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INJIAHUPYEMBIE PE3YJIBTATBI OBYUYEHUS 110 OOII
13.04.02 «Dy1eKTpoIHEPreTHKA U 3JIeKTPOTEXHUKA»

Kon pe-
3yJbTaTa

PesyabTaT 00yuenust
(BBINYCKHUK /10JI7K€H ObITh T'OTOB)

YHnBepcaanble KOMIICTCHIIHHA

P1

Cosepuiencmgeogams W Pa3BUBATh CBOU UHMENIEKMYATbHLIL W 0OWEK)IbMYPHLLI
Ypogenb, NOOUBATHCS HPABCMEEHHO20 U PUUUECKO20 COBEPUIEHCIBO8AHUS CBOEH INUHOCTH,
00y4eHHI0O HOBBIM METOJaM HCCIEAOBaHUS, K W3MEHEHHI0O HAyyHOrO0 U Hay4HO-
MPOM3BOACTBEHHOTO MPo¢uiIs cBOE MpodecCHOHAIBHON AESTEIbHOCTH.

P2

C60000HO nONL306AMbCS PYCCKUM U UHOCMPAHHLIM SA3bIKAMU KaK CPEIACTBOM JEIOBOIO
0OIIEeHMS, CITOCOOHOCTRIO K AaKTUBHOM COLIMAILHOM MOOMILHOCTH.

P3

Hcnonvsosams Ha TPAKTUKE HAGLIKYU U YMeHUs B Op2aHu3ayuu HAYIHO-
UCCIIEIOBATENIbCKUX M IPOM3BOACTBEHHBIX paldOT, B  ynpagieHuu  KOJIIEKTHBOM,
UCIIOIb30BaTh 3HAHUS MPABOBBIX M STHYECKUX HOPM IIPH OLEHKE ITOCIEICTBUH CBOEH
poheCcCHOHANBHON AesTebHOCTH.

P4

Hcnonvzosams peaCcTaBICHUE O METOIOJIOTHYECKUX OCHOBAX HAYYHO20 NOZHAHUS U
meopuecmaa, poau HaydyHOH WH(OpMAIUN B pa3BUTUU HAyKH, TOTOBHOCTBIO BECTH paboTy ¢
MIPUBJICYCHUEM COBPEMEHHBIX UHPOPMAYUOHHBIX MEXHOL02U, CAHTE3UPOBATh U KPUTHUCCKH
PE3IOMUPOBATH UHPOPMAIIHIO.

IIpodeccnonabHbIE KOMIIETEHIIUH

P5

Ipumenamo yenyonennvie ecmecmeeHHOHAYUHbIE, MAMEMAMUiecKue, COYUaIbHO-
9KOHOMUYECKUEe U NpoGeccuoHanrbHvle 3HAHUA B MEKAUCLUIIMHADHOM KOHTEKCTE B
WHHOBALIMOHHON  MHXKEHEpHOM  JEeATeNbHOCTH B OOJAacTH  DJIEKTPOIHEPTeTUKH U
JJIIEKTPOTEXHUKHU.

P6

CraButh H peuwanto UHHOBAUUOHHbLE 3a0auu HHXXCHCPHOI'O0 aHajn3a B obOmacTu
SJICKTPOSHCPICTUKN U IJICKTPOTCXHUKU C HUCIIOJIB30BAHHUEM FJIy6OKI/IX Q)yHHaMCHTaJII)HBIX nu
CliCcouaJIbHBIX 3HaHHﬁ, AHAJIUTHYCCKUX MCTOJAOB H CJIOXKHBIX Mozeae B YCIIOBUAX
HEOIPEACICHHOCTHU.

P7

Bremonaars UHOICEHEepHble npoekmvl C  TNPUMCHCHUEM OPUIMHAJIBHBIX METOI0B
IMMPOCKTUPOBAHUA [JId JOCTHKCHHSA HOBBIX PE3YJILTATOB, O6€CHC‘-II/IB3}OH_[I/IX KOHKYPCHTHBIC
MPCUMYIICCTBA 3JICKTPOOHECPTCTUYCCKOTO U DJICKTPOTCXHHUYCCKOIO IMPOU3BOACTBA B YCJIOBHUAX
KCCTKNX DOKOHOMHUYCCKHX U OKOJIOTHYCCKUX OIpaHquHHﬁ.

P8

[IpoBoauTh  MHHOBALIMOHHBIC  UHOICEHEpHble  UCCAed06aHus B 00iIacTu
3JIEKTPOIHEPTETUKH U 3JEKTPOTEXHUKH, BKITIOYast KPUTUYECKUM aHaIN3 AAHHBIX U3 MUPOBBIX
MH(OPMAILIMOHHBIX PECYPCOB.

P9

IIpoBomuTh  mexHuKO-d9KOHOMUYECKOe 000CHOBaHUE TIPOSKTHBIX PELICHUH; BBIIOIHATH
OpraHU3aIIOHHO-TUIAHOBBIE PacyeThl IO CO3JaHUI0 WIM PEOpraHu3allii MPOU3BOICTBEHHBIX
y4acTKOB, TJIaHUPOBaTh paboTy mepcoHana u (POHIOB OIUIATHI TPYAA; OMpPENeyATh U 00eCTIeYnBAaTh
3¢ heKTHBHBIE PEKUMBI TEXHOIOTHYECKOrO IpoLiecca.

P10

HpOBOZII/ITB MOHMAdNCHbLE, pecYylUupoB0UHble, UCnblmameslbHble, HAJIaJOYHbIC pa6OTI)I
SJICKTPOSHEPI'CTUYCCKOI'0 M SJICKTPOTEXHUYCCKOT'O 060pyz1013aH1/15{.

P11

Ocsausams HO60€ DIIEKTPOIHEPIETUUECKOE U DJIEKTPOTEXHUUECKOE 000pydosanue;
IIPOBEPSATH TEXHUUECKOE COCTOSIHUE U OCTAaTOUHBIN pecypc 000pyI0BaHUs U OPraHU30BHIBATh
MpOoUITAKTHYECKUI OCMOTP M TEKYIIHI PEMOHT.

P12

Pa3pabatbiBath paboOUyI0 npOEeKMHYIO U HAYYHO-MEXHUYECKVIO OOKYMeHmayuo B
COOTBETCTBHM CO CTaHAapTaMHd, TEXHMYECKUMU YCIOBHSMH W JPYTMMH HOPMaTHBHBIMH
JIOKyMEHTaMH; OPTaHM30BBIBATH METPOJIOTMYECKOE OOECHEUCHHE HJIeKTPO3HEPreTHIECKOTO M
HIEKTPOTEXHUYECKOr0  OOOpYIOBaHMS,  COCTAaBIATb  ONEPAMUGHYIO  OOKYMEHmMAayuio,
NPEIyCMOTPEHHYIO TpaBHJIaMH TEXHMYECKOW SKCIUTyaTallyd OOOpYAOBaHHS M OpraHH3aluH
padoTHL




MunucrepcTBo 00pa3oBanus u Hayku Poccuiickoii @enepanun
CDez[epaanoe ToCy1apCTBEHHOC aBTOHOMHOC O6pa30BaTeIIBH06 YUPCIKACHUC
BBICIIIETO 00pa30BaHuUs
«HAITMOHAJIBHBIN UCCJIEJJOBATEJbCKUM
TOMCKWHA NOJIUTEXHUYECKUHA YHUBEPCUTET»

Wucturyr _OHUH

Hampasnenue noarotoku (cnenuaibHOCTh) 13.04.02 DIEKTPOIHEPreTHKA U MICKTPOTEXHUKA

Kadenpa II150

YTBEPXIAIO:
3aB. kadeapoii

JlementneB 1O.H.
(®.1.0.)

(ITogmuce) (Mara)

3AJIAHUE

HA BbINOJIHEHHE BHINYCKHOM KBAJU(PUKAIMOHHON padoThI

B dopme:

Marucrepckoi qucceprainun

(baxamaBpckoit pabOTHI, TUIIOMHOTO IIPOEKTa/paboThl, MAarUCTEPCKOH ANCCEPTALN)

Crynenry:

I'pynna

[0)7 (0]

SI'MSA

I'onoBkoBy KoHcTanTrHY ['eHHanbeBUTY

Tema paGoThI:

I/ICCJ'ICI[OBB.HI/Ie ACCUHXPOHHOTI'O 3JICKTPOIIPUBO/Ja MMACCAKUPCKOI'O J'II/I(l)Ta

VYTBepKaeHa TPUKA30M JTUPEKTOpa (1aTa, HOMep)

Cpok ciayul CTyZA€HTOM BBITIOJIHEHHOM pabOTHI:

TEXHUYECKOE 3ATIAHHUE:

Hcxoanbie 1aHHbIE K padoTe

(Haumenoganue 00vbekma UCCIe008aHU UNU
NPOEKMUPOBAHUS; NPOUIBOOUMENbHOCMb UTU
Hazpyska, pedxcum pabomel (HenpepvieHbiil,
nepuooudeckuil, YUKIuveckutl u m. 0.); 6uo
CHIPBA UNU MAMEPUAn U30enus;, mpebosanus K
npPoOyKmy, u3oenuio uiu npoyeccy, ocobvle
mpeboeaHus

K 0COOeHHOCMAM

Qynryuonuposanus (sKcniyamayuu) obvexma

u  uzdeaus 6 niaHe — Oe30naAcCHOCMU
IKCNYAMAayuy, GIUAHUSL HA OKPYICAIOWYIO
cpedy, dHep203ampamam,  IKOHOMUUECKUU

aHanuz u m. 0.).

CkopocTh nogbpéMa KaOUHBI, M/C 1
Macca kaOUHBI, KT 630

Macca nmpoTuBoBeca, K 845
I'py3onoabEMHOCTB, KT 400

[TepenarouHoe 4MCIIO peayKTOpa 40

JluameTp KaHATOBEAYIIETO MIKUBa, MM 525

DNEeKTPOIBUTATETH 4AMH160SB4/16




[lepeyens moaseKaNIUX HCCIETOBAHUIO,

NPOEKTHPOBAHUIO " pa3padoTke
BONPOCOB
(ananumuueckuii.  0630p no  AUMEPAMYPHBIM

UCMOYHUKAM C YeNbl0 BbIACHEHUS OOCMUICeHUL
MUPOBOU HAYKU TMEXHUKU 6 DACCMAMPUBAEeMOl
obnacmu; NOCMAHOBKA 3aA0a4U  UCCIEO00B8AHUS,

RPOEKMUpOBaHus, KOHCMPYUPOBAHUS,
codeparcanue npoyeoypul uccied08atus,
npoeKmuposanus, KOHCIMPYUPOBaHUs,

06cyacoenue pe3yibmanos GblNOIHEHHOU padompl,
OONONHUMEIbHBIX pazoeinos,
3aKnoueHue  no

HAUMEHOBAHUe
noonexcawux — paspabomee;
pabome).

- Uzyuenue nuteparypsl
COOTBETCTBYIOIIEH TEMAaTHKH;
- Beibop A/l u [T4

- COOp MpaKTU4YeCKUX AaHHBIX;
- l3ydyeHne TEXHMYECKHX XapaKTEpUCTHK JUPTa C
nByxckopocTHBIM AJl u omHockopocTHBIM AJl ¢ T4, nx
CpaBHEHUE;

- [IpoBeneHre HEOOXOAMMBIX PACUETOB;

- Iloctpoenue Mmozgenu audTOBOrO 3JIEKTPOIPUBOAA C

nByxckopocTHbIM A/l m cucremoit IT4-AJ] ¢ momormrsio

MatLab Simulink.

Ilepeyenb rpauueckoro Marepuasga

(C MOYHbIM yKasanuem 0053amenbHbIX

yepmeoiceti)

- TaxorpamMMmBbl IBHKEHUS KaOWHBI TndTa

- Harpy3ouHble quarpamMmsbl ABUTaTeNei

- HmuranmonHble MoJienu  JIByXckopocTtHoro AJl u
cucremsl [TU-AJ] B cpeme MatLab Simulink;

- XapaKTepUCTUKH CKOPOCTH JBUKCHHUS KAOWHBI, YaCTOTHI
BpallleHUs] U DAJIEKTPOMAarHUTHOTO MOMEHTa aCHHXPOHHBIX

JIBUTATEIEH.

KoncyabTaHThl 110 pa3esaM BbIIYCKHON KBATH(UKALNOHHONH padoThI

(c ykasaHnuem pazoenos)

Paznen

KoHcyabTaHT

DdrHaHCOBBIA MEHEIHKMEHT

Cr. npenonasarens, Ky3smuna H.I'.

ConmanpHas OTBETCTBEHHOCTD

Homnent, lamkoBckuit A.T'.

HNHOCTpaHHBIN A3BIK

Houent, IlTamkna A.C.

Jlara BbIIaYH 3aJaHusA Ha

BbINOJIHEHH
KBATH(UKALMOHHOH padoTHI 10 JTHHEHHOMY rpadpuky

BBIIIYCKHOM

3ananue Bb11AaJ1 PYKOBOAUTE/Ib:

J0JZKHOCTH DdUO Y4yeHasi cTeneHs, Moanuce Jata
3BaHUe
ITpodeccop Kauun C. U. J.T.H.
3ana1me IMPUHHAJ K HCITOJTHEHUIO CTYACHT:
I'pynna (0700 Moanuce Jarta
SITM5SA I'onoBkoB Kouncrantud I'enHagbeBrY




3AJAHUE JUISI PA3JIEJIA
«CONMAJILHASI OTBETCTBEHHOCTDb»

CryneHty:

I'pynna PHUO

STM5SA T'onoBkoB Kouncrantun [ eHHagpeBUY
HucTuTyT OHHWH Kadenpa JI150
YpoBennb Marucrtparypa HanpapJjienue/cnienquajbHOCTh |  DJIEKTPOIHEPTETHKA U
oOpa3oBaHus SJIEKTPOTEXHUKA

Hcxoanblie 1anHbIe K pa3aeiay «CounajabHasi 0TBETCTBEHHOCTDY .

1. Onucanue pabouezo mecma (paboueit 301w,
MEXHON02UYECKO20 NPOYECCa, MeXaHUYecko2o 000py006anus)

Tomewenue 3akpvimo2o muna ¢ ecmecmeeHHouU
senmunsyuell 6030yxa. [lomewenue umeem
UCKYCCMBEHHDLIL U eCIecmEeHHbII UCOYHUK
ocsewernusi. OcHogHoe pabouee 0060pydosanue —
TIDBM, DI1, TA.(*)

2. 3nakomcmeo u omoop 3aKOHOOAMENLHBIX U HOPMATNUGHBIX
OOKYMEHMO8

1) TOCT P HCO 26000-2012. Texnuueckuii
peanamenm no coyuanvrou; 2) N 123-D3
"Texnuueckuii peciamenm o mpebo8aHusax
noarcaprotil besonachocmu" 3) N 426-D3 "O
CneyuanbHoU oyenke yciosui mpyoa"

IlepeveHb BONPOCOB, MOIEKALINX HCCIEI0BAHNIO, TPOEKTHPOBAHMIO H Pa3padoTke:

1. Ananu3 evisieneHHbIX 8PEOHBIX PAKMOPOE NPOCKMUPYEMOU
npouU3BO0CMBEHHOU Cpeobl

Bpeonvie ¢haxmopeui:
1.1llym om pabomol:
2.Bubpayuu na pabouem mecme;
4. Oceewerue paboueii 30Hbl,
3. Mukpoxnumam nomewenus;

2. Ananu3 6blAGNEHHBIX ONACHBIX PAKIMOPOE NPOEKMUPYEMOl
npou3800CMEEHHO Cpebl

Onacuvie paxmopol:
1. Ilopasicenue snexmpuyeckum moKom;
2.loocaponacnocmo,

3. Dkonoeuueckas 6ezonacnocmo

OcHogHbIM 8030€licmEUemM Ha OKPYICAIOWYIO cpedy
A6715IMbCSL OLIMOBbIE OMXO0bI U OMXOObL
B03HUKaIOWUe NPU 0OCIYHCUBAHUU 0O0PYO08aAHUA,
KOMOopble QOAHCHbL HO0BEP2ATNbCA YIMUNUIAYUU.

4. 3awuma 6 upe38bIYatiHbIX CUMYAYUAX

Iepeuens ozmoorcnvix YC na ob6vexme:
Hoorcapnas onacrnocmo(*)

5. Ilpasosvle u opeanuzayuonnbie 60NPOCyl 06ECneyeHus.
beszonacrocmu

Coyuanvuvle 2apanmuu no Komnencayuu s
pabomuuxa.

JlaTa BbI1a4u 3alaHMA 1JIs pa3fieia 1o JuHeliHOMY rpauky |

3aganue BbIAAJ KOHCYJIBTAHT:

JoyxHOCTD (0 (0) Yuenan Mopnmucn Hara
cTeneHb,
3BaHHe
Jouent xkadpenpsr Ob5XK JamkoBckmit AT K.1.H., nomeHT
3agaHue NPUHAJI K HCTIOJHEHHIO CTY/IEHT:
I'pynna L0J4[0) Hoanuck Hara
SI'MSA I'onoBkoB KonctanTus I eHHagbeBUY




_ 3AJIAHHE JUIS PA3JEJIA
«®AHAHCOBBI MEHEJJKMEHT, PECYPCOD®®EKTUBHOCTD 1

PECYPCOCBEPEXEHMUE»
CryneHry:
I'pynna PHUO
SI'MS5A I'onoBkoBy KoHcTanTHHY ['eHHAa1bEBUTY
HucTuTyT JHepreruyeckuii | Kadenpa 20
Yposens Maructp HanpagJienue/cnenuajibHOCTH DICKTPOOHEPIETHKA H
o0pa3oBaHusi JIEKTPOTEXHUKA

Hcxoanblie JaHHBIE K pa3geny «PUHAHCOBBII1 MCHECIKMCHT, pecypco3q)(l)eKTl/IBHOCTb H

pecypcocoepekeHne:

1.Cmoumocms 3ampam mexnuuecxkoeo npoexma (T11): na
3apniamel, Cmpaxoevle OMYUCIeHUs, Npoyue u
HAaKIa0Hble PaAcXobl

3ampamul na mexHuuecKuil NPOeKm coOCMasulU
302589 pybneii

2. Hopmbl u HOpmamusbl pacxo008aHus pecypcos

B coomeemcemeuu ¢ OCT 14.322-83
«Hopmuposanue pacxooa mamepuanosy

3. Hcnonvsyemas cucmema Hano200010H#CeHUsL CIAGKU
HAL0208, OMYUCTEHUL, OUCKOHMUPOBAHUSL U
Kpeoumosauus

Omuucnenus 6o enebr0ICemuble cmpaxoesle

gonowvt 30%

Hepeqeﬂb BOIIPOCOB, MOAJICKAIIUX UCCIICTOBAHUIO, IPOCKTUPOBAHUIO U pa3pa60TKe:

1. ITnanuposanue u popmuposanue epaguxa pabom no
peanuzayuu TIT

HﬂaHHpOGaHUE pa60m U ux 6peMennasl OoyerHKa

2. DopmuposaHrue cmemol

Cmema 3ampant Ha npoekmupoeaHue

3. Oyenka nomenyuana u NepcneKMueHOCMU peanu3ayuu
TII ¢ nosuyuu pecypcoapgpexmusrocmu u
pecypcocbepedicenust

OxoHomuueckasn s¢ppexmugrocmo
ucnoavzosanus I14-AJ]

JlaTa BbIIauM 3a1aHM4 /ISl pa3jieia 1o JuHeiHoMy rpadguky |

3ananne BbIIAJ KOHCYJIbTAHT:

JomxkHocTh DdOHUO Yuenas Hoanuck Jara
CTemneHb,
3BaHHe
Crapummii
p Kyspmuua H. T'.
MPEenoJI0BaTeb
3anaHne NPUHAJ K MCTIOJHEHUIO CTY/I€HT:
I'pynna PO Hoanuce Hara
SITMSA I'onoBkoB K. T'.




PE®EPAT

Breimycknas kBanudukanpmoHHas paboTta coaepxkut 128 crpanun, 22
pucyHkoB, 12 tabnuu, 1 npunoxenue, 25 HCTOYHUKOB.

Knrouesbie CJIOBa: ACHHXPOHHbBIN JABUT'ATEJIb,
[TPEOBPA3OBATEJIb HACTOTHBI, JINOT.

Lenr pa®oThl — H3y4YUThb MU CPABHUTH XapakTep pabdoTbl JudpTa C
onHockopocTHbIM A/l ¢ mpeoOpa3zoBareneM 4acTOTHl U JBYXCcKopocTHOTO A/l 6e3
Hero. Ha ocCHOBaHMM TOJYYEHHBIX JAaHHBIX JOKa3aTh 11eJIeco000pa3HOCTh
UCIIOJIb30BaHUS JIEKTPOIIPUBOA B YCTPOMCTBE MACCAKUPCKOTO TU(TA.

BrimonHensl onucanus paboThl JBYXCKOPOCTHOTO M YaCTOTHOTO MPUBO/IA.

Boei6pan A/l u mpeoOGpa3oBaTeinb 4aCTOThI K HEMY.

IIpownsBeneHsl pacyeThl HArpy304YHOM JUArPaMMBbI JJIEKTPOABUTATEIEH.

C momompl0 HMMHTAMOHHONW Moaead MatLab Simulink, mnomydensr
NEPEXOAHBIE XapAKTEPUCTHKU PAOOTHI IBYXCKOPOCTHOTO M YACTOTHOTO IPHUBO/IA.

BreimyckHass kBanuduKallMOHHAas paboTa BBIIOJIHEHA B TEKCTOBOM

penaktope MicrosoftWord 2013.



OITPEJAEJIEHUA, OBO3HAUYEHUSA U COKPALLIEHUA

JIUDPT — crauvoHapHbIM TMOJABEMHHUK MPEPHIBUCTOIO JIEUCTBUA C
BEPTUKAJIBHBIM  JIBJKEHHEM  KaOWHbl WU MIaTGOpMbl MO  YKECTKUM
HaIIpaBJIAIOLIMM B OIPakI€HHOM CO BCEX CTOPOH IIaXTe.

BHUUIITMAIII -~  HayuyHo-ucClIeqOBAaTeIbCKUH U MPOEKTHO-
KOHCTPYKTOPCKMH  MHCTUTYT  IOJBEMHO-TPAHCIIOPTHOTO  MAIIMHOCTPOEHUS,
cymectsyer ¢ 1930 1. Hmeer nuuensuun @DenepaibHOrO0 TOPHOTO U
npoMbinuieHHoro  Haazopa  Poccum  (Iocroprexnam3zop  Poccum) — Ha
IIPOEKTUPOBAHKE, W3TOTOBIICHHE, MOHTaX, PEMOHT, JKCHEPTHU3Y M MOATOTOBKY
KaJ[pOB 1O TOJBEMHBIM COOPY)KEHHUSAM U  000opylnoBaHuI0. SIBisiercs
pa3pabOTYMKOM U MOCTAaBIIMKOM  I[IMPOKOM  HOMEHKJIATyphl  MOJBEMHO-
TPAHCTIOPTHOTO 00OPYIOBaHUS MPOU3BOAUMOro mpennpustusmMu Poccun u CHI,
SBIIIETCSI aBTOPOM (COABTOPOM) OOJBIIMHCTBA HOPMATHUBHBIX JIOKYMEHTOB
(CranpmaproB, IlpaBun, Meroguyeckux ykazanuh u 1p.). OCHOBHBIMU
HaIIpaBJICHUSIMU  JEATEIBHOCTH  SABJISIIOTCS  MPOEKTUPOBAHUE, W3TOTOBJIEHUE,
MOCTaBKa, MOHTa&X, PEMOHT, JKCIEpTHU3a U OOy4YEeHUE KaJpOB B Pa3IUYHBIX
UCTIOJIB30BaHUs 00J1aCTAX MOJBEMHO-TPAHCIIOPTHOTO 000PYIOBAHHUS.

AJl — aCHHXPOHHBIN JABUTATEb.

K3 — xopoTkoe 3ambIKaHue.

KIIJI — xo3dummeHT moae3Horo qeiCTBUA.

MU /I-peryasitop (IponopIHOHATEHO-UHTETpaIbHO-IUDPepeHIInaTbHbIN
pEryisiTop) — yCTPOMCTBO B LENU OOpPaTHOW CBS3HM, UCIOJIB3YyEMOE B CHCTEMAaX
aBTOMATHUYECKOTO YIpaBICHHUS Uil (OPMUPOBAHUS YIPABISIONIETO CHUTHAJA.
[N I-perynarop GopmMupyer ynpapisitOlIUid CUTHAI, SIBISIOIIUNACS CYyMMOW Tpex
CJIaraeMbIX, MEPBOE U3 KOTOPBIX NPOMOPLUHUOHAIBHO BXOAHOMY CUTHAILY, BTOPOE -
MHTETPAJI BXOJHOIO CHUTHAJIA, TPEThE - IMPOU3BOJHAS BXOAHOro curHaina. Eciu
KAKAE-TO W3 COCTABJISIIOIIMX HE HCHOJB3YKOTCA, TO PETYIATOP Ha3bIBAKOT
IIPONOPLIHOHAIIBHO-UHTET PATIbHBIM (IT1-perynsTop), IIPONIOPLIMOHAIIBHO-

nuddepentmanbabiM (I1J]-perynsrop) u T.1.



ITY — npeobOpasoBaresib 4aCTOTHI.

HITKB — [lenaTpaiibHOE MPOESKTHO-KOHCTPYKTOPCKOE OI0pPO 110 T TaM.

A (AMmnep, A) — ¢IMHHIIA W3MEPEHHUS CHIIBI DJICKTPUYECKOIO0 TOKa B
cucreMme CH, a Takke eTMHHUIA

MAarHUTOABHWKYIIEH CUJIbI U Pa3HOCTU MAarHUTHBIX.

B (Boabt, V) — enunHMIa W3MEpEHHs AJICKTPHUECKOTO HATPSIKCHUS B
cucteMe CU. BonbT paBeH 3JIEKTPUUYECKOMY HAMNPSHKEHUIO, BBI3BIBAIOIIEMY B
AIEKTPUYECKON LIENMU NOCTOSIHHBIN TOK cUJjIoi 1 amnep npu MomHocTy | BarT.

Bt (BatT, W) — B cucreme CH enuHMIIa U3MEPEHUS MOIITHOCTH.

I'm (I'epu, Hz) — eguHuma wW3MEpeHUs 4YaCTOThl IMEPUOJUYECKHUX
nporieccoB (Hampumep, Kojebanuit). 1 ['m o3HawaeT OAHO UCIIOJIHEHUE
(peanu3aIyio) Takoro mpoiecca 3a ogHy cekyuay: 1 I'm = 1/c.

kB1'u (KuioBarr-uac) — enMHMIIA U3MEpPEHUs pabOThl WM SHEPIHH.
Hcnonb3yeTcss TperuMyILECTBEHHO ISl U3MEPEHHsI TOTPEOJICHHS] JIEKTPOIHEPTUU
B OBITYy W HApOJHOM XO3SUCTBE W HM3MEPEHHUS BBIPAOOTKU DSJIEKTPOIHEPTUU B
anekTposHepretuke.l KkBT'4 paBeH dSHeprum, MNOTPedIIeMOl YCTPOHCTBOM
MOIIHOCTBIO 1 KHMJIOBATT B TE€YEHUE OJHOTO Yaca.

H (HbroTOH) — euHMIa M3MepeHus cuiibl B cucteme CH.
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BBEJIEHHUE

CoBpeMeHHbIE MHOTOATAKHBIE 3[aHUs JUIsl OOJIETYEeHUsT U YCKOPEHHs
NepeMEeIIeHHs JI0Jed U I'Py30B Ha pa3jIMUHblE YPOBHU IO BBICOTE OOOPYIYIOT
CpPEeACTBAMH BEpPTUKAIBHOTO TpaHcmopTa. X OCHOBHOE NIPEUMYIIECTBO —
HeOoJbIIas MIoNIalb, 3aHUMaeMasi ero 000pyioBaHueM B 37aHuu. M3 Bcex BHUIOB
MOAbEMHUKOB, MIPUMEHSIEMBIX B KUJTBIX, aIMUHUCTPATUBHBIX u
MPOU3BOJICTBEHHBIX 3/aHUSIX, HauOosiee pacrpocTpaHeHbl audTe. Jludrom
Ha3bIBAIOT CTAI[MOHAPHBIN MOJABEMHUK MPEPHIBUCTOTO JACHCTBUS C BEPTUKAIbLHBIM
JBIKCHUEM KaOWHBI WIM TUIATGOPMBI MO >KECTKUM HANPaBJISIONIMM B OTPaXk]
CHHOM CO BceX CTOpoH maxre [1].

[Io mepe yBeauYeHHs STAKHOCTH 3JaHUM BO3pacTaloT W TpeOOBaHUS K
KauyeCTBY M3TOTOBJICHUS, MOHTaXa M K WX DKCIUTyaTalluu, KOTOPbIe MPUOOPETAIOT
perniaroniee 3Ha4eHUe 1 HOPMAJIBHOTO (DYHKITMOHUPOBAHUS 31aHUM.

JIudptel momaroT yroiab B OyHKEpbl KOTEIbHBIX, YYT'YH K BaroHeTKam
JUTEHHBIX 1IEXOB, IEPEBO3SAT PYJIOHBI OyMaru B TUIMOTPAPUIX, MPOAYKTHI, TOBAPHI,
MOJHUMAIOT aBTOMOOWJIM B MHOTO3TAXKHBIX Tapa)kaX, MEPEeBO3ST MACCAKUPOB U
Tpy3bl Ha CyJlaX PEYHOTO M MOPCKOTO (hJI0Ta, MOJHUMAIOT TYPUCTOB Ha BBIIIKH.
[upoko mpumMeHsitoTcss TUPTHI U B COBPEMEHHBIX JaitHepax. Tonpko B MockBe
JUQTHl MEepeBO3IT 3a cyTku Oosiee 20 MUJUIMOHOB YEJIOBEK, YTO MPEBBIIIAET
KOJIMYECTBO JIIO/IeH, TEPEBO3UMBIX BCEMH BUJAMH TOPOJICKOTO TPAHCIOPTa BMECTE
B3AThIMU. JlanbpHelee pa3Buree TUPTOCTPOEHUS MO3BOJIUT €lle IHUPE MPUMEHSTh
JUQTHI B pa3IMYHbIX 00JIACTAX HAPOJHOTO XO3SICTBA.

[lepBbie ynmomuHauus o0 JAUPTE €CThb B 3aMHUCAX JAPEBHEPUMCKOTO
apxuTekTopa BeTpyBus, KOTOpBIMI B CBOIO oOuepelb cchliaics Ha Apxumena,
KOTOPBIM MOCTPOMI NOABEMHBIN anmapart, BeposiTHO enie B 236 roay 1o H.3.. bornee
MO3JIHUA YIOMHUHAaHMS O JudTax C KaOWHOW, TOJBEIICHHONW Ha KaHaTe u
NPUBOJMMOM B JIBUKEHHUE BpPYYHYIO WM CHJIOW JKUBOTHBIX, JaTUPYIOTCS

cepeanHoi 6 Beka (mudT CunHaiickoro MoHacTeips B Erunre), mepBoii ueTBepThiO
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13 Beka (Bo @panuuu) um 17 B. (mudt BunA3zopckoro 3amka B AHMIHH |
«JIetaromuii cryn» Beitnepa B ogaoM u3 [Taprkckux ABOPIIOB).

B 18 Beke maccaxxupckue audThl Hayaid npuMeHsaTbest B Poccun (ol
nBopuoBblx moctpoek Ilapckoro Cema, momMockoBHOW ycanb0Obl  Kyckogo,
HOTBEMHBIC CTOJ U Kpeciio B [1eTpoBopIioBCKOM DpMHUTAKE).

B 1795 romy W.II. Kynubun pa3paboTaq KOHCTPYKLHI BHUHTOBOTO
naccaxupckoro JudTa (MoAbEeMHBIX U CIIYCKHBIX Kpecen) /s 3uMHero J[Bopiia.

B 1816 rogy nudrt Obu1 yCTaHOBJIEH B TJIABHOM JOME€ MOJMOCKOBHOM
ycagab0bl ApXaHTenbCKOeE.

B cepeaune 19 Beka nud el nosisunuck B CILIA (mudr I'.Ycerepmana).

B 1853 roay B CIHA nossuiuch nudtel 3.0Tuca ¢ nosurensimu. [lepsoe
«JIOBsIILIEE» YCTPOMCTBO cpabaThIBANO TOJBKO MPU CBOOOJHOM MAJCHHUH, TO €CTh
OoOpbIBE KaHATOB. DTO YCTPONUCTBO, MPUMEHSIEMOE BO BCEX COBPEMEHHBIX JU(PTAX B
00J1e€ COBEpLIEHHOM BHUJE, CYLIECTBEHHO CHU3UJIO ONACEHUs 3a MaIeHHe KaOUHBI C
JIOJPMU J@Xe TMPU OOpBIBE KAHATOB, YTO CIIOCOOCTBOBAIO O0Jee MIUPOKOMY
pacnpoctpaneHuto aupToB. B 3T0T nepuoa nudThl, Kak MpaBUio, MPUBOJUINCH B
JBIKEHUE TMapOBOM MAIIMHOM, a TMOJBEMHBIE KaHAThl HAMATBIBAIUCH U
CMaThIBINCH ¢ OapabaHa.

