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MJIAHUPYEMBIE PE3YJIbTATBI OBYUEHMHS 11O OOII
13.03.02«2J1eKTpO3HEPreTHKa U JJIEKTPOTEXHUKA

Kon pe-
3yJbTaTa

PesyabTar 00yuennst
(BBIMMYCKHHUK J10J7KeH OBITh TOTOB)

YHI/IBepcaJ]beIe KOMIICTCHIIUU

P1

Cogepuiencmeogams W Pa3BUBATH CBOW UHMELIEKMYANbHbIN U 0OUEeKYIbIMYPHBIN YPOBEHD,
JNOOUMBATBCSL  HPABCTNBEHHO20 U  (PU3UUECKO20 COBEPULEHCTNBO6AHUS CBOCH JIMYHOCTH,
OOyYeHUI0 HOBBIM METOJIaM HCCJICIOBAaHUS, K W3MCHCHUIO HAYYHOIO M HAay4dHO-
MTPOM3BOCTBEHHOTO Mpodusi cBoel MpodecCHOHABHON JesITENFHOCTH.

P2

C80600HO NOIB308aMbBCA PYCCKUM U UHOCMPAHHBIM A3bIKAMU KaK CPEIACTBOM JEIIOBOTO
OOIIIEHHS, CITOCOOHOCTHIO K AKTUBHOM COLMAIBHON MOOMILHOCTH.

P3

Hcnonvzosams Ha IPAKTUKE HABLIKY U YMEHUSA B OP2aHU3aYUY HAYIHO-UCCIIEOBATENbCKUX U
MIPOM3BOACTBEHHBIX PaldOT, B ynpagieHuly KOJUIEKTHBOM, HCIIOIB30BaTh 3HAHUS MPABOBBIX U
ATHYECKUX HOPM IIPH OIICHKE MOCIEACTBUH CBOCH MPO(YECCHOHATLHOMN NeITeTLHOCTH.

P4

Hcnonvszo6ams TIpENICTaBICHUE O METONOJOTHUECKHX OCHOBAX HAYYHO20 NO3HAHUA U
meopyecmaa, polny HayqYHoOH MH(pOpMaIK B pa3BUTHH HAyKH, TOTOBHOCTBIO BECTH PaboTy ¢
MPUBJICUCHUEM COBPEMEHHBIX UHMOPMAYUOHHBIX MEXHOL02UI, CAHTE3UPOBATh U KPUTHUCCKH
PE3IOMHUPOBATH HHPOPMAIIHIO.

IIpodeccnonabHbIe KOMIIETEHIIUN

P5

Ilpumename  yenybnenHvle — ecmeCmEEHHOHAYYHble, — MameMamuiecKue,  COYUANbHO-
IKOHOMUYECKUEe U NpOPeccuoHanrbHvle 3HAHUSA B MEKAUCLUUIUIMHAPHOM KOHTEKCTE B
WHHOBAIlMOHHOM  WHXKEHEPHOH  NIEATETHbHOCTH B  0O0JAcTH  JJIEKTPODHEPTeTHKH U
3IEKTPOTEXHUKH.

P6

CraBuTh W pewamv UHHOBAYUOHHBIE 3a0a4y WVHXEHEPHOTO aHaiuM3a B 0OO0JACTH
3JIEKTPO3HEPTETUKU U AIIEKTPOTEXHUKU C HCIIOJIb30BAHMEM TIyOOKUX (PyHIAaMEHTaIBHBIX U
CHEIMAJIbHBIX 3HAHUM, aHaJIUTUYECKUX METOJIOB M CIOXKHBIX MOJENel B yCIOBHIX
HEOIPEJEeICHHOCTH.

P7

Brmoaasats UHIICEHEPHbLE npoeKnbl C TPUMEHCHHUCM OPHUT'MHAJIBHBIX METOJOB MPOCKTUPOBAHUSA
T AIOCTWIKCHUA HOBBIX PE3YJIBTATOB, O6eCHe‘lI/IBaIOH_II/IX KOHKYPCHTHBIC TIPECHUMYIIICCTBA
OJICKTPOSHEPICTUUCCKOIO M SJICKTPOTCXHUYCCKOI'O IIPOU3BOJACTBA B YCIOBHAX IKECTKUX
OKOHOMHWYCCKHX W OKOJIOTMYCCKHUX OI'paHI/Iqulflﬁ.

P8

HpOBO,I[I/ITL WHHOBAIIUOHHBIC UHIICEHEPHbLE uccnedosanusi B 00J1aCTU QJICKTPOSHCPICTUKU U
QJICKTPOTEXHUKH, BKJIFOYas KpI/ITI/I‘-IeCKI/Iﬁ AHAJIM3 JAaHHBIX W3 MUPOBBIX I/IH(l)OpMa]_II/IOHHLIX

peCypcoB.

P9

TIpoBOMUTE  TEXHHUKO-9KOHOMUMECKOe — 000CHO8aHue  TIPOSKTHBIX — PEIICHHW;  BBIMOJIHSATH
OpraHM3aIMOHHO-TIIAHOBBIC PACUYETHI MO CO3JAHHI0 WM PEOPraHU3allli MPOU3BOJICTBEHHBIX
YYaCTKOB, TJIAHUPOBATH Pa0OTy MepcoHaia M POHIIOB OILIATHI TPY/IA; OMPEACIIATh U 00SCIICUNBAThL
3¢ heKTHBHBIC PSKUMBI TEXHOJIOT'MYECKOTO ITPOLIecca.

P10

HpOBOILI/ITL MOHmMAJICHbBLE, pecyIUupoeoUdrble, UcCnblmameilbHble, HAJIaJOYHbIC pa6OTI>I
QJICKTPOSHCPICTUUCCKOI'0 U JICKTPOTCXHUYCCKOI'0O 060py,Z[OBaHI/I$I.

P11

Oceauseams HO80e DIEKTPOIHEPTETHUECKOE W  INEKTPOTEXHHUECKOE 000pyoosaHue;
MIPOBEPSTh TEXHUUECKOE COCTOSIHUE M OCTATOYHBIN pecypc 000pyI0BaHHUS U OPTaHU30BHIBATh
npodUIAKTHYECKHA OCMOTP M TEKYIIUI PEMOHT.

P12

PazpabatsiBath pabouyto npOeKmHYIO U HAYYHO-MEXHUYECKYIO OOKYMEHmMAYuio B COOTBETCTBUU CO
CTaH/JapTaMH, TEXHUYECKUMH YCIOBMSIMH W JIDYTUMHA  HOPMATUBHBIMH  JIOKYMEHTaMH;
OpraHNu30BHIBATH METPOJIOTUYECKOE obecrieueHre 3IIEKTPOIHEPIETHYECKOTO u
ANEKTPOTEXHUUECKOTO  000pY/IOBaHUS; COCTAaBIISITb  ONEPAMuUGHylo  OOKYMEHMAyuio,
MPEYCMOTPEHHYIO TIPaBHJIAMH TEXHUYECKOW OSKCILTyaTallid OOOpPYJIOBaHWS ¥ OpraHU3alliH
paboTHI
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CryneHry:
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Tema paboThI:

Pa3paboTka u uccnenoBanue 3JIeKTPONPUBOJIA Ta30BOM 3alIOPHON apMaTyphl

VTBepy/IeHa IPHKA30M TUPEKTOpa (1ata, Homep) |

CpOK cavyu CTyJCHTOM BBIIIOJIHEHHOM pa6OTBIZ ‘

TEXHUYECKOE 3AJIAHHUE:

Hcxoanbie 1aHHbIe K padoTe

O0630p n knaccupuKanys 3aNOPHON apMaTypsl AJIs

(naumenosanue — o6vekma — ucciedosanus.  ww | CACTEM — TpyOompoBomoB. (OCHOBHBIE PEXHMBI  pabOTHI

NPOEeKmMuUpoeanusi; npmiwodumeﬂbﬁocm? unu Haepyakit,' pedxncum JIEKTPOIPUBOJIOB 3aHOpHO-pGFyHprIOH.[eI71 apMaTypsbl.
pabomul (Henpepvi6Hbill, NEPUOOUHECKU, YUKTUYECKUL U M. 0.); Karanoxusie TapameTpsI ACHHXPOHHOTO JIBHTATEIIS
6UO CIPbA UMY MAMepUan uzoeius;, mpebosanus K npooykmy, L6
u30enulo unu npoyeccy; ocobvle mpedbosanus Kk 0cOO6eHHOCMAM (AHP100LS).
@yHkyuoHuposanus (sKcniyamayuu) odvekxma umu uzoenus 6
niaHe — GesonacHocmu  SKCHIyamayuu, 6MUAHUA  HA
OKpyJICalowylo  cpedy,  SHep2O3ampamaM;  IKOHOMUHECKULl
anamz um. 0.).

Ilepeyenn MOMJICKALIUX Teoperndeckne  cBeleHUS O  pexuUMax  pabOTHI

I/lCCJIeIIOBaHI/IIO, HpOCKTHpOBaHI/IIO u ucciIeayeMoro TeXHOJ}OFI/I‘IeCKOFO o6opyz1013aHml,
(dbopmupoBanue TpeboBanuil K uccieayemomy Il Ha ocHOBe
pa3pa0doTKe BOIIPOCOB y
aHainM3a ~ pPEXUMOB  pabOTBl  3alOpHOH  apMarypel,

(ananumuyeckuii  00630p  NO  AUMEPAMYPHBIM
UCTMOYHUKAM € YeNblO BbISICHEHUs. OOCIUIICEH UL MUPOBOT HAYKU
MEXHUKU 8 PACCMAMPUBAEMOU 001ACMU; NOCMAHOBKA 3a0ayul
uccnedosamus, nPOEKMUpPOBanus, KOHCMPYUPOBAHUSL;
codeporcanue npoyedypbl  UCCIEO08AHUS,  NPOCKMUPOBAHUSL,
KOHCMPYUpOBanus; 00CydIcOeHue pe3yibmamos GbinOIHEeHHOU
pabomvl;  HaumeHosaHue OONOTHUMETBHBIX — PA30eN08,
noonedxcawux paspabomxe; 3aKuoveHe no pabome).

HMUTANMOHHOE MopenupoBanne AJl, pacdaét u BBIOOD
KOMITIOHEHTOB ~ cmiioBo  dvactm  OII, paspaborka U
ONTUMHU3ALMS CHCTEMBl BEKTOpHOro ympasieHus I,
MOJeNIMpOBaHue U uccieaoBanue cucremsl JI13A.




Ilepeuyenn rpaguyecKoro [Monpobuass  gynkumoHansHass  cxema  OII3A,
CTPYKTYpHasi cXeMa CUCTEMBI BEKTOPHOTO yrnpaBieHus DI13A

MaTepuaJia
Ha ocHOBe AJI.

(c moyHbIM YKA3aHUuem 00513amenbHbIX Yepmediceli)

KoHcyabTaHThI 10 pa3esaM BbIIYCKHON KBAIN(UKALNOHHON PadoThl

(¢ ykazanuem pazoenos)
Paznea KoncyabTant

OcHo6HOU  00WUll U  CneyuanbHbll Hayunwvui pyxosooumens Jlanepag) C.B.
pasoenvt BKP
Oxonomuueckas wacmov BKP Kyzomuna H.I'.
Pazoen  skonoeuss u  mexnuka JHawxosckuti A.1.
bezonacrHocmu
Paszoden na unocmpannom azvike Hmawxun A.C.

HaszBanus pa3aejioB, KOTOPbIC NOJKHbI ObITh HANmHUCAHBI HA PYCCKOM H
HHOCTPAHHOM fI3bIKAX:

Ocnosnas u cneyuanvbHas 4yacmu, SKOHoMUu4ecKkast 4acms u pa3()eﬂ 9KOJI02UsL U MeXHUKa bezonacHocmu —pyCCKMii
A3bIK

Ha UHOCMPAHRHOM A13blK€ 6blNOJHEHbL Cﬂedy;ou;ue pa30€]lbl z)uccepmauuu:

Jlata BbIIAYM 33laHUSI HA BbINOJHEHHE BBINYCKHOI
KBAJIM(UKAMOHHOK padoThI 110 JUHEHHOMY IpaguKy

3ananue BbIIaJI PYKOBOIUTEb:

JlonKHOCTH [ %(0] Y4enasi cTeneHs, Moanucey JaTa
3BaHHe
JlotieHT Jlaarpad C.B. K.T.H.
kadeaper 1190

33}13HI/I€ NPUHAJT K HCIOJHCHUI0 CTYAECHT:

I'pynna [037(0] Hoanucek Jara

S'M5SA Pa6unosuu E.E.




_ 3AJAHHE JUIS PA3JIEJIA
«®UHAHCOBBI MEHE/UKMEHT, PECYPCOD®®EKTUBHOCTH 1

PECYPCOCBEPEXEHUE»
CryneHry:
I'pynna ouo
SI'MSA PabunoBuuy EBrennto EBrennreBuuy

HucTHTyT JHepreTHYeCcKuii Kadenpa 3130
DIEeKTpOIHEpreTUKa U

Yposenn IIEKTPOTEXHHUKA/DINEKTPOIIPHUBOIBI

o6pasoBanus Maructp Hanpagsjenne/cnennaabHOCTL H CHCTEMBI YIIPABIICHHS

3JIEKTPONPUBOJIOB

Hcxonnbie nanHbIe K pasaeny «PHHAHCOBbIH MEHEIKMEHT, pecypcod(p(peKTHBHOCTb U

pecypcocoepekeHne:

1.Cmoumocms 3ampam nayunoeo uccreoosanus (HH)

Umoeosass cmoumocmov 3ampam na HU cocmasum
432479,63 pybuaeil.

B coomeemcmeuu c ToCT 14.322-83
2. Hopmbl u Hopmamugsl pacxo006anusi pecypcos

«Hopmuposanue pacxoda mamepuanosy.
3. Hcnonvzyemas cucmema Hano2oobnodcenus, cmasku | Omuucienus 80  6HeOIOOJNCEMHble — CIMPAXOBbLE

HAJ102086, omlmczzeﬂuit, 0uc:<0Hmup06aHu,<l u erdumoeaﬂuﬂ

@onowr — 30%.

Hepeqeﬂb BOIIPOCOB, MOAJICKAINUX UCCICTOBAHUIO, IPOCKTHUPOBAHUIO U paspaﬁoTKe:

1.  Oyenxa xommepueckozo u UHHOBAUUOHHO20 NOMEHYUANA
HTH

HﬂaHupoeaHue pa6om U UxX 6pemMernnblx OYeHoK.

2. Paspabomka ycmasa Hay4HO-MeXHUUECKO20 NPOeKma

Cmema sampam Ha npoekmupoeanue.

3. IInanuposanue npoyecca ynpasnenus HTHU: cmpyxmypa u
epagux nposedenus, 01001CeM, PUCKU U OP2AHUZAYUS 3AKYIOK

Ananus NOJIY4YEHHbLX Pe3)lbmamaoes.

4. Onpedenenue pecypcHol, QUHAHCOBOU, IKOHOMUUECKOU

agppexmusnocmu

JlaTa BbI1a4M 3aJaHMA 1JI51 pa3jesia no JuHelHHoMYy rpadguky

33IlaHI/Ie BbIIAJ KOHCYJbLTAHT:

YuyeHnas crenenb,
JloKHOCTH [ %(0] 3BaHHE Hoanucek JlaTta
Crapmmit
p Ky3pmuna H.I'.
npernoaaBaTeiib
3ana}me NMPUHAJ K UCIIOJTHEHHUIO CTYACHT:
I'pynna DPUO Moanmuck Jara

STMS5A

PaOunoBuu EBrenuit EBrenresuu




3AJIAHUE JIJISI PA3JIEJIA
«COLIUAJIBHASI OTBETCTBEHHOCTb»

CryneHry:
I'pynna ouo
STMSA PabunoBuuy EBrennto EBrenneBuuy
Hncruryr DHUH | Kaderpa S0
YpoBeHb o0pa3oBaHust MaFI/ICTp HanpasJ/ienune/cnenquaabHOCTh QHeKTpoaHepreTﬂKa u BneKTpOTeXHI/IKa/

SHGKTpOHpI/IBOI[I)I " CUCTCMbI YIIPABJICHUA
QJICKTPOIIPUBOIOB

HCXOI{HLIC AAaHHBIC K pa3aejry «ConuajibHasl OTBETCTBEHHOCTDY .

1. Xapaxmepucmuxa 06vekma ucciedo8anus

Tlomewjenue 3aKpbimozo muna ¢ ecmecmeeHHou
genmunayueti 6030yxa. Ilomewenue umeem xax
UCKYCCMBEHNbII, MAK U eCIeCMEeH bl UCTOYHUK
oceewerusi. OcHosHoe pabouee 060pyOo8aHue —
TIDBM.

2. 3naxomemeo u omoop 3aKOHOOAMENbHBIX U
HOPMAMUBHBIX OOKYMEHMOS8 NO meme

1) I'OCT P UCO 26000-2012. Texnuueckui
peznamenm no CoyuanbHoll;

2) N 123-@3 '"Texwuueckuti peenrameHm o
mpebosanusx noxcapHou bezonachocmu”

N 426-®@3 "O cneyuanvHoii oyenke yciosuti

mpyoa"

Hepeqeﬂb BOIIPOCOB, NMOJJIC/KAINMUX UCCICTOBAHUI0, IPOCKTHPOBAHHUIO paspaﬁoTKe:

1.4nanu3 viasnenHbIx 6PEOHBIX PAKMOPOS NPOEKMUPYEMOLl
npouU3800CMEEHHO CPeObl

Bpeonvie ghaxmopei, sozuuxarowue uz-3a IISBM.
- Heeamuenvle enuanus: s1eKmpomazHumuoe u
UOHUBUPYIOUee UTYHEeHUs, WYM, GUOpayus

2. Ananu3 GuIsGIEHHbIX ONACHBIX PAKMOPOE NPOEKMUPYEMOT
npousseodEénHoU cpeovl

Yemanoesnenvr yonunumenu 6 pozemrax (31. cems
nepezpyicena)

Qusuueckue onacHvle Gaxmopwvi: INEKMPUYEcKuti
MOoK.

3.0Oxpana okpyscaroueti cpeosl

Bvimosvie omxoovl. Omxoowl, obpaszyowuecs npu
noaomxe [I9BM

4.be3zonacnocmo ¢ 4C

Haubonee eeposmuas YC 6 30anuu - noscap

5. Ilpasosvie u opeanuzayuonnvie 60NPocsl 0becneyenus
bezonacrocmu

Coyuanvhvle eapanmuu 1o KOMREHCayuu Oist
pabomuuxa.

| JaTa Bbl1a4u 3a1aHUsA JJISA pa3/iesia 1o JUHeHHOMY rpaguky

3agaHue BbIIAJ KOHCYJBbTAHT!:

JLoJIZKHOCTD DPUO Hoanuch Jarta
Jouent JlamkoBckmit A.T'.
kadeaprr ObXK
3aaHue NPUHSAJI K MCIIOJIHEHUIO CTY/IEHT:
I'pynna [03(0] Hoanuch Jara
SI'M5SA Pabunosuu EBrennii EBrennesuu




Pedepar

Marucrepckast nuccepranusi coaepxut 115 ctpanuus tekcra, 59 pUCyHKOB,
14 tabGmu1, 33 UCIOIBL30BAaHHOTO UCTOYHHUKA, | MPUITOKEHUE.

KitoueBble  ciioBa:  3amopHasi — apMarypa, JJIEKTPOINPHUBOA,  IPHUBO/,
MaTeMaTUYECKOE€ MOJICIUPOBAHUE, HWMHUTAIMOHHOE MOJICIUPOBAHKUE, CHCTEMA
yIpaBIICHHUS.

B nepBoi ri1aBe MpuUBEACHBI TEOPETUUECKHAE CBEJICHUS O 3alIOPHOM apMarype
Y TIPUBOJIE ISl HEE.

Bo BTOpoll TyaBe TMpHUBENECHBI pacyeThl NAapaMETPOB AJIEKTPONPHUBOAA
3alIOpPHOW apMaTypBHl.

B Tperbeil TiIaBe NPUBEICHBI: HACTPOMKA KOHTYPOB TOKA, CKOPOCTH U
MMOTOKOCHEIUICHHS; MMHUTAMOHHOE MOJCIMPOBAHUE DJIEKTPOIPUBOJA 3aOpPHOM
apMaTypbl; MOJIENIb Harpy3KH 3al0pHOI apMaTyphl.

B derBeproii riaBe npeacraBieH (GUHAHCOBBIN pacdeT nmpoekTa, uHpopManus
1o 0€30MaCHOCTH KU3HEJEATCIIbHOCTH U aHTJIMHACKas YaCTh IUCCEPTALUH.

[losicHuTEeNnbHAsE 3allUCKa MAaruCTEPCKOM JIUCCEPTALlMM  BBIOJHEHA B

TekcToBOM penakTope Microsoft Office Word 2010 ¢ wmcmosbp3oBaHHEM ITaKeTOB

MathCad 16, Microsoft Visio, Matlab\Simulink.
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BBenenue

DJEeKTPONPUBOJ] SBISETCS OJHUM W3 BEAYIIMX KOMIIOHEHTOB BO MHOTHX
00JacTIX COBPEMEHHOW TEXHMUYECKON NMBWIM3aLMU. B COBpEMEHHBIX cucTemax
AIIEKTPOTIPUMBO/A  HAIUIM  [IMPOKOE  NPUMEHEHHE  pa3juyHble  THUIIBI
AJIEKTPOJIBUraTeNIel U CUJIOBBIX MpeoOpa3oBaTesiel.

B o0mactu  TpaHCHIOPTUPOBKM  Ta30BOI0  TOIUIMBA  3JIEKTPOIPHUBOJBI
OPUMEHSIOTCS JJI TPUBOJA TEPEKAYMBAIONINX KOMIIPECCOPHBIX arperaros, AJis
yTpaBJIEHUs TPAHCIOPTUPOBKOM I'a30BbIX MOTOKOB KaK MPHUBOJA 3alIOPHOM apMaTyphbl
U IS IPOYMX BCIIOMOTATEIbHBIX HYX]I.

Ot OBICTpOM, TOYHOM U HAAEKHOW PaOOTHI BIEKTPONPHUBOJIOB 3AMOPHOU
apMaTypbl B Tra30BOM OTpaciM HampsMyK0 3aBUCUT Oe3omacHas U 3(QexTuBHas
paboTa BCero ra3oTpaHCIOPTHOIO KoMIuiekca. TakuM oOpa3oM, 3a1ada pa3padOTKH U
HCCJIEIOBaHMs 3JIEKTPOIIPUBOJIOB JJIsl YNpaBJICHUs 3alIOPHONW apMaTypbl B ra3oBOM
OTpaciiy ABJSETCS aKTyaIbHOW U CBOEBPEMEHHOM.

B BeImyckHOM KBamuM(UKAMOHHOW paboTe mpeanoiaraercsi oOCyIuTh
pellleHre BOIPOCOB, CBA3AHHBIX C Pa3pabOTKOM M HCCIIEeOBaHHUEM BO3MO>KHOCTEH
OPUMEHEHUS CHUCTEM AaCHHXPOHHOTO JJEKTPOIMPHBOJAA TEPEMEHHOTO TOKa JJis

YIIPaBJIEHUs 3aII0PHOU apMaTypOu.
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1. AHAJIM3  TEXHOJOTHYeCKOro mpouecca M TeXHOJOTHYeCKOro
000py10BaHMA KAK 00bEKTA HCCJIeJ0BAHUS

VYnpasieHue NoTokamMu B TpPYyOONPOBOJHBIX CHCTEMAax OCYIIECTBIIIETCS C
HCIIOJIb30BaHUEM YCTPOMCTB, OOBEAMHEHHBIX OOIIMM Ha3BaHWEM TPYOOMpPOBOIHAsS
apmarypa.

3anopHass apmarypa (3A) — D3TO YCTpOHCTBO, MNpEAHA3HAYEHHOE JUIA
MEPEKPBITHSI  TOTOKA CPEIbl W  PEryJupoOBaHUS  Pa3IUYHBIX  [ApaMETPOB
TEXHOJIOTHYECKUX IIPOLECCOB, TaKUX Kak TEMIIEpaTyphl, AABJICHUS, KOJUYECTBA
[I0/1aBa€MOT0 BEIECTBA, HAropa u T.1. PeryinpoBanue TEXHOJIOTHYECKHUX MPOLIECCOB
OCYUIECTBJISIETCS 3a CUET M3MEHEHHUs pacxo/ia TPAHCIOPTHPYEMOIO MOTOKA CPEJIbI
IIyTEM U3MEHEHHSI MTOJI0KEHHUS 3alI0PHOTO opraHa 3A.

TpyOonpoBoaHas apmMaTypa MOHTHPYETCSI Ha TpPyOONpOBOAAX, EMKOCTIX M
ApYyTUX arperarax B KOTOPbIX HEOOXOJMMO OTKJIKOYaTh, paclpeAcisiaTh WIN
PEryJIupoBaTh MOTOKU TPAHCIIOPTUPYEMBIX JTMOO HCIOIb3yEMBIX CPEI.

MaructpanbHbie TpyOOIPOBOIbI, MECTOPOXKACHHUSI HEPTU U ra3a U 3aBOAbI 1O
UX I[epepaboTKe, CTaJeIUIaBWIbHbIE W XUMUYECKUE TMPEANPHUSNTHS, OUYHUCTHBIC
COOPY>KE€HHUS ¥ TOPOJICKOW BOJOMPOBOJ — BOT JIUIIL HEOOJbIIAS YACTh NPEANPUITHH,
rie TpeOyeTcs OrpOMHOE KOJMUYECTBO 3alIOPHO-PETYIUPYIOIIEH apMaTyphbl.

CyliecTByeT MHOXECTBO THUIIOB M MOAM(PHUKALUI 3alIOpPHO-PETYIHUPYIOIIEH
apMmaTypbl. Mbl pacCMOTPUM NPUHLIMI 33ABUKKH C KIIMHOBBIM 3aTBOPOM.

[IpuHIMIT NEHUCTBUSI BCEX TUIOB 3allOPHOM apMaTypbl MPUMEPHO OJIWHAKOB.
Bce atu ycTpolicTBa 1100 OrpaHMYMBAIOT MOTOK Cpebl (BO3ayXa, KUIAKOCTEH, Tapa,
ras3a, ChIIy4uX Tej), JU00 MOJHOCTHIO MEPEKPHIBAET €rO.

Pa3nuuaroTcss JMIOB  3IEMEHTHI KOHCTPYKLUMM THUIIOB 3allOPHOW  apMaTyphl,
(MemOpaHa, JUCK, 11ap) ¢ TOMOUIBI0 KOTOPBIX U MPOUCXOAUT MEPEKPHITHE MOTOKA.
OcHoBHbIE TPeOOBaHUS K 3alIOPHON apMaType:
® HAJEXKHOCTB;
® TEpPMETUYHOCTH YIUIOTHCHMI;
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® MUHHUMAJILHOE TUIPABINYECKOE COMTPOTUBIICHUE OTKPHITON apMaTyphI;

® MpPOCTOTa CpalaThIBaHHUA TMOCJIE JJIMTENBbHOW OKCIUTyaTallkd B OTKPBITOM
COCTOSIHUH,

® [POYHOCTH (JOJITOBEYHOCTH);

e Oecrepe0oHOCTD (0€30TKAa3HOCTD);

® KOPPO3MOHHAS CTOMKOCTB;

® B3pPHIBOOE30MACHOCTb.

