Kak MpaBUIIO, COBPEMEHHBIE 3JICKTPOIIPUBO/IA TIGPEMEHHOTO TOKa
cojaepkar TmpeoOpa3oBaread obOomx THUmOB. Kpome TOoro, OHHM cojepiKar
npeobOpazoBatenu a3 2 k 3 u 3 x 2. [lepBble mpeoOpa3oBBIBAIOT TOKH Iq, 5B a3HbIC

TOKH Ia ,Ig ,ic B COOTBETCTBUHU C BBHIPAKECHUSIMHU:
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1. 43 . 1. 3.

Iy=1,, I :_Ef.; + lg, 1y=—T"I,— Iy -

2

A BTOpBIe MPEOOPa3oOBBIBAIOT (Pa3HBIE TOKH Ip,lg,ic B MPOCKIHU o, Ip B

COOTBCTCTBUM C BBIPAKCHUAMMU:

i, =1I

i A2 I,I'.T = T

B wutore ¢yHkuumoHanbHas cxema 3JEKTPONPUBOJA MPUOOpETaeT BH,

MpejCcTaBIeHHbIN Ha puc. 11.

A
L X,V —» 2 ”—-"
Perymsropri4- — {—I-- Hueeprop
| - aff | i ——
T I_ — _..{ e,
af? -] 3 Ag
i B |
)
_x" -}I i— .2- (.‘ {:}
L]
~M

Pucynok 11 - ®yHkimoHanbHas cxemMa JIeKTPOIPUBO/Ia IEPEMEHHOTO TOKA

BBenem B paccMoTpenue cuctemy KoopauHar (dq) CBA3aHHYIO C pOTOPOM H
BpaLIAIOIIYIOCSl BMECTE C HUM. Ee CKOpOCTh BpallleHUs! BCEra paBHa CUHXPOHHOM
CKOpOCTH. BekTop MOTOKa, CO34aBaeMOro IOCTOSIHHBIMH MAarHHUTamMu poTopa
BEHTUJILHOM MAIIMHBI MOXET OBITh MPEACTABICH MPOCTPAHCTBEHHBIM BEKTOPOM,
HEMOJBWKHBIM OTHOCUTEJIBHO POTOpAa M BpAIlAIOMIETOCS BMECTE C HHUM, a,
clIeIoBaTeNbHO, BMECTe ¢ cuctemont koopauHat (dq). [Tosromy HanpasuB ock d 10
BEKTOPY IMOTOKA POTOPA, MOXKHO M30aBUTCS OT MPOEKIIMH BEKTOPA HA OCh . Takum

00pa3oMm umeeM:
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Paznoxum cuctemy (2) B ocsx Bpallarolieiics cucteme koopauHat dq Ha

IIPOCKLUU:

td
dis
td

Uy, =Rgiy, + L

. = R_.f. +.{._.

(- (1)

[IpoeKiKH NPOCTPAHCTBEHHOTO BEKTOPA MOTOKOCIEIICHHs W, HA OCH d.q

C Yy4eTOM Ws = Lis+® e’ =Lis+®, (BTOPOE ypaBHEHHE CHCTEMBI (2)), 3aIHuIieM

B BHIC:

W, =L, iy +(Dn}
Y, =L, i '

(12)

J171s1 4acTHOTO Ciiy4asi HESIBHOIIOIFOCHOM MamnHbl Lg= Lq= Ls.

C yuetom (12) cuctema (11) 3anummercs Buje:

, disa .
{"'F_'m’ = R.&'I.Yu' + L.‘h’ ? —fUL_X. . :.'h'q
. dE-"-'r.' .
li.rJr_,h.l‘_]| = R.‘if.h'q + L.‘i ? + IHLS “lgy T+ ELIDU

3 . . . . '
M =E:” (gw (L, 'I'_.’.q]—l'h.q(.{._,’.-lh.d +(Du}]

JEm MM,

dt

(13)

CtpyKTypHas cxema JABUTaTelisd, COOTBETCTBYIOMIas cucteme (12) mokazana

Ha puc.12.
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(=) 1 i)

3 L
~z, 7
+ |2 M P

1
L.‘. p + R.‘l' i

Pucynok 12 - CtpykTypHas cxeMa CHHXpPOHHOTO BEHTHJIBHOT'O JBUTATENS BO

Bp&III&IOHIGfICH CUCTCMC KOOpAUHAT
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3 Pacyer mapamMeTpoB 3J1€MEHTOB CHJIOBOI LleNM M CHHTE3 KOHTYPOB

peryJaupoBaHust
3.1 Mexannueckas cUCTEMA

CornacHo pacueTHbIM JaHHBIM U3 [8], MOMEHT CONpPOTHBICHHS TapbhI
YIPaBIIsEMbIX KOJIEC, MPUXOIALIMNCSA HA aBTOMOOWIIb (HAarpy>KeHHbIN) ¢ Maccol B
2.5 T cocraBisgeT nopsaka 240 H-M ¢ ydyeToM nmorepb Ha MEXaHUYECKHUE MEepeladn
pPYJEBOrO ympaBieHHUs. YUUTbIBas OOJBIIYI0 BEIMYMHY MOMEHTa Ha Bajy
ANEKTPOABUTATENIS, CIIEAYEeT YCTAaHOBUTH PEAYKTOp CIEAYIOIIMM 3BEHOM IOCHe
AIEKTPOJBUTATEIS.

OO611yr0 cucTeMy UMHUTALMOHHOTO 3JIEKTPOIPHUBOJA MOXKHO IMPEACTABUTD
HECKOJIbKUMU OCHOBHBIMH OJIOKAMU:

— JIBUrateib, OTBEYAIOIIUHI 32 SJIEKTPOMEXaHUUECKHE MPeoOpa3oBaHMS;

— 1npeoOpa3oBareib 4acTOTHI, pErynupyomuni NEKTPUYECKOE
peoOpazoBaHUE SHEPTUH;

— MEXaHNYECKasi CUCTEMA HArPy3KH.

B 0CHOBY CTpYKTYpHO# CXEMBbI CUIIOBOI'O KaHalla 3jeKTpornpuBoaa (puc. 13)
3aJI0’)K€Ha CTPYKTypHas cXeMa JBYX(a3HOro CHHXPOHHOTO JBHUraTeis BO

BpaIaloIeHCs CHCTEME KOOPIHAT.

1
L p+R; | i

Pucynok 13 — CrpykTypHas cxema CHIIOBOrO KaHajaa CHHXPOHHOIO

AIEKTPONPUBOAA
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B nanHOIl cucteMe yuTeHbl OOpaTHbIE CBSI3M OT AneKkTpoasuratens. Ha
pucysnke 4 o6o3HaueHbl: 1 — mpeoOpa3oBaTenb; 2 — aCHHXPOHHBIN JIBUTaTENb BO
BpAILAOLIEICs CUCTEME KOOPAMHAT; 3 — OJHOMAacCOBasi MEXaHUUYECKasl CUCTEMA.

B oTcyrcTBHE SIBHBIX YNPYTuMX CBSI3ed MeXaHUYeCcKas CUCTEMa MPUHATA
ofHOMaccoBOW. OJIHAKO, B CHUCTEME €CTb HECKOJIbKO MEXAaHHYECKUX 3BEHBEB
(3neKTpoABUraTeNb, PEAYKTOP, PYJIEBOM MEXaHHU3M), UMEIOIIMX CBOM MOMEHT
uHepuuu. Heo6xoaumMo paccuuTarh NpUBEICHHBIA MOMEHT UHEPLUMU MEXaHU3Ma K
BaJLy 3JIEKTPOJBUTATEIS.

HaCHOpTHBIe HAHHBIC 3JICKTPOABUIATCIII TPCACTABJICHBI HUKE B Ta6J'II/I]_IaX

2,3.
Ta6muma 2 - [Tacmoptabie ganubie dnekTpoasuratens JIPK-CHOc
No. 06/MUH Use.. B Poe.. BT C0Sp, 0.€. M. % Joe , KT'-M?

500 14,5 530 0,93 76% 0.0054
Ta6muma 3 — [NacmoptHbie nanHbIe d5ekTpoasurarens JJPK-CHGc

m = M, e L [H LgTH @y Bo foum T'11 Rs, OM

de.n
3 0,00225 0,00525 0,0362 66,67 0,1536

[Ipu kpaTKOBPEMEHHOM MOMEHTE CONPOTUBIICHUS MEXaHU3Ma paBHOMY 240

H-Mm 1 MakcuMajabHOM MOMEHTE QJICKTPOABUTIATCIIA BI>I6I/IpaeM nepecaaToIYHoOC Yucjio

peayKTopa:
M, 240

i_ mex T 7
M 30

Makc

8 (14)

B mogo6HBIX MEXaHMYECKUX CUCTEMaX BRIOMPAIOT IJIaHETAPHBIC PEAYKTOpa
(Takke MOXHO UCIIOJNB30BaTh U JPYTHE€ PEAYKTOpa, UTO MOBJIEYET 3a CcOOO0H
M3MCHEHHE B KOMIIOHOBKAX, TaK, YTOOBI BOJUTENh CHISAIIMN 3a pyJeMm
OecnIOTHOTO aBTO coBepmias 3 o0opoTa pyJieBOro Kojieca, a JBUTATENlb TEM
BpEMEHEM COBepIII 24, MOXHO HCIOJIb30BATh KOMIIOHOBKY C MapaijiedbHbIM
pacIoNOKEHHEeM JBUTaTelisi Ha PYJIEBOM KOJOHKE), HMMEIOIIME MpHU MajbiX

rabapuTax OTHOCUTEIIFHO OOJIBIIOE TIEPEAATOYHOE YUCTIO.
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MoOMeHT HHepIHH peayKTopa NpuHuMaeM ucxos u3 [16]: J,.,=0,367 KT+ M.

MOMEHT WHEpHHH MEXaHW3Ma pYyJIEBOr0 YIPaBICHUS MPUHUMAEM:
J,p,=0,377 KI-M2,
PaccuntaeM MOMEHT MHEPIIUH, IPUBEIACHHBIN K Bay JTBUTATEIIS:

VR 0.0367 0.377
Jr =J5 + 24+ 2 =0,00544+ ——+
- I I“-i & & -1L3

-

= = 0,0095 krm*
(15)

TAc ipn - ICPCaAaATOYHOC YUCJIO PYJICBOIO MCXaHU3MA.

3.2 JIluHeapu30BaHHAsl CTPYKTYPHasi cxeMa CJeAsiler0o CMHXPOHHOIO

3J1eKTPONPUBO/IA

CormacHo HCTOYHHKY [3], JIMHCApHU30BaHHAA CTPYKTYypHasd CXEMa CIICAAIICTO

CUHXPOHHOI'O JJICKTPOIIpUBOAA ITPEACTABICHA HA PUCYHKC 14.
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-

Koc

Kon

Pucynok 14 — Jluneapu3oBaHHasi CTPYKTypHasi CXema CIAEISIIEro CHHXPOHHOTO 3JIEKTPOIPUBO/IA
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JlaHHas cxema  HaIQHO  ONKCBIBAET  CTPOCHUE  MOAYMHEHHOI'O
pPEryJIMpOBaHus CIEAAIIErO AIEKTPOIPUBOAA, IPUHUMAST HEKOTOPBIE NOIYILICHUS.
Takue Kkak TpUHATHE B Y4Ye€T CHUJIOBOro IpeoOpa3oBaTeisi B KauecTBE
allepUOIUYECKOr0 3B€Ha C IIOCTOSHHOM BpeMeHH, paBHOU nepuony LIIMM. Taxxe

0€3MHEPLIMOHHOCTD LieTiel OOpaTHOM CBS3U.

3.3 CuHTE3 KOHTYPOB pPeryJiupoBaHMsi CAHXPOHHBIM JIEKTPONPUBOI0M
3.3.1 Cunre3 peryasitopa ToKa

CtpykTypHas cxema KOHTypa Toka 1o ocu d mpencrasieHa Ha puc.15.

ky 1/R ¥
Ust = Pord ) —w T 1™ @, /R -s+1) Vil

-)

L-OT
Kors [l

Pucynok 15 — CTpykTypHas cxeMa KOHTypa ToKa 1o ocu d
U y
Kors = @ - K03 GUIHEHT 00paTHOM CBS3H 10 TOKY, B/A;

max
MakcuManbHO JONMyCTUMOE 3HAYCHHE TOKa Ha BBIXOJE NMpeoOpa3oBaTess
npunumaeM 100A, T.K. JaHHOE OrpaHWYCHHME HAKJIAJbIBACTCS IMPOU3BOJUTEIIEM
AJIEKTPOJIBUTATENS B PEKUME MPEACIBHO JOMYCTUMBIX.

[Tpuaumaem U =10 B;

3T max
Hecymyro yactoTy mMpOTHO-UMITYJIBCHOM MOJIYISIIMY TPUHUMAEM

f,.,=2000 I'm.;

wum

T,uT - HAaUMCHbIIIAasA HCKOMIICHCHPYCMas IIOCTOSAHHAA BpCMCHH KOHTYpPA TOKA,

1 1
c. Ilpunmmaem T,=T, = T 5000 0.0002¢ - mocrosiHHas BpeMeHH

wum
aBTOHOMHOI'O HHBEPTOPA;
OntuMu3anus KOHTypa TOKa TPOU3BOJUTCS MO MOJIYJIbHOMY ONTUMYMY.
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[lepenaTounas byHKUMA Pa30MKHYTOTO KOHTYypa TOKA,

OINITUMHU3UPOBAHHOTO 11O MOJAYJIbBHOMY OIITUMYMY IIPCACTABJICHA HUKC!

1

,  (16)
2-5-T,-(sT,+1)

ng (8) =W,y (8) -Woy1 (S) Wy, (S) - Koy =

rae W, (S) - nepenatodnas GyHKLIHMsS PErysATOpa TOKA i ;

k
W,,,(s) =—=— - nepenatounas GyHKIMsS aBTOHOMHOTO HHBEPTOPA.
T, -s+1

3mech, Kk, - KkodHIMEHT  yCHIEHUS ~ WHBEPTOpA,  PaBHbIi

U
K, =2 =142 _1 45
U, 10
1/R,
W,,,(s)= - mepeaTouHast PyHKIMS [EMH CTaTOpA.

(L, /R, -s+1)
BeIpa3um nepenatounyro (yHKIUIO PETYISTOpA TOKA:

1
W, (s)= 2:5- T, (s T +1) :(I-H'S*'l)'(l—d/Rs'SJrl)'Rs:
PTd k,, . 1/ R, K 2.5 T (5 Ty +1) -k, Koy
T,-s+1) (L, /R, -s+1) "
([T, -s+D-(L, /R -s+1)-R
2'S'Tqu'(S'T#Td +1)'kH'k0Td

, yautbiBasi, uto T, =T .., TO moay4nm:

(L /R -s+D-R. (L /R -s+1)-R-L, /R _
25T, Ky Kopy  2-5- T K, Kop - Ly /R

urd
_ Loy s+ -R Ty :de_(TPTd'S-i_l)’ (17)
2'S'Tde'kH'k0Td'TPTd S Topy
L, 0,00525

rie k., = =93.81 - koaddunuent

2.T ~2.0,0002-145-0.1

urd )

k, ‘K

u oTd
nponopuuoHainbHocTH [I-perynsaropa

Tpry =L, R, =0,03418 - mocTostHHAsE BPEMEHH PETYJIATOpPA TOKA IO OCH |
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AHanornyssiM 00pa3oM MPOU3BOJIUTCA CUHTE3 PETYNIATOpA TOKA MO OCH (,

KO3 (PUIMEHT MPONOPUUOHAIBHOCTA U MOCTOSIHHAsE BPEMEHH pEryssitopa OyayT

HMCTDH CICAYIOINNEC 3HAYCHUA:

. L, B 0,00225
2T, Ky Ko 2-0,0002-1,45-0,1
Tpp, =L, 1 R =0,01465

-38.78 (18)

O}KI/II[aeMBIC II0Ka3aTcJIn Ka4yCCTBAa pa6OTBI KOHTYpPa TOKa:

Ucnone3yss BCTpOGHHYIO (YHKIMIO JIMHEHHOTO aHajdu3a 3aMKHYTOTO

KOHTYpa MOJIYYWIH ciienyromuil rpaduk (puc.16).

System: linsys1 itep Response

110 Ktoka/Uztd to QY - Ktoka/Uztd To: OV

Peak amplitude: 10.4
Overshoot (%): 4.32
Attime (seconds): 0.00125

y | System: linsys1
/1 WO Kioka/Uztd to OV
I Settling time (seconds): 0.000829

Amplitude

! !

! !

! !

! !

! !

! !

! !
4f ! !
! !
! !

! !

! !

[ i

[ i

[ i

i i

0 0.5 1 1.5 2

Time (seconds)

[
on
2

=3
107~

Pucynok 16 — I'paduk nepexoaHoro mporecca B KOHTYpe TOKa

[To rpaduky BUIHO, YTO:

— ycranoBuBasics ommbka Al =0;

— mnepeperyauposanue o =4,32%:;

— BpeMs MEpBOr0 M OKOHYATEIbHOrO BXOXJEHHUS B 5% 30HY HOpH

oTpaboTKe cTymenyaroro 3amanms t,, =t , =4,1-T . =0,000829 c.
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3.3.2 CuHTe3 peryjsitropa CKOPOCTH

CrpykTypHas cxeMa KOHTypa CKOPOCTH IIpeICTaBlIeHa Ha puc.17.

w. pao | ¢

Usc max .Qi Weoe (8) F—™ Woy ($) -
S (&

L_DC‘

kDC‘

Pucynok 17 — CtpykrypHas cxema KOHTypa CKOpPOCTH

3nech, U, =10 B - MakcUMaJIbHOE 3a/laHKE 110 CKOPOCTH, B;
Koo - KO3 GUIMEHT 0OpaTHOH CBSI3U 110 CKOPOCTH:
:60-U3Cmax 6010

0,191 (19)

kOC

n -2z  500-2-314
KoHTyp ckopocTH ONTUMHU3UPYEM HAa CUMMETPUYHBIA ONITUMYM.
[Iepenarounas byHKIHSA pa3oMKHYTOI'O KOHTYpa CKOpOCTH,

OIITUMHU3UPOBAHHOI'O HA CI/IMMCTpI/ILIHBII;'I OIITUMYM UMCCT BUI:

SAT o +1
8-5% T, (s Te+1)

W (8) =W, (S) -W,,, (5) -k, = (20)

rae W, (S) - nepenarounast pyHKIUS peryssiTopa CKOPOCTH;

3 1
W, (S) =W, (S) - D, - =2zp - s ke - 0ObeKTa yIpaBICHUS;

-

1/k,,
, - IIepegaTroyHas (bYHKHI/IH 3dMKHYTOI'O
2-5-T,-(sT,+)+1

W3A1§[? (S) =

KOHTYPAa TOKa, ONTUMU3UPOBAHHOTO HA MOAYJIbHBIN ONTUMYM;
[IpeoGpa3yem mnepenatodnyro (QyHKIIMIO 3aMKHYTOTO KOHTypa TOKa,

OIITUMHU3UPOBAHHOI'O HA MO,Z[yanbIﬁ OIITUMYM K YIPOIICHHOMY BHUAY:

1/k,, 1/k,,

WMOS: —
s (8) 25T, (s T, +D)+1 2.8°.T,2+2:5-T,+1

, (21)
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2 2 .
T.K., claraemoe 2 - S -T ;” OyJleT IMETh UPE3BBIMANHO MATYIO BENUYHMHY, TO

UM MOXHO TIpeHeOpeub, MNPUHAB JUIS JalbHEMIIEro pacyera Cleayroliee

BBIPAKEHUE ISl IEPeJaTOYHON () YHKLINHN:

1/k,, 1/k,,

~ . (22)
2-s-T, - (sT,+)+1 2-s-T,+1

WBAI/([? (S) =

[IpuHsAB BO BHUMaHKE BBILIECKAa3aHHOE, BHIPA3UM MEPEAATOUHYIO (PYHKIUIO

pErymisTopa CKOPOCTHU:

54T, +1
W (5)= /k8SZ-TﬂC2-(s-T#C+1) _ (5-4T,c +1)- (25T +1) -k, (23)
1/ Kor 3 1 2 2 3 1 '
[ O7 S—¢ ) Y—— .k 8s°.T (s T-.+1 - -— .k
25 T, +1 ° 277y s e (8 Te ) Py 5y 7 Ko

I[J'ISI }I&HLHGIZIHCﬁ OIITUMH3alIHN HGO6XOJII/IMO npeo6pa30BaTL HaCTb YHUCIIHNTCIIA

IMOJIYYCHHOT O BBIPAXCHUSA K BUAY, IPUCMIICMOT'O JJIA IMMOCIICAYIOIUX HGﬁCTBHﬁ:
(5-4Tc+1)- (25T, +1)=s" 8T T, +5-4T . +25-T  +1,
[Ipenebperas cnaraemMbiM s ‘8T,,,c -TﬂT B CWJy €ro MaJIOW BEJIIMYHUHBI,

IMOJIy4YHUM:

s Bl T,p+s 4T, +2s- T, +1~s-4T  +25-T, +1:s-(4TﬂC + ZTNT) +1,

TCIICPb HOKAXCM, YTO IIOJIYUYCHHOC BBIPAKCHUC MOKHO IIPCACTABUTL B

CIIEIYIOIIEM BUJIC:
(5Te+D)-(s-3Tc+D-(2s-T, +1)
[IpeoOpasyem yrmoMsHyTOE BBIpaKEHUE:
(5-Te+D)-(s-3Tc+D)- (25T, +1)=(s*-3T,.° +5- T, +5-3T, +1)-(25- T, +1)=
=(s* 3T ° +5-4T +1)- (25 T, +1),
2 2
manee cienyerT mpeHebpeds cmaraembiM  S°-3T %, T.K. OHO Takke HMeeT

YpE3BBIYANHO MAIYIO BeIWunHy. Mmeem:

(s Te +1)- (s-3Tﬂc +1)- (Zs-TﬂT +1) z(s-4TﬂC +1)-(2s T +1),
[IpeobpazoBaB, moay4um:

(s-4T, +1)-(25-T, +1)=¢° BT, T +5-4T, +25-T, +1,
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2
kak u padee, cnaraempim S°-8T . -T, mpeHeOperaem, MOIyYUB

clenyronee:
(s- 4Tﬂc +1)-(2s -TﬂT +1)~s- 4Tﬂc +2s -TﬂT +1=s- (4Tyc + ZTM) +1.
OueBUAHO, TMPUHSAB CEPUIO JIONMYUICHUH, YHUCIHUTENb IEePEeaaTOYHON

(YHKIUU pEerynsTopa CKOPOCTH JAOMYCTUMO NPEICTABUTh B BUJIE:

(s Te+D)-(s-3Tc+D)-(25-T,, +1).

