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IJIAHUPYEMBIE PE3YJIBTATBI ObYYEHMUA 110 OOIT
13.03.02 «DJieKTpoIHEPreTHKA U YJIEKTPOTEXHUKAY

Kox
pe3yJbTara

PesynbTaT 00yuenus
(BBIIYCKHHUK J10J17K€eH ObITH I'OTOB)

yHI/IBepcaJﬂ)Hble KOMIIETCHIUMHA

P1

Cosepuiencmeosams ¥ pa3BUBATh CBOU UHMELIEKMYAIbHbI U
00WeKyIbMYPHBII YPOBEeHb, TOOUBATHCS HPABCHEEHHO20 U (PUULECKO20
CoBepuLeHCME08aHUSA CBOCH IMIHOCTH, 00YUYECHHIO HOBBIM METOIaM
HCCJIICA0BAaHM, K KBMCHCHUIO HAYYHOI'O U HAYYHO-IIPOU3BOACTBCHHOI'O HpO(i)I/IJIﬂ
cBOEH MPOPeCCHOHAILHON eI TEIHbHOCTH.

P2

P3

C80600HO NONL3068aAMbCSL PYCCKUM U UHOCMPAHHBIM S3bIKAMU KaK CPEACTBOM
JIEJIOBOTO OOIIEHHS, CITOCOOHOCTRIO K aKTUBHOM COLIMAIbHON MOOMIILHOCTH.

P4

Hcnonv306ams Ha IPAKTUKE HABLIKU U YMEHUSI B Op2aHU3AYUU HAYIHO-
HCCIIeIOBATENILCKUX U TIPOU3BOJICTBEHHBIX PaloT, B ynpasieHuu KOJIEKTUBOM,
HCII0JIB30BAaTh 3HAHHWSA IMMPABOBBIX U OTUYCCKUX HOPM IIPU OLICHKE I10 CHC}ICTBI/Iﬁ

CBOEH MTPOeCCHOHATIEHON JACSITEIIPHOCTH.

Hcnonvzoeams nipefcTaBlieHne O METOIOJIOTUYECKUX OCHOBAX HAYYHO20
NO3HAHUS U MBOpYecmaea, PO HaydHOH MHGOpPMAIMK B pa3BUTUH HAYKH,
TOTOBHOCTBIO BECTU PaOOTY C MPUBJICUEHUEM COBPEMEHHBIX UHDOPMAYUOHHBLX
mexHon02Ull, CAHTE3UPOBaTh U KPUTUUYECKH PE3IOMHUPOBATH HHPOPMAIIHIO.

P5

IIpodeccnonanbHbIe KOMIIETEHIUHA

P6

Ipumensmo yenyOnenuvie ecmecmeeHHOHAYYHble, MameMamuiecKue,
COYUATILHOIKOHOMUYECKUE U NPODeCCUOHAIbHbLE 3HAHUS B
MEXIUCIUTINHAPHOM KOHTEKCTE B MHHOBAIIMOHHOW MH)KCHEPHOMN
JESTETLHOCTH B 00JIACTHU DJICKTPOIHEPTETUKHU U DJIEKTPOTEXHHUKH.

P7

CraBuTh H peuanib UHHOBAYUOHHblE 3a0aqu HHXCHCPHOI'O aHa/IM3a B obnactH
OJICKTPOOHEPI'CTUKU U DJICKTPOTEXHUKHN C UCITIOJIb30BaAaHUEM FJ'IY6OKI/IX
(bYHI[aMeHTaJ'IBHHX " CIicouaJIbHbIX 3HaHHﬁ, AHAJIMTUYCCKUX MCTOZJO0B 1

CJIOKHBIX Moz[eneﬁ B YCIIOBHUAX HCOMMPEACTICHHOCTH.

P8

Breimonasars UHIICEHEPHblEe nNPOoeKNbl C IPUMCHCHUCM OPHUTI'MHAJIBHBIX MCTOZOB
IMPOCKTUPOBAHUSA I JOCTUIKCHUS HOBBIX PE3YJIbTATOB, O6€CH€‘II/IB3IOH_[I/IX
KOHKYPCHTHBIC IPCUMYIICCTBA 3JICKTPOIHCPIETUICCKOI'0 U
QJICKTPOTCXHUYCCKOT'O ITPONU3BOACTBA B YCIIOBUAX KCCTKUX S9KOHOMHUYCCKUX U
OKOJOINYCCKHX OrpaHquHHﬁ.

P9

[IpoBOAMTE MHHOBAITMOHHBIC UHIICEHEPHbIE UCCAE008AHUSL B O0IACTH
ANIEKTPOIHEPTETUKH U NEKTPOTEXHUKHU, BKIIOUYAs] KPUTUUECKUI aHAIIN3 TAaHHBIX
U3 MUPOBBIX HH(POPMAIIMOHHBIX PECYPCOB.

P10

HpOBOI[I/ITL TEXHUKO-OKOHOMUYECKoe 000CHOBAHUE MMPOCKTHBIX pemeHI/Iﬁ;

BBITIIOJIHATE OPraHU3allMOHHO-IIJIAHOBLIC PACUYCTHI 110 CO3JaHUIO UJIU
peoprann3an MpOU3BOACTBCHHBIX YUACTKOB, IINIAHUPOBATH pa60Ty NnepcoHaia
n (bOH,Z[OB OIIIaThl TpyAa, ONIPCACIIATL U obecreunBaTh 3(1)(1)6KTI/IBHLIC PCKUMBI
TCXHOJIOTHYCCKOT'O ITpo1ecca.

HpOBO,Z[I/ITL MOHMASNCHbLE, pecYIUPOBOHHbLE, UCnblmamellbHble, HAJTAJOYHBIC

pa6OTLI QJICKTPOIHECPICTUUCCKOT'O U IJICKTPOTCXHUYCCKOT'O 060py2lOBaHI/ISI.




P11

Ocsausams HO60€ DIEKTPOIHEPIETUUECKOE U INEKTPOTEXHUIECKOE
0bopyoosanue; IPOBEPITh TEXHUUECKOE COCTOSIHUE U OCTaTOUHBII pecype
000pyIOBaHUS M OPraHU30BBIBATH MPOPHIAKTHUECKHI OCMOTP U TEKYIIUI

PEMOHT.

P12

PazpabaTsiBaTh paboOUyIO nPOEKMHYIO U HAYUHO-MEXHUYECKVIO OOKYMEHmMayuo B
COOTBETCTBUU CO CTaHJIAPTaMH, TEXHUUYECKUMH YCIOBUSMH U JPYTUMU
HOPMAaTUBHBIMH JJOKYMEHTaMH; OPraHU30BbIBATH METPOJIOTMUECKOE
obecrneueHne AEKTPOIHEPTETUYECKOTO U AEKTPOTEXHUUECKOTO 000PYI0BaHUS;
COCTaBIIATh ONEPAMUBHYIO OOKYMEHMAaYuo, IPEAYCMOTPEHHYIO ITpaBUIaMU
TEXHUYECKOM 3KCITyaTaliuu 000pyI0BaHUs U OpraHu3aluu paboThl.
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YTBEPXAIO:
PykoBoaurens OOII
Troresa I1.B.
(ITomnuce)  (Hata) (®.1.0.)
3AJJAHUE
HA BbINOJIHEHHE BBINYCKHON KBAJIN(QUKAMOHHON padoThl
B dopwme:
OaxasiaBpckoi paboThI
(bakamaBpckoi paboThI, IUITIOMHOTO MPOEKTa/paboThl, MArUCTEPCKON TUCCEPTALIN)
CryneHnry:
I'pynna DOUO
5A6K Pemanua ITaBea CranuciaBoBuY
Tema paboThI:
ACHHXPOHHBIN IEKTPONPUBOJ HENOJIHO-IOBOPOTHOM 3aCIIOHKH
YTBepxkaeHa IPUKA30M JTUPEKTOpa (11aTa, HOMep) 59-78/c
28.02.2020
Cpok cayul CTy/IEHTOM BBITIOJTHEHHOM paboThI:
TEXHUYECKOE 3AIAHUE:
Hcxoanble JaHHbIE K padoTe Marepuaiisl IpOU3BOACTBEHHOM MPAKTUKH,
TEXHUYECKas JINTepaTypa, TEXHUYECKas

(Hau,\?enoeanue obvexma Ltccxzedoea;ftu}z U NPOEKMUPOBAHUS, JOKYMEHTAIIHH.
nPOU3EOOUMENLHOCTb UNU HASPY3KA,; pexcum pabomol
(HenpepbiBHbILL, NEPUOOULECKUL, YUKIUYECKUU U M. O.); 6UO0
ChIPbA UIU MAMepual usoeius, mpebosanus K npooykmy,
usoenuio unu npoyeccy,; 0cobvie mpedoearus K 0COOEHHOCMAM
dyHKyuoHUpOBanUs (IKCHIyamayuu) oovekma ui u3oenus 8
niaue 6e30NACHOCMU IKCIYAMAYUU, SIUAHUSA HA
OKPYIACAIOULYIO CPeQY, IHEP2O3AMPAMAM, IKOHOMUUECKULL
aHauz u m. 0.).




Hepeqeﬂb MNOoJICKAIIMX UCCJICT0BAHUIO,
NMPOCKTHPOBAHUIO H pa3p360TKe

BOIIPOCOB

(ananumuyeckuti 0630p NO IUMEPAMYPHLIM UCIOYHUKAM C
Yebio 8bIACHEHUs OO0 CIMUICEHUL MUPOBOT HAYKU MEXHUKU 8
paccemampusaemoil 0oaacmu; NOCMAHOBKA 3a0adu
uccnedo8anus, nNPOEKMUPOBAHUs, KOHCMPYUPOBAHUSL;
cooepaicanue npoyedypsl UCCIeO0BAHUS, NPOEKMUPOBANUS,
KOHCMPYUPOBAHUsl; 00CYdIcOeHUe Pe3yIbimamos 6binoIHEHHOU
pabomul; HaumeHo8anue OONOTHUMETbHBIX PA30EN08,
noonedcawux paspadomxe, 3aKuOueHue no pabome).

- MOCTAHOBKA 33J]aui MPOEKTUPOBAHUS;
- IPOEKTUPOBAHUE HIIEKTPOIPUBO/IA HETIOIHO-
MOBOPOTHOM 3aCIIOHKH B TPyOOTIPOBOAHOM apMarype;
- BBIOOD THIA IpeoOpa3oBaTelis YaCTOThI U CIIOco0a
peryaupoBaHus 3aCJIOHKAMU,

-pacueT U MOCTPOSHHUE XapaKTEPUCTUK MEPEXOTHBIX
IPOIIECCOB JIEKTPOIBUTATEIIS;

-pa3paboTKa U HCCIeI0BaHNE UIMUTAITMOHHON MOJICIIH
AIIEKTPONPUBO/IA,

- pa3paboTka pazaena « DUHAHCOBBIN MEHEIKMEHT,
pecypco3heKTHBHOCTE U pecypcocOepekeHre»;

-pa3paboTka pasnmena «CormanbHas
OTBETCTBEHHOCTHY;
- 3aKIIFOYCHHE.
Ilepeuens rpaguyeckoro marepuana I'paduku mepexogHBIX PEKUMOB aACHHXPOHHOTO
(c mounvIM yKazanuem 00s13amenbHbIX yepmediceil) DIIEKTPOIBUTATEIS. CTPYKTypHaﬂ cxemMa
MMHUTAIMOHHOU MOJICITA ACHHXPOHHOTO
3IIEKTPOTIPHUBO/IA.

KoHcyabTaHTBI 10 pa3jeaM BbIIYCKHOM KBATU(UKALUOHHOI padoThI

(c ykasanuem pazoenos)

Pazpen Koncyabranr
ConmajabpHasi
MesenueBa Upuna JleonnnoBHa
OTBETCTBEHHOCTDH

dOuHaHCOBBII MeHEIKMEHT,
pecypcodpekTuBHOCTL M
pecypcocoepeskenne

Kannumat 5KOHOMHUYECKUX HAyK

[Tomonpuropa Uruar BanepreBuu

Ha3Banusi pa3jiesioB, KOTOpble HOJKHbI OBITH HANMCAHBI HA PYCCKOM M HMHOCTPAHHOM

AA3bIKAX:

Bce paziensl BBITYCKHOM KBaTH(UKAITMOHHOW pab0Thl HAITMCAHBI HA PYCCKOM SI3BIKE.

JlaTta BbI/IauM 321aHUS HA BbINIOJHEHUE BbIITYCKHOI
KBAJIN(UKANMOHHOM padoThI 110 JMHEeITHOMY rpaduKy

3agaHue BbIIAJ PYKOBOJAUTEb:

JloJzKHOCTH DdUO YueHasi cTeneHb, Hoanuch Jara
3BaHHUe
UepHsbliieB
JloteHT K.T.H.
Anexcannp IOpbseBuu
3agaHne NPUHSAJ K HCIIOJTHEHUIO CTY/ICHT:
I'pynna DPUO Moanucey Jara
5A6K Premonu ITasen CranuciiaBoBuY




3AJAHUE JUISI PA3JIEJIA
«@UHAHCOBBIN MEHE/UKMEHT, PECYPCOD®®EKTUBHOCTD 1

PECYPCOCBEPEXEHUE»
Crynenry:
I'pynna DPUO

SA6K Poinyun [1aBen CranucinaBoBud

IIxona Ja11116) OTtaenenue mkoabl (HOL)

Yposenn o0pa3oBanust BaKanaBp Hanpagsaenne/cnenuansnocts | 13.03.02.
ONeKTpOdHEepreTuka U
AIEKTPOTEXHUKA

Hcxoaubie nanHblie K pasaeny «PHHAHCOBbIH MEHEIKMEHT, pecypcod(p(peKTHBHOCTH U
pecypcochepeskeHne»:

1. Cmoumocmo pecypcog nayunozo ucciedosarnus (HH):
MAMepuanbHO-MeXHUYECKUX, IHEPLEMUUECKUX, (PUHAHCOBDIX,

qu)OpMaquHHblx U yejloeedeckux

3ampamet  Ha  obopydosanue  onpedensiromcs
CONACHO cmoumocmu 060pyoosanus no
npetickypawmam. 3apabomuas niama onpeoeisiemcs
UCX00s. U3 Mapu@HoOU CMaeku u KOIPPUYUeHmos,
3A6UCAUUX OM PASIUYHBIX YCIOBULL: OPeAHU3AYUS,

PecUOH.
2. Hcnonvsyemas cucmema nano200010%4cenus, Cmasku Omuucnenuss 60  6HeDIOOJCEMHbIE  CHIPAXOBbIE
HAN02068, OMUUCIEHUL, OUCKOHIMUPOSAHUS U KPEOUMOBAHUSL | (DOHObL.
IMepeuyenns BONPOCOB, MOAJIEKALIMX HCCIETOBAHKIO, IPOEKTHPOBAHUIO H Pa3padoTKe:
1. Oyenxa xommepueckozo nomenyuana, nepcnekmuerhocmu u | [lomenyuan u  NEPCReKMUGHOCMb  PeAIU3AYUU
anemepramue nposedenuss HU ¢ nozuyuu npOeKma  OyeHusaemcs — Nymem — CPAGHEHUs

pecypcoadexmusHocmu u pecypcocobepexcetis

BO3MOINCHBIX 8APUAHMOB OCYUWeCMBIeHUS npoeKma.

2. Ilnanuposanue u popmuposanue epaguxa pabom no Hcnonvsya  oyenxy mpyooemkocmu pabom Ons

peanuzayuy mexHu4ecko2o npoeKkma. Kax#c0020  UCNOTHUMENs, ONpeodensiemcs NoaHoe
8peMs HA 8bINOJHeHUe padom.

3. Cocmasnenue cmemvl mexHU4ecKo20 nPoeKma. Cocmasnenue cmemvl HPOGOOUMCS 2PYRNUPOBKU

3ampam no CIMambvsm:
- Pacuém 3ampam na mamepuanvi

- Pacuém ocnoenoti u dononnumensHot 3apabomHot
naamoi

- Pacuém omuucnenuii om 3apadomnoii niamol

- Pacuém naxnaouwix pacxooos

- Kanexkyaayus nianogoii cebecmoumocmu.

Hepeqeﬂb rpadmtleucoro MaTEPHUAJIA (c mounvim yxazanuem obszamenvHblx yepmedicei) .

1

2.
3.
4,

Jluneiinwiii epaghux evinonnenus pabom
Oyenounas xapma QuaD

Mampuya SWOT

Anvmepnamusul nposedernus HU

‘ JlaTta BbIIauM 3a1aHu4 /151 pa3jieia 1o JuHeliHoMy rpaduky ‘

3az[aﬂne BbIJ1AJT KOHCYJbLTAHT:

JloJzKHOCTH DOUO Y4yeHnasi cTeneHb, Hoanucy Jara
3BaHHUe
JloneHt [Toponpuropa 1.B. K.D.H.
3ajaHne NPUHSAJ K HCIIOJTHEHUIO CTY/ICHT:
I'pynna DPUO Hoanucek Jara
5A6K Premonu I1asen CranuciiaBoBu4




3AJAHUE JUISI PA3JIEJIA
«COLUMAJILHASI OTBETCTBEHHOCTb»

CryneHty:
I'pynna DPUO
5A6K Poumgun I1aBen CraHuciaBoBUY
IIkona Otaenenune (HOILL)
Yposenn BakamaBpuar Hanpagsaenne/cnenuansnocts | 13.03.02
o0pa3oBaHus
«DNeKTpOIHEPreTuKa
U DJICKTPOTEXHUKA»
Tema BKP:

ACHHXPOHHBII 3J1eKTPONPHUBO/I HEMOJTHO-MIOBOPOTHOM 3aCJT0HKH

I/ICXOIIHLIC JAaHHBIE K pasaejay «COIIH?U[I)HaH OTBETCTBEHHOCTDb) .

1. XapakrepucTuka 00beKTa UCCIIeIOBaHNUs (BEIIECTBO, TeppuTopus 1iexa 3J1eKTPOCHAOKEHHS,
Marepua, mpuoop, aropuT™M, METOIMKA, pabodast 30Ha) M | TJIABHBIM O0HEKTOM PacCMOTPEHUS
00JIacTH ero MpUMEHEHHs sBIIsieTcsl acHHXpoHHbIH D11 HeronHo-

MMOBOPOTHOM 3aCJIOHKU

[lepeuenn BOPOCOB, MOIEKAIINX HCCIETOBAHUIO, TPOSKTUPOBAHUIO U pa3paboTKe:

— I'OCT 12.2.032-78;
— I'OCT 21889-76;
— CHullI 23-05-95;
— I'OCT 12.1.005-88;

— CH 245 -71;
1. IlpaBoBble H OPraHU3aAlMOHHbIE BONPOCHI 104X
odecrneuyeHns 0€30MACHOCTH: — I'OCT 12.0.003-74;

—  crernuanbHble (XapaKTepHbIe MPH — I'OCT 12.1.033 - 81,
9KCIUTyaTalMi 00hEKTa UCCIISIOBAHUS, — I'OCT 30772-2001;
MIPOEKTUpyeMoi pabouei 30HBI) IPaBOBEIE — I'OCT P EH 779-2014;
HOPMBI TPYAOBOI'0 3aKOHOJATCIbCTBA; — I'OCT P 57703-2017;

—  OpraHM3alOHHBIC MEPOIPHITHS [IPH — TK P® Cratbs 92;
KOMIIOHOBKE paboYeii 30HBI. — TK P® Crates 93;

— TK P® Cratbsa 96;

— TK P® Cratesa 108;
— TK P® Crates 113;
— TK P® Cratesa 122;
— TK P® Cratps 221;

Bo3smoxHbIe BpeqHbie (pakTophl:
— IIpeBbllieHNE YpOBHS
1Iyma;
— OrcyrcTBUE U
HEJIOCTATOK OCBEILEHHUS;
— OrTkioHEeHUEe noKa3aTeneit
MHUKPOKJINMATA.
Bo3moxHbIe onacHble (paKTOpHI:

2. IIpousBoacTBeHHasi 0€30MACHOCTD:

2.1. AHanu3 BBISBIEHHBIX BPEAHBIX M OMACHBIX (PaKTOPOB
2.2. O60CcHOBaHNE MEPONPHUATHH IO CHUKEHUIO
BO3JICUCTBUS

— DnekTponopaxeHue.

— BnusHue Ha atmocdepy:

OCHOBHBIMHU 3arpsI3HUTENSIMH SBISIFOTCA
3. Dkonoruveckasi 6€e301aCHOCTh: JIMOKCHU], CEPBL, TUOKCUJ, YIIIEPOa,
OKCH/JIBI a30Ta, TBEP/AbIE YaCTHIIBI —
a3pO0307IH.

— Bnusiaue Ha runpocdepy u auTochepy:




Ha cocrosiHue nutocdepbl Oka3bIBacT
BJIMSTHUE XO35HICTBEHHAS ICITEITbHOCTh
YeJIOBEKA. 3arps3HeHUe BOJ NPOSBIISCTCS
B U3MEHECHHH (DU3HYCCKUX
OpraHoJICITHYSCKUX CBOMCTB.

4. be3onmacHOCTh B Ype3BbIYANHBIX CUTYAMAX:

Bosmoxusie UC:

— Iloxap

— HaBoguenune

— 3emieTpsceHne

— VYparan

Hau6onee Bepostaoe UC: [Toxkap.

| JaTa BbIIa4u 3a1aHusA U1 pa3aesia no JuHeiiHoMy rpaguky |

3agaHue BbIIAJ KOHCYJIbTAHT:

Jlo1KHOCTH DdUO Yuenasi cTenens, Moanucey Jara
3BaHHE
Accuctent OO/] Mesennena U. JL.
3a11a}me NPUHAJ K HCITIOJIHCHUIO CTYACHT!
I'pynna [025(0) Moanuch Jara
5A6K Pringun I1aBen CranuciaaBoBuY
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PE®EPAT

Lenpro BbIMYCKHON KBanU(UKAIIMOHHOW pabOThI SIBISETCS MPOEKTUPOBAHUE
YaCTOTHO-PETYJIMPYEMOTO 3IeKTponpuBoaa 3acioHku i1 CAP  naBnenus Ha
MarucTpajbHbIX He()TEepEeKAUNBAIOIINX CTAHIUAX.

Junomuslil npoekt 112 c., pucynkoB 52, Tabnui 16, ncrounukos 13.

B mponecce pa®oThl ObUIM HCCIEAOBaHbI MEPEXOJHBIE MPOLECCHl MOJETU
npuBojga ['YCAP mnpu 3akpbelTUM 3aCIOHKH, OTKPBITHM, MOBOPOTE€ Ha HECKOJIBKO
IpajycoB rpaayc, Ipyu MOHUKEHHOM HaNpPSXKEHUU CETH.

JIMTUIOMHBIN TIPOEKT COJEPXKUT OINMCaHWE TPEOOBAHUM NPEIbABISAEMBIX K
ANEKTPONPUBONY 3aCJIOHKH, pa3pabOTaHHBIA anroput™M (GOPMHPOBAHUS MOMEHTA,
pa3paboTaHHYIO0 MOJIE/Ib JJICKTPOIIPHBOIa 3acaoHkH B cpeae Matlab Simulink.

PaccuuTtanbl TEXHHMKO-DKOHOMHUYECKHE IMOKA3aTENH; PACCMOTPEHBI OCHOBHBIE

BOITPOCHI OKOJIOTUYHOCTH U 0e301acHOCTH ITPOCKTA,

I[JI}I HCCJICAOBAHUS IIPUBOA OBLIM UCIIOJIL30BaHbI CICOYIOIIHC IIPpOrpaMMBbI:
o MATLAB v6.1,;
o MATHCAD v11.
. SimBlock v1.1

[Tpu odopmiIeHNN UTIIIOMHOTO ITPOEKTa OBUIM UCTIONB30BaHbI IPOTPAMMBI:
. MS WORD;
o PAINT;
. VISIO.



1. BBEJEHHUE

ABTOMaTI/ISaHI/Iﬂ IMpOn3BOACTBA HAa OCHOBC MHKpOSHeKTpOHHOﬁ TCXHUKHU JIA
PpasBUTHUA U COBECPIUICHCTBOBAHUS CYHICCTBYIOIUX U CO3JAOMIUXCA TCXHOJIOTUUCCKUX

IMPONU3BOACTB, ABJIACTCA OAHNM M3 Ba’)KHBIX HaHpaBHGHI/Iﬁ IMPONU3BOACTBA.

OCOOEHHOCTBI0 COBPEMEHHOTO ATAla Pa3BUTHs aBTOMAaTU3AallMK IIPOU3BOACTBA
SBJISICTCS. NOSIBJICHUE U MAacCOBOE INPUMEHEHUE KAYECTBEHHO HOBBIX TEXHUUYECKUX
CpPEICTB, W3rOTOBIEHHE CeTed Ha 0a3e MMKpPODJIEKTPOHUKH. BHenpenue
aBTOMAaTU3WPOBAHHBIX CHUCTEM YIPABICHUS TeXHoyormdyeckumu mpoueccamu (ACY
TII) mpuoGperaer oco0oe 3Hau€HUE B CBA3M C POCTOM TPEOOBAHUN K CKOPOCTH
BBIUMCIICHUS, TepepaOOTKM U Bbaaud uHopmanuu. I[lostomy paspaboTka u
UCClIeIOBaHuE CTPYKTYp W pexkumoB QyHkuumoHupoBanuss ACY TII Ha ocHoBe
MUKpoOBM sBnsieTcss akTyanbHOU 3aaadeil. Mcnonb3oBanne MukpoOBM no3Bossier
Ha TMOPAJOK CHU3MUTH 3aTpaTbhl, OOECleYMBAET TOBBIMIEHHE 3(PPEKTUBHOCTH U

pacipenre QyHKIIMOHATBHBIX BO3MOKHOCTEH.

Onno u3 OCHOBHBIX  TIOJIO)KEHUH aBTOMAaTH3aIlUU POLIECCOB
OpPraHW3allMOHHOTO  YOPABJICHMS  3aKJIIOYaeTcss B CO3JaHMM  0e30yMaKHOU

TEXHOJIOTUH 00paboTKH MHGOPMAIIHH.

[IporpammHuoe obecrieueHrne CUCTEM € MePCOHATBHBIMU MUKPO-DBM BBIr01HO
OTIUYAETCsl CBOEM MPOCTOTOHM, MPOOIEeMHONW HampaBiIeHHOCThIO. (OCHOBHOM,
OTIPEICISIIONIEH 1eNbI0  YIPaBICHHUS 00OpPYy/IOBaHUEM, TEXHOJIOTHYECKUMU U
MPOU3BOACTBEHHBIMU Tiporieccamu ¢ mnomoinbio ACY TII sBiuseTcs MOBBIICHUE
MPOU3BOAUTEIIBHOCTH TPYAA, YJIYUIICHUE KadyecTBa MPOAYKIMU W HMCIIOJIb30BaHUS
MAaTEPUATBHO-CBIPBEBBIX W TOIUIMBHO-DHEPIreTHUYECKUX pecypcoB. /[lanbHenmee
coBepiieHcTBoBaHue ACY TII cBA3aHO ¢ TOBBINIEHUEM HMX HSKOHOMHYECKOM
3G (PEeKTUBHOCTH  MyTEM  HWHAYCTPUAIHHOTO  CO3JIaHHUS  aBTOMATHU3MPOBAHHBIX

TexHoJiornuecknx komruiekcoB ¢ ACY TII.



OnHYM M3 CyIIECTBEHHBIX NPENATCTBUM Ha IyTH UHAYCTPUAIM3ALNN CO3AaHUs
ACY TII sBnsAroTCS TpaJAMLMOHHBIE METOABI (TPYJOEMKHE) MNPOrpaMMHUPOBAHUS
OBM wu HenocratouyHas agantuBHOCTh TUHOBBIX ACY TII k 6osee mupoKoMy Kpyry
yclIoBUM paboThl OOBEKTOB ympaBieHus. llpeogoneTs 3T NpensTCTBUA AJs
NpeanpusaTui, camocrosarenbHo BHeApsitomux ACY  TII MOXKHO, BO-IIEpPBBIX,
nepenaveil 3HaYUTENIbHONU CTENEHU MPOrPaMMHOr0 00EeCIeYeHUs U3 YHUBEPCATbHBIX
O3V B I3V mukpomnpoiecCoOpHbIX (HYHKIIUMOHATBHBIX OJIOKOB, U3 KOTOPHIX U CIEAYyeT
dbopMupoBaTh JIOTHUECKYI0 U BhUUCIUTENBbHYIO yacTh ACY TII, T. e. mepenaueit
3a/lady TPaJUWLIMOHHOTO MNPOTpaMMUPOBAHUA B 00JacCTh MAacCOBOTO IMPOM3BOACTBA
YCTPOWCTB 3JIEKTPOHHOW TEXHUKH; BO-BTOPBIX, Pa3BUTHUEM CIELHMAIN3UPOBAHHBIX
onepaunoHHeix cucreM ACY TII, obnagaromux MHUPOKUMHU BO3MOXKHOCTAMH K
ajanTaiuy U paboTAIOIIMMHU C MUKPOIIPOLIECCOPHBIMU (PYHKITMOHATIBHBIMU OJI0KaMUu;
B-TPETBUX, CO3JaHUEM  IPOTrpaMMHO-ANNapaTypHbIX  CPEACTB  pealu3aluu
JTMAJIOTOBBIX PEKUMOB HacTpoiiku u pabotet ACY TIIL

YpoBeHb aBTOMAaTH3aLUU IIPOU3BOACTBEHHBIX IIPOLIECCOB,
IIPOU3BOJAUTEIBHOCTD TPYAA U KauyeCTBO BBIITYCKAEMOW NPOAYKLHMHU ONPENEIACTCS
CUJIOBOM  DJIEKTPOBOOPYKEHHOCTBIO  TPYZa, OCHOBY KOTOPOM  COCTaBISIOT
PEryJIMPYEMBbIE IIEKTPUUECKUE MALLIUHBI.

Lenpio HacTOSIIET0 AMIUIOMHOTO TPOEKTa SBJISETCS pa3paboTka U moadop

AJIEKTPOIPUBOAA Il ABTOMATUYECKOU CUCTEMBI PETYJIMPOBAHUS 1aBICHUEM.