1.1 KoHcTpyKIus H 3KCILIyaTAIUsI 3alI0PHOI apMaTypbl

3aaBMKKOM HasbiBaeTcs 3A, B KOTOpPOMl TpyOONpoOBOA MEPEKPHIBACTCS
MOCTYyNaTEIbHBIM  JBIJKEHHUEM  3aTBOpA  BAOJb  YIUIOTHUTEIBHBIX  KOJIEI
MEPIEHAUKYIISIPHO JIBMKCHHUIO IIOTOKA MepeMemaeMon cpeapl. J{aHHbId Tl
apMaTypbl IPUMEHSETCA B Ta30HEPTENPOBOJAX € AMAMETpaMH MpoxoaoB oT 50 1o
2000 mm mpu paBnenusax 0,4...20 MIla u temmepaType cpenbl 110 450°C. Tlo
CPaBHEHHUIO C JPYrUMU THUIAMU 3allOPHOM  apMaTypbl, 3aJBUXKKH HUMEIOT
npeumyiectsa [1]:
® TUJPABIMYECKOE COINPOTUBICHHE B OTKPBITOM COCTOSIHUM MPAKTUYECKHU
OTCYTCTBYET;
® BBICOKAsl CTENIEHb TEPMETUYHOCTH B 3aKPBHITOM COCTOSIHUH;
® BO3MOXHOCTH MOJa4¥ paboueii cpebl B TI0O0M HAMpPaBIICHUU.
3aBMKKH JIETISITCS HA TPU THUIA UCXOJs U3 (DOPMBI M1 KOHCTPYKITUU 3aTIOPHOTO
oprasa:
® [apaJulelibHbIE OJJHOAUCKOBBIE,
® [apajulesibHbIE IBYXIUCKOBEIE,
® KJIMHOBBIC 3a]IBUKKHU.
OCHOBHBIM BHJIOM 33aJBMKEK Ha rasoHe(TenpoBoAax SBISIOTCS KIUHOBBIE
3aJIBUKKH, TaK KaK BBICOKAas CTENEHb TIE€PMETHYHOCTH 3aTBOpa B 3aKPHITOM

IMOJIOKCHUU. 3aTBOp KINHOBBIX 3aJBHM)KCK HMCCT (l)OpMy IUIOCKOTO «KJIMHa». Y
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KJIMHOBOM 3aIBUKKHU  PACIIOJIOKCHHUC yr[.HOTHHTCJ'IBHOﬁ MMOBCPXHOCTH W CCAJIA

OTHOCUTEIBHO JpYr Jpyra OCYLIECTBIISIETCS MOJ YIJIOM

10-12

IpagycoB K

HAIIPAaBJICHUIO ABUWXXCHHUS 3aTBOpPA. YioTHeHue OCYHICCTBICTCA IIYTCM IIPHIKATUSA

3alparomIero 3JEMCHTA K IMOCAA09YHOMY CCIJTY.

Yy 34TBOPOB C KIIMHOBBIM 3aTBOPOM CYHICCTBYIOT HCCKOJILKO THUIIOB KJIMHA:

® KJIMH IICJIbHBIH,

® KIIVMH YIIPYTHUH.

3aHI/IpaIOIl[I/Iﬁ 3JICMCHT C ICJIbHBIM KJIIMHOM MMECT CJICAYIOINE HCIOCTATKH.

® BBICOKHM M3HOC YINIOTHHUTCIBbHBIX HOBerHOCTCﬁ n l'IOTpC6HOCTB B

PECTYIUPOBKHU CCIJIa U KIIMHA JJIA obOecIreueHus IrCpMCTUYIHOCTH,

¢ BO3MOXHOCTB 3aCAaHUs KJIWHA IMPH AJIUTCIBHOM 3aKPbITOM ITOJOXCHHU H3-34a

HN3MCHCHUA TCMIICPATYpP, U3HOCA MCXAHNYCCKUX JacTen u T.I.

Cy1iecTByIOT /iBa pexKuMa paboThl 3aIIOPHOM apMaTyphl:

® OTKPBITBIM (3aTBOP HE MPEMATCTBYET NPOXOKICHUIO CPEBI);
y 5

® 3aKpBITHIHN (3aTBOP MPEIATCTBYET MPOXOMKIACHUIO CPEIbI).

PerynupoBka motroka He ocyiecTnisercs [2].

KoHcTpykiust KIMHOBOM 3aJIBUYKKH MPEJCTaBIeHa Ha pucyHke 1.

atfia

1

Pucynoxk 1 — KoHcTpyKIus 3aIBHXKKH
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OcHoBHBIE YacTh 3aABWXKU:1 — cenno; 2 — 3aTtBOp; 3 — Kopnyc; 4 — XogoBas
raiika; 5 — yIJIOTHUTENIbHAS IPOKJIAJKA; 6 —IIMUHJIENb; 7 — BEPXHSS KPBIIIKA;

Pabouas yacTe 3aABMXKKH, KyJa MOAAaeTca cpena, o0pasyercss KopimycoM 3 u
BEPXHEH KpBILKOW 7. DTa MOJOCTh T'€PMETHU3UPYETCS MPOKIAAKON S, MpUKaATOU
KpBIIIKON K Kopmycy. Kopmyc 3aaBukku mpeacTaBiisieT cOOOW LENbHYIO, CBAPHYIO
WIH JINTYH0 KOHCTPYKLUIO.

[Tpumepsl Mapok 3aaBukek: 30c905ux; 30c51 1mx; 3KIIID-75;
1.2 IlpuBoj 3amopHOl apMaTypbI

CoBpeMEHHBIN TPUBOJ]  JOJKEH BBIMOJIHATE CBOM (DYHKIIMH, HAXOJSCh
Ha yjaaJleHuu oT jgucnetrdepckux myHkToB ([II) u ¢ yderom cnemudpuueckux
YCIOBUM OKPYKAIOLIEH CPEJIBL.
Jns ynpasnenus 3A NPUMEHSIOT:
® JIEKTPUYECKHUE MPUBO/IBI;
® pYy4YHbIC PUBOJIBI;
® [IOPLIHEBBIE IPHUBOJIBI;
® [THEBMAaTUYECKHUE MMPUBO/IBI;
® pyuyKu(pblUarv), MaXOBUKH.
Cuctema ynpasienus (CY) o0ecrnieunBaer:
® 3aKpBITUE apMaTypBhl;
® OTKpBITUE apMaTypHhl;
® pa3MbIKaHUE DJICKTPUYCCKOM TICTH NIPU JOCTHKEHUH KPAHHUX MOJIOKEHUH. [3]
Kopnyc npuBoga repMeTudeH OTHOCUTENBHO BHEIIHEW CPEbI.
[TonBU>KHBIE JETaMu 3IEKTPONPUBOJIA AOKHBI 00€CTIeYUBATHCS CHEIMATBLHON
CMa3KOM.
JInst CTpOMOBKM MpPU MOHTaXE HA apMarype MPUBOJA HMEET CHelualbHbIC

MPUCTIOCOOJICHHUS (TIPOYIITUHBI, PHIM-00ITHI U T.JI.).
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JIEKTPONPHUBO/I 3alIOPHOM apMaTyphbI

CaMblil pacrnpoCTpaHEHHBI MPUBOA JUIsl 3alOpHOM apMmaTypbl — 3TO
AIEKTPUYECKUI TIPUBOI.

B Hacrosmee Bpems NPAKTUYECKU BCE 3aJBHKKH HMMEIOT JJIEKTPUYECKUI
npuBoa. C MOMOLIBIO 3JEKTPONPUBOJA CYIIECTBYET BO3MOKHOCTD AUCTAHIIMOHHOIO
YIPAaBJICHUsT BCEMH KiacCcaMd W THIIAaMM 3allOpHOM apMmatrypsl, Bbicokui KII/I,
ANEKTPONIPUBOJ MOKET MOHTHUPOBATHCA KaK Ha YIPABILIEMYIO apMarypy, Tak M Ha
paccTosHUM OT Hee. B oTimune OT OONBIIMHCTBA JAPYTUX  IPUBOJOB
(MTHEBMATUYECKHU, TUAPABIMYECKUI), DSJIEKTPONPHUBOA MOXKET OBITh CHAT C
NEeUCTBYIONIEH apMarypbl (IJI1 PEMOHTa WJIM 3aMEHbI), HE CO3/7aBas OMacHOCTH
CaMOIIPOU3BOJILHOTO MOJIOKEHHS pab0Yero opraHa.

B uHTEmneKTyalbHBIX NPHUBOAAX NPOMBIINLUICHHONW 3allOPHOM apMaTyphl
KOHTPOJIb IIOJIOKEHHSI OCYLIECTBIIETCA C IIOMOIIBI0 JAaTYMKOB, HA3bIBAEMBIX
abcomoTHbIMU  3HKOJepaMu. C TIOMOIIBIO 3SHKOAEPOB KOHTPOJb CKOPOCTHU
OCYILECTBIISIETCS HEMPEPBIBHO BO BCEM Juana3zoHe. KOHTpONIb yCUIMS MOXKET
OCYIIECTBJISIETCSI ¢ TOMOIIBIO TEH30METPUUYECKUX aaTuukoB [2]. s mepenauu
BpAUIAIOLIEr0 MOMEHTA CIYKUT PEAYKTOP ¢ OOJBUINM MEPEJaTOUYHBIM OTHOIICHHUEM,
YTO I103BOJIIET CHU3UTh CKOPOCTh BPAILLEHUS U MIOBBICUTh MOMEHT, ITPUKJIAbIBAEMbIC
K BBIXOAHOMY BaJly MexaHu3Ma. K OCHOBHBIM THHIAaM pPEIXyKTOPOB, MCHOJB3YEMBIX
IUTS DJIEKTPONPHUBOJAA 33 IBHIKKU OTHOCSITCSA:

® UEpBSYHBINA PEIYKTOP,
® [UIAHETApHBIA PEIYKTOD,
® BOJIHOBOM PEAYKTOP C MPOMEKYTOUHBIMH TENAMU KadeHus [3].

B coctaB mpuBoaa Takxke BXOAUT PYYHOU AyOnep, CiyKalluid AJisi 3aKphITHS
3aJIBKKU B CiIydae HepaboTOCIIOCOOHOCTH ABUTATENS.

Jns npuBeneHHss B JIBUOKEHUE apMaTypbl, HCIOJb3YETCS HMCTOYHHK
AJIEKTPOIHEPTUH, FIEKTPOJIBUTaTEIh IPEOOPA3yeT €€ B MEXAaHUUECKOE BpaIllaTEIbHOE
IBWKEHHUE, KOTOPOE IOCPEACTBOM pENyKTOpa IEpeNaeTcss Ha XOIOBYIO TalKy.
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XopoBas railka MpUBOAMUT B JIBMKEHHE IITOK C 3alOPHBIM OPTraHOM, MEpeMelIeHHE
KOTOPOTO KOHTPOJHUPYETCS MPU MOMOIIM KOHIIEBBIX U MOMEHTHBIX BBIKJIIOUATENIEH
[4].

DJEeKTPONPHUBOIBI 3aTUTHIBAIOTCS Tpex(a3Hoii ceTbio ¢ HanpsokeHueM 380 B u
gactoToit 50 I', 220 B, 50 I't (1 apyroro - mo TpeOOBaHUIO 3aKa3uHUKa) U PyIHOTO
nybnepa.

DJeKTpUYeCKrue TMPUBOJAA PEATU3yIOT BO B3PHIBO3AIIMIIEHHOM HCIOIHEHUU
kiaacca 1EXdIIBT3 cormnacuo [32] crenens 3amurel 06oouku He Hinke IP 66 [33], ¢
JBOWHBIM YIIJIOTHEHUEM M U30JMPOBAHHBIM OJIOKOM KJIEMM.

OJEeKTpONpHUBOAbl W OJIOKA yHOpaBIEHUS MJODKHBI OBITh 3a3eMJICHBI B
COOTBETCTBUH ¢ TpeOoBanusamu [1YD [4].

Jns  orcnexuBaHUSA ~ KpaWHHUX  TOJIOKEHWUW  3aTBOPOB, NPHUMEHSIOTCS
peryJIiupyeMble MEXaHMUYECKHUE YHOPbl U AJIEKTPUYECKUE KOHEUHbIE BBIKIIOYATEIH.
[Ipy nocTHXEHUM 3aTBOPOM KpallHMX TOJIOKEHUH IPOUCXOIUT OTKIIOUYCHHE
JBUTATENIS U TOAETCS CUTHAI Ha MaHe b YIPABJICHUS DJIEKTPOIPHUBOIOM.

Llenp ympaBieHUs SJIEKTPONPUBOJA HAISIKHO KOMMYTHUPYETCS KOHEUHBIMHU
BBIKJTIOYATEIISIMHU.

Jlis  orpaHMyeHUs KpYTSALIEr0O MOMEHTa UCHOJb3yeTCs ClelHUaIbHbIe
yCTpOICTBA: MEXaHUYECKHE M DJCKTPUUECKUE, AUAMa30H PETyJINPOBaHUS KOTOPBIX
MOXET PeryJIupOBaThCA. DNEKTPONPHUBOALI  OTKIIOYAIOT JABUTATENb TPHU
NPEBBIINICHUH TPENeNbHbIX 3HadeHuid. CurHan o0 aBapuu TOJNACTCS Ha TaHENb
yIpaBlICHUS U Ha MaHeNb oneparopa. [32]

[Ipumep sneKTpONTPUBOAA 3AIIOPHOM apMaTypbl IPUBEACH HA PUCYHKE 2.
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Pucynoxk 2 — Unrennexryanbublit anexktponpusoa II11[-1000

[IpuHIMI IEWiCTBUS:

OmnepaTop JUCTAaHUMOHHO BKIIFOYAET 3JIEKTPOIPUBOJ, TOT CO3AAET MOMEHT U C
IIOMOIBIO PEIyKTOpa MEpeNaeT €ro Ha IITOK M XOJOBYH ramky. IIpoumcxoaut
nepeMenieHe  3anuparouiero sjieMeHnra. llo  oxkoHyaHuto pa®oOTBl  MPUBOA

OTKJIFOHACTCA.
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Pucynok 3 — Ctpykrypnas cxema JI13A Ha 6a3e Tpanzucropuoro 14
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Bapuant ¢ 14 obnagaer 6ombiuel (pyHKIIMOHATBHOCTHIO HEXEIU BapUaHT C
TPH  Onaromaps  NpPUMEHEHHIO  IIUPOTHO-UMIYJBCHOM  MOAYJSILIMM  TpH
(GOpMHpPOBAaHUM HANpsDKEHWs! JUId NUTAaHWA JABUratens. JlaHHbIM cnoco® Kpome
OTpaHUYEHUS] MOMEHTHOTO YCHJIMSI Ha Bajly JABHUTaTessl IMO3BOJSIET 00eCHevHTh
[IPOU3BOJIBHOE PETrYJIMPOBAHME CKOPOCTU BpAILEHUSA, W YBEIWYUBAECT TOYHOCTH

NO3UIIMOHUPOBaHUS pabouero oprana JII3A npu oTpaboTke JTHOOBIX MePEeMEIICHUN.
1.2.1 OGocHOBaHMe NPUHIIAIA PeaTU3AIUM JIEKTPONPUBOAA

Tak Kak ANEeKTPONPUBOJ 3aJABHKKHU SIBJISETCS MOMEHTHBIM AJIEKTPOIPUBOAOM,
B KOTOPOM Ba)XHO (pOPMHUPOBATH MOMEHT Ha 3allOPHOM OpraHe JaHHOW apMaTyphl.
DTO CBSI3aHO C TEM, YTO HA 3aJBUKKY JEHUCTBYET IOCTOSHHBIA PEAKTUBHBIA MOMEHT
Harpy3ku, Jake B Hauyane nycka. [loaromy g apexTuBHOro 3amycka MexaHu3Ma
ABJIIETCS IIyCKOBOM MOMEHT (MOMEHT Tporanus). C MOMOILBIO 3JIEKTPONIPUBOIAa HA
0a3ze cucremsl [IY-A/] cymiecTByeT Takasi BO3SMOKHOCTD C IPUMEHEHHUEM BEKTOPHOIO
YIPABJICHUS.
CymecTByIOT 2 TUIa BEKTOPHOTO YITPABIICHHUS:
® VINpaBliCHUE JABUTaresreM Oe3 JaTdyuka CKOPOCTH — MPU 3TOM YCTPOMCTBO
ynpasiaeHuss (YY) wucnoib3yeT JaHHble MOMEHTA JBUTATeNs U 3HAYCHMS,
ITOJIyYEHHBIE ITPY U3MEPEHNHN TOKA CTATOPa U POTOpA.
® VIOpPaBJIEHUE JABUTATEIEM C AATYMKOM CKOPOCTH — MPHU ATOM Y'Y uU3MEpSET
IIOMUMO TOKOB M 3HAQUYE€HHUE HAIIPSIKEHMS, YTO MO3BOJISAET MOBBICUTH TOYHOCTH
peryJMpoBaHus.
B nmanHOM paboTe WHCHOJB3YyeTCS BEKTOPHOE YIIPABICHHE C JaTYUKOM
CKopocTH. Tak Kak 3TO MO3BOJSAET ITOBBICUTH TOYHOCTb H3MEPEHUS ITOJIOKEHMS
3allOPHOTO OpraHa 3aJBH)KKH, YTO, B CBOKO OUY€pEelb, HE JOIYCTUT IOBPEKICHHUS

3alOPHBIM OPTaHOM TPYyOOTIPOBO/IA.
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1.2.2 CTpykTypHasi cxeMa MeXaHMYeCKOH YacTH

Pucynok 3 — Kunematnueckasi cxeMa 3aJIBUKKHU C TTPUBOJIOM

Ha cxeme n300pakeHHOW Ha PUCYHKE 3 IPUBENEHBI CIEAYIOLIUE JIEMEHTHI
apMaTypsl U IpuBoJa: 1 — AIEKTPOJABUTATENb; 2 — MNOAIIUITHUKY 3JIEKTPOABUTATEIIS;
3 — POTOp DJIEKTPOJBHUTATEINS;, 4 — CTaTOp AIEKTPOABHUrATENs;, 5 — 3yOuaThie Kojeca
penykropa; 6 — MOAIIMIHUKY peyKTOpa; 7 — YepBAYHbBINA Ball; 8 — Xx0/10Bas raika; 9
— xonoBas pe3r0a; 10 — npyxunsl; 11 — mwrok; 12 — canbHuk; 13 — y3en KperieHus
3alOpHOro opraHa; 14 — 3anopHblii opras; 15 — ceasio Mocajgku 3almopHOrO OpraHa;
16, 17 — MOMEHTHBIC BBIKIIOYATENN («OTKPBITUSA/3aKPBITHSY); 18, 19 — KOHIIEBbIC
BBIKJIIOUATEIH («OTKPBITUS/3aKPBITHS).

Ha pucyHke 4 nmoka3aHa ynpoILeHHast MOJEIb ApMATYPbI C JJIEKTPOIIPUBOIOM.

IneKkTpoaBUraTenn ¥npyras cefsb 3anopHbIi opraH

Pucynok 4 — Moguens apMaTypsl
['maBHBIE MHEPUMOHHBIE MAacChl OINHKCHIBAIOT TOBEACHHE JJIEKTPONPHUBOAA U
3allOPHOTO OpPraHa, a ynpyrast CBsi3b yUYUThIBAaeT JeopMallui BHYTPH MEXaHU3MOB

Cucrema nuddepeHinanbHbIX YpaBHEHUHN AJ11 TAKOW CUCTEMbI UMEET BUJL:
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M()G_ Mynp - M&l: ‘]()6 (da)()g / dt)!
Fynp_ 52 — m3.0. (dva.o./ dt)’
My = Cop (P = @),
rac M()g - prTfIHlI/Iﬁ MOMCHT OJICKTPOABUTIATCIIA, Mynp’ Fynp - KPYTHHII/Iﬁ
MOMCHT M CHJIa Ha prerﬁ CBiA3U, M(;], F52 — TOPMO3AIMEC MOMCHTBI CHUJIbI TPCHUA,
BO3ZHUKAIOIHUEC B IMPHBOAC M 3allOPHOM OPIraHC; Jag, Wy — HNPUBCACHHBIC MOMCHT
HMHCPIHH U CKOPOCTH BpalICHUS DJICKTPOABUTATEIIA, M, , , V3.O. — IIPUBCACHHAA Macca
H CKOPOCTh IICPCMCIICHHA 3allOPHOI'0 OpraHa, Cynp - K03(1)(1)I/II_II/I€HT YHPYTOﬁ

CBA3H, Qpp, P30, — OTHOCHUTCIIBHBIC IICPCMCLICHUA IIPUBOAA U 3alIOPHOT'O OpraHa.

2. PacyerHast yacrtp

2.1 Pacuer mapamMeTpoB 3JIeKTPONPUBOIA

B Ta6JII/IHC 1 IMPUBCACHLI IMAPaMCTPbl ACHHXPOHHOI'O JABHUTATCIII C

KOPOTKO3aMKHYThIM poTopom AWP100L6.

Tabmuna 1. Texauueckue xapakrepucTuku 3ekTpoasurarens AUP100L6 [7].

IlpH HOMHHATEHOH Sz -
i":EE: Tr P J
Lg- ] BT - M
Tem offmm | o :-::H Harpyske
T

o = o
Jg. FO COs0y MNg- <o

AITPI100LS 1000 | 380 22 5.5 0.74 31 0.013
[Tponomxenue Tadauib 1.
Mg =—-H1;F{:E iy = -Hi;m‘: My = -HJHH Kipg= I?&
“H “H ~=H H
2 2.2 1.6 &

[TapameTpbl CXEMBI 3aMEIICHUS OMPEIEIIUM 110 METOJIUKE, U3JI0KEHHOH B [§].
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Pucynok 5 — Cxema 3aMenieHus

Toxk xomocToro X04a aACHHXPOHHOI'O ABUT'ATCIIA:

2
1-5s
|112 _(p*.llu ]__p*HS]

1| pr 78
1-p*s,

(2.1.1)
2
4,539° — (0, 75-5,561- . 10_7%’ 0550 55)
= — =2,857 A,
1—(0.75. 1-0,055
1-0,75-0,055
rae |1H — HOMHUHAJIbHBIN TOK CTAaTOpA:
|, = F,1000 2200 =5,5614, (2.1.2)
3-U,, -cose, -n  32200,74-0,81
I,, — TOK (ha3bl cTaTOpa NpU YaCTHYHOM 3arpysKe:
P .
P, 2200075 _ 49714 (2.13)

I = = =
" 3.U,-cosg, -, 3-220-0,74-0,81

P — KO3 BUIMEHT 3arpy3KH ABUraTens, puauMaeM p =0,75;

N p* — KIL npu 4acTH4HOM 3arpysKke, IpUHUMACM 1] = 0,85.

KoaddurimenT MOITHOCTH TP YaCTUYHOM 3arpy3Ke, MPUHUMAEM COTJIACHO:

cosp, =0,74.
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Xﬂ+xlo-:
X

y7,

Koaddumment, xapakrepusyronuii OTHOLIEHUE

e—1p_ o g, 2857

+—=290  —1043. (2.14)
2.k -1, 2.6-5,561

KpI/ITH‘{eCKOG CKOJIBKCHHUC!
S, =S, — \/ d=2-s,f-m 1) _
1-2's,- f-(m, 1)

2,6+4/2,2* —(1-2-0,055-1,85-(2,2—1))
1-2.0,055-1,85-(2,2-1)

(2.1.5)
=0,055-

=0,307.

rae B — koadduirenT, 3HaUeHue KOTOPOro HaXoauTes B auamnazone 0,6—2,5,
npuHuMaem f3 =1,85.

AKTHBHOE CONPOTUBJIIEHUE OOMOTKH POTOPA, MPUBEIEHHOE K OOMOTKE cTaropa
ACUHXPOHHOTO JIBUTATEJIA:

K

(2.1.6)
1-0,06 1

2-1,043-2,2-2200 1043-[ 185+ 1
0,307

AKTHUBHOE COINPOTHBJICHHE CTATOPHOW OOMOTKM MOKHO OIPEICIUTh 10

=3.220°

=2,553 Om.

CJIEYIOIIEMY BBIPAKCHHUIO:
R =c R, f=1043-2553-1=4,9250M. (2.1.7)

Onpenenum  mapaMeTp 7Y, KOTOPBIM TMO3BOJUT HAUTH  HWHIYKTUBHOE

COIIPOTUBJICHUEC KOPOTKOT'O 3aMbIKaHH XK:

1 2 _ 1 . 2 _
y—\/(g)—ﬂ _\/£—o, 3072j 1,85* = 2,679, (2.1.8)

TOTJa

X =y-¢-R =2679-1,043-2,553=7,132 Om. (2.1.9)
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WHAyKTUBHOE COMPOTHUBIIEHUE CTATOPHOW OOMOTKH MOYXKET OBITh OMpEesiCHO

IO CIEAYIOUIEMY BBIPAKEHUIO:
X, =0,42-X_=0,42-7,132=2,996 Owm. (2.1.10)
NHIyKTUBHOCTE OOMOTKHM CTaTtopa, OOYyCIOBJIEHHAs MOTOKOM paccesHus, B

HOMHHAJIBHOM PCIKUMC!

X, 299

= = =9,535-10° I'n. (2.1.11)
2-7r-f, 2-7-50

L,

NHayKTUBHOE  CONMPOTHBJIEHHE POTOPHOM OOMOTKHM, TPUBEIEHHOE K
CTaTOPHOM, MOXET OBITh PACCUUTAHO:

058X, 0,587,132

2n =3,967 Om . (2.1.12)
q 1,043

NHIyKTUBHOCTE OOMOTKH pOTOpa, OOYCIIOBJIEHHAs IOTOKOM pacCesHHs, B

HOMHWHAJIbBHOM PCKHUMC!

X, 3,967

20

“2.7-1, 2750

L, =0,013,TxH. (2.1.13)
CornacHo BektopHoM auarpamme OJIC BeTBM HamarHuuyuBaHus FEj,

HaBCIACHHAsA IMOTOKOM BO3AYIIHOI'O 3a30pa B 0OMOTKE craTopa B HOMHWHAJIBbHOM

peKuMe, paBHA:

El = \/(Uln COSQH - IlH ) R1)2 + (UlH San)H - IlH ) X].H)Z =

= \/(220 .0,74 -5,561- 4,925)° + (220- 0,673 -5,561- 23996)° = (2.1.12)
=188,625B,
rac
sing, =sin(acos(cos¢,)) =sin(acos(0,74)) =0,673 (2.1.14)
Torz[a HHAYKTUBHOC COIIPOTHUBJIICHUC KOHTYpa HAMAaIr HUYNBAHUA!
_E 188625 oo, (2.1.15)
“ 1, 2857
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Pe3ynpTupyromas WHAYKTUBHOCTb, OOYCJIOBJIEHHAas MAarHUTHBIM IIOTOKOM

BO3AYIIHOM 3a30pc, CO34aBaCMbIM CYMMAPHBIM HeﬁCTBHeM TOKOB CTaTopa
(MHIYKTUBHOCTh KOHTYpa HAMarHU4YMBaHUs )
X 66,032
L, =——"—=—"—=0,21Tn, 2.1.1
# 27-f, 2-7-50 (2.1.16)

PaccunTannsie MapaMCTpbl CXCMbI 3aMCIICHUA CBCICHLI B T3.6J'II/IHG 2.

