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IInanupyemsie pe3yabTaTsl 00ydyeHus mo OOII

Kon
pe3ysbTara

PesynbraT 00yueHus

P1

HpI/IMeHSITb COOTBCTCTBYIOIIMC TI'yMaHUTAPHBIC, CONHUAIIbHO-3KOHOMUYCCKUC,
MaTeMaTHYCCKUC, €CTCCTBCHHO-HAY4YHEBIC n HWHXXCHCPHEBIC 3HaHUA,
KOMIIBIOTCPHBIC TCXHOJOIMHW JJIsI PCHICHUA 3aJady pacu€Tta W aHaJInM3a
QJIEKMPUUECKUX yCMpOﬁCﬂ’lf?, 00beKmos U cucmen.

P2

YMeTb (OpMyYITHPOBaTh 334K B OOJACTH 9IEKMPOIHEPLEMUKU U NEKMPOMEXHUKU,
AQHAJIM3UPOBATh M pEIlaTh UX C HCIIONB30BAHMEM BCEX TPEOYEeMBIX M JIOCTYITHBIX
PECYPCOB.

P3

Ymern IIPOCKTUPOBATL 3JI€eKMpOdHepeemudeckue u djleKmpomexHuueckue
cucmemysl U UX KOMNOHEHMbL.

P4

YMerb IJIaHUPOBAaTb HW  IIPOBOJAHTH H606XO)II/IMBIC OKCIICPUMCHTAJIbHBIC
HCCIICAOBAaHUs, CBSA3AHHBIC C OIPCACICHUCM IapaMETPOB, XAPAKTCPUCTUK U
COCTOsAHUA 3.7Z€Kmp0060py00661Huﬂ, 00beKmos u cucmem JJIEKMPOIHEPEMUKU U
NIeKmpomexHuKu, MTHTCPIPETUPOBATHL JaHHBLIC U ACJIATh BHIBOJBI.

PS5

HpI/IMeHHTb COBPCMCHHBIC METOJAbI U UHCTPYMCHTbBI HpaKTI/I‘leCKOI‘/‘I HH)KeHepHOﬁ
ACATCIIBHOCTH IIpyW PpPCHICHUMU 3ada4 B obractu OJIEKMPOIHEPeEMUKU U
QJIEKMPOMEXHUKU.

P6

NmeTtpb HPAKTUYCCKHE 3HAHUS IPHHIUIIOB u TEXHOJIOTHI
INIEKMPOIHEPLEMUUECKOL U  INEeKMPOMeXHU4eckol OTpaciel, CBA3aHHBIX C
0COOCHHOCTBIO TIPOOIIEM, OOBEKTOB U BUJIOB MPO(ECCHOHATBHOM eI TEILHOCTH
npoduIsi MOATOTOBKU HA MPEANPHUITUSX U B OPraHU3ALMUSIX — MOTCHIUATBHBIX
paboToyaTensx.

P7

Hcnonp30BaTh 3HaHUS B 00JIACTH MEHEKMEHTA JJIsl YIPABIECHUS KOMILJIEKCHOM
UH)KEHEPHOW  JEATENbHOCTbIO B OOJIACTH  97€eKMpOIHEpeemuKku U
9NEeKMPOMEXHUKU

P8

Hcnonbs30BaTh HaBBIKK YCTHOP’I, MMHUCbMEHHOM pe4u, B TOM YHCJIC HA THOCTPAHHOM
A3BIKC, KOMIIBIOTCPHBIC TCEXHOJOIMHU JJid KOMMYHUKAIWH, TIIPE3CHTAINUU,
COCTaBIICHUSI OTYETOB M OOMEHA TEXHUYECKOM I/IH(I)OpMaHPICP'I B o00jacTsax
QJIEKMPOIHEPSEMUKU U ITIEKMPOMEXHUKU .

P9

aq)(beKTI/IBHO pa6OTaTL HUHAUBUAYAJIBHO W B KauCeCTBC HYJICHA WKW JIMACPA
KOMaH/bl, B TOM YHCJIC MG)K)II/ICHI/IHJ'H/IHapHOI\/JI, B o0JracTu INIEKMPOIHEPpcEeEMUKU U
INIEKMPOMEXHUKU.

P10

IIposiBIATE  JIMYHYIO  OTBETCTBEHHOCTb M IIPUBEPKEHHOCTb  HOPMaM
npodeCCHOHATBHON ATHKM M HOPMaM BEJCHHS KOMIUIEKCHOM HHXKEHEepHOM
JIEATEITbHOCTH.

P11

OCYU_[CCTBJ'I}ITB KOMIIJICKCHYIO HHKCHCPHYTO ACATCIbHOCTD B obnacTu
INIEKMPOIHEpeemuKy U 3J1eKmpomexHuky C YYE€TOM IIPABOBBIX W KYJIBTYPHBIX
ACIICKTOB, BOIIPOCOB OXPAHbI 3I0OPOBbLA U 0e30macHOCTH KUBHCOACATCIIbHOCTH.

P12

BbITh 3aMHTEpECOBAHHBIM B HEMPEPHIBHOM OOYYEHHUU M COBEPIIEHCTBOBAHHUU
CBOUX 3HAHMH U KAUECTB B 00JIACTU 21€KMPOIHEPLEMUKU U INeKMPOMEXHUKU.
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dunancoBeli  MeHemkMeHT, | Kucenesa Enena CrannciaBoBHa
pecypcodhHEeKTHBHOCTh u
pecypcocOepeRkeHne
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JoxkHocTh [)5(0] Y4eHnas crenenb, 3BaHHe Moanuch JlaTa

JlotieHT Jlsnynos J[.FO. | k.T.H. 20.03.2020r.

33}13HI/I€ NPUHAJT K HCIOJHCHUI0 CTYAECHT:
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PE®EPAT
KiroueBble ciioBa: acMHXpPOHHBIN JABUTaTeNb, MpeoOpa3oBaTeslb YacTOTHI,

anektponacoc, KHC.

[{enb paboThl — MOAEPHU3AIINS YACTOTHO-PETYIIUPYEMOTO JIEKTPOTIPHUBOIA
KaHAJIU3alMOHHOW HACOCHOW CTaHLUU.

JlanHas cucteMa MOXET OBITh HCIOJB30BaHA ISl YCOBEPIICHCTBOBAHUS
paboThI KAaHATTU3AIIMOHHONW HACOCHOM CTaHITUH.

Brimmycknast kBanmmdukanuoHHass padoTa BBITIOJIHEHA B TEKCTOBOM
penakrope Microsoft Word 2007 u mpeacraBiieHa Ha AUCKe (B KOHBEPTE Ha 000pOTe

OOJIOKKH).
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BBenenne

CoBpeMEeHHBIN  3JIEKTPONPUBOJT MPEACTaBIsICT COOOW KOHCTPYKTUBHOE
CAMHCTBO BJIEKTPOMEXAHUUYECKOT0 TMpeoOpa3oBaTesisi HJHEPruu  (ABUrartens),
CHJIOBOTO ITpeo0pa3oBaTess U yCTPOMCTBA YIIPaBICHUS.

On oOecrneunBaer mnpeoOpa3oBaHME  DBJICKTPUUYECKON  DHEPruu B
MEXaHUYECKYI0 B COOTBETCTBUU C aITOPUTMOM palOThl TEXHOJOTUYECKON
yctaHoBku. Cpepa mpruMeHEHUS SJIEKTPUIECKOTO IPUBO/Ia B TIPOMBIIIICHHOCTH, Ha
TpPaHCIIOPTE U B OBITY MOCTOSIHHO PaCIIUPSIETCS.

B mnactosiiee Bpemst yxe Oonee 60% Bcell BbIpabaTbiBaeMOi B MUPE
AIIEKTPUICCKON IHEPTUH MMOTPEOISICTCS AICKTPHISCKAMU ABUTaTe MU, [13]

CoBpeMeHHBI 3Tan  pa3BUTHS MPUBOJIA XAPAKTEPUZYETCS MAaCCOBBIM
MEePEX0/IOM OT HEPETYJIHPYEMOro SJEKTPONPUBOJA K PETYIUPYEMOMY Ha OCHOBE
JOCTIDKEHUM B 00JIaCTU CHJIOBOM W YIPABIISIIOUIEH AJIEKTPOHUKH. bosnbinoe
pazHooOpa3ne 0OHEKTOB, MPUBOJUMBIX B JBUKEHUE AJICKTPOIPUBOIOM, IITUPOKHI
JIMana3oH MOIIHOCTA M CKOPOCTH BpalleHus, TpaHchopmaiys COBOKYITHOCTU
TpeOOBaHMI K IEKTPONPUBOJIY B KaKJIOM KOHKPETHOM NMPUMEHEHUU MPUBOIUT K
COOTBETCTBYIOILIEMY pazHooOpasuto CTPYKTYPHBIX, KOHCTPYKTUBHBIX,
CXEMOTEXHUYECKUX PEIICHUM, TPUMEHSIEMBIX B Pa3JIMYHBIX 3JEKTPOIPUBOIAX.

ACHHXpOHHBIE  JIBUTaTenud  Hawbojee  4YacTo  MPUMEHSIOTCS B
MIPOMBINLJICHHOCTH U Ha TPAHCTIOPTE M3-3a CBOCU MPOCTOTHI U HAAEKHOCTH. OTHAKO,
s PeKkTHBHOE YIIpaBICHUE UMHU MTPEACTABIIIET COOOM JIOBOJIBHO CIOKHYIO 3a7a4y 1
TpeOyeT Co37aHus CIEIUATbHBIX CUCTEM YIPABICHUS.

CucrteMbl yrmpaBlieHUs] MOTYT OBITh PYYHBIMH, IMOJTyaBTOMAaTHYECKUMHU M
aBTOMAaTHYECKUMU. ABTOMaTHdecKas padoTa CHUCTEMBl TOJJICPKUBACTCS W
KOHTPOJIMPYETCS JICKTPUUECKUMHU, MEXaHUUYECKUMHM, TUJIPABINUYCCKUMU WM JIp.
amnmnapaTami.

Jist  OONBIIMHCTBA ~ MACCOBBIX ~ NMPUMEHEHUN  TMPUBOAOB  (HACOCHI,
BEHTWJISITOPBI, KOHBEWEphI, KOMIIPECCOPhI W T.1.) TPeOyeTcs OTHOCUTEIHLHO
HEOOJIBIIION TUara3oH peryiaupoBanus ckopoctu (o 1:10, 1:20) u oTHOCHTENHHO

HU3KOE OBICTPOJICHCTBHE.
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PerynmupoBanue CKOpOCTHM JBUTATENCd MEPEMEHHOTO TOKAa HW3MEHECHHEM
YaCTOTHI IMOJBOJAMMOTO K CTATOPY HAIPSHKEHUS 1O CYIIECTBY BEChbMa SKOHOMUYHO
U MOXET OO0€CIeuuTh IIJIaBHOE pETyJIMpPOBaHME B MIMPOKUX Tmpenenax. Jlms
o0ecriedyeHrss ATOTO  cHocoba  peryJupoBaHUS  CKOPOCTH  HEOOXOIHUMO
npeoOpazoBaTeIbHOE YCTPOUCTBO, MTO3BOJISIONICE IABHO PETYIHPOBATH YaCTOTY U
10 COOTBETCTBYIOIIEMY 3aKOHY HM3MEHSTh IPH 3TOM HANpPSHKEHUE TEPEMEHHOTO
TOKa.

[TpumeneHne mpeoOpa3oBaTess YacCTOTHl Ha HACOCHBIX CTAHIIMSAX TO3BOJISET
o0ecrnieunTh IJIaBHYIO paboTy o00opyaoBaHUs (DJIEKTPOJBUTATENSI M Hacoca),
n30eXaTh Meperpy3Ky MUTAIONIEH CeTH B MOMEHT ITyCKa M OCTaHOBa HAcOCOB, 3a
CU€T CHUKEHHUS TIYCKOBBIX TOKOB, U30€XaTh THUIPABIMYECKUX YyIapoOB B
TpyOOIIPOBOJIaX M 3alIOPHON apmaType.

[lenpr0 BBITYCKHOM KBAIU(PUKAIMOHHON paOOTHI SBISETCS MOJACPHU3AITUS
YaCTOTHO-PETYJIMPYEMOTO 3JIEKTPONPUBO/IA KaHATM3AIIMOHHON HACOCHOU

CTaHLIMK, YIAOBJICTBOPAIOUIASA TCXHUYCCKUM YCIIOBUAM U Tpe60BaHI/I5[M.
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1. TeopeTnyeckasi 4acThb

1.1. Kanaau3anuoHHAasl HACOCHAS CTAHIIUSA

Kananuzayuonnas nacocnas cmanyus (KHC) npeaHazHadeHa 1)1 NepEeKauKu
CTOYHBIX BOJ TMpPU HEBO3MOXHOCTHM WX CAMOTEYHOTO TMOCTYIUICHHS B
KaHAJIM3alUOHHBIA KOJJICKTOP WM OYUCTHBIE COOpY)eHHs. [17]

Hannas KHC cymectByer B r.Tomcke u pacnosiokeHa Ha yi. 79
I'Bapnetickoit Jlusuzuu u umenyercss — KHC-79. KHC-79 BHemne npencrapiser
co0oli HeOOJBIIOE KUPHMUYHOE COoOpyxkeHue - mnaBwiboH. [lutanme na KHC
nopaercs ¢ nonacraHuuu OOO '"Topceru”. OOciyXuBaeTcs NPEANPUITHEM B
chepe XKKX B r.Tomcke, 3aHnMaroiieecst BogocHa0xeHneM 1 kananuzamueit - OO0

«TomckBomoOKaHam». [16]

Kananuzayuonnas nacocmass cmanyusi (pucyHoK 1) mpuMeHsieTcs B
CUCTEeMaxX JMBHEBOMU, MPOU3BOJICTBEHHO U XO3SIIICTBEHHO-OBITOBOM KaHAIM3aIUU.
Tunosass KHC BbInoiHEHA HA OCHOBE EMKOCTH M KOMIUIEKTYETCS MOTPY>KHBIMHU
Hacocamu cepuu « pthi» (komruiekTarnuss KHC npuBeneHa B npuiioxeHun A).
Kanamm3annonHass HacoCHass CTaHUMS [peJHAa3HAadYeHa Uil [OA3E€MHOTO
pa3mereHus. [ myOrHa 3a7105)KeHUS 3aBUCHUT OT ITyOWHBI 3aJI0KEHHUS TTOABOISIIIETO

TpyOomnpoBosa. [17]

Pucynok 1 - KananuzaimonHasi HacCOCHasi CTaHIUS
12



Kananuzayuonnas nacocnas cmanyus « Mpmoiw-2x0» npeacTaBisier co0oit
BEPTHUKAJIBHYIO CTAJIBHYIO €MKOCTh. ['OpJIOBHHA €MKOCTH 3aKphITa KPBILKOW. /J[HO
BHYTPH pe3epByapa BBIIIOIHEHO B BUJIE BOPDOHKH. Uepe3 CTEHKY EMKOCTH BbIBE/ICHA
THIb3a [ TOJKIIOYEHHUs caMoTeyHoro TpyOompoBoaa. s ynaBivMBaHuUs
IUIABAIOIIEI0 Mycopa MNpPeIyCMOTpEHa ChbEMHass Kop3WHAa. B HWKHEH vactu
pe3epByapa YCTaHOBJIEHBI JBa Hacoca NorpyxHoro tuma. Ob0a Hacoca MOTyT
BEPTHUKAJIBHO MEPEMEIIATHCS TI0 HAMPABIISIOUIUM, U KPETISITCS K TPYOHOMY Y311y 6€3
OOJTOBBIX COETUHEHU TOCPEACTBOM MTOTPYKHOTO COEAUHUTENS, YTO 3HAUYUTEIIBHO
o0JsierdyaeT MOHTaX, JICMOHTaX U TEXHUYECKOE 00CTyKMBaHUE HACcOCOB. [17]

Ot Kaxaoro Hacoca MAET HamopHas TpyOa, HA KOTOpPOMl yCTaHOBJIEHA 3aropHas
apmatypa. Ha BCIO BBICOTY KaHaJIM3alMOHHOM HACOCHOM CTaHLUM PACIIOIOKEHA
nectHuna. Taxxke, BHyTpu KHC cMOHTHpOBaHBI MOIUIABKOBBIE TATYMKHA YPOBHEU
BKJIFOUEHUS/OTKIIFOUEHUSI HACOCOB:

* [IOTJIABOK OOIIETro OTKIIIOYEHHUS HACOCOB

* IOIUIABOK BKJIKOYEHHUSI IEPBOTO HACOCA ;

* [IOIUIABOK BKIJIKOYEHHUs BTOPOI'O HACOCA,

* IOIUIABOK NTOJAA4YM aBAPUHMHOIO CUTHAJIA NTEPENIOIHEHUS IPUEMHOTO

pe3epByapa.

[lonaBku | MOrpyXHBbIE HACOCHI MOJAKIIOYEHBI K IIKady ympaBieHHs.
PabGota HacocoB OCyIIECTBISIETCSI B aBTOMAaTUYECKOM PEXHMME MO CUTHAJIaM OT
MOIUIABKOBBIX BBIKIIIOUaTene, yctanoBiaeHHbIXx BHyTpu KHC. BayTpu kopmyca
pacnoyiokeHa Iulomaaka (ChEMHAs WM CTalMOHApHas), HeoOXoaumas s

KOM(OPTHOTO 0OCTY>KUBAHUS 3aIIOPHON apMaTyphl EPCOHATIOM.

13



Pucynok 2 - CranbsHoi#t kopnyc KHC

JlatTuuk Oaka, cBOOOJHO IIOJIBEIIMBAETCS Ha JKEJaTEebHON BBICOTE Ha
cobctBeHHOM KaOene. Korma ypoBeHb KUIKOCTH JOCTUTHET PEryJsTOpa, KOPITYC
HAaKJIOHUTCSI, W MEXaHWYCCKUHM TEpPeKIIoYareslb 3aMKHET WM  Pa30MKHET
MEKTPUUECKYIO TeMb. TakuM 00pa3oM, BKIIOYUTCS WM OCTAHOBUTCS HACOC WIIU
OyJieT NMPUBEACHO B ICCTBUE CUTHAJIBHOE YCTPOMCTBO.

J{nst KoHTpOJIs 32 cocTOosiTHUEM HacocoB coBMecTHO ¢ JJHK npumensitorcs

JAaTYUKU TCMIICPATYPbI U BJIAKHOCTHU, YCTAHABJIIMBACMBIC BHYTPH HACOCA.

Aaroputm padorsl KHC.

IIpu pabGote cranmuu ¢ aByms Hacocamu (1 pabouumit + 1 pesepBHBII),
KQKJIbII HACOC UMEET MPOU3BOJIUTEIBLHOCTD, OJU3KYI0 K MAKCUMAIIbHOMY MPUTOKY
CTOYHBIX BOJ. B 3aBUCMMOCTH OT 00beMa MOCTYMAIOUIUX CTOKOB BO3MOKHBI
CIEAYIOUIUE TPU PEXKUMA!

PacuerHasi Harpy3ka

OauH W3 HacoCOB MEpeKauuBaeT BeChb O0BEM TMOCTYMAIOIIUX CTOKOB.
HauansHoe coctostHue: Hacochl He pabortaroT u croku noctynaioT B KHC. Ilpu
HAIMOJHEHUHU EMKOCTH /10 2-T0 YPOBHSI MOIJIaBOK No2 moJaeT CUTHAl Ha BKJIIOUEHUE

onHoro Hacoca. Hacoc oTkaunBaeT cToku 10 1-ro ypoBHs u nomiaBok Nel nojgaer
14



CUTHAI Ha ero oTkmoueHue. [{uknm 3akoHumiics. B moBTOpHOM 1uKie OyaeT
paboTaTh yKe IpyroM Hacoc.

Takas mnomnepemeHHass paboTa oOecrneyrMBaeT YMEHBIIEHHUE KOJIHMYECTBO
BKJIIOUCHUM B 1 9yac Kaxkaoro Hacoca - 31o no3poisieT 00beM KHC. Jlocturaercs
paBHOMepHasi HapabOTKa HacOCOB.

IIukoBast Harpy3ka

Hacrtynaer B ToM ciyyae, KOraa 00beM NOCTYHMAIOMIKUX CTOKOB MPEBBIIIAET
IPOU3BOAUTENILHOCTD Hacoca. [Ipu ogHOM paboTaroiiieM Hacoce YpOBEHb KUIKOCTH
MIOAHUMAETCS. N0 3-TO YpOBHS, M NOIUIaBOK Ne3 moJaeTr CUrHald Ha BKIKOYEHHE
BTOpOro Hacoca. OMTHOBpEMEHHO pabOTalOT JBa Hacoca.

ABapHMUHBIN PeKUM
KuakocTs B €MKOCTH MOJHUMAETCS 10 4-TO YPOBHS U BBIIACTCS CUTHAJ aBapusi-
nepenofiHeHus. Takoil pexxuM BO3MOXKEH B Pe3yJIbTaTe yBEIMUECHUSI 00beMa CTOKOB

NN OTKJIIOYCHHA HAaCOCOB.

1.2. DnekTpoHacoc

DJIEKTPUUECKHUI HACOC COCTOUT U3 JBYX OCHOBHBIX YaCTEW: JICKTPOABUTATEIIS U
JIOTIACTHOTO IIEHTPOOEKHOTro Hacoca. Pabodee Kojeco BMeCTe€ C JIOMACTSAMHU
IIEHTPOOCKHOTO Hacoca 3aKJIF0YEHO B KOPIYC MW COCAMHEHO C BaJloM
AIEKTPOABUTATEIIS.

[Ipu Bpamenun pabouyero Kojeca BoJa, 3aloOJHSIONIAs HAcOC, MO JeHCTBUEM
IEHTPOOEKHOM CUJIBI BEIOPACKIBAETCS U3 KOPIYCa, BHIIOJHEHHOTO B BUJIEC YJIUTKH,
B HaIMOPHBIN TPpyOONPOBOJ M MOJAETCS B pe3epByap WM Ha pasnauy. Bo Bpems
BpareHus paboyero Koyieca BO BCaChIBAIOIIEM AaTPyOKe HACOCa CO3/1aeTCsI BaKyyM,
3a CYET KOTOPOro BOJIa HEMPEPHIBHO MOCTYINAET BO BCACHIBAIOIIUNA TPYyOOIPOBO/I.
[14]

DnektpoHacockl cepun «MpTeimy (npunoxenue b) tuma 1D npenHazHavyeHsb
JUIS. TIepeKauMBaHUS OBITOBBIX M TMPOMBIIUICHHBIX 3arpsA3HEHHBIX KUIKOCTEH
(exanmbHBIX, CTOYHBIX BOJl, TMPOMBINIIEHHBIX OTXOJOB), C BOJOPOIHBIM

nokazareneM pH=6,0...9,0 miotHocThio 10 1100 kxr/m3, Temnepatypoi g0 323K
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(50°C), ¢ conmepkaHreM pa3IMYHBIX HEAOPA3WBHBIX B3BCIICHHBIX YACTHIL BKIIFOYASI
KOPOTKOBOJIOKHUCThIE, KOHILIEHTpaIuei 10 2% 1o macce, abpa3uBHBIX B3BEIICHHBIX
gacTull He 6osee 1% mo 00bpEMy, pa3MepoM 10 SMM U MUKPOTBEPIOCTHIO HE OoJiee
9000 MITa. [21]

Ha ngannoit KHC ycTanoBieHO JBa AJIeKTpUUECKUX Hacoca.

H [M]

60

50

30

il

0

0

0 0 20 30 L0 50 60 70 Qm/d

Pucynok 3 - PaGoune xapakrepuctuku Hacoca «pThimm»

rae H - nanop, Q — mogaua.

2. OnpenesieHue A0MOJHUTETbHBIX IAPAMETPOB ABUTATEJIS U
apaMeTpPoOB CXeMbl 3aMelleHUsI
Ha KHC B coctraBe Hacoca yCTaHOBJICH IBurarenb Siemens cepuu 1LAG

rabaput 160M.

Tabnuma 1 - XapakTeprucTUKH dJIEKTPOIBUTATEIS

P, xBr I1B,% COS(,0.€ n , 00/MUH n,,%
15 40 0.9 2940 90
JOG,KZ'MZ ki - |_n kmax = MKP kn - j\;}’CK min — A/;W

0,043 6,5 3 2,2 1
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CHHXpOHHaﬂ yTJ10Bast 4aCToTa BpalllCHUA 3JICKTPOMATHUTHOI'O I1OJIA:
_2zf 2.314.50
p

HomunanwsHas yactora BpalllCHHU:A BaJid 3JICKTPOABUT'aTCILA:

o =N 2280 a7 enpanic
955 9.55

=314.159 pao/ ¢

2

HomunanbHas BeJIMYMHA CKOJIbKCHMS:

@ 307,85
s, =1-—+=1-
@, 314.159

=0.02 pan/c

HomMmuHanpHBI MOMEHT ABUTATEIS

_P,-10° 15-10°
e 307,85

IB.H

M =48,72H - ..

HomunanbsHOe pazHoe HanpsKEHHE MPU COETMHEHUH OOMOTOK B 3BE3/1Y

U =U—H=@:ZZOB_

@H \/g \/g

HomunanbHbIi (a3HbIi TOK IPU COETUHEHUH OOMOTOK B 3BE31y

P 15000

H

I = =
M 3.U,, -n-cosp 3-220-0.9-0.9

=1 =28,054 .

10H

MakcuManbHbIi MOTPEOISIEMBIN TOK JBUTATENS NP MTYCKE

I =k, =6,5-28.05=182,334.

MAKC 7B " JIH
Kputnuecknii MOMEHT IBUTaTElIsl HA €CTECTBEHHOM XapaKTEPUCTUKE

My =m, -M ,, =3-48,72 =146,16 H.

[IyckoBOW MOMEHT IPU NPSIMOM ITyCKE

M =m,-M,,, =22-48,72=107,184 Hu

JB.ITYCK
ToK X0JIOCTOr0 X0Ja aCHHXPOHHOTO JBUTaTEIs MOKHO HAaWTH IO CIECAYIOLIEMY

BBIPAKEHHUIO:

Io :\/Ilzl_[p*llH (1_SH)/(1_ p*SHZ)]Z ’ (21)
1-[p.A-s,)/A-p.s,)]
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- —294
Som = LEL T 3000~ 2940 =0.02 - HOMHHAJILHOE CKOJIBLKEHHE
Ny 3000
i 15000
b = . = — 28,0584 - N
1n 3. Uj_H .COS (DH 1, 3.220.-0.9.0.875 HOMUWHAJIBHBIU TOK

CTaTopa ABUIATCIIA,

L p, P, ~0.75-15000
" 3.U -cosd - 3.220-0.883-0.9
1H P an

=21444 - T1OK craropa

JIBUTATEIS TIPU YaCTUYHON 3arpys3Ke;
Koaddurment 3arpy3ku aBurarens

Px = P/PH =0,75.