2. OIMCAHUE CUCTEMbI ABTOMATHYECKOI'O
PEI'YJIMPOBAHUSA JABJIEHUA

2.1 CHCTEMA ABTOMATHYECKOTI'O PETYJIUPOBAHUSI
JTABJIEHUS 3ACJIOHKOM

N3BecTHO, uTO OOecreyeHnue CcTaOUIBLHOTO BO BPEMEHHM pEXHMa IMEepeKauKu
MPOAYKTa MO HEPTEMPOBOAY B YCIOBUSX Pa3IWUYHBIX BHEIIHUX BO3MYIICHUM
SBJISIETCST OCHOBHOM 3ajadeil HedTenpoBOAHOro TpaHcmoprta. JlaHHas 3amaua
OTHOCUTCSL K KJacCy 3a/lad KOMIUIEKCHOTO YNpaBJE€HUS CIO0KHOW CUCTEMOM, mpu
pelIeHnd KOTOPOM WHXKEHEpaM OOBIYHO TMPUXOJUTCS YUUTHIBATH MHOXKECTBO
OHEPreTUYECKUX, (U3UYECKUX W HKOHOMHUUYECKUX OrpaHUYCHUMU, pemias Mpu ITOM
pa3nuYHbIE COMpsDKeHHbIE TmpoOiembl. OIHONM U3 TakuX MpoOJeM  SBIsSETCA
pEryMpoBaHUe JABJICHUS HA BXOJIE€ U BbIXOJIe HedTenepeKauynBarouel CTaHIUH.

Cucrema aBromaruyeckoro peryiaupoBanus (CAP) gaBnenuss HIIC
(HedTenepexaunBarollel CTaHIIUK) MpEAHA3HAYCHA JJISl MOJACpKAHUS TABICHUS HA
BxoAe (W BbIXOAE) MarucTpaibHoi HacocHoM cranuuu (MHC) He MeHee
YCTAaHOBOYHOTO 3HAYEHUS, 00€CIIeYNBAIOIIETO KaBUTAIIMOHHBIN 3amac, 1 1aBlIeHUs Ha
Beixoge MHC He Oosiee ycTaBOYHOTO 3HA4YEHHs, 0OECIEUYHBAIONIETO COXPAHHOCTH
TpyOOInpoBOa U TPeOOBaHUS pEKUMa TMEPEKauyKd HEPTENPOAYKTOB, a TAKKE IJIS
CHI)KCHHSI HArpy3KH Ha DJIEKTPOJBUTaTEIN MAaruCTPajbHBIX HACOCHBIX arperaTtoB
npu myckax. PerynupoBaHue OCyIIeCTBISETCS C TTOMOIIBIO MOBOPOTHBIX 3aCJIOHOK,
ycTaHOBJI€eHHbIX Ha Bbixoje MHC. YnpaBienue 3acioHKaMu MOYKET OCYIIECTBISATHCS
MMOBOPOTHBIM ~ MEXaHU3MOM IOCPEJACTBOM ACHHXPOHHOIO KOPOTKO3AMKHYTOI'O
ANEKTPOABUTATENII C  TMOMOIIBI0  THPUCTOPHOTO  MpeoOpazoBaTeis  WIH
npeodpa3oBaTeIs YaCTOTHI.

Takyr cucTteMy MOXHO PacCMOTPETh Ha MPUMEPE METOJa APOCCEIUPOBAHUS

3aCJIOHKOM Ha BbIXOAC CTaHIINH.

Ha pucynke 1 nzo0OpaxeHna o01iasi cxema peryjaupoBaHus J1aBJICHHUS.



Pucynok 1 — oOmast cxema peryaupoBaHusl JaBieHUS:

1 - B0 cTan1uy; 2 - TaTYMKW JABJIEHUS HA BXOJI€ CTAHIIMH; 3 - HACOCHBIN arperat; 4 —
KOJIJIEKTOP; 5 — peryaupyoIui MeXaHu3M (3acjoHKa); 6 — JaTUYMK JaBJICHHS Ha BBIXOJIE CTAHIIHH;
7 — BBIXOJI CTAHIIUH; 8 — PETYJIATOP KOHTYpa JaBJIEHUS HA BBIXOJIE€ CTAHIIUU;, 9 — PETysiToOP
KOHTYypa mojoxenus 3acinonku; 10 — sanemenT cpaBHenus; 11 — nepeximoyatens; 12 — perymsrop

KOHTYpa JIaBJI€HUs Ha BBIX0/JI€ (PEBEPCUBHBIN)

B cucremax perynupoBaHMs JaBlI€HHS IS YIYUYLIEHUS JUHAMUYECKHUX
XapaKTEPUCTUK  MOCIHEOHUX  JOJDKHBI ~ KMCIOJIB30BAaThCS  MPONOPLHMOHAIBHO-
uHTerpanbHo-qudpepennnansupie  peryistopel  ([IU-perymstoper). IIpuuem
pEryJIupoBaHKE JABJICHUS HA MIPUEME U BBIXOJE MEPEKAYMBAIOUIMX CTAHIIUU JTIOJHKHO
OCYLIECTBIIATBCSA PA3IUYHBIMU PETYISATOPAMHU, MEPEKIOYAEMBIMU C TIOMOIIBIO
celeKkropa cHUrHainoB. Mcxoas U3 3TOro cocraBieHa CXeMa pPEryjIupoBaHUs
M300paKeHHAast Ha pUCYHKE 1.

[TosscHUM NpUHUHUIIBI €€ NEUCTBUS:

[IpenenbHble ypOBHM [aBJIE€HUSI Ha BXOJE W BBIXOJIE€ CTAHIMU CIy>Kat
yctaBkamu (yctaBku Ha Onokax In P u Out P) nns ciaoKHOTO BHENTHETO KOHTYpa
yOpaBJIEHUs, COCTOSIIEr0 U3 JIBYX peryisitopoB Broporo nopsaka ([IN/-perymnstop
¢ unpTpyromum 3BeHOM). Mcxoast M3 TEKymMX 3HAYCHUUN NABICHUS HA BXOJE H
BBIXO/JIE, JaHHBIE PETYIATOPHI BHIUUCISAIOT HOBOE TPeOyeMOe MOJIOKEHUE 3aCIOHKH.
3aTemM pe3yabTaThl BBIUYMCICHUS PETYJISATOPOB BHEIIHErO0 KOHTYpa CPaBHUBAIOTCS, U

Ha BXOJ PpEryjJsiTOpa BHYTPEHHETO KOHTYpa B KayeCTBE YCTaBKU IE€peIacTCs



OonpmMii W3 HHUX. PerynsTop BHYTpEHHEro KOHTypa OOECHEUMBAET MNEPEBOJ
3aCJIOHKH B TpeOyeMoe MOJI0KEHUE.

Kak ynomuHanoce BbIlIE, B KAUECTBE PETYIATOPOB B CXEME PETYIUPOBAHUS
obuu BeIOpansl [T /-perynstopsl. CinenoBaTenbHO, TP HACTPOUKE CUCTEMBI Y

KaXXJ10T0 U3 PETYJIATOPOB AOJIKHBI HACTPAUBATLCA CICAYIOINNC ITapaMCTPhI:

. KO3 PUIIMEHT NMPOnOPHHOHATBHOCTH Kyj;
. MOCTOSIHHASI BpEMEHU UHTETrPUPOBaHUs - Ty;
. nocTtostHHast BpemeHu auddepeniupoanus T .

B BwiOpanHON cxeme wu300pakeHHas Ha pPUCYHKEe | NPUCYTCTBYET JBa
peryasTopa JaBJICHUS U OJHUH PETYJATOP IMOJOKEHUS NPOCCEIHUPYIOLEH 3aCIOHKHU.
Jnst Takoro caydas JOJDKHO CIYXWTh NPUMEHEHUE aJIalTUBHBIX aJrOPUTMOB
yOpaBJICHUST WJIM aJIrOPUTMOB C caMoHacTpoiikoi. IIpm peanuzanum cxembl
pPEryJIUpPOBAaHMS JIABJICHUS JOJDKHBI OBITH 3aJI0KEHBI QJITOPUTMBI CAMOHACTPOUKHU
[T I-perynsaropa 1o BEMIECTBEHHOMY UHTEPIOIALMOHHOMY MeToay. JlaHHBIN METOT
BKJIIOUYaeT B ce0s WACHTH(PUKALMUIO MapaMeTpOB TEXHOJIOTHYECKOTO Ipolecca u
CUHTE3 peryidaropa [Uisl YIOpaBi€HHs HM B COOTBETCTBHU C TpeOyeMbIMU
XapaKTEpUCTUKAMU MEPEXOTHOT0 Mpoliecca:

- Unentudukanus nmapamMeTpoB TEXHOJIOTHYECKOTO MpoIecca MPOU3BOIAUTCS
IIPU TTOMOIIM COTIOCTABJICHUSI €r0 PEAKIIMU Ha CTYINeHYaToe MPOOHOE BO3JEHCTBUE U
peaKIuu 3BeHa ¢ mepeaarouyHoi (GpyHKIue neproro (mpu rpy0oit naeHTH(QUKAIIm)
I BTOpPOTO (TpU TOBBIMICHHBIX TPeOOBAaHUAX) MOpSAAKA. Takke Ompenemnsercs
3a7E€pPKKa 1O YIPABJIECHHUIO.

OyHKIMS CaMOHACTPOMKH MOXKET OBITh 3amylleHa AWCTAHIIMOHHO U3
VAAJEHHOTO JIUCIIETYEPCKOTO IMYHKTA, YTO SIBISIETCS BaXHBIM (AKTOPOM B
OpraHu3anuy OE3I0THON TEXHOJIOTHH MePEeKaYKu HeTH Wi HePTETpOayKTa.

B nannoii paboTe paccCMOTPEHO YIpaBJICHHE CUCTEMOI BEKTOPHBIM CIIOCOOOM,
1a Obl IPUBOJ MOT pabOTaTh HA Pa3HBIX YACTOTaX, T.€. IPU U3MEHEHUH HAIPSKEHUS,
MOT BbIJIaBaTh HYKHbIM MOMEHT JIJISI TOBOPOTA 3aCJIOHKH HA ONPEAECIEHHBINA YTrOI.

Ha ocHoBe mocTaBieHHBIX 3aJa4  BbIOMpAeM  WHTEJUIEKTYalbHBIN

AIEKTPONPUBOA  JUISl PETYIHUPYIOIIEH M 3alopHOM apMaryphl, KOTOpbIA Oyner



obecnieunBaTh perynupoBanue npasieHuss B MHC npu mnomomu MOBOPOTHOM
3acioHku. (OOOCHOBaHHME BBHIOOpAa NPHUBOJA 3aBUCUT OT 3aJaHHOTO BBIXOJIHOTO
MOMEHTA U pa3Mmepa MOoCagouyHoro Mecra. Takxke NBUraresb AOJKEH MOJAXOAUTH IO
YCJIOBUIO HarpeBa, CIOCOOHOCTh e€ro paboThl B pexume S3. [ TUCTaHIIMOHHOTO
yhpaBjeHusl MpuBojia BeiOMpaeM 0ok ympasieHus ESD-VCX, kotopsiif oTBedaTh
napamMeTpaM peryjJuMpoBaHHs, CHUTHAIW3allMd, IYyCKa, OCTaHOBa U croco0a

yIpaBJIEHUS.

2.2 QJIEKTPOIIPUBO/J «I'YCAP»

JlaHHBIN DJIEKTPONPUBOJ OBUT BHIOpAaH U3 YCIOBHN MOCTaBICHHOMN
3a/1a4M PETYJIMPOBAHUS, MOIIHOCTH JABUTATENS, peKUMa paboOThHI, MapaMeTPOB CETH,
BBIXOJTHOTO MOMEHTa, JMaMeTpa TpyObl, YCIOBHH OKpykawIieh cpeasl. [lanee
MPUBOJIUTCS €70 ONMCAHUE.

DTO UHTEIUICKTYaJbHBIN B3pBIBOOC30NIACHBIN AJIEKTPONIPUBOJ] JIJIsL YIIPABICHUS
perynupyromeid M 3amopHOl apmaTypod Bcex TUNOB. [IpuBox MMeEET B CBOEM
cOoCTaBe: MPHUBOAHON MOyNb, uMmeronuid mMapkupoBky 1ExdIIBT4 u coctout u3
B3PBIBOHENPOHUIIAEMON  00OJOYKH, BKJIOYAIOIIEH KOpIYC, KpBIIIKY OoKca
NOJKJIFOUEHUsS] ~ TMUTAaHWUS W TEIEeMEeTpPHH,  4YeThlpe  KaOelbHBIX  BBOJA,
ANEKTPOABUTATENS; BCTPOCHHOIO TM0CTa yIPaBIEHUS, UMEIOIIEr0 OKHO MHIUKATOPA;
BOJIHOBOU pPEAYKTOp, JaTYUK MOJ0KEHUS, SJIEKTPOHHBINA JaTYMK MOMEHTA, ITyCKaTElb
JIBUTATENISA, SJICKTPOHUKY YIIPABICHUS, 3alIUTHBIN KOPITYC, pY9HOU Ay0OJep, CheMHYIO
My(pTy UISI CTBIKOBKH C apMaTypod, WHIAUKATOP W MECTHBIC MEPEKITIOYaTeNIH s
HACTPOUKHU.

Buemnuii Bug-yctporictBo anektpornpuboaa «I'YCAP» mokazaH Ha pUCYHKe



TIpHE 0 FH0H MogyTe ESD-VOE

TIMEHOYHAT ITAHETD

EaflelbHED BEOT

HHIHEATOPEL
COCTOREEA

ByEE erm0-1dp OB RIS
MHJMEATOPEL

SIEETH OFEHTATENE

LIAXOEEE Py HHOTO

myfnepa KORITY ¢ MOAYILT
E{ ALl eHEL

Pucynok 3 — DnektponpuBo/ 3anopHo-perynupytoieit apmarypsl «['YCAP»

I[J'IH TOr'0 YTO OBl UCIIOJIL30BaTh QJICKTPOIIPUBOA 3aCJIOHKH AJIA HCIIOJIHOT'O

IIOBOPOTA MbI UCIIOJIB3YCM BOJIHOBOM PCAYKTOP.

MpomesyTousoe Teno
KEYEHHA (Wapwk)
Y TR

Cenaparop_

Pucynox 4 — BoiiHOBO# peayKTOp

BonnoBasi mepenada ¢ NpPOMEXKYTOYHBIMU TeJaMU KadeHHUs (IIapuKaMu,

pOJINKAMH) COCTOMT W3 TEHEpaTopa, BBINOIHEHHOTO B BHJIE€ OSKCIEHTPHUKA,



Bpamaromerocs Bokpyr ocu Oi1. Ha 3Toi k€ 0CH yCTaHOBIIEH HECYUIMUA Cenaparop C
paJldaIbHBIMU TIa3aMH, B KOTOPBIX C BO3MOXKHOCTBIO PaJUalibHOTO NEPEMEIICHUS,
pa3MenieHbl Tena KadeHus (IIapUKU WIA POJIMKH). OTH Teja KAa4eHUs MOCTOSHHO
COMPUKACAIOTCA € pabouyrMU TOBEPXHOCTSIMU 3yObEeB BEHIIA, OIMHCAHHBIX
COBOKYMHOCTBIO YKOPOYEHHBIX TUMIOUUKIOU. [Ipy BpamieHun reaeparopa OH CBOEH
MMOBEPXHOCTHIO B3aMMOJICMCTBYET Ha TEJIO KadeHUd M TEpPEMENIaeT €ro Io
paguaipbHOMY Ma3y cemnaparopa. Teno KaueHus, B CBOIO OYepelb, BO3ACHUCTBYET Ha
HAKJIOHHYIO MOBEPXHOCTh 3y0a BEHIIA, YEM BBI3HIBACT BO3HUKHOBEHHE padabHON
CWJIbI, 3aCTaBJISIOIICH IMOBOPAYMBATBHCSA HECYIIMM cenaparop, €ClIM 3aTOPMOYKEH
BEHEll, U, HA00OPOT, MOBOPAUYMBAETCS BEHEILl, €ClId 3aTOPMOKEH cenaparop. B aroit
nepeaavye MCIOJIb3YeTCSl BOJHOBOW MPHUHIMI JBUXEHHUS, TJe 3a OJAWH 000poT
BXOJITHOTO 3BeHa (T€Heparopa) BBIXOJHOE 3BEHO (cemaparop) MOBOpPAYMBAETCS Ha
oJlvH 3y0. YcTaHaB/MBasi HA OJHOM T'€HEpaTOpe MOCIEAOBATENBHO JIBA WK TPHU psiaa

TCJI KAQUCHHA MOXXHO ITOYTH KPATHO ITOBLIIIATh HCCYITYIO CITOCOOHOCTH nepecaadu.

[Ipu 3aTOpMOXKEHHOM BEHIlE, NIEPEAATOYHOE OTHOIICHUE Nepeadyu 1=z, a npu
3aTOPMOKEHHOM cemnaparope i=z+1, rae z - yucio ten kadeHus. OCHOBHBIC JCTaJH
nepeaayr U3roTaBIMBAIOTCS U3 BBICOKOJIETHPOBAHHBIX CTAJICH, UMEIOT TBEPAOCTh OT
48 nmo 63 emuuun mo mkaige Pokeemta m 00paboTaHbl C BBICOKOW TOYHOCTBHIO H

YUCTOTOM.

[lepenarouHoe OTHOIIIEHWE OJHOW CTYNMEHHW IJsi HAACKHOW pPabOTHl MOXKHO
3amaBaTh B npenenax ot 4 go 80. K.m.a. nepenaun gocruraer 0,9, oHa UMeEeT OYEHb
BBICOKYIO HECYIIYI0 CIHOCOOHOCTh, TOYHOCTH, TUIABHOCTH XOJa M MaJlble Macco-
rabaputHbie nokazarenu. Co3/laHbl nepeaayi, B KOTOPhIX MEPTBBIA XOJ BBIXOJIHOTO
3BEHA COCTABJISIET BCETO JIBE YIVIOBBIX MUHYTHL. Oc000€ JOCTOMHCTBO - 3TO BBICOKAS
M3HOCOCTOMKOCTh TMEpe/laud Uu3-3a OTCYTCTBHSI B HEM TPEHUS CKOJIbKEHUS,
MOCKOJBKY  (pakTHuecKuM Tepejaya MOpeacTaBisieT CcoOOW  MOAUIMIHUK — C

BOJIHOOOpa3HOM 0eTOBOM JOPOKKOM.



B mnepenaue ucnonb3yroTCs CIENMANIbHBbIE aBUAIMOHHBIE cMa3ku OPA-12

(6biBmiass BHUM HIT 286M) unu AEROSELL, kotopsie paGoTaioT B HHTEpBaJie
o [¢] 4

temneparyp oT -60° go +120° C, He TUTPOCKONNYHBI, HE PA3JIATAIOTCS OT JACHCTBUS

BHEIIHEH Cpelbl, YCTOWYUBBI K JIEMCTBUIO arpeCCUBHBIX CpPEl, JIUTEIBHOE BpEMs

(rozibl) COXpAHSIOT CBOM CBOMCTBA HA BCEM CPOKE CIIy>KObI U31eus 0€3 3aMEHBbI.

Takne cMa3ku 00€CHEUMBAIOT BBICOKYH) HAJIEKHOCTh  BBITYCKAEMBIX
AJIEKTPONPUBOAOB, YCTPONCTB MJisi pa3MbiBa JIOHHBIX OTJIOKEHUU M OCTaJIbHOMU
OPONYKIMHU. B oTivune OT TpaJWIIMOHHOW BOJHOBOW Mepeiadyu ¢ THOKUM 3BEHOM,
JTa mepeada He UMeeT THOKUX 1e(OPMUPYIONINX 3BEHBEB U MPAKTUYECKH HE UMEET
YOPYroro 3akpyyuMBaHUs BXOJHOIO BaJla OTHOCUTEIBHO BBIXOJHOTO JaXKe IpHU

MAaKCHUMaJIbHBIX HAI'py3Kax.

PaccmoTrpum dyHkiuu snextponpuBoja «l'ycap». Takol TUI 31eKTpOIpuBoOAa
JUIsl HETIOJIHOBOPOTHBIX MEXAHU3MOB IMO3BOJISIET BBINOJIHATE OTKPBITUE, 3aKPBITHE U
pEryaupoBKa MPOXOJHOIO CEUEHHUs 3allOpHOM apMarypbl ¢ TOYHOW OCTaHOBKOW B
TOOBIX TIOJIOKEHHUSX 32 CYET JUHAMUYECKOTO TOPMOXEHUS AJIEKTPOJBUTATEIS.
Ob6ecnieuenue a000r0 3aKOHA IBUKEHUS U CKOPOCTH JIBHXKEHUS HA BCEH IJTMHE XO/1a.
PerynupoBanue CKOpOCTH 3JIEKTPOABUTATEIS OT HYJISI 10 YJIBOEHHOM HOMHHAJIBHOMN
ckopoctu BpamieHus. Coxpanenue MHGOPMAIMN U BCEX HACTPOEK MPU OTKIIOYECHUU
NUTAaHUS Ha JIUTEIbHBIH cpok (oT 120 wacoB mo 3-x ner). ObecrneueHue TrOOBIX
3aIaHHBIX KPYTSIIMX MOMEHTOB Ha OTKPBITHUE U 3aKpPBITUE 3alOPHOM apMmaTyphbl.
OTkIIIOYEHHUE JIEKTPOJIBUTATENS MPU MPEBBIIIEHUH 33JJaHHBIX KPYTAIIMX MOMEHTOB.
PaGora B aBapuiHBIX CHUTyalusX: TPEBBIIICHUE CTAaHAAPTHBIX JIOMYCKOB
HarnpsbKkeHus, o0pbiB (a3, ciydaitHoe yepegoBanue ¢a3. KoHTponb conpoTUBIEHUS
M30JSIMU MEXIY (PazaMu U KOPIyCOM 3JeKTpoaBuratesnsi. KoHTposib uCrpaBHOCTH
JaTYMKa TMOJIOKEHUA. 3alluTa OT TeperpeBa OOMOTOK JBHUraresis. 3allura OT
HECAHKIMOHUPOBAHHBIX M OIIMOOYHBIX JAeHCTBUM omepaTopa. OmnpeneleHue Hu
CUTHalM3alusi 00 OTCYTCTBUU DSJIEKTpoJBUrareis B mnpuBoje. Hactpoiika ¢
JUCTAHIIMOHHOTO TYyJIbTa YIPAaBICHUS BCEX IMapaMeTpoB. ABTOMATUYECKOE

3amomuHanue 3200 mociaeaHMX COOBITHM B pealbHOM PEXKHUME BpPEMEHHU.



ABTOMAaTHYECKass CaMOJMArHOCTMKA C HHIMKAlUWMEeW TUma OTKasza. ['epmernsanus
apMaTypbl IO 3aJaHHOMY KpYyTAIIEMY MOMEHTY. ABTOMAaTH4YecKas HaCTPOWKa
JJIEKTPOIIPUBOZA HAa MECTE€ OJKCIUIyaTalluM Ha KOHKPETHOM apmarype. Pexum
packaukd apMarypbl INpu ee 3amep3aHud. LludppoBas u cBeroBas HWHAMKALUSA

apaMeTpoB U PEKUMOB PaOOTHI.

Takue s1eKTponprBOAa BHIITYCKAIOTCS BO B3PBIBO3AIIMUIIEHHOM HCIIOJHEHUH
JUTSL OKCIUTyaTallud B HapyXHBIX YCTAaHOBKAaxX M B MOMEIICHUSX BO B3PBIBOOMACHBIX
3oHax kimaccoB 1 m 2 T'OCT P 51330.9, rne BOo3MOXHO OOpa3zoBaHuE Mapo- U
ra3oBO3ayIIHbIX cMmecel kateropuit 11A, 11B rpynn T1, T2, T3, T4.

DNEeKTpOMEXaHUYECKU  MOMYJb  YNpaBleHUs  O0ECHeYHBAeT  TOYHYIO
OCTaHOBKY  paOouero  opraa B  Job0om  monoxkeHudn. OH  uMeer
AIEKTPOMEXaHUYECKYIO0 TepecTpauBaeMylo My(pTy OrpaHUYEHHs] KpPYTSIIETO
MOMEHTa, pa3/eNbHO HACTPAaWBAEMYI0 Ha MOMEHT OTKPBITHSI OJHON BEJIMYMHBI U
MOMEHT 3aKpbITHS IPYrod BeIMYUHBL. OJTa My(]pTa MOXXKET BBIKIIOYHUTH IMPHUBOJ B

J000M MOJI0KEHUU paboyero opraHa mpH MPEBHIIIICHUH TOMYCTUMOM Harpy3KH.

JIBycTopoHHsIsT 0OroHHass MydTa Ha BXOZHOM Bally oOOecrednBaeT
aBTOMAaTHYECKOE BKJIIOUCHHE B pabOTy PydHOro ayoOsiepa B J000H MOMEHT BPEMCHH
C TapaHTHPOBAHHBIM HMCKIIFOUEHHEM OOPAaTHOTO BO3ACHCTBHS HAa MaxOBHUK PYyYHOTO
ayOiiepa  TpU  CIYYallHOM  BKIIOYCHUHM  3JeKTpoaBurarens.  Mckimrodaer
CaMOTPOU3BOJIBHBIN MOBOPOT BHIXOJHOTO Baja M MEpPEMEIICHUE 3allOpPHOTO OpraHa
apMaTypsl MpU JACHCTBUU HA HErO JIaBJICHUS CO CTOPOHBI paboyeil >KUIKOCTU WU
raza. DJIEeKTPONPUBOIBI UMEIOT MECTHBIA yKa3aTellb MOJOKECHHs 3allOPHOTO OpraHa
apMaTypbl. DJIEKTPONPHUBOJ, MOXKET IMOCTABISATHCA C TEPEXOTHBIM JJIEMEHTOM IS
CTBIKOBKH €T0 C JIOOBIM THIIOM apMarypbl. [lepexomHO# AIeMEHT U3roTaBIMBACTCS
MmocJie ToJydeHuss WH(pOpMAIMd O MOJENIH apMaTyphl U €€ 3aBOJIe-M3TOTOBUTEIE.
DNEeKTPONPUBOLI CHAOKEHBI TYOJTMPOBAHHBIMU B3PBIBO3AIIMUIIEHHBIMU KOHIIEBBIMU
BEIKITIOUATEISIMU ~ CIICIMATTLHOTO ~ WCIIOJMHEHHWS,  WMCIOIMX  TaJTbBaHUYCCKU
pa3Bsi3aHHBIE KOHTAKThL. M3 HUX JBa BBIKIIOUYATENSI IYTEM MEXaHHMYECKOU

PETYJIMPOBKU HACTPAUBAKOTCS HA IMOJIOKEHHUE "OTKPBITO" M "3aKpbITO", a ABA APYTrUX



- Ha OIPaHUYECHHE MOMEHTA WJIM TATOBOTO YCHJIMUSA, PAa3feibHO Ha "OTKpBITHE" W Ha
"3akpbiTe". [Ipyu 3TOM BO3MOXKHA pEryJInupoBKa BeIMYUHBI MOMeHTA OT 60 10 100%.
DONEeKTpONpUBOALl MOTYT HMMETh 3aMKOBOE YCTPOWCTBO OJIOKMPOBKH PYYHOTO
ny0riepa OT BMEIATENbCTBA TOCTOPOHHUX JIHI. DIEKTPOINPUBO 00ECIIEUNBAET CBS3b
C MYyJbTOM AMCIETYEPCKOTO YIPABIEHUS U MOXKET IEpelaBaTh CUTHAIBI O CBOEM
TEKYIIEM COCTOSIHMM U BCEX aBapUMHBIX CUTyalusXx. Bo3moxkHa paboTa B MECTHOM U

AUCTAHOHUOHHOM PCXKHUMaX YIIpPaBJIICHUA.

2.3 MOJIYJIb YIIPABJIEHUSA PETYJUPYIOIIUAN
JJEKTPOIIPUBO/ 3ACJTOHKHA

Pucynok 5 — Baenrauii Buj1 6710Ka:
1 — mecTHbIH mocT ynpasneHus; 2 — OKHO HHPPAKPACHOTO MpUEMOTIepelaTunKa; 3 —
KHOIIKA ynpaBJ'IeHI/I}I; 4 — 9HCKTpOI[BI/ITaTeJIB; 5 — B3pBIBO3aH_II/IH_[eHHBIe Ka6eJ'ILHBIe BBOIIBI; 6 —

Kpeimika 6okca noaxinrouenus nutanus; 7 — Kopryce 6moka; 8 - bykBeHHO-1IMbpOBOI HHIUKATOP.



biok yIPaBICHUSA ESD-VCX C B3PBIBO3AIIUTON BHJIA
"BspbiBoHenponunaemas  obonouka" mno ['OCT P 51330.1-99 wu mapkupoBkoi
B3pbeiBo3amuTel 1EXdIIBT4 mnpennasHadeH uisi ympaBleHHs AJIEKTPONPHBOIAAMHU
3aMOpHOM, 3aMOPHO-PEryIUpyIoUIed apMaTypbl U mapoBbix kpaHoB DN 100...1200
PN 1,6...10,0 Bo B3pbIBOOMNacHbIX 30Hax kjaccoB "1" u "2" mo T'OCT P 51330.9-99,
I'OCT P 51330.13-99, rn. 7.311YD, [IIb08-624-03, B KOTOpPHIX BO3MOXKHO
oOpa3zoBaHue Mapo- U razoBo3AyHbIX cMmeceil kareropuit |IA, IIB rpynner T1, T2,

T3, T4 no xknaccudukaruu 'OCT P 51330.11-99 u 'OCT P 51330.5-99.

IIo yCTOﬁqHBOCTI/I K KIMMAaTH4YCCKUM BO3I[€I>10TBPI$IM Oprnca}omeﬁ CpCabl

6510k cootBercTBYeT McnioiHeHuto Y XJI1 mo 'OCT 15150-69.
CreneHns 3amuThl, o0ecneunBaeMas ooonoukoii — IP68 mo I'OCT 14254-96.

[To »skcmmyaranmonHo# 3akoHyeHHOCTH Osiok ESD-VCX otHOCHTCS K

u3zienusm Tpetbero nopsiaka mo 'OCT 12997-84*.