B 1867 romy mosBMIMCH TUAPABIWYECKUE TUQPTHI, KOTOPHIE WMEIH Pl
NPEUMYIIECTB MO CPaBHEHHIO ¢ KaHAaTHBIMH. Ha 3Tux nmudrax ynanoch AOCTHYb
BBICOKOM CKOpPOCTH JBI)KEHHs KaOuHbl 10 3,5 M/C, HO H3-3a 3HAYUTEIbHOU
NEPBOHAYAIBHON CTOMMOCTH M JKCIUTyaTallMOHHBIX PAacXoJ0B MPHUILIOCH
OTKa3aThCs OT HUX.

B 1878 roay Obul m300peTeH OrpaHUYUTENb CKOPOCTH, ITO3BOJISIOIINMA
BKJIFOYATh JIOBUTENH MPU MPEBBILLIEHUH HOMUHAJIBHON CKOPOCTH.

B 1880 romy B I'epMaHuu mMOSBWICS TEPBBIA DIEKTPUUECKUN JTHUPT
CumeHca ¢ peedHbIM MexaHu3MoM noabema. K Havamy 20 Beka dJeKTpUYECKHe
JUQPTH TOJYYWJIM IIUPOKOE PACIPOCTPAHEHHE, MOCTENEHHO BBITECHSA JIUPTHI C

APYruMu TUuiliaMu InpuBOaOB.
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B konue 19 Beka nmosiBWINCH J€0EAKHA C KAaHATOBEAYIIMMU IIKUBAMH, 3TO
ObLIM J1eOEIKM C IBOMHBIM 00XBAaTOM IIIKUBA.

B 20-x romax 20 Beka MOSIBUIUCH JIeOEIKH C OJMHAPHBIM OOXBATOM
KaHATOBEIYIIErO NIKUBA, KOTOPbIEC IIUPOKO MPUMEHSIOTCS U B HAIIE BpEMSI.

B mnameit crpane nudToCcTpoeHHE HAuyalo Pa3BUBATHCS JHIIb TOCIE
peBomtonnu 1917 rona, Korjga HapsIy C TPY30BBIMH M MACCAKUPCKUMU JTH(PTaMU
OOIIero Ha3HAYEHUS! CTAM HM3TOTOBIATHCA JUQPTHI CHEIUANBHBIX TUTOB. [locme
Benukoit OteuectBeHHONW BoitHBI, TO ecTh B KOHIE 40-X rOJ0B B HaIlllel CTpaHE
OBLJIO OCBOEHO CEPUITHOE MPOU3BOACTBO THUMOBBIX KOHCTPYKIMHN JTU(PTOB 0OIIEro
Ha3HAYE€HUS U CKOPOCTHBIX.

B 1955 - 1956 rogax BHUUIITMALIIIL coBmecTHO ¢ TpecToM «Coro3mudT»
CO3/aJIA TUTIOBOM Pl KOHCTPYKITUH MacCaKUPCKUX JTUDTOB JJIS KUIBIX JTOMOB U
0OIIIeCTBEHHBIX 371aHUN rpy30m0abeMHOCTRIO0 OT 320 1o 1000 kr, a Takxe TUTIOBOM
psa rpy30BbIX JUPTOB rpy3onoabeMHOCcThi0 0T 100 10 5000 Kr u OOJBHUYHBIM
mudT rpy3onoabemMHocThio S00 kr. HaumOomnbliiee pas3BuTee OTEUYECTBEHHOE
mudrocTpoeHue nosryuusio B 1963 roxy, koraa 6su10 opranuzoBano LleHTpanbHoe
npoekTHo-KoHCTpYyKTOpckoe Oropo (LITKB) mo mudram. LITKB mo mudram B 1966
- 1967 romax pa3paboTasio HOBBIM MapPaMETPUUECKHN pPsAJ MACCAKUPCKUX U
IPY30BbIX JU(PTOB, MpeACTABICHHBIN 36 MOACTIAMH U 62 UCTIOTHEHUSIMHU.

C poctoM OOJIBIIMX TOPOJOB, MOSBICHHEM MHOTOATAXXKHON 3aCTPOMKH B
MOCJICTHUE JACCATUIIETHS 3HAYUTEIHLHO BO3POC JTU(TOBOM MAapK CTPAHBHI.

C yBeIMYEHUEM KOJIMYECTBA BBIMYCKAEMbIX JTU(PTOB COBEPIICHCTBYETCS U
UX KOHCTpyKIus. B mocnenHue rojsl MOSIBWINCH JUQTHI, TPUHIMN JEHCTBUSA
KOTOpPBIX OCHOBAaH Ha MHMKpPOCXE€Max M MHUKpOdJEeKTpoHuke. He cMoTps Ha
3HAYUTEIHFHOE MHOTO00pa3ue THIOB U KOHCTPYKIIMH COBPEMEHHBIX JTHU(TOB, BCE
OHHM COCTOSIT U3 OCHOBHBIX 3JIEMEHTOB, MMEIOLIUX MPUHLUHUIHAIBHO OJMHAKOBOE
3HAYEHUE.

Ceromust muT — BakHAs W 9YacCTO HEOOXOAMMAash 4acCTh MHOTOATKHBIX

KOHCTpYKHHﬁ, KOTOpasd IO3BOJIACT ¢ MUHUMAJIBHBIMHA 3aTpaTaMHd CHUJI 1 BPECMCHHU
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nepeMeniarb Ipy3 Ha HeEoO0XoguMmyro BbICOTYy. OJHAKO HECOOTBETCTBUE
00OpyZIOBaHUSI COBPEMEHHBIM CTaHJapTaM, WHTEHCHUBHAs JSKCIUTyaTalus IMpHU
CEpbE3HBIX MOIPEIIHOCTIX B 00CITyXKHUBAaHUU JU(TA MPUBOIAT K OBICTPOMY HU3HOCY
MeXaHH3Ma, HU3KOH KOM(pOPTHOCTH MEPEBO30K, YACThIM MOJOMKAM, U3JIUIIHEMY
pacxoy 3JeKTpodHepruu. Bce 3To 3acTaBisieT McKarh MyTH peUIeHUs: MpoOIeMbI
Yyepe3 HUCIOJIb30BaHUE IHEProcOeperarouux TEXHOJOTul, 0osee COBEPIICHHBIX U

COBPCMCHHBIX MCXaHHU3MOB.

15



1 OIMCAHHME MU NIIPUHIOUII PABOTHBI IMACCAXKHUPCKOI'O
JIMPTA

1.1 Onucanue cocTaBHbIX YacTeil audra

CxeMa THITIOBOTO MACCaKUPCKOTOo M@ Ta MpeicTaBieHa Ha pucyHke 1 [2].

Pucynox 1 — TunoBoit maccaxkupckuii mudr: 1 - medenka, 2 - kabuHa, 3 - KaHATHI
MOJIBECKH, 4 - IPOTUBOBEC, 5 - HAIIPABJIAONIME KAaOUHBI, 6 - HANIPABJISIONINE
npoTHBOBeca, 7- Oydep kabunsbl, 8 - Oydep nporuBoseca, 9 - lllkad ynpasnenus, 12
- OrpaHUYUTEb CKOPOCTH, 13 - HATSYKHOE YCTPOUCTBO OTPAaHUUYUTENS CKOPOCTH, 14 -

no/iBeCHoM kabenp, 15 - mpuBon asepeit, 16 - 6ammaxu, 17 - moBuTens kabuusl, 18 -
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YCTPOMCTBO 6€30MacHOCTH ABepH, 19 - 0TBOAHOM 610K, 20 - KOHIIEBOW BBHIKIIOYATEH

0€30MaCHOCTH.

Jlebeaka ycTtaHOBJI€HA B MAIlIMHHOM MOMEIIEHUH JU(PTA U NpeJHA3ZHAUCHA
JUIS TIPUBEACHUS B JABM)KCHUS KaOWHBI U NpoTHBOBeca. OCHOBHBIMH COCTaBHBIMU
JacTIMU JIeOeIKHU IBIstoTCs [9]:

—  pEeILyKTOD;

—  TOpMO3

—  pama;

—  JIBUTaTellb;

—  KaHATOBEIYIIUH IITKHB.

Pucynok 2 — JIudroBas nebeaka

Bce snemeHThl JieGeKM CMOHTHPOBAHBI HAa pamMe, KOTOpas OMUPAETCS Ha
MEPEKPHITUS MATMHHOTO MTOMEIIEHUS Y€PE3 aMOPTU3ATOPHI.

Penykrop 4epBSYHBIN LWIMHAPUYECKUNA NPEAHA3HAYCH ISl YMEHBIICHUS
YacTOThl BpAIICHUS C OJHOBPEMEHHBIM YBEIMYECHHEM KpPYTSAIIEr0 MOMEHTa Ha
BBIXOJTHOM BaJy.

VYpoBeHb Macia KOHTPOJIHMPYETCA KE3JI0BbIM MaciioykazaTeneM. CiuB Macia

MIPOU3BOAMUTCS YEpE3 OTBEPCTHE B HIDKHEHM YaCTH KOPITyca, 3aKPBITOE MPOOKOH.
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Topm03 KOJIOJIOYHBIMA, HOPMAJIbHO-3aMKHYTOI'O THIIA MpPEIHA3HAYEH IS
OCTAaHOBKM M YJEpKaHHUS B HEMOJBUKHOM COCTOSSHUM KaOuHbl JudTa mpH
HepaOoTaroleM ABuraresie jJedeaku. TopMOo3 COCTOUT U3 DJIEKTPOMArHUTa, phlyaroB
C 3aKpeIJICHHBIMU Ha HUX (PPUKIIMOHHBIMH HakiankamMu. Heo0XoauMelil TOpMO3HOMA
MOMEHT CO3JaeTcsl MpyXUHaMH. [[I8 pydyHOro pacTOPMaKUBaHUSA CIIYKUT
BBIJIBUKHASI PYKOSITKA.

JIBurarenp aCHHXPOHHBIM JIBYXCKOPOCTHOW C KOPOTKO3AMKHYTBIM POTOPOM.
B 00MOTKy cTaTopa BMOHTHUPOBAHBI TATUUKH TEMIIEPATYPHOM 3aIlUTHI.

KanaroBenymmuii  mkuB  mpeoOpasyeT  BpaljaTeIbHOE  JBIKCHHE B
MOCTYNAaTEIbHOE JBH)KCHUE TATOBBIX KAaHATOB 3a CUET CHJIBI TPEHHUSI, BOZHUKAIOIIEH
MEXIy KaHaTOM M PYyYbSAMH IIIKUBA MO/ JICUCTBHEM CHWJIbl TSXKECTH KaOWHBI U
IIPOTHUBOBECA.

KaOuna nudra noasenieHa Ha TATOBBIX KaHATax B IIaXTe WM MpPEIHA3HAYEHA

AJI1 TICEPCBO3KU ITACCAKUPOB.

Pucynok 3 — Kabuna nugra
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Kabuna nudra coctout us:

phIYaXKHAS CUCTEMA
JIByCTBOpYaTas JIBEPh
HEIIOABIDKHAS Oajka

KapeTka

OTBOJKA

TMTOJIMOJIbHBIA KOHTAKTHBIN ammapar
o1

orpaxeHue (Kyrme)

© ©o N o 00~ w DD E

KapKac

[HEN
o

oOarmmak

[EEN
=

IIOABCMHBIC KaHAThI

|
no

IIOABCCKaA

[HEN
w

MEXaHU3M OTKPBIBAHUS JIBEPEH

14. noBurenb

[Toronok siBNsieTCsl BepXHEW dacThio kabuHbl. Ha moTtonke pasmermarorcs
CBETHJIbHUKH U KOpOOKa C OJOKaMM 3a)KUMOB JUIS MOJKIIIOYEHHUS MPOBOJOB, a
TaK)Ke€ KHOTKa JeOJOKMPOBAHUS MIAXTHBIX JBEpPEH, MPHU HaXKaTUKW HA KOTOPYIO
BO3MOJKHO JIBIDKEHHE KaOMHBI B PEKUME PEBU3HUH.

EcrecTBeHHass BeHTWIAIUS  00ECIEUMBACTCS 4Yepe3  BEHTUJISIMOHHBIC
OTBEPCTHS B KaOWHE.

[lonBecka npenHa3HauYeHa AJis1 KPEIUICHHUsI KaHATOB K kaOuHe. Kaxxaplil kaHat
MPOIYIICH Yepe3 KIMHOBYIO 000WMYy, Mociie OrubaHus KJIWHA KaHAT CKPEIUIeH CO
CBOCH HECYIIEH YaCThIO MPIKUMOM.

OO6oiimMa coeMHEHA OChIO0 C BEPXHUM OajJaHCUPOM, KOTOPBIM uepe3 TATY
COCIMHEH C HIDKHUM OalaHCHUpOM, BEC KaOMHBI dYepe3 BEPXHIOK Oalky,
aMOpTH3aTOp, TATY, 3aKPEIUICHHYI0 K HIKHEMY OalaHCHpy, TATH, BEpXHUE

OanmaHcupbl 1 000MMBI IEPEIAIOT €T0 Ha KaHATHI.
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JIJisi KOHTpOJIS 3a HATSHKCHHEM KaHAaTOB Ha Oalike YCTaHOBJIEHA paMKa U
BBIKJIFOYATEIh KOHTPOJIS Cla0uHbI KaHaToB. B ciyuyae ocnmaGienus win oOpbIBa
OJIHOTO, JIBYX WM TpeX KaHATOB OajaHCUp HAXXMMAaeT Ha paMKy, KoTopas
BO3JICHCTBYET HA BBIKJIFOYATEIb, OTKIIOYAETCS JIEKTPOABUTATEb, UTO MPUBOIUT K
OCTaHOBKE KaOWHBI.

[Ipu ogHOBpEeMEHHOM OOpBIBE WM OCJIAOJEHUM BCEX TATOBBIX KaHATOB
KOJIBIIO CTSDKHOE, OIYyCKasCh, Yepe3 TATY IIThIPEM Ha)XKMMaeT Ha paMKy, KOTopas
BO3JICHCTBYET Ha BBHIKJIFOYATEb.

JloBuTenu mnpeaHa3HAYEHbI JJis OCTAHOBKU W YJIepXKaHUS KaOWUHBI Ha
HaIPaBIIAIONIUX TP BO3PACTAHUU CKOPOCTH JIBM)KCHHUS KaOWHBI BHM3 W TIpHU
cpabaThIBAaHUW OTPAHUYUTEIISI CKOPOCTH.

JloBuTenu — KIMHOBBIC, TMOJNPY>KUHHBIE, IIJIABHOTO TOPMOXKEHUS.
JloBuTenu paccyuTaHbl Ha COBMECTHYIO PabOTy C OTPAaHMYUTENIEM CKOPOCTH H
SBJISIIOTCSL OJIHUM U3 OTBETCTBEHHBIX Y3JIOB, OOecCIeuuBaromux Oe30macHoe
MOJIb30BaHUE JIUPTOM.

JloBUTENM COCTOST U3 YETHIPEX OJUHAKOBBIX IO KOHCTPYKIIUM MEXaHU3MOB
3aKJIMHUBAHUA U MEXaHU3Ma BKIIOUCHUS JIOBUTEIICH.

MexaHu3M  3aKJIMHMBaHUS  COCTOMT M3  TOPMO3HOro  Oalimaka,
MEePEMEIIAIONIETOCS BEPTUKAIBHO OTHOCUTEIBHO KOJIOJKH, MPUOIMKAACH MPU
ATOM K HAIPABJIAIONICH, OCHOBHBIMH JJIEMEHTAMH TOPMO3HOTO OaliMaka SBIISTFOTCS
NpYy>KMHA U KJIMH, YCTAaHOBJICHHBIC B KOPITYCE.

MexaHu3M BKIIFOUEHUSI COCTOUT U3 JIBYX PhIUaroB KIMHBEB, 3aKPEIICHHBIX
Ha BaJlax, BaJlbl COCJMHEHBI MEXIy COOOH TArod, Ha KOTOPOM pa3MmelieHa
BO3BpaTHas TMPYXKWHA, TalKW pEryJMpPOBOYHBIC, phlUYalr KaHATOM COEIUHSCT
OTPaHUYUTEb CKOPOCTH C MEXaHW3MOM BKJIFOUCHHMS JTOBUTEIICH.

IIpu cpabaThiBaHUM OTPAHUYMTENSI CKOPOCTH MpEKpaliacTcss IBUKCHHE
KaHaTa, 3aKPEeIJIEHHOrO0 K pblyary MexaHu3ma BkJItoueHusi joButenei. [lpu

JANbHEMIIEM JBM)KCHUM KaOWHBI BHU3 pblYyar MOBOPAYMBAET Ball, a 4epe3 TArY,
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MOBOPAYMBACTCS W Baj, MOBOPOT BAJOB COMPOBOXKIACTCS TOBOPOTOM DPHIYArOB,
KOTOPBIC BKJIIOYAIOT MEXaHU3M 3aKJIMHUBAHUS.

[Ipu nBM>XKEHMHM TOPMO3HOTO OaliMaka BBEpX, MOCIIEe KacaHHs ero padboueit
MMOBEPXHOCTBHIO TOJIOBKH HAIIPaBIISAIONICH, MPOUCXOAUT aedopMalus IpY>KHHBI,
41O OO0EeCleuYnBaeT HEOOXOJMMOE TOPMO3HOE YCHIIME TPH 3aTSATMBAaHUM KIIMHA,
JBIDKEHHUE TOPMO3HOTO OalMaka OTpaHUYUBACTCS PETYIHPOBOYHON IIMTHIBKOM,
Omaromapsi 4eMmy CHJIa 3a)XaTHs TOJIOBKM HAMNPABISAIOMIEH M COOTBETCTBEHHO
TOPMO3HOE YCHJIHE NPU TOPMOKCHUH HE M3MEHSIOTCS, MOCJE TalleHUsS YHEPTUH
JBIDKYIIEHCS] KaOMHBI OHAa OCTAHABJIMBACTCS, IJIAHKA Ha TITE€ HAXKUMAET HAa POJIUK
BBIKJIFOYATENSI KOHTAKThl KOTOPOTO PpPa3MBIKAIOTCS H TOJAIOT CHUTHAJI Ha
OTKJIFOUCHHE JICKTPOJABUTATEIIS JICOCIKH.

Jlnst cHATHS KaOWHBI C JIOBUTENICH HEOOXOaUMO TIOAHATH KaOWHY,
TOPMO3HBIE OallIMakd TOJa JACHCTBHEM COOCTBEHHOTO Beca H IPYKUHBI
OIyCKAIOTCS W MEXaHW3MBI JIOBUTEJCH BO3BpAIAIOTCS B IEPBOHAYAIHLHOE
ITOJI0KCHHUE

ABTOMaTHYeCKasi JBepb KaOMHBI  TrapaHTUpyeT  O€30IacHOCTh
noJib30BaHuss  kaOwmHo#.  [lojokeHWMe  CTBOPOK  (pa3IBHHYTHI/3aKPHITHI)
KOHTPOJMPYIOTCS AIEKTPUUECKUM BBIKITFOYATEIICM.

[IpuBox nBepeld KaOWHBI, TIOCPEJICTBOM KOTOPOTO  IMPOW3BOIUTCS
OTKpPBIBAHHUE NIBEPEH, COCTOUT W3 YEPBSIYHOTO PEAYKTOpPA, Ha TUXOXOJAHOM BaTy
KOTOPOTO HacakeH puryar. [IpuBoa Ha pe3MHOBBIX aMOPTH3aTOPaxX YCTAHOBJICH Ha
Oayike JBEepU KaOMHHBI.

[Ipn BKJIIOYEHHHM DJICKTPOJBUTATENISI BpalllcHUE €ro poTopa uepes
KIIMHOPEMCHHYIO TIepeady IepeaacTcsl YEpBIYHOMY Bally PEAyKTOpa W Uepes
YepBAYHOE 3allCIUICHHE HAa THXOXOJMHBIM Baj. Ilmeuo peiuara, mMmeromee poJuk,
NpPU JBIKCHUU OIHMCHIBACT TIOJYOKPY)KHOCTh M, YIHUPasCh POJUKOM B YIIOD,
3aKPETUICHHBIN HETOBMKHO Ha KapeTKe IBEPU KAOWHBI, 3aCTaBJISET JBUTATHCS TI0

JMHENKE KapeTKy COBMECTHO CO CTBOPKOM.
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DOTO JABWKEHUE 4YEpe3 KaHAT MEpPEelacTCs Ha BTOPYHO CTBOPKY, KOTOpas
JIBUTAETCSl B TMPOTUBOIOJIOKHOM HampaBlieHWW. J[Bepu KaOMHBI M IIAXThI
OTKPBIBAIOTCSI OJHOBPEMEHHO.

Yron moBopoTa pblyara 3aBUCUT OT YCTAHOBKH KYJIAYKOB, KOTOpBIE
JOJDKHBI  OBITH BBICTaBJIEHBI TaK, YTOOBI TMPHU OTKPBITBIX JABEPSIX pblYar
OCTAaHABJIMBAJICS B TOPU3OHTAIBHOM IIOJIOKECHUU £ 5 MM, a MPU 3aKPBITBIX —
MaKCHUMAaJIbHO MPUTIOAHATHIM JIJI1 OCTAHOBKH IITU(TA IPOTUB MPOCEUYKU HA YIIOPE.
[locanka ppluara Ha YNOpPbl B HOPMadbHOM pEXHME pabOThl MPUBOAA HE
nomyckaercs. Kyllauky KE€CTKO 3aKperuieHbl Ha BTYJKE pbldyara M, Bpalasich
COBMECTHO C pbIYaroM, B HYXHBII MOMEHT JAEUCTBYIOT (TIOTIEpEMEHHO) Ha
BBIKJIIOUATENM U TTOJaBasi UMITYJIbCHl HA OTKJIFOUEHHUE AJIEKTPOIBUTATEA.

[TpuBon AMEET CIIEIUAJIBHOE YCTPOWCTBO, MEPEKITIOYAIOIIEE
AIIEKTPOJABUTATENL HA PEBEPC, €CIU MPU 3aKPbIBAHUU JIBEPEl B ABEPHOM IpPOEME
OKa3aJICsl 3a)KaThIM CTBOPKAMU MACCAXKUP UK KaKOU-TUOO MpEe/IMET.

YcrporictBo pabortaer cruemyronuMm obpasom: [lpu BKIIOYEHHUU MPUBOJA
JIBEpENl Ha 3aKpPhIBAHUE pbhlUar CIECP>KUBAET XOJI CTBOPOK, 3aKPHIBAHUE KOTOPBIX
OCYILECTBIISIETCSL B JIBEPSAX KAOWHBI YCUJIMEM MPYKHUHBI, a B JIBEPSIX MIAXTHI MOJ
JIEUCTBUEM MacChl CTBOPOK JABEpeu maxThl. [Ipy BOZHMKHOBEHUH NPENATCTBUS HA
MyTA JIBUKEHHUS CTBOPOK OHU OCTAHABIMBAIOTCS, OJHAKO pbhlYar MPOAOJIKAECT
nekenue. [Ipu 3ToM MeXIy CKOCOM ymopa W IMTH(TOM BBEIOMpAETCsS 3a30p U B
JajgpHeleM MmMTU(T HAYMHAET CKOJB3UTh MO CKOCY YIOpa, YTallJIMBaeTCs BO
BTYJIKY pPOJIMKa pbluara U HaXXMMAET Ha Ijieyo pblyara. CrKMMAETCA MPYKUHA,
BBIOMpAETCA 3a30p MEXy BTOPBIM IUIEUOM phluara U pamKoi, BO3JIEHCTBYIOIIEH
Ha MUKPOBBIKITIOYATEb.

[Ipu OTKJIOHEHWW paMKH O ICUCTBHEM pblyara 0CBOOOXKIaeTCs.

[ItudT MUKPOBBIKIIOYATENSA, KOTOPHIA Aa€T MUMIYJIbC HA MEPEKIIOYCHUE
AJIEKTPOABUTATENS MPUBO/JIA IBEpeid Ha 0OpaTHBIN X0/. J[Beph BHOBb OTKPHIBAETCHI.
[Ipm 3aKkphITBIX CTBOpKAaxX JBEpU KAOWHBI B MAKCHMAJIbHO MPHUIIOIHITOM

IMOJIOKCHHUHN pbIdyara, HITI/I(I)T BBIIIOJIHACT POJIb 3aIllUpPaAromicro YCTpOﬁCTBa, HC
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MO3BOJIAIONIETO Pa3/IBUHYTh CTBOPKHU JIBEpH KaOWHBI. KpomMe 3TOro ycraHoBIIEH
yIOp ChEMHBIN, KOTOPHIN SBIISIETCS JOMOTHUTEIBHBIM 3JIEMEHTOM 0€30MacHOCTH,
MCKJIFOYAIOIIUA BO3MOXKHOCTh OTKPBITHS CTBOPOK M3 KaOuHbl. Ilpu sBakyanuu
nacca)xxupa U3 KaOMHBI OTXKUMAETCS IPY)KUHA, YIIOP pa3BOPAUYNBACTCS.

J{Bepu maxThl IpeAHA3HAUYEHBI 711 UCKIIFOYEHUS I0CTYyNa B IAXTy. /[Bepb
IAXThl — pa3JBH)KHAsgA, ABTOMATHYECKasl, MPUBOAMMAS B JBUXKECHHUE JBEPHIO
KaOWHBI COCTOUT H3:

—  Oanku;

—  TONEPEYUHBI;

—  CTOECK;

—  mopora.

K BepxHel yacTu cToek Kpernsarcs 0ajka U MmornepevynHa, K HUKHeH - mopor.
Ha Oanke ycTaHOBJEHBI JIMHEHMKH, HA KOTOPBIX YCTAaHOBJIEHBI KapeTKU C
3aKpEeIUVIEHHBIMA K HUM C MOMOIIbIO INuieKk cTtBopkamMu. Kaxpas kapeTka
nepeMenaercs no JMHeke Ha poiaukax. [[ogIMIHUKN UCKITI0Ya0T BO3MOKHOCTD
nogbeMa W CMEIICHUS KapeTok ¢ JuHeek. HakioH nuHeek obOecneymBaet
3aKpbIBaHHE JIBEpE MO/ IeHCTBUEM COOCTBEHHOTO Beca.

B 3akpbITOM TOJOXKEHUM KaxJas KapeTKa 3alupaeTrcsi 3aMKOM. YTIOpOM
JUISL POJIMKA 3allleNIKK CIIYXUT IJIACTUHA 3aKpEIUICHHass Ha OCHOBAaHHMM OJIOKa
KOHTPOJISI, B KOTOPOM Pa3MEIICHBI 3JIEMEHTHI JIEKTPUUECKOTO KOHTPOJIA padOThI
JIBEPU - JIBA MHUKPOBBIKJIIOUATEINS], JBA KOPOMBICIA M TUIAHKA. 3aMOK 3alupacT
KapeTKy TOJBKO MPHU 3aKPBITHIX CTBOPKAX.

[TokazaHHOE TMOJIO)KEHUE MEXAHW3MOB JBEPHU IIaXThl COOTBETCTBYET
MOJIOKEHUIO 3aKPBITHIX U 3amepThix ABepeid. [Ipu pacnonoxkeHun KaOWHBI B 30HE
OCTAHOBKH POJIMKHU 3aMKa HaXOJATCS MEXK]y II€KaMU U OTBOJIKAMH JIBEPU KAOUHBI.
C Hauanom paboThl MPUBOIA OTKPHIBAIOTCS 3aMKH IIaXTHOU JBepH. JlanpbHeHITuM
BpalllEHUEM pbluara nNpuBoja, IBEPU KaOUHbBI U MIAXThI MPUBOASITCS CUHXPOHHO.

[Ipu oTnupaHuu 3amka, IJIEYO KOPOMBICIA, KOTOPHIM OHO ONUPAIOCh HA

BY6 3aliCJIK, CMEIAacTCad BHH3 M, TEM CaMbIM, OCBO60)KI[8.€T TOJIKATCJIb
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MUKPOBBIKITIOUATENS, KOHTAKTHI KOTOPOTO Pa3phIBAIOT IIeMb  YMPaBICHUSA,
UCKJII0Yasi MyCK KaOWHBI mpu oTmepToM 3amke. C HadajaoM JBIDKEHUS KapeTKd
KPOHIITEHH OCBOOOXAAETCS KOPOMBICIO, KOTOPOE OIMYyCKAaeTcs M OCBOOOXTAaeT
TOJIKATEIb BTOPOTO MHUKPOBBIKIIOYATENS. TakuMm o00pa3oM, OJHOBPEMEHHO
KOHTPOJIUPYETCS OTKPHITHE 00EHWX CTBOPOK. 3aKpbIBaHUE IBEPH W 3allipPaHHE
3aMKOB TIPOMCXOJIUT B MOPSIIKE OOPAaTHOM OMHMCAHHOMY.

bydepa kabuHbl M TPOTHBOBECA PACHOJIOXKEHBI B MPHUSMKE, KOTOPBIN
HAXOJIUTCS HUXKE YPOBHS OTMETKH HIDKHEH ocTaHOBKH. bydepa mpemHazHaucHBI
JUTSI CMSITYCHUS yJapa KaOWHBI WM MPOTHBOBECA B CIydae WX TEPECIycKa WA
najeHus. bydepa BeIONHEHHBIE B BHIAE TPYXUH  yCTaHABIUBAIOTCS
HEMOCPEJICTBEHHO  HAa  HaNpaBjsglonMe  KaOWMHBI, a  THAPABIUYCCKUC
YCTaHABJIMBAIOTCS 10 CEPEIMHE HIDKHEW OanKu KaOWHBI.

I[Ipu  cxopoctu  kabuubl  1,4M/c-1,6M/c  BMECTO  TPY>KHMHHBIX

YCTaHaBJIMBAIOTCS TUApaBiIndeckue Oydepa kaOUHbBI U TPOTUBOBECA.
1.2 061muii npuHIUN padoTsl Judra

JIudT COCTOUT M3 COCTABHBIX YacTel, pa3MEIICHHBIX B IIAXTE€ U MAITUHHOM
noMenieHnr. MalMHHOe TIOMENICHHE W MaxTy JudTa 00pa3yrT CTPOUTEIHHBIC
KOHCTPYKIUU 371aHus (KUpIIUYHAs KJajKa, OCTOHHbIE OJIOKH U T.1.).

OCHOBHBIMH COCTaBHBIMH YaCTIMH JU(Ta SBISIFOTCA: JieOeaKa, KaOWHa,
MPOTUBOBEC  HAMPABIAIONINE KAOWHBI W  TMPOTHUBOBECA, JBEPH  IIAXTHI,
OTPaHUYMTENIb CKOPOCTH, Y3JIbI W JIETadd TPHUAMKA, 3JEKTPOOOOpPYAOBaHHE U
AIIEKTPOTIPOBO/IKA.

TpancnopTupoBKa MaccaXxupoB U TPy30B MPOU3BOJUTCS B KaOMHE, KOTOpast
MIEPEMEIIACTCS 110 BEPTUKAILHBIM HAIIPABJISIFOIITUM.

[lepenBukeHne KaOMHBI W MPOTHUBOBECA OCYILECTBISIETCA JI€OEIKOM
YCTaHOBJICHHOW B MAIIIMHHOM TMTOMEIIEHUH, C TTIOMOIIBIO TATOBBIX KaHATOB. Tam ke
pa3MEIeHBl OTPAaHUYMTENIb CKOPOCTH, YCTPOWCTBO YIIPaBICHUS, BBOJHOC

YCTPOMCTBO.
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B HmxHel yacTu maxThl (DpUsIMKA) PACHOJIOKEHO HATSHKHOE YCTPOUCTBO
KaHaTa OrPaHUYUTENs] CKOPOCTH, CBS3aHHOE IOCPEACTBOM KaHaTa 6 ¢
OTpaHUYMUTENIEM CKOpPOCTH, a Takxke OydepHble ycTpoWcTBa KaOMHBI U
IPOTHUBOBECA.

Jlis BXojma B kKaOWHY M BbIXOJa M3 HEE IaxTa IO BBICOTE HUMEET Psif
IPOEMOB 3aKpBITBIX JBEpAMH IIaxThl. OTKpbIBAHWE U 3aKpbIBAHHME JIBEpE
IPOU3BOJUTCS C MOMOILBIO MPUBOJA, YCTAHOBJICHHOIO Ha KaOuHe. J[Bepu IIaxThl
OTKpPBIBAIOTCS TOJBKO TOI/a, KOrja KaOWHAa HAXOJUTCA Ha JAHHOM 3Taxe. B
cillydya€ OTCYTCTBUSI KaOMHBI Ha 3Ta)K€ OTKPBIBAHME JBEPH IHAXTHl CHApPYX U
BO3MOYHO TOJIBKO CHEIUATBHBIM KIIFOUOM.

CocraBHble yacTu Ju@dTa B CTPOUTEIILHOM YaCTH 3[aHUSl pa3MEIlaloTcs B
OINPENEICHHOM 3aBHUCHUMOCTH OTHOCHUTENIBHO JpYyT Jpyra, O0ecnedMBarolend HX
COTJIaCOBAaHHOE B3aUMOJICHCTBHE.