Koaddumment momuoctu u KIIJ mpu yacTuuHO#M 3arpy3ke B TEXHUYECKOM
JUTEpaType MPUBOIATCS PEAKO, a I LEIOr0 psAla CEPUM DIIEKTPUUECKUX MAIIWH
TaKue JIaHHbIE B CIPABOYHOM JUTEPATYype OTCYTCTBYIOT. DTH MApaMETPbl MOKHO
OIIPEETUTh, PYKOBOJCTBYSCH CIAEAYIOIIMMHI COOOPaKEHUSIMU:

COBPEMEHHbIE ACUHXPOHHBIE IBUTATENIU MPOEKTUPYIOTCA TAKUM 00pa3oM, 4To
HanOonbmui KIIJ nocturaercs npu 3arpy3ke Ha 10-15% meHbIe HOMUHAIBHOM.
JIBuraTenu paccUMTHIBAIOTCS TaK IMOTOMY, YTO OOJIBIIMHCTBO M3 HUX B CHILY
CTaHJAAPTHOM JUCKPETHOM WIKajdbl MOIIHOCTEH paboTalOT ¢ HEKOTOPOM

Heporpy3koi. [lostomy KIIJl npu HOMHHANBHOW Harpy3ke u Harpyske P« =0,75
MPaKTUYECKU PaBHBI MEXy CO00ii, T.€.

Ty, = 110,75
KOA(GUITUEHT MOIITHOCTH MPH TOH ke Harpy3ke Px = 0,75 3HaunTensHO

oTanYaeTcs oT Ko PuimeHTa MOIHOCTH PY HOMUHAIBHOW Harpy3Ke, IpuieM
9TO OTJIMYME B 3HAYUTEIBLHOM CTEIEHU 3aBUCUT OT MOILIHOCTU JBUraTeIIsd U IS
M3BECTHBIX cepuil AJl ¢ 10CTAaTOYHOM JU1sl IPAKTUYECKH TOYHOCTBIO MTOYUHSAETCS

3aBHCHMOCTH, IIPUBEJICHHON B ICTOYHHKE [5]

COS P75 _ 0,98 COS ¢, .5 =0,98-cos¢, =0,98-0,9=0,883
cos g,
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CoS @, 5 = 0,882 - KO3 GUIIUESHT MOIITHOCTH TP YACTUIHOU 3arpy3Ke;

Toxk xomocToro X04a aCMHXPOHHOI'O JABUTATCIIA

=6,933 A

| 21,44% —[0.75-38,536-(1-0.02) / (1-0.75-0.02)]?
° 1-[0.75-(1-0.02) / (1-0.75-0.02)]°

Omnpenenum napameTpbl T-00pa3Hoit cxembl 3amenieHuss AJl Mo ero KaTaaoXHbIM

JaHHBIM

O

PI/ICYHOK 4 - Cxema 3aMCIICHHUA AaCHHXPOHHOI'O ABUI'aTCIIA

13 dpopmynsl Kitocca onpenensemM cOOTHOIIEHHE, KOTOPOe HEOOXOAUMO IS

pacucTa KPUTHICCKOI'O CKOJIbKCHUSA:

=S kMAKC * \/(kMAKC)Z'[l_Z'SH 'ﬁ'(kmk‘c _l)] =
' ’ 1_2.SH.ﬂ.(kMAKC- )
3+/3%-[1-2.0.02-1,3-(3-1)]

1-2.0.02-1-(3-1)

=0.02 =0.131

R,
C, R,

rae fB= - 3HaYeHUE Kod(unuenTa 3 Haxoautcs B amamazone 0,6 — 2,5,

M03TOMY B TIEPBOM MPHOIIKEHNN ipuHuMaeM 3 =1,3.

C =1+ (I—O) =1+ 6,933
2-k -1, 2-6,5-28,058

=1.019:

OmnpenensieM K03 HUITUESHT:

m-U2,(1—s,) 3-220°(1-0.02)

=1,552
2-C,-k, -P, 2-1.019-3-15000

A =

Torz[a AKTHUBHOC COIIPOTHUBIICHHUC POTOPA, IIPUBCACHHOC K 00OMOTKE craropa

ACHMHXPOHHOI'O ABUIaTCJIAd
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A 1,552

R = =
TSI (1, 1 g0
0.127

=0.170m ,

AKTHBHOE CONpPOTUBJIEHUE CTATOPHOM OOMOTKH MOKHO ONPEIEIUThH IO

CIEAYIOIIEMY BBIPAXKEHUIO
R,=CR,3=1.019-0.17-1,3=0.2250m
OnpenenuMm mapamMeTp 7Yy, KOTOPBIA TO3BOJUT HAWTHU HWHIYKTHUBHOE

COMPOTHUBJIEHUE KOPOTKOIO 3aMbIKaHUA X, '

y=\/s2)- B =\/(0 1;72]—1,32 =7,551.

Torna
X, = ;/CIR'2 =7,551-1.019-0.172 =1,3070m,

Jns  Ttoro 49ToOBI BBIICIUTH W3 HWHIYKTHUBHOTO COMPOTUBICHHS Xikp
CONPOTUBJICHUS paccesiHus pa3 craropa U poTopa, HEOOXOIUMO BOCIIOJIH30BATHCS
COOTHOIIICHUSIMU, KOTOpPbI€  CHPABEIJIUBBI ISl CEPUMHBIX ACHUHXPOHHBIX
JIBUTATEJICH.

NHnykTUBHOE CONMPOTUBIICHUE POTOPHOU OOMOTKH, MPUBEJEHHOE K CTATOPHOM!,

MOKET OBITh PACCUYUTAHO

X, 058X, 0581307 o0
C, 1,019

X, 0744

L, = - =0.00237 I'
27 f, 2-314-50

NHayKTUBHOE COMPOTHUBIICHUE CTAaTOPHON OOMOTKH MOXET OBbITh ONpEAesICHO
IO CJIEAYIOIIEMY BBIPAKEHUIO
X, =0,42X =0,42-1,307 =0,5490m,

L~ X 0549

- = =0.001748 I'n
2rf, 2-314.50

[To HaiinenusiM 3HaueHusM nepemennsix Ci, R,, Ri u X, ompemenum

KPUTHUYCCKOC CKOJILXKCHHEC
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. _ CR,  1.019-017
© 2 RP+xZ,  \J0.225% 1,307

=0.131.

CornacHo BektopHOil nuarpamme OJIC BerBM HamarHnuuBaHus E,,
HaBeJIEHHAas MMOTOKOM BO3/YIIHOTO 3a30pa B OOMOTKE CTaTopa B HOMUHAIHHOM
pexuMe, paBHa

E1 = \/(UlH COS¢1H - RI IIH)2 + (UIH sin ¢IH + XIHIIH)2 =
— |/(220-0.9-0.225.28,058)" +(220-0,451—0,549-28,058)° = 207.899B

Tor):[a HHAYKTUBHOC COIIPOTHUBJIICHUC HAMAaIrHUYHBaHHA

X, =01 207899 _ 99 9860
l, 6,933
X

L=t = 2990 _4405p,

“ 2rf, 2-3.14.50

Tabnuna 2 - [TapamMeTpsl cXeMbI 3aMENICHUS AJIEKTPOABUTATENS

Rl’ Xlo" Llo" X L R;’ X;a"

L;a ' XK3 '

u n

Om Om ' OM IR OM Om Ml H Om
0,225 | 0,549 |0,001748 | 29,986 | 0,095 0,17 0,744 |0,00237 | 1,307

3. Bbioop npeodpa3oBaTesisi 4aCTOTHI

[IpeoOpa3zoBarenb YacTOThl CIYXUT Uil IUIABHOTO — PEryJIMPOBAHUS
CKOPOCTH aCUHXPOHHOTO AJIEKTPOJABUTATENSI MJIM CHHXPOHHOIO JIBUTATENs 32 CUET
CO3/IaHUsI Ha BBIXOJIE MPeoOpa3oBaTessl AMEKTPUUECKOTO HANPSHKEHUS 3a/1aHHOM
yacToThl. B mpocTedmmx ciydasx peryJupoBaHUE 4YacTOThl M HaNpPSHKEHUS
MPOUCXOUT B COOTBETCTBUU C 3amaHHOM xapaktepuctukor U/f, B HamOoiee
COBEPILIEHHBIX MPeoOpa3oBaTENsIX PEATM30BAHO TAaK HA3bIBAEMOE BEKTOPHOE
ynpasienre. YacToTHpIi mpeoOpa3oBaTesb — 3TO YCTPOHCTBO, COCTOSAIIEE
U3 BBIIPSAMUTENS (MOCTa TIOCTOSTHHOTO TOKa), MPEoOpas3yIoUIero nepeMeHHbI TOK
MIPOMBIIIUIEHHON YaCTOThI B IOCTOSIHHBIN, M MHBEpTOpa (IIpeodpazoBaress) (MHOT a2
c HINM), npeoOpa3yro1iero mNOCTOSIHHBIN TOK B IEPEMEHHBIN TPeOyEeMbIX YaCTOTHI

u ammumatyael. Beixogaeie Tupuctopbl (GTO) wmmm  Tpansucropel  (IGBT)
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o0ecreuyrnBalOT HEOOXONWMBIM TOK Ui TUTaHUS d3JeKTpoisurarens. Jlmis
yiydmeHus: (GopMbl BBIXOJHOTO HAMpsDKEHUS MEXAy IMpeoOpa3oBareneM u
JBUraTelIeM HMHOTA CTaBAT JIPOCCENb, a Ui YMEHBIICHUSA DJICKTPOMATHUTHBIX

nomex — EMC-¢dunbtp. [17]

[Tpumenenue npeodpazonatens yactoThl ([14) na gannoit KHC no3Bonsier:

- 00ecTieunTh IIIaBHYIO0 pad0Ty 000pyA0BaHUS (JIEKTPOABUTATEIS U
Hacoca);

- n30exaTh Meperpy3Ky MUTAIOMICH CETH B MOMEHT ITyCKa U OCTaHOBa
HACOCOB, 32 CUET CHIDKEHUS ITyCKOBBIX TOKOB;

- n30eXaTh rUAPABINYECKUX yIapOB B TPYOONPOBOAAX U 3aIOPHOU
apMarype.

Bc€ 310 B CBOIO 0UEpe/ b YBEIMUMBACT CPOK UX CITY>KOBI M CHID)KAET 3aTPaThl
Ha o0CIy>KUBaHUE 000PYIOBaAHUSI.

Bribupaem npeoOpaszoBarenb 4actotbl (hupmbl «Danfossy.

dupmoii Danfoss BeIycKarOTCss MHOTOIIETCBBIC TPEe0OPa30BaTEI YaCTOTHI
JUIST TIPUMEHCHHMSI B PA3UYHBIX OTPACsIX TPOMBIIUICHHOCTH, a TaKke
CHEIMAIN3UPOBAHHBIC CEPUH, MPETHA3HAUCHHBIE MJII CHUCTEM BOJOCHAOXKEHUS,

BCHTWJIIIWHU 1 KOHAUIIUOHHUPOBAHNA.

[TapameTpsl uTaromeit cet: 3-X dasznas cetb 380/220 B, 50
BrIxoiHbIC TapaMeTpsl MpeoOpa3oBaTelis YacTOTHI:
- MaKCUMaJIbHasl BBIXOIHAS YaCTOTa

(0917 MaKc

f = 50 —2Laase
I1.MAKC COO (1_ SK)

. ~ 246,28
HEE 77 314.159(1- 0.127)

44,89 Ty;

f e = 44,891y,

HOJ’Iy‘ICHHa}I BCIMYMHA YaCTOTbl AOIMyCTHMMA T.K. HC IIPCBLIIIACT ,HOHYCTHMBIﬁ

nuaria3oH +10%
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- MUHHUMAJIbHAasA BBIXOAHAA 4aCTOTa Hpeo6pa30BaTeJm

< 50 a)317.,mm .
Wy

f

11.MHUH

8,2
fsaee =50377 785

=1,31 I'y;

f v =1,311y.

JImuTenpHO AOIMYCTUMBIN TOK

Mc
u.H 2 Il(DH M

MAKC

AB.H

lyor * MC e 28.05-@ =12,62 A
M 48,72

l,,=212,62A

UH —

KpaTKOBpCMCHHO ,Z[OHYCTI/IMBIﬁ TOK

> I M317.ruaKc
H.MAKC — "1®H
M

JIB.H

1, Monuwe _9g.05. 876 _ 54 43
M 48,72

JIB.H '
I spue 250,43 A
[IpeobpazoBartesib 4aCTOThI BEIOUpAEM:
® 10 HOMUHAJIFHOMY U MaKCUMaJIbHOMY KPATKOBPEMEHHOMY TOKY
® 110 BBIXOJIHBIM MTapaMeTpaM YacCTOThI

® 110 MapameTpaM MUTAIOIIEH CEeTH

TexHruecKkue AaHHbIe MpPeoOdpa3zoBaTeNsl YaCTOThI IPUBEIEHBI B TA0IUIE 3.



Tabnuna 3 — TexHuueckue AaHHbIe MPeoOpPa30BaTeNs YaCTOThHI

VLT2882
0.75 +18.5 kBT,
Mo1tHOCTE/HaNIpsKEHNE
3x380 + 480 B

MakcumanbHas JJINHa Kabels K

ABUI'aTCIIIO

Oxpanup.-40m
Henkpan.-75m

Kopmyc

IP20

XapakTepucTruKa Harpy304HOI0

MOMCHTAa

[TocTosiHHBIN/TIEpEMEHHBII

[TpunHIMn ynpapieHus

VVC-ymnpaBneHnue aMIIUTy 101 |
4acTOTOW MyTeM KOMIIEHCAIlUU

HArpy3KHU U CKOJIbKCHUA

MaxcuMalbHBIN TOK

160% 1 muu
180%0,5 ¢

MaxkcumanbHbIN

MOMEHT(TIEpEeTrpy304Hasi ClioCOOHOCTH )

160% 1 mun

MOMEHT 1pu HYJIEBOM CKOPOCTH

0,2+132
Brixonnas yacrora, I'11
1+1000
Pazpemenue no yacrote, I'i +0,013
JlnanazoH peryIupoBaHus CKOPOCTH 110
-pa30MKHYTas CHCTEMa '
1:120

-3aMKHYTas

ToyHOCTB MOAIEPKAHUSA CKOPOCTH:

-pa30MKHYyTas

-3aMKHYTas

n=150+3600 00/MuH

+20 06/MHUH

n=30+3600 06/muH

+7,5 00/MuH
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Tabmuua 4 - [Tapamerps! nmpeodpazoBatens dactotel VLT 2882 pupmsr Danfoss

<C [ < pla )E
o 5 e § m = o =
Q jan) =N A i E ) jas) an)
E e g =0 § S = ) &= = % < -
< § = ﬁ g = g plav § 5} S = =)
o, = o 5 = 3] £ 9 S & E >
o E X 8 SEE= = 5 B E m o &z
= S 3 I g ¢ £ s X O O F
- c = 5 |5 ® 5| 8 & =
= T o S = T 3 s 2
= R &
2882 26.0 18.5 37.5 60.0 97
Knemmbr mpeoOpasoBarens wactoTel Danfoss VLT2882 (puc. 5) u

Ha3HA4YeHUE KieMM (TabJ. 5) MOHaMOOMTCSA B JajbHEUINEM MPU TMOJIKIIOYCHUU

JaTUYHUKOB.

12 18 19 20 27 29
I =l

33
=]

42

46

53

[
|

55 60 |

]

+24V DIN DIN GND DIN DIN

ouT

DIN

ANA
ouT

DIG
ourt

10V
ouT iN

VOLT

GND CUR

IN

03 02 Of
RELAY
'67 68 69
3 R &
Y P N

QUT RS485 RS485

Pucynok 5 - Kiiemmbl ipeoOpaszoBarens gactotbl Danfoss VLT2882

70

‘GND
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Tabnuma 5 - Haznauenue kiemm npeodpaszoparens gactotel Danfoss VL T2882

No Hasunauenue

01-03 | Beixogasl pene 01-03 MOTYT UCIIOIB30BATHCSA JJIs1 HHIUKAIIAN

COCTOSIHUS U JIJIsl aBAPUIHBIX CUTHAJIOB / IPEAYIPEKICHUA.

12 Hctounuk nutanus 24 B=.

18-33 | LudpoBsie BXOIbI

20,55 OOGmuit TPOBOJ 1711 BXOJHBIX U BBIXOIHBIX KIEMM.

42 AHAJIOTOBBIN BBIXOJ JJIs1 OTOOpaKEHUS YaCTOThI, 3aJJaHHUs, TOKA WIH

KpyT4amero MOMCHTA.

46 udporoit BEIXO 111 HHAUKAIIMN COCTOSIHUHN, TIPEAYTIPEIKICHUN I

ABapUNHBIX CUTHAJIOB, 4 TAK)KE YACTOTHBIN BBIXO/I.

50 Hanpspokenne nutanus +10 B= a1 moTeHImoMeTpa wiv TepMUACTOPA.
53 AHanoroBslii Bxoj 1o HanpspbkeHuto 0 - 10 B

60 Amnanoroselii Bxox 1o Toky 0/4 - 20 MA

67i Hanpspkenue B ceTr mocTossHHOro Toka + 5 B st Profibus.

68, 69 | UuaTepdetic mociaenoraTenpHol cBs3u RS 485.

70 OO6uuit mpoBoA A kiemMM 67, 68 u 69. DTOT BBIBOJI 00BIYHO HE

UCIIOJIb3YETCS.
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4. PacueT cTATHYECKUX XaPAKTEPUCTHUK JBUTATENS
4.1. EcTrecTBeHHbIE XaPAKTEPUCTUKHU JBUTATEJISI
Hcnonb3ys mapamMeTpbl CXeMbl 3aMelIeHUs], POU3BEIEM pacueT MEXaHUUECKUX
U DJICKTPOMEXAHUICCKUX XaPaAKTEPUCTHUK.
DJIEKTpOMEXaHUYECKasi XapaKTepUCTHKAa IPH YaCTOTHOM ympaBiaeHuu All,
OTpeeIIeTCs 3aBUCHUMOCTBIO IIPUBEICHHOTO TOKA POTOPA OT CKOJIBbKESHUS
. U,.
1, = — — (1)
R'2 2 g2 RiR,

S Xy T

+ || R+

rac Ulj - (1)213H0€ HaIIPAKCHUC 00MOTOK CTaTOpa ACHHXPOHHOI'O ABHUI'ATCIIA;

f .
_ 1
fl* = f - OTHOCUTCJIbHOC 3HAYCHHC YdCTOTHI IIMTAIOIICTO HAIIPSAIKCHU .
1H

3aI[aBaHCB SHAYCHUAMU CKOJIBXKCHUA MOKHO pacCUuTaTb COOTBCTCTBYIOIICC

3HAYEHHE TOKA M BOCIOJIB30BABIIMCH (HOpMYNOH, @ = @, (1—8) MOJIYYUM

COOTBETCTBYIOIIIEE 3HAUCHNE YTIOBOH CKOPOCTH.

[lomaras, 4YTO TOK HaMarHMYMBAHUS JBUTATENII WMEET IMOJHOCTHIO
pPEaKTUBHBIA XapaKTep, BHIPAKEHUE NJISl DJICKTPOMEXAHUYECKOW XapaKTePUCTUKH,
OMKCHIBAIOIICH 3aBUCHMOCTh TOKa CTaropa OT CKOJBKCHHS, 3alHuIIeTCs

CIICAYIOIIMM 00pa3om

13j(s) = \/ +|2 +2I0IZJ(S)-sin¢2(S), )

Tak Kak ¢ WU3MEHEHWEM YacToThl f,

; M Hampsbkenust craropa U, j TOK

XOJIOCTOTO X0Ja [jU3MEHSETCs, TO €ro 3HaueHue JUIsl KaKIOW M3 4acToT Oyaem

OIIPCACIIATD I10 BBIPAKCHHUIO

_ J
loj= : I (3)
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Bennuuna sin ¢, (S) U3 BbIpakeHus (2):

_ X
sin g, (s) = KH . (4)

. 2

R 2 2

2 )
R+ K +XKH f 1%

3aaBasiCh CKOJLXKEHUEM S = (— 2= 2) Y NpUHMMAasi BO BHUMAHUE, YTO IS

€CTECTBEHHON XapPAKTCPUCTUKHU fl* =1 1o dopmyne (1) u (2) paccuutbiBaeM
€CTECTBEHHBIE AJIEKTPOMEXAHUUECKUE XapakTepucTuku AJl B ABUraTeIbHOM M

TeHepaTOPHOM PEXHUMaX (CM. pHC. 6), pe3yibTaThl CBEICHbI B Ta0mHIIE 6.

Tabmauia 6.

o, 0 75 150 225 300 375 450 525 600

pan/c
I',,A | 1828 | 180,1 | 174,2 | 156,8 | 55,1 168,2 191,3 193,4 193,4

I, A | 187,5 | 184,7 | 178,9 | 1615 | 55,2 1725 196,2 198,1 198,1

),

paa/c
600
525
0 =1(I) ]
450 +
375 H_,,,;.,..--—
300{— ~e—
i m
2251 T
: o =f(I) / \
1501— B — \\
Ta E ll.l \

0 25 a0 75 100 125 130 175 200 I A
,
1,=6.933 A

Pucynox 6 - EcTecTBeHHbIE 3JIEKTpOMEXaHUYECKUE XapaKTepucTUuku A/l

28



MexaHn4ecKyr0 XapakTEpUCTUKY aCHHXPOHHOTO JBUTATENS IIPU IEPEMEHHBIX
3HAQYECHUAX BEJIMYMHBI M YAaCTOTHl HANPSKEHUS NMUTAHUSA MOKHO PACCUUTAThH I10

CICAYIOIICMY BBIPAXKCHHUTIO

U5 Ry
" R, \’ RR, ) X
wiSi| X2y f2+| Ry +-2| 4| — 12
0j°] KH '1 1 S s X f
j j R M T

MexaHuueckas XapaKTCPHUCTHUKA ACHUHXPOHHOI'O ABHUI'aTCIIsA HMCCT
KpI/ITI/I‘-IeCKI/Iﬁ MOMCHT M KPHUTHYCCKOC CKOJILKCHHEC, KOTOPLIC OIIPCACIAIOTCA 110

cienyroumum hopmyiam

32
M, = _ j -
(R12 X 2 f2) (l R12 ]
2-w,; - R1+ + o) +
0j 1 xﬂH flf
2
_ ] 3.220 I
2
2-314,159.| 0,225+ (0,225 +1,307° 12| 1+ 222>
29,98-1
Ine o, = 2.7; f_ 2'3'114'50 =314,159 ¢*- CUHXPOHHAs YIIIOBas CKOPOCTH;

U,;- dasnoe HanpskeHne 0OMOTOK CTaTOpa ACHHXPOHHOTO JBUIATENIS.

2
2
1+(XR1‘° ] 1{232?1}
R. M 4017 il ~0.131

S = TR,

RZ+ X2, f2 0.225° +1,307%-1°

3Hak (+) o3HAYaeT, YTO KPUTHYECKUNA MOMEHT U CKOJIbKEHHE OTHOCSTCS K
JBUTATEILHOMY PEXHUMY, 3HaK (-) — K TCHEPATOPHOMY PEKHUMY.

Pacuer ecTrecTBEHHOM MEXaHMYECKOW XapaKTEPUCTUKU MPOBOAUM TIO

dbopmyne Kiocca:

2M, (1+a-s,)
SK

£ +—4+2-a-s
s s :

M(s)=

, (2.6)

K
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L alR_025_ u
le == =hoc - KO3 (UIIUEHT, paBHBIN OTHOUICHUIO aKTHUBHOTO
) :

COMPOTHUBJICHUS CTaTOpPa K aKTUBHOMY MPUBEJICHHOMY COITPOTUBIICHUIO POTOPA;
Ha pucynke 7 mpencraBieHa €CTECTBEHHAasi MEXaHUYECKasl XapaKTEPUCTUKA

w=f (I\/I ) JUISl aCHHXPOHHOTO JIBUTATENsS, PE3yJIbTaThl CBEJCHBI B TaOIHIIE 7.

TaOmumna 7.
M, H-m 0 35 50 70 105 140 175
o, pan/c 42,1 46,8 49,4 52,8 60,6 70,7 85,4
M, Hm 190 210 245 273 280 307,8 315
o, paua/c 93,4 104,79 131,4 148,9 147.6 48,7 0
o,
paa/c
350
315 P
(t)_m;ﬂ. | —_—
280 | )
245 I // i
o | el I
I b H
175 i // I
140 | // |
105 I / I
- | :
35
/i |
05 20 40 MIIB go 80 100 120 140 Mh 160 M, Hem

Pucynok 7 - EcrecTBeHHast MexaHn4eckasi Xxapakrtepuctuka Al

Ha rpaduxe (puc.8) mpencraBiieHa HEIMHEWMHO (MapaOOIMYEeCcKU)

BO3pacTaromasd MCXaHNICCKasd HACOCHAA XapaKTCPUCTHUKA.
M. =Mo+M-n* (6)

rae, X=3-Hacoc
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,
paa/c

500 /
400 /
300 2
200
100
% 50 100 150 M, Hem

PI/IC}/HOK 8 — Mexannueckass HacOCHas XApaKTCPHUCTHKA

5. Pacuer nuHamuveckux pe:xxumos KHC

5.1. AMuTaunoHHas MoaeJIb.

B mporpamme Matlab 2008b Oputa paspaboTaHa MMUTAIIMOHHAS MOJECIH
KHC.

Ha neii MoxxHO BHIETh pabOTy AATYMKOB TOKAa M HAMpPSDKCHHUS, a TaKKe

nokaszaHa paboTa JaT4uKoB Oaka (puCcyHOK 9).
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r A
o ;.—.-_‘ e ﬁ_' ot ™ J, l
—T—J <3 3 T . =]
o |>_1 ’ ’v —, i “L Ly ’i»—7| I —
{4’.—_: > r Bl _: 3 *’7*" T ’f!: —
_—; - [ g - - T pomamagre -
i = ~ T s o N
\_:"_7‘———>- . o = S ﬁjl & o
T E &
= A | ‘
[ = " ( N N
e S L =
( ) —I s ’
L > I - :. /i e -
T 77T ot T
—————— Pesery] | Uty Ly

Pucynok 9 - UMutannonHas Mojelb.