KoHcTpykiust 1 ycTaHOBOYHBIE pa3Mepbl 0J10Ka 00eCieunBaOT YCTAaHOBKY €ro
B MIPSIMOXOI0BBIE, MHOTOOOOPOTHBIE U HETIOJIHOIIOBOPOTHBIE AJIEKTPOIPUBOIBI CEPUU
I'VCAP u gap. B cocrtaBe anekTpompuBoga OJOK 0O0ECIeUUBACT BBIMOJHECHHE

cleayromux GyHKIHM:

OTKPBLITHUC, 3aKPBITUC KW TOYHAA OCTAaHOBKA B IIPOMCIKYTOYHOM IIOJIOKCHUU

3aIMoOpHOTO OpraHa apMaTyphl;

OTKIIIOUCHHUC OJICKTPOABUIATCIIA IIPH IIPCBBIIICHHHN 3daJdHHBIX KPYTAIIUX

MOMEHTOB;
MOMCK MaKCHUMaJIbHOM CKOPOCTH MEPEKPHITUSI apMATYPBhI;

nporpaMMupyemMasl AuarpaMma 3aJaHusi CKOPOCTH  IEPEMEUIEHUs W

MAKCHMAJIBHBIX KPYTAIINX MOMCHTOB;,

KOHTPOJb  CONPOTUBICHUS  M3OJSIIMU  MEXIy (aszamMu  H KOPITyCOM

QJICKTPOABUTATCIIA,

HU3MCPCHHUC IIOJIOKCHHUS BBIXOAHOI'O 3BCHA OJJICKTPOIIPHUBOAA HC3aBHUCHMO OT

HaJIM4YWsA SJICKTPOIINTAHMA,



MOJHBIM MaKeT HHTCJUICKTYAJIbHBIX 3alluT (OT 3aKJIMHUBAHHUA 3allOPHOI'0
opraHa, IIpOBaJIOB HAIIPAKCHUSA, HCIPABUIIBHOIO IMOAKIIOYCHUA JJICKTPOABUTATCIIA,

KOPOTKOTO 3aMbIKaHUsI B HArPYy3Ke, BPEMs-TOKOBAs 3aIHUTa);
aBTOMATHUYECKYI0 CAMOJIMArHOCTHKY;
paboTy npu 0OpbIBE OJHOM (ha3bl MUTAIOIIEH CETH;

JTUCTAHIIMOHHOE  yMpaBlieHWe 1o mnocienoBarenbHomy (RS-485) wmm

nuckpetHomy unTepdeiicy (220 B AC, 24 B DC);
KOH(UTypUpYyeMblii HA0Op CUTHAJIOB JUCKPETHOTO MHTep(deiica;

6HOKI/Ip0BKa oT HCCAaHKIIMOHHUPOBAHHOI'O YIPaABJICHUSA N NUBMCHCHMU

napaMeTpoB;

dbuKcans OCHOBHBIX COOBITHIM OJjioka (KOMaHIbl, aBapuu, JIOCTHKEHUE
KOHEUYHBIX TIOJIOKEHUM) B TOCTOSTHHO-3alIOMHHAIONIEM YCTPOWCTBE C YKa3aHUEM

BPCMCHHU U JAaThl BOSHUKHOBCHMUA,

noajaepxkka uHpakpacHoro wuHTepdeiica ans  3alaHud  [MapaMeTpoB

Y CYUTBIBAaHUN KypHaIa COOBITUI;
yIpaBJI€HUE 110 aHAJIOTOBOMY BXOAY.

OcCHOBHBIE TEXHUYECKUE XaPAKTEPUCTUKH OJIOKA MPUBEEHBI B Ta0mIe 1.

Tabauna 1 — OcHOBHBIE TEXHHYECKHE XapaAKTEePUCTHKH

HaumenoBaHue napamerpa

MONTHOCTH IMOKITI0YAEMOTO JJICKTPOIBUTaTEIIs kBT 0,09-0,55

Mo1HOCTb, TOTpebisieMas B ACKYPHOM PexXUME MPU Bt 300

BKIIFOYCHHOM IIOAOT'PEBATCIIC, HE Oonee

o 30%
Jlnana3zoH pabounx HanpsHKEHUi B 3807,
00. Bajla gjaTuynka
Pabounii quanazoH BCTPOSHHOTO JaTYMKa MOJI0KEHUS 65536
MOJIOKEHHUS

00. Bajia jaT4yuka
[TorpenrHocTh BCTPOSHHOTO JIaTYMKa TOJI0KEHHUs, He OoJiee +1
[IOJIOKEHUS




Tadauua 1 — OcHOBHBIE TEXHUYECKHE XaPAKTEPUCTHKHU

HanmenoBanue mapameTrpa

[TorpenrHoCTh OTpaHUYECHUST KPYTAILIETO MOMEHTA Ha
BBIXOJJTHOM 3BEHE MIEKTPONPUBOJAA OT 33JAHHOTO 3HAUECHHUS B % +20

nuaraszone ot 20 1o 49 %, ue Ooiee

[TorpemHocTs OrpaHu4YeHNs KPYTALIEr0O MOMEHTA Ha
BBIXOJIHOM 3BEHE JICKTPOIIPUBO/IA OT 33JaHHOI'O 3HAYEHUS B % +10

nuarmaszone ot 50 go 100 %, ne Gonee

Jnama3oH peryampoBaHus YaCTOThI BpalleHUS

AJIEKTPOJIBUTATEIIS % ot 20% 1o
0

(MakcuMabHas yacToTa BpameHus He 6osee 3000 060poTOB B 200%,

MHHYTY)

Bpewmst roroBHOCTH GI10Ka 1ocCIie oAa4yy MUTaHus, He Oosee
— 1pu Temneparype Humxe munyc 20 °C MHUH 20

— npu Temnepatype Bbiiie Mmunyc 20 °C MHH 1

CreneHs 3aluThL, 00ecrieunBaeMasi 000I04YKOI 10

I'OCT 14254-96 IP68
Hapa6oTtka Ha oTka3 KT 3000
Cpennee BpeMsi BOCCTaHOBJICHUS q 2
["abapuTHbIe pa3Mepsl 0110Ka, HE OoJee 315x178%x40
MM 0
Macca 010Ka, He 0oJiee KT 12
Ha3naueHHbIN CpOK XpaHEHUS JIeT 3
HaznaueHHbIH CpOK CcIyKObI 10 CIICAHUS JIET 30
CeueHue MmoIKII0YaeMbIX ITPOBOJTHUKOB IIETIEH CHIIOBOTO MM ot 1,0 no
nutanus 380 B u anekrpoaBurarens 6,0

CeucHue MOAKIIFOYaCMBbIX ITPOBOAHUKOB IS PE3CPBHOTO
IIUTaHH, Lemnemn YIipaBJICHUA, CUTHAJIU3allUU U UTHAUKAIIUA MM OoT 0,2

no 2,5



[TapameTpsl ycTpoiicTBa BBOAA-BbIBOJIa IPUBEAEHBI B TA0IUIE 2.

Tabauna 2 — [TapameTpsl ycTpoiicTBa BBOJa-BbIBO/JA

Buja curnana KOJI- XapaKTepI/ICTI/IKa CHUTHAaJIa

BO

[lepemennsiit Tok yactortoit 49-51 I'n;:

TlHCKpeTHBIE BXO OTKPbITb, — ypoBeHb Joruueckoit "1" — ot 140 o
3 3AKPBIT, 250 B;
(220 B/50 T'm)
cron — ypoBens noruueckoro "0"— ot 0 10 80 B.

BxomnHoit Tok — HE Oostee 15 MA

HanpsikeHne nocTosiHHOTO TOKA:

OTKPBITH o
JucKpeTHBIE BXObI 3 ’ — ypoBeHb Jjorudyeckor "1" — ot 18 10 36 B;
3AKPBITD,
24 B CTOI — ypoBeHb Jorudeckoro "0"— ot 0 10 8 B.
Bxomuoii Tok — He Oosiee 15 MA
OTKPELITO,
3AKPBITO,
MVY®TA,
ABAPUS [TepemennsbIit TOK yactoToit 49-51 '

JIMCKpEeTHBIN BBIXO .
OTKPBLIBAETCSI, IOCTOSIHHBIH TOK,

3AKPBIBAETCA,  Hampsokenue — 1o 250 B,
MVY/IY,
BJIOK
BKJIFOYEH,
IIMTAHUE TC
3ATAHUE

AHAaIOrOBBII BX0]I [TocrostaHbIl TOK — 4-20 MA
TTIOJTOXKEHUA

tuna "Cyxoi

KOHTAaKT"
Cumatoka—10 1 A

AHAaNOroBbIi BEIXO 1 I[MOJIOXKEHUE  IlocrossHHbIA TOK — 4-20 MA

PaccmoTpum ycTpoiicTBo Gi10Ka.

[TpuHIMIT JICUCTBUA 0JI0Ka MOSICHSIET GbyHKIIMOHAIbHAS cxeMma,

MIpPE/ICTaBIICHHAS HA PUCYHKE 6.



ByIoK CcOCTOUT U3 CaenyIOINX Y3JI0B:
e B — tpexda3zHblil BEINPAMUTED;
e BUII — BTOpUYHBIN UCTOYHUK ITUTAHUS,
e b3 — 00K 3aIIUTHI;
e JIT — naTtyuk TeMIieparypsl;
e HD — narpeBaTenbHbIN 3JIEMEHT;
e UH — cunosoy uuBepTop;
e MKY — MuKkponpoueccopHblii KOHTPOJUIEP YIPABICHUS;
e MIIY — MecTHBIN OCT yIIpaBIICHUS,
e JIIT — maTymk MoJIOKEHUS;
e bBU — 050K MHIUKALINY,
e RS-485 — unrepdetic RS-485;
e BETM — 610K TelleMEXaHUKHU;
e UK — undpaxpacHslii uHTEpEIC.

Tpexda3upiii BBHIIPSIMUTENb TMpEJHA3HAYEH IS NMpeoOpa3oBaHUsT BXOIHOTO
nepeMeHHoro Tpexdasznoro HampspbkeHus 380 B B moctossHHOE Hampsbkenune 537 B

IJIA IIMTaHuA CUJIOBOI'O MHBCPTOpPA.

BTropuuHbIli HMCTOYHMK TMTaHUS MpEJHAa3HAYEH Mg [peoOpa3oBaHUS
nepeMeHHoro HamnpsbkeHuss 380 B B HampsbkeHHE NUTaHUSA JJIEKTPOHHBIX Y3JIOB

CXCMBI.
biok 3alIUThI 3alNUINACT OCIIN TCIICMCXaHUKU OT HpeBI)IH_IeHI/Iﬁ HaIIPAKCHUS.

JlaTuynk TemMnepaTypsl IPOU3BOAUT KOHTPOJb TEMIEPATYPhI KOPITYCa CUIOBOIO
WHBEpTOpa MJig pabOThl DJIEKTPOHHOW 3aIIUThl OT TMOHMKEHHOW M TMOBBIIIEHHOMN

TEMIIEPATYPHI.



HarpeBaTenbHblii 2JIEMEHT YCTAaHOBJIEH HA OCHOBAaHUH, HA KOTOPOM pa3MeELlIEH
CUJIOBOM HMHBEPTOP U MpEeAHA3HAYeH Ui €ro MpeABapUTEIBHOIO IIPOrpeBa o0
temrepatypel He MeHee MuHyc 10 °C mpu pabore Onoka ESD-VCX npu Oonee

HU3KOU TEMIIEpAType.

CunoBoll MHBEPTOp IIpeJHA3HayYeH Uil NpeoOpa3oBaHMsl IOCTOSHHOTO
HanpsbkeHust 537 B B mepeMeHHoe Tpex(dazHoe HampsbKeHHE 3aJaHHOW 4YacTOThl U
aMIUIMTYBl, HeoOxoaumoe [ oOecreueHusi TpeOyeMoro pexuma padoThl

QJICKTPOABUTATCIIA.

MuKponponeccOpHbIli KOHTPOJUIEp YINpaBieHUs oOOecreuynBaeT YIpaBieHHE
paboToil  CUJIOBOTO  MHBEpPTOpa, OOMEH C CHCTEMOM TeJIeMEXaHUKH IO
MOCJIEIOBATEIbHOMY U JUCKPETHOMY HHTepdeiicaM, paboTy C MECTHBIM TIOCTOM
ynpasnenus (nanee — MITY) u undpakpacusiM untepdeiicom (nanee — uHTepdeiic
UK). KouTpossiep MNpPOU3BOIUT aHAIW3 TEKYIIMX IapaMeTpoB OJioka (TOKOB,
HANPSDKEHUM, MOJI0KEHHUS BBIXOJHOTO 3B€HA) U KOMaH]l MECTHOTO U JIUCTAHIIMOHHOTO
ynpaBiieHus, (QOopMUPYET YIpaBISIONIME BO3JCUCTBHS Ha CHJIOBOW HMHBEPTOD,
oTpejieNisieT BO3HUKHOBEHHE aBapUIHBIX PEKUMOB 0JI0Ka, BhIIAET HHGOPMAIIMOHHbBIE
Y aBapUifHBIC COOOIICHUS B HHTEP(EHUC CBA3M C TUCKPETHOM TeleMexXaHuKou, mo RS-

485 nmu unrepdeiic K u Ha maaukarop 6J1oka.

JlaTuuK TONOKEHUA NpeAHa3HAYeH JUIsl KOHTPOJS TEKYIIEro YIrJOBOIO
MOJIOKEHHST Bajla dJIEKTPONPHBOAA W OOECIEYMBACT BO3MOXKHOCTH YIPaBICHUS

MMEPCMCIICHUECM BBIXOJHOI'O 3BCHA JJICKTPOIIPHUBOAA B 3aJTaHHOC ITOJIOKCHUC.

brox wHAaMKanuu npeaHa3zHAYEH AJI WHIAWUKAIUKA TEKYIIETO peKrMa paboThI
AJIEKTPOINPUBOAA, ABAPUMHBIX CUTHAJIOB, & TAKXKE BBIBOJA MAPAMETPOB YIPAaBICHUS

QJICKTPOIIPHUBOAOM AJIAA UX KOHTPOJIA U UIBMCHCHUA O6CJ'Iy>KI/IBaIOHH/IM IIEPCOHATIOM.

Nurtepdeiic RS-485 mpegnasHadeH s CBSA3U C CHCTEMOM TEIEMEXaHHUKH TI0
mocieaoBaTennbHoMy  uHTepdericy. OOMmeH wuHpopManuein MPOW3BOIUTCS  TIO
nporokony ModBus RTU. HWarepdeiic WK npennasnaueH s CBS3H
1o uHdpakpacHomy uHTepdericy. OOMeH nHdopManuu TPOU3BOIUTCS MO MPOTOKOTY

ModBus RTU.



brok TenemexaHWKM NpelHa3HA4YeH JUisl ynpaBieHus pabotoi Onoka ESD-
VCX ¢ noMoripio koMaHJ TeneynpasiaeHus (naigee — TY) U KOHTPOJS COCTOSIHUSI U

pexumoB pabotsl 6510ka ESD-VCX ¢ nomompto tenecurnanuszanuu (nanee — TC)
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Pucynok 6 — ¢pyHKIIMOHaIBHAS cxema 0JI0Ka MpH paboTe B COCTaBe
AJEKTPONPUBOIA

OO01ee onmucanue aJropurmMa padorbl 0J10Ka

[Ipy mnopmaye KomaHABI Ha JBIWKEHHWE OJOK HauuHAaeT (OpMUPOBATH
HampsDKeHHEe Ha OOMOTKY cTaropa JiiekTpoaBuratensd. [lpu 3ToM pa3BUBaeMbIit
MOMEHT TPOTaHUs AJIEKTPONPUBOJA OTPAHUYEH YPOBHEM, 3aJaHHBIM I0JIb30BATEIIEM.
Ecim  MOMEHT  CONpOTHBIEHMS  Harpy3kd  MEHbBIIE 4YE€M  pa3BUBACMBIU
AJEKTPONPUBOAOM KPYTAIIMKA MOMEHT, TO BajJ JSJIEKTPOABUIATENS HAYWHACT

BpaILlaThCH.

Ecnu nBuxkeHHe OTCYTCTBYeT (MOMEHT CONPOTHUBIIEHUSI HAarpy3kKu OOJIble
3aJIaHHOTO), TO, OTpaboTaB "Ha ymop" 3aJaHHOE TOJB30BaTENieM BpeMs, OJIOK
obOecrtounBaeT deKkTpoaBuratenb U BoigaeT curnan asapun ""HET JIBUXKEHUSA"
(3a uckIroUeHreM pexnuMa "YToTHeHUe" P MOJTHOCThI0 KATMOPOBAHHOM JaTUYHMKE

TIOJIOXKEHUS ).

Juarpamma paboThl 010Ka B COCTaBE JIEKTPOIPUBO/IA MOKa3aHA HA PUCYHKE /.
[Ipu NOCTUKEHUM KOHEYHOTO TMOJIOKEHHUS OJOK OCTAaHABIMBAET 3JEKTPONPHUBOL U

BbIAACT CHUIHAJ1 O OJOCTHKCHHHU KOHCYHOI'O ITOJIOKCHUS. 30Ha OCTaHOBa, B KOTOpOﬁ



BBICTABJICTCA CHUI'HAJI JOCTHXKCHHA KOHCYUHOI'O ITOJIOKCHHA, MOXKET OBITh HAaCTpPOCHA

IIOJB30BATCIICM.

Ecnu 3ananbl 002 KOHEUHBIX MMOJOXKEHUS, TO CTAHOBUTCS BO3MOKHBIM Pa30UTh
TPACKTOPUIO IBUKEHUSI HA TPU y4yacTKa (30Ha "3akpbITo", 30Ha "OTKpHITO" 1 30HA
"JIBr>keHue"), B KaXJA0M U3 KOTOPBIX BO3MOXHO MHAUBUIYATbHO 3a/1aBaTh CKOPOCTh

ABMIKCHUA U BCIIMYMHY MAKCUMAJIBHOI'O KPYTAIICTO MOMCHTA.

| 30Ha «3aKpbITO» | 30Ha ABWKEHUA | | 3oHa «OTKpBITO»

| |
X1 i X3 ! x4 -
< =|= » h—ﬂd—b‘
A A
i i i
i| 0% - 3akpeiTo i 100% - OTkprITo
i i i i
CurHanuaauma «3akpeiTos : CurHanuzauma «OTKpBITOS
i i % i i
! ! ! %2
| | |
| - | «
| | 1 |
: 30Ha BO3MOKHOTO BeICTAENeHUA aeapun « HET ABMHEHWA» npu 3 akpeitum |
T H T
! ! i i
30Ha BOSMOXKHOTO BEICTABNEHWA aBapun « HET OBMAHEHWA» npu otkpeiTum
T
i
- M3
M1 M2
i
|
M4
M5 &
! I
! ! I
| | |
i i c2
| o ci
[ . [l

Pucynok 7 — auarpamma paboTsl 0J10Ka B COCTaBe JIEKTPONPUBO/IA

X1 — MakCHMaJIbHO JIOIYCTUMOE JJIi OTPA0OTKH PACCTOSHHE TPU padoTe B
pexume "Ymnoraerue". X1=10 — konmudecTBO 000pOTOB paboyero 3BeHa 3arlOPHOTO

oprasa (BbIXOJIHOTO 3B€Ha AJIEKTPONPUBOA).

X2 — paccTosHHe, OOECIeYHBAIONIee THUCTEPE3UC CpadaThIBAHUS KOHEUHBIX

BBIKJIFOUATEJIE. Y CTAaHABJIMBAETCS 1OJIb30BATEIIEM.

X3 — 3ona "3akpbpITO", 3a7aBacMas TOJIb30BATEJIEM B IMPOIEHTAX OT
MepeMeIieHUs MEXKTY KOHEYHBIMU IMOJIOKEHUSIMU. VcranaBiuBaeTcs

IIOJB30BATCIICM.



X4 — 3o0Ha "OtkpeITO", 3amaBaeMas IOJB30BATENEM B MPOLEHTAX OT

IIepEMEILICHUS MEKIY KOHEYHBIMU ITOJIOKEHUSIMU. YcranaBnuBaercs
II0JIB30BATEIIEM.

M1 — MOMEHT YIUIOTHEHHsS B TNOJIOKEHHHM '"3aKpbITO". YCTaHABIMBAETCS
II0JIB30BATEIIEM.

M2 — MOMEHT ABMKEHHUS NPH 3aKPBITUN. Y CTAHABIMBAETCS MOJIb30BATEIIEM.

M3 — mMomeHT Tporanus u3 mnojoxeHus "OTkpbITO". VYcTaHaBaMBaeTcs
II0JIb30BATEIIEM.

M4 — MOMeHT TporaHusi M3 TMOJOKEHUS '"3akpbITo". VYcTaHaBiIuBaeTcs
I0JIb30BATEIIEM.

M5 — MOMEHT ABWIXCHUSA IPHU OTKPBITHH. YcranaBnuBaeTCs MOJIL30BATEIICM.

M6 — MoMeHT yminoTHeHus B nonoxeHun "OTKpbITO". VYcTaHaBiIMBaeTcs
II0JIb30BATEIIEM.
Cl — ckopoctb B 30He "3akpbITO" TIpU OTKPBITUM W  3aKPBITHM.

YcraHaBIMBAETCs MOJIb30BATEIEM.

c2 - CKOpOCTb B 30HC JBWKCHHA IIPU OTKPBITUKX W 3dKPLITHH.

YcraHaBIMBaETCs MOJIb30BATEICM.

C3 — ckopocth B 30H€ "OTKpbITO" TIpU OTKPBITUM U  3aKPBITHH.

YcraHaBIMBaETCs MOJIb30BATEICM.

Curnanuzanusa "3akpbITO" - BBICTABJICHHWE CUTHAJIM3AIlMA HAa JTUCKPETHOM H
MoCJIeIOBAaTEIbHOM HHTep(eiice, a Takke Ha eAUHUYHBIX WHAMKatopax MIIY o

JOCTH>KEHUU COCTOSIHUA "3aKphITO .

Curnanuzanusa "OTKpBITO" - BBICTABICHHE CUTHAIM3AIMA HA JUCKPETHOM H
MOCJIeIOBATEIbHOM HHTEpdelice, a TakKe Ha eAUHUYHBIX HHAuKatopax MIIY, o

TOCTH>KEHUU cOCTOSIHUSA "OTKpPBITO".

brmox mo3Bomsier pabotate B pexkume "YiuioTHeHue" 1 oOecredeHus
MaKCUMAaJIbHOW TepPMETUYHOCTH apMarypbl WJIM MaKCUMaJbHOTO  OTKPBITUSA

apmaTtypbl. B 3TOM pexuMe npu JOCTHKEHUU KOHEYHOTO IMOJIOKEHHS OJOK BbIJAET



CUTHAJIM3ALMI0 JTOCTHKEHHUSI KOHEYHOIO IIOJIOKEHUS M IPOJOJDKAET JIBHIKCHUE
10 TOTO MOMEHTA, KOTJla MOMEHT COIPOTHUBJIEHUS HArpy3KH IPEBBICUT KPYTSALIHMA
MOMEHT JJIEKTPONPUBOJAA, 3aJaBacMblid Ioyb3oBareneM. IIpu 3TOM mpoucxoauT
OCTaHOB 0€3 BbIJaUM aBAPUUHOIO CUTHAJa O MPEBBILIEHUM MOMEHTA COMPOTUBICHUS
Harpy3ku. JlaHHBIA PEXUM MOXKET MPUMEHATHCS ISl MOJIOKEHUH "3akpbiTo" W/MiH

"OTKpbITO".

CHwxeHue/niepekoc HanpsbkeHust nuraromeid cetu 1no 120 B ¢asnoro
HanpsDKEHUsI BEET K IMPOMOPIUOHAIBHOMY CHH)KEHHUIO CKOPOCTH MpH paboTe Ha
OONBIIMX KPYTAIMIMX MOMEHTaX WU HE SBISETCA MPUUYMHOW JUIsl OCTaHOBA OJIOKOM

QJICKTpOIIpUBOAA.

Bce aBapum, kKOMaHIbI M M3MEHEHHE COCTOsiHUS anekTporpuBoaa ("Crom",
"JIBmxxenue" u 1p.) GUKCUPYIOTCA B JKypHalie COOBITHI C 3aMMChI0O BPEMEHU U JaThl
BO3HUKHOBEHHUSI COObITHS. Takke GUKCUPYIOTCS HampsbDkeHus (a3  BXOJIHOU
OUTAIOLIEH CEeTH, 3HAYEHHE pPAa3BUBAEMOr0 KpYTSIIEro MOMEHTa U TEKyllee
IIOJIOKEHUE BBIXOJHOIO 3BEHa JJeKkTpornpuBona. Kpome Toro, OJOK MO3BOJISET
(uKcupoBaTh KpPYTSIIUA MOMEHT B 3aBUCUMOCTH OT TEKYILEro IOJOKEHUS IpHU
JNBIDKCHHH djekTponpuBoga. KommuectBo 3adukcupoBaHHBIX coObiTuii — 630

C ODUKIIMYECCKUM OOHOBJICHHUEM.

Koneunsie mnonoxenuss "3akppito" u  "OTKpbITO" MOryT OBITH 3aJaHBI

YETBIPbMSI CIIOCOOAMMU:

L4 IIPpAMBIM 3aJaHUCM KOHCYHBIX ITOJIOKEHUH (SHGKTpOHpI/IBOI[ nepeMeacT
SaHOpHHﬁ opran B J'IIO6YIO TOYKY, U 3Ta TOYKa HA3HAYACTCA C€MY KaK KOHCYHOC
ITOJIOKCHHUC, 3aTCM JJICKTPOIIPUBOA IICPEMCIIACT 3aHOpHLII7I opraH B ApPYIr'yIO TOUKY, U EMY
9Ta TOYKA HA3HAYACTCA KaK BTOPOC KOHCYHOC HOJ'IO)KGHI/IG);

®  3a7aHueM MpHUONMU3UTEIBHOTO KOJMYEeCTBA O0OOPOTOB pabodero 3BeHa
3allOpHOTO OpraHa (BBIXOJHOTO 3BEHA HIEKTPONPUBOJA), KOTOpbIE HEOOXOIUMO
BBITIOJTHUTH 3JIEKTPONIPUBOLY, YTOOBI JOCTUTHYTh MOJI0KEHUS "OTKpBITO";

e  3a7aHueM MNpHUOIMU3UTEIBHOTO KOJMYEeCTBA O0O0OpOTOB pabodero 3BeHa
3allOpHOTO oOpraHa (BBIXOJAHOTO 3BEHa HIEKTPONPUBOJA), KOTOpble HEOO0X0AUMO
BBITIOJTHUTH 3JIEKTPONPUBOLY, YTOOBI JOCTUTHYTH MOJI0KEHUS "3aKphITO";

®  3aIyCKOM aBTOMAaTMYECKOW KaTMOPOBKU JAaTUHMKA MOJIOKEHUS, MPH KOTOPOM
OJI0K CaMOCTOSITENILHO OIpeeNsieT KpaitHue nojoxenus "OTKkpbITo" 1 "3akpbiTo".



3. MATEMATHYECKOE OIMCAHUE CUCTEMbI

3.1 BOBMOXKXHOCTHU NAKETA MATLAB

B nanHOlt paboTe MojaenupoBaHUE AIEKTPONPHUBOAQ, PEaATU3YIOIIUMA
BEKTOPHBIA METO]I YIPABICHUS, OCYIIECTBIISETCS C TTIOMOIIbIO CPEICTBA BU3YaJIbHOIO
moaenupoBanus SIMULINK, Bxoasiero B 6osiee ynusepcanbubiii maket MATLAB.
OTOT makeT  HauOosiee OJM3KO TMOAXOAMUT JJIE MOJIETUPOBAHUSA  YaCTOTHO-
pPEryJIUPyEeMOTO  aCHHXPOHHOI'O SJIEKTPOIPUBOJA, IO CPaBHEHUIO C JPYTUMH
KOMITHIOTEPHBIMU TMPOTPaMMaMM, YTO CBS3aHO C €r0 PSJOM JOCTOUHCTB, PE€Yb O
KOTOPBIX TTOUJET HUKE.

OnuuM n3 OoCHOBHBIX noctouHcTB nmaketa MATLAB sBasgercs To, 4To i
paboOTHI MOIB30BATEINIO JOCTATOYHO y3HATh O HEM POBHO CTOJIBKO, CKOJIBKO TpeOyeT
pemaeMasi 3amava. Ecnu ke pemaemasi 3agada TpeOyeT CO3/IaHHE KaKUX-JIHOO
crieniMaibHbiX  MHCTpyMeHTOoB, MATLAB nmnpenoctaBinser B pacHnopsbKeHUE
MOJIb30BaTeNsl MPAKTHUECKUN YHUBEPCAIBbHBIA S3BIK OOBEKTHO-OPHUEHTHUPOBAHHOTO
IPOrpPaMMHUPOBAHUS B COYETAHUH C PA3IUYHBIMU CPEJICTBAMH OTIAJKU CO3/1aBaEMbIX
nporpamMM. CTpyKTypa JaHHOTO MaKeTa Mo3BoJseT 3PPEKTUBHO COUYETaTh OCHOBHbBIE
MOJIXO/IbI K CO3JaHUI0 MOJICNIN: aHATTUTUYECKUNA U UMUTAITMOHHBIMN.

Nmenno B cpene matemartuueckoro mozenupoBanuss MATLAB mno3zBossier
HamOoJee TMOJIHO HCIOJIb30BaTh BCE COBPEMEHHBIC JOCTHXKEHHUS KOMITBIOTEPHBIX
TEXHOJIOTUH, a TaK € BO3MOXHOCTH oOMmeHa maHHbIMH uepe3 Internet. MATLAB
MO3BOJISIET  CO3/1aTh TOJB30BATENI0 COOCTBEHHBIN Tpaduueckuii wuHTEp(Eiic,
OTBEYAIOLIMA KaK €ro BKycaMm TaK, Tak M TpeOoBaHUAM pemaeMoi 3amaun. Kak
ClIelyeT W3 Ha3BaHWs MAKeTa, OH OPUEHTHUPOBAH B MEPBYIO ouepenb Ha 00paboOTKy
MAaCCHBOB JJaHHBIX (MATPHIl ¥ BEKTOPOB), YTO MO3BOJISET MOBBICUTH 3(PHEKTUBHOCTH
npoieayp, paboTawiKuX ¢ YKa3aHHBIMU THIIAMU JAHHBIX, [0 CPABHEHUIO C SI3bIKAMU

nporpaMMupoBaHus “obmero HazHaueHus” (Pascal; C++).