[Ipy HaxaTUM KHOINKHM BBI3BIBHOI'O ammapara B 3JIEKTpoarmapaTypy
yOpaBieHus: TUPTOM TMOAACTCS DICKTPUUECKUN HMIyJbC (Bbi3oB) Ecnmm kabuHa
HAXOJUTCA HA OCTAHOBKE, C KOTOPOMl MOCTYNWJI BBI30B, OTKPBIBAIOTCS JIBEpU
KaOMHBI ¥ 1IAXThl HA JAHHOW OCTAHOBKE, €CJIM KaOMHA OTCYTCTBYET TO MOJAETCA
KOMaHJla Ha ee JABWXeHUE. B 0OMOTKy sJeKkTpoaBHUraress JeOeJKu U B KaTYIIKY
AIIEKTPOMarHuTa  TOpMO3a  MOJAETCS  HANpsDKEHHE,  KOJOJAKH  TOpMO3a
pa3KUMAKOTCs, U POTOP ANEKTPOJABUraTENsl HAYMHAET BpalaThCs, 0OecreunBas C
MOMOIIBIO YEPBAYHOTO PEIYyKTOpa BpalleHUE KAHATOBEIYIEro IIKUBA, KOTOPBIN
3a CYET CWJI TPEHUS IPUBOJUT B IBUKEHUE KAOWHY U POTUBOBEC.

[Ipn monxone kKaOMHBI K HYXXKHOMY 9Ta)xy CHCTeMa YINpaBieHUs JTU(TOM
NEPEeKII0YaeT SJEKTPOABUTATENb JeOeKM Ha paboTy C MOHUKEHHOM 4acTOTOU
BpamieHus: potopa. CKOpOCTh JABMKEHHUSI KaOMHBI CHUXKAETCSI U B MOMEHT, KOI'Ja
MOpOr ToJIa KaOWHBI COBMECTUTCS C YPOBHEM IOpOra JBEpU IIaxXThl, KaOWHA
OCTaHAaBJIMBAETCS, BKIIOYAETCs B pa0OTy MPHUBOJI IBEPE, IBEPU KaOMHBI U ILAXThI

OTKPBIBAIOTCA.
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[Ipn Ha)kaTuy Ha KHOMKY NPUKa3a KHOIOYHOI'O MOCTa, PACIOIOKEHHOIO B
KaOWHe, 3aKphIBAIOT JIBEpU KAOWHBI U IIAXThl, 1 KaOWHA OTHPABIISAIOTCA Ha ITAXK,
KHOIIKA [TpUKa3a KOTOPOIO HAXKaTa.

[To mpuObiTMM Ha TpeOyembli 3TaX M BbIXOAA MACCAXXUPOB JBEPU
3aKpBIBAIOTCS, U KaOWHA CTOUT HA OCTAHOBKE JIO0 T€X MOp, MOKa He OyJeT BHOBb

Ha)kaTa KHOTIKA JTI0OOTO BRI3LIBHOTO ammapara.
1.3JIByXCKOpPOCTHOM NPUBOJ

OTU cHUCTEMBbl HMCHOJB3YIOT JBYXCKOPOCTHBIE MOJIOCHO-TIEPEKIIOYAEMbIe
ACMHXPOHHBIE JIBUTATENH, CIIEUUAIbLHO pa3paboTaHHbIE I JIUPTOBOrO MPHUBOJA.
XOTSl NIBYXCKOPOCTHBIE CHCTEMbl M HE SIBIISIIOTCS MPUBOJOM C PEryJMpyeMoun
CKOPOCTBIO, MX MOKHO Ha3BaTh PEryJupyE€MbIMHU, TaK KaKk OHM pabOTaloT Ha JABE
CKOPOCTH. DTH CHCTEMBI IIMPOKO HCHoJib3oBanuch B EBpone B 1970-x u 1980-x
rojgax. B Poccun nmomasnsitonas yacte mudToB paboTaeT Ha MOAOOHBIX MPUBOAAX
U B Hacrosuiee Bpems. OHM pabOTarOT OT MPSAMOIO MyCKa, a MOTOMY CYIIECTBYET
HEOOXOIMMOCTh B TPUMEHEHUU MAaXOBUKOB JIJISl YMEHBIIICHUS! PHIBKOB U MPUIAHUS
JBUTATENIIO TUIaBHOCTH [3].

OCHOBHBIM 3JIEMEHTOM JABYXCKOPOCTHBIX CHUCTEM SIBISIETCA IBUTATENb C
JIBYMsI OOMOTKaMH, 3aJIOKEHHBIMH B CTAaTOpP, B3aUMOJICHCTBYIOIIMMU C OJHUM
poropoM. OTHOUIEHUS] CKOPOCTEH B Takux cucreMax oObryHO 3:1, 4:1 mmm 6:1.
Takum 00pa3zom, MUHUMAJIbHAS CKOPOCTh OyeT cocTaBisTh 33%, 25% umu 16,6%
OT MpPENeNbHOW CKOPOCTH. JIBUTAaTeNd MMEIOT CIEAYIOIINE COOTHOIICHUS YHUCEeN
noiocoB: 6:18 (1000/333 o00/muH), 6:24 (1000/250 06/mun), 4:16 (1500/375
00/muH) i 4:24 (1500/250 06/muH).

Henocrarku no1o0HBIX CUCTEM:

—  BBICOKHMH ITyCKOBOM TOK;

- HHU3KasA TOYHOCTDb U3-3d 3aBUCUMOCTH OT HAI'PY3KH,

- W3JIMIITHAN pacxoa OSHEPruMd H3-3a IPIAMOro IIyCka W HIPUMCHCHUA

JOITIOJIHUTCIIBHBIX MaXOBHKOB.
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1.4 TlpuMeHeHHe YACTOTHOTIO Mpeodpa3oBaTeist

Pe:xkumbl padboThI mpeodpa3oBaTe/isi YaCTOTHI

MoOHO BBIICIUTH JIBa MPUHIIMIUAIBLHO OTIWYAIOIIMXCS peKUMa pabOThI
npeoOpa3oBaTeis YaCTOThI: paboTa B peKUME MOACPKaHUs BBIXOHONW YaCTOTHI U
B peXXKMMe CTaOMIIM3allMK BHEIIHETO mapamerpa [4].

«Hactotay - pexum MOJICpKAHUS 33JAHHOTO 3HAYEHUS YACTOTHI. 3a1aHUE
YaCTOTBl MOXET MPOU3BOJIUTHCA C IIyJbTa YIPABJICHUS, BXOJA «3a0aTUYAKaA»
(aHayoroBoro BXOJla) WM KOMOWHAIMEW CHUTHAJIOB JIUCKPETHBIX BXOJIOB.
[IpeoOpa3oBarenb HENPEPHIBHO OTCIAEKUBAECT CHUTHAJA 3aJaHHsl YacTOThl U
U3MEHSET B COOTBETCTBUM C HUM CBOIO BBIXOJHYIO YaCTOTY.

[Tocnegnue monenu npeodpa3oBaTesiell MHOTMX TPOU3BOIUTENEH HAPSIAY C
YaCTOTHBIM PEAM3YIOT TAKKE€ BEKTOPHOE YIPABJICHHE JBUTATEIEM. DTO CIOCO0
YOpaBJIEHUS ACHHXPOHHBIM  JBUTATEIEM, MPEBOCXOASIIMI MO TOYHOCTH
peryjJvpoBaHusi OOBIYHOE YACTOTHOE yHpaBieHUE. Ero npuMmeHsoT Tam, TJe
TpeOyeTcsi MOJIepKUBATh MOMEHT Ha Bajy JBHUTaTes MPU MajbIX CKOPOCTSIX
BpalleHUsl WK 00eCIIeUnUTh CTAOMIBHYIO CKOPOCTh MPH CKa4YKax Harpy3KH.

«ITapametp» - pabota 14 B pexkxrime cTabmiIM3aliiy BHEITHETO MapaMeTpa.
Cucrema  cra0wiM3allid  BHEIIHETO  MapamMeTpa CTPOUTCS HA  OCHOBE
TN /1-perynaropa, Ha BXOAbl KOTOPOrO MOJAIOTCS CUIHAJ 3aJaHus IlapaMmeTrpa
(ycTaBKM) W CHUTHAJI C JaTyuka peryiaupyemoro mnapamerpa. [IWJI-perynstop
dbopMupyeT yHpaBisSIOMUN CUTHAT ISl TpeoOpa3oBaTessi 4acTOThI, KOTOPBIM 3a
CYET WM3MEHEHHUSI CKOPOCTH BpAICHUS JIBUTATENs MOJJICPKUBACT YIPABISIEMYIO
BEIUYHMHY, paBHYIO 3a7aHHOW (pucyHok 4). B kauecTBe BHemHero mapameTpa
MOXET HCIOJb30BaTbCS PACXOJ JKUJIKOCTH, JAaBJIEHUE, TeMmmeparypa W Ap.
Nudopmarusi ¢ naTyuka MOCTYMAET C BHELIHETO aHAJIOTOBOIO BXOJla. 3HAUEHUE
YCTaBKM MOXET 3a/1aBaTbCsi C IIyJbTa YIIPABJIEHUS, C BHELIHETO aHAJIOTOBOTO

BXO4a HUJIN KOM6HH&HH€I>1 CHUI'HAJIOB JUCKPETHBIX BXOJ0B.
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JanavHoe OTenoHeHHe BuixoaHoiA
IHOYEHWE nma MNpeobpa- napameTp
. erynaTo
yeraeka) pery P pmmeli Horumk
napamerpa
FeaneHoe
| 3Havenwe
Pucynok 4 — IIN]] — perynsitop
1.5 Onucanue padorsl Judra ¢ npumeHennem MY
[lpumeHenne  mpeoOpasoBaTeidss ~ 9acTOTHI,  MOAKIOYAEMOrOo K

BBICOKOCKOPOCTHOM OOMOTKE JABUTaTeNs, 00ecleurnBaeT mnepeMelnieHne KaOWHbI
mupTa ¢ OONBIION W MaJIOW CKOPOCTHIO, a TaKXKE CO CKOPOCTHIO PEBU3HH.
JIBIDKEHUE OCYILIECTBISICTCS C IUIABHBIMU IyCKAMU W TOPMOXEHUSIMH TPU
OTPaHUYCHHBIX PBIBKAX, YCKOPEHUSX U BBICOKOM YpOBHE KoM@opTa mpoesnia B
kabune nmudTa.

[ukyn paboTbl TIJIABHOTO NpHBOAA JM(PTa B HOPMAIBHOM pEXKUME
cienyrouii. B ucxogHoM cocrossHuuM kabuna nudra HemoaBwkHa. [lpu
HEOOXOMMOCTH TEepe/IBKEHUs ¢ ycTpoiicTBa ymnpasieHus Ha IIY mocrymaer
CUTHaJ 3aJIaHMsl HAMpAaBJICHUS JIBU)KEHUS, a 3aMbIKAHUEM KOHTAKTOB ITyCKaTess
oOMOTKa JBUTATENsd TOJAKIIOYaeTcss K mpeoOpazoBarento. C  KOHTaKTOB
BcTpoeHHoro B IIY pene Ha ycTpOWCTBO yOpaBIE€HHS NPHUXOAMT CHUTHAI O
roroBHOcTH [IY K pabore. Ha nBurartenp momaercs HampspKeHUE, HEOOXOAMMOe
JUIsl co3aHusi MOMEHTa ynepkanus. Ilocne Hapactanuss Toka B 0OMOTKax
JIBUTATENS A0 BEJIMYMHBI, 00ECTIEUYMBAIOIIEH MOMEHT yAEpKaHUs, Ha YCTPOMCTBO
yOpaBJEHUSI Yepe3 3aMKHYTbIE€ KOHTAKThl Jpyroro BcTpoeHHoro B IIY pene
MOCTYNAET COOTBETCTBYIONMI curHai. Ilocie 3Toro, mo koMaHaam ¢ yCTpOMCTBa
YIIPaBJICHUs, CHUMAETCA MEXaHW4YeCKHi Topmo3, a Ha [IY mocrymaer curnan
3aJlaHus ypoBHA paboueit (6omboii) ckopoctu. [locae nmomyyeHus: 3Toro curHalia
I[TY ¢opmupyeTr Ha OOMOTKE JBHMraressi HalpsyKEHUE TaKUM 00pa3oM, 4TO MpHU
ATOM O0ECIICUMBAETCS TIJIABHBIN MyCK KaOWHBI JIU(Ta ¢ TpeOyeMbIMU YCKOPEHUSIMU

U PBIBKAMHU [0 pa60qel71 CKOpOCTH. ITocne Hac3Jga Ha AdaT4YUMK 3aMCIJICHUA C
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ycTrporctBa ynpasiaeHuss Ha [IY noctynmaer curHanm 3amaHus TOHUKEHHOU
ckopoctu. ITH dpopmupyer HanpskeHue, oOecreurBaroliee MIaBHOE TOPMOKEHUE
JI0 CKOpOCTH AoTAruBanusg(Manoil). Jludt nponomkaer IBUKEHUE ¢ TOHMKEHHOU
CKOPOCTBIO JIO Hae3[a Ha JaTYUK TOYHOM OCTAHOBKH, IIOCJIE YETO IO KOMAaHAE ¢
ycrpoiictBa ympaBienus IIY ¢opmupyer HanpsbkeHue, oOecnedMBaroliee
OKOHYATENbHOE 3aTOPMAKMBAHUE U ynaepxkaHue. llocie ocraHoBKM aBurartens ¢
[TY Ha yCcTpOWCTBO ympaBJICHHS MOJACTCS CUTHAI 00 OKOHYAHWUU JBUKEHUS, TIO
MOCTYIUIEHUIO KOTOPOrO HAKJIAJbIBAETCA MEXAHWUYECKMH TOpPMO3, JBHUIaTEIlb
otkimouaercst ot [1Y, a Bce komanauble curHansl ¢ [T4 caumatrorcs. [uki paboTsl
IJIABHOT'O IPUBOJA IIPHU 3TOM 3aKOHYEH.

HuskockopocTtHas oOMOTKAa MPUMEHSEMOTO JIBYXCKOPOCTHOTO JIBUTaTess
UCIIOJIB3YETCSl IPU MOHTAXKHBIX M PEMOHTHBIX paboTax, a TakKe MpHU BBIXOJE U3
ctpos ITY. IIpu 3TOM ee muTaHue MOKET OCYIIECTBIISIETCS YePE3 AOIOIHUTEIBHbBIE
KOMMYTHPYIOIIME YCTPOMCTBA.

1.6 IlpeumymecTBa HCIOJIb30BaHUS 4 IS Jau¢ToBoro

3JICKTPONIPUBOAA

IIpenmymecrna:

—  YBEJIMYEHHBI [Mana3oH pPEryJupOBAHHUS CKOPOCTH, YTO YJIyYIIAeT
TOYHOCTh OCTaHOBKH;

—  0oJee BBICOKYIO TOYHOCTh MOJJIEPKaHUSI CKOPOCTH JH(PTa, HE3ABUCUMO
OT 3arpy3kud KaOWHBI, OOECIIEYMBAIONIYI0 MOBBIIICHHYIO MPOU3BOAUTEIHLHOCTh U
CHUKEHUE BPEMEHU TPOE3/IA,;

—  OrpAaHUYCHHBIE ITyCKOBBIE TOKH JABUIATENsS, YTO YMEHBIIAET PaCXo]l
AIIEKTPOIHEPTUH, CHIKAET HArpeB M YBEIMUMBAET CPOK CITYKObI M30JISALIUU.

1.7 ObocHoBaHue BBIToAbI nepexona Ha cucremy ITY-AJ]

Jlupt — 3TO OTpacab C MOBBILIEHHOW 3SHEPrOEMKOCTHIO, IMOCKOJBKY
©KErOJHBIM  pacxod  DBJEKTPOIHEPTrUU  NpU  ISKCIUIyaTaluud  JUQPTOBOTO
000pyI0BaHUS COCTABJISIET OKOJIO OJJHOTO MUJUIMAp/a KUJIOBATT-4acoB. B cBs3u ¢

TUM,  BHEAPEHHWE  HOBEHUIMX  SHEProcOEperarwlux  TEXHOJOTMH  NpHU
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MOJepHU3AIMK JTU(PTOBOTO O00OPYMOBaHHUS CTAHOBHUTCS KpailHE aKTyaIbHOU
3ajayeil. CucTeMaTUYeCKUid aHainu3 UHPOPMAIIMK CTPOUTEIBHBIX, MOHTAXKHBIX U
MIPOCKTHBIX OpPTaHU3AIMK TO3BOJISICT CAENATh BBIBOJ, YTO B KayecTBE Oa3MCHOU
IporpaMMbl I10 DHEProcOSpeKeHUI0 Ha JHU(TaXx HEOOXOJMMO paccMaTpHBaTh
BHEJIPEHUE YaCTOTHO-PETYJIUPYEMBIX dJIEKTPOIPUBOJOB, TJIaBHBIM 3JIEMEHT
KOTOPBIX — YaCTOTHBIN MPeoOpa3oBaTelb.

[IpumeHeHne YaCTOTHO-PETYJMPYEMOTO JJICKTPOMPHUBOAA TMOIBEMHOTO
ycTpoiicTBa (nebenku) audTa 3HAYUTETBLHO IOBBIIIAET KOM(OPTHOCTH MpH
JBIDKEHUW KaOWHBI, 00ecrieynBaeT OECITyMHOCTh U BRICOKYIO TOYHOCTh OCTaHOBKH
, YBEITMYMBAET JOJTOBEYHOCTh MEXaHUYECKOTO 00OPYA0BAHMUS, a TAKKE TTO3BOJISIET
CHU3UTH pacxon sjekTposHepruu Ha 40-60%. IloBeimaer KoMQOpTHBIC
MOKa3aTend MpU ABUKEHUU KAOWHBI JHU(Ta U JOJITOBEYHOCTH MEXaHUYECKOTO
00OpyZIOBaHUS 3a CUET IMOJYYEHUs IJIABHBIX MEPEXOJHbIX MporeccoB. CHMUXKaeT
OKCIUTyaTallMOHHBIE PACXO/Abl HA KAMMTAIBHBIA PEMOHT OOOPYIOBaHHUS 3a CUET
3HAYUTEIBHOTO  CHIDKCHHS ~ JUHAMHYECKHMX  Harpy3oK B DJIEMEHTax
KHHeMaTH4eckor menu. CHWKCHUE TOTPEOJICHHS 3JICKTPOIHEPTUU JOCTHTaeTCs
Omaroymapsi 3HaUYUTEILHOMY, B 5-6 pa3, YMEHBIIECHUIO BPAIIAIOIIUXCS MaXOBBIX
Macc JeOelKH, YTO MCKIIYAeT HEMpPOW3BOJUTEIbHBIE TOTEPHU B MEPEXOTHBIX
MyCKO-TOPMO3HBIX pPEKHMMaxX, IUIABHBIE TEPEXOIHBIE TMPOIECChI TO3BOJISIOT
CHU3UTH JUHAMUYECKUE HArPYy3KH B DJIEMEHTAX KWHEMATUYECKOHW N MPUBOJA
audTa, YTO TPUBOAWT K YBEIMYCHHIO CPOKa CIIY)KOBI pEeayKTOpa TJIAaBHOTO
MPUBOJA, KAHATOBEAYIIErO INKWBA, TOPMO3HBIX KOJIOJOK, JJICKTPOABUTATEI,

TATOBBIX KaHATOB, 3JICMCHTOB ITIOABCCKU ITPOTHBOBCCA.
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2 PACYET ABYXCKOPOCTHOI'O AL
2.1 3apaHHble mapaMeTpbI

3anaHHble TapaMeTpbl JTU(Ta NpuBeeHbl B Tadbauue 1.

Tabnuna 1 — 3amannapie mapamMeTpsl QT

IMapamerp 3Havenne
CxopocThb mobéMa KaOuHBI, M/C 1
Macca kaOUHEI, KT 630
Macca npoTtuBoBeca, Kr 845
['py3onoabEMHOCTD, KT 400
[TepemaToyHoe 4uCIO peayKTopa 40
JlnamMeTp KaHATOBEIYIIETO KKUBA, MM 525

Benewm pacyer mo meroaumke [5, ¢ 185-214].
OmnpenenseM TATOBOE YCWIME KaOWHBI MOJHUMArOMIEHCS ¢ 1 aTaxka mpu

HOMUHAJILHOU 3arpy3ke 1o Gopmyiie:

F = G5+ Guow +3 Qe (H=h-N) +4-q,,(05(N—=1)h) =G, (21)

r1ie Guow — TPy30MOBEMHOCTD, H;

Gras — Bec kaOunsbl, H;

Qrx. — Bec 1 MeTpa TaHyIero kanara, H: (4H)
H — BrIcOTa 11aXTHI, M;

h — BeIcOTa OT MMoJ1a 3TaXka 10 Bepxa KaOUHbI, M;
N — HOMep FTaxa;

Oux— Bec 1 MeTpa monBecHoit kabens, H;(5.5H)
G — Bec mpotuBoBeca, H:

Gn = Guaﬁ +04- Gumi (22)

[IpuBoauM popMyiy K BUAY:

F1 = 0,6 - Guow + 3 Qrc(H=h-N) + 4 - qn(0,5(N = 1)h)

F1 =3920-0,6 +3-4(31—-2,1-1) +22(15,5(1 —-1)2,1)
Fi = 2352 + 347 = 2699H



OnpenensieM TAroBO€ YCHJIME IyCTOM KaOWHBI, OIyCKAalOIIEHCs C

MOCJIETHETO ATaxa 1no popmyJe:

F=4-qu(H—-h-N)+4-quc(05- (N=1)h) - 0,4Gyou (2.3)

rae F— tsaroBoe ycunue kabunsl, H;
N — opsAKOBBIA HOMEP OCTaHOBKH,
h — BbICcOTa OT TOJIa ATaXKa JI0 BepXa KaOUHBI, M;
Oux— Bec 1 MeTpa moaBecHoro kabens, H;
Orx. — BeC 1 meTpa Tarooro kanara, H;
Guon - TPY30IIOABEMHOCTD, H.
Fg=3-4-(31—-21-9)+22-(05(9-1)-2,1)—3920-0,4
Fqo = 145 + 185 — 1568 = —1238H
OnpenensieM CTaTUYECKMHA MOMEHT Ha Bajly JBUTaTelsl B JABUTATEIHLHOM
pexKUMe TIPH TObEME 3arpyKEHHOUW KabuHe 1o popmye:
_ F-d
200 (g g

M

cT.1

rie d — qmamerp KBIII, m;
| — mepeaaTovYHoe YKCIO PELYKTOPA;
n — KI1JI (mpu ciycke u moabeme KITJ = 0,75);

F - TaroBoe ycuinue kaOUHBI.

2699 - 0,525
M,:T_]_ = m = 23,61 H"M

OHpGI{CJ’I}ICM CTaTMYECKUH MOMEHT Ha BaJlly ABHIaTCiisi B ABHUIaTCIIbHOM
PCKHUME IIpU CIIYCKC HYCTOﬁ KaOWHBI BHH3 10 (1)0pMy.]'I€. HpI/I CIIYCKEC TAT'0OBOC
YCHIINC 6€p€TC$I CO CTOPOHEI IPOTHBOBECA.

—F -d
MCT.E =2i__rl

(2.5)
rie d — qmamerp KBIII, m;
| — MepeIaTOYHOE YHCIIO PELYKTOPA,;

n — KIIJ (mpu cnycke u nogseme KI1J1=0,75);
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F’ - TaroBoe ycunue KkaOuHBI

1238 - 0,525

M., =— %2 1083 4-
2 = 5 4.075 M

2.2 OnpenesjieHue mMapaMeTpoB TaXOrpaMmbl padoThl audra

OmnpenensieM BpeMs peiica KaOWHBI 3a TIOJIHBIN X071 0 hopmyIe:
Ki-2-H
Vi (26)

rae H — BeIcOTa MaxThI, M;

p=

VK — CKOpOCTb IBU>KEHUSI KAOMHBI, M/C;
Kt — k03¢ HUIUEHT yYHTHIBAIOIIUMA JTOMOJTHUTEIBHBIC 3aTPaThl BPEMCHH

npu paborte nudra, KOTOpbIi paBeH 1,2.

2H 2-31

t, = 1,2 7 = I,ET =744 ¢

#
OmnpenensieM MOJIHOE BpeMs LIMKJIA ABUKEHUS KaOUHBI 110 hopMmyJie:
T=t,+2 No-t +2 Nyt
rie No — KOJIM4eCTBO OCTaHOBOK;

t” — BpeMs OTKPBITUSA U 3aKPBITUS IBEPEH, C;

t”" — BpeMs BX0Jia ¥ BbIXO/Ia MAaCCa’KUPOB, C;

tp — Bpems peiica KaOMHBI 3a MOJHBIN X0, C.

T=744+2-9-35+2-9-1=1554¢

OnpenensieM BpeMsl ABUKEHUSI KAOMHBI OT OJTHOM OCTAHOBKH JI0 IPYTOH MO
dbopmye:

b

t =—

1 (2.7)
TJe tp — BpeMs peiica KaOMHBI 3a MOJIHBIN X0/, C;
p—Bp p

16 — MakcHMaTbHOE KOJTMYECTBO OCTAHOBOK 32 PEHC
. 74,4

t —¥=4,65C
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OnpenenseM pacyeTHYIO MPOIOJDKUTEIHLHOCTh BKIFOUCHHUS JIBHTATENS IO
bopmyiie:

t
7B = -£. 1009
7 100% 2.8)

rze tp — BpeMs peiica KaOuHBI 3a TIOJIHBIN X0/, C;

T - monHOE BpCMs IUKJIA JIBUKCHUA Ka6I/IHBI, C

I1B = 744 100% = 47,7%
~ 1554 0= LA

2.3 TexHuYeCKHe MapaMeTPhbl IBYXCKOPOCTHOIO JIBUTaTeJIs

[Tapametpbl AByxckopocTHoro AJl wucmosib3yeMoro B mpuBoje udra
npejcTaBleHbl B Tabmute 2 [6].

Tabmuie 2 — [TapameTpbl AByXCKOpOocTHOTO A/l

Tun 4AMH160SB4/16

Puom, KBT 5 1,25

n, 06/MuH 1500 375

KII, % 75 —
Cos ¢ 0,6 0,5
liom, A 11,8 14,1
Ayex 2,8 1,9

lyexc / leom 6,5 2

Yucao BKIIOUCHUH 150
J, Kr-m? 0,165
Macca, kr 120

2.4 Onpene.nem/le MAKCHMAJIBHOI'0 X1 ITYCKOBOI'O MOMECHTOB JIBUI'aTCJIsA

HomunanbHbIil MOMeEHT aBuratess MH [8]:

P,.. - 1000

My = 9,55

HOM

M, = 9,55 2000 _ 318 ~ 32H
H= 799 epg — 20 T AT (2.9)
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OmnpenensieM MaKCUMAIIBHBIIA MOMEHT BUTaTeNs 1o Gopmyite [9]:

— max
Mr-mr:c. = ll{nyt[{ MI[DM

(2.10)

rac Xnycx — KPaTHOCTb ITYCKOBOI'O MOMCHTA 3a44CTCA B IIACIIOPTC.

Myae =3,6-32=1152Hu"M

OnpenensieM MyCKOBOM MOMEHT JBHUrareiisi Ha OOJBIION CKOPOCTH MO

bopmyiie:

Mﬁ]ﬂ:h’ = }'-I'.I}?EE{ " Mygm

Mpyex =28:-32=896H"M

(2.11)

OnpenensieM MyCKOBOM MOMEHT JABUTraTelsi Ha Majioil CKOPOCTH MO

bopmyiie:

Mnycl-:_n. = }l'-n}rcr: *Miiom
Mn}rcw.m. =19-32=608H"'M

2.5 OnpenejieHue MOMEHTOB HHEPIIUH

OnpenensieM Maccy KaOMHBI Ha COOTBETCTBYIOIIUX

dbopmyiie:

F
m=-—
rae F — 1aroBoe ycunue kaOWHBI ¢ y4eTOM KaHaToB, H;
g — yCKopeHue cBoOOIHOTO NajieHus, H;
M1 — macca 3arpy>XeHHOW KaOWHBI, KT;

M2 — macca ImycToi KaOWHBI, KT

F 2699
m; =§=‘1—8=2T5,41{r
—-F 1238
m, =?=W= 126,3 kr
OmnpenenseM yrioByr0 CKOPOCTh ABUTATENS O HopMyJIe:
nt
Wy = 30

rJIe N — KOJIMYECTBO 00OPOTOB ABUTATENS, 00/MUH;

(2.12)

OCTaHOBKax IIO

(2.13)

(2.14)
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1500- 3,14
Wi =——=5—
_375-3,14

AT 30

= 157pan/c (bonbuas CKOpPOCTE)

= 39,25paa/c (Manas CKOpoCTh)

OnpenensieM MOMEHT MHEPLMU NPH IIyCKE M NPU HOMHUHAIBHOM 3arpyske

KaOWHBI 110 hopMmyIIe:

v 2

Jg1=12"] n+m1-( )
) Was (2.15)

rae JX1-MOMEHT HHEepUUHU TP HOMUHAIIBHOM 3arpy3Ke KaOWHBI, KI*M?;
JIIB — MOMEHT HHEpLIUN JBUTATEIIS, KI*M?;

M1 — mMacca 3arpy>xeHHOi KaOMHBI HAa OCTaHOBKax, H;

VK — CKOPOCTh IBHKEHUS KaOUHBI, M/C;

WnB — yrioBasi CKOPOCTb IBUTATENS, paj

2

1
Jy1 =1,2-0,165 + 275,4 - (E) = 0,5208 = 0,2kr - M?

OmnpenensieM MOMEHT MHEPIIUU IPH MTyCKE IMyCTON KaOMHBI 110 (GopMyJIe:
2

Vi

rae JX2 —MOMEHT MHEpIUH NPH MTyCKE IMyCTON KaOUHBI, KI*M?;
JIB — MOMEHT MHEPIIUH ABUTATENS, KI*M>;

M2 — macca mycToi kabuHbI Ha OCTaHOBKax, H;

VK — CKOPOCTh IBUXKEHUS KAOUHBI, M/C;

WaB — yrioBas CKOpOCTb IBUTATENs, Pajl

2

1
— . " | — —_ = . 2
Jy2 =1,2-0,165 + 126,3 (15?) 0,203 = 0,2kr-m

[TockonbKy cymMMapHble MOMEHTbl MHEpUUU Jsi U Js2 TPUOIU3BHUTENBHO
paBHBI, TO BpEMs YCTAaHOBHBILEHCS paOOTHI ABUraTeNsl MPH MOAbEME WIH CITYCKE,
HE3aBUCUMO OT 3arpy>KEHHOCTH KaOMHBI OJJUHAKOBO.

OnpenernsieM BpeMs MyCKa ABUTATEIIS



Jgi-n-m

t, =
30 - (M]'[].-’Eh'. - Mc’r.)

(2.17)
rie Js1 — MOMEHT HHEPIIUU TTPU HOMUHAIBHOUN 3arpy3Ke KaOWHBI, KI"M?;

N — KOJMYECTBO 0OOPOTOB ABUTATENISI HA OOJIBIIION CKOPOCTH, 0O/MUH;
Miyck — IyCKOBOM MOMEHT, H-M;

Mer — cTaTudeckuii MoMeHT, H-M.

0,2-1500-3,14

t. =
" 30-(89,6 —23,61)

=047c

OnpenensieM MOMEHT WHEPLMHU TPU Tepexojie C OOJIBbIIOW CKOPOCTH Ha
MaJIyto MpH MOJTHOM 3arpy3Ke KaOUHBI:

Vi =V )
ey = 12 b+ - G

(2.18)
/1€ Jsnep.— MOMEHT HHEPIIUM MPU HOMHHAIBHOM 3arpy3Ke KaOUHBI, KI*M?;
Jis — MOMEHT MHEPIIUH JIBUTATEINS, KI*M?;

My — Macca 3arpy>keHHOU KaOWHBI HAa OCTaHOBKax, H;

Vi« — CKOPOCTh IBUKEHUS KaOWUHBI, M/C;

Wz — yrimoBast CKOPOCTh IBUTATEIs, Paji/C;

Vv — Majast CKOpOCThb JBIKCHHS KaOMHBI, M/C;

W, — Masnas yrioBasi CKOpOCTb JIBUTATEJIsA, pajy/C.

1-0,25 \?

Jsnep = 1,2 0,165 + 2?5,4-( ) = 0,208 ~ 0,2Kr - M2

157 — 39,25
Omnpenensem BpeMs niepexo/ia ¢ 60bIel CKOPOCTH Ha MayI0 MPHU MOTHOU
3arpy3ke KaOuHbI 10 popMmyiie:

lEnep ) (nl’i - HM)T[
30 (Muyecn + Mer) (2.19)

nep.

r7€ Jenep — MEPEXOAHBII MOMEHT MHEPLIMU MIPU MOJHOM 3arpy3ke KaOWHBI,
KI"M?;
N — KOJIMYECTBO 0OOPOTOB IBUTATENIS HA OOMIBIION CKOPOCTH, 00/MUH;

Ny — KOJTMYECTBO 0OOPOTOB JIBUTATENsl HA MAJIOW CKOPOCTH, 00/MUH;
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Mc: — cTatudeckuii MOMeHT, H-Mm;

Muycknv— IIYCKOBOM MOMEHT JBUTATEIIS TP MaJIOM CKOpocTH, H-Mm.