[NorraBkOBBIC BBIKITFOUATEH MpPEACTaBICHbI OJ0KkamMu Subsystem, kotopeie
BbITAfOT curHai 1 (3amyck) iu6o 0 (crom). Janueiid curHan uaét Ha kaod Manual
Switch. Jlns mnpemoTBpamieHuss BHEOYEPEJAHOTO IIyCKa BTOPOTO JIBHTATEIs

ycTaHOBJICHBI OJ10ku Product, ucrosb3yembie B Ka4eCTBE JIOTHYECKOro «My.

Cut1 -
Out2 o
Subsystem3 Manual Switch
L w
Out - I
Cutz Product
i Manusl Switch1
Subsystem4 L
5 = o
Out -
outz M
: Manusl Switch2
Subsystemnb
L w
Outt - >
Cutz Product2
ue Manual Switch2
Subsysternd

Pucynox 10 - UmMuTanus moriaBKOBBIX BHIKIIFOYATEIICH.

CurHan c¢ kmoued npuxoauT Ha Omok S-Function Builder. B nannoi
UMUTAIIMOHHOW MOJEIN JTOT OJIOK HWIpaeT poJib IMPeoOpa3oBaTessi YacTOTHI

(pucynok 11).
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—{

- ul

- u2

{03

-t

Pucynok 11 — Biiox S-Function Builder

pchad

¥4

¥

L= o
5-Functicn Builder1

B 3TOT 00K 3amMChIBAlOTCSA CIENYIOLIME YPaBHEHHUs [UIsl YIPABJICHHE

JIBUTATEIIEM:
if (u0[0]>0)
{y0[0]=0.4*sin(157*t[0]);}
if (u0[0]>0)

{y1[0]=0.4*sin(157*t[0]-2*3.14/3)}

if (UO[0]>0)

{y2[0]=0.4*sin(157*t[0]+2*3.14/3);}

if (u1[0]>0)
{y0[0]=0.8*sin(314*t[0]);}
if (u1[0]>0)

{y1[0]=0.8*sin(314*t[0]-2*3.14/3);}

if (u1[0]>0)

{y2[0]=0.8*sin(314*t[0]+2*3.14/3):}

if (u2[0]>0)
{y3[0]=0.4*sin(157*t[0]);}
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if (u2[0]>0)
{y4[0]=0.4*sin(157*t[0]-2*3.14/3);}
if (u2[0]>0)
{y5[0]=0.4*sin(157*t[0]+2*3.14/3);}

if (u3[0]>0)

{y3[0]=0.8*sin(314*t[0]);}

if (u3[0]>0)

{y4[0]=0.8*sin(314*t[0]-2*3.14/3);}

if (u3[0]>0)

{y5[0]=0.8*sin(314*t[0]+2*3.14/3);}

broku Subsysteml u Subsystem2 conepkaT B ceO¢ MMHUTAIUIO IMHAPOTHO-

UMITYJIbCHOM Moy isiiuu (puc. 12)

P C ot i
—] In Connection Port |s— | Int Connsction Fort [e—
= o it 1 :
—| InZ Connection Port! |s— = 02 Connection Port1 [e—
-~ e n ) -
—P]In2 Connection Port? |a— {in3 Connection Port2 (e—
Subsystem1 Subsystem2

Pucynok 12 - biaoku Subsysteml u Subsystem2

Pucynok 13 — Coaepxumoe 00k0B Subsysteml u Subsystem?2.,

Scoped

Connection

Port

In2 : .
Connection

J—LH Portl

+

ﬂ—\;d 20 Connection

T Part2

» 3

—[* ] —]
L a|- v
Voltage Measurementl Display2

Scopel
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I[Ipn HHWM-moxynsuuu cxeMa yOpaBiICHUS ONPENEISIET MOMEHTHI
KOMMYTAallU{ TOJYIPOBOJAHUKOBBIX MPUOOPOB Tpu paBeHcTBe omopHoro Uom
TPEYroJIbHOTO HaNpspKeHUs U ynpasistomero Uy curyconnansHoro. [6]

[IpyHUIMIT CHUHYCOMJANBHOW MIMPOTHO-UMIYJIbCHOM Monayssinuu (ILIIHNM)

MoKa3aH Ha puc. 14,

Uy J

Pucynox 14 - [TpuHIMI CHHYCOUAAIBHON IITUPOTHO-UMITYJIECHON MOIYJISIITUU

[INM-Moaysays moJIydeHHas: B UMUTAILMOHHOM MOJICJIA MPEACTABICHA Ha

puc. 15.

LTI

(1]

- — L

- | | | | i I i —
nz (b [ ama 1 Qi LEN i

Pucynox 15 - [TpuHIMO CHHYCOMAAIBHON IUPOTHO-UMITYJIbCHON MOIYJISILIUU
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Jlanee curHan uaET Ha ACHHXPOHHBIE ABUTraTenu (puc 16).

Asynchronous Machine
5l Units

Pucynok 16 - biiok UMUTHPYIOIITUN aCUHHXPOHHBIHN JIBUTATEh

I[BI/II‘aTCJII/I COOTBCTCTBYIOT BI)I6paHHLIM paHccC.

Tabnuna 8 - XapakTepuCTUKH JIEKTPOABUTATEIS

P, kBT I1B,% c0S(,0.¢ n,, 06/MUH n, %
15 20 0.9 2940 90
Jdg,KZ'MZ ki ::_n kmax :% kn — M’WCK kmin — MMMH

0,043 6,5 3 2,2 1

Ha pucynke 17 mpezncraBieHa cxema, coOpaHHas Ha OCHOBE ypaBHEHHUs 6,

o0ecreynBaroIiasi BEHTUWISITOPHYIO HATPY3KY Ha JBUTATENb.

Constant

4
Fen

In1

Froduct ut2 - 1

=
Scopel i}

I:l Caonstant1

0.00000187

F 3

Ot

1)

Pucynok 17 - UMutanimonHas MOAENb Harpy3Ku

5.2 IlepexoaHbie MPoOLECCHI
PaccmoTpum cutyaruio, B KOTOPOM KUAKOCTh B 0Oak MOCTYIAEeT OYEHb

6I>ICTpO. Bxirouenue I[BI/IFaTCJ'ICﬁ IMPOUCXOIUT B 3aBUCHUMOCTU OT YPOBHIA B Oake.
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[Tycte ypoBeHbr B 0Oake MOMHSUICS 1O TEPBOTO IOIUIABKOBOTO BBIKIIOYATEIS.
CnenoBarenbHo, 3ambikaeM kirou Manual Switch. IepBerit neurarens paboraer Ha

IIOJIOBUHY MOIIHOCTH.

Quti - 1
“ ——-ul
Qutz -
Subsystem2 Manual Switch

Outt ! L

Product l]

Outz Manuel Switch

Subsystemd

1 S A4
ﬁl—w L0 —

Product1 l]

— aOE3
Outz Manusl Switch2 o
Subsystemnd
1 —
—

1 ]
Outt i D—b—ﬂ uld
Product2 1}
OutZ 1 L S Rl

Manual Switch3
Subsystem8 .

Pucynok 18 - CpabaTbiBaHK€e MepBOTO MOIUIABKOBOIO BBIKIIIOYATENS TIPH
MOJbEME BOJIBI IO €r0 YPOBHS (MMUTALIMOHHAS MOJIENb U CXEMAaTHYHOE

U300paKeHUe).

1500 (- —

L]

B : .

Pucynox 19 — Ilepexoanblii mpoliecc Mo CKOpOCTH pabOThI EPBOTO ABUTATENS MPU

BKIIOYCHHH IICPBOIO IIOINNIABKOBOI'O BBIKJIHOYATCIIA.
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Jlanee ypoBeHp B ©0ake TOAHMMAETCS IO BTOPOTrO IOIJIABKOBOTO
BeIKITIOUaTensi. CnemoBaTenbHO 3amblkaeM kimod Manual Switch 1. Tlepserid

JABHUTI'aTCJIb pa60TaeT Ha ITIOJIHYIO MOIIMHOCTD.

Out1 1 - 1
ﬂ o Q\ﬂ——p-uﬂ

Qut2 -

Subsystem Manual Switch

:

Ot = 1 L . 1
——»-ul
otz Product I]
i Manusl Switch1
Subsystemd
1 —
L — A54
Outi s = 4"—"1 0 o
= ——-u2 4
Out2 Product1 ﬂ I—b—U — nﬁa
- Manual Switch2 kl F— Y
SubsystemS
N ~ = ne2
|

; >< 1 - 0 Pp— T—
Out’ uld ™ i

- Product2 0
Dut2 E ] e it i

Manual Switch3
Subsystemd ~~

Pucynox 20 - CpabaTpiBaHre BTOPOTO MOIUIABKOBOTO BRIKITIOYATEIIS MTPH MO THEME

BOJIbI IO €T0 YPOBHS (MMUTALIMOHHASI MOJIENb U CXEMAaTUYHOE U300paKEHHE).

m, 5w r
06
I

B
MITH —

2500 — . -
2000 - -

1500 |- — -

QL]

500

L c

s T 1 15

Pucynok 21 — Ilepexoanblii mpoLecce Mo CKOPOCTH padOThI IEPBOTO ABUTATEINS IPU

BKIIIOYCHHNH BTOPOI'O IMOIIJIABKOBOI'O BBIKIIHOYATCIIA.

Ho OIWH ABHUIaTCJib HC CIIPABJIACTCA U ) KUIAKOCTDH MPOAOJIKACT IIOCTYIIATh B

Oak u AOCTUTACT YPOBHA TPETHCTO ITOIINIABKOBOT'O BBIKJIFOYATCIIA. 3aMBIKaeM KITFOY
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Manual Switch 2. IepBblii nBUTaTENh PabOTAET HA TOJHYIO MOIIHOCTH, @ BTOPO

ABUTATCJIb HA IIOJIOBUHY CBOEH MOIIIHOCTH.

1

Out1 .
0 v Rgl—_._un
Out2 -
Subsystem3 Manual Switch
Out > 4%%\3_ y
Prod
oz roduct 0 I—H -
Manusal Switch1
Subsystem4 \
—
N 1 \, — Aes
Out1 . 1 L~ o
’ l ——-uZ 3
e LTI | o S ~_ | (7~ " a3 —
Manusal Switch2 - o
Subsystemb ] ——
by I BN — ~—
out » u3 L S
outz Product2 0
“e Manual Switch3 1 et i

Subsystem& .

Pucynok 22 - CpabaTblBaHH€E TPETHETO MOIUIABKOBOTO BBIKIIIOUATENS IIPH MOABEME

BOJBI 10 €TI0 YPOBH:A (I/IMI/ITa]_II/IOHHaH MOACIIb U CXCMATHYHOC I/I306pa)KeHI/I€).
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n £y T T
MIH

2000 - et e o o

g
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Pucynok 23 — IlepexoiHbIH MPOIIECC IO CKOPOCTH pabOThI IEPBOTO U BTOPOTO

ABUI'aTCJIA IIPH BKIIIOYCHHUHU TPCTHCT'O IMOIINIABKOBOI'O BBIKJIIHOYATCIIA.

XKunkocTh mpoAoDKaeT MOCTynath. JlOXOAMT 10 YPOBHS TPETHETO
NOIIABKOBOTO BEIKIIIOUaTelst. 3ambikaem kirrou Manual Switch 3. Tlepssiii u BTopoii

JABUTATCIIN pa60Ta10T Ha IIOJIHYIO MOIITHOCTD.
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Pucynoxk 24 - Umutanus cpabaTbiBaHus TPEX MOIJIABKOBBIX BBIKIIIOUATEIICH.
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Pucynox 25 — Ilepexoanplii Ipoiiecce 1Mo CKOPOCTH pabOThI IEPBOTO U BTOPOTO

ABUTATCIIA IIPXU BKIIIOYCHUH YCTBCPTOTO IMOIMIABKOBOT'O BBIKIIIOYATCIIA.

6. ABapuiinblii peskum KHC

PaccmoTpum cutyaiuto, B KOTOpOW OJWH ABUTATEIb BEIXOJUT U3 CTPOSI, a
YPOBEHb B 0aKe TOCTUT YE€TBEPTOTO NoruiaBka. CUrHai 00 aBapuu MOXKET IPUUTH
C JaT4YMKa BJIIAXKHOCTU U TEpMOJaTuuKa (KoTopble onucansl aainee) Ha JJHK-3. B

9TOM CJIy4dac€ KOHTPOJLICP HACOCHOM CTaHIINH I[aéT CHUI'HaJI Ha OTKJIIFOYCHUEC
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JIBUTaTelis, B KOTOPOM MPOU30ILIa M0JIOMKa. BTopoil (pe3epBHBIil) ABUTaTENb

O0epét Ha cebOst BCIO HArpy3Ky - paboTaeT 3a JBOUX.

Ha nMutanmonnyro Moaess HeooXoauMo 100aBUTh 3 KITIOYa, B 11ETTb, MEXKIY
npeodpazoBaTeeM 4acTOThI U JiBUTaTesieM. C MOMOIIBIO 3TUX KITFOUEH
MPOUCXOAUT OTKJIFOUEHHUS IIEPBOTO JBUTATEIIS, TEM CaAMBIM CO3J1a€TCA aBapUHHAas

CUTYyalUsl.

Pucynox 26 - IMuTanmonHas MOJIeIb TIPH aBapUIHOM PEXUME.

n, 0 ! _ i ! ! ! !
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oo W
Mg 1?2 1?4 1?5 1?3 ; 2?2 2!4 tc

Pucynok 27 - IlepexoiHbIN MPOIECC IO CKOPOCTH B aBApUITHOM PEKUME.

41



U3 rpaduka mepexoqHoro mpouecca BUAUM, YTO CKOPOCTh BTOPOTO

ABUI'aTCJIA IOBBIMIACTCA IIPHU OTKIIFOUCHUH IICPBOTO.

U *
B COOTBETCTBHH ¢ 3aKOHOM YaCTOTHOTO PErYIUPOBaHUs —5 = CONSt mpu paboTe Ha
l*

U, 220
€CTECTBEHHON XapaKTEPUCTUKHU: flz” oo 0,088 = const
1

H

Haiiném oTHOCHUTENbHBIE 3HAYEHHS YaCTOT MUTAIOUIETO HANIPSHKCHUS:
f,,=50 1y ; f,,=651y; f .=90 Iy ; f, =110 Iy
[IpoBeném pacuer miig OJTHOU 4acTOThl f, . =75

f1H3 75
le30m = =~
f, 50

15

OmnpenernsieM yTI0BYIO CKOPOCTB:

2.z-f,, 2765
p

O =408,2 paolc

ITo dbopmyie (5) MOCTPOUM €CTECTBEHHYIO U UCKYCCTBEHHBIC MEXaHUYCCKHE
XapaKTePUCTUKU COOTBETCTBYIOIIUE PACCUYUTAHHBIM IapaMeTpaM M HaJOXUM Ha

HUX HACOCHYIO Harpy304HYIO XapaKTepUCTUKY (puc. 28), pe3yabTaThl 3aliChIBaeM

B Tabuiy 9.
Tabmuma 9.
Mso,
- 421|455 | 494 | 596 | 66,4 | 74,3 85,3 98,7 | 136,4 | 98,1 0
M
,pan/
0 25 50 100 125 150 175 200 250 300 | 314
c
Mes,
H 18,1 | 19,2 | 20,5 23,5 27,5 32,9 41,6 54,7 75,8 | 71,8 0
M
,pan/
0 25 50 100 150 200 250 300 350 400 | 420
c
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Pucynox 28. Mexanudeckasi XapaKTepUCTHKa MPU aBAPUHHOM PEKUME.

To popmynam (1) u (2) pacCUNTEIBAEM COOTBETCTBEHHO 3aBucuMocti |, = f (@) u

I, = f(w), xotopeie mpencraBiaensl Ha pucyHkax 29, 30; pacueTHble IaHHBIC

npuBeAeHbI B Tabumax 10, 11, 12, 13.

Tabmauma 10

16 | 168, | 167, | 166, | 163, | 161, | 157, | 150, | 138, | 113, | 301,
oAl gl s g 4 a1l 3]s 9| 3| 6
m’iaﬂ/ 0| 25 | 50 | 100 | 150 | 175 | 200 | 225 | 250 | 275 | 300
Tabmumal 1

126, | 167, | 125, | 124, | 123, | 122, | 118, | 114, | 109, | 96, | 57,
gl I ES A IR AN P N P RS PR
m’iaﬂ/ 0 | 50 | 100 | 150 | 200 | 250 | 300 | 325 | 350 | 375 | 400
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Tabmuna 12

 [T62,]162 [ 161, [ 160, 157, | 154, | 151, ] 144, [ 133, | 108, ] 51
% 9 5 | 9| 3| 4l 9| 5| 816 | 5 |7
,pan/
0 | 25 | 50 | 100 | 150 | 175 | 200 | 225 | 250 | 275 | 300
C
Taomuna 13
1207121120, 120, [ 119, [ 117, [ 114, | 110, [ 105, ] 92, 56,
%5 1 2 1 8| 2136|485 |38
o,pan/
0 | 50 | 100 | 150 | 200 | 250 | 300 | 325 | 350 | 375 | 400
C
o,
pag/c
700 f=110T
AT
550—— \
e —— =90Tn
500
450
400 ---..._\ -
550 ‘\'\...._\ f=65Tn
300 \ s
250 e [0
200 \ \
\
150 \
100 \\
a0
0 \
0 10 20 30 40 a0 60 70 30 a0

100 110 120 130 140 150 160 170 180 II’A

Pucynok 29 - Dnekrpomexanndeckue xapaktepuctuku |, = f (o)
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Pucynoxk 30 - DnexrpomexaHnueckue xapakrepuctuku |, = f(w)

B uTore MoxHO cenaTh BBIBOJ, YTO MPU OTKIFOUECHUN OJHOTO JBUTATEISI, BTOPOM
CMOXKET B35Th Ha ce0s YacTh €ro Harpy3Kud. IJTO JOCTHUTaeTCSd YBEIMYECHHEM
YacTOThI. Y BEIMYMB 4acTOTY /10 68 I’y qBUraTens OyaeT padoTaTh Ha TpaHUIIE, T.€.
Ha My, (puc. 28). [loaTomy ecnu Takast aBapuiiHasi CUTyalusi BOBHUKHET, TO Jy4Yllle
BCET0 YBEJIMYHUTH 4acToTy 10 65 I'i. 310 Oyner 6onee 6e3omacHo. [Ipuuém takoe
yBEIMYEHUE OYJET HE KeNaTeIbHO I MEXaHUYEeCKOW YacTH MPHUBOJA HAacoca, HO

OH BBIJICPKUT TAKYIO HArPYy3KYy.

/. Bb10op 000py10BaHUS HACOCHO CTAHIMHI
7.1. CocraByienne QyHKIHUOHAJIbHOMN CXeMbl M3MEPUTEJbHON CHCTEMBbI
3JIeKTPONPHUBOAA
QOyHKIMOHAJIBHAS ~ CXEMa U3MEPUTENIbHOM  CUCTEMBbl  3JIEKTPOIPUBOJIA
Pa3bACHAET MPOIIECCh, MPOTEKAIOIIUE B OTACIBHBIX (PYHKIMOHAIBHBIX METISIX

u3nienus (YCTaHOBKH) UK U3JIeusl (YCTAHOBKH) B 1I€JIOM.
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Pucynox 31 - @yHKIIMOHAIBHAS CXEMa U3MEPHUTEIILHON CUCTEMBI

AHK 3

ny ny
L LT
Aun Mpeobp. AUn Mpeobp.
[ [
] 1
OT-a OT-a
1 ]
fH OH
@J (58]
Hacoc Hacoc
aTt aT
QJICKTPOIIpUBOAA

[TY — nmpeobpazoBaTesb 4aCTOTHI;

JIHK 3 - xOHTpoOsiep HaCOCHOW CTaHLWH;

JIH — natunk HanpsHKEeHUS,

JT-a — naTuuk TOKa;

AT — natyuk TeMneparypsl;

JIB — naT4ymMK BIIQXKHOCTH;

ATIIT - ananoro-mudpoBoit mpeodpa3zoBaTeb;

[IpeoOp. — mpeoOpazoBaTeIh TOKA B HANIPSKCHHE,

JAb1, 1b2, b3, JIb4 — natunku OGaka.

ke
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7.2. Bb1OOp 1aTunKa TOKa

BBI60p AaTUYUK IPOU3BOJHMM 110 HOMHHAJIBHOMY TOKY CTAaTOpa ABUTATCIIA

I 1= 28.0584 ¢ yuéToM BO3MOXKHEIX CKAYKOB TOKA IPU IIyCKE.

Bri6oupaem matunk Toka pupmel «KLEM» LT 100-S/SP96 (pucynok 32).

Pucynox 32 - Jlatuuk Toka LT 100-S/SP96

Hatunk Toka LT 100-S/SP96 ciyxuT Aisl 3JIEKTPOHHOTO MPeoOpa3oBaHMUS
TOKOB: IIOCTOSIHHOT'O, MEPEMEHHOI0, UMITYJIbCHOTO U T.JI. B NPONOPUUOHAIBHBIN
BBIXOJJTHOM TOK C TaJbBaHUYECKOM pPa3BsI3KOW MEXIy NEpPBUYHOM (CHIIOBOM) U
BTOPUYHOM (M3MEPUTEIBHON) LEMSMHU.

JIaHHBI J1aTYMK TPHUMEHSETCS B YaCTOTHO-PETYJIMPYEMOM IPUBOJE
NEPEMEHHOr0 TOKa, MpeoOpa3zoBaTesaX AJsl MPUBOAA MOCTOSIHHOIO TOKA, CHCTEMax
yIOpaBJIeHUs] pabOTON aKKyMyJSTOPHBIX Oarapeid, MCTOYHUKaX OecrepeOoiHOro
NUTaHUs, TPOrPAMMHUPYEMBIX MCTOYHHKAX MUTAHWA W UCTOYHHKAX MUTAHUSA JUIS
CBapOYHBIX arperaTos.

OTnuynTenbHble 0COOEHHOCTH:

- KomnencanmonHnbiit gatuuk Ha 3 dexre Xona
- M3ompyronuii miiacTUKOBBIA HETOPOYUI KOPITYC
* 3aJIUT KOMIIAYHI0M

- Pabouas Temmeparypa - 40..+ 85°C
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JlaT4YHMKM KOMIIEHCALMOHHOI'0 THIIAa, OCHOBaHHbI¢ HA 3 deKxTe Xouia —
310 Aatuuku co 100% oOpaTHOH CBA3BIO (TaKKE HA3bIBAEMbIC KOMITCHCAIITMIOHHBIMU
WIN JaTYMKAMU C HYJIEBBIM MOTOKOM) MMEIOT BCTPOCHHYIO KOMITEHCAIIMOHHYIO
LElb, C NOMOIIBID KOTOPOM XapaKTEPUCTUKH AATUYMKOB TOKA, HCIIOJIB3YIOLIUX
addext Xosaa, MOTYT OBITh CYIIECTBEHHO YJIYUIIICHBI.

KoncTpykuusi ¥ npuHIun aeiicTBus:

B To BpeMst Kak JaTYMKU OPSIMOTO YCHIJICHUS AAt0T BhIXO1 HANPSKEHUST Upyy,
MPONOPIIMOHANILHBIN YBETUYECHHOMY HanpsbkeHuto Xoiia VH, KoMIIeHCallMOHHbIE
JATYUKU 00€CTICYMBAIOT BHIXOAHOM TOK, TPOMOPIUOHAIIBHBIA HAMPSHKEHUIO XO0JU1a
, KOTOpBIA JEHCTBYET KAaK CUTHAJI OOpAaTHOM CBSI3U, YTOOBI KOMIIEHCHUPOBATH
MarHuTHOE I0JIE, CO3JaBa€MO€ MEPBUYHBIM TOKOM By, MarHuTHeIM mosiem, co3zia-
BaeMBbIM IT0JIEM BBIXOAHOTO ToKa Bs. [4]

BbIxo/1HOM TOK HAMHOTO MEHbIIIE, 4eM |p, ToTOMY 4uTO Katymika ¢ Ns BUTKamMu
npeaHa3HayeHa JIJIsi TeHEPUPOBAHUS AHAJIIOTMYHOTO MAarHUTHOTO TMOTOKa (amriep-
BUTKOB). Takum oOpazom :

Np* Ip= Ns* I

CnenosarenbHo, UHAYKIMS BS skBuBaneHTHA BP M MX COOTBETCTBYyIOIIUE
amIep-BUTKYA KOMIICHCUPYIOT APYT Apyra. Takum o6pa3om, cuctema JeiHCTBYET IpH

HYJICBOM MarHUTHOM IOTOKE B cepAcuHHKe (PUCYHOK 33).

Pucynok 33 - IloscHenue npuHiuna paboThl KOMIIEHCAITMOHHOTO IaTYHKA.
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[IpuBenem s mpumMepa mpeoOpazoBaHue mocTossHHOro Toka 100 A.
KonuuectBo BuTKOB Np = 1, HOTOMY 4TO MPOBOJHMK BEJIET MPSAMO K MAarHUTHOU
LEMH, TEM CaMbIM COCTaBJIsi OJJUH BUTOK. BTopuuHas (BbIX0/1HAs1) 0OMOTKA UMEET
1000 ButkoB (Ns = 1000). CooTHomienune BUuTkoB coctasisiet 1:1000.

Kak Tonbko |, mpumer monoxuTenbHOE 3HAYEHHE, B CKBO3HOM OTBEPCTUH
MarHUTHOTO CEpJIeYHHKAa BO3HUKAET MHAYKIMS By, co3naBas HampspkeHue Xosia
V\ Banemente Xoiuia. DTO HaMpsKEHHE MPEoOpPa30BBIBAECTCA B TOK C MOMOIIBIO
reHeparopa ToKa, KacKaj YCUJIUTENs KOTOPOro oOecredyrBaceT MPOTEKaHUE TOKa
yepe3 BTOpUUHYI0 00MOTKY. Takum o0pa3om, co3aaeTcs oJie ¢ BEIMYUHONU UHTYK-
uuu Bs, KoTOpas KoMIEeHCUpYET MoJie ¢ BEIMYMHON HHAYKUuu BPp.

CnenoBaTenbHO, OKOHYATENIbHBIM BTOPUYHBIM BBIXOJHOM TOK Oyner
CJIEIYIOLIUM:

Is = (Np * 1) / Ng = (1* 100) / 1000 = 100 mA

| - sBnsieTcst TouHBIM OTOOpakenueM |, mo popme, Ho MeHbmM B 1000 pas.

Takoe npeoOpa3zoBaHUe TOKA KaK pa3 U UCMOJIb3yeTCs IS 1eJiei ToTpeOuTene.