C touku 3penus nonwszoBatens, MATLAB npencrasnser coboit 6orareitnyro
oubmmoreky ¢pynkiuit (nanpumep, B MATLAB 6.1 ux 0x0101000). [lns o6neryenus
noucka OubmuoTeka QyHKIMI pa3duTa Ha pasaenbl. Te U3 HUX, KOTOPHIE HOCST
oOmmii XapakTep, BXOAAT B COCTaB sApa AaHHOTO mmakera. Jlpyrme ¢yHKIUH,
OTHOCSIIIIMECS K KOHKPETHON 00J1acTH, BKIIIOUYEHBI B COCTAaB CIICLUATBHBIX Pa3/IeNioB.
B naHHBINA MakeT BXOIAT KaK CTaHIAPTHBIC CPEACTBA: pelieHne auddhepeHIInanbHbIX
U anreOpandyecKux ypaBHEHUU, TaK M HETPAJUIIMOHHBIC, CIIOCOOHBIC TPETECHI0BATH
Ha OMpEJCIICHHYI0 YHHKAIBHOCTh B CBOEM pOJIE: CpeAcTBa IUQPPOBO 00pabOTKH
n300pakeHNH, MOWCK PEIIeHWH Ha OCHOBE HEYeTKOH Joruku u T.1. Kpome Toro,
UMEIOTCS CPEJICTBA B3aUMOJICHCTBUS C MONYJISAPHBIMH O(DHUCHBIMH TIPOJYKTAMHU
kommanuii  Microsoft — Word u Excel. OcnoBHOe wMecTo cpeau HaOOpOB
MHCTPYMEHTOB 3aHUMAET CUCTEMa BU3yalbHOTrO MojenupoBanus Simulink. Cnexyer
OTMETHUTh, YTO XOTS H3JIOKCHHE MaTepHalla OpPUEHTHPOBAHO Ha paboOTy B cpele
Windows, cuctema MATLAB He 3aBUCHT OT IIaTGOpPMbI U MOXKET padoOTaTh IMOJ
yIpaBlIeHHEM JPYTHX OIEPAalMOHHBIX CHUCTeM, K mnpumepy, UniX. Pa3pabotka
moaeneir cpexcrBamu  SIMULINK ocnoBana Ha TtexHojoruu drag and drop
(meperamu W ocTaBb). B KauecTBe KHUPNHMUYMKOB JJIS TIOCTPOCHHS MOJENEH 110
cpeactBaM SIMULINK ucnons3yroTcss Moaynu, XpaHSAIIHECS B COOTBETCTBYIOIICH
oubmmoreke Oubmmoreka SIMULINK xopoma Tem, 4TO C OJHOM CTOpPOHHI,
oOecreynBaeT MOJIb30BATENI0 JIOCTYIl KO BCEM OCHOBHBIM BO3MOXHOCTSM ITaKeTa
MATLAB, a ¢ npyroil sBisieTcss JOCTATOYHO CAMOCTOSITEIbHON €ro KOMIOHEHTOM.
broku, BKIfO4aeMbie B CO37]aBa€MYyI0 MOJIENb, MOTYT OBITh CBSI3aHBI APYT C JPYTOM,
Kak 1Mo MHGOpMAIMK, TaK U MO YIpaBJieHUI0. THUM CBsI3W 3aBUCUT OT THUIA OJIOKa U
Joruku paboTel Mozenei. JlaHHbIe, KOTOPHIMU OOMEHUBAIOTCS OJIOKH, MOTYT OBITh
CKaIsipHBIMH  BEIIMYMHAMHU, BEKTOpPaMHU, WIM  MaTpPUIlAMH  TIPOU3BOJBLHOMN
pazmepHocTH. Jlo0as MoOJenb MOXET HUMETh HEPApXUUYECKYI0 CTPYKTYpy, T.e.
COCTOSITh U3 00JIee HU3KOTO YPOBHS, IPUUEM YHCIIO YPOBHEHW MEepapXuH MPAKTHICCKU
He orpanmueHo. Hapsay ¢ Apyrumu mapaMeTrpamMu MOJICITUPOBAHUS TOJIH30BATEINb
MOXXET 3aJaBaTh CIOCOO0 W3MEHEHHSI MOJIEIHLHOTO BpPEMEHH (C TOCTOSHHBIM U

IICPCMCHHBIM IHaFOM) a TaK JKC YCJIOBHC OKOHYAHHA MOACIHPOBAHHUA B XOJC



MOJCIIMUPOBAHUS  HMMEETCS  BO3MOXKHOCTh  HAOMIOMaTh  3a  TPOIECCAMH,
MPOUCXOMAIUMHA B cucTeMe. [[s1 3TOro HMCIOIB3yeTCsl CIeNHabHBIE «CMOTPOBBIC
okHa». VHTepecyromme TMOoab30BaTeIsl XapaKTePUCTUKH CHCTEMBl MOTYT OBITh
MpEACTaBIeHbl KaK B YHUCJIOBOW, Tak M B rpaduyeckoil ¢opme. CyiiecTByer
BO3MOXHOCTh BKJTIOUEHHS B COCTaB CPEJICTB AaHMMAIIHH.

Eme omHO BakHOE JOCTOMHCTBO OMOnMoreku Simulink 3aximroyaercs B TOM,
YTO OHA SBJIICTCS OTKPBITOW CUCTEMOW: COCTaB OMOJIMOTEKH MOXKET OBITH MOTIOJHEH
MoJIb30BaTeNieM 3a CYeT pa3paboTKu COOCTBEHHBIX OJIOKOB. bubmmorexka OJI0KOB
SIMULINK mnpexacraBnsier Habop BU3yaJbHBIX OOBEKTOB, HCIONB3YS KOTOpPbHIE
MOKHO COOMpaTh, Kak M3 KyOWKOB, IIPOU3BOJBHYIO KOHCTPYKIHIO. [IpakTHuecku ms
BCEX OJIOKOB CYIIECTBYET BO3MOXXHOCTh WHIUBUYaTbHON HACTPOUKH: MOJTH30BATETh
MOXXET W3MCHHUTh KaK BHYTPCHHHE IapaMeTphbl OJOKOB (HampuMmep, KOJIMYECTBO
BXOJIOB), TaK M BHelrHee odopmiieHue (LIBET, pa3Mephl). Ha mopsiok coeauHeHUs
0JIOKOB HE HaKJIAJbIBACTCSI HUKAKUX OTPAaHUYCHHUIN, HO HEOOXOJAMMO COOJIOIATh Pl
npaBuj, OOYCIIOBJIEHHBIX B OCHOBHOM JIOTMKOH pPabOThI caMOd MOJAENH, a He

crenranbHpIMU TpeboBanusimMu SIMULINK.

3.2 PABPABOTKA MATEMATHUYECKOH MOJEJIA
JJIEKTPOIIPUBOJA

3.2.1 Onucanue MOCTPOEHNsS] UMUTAIMOHHON Mojeu A/l npu ucnoab30BaHUM
HEMOJABHKHOI CHCTeMBbI KOOPANHAT U MOCTPOEHHE MePeXOTHBIX MPOIECCOB B
peXuMe MyCKa ACHHXPOHHOMH MAIIMHBI.

JIng  TOCTpOeHHMST ~ MMUTAllMOHHOW  MOJEIHM  HEOOXOAUMO  TIPHUHSTH
ONpeNeNIEHHbIM  ypOoBeHb wuacanm3anuu cBouctB AJl wu IIH. B Teopum
AICKTPONIPUBOIA TEPEMEHHOTO TOKa OOIICTIPHHATHIMU JIOMYIICHUSIMHU TIPHHSITO
CUUTATh CIECAYIOLIEE:

1. He yuuTtpIBaroTCS MOTEPU B CTAJIH.

2. PaccmatpuBaeM Tpéx(da3HbIii CAMMETPUYHBIN PEKUM PAOOTHI.



3. Haceimenue marauTHoi 1ienu A/l He y4uThIBaeTCS.
4. IlpunumaeM HanpsikeHus Ha Bbixoze [T cTporo cunycouanbHoR
(bopMBL.
5. [IpeneGperaem BIUsHUEM CUIIOBOTO KaHana Mexay AJl u IT4Y.
Ha ocnoBanuu 3axkonoB Kupxroda u dapanes mis neneit ctatopa u poTopa
MOKHO 3aIlicaTh YPaBHCHUSA:
3a OCHOBY NPOEKTHUPOBAHUS MOKHO MPUHATH Kiaccuueckyro «T-o0pasnyrox

cxemy 3amemieHus A/,

Rl X1 Nz

Ul

PI/IcyHOK 8 - Cxema 3aMCIICHUA ACHHXPOHHOT'O IBUI'aTCIIA

Tenepb coriacHo 3TOW CXeMe€ PacCMOTPUM IPOIIECCHI, KOTOPHIE OIMUCHIBAIOT
Ty Mozaenb AJl, mpu 3ToM OylieM HCIOJIb30BaTh CUCTEMY CIEAYIOIIMX BEKTOPHBIX

mudepeHInaabHbIX YPaBHCHUI:

U, =R+ %%
dt
U =r1 +3%
dt
wo=LI +L 1 (1)
l//r:LrIr+Lm|s
3
M ——Zp(y/sxls)
do 1
L= (M-M

3necs Ug, Uy, lg, 1, wg, v [ AByXd€MEHTHBIE BEKTOPBI HaNpsKEHUI, TOKOB

W TIOTOKOCIIECTIJICHUM, TMpEeICTaBICHHBIE B OPTOrOHaNbHOW (ABYyxX(a3HOW) cuUcTeMe
KOOpJMHAT B BHUJE COCTAaBIAIOIIMX IO KOOPAWHATHBIM OCSAM. MeXaHHMYECKue
MapaMeTpbl CUCTEMbI MPEACTABICHBI CICAYIOIIMMH TepeMeHHbIMH: J [] MOMEHT

MHEpUHUH, @, L] 9acToTa BpalleHHs potopa, Z, Ll uucno map nomocoB Al, M u



M CBHGKTpOMaFHHTHBIfI MOMCHT U MOMCHT HAarpy3KH. BcnomorarensHas MaTpuiHasd
KOHCTaHTa J CIIYXXUT i1 «IIE€PCBOPOTa» KOMIIOHCHTOB BCKTOPHBIX IICPCMCHHLIX H

MO3BOJISIET YIIPOCTUTH (POPMY 3aIIUCU CUCTEMBI YPaBHEHUH.

C TouYKM 3peHHUs] MaTEMAaTUYECKUX (OPMYIT MOYKHO 3aIUCaTh CIEeAYIOLIEe:

L—.- _ '{ffﬂ' L-I.- _ u ro J!T _ E:a’ J!T _ EJ'IS['
RS Tl | LT Tl
. fy
TE B lr L IIJ?‘ 1., “ j = 0 1
Sl Rl -1 0

(2)

B Hamiem cityuae uHAEKCH «(» u «®» OyayT COOTBETCTBOBATH KOMIIOHEHTAM
BEKTOpa B HEMOJBM)KHOM CHCTEME KOOpauHAT. B manmbHeHIeM, KOMIIOHEHTaM
BEKTOPA BO BPAIIAIOIIEHCS CHCTEME KOOPAMHAT COOTBETCTBYIOT HHIEKCHI «X» H «Y».

PeanbHass acHMHXpOHHas MamikHa WMeeT 3 (asel, a OymeM MOIEIUpOBaTh
AByX(aszHyl0 MOJENb, W MOATOMY IS TOrO YTOOBI OCYIICCTBUTH MEPEXO] MEXKITY
COCTaBJIIONIMMHA  BEKTOPOB B  JABYX(a3HBIX KOOpAMHATAX W  TpéxdasHoi
KOOPJAMHATHOM CHCTEMBI HCITONB3YIOTCA (hopmyibl mpeodpaszoBanus Kimapka (Clarke
Transform).

Ha mpumepe mpeoOpa3oBaHusi BEKTOpa TOKa cTatopa |g, pacCMOTpUM CBSI3b
MEXy COCTABISIONIMMU B ABYX(a3HBIX KoOpauHaTax U TpEX(}asHOMl CUCTEMOW.

Pucynox 9 moscuHser naHHoe mnpeoOpasoBanue Tpaduuecku. [ ocTambHBIX

MEePEeMEHHBIX TTPE0Opa3oBaHus OYIyT UICHTUYHBIMH.



lg = (2Ib+la)/sqrt(3)

-Z-r"_':O

Pucynok 9. IIpeobpazoranue Knapka (Clarke Transformation)

(13 TpéxdazHol cuCcTEMbI KOOPAUHAT B IBYX(ha3HYIO)

i, =i =Pt (3)

sa sa sp \/§

rac IS(Z IS,B U COCTABJIOIINEC BEKTOpPA TOKA CTATOpa IS MMpCaACTAaBJICHHBIC B

NBYyX(a3HOW HEMOABUKHON CUCTEME KOOPIUHAT;

s 1sp lsc [J asubie Toku craTopa AJl IPEACTABICHHBIC B CHMMETPUYHOI

TpEXdazHol cucTeme

dopmyna nans  obpatHoro mpeoOpazoBaHms oOpaszyercs w3 (3) mocie
BBITIOJTHEHUS COOTBETCTBYIOIINX MAaTEeMAaTHUECKUX MTPEoOpa30BaHUIA.

Cucrema ypaBHeHudt (1) Oo0JbIIOE KOJWYECTBO HEW3BECTHBIX U IS
YMEHBIIICHUS UX YUCIIA, BBITOJHUM CJICTYIONTYO TIOJICTAHOBKY.

3amaaumMcst Lebl0 UCKIIOYUTh U3 CUCTEMbl ypaBHEHUH mepeMeHHble W |,
ocraBuB ¥ U lg. Jlnsg sToro u3 tperbero m 4erBéproro ypaBHeHu# cuctembl (1)

BbIpazuMm | :

m F (4)



[IpupaBHuBas 006€ YaCTH BBIPAKEHUI, NTOJIyHAEM:

L .
VY. -L I = L—”‘(‘PJ —L, -1.).H3 KoToporo Teneps BelmengeMm 'V, .
L (L)
Y, =, 4| L -2 |
A | s i s
h, A
()
[Tocne aToro B nepBoe ypaBHeHue cucTemsbl (1) mojcraBiseM BeIpakeHUE
iy s, (5):
d¥ L,d¥, (L )\dl
U =RJ +Zc =gy +2n 2% +‘ L —Zm | s
ST dt L, dt L dt
(6)

Bo BTOpoe ypaBHenue cuctemsl (1) moacrasnsem |, ,:

U =RI, + ¥, —j@ .z P‘P,_ =
dt

(W, -L, -I.| d¥

=R, + @z, =
oL, | dt el
¥ Y, L
="' j@,z,¥,+R —~R, "] =
dt L, L,
¥, R, L
S BT ERE N R =5
dt L | L’

(7)

N3 (7) nomyyaeM BbIpa)keHUE N5 ¥ TojicTaBisieM B (6):



L d¥, (_ 1°)d
D—RI———r+‘L n |5 o
L dt L) dt
L L L, ( ) dl,
“RI+22U, + 22 jo 2 - (Ln ) | f—‘ﬁf— m_ .S
L L | L) d
\, A
(8)
OKoHUaTeNbHO MPUBOIUM ypaBHEHHE (8) K ClIeNyIoleMy BUIY:
L ' V1oL R\ |, L) d,
U, -y, = L oz, |+ L -
© L -. L) LU L) L)
(9)

Tenepr koMmOunupyem Bmecte (7) u (9), mociae yero mojay4aeM CHUCTEMY
SKBUBAJICHTHYIO (1),HO COCTOSIIIyI0 TOJBKO W3 JIByX YpPaBHEHUH C JIBYyMs

HCU3BCCTHBIMU ¥/ U IS' KpOMe 9TOro, IOMHHM O TOM, 4YTO IJA AI[ C

KOPOTKO3aMKHYTBIM poTopoM crpaseinso U, = 0:

( (LY L R, | 2\ ar,
U,:-R,+R,,‘A‘ ‘L+—m‘ J'(q_:p——"‘{f,,—‘ﬁ,— m_ |8
I L)) L L. ) L dt
L
0= ‘;mw _r =l
d’r L

3 L \
1‘1"_{:___ —mIPrXirj]
S |

de, _ l[M -M,)
dt J

(10)

Jns ynpouieHuss 3amuch CHUCTEMBI yYPAaBHEHUM BBEAEM JOIOJHUTEIBHBIC

Ko2(pGUIIMEHTHI U TTepeiIéM K oniepaTopHOi (hopme.



(U, =RI +K,j@.z ¥ —-K AY +L, - pl.

r-p

0=p¥, -j@.z, ¥, +4%Y -RK,I

: 3
M= E:FKr (WP, =1.)

1. _
p@, = 7"‘” M)

(11)
Loy ) L2 R

TJIE: Kr=L—, Re =Rs + Ry - K{, Le=LS—L—m, Ar=L—r
r r r

Cucremy (11) mnepemnuiem, BbIpa3suB MPOU3BOJAHBIE BEKTOpa TOKa W
NOTOKOCLEIICHUS:

-

| . . .
Pl = L_(L — R, _KJ'(Q':PJIPT +K"AJ'IP*}

e

pY,=RKI -4Y +0:z,j¥,

. ; |
M= E:PKr (W, 1)

p@, = %[ﬁ,{ - M)
“ (12)

3areM CHCTeMYy BEKTOPHBIX ypaBHeHHH (12) HEoOXO0IMMO TpPEICTaBUTH B

CKaJLIpHOM BHAC, IMOACTAaBUB BMCCTO BCKTOPOB YU IS X COCTaBJIAOIIUC IIO0

KOOpAMHAaTaM. BekTopHOe NpOu3BEACHHE B BBIPAXKEHUU ISl DJIEKTPOMArHUTHOTO
MOMEHTa PacKpoeM B COOTBETCTBUU C NPaBHJIaMU BEKTOPHOH aireOpel. C yuéTom (2)

MOJIy4a€M HOBYIO CHCTEMY CKaJSIPHBIX YPABHEHUN, UMEIOIIYIO CICIYIOIIUN BUA:



pi, = _(”_m' - Re?:a B Kr ﬂ‘}r':p%";'fr'_ﬂ + KJ'AJ'{MJE( ]

&

) 1y _ . . |
p?_'fﬁ = L_ (frfsﬁ - Rﬁjsﬁ - KJ'CS)J':F@VTG’ T J&r"‘ij'l':"f‘rj',{i‘ }

]

pyfi"ﬂ' = R?‘K.I'jj&' - Al'yfi"ﬂ' o (Dr:pwjﬁ

PV, =RKi;—Ay . ,+0zy,

3 _ )
M = E:pKr (um ) IS_JS - WJ',S I }

1. .
@ =—(M-M
O ==l :)
(13)

OOmuit Bua cuctembl ypaBHeHui (13) sBiisercss HanOoJiee MOAXOIAIIMM IS
MOJIETUPOBAHMS JUHAMUYECKUX pPEeKUMOB paboTel AJl. BriOupas cmocod mns
pemieHuss  cuctembl  AuddepeHIuanbHbIX — ypaBHEHWI,  CJleAyeT  OTJaBaTh
NPEINOYTeHNE YUCICHHBIM METOJAaM BBICIIUX MOPSIKOB. 3a/aua PelieHuss CUCTEMbI
YPAaBHEHH MOXET OBITh TaKKe YCHEIIHO pelieHa C HCIOJIb30BAaHUEM CPEJICTB
cTpykTypHoro moaenupoBanus (Simulink). Ha pucyrnke mpeacraBiacHa CTpyKTypHast
cxemMa  UMHTAalMoOHHOW  moaenu  AJl, co3manHas Ha  0a3e  CHCTEMEI
auddepeHnnaIbHbIX ypaBHeHui (1).

BrimonHss ucciaenoBanus, clielyeT MOMHUTD O JIBYX(}a3HON MpUpPOJe TaHHOU

moneinn. Bxomubie Hampskenms Ug, u Ugg  Qopmupyrotcs ¢ yuérom

npeooOpaszoBanuii Kimapka (Clarke Transformation) (3) u paccuuthiBaroTcst Ha 0ase
MTHOBEHHBIX (Da3HBIX 3HAYCHUW HampsokeHUd w3 3-x  (a3HOM  CHUCTEMBI.
CootBeTcTBEHHO i1 HaOMIO/MEeHUs 3a (a3HBIMH TOKAMH HEOOXOJMMO BBHITIOJHUTH

o0partHoe peoOpa3oBaHue, B3SB 32 OCHOBY MTHOBEHHBIC 3HAUCHUSI I, U Ig 53 -



| X

Ve L. _VA__ | |w,
P(L/R)+1 ’@4?4 P(17A)*1 ] _ M.

(+) -} - N l[—}
K- Elg Q32K O~ 5 [
%) —{x] o

O ('ﬂl |

—
=
]

|

T | . A, w,
N P(L/RH | |ig E—— p(1IA)+1
) = x H

AK]

Pucynok 10 - CtpykTypHas cxema UMUTalMOHHOM Mozenu A/l mpu
VICIIOJIb30BAHUU HETOABUYKHOU CUCTEMBI KOOPAMHAT
Ha pucynke 11 npezacraBnena UMUTAIIMOHHAS MOJIEIb IBYX(Da3zHoil MmoaenuA/Jl

co3manHoro B npuinoxennu Simulink u3 makera Matlab.
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Pucynok 11 - CtpykTypHas cxema UMHUTallMOHHON Mojienn A/l B HEMOJABUKHOW CUCTEME KOOPAUHAT




[lepen HayanoM MOAENIMPOBAHUS HEOOXOAUMO paccUuTaTh nmapamerpsl A/l mo

CIEIYIOLIEH METOIUKE:

3.2.2 ACMHXPOHHBII B3pbIBO3anuieHHbIi aABurareas JAT — 156M — 02

e HOMUHaJILHAI MOIIHOCTEL Py = 0.25 xBT;

e HOMUHaIbHOE NuHeNHoe HanpsbkeHue Uy = 380 B;

e HoMmuHaNbHOE (pazHoe Hanpsokenue Uip= 220 B;

® CHHXpPOHHAas CKOpOCTh BpamieHus No = 1500 06/muH;

e HOMHHAJILHOE cKoabxeHue Sy = 0,067 o.e.;

® KO3 UIMCHT MOJIE3HOTO JIEHCTBHUS B PEKUME HOMHUHAILHOW MOIIHOCTH M =
65%;

¢ KO3(QPUIIMEHT MOIITHOCTH B PEXKMME HOMUHAIBHON MOIITHOCTH
cos ou=0,50.e.;

e KpaTHOCTH myckoBoro Toka In/lig = Ki =6 o.e.;

® KpaTHOCTH MyckoBoro MmoMeHTa Mp/My = k= 2.9 o.¢.;

® KPaTHOCTh MAaKCUMAaIbHOIO MOMEHTA Mmax/Mu = Kmax = 3 0.¢.;

® KPaTHOCTh MHHMMAaIbHOT0 MOMEHTa Mumin/Mp = Kmin = 2.7 o.e.,

Toxk xojocToro X0Ja aCHHXPOHHOT'O IBHUI'aTCIII MOYKHO HaWTH U3 BBIPDAXKXCHUS.

I121 _[p*lm(l_ SH)/(l_ p*SH)]2
’ 1-[p.(-s,) /- p.s,)TF

P 250

I == ul = =
" 3.U, -cosp, M, 3-220-0,5-0,65

cTaTopa ABUIaTCIIA,

1.166 , A - HOMUHAJIBbHBIA TOK

Ny —nN
Sy = (Ng H% - HOMUHAJIbHOE CKOJIb)KEHUE;
0

No — CHHXPOHHAs1 4aCTOTA BpALLICHU,

Uiu — pa3Hoe HanpsixeHue;



| p.-P, ~0,75-250
" 3.U, -cosp, M, 3-220-0.421-0,65

JBUTATEJNS MIPU YaCTUYHOM 3arpy3Ke;

=1.037, A — 1ok cTaTopa

cos@,, =0.4210.e. — kO3 PHUIHEHT MOIIHOCTH NPH YACTUYHOM 3arPY3KE;

M, =My — K.ILJI. IPH YaCTHYHOHU 3arpysKe;

*

p, =P/P, =0,75 — ko3 durmenHT 3arpy3Ku JBUTATEIS.

OHpeI[eJII/IM TOK XOJIOCTOT'O XO04a ACUHXPOHHOT'O ABUT'ATCIIA

| :J b =[Pl @=8)/0= P
0 1_[p*(1_SH)/(l— p*SH)]Z

) \/1.0372 —[0,75-1.166 - (1—0,067) /(1 0,75-0,067)

=0.86 A;

1-[0,75- (1-0,067)/(1—0,75-0,067)|

N3 popmyiner Knocca onpenenum BeIpaskeHHE 7Sl pacueTa KpUTHIECKOTO

CKOJIB)XCHMUS .

. kMAX + \/(kMAx)z—[l_Z'SH'ﬂ(kMAx_l)] _
" 1-2-s - Bk, -1
3+4/3 —(1-2-0,067-1-(3-1)
1-2-0,067-1-(3-1)

S, =S

=0,067 - =0.538;

C,=1+(,/(2-k -1,))=1+(0.86/(2-6-1.166)) =1.061.
3nauenue kodpdumuenTa 3 naxoaurcs B quanazone 0,6 — 2,5 u B nepBom
npubIMKeHUU npuHUMaeM 3 =1.

OnpenenuMm kodhPUITHEHT:

3.220% - (1-0,067)
—mUZ(1-5,)/(2-C, K, -P,)= e~ 80084,
A& 1d>( H)/( 1 ™Mmax H) 2-1.061-3-250

Torna akTUBHOE CONTPOTUBIIEHUE POTOPA, IPUBEICHHOE K OOMOTKE CTaTopa

ACMHXPOHHOI'O ABUTATCJIA!



1
0.538

R,=A/(B+1/s,)C, =85.084/(1+

Omnpenenenne CHHXPOHHOM CKOPOCTH

N _1500_ 57 oespane.

(DO = =
9,55 9,55
Onpenenenne HOMAHAJIBHOW YaCTOThI BPAllEHUS

o, =w,(1—s,)=157.068- (1 0,067) =146.544 222
C

OHpeIICJICHI/Ie HOMHHAJIBHOT'O MOMCHTA ABHUT'AaTCIIA

Mo=F 20 7061
o, 146544

OHpeI[CJICHI/IC MaKCUMaJIbBHOI'O MOMCHTA

M__ =k_ -M, =3-1.706=5.118 H-m

Makc MakcC

OmnpeneneHre MUHUMAJIEHOTO MOMEHTA
M_.=K, M, =27-1706=4.606 H-™m
Omnpenenenre myCKOBOIO MOMEHTA

M, =k, M, =2.9-1.706=4.947 H-m

)-1.061=28.052 Owm;

HapaMeTpLI HCCIICAYCMOI'0 ACMHXPOHHOI'O ABUIaTCIIA

I/ICHOHBSY}I mapaMeTpbl CXCMbI 3aMCIUICHU S aCI/IHXpOHHOﬁ MalllnHbI, BHOCUM

YX B Hallly MOJIEJIb, KOTOPasi HAXOAUTCS B HEMOJABMKHOM cucTemMe koopauHar. [Ipu

ATOM rpaduKu MEPEXOTHBIX MPOILIECCOB B PEKUME MTyCcKa OYYT BBHITIISIETh

CIEAYIOIHUM 00pa3oM:



=)

@

il

'l

.l

' ' ' ' ' ")‘M’\’\ . vv“va

HaBpOoC Harpy3kn B MOMEHT BEpPeMeHN

MMf\M |
VYV VY

t=07

Pucynok 12 - Tlepexonnbie poliecchl IpH IMycKe U HaOpOce Harpy3Ku

aCHHXpOHHOﬁ MalllnHEbI B HCHO,Z[BH)KHOﬁ CUCTCMC KOOpAHAT

<} Simulation Parameters: AKZ_ab_pulllls

Wu:urkspau:el.-"[ll Diagn-:usti-:sl .&dvancedl Heal-TimeWDrksthl

Stop tirme: I 1

Solver

Sirmulation time

Stark tirne: I 0.0

Salver options

I ] e

=

Type: IFiHed—step

I oded [Runge-K.utta)

[

Fized step size: I 0.0001

Output options

[

Refine output

fode: I.-‘-‘-.ut-:u

=

Befine factar: I 1

(] | I:ar'u:ell

Help | Aoply

Pucynok 13 - BHenmHuit BU HACTPONKH MapaMeTpPOB pacyeTa aCHHXPOHHON

MalInHbI



3.2.3 Onucanue NOCTPOEHHsI HMUTAIMOHHOI Moeau A/l Bo Bpamaeiics
cUCTEeMe KOOPAMHAT

IIpu paccmoTpenun ciyyas, korga AJl Haxoawics B HEMOABUKHOM CUCTEME
KOOpPAMHAT, MBI IIPEAINOJIarajid, 4TO BCE BEKTOPHBIC IIEPEMEHHBIE CYLIECTBYIOT B
HEIOJABIKHON CUCTEME KOOPJMHAT, KOTOPast )KECTKO CBsI3aHa co cTatopoM A/l

Jljist TOro 4To0bl MPOU3BECTH HACTPOMKY PETyIATOPOB B CUCTEME BEKTOPHOTO
ynpasieHus AJl mpolie Bcero cMoearpoBaTh Moaenb AJl koTopast Obl HaX0AUIACh
BO BpAIlAIOIICHCA CHUCTEME KOOPAMHAT C OPUEHTUPOBAHHOW [0 IO BEKTOPA
IIOTOKOCLCIIIICHUS.

B »stom cnyuae paccmorpum cuctemy ypaBHeHuid (11) nmms ciywas c

HpOHSBOHBHOﬁ OpI/ICHTaIII/IGﬁ KOOpJAHHAT:

U =r1.+T im0,
- dt '

\U.=RI. + ff:jf i@, -m)z, 7,
I F

W =L +L1I,

3
| LP.I' - 'E'i" Ir' + E‘rﬂf;

3

j’f :E—p{qj: Kf: }
49 L, ~M,)
Lo dt J

(14)
3nech @, — CKOPOCTh MPOU3BOJIbBHO-OPUEHTUPOBAHHOW CHUCTEMbI KOOPJIUHAT.
He ocTanaBnuBasch NoipoOHO HAa BBIBOAE CUCTEMbI YPABHEHUM, MPUBEAEM UTOTOBBIM
BAPMAHT C YYETOM MApPaMETPOB HHJAEKCAIlMM KOMIIOHEHTOB BEKTOPOB IS

MPEJICTABJIEHUS B POU3BOJIBbHO-OPUEHTUPOBAHHON KOOPJANHATHON CUCTEME:



[ 1
pi, = L—(ui. —Rji +K Awv, +K.C L2 oW + L, (0D,

&

p'isx }

1
pi, = L—{u LR, +K AV, —K.0,z v, —L0:zi )
[

py;!]’ = RF'KJ'!.S_T - AF'WH\: T {({)‘k - (i).l' }__Pwﬂl

FW:; = RrKJ-if_,.TI. - AJ_I'!J’JJ _{('OL' - (Dr }:_Zﬂi)‘lfrx

3 .
M= E:pKr‘ (Wr:r ’ i:}' - Jl1l:’Irr-- ' "f_u' }

p@, = %[M ~-M,)

(15)
CtpykTypHas cxema, KoTopas cooTBercTByeT cucteme (15) mpuBeneHa Ha
PUCYHKC 17. OcHOBHBIE OTIHYHUSA 3aKJIIOYAIOTCSI B H€06XOJII/IMOCTI/I 3alaHUA

nmapamMeTpa OpuCHTAalluu CUCTEMbBI KOOPAUHAT @, . He CICOyCT 3a0BIBaTh O TOM, 4YTO

IpU CO3/IaHMU MUMUTAIIMOHHOM Mojenu AJl BO Bpalaromieincss cucteMe KOOpAWHAT
BEKTOPBI BXOJHBIX BO3JICMCTBUI JOJDKHBI OBITH MPEOOpa3OBaHbl U MPEICTABICHBI B
TOM XK€ caMOl CHCTeMe, TJe MPOUCXOIUT PAcu€éT cUcTeMbl auddepeHINATHHBIX

ypaBHEHUIl. DTO 3HAYWUT, 4YTO BeKTOp HampsokeHus Ug 1gomkeH npoiltu
MHOTOCTYIIEHYaTO€E MpeoOpa3oBaHHUeE.
Bo-nepBbiX, ncxonHas TpéxdazHas cucCTeMa HamnpsDKeHHH Ug,, Ugy M Uge

Tpanchopmupyercss ¢ ydérom mpeoOpazoBanus Kirapka (Clarke Transform) B

ABYX(pa3HYyI0 C BBIICJICHHUEM COCTAaBISIONIMX KOMIOHEHTOB Ug, H Usg,

XapaKTepHU3yIOIKX BeKTop HanpskeHus: U B HEMOJBUKHON CUCTEME KOOpIUHAT.