[ToaTOMy TpPOM3BOAMM 3aMEHY YHCIHUTEIS W TPOU3BEAECM JajdbHEHIIHEC
npeoOpa3oBaHus:

(s- 4TﬂC +1)-(2s ~TﬂT +1) -k,

3 1
85° T2 (5T +1) @, -Ezp-ﬁ-kac

5

Woe (s)=

N (5 Te+D-(s-3Mc+D)-(25-T, +1) Ky
~ 3 I -

2 2
85" - T,c" (s Ty +1)'@0'22p'\]2.s'k0c
(53T +D) (25T +1) Ky (76T, T, +5-3T,0+25-T, +1)-k,, (24)
= 3 1 - 3 1 ’
852'Tﬂc2'@0'52p‘ﬁ'k0c 8S2'Tﬂc2'@o'gzp‘ﬁ'koc
5 z

2
Taxoke, IpUHAMAEM JOIYIIEHHE OTHOCHTEIBHO ClIaraeMoro S° - 6'|'ﬂC -TﬂT, B

CUIIy €TI0 MAaJIOBHAYUMOCTH

(5% 6T,c Tp +5-3Mc +25- Ty 41 koy (8- (T, +2-T) +D) kor (95

3 1 3 1
832'Tﬂcz'@0'52p'ﬁ'koc 8S'TyC2'¢O'§Zp'T'kOC

z z

WPC (S) =

B cuny HHEpUIMOHHOCTH TPOLIECCOB B KOHTYPE CKOPOCTH, IPUMEM 3HAUEHHUE
MIOCTOSIHHOM BPEMEHHM KOHTYpa CKOPOCTH, OTHOCHUTEIIBHO IMOCTOSSHHOW BpPEMEHU

KOHTYPAa TOKa PaBHBIM:

T,c=32T,,

Tenepp, BbIpaKEHHE MEPEeNATOYHON (QYHKIMM KOHTYpa CKOpPOCTH

npeodpasyeTcs K CISAYIONEeMY BUAY:
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(s-@T,c+2:T,;)+1) -k, _ (s-98-T, +1) -k,

WPC(S): ) 3 1 ) ) 3 1 -
8S-TﬂC -CDO-EZp-I-kOC 8s-32 Tﬂr -CDO-EZp-I-kOC (26)
s98T,+1  O8T,-2:3;-ky, 5987, +1
s-98T, 8:32°T,°-®,-3zp-k,. s-98T, '
098-2-J. -k 2. .
e k s Koy _98-2.0,0015-38,78 10814

PC 8-32°T,, @, -3zp-k,. 8-32°T, -0,0362-3-8-0,191
- KOO PUIIUMEHT NPONOPLHUOHATBLHOCTH KOHTYpa CKOPOCTH.
B pesynbrare, nonyuunu [IN-perymsatop KOHTYypa CKOPOCTH C MOCTOSSHHOM
Bpemenu perynsrtopa T,. =98T , =0,0196c:

S- T, +1
s-T

PC

WPC (S) = ch (27)

OxumaemMble MoKa3aTesld KauecTBa paboThl KOHTYpa CKOPOCTH:
Hcnone3yss BCTpOCHHYIO (YHKIIMIO JIMHEHHOTO aHajdu3a 3aMKHYTOTO

KOHTYpa MOJIYYWIH clienyromuii rpaduk (puc.18).

Peak amplitude: 6.73
Overshoot (%): 28.6

- Attime (seconds): 0.043 A G : :
. L
/ 1 ™. System: linsys1
5 / i \\\ 1/0: Uztq1 to Transfer Fen_q3
/ 1 ™. Settling time (seconds): 0.0784
e e A= R St I TE R e T D T T ST TE
.............. L CTTR e e |
5 ==~ . _______ = r———— 1._._._.:.:_17:_: ___________________
! /1 System: linsys1
! /1 1j0: Uztg1 to Transfer Fon_q3
gaf [ ! Time (seconds): 0.0198
2 |V [ ! Amplitude: 4.99
= [ /! : :
£ | I 1 1
< 31 i i i
i i i i
3 i
2 ! 1 !
N i i
1/ I 1 1
if i i i
10 i i i
i i i i
| i i i
0 i i L i
0 0.02 .04 0.08 0.1 0.12 0.14 0.16 0.18

Time (seconds)

Pucynok 18 — I'paduk mepexoaHoro mpoiecca B KOHTYPE CKOPOCTH
[To rpaduky BUIHO, YTO:

- ycTanoBuBInascs omudka Aw,,, =0;

- nepeperyinupobanune o = 28,6%;
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— BpEMs MEPBOr0 U OKOHYATEIHHOTO BXOXJEHUS B 5% 30HY mpu OTpabOTKe

CTyNEHYaToro 3ananus: t =0,0198 c,t ,=0,0784 c

py2

JUist yMeHbIIEHUS! TepeperyaupoBaHusi OObIYHO CIENYEeT YCTaHABIUBATh
buaeTp Ha BXOJI€ KOHTYpa, OJIHAKO B JaJbHEHIIEM, YYUTHIBas BIUSHUE
MECPEKPCCTHBIX O6paTHBIX CBsI3eH B MOJCIIM CHHXPOHHOI'O JABHUIaTC/IsA, HMCCM

BEJINYMHY [IEPEPETYIUPOBAHUSA IOPA310 MEHBIIYIO.
3.1.4 OnTuMHu3anusA KOHTYPA MOJIOKEHH S

CTpykTypHas cxeMa KOHTypa IMOJIOKEHUs! ¢ Oe3bIHEpLUUOHHOM OOpaTHOMU

CBSI3bIO MpeJICTaBlIeHa Ha puc.19.

1 @.pang
Wep (5) o TV (5) - -

B

L

Pucynok 19 — CtpykTypHas cxema KOHTypa MOJIOKEHUS
[IpuHrMaem, 4TO Ha Baly pOTOpa YCTAHOBJIEH JATUMK MOJIOKEHUS POTOpa
(JITTP), xoTopsrit uMeeT pazpemerue B 1000 MmeTok (muckper) Ha 1 060poT Baja.
3nech, Uy, =10 B - MakCHMalbHOE 3aJaHUE 110 IOJO0XKEHUIO, KOTOPOE
cootBeTcTBYET 24000 METOK JaTuyMKa MOJIOKEHUSI pOTOpA, YUUTHIBAsA TO, YTO IPHU
Tpex 000poTax pyyneBoro Koyueca copepinaetcsi 24 060poTa Baja ABUTATENS;

Ko, - K0o3(uuneHT oOpaTHOM CBA3H IO MOJIOKEHHIO:

- 1000-U,pp  1000-10
O 24000-27  24000-2-3,14

~0,0663. (28)

W, (S) - nepenaToynast pyHKIHs 3aMKHYTOTO KOHTYPa CKOPOCTH;

s onTuMm3anu KOHTypa mnojoxkeHus mo MO Beioupaetcs [I-perynsatop

C mepeaaTouyHon PyHKIUEH:
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W,y (s) = 2.Tk¢ : (29)

wll kon

3nech, Manas MOCTOSIHHAsE BPEMEHHM KOHTYpa MOJIOKEHUS MPUHUMAETCS
paBHOI, NOCTOSHHON BpEMEHUM KOHTypa CKOPOCTH, IIO3TOMY IepeJaToyHas
¢ynxuus [1-perynsropa paBna:

0,191
W, (s) = ’ =73,4694. 30
i (9) 2.98.0,0002-0,0663 (30)

Hcnonb3yst BCTpOEHHYIO (PYHKIMIO JIMHEWHOrO aHajiu3a 3aMKHYTOTrO

KOHTYpa NMOJIy4uIH cienyromuil rpaduk (puc.20).

) From: Uzig2 To: Transf Overshoot (%): 0.0129 Sl

l===== o oo == At time (seconds): 0.281 ==

_-_-_-_-_-_-_-_-_-_-_-_-_-_-_-_-_-:"-_-:—____:-__-_-_-__-:-z_-_f_

T e B ;3,/_-'_'_'__'_'_"_'_'_'_'_'_'_'_'_'_'_'-
/ L =7 . System: linsys1

1
1
i 110 Uztg2 to Transfer Fen_g5
i Settling time (seconds): 0.14

Amplitude

1
1
i
1
1
1
1
1
i
1
1
1
1
1
|
1
1
1

I
05 0.1 0.15 0.2 0.25 0.3

Time (seconds)
Pucynoxk 20 — I'padux nepexogHbIX MPOLECCOB B KOHTYPE MOTOKECHHUS
[To rpaduky BuIHO, UTO:
- ycTanoBuBmiascs omubka Ag,, =0;
- nepeperynuposanne o =0,0129%;
— BpEMS MEPBOIO M OKOHYATEIIBHOI'O BXOXKIAEHUSA B 5% 30HY HpH OTpabOTKE

CTyNEHYaToro 3anauus: t,, =0,604c,t ,=014 c

py2
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4 HWmuTANMOHHOE MOAeJMPOBAHNE CJeIAIIero 3JJeKTPONPUBOAA

pYyJieBoil peiiku
4.1 Onucanye MMUTAIUOHHOA MO/IEJIHN

Ha ocHoBaHMH MaTeMaTUYECKOrO OIIMCaHUs CPIHXpOHHOfI MalllUHbI C
MOCTOAHHBIMKX MardvuTamMu, HOPCACTABJICHHOIO B IPCALIAYIIHUX pasaciiax OblL1a
IMOCTPOCHA HMUTAIUOHHAA MOACIIb CHHXPOHHOI'O JIBHUIATCIIA B HCHOI[BI/I)I(HOfI

cucreMe koopauHar (puc.21). Jlanuas mojenb 3akimoueHa B nojacucreme CAIIM na

puc.

zp
Fo'sin| w
Tata o zp 1lq
Fa'c31 s

0.5(Ld-La)

FLd-Lq}f% >
Tet
=2y

ib

r
N = 1
i —b| fiu) |DV e\ s . :
W

Transfer Fen_g2 Transfer Fen_g3 The

;

3

FO*cos(Teta)'ib
FO*sin(Teta)'ia

<z

Pucynoxk 21— Mopeiab CHHXpOHHOTO JBUTaTeNs ¢ MOCTOSTHHBIMU MarHuTaMu B
HETMOJABH)XHOU CUCTEME KOOPAUHAT

Maremarudeckoe onucanue CJ/IIIM B HEMOABMKHOM CHCTEME KOOpPIAUHAT

JOCTATOYHO CJIOKHOE. I ympoleHHWsi CHUHTE3a CHUCTEMBI PETyJIUPOBAHUS

HCTIOJIB3YETCSI MOAENb ABUTATENS BO BPAIIAONICHCS CUCTEME KOOPAMHAT, UMEIOIIAst

VIIPOIIEHHOE MaTEeMaTH4YeCKOe omnmucaHue. Mojienb BO BpallalOUICUCs CUCTEME

KOOpJIMHAT TIPE/ICTaBIICHa Ha PUC.22.
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" 1/Rs
4, " Ld/Rs-5+1

av5

Me
I w =0
Me Je -5 "

Transfer Focn_g2

. Moment2

=y » 1/Rs
=/ Lg/Rs-s5+1

OVE

PI/IcyHOK 22 — MOI[GJ'IB CUHXPOHHOI'O ABUTATCJIA C TIOCTOAHHBIMHA

MardiuTaMH BO Bp&IIIElIOHICﬁCSI CUCTEMC KOOpAHAT

Jlist peanuzanuu KOOpAMHATHBIX mpeoOpaszoBatenei [lapka-I'opesa Obin

NOCTPOCHBI OJIOKH, OOBEIUHEHHBIE B TOJACHUCTEeMbl [Ipamoe npeobpazosanue

u

Obpamnoe npeobpazosanue. BHYTpEHHSSI CTPYKTypa ITUX OJIOKOB TIpeACTaBlieHa

Ha puc 23, 24.
zp » sin »
Theta p =
zp1 Ua
N »( 2
N (2 )
Ub
| COS L %
>
@ S L
= ud )
T
. N
x
C s >

Ug
Pucynok 23 — BuyTtpennee ctpoenue 010ka mpsimoro npeodpaszobanus [lapka-

['opeBa
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Oz > sin —_F
Theta >
zp1
| id
P cos . : »
L :
e
D >
- Ua
ia
» iq
: e
3 Lall
Ub

ib
Pucynok 24 — Buytpennee ctpoenue 610ka odpaTHoro npeobdpazoBanus [lapka-
I'opesa
B WMMUTanMOHHOM MOJEIMPOBAHUU TAKXKE HCIOIB3YIOTCS TOJCUCTEMBI
pPEeTyIATOPOB TOKA, CKOPOCTH W TIOJOKEHUS sl peaju3aliii KOHTYpPOB

PETYIINPOBAHUA C OTpaHUYCHHUAMMU. BHyTpeHHCC CTPOCHUC HEJIMHCHHBIX

PEryasTOpPOB MOKa3aHO Ha puc 25, 26, 27.

- -

Uztd Urtd

Pucynok 25 — Henuneitnbii [INU-perynstop Toka

0=

C)
Uzsd Ursd
@

s

Pucynok 26 — Henunelinbiii [TI1-perynstop ckopoctu

S/ —

Uzsd Ursd

Pucynok 27— Henuneutnbiii [I-perynsitop monoxxenus
bput mOCTPOEHBI MOJIENIA PETYAUPYEMOIO CHHXPOHHOIO 3JIEKTPONPUBOIA

BO Bp&m&IOIHCfICH n HGHOI[BH)KHOﬁ CUCTEMC KOOpAWMHAT C MLCJIbIO CPABHUTDH
53



MEePEXO/IHbIE MPOLECCHl, MPOTEKAIONIUE MPU HCIOJB30BAHUM JAHHBIX MOJIEINEH,
Apyr  OTHOCHTEIBHO  JApyra. Mogenb  peryaupyeMoro  CHHXPOHHOIO
AJIEKTPONPUBO/IA BO BpAIIAIOIIEHCS U HETIOJBUKHON CUCTEME KOOPAUHAT IMOKa3aHbl

Ha puc 28, 29 COOTBETCTBEHHO.

AL
o

Pucynok 28 - Mogenb peryimpyeMoro CHHXpOHHOT'O 3JIEKTPOIIPUBOA BO

Bp&III&IOIIICfICH CUCTCMC KOOpAUHAT

Pucynok 29 - Mogaeinb peryiupyeMoro CHHXpOHHOTO 3JIEKTPOIPUBOAA B

HETNOJABH)XHOU CUCTEME KOOPAUHAT

Ha pucynke 30 npencraBieHbl rpaduKu MEPEXOAHBIX ITPOIIECCOB MOMEHTA
W YacTOThl BpaIllEHWS CHUHXPOHHOTO JBUTATENsl MPH HCHOJB30BAHUU Pa3HbIX
Mojenen. Ha pucyHke MOXKHO 3aMETUTh Pa3HUIY MTHOBEHHBIX 3HAYEHUIT MOMEHTA
M YacTOTHI BPAIICHUS OJHON MOJICIH OTHOCHTEIBHO APYro. IT0o 00YCIOBICHO
YIIPOILIEHUEM MaTeMaTHYECKOT0 OMKUCAHUS ABUTATENS JJIs1 BPALIAOLICHCS CUCTEME
KOOpJIMHAT, OJIHAKO pa3JIM4usg HEBEJIUMKH M MCIOJb30BaHHE MOJICIM BO
BpAIIAIOIICHCS CHUCTEME KOOPAMHAT [JI pa3pa0OTKH HEIWHEHHONW CHCTEMBI
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ABTOMATHYCCKOI'O YIIpPaBJICHUA CICOAINNM CUHXPOHHBIM 3JICKTPOIIPHUBOAOM MOKHO

CUCCTb aACKBATHBIM.

YacToTta epawienms, W
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012 014 046 0.8 0.2

Pucynok 30 — I'paduiku riepexoJHBIX TPOIIECCOB IS ABYX MOJIeei

ANEKTPONPUBO/IA

Jlanee, Ha OCHOBE CTPYKTYpPHOM cXeMbl TuHeapu3oBanHo CAY crieasiiero

QJICKTPOIIpUBOIA ITOCTPONUIIN UMHUTAITUOHHYTIO MOJICIIb HEJIMHEHHOU HGHpCpLIBHOﬁ C

OTpaHMYECHHEM BbIXOJa perynstopoB BenuunHod +10 B CAY cuensuiero

CHHXPOHHOTO 3JIeKTpornipuBoaa (puc.31).

Kinv
Twm-x41

Uizt ©  Lirid

v

Henureaimsi
PTid

Kot

Me

/

Thata T |

Kinv
T -s41

—-O—r—uun: Ursd Uzt G

B

Herune febin

Ua s ;"% Mo |
ud T : a

us

g

Mgamoe npesbpazosanne

Henureibin Her

3

Ig

OBparnoe npesBpmosame
Thata

]

in

AMA

Pucynok 31 - Mogenes HenuHenHOM HenpepbiBHOW CAY cnensiero

CHHXPOHHOI'0 3JIEKTPOIPUBOIA
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4.2 Pe3yabTaThl MOACIMPOBAHUS

B pesynbrate wmopenupoBaHus ObuUld modydeHbl rpaduxku (puc. 32),
ONMKCHIBAIOIIME pabOTy »>IEKTPONPUBOJA B pPEXKUME IMOBOPOTa HA MECTE C

MakCuMalabHOW  Harpy3kon  nBurarenss 30 H -m, 4YTO  COOTBETCTBYET

MaKCUMaJIbHOMY MOMEHTY CONIPOTHUBIIEHUS MEXaHU3Ma pyJjeBor peuku. [Ipu satom
CUHXPOHHBIM 3JIEKTPONPHUBOJI YCIIEBAET OTPadOTaTh 3aJaHUE, COOTBETCTBYIOIIEE
NOBOPOTY KOJIEC U3 KPAMHETO IMOJIO0KEHUS OJHOrO HAaIpaBJICHHs B Apyroe 3a 2,85
CEKYH/JIbI, UTO YAOBJIETBOPSAET MOCTABICHHON LIEJIM COBEPLIUTH MOBOPOT KOJIEC HA 3

CEKYH/IBI.