KoMmneHcalloHHbIE JaTYUKU CHOCOOHBI H3MEPATHh IOCTOSIHHBIM  TOK,
MEepPEeMEHHBI TOK W TOKM WHOW (OpMBI C TrajdbBaHHUECKOW pa3Bsa3kod. OHHU
BBIJCIISIFOTCS CJIEIYOLIUM:

- OTJIMYHAs TOYHOCTb.
- OYEHb XOpOILIasl JIMHEWHOCT.
- MaJIblil TemMnepaTypHbId Apend.
- OYEeHb OBICTPOE BpeMs OTKIMKA U ITUPOKHUIM YaCTOTHBIN JUATa30H.
- HE IPUBOJAT K JOIOJHHUTEIBHBIM IOTEPSM B H3MEPUTENBHON LIEIH.
- TOKOBBIWA BBIXOJl 3TUX JATYMKOB OCOOECHHO MPHUCHOCOOJIEH K MPUMEHEHHIO MPHU
HAJIMYUM TIOMEX OKpyxawmeid cpensl. [Ipm HE0OXOAMMOCTH OYEHb JIETKO
npeoOpazoBaTh CUTHAI JJaTYMKA B HAMIPSKEHHUE;
- TATYMKHU BBIJCPKUBAIOT IEPETPY3KU TOKA O€3 MOBPEKACHUM.
OTH  [aTYUKd OCOOEHHO XOpOIIO TMOAXOAAT K  MPOMBIIIJICHHOMY

INPpUMCHCHHUIO, KOrga TpC6y€TC}I BBICOKAs TOYHOCTH H HII/IpOKI/Iﬁ YaCTOTHBIN
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nuana3oH. OCHOBHBIM HEJOCTATKOM 3TOM TEXHOJOTHM SIBISETCS MOTpedsieHne
MOIITHOCTH Ha KOMIIEHCALMIO ToKa. KpoMe Toro, 1715 1rnana3oHa BBICOKAX TOKOB 3TH
JaTYMKKW OoJiee JOporue W UMEKT OoJbliue TrabapuThl MO CPaBHEHHUIO C
aHAJIOTUYHBIMU JATYUKAMU MPSIMOTO YCUJICHUS.

HecmoTpst Ha 3TO, Onaromapsi MCIOJIB30BAaHUIO COBPEMEHHBIX CIOCOOOB
MPOU3BOJICTBA W 3HauuTedbHOMY omnbiTy JIEM B 23TOi o00nacTv, AaTYMKU
KOMITEHCAIIMOHHOT'O THIIA SABJISIFOTCS OTHOCUTENBHO ACIIEBBIMH, OCOOEHHO ISl 11a-
Ma30Ha MaJjbIX TOKOB.

JInana3oH npeodpa3oBaHus TOKA.

JIeHCTBYSl PaKTUYECKHU MPU HYJIEBOM MOTOKE (HAa MPAKTUKE CYIIECTBYIOT
paccestHHbIE MarHUTHBIE MOTOKH), 3T JATYUKH UMEIOT OTJIMYHYIO JIMHEHHOCTH B
o0nacTH, Jiexaliei Bbllle HOMUHAIIBHOTO Axana3oHa npeoopasoBanus. [locneanuit
OTIPEJICIISIETCS. MOIIHOCTBIO MCTOYHHMKA TUTAHUS I OOECIECUYEHHS] BTOPUYHOTO
(BBIXO/IHOTO) TOKA, MPUHKUMAsi BO BHUMAHUE MaJICHUE HANPSDKEHUS B TATYMKE U HA
PE3UCTOPE HATPY3KH.

Ha mpakTuke 3TOT THIT JATYUKOB MOKET U3MEPATH 00JIe€ BHICOKUE 3HAUCHHUSI
TOKOB, YEM OIPEAEIECHO B TEXHUYECKUX Macnoprax. [Ipn u3MepeHnn MMITyIbCOB
TOKa, MPEBBIIAONINX MACTIOPTHBIC 3HAUEHHU S, HEOOXO0IUMO TOMHHUTH O BO3MOKHOM
neperpese MepBUYHOM 1enH (IKWHBI) U Kopityca. B aTom ciiydae natyuk nelcTByeT
Kak TpaHchopmaTop Toka. B TeXHMUECKOM MacnopTe He OTPaKeH MOI0OHBIN PEXKUM
AKCIUTyaTallMi JTaTYUKOB, TaK KaK KaXKJ0€ HECTaHJAPTHOE NMPUMEHEHHE TpedyeT
CIEHUAIBHOTO MCCIIEIOBAHUS, U Mbl COBETYEM MPOKOHCYJIBTUPOBATHCS C HAIIMMU
CHEeUaINCTaMH MO MOBOAY MPOBEACHUSI HEOOXOIMMBIX UCTIBITAHUM.

TouHoCTh NIpeodpasoBanHms.

TouHOCTB IPe0Opa30BaHUs 3aBUCUT OT HECKOJIBKHUX (DaKTOPOB, 3aBUCSIINX
OT THUIIa TPOU3BOANMBIX TIPEOOPA3OBAHUN. DTO WIH PICKTPUICCKUE TTapaMETPhI
(TOCTOSIHHBIN TOK, IEPEMEHHBIN TOK, TPOMBIILICHHAS YaCTOTa WU BBICO-
KOYaCTOTHBIE TOKH JAPYTrux (OpM) WU MapaMeTphl, 3aBUCSILINUE OT OKpYKarouen

cpenbl (OKpy>Karonasi TeMneparypa v T.1.).
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DakTOophbI, BAUSIONINE HA TOUHOCTh 3aBUCSIIUE OT TEMIIEPATypbl OKPYKarolei
CpeIbl: - CMEIEHNEe BEIXOAHOTO curHana npu I, = 0

- HEJIMHEHHOCTb.
3aBHUCSIINE OT pabodeit Temmneparypsl: - Apeid HavyaabHOTO BBIXOJIHOTO TOKA.

Bpems# 0TKJINKA B CKOPOCTH HAPACTAHUSA BBIXOTHOT0 TOKA

BpeMs oTknuka onpeaensieTcss HeCKOJILKUMHU MapaMeTpaMu, CPeId KOTOPBIX:
BpEMsI pEaKIUU, BpeMsl HapacTaHUs BBIXOAHOTO curHaia 1o ypoHs 0.9 |y, Bpems
3a7ep XK. Bpemsi OTKIIMKA CpaBHMMO C BPEMEHEM 3aJIEPKKH, KOTOPOE TOXKE
XapaKTEepHU3yeT CIIOCOOHOCTh AaTurKa 0€3 UCKaKEHUI MOBTOPATH (OPMY BXOJIHOTO
TOKa B 3aBucumoctH ot di/dt.

Bpemst oTknuka 1 JaTYMKOB KOMITIEHCAIIMOHHOTO THIA -MEHbIIe 1 MKC.
[IpaBwibHOE TOBTOpeHHE (DOPMBI BXOJHOIO TOKA HAa HArpy304HOM PE3UCTOpE
3aBHUCUT OT BHYTPEHHEH KOHCTPYKIIMM KaXKJIOTO JaT4YMKa M OT cIoco0a MOHTaxa
JaTyuka B KOHTPOJUpyeMo#l cxeme. JlaTdymku CHoOCOOHBI, B 3aBHCHMOCTH OT
MOJIEIH, 00eCNeUnTh CKOPOCTh HapacTaHUsl BbIXOJHOTO Toka oT 50 A / MKc 10
HECKOJIBKUX cOoTeH A / MKc. [1o3TOMy MX MCHOJIB3YIOT ISl 3AIMTHI MOJTYIPOBO/I-
HUKOBBIX MMPUOOPOB B CiIyuyae KOPOTKUX 3aMbIKAaHUN B CUJIOBBIX I[ETISX.

TexHuyeckue TaHHBIC JaTYMKa TOKA IMPUBEICHBI B Tabmuie 14.

Tabmnura 14.
Homunansno | [Inamaso | Hampsokenu | Tounoct | mpu  25°C | PaGouwmii Tun
€ 3HaueHue | H € IWTaHus | b npu | YacToTHBl | 1nanazoH UCIIOJTHEHU
Toka Iy (A) 3HaueHuit | (B) 25°C 71 TeMIiepary | s
Toka ln nuamnazon | p (rp. C)
(A) (k')
100 +/- 200 +/-12...15 +/-0,5% | DC - 150 -25/+70 Ha ITaHEeIb

Bropuunas uenp

BriBog + : HanpsbkeHue nutanus + 12B
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BriBog M : n3MeputenbHbIN

BriBog - : HampspkeHue nuTaHus - 12B

+ o +
LT100-S/SP96 M o)
- o -

Pucynok 34 - ITogxmodyenue gatank Toka LT 100-S/SP96

[Turanue 11 TaTyvKa TOKA MOJABEEM OT MPeoOpa30BaTeiisd YaCTOTHI.

Hanpspxkenue ucrounnka nutanust Ug,=24B, a 1151 1aTdynka Toka
HeoOxoauMo nutanue B Uy x=12B. Jlj1si yMeHbIIICHUS 3HAYCHUS BXOIHOTO
(TTMTaroIIero) HampsHKEHUS UCTIOJIb3yeM JACIUTENb HAIPSKEHUS Ha pe3UCTOpax

(puc. 35) 1 ipou3BeIEM pacyerT.

L

l Ry Ugyx

JE

Pucynok 35 - Jlenutenb HanpsKEeHUS

I — U 68X 8blX
" R+R, R,
u,-= R,
B8blX 8x Rl + R2
U,-R
R = S £-R,

B8blX

ConpoTuBiieHHe pe3ucTopa R, BeIOMpaeM U3 psiia HOMUHAIBHBIX 3HAYEHUN
E24:1;1,1; 1,2; 1,3; 1,5; 1,6; 1,8; 2; 2,2; 2.4; 2,7; 3; 3,3; 3,6; 3,9;4,3; 4,7; 5,1; 5,6;
6,2;6,8;7,5; 8,2; 9,1.

[Tpumem conpotusnenue R,=5,1 kOm, Toraa:
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U, R,

R, = S -R,

6blX

= M—Sloo =5,1 kOm.

BI)IXOI[HOﬁ CUTHAJI C JaTUYWKa TOKA MBI IIOJIY4a€M B BUAC dHAJIOTOBOI'O TOKA.

[Tpumenum mpeoOpa3oBaTesb TOKa B HAPSDKEHUE.

Coc
r“"‘{ I'—"ﬂ
: :
[ Roe 1
¢ )
S —4 > Usbix
1 e - [

Pucynox 36 - [IpeoGpa3oBaTeib TOKa B HAMPSXKEHUE ¢ BUPTYAJTIbHON 3eMIIEN

Bonbimoii coocTBenHbIi kKoddumueHT ycunenus OY npuBoauT K TOMY, 4TO
WHBEPTUPYIOIIMI BXOJ SIBISETCS BUPTYyaJIbHOM 3€MIIEM, MO3TOMY IPOTEKAIOIINN
gyepe3 pe3ucTop Roc TOK paBeH TOKY |z CregoBaTenbHO, BRIXOAHOE HAIPSHKEHHE
onpenensiercs cooTHomeHueM Ugx=-R,.ls. Tlokazannas na pucynke 36 cxema
XOpOIIO TOAXOMUT [JIsl W3MEPEHHs MalblX TOKOB. BepxHuil mpemen Toka
OrpaHMYMBACTCSI BEIXOJHBIM TokoM OV [1]

Compotusnienue pe3uctopa R =91 On (BeIOUpaeM u3 psiga HOMHUHATHHBIX
3HaueHut E24).

U_ =-R

|
6bIX oc 6X

=-91.100-10°=-9,1 B
rae |y, — HOMUHAIBHBIIA aHAJIOTOBBIM BBIXOJHOU TOK JaTUYHKA TOKA.

BpIX0o/1HOM cUTHAMI ¢ TaT4YMKa TOKA MOJKI0YaeM K KieMMme 53 (aHaJIOroBbId

Bx0/J1 110 HanpspkeHnuio 0 — 10 B) Ha npeoOpasoparene yactorel Danfoss VL T2882.
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7.3. Bb10op n1aTunKa HANPSAKEHUs1

Bribupaem natunk Hanpsokernus pupmel «LEMy LV 100/SP83 (pucynoxk 37).

Hatuuk Hanpsbkenus LV 100/SP83  cinyxkar uist  3J€KTPOHHOIO
npeoOpa3oBaHusl TOKOB: MOCTOSIHHOTO, TMEPEMEHHOr0, MUMIYJIbCHOIO M T.JA. B
IPONOPLUUOHANIBHBIA BBIXOAHOM TOK C TaJbBAHMYECKOM pa3BA3KOW MEXay

MIePBUYHON(CUIIOBOM) M BTOPUYHOM(M3MEPUTEIIBHOM ) LICTISIMHU.

Pucynok 37 - Jlatuuk Hanpspkerus LEM LV 100/SP83

OTnuuurtenbHble 0COOCHHOCTH:
- Komnencarmonnsiit  natuuk Ha ¢ dexre Xoina
- M30mupyrommil  TIaCTUKOBBIA HETOPIOYUN KOPITYC
JIaHHBI [1aT4YUK TPUMEHSETCA B YaCTOTHO-PETYJIUPYEMOM IPUBOJIE
NEPEMEHHOTO TOKa, MpeoOpa3zoBaTeNsX s MPUBOAA IMOCTOSHHOTO  TOKa,
CUCTEMaxX yHOpaBieHHUs pPabOTONl aKKyMyJATOPHBIX Oarapeil, HCTOYHHMKAX
OecriepeOoItHOro MUTaHUS U UCTOUHUKAX MUTAHUS JUIsI CBAPOUHBIX arperaTos.
[Ipunuun paboTel: mpeodpa3zyemMoe HamnpsKeHHe MOAaeTcsi HAa  BXOAHBIE
KJIEMMbI JJaTYMKa 4Yepe3 BHEWIHUM pe3uctop Ri, BeauunHa KOTOpOro BeIOMpaeTcs

ITOJB30BATCJICM UCXOAA N3 HOMHUHAJIBHOI'O BXOAHOI'O TOKA AaTYHKAa.
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Tabnuna 15 - Texuudyeckue naHHbIE AaTUYMKA HAMPSDKEHUS

Homunansnoe | Homunansnoe | Hanpspbkenue | Tounocts | Bpems Pabouwnit Tun

3HAYEHUE 3HAYEHUE nutanus (B) | mpu 25°C | 3agepkku | quarna3oH HCTIOJIHEHUS

HalpsDKEHUs | TOKa,MA (MKC) TeMIIepaTyp

(VPN),B (rp. ©)

100...2500 10 +/- 15 +/-0,7% | 20...100 | -25/+70 Ha mnanens,
BHEILIHUM
pe3ucTop

KoHCTpYKIUA ¥ IPUHIMUI AeCTBUAS

JlaTunKu HanpsKeHusl, OCHOBaHHBIE Ha 3(dexTe Xosia, OCHOBAaHbI HA TEX XKe
MPUHIMIAX, YTO U JATYUKHU ToKa. [IpakTnyecku, oHn coOpaHbl HA OCHOBE JaTUYUKOB
TOKAa, a TJIABHOE OTJIMYME COCTOUT B MEPBUYHOM ILIEMH, KATyIIKa KOTOPOU
W3TOTOBJIEHa C OOJIBIIUM KOJWYECTBOM BUTKOB. JTO TIO3BOJIIET CO3/aTh
HE00XO0IMMOE KOJIMYECTBO aMIIeP-BUTKOB JIJIsi CO3JaHUsI IEPBUYHON MHIYKIIUU, U
TaKuM 00pa3oM MpPU MUHUMAJIBHOM 3HAYEHUHU MEPBUYHOTO TOKA, 00ECIeUnBaETCs
MUHHMaJbHOE TMOTpeOJeHHEe U3 BXOAHOM Iienmu (Ienmu IpeodpasyemMoro
HaIPSKEHHUS ).

[TosToMy 1151 U3BMEpEHUsI HAIPSKEHUS JOCTAaTOYHO 00ECTICUUTh MTePBUYHBIN
TOK, SKBUBAJICHTHBIM 3TOMY HaIPSHKEHUIO, KOTOPBIM M OyneT mnpeoOpa3oBhIBATH
JaTYUK. DTO IOCTUTAETCS C IIOMOILBIO PE3UCTOPA, TOCJIEI0BATEIbHO COEAMHEHHOTO
C IEPBUYHON OOMOTKOM.

Takum 00pa3om, MaTYMKKU HANPSDKEHUs, OCHOBaHHBIE Ha d(dekre Xoia,
MPEJCTABIAIOT COOOM JAaTYMK TOKAa C MEPBUYHOM MHOTOBHUTKOBOM OOMOTKOM U
100aBOYHOM pe3ucTopoM Rj. DTOT pe3ucTop MOKET OBITh BHENTHUM WIH

BCTPOCHHBIM B KOHCTPYKTUB AAaTUYHUKA.

JIaTYMK HANIPSZKEHUS] C BHEIIIHUM Pe3UCTOPOM.
JIOTIOJIHUTENIHHO JIOJDKHO OBITh PACCUMTAHO 3HAYEHHE BHEIITHEr0 Pe3ucTopa

R1 (puc. 38).
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Pucynok 38 - DkBuBasieHTHasl cXxeMa I pacueTa BHEIIHero pesuctopa Ry.

OnpenenuM 3Ha4€HKUE BHEIIHETO pe3ucTopa Ri i npeoOpazoBaHus
HOMHHAJIFHOTO HanpsbkeHus Ve = 230 B, ¢ nukoBbim 3HauenneM 500 B.
a) OnpeneneHue 3HaYeHUsT BHELTHETO pe3nucTopa Ri:
Homuuaneueiii ToK: lpn=10 MA
Juanazon mpeoOpazoBanus l,= 20 MA
Conporusinenue nepsudHoit ooMoTk Ry = 1900 Om
R: =V /loy-Re=(230/10 - 10) - 1900 = 21 100 Om
Ri=21.1 kOm
HomunanbHOe 3HaueHue MoiHocTy P, paccenBaemoii B pesuctope R1
P=1,2 -R;=10% - 21.1=2.11 Br
J1iis n30eKaHus Ype3MEPHOTO TEMITEpaTypHOro Apeiida 3HaueHus Ri v paau
HAJIC)KHOCTU PabOTHI CXEMbI HEOOXOIUMO BHIOMPATh HOMUHAIBHYIO MOIITHOCTh
pesuctopa B 3 -4 pasa BbIllle, YeM pacCUMTaHHAs MOIIHOCTh paccenBaHus. B
JTAHHOM CJTy4ae JKeJaTeIbHO BHIOPATH:
R:1=21.1 kOm / 8Bt
[TomHOE compoTuBneHue R nepBUYHOM ey JaTYrKa OyIeT CIACAYIOIINM:
R =RP + R1 =23 kOm

TexHuueckue JaHHBIC JOaTYMKa HAIIPSXKCHUA IIPUBCACHBLI B Ta6J'II/ILIC 3.

Paccuutaem COIIPOTUBJICHUC HAIPy3KHM JJId IIOJIYYCHHA  BBIXOAHOIO

HanpsokeHus S B koTtopoe B ganpHeumeM nouaét Ha AL

- TeMIlepaTypa oKpyarouei cpeast 1o t° =70 °C
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- HanpspKeHUe nmuTanus Vour= £15 V

- BEIXOJHOU TOK Is = 50 MA

I{J’ISI JAaHHBIX IMapaMCTpPOB B TCXHUYCCKOM IIACIIOPTC PCKOMCHAYCTCA

HCIIOJIB30BATh HAIrpy304YHOC COIIPOTHUBIICHUC B ITPCACIIAX:

Rumin = 0 OM 1 Rygmax = 150 OMm

Ry = Vu/ls =5 B /50MA =100 Om
[Ipenmymiecrna:

- BeIcOKast TOUHOCTD

- Xopoluasi JMHEMHOCTh

- Huzkuil rTemnepatypHbslid qpeid

- OnTuManbHOE BpEMs 3a/IEPKKU

- [IInpOoKniA 4aCTOTHBIN AUANa30H

- BpIicOoKast noMeX03aluIeHHOCTh

- Beicokas meperpy3odHast CrioCOOHOCTb.
Bropuynas nenb

BriBog + : HanpspkeHue nutanus + 15 B

BriBox M : u3MepuTenbHbIN

BreiBoj - : HanpspxkeHue nuTanus - 15 B

LV 100/SP83 M

L WL W

Fm
} J ::' I".".I

Pucynok 39 - IToakmoueHue natuanka Hanpspkenus LEM LV 100/SP83

rae Ry — Harpy3o4HsbIil pe3ucTop.

57



[lutaHue s maTyMKa HANPSDKEHUS TMOABEAEM OT mpeoOpazoBarens

YaCTOTHI.

Hanpspkenne uctounvka nutanus Ug,=24B, a 1u1st 1aTuvKa HalpsKeHUs]
HeoOxoauMo nuTaHue Uy =15B. [Ins yMeHbIIeHus 3HaY€HUSI BXOIHOTO
(mUTarOUIero) HanpsKEHUs HCTIOJIb3YEM JEIIUTENb HAIPSHKEHUS. HA PE3UCTOpax

(pucyHOK 36) ¥ IPOU3BENIEM pacuer.

Ry

UBX l I
!

Ry Ugyx

1 i

Pucynok 40 - Jlenutens HanpsoKeHUS

I — U(i'x BblX
" R+R, R,
— R,
B8blX 8x Rl + R2
U,-R
R = S £-R,

B8bIX

ConpoTuBiieHHe pe3ucTopa R, BeIOMpaeM U3 psiia HOMUHAIBHBIX 3HAYEHUN

E24.

[Tpumem conpotusnenue Ry=5.1 kOwm, Toraa:

U, R, 24.5100
—e 2 R =27
U 15

6blX

R = —5100 =3 xOwm.

7.4. Bp16op anayoro-uugppoBoro npeodpazoBares

AnaJyioro-undpoBoii npeodpa3zoBaTesib — YCTPOUCTBO, ITpeoOpazyroiee
BXOJIHOM aHAJIOTOBBIM CUTHAI B JUCKPETHBIN KO (IM(POBOH CUTHAN).

J11st TOro 4yTOOBI CUTHAJ C IaTYMKA TOKA 3aBECTH B IPeOOpa30oBaTENb

YaCTOTHI HAM TIOHATIOOMTCS aHAIOTO-ITU(PPOBOTO TPEOOPA30BATEND.
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Beioupem 8-pazpsinubiii AIIT ¢upmer National Semiconductor. U3 8-
pa3psAIHBIX PeoOpa3oBaTeNei ¢ mapalIeIbHBIM HHTEPPEHCOM PAaHHUX BBITYCKOB
tunmuaHbiM  sBasieTcss ADCO08161 co Bpemenem mnpeoOpazoBanusi 560 He,
UCIIOJNB3YIOMUN apXuTeKkTypy AByxctyneHdatoro ALl co cxemoil BeIOOpKH —
XpaHEeHHs. ITO YCOBEPIICHCTBOBAaHHBIM BapHaHT CYLIECTBYIOLIETO paHee
ADCO08061, B otmmume ot kotoporo y ADCO8161 umeercss BHyTpeHHHI HUCTOYHHUK
OMOPHOTrO HAaIPsKEHUS Ha MHpUHE 3anpenieHHoi 30Hbl. AL Beimyckaercs B 20-
BbIBOA-HOM Kopnyce SOIC ¢ pacnonokeHHMeM | Ha3HAYeHUEM BBIBOJIOB,

IPUBEAECHHOM Ha puc. 41.

Pucynok 41 - Ananoro-umdpooii npeodpazoarens ADC08161

ADCO08161 He TpebyeT BHEIIHEH CHHXPOHU3AIMHN U OCYIIECTBIISIET aHAJIOTO-
nudpoBoe Mpeodpa3oBaHKE B MOJIHOM JUaNa30HE aMIUIUTY]l BXOJHBIX CUTHAJIOB C
yactotamu oT HyJs1 10 300 k' O6aacts npumenenust ADCO08161, onpenensiemas
ero  mapaMeTpaMu,  JOCTaTOYHO  IIHUPOKa —  OTO  BCEBO3MOXKHBIE
MHUKPOIIPOLIECCOPHBIE CHUCTEMBI, HW3MEPUTENIbHbIE MPUOOPHI, CPETHECKOPOCTHHIE

CUCTEMBI cOOpa TaHHBIX U .
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Viy— 1 ~——  20}—v+
DRO—{2 19—V
DB1—3 18— OFL
DB2—{4 17 —DB7
DB3—5 16 —DBé

WR/RDY —6 Abcosisl 15— DB5
MODE—|7 14— DB4

RD—8 13— C5

INT—(9 121 Vecr,
GND—{10 11—V

Pucynok 42 - Pacnonoxenue u HazHaueHnue BpiBogoB AL[IT ADC08161

VN — aHaJoroBbIi BXOJ] C JUANa30HOM HampsKEHUs! BXOAHOTro curdaia ot 0 1o
Hanpspkenus nutanusa V+; DB0-DB7 — mudpoBbie BBIXOBI ¢ TpeMs
COCTOSIHUSIMU;
WR/RDY — BBIX0/1 C OTKPBITBIM CTOKOM WHIMKAIIMY 3aITUCH U YTCHUSI,

MODE — uudpoBoii Bxo1 ynpaBlieHUs pexKUMaMu; HU3KUNA YPOBEHb — YTEHUE,
BBICOKHM — 3aIllCh;

RD — uudpoBoii BX0a 4TeHHsI, HU3KUI YPOBEHb pa3pelIacT MNOSBICHUE Ha
BbIx01aX DB 1indpoBeIx gaHHBIX;

INT — udpoBoii BBIX01 MHAMKALIMK KOHIIA PEe0Opa30BaHus, MOSIBICHHUE

HH3KOI'0 YPOBHA YKA3bIBACT HA TO, YTO npeo6pa3013aHHe 3aKOHYCHO, U BBIXOJHBIC

JaHHBIC 3a()MKCUPOBAHBI;

GND — MuHyc uctounuka nutanus, npu padore ¢ BuemrnuM MOH coenuusercs
OJIHUM W3 BBIBOAOB VREF;

VRrer+ VREE- — BXO/IbI BHEIIIHETO OMIOPHOIO HANpshKeHUs B iuana3zone ot 0 10
HaIpsHKCHUS TUTaHus V+;

CS — mudpoBoii BX0 «BBIOOP KPUCTAILIAY, AaKTUBHBIN

YPOBEHb HU3KUM;

C
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OFL (Overflow Output) — BBIXOJ CHTHaJIa TIEPEMIOJHEHUS, WCIOIB3YETCS IS
kackagupoBaHust AL, Vrerour - BbIxoa BHyTperHero MOH 2,5 B, myaTupyercs
KoHAeHcaTopoM 220 MKD;

V+ — HampsbkeHHe NUTaHUs, HOMUHalbHOE 3HaueHue 5 B. Jlns koppekTHOo
paboThl MHKpPOCXEMBI BBIBOJ V+ cCJleayeT 3alllyHTHPOBAaTh TaHTAJIOBBIM
KEpaMHUUYECKUM KOHIeHCAaTOPOM eMKOCThIO 10 MK® 1 0,1 MK® COOTBETCTBEHHO.