Jlanee mpoucCXOaUT BTOpOE NpeoOpa3oBaHUE, M KOMIIOHEHTBbI BEKTOpa U3
HETMOJBWKHOW CHUCTEMbl MNpPeoOpa3yloTCs B CHUCTEMY KOOPAMHAT MPOU3BOIBHO-

OPHUCHTUPOBAHHYIO COIJIaCHO 3HAYCHUIO ITapaMeTpa @,. .



Takum  oOpasom, MOIy4aeM KOMIOHEHTBI ~BEKTOpa Ug M Ugy,

xapaktepusyromue Bektop U Bo Bpamaromeiicst cucteMe koopanHat. Ha pucynke

11 noxazaHa cxeMa IpeoOpa3oBaHuil BeKTOpa HanpskeHud Uy .

BA -C

C

Pucynok 14 - Cxema npeo0pa3oBaHuii BeKTopa HanpspkeHud U g

Hcnonp3oBanue Bpallaomeiicss KOOpAUHATHOW CUCTEMBI TpeOyeT MpUMEHEHUS
CHEUUANIBHBIX MpeoOpa3oBaHUN [Ji1 TMepexoAa W3 OJHOW CHUCTEMBI B JIPYIYIO.
Paznmuuator mpsimoe u oOpaTHOE KOOpAMHATHOE TNpeoOpasoBaHue. Takod BUA
npeoOpazoBaHus HasbiBaeTcs nmpeobdpasoanuem [lapka (Park Transform)

i, =i,c086, +i,sinb,

3X g

iy =, 8100, +1,c080,

(16)



rue
lsq Isp [ COCTaBIIsIOIIME BEKTOPA TOKA CTAaTOpa |g MPEACTaBICHHBIC B

NBYyX(pa3HON HEMOJABUKHON CUCTEME KOOPIUHAT;
lsx + lsy [] cocraBstoLIe BEKTOpa TOKa cTaTopa |g IpeacTaBieHHbIE B

NByX(a3HOU Bpalaronencs CucTeMe KOOpIMHaT;

6y U yron noBopoTa KOOpAMHATHOM cUCTEMBI (YrOJl OpPUEHTALIUHN).
[lapameTp 6 cBsizZaH C YIJIOBOM CKOPOCTBIO BpAILEHUS KOOPJUHATHOM

CHUCTCMbI Wy 6ﬂar011ap51 CICAYIOUIECMY BbIPAXKCHUIO!

46,
dt

= @y WM B ONIEPaTOPHOH (opme ia)k = 6 17)
P

Ha pucynxke 15 npencrasnen ¢aiin u3z nporpammsl Simulink, kotopsrii

OIMKCHIBAET MpsIMOE MpeodpaszoBanus koopauHat [lapka (Park Transform):

Product10
Trigonametric red

FunctionS

Q
1
Ua
=

————>m =in

Trigonometric
Functiong

———-m =in

FProduct11
Trigonometric e

Function?

) cos Product1z

Trigonometric
Function

Pucynoxk 15 - Mogens npsimoro npeoopaszoBanus [lapka (Park Transform)

B iporpamme Simulink



OobpatHoe mpeoOpa3oBanue [lapka (Inverse Park Transform) ucnoms3yercst B
TOM Clly4ae KOrJa HEoOXOIUMO TMEpPEHTH M3 BpAINAIONICHCs CHCTEMbl KOOPAHHAT B
HETIO/IBIDKHYH0. TOr/1a MaTeMaTH4eCcKOe BhIPAXKEHHE s 00PATHOTO MPeoOpa3oBaHMUs
napka (Inverse Park Transform) Oyzaer BeINISAAETH CIEIYIONTUM 00pa3oM.

I =1, C086, —i sinb,

lg =1, sm0O, +i cosb,
| (18)

Oro  mpeoOpa3oBaHMe  yAOOHO  HKCHOJB30BAaTh  MPU  UCCIEAOBAHHUU

MMUTAMOHHON MOJIENU, PEAIM30BAHHON BO BpAIIAIOIICCA KOOPAMHATHOW CUCTEME.

[ 2 % P cos

Trigonometri
Functiond

Froduct1O

I sin

Froduct?

Trigonometric
Functions

¥y

I sin

Froduct1d
Trigonometric radu

Function?¥

| .
| coz

Product12

Trigonometric
Functiond

Pucynoxk 16 - Mogens o6parHoro npeoopaszoBanus [lapka (Inverse Park

Transform) B mporpamme Simulink

[Ipn ydere BCEro BBIMICYKAa3aHHOTO CTPYKTYpPHAs CXeMa HWMHUTAHOHHOMN

Mozenu AJl Bo Bpamaromencsi CucteMe KOOpJIMHAT OyAeT BhITJIAIETh TaK:
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Furciers
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31 dp Iniggraior
I fprerredme .
Funcizn =

Pucynok 17 - CtpykrypHas cxeMa UMUTalMOHHOM Mozenu A/l BO Bpalarolieiicss CUCTEME KOOPAUHAT



Eciu wmbl 3amanumes o, =0, To naHHas cxema OyAeT paboTaTh aHAIOTMYHO
MpEabIAYILIEH.
[Ipu »>TOM Tpaduku MEPEXOMHBIX MPOIECCOB ACHHXPOHHON  MAIUHBI,

HaxoJsUIeics BO Bpallarolleiicss CUCTEME KOOpJIMHAT, B peXUME Iycka OyayT

BBITJISIIETH CJIEAYIOIIEM 00pa3oMm:

0

(&)

HaBpoc Harpyskn B MOMEHT Bpemenn|t = 0,7

=

_ﬁ(f\/\/\/\/\/\/\/\/\/\/\/\/\/\N\/\N ’\MM M\f\f\f\ﬂf\f\!\f\:l

dewwv YUYV Y

Pucynok 18 - IlepexoHbie IpoIiecChl IPH IMycKe U Habpoce Harpy3Ku

ACHHXPOHHOW MAalIMHBI BO BPALAOLIEHCS] CUCTEME KOOPIMHAT

[Ipn uccnemoBaHMM ABYX CHCTEM KOOPAMHAT: HEMOJBMIKHOW W BpalIAOIICHCH,

MOJXXHO CACJIaTb BBIBO:

['padyikm mepexoMHBIX MPOIECCOB B 3TUX JBYX CHCTEMaX HUYEM HE OTIMYAIOTCS

JIPYT OT Jpyra.
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NMuTtannoHHas MOJ€b, OJYY€HHAs] B HEMOJIBUJKHOM CHUCTEME KOOpAUHAT OoJiee
rpoMO3/Kas M HEeynoOHas, i TOro 4ToObl MPOU3BECTU HACTPOUKY M ONTUMH3ALHUIO
cucteMbl BeKTopHOro ymnpasieHus AJl. [IoaTomy HACTpONKY M ONTUMH3ALHAI0 CUCTEMBI
BEKTOpHOro ympanieHuss AJl OyaemM Npou3BOAUTH C MCIOJIb30BAHUEM HWMHTALIMOHHON
MOJIENH, PACIIOJIOKEHHOW BO BPAILIAOIIECHCSA CUCTEME KOOPAMHAT C OPUEHTHUPOBAHHOM

I10 ITOJITO BEKTOPA MOTOKOCHUCIIJICHMA.

3.3 ONTUMM3ALIUS JIBYXKOHTYPHOMN CUCTEMBbBI
ABTOMATHYECKOI'O YITIPABJIEHUSA CUCTEMbI
JJEKTPOIIPUBOJA

CrpykTypHas cxema auHeapuzoBanHod CAY

CrpykrypHas cxema nuHeapuzoBanHord CAY COII npuBeneHa Ha pUCYHKE

Y 340 PerynsTop PerynsTop 1

- noToka Toka > TP +1 >
(-)Uoy )Vor
AllcK. 3.
©sa0 Perynsatop Perynarop » 1 o BO BpaLLl,a}OLLl,eVICﬂ
CckopocTu Toka Tyep+1 cucTeme KkoopauHat
()Uq, G)Vor

Puc

yHOK 19 — Ctpykrypnas cxema CAY COII

OHa BKJIIOUYAET B c€0s TpU KOHTYpA:
1. KOHTYp TOKa — BHYTPEHHUN KOHTYD;

2. KOHTYP CKOPOCTH — BHEIITHUW KOHTYD;
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3. KOHTYP IOTOKOCUEIJIEHUS — BHEIIIHUN KOHTYD;
KoHTyppl TOKa M NOTOKOCHEIUIEHWS HACTPAaMBAEM II0 MOAYJIBHOMY ONTHMYMY.

KoHTyp CKOPOCTH — IO CHMMETPUYHOMY ONITUMYMY.

OnTumu3anus KOHTypa COCTaBISIONINX KOMIIOHEHTOB BEKTOPa TOKa
Kontyp Toka HacTpauBaeM IO MOIyJIbHOMY onTumyMmy. CTpyKTypHas cxema
KOHTypa mnpuBeneHa Ha pucyHke 20. KoHTyp comepkuT 1Ba MHEpIMOHHBIX 3BEHA
MepBOro Mopsiaka ¢ MOCTOsHHBIME T, =0.0002¢ n Ty =0.0021f. Otnowenne

Tys _ 0.0021
Tyis  0.0002

=10.5 3paunrensHO OOJIBIIE CANHUIILI, CIICAOBATCIIBHO, IPUHUMACM

- Ty =Ty =0.0002 ¢ - Manas noCTOAHHAS BPEMEHH KOHTYPA,
- Ty =0.00211 - Gonbluas mocToAHHAS BDEMEHN KOHTYPa, KOTOPYIO CIIE/lyeT

KOMIICHCHPOBATD.

CtpykTypHas cxema KOHTypa TOKa MIpUBEeHA HAa PUCYHKE

Uy 1 }{?3 i

M-PT —» ——— | — 7~ >
L3 1
( RJ“

Tynep+1

(5)Uor

Pucynox 20— CtpykTypHas cxema KOHTypa TokKa HacTpoeHHOro o MO

Kontyp Toka HactpauBaeM Ha MOayibHBIN onTuMyM (MO). C yyeToMm mapaMeTpoB
KoHTypa BbiOupaem [ — perynsarop ¢ nepeaatouHoit pyHKIuen
Tor-p+1

T

WpT ( p) = ka '
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! ﬁ =0.0002 ¢ - TOCTOSTHHAsI BDEMEHH PETYIATOPA;

rae TPT =T .=

UH8

Kso = % -10.5= % -10.5=273 - xo3dPuiueHT ycuieHus peryasaTopa;

_ U3T.Ma1<c _ 10 B

k, =—"%=—=1— - koo PuuueHT oOpaTHO! CBSI3U IO TOKY;
I OII.MaKC lo A

a; = 2- K03QPUUUEHT ONTUMH3ALUU KOHTYpa Toka o MO.

U vae = 10 (B)-MakcumanbHOE HanpsiKeHUE 3aaHUS Ha TOK;

IlepenarouyHasi pyHKIUS PAa30MKHYTOI'0 KOHTYpa TOKa

1 1

a T, p-(T, -p+l) 2-0.0002-p-(0.0002-p+1)
~ 1

- 8-10°.p2+4.10*.p

W, ..(P) =

[lepenarouynas ¢GpyHKIMS 3aMKHYTOTO KOHTYpa TOKa

W, aan (P) = % . %

a, T, p-(Tp-p+D+1 2-0.0002- p-(0.0002- p+1)
~ 1
8:108-p2+4-107*-p+1

OskuiaeMbIe MoKa3aTed paboThl 3aMKHYTOTO KOHTYpa TOKa:
6 =4.3% - nepeperyinupoBaHue;

t;()?l =4.1-T,=4.1-0.0002=0.00082 c - Bpems epBOrO COrIACOBAHUS;

t® =4.1.T, =4.1.0.0002=0.00082 C - Bpemsi NEPEXONHOro MPOLECCA MPH

OTpa6OTKe CTYIICHYATOI'O YIIPABJIAIOIICIO 3a1aHMAA,

_ @_071_ 071 _ 3550 DA

o, =0 —— - [oJIOCA NPONYCKAHUA II0 MOAYJII U

n " T 0.0002 c

UT

dbase.
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[lo cTpykTypHOii cxeme KoHTypa Toka (cMm. pucyHok 20) HaOupaercs
UMUTAIMOHHAS MOJICITb, TIPEICTABIICHHAS Ha PUCYHKE .

NmuTtannonHass MOJenb KOHTypa TOKa, HacTpoeHHoro no MO, mpeacTaBieHa Ha

pucynke 21.
-
| + 1 1/Re
_ FID = . -
Stepi 0.0002=+1 Le/Re.s+1
FIb1 Transfer Focn2 Transfer FcocnS Scope

Pucynok 21 - UmutanronHas Mojielb KOHTYpa TOKa, HacTpoeHHoro mo MO

P€3yJ'[BTaTI)I MOACINPOBAHUA  IICPCXOAHBIX TIPOHECCOB B  KOHTYpPC  TOKa,
HaCTPOCHHOI'O Ha MO,ZIYJILHHﬁ OIITUMYM IIpU OTpa6OTK€ CTYIICHYATOI0 BXOJHOTO

Bo3neiicteus U,, =10 B, npuBenensl B BuIe nepexoqHod xapakrepuctuku I(t) Ha

pucyHke 22.
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14
L e— — e B L e ——— ————
T z z % z
S U i S
: g o L~ L 3B 045 e 423% B%
: : Ty Toas : ; 5
- O SO R T PR, . ERREIEEEL NIRRT . _
B Y 0 U U A A S —_— T ]
B =985 & :
L N A L S R W e S |
=045 4
LI O N B N E OO RRE SUP PR UUPRRROPRRI ..................... RS UTRURR _
o .................................................................... i
3 Lo e e SOUTS TSN S S _
o L ................................................................... i
1 e T P .................................................................... —
i | i | | i b e
£ =P =0.0009(c) 1 2 3 4 5 6 7 160
p i(t)
ucyHoK 22 - [lepexomHas XapaKTepUCTHKA KOHTYpa TOKa
AHanus IMOJYYCHHBIX PE3YJIbTATOB MOACIUPOBAHUA IIOKA3bIBACT, YTO OHHU

HanIydlium o6pa30M COMIaCyrOTCA € O KUIACMBIMU ITOKA3aTCIIAMU pa6OTI>I KOHTYpa.

JI1s1 HarJSIAHOCTH CBEJIEM PEe3YIbTaThl MOJICIIMPOBAHMS B TaOIHUITy 3

Tabmmma 3 — [TokazaTenu paboOThI KOHTYpa TOKa

[Toxazarenu OxunaemMblie [Tomyuennslie
c 4.32 4.23
H(o?/)l - 1(9?/)2 e 0.00082 0.0009
mg{M) _ O)gb), pan 3550 3670
c
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BriBoanr:
B KOHType TOKa TEOPETHYECKHE U IKCIECPUMEHTAJIBHBIC MOKA3aTEIM COBHAJAIOT.

Tak xak ycranoBusuiascs ommbka Aly., =0, To B KOHTYpe ToKa obecrmeumBacTcs

acTaTUYECKOE pEryjaupoBaHue. AHAIW3 MOJYyYEHHBIX PE3YyJIbTaTOB MOJEIUPOBAHMUS
MOKAa3bIBa€T, YTO OHU HAWIy4YIIUM 0Opa3oM COIJIacyloTcd C  OXUIAAEMBIMU

MOKa3aTesiMu paboThl KOHTYpa.
OnTuMu3anusi KOHTYpPa CKOPOCTH

CprKTypHaSI CXEMa U HapaMcTpbl 3JICMCHTOB KOHTYpa CKOPOCTH. CTPYKTypHaSI

CXCMa KOHTYpPa TOKa IIPUBCACHA HA PUCYHKC 23.

Use % 'x
T p+1 3aMKHYTBIH 1 ®
kpc : KO 2 ¥y

U Lok nop = PO,

I:—) TOKa

h
w
b

L J

Pucynox 23 — CtpyKkTypHas cxema KOHTypa CKOPOCTH HACTPOSHHOTO Ha
CUMMETPUYHBIA ONTUMYM
OnTuMu3anus KOHTYpa.

O:xugaeMble OKa3aTeJ I Ka4ecTBa padoThl KOHTYpa.

Kontyp ckopoctu HacTtpauBaeM Ha cumMeTpuuHbiii ontumyMm (CO). C yuetom

napameTpoB KOHTypa BeiOupaem 11 — perymnstop ¢ nepenaroyHon GyHKIHEH

T.-p+1
Woe(P) = ke =2

pc
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350 _ 0.05-50 e

3.2,y -k -1024-O,5 3-2-0.95-0.952-1024-0.0002

rae Ksri =

KOA(pULIMEHT YCUIICHUS;
U, =10B;
a, =2,b, =2 xo3pdunmenTs onTumMu3anuu KOHTYpa ckopoctu 1o CO;
Tpe =167, =16-0.0002 =0.0032 ¢ — manast OCTOSIHHAsI BPEMCHU KOHTYpa;
Ty =Tpe =0.0032 ¢ — mocrosinHast BpeMEHHI KOHTYpa (QHIBTPa B KOHTYPE CKOPOCTH.

[lepenarouynas ¢GpyHKUIMS Pa30MKHYTOTO KOHTYpa CKOPOCTH, HacTpoeHHoro Ha CO

b.-a.-a T, -p+l o
bc~ac-aT-Tm-p-{ac-aT-Tm-p[aT~Tm-p-(Tm-p+1)+1J}

Wpc.pa3( p) =

B 2.2.2.0.0002-p+1 B
©2.2:2:0.0002- p-{2-2-0.0002- p-[2-0.0002- p-(0.0002- p+1)+1]}
~ 0.0016- p+1
0 1.024-108.p*1512.107%.p3 1 1.28.1078 . p?’

[Mepenarounas GpyHKIMS 3aMKHYTOTO KOHTYpa CKOpOCTH 6€3 GuiibTpa Ha BXOJIe
1 .
k-(bc-ac-aé Oue - p+1)
6n cai (p)= -
be-ac-a,-0 ,uo P {ac 8,0 yo p[ao o P © 0'p+1)+1}+1}+1

15-(2-2-2-0.0002-p+1)
~2.2.2-0.0002- p-{2:2-0.0002- p-[2:0.0002- p-(0.0002- p+1)+1]+1} +1

~ 6.35-10* - p+0.4
1.024-1072 . p* +512.107. p3+1.28-107° - p2 +0.0016- p+1

[lepenaTounas GpyHKIUsI 3aMKHYTOTO KOHTYpa CKOPOCTH € (PUIBTPOM Ha BXOJE
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e

6n(}al (p)_ N =
be -ac-ao-Oﬂbp-{aC-ao Oﬂ0 p[a0 ﬂop © Op+1)+1]+1}+1
1

_ 25
2:2:2-0.0002p-{2-2:0.0002p-[ 2-0.0002- p-(0.0002- p+1)+1]+1}+1

[lepenarounas ¢pyHkuusa GuibTpa Ha BXOJE

1 1
T,-p+1 00032-p+1

W(b.BX (p) =

Oxumaemble MokazaTeian paboThl 3aMKHYTOTO KOHTYpa CKOPOCTH C (PUIBTPOM Ha
BXOJIE!

o =6.2% - nmepeperynpoBaHue;

S)l =13.6- T =13.6-0.0032 = 0.04352 ¢ -BpeMs EPBOTO COTJIACOBAHUS;

1(3?2 =20.3-T, =20.3-0.0032 = 0.06496 c -BpeMst 1epexOAHOTO Mpouecca IpHu

OTpa6OTK€ CTYIICHYATOI'O YIIPABJIAIOIICTO 3a1aHNA,

a)r([M) 0284 _0.284 _ =88.75 P onoca MIPOITYCKAHUS 110 MOJTYJIIO;
The ~0.0032 c

a)lg‘b) 018 _ 018 _ =56.25 P 1io0ca nporryckaHus 1o ase.
T ~0.0032 C

[lo cTpyKkTypHOU cXeMe€ KOHTypa CKOpOCTH, HacTpoeHHOro Ha CO (CM. pUCYHOK

23) HaOupaeTcs NMHUTAIMOHHAS MOJCIb B cpene MatLab, nmpepcraBineHHast Ha pUCYHKE

24,
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b
Ll
1A Dt < | Usx :— n
L
Step2 a5 Integratar Speed N D
52 Regulatorskorosty  Kontur toka
Speed
= Fittrom
e
1
Seoped
00151 Int Gt [ sk
Filter
a3 Integrator]

51 Regulator skorosty Kontur tokad
1

Pucynok 24 — ImutanrioHHast MOJIENIb KOHTYpa CKOpocTH HacTpoeHHoro Ha CO

BpeMeHHbIe XapaKTepUCTHKN KOHTYPA CKOPOCTH ¢ (PMILTPOM HA BXOJe.

PCSYJ'II)T&TBI MOACIUPOBAHHUA TICPCXOAHBIX IIPOHECCOB B KOHTYPC CKOPOCTH,

HACTPOEHHOTO Ha CUMMETPHUYHBIN onTUMyM(C QuiibTpoM U 0e3 puibTpa Ha BXOAE) IpH

OTpa60TKe CTYIIEHYAaTOI'0 BXOJHOI'O BO3AEHCTBUA @, =104.7 pad/c , IpUBEIEHBI B BUJIE

MEPEeXOHBIX XapakTepucTuk o (t) Ha pucyHkax 25 u 26.

@ |.pagic

1.2 i e It A P e A--mmmmm - mm e mmm - Tommmmmm- - R To---o--- —

- —_ - — e — e D — - — -

e ~ @l 1,398 —1)

Lo H 1 H

100 %% = 2008 %%

o 01 0.0z 0.0z 0.0 0.0s 0.0 o.orF o.0s
5
e = 00102 £15 _0.0402(c)
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Pucynoxk 25 — Ilepexoanbie XxapakTepucTuku ®(t) KOHTYpa CKOPOCTH

@ | .panic

HacTpoeHHoro Ha CO 6e3 GpuiabTpa Ha BXOJIE

B g = 114 (2

004

5 —0.0154 ()

006 o.0s o

=1
) =0 0488 (s)

o116

Pu

cyHOk 26 — [lepexoanbie Xxapaktepuctuku o(t) KOHTYpa ckopoctu HacTpoeHHoro Ha CO

¢ GUIBTPOM Ha BXOJIE

IMoka3aTenun kayecTBa padoThl KOHTYPA CKOPOCTH, HAcTpPoeHHOTro Ha CO

OxumaemMble U TMOTyYEHHBIE MOKa3aTen pabdOThl KOHTypa ¢ (UIBTPOM Ha BXOJE

CBOJIUM B Tabuiy 4.

Tabmuma 4 - [TokazaTenau pabOTHl 3aMKHYTOT'O KOHTYpPa CKOPOCTH

[lony4yeHHbIE TMonydeHHbIe
[Tokazarenu Oxunaembie ¢ punbTpOoM
6e3 ¢punbTpa
c,% 6.2 14.3 29.8
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t(5)1 c 0.0435 0.0154 0.0102
pyl’
t(5)2 c 0.06496 0.0488 0.0402
py2’
() Pax 88.75 136 209
m c
(@) Pan 56.25 107 279
o c
BriBoanr:

AHanu3 HKCIEPUMEHTAIBHBIX M OXXKUJAEMBIX IapaMeTPOB KOHTYpa CKOPOCTH,
HACTPOCHHOTO HAa CHUMMETPHUYHBIA ONTUMYM IIOKa3bIBA€T, YTO OHU IMPAKTUYECKH HE
OTJIMYAKOTCS IPYT OT Apyra. HeGomnpias pa3HHIa SKCIEPUMEHTAIBHBIX U OKHIAEMBbIX
napaMeTpoB CBsI3aHA C HETOYHOCTHIO 00paboTKH rpaduKoB. YCTaHOBUBIIASCS OIMIMOKa
npu HacTpolike KOoHTypa ckopocTH 1o CO Awmyy=0, ciemoBaTeslbHO 3TOT KOHTYP
o0nazaeT acTaTU3MOM IIEpBOrO TOpAJKa MO yhpaBieHuto. KadecTBo mepexoaHbIX
IPOIIECCOB B KOHTYPE CKOPOCTH C (PUIBTPOM Ha BXOJE Jiydlle, yeMm 0e3 Hero (maioe
nepeperyanpoBaHue), MOITOMY ISl JaIbHEHIIUX pacdyeToB OyJaeM paccMaTpuBaTh

ciy4ai ¢ QuIbTpoM.

OnTumuzanusi KOHTYPAa NOTOKOCHCIIJICHUSA

CrpykTypHas cxeMa U MapaMeTpbl IEMEHTOB KOHTYpPa MOTOKOCLECTIICHHUS.

CtpykTypHas cxema KOHTypa TOKa IpHUBeIeHa Ha pUCyHKe 27.
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5 " Iz kzﬁ’?

B

3y . T,-p+l 3aMKHYTbIH 4

h 4

h 4

Kae

¥ pr_p KOHT.YP ] A—;[pi-}l]

[_) TOKA

v

Pucynok 27 — CTpyKkTypHas cxema KOHTYpa MOTOKOCLEIUIEHU HACTPOEHHOI'O Ha

MOAYJBHBIA ONTUMYM

OnTumMuzanus KOHTypa.

OxuaemMple MOKAa3aTe/J M KAa4eCcTBa pad0Thl KOHTYpA.

KonTtyp noTokocuemnnenns HacTpanBaeM Ha MoayiabHbl onTuMyM (MO). C yuerom

napaMmeTpoB KOHTypa BeiOupaem [1M — perynstop ¢ nepenarounoit GyHKuuen

oy - P+l

T

Woy, (P) =K,
py P

rae k. =29.865— KOA(P(PUIHEHT YCUICHUS IIOTOKOCLEIIJICHNUS
py y

OsxkuaeMbIe MOKa3aTe il paboThl 3aMKHYTOTO KOHTYpa MOTOKOCICTUICHHUS |
o =8.1%- nepeperynupoBaHue;

I(;)l =7-T,, =7-0.0004 =0.0014 c-Bpems nepBOro COrIacoOBaHMs;

t®) =12.7,, =12-0.0004 =0.0028 c-Bpemss  mepexomoro  mpoecca

OTpa6OTKe CTYIICHYATOI'O YIIPABJIAIOIICIO 3a1aHMAA,

a)r(,M) 05 __05 =2500 P2 1100ca MPOITYCKAHUS 0 MOJTYJIIO;
Ty ~ 0.0002 c

a)r([d)) 035_ 035 =1750 **_ 1io50ca IPOITyCKaHusA 1Mo ¢ase.
T ~0.0002 C

pu
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NmuTannonHasi Mojesib KOHTypa
[lo cTpyKTypHOIl cXemMe KOHTypa IOTOKOCIEIUIEHHsS, HacTpoeHHoro Ha MO

HaOWpaeTcss IMHUTAIIMOHHAS MOJieNb B cpene Matlab, npencrasinennas na pucyske 28:

_
-
| + KK R
~ PID |—— ! In1 Outt - —
Step 18+

Regulator potoka Transfar Fens Scope
Regulator toka

Pucynok 28 — ImutanrioHHast MOJIeNIb KOHTYpa MOTOKOCIETUICHUS, HACTPOSCHHOTO
"Ha MO
BpeMeHHBIe XapaKTEePUCTUKH KOHTYPA MOTOKOCHENJIeHHSI.
PesynbTaTh MOJICIIMPOBAHUS MEePEXO0THBIX IIPOIIECCOB B KOHTYpE
MOTOKOCIIEIIJICHUsI, HACTPOEHHOT0 Ha MOJYJbHBIA ONTUMYM TIpU  OTpPabOTKe

CTYIICHYATOI0 BXOIHOTO BOBﬂCﬁCTBHH Ve =1 , IIPHUBCIACHBI B BHIC HGpGXOI{HOﬁ

XapaKTEPUCTUKHU Ha pUCYHKe 29.

W

1.4 T T T T T T T T T

! : : : .
. B
I : : R D :
. : o = B aane — W e _ 1.0588 —1 A00% = 5 50 %
! : : W e 1 :
e i Rk EEEEES e —
! : =1.058%9
; ; /""M* B =1
. b ; :
L e ety SR R sEEEEE, I Rl Sl Al R S —
I
I
e e o e T H I —
I
o 1 i i i i i i i i t c
[u} o.oo1 o.ooz o003 o004 0.005 0.005 a.oov 0003 o.o03 o.o1
5 5
o — 000143 (03 ) —0.00210¢)
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Pucynok 29 — IlepexoHble XapakKTEPUCTUKU KOHTYPa MOTOKOCIEIIIICHUS

HacTpoeHHoro Ha MO

Iloka3zaTesn kayecTBa padoThl KOHTYPa MOTOKOCHENJIEHUsI, HACTPOEHHOI 0 HA
MO
OxunaeMple W TIOJYYEHHBIE IOKa3aTelu paboThl KOHTYpa MOTOKOCIECIICHUS
CBOJIUM B TaOJUIly 5:

Tabnuua 5 - [lokazaTtenu paboThl 3aMKHYTOT'O KOHTYpa MOTOKOCIETUICHUS

IToxa3zarenu Oxunaemblie Ilony4yeHHbIe
c,% 8.1 5.89
6 0.0014 0.00143
pyl’
HOI 0.0028 0.00219
py2’
031(1M)’ pan 2500 1250
C
1750 1790
o) P2
C
BriBoanr:

AHanu3  DKCIEpPUMEHTANbHBIX M OXUJAeMbIX  IapaMeTpoOB  KOHTYypa
MMOTOKOCUEIJICHNS, HACTPOEHHOTO Ha MOJYJIbHBI ONTUMYM ITOKa3bIBa€T, 4YTO OHHU
MPAKTUYECKU HE OTIIMYAIOTCS APYT OT Apyra. HeGomnbimas pasHuUIa 3KCIIEpUMEHTAITBHBIX
U OXHIAEMBIX TIapaMeTPOB CBSi3aHA C HETOYHOCTBIO OO0pabOTKH rpadHKoOB.
VYcraHoBuBIIasics OWMOKA TMpPU HACTPOMKE KOHTypa moTokocuemieHuss mno MO

Ay yyr=0, ciaemoBaTeabHO 3TOT KOHTYpP OOJaaeT acTaTU3MOM IEPBOro MOpsJKa IO

YIIPaBJICHUIO.