Uactora BpalueHus, W
| |

40 @, =52,36 paolc

20

0 0.5 1 1.5 2

MomeHT anekTpoMarHuTHbl, Me
| | |

I I I I
0 0.5 1 1.5 2

«10* Yron noeopoTa B meTkax AlNP
T

L @,,.= 24000 vemox

Pucynok 32 — I'paduku yacTOTHI BpallleHHsl, MOMEHTA, yTiia IOBOPOTa MPHU

MAaKCHMAaJbHOM 3aJIaHUU
C II-perynsitopoM MOJO0KEHUS 3aMKHYTBHIM KOHTYpP PETYJIUpPOBAHUS UMEET

10 yIpaBJICHHUIO aCTAaTHU3M IICPBOI'O IIOPsAAKaA, IIO3TOMY CTYIICHYATOC BOBI[CfICTBHG
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OyzneT oTpabaThIBaThCs 0€3 yCTaHOBUBILIEHCS OIINOKH, a B PEXKUME CICKEHUS OYyT
UMETh MECTO OLIMOKH, MPOMOPLUHOHANBHBIE MPOU3BOJHBIM OT CUTHAja 3aJaHMUA.
[lpu nuHeWHO-HapacTalolleM CHUTHaje 3aJaHus B 3TOM cliydae OyAeT TOJIBKO
CKOpOCTHass omuOKa. BBemeHHeM CKOPOCTHON KOMIIGHCAllMM MOXHO e
yMeHbIuTh. Ha pucynke 33 HarmsgHoO mokasaHsl TpaduKu TUHEHHOTO 3a/1aHus 110
MOJIO)KEHUI0 ¥ TEKYIIEro 3HA4YCHHs IMOJIOKEHUs Bajda, a TakkKe, BeIHMYMHA

CKOpOCTHOﬁ OIITNOKH (YCTaHOBI/IBI_HaSICH 151 MaKCI/IMaJ'IBHaSI).
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@, THCKD.
o . . . . . . . A
G000 4
SO0 4
4000 1
3000 4
2000 1
1000 4
0 ]
0 'CI1 CIZ CIE CI4 'C:E 'Clﬁ 'CI? 'CIB 'CI? 1

Pucynok 33 — I'paduiku TuHEHHOTO 3a/IlaHUs M TEKYIIETO MOJIOKEHHS Bajla poTopa
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3aKJII0UYeHHe

B mpouecce paborel Obula pa3zpaboTaHa M HCCIEAOBaHA MMMTALIMOHHAS
MOJIeJIb MUKPOIPOLIECCOPHOU CHUCTEMBI YNPABICHUS CUHXPOHHBIM JIBUTATEJIEM C
MOCTOSIHHBIMU ~ MarHuTamMu. B pe3ynbTaTte MPOBEIACHHBIX TEOPETHUUECKUX
HCCIIEIOBAHUM SJIEKTPOINPUBOJIa PYJIEBON peHKH OECHUIOTHOTO TPAHCIOPTHOTO
CPElICTBA, MOKHO CKa3aTh YTO MCIOJIb30BAHKUE AJICKTPONPHUBOJIA PYJIEBOU KOJIOHKHU
or DVYP nng nerkosbelx aBTOMOOMIIEH ceMelictBa BA3 B kauecTBe CiemsIero
OpuBOJa aBTOOYCOB Maccoil okoso 2.5 T, SBIsAETCS BO3MOXHBIM. B cuiy
CEpUIHOCTH IPOU3BOJICTBA U JICHIEBU3HBI PACCMATPUBAEMOTO YCUIIUTEIS PYJIEBOIO
yIpaBlieHUs JajdbHEHIINe UCCIeOBaHUS SBIISIOTCS MEPCIEKTHBHBIMU.

beinmu paccunTaHbl OCHOBHBIE MapaMeTphl JI MOCTPOCHHS UMHUTAIMOHHON
Mozenu ynpasieHusi. Ha ocHoBe pa3paboTaHHON MaTeMaTH4YeCKOM Mojienu, Obuia
NOCTPOCHA MMMTAIIMOHHAST MOJIEIb CHHXPOHHOIO 3JIEKTPONPHUBOAA B MpPOrpaMMe
Matlab2018a. I'paduku monydeHHBIE B pe3yiabTaTe MOJCIUPOBAHUS TOBOPSAT 00

JOCTAaTOYHOM 6LICTp0,Z[CI>'ICTBPII/I QJICKTPOIIpUBOAA B paCCManHBaeMOﬁ CHCTCMC.
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5.1 OmneHka KOMMEpP4YeCKOro IMOTEHIUATAa M NepPCHeKTHBHOCTH
NpOBeJAeHUS HAYYHBIX HMCCJIEIOBAHMI ¢ MO3UIHMH pecypco3(pPeKTUBHOCTH H

pecypcocoepexeHust
5.1.1 IlpeanpoeKTHbIN aHAJIN3

Lenbto nanHoOM paboTHI SBISIETCS pa3paboTKa CIEASIIEro IeKTPOIPUBOIA
pyJeBOM peiiku sl OECIMIOTHOTO TPAHCIOPTHOIO CPEJCTBA, MPEeAHA3HAYEHHOTO
JUISL TIEPEBO3KHU MACCaXUPOB B Mpeesiax ropoACKON uepThl, ¢ MOJHON Maccoi 2,5

TOHHBI.
5.1.2 CermeHTHpPOBaHHE PbIHKA

Paccmorpum  upmbl IPOMBBOAMTENM AHOJOTOBBIX pelieHuil. BriOpaHbl
IPOU3BOAUTENM AIEKTPOABUTATENEH Pa3HbIN TUIIOB.
CerMeHTUpyeM PBIHOK IO CIAEAYIOUIUM KPUTEPHUIM: pa3MeEP KOMITAaHUH

3dKa3uMrKa, BUI JICKTPOIIpUBOaA

Bun snektpornpuBoa

DIEKTpONpUBOJ | DIEKTPONPUBOJ | DNEKTporpuBoj | CHHXpOHHOTO

MOCTOSIHHOTO NIEPEMEHHOTO Al ¢ da3abIM| nBUTATENSA

TOKa TOKa poTOpOM MOCTOSIHHBIMU

MarHuTaMu

Kpynnsie Qupma A ®upma b
Cpenunue Qupma A ®upma b ®upma B
Menkue ®upma b @upma I’

Onucanue y4acTHHUKOB PhIHKA:

dupma A: OAO «Poccuiickue xene3nbie jpoporm» (OAO «PXK») —

poccuiickasi rocyJapCTBeHHas!, Biajesel] HHPPacTpyKTypbl OOIIEro Moib30BaHUs U

KPYIHENIINNI EPEBO3UMK POCCUMCKOMN CETH KEJIE3HBIX JOPOT.
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Oupma b:  Kamyxckuil  3aBoag  3neKTpoHHbIX — u3genuit  (AO
«ABTO3n€eKTpOoHMKa») — llpennpusitue cneuuanuzupyercss Ha pa3paboTKe U
IIPOU3BOJCTBE DJICKTPOHHBIX KOMIIOHEHTOB M CHCTEM Uil KPYHHEHIINX
npou3BouTeNel apromoousiel Poccun u OsmKHEro 3apyoesxbsi.

Q®upma B: Pyano-I'opubie TexHo10rnM — 3TO KPpyNHEUIIUN MOCTABILIUK
o0opyaoBaHUs MJid TNPEAIPUITHI TOPHOJOOBIBAIOIIETO, YTOJIBHOTO M TOPHO-
CTPOUTEIBHOIO0 KOMILIIEKCOB Poccun.

Oupma [ xomnanusa «HII® Mexatponuka-IIpo» crenuanu3zupyercsa Ha
pa3paboTKe  MNpPOrpaMMHOrO  oOecnedyeHus  Ajii  CHUCTEM  YIPABIICHHUS
ANEKTPOABUTATENSIMA U TIPOrPaMMUPYEMBIMHA JIOTUYECKMMHU KOHTpOJIEpaMH, a
TaKXKe OCylIecTBIsAET BbinojdHeHne KOoHTpakTHbIXx HMOKP B oGmactu co3ganus
CUCTEM YINPABICHUS DJIEKTPONPUBOJAMH COINIACHO TEXHHMYECKOMY 3aJaHUIO
3aka3uuka.

Pe3ynprar cermMeHTHpOBaHUs: IJIABHBIM CEKTOPAaM pbIHKA IPUHAIEKAT
IIPUMEHEHUE CHUHXPOHHOI'O IBUIaTeNlsl ¢ MOCTOSIHHBIMM MarHUTaMU CpPEIHUMU U
HeOonpIMMH pupmamu. Hanbonee npeanoyTUTENbHONW CUYMTAETCS] pEKOMEHIalus
CUHXPOHHOTO JBUTATENsl C TOCTOSHHBIMA MAarHUTaMH CpeaHuUM (upmam.
CerMeHTOM pbIHKAa, 3aMaHYMBBIX [JIi KOMIAHWU B TEPCIEKTHBE, CUUTAETCA
pPEKOMEHIAIMS AIEKTPONPUBOIA C YACTOTHBIM PETYIHPOBKOM HEOOIBIITUM, AaKTUBHO

pa3BUBAIOITUMCS, (PUPMaM.

5.1.3 AHaJIu3 KOHKYPEHTHBIX TEXHUYECKUX pelleHuil

AHanu3 KOHKYpPUPYIOLIUX Pa3padOTOK, KOTOpPbIE CYIIECTBYIOT Ha PBIHKE,
MPOBOJIMTCS CUCTEMATHYECKH, MOCKOJIbKY DPBIHKA MPEObIBAIOT B MOCTOSHHOM
JNBW)KEHUH. JIaHHBIM aHanM3 NOMOTaeT BHOCUTh KOPPEKTHMBBI B HAy4YHOE
WCCIIEIOBAHUE, IS YCIENTHOTO MPOTUBOCTOSHUSL CBOUM COIEPHUKAM.

[IpumeHeHne creasmux CHUHXPOHHBIX — JJIEKTPOINPHUBOJOB  MO3BOJISAET
MOJIEPHU3UPOBATH PYJIEBOE YIPABICHUE, MOBBICUTh HAJAECKHOCTh, CPOK CIYKObI

0o00OpylI0BaHMs, CHU3HUTH SHepronorpediaeHue. CHUHXPOHHBIE 3JIEKTPONPUBOJIbI
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CTaHOBSTCSI BCe OOJI€e paclpOCTPAaHEHbI, YTO MO3BOJUT B CIy4ae HEOOXOIUMOCTH
IIPOBECTH ONEPATHUBHYIO 3aMEHY.

CTOMMOCTb MOIIHBIX JEKTPOABUTaTENEH MOCTOSHHOIO TOKA COU3MEPHUMa, a
MHOTJIa U MPEBBIIIAET CTOUMOCTh CHHXPOHHOI'O TPeX()a3zHOro 3JIEKTPOJIBUTaTENS C
YaCTOTHBIM Mpeo0pa30oBaTEeM U KOMILIEKTOM JOMOJHUTEIBHOIO 000pYI0BaHMS,
IIPY ATOM CPOKH NOCTaBKM cokpaunjarorcs ot 45-90 nueit no 1-14 nuei.

[Ipy 5TOM CHUHXpPOHHBIE BJEKTPOJBHUraTreian Oojiee HaJIEKHBI, YeM
ANEKTPOABUTATENIN MOCTOSIHHOTO TOKA 32 CUET OTCYTCTBHSI IIIETOYHOTO arnmapara.

Taxxe, 1aHHbIE ABUTATEIN UMEIOT MOBBIIIEHHBIN KO3 (GUIHUEHT MOJIE3HOrO
JNEUCTBUS, TIPU 3TOM HMeEsl MIMPOKHUE BO3MOXHOCTU MO YIPABICHHUIO 33 CYET
UCIIOJIb30BaHMS BEKTOPHOTO YIIPaBICHUS.

JlaHHBIN aHANMM3 TPOBOJUTCS ¢ TTOMOIIBIO OIICHOYHOU KapThl (Tabiuna 4), B

KOTOpO# paccmaTpuBatorcs I moCTOAHHOTO TOKA U CUHXPOHHBIN OII.

Tabnuna 4 — OueHovHast KapTa KOHKYPEHTHBIX TEXHUYECKUX PelIeHUN

Kpurepun ouenku | Bec banabl KonkypeHToCcnoco0HoCTH
KPHUT oIl CHUHXpOHHBIHI oIl CHUHXPOHHBIN
epusi | TMOCTOSIHHOTO oIl IIOCTOSIHHOTO oIl
TOKa TOKa

TexHuYeCKHe KPUTEPUHU OLEHKHU pecypcoddekTuBHOCTH

1.KII[Q

0,12 4 5 0,48 0,6
2. Inanazon
perylIupoBaHus 0,2 5 5 1 1
CKOpPOCTH
3. Hagexxnocth 0,1 4 5 0,4 0,5
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4. 3aBbllIcHUE

0,15 4 ) 0,6 0,75
MOIITHOCTH
5. IIpocrora

0,13 4 3 0,52 0,39
yIpaBieHUs
6. ['abGapuTol

0,12 4 5 0,48 0,6

JKOHOMHYECKHE KPUTEPUH OLeHKH I(P(PEeKTHBHOCTH
1. llena 0,08 3 4 0,24 0,32
2.
KoHukypeHnTocnoco6 0,05 3 4 0,15 0,2
HOCTb TIPOJTyKTa
3. YpoBeHb
IIPOHUKHOBEHUS Ha 0,05 5 4 0,25 0,2
PBIHOK
HTroro 1 36 40 4,02 4,22

B X0I€ aHalln3a TCXHHUYCCKHUX KOHKYPCHTHBIX pGI_IIGHI/Iﬁ OBUIO BEISABJICHO

IMPEBOCXOACTBO

ANEKTPOIPUBOIOM

CUHXPOHHOTI'O

IIOCTOAHHOI'O

QJICKTPOIIpUBOAA HaA

OCHOBHBIMH

€ro0 KOHKYPCHTOM —

[IPEUMYILECTBAMU

HCCIICAYCMOTI'O JJICKTPOIIPHUBOAA SABJIAIOTCA: MAJIBIC Fa6apI/ITLI, HHU3KasAd O€Ha H

BbICOKMM KII/I.

5.1.4 FAST-anaau3s

Bri6op oObekra FAST-ananmuza: oOwbekroM FAST-ananusa sBisieTcs
CEPBONPHUBO/ PYJICBOM Peiiki OECITMIIOTHOT'O TPAHCIIOPTHOTO CPEICTBA
Omnrcanue TJIaBHOW, OCHOBHBIX W BCIIOMOTAaTeIbHBIX  (DYHKITUH,

BBITIOJIHSIEMBIX OOBEKTOM:

OyHKIMN 00BEKTA:

['maBnas ¢pynkius: Kommnercamyss MOMEHTa Ha PyJIEBON PEHKH.

OcHoBHble (YHKIIMU OOBEKTAa HCCIEIOBAHUS: PETyIUPOBaHUE YIJia
MOBOPOTa PYJIEBOM PEUWKH, OTHOCUTEIBHO NPUIIOKEHHBIX K HEM MOMEHTa |
CKOPOCTH.
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Bcnomorartenbubie (yHKIIMU: TOYHOCTb, OBICTPOJACHCTBHE CEPBOINPHUBOJIA

PYJIEBOM PEUKH.

Tabmuma 4.1 — Knaccudukanus QyHKIUNA, BBIMOJHIEMBIX OOBEKTOM
HUCCICOOBAaHUA
HaumenoBanue | KonmyectBo Panr ¢pynkuun
N Brimonasiema
netanu (ys3na, neraneil Ha BcnomorarenpHas
s pyHKIUS I'maBHas OcHOBHas
mporiecca) y3en
N Bpamenue
PyneBas peiika 1 pattt *
Baja
[IpuBoauT BO
BpalleHue
CepBornpuBo 1 partl * *
pPYJIEBYIO
peuKy
Pacuer
JlaTurKk MOMEHTa 1 MIPUIIOKEHHO *
T'0 YCUJIUS
IlepBuunas HN3menenune
o0OMOTKa 1 HaIPsKESHUS - *
AJIEKTPOIBUTATEI MIUATAOIICH

s

CETHU

Omnpenenenue 3HAYUMOCTH BbINOJIHAEMBbIX QYHKIUI 00beKTOM
CtponmM MaTpHIly CMEXHOCTH (PYHKITUU U TTPeoOpa3zyeM MaTPHUILy CMEKHOCTH

B MaTPHUILy KOJIUYECTBEHHBIX COOTHOIICHUN (DYHKITUH.

Tabmuna 4.2 — Marpuiia CMEXHOCTH

| 1] 2 | 3 | 4 |Hror| 3naummocts
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byHKITIN
1 Pynesas peiika 111571115 5 0,3125
2 CepBONpPHBOL 11157 1 15 5 0,3125
3 JlaTunk MOMEHTa 0,5 0,5 1 3 0,1875
4 TlepBuunas 0OMOTKa 05| 05 1 1 3 0,1875
SIEKTPO IBUT ATEIs ’ ’
16 | 1

AHaJIU3 CTOMMOCTH PYHKUMH BBINOJHACMBIX 00bEKTOM HCCJIE0BAHUSA

Pacuet ctoumocTu dyHKIMI TpuBeieH B Tabuuie 4.3.

Ta6muma 4.3 — Onpeaesnenre cTOMMOCTH (GYHKITUH, BBITIOJHIEMBIX 00bEKTOM

UCCJIeI0BaHNUS
HaumenoBanne | KosmuecTBo
o CebecTouMOCTb,
netanu (y3na, JeTanei Ha OyHKIMSA
pyO. 3a mIT.
poIiecca) y3el
Pynesas petika 1 Bpamenne Bana 160000
[IpuBoguT BO
CepBornpuBoI 1 BpaleHue 260000
PYJIEBYIO PEUKY
Pacuet
JlaT4nK MOMEHTa 1 MPUJIOKEHHOTO 380000
YCHITUS
[TepBuuHas N3menenue
oOMOTKa 1 HaNpsuKeH A 590000
AIEKTPOBUTATEI UTAIONIEH
A CeTH
1390000
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ITocTpoeHue PyHKUMOHAJIBHO-CTOMMOCTHOM IUArpaMMbl 00beKTa U ee
aHaAJIN3
Wudopmaruss o0 o0beKkTe HCCIENOBaHUS, COOpaHHAasT B paMKax

MpEeAbIIYIINX CTaIUi, Ha JaHHOM J3Tare 00o00maercs B Buie (PYyHKIHOHAIBHO-

ctoumocTHOM auarpammel (OCJ) pucynke 4.1.

OcHOBHast 3HAYUMOCTb

0,4
(ynKIR

0,3
0,2
0,1

0

0,1

0,2

0,3

0,4

OcHOBHEIE 3aTpaThl HA
dyHKIHIO

-0,5

Puc. 4.1. ®yHKIIMOHAILHO-CTOMMOCTHAS IHarpamma
Ananu3 nipuBeaeHHON Bbilie @CJ] moka3bIBaeT HAIMYKME PACCOTIIACOBAHUS
mo ¢yukuu 1. HeoOxommmo mpoBecTH pabOThl MO JIMKBHJANWHU JaHHOU

AUCIIPOIIOPLUH.

Ontumu3anus QyHKIUI BBITOJIHAEMBbIX 00bEKTOM
DOKOHOMUSL OYIyT OCYHIECTBISATHCS 3a CUET MPUMEHEHUS TPUHITUIHAIBHO

HOBBIX KOHCTPYKTOPCKUX pEeIIeHUH, YHU(PUKAIUKA COOPOUHBIX €UHUIL U JIeTajeH,
coBMernIeHNs GyHKIIUN B COOPOYHBIX SAMHUIIAX U ACTAISAX.

B pesynbrate npoenenus FAST-ananusa BeISIBIEHO, UTO CHUKEHUE 3aTpaT
Ha €IMHMILY MOJE3HOTO 3P (PeKTa, JOCTUTHYTO MyTEM MOBBINICHUS KadyecTBa TPH
COXpPaHEHHUH YPOBHS 3aTPaT, a TaK K€ YMEHBIICHUS 3aTPaT PU COXPAHEHUU YPOBHS

KauecTBa, COKpAICHHUS 3aTpaT NpU OOOCHOBAHHOM CHIKEHHHM TEXHUYECKUX
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napameTpoB A0 UX (PYHKIMOHAIBHO HE00X0AUMOro ypoBHs. [oBbIlIeHHS KauecTBa

TP HCKOTOPOM, S KOHOMHUYCCKHU OIIPABAAHHOM YBCIMYCHUU 3aTpar.

5.1.5 uarpamma UcukaBa

Juarpamma npuunHbl-cienctsus Mcukasbl (Cause-and-Effect-Diagram) -
9T0 rpadUUecKuii MeToJ aHanmu3a ¥ (OPMHUPOBAHHS HMPUUMHHO-CJIEICTBEHHBIX
CBsI3€il, MHCTPYMEHTAIBHOE CPEICTBO ISl CHCTEMATHIECKOTO ONPEIEIEHUS IPUYHH
poOJIEMBI U TTOCISAYIONIETO rpaduuecKoro mpeacrasienus [12].

[IpuunHHO-CIeICTBEHHAs AMarpaMMa IMpejcTaBieHa Ha pUCYHKe 5.1.

KoHcynbTaums c
pykosogutenem M3ydenue
TEeXHUYECKOM

AOKYMEHTaLum

O6opyaoBaHue MepcoHan

Cneu,.
Code nporpammbli
Compose

Studio
MathCad

MATLAB MK
MpoToTun conHeyHoro
MHBepTOpa

Pykosoguren Cucrematnsaum

NONYYEHHbIX
AAHHbIX

KoHTponb
nabopaHTta

KoHcynbTpoBaHu
e nabopaHTa

nabopaHt
MNosblweHne
nokasareneu

KavecTsa

-

»  npeobpasoBaH
uA aHeprum
WHBEPTOPOM

Cb

MNosbiwatowmii
npeobpasosarenb
HanpsaxKeHua

CeTeBoii UHBEPTOP AHanus

MTepartypbl

Maker
INEKTPOHHDbIE U
6ymarkHble
MepeuyeHb

WUCTOYHMKOB No
AAHHOM TemaTuKe

TexHonornyeckuin
Axanus
cyuiecTsyioLel
TEXHONOrUN
MopgepHusauums
cywecrsylowei MporpammupoBaHu

TexHonorun MeTOAR! e mogeny

[AoKymeHTaum
Mposeaexne Ha/IMTUYECKUIA A NO MaKeTy
WUCNbITaHWi
MopenuposaHue

Ha MK

AHanus

Martepuanbi nHpopmaLmm

Puc 5.1. [lpyunHHO-CEACTBEHHAS AUarpaMma

5.1.6 Marpuuna SWOT

SWOT-anamu3z SWOT - Strengths (cunbpabIe cTopoHbI), Weakness (crmadbie

cTtopoHsbl), Opportunities (Bo3moxkHocTu) U Threats (yrpo3sl) — aHaau3 SBISIETCS
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MHCTPYMEHTOM  CTpaTernyeckoro  MeHemkMeHTta.  [lpeacraBnger  coboi
KOMIIJIEKCHOE UCCIIeI0BAaHNE TEXHUUYECKOT0 POEKTA.

SWOT-ananu3 npuMeHsIOT s MCCIEIOBaHUS BHEUIHEH M BHYTpPEHHEH
cpennl npoekta. s nposeaenuss SWOT-ananuza cocraBnsercss marpuna SWOT,
B KOTOPYIO 3allMCHIBAIOTCS CJaOble M CUJIbHBIE CTOPOHBI MPOEKTa, a TaKXKe
BO3MOXHOCTH U YIPO3BI.

CuiabHble  cTOPOHBI.  CulbHBIE  CTOPOHBI —  3TO  (PaKTOpHI,
XapaKTepU3yI0INe KOHKYPEHTOCIIOCOOHYIO CTOPOHY MTPOEKTa

1. DHeproshpeKTUBHOCTS;

2. Tekymias 10751 HA PBIHKE;

3. TexHUueCKHl YpOBEeHb IPOU3BOJICTBA;

4. bonee HU3Kasi CTOMMOCTh D MO CPABHEHUIO C IPYTUMH TEXHOJOTHIMU;

5. Xoporas uHppacTpyKTypa.

Caadble cTopoHbl. CnabocTh — 3TO HEIOCTAaTOK, YIYIICHUE WU
OTPaHUYEHHOCTh HAYYHO-UCCIIEIOBATEIHCKOIO MPOEKTa, KOTOPhIE MPENATCTBYIOT
JOCTHXKEHUIO €T0 IeJIeH.