Texanueckue nannpie AIIT ADCO08161 npuBenens! B Tadbmmie 16.

Tabmura 16.
S | 3 ¢ 9 5
3 Z 8 o= R = b
R /M e M O (0] = Q Q
2 S ¢ | § E 2 S S E |2 ¢
8 o 8 £ 2 . 8 £ 5 5
m O 3 = =
jasi I/I 2 = = o] = = =) Q o
= HTepdeiic S = 5 & = < g =
8, =3 SE- ) 5 e &
g = 5 Q.
£ = s,
MKC EMP =p 5 B MBT
MaKc MaKc THUII MaKc
8 [TapamiensHbIi 0,56 +1 1 Ha 5 100

Hanpsixenue uctounuka muranust Ugy=5B, a qna AL neo6xoaumo
nutanue Uy, =5B. [ yMeHbllIeHUs 3HaY€HUs BXOTHOTO (ITUTAOIIETO)
HaIpPsDKCHUS UCITOIb3yeM JISTUTENb HAMPSOKCHUS Ha pe3ncTopax (pucyHok 38) u

IMPOU3BCIACM PaACUCT.

Pucynok 43 - Jlenutens HanpsKEHUS
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_st'RZ_
U

8blX

Rl RZ

ConpoTuBieHue pe3rucTopa Rz BEIOUpAaeM U3 Psiia HOMUHAJIBHBIX 3HAYEHUN
E24.
[Tpumem conpotusnenue R,=5.1 kOwm, Toraa:

U -R 24-5100
R, = Gx 2_R2:

6blX

—-5100=19,4 xkOm.

7.5. Illut ynpaBjieHusi AByXHACOCHOM CTAHIMEH.

[IuT ympaBieHUs ¢ CUCTEMOW YIpaBJICHHS IBYMs HAcOCaMU MpeIHA3HAYCH
JUTSL yIpaBlieHUs paOOTOM M 3alUTHI OT aBapUil JBYXHACOCHOM CTaHIMU (OOIIMiA
BUJ IIMTA YIPABJICHUS JIBYXHACOCHON CTAHIIMM TPHUBEACH B MPHIOKCHHUU B).
OCHOBHBIC TEXHUYCCKHEC JaHHBIC AT YIPABICHUS MTPUBEIEHBI B TabmuIe 17.

OcHoBHas 3aJlaya CUCTEMBI - MOJICPKAHUE 33JJaHHOTO YPOBHS JKHJIKOCTH B
pe3epByape B aBTOMAaTHYECKOM pPEXKHMME W TPEAOTBpAIlCHHWE aBapuil HaCOCOB.
OTnmuuurtenbHas 0COOCHHOCTh CUCTEMBI COCTOUT B paBHOMEPHOM pacxojie pecypca
HacocoB (IO KOJUYECTBY IMYCKOB). PaBHOE KOJIMUECTBO MYCKOB OOECIeunBaETCS
CTPOTOI 0YepETHOCTHIO BKIIFOUEHHUST HACOCOB .

[yt ympaBiaeHUs MOANEPKUBACT 3alaHHBIA YPOBEHb JKHJIKOCTH, OMUPASICh
Ha aHalW3 COCTOSHHUS 4-X JaTYMKOB YypOBHA 0Oaka, pacHoJIOKCHHBIX B
oOcimyknuBaeMoM pesepByape. B kadectBe gaTumkoB Oaka (JaTYMKOB YPOBHS)

HCIIOJIB3YIOTCS MOIJIABKOBBIC JATYHMKHU C IICPCKITOYAOIMIUMCA KOHTAKTOM.
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Tabnuna 17 - OcHOBHbBIE TEXHUYECKHE JaHHBIC IIIUTA YIIPABICHHUS.

Ne |HanmeHnoBaHue 3HayeHue

1 |HampsoxeHue muTaHUs IIUTA YIPABICHUS / 4aCTOTa TOKa ~380B/50T 11

2 |Harpy3ka makcuMasbHasi (MOIIIHOCTD JIEKTPOJIBUTATEIICH ) 2x15 kBt

3 |HomycTuMoe OTKIIOHEHHUE HaMpsHKEHUs MUTaHusl oT HomuHazia |+10%... -15%

4 |Tun gaT4MKOB TeMMepaTyphl CONPOTUBJICHUE

5 |Tum gaT4uKoB BIAKHOCTU JlaTuMK BIaKHOCTH

CCO06

6 |Tum natumkoB ypoBHS O6aka CyXOW KOHTaKT

7 |Okpykarormias Temreparypa npu padore (-20...+40) °C

8 |Oxkpyxatoias TeMiepaTypa nmpu XpaHeHUU (-25...+50)°C

9 |OTHOCHUTENbHAS BIAXKHOCTH BO3/TyXa 80% 06e3 KoHJeHcaTa

10 |MaxkcumainbHas BbICOTa HaJl YPOBHEM MOPS 1000m

11 |I"aGapuTsl (06€3 yuéra y3/10B KperieHus) umTa ynpasiaenuss | 750x300x1200mm
IJTA IByXHAcOCHOU ctaniuu ¢ YIIIT

12 |Macca muta ynpasienus s AByxHacocHou cranmuu ¢ YIIIT [80kr

13 |CrereHb 3aIUTHI IP54

YCTpoOMCTBO INMTA yIIPABJEHHUS ABYXHACOCHOM CTAHIIMEH.

[[uT ynpaBiieHUss AByXHACOCHOM CTaHUMEN COCTOUT U3:

1) kopryca, MOHTaKHOM IJIAThI, KPBIIIKH, KPENEKHBIX ACTANICH;

2) MarHUTHBIX ITyCKaTENe;

3) aBTOMaTHYCCKUX BBIKITIOUYATEIICH;

4) CBETOCUTHAJILHON apMaTyphbl;

5) cucTeMbl MPOBO/IOB;

6) KJIEMMHBIX KOJIOJIOK;

7) koHTpOUIepa HacocHoU ctanmuu JIHK-2;

8) ycrpoiictB miaBHoro mycka (YIIIT) MSF030.
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OnucaHue cUCTeMbI YIPABJIEHHUS ABYMSI HACOCAMM C IIIUTOM
ynpasjienus Ha ocHoBe /IHK-3
Cucrema peanusyeT clieyronme GyHKIUu:
1) ynpaBieHrne HacOCaMH IO YPOBHIO MEPEKAYNBACMON JKUIKOCTH
MOCPEJICTBOM CUTHAJIOB JaTYMKOB Oaka (MOIJIaBKOBBIX BRIKIIOYATENIECH);
2) IepeKII0YEHUE HACOCOB M0 33JJaHHOMY aJTOPUTMY (IOCIE KaXkI0r0
BKJIIOUEHHUSI, uepe3 24 yaca);
3) 3alUTy OT aBApUNHBIX CUTyaIlul TaKUX, KaK:
- IEPErpeB IBUraTeNsl HAcoca;
- IONaJJaHue BOJIbI B MACJISIHBIN KapTep Hacoca;
- IepenoIHeHne OaKa ¢ mepekaynBaeMon KUAKOCTHIO;
- OTCYTCTBHE NEPEeKauNBAEMOil )KHJIKOCTH (paboTa HacocoB "Ha
cyxyro");
- HEUCIIPABHOCTH JIATYMKOB HACOCOB U JJATYMKOB YPOBHS Oaka, U UX
LICTICH;
- BBIXOJ] HAaNPSKEHMsI MUTAIOLIEH CeTH 3a JOMyCTUMbIE TPaHUIIb;
- HempaBWiIbHaA (pa3upoBKa MUTAKOLIEH ceTH (MyCK JBUraTenei B
00paTHYIO CTOPOHY);
4) 3anoMUHaHUE MPOU3OIICANINX aBAPUIHBIX CUTYAIIH;
9) CUETUMK MOTOYACOB O KaXJAOMY HacOCY;
6) HanmoMuHaHUE O HEOOXOAMMOCTH 0OCITYKUBAaHUS HACOCOB (110 BEIPAOOTKE
3aJIaHHOTO KOJIMYECTBAa MOTOYACOB);
/) MOHUTOPUHT COCTOSIHUSI JATYUKOB, OOJIETHYAIOUIUN PEMOHT B Cilyyae
BO3HUKHOBEHUSI HEUCTIPABHOCTH.
CucremMa COCTOUT U3:
KonTpomnnepa nacocnoit cranuuu J{HK-3, AByX ycTpOHCTB IJIABHOTO MycKa
MSFO030, natunkoB Oaxa.

B cucteme npucyTCTBYIOT YeThIpe naTunka Oaka. [18]
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7.6. Bb16Op KOHTpOJLIEpa

BriOupaem xoutposuiep HacocHou ctanuuu JIHK-3 Beimyckaembiii OOO
"Hayuno-rexuuueckass ¢upma "MUKPOHUKC", T.k. OH mnpegHazHayeH Jyis
yOpaBiI€HUST WMEHHO JBYXHACOCHOM CTaHIIMEHd U YJIOBIIETBOPSIET BCE HAaIlU
TpeOOBaHUS.

Kontponnep nacocHoit cranumu JIHK-3 npennazHaduen miist ynpaBieHUs
paboTOil M 3amUThl OT aBapuil HACOCOB HEOOCITY>KMBAEMbIX OTKAUYMUBAIOIIUX
HacocHeIX cranumii. M3genune JIHK-3 momHocthio 3amenser umspenume JIHK-2.
OcHoBHas 3agava JIHK — noxnepxanne ypoBHsI KUIKOCTH B PE3EPBYape HE BBILIE
3aJIaHHOTO W TpeNOoTBpalleHUe aBapuil HacocoB. M3nenue mpenHazHAYeHO IS
yIpaBJICHUs JBYMSI HACOCAMH B COCTaBe IIKada ynpaBieHHUs] HACOCHOW CTaHIUEH.
W3nenue paccuntaHo Ha MOHTax B mkagp Ha DIN-peiiky. YpoBeHb XHIKOCTH B
pe3epByape oIpeesseTcs Mo YeThIpEM JaTuuKaM YpOBHS (aTurnkam 0aka).

N3nenue peanuszyet cieayromue QyHKIUN:

*TIEPEKJIFOUCHHE TI0 BELIOPAHHOMY aJITOPUTMY JABYX HACOCOB,;
*BO3MOXKHOCTh BBIOOpa aJIrOpUTMa, OOECMEUYMBAIOIIETO PaBHOMEPHBIN
pacxo] pecypca HacocoB (Kak Mo MOTOo4YacaM, Tak U MO YUCIY IyCKOB);
*3aIIUTY OT ABAPUMHBIX CUTyallUM, TAKUX KaK:

*I[IEpErPEB ABUTATENS HACOCA,

eronajaHue BOJbI B MACJISIHBIN KapTep Hacoca,

eriepernoHeHne 0aka ¢ nmepekaunBacMou KUIKOCTHIO,

n

*OTCYTCTBUE TME€peKayuBaeMOM KUAKOCTH (paboTa HacocoB '"Ha

cyxyio"),

*HEHUCIIPaBHOCTh JAaTYMKOB HACOCOB U IaTYMKOB YPOBHS Oaka,

*BBIXO/] HAIIPSKEHHS TUTAOIIECH CETH 32 IOITyCTUMBIE TPAHULBI,

*HEeTIpaBWJIbHAS (Da3UpOBKa MUTAIONICH ceTH (IyCK JBHUTrareieii B

0oOpaTHYIO CTOPOHY);

*YMEHBUIEHNE COMTPOTUBJICHUS U30JISIUUN JBUraTEIs HACOCA;
*3aIIOMMHAHUE ITPOU30LIEAIINX ABAPUNHBIX CUTYaIIUM;

*CUCTYHMK MOTOYACOB 110 KAXKIAOMY HACOCY,
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*HANIOMHHAHUE O HEOOXOIMMOCTH OOCITY>KHWBAaHHSI HACOCOB (IO BHIPAOOTKE

3aJIaHHOTO KOJIMYECTBA MOTOYACOB);

*MOHHUTOPUHI COCTOSIHUSI JAaTYUKOB, OOJIETYAIONIMH PEMOHT B Ciy4yae

BO3HUKHOBEHHUSI HEUCITPABHOCTH;

*yIaJICHHbI MOHUTOPUHT COCTOSIHUSI M3ZCNIUS W TOJKIIOUEHHBIX K HEMY

HACOCOB I10 TociieioBateibHOMY uHTepdericy (s JJHK-31);

*yIaJIecHHOE YIPABJIEHUE COCTOSHUEM HAaCOCOB M PEXUMOM pPabOTHl MO

nocienoBatenbHoMy uHTepdeicy (s JJTHK-31);

*[IPOOHBIE MYCKH BBIKJIFOUEHHBIX HACOCOB.

Cnocobamu 3alMTHI OT ABAPUUHBIX CUTYalUN SBIISFOTCS:

*IIepexX0/i Ha CHEHHAIbHBIA  aJropuT™M paboThl, oOOecreunBaroONnit

MO ACP>KaHUE YPOBHS )KUAKOCTHU TaXKE ITPU HEUCITPABHOCTHU ABYX U3 YETHIPEX

JATYMKOB YPOBHS 0aka U HE JOIMYCKAIOIINI MOBPEXKICHUS HACOCOB;

*OTKJIFOYEHHE HACOCOB.

M3nenue mpegHa3HaueHO MJiE COBMECTHOM paboOThl €  HAacocaMu,
o0opynoBaHHBIMH JaTunkamMu BiaxkHoctu tuma CCO06 (mpoumsBogactBa HTO
"MuUKpOHUKC") U PE3UCTUBHBIM TEPMOJIATUYMKOM (TEPMOJATUMKAMH) C BOCXOSAIICH
XapaKTEPUCTUKON (ptc-THMa) COMPOTUBIECHUWEM cpabdaTbiBaHUs OKOJIO 2 KOM.
Bo3mosknbie Tunbl TepMmogataukoB: CT14-2, TPIT10, B59 u ananoruuneie.

W3nenue noaep >XUBaeT 3aJaHHbIN YPOBEHb KHIKOCTH, OMUPASICh HA AaHAJIN3
COCTOSIHUA 4-X TaTYMKOB YPOBHSI JKUJIKOCTU, PACTIOJIOKEHHBIX B OOCIIY)KHBAEMOM
pesepByape (nanee "matuumku 6aka"). B kauecTBe maTuMkoOB Oaka HCMOJIB3YHOTCS
MOTIABKOBBIE JATUUKH C MEPEKIIIOYAIONIMMCS KOHTAKTOM. MOTYT HCIOJIb30BaThCs
KaK JIaTYUKU C MaJIbIM TUCTEPE3UCOM (OJHOYPOBHEBBIE), TAK M C PEryJIUPYEMBIM
TUCTEPE3UCOM (JIBYXypOBHEBbIE). Takke BO3MOKHO MPUMEHEHHE TaTYUKOB 0aka ¢
OJIHUM 3aMBIKAIOIIMMCSI KOHTAaKTOM. B KauecTBe OTHOKOHTAKTHBIX TATYUKOB MOTYT
OBITH UCIOJIb30BAHBI KOHTYKTOMETPUUECKUE TATUNKH.

N3nenue nuraetcs ot ogHoda3zHoM cetu epeMeHHoro Toka 220 B u Mmoxer
yInpaBisaTh pabOTONW HAcOCOB, HMeEOIUX Kak oaHodazHoe (220B), Ttak u

Tpéxdasznoe (380 B) nuranue.
66



Wznenne Takxke MO3BOJIAET YNPaBIATh pabOTOMl HACOCHOW CTaHIMH B

YIPOIIEHHBIX KOHPUTYPALIMSIX:

*IIPpHU HUCIIOJB30BaHUHN HACOCOB, HC MMCIOIMUX NATYNKOB BJIAXXKHOCTHU U (I/IJII/I)

TeMIEPaTYpHI;

*IIPpHU YUCJIC JATUYNKOB YPOBHA MCHCC UCTBIPCX

*IIpU HAJTUYMH TOJIBKO OJTHOTO Hacoca (0OJHO-HAcOCHasi KOH(UTypanus).

HeoOxomuMo y4uThIBaTh, YTO YHOPOIIEHHBIE KOH(MUTYpAIMH CHUKAIOT

HaJIEKHOCTh PaOOTHl HACOCHOW CTAHIINH.

Tabnuna 18 - OCHOBHbBIE TEXHUYECKUE XapPaKTEPUCTUKU

Hanpsoxenue nutanus uznenus / (TOK
noTpebieHus, He 0oee)

85-265 B / (45 MA)

KomnuecTBOo Hacocos, He OoJiee

2

Tur 1aTYuKkoB TEMIIEPATYPHI

TPII-10

Tun JAaTYHUKOB BJIAXKHOCTHU

"Muxponukc" CC06

Tun 1aT4uKoB ypOBHS

MEPEKIIFOYAIOIINNACS KOHTAKT,
3aMBIKAIOIIMNCS KOHTAKT,
KOHAYKTOMETPUYECKUIN JaTUUK

[Tepnoa BpeMeHU MEXy NPEAbIAYIIUM

nuTaronmx ¢as

00CITy>KMUBaHUEM U TIOSBJICHEM HAITOMUHAHUS O 720 yacoB
HEO0OXOIMMOCTH 00CTYKMBAaHUS Hacoca
AHanu3 npaBWILHOMN MOCEI0BATEILHOCTH Tl

Tun nuTaroen ceTu, 1Jisi KOTOPOr
MIPOU3BOIUTCS aHAJIU3 MOCIEA0BATEILHOCTH (a3
Y YPOBHEW HAIPSKECHUN

500 380 B, 3 dassr unm 220 B

JInarna3oHsl yCTaHOBOK HAIIPSHKEHUW NMUTAOLIEH
CEeTH, B KOTOPBIX YCTPONUCTBO KOHTPOJIS (a3

187-242 B, 176-253 B,165-264

B, 154-275 B
nomyckaeT padory JITHK ’
TOYHOCTh MHAUKAIIMY HAIPSIKCHUS MTUTAOIICH 13 0
CEeTU 0
W3nenue mnpencraBiasier co0OM  MHMKPOIPOIIECCOPHOE  YCTPOHCTBO €

IIPEyCTaHOBJIEHHOW POrpaMMou. B uznenuu npucyrcTByror:

*BXOJBbI:
*JId JAaTYHUKOB BJIAaXKHOCTH,
I JaTYUKOB TECMIICPATYPEI;
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*JIJIs1 TaTYMKOB YPOBHS;
*YIPABJICHUS IOJyaBTOMAaTUYECKUM PEKUMOM;
*U3MEPEHUS U30JISILNY;
*[IMTAIOIIECH CETH;
*BBIXO/IBI:
*YIIPaBIICHUSI HACOCAMU;
*CUTHAJIM3AIIHH;
suntepdeiic RS485 (mst mogudukanuu JHK-31).

Pucynok 44 - Buemnnii Bug JIHK-3

Bce Bxoawl (3a HMCKIIOUEHHEM BXOJOB MUTAIOMIEH CETH) pPabOTarOT IO
OJIMHAKOBOM CXEM€: Ha BXOJ| W3 M3JEJHs MOJAETCS TMOCTOSHHOE HaMpsiKEHUE U
U3MepseTCs TaJCHWE HANpPSOKCHHWS Ha TOIKIIOYCHHOHW K 3TOMY BXOXIYy IIEMH.
Nznenue 3amurtbiBaerca oT ¢a3sl A. K ¢azam B u C moaxmrogarorcs TOIBKO
BBICOKOOMHBIE U3MEPUTEIHHBIC IIETIH.

Brixozp! ynpaBieHus: HAacCOCaMU COJEp>KaT CUMUCTOPHI, KOTOPBIE MOIAal0T Ha
Harpy3Ky, MOJKIIOUEHHYIO K JaHHBIM BbixogaM (a3y A. Beixon curnHammzanuu

IPECTaBIISICT COOOM MEepEeKITIOYaIOIIUiCcs KOHTAKT peie. [18]
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Tabmuma 19 - Haznauenue kimemm kontpoimepa JJHK-3

Homep |MapkupoBka |Ha3znaueHue
1 Hacoc 1 |B [TonkaroueHue JaTyrKa BIAXKHOCTH Hacoca |
2 T [TonkiroueHue gaTunKa TemMnepaTypsl Hacoca |
3 @) [TonxroueHue oo11eT0 MPOBOIA TATYMKOB Hacoca 1

Hacoc 2 |B [MoaxiroueHne naTyvKa BIAXXHOCTH Hacoca 2

T [TonknroueHne qaTdynkKa TEMIIEPATYphI Hacoca 2

6 O [TonknroueHue o0111ero MPOBOIa TaTYMKOB Hacoca 2

Jb1 H [TonkmroueHne KOHTaKTa HIKHETo nosioxkeHus /b1

B [TonkiroueHne KOHTaKTa BepxHero noJjioxkenus /b1

9 O [Tonkmouenue odmero konrakra /b1
10 J1b2 H [ToaxiroueHne KOHTaKTa HU>KHETO MoJiokeHus J1b2
11 B [TonkmroueHne KOHTAKTa BEPXHETo moJioxkenus /(b2
12 0] ITonkmrouenue obmero kounrakra /b2
13 J1b3 H ITogkaroueHne KOHTAKTa HUXKHEro moaoxenus (b3
14 B [TonkiroueHne KOHTaKTa BEpXHEro noJioxkenus /(b3
15 O [Toaxmouenue odmero koHTakTa JIb3
16 J1b4 H [TonkmroueHne KOHTAKTa HUXKHETO noJiokeHus /(b4
17 B ITonkmroueHne KOHTaKTa BEpXHETO nojioxkenus J1b4
18 O [Tonkmrouerue oomero konrakra J{b4
19 Cetp A [Tonxmroyenue da3pl A muTaroIIe ceTu
20 N [ToakroueHue HEUTpaIu MUTAIOIIEH CeTH
21 B [Tonkmrouenue dha3el B uraroreii cetn
22 C [Toaxmouenue ¢daspl C nuTaroIie cetu
23 Yp. H1 [Tonxnrouenue myckaresnst Hacoca 1
24 H2 [TonxiroueHue myckaresst Hacoca 2
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7.7. JaT4uK TeMIepaTypsbl

JlaTuuk TemmepaTrypbl MOYKET KOHTPOJIMPOBATH TEMIIEpaTypy OOMOTOK
JIBUTATENsI, TOJUIMITHUKOB Hacoca. JlaTuuk TemriepaTypbl MpeNCTaBiseT coOon
TEPMOCOTPOTHUBIICHHUE C MOJIOKUTEIBHBIM TeMIIEpaTypHbIM K03 punnentom. JTHK
pa3nvyYaeT TPH PA3TUYHBIX COCTOSHHS JaTYMKa TEMIEpaTypbl: KOPOTKOE
3ambikanue (K3), Hopma u neperpes (00psIB). [lepBoe cocTosiHuE SIBIISIETCS aBapue
naTarka (JTu00 COeTMHUTEIBHBIX MPOBOJIOB), TTOCIIEAHEE — aBapueld Hacoca. [17]

BriObupaem gatumk Ttemmepatypbel TPII-10 kak pekoMeHJOBaHO B

pykoBojaCTBE K KoHTposuiepy JTHK-3.

N S— ~ 7 B « 882
g 100°1°

f)":k _—/!\\\_f

| e

¥ \4/

24 max

Pucynox 45 - Tepmonatunk TPIT-10

Tepmopesuctopsl ¢ mosoxutesbHbIM TKC (1o3ucTophI)

Jls TeMnepaTypHOM 3aBUCUMOCTH COTPOTHUBIICHHS TIO3UCTOPOB XapaKTepeH
pe3KHUii, Ha HECKOJIBKO MOPSIKOB, CKAYOK COMPOTUBJICHUS, IPU ITOM TEMIEPaTypy
CKauyK00Opa3HOT0 U3MEHEHUS COMTPOTUBIICHUSI MOKHO U3MEHSTh OT 3HAUCHUI HUXKE

0 °C no 240 °C.
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Pucynox 46 - 3aBUCUMOCTH COIIPOTUBJICHHSI IIO3UCTOPOB OT TEMIIEPATYPHI

Ta6muma 20. Texauueckue JaHHBIC TEPMOJIaTUNKA

TemnepaTtypHbIil
MakcumanbHOe
K03h .
Tun Thep.,°C HaIpsDKEHUE,
COIIPOTHBIICHUS, B
%/°C
TPII-10 140 15 7,5

7.8. JlaTuuK BJAKHOCTH

I[aT‘-II/IK BJIAJKHOCTH YCTAHABJIMBACTCS B MacCJsHBIN KapTCp ABHUIaTCJIsd HACOCa

U pearupyer

ITOSABJICHUC

BOOKI B Macle.

JlaT4uKk BIAXXHOCTH -

koHaykroMmerpuueckui. JIHK pasznmuuaer Tpu cOCTOSIHHSI IaTdyvka BIIAXXHOCTH:

Maciao (Bo3nyx), Boja, oOpwiB. OOphIB sBIsieTcs aBapued natumka (0o

COCIMHUTEIILHBIX MPOBOIOB), BOJIa — aBapueii Hacoca. [17]

Bri6upaem natunk Biaxkaoctu CC06 kak peKOMEHIOBAaHO B PYKOBOJICTBE K

koHtposuiepy JHK-3.
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Pucynox 47 - Jlaruuk Bnaxknoctu CC06

TexHru4ecKue napaMmeTphl 1aTyuKa BIAKHOCTH:

- MakcumanbHO IOIMYCTUMBINA TOK 4epe3 pazbeM aatuuka 0,2 A

- MakcuMaabHO TOMyCTUMOE M30BITOYHOE IABJICHUE CO CTOPOHBI LIyTIa

naT4yrKa 2 Kr/KB.cM (2 aT™)

- Hanpsbxenue mpo0ost 301s111u 11ylia OTHOCUTENBHO KopIityca aaruuka 1500
B

- Pabounii uaTEpBa) TEMIIEPATYp UYBCTBUTEIBHOIO 31emMeHTa MuHyc 40...100
°C

Hatuuk Braxxknoctu CC06 npemHa3zHayeH i paOOTHl B KAYSCTBE M3MEPUTEIIS
MPOBOJMMOCTH CpPE/bl, MPEeAyNpeKIaloIero O HAJIUYUU BOJBI MEXIY UIYIIOM
JaTYMKa ¥ KopmycoM paaTuvka. OCHOBHOE Ha3HAY€HUE - NPEIyNpPEKIECHUE O

HaJIn4uy BOABI B IIOJIOCTHU I[BI/IFaTeJIeﬁ IMOIPY’KHbBIX HACOCOB.
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IpuHuun geucTBu:
JIaTYMK COBMECTHO € YCTPOWCTBOM M3MEPEHMs pa3IM4aeT Cpeapl 10
BEJIMYMHE COINPOTHUBIICHHUS MEXJIy ILIYIIOM M KOpIyCOM JaT4yuka: "Bo3ayx'" H

"macno" - 6oxee 100 xOwm, "Boga" - menee 20 kOM.