02-1125-314 _
tnep. = 307608 + 23.6)  o'C

OnpenensieM MOMEHT MHEPLUH IIPU MAJIOW CKOPOCTH W IOJHOM 3arpyske

KaOWHBI 110 hopMmyIie:

V 2
Jrin = 1,2 ‘fﬂn +m; - (FM)

M

(2.20)
rae Jziv — MOMEHT MHEpPUHUHM NPU MajJOd CKOPOCTH W TOJHOU 3arpyske
KaOWHBI, KI*M?;
Jie — MOMEHT MHEPIUU JBUTATENS, KI*M?;
M1 — Macca 3arpykeHHoi KaOMHBI Ha OCTaHOBKax, H;
Vx — Manasi CKOpOCThb JBUKECHHS KaOUHBI, M/C;

W, — MaJast yrioBasi CKOpOCTh ABUTATEIIA, PaJl/C.
2

1,2-0,165 + 275,4 (ﬂ25) 0,208 = 0,2 2
Jrie =1, ’ , 3925) ~ = (0,2Kr-m

OmnpenensieM BpeMs TOPMOKEHHUS Ha MaJIol CKOPOCTH 1o (hopmyJe:

— Jow My " T
30 - (Mnych’.m. + Mc‘r.)

tT.M.

(2.21)
rie Jsy— MOMEHT MHEpIIUU TP HOMUHAJILHOM 3arpy3ke KaOWHBI, KI"M?;

Ny — KOJIMYECTBO OOOPOTOB JIBUTATES;

Muyck. v — IIYCKOBOM MOMEHT JABUTATEIISI IPU MAJIOW CKOPOCTH, H'M;

M¢r — cTaTUdeCcKUil MOMEHT, H-M.

. 0,2-375-3,14
M- 30+ (60,8 + 23,61)

= 0,09¢

OmnpenensieM BpeMs yCTaHOBUBIIEHCS paboOThI o hopmye:

LR

tyc'r. =t —t; - tnep. — bty — Ly
T tycr — BPEMS YCTAHOBUBIIICHCS pabOTHI, C;

tn. — Bpems IycKa ABurarens, C;



thep — BpeMs nepexojia ¢ 00bIIONH CKOPOCTH Ha Majylo, C;
tr.v. — BpEMSI TOPMOKEHHS Ha MaJIO CKOPOCTH, C;

tw. — BpeMs IBM>KEHHS HA MAJIOU CKOPOCTH, C.

byer. = 4,65 — 0,47 - 0,27 -0,09—-1=282c
2.6 IlocTpoeHue TaxorpaMmbl IBHKeHUsI JIUPTa

Tenepp MOXHO TMOCTPOUTH Taxorpammy pabotel nudrta. Jlms sToro
UCTIONB3yEeM paHee ToJydeHHbIe BpeMeHa. [lockonmbky ckopocTh kabwHa nudra
MaJjio 3aBUCUT OT 3arpy>KEHHOCTH, M BpPEMs CITyCKa W MOJbeMa OJHO U TO XK€, TO

Taxorpamma, npeJCTaBJIeHHas HAa PUCYHKE S5, OyieT oOIei.
A

M/c

[
L%

t.c
I o1
f | T 1 | r 1 ! i >

1 2 3 4 3

-
-
-

Pucynox 5 — O6mias TaxorpamMMa IBH>KEeHUS TudTa
2.7 OnpenejieHue TUHAMHYECKUX MOMEHTOB JIBUTaTEJIs

JUIs  1moCTpoeHMs] HAarpy304HOW JuarpaMMbl JIBUTaTeNsl OMNPEIEIUM
JUHAMUYECKHE MOMEHTHI Ha y4acTKaXx:

1. Ilyck.

2. Ilepexon ¢ 60bIIEN CKOPOCTH HA MEHBIIYIO.

3. TopmosxkeHue Ha Majioi CKOPOCTH.

OnpenenseM THHAMAYECKHIT MOMEHT IIPU ITyCKE:
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_ ([El ’ wp,n.]
M,:l,m[.n. = t—
1 (2.22)
1€ M y.n— JUHAMAYECKUA MOMEHT IPH ITYCKE, H'M;
Js1— MOMEHT MHEPIMU TP HOMUHAJIBLHOMN 3arpy3Ke KaOWHbBI, KI*M?;
Wz — yriioBasi CKOpoCTh JIBUratTess, paj/c;

t— BpEM IIyCKa ABUTATCILA, C.

_(0,2-157)

Mﬂ;}ii!.n. = U,"}?

=668H" M

OHpG,ZIGJIiIeM IH/IHaMI/I‘IGCKI/Iﬁ MOMCHT IIpH IICPCXOJIC C OoJBIIICH CKOpOCTH

Ha MaJTyIo:

M — (_]Enep ) w,u,ﬂ.nep.)
- taep. (2.23)

1€ Myuysnep — IMHAMUYECKUIT MOMEHT MPU NEpPeXojie ¢ O0IbIIEH CKOPOCTH

Ha MEHbIIYI0, H M;

KI"M?;

JSnep— MOMEHT MHEPIUHU MPU TIEPEX0/Jie ¢ OOJIbIICH CKOPOCTH HA MEHBIIYIO,

W 5.nep— YTJIOBas CKOPOCTD JIBUTATEIIS , PAJl/C;

thep — BpEMs Mepexojia ¢ 00JIbIIeH CKOPOCTH Ha MEHBIIIYIO, C.

(-0,2-117,8)
AHHL — 0,27 = —87,25

M

OnpenensieM TUHAMUYECKUN MOMEHT ITPU TOPMOKEHHUH C MAJIO CKOPOCTH:
M _ (=Jgu - W)
AHH.T. — t
T.M. (2.24)
1€ My — JUHAMHUYECKU MOMEHT MPU TOPMOKEHNH, H M;
Jsm — MOMEHT MHEPIIMH TIPU MAJIOM CKOPOCTH, KI*M?;

W, — Manas yriioBasi CKOpOCTh IBUTaTels, pa/c;

tr.n— BpEMsI TOPMOJKEHHUS, C

(=0,2 - 39,25)
M,u'uu_'r_ = 0.09 = —8?,25 H-M
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Tenepp omnpeznenseM MOMEHTBI JIBUraTedsi Ha 3THUX YYacTKax, B JIBYX
cllydasx:

1. Korpa kabuHa 3arpy»eHa MOJHOCTBIO U ABUKETCS BBEPX.

2. Korna kabuHa mycTasi ¥ JBUXKETCSI BHU3.

OnpenensseM MOMEHT Ha Bajly JBHMrareis IpH IOABEME 3arpyKEHHOU
KaOWHBI:

M., = 23,61

1.ITpu mycke:

Ml = Mcﬂ + M,qm[.n. (225)

rae Mi — MOMEHT Ha Bajly JABUTaTellsl IPU IYCKE U IOJHOCTHIO
3arpy’>kKeHHOM KaOuHe, H'M;
M yts1.n — IMHAMUYECKAA MOMEHT IIPU IYCKE, H'M;
Mcr1— cTaTUYECKUI MOMEHT Ha Baly JIBUTATEIIs, H'M.
M, =2361+668=90,15u"M™m

2.IIpu mepexoe ¢ OONIBIION CKOPOCTH HA MATYIO:

M; = Mer1 + Mo nep.
M, =23,61-8725=—-636 "M (2.26)
3.1Tpu TOpMOKEHUU C MAJIOH CKOPOCTH:

M3 = Mcr1 + My,

M3 = 23,61 —87,25 =—63,6 H- M (2.27)
OmnpenensieM MOMEHT Ha Bajly IBUTaTeNs MPU CITyCKE IMyCTON KaOWHBI:
Moz =1083HM
1*.Ilpu mycke:

My, =M + M0
M;. =10,83+668=775H"M (2.28)

2* Ilpu mepexoe ¢ 0OJIBIION CKOPOCTH Ha MAIIYIO:
M. = Myp + M,qmi.nep.
M,, =1083 —-8725=-764Hu"M (2.29)
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3* Ilpu TOPMOKEHHUH C MaJIOW CKOPOCTH:
M3, = Mg + M,n,HH.T.
Mg* = 1[},83 - B?,ES - —?6.4 H-M (2 30)

2.8 IlocTpoeHHe HATPY304YHOI TMArpaMMbl IBHTaTe A

Tenepb MOXXHO MOCTPOUTH HArpy304YHbIE AHArpaMMbl paOOThI JIBUTaTEss
mudTa MpU MOIABEME 3arpy’KCHHOW KaOWHBI (PUCYHOK 6) W TPH CIyCKE ITyCTOM
KaOuHbI (puUCyHOK 7). [[ns 3TOro ucrnosib3yem paHee MOJyYEHHbIE MOMEHTHI U
BpEMEHA.

3arpy»keHan kabuHa

vwc 4 M H*m

90.15 H*M

0.23 23.61H*M 23.61H"M

t.c

-63.6 H*M -63.6 H*M

Pucynox 6 — Harpy3ouHnas auarpamma JBuraTesisi py 3arpy>KeHHON KaOuHe
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MycTaa kabuHa

Ve * M H*m

T7.5H*M

0.23

10.83 H*M 10.83H*M

' f.c

-7 A4 H*"M -T4*H*M

Pucynok 7 — Harpy3ounas auarpamma JABuraTesst pu MyCcTol KaOuHe

Pac4yer morpedseHns 3JIeKTPOIHEPrumn

HaxoauMm cpeaHekBapaTHIHbIi MOMCHT Ha Bay JABuratelns no ¢popmyde [10,11]:

J{Mlz +M12) - t, + (ME + M%) - (tyer +t,) + M22 + M22) "t [

P
Ma:-m -

Vv2-t I1B
(2.31)

Mk — DKBUBAJIEHTHBI MOMEHT Ha Baily AByXckopocTtHoro A/Jl, Hwm;

M1— MOMEHT Ha Bajly JBUTATENS MPHU ITyCKE 3arpykKeHHON kaOuubl, H'Mm;

Mz— MOMEHT mnpu mnepexojae ¢ OoJblIed CKOPOCTH Ha MEHBIIYIO
3arpy>xeHHo# kabunbl, H.M;

M1’— MOMEHT Ha Bajly JBUTATENs MPHU MyCKe 3arpykeHHoi kabunbl, H'm;

M2’— MoMeHT mnpu nepexone ¢ OoJIbIIEH CKOPOCTHM Ha MEHBIIYIO

3arpy>keHHo# kabunbl, H'M;
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t"- BpeMs muUKIa;

tycr. — BpEMsl yCTaHOBUBILIEHCS pabOTHI, C;

t:. — Bpems IycKa JABUraTens, C;

tnep — BpeMs Iepexojia ¢ 00IbIIeH CKOPOCTH Ha MEHBIIIYIO, C;
ty. — BpeMs ABMIKEHUS HA MAJIOW CKOPOCTH, C;

[1B,— pacueTHas npOJOJKUTENBHOCTD BKIIOUEHUs, %0;

I1B — HoMuHaIBHAS TPOAOJDKUTEILHOCTD BKIIIOUCHUS, Y0;

_ /(90,15% + 77,5%) - 0,47 + (23,617 + 10,83%) - 3,82 + (63,6* + 76,4°) - 0,27 47,7

Mara = 2- 4,65 40
M., = 35,75 1,09 = 3896 1 M
(2.32)
Haxoamm MONIHOCTh, TOTPEOIsIEeMYIO ABUTATEIEM U3 CETH:
P _ Ms (w,u,n + w:-{)
CeTH ™ 2. N g
38,69 - (157 4+ 39,25)
CETH — - 2,53 kBT
2+1500 (2.33)
Haxoaum norepu MOIIHOCTH:
(1 —KIna)
Pm:n'ep}i = PL‘ETH R ——
KA
P 253.- L2075 _ o4 B
= 4,  — ), K
noTepH U,?S T (2.34)
Haxoaum siexkTposHepruto, noTpedssieMyro ABUraTesieM U3 ceTu 3a 1 dac
paboTHI:

wﬂl[ep;"—mc = Peern - Pnn'r'epn
Winepfuac = 2,53 0,84 = 2,12 kBt " 4 (2.35)
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3 PACHYET ITY-AJ
3.1 OnpenesieHne IKBUBAJTEHTHBIX MOMEHTOB IBUTaTeJIA

OHpGJ]CJ'ISIeM DKBUBAJICHTHBII MOMEHT Ha Baly JABHUTAaTClIsi C Y4YCTOM

MPOAOJDKUTEILHOCTH BKIIFOUCHMS [9]:

M- t” +MZ,-t" | TIB

— P
2.t B

M

JH* M
HOM (3.1)
rae Mer — cTaTUYECKMA MOMEHT HA BaJly IBUTATENS, H'M;

t" — Bpems ABUKEHUS KAOUHEI OT OJHOM CTaHLUM 0 APYTOH, C;

1B, — pacueTHas NpOJODKMTEILHOCT BKIIOUEHHS IBUTATENI,

[1Biov — HOMHUHATIBHAS IMPOAOJIZKUTCIIbHOCTD BKIIFOUCHUS ABUTATCIIA.

(M +MZ,) - t" | TIB,

AKE — 2 . tf.lf

M

M2

crl
M IKE

+M§r2_
2

(3.2)

_ 23,612 +10,83% | B,
- 2 By,

JH'M
M, = 18,37 1,09 = 20,02 " M
3.2 OnpeaesieHne CKOPOCTH BPallleHUsl IBUTATeJIs

OmnpenensieM CKOPOCTb BpallleHUs IBUraTens no popmyie:
60-V-i
fpact = 27D
(3.3)
rne V — CKOpOCTh IBM)KEHUS! KaOUHBI, C;
| — IepeIaTOYHOE YHCIIO PENYKTOPa;

D — nuametp KBIII m.
60-1-40

Mpact = 3927 0,525

= 1456 06/MHuH
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3.3 OnpenesieHue MOIHOCTH JABUTATENS

OmnpepernseM MOIIHOCTH aBuratens [8]:

M n

P = aks  Upacy
9,55-1000
20,02 - 1456
P= m = B,HSEKBT (34)

3.4 JlanHbIE IBHTATEJIA

Boi6upaem asurarens tuna SAH160S4, ero xapakTepuCTHKU IPUBEIEHBI B
Tabmume 3 [12].

Tabmuna 3 — Texaudeckue xapakrepuctuku asuratens SAH160S4

Tun 5AH160S4
Puow, KBT 3,55
n, o0/MuH 1425
KII, % 80

Cos ¢ 0,68
liow, A 10
Miow, HM 24
Ayex 2,3
lnyex / liom 6,5
Ywucno BKIIOYCHHUI 150
J, Kr-m2 0,06
Macca, kr 110

OTHoIIEHNE MTyCKOBOTO MOMEHTa K HOMUHAJIbHOMY: 2,7-3,3
OTHoIIIeHHe MaKCUMaJILHOTO MOMEHTA K HOMHHAIIbHOMY: 3,1-3,9

Crenens 3amuThl [P10,k1acc HAarpeBOCTOMKOCTH U30sIIUM «Fy» ,2p=4;

n = 1500 o6/mMuu
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3.5BbI100p npeodpa3oBaTeisi YACTOTHI

[IpeobpazoBarens yacToThl A JudroBoro ekTponpuoaa VFD VL

Bri6op 1Y mpousBoauM MO MOIIHOCTH ABUTATENIST M IO HAMPSHKEHUIO
nutanus. M3 kartangora Beioupaem IIY, MOITHOCTH KOTOPOrO paBHA WM OOJIBIIEC
HOMMHAJIBHOM MomrHocTH apuratens. Beioupaem ITU ¢upmer Delta Electronics
tuna VFD 055VL23A, mnpenHasHaueHHBIH JUis TpUMEHEHHs B JudTax

OTbeMHBIX MexaHu3Max. OH n300paxkeH Ha pucyHke 8 [7].

Pucynok 8 — Buemnuii Bun npeoodpazonarens yactotel VFD VL

Oco0eHHOCTH YACTOTHBIX Npeodpa3oBarteeii cepuu VFD V0L

OcobeHHOCTsIMH YacTOTHBIX TipeoOpazoBateneit cepunt VFD-VL sBnstorces

—  BbICOKOO(EKTHBHBIN  aNropuT™M  BEKTOPHOTO  YMpaBICHUS  —
ynpasieHue opuenranued nojs (FOC — field oriented control).

—  VYmpaBneHHe  aCHHXPOHHBIMH WM CHHXPOHHBIMH  JBUTATEISIMU
NEPEMEHHOT0 TOKA, MPOBEJECHUE aBTOMAaTUYECKOTO TECTUPOBAHUS JBUTATENs IpU
cTapTe.

— Bo3MoHOCTH THTaHUS OT pe3epBHOTO HMcTouHHMKa mutaHus 48/96 B
MOCTOSTHHOT'O TOKa.

— Hannuue aBTOMaTHuUecKOW HACTpOWKM M (YHKIMH KOMIIEHCAIIUU
IyCKOBOT'O MOMEHTA.

—  Bcrpoennoe ynpaBieHHe IPOLIECCOM ITyCcKa U OCTaHOBA JINQTA.
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— BcerpoenHas HacTpoiika pa0OThl BBIXOAHOTO TOPMO3HOIO pefe s
yIpaBJIEHUS] BHEIIHUM 3JIEKTPOMATHUTHBIM TOPMO30M.

—  Tlonneprkka ympaBieHUs OT BHEITHETO ITU(POBOTO MyJIbTA.

—  ABTOMAaTMYecKas HacTpOMKa CTaTUYECKUX U AUHAMHUYECKUX MapaMeTpOB
JIBUTATEIS.

—  BcTpoeHHBI TOPMO3HOM KIIKOY JJIs1 BCEX TUIIOHOMUHAJIOB JAHHOW CEpUU
(U1 BHEIIHUX TOPMO3HBIX PE3HCTOPOB).

—  Bo3MmoxxHOCTE paboTHI ¢ 3HKOZCpaMK, UMerOmUME Bbixon Line Drive, a
taxke Sin, Cos.

—  Bcerpoennsiii mopt RS485 ¢ mommepikkoil CTaHIapTHOTO MPOTOKOJIA
Modbus.

— IIporpammHoe oOecrieueHue i KOMIbIOTEpa, oOecreynBarolee
MOHUTOPHHT, YIIPaBJIECHHUE, 3aTPy3Ky U COXPAHEHUE IapaMETPOB.

—  IlonHbIi KOMILIEKC 3aIUTHBIX (HYHKIUHA. BeICOKOTOUHOE M3MEpeHne

—  TOKa, MHOrOypoBHeBas 3ammra ot neperpy3ku (oL, oL1, oL2), or
NEepeHaNnpsHKeHUsT M CBEPXTOKA, OT KOPOTKOTO 3aMbIKaHMS, (PYHKUUS IOUCKA
CKOpDOCTH, NOJKJIIOYEHUE JaTdyMKa IeperpeBa ABUTATENS W €lIe PAO  APYTUx
GyHKUIUHA.

TexHnueckne XapakT€pUCTUKH MpeoOpazoBaTessi 4acTOTHI IPEJICTABICHBI

B Ta0uIe 4.
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Tabnuma 4 —TexHuyeckue XapakKTepPUCTUKH MPEOOPa30BATENST YaCTOTHI

Homep momenu VFD- - VL 055 075 110 150 185 220
Makc. momHOCTh ABurarens (kBT) 5,5 75 11 15 18,8 22
Makc. momrHocTh aeurarens (HP) 7,5 10 15 20 25 30
Brixognas momaocts (KVA) 9,5 125 19 25 29 34
HomunansHBIN BEIXOTHOM
TOK JJISI IIOCTOSIHHOT'O 21,9 27,1 411 53 70 79

MoMeHTa (A)
HoMmuHBansHBIN BEIXOJHOM
TOK JUTSI IEPEMEHHOTO 25 31 47 60 80 90
MoMeHTa (A)
Makc. BEIXOTHOE
HanpspbkeHue (B)

3-(ha3sl IPOMOPITMOHATILHO BXOTHOMY HAIPSHKCHUTO

XapaKTepI/ICTI/IKI/I BbBIXO/J1a

Brixognas gacrora (I'y) 0.00-120.00 I'g
UYactora IIWUM (x['1r) 12 xI'g 9 kl'g
(HAO)MI/IHanLHHH BXOIHOU TOK o5 33 59 63 68 79
§ HanpspkeHnue/gactoTta 3-¢asbl, 200-240 B, 59/60 I'
A | OTKJIIOHEHHE HAIPSHKEHUS +10% 180 — 264B
OTKJIOHEHUE YaCTOTEI +5% 47 — 63I'y
Croco6 oxiaaeHus [IpunyauTensHOe, BEHTUISTOPOM
Bec, KT 8 |10 [10 [ 13 |13 | 13

3.6 Taxorpamma aBu:KeHus JudTa

Jjist TOro 4To0B! ABMKEHHE JTU(Ta ObIII0O KOMMOPTHBIM JIJISl TACCAKUPOB, U
JUISl CHIDKEHMSI JIMHAMMYECKMX MOMEHTOB, BpeMsi Ha Yy4yacTKaX pa3roHa u
3aMeJICHUS HY>KHO YCTaHOBHTSH [9]:

— tyer. = 1,5 c¢ (BpeMs yCTaHOBUBIIEHCA pabOTHI, 3aBUCUT OT
PacCIoJIOKEHUS IITYHTOB);

— to. = 1,5¢ (Bpems mycka auraresns, nporpammupyercs B [1H);

—  toep = 0,8 ¢ (Bpemsa nepexoja, nporpammupyetcs B [1H);

—  tr.m. = 0,25 ¢ (BpeMsi TOPMOXKEHHUSI Ha MaJlod CKOpPOCTH, 3aBHCHUT OT

BpEMEHU

—  HaQJIOXEHUS TOPMO3a, PaCHoIOKeHHs IIyHTOB U oT [1Y);

— tm. = 0,6 ¢ (BpeMsi JBWXKEHHS Ha MaJloOd CKOPOCTH, 3aBUCUT OT
PacoIOKEHUS

—  IIYHTOB).
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OmpenensieM 4acToTy BbIXOAHOTO HampspkeHus oT I[IY mna OGosbinoin
CKOPOCTH BpalieHus no popmyie:

f — ﬁ:ETH ) i‘T'pnan:‘-{.

' Nyom. (3 5)

['ne f1 — vacTroTa HanpskeHuUs, TpeOyeMOoro ISl BpallleH!s Bajia IBUTATENs
¢ yacrtorou 1456 o6/mun, I'1;

Npaca. — PACUETHASI YACTOTA BPAIICHUS BaJia TBUTATENS, 00/MUH;

feern— wacToTa cetu, 50 I';

Niow. — HOMUHAJIbHAS YAaCTOTA BPAILEHUS BaJla ABUTaTeINs, 00/MUH.
_50-1456

fl = W = 50 [‘I.I|

OnpenensieM YacToTy BBIXOAHOrO HampsbkeHus or [IY gia  manoi
CKOPOCTH BpalieHus no popmyie:

f = )‘;:E'Tl{ ) -n'l'IELF.I.

T Mo (3.6)

rae f2 — yactoTta HanpspkeHUs, TpeOyeMOoro i BpallleHHsl Bajla IBUraTeNs
¢ yactotoii 322 06/muH, I'1;

Nuan. — 9aCTOTA BpAIICHM Baja JIBUraTessl Ha Majoi CKOPOCTH, 00/MUH;

feern — wacrora cern, 50 'y

Neom. — HOMMHAJIbHAA 4aCTOTA BpaAllICHU BaJla ABUTaTCIIs, 00/MHUH.

_ 50322 112 T
2= g ¥ 112 1u

C npumenenunem ITY HOMMHanmbHasg ckopocTh Ju@dTa paBHa lm/c, a mpu

IBIKeHUU Ha Majoit ckopoctu 0,22m/c. Tak ke IIU obecreunBacT IIaBHBIC

NepEXo0abl CKOPOCTH. TaxorpaMMa MMpcACTaBJICHA HA PUCYHKC 9.
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3arpymeHHad KaGHHA

1 [ | | Il I

1 T T 1 1 | t.c

L

1 2 3 4 5

Pucynox 9 — Taxorpamma IBH>KEHHUS 3arpy>KeHHOTO JTudTa
3.7 OnpenejieHHe MOMEHTOB HHEPIIUH

YFJ'IOBYIO CKOpPOCTBb ABHUTATCIIA OIIPCACIIACM TaK:

_1425-3,14

5. 30 = 149,15 paa/c

(3.7)
OnpenensieM MOMEHT WHEpPUMU TpPU MYCKE U HOMHHAJIBHOUN 3arpyske

KaOWHBI U IMyCTON KabuHe 1o Gpopmyie:

2
Vi
Js12 = e + My W
A (3.8)
Js1, Jso -MOMEHT MHeplUM NMpU HOMUHAJIBHON 3arpy3Ke U MyCTOW KaOWHBI,
KI"M?;
Jie — MOMEHT MHEPIIUM ABUTATEIIS, KI"M?;
M1 — Macca 3arpyKeHHON KaOMHBI HA OCTAaHOBKAX, H;

V'« — CKOPOCTh IBHKCHHUS KaOUHBI, M/C;

Wz — yrioBasi CKOpOCTb JIBUTATEIIS, pal.

2
) = 0,071 kr - Mm%

= 0,06 + 275,4 -
Jz1 = 0,06 4275, (149,15

2
) = 0,065 kr - M2

= 0,06+ 126,3 -
Jz2 = 0,06 4126, (149,15
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OrnpenensieM MOMEHT WMHEPUUM MPU NEpexojie ¢ OOJbIION CKOPOCTH Ha
MaJIylo MpHU MOJHOMU 3arpy3ke KaOuHbI 10 (popMyIie:

Vi — Vi, )2

=], +m, | —
J’Enep j,.:l,ﬂ. 1,2 (wﬂﬂ _ WM

(3.9)

A€ Jsnep— MOMEHT MHEPUUM MPU TEPEX0Je M HOMUHAIBHOM 3arpy3ke
KaOWHBI, KI*M?;

Jis — MOMEHT MHEPIIUHU JBUTATENIS, KI*M?;

My1.2— Macca 3arpyK€HHON KaOMHBI U MTyCTOW Ha OCTAaHOBKAX, H;

V'« — CKOPOCTh IBUKEHHUS KaOWUHBI, M/C;

Wz — yrioBasi CKOpOCTh IBUTATEIsI, paji/c;

V — Manasi CKOpOCTh JBUKEHUSI KaOUHBI, M/C;

W, — Masnas yrioBasi CKOpOCTb JBHTATEIIs, Pajy/C.

1—-022 2 0,073 ,
149,15—39,25) — GUIS KT M

1—-022 2 0,066 ,
149,15—39,25) — Qo0 KT M

Jrnept = 0,06 + 2754 - (

Jenepz = 0,06 +126,3 - (

OnpenensieM MOMEHT MHEPLMM HA MAJIOM CKOPOCTH IIPU IOJIHOW 3arpyske

U MyCTOW KaOuHe:
Vi)

hm=&n+mu(ﬁﬂ (3.10)

I'ne Jsui, Jsv2 “MOMEHT MHEpPUMHM TPU HOMHUHAIBHOW 3arpy3Ke W MyCTOU
KaOWHE, KI.M?;

Jie — MOMEHT UHEPIUU JBUTATENIS, KI*M?;

M1 — Macca 3arpyKeHHON KaOMHBI Ha OCTAHOBKAX, H;

V\—Majnasi CKOpOCTb JIBH)KCHUSI KAOWMHBI, M/C;

WM — MaJiasa er’IOBaﬂ CKOpOCTB ABUTATECIIA, paz[.
J —Dﬂ6+2?54(u’22)2—ﬂﬂﬁﬂﬁ 2
Eml — ’ L] 39'25 - f] r-m
0,06 + 126,3 0.22 \* 0,063 2
Jewz = 0,06 + s (ﬁ) =1, Kr* M
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CpaBHeHUs 3HAYEHUI MOMEHTOB UHEPIMU MIPUBEICHBI B TA0IHUIIE 5.

Tabmuma 5 — CpaBHeHUs 3HaYCHU MOMEHTOB MHEPIIUH

MoMeHTbI HHEPIUH MoMeHTBI HHEPIUHT
oaHockopoctHoro AJl ¢ ITY MHOIOCKOpOCTHOro AJl

Js1=0,071 kr - M3 Js1 = 0,208 kr - *m?;
Js2 =0,065 kr - M?; Js» =0,203 kr - M?;

Jsnep1=0,073 kr - M2; Jsnep1=0,208 kr - M2;
\]Znep2=0,066 KT Mz; Jznepzzo,ZO?) KT Mz;
Jzw1=0,068 Kr - M?; Js1=0,208 KT - M;
J=w2=0,063 kr - M%; Js2=0,203 kr - MZ;

3.8 OnpenesieHue TMHAMUYECKHUX MOMEHTOB

JInsi 1OCTpOEHWS HArpy304HOW JuarpaMMmbl JBUTATENsl  ONpPEACIUM
JTMHAMAYECKHE MOMEHTHI HA y4acTKax:

1. ITyck;

2.Ilepexos ¢ 6oJIbIIIEH CKOPOCTH HAa MEHBIIYIO;

3. TopmoxkeHue Ha MaJoOi CKOPOCTH;

OnpenensieM TUHAMUYECKU MOMEHT NPHU MYCKE 3arpy>KEHHOM M MyCTOU
KaOWHBI:

M — U}:l.z ) W,.:[ﬂ)

nuunl,2 t
n (3.11)

I'ne Myys.n1,2 — IMHAMUYECKAM MOMEHT MPH ITYCKE, H'M;
Js12— MOMEHT MHEPIIUU MPHU 3arPyKEHHON U MyCTON KaOUHBI, KI*M?;

Wz — yIiioBasi CKOpOCTh ABUTATENs, pa/c;

tn — BpeMs Imycka aBuraress, .
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(0,071 149,15)

""’ﬂ?!m.ul = 1'5 - T,l H™M
(0,065 - 149,15)
"""fmm.ulj = 15 =6,5H"m

OnpenensieM TUHAMUYECKHIT MOMEHT IPU MEPEXo/e C OOJbIIeH CKOPOCTH
Ha MaJylo, 3arpy>KeHHON U MyCTOW KaOWHBI:

(_JEnep. 1,2 " wmz.nep.]
*'Mrmm.nep.]..z = "
nep. (3.12)

1€ Mumnep12 — IMHAMUYECKMHA MOMEHT MIpU TMEepexojie C OoJbIei
CKOPOCTH Ha MEHbIy10, HMm;

JSnep.12— MOMEHT HWHEpPUMHM TMpU Tiepexojie ¢ Oojblled CKOPOCTH Ha
MEHBIITYI0, KI.M?;

W 15 1iep.—YTJI0Bast CKOPOCTD JIBUTATEIIS , PaJl/C;

tuep — BpeMs mepexoJia ¢ OOJbIIE CKOPOCTH HAa MEHBINYIO, C.

(—0,073 - 112,4)

"wrjuu.m;u.l = 08 = —10,25
(—=0,066- 112,4)
-'H"friuﬂ.nepj = 08 ==

OnpenensieM TUHAMUYECKUI MOMEHT MPU TOPMOKEHUHU C MAJIOH CKOPOCTH,

3arpy>kK€HHOM M MyCTOW KaOWHBI:

\ _ (__!E..ul,l - w-.r]
Mounml,2 — tL“ (313)

1€ My r.— JUHAMHUYECKUA MOMEHT MPU TOPMOKEHUH, H M;

Jsm1,2— MOMEHT MHEPIIMU TIPU MAJION CKOPOCTH, KI"M?;
W, — Manas yrioBasi CKOpOCTb JBUTATEs, Pajy/cC;
tr.m. — BPEMSI TOPMOKEHUS, C.

(—0,068 - 39,25)

Myyumiz = W =—=1334u-m
(—0,063 - 39,25)
Myyyemiz = 02 ==1236H"m
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Tenepp omnpenensieM MOMEHTHI JBHrareiss Ha 3THX Y4YacTKaX B JIBYX
cllydasx:

1. Koraa kabuHa 3arpy»eHa MOJHOCTBIO U ABUKETCS BBEPX;

2. Korna kabuHa mycTasi ¥ JBUXKETCSI BHU3.

OnpenenseM MOMEHT Ha Bally JBUTATeNs IPH NOABEME 3arpyKCHHOW U

yCTON KaOWHBI:

M., = 23,61
M., = 10,83
1.ITpu mmycke:

My = Myma,2 + Myyyn, (3 14)

rae Mi2 — MOMEHT Ha Bajly JABUTaTelsl IPU IIYCKE 3arpy>KEHHOU U IIyCTOU
kabune, H-m;

Munrn1,2. — AAHAMAYECKAA MOMEHT MPHU IIyCKE, 3arpyKE€HHOU U IyCTOU
kaOuHBI H-M;

Mcr.12— CTaTHYECKUI MOMEHT Ha Bajy aBuraress, H.m.