1. TTorepu D3 B 2NEKTPUUECKUX CETAX COCTABIAIOT 14 %;

2. 3aHUMaIOT OOJIBIIINE TEPPUTOPHH;

3. Bonbime 3aTpathl Ha 1O0CTaBKY CHIPbS.

Bo3moxxHocTH. Bo3MoxHOCTH ~ BKJIIOYAIOT B cebss  mobyro
IIPEANOYTUTENIBHYI0 CUTYallMI0 B HACTOSAIIEM WM OyIyIlEeM, BO3HHUKAIOIIYIO B
YCIIOBHAX OKPY’KaOIIEH Cpeabl IPOEKTA.

VYrpo3za mpexacraBisger coOoi OOy HEXENATeNbHYI CHTYAIUIO,
TEHACHIUIO WM W3MEHEHUE B YCIOBHAX OKpPYXKarOUIEH Cpeabl MPOeKTa, KOTOpbIe
MMEIOT  pa3pylIMTENbHBIA  WIM  yrpoOXKaloWMA  XapakTep s €ro

KOHKYPEHTOCTIOCOOHOCTH B HACTOSIIIEM HIIH OyIYIIEM.

IIpu cocrtaBnennn matpuibl SWOT ygo0HO HCHOJB30BaTh CIEAYIOLINE
0003HaYEeHUs:

C — cuibHBIE CTOPOHBI IPOEKTA;
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Cn — cnabbie CTOPOHBI TPOCKTA;
B — BO3MOXXHOCTH;

Y — yrpos3sl;
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Martpuia SWOT npusenena B tabnuue 1.

CunbHbIE CTOPOHBI IPOEKTA:
C1.Bbicokas
sHEeprodhHeKTUBHOCTD U

CrnaOble CTOPOHBI IPOEKTA:
Cal. Cino>xHOCTh peMOHTa
HEKOTOPBIX 4acTeu

00opynoBaHUs

SKOHOMUYHOCTH TEXHOJIOTHHU. | 000PYyIOBaHMS
C2.9K0JI0THYHOCTD Cn2.JloporosusHa
TEXHOJIOTUH. 000pyI0BaHUS
C3. TloBeimenue Hagexuoctu | Ci3.ClnoXHOCTh
TEXHOJIOTHH SKCILTyaTaluu
C4.KBanupunmpoBaHHBIH 3JIEKTPOOOOPYyI0BaHUS
nepcoHaI

Bo3mosxHoCTH: B1C1C2C3(C4; BI1Cn2;

B1.Ilossnenue

JIOTIOJTHUTEIILHOM

ABTOMAaTU3UPOBAHHOMN

CUCTEMBI yIIpaBJICHUS B2C1C3C4; B2Cn1Cn2;

B2.CHmxenne CTOMMOCTH Ha

AIEKTPOIHEPTHIO u

MaTepuaibl, HCIOJb3yeMbIe

MPY HAYYHBIX UCCIIEAOBAHMI B3C3C4; B3Cn2;

B3. IloBeimeHne CTOMMOCTH

KOHKYPEHTHBIX pa3paboToK

B4. Pa3sBuTne TexHosoruii B B4C1C2C3C4; B4Cn2;

JTAHHOW OTpaciu

Yrpo3sl: V1C1C3; V1Cn2;

V1. OrcyrctBue cnpoca Ha

TEXHOJIOTHIO

V2. Pa3Butas KOHKYpEHIUSA

TEXHOJIOTMH TTPOU3BOJICTBA V2C4; V2Cnl1Cn2;

V3.BBenenus

JOTIOTHUTEIbHBIX

roCyJIapCTBEHHBIX

TpeOoBaHUM K V3C4; V3Cn2;

CTaHJapTHU3AIUN u

cepTUu(dUKALMU TPOTYKIIHH

V4. Yrpo3sl BbIX0a U3 CTPOs V4C3 Y4Cnl1Cn2Cn3;

Ha ocnoBanunm wmatpunbl SWOT cTpostcs

HHTCPAKTUBHBIC MATPHUIIbI

BO3MOXXHOCTEH 1 yTrpo3, MO3BOJISIONINE OIEHUTH 3P (HEKTHBHOCTH MPOEKTA, a TAKKE

HaJACKHOCTBb €TI0 pCajin3allu.

[Ipr mOCTpOEHHHM HHTEPAKTUBHBIX MATPHI] HCHOJB3YIOTCA CIEIYIOLINE

0003HAYEHHUS:

C — cunbHBIE CTOPOHBI IPOEKTA;

Cin — cnabbie CTOPOHBI TPOCKTA;

B — Bo3MOXKHOCTH;

69



Y — yrpo3si;

«+» — CHWJIBHOE COOTBETCTBUE

«-» — ci1a00€ COOTBETCTBHE;

Tabnuua 2 — UnTepakTuBHAsE MaTpULia BO3MOKHOCTEH.

CuIibHBIE CTOPOHBI MPOEKTA
Cl C2 C3 C4
Bl + + + +
B2 + - + +
Bo3moxxHocTH | B3 - + + +
B4 + + + +
CnaOble CTOPOHBI MPOEKTA
Cnl Cn2 Cn3
B1 - + -
B2 + + -
B3 - + -
B4 - + -

Tabnuna 3 — UaTepakTUBHAs MaTpuUIiia yrpo3

CunbHble CTOPOHBI ITPOCKTA

Cl C2 C3 C4
Vi + - + -
y2 - - - +
Bo3moxxnocTu | V3 - - - +
V4 - - + -
Crnabble CTOPOHBI MPOEKTA
Cnl Cn2 Cn3 Cn4
Vi - + - -
y2 +
v3 -
V4 +

B pesynbrare npoenenuss SWOT-aHanm3a ObLIN BBISIBJICHBI KaK CHIIbHBIC,
TaK U cjaa0ble CTOPOHBI TEXHUYECKOTO MpoeKTa. JIaHHBI TEXHUYECKUH MPOEKT
MMEET HECKOJBKO BaXKHBIX MPEUMYLIECTB, TAKUX KaK BHEIPECHHUE MPOAYKTA Ha
MHPOBOH YPOBEHbB, B Pa3IMYHbIEC TEXHOJOTMYECKUE MPOLECCHI, KOTOphIE oOecreyar
Tak xe

IIOBBINICHUC IIPOHU3BOAUTCIIBHOCTH, 0e30MacHOCTH | HaACKHOCTH.
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YCTAaHOBJICH HCIAOCTATOK - OTCYTCTBHUC CIIpOCa Ha TCXHOJIOTUM IIPOM3BOJACTBA,

KOTOPBIN MOKET MOBIUATH HA JAJBHEUIIIEE UCTIOIB30BAHUE IPOAYKTA.
5.1.7 Uanumanus npoexkTa

['pynma mporeccoB WHUIMAIIMM COCTOMT W3  TIPOIECCOB, KOTOPBIC
BBITIOJIHSAFOTCS  JUISL  OTNPEICICHUS HOBOTO IPOCKTa WM HOBOH  (passl
CYIIECTBYIOIIETO. B paMkax mpoIeccoB MHULMAIUHN OIMPENCISIOTCS U3HAYATbHBIC
e M COJACpXaHUE W (PUKCHPYIOTCS HW3HAYaJIbHbIC (DMHAHCOBBIE PECYPCHI.
Onpenenstorcss BHYTPEHHUE M BHEIIHHE 3aWHTEPECOBAHHBIC CTOPOHBI IMPOCKTA,
KOTOpBIC OyAyT B3aMMOJICHCTBOBATh W BJIUATHL HAa OOIIMK pE3ylbTaT HAYYHOTO
npoekra. JlanHas nHdopMaIus 3aKkperuiseTcs B Y CTaBe MPOeKTa.

YcTaB nmpoekTa JOKYMEHTHPYET OU3HEC-MIOTPEOHOCTH, TeKyIee IIOHUMaHHE
noTpeOHOCTEH 3aKa34urKa MPOCKTA, a TAK)KE HOBBIN MPOIYKT, YCIIYTY HIIA PE3YJIbTaT,
KOTOPBI TUTAHUPYETCS CO3/1aTh.

1. Ilesn 1 pe3yabTaT npoekTa. B nanHOM pasnene npuseneHa HHGOpMaIIHs
O 3aMHTEPECOBAHHBIX CTOPOHAX MPOEKTa, UEPAPXUU IIEJICH MPOCKTa M KPUTEPHSIX
JNOCTW)KCHUS Tieneld. DTa wHOpMalus MpeICcTaBlIeHa B TaOiuuyHOW ¢opme
(Tabmumpl 15 1 16).

Tabnuna 15 — 3anHTepecoBaHHbBIE CTOPOHBI MPOEKTA

3anHTEepecoBaHHbIE CTOPOHBI O:xuganns 3aMHTEPeCOBAHHBIX
MPOEKTA CTOPOH
MauHOCTpOUTENbHBIE TPEATPUITHS [Tomyuenne >¢ppexTrBHOTO

000pyI0BaHUS PYJIEBOTO yIPABICHUS

[ToTpebuTenn [Tomyuenne >¢ppexTnBHOTO

000py1I0BaHUS PYJIEBOrO YIPABICHUS
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Tabmuua 16 — Llenu u pe3ynbTaTsl IpOeKTa

eau npoekra:

Pa3zpabotka cieasiiero
JIIEKTPOIIPUBOJA PYJIEBON PEUKU,
KOTOpBIH Oyzaet adppexTuBHee,
YKOHOMUYHEE U BHITOJIHEE

KOHKYPEHTOB

O:xupaembie pe3yJbTaThl IPOEKTA:

[Tonyuenue cneasiero
3JIEKTPOIIPUBOA PYJIEBOM PEUKU,
KOTOpBIH OyzaeT apdexTruBHee,
HPKOHOMMYHEE U BBITOJIHEE

KOHKYpPEHTOB

Kpurepuu npuémMku pe3yabrata

NMpoeKTa:

PaborocniocoOHOCTh pa3paboTku, ee
3¢ PeKTUBHOCTH, 6€30MaCHOCTb,

O9KOHOMHNYHOCTB

TpeGoBaHus K pe3yJbTaTy NPOEKTA:

TpeboBanmue:

PaGorocrocoOHOCTH

O} HeKTUBHOCTH

be3onacHocTh

DKOHOMHUYHOCTH

2. OpraHu3amuMoHHasi CTPYKTypa mpoekrta. Ha nanHoM stame paOoThI

pemarTcs CASAYIOIINE BOMPOCHI: KTO OyJIeT BXOIUTH B pab0dyro IPYIITy JaHHOTO

MPOEKTa, ONMPENCISAIOTCA POJIM KAXKJIOTO U3 YYaCTHUKOB M HMX TPYyJI03aTpaThl B

mpoekTe. DTa uHpopManus npejcTaBieHa B Tabauyaon hopme (Tabnuma 17).

Tabmuna 17 — PaGouas rpynmna mpoekra

Ne | ®HO, ocHOBHOE Poub B DyHKIUH Tpynosarparsl,
n/ | Mecto padoThl, NpoeKTe yac.
n AOJIZKHOCTh
Jlanrpag C.B. PykoBoauren OtBeyaer 3a peasn3anuio 660
TIIY, noueHt b IIPOEKTA IPOEKTa B MpeJiesiaX 3aJaHHbIX
OTpaHUYEHUH 10 pecypcam,
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KOOPJAWHUPYET AEATEIbHOCTD
YYaCTHHUKOB IIPOEKTa
2 | Couneaa JLIO. Dkcnept OTBeyaer 3a pean3aimio 330
TIIY, noueHt IIPOEKTA pasnena «OUHAHCOBBIN
MEHEHKMEHT» B ITPOCKTE
3 Dex AN. Dkenepr OTBeuaer 3a peanu3aui 330
TITY, crapumit MPOEKTA pasnena «ConuanbHas
IpernoiaBaTelib OTBETCTBEHHOCTB) B IPOEKTE
4 | Saymkesunu C.C. | McnonHuTens CrienammcT, BBITOJTHSIOIIAN 3060
TIIY, ctyneHt 10 NPOEKTY OT/IeJIbHBIE PAOOTHI IO IPOEKTY
HUTOI'O: 4380

3. OrpannyeHus U JONYLICHHUS MPOEKTA.

OI‘paHI/IquI/IH IMPOCKTa — 39TO BCC Q)aKTOpLI, KOTOPBIC MOTI'YT IIOCIIYXKUTH

OTpaHUYCHUCM CTCIICHU CBO60)IBI YUYaCTHUKOB KOMAHJBI IIPOCKTA, a4 TadK IKC

«TpaHUIIBI POCKTa» - MapaMeTPhl MPOEKTa UM €ro MpPOaAyKTa, KOTOphIE HE Oyay

PC€aJIM30BAHBI B paMKaX IAaHHOI'O ITPOCKTA.

Ta6muma 18 — OrpanudeHus MpoeKTa

dakTop OrpanuyeHusi/ 10mMyeHNUsI
a. bromxeT npoekra He 60siee 200 000 py6.
I. Hcrounuk ¢prHaHCUpOBaHUS Tennep
b. Cpok# mpoekTa 1.09.2019-1.06.2020
I. Jlata yTBep KI€HHUS IIJIaHA 18.10.2019
yIpaBIEHUS TPOCKTOM
I JlaTa 3aBepIIeHHs TPOEKTa 20.05.2020
C. [Ipoumne orpannyeHus u -
JIOTTYIIICHHSI
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5.1.2 TliannpoBaHHe HAYYHO — HCCJIEI0BATENbCKUX padoT

5.1.2.1 CtpykTypa padoT B paMKaxX HAY4YHOI0 MCCJIeA0BAHUS

[Tepeyens sTanoB u paboT B paMKax MPOBEACHUS HAYYHOT'O HCCIICIOBAHMUS,

C pacrnpeeNieHueM HUCTIOIHUTENE! 1o BuaaM padoT, MpeJCcTaBieH B Tabuuie 5.

Tabmuia 5 — [lepedyenp 3Tanos, padoT U pacnpeiesieHue UCTIOTHUTENeH

JAOKYMCHTAIUU 1O

OKP)

TEXHUYECKOMH AOKYMCHTAIIUU

OcHoBHbIE 3TanbI Ne Coaep:xkanue pador JL0JIZKHOCTH
paé UCTIOJTHUTEIS
PazpaboTka
CocraBieHue U yTBEpKJIEHUE
TEXHUYECKOTO 1 PykoBoauTens
TEXHUYECKOTO 3a/IaHUS
3aJaHAS
[Tox0op u n3yueHue mMarepuanoB
2 Wnxenep
0 TeEMe
Br16op
Br16op HanpaBneHus PykoBouTens
HaIpaBJICHUS 3
UCCIIeJOBaHUI UmkeHep
HCCIeIOBaHUI
Kanengapnoe nianupoBanue
4 PykoBomuTens
paboT mo Teme
5 AHanM3 TEXHUYECKOTO 3a/1aHus
Pacuer u Bb16OD cuI0BOTO
6
Teopernueckue u 000pyI0BaHHS
Pacuer craTnueckux
JKCIIEpUMEHTAaJIbHbIE | 7 1
XapaKTEPHCTHK HOKCHCD
WCCIIeI0OBAHUS
Pa3paboTtka GpyHKIIMOHATHHON
8 CXEMBbI CHCTEMBI PEryIIUPyEeMOro
ANEKTPOIPUBOIA
O06o061uieHne n Onenka 3¢ PeKTUBHOCTH
9 PykoBouTens
OIIEHKa Pe3yJbTaToOB HOJIy4E€HHBIX Pe3yabTaTOB
Odopmienue oTyera
no HUP (kommnekra CocraBiieHHEe IKCIUTYaTallHOHHO —
10 Wuxenep
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5.1.2.2 Pa3pabGoTka rpaguka npoBegeHHs] HAYYHOI 0 UCCJIeI0BAHUSA

OmnpeneneHne TPyAOEMKOCTH padOT KaKJOTO0 M3 YYaCTHUKOB HAy4HOI'O
UCCJIEIOBaHUS SIBIISIETCSl BaXHBIM MOMEHTOM TaK KakK TpPYAOBBIE 3aTpaThl B
OOJIBILIMHCTBE CIIydasX COCTaBIISIIOT OCHOBHYIO YaCTh CTOUMOCTH pa3paboTKu.

HaubGonee yaoOHBIM W HarJISIHBIM SBISETCS TOCTPOCHHE JIEHTOYHOIO
rpaduka nmpoBeieHUs HAyYHbIX paboT B popme nuarpammsl ['aHTa.

Jlist nocTpoeHus fuarpaMmbl [ 'anTa, HE00X0AMMO MEPEBECTU ATUTEIBHOCTD
KaX/JI0ro U3 JTanoB paboT u3 padounmx nAHEH B KaneHaapHele. [l 3TOro

paccuMTbiBaeM KO3(pPUIIMEHT KaJeHAapHOCTH MO cieayomen Gopmyre:

D __ 3% 1478
T ~To —T,, 365-118

Tak kak MCIOJHHUTEIN pa60TaJm OJHOBPECMCHHO, TO MHHHMAJIBHO H
MAaKCUMaJIbHO BO3MOJKHYIO, a TaKXC OXKHUIACMYIO pr,HOéMKOCTB YUYHUTBIBACM

OOIIIMMH 119 UCIIOJIHUTEIIEH.

¢ = Stminit2tmaa 32424 _ 5 g
oKl = - = = 404eL—au.

[TpomomKUTETLHOCTD KaXKI0H pabOThI B paO0OYMX JTHIX BBIUMCISACTCS KaK:

t 2,8
T , ==ot _2¢_9g
L™y, 1 ’

JIMUTENhbHOCTh KaXIOTO JTama padoT IepeBeneM Hu3 pabouux JHEH B
KaJICHJIapHbIe JHU TI0 hopMmyJie:
Tir = Tpy * Kyan = 2,8 1,478 = 4.

Bce paccunranabie 3HaueHUS CBEJCHBI B TaOIHUITY ©.
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Tabnuua 6 — BpeMeHHbIe moKa3aTeau NpOBEIECHUs HAyYHOT O

HCCIIEA0OBaHUA
TpynoémkocTs padot JmurensHocTh | JuTensHOCT
tmin, tmax, Lo, pa60T B b
yen-gHM | uen-gHuM | uen-gup | PA0OUAX JHAX paboT B
T . KaJIeHIapHBIX
Pl JTHSIX
HaszBanue i
paboThI K
Ela E| al & a & o | & a
= O = O = 9 = 9] = )
BRI IR
o g | o g | o S ) &
Sl E| S E| =& s | B <
A -4 A A A
CocraBnenue u
YTBEPKICHUE 1 0 2 0 |14 O 1,4 0 2 0
TEXHHYECKOTO 3aIaHHs
Tonoop u nsyuenue ol4 0|7 ol52 o |52 0] 8
MaTEPHAJIOB TI0 TEME
Beibop nanpassienis 111 2|2 14|14 07 | 07 | 1 1
WCCIIeIOBaHUI
Kanengapnoe
MJIaHUPOBaHUE PadoT 1Mo 1 0 2 0 /14| 0 1,4 0 2 0
TemMe
Anamusz T3 0 2 0 7 0 4 0 4 0 6
Pacter u Br100p 03 0|6 |0142 0 | 42 | 0| 6
CHUJIOBOTO 00OpPYIOBaHUS
Pacuer cratudeckux 0l 3 0 8 0 5 0 5 0 2
XapaKTePUCTHUK
PazpaboTka
(GYHKIIMOHATIBHON CXEMBI 0ol 3 010 0 |58 0 5.8 0 9
CHCTEMBI PETYITHPYEMOTO
AIIEKTPOIIPHUBOIA
Onenka 3QPeKTUBHOCTH
MOJTy4YEHHBIX 1 0 3 0 18| 0 1,8 0 3 0
pe3yIbTaToOB
CocraBnieHue
SKCIITYTATHOTHD = 0|5 010 0|7 o© 7 0 10
TEXHUYECKOH
JOKYMCHTAIUH

Ta6muna 7 — {luarpamma ["anTta
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pao.

Bun pa6ot

Ucmom-

HUTCIN

[TpomomKUTENBHOCTD

BBITIOJIHEHUS pabOT

(espaib

MapT arpeiib Maun

2|3

112(3|1(2/3/1]2

CocraBiieHUE U

yrBepxxaenue T3

[TonGop u
H3yUYEHHE
MaTepuasoB 1Mo

TEME

Bri6op
HaTpaBJICHHS

HUCCIIEIOBAaHUMI

P, U

Kanenmapuoe

IUIAaHUPOBaHUE PabOT

Amnanuns T3

Pacuer u BbIOOp
CHJIOBOTO

00opynoBaHust

Pacuer cratnueckux

XapaKTEPUCTUK

Pazpabotka
(yHKIIMOHATBEHON
CXEMBI CHCTEMBI
perynupyemoro

3JIEKTPOTIPUBOAA

Or1eHka
3¢ dexTHBHOCTH
TIOJTyYEeHHBIX

pe3ynbTaToB

10

CocrasieHne
9KCIUTYaTaIiOHHO —
TEXHUICCKOMN

JOKYMEHTAITHH

141

10

- UHXXEHED, - PYKOBOJUTENb.
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Tabnuna 8 — Utoru mianupoBanus paboT

Kon-Bo
HazBanue N
JHEH
OO611ee KOMMYECTBO KaJICHIAPHBIX JHEH IS BHITOIHEHUS BBITYCKHOM 54
paboThI
° .
5 OO611ee KOIMYECTBO KalleHIaPHBIX THEH, B TEUEHHE KOTOPLIX padoTai 47
< WHKEHEp (CTyIEHT)
OO611ee KOMMYECTBO KalleHIAPHBIX JHEH, B TEYEHHE KOTOPBIX padoTai g
PYKOBOIUTEIND

Beimonnenue IMPOCKTa 3amMer 54 KaJICHIApHBIX I[Heﬁ. 3aHATOCTH HHXXCHECPA

6OJIBHIC, 4CM PYKOBOJUTCIIS, TAK KAK OH OCHOBHOM HCIIOJTHUTEIb. PyKOBOI[I/ITeJ'IB

OCYIHICCTBIIACT KOHTPOJIb U OICHKY BBIITOJIHCHUA ITOCTABJICHHBIX 3a1d4.