7.9. Ilomu1aBKOBBII BBHIKJIIOYATEb

ABTOMATHYECKHMI  IOTUIAaBKOBBIA  BBIKNIFOUaTe b Multicontact  20mt
(pucyHOK 7) TpenHa3Ha4YeH JIi KOHTPOJISI YPOBHS >KUJIKOCTH B pe3epByape,
€MKOCTH, KaHAJIU3aIMOHHOM CENTHUKE (KaHAIM3alIMOHHOW SIME)

JlaHHast MoOJeNb MOXET MPUMEHSTHCS ISl JAPEHAXHBIX, (PEeKaIbHBIX
(KaHAJTM3alMOHHBIX), JOXIEBBIX CTOKOB. Cepusi I  MPOMBIIIJIEHHOTO
pUMeEHEHUs. AHAJIOT NoM1aBKoBOro Beikitouaresnss SAS “GRUNDFOS”. Paboraer

Ha OMOPOKHEHUE U 3aIOJHEHUE pe3epByapa, JimHa kademns 20 MeTpoB.

Pucynox 48 - [TonyiaBKOBBII BBIKJIIOYATEIb
IpuHuun padorsi:
- TOpU TOBBIIIEHUH YPOBHSA JKUAKOCTH TOTUIABKOBBIM BBIKIIIOUATEIh
BCILIBIBAET M MOJAET CUTHAJI TPUOOPY YIPABICHHS Ha BKIIOUEHUE HACOCA;
- pU TOHWXKEHUHU YPOBHA JKUJKOCTH TOIUIABKOBBIA BBIKIIIOYATEIb

OIIYCKACTCA M IOJACT CUIHAJ HpI/I60py YIpaBJICHUA Ha OTKIIIOYCHHUEC HACOCA,
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WA B 0OpaTHOM TOPSIKE.
Texnuyeckue maHHbIE JaT4YMKa YPOBHS (ITOTJIABKOBOTO BBIKIIIOYATEIs)

MIPUBEJICHBI B Ta0OUIIC 4.

Tabmuma 21 - TexHudyeckue JaHHBIC JaT4YWKa YPOBHS

HOMUHAQIBHBIA | HANPSDKCHHE THUTI Kabes CeUeHUe JUTMHA
TOK Kabes Kabens
SA 220B BOZONOIPYXKHOM | 3x0,75 Mmm? 20 m

B o60mem cnydae sl OTCIEXKHUBAHUS YPOBHS JKHJIKOCTH B 0Oake
UCIIOJIB3YIOTCSL 4YeThipe JaTuyvka ypoBHs (manmee "IIbn", "matuuk ypoBHs"):
JAbl...1b4. JIb1 — camblii Hv>xHud, [Ib4 — camblil BepxHuil. B kauecTBe gaTumka
UCIIOJIb3YETCS MOIUIABOK C MEPEKIIFOYAIOIIMMCS KOHTAKTOM. Y JIaTYMKa UMEETCS TPU
BBIBOJIA: OOIIMIA, BEpXHUI, HUKHUHN. Pa3anyaroTcsl 4eThIpe pa3iuuHbIX COCTOSIHUS

"

natunkoB: "Bepx", "Hu3", "3amxHyT", "000pBaH". Ha "skpanax" JIHK cocrosuus

IaTYNKOB 00O03HayaroTcst coorBercTtBeHHo "B", "H", "3" u "o".

IIpu ypoBHe
JKUJIKOCTH MEHBIIIEM, YeM OTCJICKHUBACT JATYHUK — COCTOSHHUE "HHM3', B MOIUIABKE
3aMKHYTBHl KOHTakThl "oOmmit" u "Huz". [Ipm ypoBHE XKUAKOCTH OOJbIIEM —
cocrosiHue "Bepx" — 3aMkHYThl "oOmui" u "Bepx". CocrosiHuS "3aMKHYT" H
"000pBaH" ABIAIOTCS aBapUsIMH AaTdyrka (MO0 COEAMHUTENBbHBIX TPOBOAOB). I1pu
TOM C OOIIMM BBIBOJIOM COOTBETCTBEHHO JINOO 3aMKHYTHI 00a BBIBOJA, JIMOO HE
3aMKHYT HHM OJIMH. Takke aBapuel CUMTaeTCs CUTyallus, KOTJia IOKa3aHUs
JATYUKOB MPOTUBOPEYAT APYT Apyry (Joruueckas apapus). [17]
1) IIpu noBbIlIEHUH YPOBHS

[Ipu HaxoXAEHUHN YPOBHS B Oake:
- mexay natuukamu JIb1 u J1b2 Hacockl BBIKIIIOYEHHBI,
- mexay b2 u JIb3 ngaTunkaMu BKJIIOYAETCS MEPBBIN HACOC,

- mexny b3 u JIb4 naTunkaMmu BKJIIOYAETCs BTOPOM HACOC,

- Boiie JIb4 pabotaroT 00a Hacoca v BBIJTAETCS CUTHA aBapHUS-TIEPEIIOTHCHHE.
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2) [Ipu nonmxenuu ypoBHs [Ipn HaxoxxaeHun YypoBHS B 0ake (pUCYHOK 3):

- mexxy naruukamu /b3 u JIb4 mponomxkarot paboTtaTs 00a Hacoca,
- mexxy JAb2 u J1b3 npogomxator padotaTh 00a Hacoca,
- mexay [Ib1 u JIB2 oTkitoyaeTcs oguH HAcocC,

- Huke b 1 oTkimrovaeTcs BTOpoit Hacoc.

me== 163

PI/ICYHOK 49 - 3aBUCHMOCTH pa6OTI>I HaCOCOB OT YPOBHA KUJAKOCTH.
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3AJIAHUE JIJISI PA3JIEJA«®@UHAHCOBBIV MEHEJI)KMEHT,
PECYPCO2®®EKTUBHOCTDb U PECYPCOCBEPEXEHUE)

CryneHry:
'pynna ouo
3-5T'5b1 Xon6oeBy XaMmpo3y Xam3a yriau
Ikona Hu:xenepHas mkosa Otpenenne 029
IHEPreTHKH
YpoBeHb 00pa3oBaHus bakanaspuar Hanpagiienne/cnienuansrocts | 13.03.02 DnexrposHepreTuxka u

QJICKTPOTEXHUKA

Hcxonnblie 1aHHble K pa3aeay «PHHAHCOBBI MeHEIKMEHT, pecypco

3¢ GeKTUBHOCTD U pecypcocliepeskeHue»

Cmoumocmo 3ampam mexuuueckozo npoexma (TI1): mamepuanvho-
MEXHUYECKUX, IHEPLeMUUECKUX, PUHAHCOBLIX U UHPOPMAYUOHHBIX

Cmoumocmes MamepuanbHuiX pecypcog8 U CReyuaIbHO2O
000py006anus  onpeodeieHvl 8  COOMBEMCMmeuU  C
poiHounvimMu yenamu 2. Tomcka

Tapughuvie cmagku ucnoanumenetl onpeoenensl WmamHsim
pacnucanuem HU TITY

Hopmui u hopmamuewt pacxodosanus pecypcos

-30% mpemuu, 20% naobasku; 16% naxnaonvle
pacxoowt;, 30% pationnvii KO3 uyuenm.

HC”O}Ib&’yerlaﬂ cucmema HaJl02006]lODIC€Huﬂ,
omltuc,veHuzZ, 0ucx0Hmup06anz u er()umoeanz

cmaeKu  Haulozcos,

Kosgppuyuenm omuucnenuii 60 6Hebr00Ncemuvle PoHObL —
30,2 %.

IlepeyeHb BONPOCOB, MOJIEKAIMMX HCCIE0BAHNIO, IPOEKTHPOBAHU

10 U pa3padoTke:

1. Oyenxa nomenyuara u  nepPCNeKMUSHOCIU  PeANU3AYUU
mexuuueckoeo npoekma (TI1) ¢ nosuyuu pecypcospghexmugnocmu

Homenyuan u nepcnexmuenocms  peamuzayuu  TI1
oyenusaemcs nposeoeHuem SWOT-ananusza, a
pecypcospgexmusnocmv TII ¢ nomowwro unmezpanrbHol

OYeHKU pecypcodadhpexmusHocmu.

2. [Thanuposanue u ghopmuposanue 6100H#cema HAYUHbIX UCCIEO08AHUL

Dopmuposanue niana u epaura paspadomxu.

- opeanuzayus pabom mexHuuecko2o0 NPOeKma;

- onpedenenie mpyooemMKOCMb BbLINOIHEHUS MEXHULECKO20
npoexma;

-paspabomxa epaguxa I anmma;

Qopmuposanue  6100dcema  3ampam — HA  HAYYHOE
uccnedosanue:

- pacuém 3ampam Ha OCYWeCMleHUue MeXHUYeCKo20
npoexkma,

- pacuem  MAmMEPUANbHLIX  3aMpPam — MEeXHUYecKo20
npoexkma,

- NOIHAZA 3apaboOmHaAs NIAMA UCHOTHUMENEN,
- omuucneHus 80 8HebIINcemuble POHObI (Cmpaxoguvlie

omuyucnerus);
- HAKIAOHble Pacxoovl.
Onpeoenenue pecypcnoii (pecypcocbepezaroweli), gunancogoi, - onpedenetie pecypcoaphexmugnocmu npoekma,
010001cemHotl, CoOYUanbHOU U IKOHOMUUECKOU dhdexmusrnocmu - pacyem UHMESPANLHO20 noxazamens
uccne008anus pecypcosPghexmusnocmu
IlepeyeHb rpagu4ecKoro MaTepuasa (¢ MmoyHbIM YKazaHuem o0s3amenbHblX Yepmedicell) .
Juaepamma I'aumma
Mampuya SWOT
| Jarta Bbigaun 3axanns qus pasaena no JHHeiHOMY rpaguKy I
3ananue BbIIAJT KOHCY/ILTAHT:
JonxHocTh ®UO Y4yenasi crenensb, | [loanuch Jara
3BaHHe
Jouent OCT'H LIBUIT Kucenesa Enena | k.. H. 20.03.2020
CraHucnaBoBHa
3asanue NPHHSI K HCIIOJHEHHIO CTYIeHT:
I'pynna DPUO Hoanuch Jara
3-5I'5b1 Xonboes Xampo3 Xam3a yrim 20.03.2020
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8, ®HUHAHCOBBIV MEHEJI)KMEHT,
PECYPCO2®®EKTUBHOCTHb U PECYPCO CBEPEKEHHUE
[lenbto TaHHOTO pa3zesa BhITYCKHON KBATU(UKAITMOHHON paOOThI SIBISIETCS
OLIEHKA MMPOEKTUPOBAHMSI SJICKTPOIPUBO/IA KaHAIN3AIIMOHHOW HACOCHOM CTAaHIIUU C
HO3ULIUU PeCYPCcOdPPEKTUBHOCTH U pecypcocOepekeHusl.
JlocTikeHHe ey 00ecTieYnBaeTCs PeUIeHUEM CIIeAYIOMINX 3a/1a4:
e CocraButhSWOT-ananu3  paboTbl  3JIEKTPOINPHUBOIA
KaHaJIU3alMOHHOW HACOCHOW CTaHIUU
e  3amiaHUpPOBATh TEXHUKO-KOHCTPYKTOPCKUE PAOOTHI
e Paccumrarh 3arpaThl Ha OCYIIECTBICHHE TEXHUYECKOTO
poeKTa

e  Ompenenuts pecypcHYIO 3¢ (HEKTUBHOCTD ITPOCKTA

8.1 SWOT-anajau3 padoThbl 3JIeKTPONPUBOIA KAHAJIU3AIUOHHOI

HACOCHOM CTAHLUH

SWOT - mpencraBnsier co0oil KOMIUIEKCHBIN aHamu3 mpoekrta. SWOT
aHaIM3 MMPUMEHSIOT ISl UCCJICIOBAHMs BHEITHEH W BHYTPEHHEHW CPEIbl MPOCKTa,
KOTOPbIE TTOMOTAIOT OIICHUTh BO3MOKHOCTH, YTPO3bI CUIIBHBIX U CIa0BIX CTOPOH.

Jlst Toro 4to Obl HAWTH CUJIBHBIE U clla0ble CTOpOHBI mpoBeaeM SWOT—
aHanu3. OH MPOBOAUTCS B HECKOJIBKO ITATOB.

[Ipu cocraBnenun matpuitel SWOT ygo0HO HCHONB30BaTh CIETYIOIINE
0003HaYEHUS:

C — cunbHbIE CTOPOHBI ITPOCKTA;

Crn— cnabbie CTOPOHBI MPOEKTA;

B — Bo3MOXHOCTH;

Y — yrpo3ssr;

Martpunia SWOTnpusenena B Tadaune 1



Tabnuma 1 — CocraBnenue npenaputenbHoilt marpuiel SWOT

CuIbHBIC CTOPOHBI
MIPOEKTa

Cl: Hu3kas iena
9JIEMEHTOB CXEMBI

C2: Bricokast HagéXHOCTb

CnaOble cTOpPOHBI TPOEKTA

Cnl. HagexxHocThb
AEKTPOCHAOKEHUS
Cn2. locTynmHOCTh

KOMITOHEHTHI CHCTEMBI
V3: YcoBepiieHCTBOBaHUS
KOHKYPCHTHBIX TCXHUYCCKHUX

peleHuit

V4: Camxenue cupoca

AJIEKTPOCHAOKEHUS TOKOBEJIYIIMX YacTei
noTpedutenei Cn3: Huzkas 6€301acHOCTD
C3: Bricokas Cn4: Huzkas
APrOHOMHYHOCTh 3Heprodh(HEeKTUBHOCTH
C4: Huzkas
MaTepHaTIOEMKOCTh
C5: Bricokas
PEMOHTOIIPUTOTHOCTh
Bo3MoxHocTH

B1: [Ipoknanka kabeneii B BIC1; C3; C5; B1Cnl; Cn2; Cn3;

acTaKagax

B2: Camxenue pacxosoB Ha B2C1;

UCIIOJIb3yeMoe 000pyI0BaHHe

B3: [loBbImeHHE CTOUMOCTH B3Cl1;

KOHKYPEHTHBIX pa3paboToK

B4: Pactrymas B4Cl1; B4Cn3; Cn4;

3aMHTEPECOBAHHOCTD

WHBECTOPOB

Yrpo3sl

V1: 3naunrtensHoe ViCl1

YBEITUYCHUE CTOUMOCTH CXEMBI

V2: IloBblieHue 1eH Ha V2C1; C4; V3Cn3; Cnd4;

V4Cn2; Ca3; Ci4;

Ha ocnoBanum wmatpuisl SWOT cTposTcsi MHTEpaKTHUBHBIE MaTpPUIIbI

BO3MOKHOCTEH U yTPp0O3, O3BOJISIFOIINE OIEHUTDH A(h(PEKTUBHOCTH MPOEKTA, & TAKKE

HAJCKHOCTD €ro pCajin3alu.

HpI/I INOCTPOCHUHU HHTCPAKTHUBHBLIX MATpUIl HCIIOJb3YIOTCA 0003HaYCHUS

aHanormuaple camort marpuitel SWOT ¢ monosmnenueM 3HAKoB (+,-) st
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MOAPOOHOTO TIPEICTABIICHUS HATUYHS BO3MOXKHOCTEH M yIpo3 TpoeKTa («+» —
CHUJILHOE COOTBETCTBHE; «-» — ci1aboe coorBeTcTBHE) [15].

AHanu3 WHTEpPaKTHBHBIX MAaTpPHIl, INMPUBCJACHHLIX B Tabnwmax 2 ©u 3,
MOKAa3bIBAET, YTO CHIIBHBIX CTOPOH y MPOEKTA 3HAYUTEIIBHO OOJIBIIIE, YeM CIA0BIX.
Kpome TOro, yrposbl MMEIOT HHU3KHE BEpPOSTHOCTH, YTO TOBOPHUT O BBICOKOH

HaJICKHOCTHU IIPOCKTA.

Tabnnua 2 — MHTepakTHBHAsI MAaTPUIIA BO3MOKHOCTEN

Bo3MOKHOCTIH CunpHBIE CTOPOHBI IPOSKTA
C1 C2 C3 C4 C5
Bl + - + - +
B2 + - - - -
B3 + - - - -
B4 + - - - -
Bo3MOSKHOCTH CnaOble CTOPOHBI MPOEKTA
Cnl Cn2 Cn3 Cn4 -
Bl + + + -
B2 - - - -
B3 - - - -
B4 - - + +
Tabnuua 3 — UHTepakTuBHAs MaTpUIla yrpo3
CuiibHBIE CTOPOHBI TTPOCKTA
Yrposs Cl C2 C3 C4 C5
y1 + - - - -
V2 + - - + -
V¥3 - - - - -
V4 - - - - -
Crnabbie CTOPOHBI MPOEKTA
YTposk! Cul Cm2 Ci3 Cr4 :
Vi - - - -
y2 - - - -
V3 - - + +
V4 - + + +

B pesynbrate nposenenuss SWOT — ananuza ObUIM pacCCMOTPEHBI CUITBHBIC

U cia0blie CTOPOHBI TCXHUYCCKOI'O ITPOCKTA:

- Puck cHmxeHus CIIpocCa — O0JHa U3 OCHOBHEIX YI'PO3 IIPOCKTA, KOTOpasi

KOPpPEIUPYET CO BCEMU €ro cIabbIMU CTOPOHAMMU;
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— Cnabbie CTOpPOHBI JUKBUAMPYEMBI 3a CUET YCOBEPIICHCTBOBAHUS
KOHCTPYKITUH CXEMBI;

— Jlmd MUHUMUH3AIMH yTrpo3 HEOOXOJUMO OOpaTUTh BHUMAaHHC Ha
HEJOCTaTKH JIAaHHOW KOH(HIypalMKi CEeTH DJJICKTPOCHAOKEHUS, a HWMEHHO
JOCTYITHOCTh ~ TOKOBEAYIIMX  dYacTed, Hu3Kas JSHEprodp(HEeKTUBHOCTL U
PEMOHTOIPUTOTHOCTH;

— Kpome Toro, HeoOXOAMMO aKIICHTHPOBAaTh BHUMAHHC Ha CHJIbHBIC
CTOPOHBI ITPOEKTA, TAKME KaK IKOHOMHUYHOCTh, HAIEKHOCTh M 3PTOHOMUKA,

— Ilpokmanka kabenmel B 3cTakagax — OJHO M3 HanOojiee BECOMBIX
TEXHUUYECKUX PEelICHUH, OTHOCSIIMXCS K BO3MOXKHOCTAM IPOEKTa, T.K. OHO
B3aMMOCBSI3aHO C OOJILIITUHCTBOM CHJIBHBIX CTOPOH;

—  3a cuét MoaudUKAIUK CXEMbl, a MMCHHO HCIOJb30BaHUSI TaKOTO
cmocoba TMpOKJIaAKK KaOenaed, Kak TPOKJIaJKa B  JACTakajgaX, MOXKHO
CKOMITCHCHPOBATh TaKHe CIab0CTH, KaK JOCTYMHOCTh TOKOBEAYIIUX YacTeH u
HHM3Kasi 0€30I1aCHOCTb;

Takum o00pa3om, mpokjagka Kabened B 3CTakaaax IMO3BOJMUT IOJTYYUTH
HauOOJIBIITYI0 OTHa4y OT JJAaHHOTO TMpoeKkTa. biaromaps mMporpeccUupyromummM
pa3paboTkaM B OOJIACTHM  DJIGKTPODHEPTreTUKH W DJICKTPOTEXHUKH,
COBEPIIICHCTBOBAHHIO KOHCTPYKITHIT amnmapaTypbl u
9HEProdHEKTUBHOCTH MAaTEepUajOB HEraTHBHBIC (DAKTOPHI MOTYT  OBITh

MHUHUMMU3UPOBAHEI.

8.2 Opranusanusi padoT TEXHHYECKOT0 MPOEKTA
[ImarrpoBaHre KOMITJIEKCA TPEANoaraeMbIX paboT OCYIIECTBISIETCS B
CJIEYIOILEM MOPSIKE:
— OIpeAcliCcHHEe  CTPYKTYphl paboT B paMKaX  TEXHHYECKOTO
MIPOCKTUPOBAHNS,
—  ONpeAeNICHNE YIACTHUKOB KaXK0W pabOTHI;

— YCTaHOBJICHHE MPOJOJIKUTEILHOCTU PaldoT;
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— mocTpoeHwue rpaduka MpoBEACHUS TPOCSKTUPOBAHUS CHCTEMBbI

AJIEKTPOCHAOKEHUS KaHATM3AIIMOHHON HACOCHOU CTaHIINU;

8.3 Crpykrypa padoT B paMKax TeXHHYECKOr0 MPOeKTUPOBAHUSA

J1J1st BBITIOJIHEHUSI HAYYHBIX MCCIeA0BaHUM hopMupyeTcs pabodas rpynmna,
B COCTaB KOTOPOIl BXOJUT PyKOBOAUTEND U MHKeHEP. CocTaBisieM epeyeHb ITaloB
¥ paboT B paMKax MPOBEACHUS HAYYHOTO UCCIIEI0BAHUS, IPOBOAUM pacipeieiCHUue
UCTIOJTHUTENEH 10 BUaaM pabot. Pesynbrat npeacrasieH B Tadbnuie 3.

JUIsi BBIMIOJIHEHMSI TPOEKTUPOBaHUS (opMUpyeTcs padouas Trpynna, B
COCTaB KOTOPOM BXOJAT PYKOBOJIUTEND U MHKEHEP. COCTABIICH NIEPEYEHb ITAIOB U
paboT B paMmKax MPOBEAEHUS MPOECKTUPOBAHUS U MPOU3BEIAECHO paCHpe/iesICHUE
UCIIOJTHUTEJIEH TI0 BUJaM padorT.

HomepaM 3TanoB COOTBETCTBYIOT CIIEAYIOIINE BHU/IbI BBIIOIHIEMBIX padoT,
IpE/ICTaBICHHbBIE B TAOIHULIE 4:

Ne 1 — O3HakoMIIeHHE € IPOU3BOJICTBEHHONW JOKYMEHTALMEN— BKIIFOYAET B
ce0st u3yueHue nepBUYHON nHGopmanum 06 o0bekTe, POpMYyIUPOBKY TPEOOBAHMIA
K MMPOEKTY, COCTABJICHUE 3aJIaHU U IJIaHa;

Ne 2 — Tlombop ¥ wW3yuYeHHWE MaTepuajoB IO TEME — O3HAKOMJICHUE C
peaMETOM PabOThl, U3YUEHUE PA3IMYHBIX UCTOYHUKOB, KACAIOIIUXCS PA3IMYHBIX
CTOPOH TEXHUYECKOIO MTPOEKTA;

Ne 3 — Onucanue oObekTa aBTOMATH3aUUU (MOAEPHU3AIMHN)— pPACUET
AIEKTPUUECKUX HArpy30K METOJIOM YIOPSA0YEHHBIX AUarpaMM;

Ne 4 — PazpaboTka cTpykTypHOU (IpUHIIMIHAIBHON) cxembl DI — BBIOOP
KOH(UTypaluu cXeMbl 3JEKTPOCHAOXKEHHUS, pacuyeT CyMMAapHBIX 3JIEKTPUUYECKHUX
Harpy3ok;

Ne 5— Pacuer mapameTpoB ABUTATENsI W MOJEIH — BBIOOp 3aIIUTHOMN
arnmnaparypsbl, paCyeT CONPOTUBIIEHUMN, 3HAYCHUW HATIPSIKCHUS,

Ne 6 — BriGop cmocoba perynmupoBaHUsS CKOPOCTH — PETyJIUPOBAHUE

ckopocTu AJl mpu mUTaHUU OT TUPUCTOPHOTO perynsTopa HanpsbkeHus (TPH).
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Ne 7 - Pacuer mpenenbHBIX XapaKTEPUCTUK CHUCTEMBI «IIPEoOpa3oBaTeb—
AIIEKTPOJBUTATENbY— MPUHLHUII PpadOThl ACHHXPOHHOIO JBUIATENsA, CIOCOOBI
pEeryJIupoBaHus CKOPOCTH, ONIPEICIICHUE MTPEACIIBHBIX XapaKTEPUCTHK.

Ne 8 — Ouenka 3¢h(eKTUBHOCTH MOJTYYCHHBIX PE3yJIbTATOB — MPOBEpPKa
COOTBETCTBHS BBIIIOJHEHHOI'O POEKTAa UCXOAHBIM TPEOOBAHUSAM C YIETOM PECYPCO-
1 SHEprod(PheKTUBHOCTH;

Ne 9 — CocraBrienue MOsICHUTENHFHOM 3aMUCKU — O(DOpPMIIEHUE PE3YyTbTAaTOB
IIPOEKTHOM J€ATEIBbHOCTH;

Ne 10 —IIpoBepka BbIMYCKHOM KBaTU(UKALMOHHON pabOThl PYKOBOIUTEIEM
B paMKax Y4eOHO-TIPAaKTHYECKOW palOoThl, BKJIOYAET B CE€OS OKOHYATENIbHYIO
IIPOBEPKY PYKOBOIUTEIIEM, YCTPAHEHUE HEJOYETOB NHKEHEPOM.

Nell

—IloaroroBka k 3amure BKP — mnoaroroBka mnpeseHTanumy,

corjzaCoBaHuc C IIpCriogaBaTC/ICM I 3allUTBI  IICPCH aTTCCTaHHOHHOﬁ

rOCYyJJapCTBEHHOW KOMHUCCHUEN.