68



3.4 UCCJEJOBAHUE HEJIMHEMHOM CAY

Amnanus3 oCHOBHBIX HemHeHocTe CAY

Yurem cJIeayromuc OCHOBHEIC HEJIMHEMHOCTHU XapaKTCPUCTHK BJICMCHTOB

CAY:

- HachblllleHue perynsaropa nortokocuemieHua Ug <10.04 A, npunrumaem
U nmare =10.04 B

- HACBIIIEHUE PETYJISATOpAa CKOPOCTH Upc vaKe S (10 +12) B. Tlpuaumaem
UpCMaKC =10.04 B;

- HaCBIIIICHUE perymsTopa TOKa (Ha BBIXOJIE perymsitopa)
UpTMaKC < (10+12) B. [Ipunumaem UpTMaKC =10 B;

- OrpaHMYEHHUE HAMIPSIKEHUS HA BXOJI€ aCHHXPOHHOM MAalllMHbI HE MPEBbIIIAET
311 B

Pucynok 30 — OrpanndeHune HanpsoKeHUs (JTUHEHHOTO) CETH Ha YPOBHE
U,=311B

CtpykTypHas cxema HenuHeitHo CAY

CrpykrypHas cxeMa HenuHetHoit CAY COII npeacrasnena Ha pucynke 31.
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Upy =108 Upr=£108
V300 Perynsiop L Perynsitop J— - 1 -
noToka — Toka — T,.p+1 o
(—)UW T )Uor
= =t
Jpc—ﬂOB Upr =108 AflcK. 3.
a0 PerynsTop Perynstop R 1 _| BO BpaLlatoLienca
ckopocT | —— Toka — T,.p+1 "| cucteme koopauHart
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yHOK 31 - CtpykrypHas cxema HenunenHot CAY COIl

HccnenoBanne TMHAMUKYI 3JIEKTPONPUBO/IA B PAa3JIMYHBIX PeKMMAaX

[Tyck Ha X070CcTOM X011y M HAOPOC HATPY3KU

HUccnenoBanuss NWMHAMUKK 3JIEKTPONPUBOJA MPOBOJWINCH C NPUBI3KOM K

pabouemy mexaHusMmy. [lyck nBuratens mpou3BOAMIICA Ha XojoctoM xoxy: M, =0

(t=0(c)), 3aTem ocymiecTBisieTcst Habpoc Harpysku: 1 ,=17(1 -i) (t=2(c))
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Pucynok 32 - Ilepexonnblii mpoliecc CKOPOCTH MPHU MyCKE HA XOJIOCTOM X0y U

nocieayromneM Habpoce Harpy3ku (mpu ckopoctu 157 pan/c)
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Pucynok 33 - IlepexonHblii poliecc CKOPOCTH MPHU MyCKE Ha XOJIOCTOM XOAY U

nocyeayoIieM Habpoce Harpy3ku (ipu ckopoctu 0,157)

W%WWWWWW u u
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Pucynok 34 - JluHaMuuecKue XapaKTepUCTUKH MMOTOKA ABUTaTeNs (IPU CKOPOCTH

157 pan/c)

i i i i t e

PI/IC}/HOK 35 - I[I/IHaMI/ITIGCKI/IC XAPAKTCPUCTHUKHU IIOTOKA ABUTATCIIA (HpI/I CKOpOCTH

0,157 pan/c)

i i i i t e
5

Pucynok 36 - JluHamMuueckasi XapakKTepUCTHKA MOJTYJISl BEKTOpa

MOTOKOCIIEIICHUS (TIpu cKopocTu 157 pan/c)
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Pucynok 37 - JluHamuyeckasi XapakTepuCTUKa MOIYJISI BEKTOpa

noTokocterieHus (mpu ckopoctu 0,157 pan/c)
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Pucynok 38 - IlepexonHblii mpoliecc MOMEHTA IIPH IYCKE Ha XOJIOCTOM X0y U

nocyenywineM Habpoce Harpy3ku (mpu ckopoctu 157 pan/c)

Pucynok 39 - IlepexoHbIii IPOIIECC MOMEHTA MPHU ITYCKE Ha XOJIOCTOM X0y H

nocyeayroiieM Habpoce Harpy3ku (mpu ckopoctu 0,157 pan/c)

[Ipoananu3npoBaB PUCYHKH, MOKHO CHI€JIaTh BHIBOJ O TOM, YTO B MPOIIECCE MTyCKa
JBUTATENSl TOK HE MPEBBINIAECT 33IaHHOTO 3HAYEHHUS, TO €CTh TOKOBBIE MEPErpy3KHU HE
BBIXOJIAT 3a PAMKH MPEJIEIbHBIX 3HAYCHUI(ABYKPATHOE 3HAYEHWE HOMHUHAJIBLHOIO TOKa
JIBUTATES).

ITo pricyHKaMm MOKHO MPOCIEAUTh AUHAMUKY pPa3roHa ACUHXPOHHOIO JIBUTATEJS:

% TlpoucxoauT yBeJIMICHHUE MTOTOKA JIBUTATEIIS;
¢ 3a KOHTYpOM NOTOKa cpabaThIBa€T KOHTYpP TOKa: MPOUCXOAUT

YBCIMYCHUC TOKA ABHUI'AaTCIIA;
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** YBenuueHue TOKa IIpUBOAUT K BO3HHUKHOBCHHIO
QJICKTPOMArHUTHOI'O MOMCHTA, 3aTCM U MCXaHUYCCKOI'0 Ha Bally JABUIATCIIA;
\/

¢ B pesyinbraTe BO3HHKHOBEHMS MOMEHTA Ha Baly IPOUCXOIUT

YBCIINYCHHUEC CKOPOCTH ACHHXPOHHOI'O ABHUI'aTCJIA.

PaccMoTpuM cucteMy Mpu MOBOPOTE 3aCIOHKM Ha HECKOJBKO T'pagycoB, T.€.
OyJZeM 3a/1aBaTh pa3Hble 3HAYEHUSI MOMEHTA.

3aiaHue MOMEHTa M3HayalnbHO ObUTO 5 HM, 3atem st Toro yto OBl 3aJBHXKKA
U3MEHMJIa CBOE TOJIOKEHHE 3a/1aeM uepe3 onpeereHHoe BpeMs 3Hauenue 3,4 Hm, yto

MOHO BHJIETh Ha pucyHKe 40.

= T T

26—
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Pucynoxk 40 — nepexoaHble TPOLECCHI PU MyCKE HA XOJIOCTOM X0y U
nocJieyonmM Habpoce Harpy3ku 5 HMm, 3atem ymenblaeM Harpy3ky 1o 3,4 Hm

(mpu ckopoctu 157 pan/c)

4. UICCJIEJOBAHMUE BJIUAHUSA HAITPSAXKEHUSA HA PABOTY
IJIEKTPOIIPUBOJA C MOAYJEM YIIPABJIEHUA ESD-VCX

Jnst toro uro Obl HCCAEAOBAaTH BIWSHHE HANpsSHKEHUS Ha Ham  OJoK
BOCTIOJIb3yeMCsl MPOrpaMMKOM aHasioruuHoro 0joka. [Iporpammusiii npoaykt SimBlock
1.1 aBngercss mporpaMMHBIM UMHUTATOpPOM OJioKa 3ieKTpoHHoro ympasienus ESD-VC,
NpeHa3HAYeHHOTO IS OJKCIUTyaTalldd B COCTaBE OJJIEKTPOMPHUBOIOB 3alOpPHOM
apmarypsl. Mmurtatop peanu3zoBaH Ha 0aze  MaTEMaTHYECKOTO  OMUCAHUSA
AIEKTPONPHUBO/IA U OJIOKA, a TaKXKe MPOrpaMMHOro odecnedeHusi 0J0Ka, W MO3BOJISIET
MOJIETUPOBATH MPOIIECCHI, BOSHUKAIOIIUE TP DKCIUTyaTaluu 0J10Ka.

CxeMa noakJ/jwo4eHus 0J10Ka no "auckpeTrnomy narepdeiicy"

OkHO cO cxeMOl TMOAKIIOYEeHHS OJoka 1o '"mHCKpeTHOMY HUHTepdeicy"
OTKpBIBAE€TCA TPHU BHIOOpPE B MATUTPE KOMIIOHEHTOB IMPOTPaMMBbI COOTBETCTBYIOIIETO
KOMITOHCHTA WJIM OJJHOBPEMEHHO C BBIOOPOM THIA OJIOKA.

B okne Ha pucynke 41 uzoOpakeHa cxema MOAKIIOUYEeHHs OJI0Ka C yNpaBlIeHUEM

no "nauckperHomy unTepdeiicy" mis 6moxa ESD-VC.
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Pucynok 41 - Cxema nojkiroueHus 0J0Ka
1 - agmomam QF1, 2 - knonku ynpasnenus 610ka,
3 - pasmvikamenu ¢haz snexkmpoogueaments, 4 - pazmvikamenu ¢az numanus 0J10Ka,
S - peeynsamopuvl HanpsaiceHUuss Kaxcoou uz gas "cemu”, 6 - menecuenanuzayus
AptomaTt QF1 1 momaér nutanue Ha 6J10k. C MOMOIIBI0O KHOTIOK YIPABJICHUS 2
OPOM3BOJMTCA TMojada Ha OJIOK KOMaHA  YIpaBiICHUS  AJIEKTPOJBUTATEIIEM.
Tenecurnanuzanus 6 MOKa3bIBAE€T COCTOSIHUE U PEXXUMBI pabOTHI OJI0Ka.
[lepen Tem kak HayaTh WCCIEAOBAHMS, HACTpaMBaeM OJIOK MO OMPEIEICHHOMY
anroputMmy. HacTpanBaem mososkeHHne 3aKphITOr0 COCTOSHHSI, a TAK)KE OTKPBITOTO.
3amyckaeMm cucteMy, rmpu 3ToM 3ambikas QF1, 3atem maem komMaHAy Ha IBUKEHUE

(OTKPBITH/3aKPHITH).
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SimBlock 1.1

dafin  CHMyRaTop  Cnpagka

Zipd L = @0

MecTHLIR NOCT ¥Npaenesya bnoka EsD:
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Pucynok 42 — untepdeiic ynpasieHuss CAMMYJIATOpa
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eperoa 00.01 spenc 00.02 Bperc 00.03

Pucynok 43 — Hanpspkenue (a3 Ha 6s1oke npu komanae 3AKPBITUE

a1
05

04

Pucynox 44 — MoMeHT Ha Bajly IBUTATENs IPU 3aKPBITUH

50 |

45

PucyHnok 45 — nosjoxeHne 3aABUKKU ITPHU 3aKPBITHH
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Kak BugHo u3 rpadukoB, cuctema OJOK YNpaBI€HUS HE AT MOMEHTY
MIEPEPETYIUPOBAHNE, COOTBETCTBEHHO M3MEHSAETCS MOYTH JIMHEMHO. OJTO BIMSHUE

XOpOomo CKa3bIBACTCA Ha KaBUTALITMOHHOM 3allacc B TPY6C.

4.1 PABOTA CUCTEMBbI ITPU CHUKEHUU HANIPAKEHUSA HA
O/ITHOM U3 ®A3 CPA3Y ITOCJIE CTAPTA JIBUTATEJIS.
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Pucynok 46 — untepdeiic cxembl pu CHUKEHUU HanpsbkeHus Ha ¢aze C 1o
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Pucynok 47 — Hanpspxenue Ha (azax
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Pucynok 48 — MoMeHT Ha Bajy JIBUTATEIISI

4.2 PABOTA CUCTEMBI, KOI'JA HAIIPS’KEHUE B CETH
IHOHN’)KEHHOE HA BCEX ®A3AX.

140

ST/

MKH

Pucynox 49 — Hanpspkenue Ha azax

Pucynok 50 — MomeHT Ha Bajy ABUTATENS
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Pucynok 51 — nonoxeHue 3aciI0HKA

5. DPAHAHCOBBIII MEHEJI)KMEHT, PECYPCOD®®EKTUBHOCTH

PECYPCOCBEPEXEHUE

B  ngaHHOW  BBITYCKHOW  KBaqu(HUKAIMOHHOW  paboOTe  MPOU3BEICHO
IPOCKTUPOBAHUE  DJIEKTPONPUBOJAA  3aCJIOHKH  HEMOJHOINOBOPOTHOTO  JUIS
TpyOONpoBOa C y4ETOM COOTBETCTBYIOIIETO TEXHUYECKOTO 3amaHus. Paccumrana
CUCTEMa YINpaBJICHUS YCTAHOBKW, mapameTpbl aBuratens. Co3gaHbl MOJEIU
(YHKIIMOHAIBHBIX OJIOKOB, C KOTOPBIX OBLIM CHATHI XapaKTEPUCTUKH TMEPEXOJIHBIX

IIPOIIECCOB, OMPEICISIONINX Ka4eCTBO MPOCKTUPOBAHMS.

Opranu3anuoOHHAaA YacTh

[Ipy nnaHUPOBAHUU JIEATEIBHOCTH HOPMATHUBHBIM METOJIOM PACCUUTHIBAIOTCS
C MCTOJIb30BAaHUEM MMEIOIITUXCSI HOPMATUBOB TPYAO0EMKOCTh Pa0OT MO BCEM CTaIUsAM
MU JTamnaM, JJIUTEIBbHOCTh OTAEIbHBIX ATAllOB M BCErO0 IMPOEKTa B IIEJIOM, CMETa
3aTpar.

ITox Tpyno€MKOCThIO pabOT MOHUMAIOT MaKCUMAJIbHO-IOMYCTUMBIE 3aTpPaThl

TpyAda B YEJNOBEKO-AHAX Ha BbiogHeHue HUP ¢ yu€rom opraHu3annoHHO-
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TEXHUYECKUX  MEpONpUSATUH, oOecreuuBarouMX  Haubojee  paluoHaIbHOE
HCIIOJIb30BaHUE BBIJIETIEHHBIX PECYPCOB.

Ha ocHOBe yCTaHOBIEHHOW MO HOpPMAaTHUBaM TPYIAOEMKOCTH pPabOT MOKET
OBITh PACCUMTAH LUKI KaXKIOM CTaIWU, KaKIOTO 3Tana TEeXHUYECKOW MOArOTOBKH
IIPOU3BO/ICTBA B KAJICHIAPHBIX JTHSIX.

Pacuer 06b1uHO Benetcs o Gpopmyse [16]:

fo 3.t +2-t

> .

rA€ tmin — MUHUMaJIbHBIA CPOK BBINIOJHEHHS TPOCKTUPOBAHNS;

tmax — MaKCHUMAaJbHBI CpPOK BBIIIOJHEHHS MPOEKTUPOBAHUS NPU CAMBIX
HEOJIaronpUATHBIX YCIOBUSIX.

tmin ¥ tmax YCTaHOBJIEHBI DKCIIEPTHBIM IYTEM.

Opranuzanust  paboT 1O  TEXHUYECKOW  TOJITOTOBKE  IMPOU3BOACTBA
OCHOBBIBAa€TCA Ha IMOCIEAOBAaTEIBHOM WM NapajuleIbHO-TOCIEA0BATEILHOM
BBINIOJIHEHUU CTaJUi U STAIOB.

[TocnenoBaTenbHOE BBIIOJIHEHUE 3AKIIOYAETCS B TOM, YTO KaXK1asl CJIEAYOIIas]
cTanus (3Tal) HAYMHAKOTCA TOJIBKO TOCJIE MOJHOTO 3aBEPLICHUS MPEIIIECTBYIOMICH.
B »tom cnydae oOmmii UK TEXHUYECKOW IMOJATOTOBKM MIPOM3BOJICTBA B
KaJICHJIApHBIX THIX OYACT OnpenensiThes mo Gopmysie:

n

Toer = (Kg /Q)le(f Ky IR-Kky);

, (2)

re N — YuCcio CTaauid (3TaloB) TEXHUYECKOM MOJTOTOBKU MPOU3BOJICTBA;

Ti — TPYZAOEMKOCTh CTaiuu (3Tamna), 4en/d;

Koi — ko3hdummeHT, yYUTHIBAIOIIUN  JOMOJHHUTEIHPHOE BpeMs  Ha
COTJIACOBAaHME, YTBEPKJACHUE, BHECEHNE U3MEHEHUN B TEXHUYECKYIO IOKYMEHTAIUIO

U JIpyrue paboThl, HE IpeyCMOTpeHHbIe HopMaTtnBamu (k2=1,1+1,5);
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ks — ko3 dunmenT nepeBoga pabounx aHel B kaneHaapubie: kK3=/x/dp (dp —
YUCJI0 pabounX JHEW B TUIAHOBOM rony; [k — 4yncio KajleHJapHbIX THEH B IMIIaHOBOM
roay);

Ri — uucieHHOCTh PaOOTHHUKOB, OJHOBPEMEHHO BBIMOJHSIIONINX JaHHYIO
cTaauio (dTarm);

g — OpOJIOIKUTENBHOCTh CMEHBI, Y,

K1i — K03 DUIIUCHT, YUUTHIBAIOIINH BBIMOTHEHHE HOPM (TIPH CICTBHOM OTIaTe
TpyZa).

OH f0/%KeH OBbITh COMOCTABJIECH C AUPEKTUBHBIM CPOKOM T yp, YCTAHOBIIEHHBIM
PYKOBOJSIIIMMH OpraHaMH. PacdeTHBIN UK JTOKEH ObITh MEHBIIE AUPEKTUBHOTO
WU, B KpailHeM ciiydae, paBeH emy. LIMKI TeXHUYeCKOW MOATOTOBKHM MPOU3BOJICTBA
MOXHO COKpPaTUTh JHOO TyTEM COKpAIlCHUs IMKJIa BBITIOJHEHHUS OTEIbHBIX
cTajui, TMOO0 YaCTHYHBIM COBMEIIEHUEM BBITIOJIHEHUS cTaauii (9TamoB). [lpu 3TOM
COOJIIOTAIOTCS CIISYIONINE MTPaBUIA:

- eCJIM Toclieyromas cTaaus (dTam) Oojiee IIUTEIbHAs, €€ MOKHO HAaUYUHATH
IIOYTH OJTHOBPEMEHHO C MPEABbIAYILIECH;

- €CJIM MOCJIEAYIOIast CTaIusl MEHEE JJIMTENIbHASI, TO €€ HA4aJI0 HAJI0 CIABUHYTH
BIIPAaBO MO IIKAJI€ BPEMEHU II0 OTHOLICHUWIO K Haydally CBS3aHHOM C HEH
MPEIECTBYIONICH CTaAUU.

g koopivHaMyM BO BPEMEHM CTaJWil U 3TANOB MOATOTOBKH MPOHU3BOJACTBA
COCTABJIAIOTCA C YYETOM BO3MOYKHOTO COBMEIIEHUS BPEMEHU WX BBIIIOJHEHUS
rpaduKu MOATOTOBKHU MPOU3BOJCTBA, IMO3BOJISIONINE OTPA3UTh KaJICHIAPHBIC CPOKHU
Hayaja W OKOHYaHWs, UMKIbl CTaJWd M HSTAlOB, a TaKX€ BCEH MOATOTOBKHU
mpou3BojicTBa. ['padyMK COCTABISETCA OT KOHEYHOI'O, 3aJaHHOTO CPOKa OKOHYAHMS
MOJITOTOBKH.

Ha ocHOBe ycTaHOBICHHOW TPYAOEMKOCTH PabOT MOXKET OBITh pacCUUTaH

OUKIT  KaKIOM CTaaud, KaXAOro JTala mpolecca B KaJCHIAPHBIX  JHAX
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(Beipaxkxenuene 1). Opranuzainuss pabOT OCHOBaHA Ha TMOCIEAOBATEILHOM U

MapauICJIbHO-IIOCICA0BATCIIbHOM BBIIIOJTHCHUHA CTaJui U TAMOB.

Tabnuua 5.1 - OCHOBHBIE ATabl IPOSKTUPOBAHMS

9Tanel Hcnonurenn Cpoxu BbINIOJIHEHMS], THU
1.Pa3paboTka u yTBepKaCHHE

PykoBoaurens 1
TEXHUYECKOTO 3aJaHus
2. OnpeneneHue Crynent )
MOCJIEI0BATEILHOCTH DTAIIOB PykoBonurens
3. AHanu3 1 BEIOOP OCHOBHBIX

Crynent 12
3JIEMEHTOB JIEKTPOIBUTATEIISI
4. PazpaboTka ¢yHKIIMOHATBHBIX

CryneHt 5
CXEM
5. Pa3paboTka cTpykTypHO# cxembl | CTyaeHT 1
6. Pacuer mapameTpoB CHIIOBOI

CryneHnt 1
e
7. PacueT nBurarensa CryneHnt 2
8. Pacuer anekTpuyeckoil yactTu

CryneHt 20
AIIEKTPOTPUBO,IA
9. PazpaboTka moenu Crynent c
(G YHKIIMOHUPOBAHUS CHCTEMBI PykoBonurens
10. YTBepxkaeHue pe3ynbTaToOB:

Crynent 7
pacyeTsl, rpadguKku
11.PacueT >KOHOMHUYECKON YacTU CryneHnt 17
12.0npenenenue pasena TEXHUKH

Crynent 12
0e30MacHOCTH
13.lopaGoTka TOKyMEHTaLlUU Crynent 10
(TOSICHUTETHPHON 3aITMCKH ) PykoBoaurens
14. YTBepxkaeHue AUIIOMHOTO Crynent 8
MPOEKTa PykoBonurens
15.3amuTra CryneHt 1
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B Ttabnume 5.1 ompeneneHbl OCHOBHBIE 3Tambl BBIMOJHEHUS] AUIIIOMHOTO
MPOEKTA, MEPEUUCIIEHBI JINIA, 3a/ICICTBOBAHHBIC B MTPOLIECCE BBIMNOJHEHUS JUILIOMA,
a TaKXKe YKa3aHO MpeJIoiaraeéMoe Bpems, 3aTpaueHHOe Ha padoTy.

Oxunaemoe Bpems paboThl Ty, =104 nus.

Pe3ynbpTarhl miiaHupoBaHus MOKA3ald, YTO BPEMs, 3aTPAUYECHHOE HA HAIIMCAHUE
IUIUIOMA JUIsl: cTyAeHTa - 103 aHs; pykoBoguTENs - 26 qHEM.

[lo Tabnune 5.1 ctpoum rpaduk, npeacTaBieHHbIN Ha pucyHke 5.1.

aTtanel A
;-
5 -
3 - —_—
4 — —_—
5 —]
65 —
7 _
8 4
g _| _
10 _| -
11 _
12 -
13 _| —
14| —
15 _

S B B S N R B — >
T, OHK
10 20 30 40 50 60 70 80 90 100 °°
CTyneHT
pyHOBOAMTENL [ _

Pucynok 5.1 — JIunewnsiil rpaduk BeITOTHEHUS paboOT.

Texuomaorus QUAD

Texnomoruss QuaD (QUality ADvisor) mnpencraBusier coboit THOKuH
MHCTPYMEHT U3MEPEHUS XapaKTePHUCTUK, OMNMUCHIBAIOIIUX KayeCTBO HOBOU
pa3pabOTKH U €€ MEePCIIEKTUBHOCTh Ha PHIHKE W MO3BOJISIONINE PUHUMATD PEIICHUE
1e71ecO000pa3HOCTH BIIOKEHHS JIEHEXKHBIX CPEACTB B HAyYHO-UCCIEI0BATEIbCKUN
MIPOEKT.

B ochoBe TtexHonormu QuaD 7nexXuT HaxoXJIEHHE CpPEeIHEB3BEUICHHON
BEJIMYMHBI CIAEAYIONIUX TPy MOKa3aTeeH:

[TokazaTenu OIEHKH KOMMEPUYECKOT0 MOTEHITMAIa pa3paboTKu:
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® BIMSHHE HOBOTO MPOAYKTA HA PE3YJIbTATHI ACATEILHOCTA KOMITAHWH,
® TEPCICKTHBHOCTH PHIHKA;
® TIPUTOIHOCTH JJIS MPOTAKH;
® TICPCIECKTHBBI KOHCTPYHUPOBAHUS M MIPOU3BO/ICTBA;
e (uHaHcoBas 3(p(PEKTUBHOCTD.
® TIpaBOBasl 3aITUIIICHHOCTH U JP.
[TokazaTenu orieHKH KadecTBa pa3padOTKH:
® IMHAMHWYCCKHH JTHAIa30H;
® BcC;
® PEMOHTOIPUTOTHOCTH;
e HHeprodHPeKTUBHOCTS;
® JI0OJITOBEYHOCTB;
® SProOHOMUYHOCTB;
® YHUDUIIMPOBAHHOCTH;

[lokazaTenn OLIGHKM KadecTBa M TMEPCHEKTUBHOCTH HOBOW pa3pabOTKu
NOJOUPAIOTCS MCXOJl M3 BBIOPAHHOTO OOBEKTa WCCIENOBAHUA C YYETOM €ro
TEXHHYECKUX M OKOHOMHUYECKHX OCOOCHHOCTEH pa3pabOTKH, CO3JaHUs U
KOMMepIHaIU3aIiH.

Jnst ynpouienust mnpouenypbl mposenenuss QuaD onenka mnpoBoauTcs B
TabnuaHOU popme (Tabauna 5.2).

B cootrBercTtBUM c TexHosoruer QuaD kaxablii MOKazaTedb OIEHUBACTCS
AKCTIEPTHBIM IyTEM I10 CTOOAUIBHOM ImIKaje, rae 1 — Hambosee cimabas MO3UIMs, a
100 — naubGonee cunbHas. Beca mokazarenei, onpeaenseMble SKCIEPTHBIM ITyTEM, B

CYMMC OOJIZKHBI COCTABJIATD 1.
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Tabmuua 5.2 OueHoyHas Kaprta JUisl CPABHEHUS KOHKYPEHTHBIX TEXHUYECKUX

peteHuit (pa3paboTok)

Kputepuu onienku Bec banist Maxkcuma- | OrtHOCH- Cpenne-
KpUTEpHU JBHBIHA TEJBHOE | B3BEHICHHOE
s Oann 3HaYCHUE 3HAaYCHHE
(3/4) (5x2)x100
1 2 3 4 5 6
[Toxa3zaTenu OIleHKH KayecTBa pa3paboTKH
1. IToBeIIEHNE 0,07 65 100 0,65 4,55
MIPOU3BOIUTEIILHOCTH TPy
MOJIL30BATENS
2. Y100CTBO B 3KCILTyaTaIluu 0,13 75 100 0,75 9,75
(coOTBETCTBYET TPEOOBAHUSIM)
3. [TomexoycTOMYNBOCTH 0,03 50 100 0,5 1,5
4. DHEeProPKOHOMUYHOCTH 0,1 70 100 0,7 7
5. Hagexxuocts 0,09 100 100 1 9
6. YpoBeHb nryma 0,04 40 100 0,4 1,6
7. bezomacHoCTh 0,01 80 100 0,8 2,4
8. IloTpebHOCTD B pecypcax mamsiTu 0,02 75 100 0,75 1,5
9. ®yHKUMOHANIbHAS MOIITHOCTh 0,04 85 100 0,85 3,4
(mpenocTaBisieMble BO3MOKHOCTH )
10. IIpocToTa AKCIITyaTaluK 0,04 98 100 0,98 3,92
11. KauecTBO MHTEIIEKTYaIbHOTO 0,05 96 100 0,96 4.8
nHTepderica
12. BOo3MOXXHOCTB ITOAKIIIOYEHUS B 0,06 100 100 1 6
cets OBM
[Tokazarenu oreHKH KOMMEPUECKOT0 MOTEHIaNa pa3pad0TKH
1. KonkypeHToCcmocoOHOCTh 0,03 70 100 0,7 21
MPOJIyKTa
2. YpoBeHb IPOHUKHOBEHUS Ha 0,04 80 100 0,8 3,2

PBIHOK
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3. Llena 0,06 45 100 0,45 2,7

4. TIpeanonaraemMsiii CPOK 0,08 100 100 1 8
AKCILTyaTal[|iH
5. [NocnenpogasxkHOE 0OCITY)KHUBaHHE 0,03 90 100 0,9 2,7
6. ®uHaHCHpPOBAHUE HAYYHOU 0,05 78 100 0,78 3,9
pa3paboTku
7. Cpok BbIXOJa Ha PBIHOK 0,03 71 100 0,71 2,13

Oxonuanue TadimuIe 6.3.

8. Hanwuwme ceprudukamnmm 0,02 78 100 0,78 3,2
pa3paboTku
Hroro 1 83,35

SWOT-ananu3

SWOT-ananu3 sBIse€TCS HHCTPYMEHTOM CTPATErHYECKOro MEHEIKMEHTA,
MO3BOJISIET OIIEHUTh TaKHe MapaMeTphl KaK: CUJIbHBIE U CJIa0ble CTOPOHBI MPOCKTA, a
TaK)Xe €ro BO3MOXXHOCTH M yrpo3bl. [ npoBenenns SWOT-ananmn3a HE0OX01UMO
MOCTPOUTH MaTPUILy, B KOTOPYIO 3aIIMCHIBAIOTCS IPUBEJECHHBIC paHEE apaMETpPBhl.

IIpu cocraBnenun wmatpuittl SWOT yaoOHO HCHONB30BaTh CICAYIOIIUE

0003HAYECHHUS:

C — cuiibHBIE CTOPOHBI IPOEKTA;

Cn — cnabGbie CTOPOHBI IPOEKTA;

e B — BO3MOXHOCTH;

Y — yrpo3sl.
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Tabmuma 5.3. Marpuna SWOT

CunbHbIE CTOPOHBI IPOEKTA:

Cnalbie CTOPOHBI ITPOCKTA:!

C1. HanexHast KOHCTpYKLIUS;
C2. Bricokas
IPOM3BOIUTEIILHOCTB;

C3. YMeHbleHHe 3aTpaT Ha

pPEMOHT 000py0BaHNUS;

C4. TIpocToTa IKCILTyaTaluu.