5.2 BoaxkeT HAayuYHO — TexHH4Yeckoro ucciaenopanus (HTH)

5.2.1 Pacuer 3aTpaT Ha 000py10BaHHe MPOECKTA

Tabmuma 9 — MarepuanbHbIe 3aTpaThl

Ne HanmenoBanue Kon-Bo equnmil Tena enurmieT Obmas crommocTs
- 00opyIoBaHMs, o0opymoBaHus,
I/ 000pyIOBaHUS 000pyIOBaHUS
Py, Py pyo. pyo.
1 Kommiekr KaHUEAPCKIX 1 300 300
MIPUHAATIEKHOCTEN

2 Bymara mis npunTepa 1 300 300
3 Kpacka s nmpuaTepa 1 600 600
Hroro 1200

5.2.1.2 Pacuet 3aTpar Ha 000py/10BaHHe U MPOrPaMMHOe obecrevyeHue

Ta6mmma 10 — 3aTpatel Ha 000pyIOBaHUE

1/

Ilena equHUIIBI
o0opyoBaHus,
pyo.

Kom-Bo equnamnI
o0opyoBaHUS

Haumenosanue
00opyIoBaHUS

OO01ast CTOUMOCTh
o0opyoBaHus,

pyo.
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IlepconanbubIi

1 58 761,64 58 761,64
KOMITBIOTEP

Hroro 58 761,64

CTOMMOCTh MEPCOHATIBHOTO KOMITBIOTEPA BKJIIOUYEHA C YUETOM
aMOPTHU3aLINHU:
cmoumocms - N

A OHEll .UCNONb308AHUSL
CPOK.CYIHcObL ™ 365
*
B 20000754 _ 2761,64py0.
' 3*365

5.2.1.3 OcHoBHas 3apadoTHas IJIaTA UCIOJTHUTEJIEN TeMbI

B nanHOW cTaTbe MNPOU3BOAUTCS pacyeT OCHOBHOW 3apabOTHOM ILIaThI
HayYHbIX M  MHXXEHEPHO-TEXHUYECKUX  pPAOOTHUKOB  HEMOCPEACTBEHHO
y4acCTBYIOIIMX B BbINOJHEHUH padboT. OcHoBHas 3apaboTHas IaTa OOBIYHO

SIBJISIETCSI HAMOOJIBIIIEH COCTABISIOIICH BCeW CTOMMOCTH pa3paboTKH.
MecsiaHbIN TOJDKHOCTHON OKJIa] paOOTHHKA:
3,=3,. 1+ k,, +k,) -k,

e PykoBoauTENb

3 =19500- (1+0,3+0,2)-1,3=38025 py6.

e UuxeHep
3, =17000-(1+0,3+0,2)-1,3=33150 py6.

rne 3. — 3apaboTHas 1iaTa 1mo TapuHoi craBke, pyod.; Ky, — mpeMuaIbHbIH
ko3¢ urnment, pasusiii 0,3; K; — koad unreHTt gomiat 1 HagdaBok cocrapiset 0,2;

K, — pationHsIii K03 unmeHT, paBublii 1,3 (st ropoga Tomcka);

CpennenneBHas 3apabOTHasI TUIaTa pacCUUTHIBAETCS IO OpMyIie:

3 -M
3011 = MF

0

e PykoBOoaUTEND

3 - 38025-11,2

~1909, 76 py6.,
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e luxenep
~33150-11,2

3
o 223

=1664,93 py6.,

rae 3, — MECSAYHbIN JOJKHOCTHOM OKJiaa paboTHUKA, pyo.:

M — koM4ecTBO Mecs1eB pabOThl 0€3 OTIyCKa B TEYEHHE r0/1a:

npu otmycke B 24 pal. qust M =11,2 mecsia, 5S-1HeBHas HEENs;

F. — nelictBurensHbli romoBoi (oHa paboyero BpeMEHU HAy4YHO-

TEXHUUYECKOT0 MepcoHaia, pad. JH.

Tabnuua 11 — bananc pabodero BpeMeHH

[lokazarenu paboyero BpeMeHu PykoBoaurens Nuxenep
Kanennapnoe uncno aaei 365 365
KonnuecTBO H UnX JTHEH:
OJINYECTBO HEPabo JTHE 118 118
BBIXOJ/IHBIE JHU U MPA3THUYHBIC THU
[ToTepu pabouero BpemMeHU: 24 24
OTITYCK ¥ HEBBIXOJIBI 110 OOJIC3HU
el CTBUTEIILHBIN TOJ0BOM (DOH
A AOBOH (OH 223 223

paboyero BpeMeHu

OcHoBHast 3apaboTHas 1wiaTa (3oe,) OT MPEANPHATHS PACCUUTHIBACTCS IO

cienyriei popmyie:

e PykoBoauTENb
3 .,=1909,76-5=9548,8py0

e Unxenep
3., =1664,93-32 =53277,76py6

/1€ 3oc— OCHOBHAS 3apaboTHAs TUIaTa OJHOTO pabOTHHKA;

Tp — MIPpOAOJIZKUTCIBbHOCTD pa60T, BBIIIOJTHACMBIX HAYYHO-TCXHHUYCCKHUM

paboTHUKOM, pab. aH.

3ox— cpenHeHeBHAS 3apa0O0THAs TU1aTa paboTHHUKA, PYO.
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Tabmuua 12 — Pacuét ocHOBHOM 3apaO0OTHOM MIIaThl

3mc, 3Ma 3()111 Tp, 3OCH,
Hcnonuurenu Kip | Ka | Kp

pyo. pyo pyO. |pab. aH.| pyo.
PyxoBogutens | 19500 (0,3|0,2(1,3| 38025 |[1909,76| 5 9548,8

Nmxenep 17000 |0,3[0,2|1,3| 33150 |1664,93| 32 53277,76
Hroro:| 62826,56

5.2.1.4 lonosiHuTeIbHAS 3apa00THASI MJIATA UCIIOJHUTEIeH TeMbl

TpynoBeiM kojekcoM P® mpemycMOTpEHBI JOIUIaThl 32 OTKJIOHEHHE OT
HOPMAJIbHBIX YCIIOBHHM Tpy/Ja, a TAaKKE BBIIUIATHI, CBA3aHHBIC C OOCCICUCHHEM
rapaHTUHd ¥ KOMIICHCAIUH (MPY UCTIOJHEHUH OOIIECTBEHHBIX W TOCYAapCTBEHHBIX
00s13aHHOCTEH, MPU COBMEIICHUHU PabOTHI C OOYYCHUEM U T.1.).

Pacuer pomonmHuTeNnbHONW 3apaOOTHOM TIATBI BEIETCS IO CICAYIOIICH

dbopmyie:

e PykoBoauTeNb

3, =0,15-9548,8 =1432,32 py6.;

e UuxeHep
3,,=0,15-53277,76 = 7991,66py0.;

e Kion — KO3 (HUIMEHT JOMOIHUTEIbHOM 3apaboTHOM 1uiathl 0,15
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5.2.15 Ortunciaenuss BO BHeOwmKeTHble (GoHABI (CTPpaxoBble

OTYMCJICHUS)

B nanHoit cTathe pacxo/iIoB pacCMaTpUBAIOTCA 00s13aTeNIbHBIE OTYUCIICHUS 110
YCTAaHOBJIEHHBIM 3aKOHOAaTelbcTBOM P® HopMam opraHaMm rocyaapCTBEHHOTO
cormanbHoro crpaxoBanusi (®CC), nencuonnoro douaa (I1d) u MeauIMHCKOTO
ctpaxoBanus (POOMC) ot 3aTpat Ha OmIaTy TpyAa paOOTHUKOB.

Benunuyuna otuncieHuii BO BHEOIOKETHbIE (POHJIBI ONpPEAENISIeTCS] UCXOAS U3
cieayrieit GopmyIb:

33He6 = kBHe6 ) (3 + 3;[011) ’

OCH
rae  Kewes — K03(pHIIMEHT OTUMCICHUI HA YIUIaTy BO BHEOKOJKETHBIC (DOHIIBI
(nerncuoHHbIN (HoHA, POHJT 0043aTENHHOTO MEIUIIMHCKOTO CTPAXOBaHUS U TIp.).

Cornacuo denepansHoMy 3akoHy Ne 212 mynkra 6 yactu 1 cratbu 58 ot 2019
roga, JUid YYpEKICHHH, OCYIIECTBISIONMX OOpa30BaTEIbHYI0 U HAYUYHYIO
JesITeIbHOCTh BBEJCHA IOHM)KEHHas CTaBKa Ha pa3Mep CTPaxoBBIX B3HOCOB,
KoTOpast coctarysieT 28 %.

Benununna otunciiennit Bo BHEOWOKETHBIE (OHJIBI:

e PykoBoauTENb

3 =0,28-(9548,8 +1432,32) =3074,71py6.;

6HeO

e UuxeHep
3

6HeO

=0,28-(53277,76 + 7991,66) = 17155, 44 pyo.
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Tabmuua 13 — OTuncaenust BO BHEOIOKETHBIE (POHIbI

OcHoBHas 3apadoTHas JlonoTHUTeIbHAsA
Hcnosnuren
miara, pyo. 3apaboTHas miara, pyo.
PykoBonutens TeMbl 9548,8 1432,32
WNuxenep-cTyaeHT 53277,76 7991,66
KoadduumenT otTancnennii
0,28
BO BHEOIOKETHBIE (POHIBI

OTtuucnenus: BO BHEOIOKETHBIE (POHIBI

PykoBonutens TeMbl 3074,71
HNnxenep-aunioMHUK 17155,44
HUroro 20230,15

5.2.1.6 Haknaauble pacxoabl

B manHOM cTaThe paccMaTpPUBAIOTCS HAKIAAHBIE PACXOJbl, YUUTHIBAIOIINEC
MPOYME 3aTpaTbl OpPraHu3allid, KOTOpPbIE HE IMONald B MNPEAbIAYIIUE CTaTbH
pacxoJioB: oIuiaTa 3JEKTPOIHEPTHU W YCIYr CBSI3M, MOYTOBBIE U TelerpadHbie
pacxoibl U T.J1.

Bennuuna HakIaaHBIX pacXoI0B OMPEEsSeTcs 1Mo cienyromeit popmysne:

3,0 = (cymma crareiil +5) -k, = (3

mam

#3300+ 300 + 305 ) - 0,16

oon

3 =(1200+ 276164 + 62826,56 + 9423,98 + 20230,14) - 0,16 =
=96442,33- 0,16 =15430, 77 py6.,

rae  Kup — KoapUIHMeHT, yanThIBaloOUIMiA HakIagHbIe pacxoasl (16%).

5.2.1.7 <®opmupoBaHue OWKeTa 3aTPaT HAYYHO-TEXHHYECKOIO

HCCJIeJ0BaHUA

[Ipu cocTaBineHHH IOrOBOpa C 3aKa3YMKOM, HIXKHEM MpEAEoM 3aTpaT Ha
pa3paloTKy sBisieTcs OIOKET 3aTpaT MPOEKTa, B OCHOBE KOTOPOIO JIEKHUT

pacCunTaHHas BCIIMYKHA 3aTPaT HAYYHO-TCXHHNYCCKOI'O UCCICJOBAHMAA.
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Tabnuua 14 — broker 3atpat HTU

HanmeHoBaHMe cTATBH Cymma, pyo. %
MartepuanbHble 3aTpaThbl 1200 1,07
3aTparhl Ha aMOPTU3AIUIO 2 761,64 2,47
s o gtom s |5
P —— 9423,98 342
OTtuncieHus BO BHEOIOPKETHBIE (POHIBI 20 230,15 18,08
Haknannbie pacxo/sl 15 430,77 13,79
Broker 3aTpat npoexra 111873,10 100

5.3 Onmnpenenenue pecypcHoii (pecypcocOeperaronieii), GuUHAHCOBOIA,

0I0I’KE€THOM, CONMAJIbHON U IKOHOMUYeCKO# 3 (PeKTUBHOCTH UCCJIEI0OBAHMS

Db pexTHBHOCTH HAYIHOTO PECYPCOCOEPETAOIIETO MPOCKTA BKITFOYAET B CEOSI
coruanbHyo 3¢G(HEKTUBHOCTh, SKOHOMHYECKYIO U OIOKETHYIO 3((PEKTUBHOCTS.
ITokazarenu  oOmieCTBEHHOW  3(P(GEKTUBHOCTH  YUYWUTHIBAIOT  COIMAJILHO-
YKOHOMHUYECKHE TTOCIICICTBUS OCYIIECTBICHIS HHBECTUIIMOHHOTO TIPOSKTA KaK IS
o0IiecTBa B IEJIOM, B TOM 4HCIIE HEMOCPEJCTBCHHBIC PE3yJbTaThl M 3aTPAThI
MPOEKTa, TaK M 3aTPaTbl M pPE3yJdbTAaThl B CMEXHBIX CEKTOpax HKOHOMHKH,
AKOJIOTUYECKHUE, COIIMANIbHBIC M HHBIE BHEAKOHOMUYECKHE (D PEKTHI.

[lokazatenn  3KOHOMHYECKOW  A(O(PEKTUBHOCTH  MPOEKTAa  yUWUTHIBAS
(bruHAHCOBBIC TIOCTIEJCTBUS €T0 OCYIIECTBICHUS JIJISl IPEANPUSITHSI, PEATU3YIOIIETO
JaHHBIA TPOEKT. B 3TOM ciydae mokasarenu 3()PEKTUBHOCTH TPOEKTA B IIEITIOM
XapaKTepU3yIT ¢ SKOHOMUYECKON TOYKU 3PEHUS TEXHHYECKHE, TEXHOJIOTHUECKHE
¥ OpraHW3alMOHHBIC MPOCKTHI PEIICHUS.

bromkernas 3 ¢GeKTUBHOCTh XapaKTEPU3YETCs ydacTHEM TOCyIapcTBa B

MIPOEKTE C TOUKU 3PEHUSI PACXOJI0B U IOXOJ0B OIOJI)KETOB BCEX YPOBHEH.
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Kpome BbIlIe mepednciaeHHBIX BHIOB A()D(GEKTUBHOCTH MOXHO BBIICIUTH
pecypcHblii 3h(dexT (xapakTepuszyeTcsl MOKa3aTeasIMHU, OTPAXKAIOIMIMUMHU BIUSHUE
WHHOBAIlMM Ha 00BEM MPOM3BOJCTBA M MOTPEOJICHHWS TOTO WJIM HWHOTO BHUIA
pecypca), Hay4YHO-TEXHUYCCKUU (OIICHWBACTCS TIOKA3aTENsIMH HOBHU3HBI U

MOJIC3HOCTH ) U JIP.
5.3.1 Ouenka cpaBHUTEJIbHOM YPPEKTUBHOCTH UCCIACAOBAHUS

Onpenenenne  3(Q(PEKTUBHOCTH  NPOUCXOJUT HAa  OCHOBE  pacuera
UHTErpaJIbHOTO TMoKa3areiss 3(G()EKTUBHOCTH HAy4YHOTO HccienoBaHus. Ero
HAXOXJICHHE CBS3aHO C ONPEACIICHHEM JBYX CPEIHEB3BEIICHHBIX BEIUYHH:
¢buHaHCcoBOM d(PheKTUBHOCTU U pecypcodPHEeKTUBHOCTH.

WNuterpanpublii  mokaszaTenb (PUHAHCOBOM A(PGHEKTUBHOCTH  HAYYHOTO
UCCJIEIOBAHUs TIONYy4alOT B XOJ€ OILICHKM Orojkera 3aTpar Tpex (wim Oosee)
BApMAHTOB UCIOJIHEHUS HAy4yHOro wucciefgoBanus (tabmuua 29). ns storo
HAauOOJBIINM HMHTETPAIbHBIA [OKa3aTellb peaju3allid TEeXHUYECKOW 3amauu
npuHUMaeTcss 3a 0a3y pacyera (Kak 3HaMEHaTelb), C KOTOPHIM COOTHOCHUTCSA
(uHAHCOBBIE 3HAUEHHUSI 10 BCEM BapHUaHTaM HCIIOJHEHUSI.

HNuTterpanpHbIil GUHAHCOBBIN MOKA3aTeNlb pa3padOTKH ONPEaeIIeTCs KakK:

rae |7 - MHTerpanbHbli (UHAHCOBBIA MOKA3aTENb Pa3pabOTKH;
@, - CTOMMOCTb I-r0 BapHaHTa UCIOITHEHMUS;

@ - MakCUMaJIbHasA CTOMMOCTH HCITIOJTHEHUA HaY4YHO-HCCICIOBATCILCKOI'O

max
MpoeKTa (B T.4. aHAJIOTH).

[lomydyenHass BemWYMHA  WHTETPATbHOTO  (PUHAHCOBOTO  TOKA3aTels
pa3pabOTKH OTpakaeT COOTBETCTBYIOIIEE YHCICHHOE YBEJIMUEHHE OO KeTa 3aTpaT
pa3paboTku B pa3ax (3HadyeHHE OOJbIIEe EIUWHUIBI), JUOO COOTBETCTBYIOIICE
YUCJICHHOE YJCUIEBIECHWE CTOMMOCTU pa3pabOTKM B pas3ax (3HAUCHUE MEHBIIE

€IMHUITBI, HO OoJibIie 0).
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WuTerpanbHplil nokaszateib pecypco3dPEeKTUBHOCTH BAPUAHTOB UCIIOJIHEHUS

00bEKTa UCCIEOBAHUS MOKHO ONPEACIIUTH CICAYIOIINM 00pa3oMm:
n n
Iri :Zaibia In? :Zaibip
i=1 i=1
rae | - MHTerpasibHbIN MOKa3aTellb pecypcodP(HEeKTUBHOCTH BApUAHTOB;

a - BecoBOil KO3 (HUIMEHT I-TO mapaMeTpa;

bf, bP- OampHas omeHKa I-r0 TapaMeTpa s aHaiora W pa3paboTKH,

Y
YCTaHABJIMBAETCS IKCIIEPTHBIM IYyTEM MO BHIOPAHHOM IIKaJIe OLICHUBAHUS;
N — YUCJIO MapaMeTPOB CPABHEHHUS.
Pacuer uHTerpasibHOro mnokasarens pecypcodPEeKTUBHOCTH NPOBEJIECH B
dbopme Tabmip 29.
Tabnuna 29 — CpaBHUTEIBHAS OLICHKA XapaKTEPUCTUK BAPUAHTOB

HCIIOJIHCHUA ITPOCKTA

IO Becosoii ACHHXPOHHBII [Mapamerpudeckuii | CHHXPOHHBIH
K0>(DQUIMEHT | JMEeKTPOIBUTATENb | OIEKTpOABHraTh | ~oHraTeilbHa
napameTpa M

Kpurepun
1. Cnocob6cTByeT 0,1 4 3 3
pocty
MIPOU3BOIUTEIIEHOCTH
Tpy/a MOoJIb30BaTEes
2. Y100cTBO B 0,15 4 2 3
AKCIUTyaTaIuH
3. 0,15 5 3 3
[TomexoycTonumuBOCT
b
4, 0,20 4 3 2
DHeprocoepexeHue
5. HapexHnocTh 0,25 5 4 3
6. 0,15 4 4 4
MarepuanoemMKkocTh
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UTOI'o 1 1

lacun.=4%*0,1+4%0,15+5%0,15+4*0,20+5*0,25+4*0,15=4,4
ITapam.=3*0,1+270,15+3*0,15+3*0,20+4*0,25+4*0,15=3,25
CJ na IIM.=3*0,1+3*0,15+3*0,15+2*0,20+3*0,25+4*0,15=2,95

HNuTerpanbHblii mokasarenab 3¢ peKTHBHOCTH Ppa3padoTKu

(15,,)nananora (15,

dunp ) ONPCACIIACTCA Ha OCHOBAHUU MHTCTPAJIBHOTO

nokasaTeisi pecypcod(pPeKTUBHOCTH M MHTETPAIbHOTO (PMHAHCOBOTO MOKA3aTEsl

o ¢opmyse:

I 2

1P = a =_m
Gunp — I Gunp — Ia
¢

3o

S o

CpaBHGHI/Ie HHTCTPAJIBHOI'O ITOKAa3aTCIIA 3(1)(i)GKTI/IBHOCTI/I TCKYILICT'O IIPOCKTA

N aHaJIOTrOB IIO3BOJIUT OIPCACINUTE CPABHUTCIBHYIO 3(1)(1)€KTI/IBHOCTL ITIPOCKTA.

CpaBHutenbHast 3 (PEKTUBHOCTH IPOEKTA:

p

— Ima

p I a
ma

rae Ocp — cpaBHUTEIbHAS 3(PHEKTUBHOCTD MPOEKTA;

|? - MHTETrpaNbHBIN MMOKa3aTelb pa3padOTKH;

|2 - MHTErpaJbHBbIM TEXHUKO-D)KOHOMUYECKUH ITI0KA3aTelb aHAJIOTA.
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Tabmuua 30 — CpaBHuTenbHas 3¢ (HEKTUBHOCTH pa3pabOTKU

No [Tokazarenu Amnainor Pa3zpabotka
/1
1 HNuTerpanbHbiii 2,05 2,2
(MHAHCOBBIN MMOKA3aTENb
pa3paboTKu
2 NuTerpanbHbii 3,25 4,4
noKa3aTelb
pecypcoddekTuBHOCTU
pa3paboTKu
3 NHuTterpanbHbIil 1,59 2
nokasaresnb 3 (HEKTUBHOCTH
4 CpaBHuTENBHAS 1,26

3¢ PEeKTUBHOCTH BApUAHTOB

HCITIOJITHCHUA

BriBoa

B nmanmHOM paszgene Oblla TpoBeJeHA OIIGHKA KOHKYPEHTOCIIOCOOHOCTH

QJICKTPOIIPUBOIOM ITOCTOAHHOI'O TOKA.