Tabmuma 2 — [TapameTpsl CXeMbl 3aMEIICHHSI SJIEKTPOIBUTATEIS

L

R, '
OmMm

XlH H
Om

LlH )

I'u

Ry,
OmMm

X'2H1 X’u’ X

OmMm

LIZH ,FH

OMm

KH

, Om

H ’

I'u

4,925

2,996

0,009535

2,553

3,957

0,013

66,032

7,132

0,21019

2.2 BbiOop npeodpa3zoBaTes

1. INMuraromas cetb: 3-paznas cets 380 B, 50 I'm.

2. [TapameTpsl IpeoOpa3zoBaTEs YaCTOTHI:
e Tpu (asbl;
® MaKCUMAaJIbHOE BBIXOJHOE JuHEHOoe HanpspokeHue 380 B;
e MakCHMaJIbHasl BBIXOJHAS YaCTOTa MHBEPTOpA:

f” Makc > 50 . a)Bn,MaKC _ 104’ 72
-~ @ 104,72

.50=50TTy, (2.2.1)

¢ MHUHHMaJIbHAas BBIXOOHAS YaCTOTa HHBEPTOPA.

fu » < 50 . a)an.,mu-t — 50 . nan.,wun — 50 . £ — 0’75 FH
" () Ny 1000

(2.2.2)

3. [IpeoOpazoBarens 4aCTOTHI IO TOKY BBIOUPAETCS UCXOIS U3 CIAEAYIOIINX
YCIIOBUU:

® MaKCHUMAaJIbHBIA TOK HHBEPTOPA JOJKEH OBITH OOJBIIIE MAKCUMAIILHOTO TOKA

Harpy3Ku
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MBI‘I./‘IHKC — 51561 . %—

08.H !

! =11.122A. (2.2.3)

u.makc — "Llan

B kauectBe mpeoOpazoBaTensi 4acTOTHI JUIsSl SJIEKTPONPHUBOJA HCIIONb3YETCs
Danfoss VLT cepun AutomationDrive FC 302, Tak kak OH MO3BOJISIET peaju30BaTh
BEKTOPHOE ymIpaBieHHE (YNpaBlIEHHE BEKTOPOM IIOTOKAa, OE€3JaTYMKOBOE HIIU C
natuukoM). [TapameTpsl ipecTaBieHbl B Ta0auIe 3.

Ta6muma 3 — [Tapamerpsl mpeoOpazoBaTes

[IpeoGpazoBaTesb 4aCTOTHI 132F0024 Danfoss VLT Micro FC-51
3,0 kBt

HoMunuanbHas MOIIHOCTh 2,2 kBT

HomuHansHBIN TOK 6,49 A

[leperpy3ouHasi cCmocoOHOCTh *160% OT HOMMHAJILHOTO MOMEHTA B

Te4eHHe 1 MUHYTHI (pa3roH)
*180% OT HOMMHAJIBHOTO MOMEHTA B
teuenue 0,5 ceKyHbl (B MOMEHT ITyCKa)

VYnpasiieHue gBUrarenem *VVCplus (mpsimoe ynpaBieHue
aMIUIUTYI0M, YTJIOM M 4aCTOTON
BEKTOpa HAaIPSHKEHU)

*Jlnanazon perynuposanus : 1:100 6e3
nmatunka OC, 1:1000 ¢ gatTunkom OC
*B03MOKHOCTB yIipaBieHHs] MOMEHTOM

OxnaxnaeHue *Perynupyemslii 0 TeMIiepaType
BEHTUJISITOP Y€pPe3 3aJHIOI0 CTECHKY
*CrieriuanbHbIe BO3TyXOBOIBI JIs
OXJIQXKICHUS TTPUBOJIOB OOJIBIION

MOIIIHOCTH
[TopTs! cBs3M *Berpoennsrii RS 485

*Bcerpoennsiii USB
BrIxomHas 4acToTH B YacToTa *MakcumanbHas BIXO/IHas YacTOTa —
KOMMYTal1 1000 I'xx

*Yacrora kommyrarmu — 0,75-16 k'l
Bxoap1\BBIXOBI yIIpaBIeHUS *KoaruecTBo mporpaMMupyemMbIx

JTMCKPETHBIX BBIXOJOB — 2

*KoInuecTBO aHAIOTrOBBIX BXOIOB — 2

* KonmnuecTBO aHaI0OroBBIX BBIXOJ0B — 1
*KonaecTBO BCTPOCHHBIX pelie -2

*Bxox a1 anmapaTHOro aBapuiiHOTO
OCTaHOBa

[T\ d-peryasTopsl [IN/I-perynsaTopsl CKOPOCTH U
rapamerpa npouecca
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2.3 Omnpenenenne napaMeTpoB CHJIOBOM 1€

MakcuManbHbI TOK Yepe3 KU uHBepTopa [9]:

_ Pk, -v/2:k,  2200-1.3-4/2-1.2

I =
cmax Ny cos (I)\/§Un 0.81-0.74. \/§38O

=12,303 A, (2.3.1)

rae K; = 1.3 — ko3 dunmeHT nomycTuMol KpaTKOBPEMEHHON TEPETrPy3KH 110
TOKY, K, = 1.2 — k03 (HHUIIHEHT TOIMYCTUMON MTHOBCHHOM MYJIbCAI[MH TOKA.

HOTepI/I B B IIPOBOAAINICM COCTOAHUMU:

I 1 D
P — CmaX‘U . —+_COS —
ss kl ce(sat) (8 3 - (I)) (2 3 2)
1293 09.3 42007417 Br.

1.3 8 3=

rae D = 0.9 — makcuMasbHast CKBaKHOCTD.

U - IPAMOC MMaJICHUEC HANIPSKCHUS

ce(sat)
[Torepu npu KOMMyTaLUH:
Uy = 1.35U,, T.kx. cxema Beimpsamutens mocroBas, U, = Uy = 540 B —
HanpspbkeHue Ha kosuiektope IGBT. BpeMs BkiroueHHs U BBIKITFOUEHUST TPAH3UCTOPA:
teton) = 0.3°107, teom = 0.7-10°,

lomex 12,303
lp =S =T 0464 A (2.3.3)

P — 1 Icp ) Ucc 'fsw (tc(on) +tc(of‘f)) _

sw TC\/E. 2

1 9,464.540-5000-(0,3-10°+0,7-10°) (2.34)
— . = 2,876 BT,
2 2
rie fo=5 k11 — Hecymas yacrota naBepTOpa. [10]
Cymmapnsie notepu B IGBT:
Py = Pss + Psw = 1,742,876=4,576 Br. (2.3.5)

[Torepu nrona B IpOBOJSAILIEM COCTOSIHUM:
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Ue = 1 B — npsamoe najeHue HaANPsOKEHHS HA JAHOJE B MPOBOASIIEM

COCTOSHHUMU:

1 D
Pe =1, Uy (G+-—cos¢) =
’ SRR

S cp

(2.3.6)

= 9,464-1-(1+%-0.74) =1,889 Br.
8 3'm

[ToTepu nuonaa nmpu BOCCTAHOBJICHUH 3aITUPAIOIINX CBOMCTB:
-6
Ty =0.2-10" ¢ — mpOIOHKUTEILHOCTS UMITYJIbCa 0OPATHOTO TOKA.

po=Lu_ .t =%-1-9,464-0.2-106 .5000 = 0,00183 Br. (2.3.7)

8 P
[Torepu nuona:
Pa = Pgr + Pgs = 1,89BT. (2.3.8)
Pesynprupyrommue norepu B IGBT:
P =Py + Py = 6,466 Br. (2.3.9)

2.4  Pacuer BpImpsaMuTeJIs (Tpexda3Has MocToBasi cxema)

Uy = 540 B — cpeanee BBITIPSMIICHHOE HampspkeHHE; N = 6 — KOJ-BO map

IMo0B B MHBepTOpE. [11]

MakcumanbHOE 3HAaUCHHUE CPCAHCTO BBIIIPAMICHHOI'O TOKA:

2

cosc|>-\/§-UH-|°ﬂ+n.Pt

I
dm Ud
(2.4.1)
0.74-3 -380-12\’/3_03 +6-6,466
_ 2 _7918 A
540
MakcuManbHbIi pabounii TOK AUOJIA:
Kee = 1.045 — myist MOCTOBOI Tpex(ha3HON CXEMBL.
lvm = Kee lgm = 1,045°7,928=8,274 A. (2.4.2)

MakcumanbHOE 00paTHOE HAMPSIKEHUE:
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U, =k, ~2-U -k -k +AU, = (243
~1.2-4/2-380-1.1-1.35+100=1058 B -
rae K. = 1.1 — K03 PHUIUEHTT TOMYCTUMOTO MOBBIMICHUS HAMPSHKCHUS CETH,

K., = 1.2 — koo dunment 3anaca mo Hanpsokenuto, AU, = 100-150 B — 3anac Ha

KOMMYTaITMOHHBIE BHIOPOCHI HAPSDKEHUSI B 3BEHE MMOCTOSTHHOTO TOKA.

PacueT notepp B BBITIpSIMUTEIIE 1JIs1 YCTAHOBUBIIETOCs pexkrma padotsl Jl1:

P, =mv-k_ i _6.0,577.7918 _ 51 086 Br,
K, 13 (2.4.9)
k. =0577, mv=6.

2.5 Pacuer ¢puabTpa

KoaddummenT nynscanuii Ha Bxoje GuibTpa:

2
qle :m20057’ (251)

rae m=6- g Tpex@a3Hoi MOCTOBOU CXEMBI.
AMIUTUTY1a TOKA B pa3e ABUTATEIIA:
|, = 1411, =1.41.5561=7,841A. (2.5.2)
EmKocTh KOHIIEHCaTOpa, HeoOXoaumas JUisl MPOTEKaHUs PEaKTHMBHOIO TOKa

Harpy3kKu UHBEpTOpa:

) 1l =
3. sin2(P2- T
:J_ s (2 12):

CO
2Ud .fSW 'qle (2 5 3)
\/§-7,841-sin2(90—2) -

_ 2_12° _5076.10° o,
2.540-5000-0,057

lom =0 Uy - 2n-m-f -C; =3.688 A - aMIUIMTy1a TOKA Y€PE3 KOHAEHCATOD,
rae f;, =100 I'n.

I/IH,Z[YKTI/IBHOCTB B €I HICTOYHHKA ITMTaHU:
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2 . 2
L - 1 | Y, sin2p 1 .[540} -0'996=0,019FH, (2.5.4)
144-f |cosp. | P, 144-50 | 0.99 | 2200

m
rae S, =1.352m/rpan - MUHUMAJIBHBINA YTOJI 3alIUPAHUS KIIFOUECH.

cos(p) =0.74;
@ =arccos(0.74) =0.738 = 42,284 rpan;
sin2¢ =0,996.

2.6 Pacyer MexaHMUYeCKHX H AEKTPOMEXAHUICCKHUX XaAPAKTCPUCTUK

ACMHXPOHHOI'0 ABHUTATEIA

CHUHXpOHHAas yIJIoBasi CKOPOCTh:

2-7-f 2-7-50
Wy = > = =104,72 paolc, (2.6.1)

HomunanpHasg YIJ10Bast CKOPOCTh:

®, = ay-(1—s,) =104,72- (1-0,055) = 98,96 paz/c, (2.6.2)
KpHTquCKaH YIJ10Bast CKOPOCTh:

o, = ay-(1—s,) =104,72- (1-0,307) = 72,571 pa/c. (2.6.3)
ECTCCTBCHH&H G)J'ICKTpOMCXaHI/I‘ICCKaH XapaKTepI/ICTI/IKa paCCqI/ITBIBaCTC}I JJIA

yacToThl 50 ['11 MO BeIpaKEHUIO:

1(0) = 1§ +15(0)° +2:19-1,(@)-sing() (2.6.4)
[IpuBeneHHBIN K 0OMOTKE CTaTOpa TOK pOoTOpa:

Uy, 220

IO = =
JRE+(Xy, +X,)? 4,925+ (2,996 +66,032)°

Toxk poropa Beraucisiercs mo hopmyse:

. U
|2 (S) = o )

2 2
- o (2.6.6)
[R1+R2} +XKH2J{Rl Rz]
S s-X,

Tok B poTOp€E NMPU HOMUHAIBHOM CKOJIBKEHUH:
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U 1n

IZH(S): R- > - R- > =
(R1+2} +X,,° +(1' 2 J
S, S, X,
_ : 220 : _ 4,235 A. (2.6.7)
4,925+ 2,553 N 7’1322 N 4,925-2,553
0,055 0,055-66,032

I[CﬁCTBYIOHIGG S3HAYCHHUC TOKA XOJIOCTOI'O XO0Aa BBIYUCIEICTCA I10 CICAYIOIICMY

BBIPAXKEHUIO:
. X
Sln ¢2 (S) == K y
2 2 (2.6.8)
R1+7R2 +X 2 Ri-R,
Wy — @ Wy — @ X
@ X,
2 2

JlelicTByrO1IEE 3HAYCHUE TOKA XOJIOCTOr0 X0/1a P HOMUHAIBHOM

CKOJIL)KEHUU:
) X e
sing,, (s) = = =
\/{ R, +R2J + XKH2
SH
7,132 (2.6.9)

= : =0,138 A,
4,925+ 2,553 +4,303%
0,055

HoMuHabHBINM TOK CTaTOpa NMPYU HOMUHAJIBHOW YaCTOTE BPAILCHHUS:

(@) =16 +12(@,)° +2:1o-13(2,)-sin @y, (5,) =
= /3,179% +4,235% +2.3,179-4,235.0,138 = 5,635 A.

(2.6.10)

Ha pucynke 6 MOKa3aHa  €CTECTBEHHas  AJEKTPOMEXaHHUYecKas

XapaKTCPUCTHKA IJIA TOKaA CTAaTOopa.
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W, pag/c

100] ==
i
wi
i
w0 0
0 10 20 30

12, () T1(i) , T00(i0) , T1 1, (i0) LA

Pucynok 6 — EcTecTBeHHas 21€KTpOMEXaHUYECKasi XapaKTePUCTHKA

dopmyna AJis pacyeTa €CTECTBEHHOW MEXAHUYECKOW XapaKTEPUCTUKH:

3-UZ ‘R
M (@) = _ pu_ 72 . — (2.6.11)
WO‘M’ X’f”_,_ R, + R, n &
@, Wy — @ Q=@
Kputnuecknii MOMEHT:
3-US, R,

M(e,) = oV v

@S, | X2, +| R+—2| + ReRy (2.6.12)

SKp SKp . Xy

=50,915H - m.
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HoMuHaIbHBIN 3JIEKTPOMArHUTHBIM MOMEHT:

* 3'U12qbu ’ RZ
o 2 N2 |
s | X2+ R [”]
) s - X
H H u
3.220? 2,553
} 2553V ( 4.925.2553 V| (2619
104,72-0,055-| 7,132% +| 4,925+ < H !
0.06 0,055- 66,032
23,847 H -,
Ha pI/IcyHKC 7 TITOKAa3aHa €CTCCTBCHHAI MCXaHHUUYCCKaia XapaKTepI/ICTI/IKa.
W, papg/c
100H
[F5, §
onl (Mal)
o 501
wn2(Mk2)
0 ?I.O . —10 I t:SU
M, H*m

Mr(wr), Mn(wn) ,Mal , Mk1 (wn) , Mk2

PucyHok 7/ — EcTecTBeHHass MEXaHUYECKasl XapaKTEPUCTUKA
2.7 Omnpenenenne 006jacTu padoThl M MPOBEPKA BLIOOPA IBUTATEJIA
OrpaHuyeHue MOMEHTA:
M()S.Malcc <2 M()G.H )

M,y =15-M,,  +AM_ +215=
=1,5-22,231+1,614+2,15=37,111 H-m. (2.7.1)
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JlmuTenpHbpIN AOIYCTUMBIM MOMEHT:

2-oM

M M)=M A k+(1-KkK) ———
ondon (60 ) OM.H ( ) o, , (272)
MO(COM) = If(a)M < O’S.wH’Ma]l()OH (a)M)’(MQMH)) . (273)

riae k=0,9 — ko3 puIreHT yxXyameHus TeII00Taauu.

[TocTrostHHAas Harpys3ka:

Nagr=0.746-M,,, +AM_,,., =16,584+1,614=18,198 H-m , (2.7.4)
MunuMaiabHas Harpyska:
Nagr;, =0,17-M,_, =3, 7719 H-Mm (2.7.5)

Ha PUCYHKC 8 mokazaHa QJICKTPOMCXAaHNYCCKAA XapaKTCPHUCTHKA C
OT'paHUYCHHAMUA.

W, pag/c

Me=18,198 Nvarc=37,111

—————.______-_-

MMinmm=3 393 Mpnmor=21,461

5k
e

Mrpar=30,913
wn ' i!{p '

M, H*m
0 20 40 60
Mir(wr), Mnl1(wn11),Mnl, Mkl (wn), M, (M) , Mmax(won) ;:»gmp{wmpj ::»{mjn[wmm]

Pucynoxk 8 — Mexanudeckasi XapakKTepUCTUKa C OTPAaHUYCHUSMH

N3 pucyHka BHIHO, YTO JJIMTEIbHBIA JIOMYCTUMBIA MOMEHT JBUTATEIIS
OoJsibllie, YeM MOMEHT Harpy3ku. CiieloBaTelIbHO, IBUTATEh Ha HU3KHUX CKOPOCTSIX
BpaleHust He OyeT meperpeBaThCsl.

MaxkcumanbHbI TOK HHBEPTOPA:
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| =10,8 A

umakc
HomuHaneHbIN TOK MHBEPTOpPA:

.., =6,49A
JInuTenbHO JOMYCTUMBIA TOK JBUTATENS:

Idﬂdon(a)l) = IaeH [k—i_(]‘_k)za)—le ’

H

l,(0l) =if(wl <0,5-0,,1,,5,, (@), 1,,,),

MakcuManbHBIN TOK QJICKTPOIIpUBOAA:

2

M max (a) I)

I3I’M/l (a) I) =

N w

L

.#.Zp.wzH.ﬁ

2

Tok npyu MUHUMAJIBHOM Harpys3Ke:

2
+ 1

2
ICMuH (a) I) = 3 II_\Iagrmin (a)l) + |§
2
Tok npu MakCUMaJIbHOM Harpy3ke:
2
. (o) = - I_Nagr(a) 1) 12
2

Ha pucynke 9 nokasaHa 3JIeKTpOMEXaHUYECKAsl XapaKTEPUCTHKA C

OTpaHUYCHHUAMU.
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Iemin

Iemiont
Irmaake

Temax

Isrmakc

Igmmon

D g g wyepy

LA

0 10 20

I1(wi) , 100 (wi0) , 11 1 (wi0) , Ly (wil) , I (wil) , L (wiD) , Tog ey (D), Ima (i) , Ly (i)

Pucynok 9 — DnexkTpoMexaHnueckas XapakTepUCTHKA C OTPAaHUYCHUSIMU

MakcumanbHbIi TOK 3JIEKTPOIPUBOIA OTPAHUUYMBAETCS MAKCUMAJIbHBIM TOKOM
MHBEPTOpPA. JTO CBSA3aHO C TEM, YTO CHJIOBBIE MOJYNPOBOAHUKOBBIE KIKOYH HE
paccuuTaHbl Ha BBICOKMU TOK meperpy3ku. [lo3Tomy 31eKTponmpuBOj HE HOJHKEH

paboTaTh B 30HE TOKOB, ITPEBBIIIAIOIINX MAKCUMaJIbHBIA TOK HHBEPTOPA.
3. CTpyKTypHas cxeMa CHMJI0BOI0 KaHAJIA 3JIEKTPONPUBO/JA.

[TapameTpsbl 3B€HBEB CUIIOBOM KaHAJI AJIEKTPONPUBOJA BXOIAT:

e mpeoOpa3oBaTeidb YACTOTHI, BBINOIHSAIOMMUNA (QYHKIHIO 3JIEKTPUYECKOrO
npeoOpazoBaTes;

® D5JEKTPOJBUTATENb,  BBIIOJHAIOMMUNA  (QYHKIHMIO  3JIEKTPOMEXaHUYECKOTO
npeodpazoBarers;

® MeXaHHWYecKass CHUCTeMa, KOTOpas BBINOJHIECT (QPYHKIHMIO MEXaHUYECKOTO
npeoOpazoBaTens.
CrpykrypHas cxeMa (pucyHok 10) xapakTepu3yroTcs CieayomuMu

MIPOMEKYTOUYHBIMUA KOOPAUHATAMM:

Ui, 1,,¥, — cocrasiisronye HaNpsKEHHs, TOKA CTaTopa M IIOTOKOCIIETITIEHHUS

pOTOpa B BHIOPAHHOW OPTOrOHAIBHOM CUCTEME KOOP/IUHAT;
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M 55y — DTIEKTPOMATHUTHBIA MOMEHT aBHMratens, H-m.

Ha cTpyKTypHBIX cXeMaX MPUHSATHI CICTYIONINE 0003HAYCHUS:
Wy ( p) — nepenatovHas GyHKIUs peoOpa3oBaTess YacTOThI;

Mep v M-, —MOMEHT CONPOTHBIIEHHS HArPy3KH PEAKTUBHOTO M aKTUBHOI'O

XapakTepa.
R, Limz
L,
U
ynd Uld I—m Yoq
ﬁ& Top+1 %
|1q

[OF] ' Lm ﬂ+
R2 —
L2 <
|
L><L

Pucynok 10 — CtpykTypHas cxema CUJIOBOTO KaHajla CUCTEMBI TpeoOdpa3oBaTes —

\V/

u

ynq U

P}

ACUHXPOHHBIN 3JIEKTPOJIBUTATEh BO BpaIllaloIIecs 1Byxha3HOoW cucTeMe
KOOpJIMHAT, OPUEHTUPOBAHHOM IO PE3YJIbTUPYIOLIEMY BEKTOPY HOTOKOCLETIIEHHUS
poTopa

CTpykTypHas cXeéMa CHJIOBOIO KaHajlla CHCTEMBI IpeoOpa3oBaTellb —

ACUHXPOHHBIM  DJIEKTPOABHUTATENIb BO  Bpallarolmeics aByx(da3HOW cHCTEMe

KoopauHaT cMmojnenupoBanHas B nporpamme MATLAB Simulink u3o0paxena Ha

pucynke 11.

36



Quiz

Sourse

Lisplay

08726

Pucynoxk 12 - IlepexoaHblii Iporiecc Ijisi CKOPOCTH U MOMEHTA

37

Transfer Fon Scopel
To WuE1 Gaint
m To Workspace
. [ &r2Roar
e | i
Transfer Fen Transfer Fenl Constant3
- - L 5]
( - Gaind
Usy ___-““;;“L
- e \"“‘-.__‘l
Subsystem3
Sten J'_s
Ra Transfer Fond
Le/Re.s+1
Transfer Foné .»
Productd Gainf
ITL_: Gain2
Lk <=
Integrator
1 L‘
LsJ
Pucynok 11 — AJ] Bo Bpararomeicss cucreMe KOopIuHaT
w, padc
M, Hu
120 . -
wit=104,72 T
Mmootz
o0 T
Bl - -
&0 1 -
Me=18198% Hu
L e
] 0% I 1.5



Y, B6

| N\/\/\/\vaw |
0.8 - T =
06 [ T
0.4 .
02 T
0 _

1 1 Le
0.5 1 1.5

Pucynox 13 - [lepexoanplii IpoIiecc MOTOKOCIICTUICHHUS
CtpykTypHas cxeMa CHJIOBOTO KaHajla CHUCTEMBbI IpeoOpa3oBareiib —

ACUHXPOHHBIN 3JIEKTPOJIBUTATENh B HETOABMKHOM BYX(ha3HOW CUCTEME KOOPAMHAT

cmozaenupoBanHas B mporpamme MATLAB Simulink nzo0paxena Ha pucynke 14.

Calc

Gain3 l

Scope2

4
) 1iRe o 1Ar
Le/Re.s+1 UArs+1

JE

Scopel

*  simout1

To Workspace 1

+ 0.0148
o Froduct Step
outz Transfer Fcn Gain2 Transfer Fen? —
Gaind Product _ a
Out3 _,/i
Sourse \-.__‘_f_f_f x |5 L |—| 3
Gaind Gains
Gain? Productd 4 ]
i | x [t
r
= 1Re 1A
;Jf) Le/Re.s+1 1iArs+1
Transfer Fenl Gain10 Transfer Fon3
L
Geind Productd
ArKr Transfer Fond
1 I
Scope . L
[ ] s l
.

E
To Warkspace J

Pucynok 14 - AJl B HENOJABUKHOM CUCTEME KOOPAUHAT
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0.8

0.6

0.4

0.2

T VVUVVVEEE

. B6

100 \ AAAA_AM/W\N\M AAA A wit=08,96 pad/e
U vV Vv
ﬂ U UAUAUAV.V Mc=18,198 Hu
nnﬂnnﬂﬁﬂﬂnn Ahhnj

LY T~

0 [1X

5 1

Pucynox 15 - [lepexoanslii ipoiiecc Jjisi CKOPOCTH U MOMEHTa

AMAAAA A A

TR

Le

0 05

1

Pucynox 16 - [lepexoaHblii Mporiecc MOTOKOCIETIICHUS
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W3 mnomydeHHbIX Tpa@UKOB BUIAHO YTO TMEPEXOJAHbIE MPOIECCH s

HGHOI[BPI)I(HOI;'I CUCTCMbI KOOPAWHAT U Bpamafomeﬁc;l IMPaKTHYCCKN COBIIA/IarOT.