Cal. Haknaanble pacxompl;
Cn2. [loBbllIeHUE YPOBHS
BHUOpaIuu;

Cn3. Boicokas TexHUYECKast
OTBETCTBEHHOCTb;

Cn4. Boicokas

OTBECTBCHHOCTH 3a JXHW3HHU

JIIOJEH.
BosmoxHoCcTH:
B1. Oxonomus B1: C2, C3. B1: Cul, Cn3.
AIIEKTPOIHEPTUH;
B2. Moaepau3zanus B2: C1, C2, C3, C4. B2: Cn2, Cn4.
000pyI0BaHMUS;
B3. YBenuuenue B3: C2, C3. B3: Cnl, Cn2, Cn3, Cn4.
MIPOU3BOIUTEIBHOCTH
000pyI0BaHHUS;
Yrpo3sl:
V1. Pa3Butasi KOHKypEHIUS, V1:C2, C3. V1: Cnl, Cn4.
V¥2. Boixona u3 ctpost V2:C1,C3,C4 V2: Cnl, Cn2, Cn3, Cn4.
o0opynoBaHus;
V3. OrcyrcrBue ¢punancosoro | ¥Y3: C3. ¥3: Cnl.
obecrieyeHus.

Ha ocnoBanuu wmatpuubl SWOT cTposATcsT HMHTEpAaKTUBHBIE MAaTPHUILIBI
BO3MOXXHOCTEH W yrpo3, MO3BOJISIONINE OIICHUTH d()DPEKTUBHOCTH MPOEKTA, a TAKXKE

HaJACKHOCTBb €TI0 pCaiu3allu.



[Ipy DOCTpPOEHUM MHTEPAKTUBHBIX MATPULl HCMOIB3YIOTCS O0003HAYEHUS

anajoruuneie camoit Marpuubl SWOT ¢ pomonneHuem 3HakoB (+ / -) 1o

NOoJAPOOHOI0 MPEACTABICHUS HAJU4Msl BO3MOXHOCTEH W yrpo3 mpoekra («+» —

CHUJIBHOE COOTBETCTBHE; «-» — CJ1a00€ COOTBETCTBHE).

Tabnuua 5.4. IHTepakTUBHAS MaTpULla BO3MOXKHOCTEN

BosmoskHOCTH CuibHBIE CTOPOHBI TPOEKTA

Cl C2 C3 C4
Bl - + + -
B2 + + + +
B3 - + + -

CnaOble CTOPOHBI IPOEKTa

Cnl Cn2 Cn3 Cn4
Bl + - + -
B2 - + - +
B3 + + + +
Tabnuma 5.5. IHTepakTUBHAS MaTpHIa yrpo3
Yrpo3sl CumnbHBIE CTOPOHBI IPOEKTA

C1 C2 C3 C4
Vi - + + -
N + - + +
V3 - - + -

Cnalble CTOPOHBI MPOEKTa

Cnl Cn2 Cin3 Cn4
Vi + - - n
v2 + + + +
V3 + - - -

Swot-ananu3 Mmo3BoJIsIeT OLOCHUTBb TAKHC IMapPaMCTPbl KaK: CHUJIBbHBIC U ciabnIie

CTOPOHBI TpOEKTa. B MaHHOM NpoeKkTe Mpeo0JialatoT CUJIbHBIE CTOPOHBI, HO HE
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HCKJIIOYEH Ciy4yaid, Korja Kakas-l1u0o oJHa U3 cla0bIX CTOPOH OKaXXeTcs Hanbojee
CHWJIBHBIM (DAKTOPOM, HETATHBHO BIIHSIIONINM Ha padOTy YCTPOMCTBA, YEM BCE BMECTE

B34ATbIC CUJIbHBIC CTOPOHBI.

Omnpenenenue BO3MOXKHBIX  AJbTEPHATHB  MPOBEJEHUS]  HAYUYHBIX
HCCJIeOBaAHUM

B npenpinymiem pasznene ObUIM OMUCAHBI METOJbI, KOTOPHIE TMO3BOJISIOT
BBISIBUTh U TIPEJIOKUTh BO3MOJKHBIE aJbTEPHATHUBBI MPOBEICHUS WCCICIOBAHUS U
nopabotku pe3ynbTaToB. K ux umcmy otHocsaTcs TtexHonorus QuaD, orenka
KOHKYPEHTHBIX HH)XeHEepHbIX pemiennii, SWOT-ananu3. K HuUM MOXHO 100aBUTH
OCA-ananu3, meton Kano. OgHako, B O0JIBIIIEH CTENIEHU BCE MPUBEACHHBIC METO/IbI
OPUECHTHPOBAHBI Ha COBEPIICHCTBOBAHWE PE3YJIbTATOB HAYYHOTO HCCIICIOBAHUA,
HAXOJAIIETOCS Ha CTaJUM CO3JaHUsI MaKeTa, MOJIeId CHUCTEMBI, MPOTOTHUIIA,
KOHEUHOTO mpoaykra. Eciam pa3paboTka HaxXxOJWTCS Ha TMEPEUMCICHHBIX CTaIUAX
KU3HEHHOTO IIMKJIa HOBOTO TIPOAYKTa, MOXKHO TPEIJIOXKHTh HE MEHee Tpex
OCHOBHBIX  BAapHUAHTOB  COBEPIICHCTBOBAHUS  pa3pabOTKM  WJIM  OCHOBHBIX
HaIlpaBJIEHUM HAYYHOTO UCCIICIOBAHMS.

Pa3pabGoTka OTHOCUTCS K BBIIICONUCAHHBIM CTaAUSAM, TOITOMY HET

HEO0OXOAUMOCTH HCIIOIB30BaTh MOP(OIOTHUECKHUI TTOIXO.

CocraBJiieHne cMeTbI

Cwmera 3aTpaT BKJIIOYaeT B ceOs: pacxo/bl HA MaTepHaIIbl, 3apabOTHYIO TJIATY,
OTYHUCJICHUS BO BHEOIO/HKETHBIE (DOHBI M HAKIIAJTHBIE PACXOJIBI.

Jlnst cocTtaBlieHHS CMEThI HCHOJb3yeTcs WHGOpMAIs, MOJIyYeHHas MpU
pacdeTre rmapameTpoB JUHEHHOTO Tpaduka.

UcxonnbiM 1711 ompeeneHus: 3aTpar MO OCHOBHOM 3apaOOTHOM IuiaTe
MPOU3BOJICTBEHHOTO [epcoHajia SBIAETCS TPYAOEMKOCTh paboT U OKIaj

UCIOJTHUTENIEHN

93



B cocraB 3arpar Ha pa3pabOTKy IpOEKTa BKJIIOYAETCS CTOMMOCTb BCEX
pacxoloB, HEOOXOOUMBIX Uil pealn3allid KOMIUIEKCa paboT, COCTaBIISIOIINX
COJEpKaHUE TaHHOM pa3paboTKu.

Pacyér cmeTHOM CTOMMOCTM Ha BBINOJHEHUWE JaHHOW pa3paboOTKu
IIPOU3BOAUTCS 110 CIEAYIOLIUM CTaThsIM 3aTpar:

C.., =M + 31 +Omuy + Haxn

rae Cyon — 0011128 cymma 3atpar, pyo.;

M - 3atpathbl Ha MaTepualbl U KOMIUIEKTYIOIIUE U31enus, pyo.;

311 - 3apaboTHas maTa nepcoHaia, y4acTBYIOIIETro B pa3padboTke, pyo.;
Ot4. — Otuncnenust BO BHEOOKETHBIE (OH/IBI, PYO.;

Hakun - HaknagHsie pacxomsl, pyo.

JlonoaHUTENbHYI0 3apab0THYIO TUIATy PacCUMTHIBAEM MO popMyIie

3M1=(0-11+3,,)-13-T

Pacuyér 3aTpaT Ha maTepuaJibl

3arpaThl Ha MaTepUalbl U KOMIUIEKTYIOUIUE PACCUUTHIBAIOTCA 110 (hOpMYJIE:

M:CM ) le

rae C . o01masi cyMmma pacxoji0B Ha MaTepUallbl;

x =11 o
M - KO3 (UIMEHT, YYUTHIBAIONIUNA TPAHCIIOPTHBIE pPAcXOJbl Ha

MaTepI/IaJ'IBI )41 KOMHJ’IGKTy}OH_[I/Ie nU3aCJIud.
M =500-1,1=550
(py0.).
HOI[ BanaTaMI/I Ha MaTepHan nu KOMHJIeKTYIOHII/Ie IIOHUMaAcM BanaTI:I,
CBA3AaHHEBIC C npouec00M HpoeKTI/IpOBaHI/IﬂI SanaTBI Ha KaHHeJIHpCKI/Ie TOBapr,

rcnosib3oBanue Internet’a, crouMocTh Kpacku Jjisi MpUHTEPA.
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Pacuér ocHOBHOI1 3apa00THOM IJIATHI

B pacuete ocHOBHOI 3apaO0OTHOM ATkl YYUTHIBAIOTCS OCHOBHAS 3apaboTHAas

maTa pabOTHUKOB, HEMOCPEACTBEHHO YYaCTBYIOLIUX B pa3palbOTKe, AOIJIAThI
10 pallOHHBIM KO3 PUIIUEHTAM U IPEMUH.

OcHoBHas 3apa0oTHas MJ1aTa PacCCYUTHIBACTCS IO PopMyJIe:

3I=0-1,5-13-T,

rae O — okiaa pyKOBOJUTENS;

K = 1,5 — koadpuimeHT 3a KyIbTypHOE HACIEIUE.

311=5156,6 - 1,5-1,3-27,1/27,1 = 10055,4 py6

3apaboTHas miarta CTyJIeHTa

3.,=3907,7-1,5-1,3-T=7620-T =7620 - 103/27,1 = 30187 py0

JlonmoJiHUTEeIbHAA 3apadoTHAs MJIaTa

bepercs, kak 12% oOT OoCHOBHOU 3apaOOTHON TUIATHI U PACCUUTHIBACTCS IO
dbopmyne

3110, = 0,12 - 10055,4 = 1206,6 py6

3 p.00n = 0,12 - 30187 = 3622,4 py0

OT4unciieHnsi BO BHEOIOsKeTHBIE (DOHABI (CTPAXOBbIE€ OTYMCJIEHMS)
OTtuucieHus: Bo BHEOIOKETHBIE (DOHIBI ONPEICIIIOTCS 110 hopMyJie:
Omu. =0,27,1 - 3pon,

Omu. = (10055,4+1206,6) - 0,271 =2950,6 pyo.

Omu,, = (33809,4) - 0,271 = 8858 py6

0,2 % - ponx 00s3aTEIHHOTO CTPAXOBOI'O0 OTYUCIICHUS HA MPOU3BOICTBE.

Pacuyér HakJIaIHBIX Pacxo/10B
Hakmanapie pacxoapl cocTaBisioT 16% ot o01ieii cyMMEBI 3aTpat

Haxn = 0,16-Cr,,=0,16 - 17574,5 =2812 py0.
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Haxn ¢ = 0,16 - 51449,3 = 8231,8 py0.

Kanabkyasinus mjiaHoBoi ce0ecTOUMOCTH
Kanpkynanus IUIaHOBOM  CE0ECTOMMOCTU  OCYLIECTBIISIETCS HAa OCHOBE
TEXHUKO-3KOHOMUYECKHUX PACUETOB, PE3YyIbTaThl KOTOPBIX MOT'YT OBITh OTPaXKEHBI B

IIJIAHOBOW KaJIBKYJISALIVU.

Tabnuma 5.6. — Kanbkymsiiust Ti1aHOBOM c€0€CTOMMOCTH

Cratbs 3aTpar CymmMma, pyo.
3aTpaThl HA MaTEPUAITBI 550
3apaboTHas 1IaTa MmpenoaaBaTest 11262
3apaboTHas TUIaTa CTyJACHTa 33809,4

OTtuncneHust BO BHEOIOPKETHbBIE (POHIbI

[IpemoaBaTens 2950,6
CTYJICHT 8858
Haxmanubie pacxoms 11043,8
HUTOIO > 684798

Onpenesienue pecypcod(ppeKTUHBHOCTH UCCIAETOBAHMS
HNuTerpajsbHbiil moka3atejb GUHAHCOBOM 3P PeKTUBHOCTH

HNuTterpanpHbIil GUHAHCOBBIN MOKA3aTeNh pa3padOTKH ONPEICIISICTCS KaK:

et _ ®,; 684798 085
¢urp 80000

HerLi

rae  ®P — WHTETpaNbHBIN (PHHAHCOBBIN ITOKA3aTEIh Pa3pabOTKH;
@, — CTOUMOCTH I-T0 BapuaHTa UCTIOTHEHUS;
®max — MaKCUMaIbHasi CTOMMOCTh HMCIIOJTHEHUS HAYyYHO-HCCIICTOBATEIHCKOTO

MpoekTa (B T.4. aHAJIOTH).

i _ @, 684798 0,85
¢wip T T 80000
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, @, 80000
IHCH = = — 1
eurp 80000

[Tomy4yeHHass BeMMYMHA WHTETPATLHOTO (PMHAHCOBOTO TIOKA3aTelsl pa3padOTKu
OTpakaeT COOTBETCTBYIOIIEE YMCICHHOE YBEIMUCHNE OIOKETa 3aTpaT pa3pabOTKH B
pazax (3HaueHue OOJIbIlIE EIUHMIIBI), JUOO COOTBETCTBYIOIIEE UHCICHHOE
yIICIIEBJICHUE CTOMMOCTH pPa3pabOTKH B pas3ax (3HauCHUE MEHBIIE CAWHHIIBI, HO

OoJIbIIIe HYJIS).

HNHTerpajbHbIi MOKa3aTeb pecypcodpekTuBHOCTH
B nanHoM paszaene He0OX0JUMO IPOU3BECTH OLIEHKY pecypcod((PeKTUBHOCTH
IIPOEKTA, OIPEIAEIIEMYIO IIOCPEICTBOM pacyeTa HWHTErPajJbHOIO KpPUTEpPHUs, IO

cienytomieit popmyie:

l,=Ya-h

| . a. .
rae: ” — MHTEerpajbHBIA MOoKa3aTeab pecypcodpHEeKTUBHOCTH;, ' — BECOBOMU

KO3 (OHUIIMEHT MPOCKTA; o OanpHas OILIEHKA IIPOEKTa, YCTaHABIWBaeMas OTBITHBIM
IyTeM I10 BEIOPAHHOM IIIKaJIe OICHUBAHMS.

PaccraBnsiem OanbHBIE OIEHKH U BECOBBbIC KOA(D(PHUIIMEHTHI B COOTBETCTBHUH C
IPHOPUTETOM XapaKTEPUCTHK IPOCKTA, PACCUUTHIBAEM KOHCUYHBIH WHTCTPaIbHBIH
IOKa3aTejIb U CBOJMM IOJyYEHHBIC pE3Y/IbTaThl B TAOIUITY 5.7.

Tabnuna 5.7 — CpaBHUTENbHAS OIIEHKA XapaKTEPUCTUK MPOCKTA

BecoBoii bannHag ontenka | banbHas onieHKa
Kputepuu

kod(durmeHT | pazpaboTku UCITOJTHEHUS 2
1. PocT npou3BOIUTENBHOCTH TPYAQ

0,2 5 3
MOJIb30BaTeNs
2. Y100cTBO B 9KCILTyaTalluu

0,25 5 3
(cooTBETCTBYET TPeOOBAHUSAM)
3. DHeprocoepexeHue 0,15 5 4
4. HagexHOCTH 0,15 4 4
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5. [Ipenmonaraemsiii cpok skcruryataruu | 0,1 4 4

6. OyHKIHUOHANIbHAS MOIITHOCTD
0,15 5 3
(mpenocraBisieMbie BO3MOKHOCTH )

HUTOTO 1

Pacuet uHTerpanbHOrO MOKa3aTeNs sl pa3padaTbiBa€MOro MpoeKTa:
[,; =02%54+0,25%54+0,15x5+0,15%4+ 0,14+ 0,155 = 4,75
[, =02%34+0,25%3+0,15%x4+0,15%4+0,1x4+0,15+x3 =34

HNuTerpajbpHbiii noka3areab J3(P(PEeKTHBHOCTH BAPHAHTOB HMCIHOTHEHUS
pa3padOTKM  ONpeleNnseTcss Ha  OCHOBAHMM  HMHTETPAJIBHOIO  ITOKa3aTells

pecypcodPPeKTUBHOCTH U MHTErPATIbLHOTO (DMHAHCOBOTO MOKa3aTess 1o ¢GopmyIie:

I —ucnl 4‘;75
Incnl = pﬂcncl = = 5;58
Izent 0,85

CpaBHEeHHE  MHTETpPAIBHOrO  Moka3arenss dA()QPEKTUBHOCTH  BAPHUAHTOB
UCIIOJIHEHUSI Pa3paOOTKU TMO3BOJUT OMNPENEIUTh CPABHUTENbHYIO 3(P(HEKTUBHOCTD
npoekTa W BbIOpaTh HauOoliee 1enecoo0pa3Hblii BapUaHT U3 MPEIJIOKEHHBIX.

CpaBuutenbHas 3 (HeKTHBHOCTD TpoeKTa (Dep):

| 5,58
Jp = = =— = 1,64
Iuan 3r4
TaoOmuna 5.8 — CBoHasg TadJIMa rmokasareei OLICHKU
pecypcorhGeKTUBHOCTH
No
IToka3zaTenu Hcn.1 Hcn.2
/1
HHTerpanbHblii (UHAHCOBBIN MTOKA3aTEIIb
1 0,85 1

pa3paboTku

HNHuTerpanbHelii nokasaresnsb
2 475 3,4
pecypcoaddexTuBHOCTH pazpabOTKU

3 WNHuterpanbHbiil MOKa3aTeNb 5,58 3,4

98



3¢ deKTUBHOCTH

CpaBHutenbHas 3¢ (PEeKTUBHOCTh
4 P b0 1,64

BapHUaHTOB UCIIOJIHCHUSA

0,58

ITo daxty onenku r3ppextuBHocTU NP, MOXHO clienaTh BHIBOJIBI:

e 3HaueHUE HUHTErpajbHOro (uHaHcoBoro mnokazarenss WP cocraBiser

0,85, uto sBusieTcs mokazatenem toro, yro VP sBisieTcs ¢hpuHaHCOBO

BBITO/IHOM, TIO0 CPABHEHUIO C aHAJIOTAMU;

e 3HaueHHE MHTErPAJIBHOIO TMoKazaTens pecypcodpdexrtuBHoctu HP

cocrasjsieT 4,75;

e 3HaueHHE HWHTCTPAJIBHOT'O I1OKAa3aTCJIA 3(1)(1)€KTI/IBHOCTI/I WP cocraBaser

5,58, mo cpaBHeHuro ¢ 4,5, u sgBusercs Haubojee BBICOKHM, 3TO

O3HAYaeT, YTO TEXHUYECKOE pelieHue, paccmarpuBaemoe B UP,

SABJETCS HanboJiee 3(1)(1)€KTI/IBHLIM BapHUAaHTOM UCIIOJIHCHUAI.

BriBoa:

B pesynbrare mnpoBeAeHHS ~TEXHHUKO-PKOHOMHYECKOTO

MIPOU3BE/ICH pacyeT MPOEKTUPOBAHUS JUTUIOMHON PaOOTHI.

aHaJIu3a

OBl

[TocTpoeH rpaduk BBITOJHEHUS] PAOOT, OTPAKAIONIUN JIIUTEIBHOCTh PaOOTHI

Ha KaXIO0M J3Tall€ U IMOCICIO0BATCIIBHOCTD BBIIIOJIHACMBIX pa60T, COCTaBJICHAa CME€Ta

3arpaT. 13 rpadukoB BuIHO, 4TO pabOTHI BBIMONHSAIOTCA mocienoBarenbHo (T =

104 nus.).
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6. COHUAJIBHAA OTBETCTBEHHOCTb

BBenenue

B nannoii numioMHo# pabote s paccMaTpuBar0 0€30MacCHOCTD U
AKOJIOTUYHOCTb 11€Xa AIEKTpOoCcHaOKeHus. be3onacHoCTh BKIIIOYAeT B ce0sl BIUSHUE
OMAaCHBIX U BPEIHBIX (haKTOPOB, UX aHAJIU3 U MEPBI UX MTPOPUITAKTUKHU.

B nacrosiem pasnene paccCMaTpUBaIOTCA BOIPOCHI OXPaHbI TPYAA U TEXHUKH
0e30macHOCTH, CBA3aHHBIE C padOTOH B 1I€Xe, a TaK K€ pa3padaThIBalOTCA
MEPOTPHUITHS 110 TPEAOTBPAIICHUIO BO3ACHCTBHS Ha 3I0POBbE PAOOTHUKOB I1€Xa
OTACHBIX U BPEIHBIX (haKTOPOB, CO3/IaHUE OE30MACHBIX YCIOBUM TpyAa IS
00CITy>KHBAIOIIETO MepcoHaa.

Jlnist o6ecnieyeHust 6€30MacHbIX YCIOBHM 9KCIUTyaTallMU JIEKTPOYCTAHOBOK
MPOMBIIUIEHHBIX TPEANPUATHHI, & TAKKE OTJICJIbHBIX JIEKTPUUECKUX MAILIUH U
anmapaToB, 3aKOHOJIaTeNIbCTBO PD mpegycmaTpuBaeT 00s3aTeIbHOE BBITIOJIHEHUE
pslla TEXHUYECKUX U OPTAaHU3ALMOHHBIX MEPONPUATUN. DTH MEPOIPUITHUS
pernamenTupytorces «lIpaBrinamu ycTpoicTBa 3JIEKTPOYCTaHOBOKY, «IIpaBunamu
TEXHUUYECKOM IKCIUTyaTalluu 3JIEKTPOYCTAHOBOK MOTpeduTeel u mpaBuiaMu
TEXHUKU O€30MaCHOCTH IMPH IKCIUTyaTaAIUK dJIEKTPOYCTAHOBOK MOTPEOUTENECH», a
TaKKe CHEIUaIbHBIMU MPAaBWJIAMUA 0€30MaCHOCTH U TEXHUYECKOM IKCIUTyaTalluy,
KOTOpPBIE IOMOJHSAIOT O0IIIMe TPEOOBaHUS U COCTABIIAIOTCS IPUMEHUTENBHO K
cnenupUYECKUM YCIOBHSIM KOHKPETHOM OTPACIIH MPOMBIIIICHHOCTH.

KonTpoJib 3a BRINOJIHEHHEM JEHUCTBYIOIINX IIPAaBUJI YCTPOMCTBA U
AKCIUTYaTallUM 3JIEKTPOYCTAHOBOK M MEPONPUITUI IO TEXHUKE 0€30MacHOCTH,
BBISIBIICHUE U YCTPAHEHUE JOMYIIEHHBIX OTCTYIUIEHU OT 3TUX IIPaBUII
OCYIIECTBIISIETCS CIICIIUAIBHON CITY>KOOM TAaHHON OTPACTH MPOMBIIIIIEHHOCTH H
PYKOBOJCTBOM KOHKPETHOI'O MPEANPUATHS, & TAKKE CHEUUATIBHBIMU

KOHTPOJIMPYIOIIMMH OPTraHU3aAUSIMHU.
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IIpaBoBbie H OpraHnM3alMOHHBbIE BONMPOCHI 00ecnevyeHusi 0€e30MacHOCTH

Cornacao TK P® Cratbs 92, npoaomKUTEIbHOCTS pa00Yero AHs He T0JKHA
npesbiaTh 40 yacoB B HeAemo. [ paboTHuKOB 10 16 et — He Oonee 24 yacoB B
Hezento, ot 16 1o 18 ner — He Oosiee 35 yacoB, kak u Juist nHBaNKUAOB I u 11 rpynmsl.
Jlist paOOTHUKOB, pabOTAIOIIUX HA MECTaX, OTHECEHHBIX K BPEAHBIM YCIOBHIM
Tpyna 3 u 4 crenenu— He 6osiee 36 yacos.

Cornacuo TK P® Cratbs 93, BO3MOXKHO YCTaHOBJIEHUE HETIOIHOTO pabouero
JHS JJ1S1 OAHOTO U3 poAuTeliel (OMeKyHa, MONeYnTeNs ), UMEIOIEro peoeHKa B
BO3pacTe /10 YEeThIPHAILATH JIeT (peOeHKa-nHBAJIMA B BO3pACTe 10 BOCEMHAILATH
net). OmnaTa Tpyaa npy 3TOM MPOU3BOAUTCS MPOMOPLHMOHATIBHO OTPA0OTAHHOMY
BpeMeHu. OTpaHnYeHni NPOAOTKUTEIIBHOCTH €XKETOJHOTO OCHOBHOTO
OIJIAYMBAEMOTO OTITYCKa, UCUMCIICHUS TPYOBOTO CTa)Ka U APYTUX TPYJAOBBIX IIPAB
IPHU 5TOM HE UMEETCS.

Cornacuo TK P® Cratesa 96, npu paboTe B HOUHOE BpeMs,
IPOJOJIKUTEILHOCTh paboyeil CMEHBI JI0JKHA COCTaBIATh Ha OJIMH Yac MeHbIe. K
paboTe B HOUHBIE CMEHBI HE JIOMYCKAIOTCs: paOOTHUKH, UMEIOITUE IeTe NHBAIUIOB,
a Takxke pabOTHUKH, OCYIIECTBIISIIONINE YXO 32 OOJbHBIMH YJICHAMU UX CEME B
COOTBETCTBHH C MEJIUIIMHCKUM 3aKIIFOUEHUEM, OTIbI OAUHOYKH JIETEH J0 MATH JIeT.

Cornacuao TK P® Crates 122, opranuzamus o0s3aHa IPEAOCTABIATh
€XKeroHbIC OTIYCKa MPOJAODKUTEIHOCTHIO 28 KaleHaapHbIX qHel. Jlis
pabOTHUKOB, 3aHATHIX HA pab0OTaX C OMACHBIMU WU BPEIHBIMU YCIOBUSMH,
peaycMaTpUBAETCA IOMOTHUTENbHBIN OTIYCK.

Cornacao TK P® Crartps 108, paboTHUKY B TedeHHE pab0OYero THS TOJKEH
MIPEIOCTABIATHCS, IEPEPHIB He Ooee 2 yacoB U He MeHee 30 MUHYT, KOTOPBIA B
pabouee Bpemsi HE BKIIFOUACTCH.

Cornacno TK P® Crates 113, BceM paboTHUKAM IIPEAOCTABIISIIOTCS
BBIXOJIHbIE JTHU, pA00Ta B BBIXOJHBIE JHU MTPOU3BOJUTCS TOJIBKO C MUCBMEHHOTO

corjlacusi paOOTHUKA.
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Ha paboTax ¢ BpeqHBIMY WM OTIACHBIMH YCJIOBHSIMU TPy, a TAKKE HA
paboTax, BHIOTHIEMBIX B OCOOBIX TEMITEPATYPHBIX YCIOBHIX WU CBI3aHHBIX C
3arpsi3HCHUEM, BBIJAIOTCS MPOIIEIITNE 00s3aTeIbHYIO CePTUPUKAINIO WITH
JEKJIapUpPOBAaHUE COOTBETCTBUS CPEJICTBA MHINBUIYAIBHON 3aIIUTHI B COOTBETCTBHH
C TUTIOBBIMH HOPMAaMH, YTBEPKJICHHBIMHU B MOPSAKE, YCTAHOBICHHOM
IIpaButensctBOoM Poccuniickoit @enepanun TK PO Crates 221.

PaccmarpuBaeMyto 30Hy MOKHO OTHECTH BO 2-H KJIacC — JJOTYCTUMBIC
YCIIOBUS TPYJla XapaKTePU3yIOTCSA TAKUMH YPOBHSIMU (DaKTOPOB CPEJIbI ¥ TPYTOBOTO
npolecca, KOTOPbIC HE MPEBBINIAIOT THTHEHUYECKUX HOPMATHUBOB ISl pa00YHX MECT.

JIiist paccMaTpuBaeMbIX YCIIOBHM COOTBETCTBYET JIONMYCTUMBIN YPOBEHD
bU3UYECKUX HArPY30K.

[IpaBusibHOE pacMoIOKEHUE U KOMIIOHOBKA pabodero Mecra, o0ecrneueHue
yJIOOHOM 036l M CBOOOABI TPYJAOBBIX ABHUIKECHUM, UCIIOJIb30BAaHUE 000PYI0BaHMS,
OTBEUAIOIIIETO TPEOOBAHUSM IPTOHOMHKHU U WHKEHEPHOMN TICUXOJIOTHUH,
obecnieunBaroT Hanbosee YPGEeKTUBHBIN TPYI0BON MPOIIECC, YMEHBIIAIOT
YTOMJISIEMOCTH ¥ IIPEIOTBPAIIAIOT OMACHOCTh BO3HUKHOBEHHS MTPO(ECCHOHATBHBIX
3a00sIeBaHU.

Br160p pabGodeii mo3bI 3aBUCUT OT MBIIICUYHBIX YCHIIUA BO BpeMsl paOOTHI,
TOYHOCTH M CKOPOCTH JIBI)KCHH, a TAK)KE OT XapaKTepa BhITIOTHAEMON pabOTHI.

Pa3mepHnbie cooTHOIIEHNS Ha paboyeM MecTe TIpu paboTe CTOsl, CTPOSITCS C
Y4eTOM TOT0, YTO POCT MY>KYHH M JKEHIIMH B cpeaHeM oTauvaercs Ha 11,1 cm,
JUTMHA BBITSIHYTOM B CTOPOHY PYKH — Ha 6,2 CM, IJTMHA BHITSIHYTOHN BIIepea pyKU — Ha
5,7 cM, 1yiMHA HOTH — Ha 6,6 cM, BbICOTA TJ1a3 HaJl ypoBHeM noJsia — Ha 10,1 cm. Ha
pabouyeM MecTe B 103€ CUS PAa3IMUUs B PA3MEPHBIX COOTHOIICHUAX Y MYXYHH H
KSHIIMH BBIPAXKAIOTCS B TOM, YTO B CPEIHEM JIJTMHA Tella My>KUnH Ha 9,8 cM u
BBICOTA TJ1a3 HaJ CHJICHbeM Ha 4,4 cM OOJIbIle, YeM Y KCHIIHH.

OcHoBHbIE TpeOOBaHUA K pa3MepaM U KOHCTPYKIIUU pabOyvero cTyla B

3aBUCUMOCTH OT BHUJIa BHIMOTHSAEMBIX padoT mpuseaeHsl B 'OCT 12.2.032—-78
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«CCBT. Paboyee mecTo MpH BBIMOIHEHUHU pabOT cuast. OOLme 3proHOMUYECKHE
tpedoBanus» u ['OCT 21889-76* «Kpecno yenoseka-oneparopa. Oo1ue
AProOHOMHYECKHE TPEOOBAHUS».