M =2361+71=30,71n"m

M; =1083+65=1733u"Mm

2. IIpu mepexone ¢ OOJBIION CKOPOCTH Ha MAIIYIO 3arpy>KEHHOW W IyCTOM
KaOWHBI.
Myep12 = Memy + Moy nep.
Myep1 = 23,61 -10,25 =13,364"Mm
M, ,=1083-=92=163un"Mm

nep.

(3.15)

3.I1pu TopMOKEHUH C MaAJION CKOPOCTHIO, 3arpy>KEHHON U MyCTOW KaOUHBI:
Myt 2 = Mot + Myym,

My =23,61-1334=1027H"m

M,; =10,83-1236 = =153 1 "Mm (3.16)

CpaBHeHHUS 3HAYCHUH TUHACTUYECKIX MOMEHTOB IPUBEACHBI B TaOHIIe 6.
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Tabnuna 6 — CpaBHHTENBbHAS Ta0IHIIA 3HAYCHUN TUHAMHUYECKUX MOMEHTOB

JInnaMmuyeckre MOMEHTBI € JInnaMmuyeckue MOMEHTBI €
oaHockopocTHbIM A/l ¢ ITY MHOT'OCKOPOCTHBIM Al
M;=30,71u "M M:;=90,15H1 ™M
My=17,33 1M M>=77,5H M
Mnep1:13,36 H''M Mneplz '63,61‘1 ‘M
Mnep2:1,63 H' M MnepZ: ‘76,4 H' M
M:;1=10,27 5 - ™M M;1=-63,6HH - M
Mp=-153 1" M Mp=-764H "M

3.9 ITocTpoeHue HATPY304YHOI THATPAMMBI

Temeppr MOXXHO TOCTPOUTH HATPy30UYHBIC IUATPAMMBI paOOTHI JBHUTATEIS
mudTa Ipu MOAbEME 3arpy>KEHHON KaOWHBI W MPU CIyCKE MyCcTOW KaOuHBI. JlJis
ATOTO UCIIOJIb3yeM paHee MOJyYEeHHbIE MOMEHTHI U 3aJJaHHOE BpeMeHa (pUCYHKHU
10, 11).

3arpysaeHHas KabHHa

&
V MfC M H*M

21361H-M

1336 H-M

Iy e
1027H-M
1 2 3 4 5
Pucynox 10 — Jlmarpammel paboThl ABUTATENS TU(TA TIPU TOTBEME 3arPy>KEHHON

KAaOUWHBI
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Ilycras kabuua

I
VM.-*': M H-M

0.23

17.33H - M

1083 H-M 10,83 H-M

! t.c
=153 H-M
5

1 2 3 4

Pucynok 11 — JIluarpammel paboTsl ABUTATENs TM(TA IPU CITyCKE MYCTOM KaOWHBI

3.10 Pacuer moTped.ieHHs 3J1eKTPOIHEPTIUH

Haxoaum MOIIIHOCTB, moTpebisiemyto asurareiaem u3 cetu [10,11]:

p - M;‘KB ) (w.u.n + wﬂ)
ceTH 2 Nygr

M, = 23,2
23,2+ (151,7 + 39,25)

Peeru = 21425
P.orw = 1,75 KBT (3.17)

+ M4 = 1,55kBt + 0,2xBT

Haxoaum norepu MOIIHOCTH:

(1 - K1)
P]‘[DTE]:IH = Peern 'W
(1-10,8)
Puorepn = 175 - —=— = 0,43 kBt -
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Haxoaum snexkTposHepruto, NoTpedasieMyro ABUraTesieM U3 ceTd 3a 1 vac
paboOThI:

wﬁlrep,f"-:an: = Peer Pnn'nEpH

W. =1,75-043 =0,75 kBt -4

aHep,uac

(3.19)
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4  MOAEJHUPOBAHMUME JSJIEKTPOIIPUBOJA
4.1 MoaenupoBaHue JIEKTPONPHUBOAA € IBYXCKOPOCTHBIM AJ]

Kunematuueckass cxeMa TmepeaBKeHUss JaudTa 10 MOJCPHU3ALUU

n300pakeHa Ha pucyHnke 12 [13].

NepedamoyHoe yucno
pedykmopa
i=40 Wkue kanamosedywiuu
4AMH ! . [~ Paduyc R = 0.2625 M

v [
Kabuwxa nughma

Macca mv = 630 k2
- |

Macca 0 < mu < 400 k2

Mc = (mu+mv-mc)*g'R /i
w=i"v/R
Jm = J + (Jp+{mu+mv+mc) R’ /i
dwidt = (M3 - Mc) /Jm

Mpomueoéec
Macca mc = 845 ke

Pucynoxk 12 — Kunemarnueckasi cxeMa MexaHU3Ma MepeIBIKEHUS TU(Ta

CtpykTypHas cxema CUCTEMBI IIpejicTaBieHa Ha pucyHke 13.

59



Mc = (mu+mv-mc)'q*R/i . .

\ v

Mc

\ 4
Vsad w3ad Toxoeoe | M3 1 w
=1 | 36€HO M I

TSR Jm=J+(Jp+(mu+rmv+mce)'R)/i*

Pucynok 13 — CtpykTypHas cxemMa CUCTEMBI

Onpedenenue nepedamodnou YyHKYuu moKo80o20 36eHd

[lepenarouynast GyHKIMS TOKOBOTO 3B€HA UMEET CJICAYIOIINI BU/I;

1+T,p (4.1)
rie [ — MOAyJb KECTKOCTH JIMHEAPW30BAHHOW MEXaHWYeCKOU

xapaktepuctuku AJl:
2M
p= W K-S
0 wom <k (42)
Kputnuecknii MOMEHT:

M,=30-M,,,=3"32=96H'm (4.3)

Kputnueckoe cKoybKeHHE!

Sip = Suo* (Am + VA% —1) = 0,01+ (3 ++/32 1) = 0,058

_ 2mny 21500
“HE"e0 T 60

_ 296 5108
‘8_15?-0,055_ ' (4.4)

=157c¢!

T, - DKBUBaJICHTHAs QJICKTPOMArnuTHAasA IIOCTOAHHAsA BPCMCHU HCHCﬁ

cratopa u poropa AJl, onpeaensemas o popmyre:

1
T. =

a - ﬂ,lE C
Wo uom * A)

157 - 0,058 (4.5)
60
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Wosnwow — YTIJIOBAsl CKOPOCTh DJIEKTpOMarHuTHoro mons AJl mpu ero

HOMMHaJIbHOU yactoTe nutanus f 1 =50 I'm.

2nf a
m‘ﬂlmm=_=15?p PEL/C
P (4.6)
IToacTaBMB BCe 3HAYEHUS MONYUUM CIIEAYIONIYIO IIepeaTOuHyI0 (PyHKIUIO

TOKOBOTO 3BeHa AJl:

B 21,08
W = =
P14+ T,p 1+40,18p 4.7

Mopnens npeacrtaBicHa Ha pucyHke 14. B pabouem okxne MatlLab 3agaem

CJICAYIONIYIO TaXOTrpaMMy JBIKCHUS TU(Ta:
v=[0,0;1.5,1;3,1;3.8,0.22;4.2,0.22;4.45,0;10,0;11.5,-1;13,-1;13.8,-0.22,;
14.2,-0.22;14.45,0;20,0]

['paduku nepexoHbIX MPOIIECCOB MPEICTABICHBI HA pUCYHKeE 15.
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File Edit Yiew Simulation Format Tools Help

b =& B L 2 20 Mormal - E) & REE®
Li Speed
near Spee > :I
N Linear Spde hdormant _:.
From AD Speed Graphics
WiodeEp ace a0 § > 241.08 plx 3
> + +
+ - 0.48s+1 | Moment ’Q e PP 5 [ADheed
: T
[ Tokovoe Zvano Divided Integratort 0185
0.2625
M J
Radius shkiva *
0.2625 04 Jm
Radius shkiva 1 Jp
830 ———W+ X 845 ) 2625 |— *
—
M assa Kabiny - I med R z +
R »x Add .
G630 + - *
845 Addi kS -l
* e+ — X Divide?
Massa Protivovesa Moment mu - —‘_F 40
981 Nagruzki »
1 Add2 Product i2
a
Massa Gruza 40
i1
Ready 100% odedS

Pucynox 14 — Mopens anekrponpuBoia audra



) Graphics

g8 LR2L Al

Lnear Speed

Time oftzet: 0

Pucynox 15 — I'paduku nepexoIHbIX MPOoIeccoB JUdTa ¢ IBYXCKOPOCTHBIM A J]
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4.2 MoaeaupoBanue dJjiekrponpusoaa ¢ [T4Y-AJ]

Kunematnueckas cxema mnepenasmwkenus ymdra c [IU-AJ[ umeer Buna

(pucyHok 16):
Mepedamoyxoe yucno
pedykmopa
i=40 Wkue kaHamoeedyuwuu
VFD-VL- - | B5AH B Paduyc R=0.2625m

S RN ——

KaGuwna nugpma
Macca mv = 630 k2

Macca 0 < mu < 400 k2

Mc = (mu+mv-mc)*g*'R /i
w=i"v/R
Jm = J + (Jp+(mu+mv+mc)'R’ /i?
dw/dt= (M3 - Mc)/Jm

Npomusosec
Macca mc = 845 ke

Pucynox 16 — Kunematuueckasi cxema MexaHu3Ma NepeBIKeHus Tudra ¢

npeoOpa3oBaTeIeM YaCTOTHI

CtpykTypHas cXeMa CHCTEMbl TOCJE MOJICpHM3AIIMU TMpE/CTaBlieHa Ha

pucynke 17:



mu
Mc = (mu+mv-mc)'g'‘R /1

‘Mc '
Us ; M3
o my ﬁ,‘w""" ) e LR H
. Kpm T \
‘ Jm=J+(Jp+(mu+rmv+me) 'R)N"
— Kpe

Pucynok 17 — CtpykTypHas cxemMa CUCTEMBI

Onpedenenue nepedamodnou YyHKYuu moKo80o20 36eHd

[lepenarouynast GyHKIMS TOKOBOTO 3B€HA UMEET CJICAYIOIINI BU/I;

B

Wy =———
rie [ — MOAyJb KECTKOCTH JIMHEAPW30BAHHOW MEXaHWYeCKOU

xapaktepuctuku AJl:

2ZM,
p=——t
W pom " Sk (49)
Kputuueckuii MOMEHT:
M,=25M,,, =25-24=60H"mM

KpHTH‘I@CKOC CKOJIbXKCHUE.

Sep = Suom (Am +1/2%, —1) = 0,05- (25 +/252—1) = 0,24

_ 2mny _ 2m1425

= = -1
Wy 0 0 149,7 ¢
_ 260 335
157-0,24 (4.10)

T, - DKBUBaJICHTHAs QJICKTPOMArouTHAasA IIOCTOAHHAsA BPCMCHU HCHCﬁ

cratopa u poropa AJl, onpenensemas o popmyre:

1
T, = = =0,069c
W pom -~ S}(p 157-0,24 (411)

'«
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Wosnwom — YTIOBAsS CKOPOCTH AJIEKTPOMArHuTHOTO mojii AJl mpu ero
noMHUHaNbHOM yacTote nutanus f1 = 500w
Wy pom = ﬂ = ISTPa'[VC

P (4.12)
[TogcTaBuB BCe 3HAUEHUS MOTYYNM CIICTYIOIIYIO TIEPEIATOYHYIO (DYHKITHIO
TOKOBOI0 3BeHa AJI:

B 3,35

Onpeoenenue nepedamounoll GyHKyuu npeobpazosameisi 4acmomaol

[lepenarounas GyHKIMs MpeoOpa3oBaTesisi 4aCTOTHI:

Uy (P)

Wiy(P) = Ty (P)

(4.14)
Koaddunument nepenauu npeodpazoBareis 4aCTOThl B YCTaHOBHBIIEMCS

pPEXKHMeE paBEH CIICAYIOIMIEMY BBIPAKCHHUIO:
Ko = oA
m = {3
v (4.15)
OKOHUAaTeNbHO ISl MpeoOpa3oBaTeNiss YacTOThI IepenatodHas (yHKIUs
OyJleT UMETh BU/I;

Kny
Wiu(P) =

1+ TyqP (4.16)

IIponsBenem pacuer:
380

Kny = To 38;

TT“ = I],[Iﬂ'l C.
38

Win(P) = 150018

JIJISI PaBHOBCCHUA CUCTCMbI, BBCACM, B KOHTYP PCTYJIUPOBAHUA PCTYIIATOPHI

TOKa U CKOPOCTH.
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Onpeodenenue nepedamounol QyHKyuu pe2yiamopa moxka

Konryp perymupoBanuss TOokKa sikops  couepxur [IH-perynsrop,
HACTPOEHHBIN MO MPUHIUITY TTOCJIEA0BATEILHON KOPPEKIIUH.

B koHType perymupoBaHUSi TOKa WMEETCS OJHA OOJIbIas IMOCTOSTHHAs
BPEMEHM — IOCTOsIHHAs BpemeHu 1enu sikops Ta. [Ipum HacTpoiike KOHTypa Ha

TEXHUYECKUN ONTUMYM IepenaToyHas (yHKUUS pPEryysropa Toka OyJeT MMEThb

BUL
_tprp+1 T.p+1
T Turp  2Tumikum kykprp’ (4.17)
rae T. = La/Ra = 0,021/0,05 = 0,42 — mocTOsIHHAS BpEMEHHU SIKOPHO IICTIH;
Ly = },U—“= 0,25 380 = 0,021,
P, -on In 3-149,15- 10 (4.18)

rae Pn- uncio map mosrocos;

wH- HOMHUHAITbHAS YTIIOBAss CKOPOCTH JIBUTATEIIS.

YR To0s Y (4.19)

kurmi = Usom/Usism®* = 380/10 = 38 — k03hGUIIMEHT YCHUIICHUS] YaCTOTHOTO
npeoOpazoBaTes LENH IKOPS;

Tuym = 0,001 — mocTosiHHAsI Bp€MEHH YaCTOTHOTO MpeoOpa3oBaTeis;

ku = Usl[5"°" = 102-10 = 0,5 — KO3 PHUIHMEHT YCHUIICHUS TaTYNKa TOKA.

[ToacraBmsisi kodpdunmentsr B (HopMyy, MMOTydaeM MepeaaTOdHyI0

(GYHKLHIO PEryiaTopa TOKA SKOPS:

0,42p + 1 _042p+1

Wi =5 0,001-38-05-20p ~  0.76p (4.20)

Onpedenenue nepedamodnou QyHKyuu pe2yiamopa cKopocmu

KonTyp perynupoBaHus CKOPOCTH JBHUIaTeNs SBJISETCS BHEIIHHM 10
OTHOILLIEHHIO K KOHTYpPY pEryjJupoBaHus Toka. JlJIs ero pacuera BHYTPEHHUU
KOHTYp PEryJIMpOBaHHMs TOKA 3aMEHSETCS OKBUBAJICHTHOW IEpEeNaTOYHOU

dbyHKIMEH BHIA:
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1

k
Wier = .
2Tym + 1 (4.21)

B KOHType peryimpoBaHus CKOPOCTH MMEETCS OJHA KPYyIIHas IOCTOSIHHAs
BPEMEHM — MEXAHUYECKass NOCTOsiHHasg BpemeHn npusona TM. Kontyp
peryJIMpoOBaHMs TOKa HACTPAUBAETC 110 YCIOBUAM TEXHMYECKOTO ontumyma. [Ipu
sToM nepenatouHas Gpyukuus [IH-perynaropa Toka uMeeT BUA:

LpcPp +1 BTL-I['Ilp +1
Tucp 32Tdy, kK

T Kuhy (4.22)
rae:
— Y _ 157 _ .
Ky = Uy 380 0,41; (4.23)
MeXaHUUeCKas IOCTOSIHHAS BPEMEHU:
_g ki 0412 _
Ty = Js 72 = 0,06 255~ = 0,0005 (4.24)

KOA(PULIMEHT YCUIICHUS JaTYMKa CKOPOCTHU:

—- U_'.t]rql%x _ 10 _
Kne = Wmax | 149,15 0,067 (4.25)
OKOH‘I&TCJ’IBHO, nepeaarodHasn (i)yHKIII/ISI I peryjraTopa CKOPpOCTHU IPUMCET
BHU.
W — 8-0,001p + 1 _0,008p +1
PC=32-0,001% 0,41-0,067 _ 0,00018p
0,000 05-20 F (4.26)

Mogens npencraBieHa Ha pucynke 19. B 6moke Signal Builder 3amaem

CJICAYIONIYIO TaXxorpaMMy ABMKEeHUS TudTa (pucyHok 18):
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2 Sgnal Bullder [untiled Signal Buillder] *
Fle Edt Group Signal Axes Help

FEH R o — 3 @ FREE » 0 = 4B A

/ Group 1

Time (sec)
et Poimt R Pt Uz § ER0wr]

Hame: 1z

Iedizx: 1 b

Adjust sagment ¥ poztion [z #1) [ Y™in e |

L e
vz : : : : . : : : :
n.i—--//—-----:----- R T S SRR
A N : o« °
15 i i i i i i i i i i
0 2 i 6 8 10 12 14 16 18 20

Pucynok 18 — Taxorpamma npmxeHus mudra

['paduixu nepexoaHBIX MPOLECCOB MPeACTaBlIeHbl Ha pucyHke 20.
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File Edit ‘iew Simulakion

Format Tools Help

D S = 4 20 Nomal - & 3 & REE®
Zadanie >
hiomient _t IZI
0.008=s+1 04221 e 335 Spaad Graphics
% Uz f——tp —_— —>G?—> mmm»@ »x ;
0.oooigs 0.76= 0.009=+1 D063=+1 = — < Specd
i Regulatar Regulater Freobrazovatel Tokowvoe )
Zadamnie Criwid
Skorosty Toka Chasto Zveno rse Integrator
0.5 008
kdt J
+
= S — e
Jmi
0.2625 Kds 0.4
Radius shkiva Jp
630 P+ L { 845 |— 0.2625 +
+ i 2
hassa Kabiny » » M asza Radius Shkiva 1
B * Frotivowesa 1 Add2 = -
845 >+ -
— >+ . 630 =
Maszsa Protivovesa Add Massa |—> + — X Diwide2
N Kabiny 1
F' 981 fdoment - + 40
Massa Gruza a Hagnzd Add1 Froducti iZ
4an
i
Ready 100%: ode4s

Pucynoxk 19 — Mogenb peryanpyemMoro 3JaeKTponpuBoa Judra




J Graphics

S8 LLL ARBRE DA W

Pucynok 20 — I'paduku nepexoiubix npoieccos Judra ¢ [TU-AJ]
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4.3 CpaBHeHHe Pe3y/JbTATOB MOIETHUPOBAHUS

Ha pucynke 21 npuBeaeHs! rpauku NepexoAHbIX MPOLECCOB U3MEHEHHUS
yIJI0BO# ckopoctu nBurareneil. Ha pucynke 22 npuBeneHbl rpa@uKy MepexoIHbIX
IPOLIECCOB M3MEHEHHUs AJIEKTPOMArHUTHOrO MoMeHTa nBuratenei. Ha rpaduxax

MMpCACTABJICH ITPOLCCC IBUKCHHA JII/I(l)Ta BBCPX.

<} Yraopan cropocte 3 J] - X

SBE PLL AEE BAF >

Lo meyppeaissgiad

Pucynox 21 — CpaBuuTenbHbIe rpaduKu U3MEHEHUS YTII0BOM CKOpocTH D/]



) 3 NeKTPOMarHUTHLIA MOMEHT

Pucynoxk 22 — CpaBHutenbHble rpadMKy U3MEHEHHUS 3JIEKTPOMArHUTHOIO MOMEHTA

A
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5 ITPOU3BOACTBEHHASA n IKOJIOT'MYECKAA
BE3OINIACHOCTb

BBenenue

I{enpro HaACTOSAIIETO pa3jena SBIIETCS pa3padOTKa MPOSKTHBIX pPElICHUM
WCKJIFOYAIOIIUX HECYacTHhIE cliydan | MpodeccHoHaIbHbIE 3a00JieBaHUS B
MIPOU3BOJICTBE, CHUKCHUE BPEIAHBIX BO3JICVCTBUI HA OKPYKAIOLIYIO CPEAY, MOUCK
myTel HSKOHOMHOI'O pacxoja JJICKTPOIHEPruM, obOecreueHue Oe30MacHOCTH B

Ype3BbIYaHHBIX CUTYAIUsX.
5.1 AHaIM3 OMacHBIX U BpPeIHbIX (PaKkTOPOB

[Ipn »skcmyatanuu  TUGTOB  HEOOXOJUMO YUMTHIBATH HAIM4YUE W
BO3MOXXHOCTh BO3JICHCTBHS CIICIYIONIUX BPEeIHBIX (pakTopoB [14]:

—  TIOHM)KEHHOM TeMIlepaTyphl BO3yXa B POU3BOJCTBEHHBIX OMEILEHUAX
U COOPYKEHUSAX;

—  TOBBILIEHHOM BJIa)KHOCTHU BO3AYXa;

—  TIOBBILIEHHOTO YpPOBHS IIyMa U BHOpanuii (B MalIMHHOM MOMEIEHUU U
COOPY’KEHUSX, IJI€ YCTAHOBIIEHO TEXHOJIOITMYECKOE 000PYI0BAHUE);

—  HEJIOCTaTOYHOU OCBEIIEHHOCTH paboueil 30HbI;

—  TIOBBIIIEHHOM 3albUICHHOCTH M 3ara30BaHHOCTH BO31yXa pabodeil 30HbI
Y TIPOM3BOJICTBEHHBIX TOMEILICHHUIA;

He pomyckaercss npuMeHEHHE B OpraHM3alusaX BpEOHBIX BELIECTB,
MaTepuagoB, NPOAYKIMH, TOBAPOB, & TAKKE OKA3aHHUE YCIYT, JJIA KOTOPBIX HE
pa3paboTaHbl ~ METOJUMKM U CPEICTBA  METPOJIOTMYECKOrO0  KOHTPOJI,
TOKCHUKOJIOTUYECKasl (CAaHUTApPHO-TUTUEHUYECKAsl, MEIMKO-OUOIOTHYeCcKas) OIleHKa

KOTOPBIX HC ITPOBOJANJIACE.
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5.2 Anaan3 onacHbIX (paKTOpPOB

OnacHpIMM MPOU3BOJICTBEHHBIMU (haKTOpaMU TPU SKCIUTyaTaluu JUQTOB

sBistoTes [15]:

—  JIBOKYLUMECS 3JIEMEHTBI 000py10BaHUA (IBEPH IIAXThHI U KAOMHBI TU(TA,

TPOCHI, KAHATOBEYIIME IIIKUBHI, JICOSJKU U APYTHEe MEXaHU3MBI);
—  BO3HUKHOBEHHE I10XKapa;

—  MOpaXEHHUE IIECKTPUUECKUM TOKOM;
5.3 Ilpou3BoaCcTBEHHAS] CAHUTAPUSA

Muxkpokjaumar

Hopmbl mpon3BOACTBEHHOTO MuUKpokinmara ycraHoBieHel B CanlluH
2.2.4.548-96 «['uruennueckue TpeOOBaHUSI K MUKPOKIMMATy MPOU3BOJICTBEHHBIX
nomenienuity 1 CCBT T'OCT 12.1.005-88 «O0mue caHuTapHO-TUTHEHUYECKUE
TpeOOBaHUS K BO3AYyXY paboueli 30HbD [16].

B 3tux HOpMax OTHEIBHO HOPMHUPYETCS  KaXIbld  KOMIIOHEHT
MUKpOKJIMMaTa B paboyeil 30HE MPOM3BOJICTBEHHOI'O MOMEUICHUS: TeMIlepaTypa,
OTHOCHUTEJIbHAsI BJIAXKHOCTb, CKOPOCTh JIBDKEHUS BO3JyXa B 3aBHCUMOCTH OT
CIIOCOOHOCTH OpraHM3Ma 4eNoBeKa K aKKJIMMaTH3allid B Pa3HOe BpeMs ToJa,
XapakTepa OJEeXAbl, WHTEHCUBHOCTM NPOU3BOAMMON pabOThl U Xapakrepa
TEIUIOBBIEIEHUI B pab0o4yeM MOMELIEHUH.

B paGoueit 30He mnpousBojacTBeHHOro mnomemnleHus corigacHo ['OCT
12.1.005-88 [16] moryt OBITH YCTAHOBJICHBI ONTHMAJIbHBIC U JIOIMYCTUMBIC
MUKPOKIMMATUYECKUE yCIOBUSL.

OnTuManbHbI€ YCIOBHS MUKPOKIMMATa

OntuManbHble  MHUKPOKIMMATHUYECKUE  YCJIOBUS  YCTAHOBJIEHBI MO
KPUTEPHUSIM ONTHUMAIBHOIO TEIUIOBOTO U (YHKIIMOHAIBLHOTO COCTOSIHUS Y€JIOBEKa.
Onu obecneynBaOT oO0lIee M JIOKAIbHOE ONIYIIEHHE TEIIoBOoro komdopra B
TeYeHHE 8-4acoBOM paboyeil CMEHBI P MUHUMAIILHOM HAIPSKEHUH MEXaHU3MOB

TCPMOPCTYJAINU, HC BbI3BIBAIOT OTKJIOHCHUH B COCTOSHUU 3A0pPOBbiA, CO30AI0T
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OPEANOChUIKM JJIE  BBICOKOTO YPOBHSI pabOTOCHIOCOOHOCTH M SIBJISIIOTCS
IPEINOYTUTENILHBIMU Ha pab04YHX MECTaX.

OnTuManbpHble BEIMYMHBI [OKa3aTeled MHUKpOKIMMaTa HeoOX0AUMO
cobmonath Ha pabourMX MecTax MPOU3BOACTBEHHBIX MOMEIICHUN, Ha KOTOPBIX
BBIMOJIHAIOTCS  pa0OThl  ONEPAaTOPCKOrO  THUMA, CBA3aHHbBIE C HEPBHO -
AMOLIMOHAJILHBIM HanpsbDKeHUEeM (B KaOWHAax, Ha MyJIbTax M MOCTax yHpaBieHUS
TEXHOJOTHYECKUMHU MPOLECCAMU, B 3aJ1aX BBIUNCIUTEIBHOW TEXHUKH U AP.).

OnTuMaibHble MapamMeTpbl MUKpPOKIMMaTa Ha paboyMX MecTax OJIKHBI
COOTBETCTBOBATH BEJIIMYMHAM, MPHUBEACHHBIM B TaOiule |, NPUMEHUTEIBHO K
BBINOJIHEHUIO pabOT pa3InYHBIX KATETOpUN B XOJIOJHBINA U TEIUIBIA EPUOIBI TOA.

[lepenaasl TeMiiepaTypbl BO3yXa MO BHICOTE U MO TOPU30HTAIM, a TAKXKe
U3MEHEHUS TEMIlepaTypbl BO3JyXa B TEUYEHHWE CMEHbl IpHU OOecreueHuu
ONTUMAJbHBIX BEJIMYMH MHKPOKIMMaTa Ha pabo4yux MecTaX He JOJDKHBI
npeBbiath 2° C U BBIXOAUTH 3a MpEeibl BEIUYHMH, YKa3aHHBIX B Tabauue 1 s
OTJICJIbHBIX KaTeropuii pador.

Pabota nudrepa otHocutcs k kateropuu Ila paGoTbl ¢ MHTEHCHBHOCTBIO
sHeproTpar 151 - 200 kxan/a (175 - 232 BT), cBA3aHHBIE ¢ TOCTOSHHON XOABOOH,
nepeMenieHueM MeNKUX (10 1 Kr) u3faenuid wiM MmpeiIMeToB B MOJOXKEHUH CTOS
WIM cuad U TpeOyrollue  ONpeleieHHOro  (PU3MYECKOro  HaIpsKEHUS.
OnTumanbHble BEJIWYUHBI IIOKA3aTeNe MHKPOKIMMATa Ha padodyux MecTax

IMPONU3BOACTBCHHBIX HOMGHICHI/Iﬁ MpCaACTaBJICHLI B Ta6J'II/III€ 7.
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Tabnauma 7 — OnTuManbHbIe BEIMYMHBI MOKa3aTeled MHUKPOKIMMaTa Ha

pa60111/1X MCCTax IMPOU3BOACTBCHHBIX HOMGHICHI/Iﬁ

Kareropus pa6ot Temnepatrypa | OrtHocurenpHas | CkopocThb
Ilepuon Temmeparypa
0 YPOBHSIM MOBEPXHOCTEH, BIQXKHOCTh TIBUKCHHUS
roma Bo3nyxa, °C
sHepro3arpar, Bt °C BO31yXa, %0 BO3/IyXa, M/C
XOJIOTHBIH Ia (mo 139) 22-24 21-25 60 - 40 0,1
16 (140 - 174) 21-23 20-24 60 - 40 0,1
ITa (175 - 232) 19-21 18 - 22 60 - 40 0,2
116 (233 - 290) 17-19 16 - 20 60 - 40 0,2
III (6onee 290) 16 - 18 15-19 60 - 40 0,3
Terubrii Ia (mo 139) 23-25 22 - 26 60 - 40 0,1
16 (140 - 174) 22 - 24 21-25 60 - 40 0,1
Ia (175 - 232) 20-22 19 -23 60 - 40 0,2
116 (233 - 290) 19-21 18 - 22 60 - 40 0,2
IIT (6ostee 290) 18 - 20 17-21 60 - 40 0,3

Ilym u BuOpanust

TpeboBaHuUs K IIyMOBBIM XapaKT€PUCTUKAM MAILIVH.

B cranpaprax u (Mi1M) TEXHUYECKUX YCIOBHSIX Ha MAIIUHBI JOJKHBI OBITH
YCTaHOBJICHBI TIPEICTbHBIC 3HAUCHHSI ITYMOBBIX XapaKTEPUCTUK 3TUX MaruH [17].

3HauYeHHsI NPENEIbHO JOMYCTUMBIX IIYMOBBIX XapaKTEPUCTUK MaAIIUH
ClIeJlyeT yCTaHaBIMBaTh UCXOAs U3 TpeOoBaHMI oOecnieueHns Ha pabodMux MecTax
JOIYCTUMBIX YPOBHEH IIyMa B COOTBETCTBHM C OCHOBHBIM HA3HAYEHHEM MAalIUHBI
U TpeOOBaHMSAMM pa3[. 2 HACTOALIEro cTaHaapra. MeTonbl YyCTaHOBJIECHUS
MPEAEIBHO JOMYCTUMBIX IIYMOBBIX XapaKTEPUCTUK CTALMOHAPHBIX MAIIUH — I10
'OCT 12.1.023 [17].

B HacTosmee BpeMs A0Ka3aHO, YTO ILIYM — 3TO OOLIEOMONIOIMYECKUN
pa3apa’kuTellb, TO €CTh OH OKA3bIBAET BO3JCUCTBUE HE TOJIBKO HA OPraH CllyXa, HO
Y Ha BEChb OPraHU3M B LIeJIOM. B nepByro ouepenp BIUSHHUE LIyMa CKa3bIBAC€TCA Ha

CTPYKTYpax TOJIOBHOT'O MO3rd, 4YTO BBI3BIBACT HC6JIaI‘Ol'[pI/IHTHBI€ U3MCHCHHS B
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(YyHKUMAX pa3IMYHBIX OpPraHOB MU CHUCTEM. Y pabOTHUKOB, pabOTAOMIMX Ha
IIYyMHOM IIPOU3BOJICTBAX, B IIEPBbIE TOAbl MPOSBISIOTCS Hecneunpuueckue
CUMIITOMBI, XapaKTEPU3YIOLIME PEAKIHMI0 LIEHTPAIbHOM HEPBHOM CHUCTEMBI Ha
JeiicTBHE IIymMa: OHU OKaIyIOTCS Ha TOJOBHYIO 0OJib, TOBBIIICHHYIO
YTOMJISIEMOCTD, IIyM B ymiax U T.1. CyObeKTUBHOE OLIYIEHUE CHU)KEHME CllyXa
OOBIYHO BO3HHUKAET 3HAYUTEIBHO MO3XKE.

JUid 3amuThl OT UIIYMOBOI'O BO3JAEHCTBHSA NPUHUMAIOT KOMIUIEKCHBIE
TEXHUYECKME MEphl [0 CHIKEHUI0 [IyMa Ha TMPOU3BOJCTBE: YCTaHOBKa
3BYKOM3O0JIUPYIOIIMX KOKYXOB CTaHKOB, 3BYKOIOIJIOLIEHUE, WHIUBUIYaJIbHbBIE
CpeICTBa 3aIIUThI (OepyIlIn, HAYITHUKN).

TpebGoBaHus K BUOPALIMOHHBIM XapaKTEPUCTUKAM MAIllUH

OCHOBHBIMH XapaKTEpUCTHKAMHU BUOPALIUU SIBISIFOTCS: YacTOTa KojeOaHui
(uucno konebaHu B CEKyHAY), KoneOaTenbHas CKOPOCTb, WIK BUOPOCKOPOCTH (3a
NIOPOroBOE €€ 3HaueHue npunira =5¢10~6 cm/c), konedaTenbHOEe YCKOPEHUE, WU
BUOpOyCKopeHue (ITPOM3BOIHAS BEIMYNHA), U CIICKTP 4acTOT BUOparuii [18].