4. Bpi0op (YHKIMOHAJBHON W CTPYKTYPHOl CXeM, HACTPOHKA
KOHTYPOB PeryJiMpoBaHus

4.1 Bwbi0op u 060cHOBaHHE (PYHKIIMOHAJILHON CXeMbI JIEKTPONIPUBOIA

OyHKIIMOHAJIBHASL CXEMa YaCTOTHO-PETYIHPYEMOTO  DJIEKTPONPHUBOJIA C
BEKTOPHBIM YIIpaBJICHUEM MTOKa3aHa Ha pUCYHKe 17.
Ha cxeme npuHATHI cienyronme 0003HauYeHUS:

—PC,PY¥Y, PT - perymaropbl CKOpPOCTH, TIOTOKOCIEIIJICHUS U COCTABIISIOIINX
TOKa cTaropa 1, u [y,

—VIIK1, VIIK2 — yctpoiictBa npeoOpa3zoBaHus KOOPAUHAT, MPSIMOTO U

0oOpaTHOrO

BBINPSIMUTE b b
WIBTP

B+ -

77 4‘
Uy Uy, U,

CETh

k) I a
= v |—0-frnbo o =y
) ) ©) Up | 3~ asit
*
. E} . . - HWHBEPTOP
o Iy Uy Ug U, |manpsxerns
% PT, ——0O o.p a,b,c
(0]
®) *) TE N/
q
VIIK1

Moaens Pxce

JIBUTATEIIS

14 g il
d, q o, B

ip

e

a,p a,b,c

7\

e N, N, NN
T4\
/T
=~
o
=

Pucynok 17 — @yHKIIMOHAJIbHAS CXE€Ma YaCTOTHO-PETYJIIMPYEMOT0 3JIEKTPOIPHUBOJIA C
BEKTOPHBIM YIIPABICHUEM

OOpatHbIie CBS3U MO MOTOKOCIEIVICHHIO U CKOPOCTH MOTYT OBITh BBITIOITHEHBI C

AdaT9YUKaMU IIOTOKa U CKOPOCTHU U oe3 JaTYHUKOB. B IMOCJACAHEM CJIydacC 3HAUCHMA
40



IIOTOKOCLEIUIEHHSI W CKOPOCTHM HAaXOJATCS pPACYeTHBIM IIyT€M Ha OCHOBAaHUH
ATAJIOHHOM MOJENU dJieKTpojaBuratens. Jlatumku (asHBIX TOKOB JBHUraTelis
(mpakTUYeCKH AOCTATOYHO JBYX) AHAJIOTOBOTO THIIA, MO3TOMY B HU3MEPUTEIBHON
1enu ycraHaBnuBaoTcsa criaaxkuBaromue Guibtpsl u ALl Tlomoca mpomyckanus

(I)I/IJIBTpOB JOJIDKHA OBITH OOJIBIIIE MAaKCHMAaJIbHON YacTOTHI IMATAOMICTO HAIIPSKCHUA

JBUTATEIS Jivaxe | Hamiane (UIBTPOB B LENAX U3MEPEHUS TOKOB 3JIEKTPOABUTATENS
onpeaeNnsieT MHEPUUOHHOCTh OOpaTHbIX cBsizell mo Toky CAY anekTporpuBoja.

[IpeoOpazoBaHue aHAJIOrOBOr0 CHUTHAJIa B LHU(PPOBON MPOUCXOAUT C HECyIICH

4aCTOTOM HWHBEPTOpPA Jum JTOTIOJTHUTEIIBHOTO  3ala3/bIBAaHUs B KOHTYPBHI
perynupoBanusi TOKOB He BHOCUT. OpHako ALl BHOCMT KBaHTOBaHHWE CHUTHAJIOB
oOpaTHOM CBA3M IO  yPOBHIO, KOTOPOE  OMNpENENSeTCS  Pa3psIHOCTHIO

npeodpazoBares.[ 8]
4.2 CTpykTypHasi cxeMa CHCTeMbI YIIPaABJIeHHS 3J1eKTPONPUBOIOM

CTpyKTypHas cXeMa 4aCTOTHO-PETYJIUPYEMOI0 aCHHXPOHHOTO
JIEKTPOIIPUBO/IA TPUEMHUKA C BEKTOPHBIM yNpaBJIEHUEM IIpHUBEJCHA Ha
pucynke 18. Ha cxeme prucyHka NMPUHATHI CIIETYIOITNE 0003HAYCHUS:

W ( p)pT W( p)p\P W( p)pC — MepelaToYHble (PYHKIUU PETYJIATOPOB TOKa,
MOTOKOCHEIUIEHUS U CKOPOCTH;

k. — ko3 duieHT o6paTHOii cBs3M MO TOKY B/A.

ky — K03 duImeHT 00paTHOI CBSI3M 1O IOTOKOCIICILICHHIO poTopa, B/B6 ;

. B-c
K, — ko3 duueHT oOpaTHOM CBSA3U 110 CKOPOCTH, —— .
pazn

T#mo,Tﬂ%,Tﬂm — MaJble TIOCTOSIHHBIC BPEMEHU IIEMd OOpaTHOM CBSI3U IO TOKY,

IMOTOKOCHEIICHUIO 1 CKOPOCTH, C.
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Pucynox 18 — CtpykrypHas cxema JIMHeapru30BaHHOU HenpepblBHOW CAY 4acTOTHO-pEryaupyeMoro aCHHXpOHHOTO

AIEKTPONPUBOAA IPU BEKTOPHOM YIIPaBIECHUH
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4.3 Omnpeaenenne HacTpoek CY 3j1eKTponpuBoaa

Yacrora HINM:
f,.., =5000 It.
MaxkcuManbHbIi TOK HHBEPTOPA:

|, =10,8A.
HomunanbHbiil TOK HHBEPTOpA:

l,=6,49A.

[TapameTpsbl CHIIOBOrO KaHaja 3JE€KTPOIPUBOIA

DKBHBAJICHTHBIC HHAYKTUBHOCTH OOMOTOK:
cratopa: L =L, +L, =9,535-10°+0.21=0.21972 T,
potopa: L = Lys+L, =0,013+0.21=0.22319TH.
Koaddumment paccesnus:

2 2
L 4 0.21 009
L-L, ~ 0.21972-0.22319

DKBUBAJIEHTHOE COMPOTHUBJICHHUE:

L? 0.212
=R +R, —%=4925+2553.— =7,189 OmMm,
R13 1 2np | 2
onp 0.22319

3J’I€KTpOMaFHI/ITHI>Ie IMOCTOAHHBIC BPCMCHMU:!
1 oL _0099.0.22
YR, 7,189

Ly, 0.223
R,, 2553

=3.02921-103 ¢,

T, = =0.08742 ¢,

2np

DOKBHUBAJIEHTHBI MOMEHT HHEPLINU
2

J, =0.08kxr-m

ITocrostnHas Bpemenu LHINM:

f . 5000

wum

2.103¢

(4.3.1)
(4.3.2)

(4.3.3)

(4.3.4)

(4.3.5)

(4.3.6)

(4.3.7)



CKBaXXHOCTh UMITYJIHCOB:
y=0.95

HanmeeHHe 3BC€HA INOCTOAHHOI'O TOKA.

V23U, _2-43-220

do 0.95

7/ Mmakc

~567.25B. (4.3.9)

WNuBeprop MM MoxeT OBITh NpPENCTABICH JUHEHHBIM YCHUIIUTEIEM C
KOA(PUIUEHTOM YCUIICHUS NPU COETUHEHUH OOMOTOK CTaTopa B 3BE3]1Y:

Uy _967.25

“ V3N e V3135

BapuaHT HacTpOMKH 110 OTPAaHUYECHUIO MOMEHTA!

M, . =2-M, +AM, =2-22231+1,616=46078 H-m, (4.3.11)

ImMaKc 06H

k

=327.502. (4.3.10)

MaxkcuMaJIbHBIN TOK Iq :

M 46,078

| e = 3L, ! =3 0021 =11,506 A, (4.3.12)
Sz vy, oma--3-0.945
2 L, ° 2 0.223
_ [y2 2 _ 2 2
MOd 1y, 0 = /1 e + 12, = V11,5067 +4,047 =12,194 A, (4.3.13)
MaxkcuManbHbIN TOK 3JIEKTPOIPUBOIA:
— mod Ilmakc — 12’194 — 8’623A (4314)

| =
INMAKC \/E \/E

VY ciioBue npaBUiIbHOCTH:
ISI’IMGKC S Iqu/laKC

8,623<10,8

Y ci10BUE BBITTOJIHIETCS

4.4  Tlapametpsbl HacTpoiiku KOHTYpa Toka ¢ [IU-peryasaropom u
AHAJIOTOBBIM JATYUKOM:

ToK 3JIEKTPONPUBOIA MAKCUMAJIbHBIN:

I =8,623 4

nmakc

Paspsinaocte ALIL:
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n =12

aynom
BGJ'II/ILII/IHy O, BBI6I/IpaIOT N3 YCJIOBUA O >1.2

MaxkcuManbHbIN U3MEPSEMBIN TOK 3JIEKTPOIIPHUBOIA

| —o,2-1,,..=12-\2-8,623=14,634 A (4.4.1)

UMMaKc

[Tpunumaem | =15

UsmMmaxkc

CTpykTypHas cxema KOHTypa peryJIMpoBaHUsl COCTABIIIONIEH TOKAa cTaTopa

Isx IPEICTaBlIcHa Ha pucyHke 19.

anH 1/ Re iSX
p+1 (Le/Ry)p+1

\ 4
\ 4

Y

Wpx (P) T

anH

()

Pucynox 19 — CtpykTypHas cxema KOHTypa peryJIMpOBaHUs COCTABIISIONICH TOKa

cTaropa gy

[IpeoOpazoBarens YacTOTHI TMPEACTABICH B CHUCTEME AJIEKTPOIPUBOAA

aricpuoOANICCKUM 3BCHOM IICPBOI'0 IopAaKa.

[IpunuMaeMm 3HaueHre KodGhdUIMEHTa YyCHICHHs TpeoOpa3oBarTesisi paBHbIM

E€IUHUILIE:

k.. =1

anH

DOKBUBAJICHTHAs MOCTOSIHHASI BPEMEHH MpeoOpa3oBaTes:

L L a0 ¢ (4.4.2)

T =
" f 75000

KonTtyp TOKa HacTpaumBaeM Ha MOXYJIBHBIM ONTUMYM. B 3TOM cCiy4yae

npuaumaeM [TU-perymnstop ¢ nepenaTounoit GyHKIIUEH:

T -p+1
pr . 4.4.3
T (4.4.3)

pr’

W, (p) =k, -

IIprHMMaeM Malyr0 HEKOMIIEHCHPYEMYIO ITOCTOSHHYIO BPEMEHH KOHTYypa

TOKa paBHOﬁ IIOCTOSIHHOM BPEMCHHN aBTOHOMHOI'O HHBCPTOPA HAIIPSAKCHUA:
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T =T =210" c.

7

Koadduiment nepegaun perynasitopa Toka:

[

L 0,0218

kT: = -
’ KaI/IH.aI‘.TaI/IH 1.2.2.10

=54,

4445,

rjae a, =2 — Ko3hOUIMEHT ONTUMHU3ATIHH.

[TocTostHHast BpEMEHU pEryiaTopa ToKa:

L0028
"R, 7,893

[

C.

(4.4.4)

(4.4.5)

(4.4.6)

KOHTyp SIBIISICTCS acTaTHUYECKOM cucTtemoi 1-oro IHopAAKa I10 YIIPAaBJIICHHUIO

H UMCCT OXKMAAaCMBbBIC ITOKA3aTCJIN Ka4CCTBa pa6OTI>I I10 YIIPaBJICHHUIO IIPUBCACHHBIC

B Ta0ure 4.

Tabnuna 4. OxxuiaeMble TOKa3aTelu KauecTBa paboThl KOHTYpa TOKa

ITepeperviupopaHHe 0.% 4.3 %
Bpema nepBoro corlacoBaHHA tl C 4.1-T , =4.1-0.0002=0.0082 c
Bpema mepexoJHOTO mpolecca
IpH 0TpaloTKe CTYIEHYATOro t:-z_-;: c 41-T_,=4.1-0.0002=0.0082 c
VIIPABIAONIEr0 3aJaHH
[Tomoca MPONYCKaHHA IO | 1) Pan 071  0.71 _3550 P&
MOIYIIIO "¢ T, 0.0002 c
) (&) pan ':].71: 0.71 ZSSSGEJI
ITonoca npomyckaHHd o daze | ., - T.  0.0002 -
VCTaHOBHBIIANCA OMIHOKA Al . Al =0.A
1 Lt @% Trts+1 Kinv 1Re |1 ]

Trts

Constant Gain

Transfer Fecn

" Tinv.s+1

"1 Lerres+1

Transfer Fcn2

Transfer Fen1

Scope

»{  simout

To Workspace

Pucynox 20 - UmMuTanimonHas MoJiesib KOHTypa TOKa
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System: insysi

) I= A From: ( 180 Conslant to Transler Foni
12 T Peak amplitude: 1.04 T
Overshoot (%): 4.32 o
System: insys! Al time (seconds): 0.00125 H=5%
I W0: Conslant lo Transfer Fenl  =isisisisumusmggusss o =i mrm s mrmnmn s RS s S s S S me s s S s e me =
1 [ Seting time (seconds): 0.000829 e T -
____________________ ../*'._._._._._._. B - ___Sﬁhm'nws‘l
A0 110 Constant to Transfer Fond
i i Final value: 1
s} 1: i
| |
. i i O0=432%
B fr ] i
= . 1
§ 06 ! ! =
| |
< | i
| |
i i
04 / i i I
/ ! !
/ i |
/ i i
02t/ i i ]
/ ] !
r ! !
| |
o -’/ 1 i 1 i 1 1 t= c
] 05 tp}’].:{' 820 1 15 2 =
' Time (seconds) 103
Pucynoxk 21 — I[lepexoansliii mpoiiecc KOHTypa TOKa
Bode Diag 5ysiem insys2
L. A6 From: Constant To: VO Conslant o Transker Fonl
10 Frequency (radis): 3.52e+03
J Magnibude (dB): -3.01 linsys2
0% —_— .
=10F N316 -]
2 -\'"'H-..H_\_
@ .20 e —
g o)), ~
E’ a0 ~_ 4
= 40 e
50 - T~
]
e 1]
o
@. Tpan ~—l
. A5 ““‘“*—-h_& 4
£ ™~
80 =
a ~
a ™~
435 R“m%_ .
B0 B P ———
0% 10° 10 10°
1z oo B2
[

Pucynoxk 22 — JIUX 3aMKHYTOTO KOHTypa TOKa

CBeI[eM TCOPCTUUCCKUC H OKCIICPUMCHTAJIBHBIC IIOKA34TCJIM KadCCTBa

paboThI IMHEAPU30BAHHOTO KOHTYpa TOKa B Ta0biuIry 1.
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Tabnuua 5 — [lokazaTenn kauecTBa MEPEXOIHBIX MMPOLIECCOB 10 YIPABIECHUIO

JMHEAPU30BAaHHOTO KOHTYpa TOKa, ONTUMHU3UPOBaHHOTro o MO

a.‘ml c a.‘m c a,% Al .. A @, pan o™, pan
c c
O:XHIaeMble [oKa3aTelH
0.,00082 0.,00082 4.3 0 3550 3550
Pe3yIbTaThl MOIETHD OBAHHS
0.000829 0.000829 4,32 0 3520 3520

CpaBHHBas OXuAAacMble IIOKA3aTelM KadecTBa IIEPEXOJHOrO Ipolecca B
KOHTYpE IOTOKOCLEIUICHHs, ONTUMHU3MpoBaHHOro mno MO, c¢ pesynpraramu

MOACIUPOBAHNA, MOKXHO CKa3aTb, 4YTO TCOPCTHYCCKUC 3HAYCHHUA COLNIINCH C

ITOJTYYEHHBIMH C JTIOITYCTUMOM MTOTPEIIHOCTHIO.

4.5 Hacrpoiikn koHTypa norokocuemnienusi ¢ [IM-peryasropom n

AHAJIOI'OBBIM JaTYUKOM:

Pazpsanoctes ALUL:

n 12

aynom¥ =
Bennuuny o,, BeIOnpator u3 yciosus o, > 1.1

MaxkcuManbHbIi U3MEPSAEMBIN TOTOK AJIEKTPONPUBO/IA

Y osmare = Oy "W, =1.1:0.945=1,0395 B6 (4.5.1)
[Tlpunumaem v, =1

KoaddummenT nepenaun narumka noroxa:

n(mm)‘]‘ . 12
Ky = 0527 _ 0'512 = 2048 (4.5.2)

l//uwww axKc

MaxkcumanbHOE 3a4aHUC Ha JaTYHK IIOTOKA:

Wy,  0.945

N = =0.945 (4.5.3)

3MMaKc
UBMMAKC
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CTpykTypHas cxeMa KOHTypa MOTOKOCLEIUIEHHS] pOTOpa MPEACTABICHA HA

pHuCyHKe 23.

U3¢// W, (p) 1 > K, R /A Vr
) Py 2T, p+1 @/ A)p+1

\ 4

Y

Pucynoxk 23 — CTpykTypHas cxema KOHTypa MOTOKOCIIETUIEHUS pOTOpa

BHyTpeHHUI ONTHMMHU3MPOBAHHBIM KOHTYpP TOKa MPEICTABIEH YCEYEHHOU
nepeaaToyHon GyHKIue:

1

—_— (4.5.4)
2:T,-p+1

W, . (p) =

KoHTyp moTokocuernienus poTopa HaCTpauBaeM Ha MOZAYJIBHBIM ONTHUMYM.
B stom ciywae npunumaem [11-perynarop ¢ nepegaTouHoil GpyHKIMEH:

pr-p+ll

W,, (p) =k, -2~ (4.5.5)
PV

K=t D212 q41g (45.56)
L, 0,2232

r
Koadduiment nepenaun perynsaropa moTOKOCHEIUIEHHS pOTOpa:

1 1
k = _
™ K,-R -a,-a T, 094.2553.2.2.2.10°

=519,9025 (4.5.7)

rie a, =a, =2 — KO3 UIIMEHTHI ONITUMHU3AINH.

ITocTosiHHAs BpeMEHHU PETyJIATOpa NOTOKOCLEIIEHUS POTOpa:

1 1

T,=—= =0,0874c, 45.8
PYA 11,4387 (4.58)
rae

A =R 2998 14 gy (4.5.9)

L. 0,2232

T
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OsxupaeMple MOKazaTelu pabOThl 3aMKHYTOI'O KOHTYpPa MOTOKOCLETIIICHHS

poTOpa NpeacTaBiIeHbl B TA0IULY 6.

Tabnuua 6. OxugaeMble oka3zaTeau KayecTBa paboThl KOHTYpa CKOPOCTH

[MepeperyIHpoBaHHe 0.% 8.14 %
Bpema nepBoro corlacoBaHHA tﬁl c 7-T,=7-0.0002=0.0014c
Bpemi nepexoIHoTo mporecca
IIpH 0TpafoTKe CTYIIEHIATOTO th.c 12-T, =12-0.0002=0.0024¢
VIIPaBIAOMIET O 38 1aHHH
IMTonoca IpOIyCKaHHA TI0 L) pan 05 05 _ 5500 P28
MOIY IO T T, 0,0002 C
: A0 Pl 035 _ 035 _ 550 PR
ITonoca mpomycKaHHS Mo daze | @) - T.  0.0002 o
VcTaHOBHBINAACA OITHOKA Ay, Ay . =0,B0
o Trp.s+1 KrRriAr | 1 ]
1 o » Trp.s R 1/Ars |
Constant ‘ Gain Transfer Fen Transfer Fenl Scope
Current Loop
P simout

To Workspace

Pucynoxk 24 — MimutanimoHHast MoJiesib KOHTYpa MOTOKOCILIETIICHUS

In1 3
Gain

Trt.s+1

Kinv 1/Re

Trt.s

Transfer Fcn

>

Tinv.s+1 " Le/Re.s+1

Transfer Fcn2

Transfer Fcn1
Out1

Pucynox 25 — Umutanmonnas monens nojacucteMsl «Current Loopy
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I-'El. Cormlanrt to potok/ Transfer Fon
Peak amplitudea: 1.09
7 P
- B Overshoot (%): 9.05

From: Co

Stan Raananea
Systent knsys1

T Al lime (seconds): 0.00199 110 Constant lo potok/Transfer Fen1 T
——————————————————————————— o Selfling time (secondsk 0.00247 A =5%
L S — / ...... | M ¥ T Frascsms |
Syslem: insysl b S L System insys]
10 Constant to potok/Transler Fon : | : 110 Constant to potok/Transfer Fond
Rize lime (seconds) 0.0011 i i i Final value: 1 1
o /0 )
! /o i i
! ! ! !
of | / ! ! i -
=2 I | I | [
3 ' | : . .
2L / i i i s
H A R
i i / i i i 1
! / ! ! !
o/ ! ! !
Lo ! ! !
= Ly ! ! ! J
! / ! ! !
! ! ! i
A ! ! i 1
/ I I I I
i i i i
i : i i i . : . tc
0 1 tpyl=llec 2 tpy2=247c 3 4 5 6
Time (seconds) 10°2

Pucynox 26 — Ilepexoanbliii mpoiiecc KOHTYpa MOTOKOCIHEIIIICHUS

From: Constant To: polokTransfer Frnd
0 ! System Ingys1 T
O: Constant to potok/Transfer Fen1 —— linsys1 |
Frequency (radis): 2. 40e+03
o ‘I’ Magniude (dB) -3.04
z 0 7 —y 4
. T .
" e,
5 306 —
:E -E'l{u '::2490 E ""‘-\-\____H
%‘ o c R
2 sof ~ |
H."""-._\_
L E
=100 1 | T
0 ———— ; :
(. rpap -%M““"m
= .,
E =80 »
= System: insys1
? 11 Constant to polok/Transfer Fenl
] @ ®)_1750 P Frequency (rads): 1.756+03 \ |
o € Phase (deg); -B9.8 -
‘“—-H,__ﬂ_
270 L L \ —
1 3 3 'l &
10 10 10 10 . pan 10
Frequency (radfs) £ o

Pucynok 27 — JIUX 3aMKHYTOro KOHTYpa MOTOKOCLEIJICHUS] pOTOpa

CBCI[GM TCOPETUUCCKUEC H OKCICPUMCHTAJIBHBIC IIOKA3aTCIM KadcCTBa

paboThI TMHEAPU30BAHHOTO KOHTYpa TOKa B TAOIHILY /.
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Tabmuia 7 — [Moka3aTenu kayecTBa MEPEXOTHBIX MPOIIECCOB TIO
YIPaBJICHUIO JIMHEAPU30BAHHOTO KOHTYPa OTOKOCLEIIIIEHUS,

OIITUMHU3HUPOBAHHOTI'O I1O MO

). ¢ e c 0,% Ay,_.. BO ¥ PR | o PR
c c
DH{H,JEEEIBIE IMoEA3aTeIH
0.0014 0,0024 8.14 0 1750 2500
PE‘E}-’.‘IBTETBI MOICTHPOBAHHA
0.0011 0,00247 9.05 0 1750 2490

CpaBHI/IBaﬁl OXKHMIACMBIC II0KAa3aTCIIM KadCCTBa IICPCXOIHOI'O IIpoLecCCa B
KOHTYPC IIOTOKOCHCIUICHUA, OITHMHU3HUPOBAHHOI'O IIO MO, C pe3yiibTaTaMu
MOJCIUPOBAaHNA, MOXHO CKa3aTb, 4YTO TCOPCTUUCCKHUC 3HAUCHHA COIUINCHL C

IIOJIYUYCHHBIMHU C HOHYCTHMOﬁ IMOTPCHIHOCTLIO.

4.6 Tlapamerpnbl HacTpoiiku KOHTYpa ckopoctH ¢ [IU-peryasitopom u

HUMIIYJIbCHBIM JATYUKOM:

Jatuuk ckopoctd — wuMnOyiabcHbIM. Beimaer 1024 wummn/o6opor (0e3
Y4ETBEPEHHUS)

MakcumalpHas CKOpOCTh 2IEKTPONPUBOIA (), =98,96 pan/c

NMAKC

BennuuHy o, BEIOUpAOT U3 ycnoBus o, =1.5

o, o, _=159896=148 44

InNMaKc

[Tpuanmaem @, =150

MMAKC

CtpykTypHas cxema KOHTypa CKOPOCTH MpeEJICTaBIeHa HAa PUCYHKE 27.

i
4 1/R s
Wpc(p) Wpry (P) i €

O — a7
(=) T() TamP+1 (Le/Ry)p+1

Pucynox 28 — CtpykTypHas cxema KOHTypa CKOPOCTH
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KonTyp ckopoctn HacTpamBaéM Ha CHMMETPUYHBIA onTUMyM. B stom
ciydae npuHumaeM [IH-perynstop ¢ mepeaatoyHoi GyHKIHEH:
T. p+1

(4.6.1)
Tpc p

Wpc( p) = kpc ’

JUiss  yMmMeHbLIEHUS BIMSHUSA paldOThl KOHTYypa HOTOKOCUEIUIEHUS Ha
JVHAMHUKY KOHTypa CKOPOCTH MPUHHMAEM Malyld HEKOMIIEHCUPYEMYIO

IIOCTOSTHHYIO BPEMEHU KOHTYpa CKOPOCTH:

T,uc = 20.T,um = 200’0002 :0’004 C.

I[JI?I BEJIMUKMHBI MaJIOU HCKOMHGHCpreMOﬁ MMOCTOSIHHOM BPCMCHU B KOHTYPC

ckopoctu mpuHATo 3Hayenue T, =0,004c, uro ropasgo OGosbuie uyem mpu

ONTUMHU3ALMU KOHTypa YIIPABJICHUSA IIOTOKOCLEIUIEHUEM. JlaHHOE I10JI0KEeHUE
INPUBOJNUT K CHUYKEHUIO OBICTPOACHCTBUSL B KOHTYpE CKOPOCTH C OJIHOM CTOPOHBI,
HO II03BOJIAET YMEHBIUIUTH B3aMMHOE BIUSHHUE MEXIY KOHTYpaMH CKOpPOCTH U

MMOTOKOCIEIUICHUS C IPYTOM.