[Ipy KOMIIOHOBKE TIOCTOB U MYJIbTOB YIPABJICHUSI HEOOXOJUMO 3HATh, UTO B
TOPU3OHTAIHLHOM TIOCKOCTH 30Ha 0030pa 6€3 MOBOpOTa roJioBhl cocTaBisieT 120°, ¢
MMOBOPOTOM — 225°; onTUMaJIbLHBIN yTroji 0030pa 1Mo ropu3oHTaIHM 0€3 TOBOPOTa
roJioBbl — 30+40° (nomyctumsiii — 60°), ¢ moBopotoM — 130°. JlomycTUMBIN yTroma

0030pa 1Mo ropu30HTAIN OcU 3peHus cocTaBisieT 130°, ontumanbubiii — 30° BBEpX U

40° BHM3. MaKkcuMasbHbIE pa3Mepbl 30H JOCATAEMOCTH MpaBoi pykoit — 70+110 cm.

['myOuna paboueit nanenu He n1oyKHA npeBbimath 80 cM. BoicoTa mynbTa,
peHA3HAYCHHOTO /I paOOThI CHJISI M CTOSI, 1OJbKHA OBITh 75+85 cMm. [lanens
MyJIbTa MOKET ObITh HAKIIOHEHA K TOPU30HTAIbHOM Tu1ockocTy Ha 10+20°, HakIoH
CIIMHKHU Kpecya npu nosnoxxenuu cus — 0+10°.

IIpousBoacTBeHHas1 0€301aCHOCTH

[lepeueHb onacHbIX ¥ BpeAHBIX (PAKTOPOB, XapaKTEPHBIX IS

paccMaTpUBaeMoOM MPOU3BOJCTBEHHOM Cpeibl MIPEACTABIICH B Tabnuile 6.

Tabmuma 6 - Bo3aMo)kHBIE OIMacHbIC W BPEIHBIE (PaKTOPBI

Orarnbl paboT

®DaxTopkl g % E
(FOCT 12.0.003- | & = S Hopwmatusrpie
2015) é é 'E\ AOKYMCHTBIL
T | e |3
& = &

Bpennbie dakTopsl
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I'OCT 12.1.003 — 83 «CCBT. lym. OOmue
tpeboBanus 6ezonacuocti» u 'OCT 17187 —
81 «lllymomepsl. O0mmue TeXHUYECKHE

1.IIpeBbIieHne TpeOOBaHUs U METO/bI UCIIBITAHUM (C
YPOBHS IlIyma N3menenuem N 1)
+ + ; CanlluH 3223-85 «CanurapHbie

HOPMBI JIOMYCTHUMBIX YPOBHEH IITyMa Ha
pabouux MecTax.

CHull 23-05-95 «EcrecTBeHHOE U
HUCKYCCTBEHHOE OCBEIICHUEY.

2.01cyTcTBHE UIN + + +
HEJ0CTaTOK
OCBEILIEHUS
3.0TKI0HEHUE
MoKa3aTemnen I'OCT 12.1.005-88 «CCBT. Obmiue caHuTapHO-
MHKpOKJIUMAaTa TUTUEHUYECKUE TPEOOBaHMS K BO3IyXy pabodeid
+ + 30HbI»; CH 245 — 71 «CanutapHbie HOPMbI
POEKTHUPOBAHUS TIPOMBIIIIICHHBIX
NPEITPUATHIN.

OmnacHele (hakTOphI

ITYD «IIpaBuina u yctpoicTaa
4. DnexTpo- anekTpoyctanoBok»; OCT 12.0.003-74
MOpaXEeHUE «CCBT. OmnacHsie 1 BpeaHbIe
IIPOU3BOJICTBEHHBIE (DAKTOPHI».

AHAJIU3 ONACHBIX U BPeHbIX IPOU3BOACTBEHHBIX (JaKTOPOB U
000CHOBaHUE MePONPHUSITHI 110 CHUZKEHHIO YPOBHEll BO3/1elicTBUS HA
padoTHHMKA
IIpeBbilieHHE YPOBHSA LIyMa
B nanHOM nexe mrymM BO3HUKAET MPU UCTIOJIB30BAHUN PEMOHTHOTO
000pyAOBaHMS U TIPU BO3ICHCTBUY BHEITHUX (DAKTOPOB.
[Iym HEOMaronpusTHO BO3JCHCTBYET HA OPTAHU3M YEIIOBEKA, BHI3HIBACT
MICUXUYECKUE U (U3UOJIOTMYECKHE HAPYIICHHS], CHUKEHHE ClIyXa,

paboTOCTIOCOOHOCTH, CO3JAI0T MPEANOCHUIKU JIsl OOIIKUX U MPOPECCUOHATIBHBIX
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3a00J1€BaHUI U TPOU3BOJICTBEHHOTO TPAaBMATH3Ma, a TAKKE MTPOUCXOAUT
ocyiabJieHue MaMsITH, BHUMaHUs, HApYIICHUE apTePUaTbHOTO JAaBICHUS U pUTMa
cepaua.

VYpoBHU 1IymMa HE JOJKHBI IPEBBIIATh 3HAaUEHUN ycTaHOBIEHHBIX B [OCT
12.1.003 - 83 u I'OCT 17187 — 81, 1 mpOBOUTCS HE PEXKE JIBYX pa3 B rOJI.

ITo CH 3223 — 85 HOpMHUPYIOTCS TapaMETPHI IyMa U COCTABIISAIOT:

- s uexa cocrasisier 80 gbA.

Mepsl o 60prbE ¢ IIrymMamu:

- MpaBWIbHAs OpraHU3alus TPyJa U OT/IbIXa;
- CHIDKCHHE U 0CJIabJIeHHE 1IyMa;

- MPUMEHEHHUE 3BYKOIOTJIONIAIOIINX MPerpa;
- MpUMEHEHUE TIIYIIUTENeH Iyma;

IPUMEHEHHE CPEJICTB MHANBUIYATLHON 3aIIUTHI OT IIyMa.

OTcyTcTBHE MM HEAOCTATOK OCBEIICHUS

OTcyTCcTBHE WM HEJOCTATOK €CTECTBEHHOI'0 OCBEIIEHHUS HAa paboyeM MecTe
MOJKET BBI3BaTh YXy/IIIEHWE CAMOYYBCTBHS, IPUBECTH K TIOTEPE CHA U OCIA0JICHUIO
310poBbs. [IprunHa OTpUIATETEHOTO BO3AEUCTBUS MOXKET 3aKII0YATHCS B
M3MEHEHNHU LIMPKAJHBIX PUTMOB H3-3a HEJOCTATKA €CTECTBEHHOTO cBeTa. [loaTtomy
CIelyeT YAENSITh O0JbIlIee BHUMAHUE TOCTATOYHOMY THEBHOMY OCBEIICHUIO TS
YKPETUICHUS 3JI0POBBSI U MOPAITLHOTO COCTOSIHUS PAOOTHUKOB.

PaGota urxenepa-pa3paboTanka UMEeT TPETUid pa3psi TOYHOCTH, T.€. TIPH
BBHITIOJTHEHUU PabOT MPOUCXOIUT OOJIbIIasl Harpy3Ka Ha OPTaHbl 3PEHUS YEIOBEKa.
OcBemieHHOCTH paboyero MecTa goikHa ObITh cormacHo CHull 23-05-95 B
npenenax 300 nk. (pa3psia padotsl Va, MUHUMANTBHBINA pa3Mep
npeameropazaudeHus 0,5-1 mm). ObecieunTh 3TO TPEOOBAHNE €CTECTBEHHBIM
OCBEIIEHHUEM MPAKTUYECKH HEBO3MOKHO, TOATOMY JIOJKHO MPUMEHSI ThCS

KOMOWHUPOBAaHHOE OCBEIICHUE.
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KoHTpoIib ecTECTBEHHOTO M MICKYCCTBEHHOT'O OCBEILICHUS B
MIPOU3BOACTBEHHBIX MMOMEIICHUAX CIEAYET MPOBOIUTH OJUH pa3 B TO/I.

OTkJ/I0HEeHHe TT0Ka3aTe/Ieil MUKPOKJIMMATA

[Ton MUKpOKJIMMATOM TIPOU3BOACTBEHHOM cpeabl cornacHo I'OCT 12.1.005-88
MOHUMAIOT COYETaHNE TEMIIEPATYPhl, OTHOCUTEIHHON BIaKHOCTH BO3/yXa U
WHTCHCUBHOCTH TEIJIOBOTO M3MydeHus. [lepedncieHHpie mapaMeTpbl OKa3bIBalOT
OTPOMHOE BIUSTHUE Ha (DYHKIIMOHAIBHYIO IESITETbHOCTh YeTIOBEKA, €T0
CaMOYYBCTBHE, 3/I0POBbE, HAJIE)KHOCTH pa0OThL. [IpH UX onpeneeHHBIX 3HAUCHUSIX
YEJIOBEK MCTBITBIBACT COCTOSTHUE TETJIOBOT'0 KOM(popTa, 4To CrIocOOCTBYET
TIOBBIIICHUIO POU3BOIUTEIIBHOCTH TPY/A, MPEAYIPEKISHUIO TPOCTYIHBIX
3a0oneBanuil. 1, Ha000poT, HEOMATONPHUITHBIE 3HAYCHUS MUKPOKINMATHICCKUX
nokazaTelsieil MOTyT CTaTh MPUYMHON CHIDKEHUS TPOU3BOJACTBECHHBIX ITOKa3aTeseH B
paboTe, MPUBECTH K TaKUM 3a00JIEBaHUSAM PaOOTAIONINX KaK pPa3TUYHbBIE (JOPMBI
HPOCTYIbI, PATUKYIUT, XPOHUYECKUN OPOHXUT, TOH3WIIUT U AP.

PaboTs! nensTes Ha TPH KaTeropuu TSHKECTH Ha OCHOBE OOIIMX SHEpro3arpar
opranusma. Pabora, oTHOCsIIAsACS K MH)KEHEpaM — pa3paboTdynkaM, pabOTHUKAM
1iexa, OTHOCHUTCS K KaTerOpUH JIETKUX padoT - 10. JlomycTrMble 3HaYeHUS
MHKPOKJIMATA JUIsl TOTO CiIydasi 1aHbl B Tabmwuue 6.1, onTuManbHbIe BETHYMHBI

IIpUBEICHBI B Ta0uIe 6.2.

Tabnuna 6.1 — JlomycTrMble BETUYMHBI TTOKa3aTeleld MUKPOKIMMaTa Ha

pabounx MecTax Iexa

ITepuona roma Temneparypa Temneparypa OTHOCHUTENLHAS CkopocTb
BO3ayXa, C noBepxHocrei, C BJI&KHOCTH JIBHOKEHHS
BO31yXa, % BO3JIyXa, M/C
X OJIO JHBIH 15-22 14-23 75-15 0,2-0,4
Temnbrit 16-27 15-28 75-15 0,2-0,5
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Tabnuua 6.2 — OnTruMabHbIE BEIUYMHBI [TOKa3aTeeid MUKPOKIMMaTa Ha

pabounx MecTax 1exa

[Tepuon rona Temneparypa Temneparypa OtHOcUTEeIbHAS Ckopoctb
BOo3nyxa, C noBepxHocrei, C BJIAJKHOCTh JIBUKEHUS
BO31yXa, % BO3JTyXa, M/C
X010 1HBIH 17-19 16-20 60-40 0,2
Termbrit 19-21 18-22 60-40 0,2

[Tomemenue, ero pazmepsl (II011a]1b, 00bEM) JOJKHBI B IEPBYIO OUYEPE/Ih

COOTBETCTBOBATh KOJIMUECTBY pab0OUYMX U pa3MEIIEHHOMY B HEM 000PY/JOBAHHUIO.

Jlnist oGecnieyeHust HOpMaJbHBIX YCIOBUM Tpyaa caHuTapHbie HopMbl CH 245 —

71 ycTaHABIMBAIOT, YTO HA OJHOTO PaboOUYEro JOKHO NPUXOAUThCS 4,5 M? MIomanu

nomemenus u 20 M3 06beMa Bo3TyXa.

ITomenienune numeet ciIcayromue mapamMeTphbl:

- IIUpUHA

- BBICOTA

- IIWHA TTIoMeneHus — 12 M;

— 6M;

— 3 M.

I/ICXO,II}I N3 3TUX ITapaMCTpPOB, IIOIIaAb JAHHOTO IMOMCIICHHA COCTABJIACT!

S=12%6=72 M5

00BEM:

V=12%6*3=216M

B nexe pabotaet 7 yenoBek. 3HaUUT, HA KaXA0r0 4esioBeka nmpuxoaurcs 10,3

M2 paboueii mnomaau u 30,9 M3 06beMa BO31yXa, 4TO yAOBIECTBOPAET CAHUTAPHEIM

HOpMaM.

DJIeKTPONOpaKEHUE

Kareropus momernieHus mo 3J€KTPOONACHOCTH — 0€3 MOBBIIIICHHON

onactHoctH (ITYD).

DneKTponopaxxeHue rnepcoHana, paboTalmero ¢ IEeKTPOYCTAHOBKAMH,

ABIACTCA OIIACHBIM UL KU3HH YCJIIOBCKA U HACTYIIACT IIPHU COIMPHUKOCHOBCHUHU €T'O C

CETBIO0 HE MEHEE YEM B JIBYX TOUKax. YenoBek onrymaer Tok BenuunHou B 0,005 A.
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Toxk BenmuuuHo B 0,05 A cumTaeTcs OmacHbIM JJIs )KU3HHU, a TOK B 0,1 A —
cMepTeabHbIM. Hanboblinyo omacHOCTh NP AKCILTYaTallUK SJIEKTPUUECKUX
YCTPOMCTB U MPOBEACHUU PEMOHTHO-TIPOPUIAKTUIECKUX PAOOT MPECTABISAECT
MOPaKEHUE IEKTPUUECKUM TOKOM BCIIEJICTBUE MPUCOCTIUHEHUS K TOKOBEYIIINM
YacTsIM anmnapaTypsl U K 4acTsAM NMpudopa, HaXOAAUIUMCS TI0]T HAPSHKCHUEM.

B coorBerctBum ¢ 'OCT 12.1.009 — 76 x mopaxXeHUI0 3JIEKTPUIECKUM TOKOM
MOKET MPUBECTU MPUKOCHOBEHUE YEJIOBEKA K TOKOBEIYIIIUM YaCTSIM
AJIEKTPOYCTAHOBOK, HAXOASIIIMXCS MO HanpsikenueM. [lopaxkenue npossisieTcs B
napaju3yrolleM U pa3pyluTeIbHOM BO3JIeHCTBUHM TOKA HA BHEIIIHUE U BHYTPEHHUE
OpraHbl — KOKHBIM MTOKPOB, MBIIIIIBI, OPTaHbI JbIXaHUS, CEP/Ille, HEPBHYIO CUCTEMY,
MO3T U T.J. [Ipu camom HeOIaronpusTHOM UCXOJI€ TIOPAXKEHUE IIICKTPUICCKUM
TOKOM TIPUBOJIUT K JIETAILHOMY UCXOJY.

Jl71s1 3amuThl IepcoHana HeoOX0AMMO PUMEHEHUE OCHOBHBIX KOJIJICKTUBHBIX
Croco0OB M CPEJICTB JICKTPO3AIIUTHI: H30JISAIINS MPOBOJIOB U €€ HEeNPEPhIBHBIN
KOHTPOJIb; MPeayIpeauTeIbHas CUTHAIM3AIIUS B OJIOKUPOBKA; UCTIOIb30BaHUE
3HAKOB 0€30MMaCHOCTH M MPEAYIPEKIAIONMNX IJIAKATOB; 3aIlIUTHOE 3a3eMJICHUE,
3al[UTHOE 3aHYJICHUE.

Taxoxe, cornmacHo 'OCT 12.1.019 — 79, ucnonb3yroTcsi UHAUBU1YalIbHBIC
AJIEKTpO3alIuTHBIE cpeacTBa. B yctanoBkax 1o 1000 B ucnonb3yrorcs
JTURJICKTPUYECKHUE MEPUATKU, YKA3aTEIN HAMPSKEHUS, JUIIECKTPUUECKUE KOBPUKHU U
00ThI, M30JMPYIOIINE MTOACTABKH, a TAKKE MHCTPYMEHT C U30JUPOBAHHBIMU
PYKOSTKaMH.

JKoJI0rHYecKas 0e30MaACHOCTh

B nocnennue ronpl Bo BceM MUpPE BCe ¢ OONbIIeH CUIION MOAHUMAETCS BOTIPOC
00 oXpaHe OKPYIKaoIICH Cpebl. Y BEIIMUCHHE COICPIKAHUS YIJICKUCIIOTO ra3a B
atMoc(epe, UCTOIIEHHUE 030HOBOT'O CIIOSl U MPOYHE 3arpsi3HEHUS IPUPOIbl TPUBOJISAT
K TOMY, YTO B IPUPOJE U3MEHSAETCS NPUBBIYHBIN JIJI1 JAHHOTO MEPUOJIA X0/l BEILIEH.

JIns mpumepa — yBEIMYMBAETCA CPEAHSS TOI0OBAS TEMIIEPATYpa OKPYKAIOIIEH
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Cpebl, YTO MPUBOJUT K TJI00ATHHBIM U3MEHEHHUSIM KJIMMAaTa, a BIOCIEICTBUU U
nanamadTa MoBEpPXHOCTU 3eMIIH.

Heo6xoaumMo 3HaTh, 4YTO B OXpaHE OKPYKAIOIIEH Cpe/ibl BAXKHYIO POJIb UTPAIOT
CITY>KOBI KOHTPOJISI KAYECTBA OKPYXKAIOIIEH Cpeibl, TPU3BaHHBIC BECTU
CHUCTEMAaTU3UPOBAHHbBIEC HAOIOICHUS 32 COCTOSTHUEM aTMOC(ephl, BOJIbI U MTOYB JJIsI
noyueHus pakTHYeCKUX ypoBHeEH 3arps3Henus. [lonyueHnas nuagopmarius
M03BOJISIET OBICTPO BBISIBUTH MPUYMHBI TTOBBIIIICHUS KOHIIEHTPAIIUU BEIIECTB B
OKpY>Karolien cpejie U yCTPAHUTh HX.

CanuTapHoe 0JaroyCTpoMCTBO IPEANPUSTHIA, HaIJIEkKAIEe UX COJICPIKAHUE
SIBJISTIOTCS] BAXKHEUIIIUMH MEPOTIPUITUSIMU B O0pb0E ¢ MPOU3BOICTBEHHBIMU
BpeaHoCcTIMU. OHM TaKKe MPEAyCMaTPUBAIOT 3aIUTY HACEIICHUSI OT U3ACPIKEK
IIPOU3BOJICTBA, OTX0JI0B. BRIOPOC TOKCUUHBIX BEIIECTB B OKPYIKAIOIIYIO CPEY,
MOCTYIUICHHE OBITOBBIX M MPOU3BOACTBEHHBIX OTXO/I0B B Pa3JIMUHBIX hopMax
IPEK/Ie BCEro, OTPAXKAETCs Ha 3/I0POBbE HACETIECHUS, YXYIIIIAeT KaueCTBO KU3HU
HACEJICHHUSI, BPEJIUT CEIbCKOMY XO35UCTBY, METAINTIOKOHCTPYKIIMH MPOMBIIIICHHBIX U
IPaXIAHCKUX COOPYKEHUMU, TPUBOJIUT K TUOEIH QIIOpHI U (hayHbI.

O6pazoBanue, cOOp, HAKOIUIEHUE, XPAHEHUE OTXOJIOB SBIISETCS
HEOTHEMJIEMOI COCTABHON YaCThIO TEXHOJIOTUYECKUX MPOIIECCOB, B X0J1€ KOTOPHIX
OHH 00Pa3yIOTCS U IOJKHBI OBITh OTPAYKEHBI B TEXHOJIOTMYECKUX PErIaMEeHTaX U
IPYroil HOPMaTUBHO TEXHUYECKOW TOKyMeHTanuu B cootBerctBuu ¢ ['OCT 30772-
2001. ITpu BBIIOJIHEHUH AUIIJIOMHOM pabOThl HUKAKOTO yIepOa OKpyKaroen cpesie
He OBLJI0O HAHECEHO.

BausiHue 0TX010B U MEPONPUSATHA 110 3aLLUTE aTMOC(epbI

OCHOBHBIMH 3arpA3HUTEISIMU aTMOC(EPHOTO BO3/1yXa, 00pa3yIOIMUMHUCS KaK B
MpOIIECCe XO35IUCTBEHHOM AESATEIbHOCTH YEJIOBEKA, TAK U B PE3YJIbTATE MPUPOIHBIX
MPOIIECCOB, SABIISIIOTCS TUOKCHI cepbl SO2, nuokcua yriaepoaa CO2, okCUAbI a30Ta
NOy, TBepabIe YacTuibl — a3po3osu. Ux momns cocrasiset 98% B oOmieM oObeMe

BBIOPOCOB BPEAHBIX BellecTB. [IoMUMO 3TUX OCHOBHBIX 3arpsi3HUTENEH, B

109



atmoc(epe Habmonaercs enie 6onee 70 HaMMEHOBAHUM BPEIHBIX BEIIECTR:
dbopmanbaerua, peHos, 6€H30J, COCAMHEHUS CBUHIIA U IPYTUX TSKETBIX METAJIIOB,
amMuak, cepoyriiepon u ap. Crnoco6 60pbsObI ¢ Ta3000pa3HBIMU OTXOJAMU: COTJIACHO
I'OCT P EH 779-2014, nepen BeiOpocoMm B aTMOc(hepy, BO3yX MOMEIICHUI
MOJIBEPTaeTCsl OUUCTKE B (GMUIBTPOBEHTUIISIIMOHHBIX CUCTEMAX, YTO MPEAOTBPAIIACT
atMoc(epy OT 3arpsi3HCHHUSL.

Biansinue 0TX010B U MepPONPUATHSA 110 3aLUUTe rHApPOcdepbl U TUTOCPepbI

Bepx#sist yacth 1uTocdepsl B HaCTOSIIEE BpeMs Io/iBepraeTcs Bce Ooiee
BO3pacTaloUIeMy aHTPOINIOT€HHOMY BO3/1eUCTBHI0. OCHOBHBIE 3HAUMMbIE
COCTaBIIAIOIINE TUTOC(EPHI: MOUBBI, FTOPHBIE MOPOJIBI M X MAaCCUBBI, Heapa. Ha
COCTOsIHUE JUTOC(hEphI B IEPBYIO OUEPE/Ib OKA3BIBACT BIMSIHUE XO3IMCTBEHHAS
JeSTENBHOCTD YesioBeka. OHa MPUBOIUT K 3HAUUTETILHOMY 3arps3HEHUIO MOYBBI U
Jake HIDKEJIeXKAaIllUX CIIOEB.

3arpsi3HeHHE BOJ| IPOSIBIISETCA B U3MEHEHUU (DU3UYECKUX U
OpraHoOJENTUYECKUX CBOMCTB, YBEIMUEHUU COMIEPKAHUS CYIb(HATOB, XJIOPUJIOB,
HUTPATOB, TOKCUYHBIX TSDKEIBIX METAJUIOB, COKpPAIIECHUH PaCTBOPEHHOTO B BOJIE
KHCTIOPO/1a, TOSBIICHUU PAIMOAKTUBHBIX JIEMEHTOB, 00JIE3HETBOPHBIX OaKTepUil U
npyrux 3arpsizauteneit. [logcuntano, 4To €KerofHO B MUpe cOpachIBaeTcst Oosee
420 kM° CTOYHBIX BOJI.

OTxob1 00pa30BaBIIMECS TOCIIE 3aMEHBI OXJIAKIAIOIMINX U pabodnx
KUAKOCTEH 00opynoBanus, yrunu3upyrotcs cormacHo ['OCT P 57703-2017.

Be3onacHOCTh B Upe3BbIYAHHBIX CUTYALMAX

Haubonee BeposTHas upe3BbluaiiHas CUTyallsl HA paccMaTpuBaeMoM pabodyem
MecTe — IoKap, KoTopasi Oy/IeT pacCMOTpEHa HIDKE.

Hoxap

[To>xapoM Ha3bIBaeTCsI HEKOHTPOJIUPYEMOE TOPEHHE BHE CIEIMAIbHOTO 0Yara,
HaHocsmero MmatepuanbHbli yiep0. Cormacao 'OCT 12.1.033 — 81 monsitue

IIOXKapHas 0€e30IMacHOCTh 03HAYACT COCTOSTHUE O6’bCKTa, IIpH KOTOPOM C
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YCTAHOBJIEHHOW BEPOSITHOCTHIO UCKIIFOYAETCS BO3MOKHOCTh BOSHUKHOBEHUS U
pPa3BUTHUSA MOXKapa U BO3ICUCTBUS Ha JIFOAEH ONacHbIX (PAaKTOPOB MOXKapa, a TAKKE
o0OecrieunBaeTCs 3aluTa MaTepruaibHbIX IIEHHOCTEH.

[lomemenune nexa 1o CTEeneHy NoKapoonacHOCTH OTHOCUTCS K knaccy [I-2a,
TaK KaK B HEM OTCYTCTBYET BbIJICJICHUE MbLJIA U BOJIOKOH BO B3BEIIEHHOM COCTOSIHUH
[ITYD3].

BosnukHOBeHuUE noxapa npu padoTe ¢ AIEKTPOHHOM anmapaTypoi MOXKeT
OBITH 1O MPUYMHAM KaK JIEKTPUUECKOTO, TaK U HEAJIEKTPUIECKOT0 XapaKTepa.

[TprurHBI BOBHUKHOBEHMS MOYKapa HEAIEKTPUUECKOT0 XapaKkTepa:

a) XaJaTHOE HEOCTOPOKHOE OOpalleHe ¢ OrHeM (KypeHue, OCTaBlIEHHbIE 0e3
IPUCMOTpPA HarpeBaTeIbHbIE TPUOOPHI, HCIIOJIB30BAHUE OTKPHITOTO OTHS);

0) caMOBOCIUIAMEHEHHE ¥ CAMOBO3TOPAHKE BEIIECTB.

[TprunHBl BOBHUKHOBEHUS MOKAPA JICKTPUUECKOTO XapaKTepa: KOPOTKOe
3aMbIKaHHE, IEPETPY3KH MO TOKY, UCKPEHHUE U AIEKTPUUECKUE IYTH, CTATUYECKOE
AIEKTPUYECTBO U T. 1.

JIns ycTpaHeHHs] TPUYUH BOZHUKHOBEHUS MMOXKAPOB B MOMEILIEHUH
1ab0paTOpUU AOHKHBI TPOBOIUTHCA CIEAYIOIINE MEPOTIPUSTHS :

a) COTPYAHUKH JIJA00PATOPUHU JTOJDKHBI TPOUTH TPOTHBOTIOKAPHBIH
UHCTPYKTAX;

0) cOTpyaHUKHN 00sI3aHbI 3HATH PACTIONOKEHHUE CPEJICTB MOKAPOTYIICHUS U
YMETh UMH T0JIb30BAThHCS;

B) HEOOXOIMMO 00ECIIEYUTh IPABMIBHBIN TEIIJIOBOU U ANEKTPUUECKUIN PEKUM
paboThl 000pyIOBaHNS;

I) IJIaH 3BaKyallid pabodero nepcoHaa, moKkapHblii MHBEHTaph U EPBUYHbIC
CpPEACTBA NOXKAPOTYIICHUS TOJKHBI COAEPKATHCS B HCIIPABHOM COCTOSIHUU U
HAXOJUTHCS HA BUTHOM M JIETKOJAOCTYITHOM MecTe (orHeTyrmuTenu Mapok OV -8,

OBII-10; émMKOCTH C TIECKOM).
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7. 3AKJIIOYEHUE

B xone BbIyCKHON KBanu(UKAUMOHHOW pPabOThl OBLIM CPOPMUPOBAHBI
npeabsIBIsieMble TPEOOBaHUS K ODIEKTPONPHUBONY 3aCIOHKM M CO37aHa MOJEIb
ANEKTPONPUBOIA 3aJIBUKKM Ha ocHOBe anekTpornpuBoaa I'YCAP (6e3 npuBoHOTO
monyist ESD-VCX)B cpene Matlab Simulink ¢ ucnonb3oBanuem texnomoruu S-
¢yHkmmu s GOpMUPOBaHHS MOMEHTa Ymopa. bbulM TOMydYeHBI TEPEeXOTHBIC
MPOIIECCHl MPU PA3JIMYHBIX PeXMMax M 3anaHusx B cpeae Matlab. Ha otnenbhoit
nporpamMmke SimBlock, Obuto paccmorpeHo BnusiHue (asHoro Hampspkenus. C
MOMOIIbIO TpaUUecKoro aHaimu3a OBUIO YCTaHOBIEHO, YTO TPHU HW3MEHEHUU
HaIpsDKEHUS, a TOYHEE ero CHIDKCHHH Ha Jito0oi u3 ¢a3 g0 120 B, neurarens Oyaet
paborath, 0e3 OonbIIOW TOTEpU KayecTBa W 0€3 TMOMEX, YTO YIOBIETBOPSET
tpeboBanusim CAP.

PaszpaboTranHasi B JaHHOM JMIIJIOMHOM TPOEKTE CUCTEMA YIIPABIICHUS TPUBOIA
MO3BOJIUT MOBBICUTH HAJIEKHOCTh AIEKTPONPUBOA 3aCIIOHKH, & UMEHHO, IPUBEAET K
HOBBIIICHNIO 0€3aBapUIHOCTH MPHUBOJA B LIEJIOM, TaK Kak B HeTenpoBoje robdast
aBapus MOXKET IPUBECTHM K TEXHOTEHHBIM IIOCIEJACTBUAM JJIsl OKpYy’Karolen

MIPUPOTHOU CPEIBI.

B skoHOomMHMYeckoil uacTH TPOU3BEACH pacueT CceO0ECTOMMOCTH Hay4HO-

TCXHUYICCKOI'O IIPOCKTA.

B paznene “Ilpon3BoACTBeHHass U JKOJOTHUECKass 0€30MacHOCTh’ PAaCCMOTPCHBI

BOIIPOCHI 10 OXpaHe TpyAa U IKOJIOTHUHU.

[Tpu nmpoekTHpoOBaHWH HCIIOJIB30BaTUCH iporpammbr Microsoft Office Word 2007,
Microsoft Office Excel 2007, Visio, Matlab v6.1, MathCad v11, Microsoft Office

PowerPoint 2007.
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