PaGoTaroniye ¢ BUOPUPYIOIIUM PYYHBIM UHCTPYMEHTOM IOJBEPTatOTCs HE
TOJIBKO BUOpALMH, HO M BBICOKOYaCTOTHOMY LIyMY.

[Ipy rurveHuyecko OLIEHKE BIWSHUSA BUOpallMd Ha OpraHu3M
paboTalOIIUX YUYUTHIBAIOT CPEAHUE KBAJPATUUHbIE 3HAYEHUS BUOPOYCKOpPEHUU
(M/c2) unm cpeaHue KBaJpaTUIHBIC 3HAYCHUS] BUOPOCKOPOCTH (M/C), a MHOTIAa UX
aorapudmuyeckue ypoBHH (1b) B okTaBHBIX mosiocax yactoT. Hopmbl BuGparmu,
ycraHoBieHHble ['OCT 12.1.012—78 «CCBT. BuOpauus. OOmue tpeGoBaHuUs

oe3onacHoctuy [ 18], mpuBeneHsl B TabuIe 8.
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Tabnuna 8 — JlomycTumblie 3HAYCHHS BUOpAIMK HA pabodeM MecTe

Bun CpenHue KBaXXpaTHUHbIE 3HAUEHUS BUOpockopocty, M/c- 1072, He Goee
BUOpaIu (uucnuTens), U ee JorapuPmMuiecKkue ypoBHu, 1b (3HaMeHaTens), B
OKTAaBHBIX MMOJIOCAX CO CPEAHETCOMETPHUECKIMU YacToTaMu, [ 1.
1] 2 4 8 16 |315| 63 | 125 | 250 | 500 | 1000 | 2080
Ob6mmas - 11,2/ |0,45/| 0,22/ | 0,2/ | 0,2/ | 0,2 | — — — —
BUOpaIus 108 | 99 93 92 | 92 | 92
Ha
MOCTOSIHHBI
X pabodmnx
MeCTax B
IIPOU3BOJC
TBEHHBIX
OMEIICHH
X
JlokanbHas | — | — — | 50/1 50/ |35 |25 |18/ |13/ |09 | 0,65 | 0,45/
BUOparys 20 | 120 | 117 | 114 | 111 | 108 | 105 | 102 99

BnusHue BuOpanuu Ha 4elloBeKa 3aBUCUT OT YacTOThl KoJeOaHUM.

[IpeBblllieHHE JTOMYCTUMBIX HOPM M TIOCTOSIHHOE BO3JEHCTBHE KOJIeOaHUM
BBICOKOM 4YacToTbl (cBbimie 35 ['l) MOryT NPUBECTH K BO3HUKHOBEHHIO Y
paboTarmux BUOPAIMOHHON OOJIE3HHU.

Jlis BuUOpanmoHHOM O0OJIE3HM XapaKTepHbl HENPHUSATHBIEC OLIYIIEHUS B
o0jacT KUCTe pPyK (HOYHbIE OOJIM, MOTEPS YYBCTBUTEIBHOCTH, OILYIICHHE
noJyi3aHusi Mypaitek). OTMedaeTcs TOBEJIEHUE MaJIbLIEB IPU COMPUKOCHOBEHUH HUX
C XOJIOAHOW BoaOW. B mocrnemyromieM pa3BUBaeTCsi MbllIedHast ci1abocTh, 00iH
pactpoCTpaHsIoTCs MO Beer pyke. st TspKenmoi ctaanu BUOPAIMOHHON O0JIe3HU
XapaKTEepHbl U3MEHEHUs B KOCTSX, CyCTaBax, TKaHSX, HapylIEHUE AEATEIbHOCTU
HEPBHOW  cHUCTeMBbl  (MOSABJISIIOTCS  TOJOBHBIE  OOJH,  TOJOBOKPYKEHUE,
pa3IpaXUTENbHOCTh, YXYJIIAeTCsl BHUMAaHUE TaMiTh, coH). Kpome Toro,
OTMEUAETCs TMOBBIIICHHE KPOBSHOTO JaBJICHUS, HApYyIICHHE JEATEeIbHOCTH
KEITYJJOUHO- KHIIEYHOT'O TPAKTa.

K ocHoBHBIM MeTO1aM OOpBOBI ¢ BHOpaIueir MOKHO OTHECTH:

- 3BYKOIIOINIOIICHUC U BI/I6pOI/I30J'IHI_II/IH;
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- YMCHBIICHUEC INIyMa H BI/I6paHI/II/I B HCTOYHHKC HX BO3HHKHOBCHUA:

COBEPIIIEHCTBOBAHNE KOHCTPYKIUU (pacuéT (yHIaMEHTa, CUCTEMbl aMOPTH3aTOPOB

WM BUOPOU3OJISTOPOB);

—  palnuoHaJbHOE pa3MelleHue paboTarIIero 000pyA0BaHUS U 1IE€XOB;

—  YCTaHOBKa IIyIIWTENEH IIyMa U BUOpaIu, SKpaHOB, BUOPOHU30JIATOPOB;

—  BBIHECEHHE IIYMSIIMX arperatoB M YCTPOMCTB OT MeCT padoOThl
MPOKUBAHUS JIFOICH, 30HUPOBAHHUE.

Oceelenne

[ITaxTa mudra KomKHA OBITH 000PYI0BAHA CTAIMOHAPHBIM DJICKTPUUCCKUM
OCBEIIEHNEM, 00ECIIEYNBAIOIIMM OCBEIICHHOCTh HE MeHee 50 JIK MpU 3aKPBITHIX
JBEPSIX MIaxThl [15].

Kpaitaue arnmaparsl OCBEIICHHUS YCTaHABIMBASTCS HA PACCTOSHUU HE OoJiee
yeM 0,5 M OT caMOil BepXHEW U CaMOW HUKHEW TOUEK IIAXTHI.

OcCTeKJIeHHY0, OTPAXKJICHHYIO CETKON WJIM YaCTUYHO OTPAKJACHHYIO IIAXTY
JIOTyCKaeTcsl He 00OpyJOoBaTh CTAallMOHAPHOW JJIEKTPUUECKON OCBETUTEILHOU
anmapaTypou, €cClM  Hapy>XHOE€ OCBEIEHHE O0OecreyuBaeT TpeOyemyro
OCBEIIIEHHOCTb BHYTPH IIAXTHI.

OTaxHbIC TUIOHMIAJKH JOJDKHBI OBITh  OOOpPYJOBaHbI CTAllMOHAPHBIM
AIEKTPUYECKUM OCBEIICHHEM, 00€CIIEUHBAIOIIMM OCBEIICHHOCTh HEe MeHee S50 Jk
Ha ypOBHE TI0JIa.

[Ipoxon Kk MOMEIIEHHIO, B KOTOPOM pa3MeIIeHO o0opynoBaHue nudra,
JIOJDKEH OBbITh  000pYJOBaH CTallMOHAPHBIM  JJIEKTPUYECKUM  OCBELICHUEM,
o0ecreunBaloIIMM OCBEIIEHHOCTh He MeHee S50 JIK Ha ypOBHE IoJIa.

MaiiHHOe TOMEIIEHHE JOMAKHO OBITh O000pPYJOBAaHO CTallMOHAPHBIM
AIEKTPUUYECKUM OCBEIICHUEM, 00ECTICUNBAIOIINM OCBEIIEHHOCTh He MeHee 200 K
Ha ypOBHE T0JIa.

brmounoe momemienne ODKHO OBITH  00OPYIOBAHO  CTAIlIOHAPHOM
OCBETUTEIIbHON anmaparypoi, o0ecreurBaroIeii 0CBEEHHOCTh 0Ji0Ka (0J0KOB)

ge meHee 100 k.

)51
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30HBI pa3MelleHUs] O0OpPYJOBAHUSI U €r0 TEXHUYECKOTO OOCITY>KUBAHUS
JOJDKHBI  OBbITh  00OPYIOBaHbI CTAllMOHAPHOW OCBETUTEIBHOM amnmaparypoi,
oOecrneunBaroIiei OCBEIEeHHOCTh 00opyoBanus He MmeHee 200 Jk.

[xad no m.4.4.11, B KOTOpOM pa3MeieHo odopyaoBaHue Tudra, J0HKEeH
UMETh  CTallMOHApHYI0  OCBETUTENBHYIO  ammapaTypy, OO0ecrneYrBaroILyio
OCBEIIEHHOCTh 000pyaoBanus He meHee 200 Jk.

YcrpoiicTBa yrpapieHus no 1m.4.4.6 T0JDKHBI OCBEIIATHCS CTAallMOHAPHOMN
OCBETHUTEJIbHOM anmaparypoi, ooecreunBaronieil OCBEUIEHHOCTh TaHEIN HE MEHEee
100 nk.

Kabuna nomkHa OBITH 00OpyZOBaHa CTAIlMOHAPHBIM AJIEKTPUUECKUM
OCBeIlleHHEM, O0OeCIEeYMBAIOIINM YpPOBEHb OCBEIIEHHOCTH He MeHee 50 1k Ha
anmnapaTax ynpaBJI€HUsI U Ha YPOBHE MoJa.

PaGouee ocBemnieHne KaOMHBI JOJKHO OCYIIECTBISATHCS HE MEHEe 4YeM
JBYMsI MapaJlJIeIbHO BKJIFOUYEHHBIMU JIAMITAMH.

JlomxeH OBITh MPETyCMOTPEH aBApUMHBIA UCTOYHUK MHUTAHHS OCBEIICHUS
KaOWHBI ¢ aBTOMATUYECKOW MOA3apsIKON, CIIOCOOHBIN 3aMUThIBAaTh KAK MUHUMYM
OJIHYy JaMIly MOIIHOCThIO 1 BT B TeueHue OgHOTO yaca B Cilyuyae MPEKpAIICHUS
nuTaHus pabouero ocmemnieHus. [lpu orTkaze mnuTaHus paboyero OCBEUICHUS
aBapuiHOE OCBEIIICHUE KaOWHbBI JJOJDKHO BKJIIOUATHCS aBTOMAaTHUECKHU.

YcTpolicTBa CTalMOHAPHOTO AIEKTPUUECKOTO OCBEIECHUST KAOWHBI TOJKHBI
YCTaHABJIMBAThCSI TaKUM O0Opa30oM, 4YTOOBI HCKIIOYUTH WX TIOBPEKICHHUE MpHU

MOTPY3KE WJIU Pa3rpy3Ke KaOUHBI.
5.4 3ammuTa oKpyxKaIIEei cpeabl

PaGora B mnomemieHuu compsikeHa € OOpa30BaHMEM U BbIJEICHUEM
ra3000pa3HbIX, )KUJIKUX U TBEPJIBIX OTXOJIOB.

["a3000pa3HbIe OTXO/IblI, 3arpsA3HAIOINE BO3/IyX TTOMEIIICHUSA:
€CTECTBECHHBIE BBIACICHUS - YIJIEKUCIBIN a3, mapbl BOAbI, JETYyUYUE OPraHUYECKUE

coenunenus - JIOC (ampaeruabl, KETOHbI), A30TUCTBIE COEIMHEHUS U Jp. OPTraHOB
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JbIXaHUs 4YesoBeka; ObiToBast mnbUib, JIOC, Bbegensiomuecss B Ipolecce
HKCILTyaTalMK OTJAEIOYHBIX MAaTEPUAIIOB, JTAKOKPACOUHBIX MMOKPBITHI MeOenu u ap.
[lepen BBHIOPOCOM BO31yX MOMEIICHHN TOABEpraeTcsi 00s3aTeIbHOM OYUCTKE B
(GUIBTPOBEHTWISAIIMOHHBIX ~ CHUCTEMax, 4YTO TMpeAoTBpamiaeT armocdepy oOT
3arpsA3HEHUS.

Kunkue orxomapl — OBITOBBIE OTXOJbI, OOpa3ylIIMecs B TIpolieccax
BJIQYKHOW YOOPKH IMOMEIIECHUH, MPU MOJIb30BAHUU BOJOIPOBOIOM, TYaJeTOM H T.II.,
cOpachIBalOTCSl B TOPOJCKYIO KaHaIU3alMIO U Jajiee IMOCTYyNaloT B CHUCTEMBI
LEHTPATU30BaHHON OUYUCTKU HA TOPOJICKUX OYUCTHBIX COOPYKEHUSX.

[Ipu oOpamieHun ¢ TBEpPABIMU OTXOJaMU: OBITOBOM Mycop (OTXOJIbI
Oymaru, oOTpaOOTaHHBIC CIEUHAIbHbIE TKAaHU JUISI TMPOTUPKH  O(HUCHOTO
o0OpyZI0OBaHUSI M OSKPAaHOB MOHHUTOPOB, IHIIEBBIE OTXOJbI); OTpabOTaHHBIC
JIOMUHECIICHTHBIC JIaMIIbl; O(UCHAs TEXHHWKA, KOMIUICKTYIOIIME M 3am4acTH,
yTpaTUBIIKME B pe3yjbTaTe€ H3HOCA MNOTPEOUTENIbCKUE CBOMCTBA — HAJICKUT
pykoBojictBoBaThcs [locranoBinenuem Aamunuctpauuu r. Tomcka ot 11.11.2009
r. NelllO0 (¢ wsmenenumsimu ot 24.12.2014) [19]: ObITOBOM Mycop mocie
MpeABAPUTEILHON COPTHUPOBKU CKIAIUPYIOT B CHELHUAIbHbIE KOHTEHHEPHI st
OBITOBOTO Mycopa (3aTeM CHEIUaTN3UpPOBaHHBIE CIY>KObI BBIBO3SIT MYyCOp Ha
TOPOJICKYIO0  CBaJIKYy); yTpaTHBIIEE MOTPEOUTENbCKUE CBOMCTBA  O(HCHOE
o0OpyOBaHME TMEpPENalOT CHEUHATBHBIM  CIyK0aM  (MpeanpuaThsM) st
COPTUPOBKH, BTOPHUYHOI'O KCIOJIb30BAHHS WM CKJIQJAUPOBAHUS HA TOPOIACKHUX
MYCOPHBIX MOJIUTOHAX.

OTtpaboTaHHbIe TFOMUHECIIEHTHBIE JIAMITBI YTHIIM3UPYIOTCS B COOTBETCTBHUH
¢ IlocranoBnennem IIpaButennctBa P® ot 03.09.2010 Ne681 [20].
JItOMUHECLIEHTHBIE JIaMIbl, MPUMEHSIEMbIE [ HCKYCCTBEHHOTO OCBELICHUS,
ABJISIIOTCSL  PTYTbCOJEPKAIIMMU U OTHOCATCS K | Kijaccy omacHOCTU. PryTh
JIOMUHECIEHTHBIX JIaMIT CMIOCOOHA K aKTMBHOM BO3AYIIHOW M BOJTHOW MHTpAIlUH.
NHTOKCUKAIIMS BO3MOXHA TOJIBKO B CJydae pa3repMeTu3aluu KOJObl, MO3TOMY

OCHOBHBIM Tp€6OBaHI/I€M 9KOJIOTMYCCKON OC30IaCHOCTH SIBJISCTCS COXpPaHHOCTb
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[EJIOCTHOCTH  OTpabOTaHHBIX  pTyThcoaepkamux  Jami.  OtpaboTaHHBIE
ra3opaspsiiHbIE JIAMIIBI [TOMELIAIOT B 3AIMUTHYIO YIAKOBKY, ITPEAOTBPALIAIOLIYI0
NOBPEXKJICHUE  CTEKJISHHOM  KOJIObI, W  TEpelalT  CIEeHUATU3UPOBAHHON
OopraHu3anuud Juisi 00e3BpexuBaHusi u  mepepabotku. B cmydae  6os
PTYTBCOAEPKAIUX JIaMI OCKOJKM COOMpPAIOT IIETKOM WM CKpeOKOM B
TEPMETUYHBIN METAJUIMYECKAA KOHTEMHEP C IUIOTHO 3aKPBIBAKOLIEHCS KPBIIIKOM,
3allOJJHEHHBIM ~ PAacTBOpPOM  MapraHueBokuciaoro  kamus.  IloBepxHocTw,
3arps3HEHHbIE  0OeM  JIamMIbl,  HeoOxoaumo  o0paboTarh  pacTBOPOM
MapraHleBOKUCIOTO Kallusd MW CMBITb BOJXOM. KOHTElHHEp M €ro BHYTPEHHSA
IOBEPXHOCTh JIOJDKHBI OBITh H3TOTOBJIEHBI M3 HEAICOPOMPYIOIIET0 PTYTh
MaTepuaia (BUHUILIACTA).

K cdepe zamuter OC u panvoHAIBLHOTO HCIONB30BAHUS TPHUPOIHBIX
pECYpCOB OTHOCHUTCS M 3KOHOMMS PECypCOB, B YACTHOCTH, SHEPreTHUYECKUX.
PeanbHbIM BKJIAZIOM 31€Ch MOXKET CTaThb DKOHOMHS DJIEKTPUYECKOW M TEIUIOBOU
PHEPrUM HAa  TEPPUTOPUU  NpeanpusaTvs. Bo-nmepBelX, 3TO  yJydlIaer
HKOHOMHUYECKHUE MOKA3aTeNM JeATEIbHOCTH MpeAnpuaTus (yMEHbIIEHHE PacXooB
Ha OJJIEKTPOTEIUIOBYIO JHEPrut0). Bo-BTOpBIX, IKOHOMHS HHEPrUHM O3HAYAET
YMEHBUIEHUE Ta3a, MaszyTa, YIjsd, CXKUraeMoro B Tomnkax KkomioB TOC wu
AIIEKTPOYCTAHOBOK (KOTEJIbHBIX) MpoMIpeanpuatuid ropoga ToMcka u o0nactu u
OJTHOBPEMEHHOE YMEHBIIICHNE BHIOPOCOB 3arpsI3HAIONINX BEIIECTB B aTMOC(EPHBIi
BO3/lyX. HecMoTpsi Ha KaXylIyrocsi MajloCTh BKJaJia B JHEProcOepexeHue u B
3alUTy aTMOC(EPHOr0 BO3[yXa OT 3arpsA3HEHUs] MACCOBOE J[IBH)KEHHE B 3TOM

HaIpaBJICHUH, B TOM YHUCIIE, B OBITY, TPUHECET 3HAYUMBIIA d(PPEKT.

5.5 IlpenorBpanienue 4Ype3BbIYAWHBIX CUTyallMd M YCTPaHEHHE WX

nocJjaeJaCTBUH
Hanbosnee BeposTHBIC 4Ype3BbIYAMHBICE CHUTyalldd TPU OOCTYKHBAHUH

nu@dTa: BOSBHUKHOBEHHE TIOXKapa (3aropaHusi) U SJEKTPOIOpaKeHHUE.
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Hoxap

OCHOBHBIMM TpPUYMHAMU TOXapa MOTYT OBITh: TEperpy3ka MNpOBOOB,
KOPOTKOE€ 3aMbIKaHHE, OOJbIINE MEPEXOJHbIE COMPOTUBICHUS B JJIEKTPUUYECKUX
LEMsX, JIEKTpUUecKas yra, ICKpeHHe U HEMCIIPAaBHOCTH 000PYOBAHHUS.

OOecnieueHue MoXKapHOi 06€30MacHOCTH JIM(TOBBIX YCTaHOBOK [21]:

CreHbl, IOTOJIOK U 1OJ KaOMHBI, a TAK)KE ABEPH KAOWHBI BBIMOIHSAIOTCS U3
HEroprounx win TpyaHoroptounx MarepuasioB no [OCT 12.1.044 wunu
MarepuaioB rpymnmnsl roprodecty He Huke [ 1 mo 'OCT 30244.

[Ipu HanmuuKu OOJMIIOBOYHOTO CJIOSI HA CTEHAX, NOTOJKE U ABEPSIX KaOUHBI
MOKA3aTEeJM €ro MOKapHON ONaCHOCTH MPUHUMAIOTCS HE HIXKE:

—  rpynna roptouectu ['2 mo 'OCT 30244

—  rpynna Bocmiamenssemoctd B2 o I'OCT 30402

—  rpynmna asiMoo6pasyrorieit cocoonoctu 2 mo 'OCT 12.1.044

—  rpynna TOKCMYHOCTH npoaykToB ropenus T2 mo 'OCT 12.1.044

—  IloxapHo-TeXHHMYECKHE XapaKTEPUCTUKH MaTEPUATIOB MOKPHITUS IOJa

KaOWHBI JOITYCKAIOTCs HC HUIKC!

—  rpymnma pacrpocTpaHeHus mamMeHu no nosepxHoctu PII2 mo 'OCT P

51032

—  rpynna asimooOpasytomieit cnocoonoctu JI2 mo 'OCT 12.1.044

—  rpynna TokcuyHocTy npu ropenuun T2 o I'OCT 12.1.044

B 3paHusAx, 0OOpPYJOBaHHBIX CHCTEMaMu KOHTpOJII M  yIPABICHHS
JOCTYIIOM HACEJICHHs W IIOCETHTENIeH, IOKa3aTeau I0XapHOW ONacHOCTH
OOJIMIIOBOYHOTO CJI0S TOMUHOMN 1,0 MM 1 MEHEe HE HOPMUPYIOTCSL.

[1nadoHBI YCTPOWCTB CTALMOHAPHOTO JIEKTPUYECKOTO OCBEIIECHHS KaOUHBI
audTa BBIMOIHIIOTCA U3 MaTepUajoB IPYII BOCIUIAMEHSIeMOCTH He Huxe B2 mo
I'OCT 30402,

Orpaxpatronue KOHCTPYKLUMH M 3allOJHEHUsS JIBEPHBIX IIPOEMOB IIAXT H
Tu@dTOBBIX XOJUIOB JOJDKHBI 0TBe4YaTh TpeboBanusim CHull 21-01, CHull 2.08.01,

CHull 2.08.02, HIIb 250 u gpyrux nokymeHTOB CHCTEMBI HOPMaTHMBHBIX
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JIOKyMEHTOB B CTPOWTEIICTBE Ha MPOCKTUPOBAHWE 3JIaHUA W COOPYKECHUU
paziauunoro HazHauenus mo CHull 10-01 [21].

CornacHo [15] mokapnas mnpoduiiakTuka OOECIeYUBACTCS: CUCTEMOU
IPEIOTBPAIICHUS no’kapa, CUCTEMOM IPOTHUBOIIOKAPHON 3aIlUTHI;
OpPraHU3allMOHHO-TEXHUYECKUM MeporpusitusiMu. K Mepam TpenoTBpalieHus
noxkapa OTHOCSITCSA: MPUMEHEHUE CPEJICTB 3aIIUTHOTO OTKIIOYEHHUS BO3MOXKHBIX
WMCTOYHUKOB 3aropaHusi (3allUTHOTO 3aHYJIEHUs), MPUMEHEHHE NUCKPOOE30MacHOTO
00OpyZIOBaHUS, YCTPOMCTBA MOJHHUE3AINTHI 37aHUS, BBIMOJHCHUS TIPABHUII
(MHCTPYKIIMIA) IO TTOXKapHOU 0€30MacHOCTH.

K MepaM mpoTHBOMOXapHOW 3alIUTHI OTHOCSATCS: MPUMEHEHHE MOXKAPHBIX
W3BeIIaTeNel, CPEJCTB KOJJICKTUBHOW M WHIWBHAYATbHOW 3alIUTHI OT (DAKTOPOB
Mo’kKapa, CUCTEMbl aBTOMAaTUYECKON MOXKAPHOW CUTHATU3AINH, TIOPOIIKOBBIX WITU
YIJIEKUCIOTHBIX OTHETYIIUTENCH, ABa sAuKa ¢ neckoM 0,5 m3. [15]

OpraHn3aIlMOHHO-TEXHUYECCKUE MEPOTIPUATHS: HArJSAHAS AaruTanus W
WHCTPYKTX palbOTaloONMX IO TOXKapHOM Oe30macHOCTH, pa3pabOTKa CXEMBbl
JEUCTBUU aJMUHUCTpPAlIMM W paboTaloOmUX B Ciydae IoXKapa M OopraHu3aius
ABAKYaIMH JIIOJIEN, OpraHU3aI1sl BHEIITATHON MTOXKAPHOU JIPYKUHBI.

[Ipu oOHapykeHHMU 3aropaHusi pabOTAIOMIMI HEMENJEHHO COOOIaeT o
tenepony 0l B mokapHyr oOXpaHy, COOOIIAET PYKOBOJUTENIO, MPUCTYMAIOT K
DBaKyallul JIIOAEH M  MAaTHEeHHOCTeH. TymeHune 1mokapa OpraHu3yeTcs
TIEPBUYHBIMH CPEJICTBAMH C MOMEHTa OOHapykeHHs Mmoxkapa. [locTpagaBimmm mpu
nokape o0ecreynBaeTcs cKopas MeIUIUHCKasi TOMOUIb.

[lepBuuHBIEC CpeAICTBA OKAPOTYIIICHUS:

—  py4YHBIC U TIEpPEIBMKHBIC OTHETYIIUTEIIN;

—  BOJAa;

—  TIECOK;

—  BOMWJIOK, acO€CTOBOE MOJOTHO.

[Ipu ompenenennrt BUAOB H  KOJIWYECTBA TEPBUYHBIX  CPEJCTB

MMOXKapoTymiCcHUA CICAYCT YUYHTLIBATb (1)I/ISI/IKO - XUMHUYCCKUC H II0KAPOOIIACHBIC
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CBOMCTBA rOPIOYUX BEILIECTB, MX OTHOIIEHHE K OTHETYIIAIIUM BEIIECTBAaM, a TAKKE
IJIOIIA/Ib TIPOU3BOJCTBEHHBIX MOMEIICHUM, OTKPBITHIX IUIOLIAJOK M YCTaHOBOK
[22].

Ornerymuresnn

Boibop Tuma u pacdyer HEOOXOIMMOIO KOJIMYECTBA OTHETYIIUTENeH
MPOU3BOJIUTCS B 3aBUCHUMOCTH OT OTHETYIIAIEed CIOCOOHOCTH OTHETYIIUTENEH,
MpeAebHOM TUIOIAI1, a TAKXKE Kiacca Moapa roplourx BelleCTB U MaTEpUaJIoB B
OOIIIECTBEHHBIX 3/IaHUSIX U COOPYKEHUSIX Ha KaXJOM dTa)xe JIOJHKHO pa3MeIlaThCs
HE MEHEE JBYX PY4YHbIX orHerymmrene. [lomemenus kareropumm [| moryt He
OCHAIIAThCS OTHETYIIUTENSIMU, €CIIU UX Iomans He npesbimaer 100 kB. M.

PaccrosiHue OT BO3MOXXHOIO oOdyara IMokapa 10 MeCcTa pa3MelleHUs
OTHETYLIUTENSI HE TOJKHO MPEBBIIIATD:

— 20 M a5 00IIEeCTBEHHBIX 3JJaHUN U COOPYKEHUN;

— 30 ™M ana nomenienuit kateropuu A, b u B;

— 40 M nna nomemenuit kareropuii B u I

— 70 M nia nmomemennit kareropuu /1.

OraerymmuTenu CcJleayeT pacrojaratb Ha BHUIHBIX MecCTax BOJIM3U OT
BBIXOJIOB M3 MOMEIICHUN He BbicoTe He Oosiee 1,35 M. Pa3mereHue mnepBUYHBIX
CPEACTB MOXApOTYUIEHUS B KOPHUAOpAxX, MEPEeXoJax HE JOJKHO MpPEensiTCTBOBATh
0e30macHO dBaKyaIluu JIFOICH.

CranmoHapHbIMM YCTAaHOBKAMU TOKAPOTYIIEHUS OCHAIAIOTCA 37aHus,
COOPY)KEHHUS, OTIEIbHOE TEeXHOJoThYeckoe obopyaoBanue. CTarioOHapHBIC
YCTAHOBKH JIOJDKHBI HMETh aBTOMATHYECKOE€ MECTHOE WIM JUCTAHIIMOHHOE
BKJIIOYEHHUE W OJIHOBPEMEHHO BBIMOJHSIOT (DYHKIIMM aBTOMATHYECKON MOKapHOU
CUTHAIN3ALNH.

Boaa

Bona npurogna st TyuieHusi OOJIBIIMHCTBA JIETKOBOCIUIAMEHSIOIINXCS U

rOPIOYHMX BEIIECTB.

86



Bony Henb3si IpUMEHSTH JUIsl TYHIEHUS psAJla OPraHUYECKUX JKUIKOCTEN U
XUMUAYECKUX COEOUHEHMM, a Takke g I[OAAaBJIEHUS oOdara IoXkapa Ha
AIEKTPOYCTAHOBKAX, HAXOASIIUXCS MO/ HAIIPSIKECHUEM.

B cootBerctBuu ¢ tpedoBanusamu ['OCT 12.4.009-83 Gouku ajist XxpaHeHUS
BOJbI JIOJDKHBI UMETh 00beM He MeHee (0,2 Ky0. M M KOMIUIEKTOBAThCSl BElIpaMHu.
Ay 11a necka 10mkHbl uMeTh 00beM 0.5, 1.0 1 3.0 ky0. M ¥ KOMILJIEKTOBATHCS
COBKOBOU JIOIIATOM.

IHecox

EMkocTu nnsi mecka, BXOJSIIME B KOHCTPYKIIMIO TOXApHOTO CTEHJA,
JOJKHBI OBITH BMEeCTUMOCTBIO He MeHee 0,1 ky0. M. KoHcTpykiusa simuka 1omKHa
obOecnieunBaTh yA00CTBO M3BJICUCHUSI TIECKA U UCKJTIOYATh MOIMAaHUE OCAIKOB.

AcOecToBOE MOJIOTHO

AcbOecToBbI€ TIOJIOTHA, TPYOOLIEPCTHBIE TKAHW U BOIJIOK pa3MepoM He
MeHee 1 x 1 M mpeaHa3HaueHbl AJisI TYHIEHUS HEOOJBIIMX OYaroB MOXKapoB MpU
BOCIUTAMEHEHUH BEIIECTB, TOPEHHE KOTOPHIX HE MOXKET IMPOUCXOIUTh 0€3 JocTymna
Bo3ayxa. B mectax nmpumenenus u xpanenus JIBX u K pazmepsl monores moryt
OBITh YBEINYECHBI.

Ac6ecToBO€ MOJOTHO, BOMIOK PEKOMEHIYETCSl XPAaHUTh B METALTUYECKUX
GyTigpax ¢ KpblIKaMH, MEPUOJUYECKH (HE peke OAHOro pa3a B TPU MECSLA)
MPOCYIINBATh U OUMINATH OT IMbLIH.

Jlnst  pa3MelmieHus:  TMEePBUYHBIX  CPEACTB  IMOXKAPOTYIICHHUS B
MPOU3BOJICTBEHHBIX U CKJIAJICKUX MMOMEIEHUSX, a TAKXKE HA TEPPUTOPUU OOHEKTOB

JIOJKHBI 000PYI0BATHCS IIUTHI (ITYHKTHI).
5.6 Ilnan 3BaKkyanum

Coznmanve turanoB 3Bakyanuu pernamentupyercs ['OCT P 12.2.143-2009
(c uamenenusmu Nel ot 2012 roga) [23].
[Tnanel 3BaKyanuu MPEACTABISIIOT COOOW CXEMbI, HA KOTOpPHIE HAHECEHBI

KOHTYPBI HOMGIHCHHﬁ, KOpUJA0pOB, JICCTHUYHBIX Mapmeﬁ B 3JaHUAX H
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COOPY’KEHHUSAX, [J€ MOIYT HaxoIuTbcad W paborarh moau. Ha sTtux cxemax
YCIOBHBIMU ~ O0O3HAYeHHSIMU  (RJIEMEHTaMHM) YyKa3aHbl IIyTH  HBaKyalllH,
HBAKYallMOHHBIE U aBapUITHBIE BBIXO/Ibl, MECTA PACIOJI0KEHUS IPOTUBOMOKAPHOTO
o0OpyZI0BaHUS, aBapUIHBIX Tele(OHOB CBS3U, CPEIACTB MEPBON MEIUIIMHCKON
MOMOIIY U TIOTIOJHUTEIBHBIX CPEACTB CraceHus (HalpuMep, MPOTUBOTa3bl U T. 11.).
Ha mnnanax »5Bakyauuu pacliM(ppOBBIBAIOTCS BCE YCJIOBHBIE O0O3HAYEHMUS,
IIPUMEHEHHBIE HAa HUX, 4 TAK)KE€ YCTAHOBJICHHbIC IIPaBUJIA TOBEIACHHUs JIIOJEH,
MOPAJOK M IIOCIENOBATEIbHOCTh MX JEUCTBUM B YCIOBHUAX YpE3BBIYAWHOU

(aBapHifHO) CUTYALIMH.
5.7 DuiekTponopakenue

CoBpeMeHHasE CUCTEMa 3JICKTPOOE30MacHOCTH O0ECIICUUBACT 3alIUTy OT

IMOPaXXCHUA B IBYX Hauoboee BCPOATHBIX U OIIACHBIX ClIy4asaX:

—  Opu MIPSIMOM IIPUKOCHOBEHUH K  TOKOBEIyLIUM 4acTsIM

AIEKTPOOOOPYIOBAHUS;

—  IIpH KOCBEHHOM NPUKOCHOBEHHUH.