CHHXPOHHOTO 2JICKTPONPHBOJA PYJIEBOW PEHKH, B pe3yibTaTe KOTOPOH OBLIO

BBIABJICHO IIPCBOCXOACTBO CMHXPOHHOI'O JJICKTPOIIPHUBOJAA HAZd €TI0 KOHKYPCHTOM —

beuto mpow3BeneHO ITUTAHMPOBAHWE HAYYHO-HUCCIEAOBATENIBCKUX padoT.

HHXXCHEP ABJIACTCA OCHOBHBIM HCIIOJTHUTCIICM.

Bcero m1st BEIMOTHEHNWS BBITYCKHOW pabOTHI MOHA00UTCS 54 KalleHTapHBIX JTHEH.
Jlns  peanusanuu  JTaHHOTO TIPOCKTa OBLIM 3aJeHCTBOBAHBI 2 HWCITOJHHUTEISA
(pyxoBonutenb U uHxkeHep). [lpuuém 3ansaTocts nHxkeHepa (47 KalleH1apHbIX JHEHN)

ropas3io BbIIIE€, YEM 3aHSATOCTh pyKoBoAuTeds (8 KaleHaapHbIx AHel). Tak Kak
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Tak xe ObUl cOCTaBieH OOJKET HAYyYHO-TEXHUUYECKOI'O HCCIEAOBAHMS —
111873,1 pyOneii. ['ne ocHOBHBIE 3aTpaThl — 3TO OCHOBHasg 3apaboTHas IuIaTa
ucnonautenei (55,33%).

Takum oOpa3oM, [JaHHBIA TPOEKT SBISAETCS aKTyaJIbHbIM Ha PBIHKE
COBPEMEHHOI'0 aBTOMOOMIIECTPOCHMSI, TaK KaK JaHHAs pa3pabOTKa UMEET BBICOKYIO
3¢ (PEKTUBHOCTh U (PYHKIMOHAIBHYIO MOLIHOCTh. OCHOBHBIMHU MHPEUMYLIECTBAMU
UCCIIelyeMoro nayekTporpuBoaa sBistoTcs: Bbicokud KIIJI, moBbIlIEHHBIE

BO3MOXHOCTH YIIPABJICHUA, HU3KAA CTOUMOCTD, MAJIbIC I‘a6apI/ITBI.
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6 ConnajanHasl OTBETCTBEHHOCTH

B nocnennee Bpemsi aTudeckre mpoOIeMbl TEXHUKUA BCE OOJIbIIE BBIXOAST
Ha TMEPBBIN TUIaH B CBSI3U C MOBBIINIEHUEM COLIMATIBHOW OTBETCTBEHHOCTH YYEHOTO,
WHXXEHEepa, MPOEKTUPOBIIHUKA B COBPEMEHHOM OOIIECTBE, MOTOMY YTO KOHEYHAs
1[eJIb TEXHUKHU — 3TO CIIy’)KEHUE JIIO/IsIM, HO 0€3 HaHeceHus yiepoa IpyruM JIIAsM
u npupojae. TexHMKa HE MOXKeT Oojiee paccMaTpuBaThbCs KaK I[EHHOCTHO
HeWTpaibHas U JOJKHA OTBEUATh HE TOJBKO TEXHUUECKON (hYyHKIIMOHATBHOCTH, HO
U KPUTEPHUSIM SKOHOMUYHOCTH, YJIYUIIEHUS >KU3HCHHOTO YPOBHsS, 0€30MacHOCTH,
310pOBbS JIIOJIEH, KAaU€CTBA OKPYKAIOIIEH TPUPOTHON M COUATIBHOM CPEebI U T.I1.

B nmannom paznene BKP paccmarpuBaroTcsi Bompockl  0€30MacHOCTH
KU3ZHEJCSITEILHOCTH, & TaKXKE, C TOUYKU 3PEHUS COLIMAIbHOW OTBETCTBEHHOCTH 3a
MOpaJIbHBIC, OOIIECTBCHHBIC, DKOHOMHUYECKHE, JKOJIOTUYECKUE BO3MOXKHBIC
HEraTUBHbBIC TIOCIENICTBUSA, CBSI3aHHBIE C Pa3paOOTKOW CEPBONPHUBOJA PYJIEBOM
peiiku 6eCUIOTHOTO TPAHCTIOPTHOTO CPEJICTRA.

B BeITycKHOM KBanM(uUKAIMOHHONW paboTe paspadaTbiBaeTCs CHEAIIAN
ANEKTPONPUBO  PYJIEBOM pellku OEeCHMIOTHOTO TPaHCHOPTHOTO CPEACTBA.
[IpousBoautcst pacuer U m1oaAOOp 0OOPYIOBaHHWSA, COCTABISIOMIETO JAHHBIM
AIEKTPOIPUBO.

Lenbio pa3pabOTKK HACTOSIIETO pasjelia SBISICTCS] MPUHATHE MPOEKTHBIX
PENICHH, NCKITIOYAIOIINX HECYACTHBIE CTy4Yau U podeccruoHaibHbie 3a00IeBaHUs
B IIPOM3BOJICTBE, OOECIEUMBAIOIIMX CHI)KCHUE BPEAHBIX BO3JCUCTBUN Ha
OKPYXAIOIIyI0 cpeay, Oe30MacHOCTh B YPE3BBIYAMHBIX CUTYAIUSAX, YKOHOMHOE

PacxoJI0BaHUE PECYPCOB.
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6.1 IlpaBoBble W OpraHu3allMOHHbIE BONPOCHI  o0ecHeYeHHs

0€30IaACHOCTH

Pabounit nepconan umeeT ciaeayroIIre npana:

— Ha paborax c omacHbIMM YCIOBUSMHU TpyJa, a Takke Ha paboTax,
BBITIOJIHSIEMBIX B OCOOBIX TEMIIEPATYPHBIX YCIOBHUSIX WM CBSI3aHHBIX C
3arpsi3HEHUEM, paOOTHUKAM OECIUIaTHO BBIJAIOTCS MPONICANINE O0sA3aTEIbHYIO
cepTUdUKAIMIO WU JEKJIapUPOBAHWE COOTBETCTBHS CICIHAIbHAS OJEXKa,
crienuaibHas 00yBb W JIPyTU€ CPEACTBA WHAMBUIAYAJbHOW 3alllUTHI, a TaKXKe
CMBIBaWOIINE U (UJIU) 00E3BPEKUBAIOIINE CPEJICTBA B COOTBETCTBUU C THUIIOBBIMU
HOPMaMH, KOTOPbIE YCTaHABIMBAIOTCS B IOPsiAKe, onpenenseMom [IpaBurenbcTBOM
Poccuiickoit deaeparuu (B pea. @eaepanbaoro 3akona ot 30.06.2006 N 90-D3);

— PaGoTHHKM UMEIOT MPaBo Ha 00s3aTEILHOE COLMAIIBHOE CTPaXOBaHUE OT
HECYACTHBIX CJIydacB Ha TMPOU3BOJACTBE M MNPOo(ECCHOHATBHBIX 3a00JIEBaHHUM,
KoTopoe ocymiectBisiercss B Poccuiickoii @enepaunu ¢ gaBaps 2000 roxa B
coorBeTcTBUM ¢ DenepanbHbiM 3akoHOM OT 24.07.1998 1. Ne 125-®3 «O6
00s3aTEIbBHOM  COIMAJIBHOM  CTPaxXxOBaHWM OT HECYACTHBIX CIIy4yaeB Ha
NPOU3BOJICTBE M  MpodecCHOHaNbHBIX 3a0oneBaHui». Ecam  mpoucxomsT
HECYACTHBIE clydyad (TpaBMbI, CMEPTh), TO CEMbE WJIM CaMOMy pPaOOTHHKY
BBIIUIAYMBAETCA KOMIICHCAIUSI B pa3Mepe, 3aBUCSIIEM OT TAKECTU IMOCIEACTBUIMA
[18];

— Taxxe npemocTaBisSIIOTCS IpaBa HAa MPOBEACHHWE B YCTAHOBIECHHOM
MOPSAJIKE 32 CUET CPEJCTB OPTraHM3aIllMU OOSA3aTENBHBIX MPEABAPUTEIBHBIX (TpU
MOCTYIUICHUU Ha Pab0Ty) M MEPUOIUUECKUX B TE€UECHUE TPYAOBON NESITEIHHOCTH B
JAHHOM OpraHu3alMu MEIUUUHCKUX OCMOTpPOB (OOCIeqoBaHUii), a TaKxke
BHEOYEPETHBIX MEIUIIMHCKAX OCMOTPOB pPAOOTHUKOB B COOTBETCTBHU C
MEIUIMHCKUMU PEKOMEHAAUMSIMU COTJIACHO 3aKOHOAATENbCTBY Poccuiickoi
Oenepanuu [19].

PaGoyee MecTo B 1IeXy MOJHOCTBIO COOTBETCTBYET APrOHOMUYECKUM

TpeOOBaHUSM:

91



* MpPOMU3BEIEHbl HEOOXOAMMBIE OTKIIOUEHHS M MPUHATHl  MEPHI,
MPENSATCTBYIONINE M0Ja4€ HAMPSKEHUS HA MECTO pabOThI BCIEACTBUE OLTMOOYHOTO
WM CaMOIIPOU3BOJIBHOTO BKIIOUEHUS KOMMYTAllMOHHBIX alllapaTos;

* Ha NOPHUBOJAX PYYHOrO M Ha KIIOYAX JUCTAHIIMOHHOIO YIpPaBICHUS
KOMMYTAI[MOHHBIX alnapaToB JOJKHBI ObITh BHIBEILICHBI 3alpEeIIatoNIie MIaKaThl;

* IPOBEPEHO OTCYTCTBUE HAINPSKEHUS HA TOKOBEAYIIUX YACTAX, KOTOPbHIE
JOJIKHBI OBITH 3a3€MJICHBI JUISl 3aLIUTHI JIOJEH OT MOPAXKEHUs AJIEKTPUUECKUM
TOKOM;

* HAJIO’)KEHO 3a3eMJIeHHE (BKJIIOYECHBI 3a3€MJISIOIIME HOXHU, a TaM, IJie OHU
OTCYTCTBYIOT, YCTaHOBJIEHBI IEPEHOCHBIE 3a3EMJICHUS );

* BBIBCIIECHBI YKa3aTelbHbIC IUIAKaThl «3a3eMJICHO», OTPaXKIEHbl NpU
HEOOXOIMMOCTH paboyre MecTa U OCTaBLIMECS MOJ HANpPsKEHWEM TOKOBEIYyIIHe

YaCTH, BBIBEIIICHBI TIPEAYNPEIKIAIOIINE U TTPEANUCHIBAIOIINE TUIAKATHI.
6.2 AHaIM3 BpeAHbIX U ONACHBIX NPOU3BOACTBEHHBIX (PAKTOPOB

Cornacao I'OCT 12.0.003-2015 «OmnacHble 1 BpeHbIE TPOU3BOICTBEHHBIE
daktopel». Knaccudukamuss OCHOBHBIE BpEIHBIE H  OMacHble  (HaKTOPHI
npeacTaBieHsl B Tabmuie 15 [1].

Ta6mmma 15 — Bo3MoskHBIC OMTacCHBIC U BpeIHBIC (PAaKTOPHI

Orambl paboT
®DaxTopkl HopwmartuBHbie
(TOCT 12.0.003-2015) ) 5 5 JOKYMEHTBI
3 o g,
= 2 gl 82
£ c= 5=
3 2 =
o =~ M
1.100ym + + |T'OCT12.1.003-2014 CCBT  «O6uue
2.MexaHnueckue + + + | TpeboBanusa  Oe3omacHoctu». CanlluH
TTOBPEXICHUS 2.2.4/2.1.8.562 - 96. CanlluH
3.HenocraTtok + + 2.2.4/2.1.8.566 — 96. TOCT 12.1.012.2004
€CTECTBEHHOI'O CBETA «Bubpammonnast ~ 6ezomacHocth».  CII
4.Mukpokinumar + + | 52.13330.2016 «EcrecTBeHHOE u
UcKyccTBeHHOe ocBemieHue». Can [IuH
2.2.4.548 — 96. TOCT P 50571.3-2009,
I'OCT 12.1.038-82
5.0nexTponopaxeHue + +
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6.2.1 llym

[lym — oauH u3 Haubojee pacHpOCTPAHEHHBIX HEOIArONPUATHBIX
(bakTOpoB  MPOU3BOACTBEHHOW cpelbl. VCTOYHMKOM  SIBISETCS  MOIIHBIM
3JIEKTPOABUTaTEIb. ['0BOPS O IENCTBUHU LIIyMa HA OPTaHU3M, CIEAYET UMETh B BUAY,
YTO OH OKa3bIBaeT KaK MECTHOE, Tak U obiee Bo3jaedcTBue. HebmarompustHo
OTpakaeTcsl IIyM Ha HEPBHOW CHUCTEMeE, BBI3bIBas TOJIOBHBbIE 00, OECCOHHUILY,
ocjiabJieHre BHUMaHUs, 3aMEJICHUE IICUXUYECKUX PEAKIIUi, YTO B KOHEUHOM CUETE
MPUBOJUT K MOHMKEHHUIO PaOOTOCIIOCOOHOCTH.

[IpenenbHO TONMYyCTUMBIC YPOBHH IiIyMa MpeacTaBieHbl B Taduie 16. [3]

Tabnuna 16 - [IpenensHO AOMYyCTUMBIC YPOBHU IITyMa

Pa6ouee mecto YpoBHU 3BYKOBOTO J1aBieHus, 1b ITo
31,5 63 125 250 500 | 1000 | 2000 | 4000 | 8000 | mkamue
Iex 107 95 87 82 78 75 73 71 69 80
IluT
96 &3 74 68 63 60 57 55 54 65
yIpaBlIeHUs

JIist 3aiIuThl OT IIymMa W BUOpaIMM MPH W3TOTOBIEHUU M IKCIUTyaTaluu
pelyCcMaTpUBarOTCs:
- o0ecrieyeHne nepcoHasa HHANBUAYATIbHBIMHU CPEICTBAMU 3aIUTHI;
— YCTaHOBKA 3BYKOM3OJUPYIOIIUX KaOWH;
— 3BYKOM3OJHUPYIOIINE KOKYXU U SKPAHBI;

— BUOPOM3OIHPYIOIIUE MaTepUalbl Mo 000pyoBaHue (TIPY>KHHBI,
PE3UHBI U IPYTHUE MPOKJIAI0YHbIE MaTEPUAJIbI).

CpeactBa nHaAnBUAYaJbHOM 3a1uThI (CH3) npuMeHsI0TCS B TOM Cilyvae,
€CIM APYTMMH CIIOcO0aMU 00ECIeUnTh JOMYCTUMBIM ypOBEHb IIymMa Ha pabodem
Mecte He ymaercs. [lpunumn  gedictBuss CU3  —3amuTuTh  HauOolee
YyBCTBUTEJIbHBIM KaHaJ BO3JIEUCTBUSl IIyMa Ha OpraHu3M desoBeka — yxo. CU3
BKJIFOUAIOT B C€0sI MPOTHUBOIIYMHBIE BKJIAABIIHN (OEpyIIH), HAYIIHUKH, IIJIEMbI U

KaCKH, CIICOHUAaJIbHBIC KOCTIOMBI.
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6.2.2 Mexannuyeckue NMoBpeKIAeHUsI

[Ipu BeneHun paboT B COOPOUHOM II€Xy MEPCOHAT MPU HECOOJIOACHUU
TpeOOBaHMI 0€30MacCHOCTH TpyAa 3a4acTyl0 MOXKET MOJYYUTh pPa3IUYHbIE
MexaHu4eckue TpaBMbl. K TpaBMaM Takoro Tuma OTHOCATCA: YIIMOBI, MEPEIOMBI,
BBIBUXH M PaHCHUSI.

OObIYHO yHIMOBI TPOUCXOASAT TPHU HEOCTOPOKHOM  OOpAaIllEHUH C
MHCTPYMEHTOM, TIPHU HMCIOIH30BAaHUH HEMPHUTOJIHOTO WHCTPYMEHTA, MPHU MaJeHUH
MHCTpyMEHTa U T.A. MckiodaTh MojiydeHHe YHIMOOB Tena MpH JABMKEHHH IO
HEPOBHOM MJIM CKOJIb3KOM OBEPXHOCTH HE MPUXOIUTCH.

[lepenoMbl manbleB pyK U HOT UMEIOT MECTO NpPU MAJACHUM TSIKEIBIX
PEeIMETOB C BHICOTHI. [lepesoMbl KOCTEH BO3HHMKAIOT B OCHOBHOM IpU TNaJCHHUU
COTPYZIHHUKA C BBICOTHI, IPU aBApPHUSIX HA TPAHCIIOPTE.

[To GompIIeit yacTu, MOAyYEHUE paHEHUS! TPOUCXOAUT MPU UCTIOTB30BAHUU
PEXYUIUX UHCTPYMEHTOB, MPHU 3a4MCTKE U30JISIIHH MPOBOIOB U Kabene u T.1I.

Cornacao I'OCT 12.2.003-91 «Cuctema cranmapToB 6€30MaCHOCTH Tpya
(CCBT). O6opynoBanue npousBoacTBeHHOE. O01IHMEe TpeOoBaHMs O€30MaCHOCTH

JUIST MUHUMM3AIUU  TPaBM TIEpPCOHAN JOJDKEH OBbITh IMOATOTOBIICH
COOTBETCTBYIOLIUMH UHCTPYKTaKaMu. MHCTpyKTaXxku aenstes Ha [12]:

e BpoanbIil — npeaycMaTpuBaeT U3I0KEHUE BeeX (DYHKIUN CIICIUANKCTA,
BO3JIOKEHHBIX HAa HETO M0 OXpPaHe TPy, a TAKXKE U3JI0KEHUE YTBEPKICHHON
IPOTPaMMBlI;

o [lepBUYHBIN — 3HAKOMHUT PAOOTHUKOB C HMEIOIITUMUCS BPEAHBIMU U OTIACHBIMH
IPOU3BOJICTBEHHBIMU (DAKTOpaMH, a TAaK)Ke MPH TAaHHOM WHCTPYKTAXKE
IIPOXOJUT YCTHAs MPOBEPKA 3HAHUM OXPaHbI TPYA;

e [loBTOpHBII — NOBTOPSAET MEPBUYHBIN MHCTPYKTAX HA pabOUeM MECTE;
e BHeEmIaHOBBINA — MPOU3BOAUTCS I10 MTPUKA3Y WIIH PACTIOPSIKEHHUIO;

o [leneBoit — oopmIIsieTcs: MPUKA30M O TIPOBEICHUN PabOT ¢ opopMIleHHEM
HapsiIa-0MmycKa.

I/IHCTPYKTa)KI/I MMPOBOIAATCA HC TOJBKO A MHHHMH3AIWK MCXAHHYCCKHX

TPaBM, HO U JUJIsl PENOTBPALIEHUS APYTUX MTOBPEKICHUN.
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6.2.3 HexocTaToOK €CTECTBEHHOI0 CBETAa

CormacHO HaydYHBIM HCCJICIOBAHHSIM, OTCYTCTBHE WM HEIOCTATOK
€CTCCTBEHHOTO OCBEIICHUS Ha padoyeM MECTe MOKET BBI3BaTh YXYAIICHHUE
CaMOYYBCTBHS, IPUBECTH K ITOTEPE CHA U OCIA0JICHHIO 310pOBbs [1]. CriennaancTsl
MOJIaraloT, YTO MPUYMHA OTPHUIATEIHPHOTO BO3JCHCTBUS MOXET 3aKJIIOYaThCS B
W3MCHCHHUH ITUPKATHBIX PUTMOB M3-3a HEJIOCTATKa €CTECTBEHHOTO cBeTa. [loaTomy
ClIeyeT yAensATh OoJblliee BHUMAHHUE JOCTATOYHOMY JTHEBHOMY OCBEIICHHIO IJIS
YKPEIJICHHS 3JI0POBbSI © MOPAJIbHOT'O COCTOSTHUS paOOTHUKOB. [21]

Ha pabGoumx Mecrax, e TpyAoBas ACATCIBHOCTH BEACTCS B YCIOBHUSIX
OTCYTCTBHUSI €CTECTBEHHOTO OCBECIICHHS, HEOOXOJIUMO MPOBOJAWTH MEPOTPUSITHS,
HaIPaBJICHHBIC Ha YMCHBIIICHHE YPOBHS BPEIHOCTH YCIOBHU Tpyaa. B mx uwmcio
BXOST CIIEAYIONIHE:

- YIyYIIICHUE YCIIOBUH ITyTEM HCITOJIb30BAHUS UCKYCCTBEHHOT'O OCBEIICHUS;

- 3amTa  BpEMEHEM, TO €CTh COKpAIleHHWe TPOJOJDKUTEIBHOCTH
npeObIBaHNs PAOOTHHKOB B IIOMEIICHUH 0€3 €CTECTBEHHOTO OCBEIICHUS;

- podUIIaKTHIECKOE yIbTPaPHOIETOBOE 00IydeHre pabOTHUKOB. B aTOM
Cllydae WCTOYHUKH YIbTPa(HUOJIETOBOTO H3IYyYCHHS YCTAHABIWBAIOT PSAIOM C
OOBIYHBIMH OCBETHUTCILHBIMH JIAMIIAMH, 33 CYET YEero JOCTHUTaeTcsi oOoraimieHue
OOBIYHOTO HCKYCCTBEHHOTO OCBEIICHUS YIIBTPAPHUOICTOBBIM HU3ITYICHHEM.