Koaddumuent nepenaun perynstopa CKOpOCTH:

K - J-98 B

* 15z -w,. -a -1024-T

p “VZH C ur (462)
_ 0.011-98 _-0.3163
1,5-3-0,849-8-1024-2-10

rae a, =8 — KodPUIMEeHT ONTHUMH3AIINH.
ITocTosiHHAas BpEMEHH PETyJIsITOpa CKOPOCTHU:
Tpc = 98-TMT =08-2-10"=0,0196 c. (4.6.3)

JIns yMEHbIIEHUsI NEPEPETYIUPOBAHUSA KOHTYpa CKOPOCTH, HACTPOEHHOTO
HAa CHMMETPUYHBIM ONTHMYM, Ha BXOJ KOHTypa yCTaHaBIMBaeM (QUIbTP

(amepuoaryUecKOe 3BEHO MEPBOTO MOPSIIKA) C TOCTOSTHHON BPEMEHU:
Thp=32-4-T,=32-4-2 .10~ =0,0256 c. (4.6.4)

OxupmaeMple  MOKa3aTeld  KadecTBa pabOTBl  KOHTypa  CKOPOCTH,

HACTPOEHHOT'O Ha MOJYJbHBIM ONTUMYM CBEACHBI B TAOIUILY 8.
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Tabmuua 8. Oxunaemble nNoKa3aTean KauyecTBa pabOThl KOHTYPa CKOPOCTH

ITepeperviHpoBaHHe 0.% 3.1 %
BpeMms nepeoro corlacoeaHH4 tpﬂ c 7-T,.=7-0.004=0.0028c
Bpewms nepexo HOTo Iporecca
IpH 0TpalboTKe CTYIeHIaTor o t C 12-T,=12-0.004 =0.048¢
VIPaBIAOMIETO 38 1aHHA
ITonmoca mpoIycKaHHA 110 PR 05__05 =156,25 pan
MOIVITEO o c Tp{: 0.004 c
‘&) Panm 0,36 0,36 amn
Tosoca IpoTycKaH:A o daze | @ paA ——=——=112,5 P
o . 0.004 ¢
an
VYeTaHOBHEIIAACH OMIHOKA A Am,_ =0 pax
; c
-LIJ:I.'HGH.[ -
—bo—-LE: 1% 1% Faun 1/Re 13z —‘ L@
—| Wpelp) T ) i e T | (TR 27| DX %

Pucynoxk 29 — CtpykTypHas cxema KOHTypa CKOPOCTH

= 1
Tis+1

Constant Transfer Fon2

Tres+1

P In1 Out1

O =

Tres

‘ Gain Transfer Fcn

Current Loop

F

Constant1

=

Gain1

simout

To Workspace

,@

1_ 1—
Js

Product

Transfer Feni

Scope

Pucynok 30 — IMutanimonHas Mojieiib KOHTypa CKOPOCTH
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System insysi

L Constant 1o speedTransier Fend Step Response
Feak amplitude: 1.1 FrOnT Cpnniant Tas anandifenntns Cand
Crvershoot (%) 8.7 Systant insysi
Al time (seconds). 0.0376 O Constant o speedTransler Fond | Systerm: Ensyst
"""""""""""""""" e Sellling time (seconds ) 0.0485 110: Constant to spaad/Transfer Fonl
------------------- ;_..L"-.-...— o e o s e = Finall value: 1
.................... ? s F—— e —
System Insysl i
110 Constant to speedTranster Fonl
Rise time (seconds) 0.0272 i i 1 ﬂ,=j%
osf A R i ;
! ! !
o / ! ! !
3 { ! ! !
£ sl f ! ! ! -
g / ! i !
< / i i |
/ ! ! !
/ I I |
= / i i i
/ ! I !
! i |
/ ! I !
0.2 i/ I i i 1
! I !
/ | | |
Y. [ i I tpy2=0.485c tc
|:| = 1 | | - 1 1 /!
0 0.02 0.04 0.06 0.08 0.1 0.12
tpy1=0,0272 ¢ Time (seconds)
Pucynoxk 31 — I[lepexoansliii mpoiiecc KOHTypa CKOPOCTH
Sysherm Ensys2
L. 76 £ : From: Cork y0; Constant to speed/Transter Fen1 .
i Fregquency (rad's): 122
‘k Magniude (dB): -3
o — |
g ‘? 3 106 e ] |
E 50 e = -
= e
Eu -100 [ LnL]_gg: pz.tl: B A i
= T~
-150 - "‘--m._h 4
~
2m 1 1 /| |
0 e ey T T
(. Tpan e
"
=50
g N
=] { ':I H-"'-\-_
= T
& -
270 | S 4
360 L L i —
10° 10’ 102 10? 104 10°

Pucynoxk 32 — JIUX 3aMKHYTOTO KOHTYypa CKOPOCTH

CBCI[GM TCOPETUUCCKUEC MW OKCICPUMCHTAJIBHBIC IIOKA3aTCIM KadcCTBa

paboThI TMHEAPU30BAHHOTO KOHTYpa CKOPOCTH B Tabmuily 9.
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Tabnuma 9 — [lokaszarenu kauecTBa NEPEXOIHBIX MPOIECCOB MO YIPABICHUIO

JIMHEAPU30BaHHOTO KOHTYpa CKOPOCTH, ONTUMHU3UPOBAHHOTO 110 CO

Dee | e | 0% [ap P gopa | pa
N c c c
D}KH,JEE'}IBIE [MOoEKA3ZaTeTH
0.0224 0.048 8.1 0 125 90
PE‘B}*.‘IBTET&I MOOCTHPOBAHHA
0.028 0.0485 9.7 0 122 100

CpaBHI/IBaH OKNAACMBIC II0OKa3aTCJIM KadeCTBa IICPEXOJHOIO IIpomnecca B

KOHTYPC CKOpPOCTH, OIITHUMU3HUPOBAHHOI'O IIO CO ¢ (1)I/IJII>TpOM Ha BXOAC, C

pe3yijbTaTaM MOJACIUPOBAHHA, MOXKHO CKa3aTb, 4YTO TCOPCTHYCCKUC 3HAYCHHA

COIIIMCH C IMOJIYYCHHBIMHU C HOHYCTHMOﬁ INOrpC€IIHOCTLIO.

S.
5.1

HUMutanuonHast Moaejab

NMutanmonHast MOZICITb MTOKa3aHa Ha pUCyHKe 33.

Ob6paTHOE

NMmurtanus padoThl 3J1eKTPONPUBO/IA 3aIIOPHON apMaTyphbI

ITH-pervmaTop
MOTOKOCHETIEHHA TpeoGpazoe ame
[TIT-perynaropy Ilapxa
TOK0B
Mopems gEHraTena
In1Out1 In1 Qutt .JTl o
1 Us .
B Transfer Fon?
Fest AT W s al— Scope
u
st
[TpeobpazoEaTeny - [ My |
H e O |-t
Inverse Park -
Step i
(paoe
o — 7]
In1 Outt = Int Outt -
Tinvs+1 ]'[ap}capmk
Transfer Fent E—
R RT1
[TH-perymaT
CKOpOCTH
= —ps psl_a
tes psi_b [
Calc
i
Transfer Fonz Constantt Folok1 L -
L] o is_a
1yl o
| T pEb
Is_b
L —»]
S-Function

- Potok

Spead

simout!

To Workspaca!

Pucynok 33 — IMutanmionHasi MOJIe/b 3JICKTPOTIPUBOIA
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Monens coctout u3 [I1-perymnsaropa nmotokocuerienus (pucynok 37), I11-
peryisaropa ckopoctu (pucyHok 35), IIM-perymsitopoB TokoB (pucyHOk 36),
MOJICJI JIBHTATEN B NBYX(a3HOW HEMOABIKHON CHCTeMe KOOpAWHAT (PUCYHOK
34), u3 mnpeobpazoBarens Ilapka u oOpatHOoro mnpeodbpaszoBarens I[lapka u

BBIUUCIIUTEIIS JICUCTBYIOMIETO 3HAUCHHSI TOTOKOCIICTUICHUS (pUCYHOK 38).

Gain3 15 a
psi_a
D
1Te »| REKr 1/Ar
Le/Re s+1 A —
Transfer Fcn Gain2 Trander Fom
Gant Product5
] < i
Gain? Product8
Kr |« . x [V “
1/AT
[Re » RrKr py—
Le/Re.s+1
Transfer Fent Gain10 Transfer Fen3
| %
»
Product9
psi_b
is b
Transfer Fcnd
e 1
J.s
w

Pucynox 34 — Mogens nBurarens B AByX(a3Holi cucTeMe KOOpJauHaT anbpa-oeTa

. VAR
D > K > )1 A ()
In1
Gain1 Saturation Out1
s
Gain2 Integrator
Gain10
[

Pucynok 35 — Perynarop ckopocTu
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. A

Krt ygj

Gain1 J
o Eo——

Gain2 Integrator

In1

Gain10

Saturation

i =

A

Qut1

Qut1

-

In1 -

Saturation
Pucynox 37 — PerynsaTop moToKoCHETICHHUS
Fen

(1 )e— sartu(1y2+u@)2) |«

psi_r

Fen1

(2 )e— atan2(u(2), u(1)) |«

teta

Pucynox 38 — Beraucnutens MOTOKOCIEIIIICHUS

58



[Tapametrpsl Mogenu 3arpyxatorcsi B M-¢aiin nporpammer MATLAB.
[lapameTpbl COCTOAT W3 MApaMETPOB JBUTATENs, NAPAMETPOB PETYISTOPOB,

HapaMCTPOBCHCTeMBIYHpaBHCHHHIIHeﬂﬂHeﬁHOCTeﬁ.

$llapaMeTpE OBUTATEJIS
n=945;
w=pi*n/30;
£=50;
Rs=4.925;
Rr=2.553;
Ls =0.009535;
Lr =0.013;
ILm=0.21019;
p=6;
J=0.011;
Ls=Ls +Lm;
Lr=Lr +Lm;
zp=p/2;
In=5.561;
Kr=Lm/Lr;
Re=Rs+Rr*Kr"2;
Le=Ls-Lm"2/Lr;
Uamp=220*sqgrt (2) ;
Tamp=In*sqgrt (2);
Ar=Rr/Lr;
Wref=2*pi*f;
Psi=0.849;
$llapaMeTpE CUCTEMH YIPaBJIEHNVSI
Kinv=1;
finv=5000;
Tinv=1/finv;
Te=Le/Re;
Krt=(Te*Re) / (2*Tinv*Kinv) ;
Trt=Te;
Krp=1/ (2*2*Kr*Rr*Tinv) ;
Trp=1/Ar;
Krc=(180*J)/ (1.5*zp*8*1024*Tinv*Psi) ;
Trc=98*Tinv; %98 vmesto 49
Tf=32*4*Tinv; %*4 vmesto 2
SHenuHemMHOCTU
Ux=0.312*Uanmp;
Uy=0.95*Uamp;
Ix=1.5*Tamp;
Iy=2*Iamp;
Imax=2*Iamp;
Umax=Uamp;
Ka=2;
h=0.0001;

5.2 TlepexoaHbie MPOIECCHI YJIEKTPONPUBOAA

[Ipu npaBuiibHON paboOTEe IEKTPONMPUBOAA, TOKA3aHUS TOKA M HAMPSIKEHUS

HC OTOJIDKHBI ITPCBBINIATh aMIUIMTY AHBIX 3HAUYCHUM.

| =1 .2=8623-/2=12,194, (5.2.1)

amn InmaKc

U, =U-2=220-4/2=31113B. (5.2.2)
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Jlist mpoBepku pabOTHI AJIEKTPONMPHUBOAA MOCTPOUM TpaduKH MEPEXOTHBIX

IMpOoICCCOB HAICTO JJICKTPOIIPUBOJA IJIA TOKOB CTATOPA U HAIIPAKCHHUS.

| | i | i I '
Tavmr=12.19 A
0 -
& |
s ! { | l ]
|< T |
_j ﬁ!, ’l\ I [[l|l|‘ ;HH'”’ ’“'"l ‘l\ ’ | 199 |['y|r|'| |""”|l
It fil l\l JALTCHLACURCAR KSR H\ A RULLRRA R A (R LY
\l “|Il"t'l'l'lh|f|rn||"'( R Y ‘” |J'Ill.l'|. Il "u'i'r'l'l'lll““““l"I.I 'u'wl
* ” ,!‘ | | i
ST i i/ M 1 -
10 = i
Janrr=-12.19 A
| | | | 1 1 1
0 0.2 04 06 08 1 1.2 14
Pucynok 39 — ITepexoaslii mpouece [ist TOKoB craropa |, 1,
U.B
- TN I
100 f m
‘m WI“”“”" |
t.c

02 06 LX) 1

Pucynox 40 — Ilepexoanblii Iporiecce I HapsHKCHMS

N3 rpadukoB m3o0pakeHHBIX Ha pucyHkax 39 — 40 BHUAHO 4YTO YCIOBHS

IPAaBUJIbHOM pabOThI ANEKTPONPHUBOAA BBITOIHSIIOTCS.
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5.3 IIpoBepka padoOTOCIOCOOHOCTH KOHTYpa CKOPOCTH B COCTaBe

MMHUTANMOHHON MOJEJH.

st 6onee TouHOW pPabOTHI MMHUTAIMOHHOW MOJENHM TOJAeM 3a/JaHHe
KOHTYypa CKOpOCTH ¢ 3ajepxkkod Ha t=0,04 ¢, Tak Kak B 3TOT NEPUOJ BPEMEHHU

ITOTOKOCHCIIJICHUC NMCCT HOMUHAJIBHOC 3HAYCHHC.

H=5%

tpyl=tpy2=0,145 tc
| |

i} 0.05 01 0.15 0.2 0.25 03

Pucynox 41 — Ilepexoanblii mpoLiecc KOHTYpa CKOPOCTH B COCTABE UMUTAIMOHHON
MOJEIIN

U3 Fpa(l)I/IKa BHUJIHO 4YTO Ha KOHTYP HOTOKOCHCIUICHHUA CHIIBHO BJIHMACT
KOHTYP CKOPOCTH. I[J'I?I TOTO YTOOBI YIYUYIIUTb I1IOKA3aTCIIM KadcCTBA, 3aMCHHM

bunbTp Ha 3aaaTuuK HHTeHCUBHOCTH (3U1). 3U HacTpanBaeM OIBITHBIM ITyTEM.
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Pucynoxk 44 — Jluarpamma 31
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[Iyrem »SKCEpUMEHTANBHBIX HMCCIEJOBAHMM  OBLIO  BBISBIEHO, YTO

ONTUMAJBHBIA  yrojd  HakioHa (YCKOPEHHE) COOTBETCTBYET  3HAUYCHHIO

ao
a=15152C.
c
pan. '
W."¢ o=8.1%
12 - [ 1x:0.0853 —
Y:1.081 * Y 1:05
e~y / .
1F - [ | /_\
X: 0.0758 " \
.Y:‘I . . A =504
tpy2=0,0931¢ | | | t ¢
| |

0 0.05 tpy1=0,0758¢ 0 0.15 02 025

Pucynox 45 — Ilepexoanblii mpoLiecc KOHTYpa CKOPOCTH B COCTABE UMUTAIIMOHHOU
MOZEIIN

CBezneM TeopeTHdecKre, SKCIEPUMEHTAIIbHBIE TTOKa3aTelld KauecTBa paboThl
JMHEApU30BAaHHOTO KOHTYpa CKOPOCTM M JKCIEPUMEHTAJbHbIE MOKa3aTeln
KayecTBa pabOThl KOHTYpa CKOPOCTH B COCTaBE UMUTALMOHHON MOJIEIH B TaOJIUILY
10. Tak kak y Hac TpPUCYTCTBYyeT 3aaepkka mo Bpemenu (=0,04c, To s
MPaBUJILHOTO TIOJTydeHus iepeMeHHbIX tpyl u tpy2 Heo6xoaumo Beruects 31u 0,04

N3 ITOJIYYCHHBIX OIIBITHBIM ITYTCM PC3YJIbTATOB.
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Tabnuma 10 — [Tokazarenu kadecTBa MEPEXOHBIX MPOIIECCOB IO

YHPABJICHUIO JIMHCAPHU30BAHHOT'O KOHTYpPa CKOPOCTHU

ts)v ¢ tx(ai)z’ ¢ o, % A, pax a)ﬁ‘b) , A a)ﬁM) e
c c
OxuaeMble MoKa3aTenu
0,0224 0,048 8,1 0 125 90
Pe3ynbTaThl MOIETIUPOBAHKS KOHTYPa CKOPOCTH
0,028 0,0485 9,7 0 122 100
Pe3ynbTaThl MOJIENTMPOBAHUS UMUTALIMIOHHOW MOJIENN
0,0358 0,0531 8,1 0 - -

CpaBHHBasi TOKa3aTeM KadecTBa IIEPEXOIHOTO IMpolecca B KOHTYpE

CKOpPOCTH MOJKHO CKa3aTb, YTO 3HAUYCHUS COIIINCH C HOHYCTHMOﬁ IMOTIPCIIHOCTBIO.

paa

W, —&

0.4 0.6

Pucynok 46 — IlepexoiHbIi TIpo1iece sl CKOPOCTH
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Pucynok 47 — IlepexoHblii IpoLecc A MOMEHTa

o I [ ! [

il

[l {hi .nmllm‘iu \‘: MJ |u|1 .1lll upml In lmlr

’llllllj ||1|' I l

| 14 Uit Iu ol
[l ": I |['ll.' l‘.."' ‘Il'i"i;fl“ ] Hu II"'IH( "‘ fl"“‘wms Hl
‘M.'r hi I I ' T I

1
1‘ 1

g

!
X | | | j Le
0 02 04 06 08 1 12 14 16

Pucynoxk 48 — Ilepexoaublii mpouecc ajs Toka
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Pucynok 49 — Ilepexoaabiii mporiecc A TOTOKa

5.4 Hmuranus padoTbl 3aABHKKH

TexHonormyeckuit mpoiecc, obecneunBaembiii JII3A, 3akioyaeTcs B
MEePEMEIIICHUH 3allOPHOTO OpraHa C 3aJaHHOM CKOPOCTBIO U MOMEHTOM MEXKIY
IBYMSI  (PUKCHpOBAHHBIMH  TIOJIOKEHUSAMH. YTPABJICHHUE TEXHOJOTHUCCKUM
MIPOIIECCOM TIEPEKPHITHS ydacTKa TpyOOIpoBOIa 3aIBMIKKON CBOJAMTCS K 3aJaHHIO
CKOPOCTH M MOMEHTa JJICKTPOIIPHBOJIa B 3aBUCHMOCTH OT IIOJOKCHHS INTOKA, a
TaK)K€ CUTHAJIa O HAIMYUU HOPMAIBHOTO M aBApPUMHOTO COCTOSHUS BBITIOJTHEHUS
NepPeKphITUsS ceueHms. [Ipu mycke HEeoOXOauMO BEIOpATh 3a30p peayKTopa Ha
MaJlol CKOpPOCTH, IIOCJIe 4Yero BBIUTH Ha pabouyyr ckopocTb. CKOpOCTh
TIEPEMEIICHHS OMpeesieTCs] TPeOOBAaHUSAMHM K TEXHOJOTHYECKOMY TIpoIeccy M
3aJ1acT MUHHUMAaJIbHOE OBICTpOJEHCTBHE cpabaThiBaHMs 3aTtBopa. [Ipm moaxone K
KOHCYHOMY TIOJIO)KCHHIO HEOOXOAMMO TIEPEHTH Ha HHU3KYK) CKOPOCTH IS
MPEIOTBPAICHUST THIPABIMYECKOTO yaapa B TpyOe. PekoMeHmyemas auarpamma
3QIaHUSl  BEJIMYMH MOMEHTOOTPAHHUYCHUS M CKOPOCTH B 3aBHCHUMOCTH OT

MOJIOKEHUS TIpe/icTaBeHa Ha pucyHke 0.
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Pucynok 50 — Jlnarpamma 3agaHusi MOMEHTOOTPAHUYECHUS U CKOPOCTH

Bo Bpems mycka TpeOyeTcss pasBUTHE MOMEHTA, IOCTATOYHOTO IS
MIPEOJIOJICHUSI CHIT 3aKIMHUBAHUS 3alIOPHOTO OpraHa B Ce/IJIe U CUJI CyXOro TPEHUS.
B Hawane nBWKEHHMS MOMEHT OTpPaHWYHMBACTCSA I TOTO, YTOOBI HE
MOBPEeIUTH KopIityc. JJis 3a7IBUKKH TpeOyeTcsi Co31aTh MOMEHT COOTBETCTBYIOIIUN
nacrnoptHomy. Eciu nBUratrens HE MOXET JIBUTaThCi C MECTa, TO CpaldaThIBaeT
curaas 06 aBapuu. [Tpu 3TOM BO3MOKHBI IBE CUTYaIUU:
1. Eciu KOHIIEBO# BBIKIIIOUATEh HE CPadOTall, 3HAUUT 3aJIBHIKKY 3aKJIUHUIIO.
2. Ilpm cpabaThiBaHMM KOHIIEBOTO BBIKIIFOUATENISI M TPEBBIIICHAH MOMEHTA
BBIIIEC JOIYCTUMOTO TOBOPUT O TOM, YTO JBUTATENh MOMAT B YIUIOTHEHHE.
DTO CUUTAETCSI HOPMATBHBIM PEKUMOM pabOTHI (PEKUM YIUIOTHEHUS).
AJexBaTHOE OmNpe/eeHne KpalHNX MOJIOKEHHE BAXHO AJI orepaTopa s
MPaBUIILHOTO BEACHUS TEXHOJIOTHYECKOTO Ipoliecca.
OcTaHoBKa DJJIEKTPONPUBOJA 3aBUCUT OT TIOJIOKEHUS IITOKA U OT
TEXHOJIOTHYECKOT0 TpoIiecca.
Mowment OII orpannunBaeTcs B ONPEICICHHOM JUaa3oHe:

M > MOTPbIBA
M<M,,
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rjae M — MOMEHT Ha Bajly 3JIEKTponpuBoaa;, M ., .. — MOMEHT TPOraHHs M3

YIUIOTHCHHOI'O COCTOSHUA, 06eCHe‘-II/IBaIOIHI/Iﬁ Ha4yajio JBWXEHUdI, M Max

MAaKCUMAJIBHO JOIYCTUMBIM MOMEHT Ha Bajly AJIEKTPOIPUBOJA, HE NPUBOMISIINMN K
YXYALIEHHIO YKCIUTYyaTallMOHHBIX CBOMCTB apMaTyphl.

[Toctporm Momens Harpysku 3anBwkku B makere MATLAB Simulink u

BBCICM €€ B UMHUTAIITMOHHYIO MO/IC]Ib.

. | Scopel
In1 Outt Kinv »>
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[ "
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Pucynok 51 — IMutanmoHHas MOJEIb JICKTPOTIPHBOIA

j Step2
Step4 I

&

Steps Step1 Mec
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Scope

Pucynok 52 — Mojienb Harpy3Kku 3alopHOM apMaTyphl
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Pucynoxk 53 — JIlmarpamma 3amaHuss MOMEHTOOTPAHIUYCHHUS
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Pucynok 54 — I[lepexoanblii mpouece JIjsi CKOPOCTH

Ha pucynke 54 wu3o0paxkeH TEpeXOAHBIA TMPOIECC MJisi CKOPOCTH

anexktponpuBoga. B momeHT Bpemenu 0,4C XapakTEpUCTUKA HMEET

3HA4YCHUC

ckopocTtu paBHOe 20% OT HOMHUHAJIBHOTO. B 3TOT MOMEHT BpEMEHHU MPOUCXOIUT

CPBIB 3alIOPHOTO OpraHa 3aJBWKKU. CKOPOCTh AJEKTPONPUBOIA BHIOUPAETCS C TEM

YUETOM, YTOOBI HE MMOBPCANTH BaHOpHBIﬁ oprax. I[anee CKOpPOCTb BBIXOIUT Ha
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HOMUHAJIBHOE 3HAQ4YEHUE M MPOUCXOAUT IEPEMEIICHUs 3allopHOro opraHa. B
MOMEHT BpeMeHU |,2¢ KJIMH Hae3XaeT Ha cemio, ckopoctb Ol cHmxkaercs u
IPOUCXOAUT YIUIOTHEHUE 3arnopHoro oprana. Ilocime cpaOaTeiBaHMSI KOHEYHBIX

BBIKJIFOUATEICH QJICKTPOIIPHUBOA OTKIIHOYACTCH.

" T T 1 1 T T T T
M E™

Jmoeeran

Los

Pucynok 55 — Ilepexoanslii mpoliecc 1j1sl MOMEHTa

Ha pucynke 55 u3o0pakeH mepexoJHbIi mporecc a1 MomeHta OIl. B
MOMEHT BpeMeHU (,4C 3JIEeKTpONPUBOA CO3Aa€T MOMEHT CPBIBA, JUJISI TOTO YTOOBI
IIPEOOJIETh CUJIBI 3AKJIMHUBAHUS 3alIOPHOTO OpraHa B CEMJIE U CUJI CyXOTO TPEHUS.
Ilocne 3TOr0O MOMEHT NIaJaeT M MEPEMELICHUs IITOKAa IPOUCXOAUT IIpU
HOMUHAJIBHOM 3HauyeHHHU. B MOMEHT BpemeHHn 1,2¢ mpOMCXOIUT Hae3[ Ha ymnop H
Janee MACT YIUIOTHEHUE 3alopHOr0 OpraHa, B CIEACTBUM 4ero MoMeHT OIlI
yBenuuuBaeTcs.  [lpu  cpabarpiBanuu ~ KoHieBoro  Boikimrouarens Ol

OCTaHaBJIMBACTCA.
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Pucynox 56 — Ilepexomnblii iporiecc st TOKa

ITo rpaduky, n300pakeHHOMY Ha PUCYHKE 56 BHJIHO, YTO OCHOBHOM ITHKII
TEXHOJIOTUYECKOTO0 00OpY/NOBaHMS HE TPEBBINIAET MAaKCUMaJIbHOE 3HAYECHHE I10

TOKY.
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Pucynok 57 — Ilepexoaublii mporecc s TOTOKa

[To rpaduky wu300pa)keHHOMY Ha pHUCYHKE 57 BHIHO YTO Ha BCEM
MIPOMEKYTKE MOTOKOCIICTNIEHHE COOTBETCTBYET HOMUHAJILHOMY 3HAUYCHHUIO.
Jlnis peBepca Bce MPOLIECCH MPOUCXOAST aHAJIOTMYHBIM 00pa3oM, TOJIBKO

IIPU 3TOM JBUTATEJIb BPAILIAETCsl B 0OPATHYIO CTOPOHY.
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6. DuHAHCOBbINI MEHEI)KMEeHT, pecypcodPPeKTUBHOCTL U

pecypcocdepe:xeHue

L[eJIBIO JaHHOTO pasaciia sABJIACTCA 000CHOBaHHE LICJ'ICCOO6p213HOFO
HCIIOJIB30BaAHUS TCXHUYCCKOI'O ITPOCKTA, BBIIMIOJIHACMOI'O B paMKax MaFI/ICTepCKOﬁ
AUCCCPTAlINH, IIPH 3TOM PACCMATPUBAIOTCA IINIAHOBO-BPCMCHHBIC 1 MATCPUAJIBHBIC

IIOKA3aTeNH IIPoLecca MPOEKTUPOBAHUS.
6.1 IlmanupoBaHue padoT TEXHHUYECKOI0 MPOEKTA

[InanupoBaHue KOMIUIEKCA MpeArojaraeMbix paboOT OCYIIECTBISETCS B
CIEAYIOIIEM TTOPSIAKE:

e OImpejeieHUuEe CTPYKTYphl padoT B paMKaxX TEXHUYECKOTO 3a/IaHMUS;
® OMpe/eleHNE YYaCTHUKOB KaK10M paboThI;

® YCTAHOBIICHUE MPOJIOJKUTEILHOCTH PadoT;

® [OCTpoecHUE rpaduka IpoBeACHUS PadoT.

J171s1 BBITIOTHEHUS POEKTUPOBaHus popMupyeTcs padoydasi TpyIia, B COCTaB
KOTOPOM BXOJSAT HAy4HbIM pPYKOBOJMTENbL W MWHXKeHep. Ha xaxzaeil Bupg
3aIUIAaHMPOBAaHHBIX ~ padOT  YCTAHOBJEHA  COOTBETCTBYIOLIAs  JIOJKHOCTh
WCTIOJTHUTETIS.

Homepam 3TanoB COOTBETCTBYIOT CIEAYIOIINE BUIBI BBIMOJHSIEMBIX padoT,

npejacTaBlieHHbIE B Tabnuue 11.
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Tabnuma 11 - Ilepeuens 3tanoB, padboOT U pacupeaeIeHne NCIIOTHUTENEH

OcHOBHbIE Ne | Conep:xanue padot JL0JZKHOCTH IIpoao/KUTETbHOCTD
ITANbI pao. HCIOJIHUTEJIS , AH
Pa3paborka 1 CocraBnenue u Nnxenep, 1
TEXHUYECKOTO YTBEpKACHHE HayYHBIN
3aaHHS TEXHUYECKOTO PYKOBOJIUTENH
3aJlaHus
Br16op 2 [Ton6op u u3ydenue Nuxenep 3
HaIpaBJICHUS MaTepuasoB [0 TeMe
TEXHUYECKOTO
MIPOEKTUPOBAHUS
Pacuetsl n 3 [IpoekTupoBanue WNnxenep 32
POEKTHPOBAHUE CHCTEMBI yIIPaBJICHUS
3IEKTPONPUBOIA AIIEKTPONPUBOAA
4 Pacuyer gBurareis WNwxenep 30
5 [TpoBenenue Wnxenep, 2
rpaduyeckux HAyYHBIN
IIOCTPOEHUH U PYKOBOJUTEIIb
000CHOBaHUH
O6o06menne u 6 Onenka Wmxenep, 2
OIICHKA s exTuBHOCTH HAyYHBIN
pe3yabTaToOB MOJTyYEeHHBIX PYKOBOJIUTEIH
pe3yJIbTaToB
Odopmnenue 7 CocraBnenue Nnxenep 20
oT4eTa 1o HOSICHUTENbHON
TEXHUIECKOMY 3aITUCKU
IIPOCKTUPOBAHUIO | 8 IIposepka BeimyckHON | MH>KeHep, 4
KBaJIM(DUKAIIMOHHOM Hay4HbIN
paboThI PYKOBOJIUTEIH
PYKOBOJUTEIIEM

[TpoaomKUTENFHOCTD BBITIOTHEHHSI MPOEKTa COCTaBUT 94 paboumx JHS.