ITon KOCBEHHBIM IPUKOCHOBEHUEM MOHUMAETCSI IPUKOCHOBEHUE YEJIOBEKA
K OTKPBITBIM MPOBOJSALIUM YacTsIM OO0OpYAOBaHHS, HA KOTOPBIX B HOPMaJbHOM
pexxuMe (MCIIPaBHOM COCTOSIHMM) 3JIEKTPOYCTAHOBKH OTCYTCTBYET 3JIEKTPUUYECKUN
NOTEHLMAl, HO TMpHU KaKUX-TUOO HEHUCIPABHOCTAX, BBI3BABIIUX HapyIllIEHUE
M30JSIMUU WM €€ Ipo0Oil Ha KOpPIyC, HAa 3TUX YaCTIX BO3MOXKHO MOSIBJICHUE
OIMACHOTIO JUISl )KM3HU YeJIOBEKa MOTEHIHAA.

JUis 3amuThl OT MPSMOTrO TMPUKOCHOBEHHUS K TOKOBEAYIIMM YacTsM,
cormacHo [25] m.412. cimykaT W30JAIUS TOKOBEAYIIMX 4YacTed, MpPUMCHCHUE
OrpaXACHUM M 000JI0YEK, YCTaHOBKAa OapbepoB, pa3MELIEHHE BHE 30HBI
JOCSITae@MOCTH, YCTPOicTBa 3auTHOTO oTKitoueHus (Y30).

JUIg 3aluThl OT KOCBEHHOI'O HPUKOCHOBEHUS npuMeHstorcs: Y30 u

3aiuTHOE 3aHyjenue [27] m.413.
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Jlaxxe ecnu TMpU 3AIEKTPONOPAKEHUU padOTAIONIUl BHEIIHE COXPaHHII
(¢opMaT HOPMaJIBHOTO CAMOYYBCTBHS, OH JOJDKEH OBITh OCMOTPEH BpauoM C
3aKJIIOYEHUEM O COCTOSIHUM 3JI0pOBbs, T.€. MOCTpPaJaBlIEMy JOJDKHA OBITh
o0OecrieueHa cKopasi MEIUIMHCKas mnomollb. l[IpenBapuTenbHO NOCTpajaBIIUN
JOJDKEH OBITh OCBOOOKIEH OT JAEWCTBUSA AJIEKTpUUYECKOro Toka. Eciu mpu sTtoMm
OTKJIFOUYHUTh HANPSKEHHE ObICTPO HEBO3MOXHO, OCBOOOKIEHUE OT 3JIEKTPUUYECTBA
NOCTPaIaBIIEro HEOOXOAUMO MPOU3BOIUTE, U30JIUPOBAB CE0sl TUIIEKTPUUECKUMU
nepyatkamu wid ranomamu. [lpu Heo6xoaumMocTH nepepe3arb MpoBojia (Kaxabli
B OTAENbHOCTH) HHCTPYMEHTOM C M30JMPOBAHHBIMU pydkamu. Eciau ecThb
HEOOXOJUMOCTh (MpU TMOTEpEe CO3HAHMsI, OCTAHOBKE cepJua M T.I.) OKa3aHUs
NEepBOM MOMOUIM, TO 10 NPUOBITHS MeApaOOTHUKAa HEOOXOAMMO HAauyaTh JeNaTh:
Hapy’KHBII Maccaxk cepAua, HICKyCCTBEHHOE JIbIXaHHE.

JUie  npenoTBpalieHUss OT IOPaXKEHHUS JJIEKTPUYECKUM TOKOM IIPH
PUKOCHOBEHUH K KOPIIyCaM 3JIEKTPOYCTAaHOBOK, HaXOIALIMXCS TOJT HAIIPSKEHUEM
npu npodoe H3OMANUM WIM B JPYTHX Cily4asX, HEoOXOAMMO paccuuTaTb M
YCTAHOBUTH 3aLIUTHOE 3a3E€MJICHHE.

JlaHHbIe U1 pacyéTa 3a3eMIICHMS:

1. 3azeMieHne HEOOXOAUMO BBIIIOJIHUTD JJIsl YCTAHOBKH, paboTaroueil mos
HanpsbkeHueM 380 B.

2. JIns 3a3emMieHHs UCIIOJIB3YEM TPYOBbI TuaMeTpoM 4 MM U JUTMHOU 2,5 M U
CTajb OJIOCOBYIO 18x4 MMm.

3. 3a3eMIIMTENM PACTIOIOKEHBI B PSIA.

4. Xapaktep TpyHTa B MeECT€ YCTAaHOBKM 3a3eMJICHUS — TJIMHA.
3a3eMJIMTENN YCTAHOBJIEHbI Ha TyOuWHY (OT BepxHero koHma TpyOel) 17 cwm, a
pacCTOsIHUE MEXly TpyOaMu IPUHUMAEM PABHOM TPEM JUIMHAM 3a3€MIIUTENEH, T.€.
a=2 M.

BepxHue KOHIIBI COEIMHEHBI C MOMOIIBIO MOJIOCOBOM cTanu. Onpenennm,
YTO JUIsl JAHHOTO CIIy4asi 10 HOpMaM JOIyCKaeTcs COpoTUBieHue He Oonee 4 OM.

VY nenbHOE conpoTuBiieHUE MMHBI cocTaBisier pT= 0,6-1040M:cm.



YuuTeiBasg NpUMEHEHHUE TPyHTA 3UMOW M IPOCBIXaHUs €r0 JIETOM, Olpe-

JACIIACM paCLIéTHBIe SHAYCHUA PO U PII IIPpU  HUCIIOJIb30BAHUH pr6an51x

3a3eMJINTEICH COeAUHUTEIILHOM MOJ0CHI MU COCAUHUTEIBHON ITOJIOCHI:

P> = prK,=0,6-10% - 1,9 =1,14-10* (Om-cm),

rjae x, = 1,9 - koadpuimeHT 115 BepTUKaIBHBIX 3JIEKTPOJIOB;
pn= prx,=0,6-10*- 5=3-10*(Om-cm),

r7ie K= 5 - KO3(QPUIUEHT 11 TOPU30HTATBHBIX 3JIEKTPOJIOB.

OrnpenenuM BEIMYUHY COMPOTUBIICHUN OHOM 3a0UTOM B 3eMJTIO TPYOBI 11O

BBIPAKEHUIO:

R =P 2k g5t th ) (5.1)
2-7-1_ d 4.-h -1

riae hm - rmyOuna 3a3emiuenus, hm= 750 cm;

Im- mmna 3a3emnenus, Im =250 cwm;

d- nmamerp 3azemienus, d=0,4 cm.

4
- 114-10° In2 250+O,5-In750+ 250 _54.4 Om.

6,28- 250 0,4 750- 250

OmnpeneanM YKCiI0 3a3eMINTEIEH:

n="2=22%_9gyg (5.2)
z 6

VYuursiBasi, 4To TpPyObl COEAMHEHBI 3a3€MIIMTEIBHOM IOJOCOH, KOTOpas

BBITIOJIHAET POJIb 3a3€MJIMTENISA, YMEHbIIIaeM 4ucio TpyO mo 6 mryk. Onpeneaum

JUTMHY COCIMHUTEIBHOM MOJIOCHI:

In=1,05-a-(n—1)=1,05-2-(6-1) = 10,5 m, (5.3)
IJIe 71 - YHUCJIO 3a3eMJINTEIICH;
a - pPACCTOSIHUE MEXK]y 3a3€MIIUTEIIAMU.

Pa3mep pesepByapa 5X5 M, JJIMHA COEAUHUTENBHON TOJIOCHI BIIMCHIBACTCS

B €r0 pa3mMep.

PesynbTupytomiee conpoTusiieHne (MOJIOCH U TPyObl) ¢ y4€ToM K03 du-

IIMCHTA UCIOIb30BaHus Tpyo J>=0,85 m monocel J7=0,86 omnpenensercs mo ¢op-

MyJIe:
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Ry'R 54,4-7,26
R, =—2%1__ — = 3,85 Om. (5.4)
Ry Jn+Rp Jan 54,4-0,86+7,26-0,85-9

JlanHasi BeIMYMHA YAOBIIETBOPSET TPEOOBAHUSAM 3AIUTHOIO 3a3€MIJICHHUS.
KoHTposp 3a3eMiieHUs MPOM3BOJUTCS MPU MPUEME B IKCIUTyaTalUI0, a TaKkKe
NEPUOJUYECKHA, B CPOKH, YCTAHOBJICHHBIC IIpaBUJIaMH, I[PU IEPEKOMIIOHOBKE
000pyZIOBaHUS U PEMOHTE 3a3EMIIUTEIIEH.

Cxema pacnoioKeHus: yCTPOMCTBA 3aIIUTHOTO 3a3€MJICHUS TI0 OTHOILLICHUIO

K pe3epByapy MoKa3aHa Ha pucyHke 22.

<&
<
b
4|m »

»
>

A

Pucynoxk 22 — Cxema 3allluTHOTO 3a3€MJICHUSA

B JaHHOM CJIy4ac BBIIIOJIHACM BBIHOCHOC 3a3CMJICHHUC. 3a3zeMInuTeIn pac-
mojararoTCsa Ha HCKOTOPOM YIAAJICHUU OT Ppe3CpByapa. HOBTOMY 3a3CMJICHUC
KopmyCa HaxoJuTCsa BHE TIIOJII PaCTCKaHWA MW UYCIOBCK, KacCasiCb KOpITycCa,
OKa3bIBACTCA II0A TIIOJIHBIM HAIIPSAKCHUCM OTHOCHUTCIBbHO 3CMIJIH. BrinocHoe

3a3€MJICHME 3alMIIACT 3a CYET MAJIOr0 COIIPOTUBJICHUA 3a3eMJIMTEJICH.
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5.8 ConnajibHble TAPAaHTHH ISl pa00THUKA

ConmanbHble TapaHTHH - 3TO COIUAIBHO-DKOHOMHYECKHE HOPMATHBBI,
rapaHTHUPYIOIINE HACCIICHUIO TIPU3HAHHBIN OOIIECTBOM YPOBEHBb MOTPEOICHHSI, TO
€CTh 00€CTIeUNBAIOIINE MUHUMAILHBIN CTaHIAPT YPOBHS JKU3HU B COOTBETCTBUU C
BO3MOKHOCTSIMH 9KOHOMUKH [24].

CucremMa COIMAIBHBIX TapaHTHH OJDKHA YIOBJICTBOPSATH CJCTYIOIIAM
TpeOOBaHUSIM:

—  HEOOXOJWMBIN U JJOCTaTOYHBIH 00BEM;

—  o0ecre4yeHHOCTh (PMHAHCOBBIMH M MaTEPUATILHBIMHU PECYpPCaMu;

—  aJapecHOCTb;

—  y4eT TeppUTOPHUATLHBIX 0COOCHHOCTEM;

—  MEXaHH3M JIOBEJCHHS JI0 TIOTyqaTelIs.

CoruanbpHbIC rapaHTHH MOTYT OBIThH oOIIeHAITMOHATBHBIMH,
pETHOHATBHBIMH, OTPACICBBIMH, a WCTOYHHKAMU WX (UHAHCUpOBAHUS —
benepanbHbIi Or0KET, OrOHKETHAS cucTeMa cyobekTa Poccuiickoit denepanun u
BHEOIODKeTHRIC (oHABL. ColMalbHBIE TapaHTHH OOCCICYMBAIOTCS TpakKaaHaM
CTpaHbl B COOTBETCTBUHU ¢ KoHCTUTYIIMEN.

B oTHOmeHMH TPYIOCHIOCOOHOTO HACEICHUS COIMAIbHBIE TapaHTHH
JIOJDKHBI 00ECTICYNBATh YCIOBUS TPYIOBOM M IEJIOBOM aKTUBHOCTH, 3alTUTY MPaB U
cB00OT HAEMHOTO paOOTHUKA, HAHUMATEJIS.

JIJIS OCHOBHOW YacTH HAcCEJNCHWsS HAeMHBIH TPYJ SBISACTCS TJIaBHBIM
WUCTOYHUKOM CPEJCTB CYIICCTBOBAHUS, MOITOMY CHUCTEMa COIMAIBHOW 3alllUThI
TPYJIOCTIOCOOHOTO HACEJICHHMsI TOHKHA 00eCIeYnBaTh rapaHTHH B cepe 3aHITOCTH
W OIaTel Tpyaa. J[as 3TOro rocyaapcTBOM YCTaHABIMBACTCS MHUHUMAaTbHas
oriata Tpynaa. B OONBIIMHCTBE CTpaH YCTaHABIMBACTCS MHHHMAJIbHAS 9acoBas

3apIiuiara.
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CouuanbHbple TapaHTUW B OTHOLIEHUM HETPYIOCHOCOOHOTO HACEJIECHUS
JOJDKHBI CO371aBaTh YCIOBHUSL Ui €ro MOTpeOJieHUs, YUYUThIBas OCOOCHHOCTH
Ka)JIOW TPYIIIBI.

[TocTymeHust u3 CUCTEMBI COLIMAIBHOM 3aIUTHI IEJAT HA TPU CPYIIIbL:

—  JICHEeXKHBIE BBITUIATHI (TICHCUH, TTOCOOWS);

—  JBIOTHI, MPOSBISIIOIIMECS B MPABE HA CHUKEHHUE HAJIOrOB, MOJYy4YCHUE
TpaHc(epTOB B HATYypaIbHOU (hOopME;

—  COLMAJIbHBIE YCIyTH, MOTpeOsaseMble OECIIaTHO WM IO I€HaM, He
MMEIOIIUM SKOHOMHYECKOTO 3HAYEHUSI.

—  CoumanbHble TapaHTUH BBIOIHSIIOT Pa3IMdHble (yHKIIUU:

—  QIMMEHTApHO-KOMIIEHCALMOHHYIO, KOTOpast oOecrieynBaer
noJiiepKaHue noTpeOiIeHrs Ha ONpeeIEHHOM YPOBHE;

—  3alUTHYI0, KOTOpas oOecrneynMBaeT COXpaHEHHE YCIOBUW TpyAa U
MPOKUBAHMS;

—  CTUMYJUMPYIOIIYIO, KOTOpass CTUMYJHUPYET MOoJydareiass Ha poCT

TPYJIOBOM U JIEJIOBOM AaKTUBHOCTH.
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6 @®UHAHCOBBII MEHEJKMEHT,
PECYPCO2®PP®EKTUBHOCTDb U PECYPCOCBEPEXXEHHUE

JIudToBOoE XO3SIICTBO — 3TO OTpacib C MOBBIIIEHHON YHEPTOEMKOCTHIO,
MIOCKOJIBKY €KETOIHBIM PacXoJ] DJIEKTPOIHEPTUU TMPHU SKCIUTyaTaluu JTU(TOBOTO
000pyZI0OBaHUSI COCTABIISIET OKOJIO OJHOTO0 MUJUIMAp/a KUJIOBaTT-4acoB. B cBs3u ¢
TUM, BHEAPEHHE  HOBEUIIMX  HHEprocOeperaromux  TEXHOJOTMH  MpHU
MOJIEpHU3AIMN  JIUPTOBOrO OOOPYNOBAHUS CTAHOBHUTCS KpailHE aKTyaJbHOU
3amaueii[15].

[lenpr0o maHHOrO paszzaena sBISETCS OOOCHOBAHHME ILEIECO00pPa3HOrOo
WCIIOJIb30BaHUsI TEXHUYECKOTO MPOEKTA, BBIMOJHIEMOIO B paMKaX MarucTEpPCKOU
JIMCCEPTALAM, TIPA ITOM PACCMATPUBAIOTCS MJIAHOBO-BPEMEHHBIE U MaTEpUAIIbHBIE

MOKa3aTeu MPoIecca MPOCKTUPOBAHMS.
6.1ll;1aHupoBaHMeEe HAYYHO-UCCJIE0BATEIBLCKONH PadoThI

[InanupoBaHre KOMIUIEKCA MPEAINONaraéMbiX padOT OCYIIECTBISAETCA B
CJIEAYIOIIEM TIOPSIAKE:

—  OmpeJelieHHe CTPYKTYpbl paboT B paMKaxX Hay4yHOTO UCCIIEI0BaHUS;

—  OIpeJesieHHe YYaCTHUKOB KaKJI0M padoThI;

—  YCTaHOBJIEHUE POJOJIKUTENBHOCTH PadoT;

—  mocTpoeHue rparka nNpoBeJEHUs HAYUYHbIX UCCIIEJOBAaHUM.

JUJisl BBITIOJIHEHUSI HAYYHBIX UCCIIEIOBAaHUN (opMupyeTcst paboyas rpymnmna,
B COCTaB KOTOPOW MOTYT BXOJIWTh HAay4YHbIE COTPYIHMKH, IPENOAABATEIN,
WHXKEHEPBI, TEXHUKU W JAOOPAHThI, YUCIEHHOCTh T'PYII MOYET BapbUPOBATHCS.
[To xaxknoMy BUAY 3aIJTAHUPOBAHHBIX paOOT yCTAHABIMBAETCS COOTBETCTBYIOIIAS
JOJKHOCTb UCIIOJTHUTEIIEH.

B naHHOM pa3zgene cocTaBieH IepedeHb A3TanoB M paboT B paMKax
IIPOBEICHHUSI ~ HAYYHOIO  MCCIEJOBAaHUSA W IPOU3BEACHO  pacHpeleieHue
ucroysiHuTened no BuaaMm pabot. Ilopsaok cocraBiieHHMs 3TanoB U padoT,

pacrpesiesieHie UCIIOJHUTENISH 110 JaHHBIM BHIaM paboT IpuBeicH B Tabsmie 9.
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Tabnuma 9 — [lepeuens 3TanoB, paboT U pacnpeeIeHUe UCTIOTHUTENEH

Ne OcHOBHBIE ITANIBI Conep:xkanue pador Jo/xHOCTH IpoxoskuTe B
pao. HUCIOJHUTES HOCTb,
AHel
1 | Pa3paGoTka u CocraBneHue u Hayunsrii 2
BbIJaua YTBEp)KJICHHE PYKOBOJIUTEIb,
TEXHUYECKOTO TEXHUYECKOTO 3aJJaHUs HHXEHEp
3aaHHs
2 | Beibop [TonGop u u3ydeHue Nnxenep 11
HampaBJICHUS MaTepHaloB MO TEME
TEXHUYECKOTO
MIPOEKTUPOBAHHUS
mudra
3 | Pacuersr n [IpoextupoBanue Wnxenep 12
MIPOEKTHUPOBAHNE CHCTEMBI
CHCTEMBI ANIEKTPOCHAOKEHUS
anekTpocHabxeHus | nudToBoii nedbenku u
MACCAKUPCKOTO IIAXTHI
4 | nudra [IpoextupoBanue WNuxenep 12
CHCTEMBI
INEKTPOCHAOKEHUS
KaOuHbI THdTa
5 [IpoBenenue Nnxenep 12
rpaduyeckux
IIOCTPOECHUU U
000CHOBaHUH
6 | O60o6menue u Onenka Hayunsrit 2
OIICHKA ¢ dexTuBHOCTH PYKOBOIUTEID,
pe3yNbTaToOB MOTyYEHHBIX WHXEHEp
pe3yJIbTaToOB
7 | Odpopmienue CocrasieHue Wmxenep 12
oTyeTa 1o MOSICHUTEIHHOU
TEXHUIECKOMY 3aMUCKU
8 | IPOEKTUPOBAHUIO [IpoBepka BbITYCKHOI Hayunsi 2
KBaJTH(PHUKAIIMOHHOM PYKOBOJIUTEIb,
paboThI HHXEHep
PYKOBOJIUTENIEM
Hayunsrii 6
HUTOTO PYKOBOJIUTEIb
Nrxenep 65

[TpoAOMKUTENEHOCTD BBIMOJHEHHS IPOEKTA COCTABUT 65 paboyux JeHb.

3 gux:

- 6 ,Z[HGﬁ — IIPOIJOJLKUTCIBbHOCTD BBIITIOJIHCHHA pa60T PYKOBOIUTCIICM,

— 65 aeHb — NPOJIOJKUTEIBLHOCTD BBIMOJHEHUS PAOOT HHKEHEPOM.
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HaubGomee y,Z[O6HBIM W HarJiiAHbIM B JAHHOM CJIy4dac SABJIACTCA IOCTPOCHUC

JICHTOYHOTO TpaduKa MPOBEACHUS TEXHUYECKUX pPabOT B (QopMe IuarpaMmmbl

['anTa.

Juarpamma ['aHTa — rOpU3OHTAIBHBIN JIEHTOYHBIN TpaduK, HA KOTOPOM

pa6OTI>I Mo TEMC IIPCACTABIIAIOTCA IIPOTAKCHHBIMHU BO BPCMCHH OTPC3KAMU,

XAPaKTCPUIYIOIUMUCA AaTaMM Hadalla U OKOHYAaHUS BBIIIOJIHCHUA HAHHBIX pa60T

[25].

['paduk cTpoutes A 0KUIAEMOT0 MO JTTUTEILHOCTH UCTIOTHEHUS padoT B

paMKax TCXHHUYCCKOI'O IPOCKTaA, C paS6HBKOﬁ Imo MeciauaM MU JACKaaaM 3a IICPHoa

BPEMEHHM TIOJATOTOBKM MAarucTepckoi nuccepranuu. Ha ocHoBe TaOmuiel 13

crpouM auarpammy ["anrta (Tadmuma 10).

Ta6muma 10 — Jlmarpamma I"anTa

pa
ooT

Bup pador

Hcnmoanurean

Tkj,
KOJI.JIH

HpO}IOJ’DKI/[TeJ'IbHOCTb BbINNOJTHCHU A pa60T

des.

Mapt

Amp.

Maii

Hroun

2

3

1

2

3

1

2

3

1

2

3

1

2

CocraBienue T3

PykoBoauTens

2

[Ton6op n
U3y4YeHHE
MaTepHaJoB IO
TeMe

Nnxenep

11

IIpoexTupoBanue
CUCTEMBI
AIEKTPOCHAOKEHN
g M TOBOM

JIe0E KN U MIaXThI

Nuxenep

12

[TpoexTrpoBanue
CUCTEMBI
AIIEKTPOCHAOKEHH
s KaOuHbl TudTa

Nuxenep

12

IIpoBeneHue

rpaduIecKux
MIOCTPOEHUN U
000CHOBaHMIA

Nuxenep

12

Onenka

s dexTuBHOCTH
MOJTyYEeHHBIX
pe3yIbTaToB

Wuxenep,
PykxoBogurens

CocraBieHue
HOSICHUTEILHOU
3aIllUCKU

Nuxenep

12

ITposepka BKP

PykoBoaurens
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Hcxoass W3 COCTaBIEHHOW JuarpamMMbl, MOXHO CJI€JaTh BBIBOJA, 4YTO
MPOJOKUTEILHOCT, pabOT 3aHUMAeT 6,5 nekaj, HauyuHash CO BTOPOM JeKajbl
deBpas, 3akaHYMBasi TPEThEH JIeKa0N Masi. YUUTHIBasi BEPOSITHOCTHBIN XapakTep
OLICHKM TPYAOEMKOCTH, peajbHas MPOAOJIKHUTEIBHOCTh pabOT MOXET OBbITh Kak
MeHblEe (Tpu OJaronpusTHOM CTEYEHHH OOCTOSTENbCTB), TaK M HECKOJIBKO
MPEBBICUTh YKA3aHHYIO MPOJIOJDKUTEIBLHOCTh (MPU HEOJIAroONmpUsITHOM CTEYEHUU

00CTOSITENBCTB).
6.2 CMeTa 3aTpaT HAa MPOEKTUPOBAHUE

Cwmera 3atpatr Ha npoekT ( K,; ) BKIIIOYAaeT B ce0si MaTepualibHbIC 3aTpaThl,

aMOpPTHU3allUI0, 3aTPAThl HA 3apa60THy}o IJ1aTy, Ha COOUAJIbHBIC HYXXIbI, ITPOYHC U

HaKJIAAHBbIC 3aTPAaThl.

K,, = Kmam + Kam + K3 | nn+ Kc.o + Knp + Knaxn | (6.1)

rae Kmam — maTepuaabHbIE 3aTpaThl;

Kam — amopTtuzanusa KOMIbIOTEPHON TEXHUKH;

K3/nn — 3aTpatel Ha 3apabOTHYIO TUIATY;

Kc.o. — 3aTpaThl Ha cOMANIBHBIC HYX/IbI;

Knp — npoune 3arparsi;

Knakn — naknagHele 3aTpaThl.

MarepuajibHble 32aTPATHI

B nannoii paboTe MarepuanbHbie 3aTpaThl nmpuHuMaeMm B paszmepe 1000
pyOJieii Ha KaHUEIAPCKUE TOBAPHI.

3aTpaTrbl HA AaMOPTH3AIUIO

Taxk kak 1 paOOTHI HAJ MArucTEPCKOW JTUCCEepPTAlMEe HCIOJIb3yeTCs
KOMITBIOTEPHASI TEXHUKA, IOCYUTAEM €€ aMOPTU3AIIUIO.

Tucn.km 1
Kav = —— - lfxm - — | 6.2
Trkan o Tcn ( )

rae Tucn.km — BpeMsi UCIOJIb30BaHUS KOMIIbIOTEpHOU TexHuKH (90 nHeil);
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Tkan — xanengapHoe Bpems (365 1uei);
L{xm — niena komnbroTepHOM TexHUKH (25000 py0);
Tcn — cpok city>KObl KOMITBIOTEPHOM TEXHUKHU (5 JIeT).

Kam =~ . 25000 =1233py6
365 5

3aTpaThl Ha 3apa0OTHYIO IJIATY
Bo3narpaxxaenue 3a Tpya B 3aBUCMMOCTU OT KBajdu(pUKalUK paOOTHUKA,
CIIOKHOCTH, KOJIMYECTBA, KAYECTBA M YCIIOBUU BBIMOJTHSIEMON pabOThI, a TaKXKe

KOMIICHCAIMOHHBIC U CTUMYJIMPYIOIIKWC BBITLJIATEI, 3aTPAaThl Ha 3apa60THYIO IiaTy

(nnsa unxenepa u HP).
K3 I nn = 3[Munowc + 3111p (6.3)
3lImec =3llo-K1-K?2, (6.4)
rae K1 — xoaddunuent, yunteiBatomuii otmyck (1,1 = 10%);
K2 — paitonnsrit koaddunuent (1,3 =30%);

3llo — mecsunblii oTKHan (mms mpodeccopa 30000 p., mayisi UHKEHEpA
17000p.).

JI71s1 Hay9HOTO PYKOBOUTEIS:
31Imec =30000-1,1-1,3=42900 pyeo.
s uHXKeHnepa:

3lImec =17000-1,1-1,3 = 24310 pyeo.

TR (6.5)

rjae 21 — gyucino pabouyux JTHEH B MECSII;
N — (aKTUYECKOE YUCIIO THEH B TIPOCKTE.
J111 Hay4YHOT'O PYKOBOIUTEIIS:

3llop = % -6=12257 pyo.
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JIns nHxkeHepa:

3llop = % -65=75245 pyo6.

K3/ nn=12257 + 75245 = 87502 pyo.

3aTpaTsl Ha CONUAJIbHbIE HYK/IbI

3aTparhl OopraHu3allMM MO O0S3aTeNbHBIM U JTOOPOBOJIBHBIM B3HOCAM B
OpraHbl TOCYJIapCTBEHHOTO CTpaxOBaHWs, TMEHCHOHHOro Qonma, ¢oHaa
MEJMIIMHCKOTO CTPAaXOBaHUS OT 3aTpaT Ha OIUIaTy TpyJa paOOTHUKOB, 3aHATHIX B
MPOU3BOJICTBE MPOAYKIIMH, padboT, YCIyr B HENPOU3BOJACTBEHHOW cdepe B
COOTBETCTBHH C MOPSAJIKOM, YCTAHOBJIICHHBIM 3aKOHOJIaTE€IbCTBOM.

3aTpathl Ha colMagbHble HYX A6l O0epeM B pazmepe 30% ot K3/ni.

K3/ nn-30%

Kc.o.= 100% (6.6)

_ 87502-0,3

Kc.o. =26251pyb.

IIpouyue 3aTpartsl
[Ipoune 3atpartsl npuHuMatotcs B pazmepe 10% ot (Kmam + Kam + K3/nn
+ Kc.0)
_ (Kmam + Kam+ K3 [ nn+ Kc.0.)-10%

K
" 100% (6.7)
o - 100041233+ 871502 F2625) 01y oo o

Haxknaausle 3aTparhbl

3aTpatbl, HE CBSI3aHHBIE IPSIMO C MPOM3BOJCTBOM OTEIBHOTO U3JIETIUS UIH
BuJa pabOThl U OTHOCHMMBIE Ha BECh BBIMYCK MpoAyKiuu. K HUM oTHOCSTCS:
pacxonbpl Ha COJEpXkKaHWE, OKCIUTyaTalUI0 M TEKYIIMH PEMOHT 3/IaHHM,
COOpPYKEHUI U 000pYyIOBaHUS; OTYMCIICHUS HA COIIMANBLHOE CTPAXOBaHUE U JIPyTHe
o0s13aTesbHbIE IJIATEXKU; COJAEp’KAaHUE W 3apabOTHYIO IUIATy aJAMMHUCTPATUBHO-
YIPAaBICHYECKOIO IEPCOHANA; PACXOAbl, CBA3AHHBIE C IMOTEPSIMH OT Opaka H

IIPOCTOEB U JIp.
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Haxnaansie pacxoasl npuHuMarotes B pazmepe 200% ot Ks/na.

_ K3/ nn-200%
Kuakn = 100% (6.8)

Knaxn = w =175004 pyo.

[TonyueHHbIe pe3yJbTaThl CBEACHBI B TaOMITy 11.

Tabmuua 11 — CMera 3aTpat Ha IPOEKT

No DneMeHTHI 3aTpaT CroumocTs, pyo.

1 | MatepuanbpHbie 3aTpaThl 1000

2 | AMopTu3anus KOMIBIOTEPHON TEXHUKU 1233

3 | 3arpartsl Ha 3apabOTHYIO TUIATY 87502

4 | 3aTpaThl Ha COIMATBHBIC HYIbI 26251

5 | [Ipouwne 3arpatsl 11599

6 | HaknaaHble pacxofsl 175004
Uroro: 302589

Cwmera 3aTpar Ha MPOEKT:

K, =1000+1233+87502 + 26251 +11599 +175004 = 302589 py6.

6.39xkoHoMHnueckas 3¢ pekTUBHOCTHL Ucnoab30oBanus AJl - [TY

B nmaHHOM TEXHWYECKOM NPOEKTE IMOCTaBJICHA IICJIb M3YYUTh U CPABHHTH
XapakTep paboThl AJIEKTPONpPHBOAA JH(PTA C OJHOCKOPOCTHBIM ACHHXPOHHBIM
neuratenem (AJl) B cBiazke ¢ mpeoOpazoBateniem uactoTel  ([TY) wu
JIBYXCKOPOCTHOTO aCHHXPOHHOTO JBUTaTeNs Oe3 mpeoOpa3zoBarens 4acToTel. Ha
OCHOBAaHHMH TOJIYYCHHBIX JAaHHBIX [I0Ka3aTh IEIECO00PA3HOCTh HCIOIb30BAHMS
npeoOpa3oBaTeIs YaCTOThI B 3JIEKTPOTIPHUBO,IC TTACCAXKUPCKOTO JTHPTA.

B xome paGoTel Haj MPOEKTOM OBUT BBHIMIOJHEH CPABHHUTEIBHBIN aHAIIN3
pabotsr A/l ¢ mpeoOpa3zoBarenemM 4acTOThI U 0€3 HETo.

Buvi6oowi:

[IpumeHeHrne 4acTOTHO-PETYJIMPYEMOTr0 MPUBOJA B JTH(PTOBOM XO3SHUCTBE

00€ecCIIeunBacT;
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—  TOBBILIEHUE KOM(OPTHBIX MOKA3aTesel Mpu ABMKEHUN KaOUHBI TudTa u
JIOJITOBEYHOCTh MEXAaHMYECKOro O0OpYJIOBaHHUS 3a CUeT IMOJIy4YeHHs IUIaBHBIX
HEPEXOIHBIX IPOLECCOB;

—  CHW)KEHHME OHKCIUTyaTallMOHHBIX PAacXOJOB Ha KalmUTAJIbHBIA PEMOHT
0o0OpyZOBaHUSI 3a CYET 3HAYUTEJIBHOIO CHI)KEHHMS JUHAMUYECKHX HArpy3oK B
3JIEMEHTaX KMHEMaTUYeCKON LeMu;

—  CHW)KEHHE MOTpeOJIeHUs AIEKTPOIHEPrun Osiaroapsi 3HaYuTEIbHOMY (B
5-6 pa3) yMEHBIICHUIO BPAIAONIUXCS MaXOBBIX MacC JeOEAKHU, UYTO MCKIIOYaeT
HENPOU3BOAUTEIbHBIE IOTEPU B MEPEXOAHBIX IYCKO-TOPMO3HBIX pPEKUMaX,
YBEJIMYHMBAET CPOK CIIyKOBbI peyKTOpa TJIaBHOI'O MPUBOJA, KAHATOBEIYIIETO IKHUBA,
TOPMO3HBIX KOJIOJIOK, AJIEKTPOJBUTATENS], TATOBBIX KAaHATOB, 3JEMEHTOB IOJBECKH
IpPOTUBOBECA 3a CUET CHIDKEHUS JMHAMHYECKUX HArpy3ok B 3JeMeHTax
KMHEMaTH4eCKOW Lenu MpuBoja JU(Ta, 00YCIOBICHHBIX MIABHOCTBHIO MEPEXOIHBIX

IMpoLcCCOB.