[Ipy HemocTaTKe €CTECTBEHHOTO OCBEIICHUS B TIOMEHICHHSIX TaKKe
BO3MOYHO MPUHATHE CIACAYIOMUX MEP:

- aHAJIM3 CTETICHU 3arpS3HEHHOCTH CTEKOJI B CBETOIMPOEMAaX, X OYHMCTKA H
JaNbHEWIINEe  KOHTPOJbHBIE  W3MepeHus  Kod(pduimeHta  eCTECTBEHHOM
OCBEIICHHOCTH, KOTOPBIA TIOKa3bIBAET, Kakasi 4YacTb HAPYKHOTO OCBEIICHUS
mormaaeT Ha paboyre MecTa MPOU3BOJCTBEHHOTO TTOMEIIICHHUS,

- MpPU HATWYUH B TIOMENICHWH 30H C HEIOCTATOYHBIM M JOCTATOYHBIM
YPOBHEM €CTECTBEHHOT'O OCBEIICHUS M3MEHEHHE pa3MeIeHUs pabodnx MEeCT C UX

IIEPCHOCOM B 30HY C JOCTATOYHBIM YPOBHCM CCTCCTBCHHOI'O OCBCIICHM,
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- KOCMETHYECKMH PEMOHT IIOMEIICHUS C TMPUMEHEHUEM CBETJBIX
OT/IEJIOYHBIX MATEPHUATIOB.

OCHOBHBIM HCTOYHHKOM CBETa, Kak IS OOIero, TaKk MW i
KOMOMHUPOBAHHOTO OCBEILICHUS, SABIISIIOTCS JIOMUHECHEHTHbIe Jammbl: AJl4, JI]I,

JIXB, JIb, JITH. 13 Hux HanOoJjiee SJKOHOMHUYHBIMU SBJISIOTCS JIaMIbl Thna JIb.
6.2.3.1 Bb10op cucTeMbl OCBEIIEeHUSA

[Ipumenenne Ha paboOYMX MecTaX OJIHOTO MECTHOTO OCBEUICHUS He
nomyckaercs. OOliee e paBHOMEPHOE OCBEUICHUE NpUMEHSeTCs ISl TexX
NOMEILEHUH, TJIe padoTa MPOU3BOJUTCS MO BCEW MIIOMIANU, U HET HEOOXOAMMOCTH
B JIy4IIIEM OCBEIICHUHU OTACIbHBIX yuacTKoB [11].

Cucrema 00111€T0 JTIOKATM30BAaHHOTO OCBEIICHHS IPUMEHSIETCS TOT/1a, KOoraa
B MPOU3BOJCTBEHHOM MOMEIIIEHUH €CTh YYaCTKH, HA KOTOPBIX MPOBOASTCS pabOThI
C BBICOKHUM 3PUTEIbHBIM HAIPSKEHHUEM.

Cucrema KOMOMHUPOBAHHOTO OCBEIICHUS TPUMEHSETCS B IIOMEIIEHUH, T]I€
BBITIOJIHSIOTCSI  TOYHBIE 3pUTENbHBIE pabOThl; B cllyyae HEOOXOIUMOCTH
OTpeIeNIEHHOT0, U3MEHSEMOr0 B Ipoliecce paboThl HAMpaBJICHHUS CBETA, a TAaKXKE B

MOMEIIEHUSX C HE BBICOKOM MJIOTHOCTBIO pacipeiesieHns pabouux MecT.
6.2.3.2 Bb100Op ocBeTUTEJbHBIX IPUOOPOB

B mexy wMexanuyeckoit 00paOOTKM [Jsi OOIIET0 JIOKAJIW30BAHHOTO
OCBEIIICHHSI HCTIOIB3YIOTCS IIOMUHECIICHTHBIC JTAMITHI.

JIftoMUHECIIEHTHBIE JIAMITBI - OTKPBITHIC JIBYXJIaMIIOBBIE CBETHJILHUKHU THIIA
O/, OJIOII, 00, LOT, OO - nna HOPMAJIBHBIX MOMENICHUN C XOPOIIUM
OTpaXCHUEM CTCH W TMOTOJIKA; WX TPUMEHEHHE JOMYCKAaeTCs MPU YMEPEHHOU
BJIQYKHOCTHU Y 3aMbIJICHHOCTH.

Ceetmnbauku [IBJI - SBISIOTCS MBUIEBIAr03aNTUIIIEHHBIMA, TIPUTOTHBI JJIS

HEKOTOPBIX MOKAPOOTACHBIX ToMeNIeHrnH. MomHoCTh tamibl 2x40 Bt
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[InagoHbl MNOTONOYHBIE JJi1 OOIIETO OCBEIICHUS 3aKPBITBIX, CYXUX

OMEIIEHUN

JI71BO3 - momuocts namnbel 10x30 Bt

JI71B&84-momHoCcTh Tamiiel 8x40 Bt

6.2.3.3 Bbi6op ko3¢ppunuenTa 3anaca

HonyquHa;I BCIIMYMNHA

OCBCHICHHOCTU KOPPCKTHUPYCTCA C YUYCTOM

KOB(I)(I)I/ILII/IeHTa 3alaca, Tak Kak CO BpEMCHCM 3a CHUHCT 3arpA3HCHUA CBCTUIIBHUKOB U

YMCHBIICHUA CBCTOBOTO IIOTOKA JIaMII OCBeH_IéHHOCTB CHMXKACTCA

3HayeHue Kor(duLMeHTa 3anaca npeAcTaBiIeHb! B Tabaule 3.

Ta6muma 3 - 3nayenus ko3 uirieHTa 3amaca

XapakTepucTuka 00beKTa

JIroMHUHECIIEHTHEIE JJaMIIbI

JlaMIIBI HAaKATUBAHUA

TTomerieHus ¢ 00JIBIIIUM

BBIACJIICHHUEM ITBIIN

2.0 1.7
BBIJIEJICHUEM IIBUIN
[Tomemienus co cpegHUM 18 15
BBIJICIICHUEM ITBUIN ' '
ITomenieHnst ¢ MaabIM
m 15 13

6.2.4 MukpokJIuMaT

[TomemieHue 1exa xapakTepu3yercs:

-  HaJU4YHEeM OOJIBIIOrO KOJIMYECTBA METAIINUECKOTO 060py,Z[OBaHI/I$I;

— TOBBIICHHOW TEMIIEPATYPOH.

OnTumanbHble W JIOMYCTHMbBIE HOPMBI MUKpPOKIHMMara B pabodeil 30HE

MIPOU3BOJICTBEHHBIX MMOMEIIECHUI TpecTaBleHbl B TabmuIe 17.
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Tabnuna 17 - OnTuManbHbIE U AOMYCTUMbIE HOPMBI MUKPOKJIMMATa B

paboueilt 30He MPOU3BOJCTBEHHBIX MOMEIICHUM

CxopocThb
0 OTtHOCHUTENbHAS
Temneparypa, "C R JIBUKEHUS
Kareropus BIIAKHOCTBH, %o
Ceson roga aGor BO3/yXa, M/C
p ITo T'OCT 12.1.005 | ITo TOCT 12.1.005 | ITo TOCT 12.1.005
— 88 — 88 — 88
Xomommiii | CPOMMCH 17-19 40 - 60 03
TSHKECTH
Ténnmrii co
3HaunTeNbHBIM |  CpemHeit 20— 22 40 — 60 02-0.5
U30BITKOM TSHKECTH
TeruIa

Ilns  oOecrieueHsi HOPMAJIBHOTO MHMKPOKJIMMAara IpeaycMaTrpuBaeTcs,
CIENYIOIIIEE:

BEHTUWJISALIUS PUTOYHO-BBITSIKHAS, yCTaHOBKA IIEHTPOOCIKHBIX
BeHTWIITOpOB. KparHocTh Bo3ayxooomeHa 1;

YCTaHOBKAa CUCTEM BO3YIIIHOTO OTOIUICHHS, COBMEUIEHHBIX C BEHTHIALIUEN;

[IpenycmoTpeHHbie MEpOIPUATHS o0ecreynBaroT napamMeTpbl
MUKPOKJIMMAaTa B COOTBETCTBUU C HOPMaMH, MIPEICTABICHHBIMU B Tabmuie 1.

3HauEHHUs TEMIIEPATYPbl, OTHOCUTEIBHON BIAXKHOCTU U CKOPOCTH JBHKEHUS
BO3/yXa yCTaHABIMBAIOTCSA, 751 pabodeil 30HbI TPOU3BOJCTBEHHBIX TTIOMEIIEHUH, B
3aBUCUMOCTH OT KaTerOpUM TSHKECTH BBITIONHSAEMON padOThl, BETUYUHBI SIBHOTO

M30bITKA TETIa, BBIACISIEMOTO B IIOMEIICHUH U TIEpUOo/ia Tofa.
6.2.5 DaekTponopaxenue

DneKTpornopaxeHne MnepcoHana, padOTalolIero ¢ 3JIEKTPOYyCTaHOBKAMU,
SIBJISICTCS] OACHBIM JUJTSA )KM3HH YEJIOBEKA M HACTYIIAET MPU CONPUKOCHOBEHUH €T0 C
CEeThI0 HE MEHee 4YeM B JAByX Toukax. [Ipu pa3paboTke KOJUIEKTUBHBIX H
WHJMBUAYAJIbHBIX CPEACTB 3aIUThI OT 3JEKTPONOPAKEHUSI HEOOXOIUMO, COTIACHO
npaBujiaM ycTpoiicTBa snekTpoyctaHoBok (ITYD), paccmorpers cnemytoiue

BOITPOCHI:
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— 00O0CHOBaHHE KaTCTOPHUU MMOMCIICHUA IO CTCIICHU OIIACHOCTH ITOPAKCHUA
QJICKTPUICCKHUM TOKOM;

- TpeOOBaHUs K DJIEKTPOOOOPYIOBAHUIO;

— aHaJIu3 COOTBCTCTBUSA PCAJBbHOIO ITOJIOKCHHA HA IIPOU3BOACTBEC
INEPCUYNUCICHHBIM TpC6OBaHI/ISIM;

— MEpONPUSATHS M0 YCTPAHEHUIO OOHAPYKEHHBIX HECOOTBETCTBHUIA;

- 000CHOBaHHE MEPONPUITUHI U CPEJCTB 3AIUTHI, pA0OTAIOIIUX OT
NOPAXEHUS AIEKTPUUECKUM TOKOM.

PaccmarpuBaemast mabopatopusi HE UMEET XapaKTEPUCTHK, CBOMCTBEHHBIX
0cO00 ONAacHbBIM TOMEIICHUSIM B YacTU TMOPAKEHUSI JJICKTPUUECKUM TOKOM.
Heob6xoauMo mnpuMEHEHHE OCHOBHBIX KOJUIGKTUBHBIX CIHOCOOOB U CPEJICTB
AJEKTPO3AlIUThl: M30JSALMS  TPOBOJIOB U €€  HENPEpPbIBHBIM  KOHTPOJb;
npeaynpeauTeabHasl CUTHAIU3aIusl W OJIOKMPOBKA;, UCIIOJB30BaHUE 3HAKOB
0€30MacHOCTH U MPEAYIPEKIAIOIINX IJIAKATOB; 3aIIUTHOE 3a3€MJICHUE U 3allUTHOE
OTKJIIOUYEHUE.

Takke, UCHONB3YIOTCA WHANBUIYAIbHBIE AJIEKTPO3ALIUTHBIE cpeAcTBa. B
yctaHoBkax 10 1000 B ucnonb3yrorcs OUAIEKTPUYECKUE TNEpYaTKH, yKa3aTelau
HANPSDKEHUSI, AUDJIEKTPUUYECKUE KOBPUKHU W OOTHI, M3OJMPYIOIIME MOJICTABKH, a

TaKX€ MHCTPYMEHT C U30JIMPOBAHHBIMU PYKOSITKAMMU.

6.3 DkoJornueckast 0€30MACHOCTDb

PaGora B maGopatopum compsbkeHa ¢ OOpa3oBaHUEM U BBIJCICHHEM
ra3oo0pasHbIX, XHAKUX W TBepabix otxogoB. ['OCT P HCO 1410-2010
«IKOJIOTUYECKUN MEHET)KMEHT.

I"a3000pa3Hbie 0TXO/bI, 3aTPA3HAIONINE BO3AYX TOMEIIECHUS: €CTECTBEHHbIE
BBIJICJICHUS - YTIEKUCIBIA ra3, mapbl BOJbI, JIETYYHEe OPraHUYECKHE COCIUHEHUS -
JIOC (anmpaerunipl, KETOHBI), A30THCThIE coeauHeHus; ObiToBas mbUlb; JIOC,
BBIJICJISIIONINECST B MPOLECCE  JKCIUTyaTalldd  OTAEJOYHBIX  MaTepHuasoB,
JAKOKPACOUYHBIX MOKpbITUM MebOenu u ap. Ilepea BrIOpOcOM BO3AyX MOMEIIECHHI

IoABCPracTcs 00s3aTEIIbHOM OYHCTKE B @HHBTpOBeHTI/IHHHI/IOHHBIX CHUCTCMaAX, 4TO
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npeaoTBpaiaeT atMmochepy oT 3arpsisHeHus. JKuakue oTXosl - OBITOBBIE OTXO/bI,
oOpasyroniyecss B Mpolleccax BIXHOW YOOpPKHM MOMENIEHUN, MPHU MOJb30BAaHUU
BOJIOMPOBOJIOM, TyaJ€TOM U T.M., COPACBHIBAIOTCS B TOPOJCKYIO KaHAIMU3AILUIO U
Jlajee MOCTynarT B CUCTEMBI LICHTPAJIM30BAHHON OUYMCTKHU HAa TOPOJACKUX OUYHUCTHBIX
COOPYKECHUSIX.

[Tpu obOpaiennn ¢ TBEpABIMU OTXOJJaMU: OBITOBOM Mycop (OTXO/bI OyMmaru,
OoTpa0OTaHHBbIE CHEIUAbHBIE TKAHW JJIsi TPOTUPKH O(HUCHOTO OOOPYIOBaHUS U
AKpaHOB MOHUTOPOB, MUIIIEBLIE OTXO/IbI); OTPAOOTaHHBIC IIOMUHECIICHTHBIC JIaMIIbI;
odurcHas TEXHUKA, KOMIUIEKTYIOIIHUE U 3aIT4acTH, yTPATUBIIIUE B pe3yJIbTaTe U3HOCA
NOTpeOUTENbCKUE CBOMCTBA, OBITOBOM MYyCOp MOCIIe IPEABAPUTEIHLHON COPTUPOBKU
CKJIQIUPYIOT B CHEIUaJIbHbIE KOHTEWHEPHI [JIsi OBITOBOTO Mycopa (3aTem
CIIEIIUAJIM3UPOBAHHBIE  CIIY)KOBI BBIBO3SIT MYCOp Ha TOPOJCKYIO CBAJIKY);
yTpaTUBIiee TOTPEOUTEILCKUE CBOMCTBa oO(uUCHOE O000pYI0BaHHE TIEPEaArOT
CHEIUANbHBIM  CIyK0aM  (IpennpusiTUsiM) JUIsl  COPTHUPOBKH, BTOPUYHOTO
UCITOJIb30BAHUS WU CKJIAUPOBAHUS HA TOPOJCKUX MYCOPHBIX ITOJIUTOHAX.

OtpaboTaHHbie JFOMUHECLICHTHBIE JIaMIIbI YTUIN3UPYIOTCS.
JITOMMHECUEHTHBIE JIaMIIbl, MPUMEHSEMBIE IS HCKYCCTBEHHOI'O OCBEILCHMUS,
ABJISIIOTCS.  PTYThCOAEPXKAIIMMU M OTHOCATCS K 1 Kiaccy omacHocTu. PryTh
JIOMUHECIIEHTHBIX JIaMIT CIIOCOOHA K aKTHMBHOM BO3JIYIITHOM M BOJHOW MHTpAIIHMH.
WNuTOKCHKAIMS BO3MOXKHA TOJBKO B CIydae pa3repMETH3alMH KOJObI, MO3TOMY
OCHOBHBIM TPEOOBAHHEM JKOJIOTHYECKOM OE€30MacHOCTU SIBISIETCS COXPAHHOCTH
IIEJIOCTHOCTH  OTpaOOTaHHBIX  pTyThcoAepkammx Jamm.  OTpaboTaHHBIE
razopasps/iHble JIaMIIbl [MOMEIIAI0T B 3allIUTHYIO YMAaKOBKY, MPEAOTBPAIIAOLIYIO
MOBPEKICHUE CTEKIITHHON KOJIOBI, M IIEPEIAI0T CIICIIUATN3UPOBAHHON OpraHU3aIiH
JuIsi 00e3BpeKMBaHUS W TmepepaboTku. B ciiydae 00s pTyThCOAEPIKAIMIUX JIAMIT
OCKOJIKM COOMpAIOT IMETKOW WJIM CKPEOKOM B TEPMETUYHBIM METAUTHYECKHUM
KOHTEMHEP C IUIOTHO 3aKPBIBAIOLICHCS KPBIIIKOM, 3alOJHEHHBIA PacTBOPOM
MapraHieBOKUCIIOTO KaJlus.

[ToBepxHOCTH, 3arps3HeHHBIE OOEM JaMIibl, HEOOXOAMMO 00padboTaTh

pacTBOPOM MAapraHUEBOKUCIOrO Kajdusd W CMbITh BOJOW. KoHTeHHEp U ero
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BHYTPEHHSISI TOBEPXHOCTh JOJKHBI ObITh M3TOTOBJIEHBI M3 HE aJCOPOMPYIOIIETO

PTYTh MaTepuana (BUHUILIACTA).
6.4 be3onacHOCTh B Ype3BbIYAMHBIX CUTYaAHAX

OCHOBHBIMH TIPUYMHAMHU TIOKAPOB OT JJICKTPUUYECKOTO TOKA SIBIIACTCS
KOPOTKO€ 3aMbIKaHWE, TMEpPEerpy3KH DJICKTPUUCCKUX YCTAHOBOK, TIEPEXOIHBIC
COMPOTHBIICHUS U UCKPCHUSI.

[TpyurHaMK KOPOTKOTO 3aMBIKAHWS MOTYT OBITh HENPaBUIBHBIA BHIOOD
CCUYCHHMsSI W MapKH KaOejedl NPHBOJOB, HM3HOC W pPa3JUYHBIC MEXaHUYCCKHE
MOBPEKIACHUS M30JA1MU. [leperpy3ka 3JIeKTPUYECKUX IICTICH BBI3BIBACT HArpeB
AJIEKTPUYECKUX YCTAaHOBOK, CHI)KCHHE JHAJICKTPUUYCCKUX CBOMCTB U3OJISIUU U €€
BOCIUTAMCHEHHE. BOJbIINE TepeXOaHbIC CONMPOTHUBIICHUS BBI3BIBAIOT HAPYIICHHS
JTUDJICKTPUYCCKUX CBOWCTB HM3OJSIIMM M e¢ Bo3ropanue. OHH, Kak IPaBuUIIO,
BO3HHMKAIOT, KOIJlAa TPOBOAHUKU COCTOSIT W3 TMPOBOJOB PA3HOIO CEUEHUS U
pPa3HOPOJHOTO MaTepualia, a TaKXKe IIJIOXOro KOHTaKTa Mexay cobod u
KOMMYHUKAIIUOHHBIMU ~ anmapatamu.  VICKpeHHe  NpOMCXOJUT B MOMEHT
pa3beUHEHUs HAXOAIIMXCA I[OJl HANpsSHKEHUEM IPOBOJOB  BKIIOUATENEH,
MPEIOXPAHUTEIIEH U T.IL.

Bo u3bexanue moxkapoB OT 3JEKTPUUECKOTO TOKAa HEOOXOIUMO, YTOOBI
AIEKTPUUECKHE CETH U DJIEKTPOOOOpPYAOBaHHE OTBEYAIW TPEOOBAHHSIM IPaBUII
TEXHUYECKOW IKCIUTyaTallK JIEKTPOYCTAHOBOK MOTPEOUTENICH U MEXOTPACIIEBBIX
MpaBWJI MO OXpaHe TpyJa MpHU dKCIuTyaTaruu snekrpoyctaHoBok [IOT P M-016-
2001.

[To>xapHast 6€30mMacHOCTh 00ECTICUMBACTCS CIEAYIOIUMHA MEPOIPUSTUIMH
MOKapHOUW MPOPUITAKTUKH:

® OpraHU3aIMOHHBIC — IPOTHUBOMOKAPHBIH WHCTPYKTaXK,
co3gaHue T0OPOBOIBHBIX MOKAPHBIX APYKUH M KOMHUCCHI,
pa3paboTKa MIaHOB YBAKYAINH; TEXHUIECKHUE — COOI0IEHNE HOPM U
IIPABWII TIPU IPOSKTHPOBAHUH U CTPOUTEITHCTBE 3IaHUMA,

co0JI0IcHUuE HOPM TIPH BIOOpE 000pYAOBaHUS, YCTPOUCTBO
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BCHTHJIALIMU U OTOINICHHA, OCHAIICHUC CPCACTBAMUA

NOKAPOTYIIEHUS U T.1.;

® pEXHUMHBIE — 3allPEIICHNE KypEHUs B HEYCTAaHOBJICHHBIX MECTaX;
® DJKCIUTyaTallMOHHbBIE — CBOEBPEMEHHBI PEMOHT 000PY10BaHUS.
Cucrema noxapHoH 3allIUThI IPEAYyCMATPUBAET CIAEAYIOIINE MEPHI:
® [IpeAO0TBpalleHUE PAaCIIPOCTPAHEHUS MOKapa 3a MpeIelibl 04ara;
® [IPUMEHEHHUE CPEJICTB NOKAPOTYIICHUS;
e SBaKyalus JIIOJIel B clydae moxapa;

¢ IIPUMCHCHHUC CpCICTB HO)KapHOﬁ CUTHAJIN3alluu U CPCIACTB
HN3BCIICHUA.

Hanéxnas u Ge3omnacHas paboTa 35ekTpooOopyaoBaHUs 0OecrieunBaeTcs B
pe3yibpTaTe MPaBWIBHOTO €ro BBHIOOpA, KayecTBa HM3TOTOBJIICHUS U PETYJISIPHOTO
NPOBEJICHUS OCMOTPOB, MPOPUIAKTUYECKUX HCHIBITAHUA W PEeMOHTOB. [losTomy
uMeeT ocoboe 3HaueHue BbimosiHeHUs TpeboBanuii [IYD u 'OCT mpu BeiOOpe

ANEKTPOOOOPYTOBAHUS.