N3 sUx:

9 nHEl — MPOAOIKUTEEHOCTD BHITIOJIHEHUS Pa00T PYKOBOIUTEIIEM;

94 nHS — MPOIOKUTEITLHOCTD BHITIOJTHEHUS PaO0T HHKECHEPOM.

HawnGosee ynoOHBIM M HarJISITHBIM B JJAHHOM CITydae SIBJISICTCS] IIOCTPOCHHE
JICHTOYHOTO Tpaduka MPOBEJACHUS TEXHUYECKUX pPabOT B QopMe auarpammbl
I"anTa.

Huarpamma ['aHTa — TOPU3OHTAJIBHBIM JIGHTOYHBIA TpaguK, Ha KOTOPOM

pa6OTBI mo TEMC IMPCACTABIAIOTCA IIPOTAKCHHBIMM BO BPEMCHHM OTPE3KaMU,
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XAPAKTCPUYIOMIUMHUCA AaTaMH Hadalla U OKOHYAaHHA BBIIIOJHCHUSA HAHHBIX pa60T

[19].

rpa(bI/IK CTPOUTCA LI OKUIAACMOI'O 110 AJTUTCIIBHOCTU HMCITOJIHCHUA pa60T B

paMKax TCXHHYCCKOI'O IIPOCKTaA, C paS6HBKOﬁ IIo McCiAllaM MU ACKaJdaM 3a ICPUuog

BPEMEHHU IIOJTOTOBKM Marucrepckoi muccepranuu. Ha ocHoBe TaGmuier 11

CTPOUM IJIaH — rpaduK MpoBeACHUS padoT.

Tabmuma 12 - Jlmarpamma ["anTa

pab
oT

Bua paGor

Ucnonuurenu

Tki,
KaJl.JIH

HpOI[OJDKI/ITeJIBHOCTB BBITIOJIHCHH A pa60T

DeB.

Maprt

Anp.

Maii

Hroun

2

3

1

2

3

1

2

3

1

2

3

1

2

Cocrasienne T3

WNuxenep, HP

2

[Ton6op u
U3yYCHUE
MaTepUasoOB 110
TeMe

HNnxenep

[TpoekTrpoBaHue
CUCTEMBI
ouCHOTO
OCBCIICHUS

Nuxenep

37

Pacuer ucrounuka
NUTaHUA

Nuxenep

30

IIpoBeneHune

rpau4ecKux
MIOCTPOEHU U
000CHOBaHUH

WNnxenep, HP

Ouenka

3¢ (HeKTUBHOCTH
MOJTYYEHHBIX
pe3yJIbTaToB

WNnxenep, HP

CocraBienue
HOSICHUTEIHHOU
3aIIMCKHU

Nuxenep

20

ITpoeepka BKP

WNuxenep, HP

3

HCXOI[?I U3 COCTaBJICHHOM AuarpaMmbl, MOXHO CACJIAaTb BbIBOA, 4YTO

MPOJIOIKUTEILHOCTh PabOT 3aHMMaeT 12 nekaja, HauyWHas CO BTOPOM JeKajbl

dbeBpaiis, 3akaHUYMBas MEPBOM  JEKaJOW  HIOHSA.  YUUThIBas  BEPOSTHOCTHBIN
XapakTep OLEHKU TPYAOEMKOCTH, peasibHas MpPOAODKUTEIBLHOCTh pabOT MOXKET
ObITh Kak MeHbIIe (mpu OJaronpusiTHOM CTE€YEHUH OOCTOSITENbCTB), TaK H
HECKOJIBKO MPEBBICUTH YKa3aHHYIO MPOJOJKUTENBHOCTh (MpU HEOIAronpusTHOM

CTCUYCHHH OOCTOSITEIILCTB).
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Hanee o nquarpamme ['aHTa MOKHO NPEABAPUTENIBHO OLIEHUTH ITOKA3aTeNn

paboyero BpeMeH! I KaXK10I0 UCTIOJTHHUTEIIS.
6.2 Cwmera 3aTpaT Ha IPOEKTHPOBAHHE

Cwmera 3atpaT Ha npoekT (K, ) BKIIOYaeT B ce0si MaTepuaabHble 3aTpaThl,

aMOpPTHU3allui0, 3aTPaThbl HA 3apa60THy}0 IJ1aTy, Ha COOHUAJIbHBIC HYXXIBI, ITPOYHUC U

HaKJIaaHbIC 3aTPAaThI.

K,, = Knam + Kam + K3 | nn+ Kc.o + Knp + Kuaxan (6.2.1)

rne Kmam — MaTepuasbHble 3aTpaThl;

Kam — amopTH3aIysi KOMIbIOTEPHON TEXHUKH;
K3/nn — 3aTpatsl Ha 3apabOTHYIO TUIATY;

Kc.o. —3arpatbl Ha collMalIbHbIE HYX/]IbI;

Knp — ipounie 3aTparsl;

Knaxn — HaknagHbIe 3aTPaTHI.
6.2.1 MarepuajbHble 3aTPaThl

B nannoii paGore MarepuanbHble 3aTpaThl npuHMMaeM B pazmepe 1000

pyOJseil Ha KaHUEISIPCKUE TOBAPHI.
6.2.2 3aTpaTbl HAa aMOPTHU3ALHIO

Tak xak mis paboOThl HaJ MarucTepCKOM auUccepTaluedl HCIOIb3YeTCs

KOMIIBIOTCPHAs TCXHUKA, ITIOCYUTACM €€ aMOPTU3alNIO.

Tucn.km 1
Kam = — [{km - ——
Tean L T » TAC (6.2.2.1)

Tucn.xm — BpeMs UCTIOJIb30BaHUsI KOMITbIOTepHOH TexHuku (90 nHei);
Tkan — xanengapHoe Bpems (365 1Hei);

L[xm — nena komnbroTepHoOi TexHuku (25000 pyo0);

Tcn — cpok ciry:k0bl KOMIIBIOTEPHON TEXHUKH (5 JI€eT).

50 1
Kam =——-25000-= =684,93p)6 . 2.2.
an=_ c Dy (6.2.2.2)
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6.2.3 3aTpaTtbl Ha 3apaGoTHYIO IJIATY

Boznarpaxkaenue 3a TpyJn B 3aBUCMMOCTH OT KBaJM(pUKaUU pabOTHHKA,
CII0)KHOCTH, KOJIMYECTBA, Ka4eCTBa M YCIOBHUI BBHIMOJHSAEMOW pabOThI, a TaKxkKe
KOMITCHCALIMOHHBIE U CTUMYJIMPYIOLIME BBIIUIATHI, 3aTPaThl HA 3apabOTHYIO IUIATY

(nnsa urxerepa u HP).

K3 [ nn = 3[unosic + 3nup (6.2.3.1)
3l vmec = 31o - K1- K2, rne (6.2.3.2)
K1 — xosddunment, yunteiBatronuii otmyck (1,1 = 10%);

K2 — paiionnsrit koadpdunuent (1,3 = 30%);

3llo — mecsiunblil oknaa (st goueHta 26300 pyO., mis uHxeHnepa 17000

pyo.).
J{ns HaydHOTrO PYKOBOJMTES:
3lImec =27300-1,1-1,3=39039 pyo. (6.2.3.3)
JIns mHxKeHepa:
3IImec =17000-1,1-1,3 = 24310 pyo. (6.2.3.4)
3Top = 21 e (6.2.3.5)

21 — yncno pabounx THEH B MeCHIl,
N — pakTHUECKOE YKCIIO0 JHEH B MPOEKTE.
JIns HaydHOTO pYKOBOAMUTENS:

3llop = %-9 =16731 py6. (6.2.3.6)

Jlna naxxenepa:

3llop = % -94 =108816 pyo. (6.2.3.7)

K31 n1=16731+108816 = 125547 py6. (6.2.3.8)
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6.2.4 3aTpaTbl Ha cOHATbHbIE HYKIbI

3arpaThl OpraHu3aluy MO0 OO0A3aTENbHBIM U JTOOPOBOJIBHBIM B3HOCaM B
OpraHbl TOCYJapCTBEHHOTO CTpaxOBaHWsA, NEHCHOHHOTO (QoHma, QoHaa
MEIUIMHCKOIO CTPAaXOBAaHMS OT 3aTpaT Ha OIUIaTy TpyAa paOOTHUKOB, 3aHITHIX B
MPOU3BOJCTBE NPOAYKIMU, paldOT, YCIyr B HENPOU3BOACTBEHHOW cdepe B

COOTBCTCTBHUH C MOPAAKOM, YCTAHOBJICHHBIM 3dKOHOIATCIILCTBOM.

3arpaThl Ha colMaabHble HY kbl OepeM B pazmepe 30% ot K3/ni.

o K3/nn-30% 125547-0,3
o 100%

=37664,1py6. (6.2.4.1)

6.2.5 IIpoumne 3aTpaThl

[Ipouue 3arpatel npuHuMaroTcs B pazmepe 10% ot (Kmam + Kam + K3/nn
+ Kc.0)
_ (Kmam + Kam+ K3 nn+ Kc.0.)-10%

Kn 6.2.5.1
P 100% ( )
o — (1000-+ 634 93+1215547 +37664,1)-01_jcieo e o

6.2.6 HakjaaHble 3aTpaThl

3aTpathl, HE CBSI3aHHBIC MPSMO C TIPOU3BOJCTBOM OTACIBHOTO U3JIENUS WU
BUJla pabOThl U OTHOCHMBIE HAa BECh BBIMYCK NpOAYyKIuu. K HUM OTHOCSTCS:
pacxoapl Ha COJAEp)KaHWE, OKCIUIyaTallMl0 W TEKyUIMA PEMOHT 3aHHM,
COOpY)KEHUI W O00OpYIOBaHHUSA; OTYHMCIECHHUS HA COLMAIBHOE CTPaXOBaHHE H
Ipyrue  oO0s3aTelbHBbIC  ITUTATEKU; COJAEp)aHWe W 3apaboTHYHO  IUIaTy
aMUHUCTPATUBHO-YTIPABJICHYECKOIO0  TEpPCOHaNa; pacxXoibl, CBSI3aHHBICE C

MOTEPSIMH OT Opaka M IMPOCTOEB U .
Hakmanneie pacxonpl npuauMarotes B pazmepe 200% ot Kz/na.

K3/ nn-200%

K = ’
HAKJ1 100% (6.2.6.1)
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Knaxn = % = 251094 pyo.

CaenieM MoTydyeHHBIC pe3yJIbTaThl B Ta0auIy 13.

Tabnuua 13 — Cmera 3aTpat Ha IPOEKT

Ne DJeMeHTHI 3aTpaT CroumocTs, pyo.
1 | MaTepuasibHbIe 3aTPaThI 1000

2 | AMopTu3anus KOMIBIOTEPHON TEXHUKU 684,93

3 | 3arpaTsl Ha 3apabOTHYIO TIATY 125547

4 | 3aTrpaThl Ha COLMATbHBIEC HYXKIbI 37664,1

5 | IIpouwme 3aTpatsl 16489,6

6 | Hakmagnble pacxo/sl 251094

Hroro: 432479,63

CmMmera 3aTpaT Ha IIPOCKT:

K, =1000+684,93+125547 4+ 37664,1+16489, 6 + 251094 = 432479,63 p)0.

JIaHHBI TEXHUYECKHM MPOEKT HAMNpPaBICH HA pacueT »3JIEKTPONPHUBOJA
3aBMKKA Ha Oaze cucreMbl «[IY ¢ BEKTOpHBIM yINpaBICHHEM — ACHUHXPOHHBIN
JABUrarenb». PaccuWTtanbl MmapaMmeTpsl JBHUrarTelisl, €ro €CTECTBEHHBbIE W
HCKYCCTBEHHBIE XapaKTEPUCTHUKHU.

B makere MATLAB Simulink 16 moctpoeHa wWMHTAIlMOHHAs MOJEIbH
JBUTATEIII U MOJIENIb HAIPY3KHU 3allOPHOM apMaTyphbl. Pe3ynabTaTbl MOIEIMPOBAHHUS

COOTBCTCTBYIOT OKHMIACMBIM ITOKA3aTCJIAIM Ka4CCTBaA.
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7. CouuajibHasi OTBETCTBEHHOCTh

be3onacHoCTh TpyJla — 3TO CHCTEMa 3aKOHOJATEIbHBIX aKTOB, COLIMAIIBHO —
SKOHOMHYECKUX, OpraHHU3alMOHHBIX, TUTUEHUYECKUX U ae4eOHo-
npOo(UIAKTUIECKIX MEPONPUATUH U CPEACTB, 00eCMeYHBAIOMINX O0€30MacHOCTb,
COXpaHEHHE 37J0pPOBbs U PaOOTOCTIOCOOHOCTH YEJIOBEKa B Mpoliecce Tpy/ia.

B mporpammy oxpassl TpyJda BXOJHWT BHEAPEHUE HA BCEX MPEANPHUATUAX
COBPEMEHHBIX CPEJCTB TEXHHKH OE30MACHOCTH M OOECIEYeHHWE CaHUTapHO —
TUTUEHUYECKUX YCIIOBHM, YCTPAHSIOMIUX IPOU3BOJACTBEHHBIA TpaBMaTU3M U
npod3aboieBaHus.

7.1 AHaJu3 ONACHBIX BPeJIHbIX NPOU3BOJACTBEHHBIX (AKTOPOB

CornacHo [19] omacHble W BpeAHbIC NPOHM3BOACTBEHHBIC (HAKTOPHI IMPH
MOHTa)X€, HACTPOWKE M OHKCIUTyaTallMk pa3pa0OTaHHOIO YCTPOMCTBA MOYKHO
BBIIEJIUTh CIICAYIOLIME ONACHbIE M BpEOHbIE (PAKTOPBI, pa3ieiieHHblE Ha JBE
TPYIIIIbL:

o (Qusuueckue (HampsDKEHWE MUTAHMSA, TOCTyMaromee ¢ OJoKa MUTaHWs,
HEYJIOBJIETBOPUTEIIBHOE OCBEILEHUE, ONACHOCTh BO3HUKHOBEHMS I0XKapa,
OTaCHBIN YPOBEHb HANPSDKEHUS | JIP.);

e rncuxodusnonorndyeckue (YMCTBEHHOE TNEpEHANPSHKEHUE, 3MOIMOHATBHBIC
Heperpy3Ku).

OnacHble (Qu3MUYECKUEe MPOU3BOJACTBEHHbIE (PAKTOPhI, YKa3bIBAIOT Ha
BO3JICUCTBUS, OKa3bIBacMbIe paboueit cpenowu, ITPOMBIIUICHHON,
NPOM3BOJICTBEHHON TeXHMKOW W.T.A. cormacHo [19] omnum wu3 dakTopos
ITPOU3BOJICTBEHHOM OIMACHOCTH ATOM IPYIIbI SBIAETCS HanpspkeHue cetu 220 B,
HE00XO0AMMOE JUIsl MUTAHUS CBETUIILHUKA.

CrnenyrommM  (HakTopoM MPOU3BOIACTBEHHON OMACHOCTH JTOM TPYMIIBI
SBJISETCS:

e TemIepaTypa Bo3ayxa paboueil 30HblI,

® HEIOCTaTOYHAasl OCBEIICHHOCTh paboueil 30HbI;

® BJAXHOCTb BO3/YXa;

® TIOBBILICHHBIN YPOBCHBb J3JICKTPOMArHUTHBIX I/ISJIy‘IeHI/II\/'I BO?)HPIKB.IOHII/II\/'I BO
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Bpems pabotsl [ID9BM.

[Icuxodusnonornueckue bakTopsI XapaKTepU3yIOT BIIMSTHUE
IIPOM3BOICTBEHHOTO MIPOIIECCa Ha YEIOBEKa U COCTOSTHUE €0 paboTOCIIOCOOHOCTH.

K omacHbIM TICMXO(HU3UOIOTHUECKUM ¥ BPEIHBIM IPOU3BOJICTBEHHBIM
dakTopaM OTHOCSITCSI:

® CTaTHYECKHUE;
® JMHAMUYECKHE U HEPBHO-TICUXOJIOTMYECKUE TMeperpy3ku (YMCTBEHHOE

NepeHanpsHKeHne, YTOMJIEHHE, MOHOTOHHOCTh TpyZAa, SMOIIMOHAJIbHBIC

NEPETPY3KHU).

CornacHo [27] paboTa 1o pa3paboTKe 3JIEKTPONPUBOIA 3aTIOPHOI apMaTyphI
B OCHOBHOM HOCHUT YMCTBEHHBIA XapakTep. Bo3MOXXHBI Harpy3ku opraHuzMa B
pe3ysbTaTeé TOro, YTO OCHOBHOE IIOJIOKEHHE pa3paboTyuka, cOopiMKa u
HACTPOMIIKKA JIEKTPONPHUBOIA UMEET CUASUNN XapaKTep.

Bocrpusitue Gosnbiioro oobema uHbopmanuu npu pabore ¢ [IOBM, eé
aHalu3 B XO0J€  pa3pabOTKU  TakXkKe CHOCOOCTBYET  BO3HMKHOBEHMIO
NEPeHANpPsHKeHU  OpraHW3Ma, B YacCTHOCTH HEPBHOW CHCTEMBI, HEPBHO-
MBIIIIEYHOTO armapara pykK, IIed, IUIeY, CIHHBI, HANPSHKCHUIO 3PUTCIHHOTO
anmapata. B cBsf3M C OITUM TOSBISIOTCS OO0JIM, 3pUTENbHAsl yCTaJoOCTh,
pa3apaxuTeNbHOCTh, o0I1Iee yromieHue. HenpasunbHoe odopmiieHune padoudero
MeCTa, a TaKXKe M BCEro IOMEIICHHS MOXET 3HAYUTCIIbHO CHHU3UTH
POU3BOAUTEIHLHOCTD TPYAQ.

7.2 TpeboBanusi 6€e30MaACHOCTH

7.2.1 TpeOoBaHusi 3J1eKTPO0€30MACHOCTH

DneKTpoOEe30MacHOCTh — 3TO CHUCTEMAa OPTaHU3AIMOHHBIX U TEXHHYECKUX
MEPONPUITUIA M CPEJCTB, OOECHEUMBAIOIIMX 3alIUTy JIIOJEH OT BPEIHOTO U
OMAaCHOTO  BO3ACUCTBUA  DJICKTPUYECKOTO  TOKA,  JJIEKTPUUYECKOW  JyTH,
AJIEKTPOMATHUTHOTO TIOJISI, CTATUYECKOTO DJIEKTPUUYECTBA.

TpeGoBanus O0€30MaCHOCTH, 3PrOHOMHUKHM M  TEXHHMYECKOH  ICTETHUKH
OTHOCSITCSI K 3a/layaM COBMECTHMOCTH KOHCTPYKIIMH YCTPOMCTBA C HYEIOBEKOM

IIPU DKCIUIyaTallud W PEMOHTE, C LENbI0 COXPAaHEHUS JKU3HU U 310POBBSA
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OTIEepaTOpPOB U PEMOHTHOTO TEPCOHANIa, CHIDKEHUS YTOMIISIEMOCTH TMpHU padoTe.

Mepsi

antekTpobe3onacHocTH  periameHtupyores  [20].  Jns  obecnedenus

3J]CKTp06€30HaCHOCTI/I JOJIDKHBI OBITH BEITTOJIHCHEI CICAYIOIINC MCPOIIPUATHA:

Pyku nomxHBI OBITh YHCTHIMH WM CYXHMH, TaK KaK BEJIWYMHA TOKa,
MIPOXOJISIIIIETO Yepe3 YEeJIOBEKa, 3aBUCUT OT COCTOSHUS KOXH, a TaKKe
TUTOIIAIA CONPUKOCHOBEHUS ¢ TOKOBEAYIIUMH YacTsMH (Tps3b W Bjara ee
YBEJIUYHUBAIOT);

Henw3st mpukacathCsi K HCTOYHWUKY TUTAHUS Cpa3y IOBYMS PyKaMH WA
OJIHOM pYyKOM TP HTOM KacaTbCsl TOKOMPOBOSIICH MOBEPXHOCTU
(METaJTHYECKOTO KOpITyca YCTPOKMCTBA), TaK KaK CTEMECHb IOPAKCHUS
ANEKTPUYECKUM TOKOM 3aBHCHUT OT IyTH €ro TIpoxoxaeHus. Hawmboiee
OMacHBIM SIBIISIETCSA MyTh TOKa OT PYKHU K pyKe — uepe3 o0JacTh cepila u
JIETKHUX;

PemoHT c 3ameHoii aeraneil HEOOXOJUMO BBITIOJNHATH MPH OTKIIOUYEHUU
nuTaHus npuBoja ot cetu 220 B;

He pexomenayercss OCTaBisATh 0€3 MPUCMOTpPA BKIIOYCHHBIC W CIIE HE
HAaCTPOCHHBIE YCTPONCTBA — ITO MOKET BBI3BATH MMOXKAP;

B nomemenuu naboparopuu, riae padoraet cOOpIIUK, HCOOXOAMMO HATUINE
3a3eMJICHHS KOPITyCOB Bcex mpuOopoB. B coorBercTtBum ¢ [26], m. 1.7.65.
COTIPOTHUBJICHUE 3a3eMJICHUS B JII000E BpeMs TOJla HE JOHKHO MPEBHIIATh 4
Om. 3azemistonue MPOBOJHUKHA JIOJDKHBI OBITh BUIUMBIMH, a MECTa UX
CTBIKOBKH CKPEIUICHBI pe3b0OBBIMU COCTMHCHHUSIMU;

Pabouee mecto cOopuika o060pyayeTcss OTAEIbHBIMU IIUTKAMU CETEBOTO
HaIpPsHKEHUS, BCE METAJUIMUYECKUE YaCTU KOTOPBIX, IOJDKHBI OBITh HAJIEKHO
3a3E€MJICHBI,

I[Ipu npoBemeHnu padbOT HEOOXOAWMMO  IOJH30BATHCS  HMCIPABHBIM
WHCTPYMEHTOM C H30JUPOBAaHHBIMH pydkamu. HeoOXoaumo MOCTOSHHO
CICIUTh 3a COCTOSHHUEM HW3O0JUPYIOIIMX HAKJIaJOK Ha HCIIOIb3yEMBbIX
WHCTPYMEHTax W TpucrnocoOsieHnsx. [1o okoHuannu paboThl HEOOXOAMMO

OTKJIFOUUTH BCE MOTPEOUTENH INEKTPOIHEPTUU OT MUTAIOIIEH CETH;
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e EXeTHEBHO JOJKHBI TPOBOJIUTHCA BIAXKHAs yOOpKa W TPOBETPUBAHUC
MOMEIIEHHS. DTO MPEJOTBpPALIAET CKOIUICHUE MBUIM U €€ MOoMaJaHue Moj
KOXKYXH 3JIEKTPOOOOPYAOBaHUS YTO, B CBOIO OYEpE]ib, IPUBOIUT K YTECUKE
TOKa M 3aMBIKaHUIO Ha 3EMIIIO;

e CormacHo [22], cmocoOOM 3amUTBl OT CTATUYECKHX Pa3psIOB SBISETCS
3a3eMJICHHE 000PY/IOBaHMS U aHTURJIEKTpOCTaTUIecKas 00paboTka.

I mpenoTBpamieHUs  AJIEKTPOTPABMATH3Ma  HEIOCTAaTOYHO  TOJIBKO
OpPraHU3AlMOHHBIX MEP, 37I€Ch TPEOYIOTCS TAKKE TEXHUUYECKUE MEPDI:

e o0ecreueHne HEJOMYCTUMOCTH TOKOBEIYIIMX YacTe, HAXOISAIIUXCS IO
HanpsDKEHWEM, IS CIy4YalHOTO TpPUKOCHOBeHUA. (€ 3TOM  1ENbIO
TOKOBEAYIIME YacTH HEOOXOJUMO pacroyiaratb, Ha HEIOCTYIHOM BBICOTE,
HIMPOKO MPUMEHSIETCS OTPAXKICHUE U U30JISIIIUSI TOKOBEAYIIMX YacTew;

® [PUMEHEHHUE 3aIUTHOTO 3a3€MJICHUS U 3aHYJICHUA 3JIEKTPOYCTAHOBOK;

® AaBTOMATUYECKOE OTKJIIOUYCHHUE, NMPUMEHEHUE MOHWKECHHOTO HANpPSKCHUS,
JIBOMHOM M30JISIIUU U JIP.;

® IIPUMCHEHHUE CICIUAIbHBIX 3alIUTHBIX CPEACTB — IMEPEHOCHBIX MPHOOPOB U
MPUCIIOCOOJICHUH, CPEICTB UHAUBUIYATLHON 3aIUTHI.

7.2.2 3ammuTa B Ype3BbIYAWHBIX CUTYAIMAX

B nomerniennu, rae mpon3Boaniiach BeITyCKHAS KBaau(UKaIIMOHHAS padoTa,
MMEETCS JJIEKTPOINPOBOJIKA HampspkeHueM 220 BOJIBT, MpEAHA3HAYCHHAA I
MUTAHUSI BBIYHUCIUTEIIBHOM TEXHUKM H oOcBemeHus. [lpu HenmpaBuIIbHOU
AKCIUTyaTall OOOPYIOBAaHUS M KOPOTKOM 3aMBIKAHUM DJIEKTPHUYCCKON ICIH
MOKET MPOU30WMTH BO3TOPAHHUE, KOTOPOE TPO3UT YHUUTONKECHUEM TEXHUKH,
JIOKYMEHTOB | JIPYTOTO UMEIOIIET0Cs 000Py10BaHMUS.

JlanHOoe moMmereHue OTHOCUTCS K kateropuu [l (Hamuuue TBEpABIX
cropaembIx Berieit) [25].