OkoHoMuyeckass 3()QPEKTUBHOCTh UCIOJIB30BaHUS IpeoOpa3oBaTeneit
4acTOThl B JU(PTOBOM XO3SMCTBE TOJBKO 3a CYET SKOHOMHHU HIIEKTPOIHEPIUU
npuBeieHa B Tabnumie 12.

Tabnuna 12 — Oxonomudeckas 3pPpeKkTuBHOCTD ncnonb3oBanus A/l - ITH

IHapamerp CyTkn I'on
[HoTpebnsemas JIByxckopocTHOM AJ] 11,9 4344
AEKTPOIHEPTHS,

Al - T4 51 1862
kBT/4

OKOHOMUS SJICKTPOIHECPTIHH,

6,8 2482
kB1/4

Takum 00pa3oM, cpeaHeroaoBasi SKOHOMHS SJIEKTPOSHEPTUU HA KaXKIOM
mudTe C YaCTOTHO-PETYJIHUPYEMBIM JJIEKTPONPUBOIOM COCTaBIsieT okoio 2500

kBT1/4.
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OpHOoCcTaBOYHBIM Tapud Ha DISKTPUUYECKYIO DHEPTUI0 IS HACEJICHWS,
MpOXKHUBAIOIIEro Ha Tepputopuu Tomckod obmactu ¢ 1 wumrons 2016 roma —
3,1py6/kBtu [26].

Takum 006pa3oM SKOHOMUS NEKTPUIESCKON SHEPTHH 3a TOJ COCTABIISCT:

D =2482" 3,1 = 76942 pyo6.
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3AK/IIOYEHUE

[IpumMeHeHrne YacTOTHO-PETYJIMPYEMOrO AIIEKTPOIPUBOAA TMOIBEMHOTO
ycTpoicTBa (nebenku) nu@Ta 3HAYUTENBHO MOBBIIAET KOM(OPTHOCTH MpH
JBDKEHUW KaOWHBI, obOecrmeunBaeT OECHIYMHOCTh U BBICOKYIO TOYHOCTH
OCTAHOBKH, YBEJIMYHUBAET JOJTOBEYHOCTh MEXAaHUUECKOT0 000PYIOBAHUS, a TAKKE
MO3BOJISIET CHU3UTH pacxoj deKkTpodHepruu Ha 40-60%.

JInudToBOE XO3SMCTBO — 3TO OTPACIh C TOBBIIMIEHHON YHEPrOEMKOCTBIO,
MIOCKOJIBKY €KETOJHBIN PAacXoJl AJICKTPOIHEPTHH TPU IKCILTyaTallud JTU(GTOBOTO
00OpyIOBaHUS COCTABJISIET OKOJIO OJJHOTO MUJUIMAp/a KUJIOBATT-4acoB. B cBs3u ¢
TUM,  BHEAPEHHE  HOBEHIIMX  DHEProcOEperarmux  TEXHOJOTHMH  Mpu
MOJICpHHU3AIMN JTU(PTOBOTO O0OOPYJAOBaHHUS CTAHOBHUTCS KpalWHE aKTyadbHOU
3a7a4ei.

Cucremaruueckuii aHanu3 WHOOpPMAIUU CTPOUTEIBHBIX, MOHTAXHBIX H
MPOEKTHBIX OpraHu3aun

MO3BOJIIET CliedaTh BBIBOJ, YTO B KadecTBe Oa3MCHOW MpOrpaMMbl IO
HEprocOepexeHnto Ha JudTrax HEOOXOJUMO paccMaTpUBaTh BHEAPEHUE
YaCTOTHO-PETYJIUPYEMBIX AJICKTPONPUBOJOB, TJABHBIA JJIEMEHT KOTOPBIX —
YacTOTHBIN npeoOpa3oBarens. [ImaBHas perynupoBka CKOPOCTH BpAIIEHUS 32 CUET
NPUMEHEHHUsI YaCTOTHOTO IMpeoOpa3oBaTeisl MO3BOJSET: B OONBIIMHCTBE CIIydacB
OTKa3aThCsl OT HUCIOJB30BAaHUS PEIyKTOPOB, BapuUaTOpPOB, Jpocceiel U Ipyrou
peryiupymoomeld anmaparypbl. JTO 3HAYHTEIHHO YIPOIIAET MEXaHUYECKYIO
CHCTEMY, TOBBIIIAET €€ HAJEKHOCTh W CHIDKAET HKCIUTyaTaIl[MOHHBIE PaCXObl,
oOecrieynBaeT padOTy MEXaHM3MOB OOJBIIYI0 YaCTh BPEMEHU Ha TMOHUKEHHBIX
4acTOTaxX BpalleHUS C YMEHBIICHHEM [UKIWYSCKUX JWHAMHUYECKHUX U
BUOPAITMOHHBIX ~ HArpy30K Ha  TOMAMIAIHUKH, YIUIOTHEHUS,  KpEIUICHUS,
byHIaMEHTBl MEXaHW3MOB U JJIGKTPOJBUTATEIe H  COOTBETCTBYIOIIUM
YBEJIMYECHUEM HUX pecypca M MEXKPEMOHTHOTro mpolera. CHH3UTh HArpy3ky Ha
JBUTATEIh U MEXAaHU3MBbI, YBEIUYUTh CPOK UX CIYyKOBI 32 CUET IUIABHOTO ITyCKa

ABUI'aTCIIA, oe3 ITYCKOBBIX TOKOB U YIapOB.
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[IpumeHeHrne 4acTOTHO-PETYJIMPYEMOTO TPUBOJA B JTUPTOBOM XO3SIHCTBE
o0ecIieynBaerT:

—  TIOBBIIIEHHE KOM(OPTHBIX MOKa3aTesiel Mpu ABMKEHUN KaOUHBI TudTa U
JIOJITOBEYHOCTh MEXaHUYECKOTO OOOpYyJOBaHUS 3a CYET TOJIyYeHHUs ILJIaBHBIX
MEPEXO0IHBIX TIPOIIECCOB;

—  CHW)KEHHME OJKCIUTyaTal[MOHHBIX pPACXOJOB Ha KalUTaJIbHBI PEMOHT
o0Opy/OBaHUSl 3a CUET 3HAUUTENIBHOTO CHIDKCHHUS JIMHAMUYECKUX Harpy30K B
AJIEMEHTaX KHHEMAaTUYECKOU 11enu;

—  CHW)KEHHE MOTPEOJICHHsI DJIEKTPOIHEPTUU Oyarogaps 3HAUUTEILHOMY
(B 5-6 pa3) yMEHBIICHUIO BPAIIAIOIINXCSI MaXOBbIX Macc JIEOEIKH, YTO UCKITIOYAET
HEMPOU3BOJUTENbHBIE TIOTEPH B MEPEXOJHBIX MYCKO-TOPMO3HBIX pEKHUMaX,
YBEIIMYUBACT CPOK CIY>KObI pEayKTOopa TIJIaBHOTO MPUBOJA, KaHATOBEIYIIETO
IIKWBA, TOPMO3HBIX KOJIOJIOK, AJIEKTPOJBUTATENS, TSITOBBIX KAaHATOB, AJIEMEHTOB
MOJIBECKU MTPOTHUBOBECA 32 CUET CHUKCHUSI JUHAMUYECKUX HATrPY30K B DJIEMEHTAX
KMHEMaTUYeCko 1menu npuBoda JiudTa, OOYCIOBJICHHBIX  IJIABHOCTHIO

MNECPCXOJHBIX IIPOTCCCOB.
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INTRODUCTION

Modern multi-storey buildings to facilitate and accelerate the movement of
people and goods to various levels of height are equipped with means of vertical
transport. Their main advantage is a small area occupied by its equipment in the
building. Of all the types of lifts used in residential, administrative and industrial
buildings, the most common elevators. An elevator is called a stationary intermittent
lift with vertical movement of the cabin or platform along the rigid guides in the shaft
fenced from all sides [1].

As the number of storeys increases, the requirements to the quality of
manufacturing, installation and operation increase, which become crucial for the
normal functioning of buildings.

Elevators supply coal to the bunkers of boiler houses, cast iron to the casting
shops' carriages, transport rolls of paper in printing houses, products, goods, lift cars
in multi-storey garages, transport passengers and cargo on ships of the river and
marine fleet, and raise tourists to towers. Lifts are widely used in modern liners. Only
in Moscow, elevators carry over 20 million people per day, which exceeds the
number of people transported by all types of public transport combined. Further
development of elevator construction will make it possible to use elevators in various
fields of the national economy even more.

The first mention of the elevator is in the records of the ancient Roman
architect Vetruvia, who in turn referred to Archimedes, who built the lifting device,
probably back in 236 BC. Later mention of elevators with a cabin suspended on a
rope and driven By hand or by force of animals, date back to the mid-6th century (the
Sinai Monastery lift in Egypt), the first quarter of the 13th century (in France) and the
17th century. (Lift of Windsor Castle in England and "Weyler's Flying Chair" in one
of the Parisian palaces).

In the 18th century, passenger elevators began to be used in Russia (elevators
of the palace buildings of Tsarskoye Selo, Kuskovo estate near Moscow, climbing

table and armchair in the Petrodvorets Hermitage).
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In 1795 I.P. Kulibin developed the design of a screw passenger elevator
(lifting and lowering chairs) for the Winter Palace.

In 1816, the elevator was installed in the main house near Arkhangelskoye
near Moscow.

In the middle of the 19th century, elevators appeared in the US (lift G.
Ustermana).

In 1853, E.Otis lifts with catchers appeared in the USA. The first “catching"
device worked only with a free fall, that is, a break in the ropes. This device, used in
all modern elevators in a more perfect form, significantly reduced fears for the fall of
the cabin with people, even when the rope broke, which contributed to the wider
distribution of elevators. During this period, elevators, as a rule, were driven by a
steam engine, and the lifting ropes were wound and wound off the drum.

In 1867, hydraulic elevators appeared, which had a number of advantages
compared to cable lifts. These elevators managed to reach a high speed of the car to
3.5 m /s, but due to significant initial cost and operating costs, they had to abandon
them.

In 1878, a speed limiter was invented that allows the catches to be switched
on when the nominal speed is exceeded.

In 1880 in Germany, the first electric Siemens lift appeared with a rack-and-
pinion lifting mechanism. By the beginning of the 20th century, electric elevators had
become widespread, gradually replacing elevators with other types of drives.

At the end of the 19th century, winches with traction sheaves appeared, they
were winches with a double pulley girth.

In the twenties of the 20th century, winches with a single girth of a traction
sheave appeared, which are widely used in our time.

In our country, elevator production began to develop only after the revolution
of 1917, when alongside general cargo and passenger elevators, special types of

elevators began to be manufactured. After the Great Patriotic War the mass
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production of standard designs of elevators of general purpose and high-speed was
mastered in our country.

In 1955 - 1956, VNIIPTMASH together with the Soyuzlift trust created a
standard range of passenger elevator designs for residential buildings and public
buildings with a carrying capacity from 320 to 1000 kg, as well as a series of freight
elevators with a carrying capacity from 100 to 5000 kg and a hospital lift with a
carrying capacity of 500 kg. The greatest development of domestic elevator industry
was in 1963, when the Central Design Bureau (CPCB) for elevators was organized.
In 1966 - 1967, the TsPKB lift developed a new parametric range of passenger and
freight elevators, represented by 36 models and 62 versions.

The appearance of multi-storey buildings in recent decades has significantly
increased the country's elevator park with the growth of large cities.

Their design is improved with the increase in the number of produced
elevators. In recent years, elevators have appeared, the principle of which is based on
microcircuits and microelectronics. Despite the considerable variety of types and
designs of modern elevators, they all consist of basic elements that are fundamentally
of the same value.

Today, the elevator is an important and often necessary part of multi-storey
structures, which allows you to move loads at the required height with minimum
effort and time. However, the mismatch of equipment with modern standards,
intensive operation with serious errors in the maintenance of the elevator lead to a
rapid wear of the mechanism, low comfort of transportation, frequent breakdowns,
excessive consumption of electricity. All this makes us seek ways to solve the
problem through the use of energy-saving technologies, more sophisticated and

modern mechanisms.
Description of the components of the elevator

The scheme of a typical passenger elevator is shown in Figure A.1 [5].
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Figure A.1 — Typical passenger lift: 1 - winch, 2 - cabin, 3 - suspension cables, 4 -
counterweight, 5 - cab guides, 6 - counterweight guides, 7 - buffer cabin, 8 -
counterweight buffer, 9 - control cabinet, 12 Speed limiter, 13 - Speed limiter
tensioner, 14 - Suspension cable, 15 - Door drive, 16 - Shoes, 17 - Cabin catcher, 18 -

Door safety device, 19 - Outlet unit, 20 - Safety limit switch.

The winch is installed in the machine room of the elevator and is designed to
drive the car and the counterweight. The main components of the winch are: Reducer;

brake, frame, engine, traction sheave.
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Figure A.2 — Lift winch

All elements of the winch are mounted on a frame, which rests on the floor of
the machine room through shock absorbers.

The reducer worm cylindrical is designed to reduce the speed of rotation with
a simultaneous increase in torque on the output shaft.

The oil level is controlled by a butterfly valve. The oil is drained through the
opening at the bottom of the casing, closed with a stopper.

A shoe brake, normally closed type is designed to stop and hold the elevator
car stationary when the winch motor is not running. The brake consists of an
electromagnet, levers with friction pads attached to them. The required braking
torque is produced by springs. A retractable handle serves for manual release.

Two-speed asynchronous motor with squirrel-cage rotor. In the stator
winding, temperature protection sensors are mounted.

The traction sheave converts the rotational motion into translational motion of
the traction ropes due to the frictional force arising between the rope and the pulley
creeks under the influence of the gravity of the cabin and the counterweight.

The elevator car is suspended on the traction ropes in the shaft and is designed

to carry passengers.
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Figure A.3 — The elevator car

The elevator car consists of:

1. Lever system; 2. Double leaf door; 3. Fixed beam; 4. Carriage; 5. Layering;
6. Underground contact device; 7.Floor; 8. Fencing; 9. Frame; 10. Shoe; 11. Lifting
ropes; 12. Suspension; 13. The mechanism of opening of doors; 14. Catcher.

The ceiling is the upper part of the cabin. On the ceiling are placed lamps and
a box with terminal blocks for connecting wires, as well as a button for releasing
mine doors, when pressed, the cabin can move in the revision mode.

Natural ventilation is provided through the ventilation holes in the cabin.

Suspension is designed to fix the ropes to the cabin. Each rope is passed
through a wedge cage, after the wedge is rounded, the rope is fastened with its
clamping part to the clamp.

The cage is connected by an axis to the upper balancer, which is connected

via a pull rod to the lower balance bar, the weight of the cabin through the upper

113



beam, the shock absorber, the thrust secured to the lower balance bar, the rods, the
upper balancers and the clips transmit it to the ropes.

A frame and a switch for monitoring the slack of the ropes are installed To
control the tension of the ropes on the beam. In case of loosening or breaking of one,
two or three ropes, the balancer presses the frame, which acts on the switch, the
motor shuts down, which causes the car to stop.

The clamping ring, descending, pulls the frame, which acts on the switch,
through the rod with a pin with simultaneous breaking or loosening of all traction
ropes.

The catchers are designed to stop and hold the cab on the rails as the car
moves up and down when the speed limiter is activated.

Savers - wedge, spring-loaded, smooth braking. The catchers are designed to
work together with the speed limiter and are one of the crucial nodes that ensure the
safe use of the elevator.

Catchers consist of four identical on the construction mechanisms of jamming
and the mechanism of inclusion of catchers.

The jamming mechanism consists of a brake shoe moving vertically relative
to the shoe, while approaching the guide, the main elements of the brake shoe are the
spring and wedge installed in the body.

The switching mechanism consists of two levers of wedges fixed to the shafts,
the shafts are connected together by a pulling rod on which a return spring is placed,
adjusting nuts, the lever connects the speed limiter to the mechanism for activating
the safety devices.

When the speed limiter is activated, the movement of the rope fixed to the
lever of the safety device is stopped. With further movement of the car down the
lever turns the shaft, and through the rod, the shaft rotates, the rotation of the shafts is
accompanied by the rotation of the levers that activate the jamming mechanism.

When the brake shoe moves upwards, after touching it with the working

surface of the guide head, the spring deforms, which provides the necessary braking
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force when tightening the wedge, the movement of the brake shoe is limited by an
adjusting pin, so that the clamping force of the guide head and accordingly the
braking force do not change during braking; It stops the power of the moving cab, the
rod on the rod presses the switch roller, the contacts of which open and give a signal
to Turn off the winch motor.

To remove the cabin from the catchers it is necessary to raise the cabin, the
brake shoes under the influence of their own weight and the springs are lowered and
the mechanisms of the catchers return to their original position

The automatic cab door guarantees the safe use of the cab. The position of the
doors (separated / closed) is controlled by an electrical switch.

The driver of the cabin doors, through which the doors are opened, consists of
a worm gearbox, on the slow-moving shaft of which a lever is mounted. The drive on
rubber shock absorbers is installed on the beam of the cab door.

When the electric motor is turned on, the rotation of its rotor through a V-belt
transmission is transmitted to the worm shaft of the reducer and through the worm
gear to the slow-moving shaft. The lever arm, which has a roller, during motion
describes a semi-circle and, resting the roller at the stop, fixed motionlessly on the
carriage door of the cabin, causes the carriage to move along the ruler along with the
leaf.

This movement through the rope is transmitted to the second leaf, which
moves in the opposite direction. The doors of the cabin and mine open
simultaneously.

The angle of rotation of the lever depends on the installation of the cams,
which must be set so that when the doors are open, the lever stops in a horizontal
position of +£ 5 mm, and when closed, it is maximally raised to stop the pin against a
notch on the stop. Landing of the lever on the stops in the normal operating mode of
the drive is not allowed. The jaws are rigidly fixed to the hub of the lever and,
rotating together with the lever, act (alternately) on the switches at the right moment

and impulses for switching off the electric motor.
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The drive has a special device that switches the electric motor to the reverse,
if the passenger or some object is caught in the doorway when the door is closed.

The device works as follows: When the door drive is turned on, the lever
restrains the course of the doors, which are closed in the cabin doors by the spring
force, and in the doors of the shaft, due to the mass of the doors of the shaft. If an
obstacle arises in the path of the wings, they stop, but the lever continues to move. In
this case, between the bevel of the stop and the pin, a gap is selected and the pin then
starts to slide along the bevel of the stop, sinks into the sleeve of the lever arm and
presses on the lever arm. The spring is compressed, a gap is selected between the
second arm of the lever and the frame that acts on the microswitch.

When the frame is deflected under the action of the lever, it is released. A
microswitch pin that gives the impulse to switch the door drive motor to reverse. The
door opens again. When the doors of the cabin are closed in the maximum elevated
position of the lever, the pin acts as a locking device that does not allow the doors of
the cab door to be opened. In addition, a detachable stop is installed, which is an
additional safety feature that excludes the possibility of opening the doors from the
cab. When evacuating a passenger from the cabin, the spring is depressed, the stop is
turned.

The mine's doors are designed to exclude access to the mine. Mine door -
sliding, automatic, driven by the cab door consists of:

—  Beams;

—  Cross-members;

— Racks;

—  Threshold.

To the top of the racks, a beam and a cross-piece are attached, to the bottom -
a threshold. On the beam there are rulers on which the carriages are mounted with the
flaps fixed to them with the help of pins. Each carriage moves along a ruler on

rollers. Bearings exclude the possibility of lifting and shifting carriages from the
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rulers. The slope of the rulers ensures that the doors are closed under the influence of
their own weight.

In the closed position, each carriage is locked with a lock. The support for the
latch roller is a plate fixed on the base of the control unit, which contains the
elements of electrical control of the door operation - two microswitches, two rockers
and a bar. The lock locks the carriage only when the doors are closed.

The shown position of the mechanisms of the mine door corresponds to the
position of closed and locked doors. When the cab is located in the stopping area, the
lock rollers are located between the cheeks and the door carcasses. With the start of
the drive, the doors of the mine door are opened. Further rotation of the drive lever,
the cab door and the shaft are synchronized.

When the lock is unlocked, the arm of the rocker on which it leans against the
latch tooth is shifted downwards and thereby releases the pushrod of the microswitch,
whose contacts break the control circuit, excluding starting the car when the lock is
unlocked. With the beginning of the carriage movement, the bracket releases the
rocker, which descends and releases the pusher of the second microswitch. Thus, the
opening of both valves is simultaneously controlled. The door is closed and the locks
are locked in the reverse order described.

The cab and counterweight buffers are located in the pit, which is below the
level of the lower stop mark. Buffers are designed to mitigate the impact of the cab or
counterweight in the event of their re-entry or fall. Buffers made in the form of
springs are mounted directly on the cab guides, and hydraulic ones are installed in the
middle of the lower beam of the cabin.

At a cabin speed of 1.4 m / s-1.6 m / s instead of spring-loaded hydraulic
buffer cabinets and counterweights are installed.

General principle of the elevator

The elevator consists of the components located in the mine and machine
room. The machine room and elevator shaft form the building's building structures

(brickwork, concrete blocks, etc.).
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The main components of the elevator are: winch, cabin, counterweight cab
guides and counterweights, mine doors, speed limiter, knots and parts of the pit,
electrical equipment and wiring.

Transportation of passengers and cargoes is carried out in the cabin, which
moves along vertical guides.

The cab and the counterweight are moved by a winch installed in the machine
room, using traction ropes. There is also a speed limiter, a control device, an input
device.

There is a tensioner of the speed limiter rope, connected via a rope 6 to the
speed limiter, as well as the buffer devices of the cab and counterweight in the lower
part of the pit (pit).

To enter and exit the cabin, the shaft has a number of openings in the shaft
closed by the doors. The doors are opened and closed using the drive installed on the
cab. The doors of the mine open only when the cabin is on this floor. In the absence
of a cabin on the floor, the opening of the mine door from the outside is possible only
with a special key.

The components of the elevator in the building part of the building are placed
in a certain dependence on each other, ensuring their coordinated interaction.

When the caller button is pressed into the elevator control electrical
equipment, an electrical impulse (call) is given. If the cab is at the stop from which
the call is received, the doors of the cabin and the shaft are opened at this stop, if the
cab is not present, then a command is given to move it. The voltage of the winch
motor and the brake solenoid coil are applied to the winding of the winch, the brake
pads are released and the rotor of the electric motor starts to rotate, providing, by
means of a worm gear, the rotation of the traction sheave which, due to frictional
forces, drives the cab and counterweight.

When the cabin approaches the floor, the elevator control system switches the
winch electric motor to work at a lower rotor speed. The speed of the car is reduced

and at the moment when the threshold of the cabin floor is aligned with the threshold
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level of the mine door, the cab stops, the door drive starts, the doors of the cabin and
the shaft open.

When the button of the order of the button post located in the cabin is pressed,
the doors of the cabin and the shaft are closed, and the cabin is sent to the floor,
whose order button is pressed.

Upon arrival to the required floor and exit of passengers, the doors are closed

and the cabin stands at the stop until the button of any caller is pressed again.
General principle of the elevator

The elevator consists of the components located in the mine and machine
room. The machine room and elevator shaft form the building's building structures
(brickwork, concrete blocks, etc.) [1].

The main components of the elevator are: winch, cabin, counterweight cab
guides and counterweights, mine doors, speed limiter, knots and parts of the pit,
electrical equipment and wiring.

Transportation of passengers and cargoes is carried out in the cabin, which
moves along vertical guides.

The cab and the counterweight are moved by a winch installed in the machine
room, using traction ropes. There is also a speed limiter, a control device, an input
device.

In the lower part of the pit (pit), there is a tensioner of the speed limiter rope,
connected via a rope 6 to the speed limiter, as well as the buffer devices of the cab
and counterweight.

To enter and exit the cabin, the shaft has a number of openings in the shaft
closed by the doors. The doors are opened and closed using the drive installed on the
cab. The doors of the mine open only when the cabin is on this floor. In the absence
of a cabin on the floor, the opening of the mine door from the outside is possible only

with a special key.
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The components of the elevator in the building part of the building are placed
in a certain dependence on each other, ensuring their coordinated interaction.

When the caller button is pressed into the elevator control electrical
equipment, an electrical impulse (call) is given. If the cab is at the stop from which
the call is received, the doors of the cabin and the shaft are opened at this stop, if the
cab is not present, then a command is given to move it. The voltage of the winch
motor and the brake solenoid coil are applied to the winding of the winch, the brake
pads are released and the rotor of the electric motor starts to rotate, providing, by
means of a worm gear, the rotation of the traction sheave which, due to frictional
forces, drives the cab and counterweight.

When the cabin approaches the floor, the elevator control system switches the
winch electric motor to work at a lower rotor speed. The speed of the car is reduced
and at the moment when the threshold of the cabin floor is aligned with the threshold
level of the mine door, the cab stops, the door drive starts, the doors of the cabin and
the shaft open.

When the button of the order of the button post located in the cabin is pressed,
the doors of the cabin and the shaft are closed, and the cabin is sent to the floor,
whose order button is pressed.

Upon arrival to the required floor and exit of passengers, the doors are closed

and the cabin stands at the stop until the button of any caller is pressed again.
Two-speed drive

These systems use two-speed pole-switched asynchronous motors, specially
designed for the elevator drive. Although two-speed systems are not a variable speed
drive, they can be called adjustable, since they operate at two speeds. These systems
were widely used in Europe in the 1970s and 1980s. In Russia, most of the elevators
work on such drives and at the present time. They operate from direct starting, and
therefore there is a need to use flywheels to reduce jerks and give the engine

smoothness.
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The main element of the two-speed systems is a motor with two windings
embedded in the stator, interacting with one rotor. The ratio of speeds in such
systems is usually 3: 1, 4: 1 or 6: 1. Thus, the minimum speed will be 33%, 25% or
16.6% of the speed limit. The motors have the following ratios of the number of
poles: 6:18 (1000/333 rpm), 6:24 (1000/250 rpm), 4:16 (1500/375 rpm) or 4:24
(1500/250 Rpm).

Disadvantages of such systems:

— High starting current;

—  Low accuracy due to load dependency;

—  Excessive power consumption due to direct starting and the use of

additional flywheels.
Application of the frequency converter
Operating modes of the frequency converter

Two fundamentally different operating modes of the frequency converter can
be distinguished: operation in the mode of maintaining the output frequency and in
the mode of stabilizing the external parameter [3].

"Frequency" is the mode for maintaining the set frequency. The frequency can
be set from the control panel, the "master" input (analog input) or a combination of
digital input signals. The inverter continuously monitors the frequency reference and
changes its output frequency accordingly.

The latest models of converters of many manufacturers along with the
frequency realize also vector control of the engine. This is a method for controlling
an asynchronous motor, which is superior to the accuracy of regulation of
conventional frequency control. It is used where it is required to maintain a torque on
the motor shaft at low rotational speeds or to provide a stable speed for load jumps.

"Parameter" - operation of the drive in the mode of stabilization of the
external parameter. The external parameter stabilization system is built on the basis

of the PID controller, whose inputs are supplied with a parameter setting signal
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(setpoint) and a signal from the adjustable parameter sensor. The PID controller
generates a control signal for the frequency converter, which, due to a change in the
engine speed, maintains a controlled value equal to the set value (Figure 4). As an
external parameter, the fluid flow, pressure, temperature, etc. can be used. The
information from the sensor comes from an external analog input. The setpoint value
can be set from the control panel, from an external analog input or a combination of

digital input signals.
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Figure A.4 — PID controller

Description of the work of the elevator using the IF

The use of a frequency converter, connected to the high-speed winding of the
motor, ensures the movement of the elevator car at a high and low speed, as well as
with the speed of revision. The movement is carried out with smooth starts and
braking with limited jerks, accelerations and a high level of ride comfort in the
elevator car [2].

The cycle of operation of the main elevator drive in the normal mode is as
follows. In the initial state, the elevator car is stationary. If it is necessary to move
from the control unit to the inverter, a direction direction signal is input, and by
closing the starter contacts, the motor winding is connected to the inverter. From the
contacts of the built-in relay in the inverter to the control unit comes the signal that
the drive is ready for operation. The motor is supplied with the voltage necessary to
create the holding torque. After an increase in the current in the motor windings up to
the value providing the holding time, a corresponding signal is sent to the control
device through the closed contacts of another relay integrated in the inverter. After

this, a mechanical brake is released by commands from the control device, and the
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signal for setting the working (high) speed level is input to the inverter. After
receiving this signal, the inverter generates a voltage on the motor winding in such a
way that it ensures a smooth start-up of the elevator car with the required
accelerations and jerks up to the operating speed. After a run on the deceleration
sensor from the control device on the inverter comes a low speed reference signal.
The drive generates a voltage providing smooth braking to the speed of reaching
(small). The elevator continues to drive at a reduced speed until it hits the exact stop
sensor, and then generates a voltage at the command from the drive control unit to
ensure final braking and hold. After the motor is stopped from the inverter, a signal is
sent to the control unit to stop the movement, after which a mechanical brake is
applied, the motor is disconnected from the inverter, and all command signals from
the inverter are removed. The cycle of the main drive is finished.

The low-speed winding of the applied two-speed motor is used for installation
and repair work, as well as for failure of the drive. At the same time, it can be

powered by additional switching devices.
The advantages of using an inverter for an elevator drive

Benefits:

— Increased speed control range, which improves stopping accuracy;

— Higher accuracy of maintaining the speed of the elevator, regardless of
the loading of the cab, providing increased productivity and reduced travel time;

—  Limited starting currents of the engine, which reduces power

consumption, reduces heat and increases the service life of the insulation.
Justification of the benefit of switching to the IF-AD system

The elevator is a branch with increased energy intensity, since the annual
electricity consumption in the operation of elevator equipment is about one billion
kilowatt-hours. In this regard, the introduction of new energy-saving technologies in

the modernization of lift equipment is becoming an extremely urgent task. The
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systematic analysis of information from construction, installation and design
organizations allows us to conclude that the introduction of frequency-controlled
electric drives, the main element of which is a frequency converter, should be
considered as the basic program for energy saving on elevators [3].

The use of the frequency-controlled electric drive of the hoisting device
(winch) of the elevator significantly enhances the comfort when driving the cab,
ensures quietness and high stop accuracy, increases the durability of mechanical
equipment, and also reduces the power consumption by 40-60%. Increases
comfortable performance while driving the elevator car and the durability of
mechanical equipment due to smooth transition processes. Reduces the operating
costs for the overhaul of equipment due to a significant reduction in dynamic loads in
the elements of the kinematic chain. Reduction of electricity consumption is achieved
due to a significant, by 5-6 times, reduction of rotating winch mass, which eliminates
unproductive losses in transient starting and braking modes, smooth transient
processes allow to reduce dynamic loads in the elements of the kinematic chain of the
elevator drive, which leads to an increase in service life Main drive gear reducer,
traction sheave, brake pads, electric motor, traction cables, counterweight suspension

elements.
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CONCLUSION

The use of the frequency-controlled electric drive of the hoisting device
(winch) of the elevator significantly enhances the comfort when driving the cab,
ensures quietness and high stop accuracy, increases the durability of mechanical
equipment, and also reduces the power consumption by 40-60%.

Lift economy is a branch with increased energy intensity, since the annual
electricity consumption during the operation of elevator equipment is about one
billion kilowatt-hours. In this regard, the introduction of new energy-saving
technologies in the modernization of lift equipment is becoming an extremely urgent
task.

Systematic analysis of information of construction, installation and project
organizations allows us to conclude that the introduction of frequency-controlled
electric drives, the main element of which is a frequency converter, should be
considered as the basic program for energy saving on elevators. Smooth adjustment
of the speed of rotation due to the use of a frequency converter allows: in most cases
to refuse the use of reducers, variators, inductors and other control equipment. This
greatly simplifies the mechanical system, improves its reliability and reduces
operating costs, ensures the operation of the mechanisms most of the time at reduced
speeds with reduced cyclic dynamic and vibrational loads on bearings, seals,
fastenings, foundations of mechanisms and electric motors and a corresponding
increase in their life and overhaul . Reduce the load on the engine and mechanisms,
increase their service life due to a smooth start-up of the engine, without starting
currents and impacts.

The use of a frequency-controlled drive in the elevator farm provides: -
increase of comfort parameters at movement of an elevator car and durability of the
mechanical equipment due to reception of smooth transients; - reduction of operating
costs for equipment overhaul due to a significant reduction in dynamic loads in the
elements of the kinematic chain; - reduction of electricity consumption due to a

significant (by a factor of 5-6) reduction of rotating winch mass, which eliminates
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unproductive losses in transient starting and braking modes, increases the service life
of the main drive gear reducer, traction sheave, brake pads, electric motor, traction
ropes, suspension elements Counterweight by reducing dynamic loads in the elements

of the kinematic chain of the elevator drive due to the smoothness of the transients.
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