Ta6nuna 4 — [lepeueHb 3TanoB padOT U pacipeesiCHUE UCTTOTHUTENEH

No JIoJKHOCTh
OCHOBHBIE ATaIbI Coneprxanne pabot
pab VCTIOJTHUTEJISI
Pazpabotka O3HakoMJIEHHE C POU3BOACTBEHHON
1 . PYKOBOIUTEID
TEXHUYECKOTO 3aTaHUs JOKYMEHTaIeH
Br16op HanpaBieHus
TEXHUYECKOTO [TonGop n M3yyeHne MaTepuaIoB Imo
2 p i P WNuxenep
MIPOEKTUPOBAHHUS TeMe
3aBo/Ia
3 Omnucanue 06beKTa aBTOMATU3AUH Wnxenep,
(MoJepHHU3aINH) PYKOBOAMTEI
Pazpabotka VrbKene
Pacuerst n 4 | cTpyKTYpHOM(IPHHIUIHATIBHOMN) CXEMBI P,
IIPOEKTUPOBAHUE 1 PYKOBOAMTEJIb
CHCTEMBI
peryaupyemMoro 5 | Pacuer mapaMeTpoB ABHTATEIS U MOJIEIN
Nuxenep,
AJIEKTPOIPHUBO/IA — 5 OBOIIITE
. BOJIUTEITH
KAHATM3AIHOHHOM 6 BIOOP CIIOCO0A PEryJIMpOBaHUA PYyKOBOA
HaCOCHOM CTaHIINHU cKopoctH
Pacder npenenpHBIX XapaKTepUCTUK
7 | cucrembl «1peodbpa3zoBaTeIb— Wnxenep
JIEKTPOJBUTATEIIb)
O06o01ieHne 1 OeHKa 8 Onenka 3¢ (eKTUBHOCTH MOJTY4YEHHBIX Wmnxenep,
pe3yabTaTOB pe3yIbTaTOB PYKOBOJIUTEIb
Odopmnenue oTaera 9 | CocraBneHue MOSICHUTEILHOM 3aICKU Unxenep
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M0 TEXHUYECKOMY [IpoBepka BbITYCKHOM

IIPOEKTUPOBAHUIO 10 | xkBamuuUKaMOHHON PabOTHI PYKOBOJUTEID
PYKOBOJHTENEM
Craua BbITYyCKHOM
N Nuxenep,
KBaTM(UKAITMOHHON 11 | IToxroroBka k 3anure BKP
PYKOBOJUTEIH
paboThI

Takum 00pazoMm, B pe3yibTare ONpeneieHHs] CTPYKTYyphl paboT B paMKax
TEXHUYECKOTO TPOEKTa OBUIO BBISBICHO IIECTh OCHOBHBIX A3TaroB (pa3paboTka
TEXHUYECKOTO 3aJaHus, BHIOOD HAMpaBIICHUS TEXHUYECKOTO TMPOSKTHPOBAHUE
3aBOJla, pacyeTbl W  MPOCKTUPOBAHUE  CHUCTEMBI  AJIEKTPOCHAOKEHUS
KaHaJM3al[MOHHON HAaCOCHOW CTaHIMH, O0OOIIEHHWE | OIlCHKa pPe3yiIbTaToB,
opopMIIeHHE OTYeTa MO TEXHUYECKOMY IPOCKTHUPOBAHUIO, CIada BBITYCKHOM

KBIM(PUKALMOHHOM paboThl) U 11 pabdoT.

8.4 Omnpenenenne TpyaoeMKocTH BoinoHenus: TII

TpynoBble 3aTpatbl B OOJBIIMHCTBE CIy4asXx 0Opa3ylOT OCHOBHYIO YacCTh
CTOMMOCTH pPa3pabOTKH, MO3TOMY BaXXHBIM MOMEHTOM SBJISICTCS OTIPEICIICHHE
TPYAOEMKOCTH pabOT KaXKJOTO U3 YIaCTHUKOB MTPOSKTUPOBAHHSI.

TpymoeMKOCTh  BBITIOJHCHHS TEXHHYECKOTO IMPOEKTa  OLEHHWBACTCS
OKCIIEPTHBIM TIYTEM B YEJOBEKO-IIHSX M HOCHT BEPOSTHOCTHBIA Xapakrep, T.K.
3aBHCHT OT MHOXKECTBA TPYIHO YYHMTBIBaeMbIX (akTopoB. s ompeneneHus

OKHJIaeMOTO (CpeHero) 3HayeHus: TPYyIOEMKOCTH t

UCIIOJIB3YETCSl CIeAyIoIas

dbopmyna:

31:mini + 21:maxi

t,. =
OXK1 5 ’ (1)

rae {,.; — okuMmaemas TpyIOE€MKOCTb BBINOJIHEHUS i-OM paOOThI Yell. JH.;

t . oy
MmNl — MUHUMAaJIbHO BO3MOJKHAas TPYJAOCMKOCTh BBIIIOJTHEHHUS 3aJJaHHOM 1-OU
paboThI (ONTUMHUCTUYECKAS OIIEHKA: B TIPEATOI0KEHNN HanboJsiee 0JIaronpusiTHOro

CTEUYCHUS 0OCTOSTEILCTB), YCI. JIH.;
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{1 axi — MAKCHMAJIEHO BO3MOYKHASI TPYJOEMKOCTh BHINOIHEHUS 3a1aHHOM i-

o paboThl (MECCUMHUCTHYECKAash OLEHKa: B MPEANOJOXKEHUH Haubosee

HC6JIaFOHpI/I$ITHOFO CTCUCHUA 06CTOHTCHLCTB), qCJI. OIH.

8.5 Pa3zpalorka rpaduka npoBeleHHsI TEXHUYECKOI'0 POEKTAa

B pamkax miaHupoOBaHUS TEXHUYECKOTO IMPOEKTa HEOOXOAMMO IOCTPOUTH
JICHTOYHBIN rpadK MPOEKTa.

Huarpamma ['aHTTa — mnpeacTaBiseT coOOH JIGHTOUHYIO JUarpammy,
KOTOpasi UMEET JBE IIKaJbl: IIKaJa BBINOJHAEMBIX 337a4 U BpEeMEHHas IKana. B
COOTBETCTBHM CO CpPOKOM, OTBEICHHBIM II0 TIPOEKTYy KaXIOW 3ajade, OH
OTKJIJbIBACTCA HA BPEMEHHOU IIKAJIE.

I'paduix cTpoutTes 11t 0KUAAEMOTO IO ITTUTEIIBHOCTH UCIIOJIHEHHSI pa0oT B
paMKax TEXHHYECKOTO MPOEKTa, C Pa3OMBKOM MO MecsAllaM U JIeKaJaM 3a Mepuoj
BpeMenu mnoarotoBkn BKP. Ha ocHoBe Tabmuupbl 5 cTpowM IUaH-rpaduk
npoBeeHust padoTta (Tabsuia 6)

IIpoIOIKUTENBHOCTD BBIIIOJIHEHHUSI TEXHUYECKOrO IIpOeKTa 3aHsuia 12
JieKaj, HaurHasi Co BTOPOH Jekaabl (peBpasis U 3akaH4YMBas MEPBOM JEKa 10N UIOHS.
[TpoaOMmKUTENHEHOCTD BBIMOIHEHHSI TEXHUUECKOIO IPOEKTa B pa0OUNX JTHAX 3aHsIIa
100 nuei. U3 Hux:

100 nHe — NpOaOJIKUTENBHOCTD BHIIOTHEHUS padOT HHKEHEPA,;

10 gHE# — MPOIOKUTETEHOCTD BBITIOTHEHUSI PAOOT PYKOBOIUTEIS;
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Tabnuna 5—Pacuér npoAoIKUTENBHOCTh padOT Yell.-/IH.

TpynoémkocTs pabort, yen-1Hu

MuHuMaIbHO MakcumanbHO Oiaemas
BO3MOJKHAas BO3MOXKHAs
TPYJOEMKOCTh
TPYAOEMKOCTh TPYJOEMKOCTh
No Haszpanue o o o
paboTbl 5 B o3 5 B == 5 B =
T 2 = T 2 T T 2 T
= = =
1 CocraBnenue u
YTBCPKIACHUC 1 _ 1 _ 1 _
TEXHUYECKOTO 3aJJaHHs
2 [TonGop u u3yueHue _ 3 _ 7 5
MaTepHuasoB 10 TEMe
3 | IlpoBenenue pacueroB
QJICKTPHUYCCKUX HAI'PY30K 1 19 1 23 1 21
TIpePUSATHS
4 | 4.Pa3paboTka CTpyKTYpHOI
(IpUHIMITHATBHON) CXEMBI 1 17 1 o5 1 20
oIl
5 5.Pacdet nmapameTpoB
JBUTATEIIST U MOJICIIN
Br16op criocoba 1 14 1 21 1 17
pEeryJIupoOBaHusl CKOPOCTH
6 Pacuér BHyTpH3aBOACKOM
CEeTH MPEANPUATHS 1 3 1 6 1 4
7 7. Pacuet mpenenbHbIX
XapaKTePUCTHK CUCTEMBI
«rpeobpazoBaTesb— 1 14 1 18 1 16
ANEKTPOJABUTATENH)
8 | Ouenka s¢pdexTuBHOCTH 1 6 1 8 1 7
MOJIYYEHHBIX PE3yJIbTaTOB
9 | Cocrapnenne
HOSCHUTEIHLHOMN 3aIICKU ) 3 ) 12 i 7
10 | ITpoBepka BBITYCKHON
KBaTM(UKAITMOHHON 1 . 1 ) 1 )
paboThl PYKOBOAUTETIEM
11 | Chaua u 3ammTa
BBIITYCKHOHN
KBaJIN(DUKAITIOHHOM 1 2 3 4 2 3
paboThI
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Ta6nuna 6 — luarpamma I"anTTa

T,i, [1po10KUTENEHOCTD BBINOJIHEHUS padboT
No Bun pabor Ucnonnurenu | pad. | Depp. Mapr Anpenb Man Hronp
JH. | 2 13112312312 ]|3[|1]2
3HAKOMJICHHE C IMPOU3BOACTBEHHOM
1 O p " PykoBogutens | 1
JOKyMEHTaIen
2 [Ton6op u n3ydeHne MaTepuajIoB IO TEMeE Nnxenep R f—
3 [TpoBeneHne pacueToB MEKTPUIECKUX PykoBogutens | 1 .
HArpy30K MpeanpusITUs VroKeHep 21
4 Pa3zpaboTka cTpykTypHOI PykoBogutens | 1 -
(nmpunnmMnuanbHo) cxembl D1 Wmxenep 20
5 Pacuer nmapameTpoB ABUTATEINS U MOJIEIH PykxoBomutens | 1 T
Br160op crioco0a perynupoBaHusi CKOPOCTH HNuxenep 17
5 PacuéT BHYTPH3aBOJICKON CETH PyKoBOJMTEN 1
MPEATNPUATUS Vrokenep 1 _—
Pacuer npenenbHbIX XapaKTEPUCTUK PykoBogutens | 1 -
CUCTEMBI «IIpeoOpa3oBaTeIb—
7 PEoop Nnxenep 16 —
AIIEKTPOJIBUTATEIHY
8 Orenka 3(ppeKTUBHOCTH MOTYYECHHBIX PykoBonutens | 1 -
pe3yJIbTaToB WKenep 7 —_
9 CocraBieHuE NOSICHUTEIBHON 3aIMCKU HNuxenep 7 -
10 ITpoBepka BKP pykoBoaurenem PykoBogutens | 1 -
PykoBogutens | 2
11 IToaroroBka k 3amure BKP —
Nmxenep 3
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Takum 00pa3zom, IPOJOKUTENHHOCTh BBIIOJHEHUSI TEXHUUYECKOTO MPOEKTa 3aHsija
12 nexaj, HaUMHAs CO BTOPOM JIeKa bl (PeBpaIs U 3aKaHUYMBAas IIEPBOM JIeKa 0 UIOHS.
[TpoAOMKUTETEHOCTD BBHINOJHEHUS] TEXHHUECKOTO MPOEKTA B paboumMX JHAX 3aHsjIa
100 muei. U3 Hux:
90 nHel — mPOIOHKUTEIFHOCTD BBITIOTHEHUS pa0OT MHKEHEPa,;
10 nHel — mpoI0HKUTEILHOCTD BBITTOTHEHUS pa0OT PYKOBOIUTEIIS.
8.6 Pacuér 3aTpaT Ha ocyuiecTB/IeHHEe TEXHUYECKOT0 MPOEKTa

[enbro TIaHUPOBAHUS CEOECTOMMOCTH MPOBEICHUS] TEXHUYECKOT0 MPOEKTa
SBJIIETCSI YKOHOMHYECKH OOOCHOBAaHHOE OTpE/EICHUE BEIUYMHBI 3aTpAaT HAa €ro
BBITIOJTHEHNE. VICXOMHBIMU JTaHHBIMHU JJIA pacyeTa 3aTpar sBJISIETCS IUIaH paboT u
nepedyeHpb TpedyeMoil anmapaTypbl, 000pyI0BaHUs, CHIPhS 1 MaTepUAJIOB.

3aTpaThl Ha OCYILECTBICHHWE TEXHUYECKOTO MPOEKTa PaCCUUTHIBAIOTCS IO

CICAYIOIIHNM CTAaTbsAM paCXOod0B C IMOCIICAYIOIIUM CYMMHUPOBAHHUCM:

—  pacxojpl Ha OIJIaTy TPY/a;

—  OTYHCJICHHS BO BHEOIOXKETHBIE CTPAXOBbIE (POH/IBI;
— pacxo/ibl Ha MaTepUajIbl U KOMIUIEKTYIOIIHUE U3/1EIINs;
—  pacxoJibl Ha CIEeI000PYI0BaHHUE;

— HaKJIaaHBIC PaCXOdbI.

8.6 Pacuer MmaTepHAaJILHBIX 3aTPAT TEXHUYECKOT0 MPOEKTA

Pacuer maTepualbHBIX 3aTpaT OCYIIECTBIIACTCS MO Clenytomei hopmyre:

3M — Z::l:ul ) Npacxi (2)

r7ie M — KOJIMYECTBO BUJOB MAaTEPHAIIbHBIX PECYPCOB, TOTPEOIIEMBIX IPU
BBITIOJTHEHUN TEXHUYECKOTO ITPOEKTA;
Npacxi — KOJTMUECTBO MAaTEPUABHBIX PECYpCOB I-TO BHIA, IUIAHUPYEMBIX K

MCIIOJIB30BaHUIO (HATYp.€1.);
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L1; — uena mpuoOpeTeH s €MUHMIIBI I-TO BHA TIOTPEOIIIEMBIX MaTePHAITBLHBIX

pecypcoB (py0./HaTyp.en.);

K maTepuanbHbIM 3aTpaTamM MOKHO OTHECTH: Oymara, pyuka, koppekrop, USB-

HAKOIUTENb, OJIOKHOT, TUHEHKa, MyJIbTH (opa .

MarepuanbHble 3aTpaTbl, HEOOXOAUMBIE JJIsl TaHHOM padOThl, yKa3aHbl B

tabnurie 6.

Tabnuua 6 — MatepuaibHble YHCIIO 3aTpaThl

3atp
Emn I
Hanmeno Komuue aThbl Ha
HHUIIA €Ha 3a
BaHUE CTBO MaTepuabl
U3MEpEeHUs el., pyo.
(3m), pyo.
2,
bymara Jlucr 150 . 375
6
Pyuxka [Ir. 1 0 60
USB 3
IIT. 1 305
HAKOIIUTEID 05
8
JIunelika . 1 . 85
Mynpti
It 10 2 20
opa
1
BroxuoT . 1 100
00
KoppekTto 5
PP T 1 55
p 5
100
Hroro:
0
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Takum oOpa3oM, K OJHOWMaTepuajbHBIM 3aTparaM TapUQHBIHA
OTHOCSITCS: CBOAMM OyMara, pyyka, LeHTpax Koppekrop, USB-nakonurens,
OJIOKHOT, JOMOJHUTENbHOE JHHEWKa, MylIbTU(Opa, Ha KOTOpbIe OBLIO MOTPAYEHO

1000 py6.

8.6 Ilosnasi 3apaboTHasi JIATA UCIOJHUTEJIEN TeMBbI

B HacTosmyto cTaThio BKIIFOYAETCS TTOJTHAS 3apa00THAS TJ1aTa PYKOBOIUTEIS

U MHXXEHEpa, KOTOpasi pacCUUThIBaeTCs No (popmyie:
3= 3ocut 31[0n ) (3)
rae: 3ocs — OCHOBHAS 3apabOTHAs IJ1aTa;

3 0n — JOTIOTHUTEIbHAS 3apa0OTHAsI TIaTA.

Benuuuna pacxooB 10 3apabOTHOM IUIaTe OMNpeAessieTcsl UCXOIsl U3
TPYJIOEMKOCTH BBITIOJIHSIEMBIX PA0OT U ICUCTBYIOIIEH CUCTEMBI OKJIAJIOB U TapU(PHBIX
CTaBOK.

OcHoBHass 3apabotHass  1wiata (3¢s) PYKOBOIUTENS U HHXEHepa
pPacCUMTHIBACTCS T10 CIEeIyIONIeH dhopmyrie:

300H:Tp' 3HH ) (4)
rae: 3oc: — OCHOBHASI 3apa0O0THas T1aTa OJHOTO PaOOTHHKA;
T, — IPOIOIKUTENBHOCTD PAOOT, BBHIIIOJIHAEMBIX PAOOTHUKOM, pad. JIH.
3w — CpeAHeHEeBHAs 3apaboTHas miara paboTtHuka, pyo. CpeaHeaHeBHas

3apa0oTHAas IJlaTa pacCUYMUTHIBACTCS 1O (hopMyJie:

_ 3m

3 = R (5)

rje: 3y — MECSAYHbIN JOJDKHOCTHOM OKJIaJ paboTHHKA, PYO.;

Hmec — KOTUYECTBO pabouux gHEH, pad. JH.

Tabnuna 7 — PacueToCHOBHOM 3apabOTHOM TIaThI

Cpennsis IIponomxkurens

Ucnomanuremm Oxnan 3apaboTHas HOCTB paboT,
I1aTa pa6OTHI/IKa BBITNTIOJIHACMBIX

OcHoBHas
3apaboTHas TIaTa
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pyo. paboOTHUKOM OJIHOTO

pa0. nH. paboTuuka pyo.
PykoBoauTens 18560 844 10 8440
WNuxenep 12410 560 100 56000
Htoro 3ocH : 64440

3aTpaThl IO TOMOJIHUTEIBHON 3apaOOTHOM TIJIaTE€ UCIIOJIHUTENEH TEMbl YUUTHIBAIOT
OIUIATY MPHU MPEAOCTABICHUHU €KETOAHOTO OTIAYMBAEMOI0 OTITyCKA.
Pacuer npomosiHMTENbHOW 3apa0OTHOM IUIATHl BEIETCS MO CIEAyrouen
dbopmyie:
300 =Kon -3 (6)

rae:  Kuon — K03 pHIMEHT AOTTOTHUTEIBHOM 3apaO0THOM TLTATHI.
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Tabnuna 8 — PacuernonHoi 3apab0oTHOM TIaThI

Ucnongurenu ko3¢ punmeHT OcHoBHas JlononaUTETHEHAS TTonnas
JOTIOJTHATETbHOM 3apo0oTHas 1mIara 3apo0oTHas I1aTa 3apaboTHas 1IaTa
3apaboTHOI TIATH. OAtHOTO
k):[OH, py6 pa6OTHI/IKa3OCH, 32[01'[, py6 31‘[’ py6
pyo.

PykoBoauTens 15% 8440 1266 9706
Wnxenep 12% 56000 6720 62720
Uroro: 72426

Takum 06pa30M, Ha ITIOJIHYIO 3apIuiaTy UCIIOJIHUTCIIAAM TCMbI IIPOXOOUTCA

72426, u3 nHux pykoBoautento 9706 pyoieit, a unxenepy — 62720 pyoseil.

8.7 Otuncienus BO BHeOIOAKeTHbIE (POHIBI (CTPAXOBbIe OTUYHCIEHHA)
B nanHO# pa3zmene pacxoloB OTpaxaroTcsi 00s3aTeNIbHbIE OTYHCIICHUS 10
YCTAHOBJICHHBIM 3aKOHOJATENbCTBOM Poccuiickort ®enepanuyu HOpMaM OpraHam
rocyJapcTBeHHOro conuainbHoro ctpaxoanusi (OCC), nencuonHoro pouna (I1D) u
meuimHckoro crpaxoBanus (POOMC) ot 3aTpaT Ha orIaTy Tpy/a pabOTHUKOB.
BenuuuHa oTunciieHUd BO BHEOIOKETHBIE (POHIBI ONPENETAETCS UCXOISl U3

crieayromieit hopMyJIb:

3BH66 - kBHe6 ’ (3001-1 + 3;[011) ) (7)

1€ Kenes — KOOPHUIMEHT OTYMCIICHUH Ha YIIJIATy BO BHEOIOKETHBIC (DOH IBI
(nencuoHHbIN (HoHI, HoH 00s13aTETLHOTO0 MEAUIIMHCKOTO CTPaXOBaHUs U TIp.)

B cootBerctBUM ¢ DenepanbHbiM 3akOHOM OT 24.07.2009 Ne212-®3
YCTaHOBJIEH pa3Mep CTPAXOBbIX B3HOCOB paBHbIi 30,2 %.

OTtuucnenust BO BHEOIOKETHBIC (POHIBI COCTABSIT:

3snes = 0,302%72,4 = 21,87 THIC. pYO

Takum oOpazomM, OBLIO MOCYUTAHO, YTO OTYHMCIICHHS BO BHEOIOJKETHBIC

dbouawl coctaar 21,87 Teicsd pyOei.

91



8.9 HakuaaHble pacxoabl

HaKJ'IaI[HBIG pacxoabl YYHUTBIBAKOT IIPOYHC 3aTpaTbl OpraHvu3alvv, HE

IMMOIIaBIMIMEC B MPCAbIAYIIHUC CTATbU PACXOOdOB: aMOPTHU3aAllKAd AKTHUBAM, pPaACXOIHbI,

CBSI3aHHBIC C peKJIaMoH u T.1. Ix BenmuumuHa coctaBisieT 16% ot 00111eit cyMMBbI 3aTpaT

HaIIpOCKTHUPOBAHUC.

8.10 opmupoBaHue CMEThI 3aTPAT TEXHUYECKOT0 MPOEKTA

Paccuutannas BeaumuuHa 3aTpaT TCXHHUYCCKOI'O0 IIPOCKTA SABJIACTCA OCHOBOH

JJI1 (bOpMI/IpOBaHI/IH CMCTHI 3aTpaT IIPOCKTa, KOTOprﬁ IIpHU 3aKIIOYCHUN JO0Ir0BOpa €

3aKa34YHMKOM 3allumacTCsAa opraﬂﬂsauﬂeﬁ B KaUCCTBC HMIKHCTO IIPCACIIa 3aTpaT Ha

pa3pabOTKy TEXHUUYECKON MPOTYKIINH.

OHpCIIeJIGHI/Ie CMCTHI 3aTpaT Ha TEXHUUYECCKUH IIPOCKT IIPUBCIACH B Ta6J'II/IHC 9.

Tabnuna 9 — CmeTa 3aTpaT TEXHUYECKOTO TPOEKTa

Crpykrypa
HaumenoBanue pazaenu Cymma, ThIC. pyO
3arpar,%

1. MaTepuanbpHbIe pacXombl 1,0 0,7
2. 3aTpathl 1O MOJIHOM 3apabOTHOU

. 72,4 64,3
nare ucnonnurenen TII
3. OTuncnenus BO BHEOIOKETHBIC

21,87 19,0

(doHbI
4. HaknaaHbie pacxopbl 15,24 16,0
5. Aroro 110,51 100,0

Takum o00pazom, cMera 3aTpaT Ha pa3pabOTKy TEXHHYECKOTO MPOCKTa

cocraisier 110,51 Thic.py0, u3 KOTOphIX Oojee monoBuHBI (64%) COCTaBISIOT

3aTpaThl HA OIUIATy TPY/a.
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8.11 Omnpenenenue pecypco3gpdeKTHBHOCTH MPOEKTA
Omnpenenenne pecypcodhPEeKTUBHOCTH MPOESKTA MOKHO OIICHUTH C IIOMOIIIHIO
UHTETPAIBHOTO KpUTEpHs pecypcodPdekTuBHOCTH 1O Gopmyne [B2]:

I pi 28°h
rne |, — MHTErpanbHBIA MOKa3aTeIs pecypcodhheKTHBHOCTH;

a; — BecoBoi k03 PUITMEHT pa3pabOTKH;

b — 6amTpHas oneHKa pa3pabdOTKH, YCTAaHABIMBACTCS KCIIEPTHBIM ITyTEM I10
BBIOpAHHOM IIKaJIe OLICHUBAHUS;

OneHKy XapakTepUCTHK IpPOEKTa IPOBEJEM HAa OCHOBE KPHUTEPUEB,
COOTBETCTBYIOIIUX TPEOOBAHUSAMHU K CHCTEME AJIEKTPOCHAOKEHHS MPOMBIIUICHHBIX
MIPEANPUSITUNA:

1. DproHOMHYHOCTH: ONTHUMAaJIbHAsI YCIOBHUS TPyAa C LENBI0 YBEIHMUCHUS
MIPOM3BOAUTEILHOCTHA U COXPAHEHHSI CUJI, BPEMEHHU, YHEPTHH, pabOTOCIIOCOOHOCTD U
3JI0pPOBBS UEJIOBEKA;

2. PeMOHTONMPHUTrOAHOCTH:  JTOJITOBEYHOCTH W  YBEIUYEHHUS  CPOK
HKCIUTyaTalH 3JIEKTPOYCTaHOBKH;

3. besomacHocTh: obecneyeHue OezomacHOCTH  pabOT, Kak ISt
AIIEKTPOTEXHUYECKOTO MEPCOHANA, TaK U VISl HE AIEKTPOTEXHUIECKOTO;

4. OOecrnedyeHHe HAMJIEXKAIIETO KayecTBa 3JIEKTPOIHEPTHUHU: KAayeCTBO
AIIEKTPOdHEPTHH, yaoBieTBopstomiee TpedoBanusm ['OCT 13109-97;

5. HapexHocts: Oecniepe0oitHOe CHaOXEHHE JJIEKTPOIHEpPIrue B
npenenax JOMyCTHUMBIX MOKa3aTeliel €€ KadecTBa U MCKIIOUEHUE CUTYallHid,
OTIAaCHBIX /IS JTFOJICH U OKPY’KaIOIIEH CPeIbl;

6. IIpocrora 1 ynoOCTBO B 3KCILTyaTalliu: BOZMOXKHOCTh UCTIOIb30BaHUS
nepcoHasioM 0ojee JOCTYMHOrO, aBTOMATH3MPOBAHHOTO M aJalTHBHOTO IO
KOHCTPYKIIMM  TEXHMYECKHM  XapaKTepUCTUKaM  DJCTKPOOOpYIOBaHUS  Ha

MPEIPUSITUH;
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7.  DOHeprodp(eKTUBHOCTh:  HCIOJB30BAHME  MEHBIIETO  KOJIWYECTBA
DHEPrur JUisi OOECHEYEeHMs] YCTAHOBJIEHHOIO YPOBHS MOTPEOJICHHS SHEPIHH B
3IaHUSX OO0 TIPU TEXHOJIOTMYECKHUX MPoIleccax Ha MIPOU3BOJICTBE.

Kputepuu pecypcoddpdekTHBHOCTH U UX KOJTHMYECTBEHHBIC XapaKTEPUCTHKU

npuBeieHbl B Tabmuie 10.