HeoOxoaumo  mpoBOIWTH  CEAYIONME  TMOXKAPHO-TPOOUIAKTHUECKHUE
mepornpusitust [25]:

® OpraHM3alMOHHBIE MEPONPHUATHS, KacalolMrecs TEXHUYECKOTo Ipolecca ¢

y4ETOM TOKapHO! 0€301macHOCTH 00BEKTa;

82



® DKCIUTyaTallMOHHbIE MEPONPHUSTHS, pPACCMATPUBAIOLIUE SKCILTyaTalUIO

MMEIOIIETOCS 000pyA0OBaHUS;

® TEXHUYECKUE U KOHCTPYKTHUBHBIC, CBSI3AHHBIE C IPABUIIBHBIM Pa3MENICHUEM
Y MOHTA)KOM DJIEKTPOOOOPYI0OBAHUS U OTOMUTEIBHBIX TPUOOPOB.
Opranu3aimoOHHbIE MEPOTIPUATHS

1. TIpoTuBOmOXXapHBIN HHCTPYKTAK 00CITYKMBAIOIIETO MEPCOHANIA;

2. OOyueHue nepcoHasna npaBuiiaM TEXHUKH 0€3011aCHOCTH;

3. W3panune MHCTPYKLUH, TUIAKATOB, TUIAHOB 3BAKYyaIIHH.
DKCIUTyaTallMOHHBIE MEPOTIPUATHUSA:

1. CobnroneHue 3KCIuTyaTallMOHHBIX HOPM 000pY1I0BaHUS;

2. ObGecnieyenune cBOOOIHOTO MOIX0a K 000PYI0BAHHUIO;

3. CogepxaHue B  HCIPAaBHOM COCTOSSHUM  M30JSIIMM  TOKOBEIYIIUX

MIPOBOJTHUKOB.

K TEXHUYECKUM MEpPOIIPUATHAM OTHOCHUTCS coOroeHue
OPOTUBONOXKAPHBIX ~ TpeOOBaHMII  MpU  YCTPOWCTBE  AJIEKTPONPOBOJIOK,
o0OpyZOBaHUsl, CUCTEM OTOIUICHMS, BEHTWISILMKU M OCBelIeHHs. B kopumope
UMeeTCs TOpOMIKOBBIM orHerymmrens Tuna OII-5, pyOunbHUK, Ha JBepu
NPUBEACH IUIaH ABaKyalldd B Cilyyae IMoO)Kapa, U, Ha JIOCATAEMOM paCCTOSHUM,
HaXOJUTCS MOKAPHBIM IIHT.

Haubonee nemeBsIM U MNPOCTBIM CPEICTBOM IOKAPOTYIICHUS SIBIISETCS
BOJa, TOCTymawmas u3 OO0bIYHOrO BojompoBoga. Jljig  ocyuiecTBiICHUS
G ()EKTUBHOTO TYIICHUS OTHS HCIOJIB3YIOT TIOKapHbIE pyKaBa M CTBOJIBI,
HaXOJISAIIMECs B CIEUANIbHBIX IIKadax, pacroyIoKEeHHBIX B Kopujaope. B myHkrax
NEPBUYHBIX CPEACTB OTHETYIICHHWS IOJDKHBI pacrojaratbcsi SIIMK C TECKOM,
NO’KApHBIE BEAPA U TOTIOP.

Ecnu BO3ropanuie mpou30LLIO B 3JIEKTPOYCTAHOBKE, ISl €r0 yCTPAaHEHHUS
JIOJDKHBL  MCIIOJIB30BATHCSl  OTHETYIIMTENN YIVIEKUCIOTHhIE Tuma OVY-2, win
nopoikoBeie Tuna OII-5. Kpome ycTpaHeHusi camoro oyara Mnoskapa HYKHO,

CBOCBPCMCHHO, OPraHn30BaTh 9BAKYyallUIO JIIOJEH.
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7.2.3 TpeGoBaHusi NOKAPHOIi 6€30MaCHOCTH

Jlnis mpenynpexxIieHus BOSHUKHOBEHHS MOKapa B J1a00paTOPUU MPOBOISTCS

CICAYIOIIHUC MCPOIIPUATHA:

KypeHHE pa3pelieHO TOJBKO B CIICHHAIBHO OOOPYHZOBAHHBIX MECTaxX, T
UMEIOTCSI YPHBI;

IPOXOJbI, U BBIXOJBI MOCTOSHHO COAEP)KATCS B XOPOIIEM COCTOSHHUH, HE
3arpoOMOX/IAI0TCS M UMEIOT CBOOOTHBIA MPOXOJ JIS JIIOJEH M dBaKyalllu
000py10BaHUs 1abOpaTOPHUH;

CIIeLo/IekIa OOCTYKHBAIOIIETO TIEpcoHalla XpaHUTCA B  CHEIHMAIBHO
NpeIHa3HAYCHHOM JIJIsl Hee MECTe;

BCE JIA0OpAaTOpUU H Jpyrue TIOMEIICHUS OO0CCICYCHbl IEePBHYHBIMU
CpEeACTBaMU TOXAPOTYIICHHSI,

pabota B sabopatopud C JIETKOBOCIUIAMEHSIONIMMHUCA U TOPIOYHMHU
BEIIECTBAMH 0€3 HalU4hs TPUTOYHO-BBITSHKHONH BEHTWISIIUKM CTPOTO
BOCITPEIIACTCS;

3ampemaercss B Ja00OpaTOpPHM OCTaBISATH 0€3 MPUCMOTpa BKIFOYEHHBIMU
npudOpsl 1 000PYOBAHUE.

[Ipu oOHapyXeHHMM BO3rOpaHUWA WM T[OXapa OINEpPAaTUBHBIA IEpPCOHAI

COIJIaCHO pCrilaMCHTaA:

BBI3BIBACT MOKAPHYIO KOMAHY;

OTIOBENIAET PYKOBOACTBO MPEANPUSITHUS;

IPOU3BOUT HEOOXOAMMBIEC OTKIIFOUCHHUS U 3a3eMJICHUSI 000Dy I0BaHNUS;
BCTPEYAET MOKAPHYI KOMaH1y, TpOu3BOAUT HHCTPpYKUHIO 1o [1Th;
BBIJIACT pa3pellieHne (I0MyCK) Ha TyIIEHUE M0XKapa;

BBIJIAET CPEACTBA 3aIUTHI,

3a3eMJIIET MOKAPHYIO MAIIMHY U CTBOJI.

B kaxmoMm mexe mommkHa ObITH pa3zpaboTaHa WHCTPYKIHMS O KOHKPETHBIX

MCpax HO)K&pHOfI 6630HaCHOCTI/I, IMPOTUBOIIOKAPHOM PCKUMC U IIJIaH 3BAKYyalluH

nepcoHalia u3 HOMCHIGHI’Iﬁ.
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Iyt sBakyanuu mnepcoHajla KaTerOpUYECKH 3alpeliaeTcs 3arpoMOXKIaTh
obopynoBanueM. Ha myTsax sBakyaliuu yCTaHaBIMBAIOTCSI YKa3aTElId M CBETOBBIC

TtabJ10.

oA A
AAN N

TpaHcdopMaTopHan NOACTAHUHA

Bak
pafioueit
BOAbI

KoTtenbHbli 3an

]ODDDD |

Pucynok 58. — [Ipumep miana 3BaKkyaiuu nepcoHasnia.

Kaxnpiii ciydaii mokapa (Bo3ropaHusl) JO/DKCH paccleoBaThCs B
COOTBETCTBUU ¢ «MHCTpyKIMEH 10 pacciaeloBaHUIO M YYETy I0XapoB,
MPOUCIICIINX Ha O0BEKTaX IHEPIETHKH» CICIHAILHO HAa3HAYCHHONH KOMHCCHEH
JUIS. YCTAHOBIICHUS TPHYWH, YOBITKOB, BHHOBHHWKOB BO3HHMKHOBCHHS TIOXKapa
(Bo3ropaHusi) W pa3pabOTKH MPOTHUBOIOKAPHBIX MEPONPHUATHH I APYTUX
00BEKTOB.

7.2.4 TpeboBanusi 6€30MACHOCTH NMPHU PadOTe C NEPCOHATIBLHBIM

KOMIbIOTEPOM

[Tpu pabote ¢ [I9BM cnenyer cobmroaaTh ciaeayonye Mepbl 0€30MacCHOCTH
KOTOPBIE COOTBETCTBYIOT [27]

e K paboTe JOMYyCKAIOTCS JUIA MPOIISAIINE CIeIhaibHOe 00yUeHHUE;
® KOpPIyC KOMIBbIOTEPA TOHKEH OBITh 0053aTEIbHO 3a3EMIICH;
® HEIONMYCTUMO OCTaBJISATh KOMIIBIOTEP BKIIOYCHHBIM 0€3 mpucMoTpa (3a

HUCKIIIOYCHUCM CIICIHAJIBHO OTOBOPCHHBIX cnyqaeB);
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® OCHalllaTh MOHUTOPbl MEPCOHANBHBIX  KOMIIBIOTEPOB  MPO3pPAYHBIMU
3allIUTHBIMU 3KpaHaMU, KOTOpPbIE MOTJIOMIAIOT OOJBIIYI0 YacTh BPEIHBIX

U3IIyYEHUN. DTO TaKUE MOJIS KaK: AIEKTPOMAarHUTHOE, MOHU3HPYIOIIIEE.

BaXHpIM 3allUTHBIM MEPONPUSATHEM TAKKE SBISIETCS YCTAHOBJICHUE
pexuMa TpyJa U OTIbIXa. Y TOMISIEMOCTb, BO3JECHCTBUE DJECKTPOMATHUTHBIX W
WOHU3UPYIONINX HM3TYyYEHUH MOXKHO CYIIECTBEHHO CHU3WUTh, €CIH COOJIOJATh
HEKOTOpPBhIE PEKOMEHJAIMU Mpu padoTe ¢ KOMIObIOTEpOM. Bo-mepBbIX, He
peKoMeHayeTcsl paboTaTh 3a KOMIBIOTEPOM OoJjiee IMECTH 4YacoB B JeHb. Bo-
BTOPBIX, KXl Yac HEOOXOJUMO JenaTh MepepbiBbl Ha 5-10 MHUHYT, a mocie
YEThIPEX YaCOB PabOTHI 32 KOMIIBIOTEPOM, HEOOXOIMMO CJIeJIaTh MIepEphIB HA 00€
JUTUTEIBLHOCTBIO HE MEHEE Yaca.

PexoMeHtyeTcst paboTaTh Ha KOMIIBIOTEPE MPU PACCTOSHUM OT MOHUTOPA J10
MMOBEPXHOCTH TJa3, He MeHee 50 CM, 4TO MO3BOJSAET YMEHBIIUTH BO3JECHCTBUE
BPEIHbIX HU3JIYYEHUW M CHHU3UTh YTOMIIIEMOCTh Ija3. Takke peKOMEHIyeTcCs
paboTaTh HA TOHUKEHHBIX SIPKOCTAX MOHUTOPA.

7.2.5 TpeGoBaHUA K 0OCBEIIEHHOCTH

3HauCHHUE OCBEIICHUS B TMPOIECCE KUZHENAEATETLHOCTH U, OCOOEHHO B
MPOU3BOJICTBEHHON AEATENBbHOCTH, BeJUKO. OlleHKa OCBEIleHHs pabouel 30HbI
HeoOxoauMa JjIsi 00eCTieYeHHs] HOPMUPOBAHHBIX YCIOBHI paOOTHI B MIOMEIIEHUSIX
Y TIPOBOJIUTHCS B COOTBETCTBHUH ¢ [17].

[IpaBWIbHO CHPOEKTUPOBAHHOE OCBEIIEHHWE OOECIeYNBAECT BO3MOXKHOCTH
XOPOILLIEN TPOU3BOACTBEHHOU JIESITEIBHOCTH.

Hauwnydmmm  BHAOM OCBEIIeHUsI SBJSETCS JHEBHOE, coyiHeuHoe. Ho
JTHEBHOW CBET HE MOXKET OOECIEeUnTh HYKHOE OCBEIICHHWE B TEUYCHUHM BCETO
pabodero aHs, a Tak K€ 3aBUCUT OT IMOTOJHBIX yciaoBui. [ToaTomy 1iexa 3aBona
00ecTeunBalOTCsl €CTECTBEHHBIM U MCKYCCTBEHHBIM OCBEIIICHUEM.

HckyccTBEHHOE OCBENIEHUE IO XapaAKTEPY BBIMOJHIEMBIX 3a7a4 ICJIUTCS Ha!

e pabouee;
® ABapuUIHOE;

¢ [ICPCHOCHOC,
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® DHBAKYyalMOHHOE.

JIOTIOTHUTENBHOE HMCKYCCTBEHHOE OCBEILIEHHWE IMPUMEHSAETCS HE TOJBKO B
TEMHOE, HO U B CBETJIOE BpeMs CyTOK. B kauecTBe MCTOYHMKOB HMCKYCCTBEHHOTO
OCBEILIEHUS NPUMEHSIOTCS JaMIIbl HaKaJIBaHUs, CBETOJIMO/IHBIE,
JIOMHUHECLICHTHBIE U Ta30CBETHBIE.

Pacuér oOuiero PaBHOMEPHOTO UCKYCCTBEHHOI'O OCBEILEHUS
TOPU3OHTAILHON pabouell TMOBEPXHOCTH BBITTONHICTCS METOJI0M Ko3(duimenta
CBETOBOT'O MMOTOKA, YYUTHIBAIOIIUM CBETOBOW MOTOK, OTPAXEHHBIA OT MOTOJKA U
CTEH.

CBeTOBOM MOTOK JIaMITbl HAKAJIMBAHUSI WIIA TPYIIIBI JIOMUHECLIEHTHBIX JIAMIT
CBETWJIbHUKA ONpeeNseTcs o Gpopmyie:

F_EBoKSZ2 (7.25.1)

n-n

rae

E, — HOpMupyemass MUHMMaJIbHAsi OCBEIEHHOCTS 110 [18], JIK;

S — myomaabp OCBENIAeMOro OMEIIEHUS, M2;

K — xoadduument 3amaca, y4UTHIBAIOUIUMN 3arps3HEHUE CBETUJIbHUKA
(MCTOYHMKA CBETa, CBETOTEXHUYECKOW apMaTyphl, CTEH U Mp., T.€. OTPAKAIOIIUX
MOBEpPXHOCTEN), (Haimune B aTMocdepe 1exa apima), mbLu;

Z — Ko>(pPUIUEHT HEPABHOMEPHOCTHU OCBELEHHMs, OTHOIIEHHE Ep./Emin. s
JIOMHUHECLIEHTHBIX JIAMII NP pacuérax Oepércs paBHbIM 1,1;

N — YUCIIO CBETUJIbHUKOB,;

1 - K0O3(PPUIUEHT UCTI0JI30BAHUSI CBETOBOTO MOTOKA, Y%b.

Koad¢uimeHT ncnosib30BaHns CBETOBOIO MOTOKA MOKa3bIBAET, KaKask 4acTh
CBETOBOI'O TOTOKAa JIaMIl MOMajaeT Ha pabouyio moBepxHOCTh. OH 3aBUCUT OT
WHJIEKCAa TIOMEIEHUS 1, TUa CBETHJIbHUKA, BHICOThI CBETUJILHUKOB HaJ padouei
MOBEPXHOCTHIO h 1 KO3 (HULIMEHTOB OTPAXKEHUS CTEH P, U MOTOJIKA P,

WNuaexc noMenieHus onpeaensercs no Gpopmysie:

S

i T ATE) (7.25.2)
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PaccuuraB cBeroBoit motok F, 3Has Tum nammbl, BeIOMpaeTcs Omrpkanias
CTaHJApTHas JaMIla W ONPEAEIIETCA  DJIEKTPUYECKas MOIIHOCTh  BCEU
OCBETHUTEJIbHON cHcTeMbl. Eciii HEOOXOIMMBIN MOTOK CBETUJILHUKA BBIXOAMT 3a
npenensl auanazoHa (-10 +4+20%), To KOppEeKTUPYETCS YKCIIO CBETHJIBHMKOB N
7100 BBICOTA MOJBECA CBETUILHUKOB.

Pa3zMelieHnne CBETMIIBHUKOB B TOMELIEHUU OIPENEIACTCS CHEAYIOUMU
pa3MepaMu, M:

H — BrIcOTa moMenIeHus;

h. — paccTosiHUE CBETHIILHUKOB OT IEPEKPHITHS (CBEC);

hn = H — h, — BeIcOTa CBeTHILHHMKA HAJI ITOJIOM, BBICOTA O/IBECA;

h, — BbICOTa paboueii MOBEPXHOCTU HAJl TTOJIOM;

h = h, — h, — pacuétHas BbIcOTa, BBICOTA CBETHJIBHHKA HaJ padoueit
ITOBEPXHOCTBIO.

HUcxonupie faHHBIC:

H=4wm,hy;=08m h:=02m A=9m B=5m,p,=30%; p, = 50%;

K=15;Z2=11, E, =300 nk.

Pacuér

h=H—-hy—h:=4-0,8-0,2=3m, (7.2.5.3)

rie h — pacu€rtHas BBICOTA, BBICOTA CBETWJIBHHMKA Haa paboueit
MTOBEPXHOCTBIO.

S=A-B=9-5=45m2, (7.2.5.4)

rjae S — IIo@aab OCBEIaeMOro MOMEIIeHUs, M2 .

= o (/§+ B) = ;:?4 =1,07. (7.2.5.5)

[To 3nayeHuto 1 BeIOMpaeTcs KOdQPUIIMEHT UCTIOIB30BaHUS OCBEIIEHHOCTH,
n=0,48.

Pa3pabateiBaeTcs mIaH MOMEIIEHUS U Pa3MeleHNe CBETUIILHUKOB.,

L — paccTosiHEe MEXKTy COCETHUMH CBETUILHUKAMH WM psiiaMu (€CIU TI0
nmuHe (A) uw mupuHe (B) mnomemnieHuss paccTOSHUS pPa3UyHBI, TO OHU

ob6o3nauatorcst LA u LB),
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| — paccrosHMe OT KpallHHX CBETWJIIBHUKOB WIIM PSJIOB O CTCHBI.
OntumanbHOoe paccTosiHMEe | OT KpailHero psja CBETHWJIBHHUKOB [0 CTEHBI
pPEKOMEHIyEeTCS PUHUMATh paBHbIM L/3.

Bri6bupaercs cetunbHuk [1BJI ¢ raGaputaeimu pasmepamu 933x204x156

MM.
Paccrostnue Mexly cCBeTWIIBHUKAaMH L onpenensercs Kak:
L=A-h=15-3=45m. (7.2.5.6)
[ &
IL/3
JISY) i o [ ) | [N |
L3 L. !
25m:
MM L B
L.
BN N N N B
L3 L3| |
Pucynok 59 — IInan nomenienus u pasMenieHns CBETUIIbHUKOB C
JFOMHUHECLICHTHBIMU JIaMIIaMU
Hcxons u3 miaHa MOMEUIEHUS U pa3MEIICHHUs] CBETUJIbHUKOB IOJIy4aeTCs
KOJIMYECTBO CBETWJIBHUKOB paBHbIM n = 10 (2 psga CBETWIBHHKOB IO 5

CBETUJILHUKOB B JIJIUHY).

_E,-K-S-Z 300-1,5-45-11
n-y 10-0,48

F = 4640 11, (7.25.7)

[To cBeroBOMy TOTOKY BBIOMpaeM JtoMuHecHeHTHYI0 Jamiy JIXBb-80.

Mo1HoCTh Beeit ocBeTUTENBbHOM cuctemsl P = 80 Bt
7.2.6 TpeGoBaHusl K IapaMeTpaM IIyMa U BUOpanuu

[lym siBRsieTcs OHUM U3 HanOoJIee pacpoCTpaHEHHBIX (DAKTOPOB BHEIIIHEH
Cpepl, HEONAarompuaATHO BO3JACWCTBYIONIMX HA OPTraHM3M 4YEJIOBEKa M Ha €ro
HEPBHYIO CUCTEeMY. Y YelIoBeKa Ocla0sieTcsl BHUMAaHKE, YXY/IIaeTcs maMaTh. Bee
ATO TIPUBOJMT K 3HAUYUTEITHLHOMY CHIIKEHHUIO MPOU3BOAUTEIBHOCTU TPyAa, POCTY
KOJIMYECTBA OIMTUOOK TPH MPOBEACHUH padoT.

Oo1mrre TpeboBaHus 0€30MaCHOCTH ITyMa MpeaycMarpuBarores B [21].

IIo BPCMCHHBIM XapaKTCPHUCTUKAM HIYMBI IIOAPA3ACIAIOTCA HAa ITIOCTOSHHEIC,
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YpOBEHb KOTOPBIX 3a pabouuii JeHb M3MEHSETCS BO BpEMEHH HE OoJjiee 4eM Ha
5010, 1 HEMmOCTOSTHHBIE, YPOBEHb KOTOPHIX U3MEHSIETCS BO BPEMEHHU OoJiee 4YeM Ha
50/16. HemocTosiHHBIE IITyMBI ITOJIpa3ICISIOTCS Ha:

e KOJICOJIIoNMecs;

® IIPEPBIBUCTHIC;

® VMIIYJIbCHBIE.

CHmxeHue 1Iyma, co3gaBacMoro Ha pabodyeM MecTe BHYTPEHHUMHU
MCTOYHUKAMH, 4 TAKXKE IIyMa INPOHUKAIOIIETO W3BHE, SBJSAETCA OYEHb BAaKHOMU
3ajaueii. CHMIKEHME IIyMa B HCTOYHHUKE H3JIYyYEHHUS MOXKHO OOECIEeUnuTh
IPUMEHEHUEM YIOPYTHX MPOKIAJOK MEXKAy OCHOBAaHMEM MalllHbI, Npudbopa u
ONIOPHOM ITOBEPXHOCTHIO. B KauecTBe MPOKIAAOK MCIIOIB3YIOTCS PE3UHA, BOMIIOK,
npoOKa, pa3IMyHONM KOHCTPYKUMH amMopTh3aTophl. Ilox HacTonpHBIE HIyMAIIue
amnrmaparbl  MOXHO IIOAKJIAIbIBATh MSITKHE KOBPUKM W3 CHHTETHYECKHX
MaTEepUAJIOB, a MO HOKKHU CTOJIOB, HA KOTOPBIX OHM YCTAaHOBJICHBI, IPOKJIAJIKA U3
MATKOM pE3HHBbI, BOWJIOKA, TOJIMHOW oT 6 no 8 mM. Kperuienwe npokiiagok
BO3MO>KHO ITyTE€M MPUKIENKHU UX K OTIOPHBIM YaCTSIM.

B03MOXHO Takke NpUMEHEHHE 3BYKOM3OJIUPYIOLIMX KOXYyXOB. He menee
BAKHBIM JUIS CHWKEHHUS IIyMa B IIPOLIECCE DJKCIUIyaTallUH SIBJIIETCA BOIPOC
NPAaBWJIBHOW W  CBOEBPEMEHHOM  PEryJIMPOBKM, CMa3blBaHUS MW  3aMEHBI
MEXaHUYECKUX Y3JI0B IIyMsiiiero ooopyaoBanus. CHUXKEHHE YPOBHS LITyMa MOKET
ObITh TakK€ JOCTUTHYTO YBEJIMYEHUEM 3BYKOM3OJSALMHM  OrPaXKIAOIIUX
KOHCTPYKIIMH, YINIOTHEHUEM IO IEPUMETPY MPUTBOPOB OKOH, IBEPEM.

PanmonanpHasi IJIaHUPOBKA TMOMEIIEHUS, pa3MelleHne Oo0OopyIOBaHUS
SBJIETCS] BXKHBIM (DAKTOPOM, TO3BOJISIFOLIUM CHU3UTD LIYM.

Takum o0pa3oM, Al CHIDKEHHUS IIyMa CO3[JaBaéMOro Ha padouux MecTax
BHYTPEHHHMU UCTOYHUKAMHU, a TAK)KE [IyMa, TPOHUKAIOIIETO U3BHE, CIEIYET:

e 0CcnabuTh IWyM  CaMHX  HCTOYHUKOB  (MPUMEHEHHE  HKPAHOB,
3BYKOHU30JIUPYIOIIUX KOXKYXOB);
® CHU3UTH 3P(HEKT CyMMapHOro BO3JEUCTBUS OTPAKEHHBIX 3BYKOBBIX BOJH

(3BYKOMOTJIOIAIOIINE TOBEPXHOCTH KOHCTPYKIUIA);
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® TPUMEHSATH PAllMOHAJIBLHOE PACIOJIOKEHNUE 000PYA0BaAHUS;
® JCIOJIb30BAaTh APXUTEKTYPHO-TUNIAHUPOBOYHBIE M  TEXHOJIOTHYECKHE
pEIIeHUs U30JIALNN HCTOUHUKOB IIyMa.
7.2.7 TpeOoBaHHsl K MIapaMeTpaM MHKPOKJIMMATA

3HaYUTENbHBIM (PU3NYECKUM (DAKTOPOM SIBISICTCS MHKPOKIMMAT padodyeit
30HBI, OCOOEHHO TeMIlepaTypa M BIAXHOCTh BO3ayXxa. YemoBeK MOCTOSHHO
HAXOJIUTCS B TPOIECCE TEIMJIOBOrO0 B3aMMOJEHUCTBUSI C OKpYXaloleld Cpeaou.
HccnenoBanusi MOKa3bIBAIOT, YTO BBICOKAsI TEMIEpaTypa B COUETAaHUU C BBICOKOM
BJIQXKHOCTBIO BO3yXa OKa3blBaeT OOJBIIOE BIMSHME Ha PabOTOCHOCOOHOCTH
oreparopa.

B mpou3BOACTBEHHBIX TOMEIICHHUSIX dalle BCEro OBIBA€T IMOHMKEHHAsS
BJIQXKHOCTbh BO3]lyXa. 3UMOM M3-3a CHUCTEM LIEHTPAJIbHOI'O OTOIUICHHUS, a JIETOM —
U3-32 MPUMEHEHUS KOHAWIIMOHEPOB M BEHTHIATOPOB. [IOHMKEHHAsT BIAXHOCTH
BO3/lyXa OTPULATENIbHO CKa3bIBAE€TCS HA COCTOSIHUU KOXHOIO IOKpPOBa YEJIOBEKa:
KOXKa TEpseT Biary, CTAHOBUTCI CyxXxoM U mepmaBoi. [Ipu mnoHMXKEeHHOU
BJIQXKHOCTH ONIYIIAETCS CyXOCTh BO PTY, MOSBISETCS JKax/a.

OnTuManpHble HOPMBI  TEMIEPATYPbl, OTHOCUTEIHHON BJIAKHOCTU U
CKOPOCTH JBMKEHHS BO3/yXa B paboueil 30He MPOM3BOJACTBEHHOTO TIOMEIICHHS B
coorBercTBuH ¢ [20] npuBeacHb B TabmuIe 14.

Tab6nuua 14 - 3HavyeHne mapaMeTpoB MUKPOKIUMATA IS JIETKUX

KaTeropuit pador

CxopocTb
OtHOCUTENbHAA
[Tepuon Kareropus 0 JIBMOKCHUS
Temneparypa, C | BIaXHOCTb
I'ona paboThI BO3lyXa,
BO3aYyXa, %
He 0osee M/c
XOJIOIHBIN U
JIerKas 20-23 60-40 0,2
IIEPEXOHbIN
Terubii JIerKas 22-25 60-40 0,2
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7.2.8 CoumnajbHble TApaHTUM )i PA00THUKA

CouuanpHble TapaHTUM - 3TO COLMAIBLHO-PKOHOMUYECKHE HOPMATHUBBI,
rapaHTUPYIOUIME HACEIICHUIO MPU3HAHHBIA OOIIECTBOM YPOBEHb MOTPEOJICHHUS, TO
€CTh 00eCIEeUNBAIOIINEe MUHUMAIBHBIN CTAaHIAPT YPOBHS KU3HU B COOTBETCTBHUHU C
BO3MOKHOCTSIMU SKOHOMUKHU.