B  momemtennu miomaneo 50 M2 COTJIaCHO  JIOKYMEHTY

«IIpaBuna nporuBomnoxapHoro pexuma P®y» ot 25.04.2012r. HE0OXOAMMO UMETh
[6]:

e | ornerymuresns tuna OII-5;

e He meHee | ornerymmuTeneit Tuna OBII-10;

® IUIaH DBAKYAIUHU JIFOJCH;

® CpeACTBa MOXKapPHOM CUTHAIMU3ALMU U CPEJICTB U3BEILICHUS O TTOXKape.

Kaxnprii, oOHapyXMBIIMIA TIOXKAap WM 3aropaHue, O0s3aH HEMEIJICHHO
BBI3BAaTh OKAPHYIO 0Xpany no Tenedony 01, a Takxke mpu HEOOXOIUMOCTH BBI3BATh
ra3ocracaTellbHyl0, MEIUIIMHCKYI0 W JApyrue ciayxObl. Mubopmammio o0 ouare
BO3rOpaHusi HEOOXOIUMO COOOIIUTH JIUIY OTBETCTBEHHOMY 3a 3BaKyallUIO JIIOAEH
n3 31aHud. Ecny B noMenmeHnu, Tae MPOU30III0 3aropaHue, HaXOISTCS NPEAMETHI,

MOTEPS] KOTOPBIX MOXET NPUBECTU K CEPbE3HBIM (PUHAHCOBBIM 3aTPYIHEHUSIM
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NPEeANpUATUsS WIM K MOTepe LUEHHOM HMH(POpMaluU, TO HYKHO MNPUCTYNHUTh K

TYIICHUIO O4ara Irozkapa.

B

IIOMCIIICHHU U Ha3Ha4YCH OTBETCTBEHHBIMN 3a OKCIITyaTalnuto

JNIEKTPOXO3ANUCTBA, a OOECIEYeHUE IOKAPOOIIACHOH DIEKTPOYCTAaHOBOK |

anekTpoceTe. B ero 00s13aHHOCTH BXOIUT:

CBOEBpPEMEHHOE MpoBeaeHUE mTpodunakTuiaeckux ocMotTpoB u [111P;
CJIEUTH 3a NMPABWIHLHOCTHIO BBIOOPA M IPUMEHEHMS 000pYI0BaHNUS;

CUCTCMATUYCCKHU KOHTPOJIUPOBATL COCTOSHHC allllapaTOB,
MpeaoXpaHsaromux oT OTKJIOHCHUH B peKnuMax pa6OTBI;

CJICIUTH 3a HAJIMYUCM CPCACTB IIOKAPOTYIICHU,

OpraHn3oBaTb CUCTEMY 06yqu1/I51 N MHCTPYKTAX I10 BOIIpOCaM,
obecrieueHus MMOKapOoOoITaCHOCTH.

Mepsb! noxapHoi 6€301aCHOCTH:

HaJIN4uc H€06XOIII/IMOFO KOJINYECTBA BBIXOIOB,
ImozkapHasa CUI'HaJIN3aluA;

OpPraHu3allMOHHO-TCXHUYCCKHUC MCPOIIPUATHA.

Cucrema noxapHoi 3alIUThl IPETYCMATPUBAET CIEAYIOIIUE MEPHI:

PEAOTBPAILEHHE pacIpOCTPAHEHHUS MOKapa 3a MPeAeIIbl 04ara;
IPUMEHEHHE CPEJICTB MOKAPOTYLICHHUS;
ABaKyalus JIOJIEH B Cilydyae noxapa;

IIPUMEHEHHE CPEACTB MOKAPHON CUTHAJIU3ALUU U CPEACTB
W3BCILICHUS,

CpeJICTBa MHAUBUIYATbLHON 3alIUTHl OPTaHOB JIBIXaHUS
(peciupaTophl, TKAHEBBIC TMTOBSI3KH).
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3aKJII0UYeHHe

B mpouecce paborel Obula pa3zpaboTaHa M HCCIEAOBaHA MMMTALIMOHHAS
MOJIeJIb MUKPOIPOLIECCOPHOM CHUCTEMBI YIPaBICHUS CUHXPOHHBIM JBUTATENIEM C
MOCTOSIHHBIMU ~ MarHuTamMu. B pe3ynbTaTte MPOBEIACHHBIX TEOPETHUUECKUX
HCCIIEIOBAHUM SJIEKTPOINPUBOJIa PYJIEBON peHKH OECHUIOTHOTO TPAHCIOPTHOTO
CPElICTBA, MOKHO CKa3aTh YTO MCMOJIb30BAHKUE AJIEKTPONPHUBOJIA PYJIEBOM KOJIOHKH
or DYP nns nerkoBeIX aBTOMOOMIIEN ceMeicTBa BA3 B KadecTBe CIEISIIETO
OpuBOJa aBTOOYCOB Maccoil okoso 2.5 T, SBIsAETCS BO3MOXHBIM. B cuiy
CEpUIHOCTH IPOU3BOJICTBA U JICHIEBU3HBI PACCMATPUBAEMOTO YCUIIUTEIS PYJIEBOIO
yIpaBieHUs JadbHEHIINe UCCaeAOBaHUS SBISIOTCS MEPCIEKTUBHBIMH.

beinmu paccunTaHbl OCHOBHBIE MapaMeTphl JJI MOCTPOCHUS] UMHUTAITMOHHOMN
Mozenu ynpasieHusi. Ha ocHoBe pa3paboTaHHON MaTeMaTH4YeCKOM Mojienu, Obuia
NOCTPOCHA MMMTAIIMOHHAST MOJIEIb CHHXPOHHOIO 3JIEKTPONPHUBOAA B MpPOrpaMMe
Matlab2018a. I'paduku monydeHHBIE B pe3yibTaTe MOJCIUPOBAHUS TOBOPST 00

JOCTAaTOYHOM 6LICTp0,Z[CI>'ICTBPII/I QJICKTPOIIpUBOAA B paCCManHBaeMOﬁ CHCTCMC.
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IIpunoxenue A

Paznen 2

Steering-Rack Servo-Drive of Unmanned Vehicle

CryneHr:
I'pynna [25(e) Ioanuce Jara
SAMS7 SunymkeBuy Cepreii CepreeBud
Koncynprant mkomist U otaenenus (HOL) O33:
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Introduction

In the modern automotive industry, there is an obvious trend towards a
gradual transition to intelligent vehicle control systems without human participation.
It is necessary to solve many problems related to the organization of control of
executive bodies to provide the safe and efficient operation of an unmanned vehicle.
Solutions associated with a compact and reliable steering-rack electric drive of
unmanned vehicle development goes to priority level because many functions
devolve from drivers to high precision control systems. The research direction of
controlled electric drive development for wheels turning of unmanned vehicles is
very promising and relevant. The purpose of this work is steering-rack servo-drive
development of unmanned vehicles, which intended to passenger transportation
within the city with a full load of 2.5 tons. The following tasks will be completed
upon reaching desired results: development of a block diagram, functional diagram,
motor selection, selection of a method and control system, selection of the element
base, mathematical and simulation modeling for various types of loads.

The research object of this work is the servo-drive steering-rack with defined
parameters development with the conditions of optimal technical and economic
characteristics. The research subject of this work is the control system of the servo-
drive steering-rack of the unmanned vehicle. The practical utility of this work is an
improvement of control precision of unmanned vehicles, thereby increasing the

reliability of its work and durability of autonomous mode.
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General information

An Unmanned vehicle is a vehicle, which is equipped with an automatic
control system that can move without human participation. An automatic control
system makes decisions based on data from different information links for example
transducers and sensors, which are mounted on the board of a vehicle.

The most often mounted sensors:

e LIDAR — (Light Identification Detection and Ranging) a tool that can
provide a surveying method that measures a distance to a target by
illuminating the target with pulsed laser light and measuring the reflected
pulses with a sensor;

e Stereo Vision systems — systems that can provide the vehicle to be
oriented in space autonomously;

e GPS (Global Position Systems, Glonass);

e Gyrostabilizer — a device that intended to measure angle deviation of the
subject, which contains it.

In addition, the software can include operating with neural networks and
machine learning. Some systems are based on infrastructure systems (as an example,
those integrated inside the road or near with it), but the most advanced technologies
can imitate human presence to make self-decisions about the current deviation of
steering wheel position and velocity, due to different video cameras, sensors, radars,
satellite navigation systems. In modern unmanned vehicles are used algorithms,
which are based on SLAM (Simultaneous Localization and Mapping). The operation
principle of these algorithms is combining information from onboard sensors (real-
time data flow) and information from maps (offline information source). SLAM and
DATMO methodic (Detection and Tracking of Moving Objects) are developed and
used by the vehicles of Google Waymo Company.

Society of Automotive Engineers has developed a classification of car

automation, wherein six levels:
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Level O: lack of control over the machine;

Level 1: the driver must be ready to take control at any time. The following
automated systems may be present: cruise control (ACC, Adaptive Cruise Control),
automatic parking system and Lane Keeping Assistance warning system (LKA, L2);

Level 2: the driver must respond if the system could not cope on its own.
The system controls acceleration, braking, taxiing. The system may be disabled.

Level 3: the driver may not control the car on roads with “predictable” traffic
(for example, autobahns), but must be ready to take control;

Level 4: similar to the third level, but does not require the attention of the
driver;

Level 5: on the part of the person, no action is required except starting the
system and specifying the destination point. An automated system can reach any
destination unless otherwise prohibited by law. With a high level of vehicle
automation, the issue of its precise control, and, consequently, the choice of design
components, which are responsible for this accuracy, is very significant. To date,
maximum controllability ensures the use of the steering rack with high-precision
servo-drive. In addition to control accuracy, the use of a steering rack servo has
several other advantages:

* case of adjusting steering characteristics;

« Highly informative steering;

* High reliability due to the lack of a hydraulic system;

* Fuel economy, due to the economical expenditure of energy (reduction of
fuel consumption to 0.5 liters per 100 km). This drive is used in the electric power
steering, in other words, is a structural element of the steering of the car, in which
the additional force when turning the steering wheel is created using an electric

drive.

Electromechanical power steering. Types and principles of work

There are two basic layouts of electric power steering:
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1. Motor force is transmitted to the steering wheel shaft;
2. The force of the electric motor is transmitted to the steering rack.

The most in-demand electric power steering rack.
Known designs of such an electric assist are a power steering with two gears
and a power steering with a parallel drive.

The main components of such an amplifier are shown in Fig. 1.
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Fig. 1. Components of power steering with two gears

1 — Torque sensor on the steering wheel; 5 — Rack;

2 — Control block; 6 - Steering angle sensor;
3 — Motor; 7 — Steering wheel shaft;
4 — Gear of an amplifier; 8 — Steering shaft gear.

The mechanical transmission provides the transmission of torque from the
electric motor to the steering rack. In an electric-assist with two gears, one gear
transmits torque to the steering rack from the steering wheel, and the other from the
electric motor of the amplifier. To do this, the rail has two sections of teeth, one of
which serves as an amplifier drive.

In a parallel-drive electric assist, the force from the electric motor is

transmitted to the steering rack using a belt drive and a special ball screw
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mechanism. The composition of such a steering mechanism is presented in Figure
2.

i
1
Fig. 2. Components of power steering ball screw
1 — Crankcase; 6 - Control block;
2 — Steering wheel shaft; 7 — Hollow rotor;
3 — Torque sensor on the steering wheel; 8 — Motor;
4 — Pinion gear; 9 — Ball screw.
5 — Rack;

The control system of such electric power steering includes input sensors, an
electronic control unit and an actuator. Input sensors include a steering angle sensor
and a steering wheel torque sensor. The electric power steering control system also
uses information from the ABS control unit (vehicle speed sensor) and the motor
control unit (motor crankshaft frequency sensor). The electronic control unit
processes the sensor signals. In accordance with the program, a corresponding
control action applies to the electric motor. The electric power steering ensures the
steering operation of the vehicle in the following modes:

e Turning the car in normal conditions;
e Turning the car at low speed;
e Turning the car at high speed;

e Active return of wheels to the middle position;
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¢ Holding the average position of the wheels.

Turn the car by turning the steering wheel. Torsion transmits torque from the
steering wheel to the steering mechanism. A torque sensor measures torque on the
torsion shaft and a steering angle sensor controls a steering angle. Information from
the sensors, as well as information about the speed of the car, the motor speed, goes
to the electronic control unit. The control unit calculates the required amount of
torque of the electric motor of the amplifier and by changing the magnitude of the
current provides it to the electric motor. The torque from the electric motor is
transmitted to the steering gear rail and further, through the steering rods, to the drive
wheels. Thus, the rotation of the wheels of the car is carried out by combining the
efforts transmitted from the steering wheel and the electric motor of the amplifier.
When parking, the car usually turns at low speed. This mode is characterized by
large angles of rotation of the steering wheel. In this case, the electronic control
system provides the maximum torque of the electric motor, corresponding to a
significant increase in steering control (the so-called "light steering™). When turning
at high speed, the electronic control system provides the least torque and minimum
steering gain (the so-called “heavy steering”). The control system can increase the
reactive force that occurs when turning the wheels. This is the mode of active return
of wheels to the middle position. During the operation of the car, there is often
appears a need to keep the average position of the wheels (driving with side winds,
different tire pressures). In this case, the control system provides correction of the
average position of the steered wheels. The electric power steering control program
provides compensation for the removal of a front-wheel-drive vehicle caused by
different lengths of drive shafts. In a number of active safety systems, the electric
amplifier functions without the participation of the driver. In the system of exchange
rate stability, it provides reverse steering wheels, and in parking autopilot - automatic

parallel and perpendicular parking.

Considered layout
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On some domestic vehicles, usually, install direct-drive electric power
steering. It means that the shaft of the electric motor is a part of the steering shaft.
Of course, the motor must be much more powerful with high precision shaft
positioning by the angle of rotation. But the design of the mechanical system is

extremely simple (Fig.3).

Fig. 3. Design of the mechanical system

Car Steering Lada Priora:

1 - Steering wheel;

2 - Electric power steering;

3 - Steering rack.

At the moment, this arrangement is the cheapest and most common variant
of electric power steering for domestic cars. Given these factors, it was decided to
consider this particular layout option for the development of a Steering-rack servo-
drive.

As part of this power steering is used a synchronous motor with permanent
magnets. The synchronous motor provides the desired level of positioning and size
at an increased power level. Note all the advantages and disadvantages of using
electric drives in the steering.

Advantages

e Energy savings (work only "on request");
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Simple layout and less weight;

Ideal compatibility with all modern systems, ranging from car parking to
the strip holding system;

The system is completely maintenance-free, which reduces maintenance
costs;

System repair is extremely simple - modular replacement.

Disadvantages
e Force on the steering wheel seems too artificial that dislikes sophisticated
drivers;

e There are schemes where the electric power steering is installed at the
bottom of the steering mechanism and exposed to salt and dirty water
from our roads;

e The complex circuit of electric control of the power steering reduces the
node reliability.

Steering Kinematics

In the progress of designing the steering control of the car, it is necessary to
substantiate the selected type of steering mechanism, steering gear and make the
necessary calculations. The steering scheme of a vehicle with a dependent front

suspension is shown in Fig. 4.
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Fig. 4. Steering design

1 - Steering gear; 7 - Steering wheel;

2 - Bipod; a, B - Camber angles and cross-pivot
3 - Longitudinal thrust; pin;

4,5 - Upper and lower side levers; | - Round shoulder.

6 - Transverse thrust;

It should be noted that design changes are allowed with the further design of
the electric drive, and specifically, the layout of the steering gear with the bipod and
crosshbar will be replaced by the layout with the planetary gear rigidly connected to
the motor shaft. This kinematic calculation is carried out in order to determine the
gear ratios of the steering drive, reduced to the shaft of the electric motor the
equivalent inertia moment of the mechanism, as well as the magnitude of the load

of the electric drive. Steering design schemes are shown in Fig.5.
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Fig. 5. Steering design

Design schemes:
a) Turning the vehicle, b) the steering linkage

The purpose of the electric power steering is very significant for load
moment calculation. This electric drive is designed for unmanned vehicles;
therefore, the force that applied to the steering wheel by the driver is not taken into
account. This means that the resulting torque transmitted by the drive must be higher

than for a conventional electric power steering.
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Functional electric drive diagram

A functional electric drive diagram is presented on the figure. 6.

PS

Y,

CU

b

i

FQ —PMsM[—Y G oU

7

Fig. 6. Functional electric drive diagram
There are the following blocks:

PS — Power supply;

CU — Control unit;

FQ — Frequency converter;

PMSM —Permanent magnet
synchronous motor;

G — Gear;

OU — Operation unit;

FBS — Feedback sensors.
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Mathematical Description of permanent magnet synchronous motor

model

Consider a description of the motor in a stationary coordinate system ABC -
the mathematical description of a three-phase synchronous motor. The equilibrium

equations of voltage on the phases of the PMSM usually have the form presented in

(1):

dditJrII R=U-sin(3+ ).

d'¥» T

—+I’:r R=U- sm[.§f+ } (1)
dt 3

d:? +1;-R=U- sm(.‘?+ % +23—”J

Here W1, W,, W3 — flux links of A, B, C phases of motor winding;
9 — Rotor rotation angle.

Motor phase flux linkage equals:

=Li-Lj+mp -l +myz-I3-®-wye -L‘GS(.9+.90};

7.

Vi=L3-I3+my-[j+mr3-Ih-®-wy - LDL«[?-I— 9'0-}-2%]

here @ — the maximum of pole pair magnet flux, which is coupled to the
motor phase;

Wie= Ko1- Wi — an effective coil count of motor phase;

M1z, Mi3 Mo Mp3 M3y Maz are mutual induction coefficients between motor
phases. The motor with permanent magnets on the rotor, which has a magnetic
permeability close to vacuum permeability, can be considered as a synchronous
machine with a wound rotor. That motor has the coefficients of phase mutual

induction, which are equals to:

L
my2 =]T113 =9 =m7y =]T13|=]T123 =IT]=—E. {3)
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The same applies to internal inductances:

Li=L,=L3y=L. (4)

With the Y connection type of stator phase windings (a system with an
isolated common point), in accordance with the Kirchhoff law, here is the following

equality:
11+12+l3=ﬂ. {S)
Perform the transformation of equations for flux linkages. We set the value
of the coefficient of mutual induction into all equations for flow linkages m = 5

and phase inductions L. Also, on the basis of the first Kirchhoff law, in the first,

second and third equality we replace the current values, respectively:

12 + 13 =—I|:_,
I| +I3=—12; {6)
I| + IE = —13.

Making the substitution, we obtain the following expressions for flux links:

L2 =%-L-11 —LIJ-wle-cus[.9+.9g);
‘P2=%-Lalg—¢'-w16-cus[.@h%—z%} (7
‘-]J3=%-L-I3—¢'-W13-L“DS{.9+.% +2TEJ

Substituting the obtained equations into the original system of equations, and
performing time differentiation, we obtain the following system of equilibrium stress

equations for the phases:
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dy
dt

L. %HE R+C,-Q- sm(9+%—sz)=Usin(9+.%—2.—f); (8)

+1-R+C, - Q-sin(9+ 9y )= Usin(9+ 9 )

B | Ml'w-' b | L

dl .
-L-d—3+l3-R+Ce-ﬂ-sm(ﬂ+9@ +ET”] U&m[3+.90+2TEJ

Here, Ce= (3/2) -zp - ko1 wi-® — motor electric motive force (EMF)
coefficient;

in C;—t — rotation speed.

Zp
The following expression determines an electromagnetic torque of the

motor:
: : 2. 2.7
M,y =Cy -(Il -sm(3+ .Qn)+ B -sm(9+ S —T]+13 sm[§l+ Gy + T)],{'}]

here Cm = Ce — the motor torque coefficient.
Thus, the complete system of equations, which describes the SMPM in

dynamic and static modes of operation will have the form:

dl

%-L m1+11 R+C,-Q-sin(9+ 9)=Usin(9+ % +9)

3, d 2.7
= —=+1,-R+C_,-Q-sinf $+9) ——— [=Usin| 9+ .9 ———
2 d [ * ) [ 0 )
3 dly T 2.
—-L- +I3-R+C,.-Q- 9+ +— g+ —_—
2 e TR 5"{ $o+=3 ( 043 j

(10)
M., =C,, [11 -sin(9+ Gp)+1 - sm(9+9n—TJ+IE bm[h%ﬁT"’)J

do
Moy =M =1 =

t
=z, - [Qdt
0

To build a mathematical model, we transform the resulting system of

equations. Applying the Laplace transform to the equilibrium equations of voltages
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and solving them with respect to the currents Iy, I, 13, we obtain the desired system

of equations.

1
%{ 2.1 2.7
I,(p)=—22—- Usin[.9+5'0—“ )—Cfe~ﬂ-si11[.9+5'0—" )
Te-p+1 3 3
%{ 2- 2.
I3(p)= : Usm[.ﬁf+$in— )—Cfe~ﬂ-si11[.§'+$h— )
7. :
M, =C,, -{I, sin(9+ %)+ 1, -sin[.9+ Y - “3”] +1, -sin(.5'+ o + ZTED
dQ
MJM_MEZJ‘E
t
9=zp-[Qadt
0

3 L L
Here Te = E . E_ motor electromagnetlc time-constant

Using the obtained system of equations, we construct the structural scheme
of the motor. To form a control action at the system input, it is necessary to install a

Park converter.
Conclusion

This section describes the basic concepts related to the steering of cars and
electric power steering. In addition, the main existing layouts of electromechanical
power steering are considered. The result of this section is an introduction to the
current solutions in the field of steering the unmanned vehicle, the rationale for the
choice of the steering booster layout, the choice of engine type and its mathematical

description.
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