CucteMa CcOUUMANBHBIX TAapaHTUN JOJKHA YJIOBIETBOPSTH CIEAYIONUM
TpeOOBaAHUSM:

® HCOOXOIMMBIN U JOCTATOYHEINH 00BEM;

e 00eceuyeHHOCTh (PUMHAHCOBBIMHU U MaTEpPUAIBLHBIMU PECypCcamMu;
® AJPECHOCTB;

® y4YeT TEPPUTOPHAIBHBIX OCOOCHHOCTEH;

® MEXaHHU3M JIOBEJICHHUS /10 MOITyYaTelsl.

CouunanbHbie rapaHTuu MOTYT OBITH 00I11IeHAITMOHATLHBIMH,
pErHOHANBHBIMHU, OTpPAcjIeBbIMU, a WCTOYHHUKAMU UX (DUHAHCUPOBAHUS —
dbenepanbHbIil O10KET, OrOKEeTHAsE cucTemMa cyOobekTa Poccuiickoit @eaepanuu u
BHEOWKeTHbIE (hoHABL. CoLMAIbHBIE TapaHTUU OOECNEUYMBAIOTCS TpaKaaHam
CTpaHbI B COOTBETCTBUU ¢ KOHCTUTYIIMEN.

B orHomeHun TpymocrmocoOHOTO HaceJIeHUs COIMalIbHbIE TapaHTHH
JIOJKHBI 00€CIIeYnBaTh YCIOBUSI TPYJOBOM U JEJIOBOM aKTUBHOCTH, 3aLIUTY MpaB U
CB00OJT HAEMHOTO paOOTHUKA, HAHUMATEJIS.

JInsi OCHOBHOM YacTH HaceJeHUsS HAEMHBIM TpPYJ SBISICTCS TJIAaBHBIM
HMCTOYHUKOM CPEJICTB CYIIECTBOBAHMS, MOATOMY CHUCTEMa COIMAIBHON 3alUThI
TPYJIOCTIOCOOHOTO HACEJICHHS JOHKHA 00eCIIeuynBaTh rapaHTHH B chepe 3aHATOCTH
W omiatel Tpynaa. s 3TOro rocyaapCTBOM YCTaHABIMBACTCS MUHHUMAalbHas
oriata Tpyna. B OONBIIMHCTBE CTpaH YCTaHABIMBACTCS MUHUMAJIbHAs YacoBas
3apIuiara.

CoumasibHble TapaHTUU B OTHOUIEHUU HETPYJOCIOCOOHOIO0 HACeIeHUs
JOJDKHBI  CO37IaBaTh YCIOBHUS I €r0 TMOTPEOJICHUS, YYUTHIBas OCOOCHHOCTU

Ka)JIOW TPYIIIBI.
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[Toctynienus U3 CUCTEMbI COLMANIBHOM 3aIlIUThI IETAT HAa TPU TPYIIIIbL:
JICHE)KHBIE BBITIIATHI (MIEHCUU, TOCOOUS);

JBIOTHI, TMPOSIBJISIONIMECS B TPaBe HAa CHUXEHUE HAJOTOB, IOJyYECHHE
TpaHchepTOB B HATYpaJIbHOU (hopMme;

COLIMaJbHBbIE YCIyTH, MOTpebisieMble O€CIIaTHO WM MO IIeHaMm, He
MMEIOIIMM SKOHOMUYECKOTO 3HAYEHUS.

CouuanbHble rapaHTHH BBIMOIHSIOT Pa3iudHble (QYHKIIUU:
IMMEHTapHO-KOMIICHCAIMOHHYI0, KOTOpas o0ecleuyuBaeT MOJepKaHue
MOTPeOIEHUS Ha ONPEAECICHHOM YPOBHE;

3alllUTHYIO, KOTOpas O0OECIeYnBaeT COXpAaHEHHE YCIOBUU Tpyla U
POKUBAHUS;

CTUMYJIUPYIOIIYIO, KOTOpasi CTUMYJIMPYET MOIydyaTesisi Ha POCT TPYAOBOU U

JIEITIOBOU aKTUBHOCTH.
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3akJIoueHue

PaccuuTanbl napaMeTpbl ABHUTaTCiisd, €ro €CTCCTBCHHBIC M HCKYCCTBCHHBIC
XAPAKTCPUCTHUKHU. OJIA IIPOBCPKH IICPCTPY3O0YHBIX PCKHUMOB ABUTATCII U
HHBEPTOpAa ObLIN IMOCTPOCHLI NpCaACIbHBIC QJICKTPOMCXAaHNYCCKUC
XApaKTCPHUCTHUKH, HO,HpO6HLIﬁ aHaJIM3 HJaHHBIX l“pa(bHKOB IIOKAa3bIBAaCT, 4YTO AJIA
IMpUMCHACMOI'O AI[ u IMY Tokm OTpaHUYIHUBAIOTCA MAKCUMAJIbHBIM TOKOM

WHBEPTOpA.

[IpoBeneHa onTuMuU3anus KOHTYPOB PETYJIMPOBAHUS CUCTEMBI YIIPABICHUSA,
II0 UTOTaM ONTUMH3ALMNA MOKHO CKa3aTh, YTO 0KMAAEMBIE ITOKA3aTEIN Ka4eCTBA
IIEPEXOIHBIX MIPOLECCOB C PE3yJIbTaTaMHU MOJACIIMPOBAHUS COLUIUCH C JTOIIYCTUMOU

IOTpCIIHOCTLIO.

Ha ocHOBe KilacCMU4eCKOM CHCTEMBI BEKTOPHOIO yIpaBiieHHsS A/]
pa3paboTaHa cucTeMa yhOpaBieHUs acuHXpoHHbIM  OlI,  mo3BosstoIas

chopMUPOBATh HArPYy30UHBI MOMEHT, UMUTHPYIOIIHUA pab0OTy KOMIIOHEHTOB 3A.

Jist  uccnenoBanust pabOTOCIIOCOOHOCTH CHPOEKTUPOBAHHON CHUCTEMBI
MIPOBEICHO €€ MMUTAIMOHHOE MOJICTUPOBAHKUE B PA3JIMYHBIX IKCILUTyaTaIlMOHHBIX
peKHUMaXx, pe3ysbTaThl Hcclie0oBaHui BbinoiHeHb! B cpee MATLAB Simulink 16
¥ TIOKa3bIBAIOT, 4YTO pa3paboranHbiii Ol WMeeT NOBBIIEHHYIO TOYHOCTH U
(G (HEKTUBHOCTH U MOXKET C YCIIEXOM MPUMEHSTHCS NP 3aMEHE U TIEPEHACTPOIKe
ycrapeBmunx JII3A.

ITo wroram wucciaegoBanuii Moaenu OII3A ompeneneHbl 0COOEHHOCTH
U3MCHEHUS (POPMBI KpHUBOW, HEOOXOIUMOM IS UMHUTAIIMA MOMEHTHBIX YCHIIHH

3alI0PHOM apMaTyphl.
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Introduction

The electric drive is one of the main components in many areas of modern
technical civilization. Various types of electric motors and power converters have
found wide application of modern electric drive systems. Electric drives are used to
drive pumping compressor units, to control gas flow, as a gate valve drive and for
other auxiliary needs in the field of gas fuel transportation.

The efficient and safe operation of the whole gas transportation system
directly depends on the fast, accurate and reliable operation of the electric drives
(actuators) of the stop valves in the gas industry. Thus, the task of developing and
researching electric drives for the control of stop valves in the gas industry is
relevant and timely.

This final graduate work is supposed to discuss the solution of issues related
to the development and research on the possibilities of using AC asynchronous
electric drive systems for the control of shut-off/gate valves.

Gate valve

A gate valve is a valve which opens by lifting a round or rectangular
gate/wedge out of the path of the fluid. Gate valves are often used in the gas
industry. The flow change occurs near shutoff with a relatively high fluid velocity
causing gate and seat wear. Typical gate valves are designed to be fully opened or
closed. When fully open, the typical gate valve has no obstruction in the flow path,
resulting in very low friction loss. Gate valves are actuated by a threaded stem
which connects the actuator (e.g. hand wheel or motor) to the gate. They are
characterized as having either a rising or a non rising stem, depending on which
end of the stem is threaded. Rising stems are fixed to the gate and rise and lower
together as the valve is operated, providing a visual indication of valve position.
The actuator takes the form of a nut which is rotated around the threaded stem to
move it. Non rising stem valves are fixed to, and rotate with, the actuator, and are
threaded into the gate [1].
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Construction of a Gate Valve

Gate valves consist of three major components: body, bonnet, and trim. The
body is generally connected to the piping by means of flanged, screwed, or welded
connections. The bonnet, containing the moving parts, is joined to the body,
generally with bolts, to permit cleaning and maintenance. The valve trim consists
of the stem, the gate, the wedge, or disc, and the seat rings.

Two basic types of gate valves are the manufactured-wedge type and the
double-disc type, and there are several variations within each of these types

Wedge Type

There are four types of wedges: solid, hollow, split, and flexible wedge. The
solid wedge is a single-piece solid construction. It does not compensate for
changes in seat alignment due to pipe end loads or thermal fluctuations. As such it
Is most susceptible to leakage. Solid-wedge gate valves are considered the most
economical. Almost all small gate valves are solid-wedge gate valves. Solid-wedge
gate valves are generally used in moderate to lower pressure-temperature
applications. It is common practice to use cast iron or ductile iron solid-wedge gate
valves in cold or ambient water lines.

A hollow wedge is a variation of solid wedge with the exception of a hole in
the center. The hollow wedge travels along the stem when the threaded stem is
rotated, thus opening or closing the valve port.

The flexible wedge is also one-piece construction like a solid wedge, but
areas behind the seating surfaces are hollowed out to provide flexibility. This
construction compensates for changes in seat alignment for improved seating while
maintaining the strength of a solid wedge in the middle. This design offers better
leak tightness and improved performance in situations with potential for thermal
binding [1].

The split wedge consists of two-piece construction which seats between the
tapered seats in the valve body. The two pieces of split wedge seat flat against the
valve seats as the stem is moved downward, and they move away from the valve

seats when the stem is pulled upward.
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In the wedge or disc-wedge types either a tapered solid or tapered split
wedge is used. In the rising stem valves, the operating threads are out of direct
contact with the fluid or gas. The non-rising stem type is preferred where space is
limited and where the fluid passing through the valve will not corrode or erode the
threads or leave deposits on the threads. Also, the non-rising stem valve is
preferred for buried service. When the valve is closed, the gate disc is wedged on
both sides against the seat. In split-wedge gate valves, the two-piece wedge disc is
seated between matching tapered seats in the body. This type is preferred where

the body seats might be distorted due to pipeline strain.
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Figure A.1: Rising-stem solid-wedge ate valve
The upper part of the stem is threaded and a nut is fastened solidly to the
hand wheel and held in the yoke by thrust collars in the rising-stem type of valve.
As the hand wheel is turned, the stem moves up or down [2]. In the non-rising stem
valve, the lower end of the stem is threaded and screws into the disc, vertical
motion of the stem being restrained by a thrust collar. The rising-stem valve

requires a greater amount of space when opened.
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However, it is generally preferred because the position of the stem indicates
at once whether the valve is open or closed. Non-rising stem valves are sometimes
provided with an indicator for this purpose.

Double-Disc Type

The discs are forced against the valve seats by a wedging mechanism as the
stem is tightened in the double-disc parallel-seat valves. Some double-disc parallel
seat valves employ a design which depends mainly upon the fluid pressure exerted
against one side of the disc or the other for its tightness. The major advantage of
this type is that the disc cannot be jammed into the body, an action that might make
it difficult to open the valve. This is particularly important where motors are used
for opening and closing the valve [3].
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Figure A.2: Double-disc rising-stem flanged-end gate valve
Unlike the wedge in a wedge-gate valve, which only comes into contact
nearly closed, each disc in the parallel seat valve slides against its seat while the
valve is being opened or closed. Consequently, these components must be made of
metals, which do not gall or tear when in sliding contact with each other. The
double-disc parallel-seat gate valve is often favored for high-temperature steam

service because it is less likely to stick in the closed position as a result of change
in temperature.
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Conduit Gate Valve

It is also referred to as a slide valve or parallel slide. The disc surfaces are
always in contact with the body seats. Like the double-disc or parallel-seated gate
valve, its disc seats against the downstream seat, depending on the flow direction.
The inside diameter of a conduit gate valve is equal to the inside diameter of the
connecting pipe. These valves are used in pipelines where pigs are run through the
piping to perform cleaning of builtup deposits or debris. The typical applications of
conduit valves include dirty river water with suspended solids or water with sludge
or debris.

Conduit gate valves require a large-space envelope because of their longer
disc proportions to accommodate both the blank and the spacer halves of the disc
assembly. The valve is closed by moving the blank half downward to block the
valve port. The spacer is accommodated in the sump part of the valve body. Refer
to Fig. 1.

Conduit valves with Teflon (PTFE) seats can be used for low to intermediate
temperatures (to 232 °C).Metal-seated valves may be used for temperatures up to
538 °C [3].

Thermal Binding

Thermal binding occurs when a valve is tightly shut off while the high
temperature system is in operation. Later when the system is shut down and
allowed to cool, thermal contraction of the valve seats move inward more than the
wedge shrinkage. This can bind the wedge and seats tight enough to not allow the
wedge to unseat or move when the hand-wheel or the valve actuator is activated to
open the valve.

Parallel seated gate valves are most suitable for applications having potential
for thermal binding. Split-wedge or flexible-wedge type gate valves are expected
to perform better than solid-wedge gate valves when thermal binding is a concern.

Pressure Binding

Sometimes in high-temperature applications, the flow medium, such as

water or steam, is trapped in the valve bonnet area when the valve is closed for
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system shutdown. The valves that do not permit this trapped liquid or the

condensate to reenter the piping either upstream or downstream may experience

excessive pressures in the bonnet cavity when the system returns to operating

temperature. This built-up pressure in the bonnet cavity can prevent the valve from

opening and may cause damage to valve parts.

Pressure binding may not occur if the leakage past the upstream seat is

adequate to prevent over pressurization of the valve bonnet cavity. The following

options offer solutions to this problem:

Drill a small hole on the upstream side of the disc.

Install a small manual stop valve between the valve bonnet-neck and the
upstream end of the valve. This valve shall be opened during start up.

Install a small relief valve in the bonnet.

Advantages of Gate Valves

They have good shutoff characteristics.

They are bidirectional.

The pressure loss through the valve is minimal.

Disadvantages of Gate Valves

The following are some of the disadvantages of gate valves that must be

considered when selecting a gate valve for an application :

1.

Gate valves are not quick opening or closing valves. Full-stem travel to open
or close a gate valve requires many turns of its hand wheel or an actuator.
Gate valves require large space envelope for installation, operation, and
maintenance.

The slow movement of the disc near the full-closed position results in high-
fluid velocities, causing scoring of seating surfaces, referred to as wire
drawing. It also causes galling of sliding parts.

Some designs of gate valves are susceptible to thermal or pressure binding,
depending upon the application.

In systems experiencing high-temperature fluctuations, wedge-gate valves

may have excessive leakage past the seats due to changes in the angular
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relationship between the wedge and the valve seats caused by piping loads

on the valve ends.

6. Repair or machining of valve seats in place is difficult [3].

Valve drives (Actuators)

A single facility can have hundreds, if not thousands, of valves to control
everything from turbine operation to ventilation, to systems that ensure the safety
of personnel and equipment. The valves used can range in size from less than an
inch to several feet in diameter. While some of these valves are designed to be
operated manually, many of them require some form of automatic or remote
operation. Operators and technicians must understand the different types of
actuators used to operate these valves, and how these actuators work.

Valve actuators are devices used to position valves. They can be used to
fully open and shut a valve, or in an application that requires constant and precise
control, such as regulating the flow of fuel to a gas turbine, modulate the position
of the valve.

There are many applications that call for the use of actuators, such as :

e Automating a process

e Positioning valves that require large amounts of torque to operate

¢ Instantaneous operation of systems used to protect personnel and equipment
from dangerous conditions

e Use in controlling areas where manual operation is impractical or impossible

e Continually adjusting systems that must maintain desired parameters.

Types

There are three basic types of automatic valve actuators: those that are
controlled by pressurized air, by electrical power, or by hydraulic force. Selecting
the proper actuator is based on the following considerations:

e The valve application

e The means available to power the actuator

e The speed at which the valve needs to operate

e The amount of force required to operate the valve
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e The type of valve to be operated
e The cost versus the benefit for using each type of actuator
Pneumatic
Pneumatic actuators use pressurized air to operate a valve. They do this by
applying the force of the air to a piston or a diaphragm attached to the valve stem.
Pneumatic actuators are used to provide automatic or semi-automatic valve
operation, and are the most popular type in use due to their dependability and
simplicity of design.
The advantages of pneumatic actuators include:
e Dependability and simplicity of design
e Fast stroking speeds
e Low fire risk
e Low costs
e Pressurized air can be stored, so the valves can be operated when power is
lost
e The disadvantages of pneumatic actuators include:
e Poor performance at slow speeds,
e Compressibility of air, which can lead to inconsistent speeds of shaft
movement,
e Impossible to precisely control position, unless fully open or shut.
Due to their simple design, high reliability, and low cost, pneumatic
diaphragm actuators are used in many industrial applications. For example,
pneumatic diaphragm actuators are often used to control cooling water flow in

power plants.
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Electric

o _—
Figure A.3 : Electric Valve Actuator

Electric actuators include electric motors and solenoid-actuated valves.
Electric motors can be used to open, close, and position a valve manually,
automatically, or semi-automatically. The motor operates in both directions and
drives the valve stem by means of gear couplings. Solenoid valves use electric
power to attract a magnetic slug attached to the valve stem and are used in
automatic open-close applications [1].

The advantages of electric actuators include:

e No source of pressurized air or fluid required

o Useful where low temperatures could cause freezing of condensation in air
supply lines

e Capable of producing very large amounts of torque

e Capable of producing consistent and adjustable operating speeds

e Electric cables are easier than piping to route to an actuator

e The disadvantages of electric actuators include:

e More expensive and complex than other types of actuators

e Slower comparative operation speeds

e Susceptible to a loss of power
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e Potential fire hazard
When a facility is located in a cold enough climate, any moisture trapped in
pneumatic control lines can freeze, removing control of that valve. In conditions
such as this, many facilities will rely on electric motor actuators for reliability and
efficiency during extreme temperatures.
Hydraulic
Hydraulic actuators use a pressurized fluid to control valve movement. The
hydraulic fluid used is either water or oil and is fed to either one or both sides of a
piston to cause movement. Hydraulic valves provide for automatic and semi-
automatic valve operation.
The advantages of hydraulic actuators include:
e More powerful than a pneumatic actuator of the same size
e Precise control of valve position
e (Capable of converting a small input pressure into a large output pressure
e Incompressibility of the fluid, which means very little energy is lost during
operation
e The disadvantages of hydraulic actuators include:
e External hydraulic pump required
e Efficiency can be influenced by changes in temperature
e More expensive and complex than pneumatic actuators
e Can leak, causing a potential fire hazard
Hydraulic actuators are often used to operate the main stop and control
valves for high-pressure steam turbine piping. The actuator’s ability to operate the
valve against the high-pressure steam, as well as the ability to quickly shut the
valve on the loss of control oil, makes hydraulic actuators well suited for this task
[4].
General requirements for Shut-off / Gate Valve Actuators
In general, for the control of gate valves the following are used:
e Piston drives (pneumatic, pneumohydraulic and electrohydraulic);

e Pneumatic drives with a jet motor;
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e Electric drives with a mechanical gear;

e Manual drives with a mechanical gear;

e Handles (levers), flywheels.

e The drive control system provides remote and local control, including:

e Closing and opening of the valves, stopping the locking device in any
intermediate position from the remote and local controls;

e Automatic opening of the electrical circuit by the limit switches when the
locking device reaches the end positions;

e Exclusion of the spontaneous movement of the locking device under the
influence of the working environment.

Electric drives operate on three-phase alternating current with a voltage of
380 V, 50 Hz, single-phase current of 220 V, 50 Hz (or other - at the request of the
customer) and a hand wheel.

The electric parts of all the types of drives have an explosion-proof design of
class 1ExdIIBT3 in accordance with GOST R51330.0 and the degree of protection
of the enclosure is not lower than IP 66 (IP 55 for solenoids placed in a sealed
enclosure) in accordance with GOST 14254, with a double seal and an insulated
terminal block. Electrical equipment is operable at 100% relative humidity of the
ambient air at a temperature of 25 ° C [4].

The drive, when indicated in the order, works in automatic control systems,
with the use of microprocessor technology. The drive's housing is protects against
the external environment.Electric drives and control units are earthed in
accordance to the requirements of the rules for the installation of electrical
equipment [3].Inside the drive's housing , the parts that need to be lubricated are
treated with lubricants and an access device for monitoring and lubrication during
operation without disassembling the drive is available.

The drive has devices (eyelets, eyebolts, etc.) for its slinging when mounted
on the armature. If the drive is delivered already mounted on the armature, the
slinging devices are calculated for the total weight of the armature and the drive.

The scheme for slinging and mounting is included in the delivery. The scheme for
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slinging the drive or the armature assembly with the drive avoids the possibility of
damage to the slings, machine parts and the piping of the armature and drive.

At delivery, the drive is mounted on the armature, if it's transportation is
possible. In case of a separate delivery of the drive, the supplier is obliged to
provide detailed instructions on the installation of the drive and control system.

Electric drives/actuators

Electric drives for the control of shut-off valves/armature have found the
greatest popularity in comparison with other drives due to such advantages as the
simplicity and reliability of their design, and also owing to the widespread
availability of electric power throught industries. Figure 13 shows the intelligent
electric drive EPC-1000.

Electric drives for shut-off valves can consist of a quarter of a revolving
electric drive or a multi-turn drive and a quarter of a reverse gear reducer.

The gearbox/reducer, as a rule, has the following structures:

e worm gearbox;
e spiroid gearbox;
¢ helical-worm gear reducer.

It is possible to use cylindrical or planetary gearboxes. The gear reducer is
placed in a sealed enclosure and its internal parts are greased or oiled.

The gear reducer has a self-locking mechanical transmission. The electric
drives have adjustable mechanical stops for the extreme positions of the valve and
electric limit switches for the extreme positions of the valve gates. Electric drives
automatically shut off the motor when the valve reaches the extreme positions and
send a signal to the control board of the electric drive[4].

The limit switches of the electric drive have two separate pairs of contacts to
ensure the following operations at the end positions of the locking body:

e stopping the electrical signal to the motor or opening the electric circuit of
the drive’s starter - the first pair of contacts;
e sending a remote electrical signal after the locking body changes from one

end position to the other - the second pair of contacts.
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The limit switches of the electric drive ensure reliable switching of the
control circuits of the electric drive or, when the circuit is provided with a circuit-
breaker, directly to the power supply circuits of the electric drive.

Electric drives have mechanical or (and) electric torque limiters. The setting
of the limiting torque values is adjustable. The electric drives disconnect the motor
when the torque limits are exceeded at the output shaft at any moment and also at
the extreme positions and signal the this to the control panel of the electric drive.

The electric drives hinder movement in the same direction that caused the
motor to switch off when the torque limit was reached.The electric control circuit
of the electric drive provides for a blocking, which prevents the motor from
starting spontaneously.

The electric drives have valve position indicators:

e 0n the gearbox (the indicator must be mechanically connected to the spindle
of the crane);
e 0n the position indicator of the multi-turn electric drive.

The maximum temperature of the surface of the shells of electrical devices
in the electric drive does not exceed 200 ° C (temperature class T3 in accordance
with GOST R51330.0). The operating mode of the electric drives is repetative
short-term, not lower than S4, with the duration of the switch-on (PV) of at least
25% in accordance with GOST 183.

The electric drives operate on three-phase AC with a voltage of 380 V, 50
Hz. At the request of the customer it is possible to supply electric drives with other
parameters (from 200 to 660 V, 50 Hz).

The cable entry of the electric drives is carried out via a stuffing box or a
plug-in device [5].

Electric drives have elements for earthing in accordance with
GOST12.2.007.0, and these are made in accordance with GOST21130. Earthing
clamps are provided with a device against unscrewing. Resistance between
earthing elements and accessible non-conductive metal parts of electric drives,

which may be under voltage, does not exceed 0.1 Ohm.
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Figure A.4 - Intelligent electric drive EPC-1000 for the multi-functional
Electric drives are classified according to the following characteristics.

1. Requirements for protection against explosion - into normal and explosion-
proof versions.

2. By the type of reducer used — drives with worm, gear and planetary
gearboxes.

3. By the method of disconnection/switching off in final positions: mechanical
with a clutch for torque limitation ; Electric with a maximum current
limiting relay; Combined mechanical and electrical.

4. By the method of connection with the stop valves’ spindle: a sleeve with a
square and a sleeve with cams.

In turn, the torque limiting clutch can be a of one-sided or two-sided action.

In addition, the method of operation of the clutch can be: frictional action; With a
movable worm; With a radial cam; With an end fist.
Electric drives of 2 groups are manufactured:

1. Drives whose torque clutch is one sided (that is, they only work to close the

valve).
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2. Drives with a two directional clutch. These drives are universal, they can
control any fittings, they are produced with an explosion-proof design, they
work both for closing the valve and for opening it. At the present time
electric drives of the 2nd group are produced.

Principles of operation :

The operator at the dispatching and operating section of the pipeline by the
push of a button controls the limit switch, which drives the motor, the rotation of
which is transmitted through the reducer to the output shaft of the drive. The latter

rotates the running nut or spindle of the gate valve.
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Conclusion

All relevant calculations relating to the electric drive of the valve were
carried out on the basis of the "Vector-controlled inverter-asynchronous motor"
system in the course of the work. The drive’s (actuator’s) motor parameters, its
natural and artificial characteristics were calculated. Also, a series of graphs were
constructed showing limitations on currents corresponding to the rated current and
the maximum current of the inverter, the maximum and minimum current of the
load, and the long-term current of the motor. At low rotational speeds the long-
term permissible current decreases due to the fact that the motor is self-ventilated,
and it does not cool as effectively as at high speeds. Figure A.9 shows that the
rated current of the inverter is greater than the current values of the long-term load
current, and the inverter current value is greater than the maximum drive current.
This indicates that the inverter was selected correctly.

Figure A.8 shows the mechanical characteristics with the limitations of the
electric drive. The minimum torque, the maximum torque of the drive, and the
longest permissible torque are shown. The torque permissible over a long period
for the entire frequency range of rotation is greater than the static load torque,
therefore, this motor is suitable for the selected mechanism in terms of power and
heating.

For proper operation of the system the flux-linkage, current and speed
regulators were calculated, the regulators that were chosen are the proportional-
integral type. Such kind of regulators ensure the accuracy in the transient processes
due to the integral component. Since the motor's power is 2.2 kW, it will not cause
a voltage drop in the network, therefore, the current limit will have a positive effect
on the motor’s life since there will be no overheating of the insulation and further
destruction.

The torque during the transient regimes was equal to the torque of the
reactive load. Limiting torque allows to reduce mechanical impacts in various
kinematic nodes of the system, for example, dynamic impacts in the gearbox when
changing the direction of the motor’s rotational speed.
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