Tabnuual( - CpaBHHTENbHAS OLIEHKA XapaKTEPUCTHK MPOEKTa

Kprrepum BecoBoit bannpHag orieHka
ko3 bunreHT pa3paboTKu

1. DproHOMHYHOCTH 0,13 5

2. PEeMOHTOTIPUTOTHOCTH 0,16 5

3. Be3sonacHoCTh 0,14 4

4. O0ecrieueHne HaIIeKaIIEero KayecTBa

AJIEKTPOIHEPT U 0,18 4

5. HagexxHOCTD 0,15 5
6.IIpocTtoTa 1 yno6CTBO B 9KCIUTyaTalluu 0,09 4
7.91eprodhHEeKTUBHOCTH 0,15 5
Hroro: 1,00

Pacuetr unTerpanpHoro nokaszareins pecypcodPheKTUBHOCTH TEXHUUYECKOTO
MPOEKTa COCTABUT:
Ip=5%0,13+5% 0,16+4x 0,14+4x 0,18+5% 0,15+4x 0,09+5% 0,15=4,6
Takum oOpa3zoMm, MokazaTenb pecypcodPGHEeKTUBHOCTH TMPOEKTa HMEET
JIOCTaTOYHO BBICOKOE 3HaueHue (1o S-OalapbHOM IIKaje), 4YTo TOBOPUT 00
2 ()EKTUBHOCTH WCIIONB30BAHUSA TEXHUYECKOTO TPOEKTa. BbICOKMEe Oauibl

HaJCKHOCTH U HOMGXOYCTOﬁ‘—IHBOCTH MO3BOJIAKOT CYAUTH O HAACKHOCTU CUCTCMBIL.

BoiBojibI 110 pazaeny «PUHAHCOBBIN MEHEIHKMEHT, pecypcodHEKTUBHOCTh U

pecypcocOepekeHre»

1. Takum oOpaszom, u3 nposeaeHHoro SWOT-anann3a BUIHO, YTO CHIIBHBIX
CTOpPOH y npoekTa Oosbliie, yeM ciadbix. Pesynbrar SWOT-ananu3a nokasani, 4To
IPOEKT MMEET BBICOKYIO 3HEProd((PeKTHBHOCTH, MOBBILICHHYIO O€30MaCHOCTh H

9KOJIOTUYHOCTb TCXHOJIOI'MH, COBMCIIAsd HHU3KYIO CTOMMOCTb IPOH3BOJCTBA, IIO
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CPaBHEHHIO C JPYTMMH TEXHOJOTHSIMH, M BBICOKOE€ KayeCTBO NPOAYKIHMHU B
COBOKYITHOCTU C OOJBIINM CPOKOM JKCIuTyaTanuu. Cpenu cnabblX CTOPOH MOXKHO
BBIJICIUTh OTCYTCTBHE Yy IMOTEHIMAJIBHBIX MOTpeOuTeNnell KBaIU(PUIIMPOBAHHBIX
KaJIpoB 1O paboTe C HAyYHOW pa3pabOTKOW, BHICOKAs CTOMMOCTH JIUIIEH3MOHHOTO
POrpaMMHOT0 OOecreYeHusl.

2. Takum 00pa3oM, MPOJOIKUTEILHOCTh BBIMNOJHEHUS TEXHUYECKOTO
npoekTa 3aHsia 12 nekaj, HaunHas co BTOpOoi Aekaabl (heBpaist M 3aKaHIUBas IePBOM
nekanoi uroHsA. IIpogoIKUTENBHOCTh BBIOJHEHHS TEXHUYECKOrOo MPOEKTa B
pabounx naHsax 3aHsa 100 guedt. M3 wux: 100 gHelt — mpoOAOTKUTEIHLHOCTH
BBINIOJIHEHUS paboT uHkeHepa; 10 qHel — mpoJoJKUTENBHOCTD BBIIOJHEHUS PadOT
PYKOBOJUTEIIS;

3. JleHexxHbIe 3aTpaThl Ha Pa3pabOTKy TEXHHMUYECKOTO MPOEKTa COCTaBISET
110,51 ThIC.py0, U3 KOTOpBIX Oojee monoBUHBI (64 %) COCTaBIAIOT 3aTpaThl Ha
oIUIaTy Tpy/a.

4. TakuMm 00pa3om, Mmokazatenb pecypco3PPekTuBHOCTH MpoekTa umeet 4.6
(mo 5-6amibHOW MIKane), 4ro TOBOPUT 00 3PHEKTUBHOCTH HCIOIH30BAHUS
TEXHUUYECKOTO TpOEKTa. Bhicokne Oannbl HAIEKHOCTH M IMOMEXOYCTONYHMBOCTH

IMO3BOJIAIOT CYAUTH O HAACIKHOCTU CHUCTCMBI.
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3AJAHME JJISA PA3SJAEJIA « COLIUAJIBHASA OTBETCTBEHHOCTDb»

CryneHnry:
I'pynna DPUO
3-5I'5b1 Xonboes Xampo3 Xam3aeBU4
Ixona HNnikeHepHasi mKoa Otnesienne DNEeKTpOIHEPTreTUKa 1
IHEePreTHKH NIEKTPOTEXHHUKA
YpoBeHb bakanaspuar Hanpasienue OJeKTpOIHepreTHKa U
o0pa3oBaHusi JNEKTPOTEXHHUKA
Tema BKP

Perysmmpyemblii 371eKTPONIPUBOJ KaHAIN3a

IIHOHHOW HACOCHOM CTAHIIUH

I/ICXOZ[HLIC AAaHHBIC K pasaejry «ConuajabHasi OTBETCTBEHHOCTD |

1. Xapakrepuctuka 00beKTa

HUCCIICAOBAaHUA.

Perynupyemslii 371€KTpOIPUBOT
KaHaJIU3alMOHHON HACOCHOM CTaHLUU

Hepe'{eﬂb BOIIPOCOB, MOAJIC/KAINUX UCCIIET

OBaHHUIO, IIPOCKTUPOBAHUIO U pa3paﬁoTRe:

1. IlpaBoBble U OPraHU3ALHOHHBIE

BOIIPOCHI o0ecneyeHus1 0e30MaCHOCTH.

1) I'OCT P UCO 26000-2012. Pykogoocmeo no
COYUANLHOU OMEEMCMBEHHOCTNL:

2) N 123-@3 «Texnuueckuii peciamenm o
mpedO8aAHUAX NONCAPHOU Oe30NACHOCTUY

3) N 426-@3 «O cneyuanvhoti oyenke yciosutl
mpyoay

4) I'OCT 12.0.003-2015 «OnacHvle u 6peoHvle
npouszgoocmeentuvle pakmopul. Knaccugpurayusny

2. TlpousBoacTBeHHasi 6€30MACHOCTH

Ananus CICAYyIOmKUX BpPCAHBIX KW  OIACHBIX
(akTopoB
— TIOBBIIIEHHBIN YpOBEHb IIyMa Ha pabouem
MecTe;
— HEJO0CTaTOYHas OCBEUICHHOCTb paloueil
30HBI;

HOBBIIIEHHBIN YPOBEHb BUOpALIUU
OTKJIOHEHHE MTapaMeTPOB MUKPOKJIMMATa
JIBYDKYILUE YAaCTH MEXaHU3MOB
MOpaXE€HUE JIEKTPUUECKUM TOKOM

CUTyanusx:

2. Dxojorunuyeckasi 0€30MacHOCTb Ananus BO3JIEHCTBHUS HA TUTOCPEPY
OXpaHa OKpY>KaroIllei cpeJibl
3. beszonmacHOCTb B YPe3BBIMANHBIX — Ananus Bo3MoxHbIX UC mipu pa3paboTke u

9KCIUTyaTallu IPOEKTHPYEMOTO
pelIeHus;

— TloxapoB3pbIBOONACTHOCTh  (TIPUYMHBI,
npodumakTuyecKue MEPONPUSITHUS,

MIEPBUYHBIE CPE/ICTBA MOXKAPOTYILIECHNUS)

JaTa Bbl1a4u 3a]aHuA U1 Pa3/esia no JHHeHHOMY rpaguky \
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9 COHUAJIBHASA OTBETCTBEHHOCTD

Brenenue

B nmannoit kBanmmdukanmoHHONW paboTe pa3paboTaH  AIEKTPOIPHUBOJL
KaHAJIM3aMOHHOM HACOCHOW craHuuu. Llenpro TaHHOTrO pasgena sBIAETCA aHAIU3
BpEHBIX W OINAacHBIX (AaKTOPOB Tpyda »dJICKTPOMOHTEpPA IO PEMOHTY H
00CITy>)KMBaHHUIO 3JIEKTPOYCTAaHOBOK ITOJKAYMBAIOIICH HACOCHOM cTaHIMU (manee
KHC), roe Oymer BHEOpEH 3JCKTPONPHUBO, pa3padOTKa Mep 3alluThl OT ITHX
(dhakTOpOB, OLICHKA YCIOBUN TpyAa U MUKPOKIUMaTa padodeit cpeansl. Kpome Toro, B
paszziesie  paccMaTpUBAIOTCS  BOIMPOCHI TEXHUKW  OE€30MAaCHOCTH, MOKapHOU
npodUIAKTUKA M OXpaHbl OKpYXKAloleW cpenbl, Jal0TCs PEKOMEHIAIMU 10

CO31aHHIO OIITHMAJIbHBIX YCJ'IOBHﬁ Tpyaa.

9.1 IIpaBoBbIE M OPraHU3aAIHOHHBIE BONIPOCHI 00ecCIeYeHN s
0e301acHOCTH
9.1.1 CneunanbHble (XapaKkTepHbIe IS POEKTUPYEeMOil pado4eil 30HbI)

NPaBOBbIe HOPMbI TPYI0BOI'0 3aKOHOAATEJIbCTBA

Cornacho TK P®, N 197 -®3 paOOTHUK KaHAJIU3AIMOHHONW HACOCHOM
CTaHIIMM UMEET MPaBo Ha:

o pabodee MeCTo, COOTBETCTBYIOIIEE TPSOOBAHUIM OXPaHbI TPY/IA;

o 00s13aTeJIbHOE COIMAIBPHOE CTPAXOBAHHUE OT HECYACTHBIX CIIy4YacB
Ha TPOM3BOJICTBE M MNPO(ECCHOHAIBHBIX 3a00JieBaHUN B COOTBETCTBHH C
dbenepaabHBIM 3aKOHOM;

o OTKa3 OT BHITIOJIHEHUS PabOT B clTydyae BOZHUKHOBEHUS OMTACHOCTH
JUISL €r0 JKU3HU W 3JI0POBbS BCJICACTBUE HApYIICHUS TPEOOBAHUM OXpaHBI
TpyJa, 3a HCKIIYEHHEM CJIy4aeB, MPETyCMOTPEHHBIX ¢eaeparbHbIMU
3aKOHAMH, JI0 YCTPAHEHUS TAKOUW OMAaCHOCTH;

° obecrieyeHue CpeacTBaMU HWHIMBUAYAJIbHOM W KOJUICKTUBHOM
3alIUThl B COOTBETCTBUU C TpeOOBAHUSMHM OXpaHbl TPyJAa 3a CUET CPEACTB

paboTojarens;
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° BHEOUEPEAHON MEIAULUMHCKHM OCMOTP B COOTBETCTBHM C
METUITMHCKAMH PEKOMEHIAIMSIMIA C COXpPaHECHHUEM 3a HHUM MecTa pPabOoThI
(IOMKHOCTH) W CpeAaHero 3apaboTKa BO BpeMs IMPOXOXKIEHUS YKa3aHHOTO
MEIMIMHCKOTO0 OCMOTpa;

OpraHu3aimoOHHbIE MEPONIPUATHS ITPU KOMIIOHOBKE pab0oyeil 30HbI

o PabGouee mMecTo B HACOCHOW CTaHIMU JOJKHO COOTBETCTBOBATH
tpedoBanusM ['OCT 12.2.032-78. OHO AOMKHO 3aHUMATH IUIOIAb HE MEHEE
4,5 M2, BBICOTA IIOMEICHUS JTOJDKHA OBITH HE MeHee 4 M, a 00beM - HE MEHEe
20 m3 Ha oJ1HOTO YeoBeKka. BricoTa Ha/1 ypoBHEM Mo1a pabodeit TOBEPXHOCTH,
3a KOTOpOM paboTaeT omeparop, M0KHA cOCTaBiATh 720 MM.OnTUMaibHbIC
pa3Mepbl moBepxHocTH ctona 1600 x 1000 kB. mMm. Ilox crosmoM J0KHO
UMEThCS MPOCTPAHCTBO JJIA HOT ¢ pazMepamu 1o riryoune 650 mm. Pabounii
BEPCTAK JOJDKEH TaKKe€ UMETh MOJICTaBKY JJIsI HOT, PAacHOJIOKEHHYIO O]
yriaom 15° k moBepxHocTu ctoja. J{nuua moacraBku 400 MM, mupuna - 350
MM. Y IaJIEHHOCTb KJIaBUATYPhI OT Kpasi CToJa TokHA ObITh He 6oJiee 300 MM,
4yTO 00eceyuT yA0OHYI0 OTIOpY ISl MpeAruieunii. PacctosiHne Mex 1y riiazaMu
orepaTopa M SKPaHOM BUICOAUCILIES JOIHKHO cocTaBisaTh 40 - 80 cm. Pabouee
MeCTO O00OpyJOBaHO THUCKaMHM, TOYWJIBHBIM CTAaHKOM, BEHTWJISILIUEH,
CpeACTBaMH MHANBUYAIbHOMN 3aIlIUTHI.

o Pabouee mecto paboTHHKA 0OCITYKMBAIOIIETO KaHATN3AIMOHHYO
HACOCHYIO CTaHITNIO cOOTBeTCTBYeT TpeboBanmsm ['OCT 12.2.032-78.

9.2 IIpousBoacTBEHHAsI 0€30MTACHOCTH

9.2.1 AHaJIU3 BO3MOKHBIX ONIACHBIX U BpPeAHbIX (aKkTOPOB

[Ipu skcruTyaTaiui HACOCHOM YCTaHOBKH BO3MOXHO BO3/ICHCTBHE HA YETIOBEKA
CJIEYIOIIMX OMACHBIX MPOU3BOJACTBEHHBIX (DaKTOPOB:

— MOpPAXKCHHUA IJICKTPUICCKUM TOKOM;

— MCXAaHHUYCCKHE OIIACHOCTHU
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K BpeansiM (akTopaM OTHOCSTCS:

— TIOBBIIICHHBIN YPOBEHb BUOpAITUiL;

— TIOBBIIICHHBIA YPOBEHD IIyMa;

— HCOOCTAaTO4YHasA OCBCIICHHOCTD pa60qeﬁ 30HBI ,

— OTKJIOHCHHC ITapaMCTPOB MUKPOKJINMATA,

st Bei6opa (paxtopoB ucnonb3oBasica ['OCT 12.0.003-2015 «OmnacHbie u

BPCIHBIC ITPOU3BOJACTBCHHELIC (baKTOpBI. KﬂaCCI/I(l)I/IKaI_[I/IH». HGpCLICHB OITIaCHBIX H

BpPEIHBIX (DAKTOPOB, XapaKTEPHBIX ISl TPOEKTHPYEMO TPOU3BOJICTBEHHOU CpPEJIbI

MMpCaACTaBJICH B BUAC Ta6J'II/ILII>II

Tabnuna 33 - OnacHble U BpeaHble (HaKTOPbl IpU 00CTYKUBAHUHU KHC.

Hcrounnk ®axrops! (mo F'OCT 12.0.003-2015)

dakropa, HopmaTuBHbie
HAaUMEHOBaHUE Bpennsie OnacHble JIOKYMEHTBI

BHJIa paboT

Perymupyemsiii | HegoctaTounas DIIEKTPUYECKUN Ioct 12.1.003-
AJIEKTPONPUBO]] | OCBEIIEHHOCTD TOK 2014
KaHaJIU3aIMOHHO | paboueil 30HbI; JBmxymuecs CIT 52.13330.2016
i HacocHo# | [ToBBITIICHHBIN gactu Mmexaan3moB | [OCT 12.1.000-02
CTaHIUU YPOBEHb IlIyMa Ha CCBT.

Ananuz OBII® u | paboueM Mecrte; CanlluH.2.2.2/2.4.
pa3paboTka OTKJI0HEHUE 1340-03
MEPONPHUATHNA 10 | TapaMeTpOB I'OCT.12.1.012-

(¢ (PEKTUBHOCTH | MUKPOKIIMMATA; 2004
oOcy>KUBaHUS [ToBbIlIEHHBIN I'OCT 17494-87
KaHAJIM3AIMOHHO | YPOBEHb BUOpAIHH
51 HACOCHOM | Ha paboyeM mMecTe
CTaHITUU
J1eKTPOo0€e30NaACHOCTh
Jlns oOecrnedyeHusi  OE€30MACHOCTH  OOCITY)KHMBAIOIIETO  MEpCOHAJa

BpAIIAIOIINECS YacTH DJICKTPOJBUTaTeNIe W HACOCOB JOJKHBI OBITh 3aKPBITHI

3AlIUTHBIMU KOXYyXaMH, TaK JKC HUCIIOJIb3YCTCA OI'PAAUTCIBbHBIC YCTpOﬁCTBa,

I/IH(I)OpMaHI/IOHHble IJIaKaTbhl, CHTHAJBHBIC JICHTHI U TaK JaJICC.
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Kaxxnprit 31eKTpOMOHTEDP TIO PEMOHTY M OOCITY)KMBAHUIO SJIEKTPOYCTAHOBOK
JOJKEH MTPOUTH HEOOXOAUMYIO TEOPETUUYECKYIO IMOArOTOBKY, 0Oy4YeHHe Ha pabodeM
Mectre u mnpoBepky 3HaHud I[ITO wu IITh. OnepatuBHoe o0OCTYy>KHBaHUE
peaycMaTpUBaET MIEPUOANYECKHE OCMOTPBI AIIEKTPOOOOPYTOBAHUS
pacnpeieMTeIbHbIX YCTPOMCTB, MPUOOPOB pEJICHHON 3alUThl W aBTOMATHKU,
KaOeNbHBIX W BO3AYLIHBIX JIMHHM, a TakXke MPOU3BOJCTBO HEOOXOIUMBIX
omepaTUBHbIX mnepekiatoueHuii. Ha pabGoyem MecTe JOKHBI — HAXOJUTHCS
WHCTPYKTAKH, )KYPHAIbl 03HAKOMIICHUM, )KypHaJIbl IPOU3BOJICTBEHHOTO KOHTPOJIS.

JInst mpenoTBpaleHUsT MOPAKEHUS JIEKTPUUECKUM TOKOM, TAE Pa3MEIIACTCs
pabodee MECTO O00OpYJOBaHUE JIOJHKHO OBITH OCHAIIEHO 3alIMTHBIM 3a3€MJICHUEM,
3aHYJICHUEM B COOTBETCTBUU C TEXHUUYECKUMH TPEOOBAHUSIMHU T10 SKCIUTyaTaruu. s
NpEeayNpexICHUS dJIEKTPOTPABMATH3Ma HEOOXOAUMO ITPOBOUTH COOTBETCTBYIOIIHNE
OpraHU3allMOHHBIE U TEXHUYECKUE MeporpusaTusi: 1) opopmiienre paboThl HAPSIIOM
WM YCTHBIM pacrlopsiKeHUEM; 2) MPOBEJACHUE HHCTPYKTAXKEN U JOMYCK K padore; 3)
HaJ30p BO BpeMs pabOThI.

OCHOBHBIMM ~ HENOCPEACTBEHHBIMU  MPUYMHAMH  BJIEKTPOTPaBMaTU3MA,
ABJISIIOTCS: 1) TIPUKOCHOBEHHWE K TOKOBEAYIIUM YacTsM DJIEKTPOYCTaHOBKU,
HaxoJsIIeics TOoJA HaNpsHKEHHEeM; 2) TPUKOCHOBEHHE K METAIUIMYECKUM
KOHCTPYKIUSIM ~ DJIEKTPOYCTAHOBOK, HaXOJAIIMMCS T[OJ HampsiKeHueMm; 3)
OmMK1OOYHOE BKJIIOUEHHUE JJICKTPOYCTAHOBKM WJIM HECOIJIACOBAHHBIX JICHCTBUIA

00CITy>KHBAIOIIET0 TiepcoHana; 4) mopa’keHre MaroBbIM HaPsHDKEHUEM | JIp.

B mpomecce 3kcrutyaTaMM  3JIEKTPOYCTAHOBOK  HACOCHOM  CTaHIUU
MPOU3BOJATCS paboTHI, IpPEeAyCMOTPEHHbBIE rpadukamu MJIAHOBO-
npeayNnpeIUTeILHOTO peMoOHTa JEHCTBYIOLIETO ANEKTPOOOOPYIOBAHMUS,
NpPOPHIAKTUYECKUE MCHBITAHUS W3OJISIIIUN  DJICKTPUUYECKUX MaIlliH, Kalenei,
HajaJka M MPOBEpKa amnmapaTypbl YOpaBICHUS 3JIEKTPONPUBOJAMHU, PEIEHHOMN
3aIUThl 1 aBTOMATUKH U JIP., @ TAK)KE BO3MOKHBI BHEIIJIAHOBBIE PEMOHTHI,

HacocHast ycTaHOBKa CHCTEMBI TOPSYETO BOJOCHAOKECHHS BKIIOUAET B CeOS

IMECTh HACOCHBIX arperara, U JABa pacrnpeacInuTCIIbHbIX YCTPOﬁCTBa, ABJIAIOIIUECA
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UCTOYHUKOM omacHocth. [y oOecrieuenust 6e3omacHOi pabOThI MPEeayCMOTpPEHA
aBapuitHas CUTHAIM3AIUS U WHANKAIIAS PEKUMOB paOOTHI.

[TomenieHuss HACOCHOW CTaHUMKU OTHOCATCS K TIOMEIICHHSIM 0COoOou
onacHOCTH. OHU HMMEIOT TOKOMNPOBOJAIIUE TOJbl, KPOME TOTO CYIIECTBYET
BO3MOXKHOCTh OJJHOBPEMEHHOTO TPUKOCHOBEHMSI K METANTMYECKUM KOpIycam
AIEKTPOOOOPYIOBAHUSA U 3a3€MJICHHBIM KOHCTPYKIIUSM.

B cinyyae aBapuiiHOW cuUTyallMu Opu pabOTE 3JIEKTPOYCTAHOBOK HACOCHOM
CTaHI[MM BO3MOXKHO TIOSIBIICHUE HANpsDKEHUS Ha METAUTMYECKUX IIKadax
ANEKTPOOOOPYIOBaHUS, AJICKTPOABUTATENSAX M METAUIMYECKUX 4YacTAX IyJbTa
yOpaBJIeHUsI U JPYTrUX HETOKOBEAYIIUMX YacTax. [loaToMy mpu NMPUKOCHOBEHUU K
METAJUIMYECKUM YaCTAM YCTAHOBKH MOXET MPOU30WTH 3aMbIKAHUE DIIEKTPHUUECKOMN
Henu uepe3 Teao uenoBeka. OCHOBHBIMM TEXHUYECKMMHU CPEACTBAMM 3alllUTHI,
cornacHo I1YD, gBIAIOTCS 3alMTHOE 3a3€MJICHHE, aBTOMATHYECKOE OTKIIIOUECHUE
MUATAHUS, YCTPOMCTBA 3aIUTHOTO OTKIKOYEHUS, U3OJHPYIOIINE 3JIEKTPO3ALIUTHBIE
CpeACTBa, 3HAKM W IUIaKaThl Oe3omacHocTU. Hamuume Takux CpeacTB 3allUTh
MpPeAyCMOTPEHO B pabodeil 30He. B memsax mnpouimakTUKH MepUOIUYECKH

MPOBOJUTCS UHCTPYKTAXX PAOOTHUKOB MO TEXHUKE O€30MaCHOCTH.

IHoBbIlIEHHBIH YPOBEHb BUOPALINH

BuOpanuio B paccMarpuBaeMoOM Ii€Xe MOXXHO HaOmomate mnpu padore
OonpIIMHCTBA OOOpyAoBaHus. [ CHIKEHUs YpOBHS BHOpallid TPOWU3BOIUTCS
THIATeJIbHOE HAOJIOICHUE 3a y31aMu 000pyJ0BaHuUsl, U, B Clydae HEOOXOIUMOCTH,

HacTpoiika 000pyI0BaHMS U 3aMEHA U3HOIIICHHBIX YacTEH YCTaHOBOK.

Tabmuia 34 — Hopwmel BuOpanuu cormacao 'OCT.12.1.012-2004.-«BubpannonHas

6e3omacHocTh. O0mMe TpeOOBaHUS

JlonycTuMblil ypoBeHb BUOPOCTOIKOCTH, 1B, B aKTMBHBIX 110J10CaX CO
Bupa BuGpanuu CpeIHereoMeTpMYeCKMMHU 4acToTamMu, I’y
2 4 8 16 32,5 63
Texnomornueckas 108 99 93 92 92 92

IToBbIICEHHBIN YPOBEHDb LIIYMA
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HacocHble yCTaHOBKM SBIISIFOTCS MCTOYHUKAMU IIyMa. J[ONMyCTHMBIE YPOBHH
3BYKOBOI'O JIABJICHHMSI B OKTaBHBIX IOJIOCAX YacCTOT M YpPOBHEW 3ByKa Ha pabOuyux

MecTax MpUBEACHBI B Tabauie 35.
Ta6J'II/H_[a 35 - Z[OHYCTI/IMBIG YPOBHHU 3BYKOBOI'O JAaBJICHUS B OKTABHBIX ITOJIOCAX YaCTOT I10

I'OCT 12.1.003-2014— Iym. O6mue TpedboBaHus 6€30MaCHOCTH.

YpoBHM 3BYKOBOTO J1aBJIcHUS 1B, B OKTaBHBIX MOJIOCAX v
Pa60qee MECTO (610 CpeI[HeFeOMeTpI/ILIeCKI/IMI/I qacToramMmumu 3B p;)BH]I;IA

63 | 125 | 250 | 500 | 1000 | 2000 | 4000 | 8000 | *Y¥&- A
Hocrosmbie 95 | 87 | 22 | 78 | 75 | 73 | 71 | 69 80
pabouune mecta

Jlisa obecniedyeHuss JAOMYCTHMOTO YPOBHS IIyMa NPUMEHSIOTCS CIIETYOIINe
Mepbl 0€30MaCHOCTH:

- pa3paboTKOM 1IyMOOE30MaCHON TEXHUKHU;

- IPUMEHEHUEM CPEACTB U METOJI0OB KOJUICKTUBHOM 3alIUTHI [21];

- IPUMEHEHNEM CPEJICTB MHANBUIYaIbHOM 3a1IUTHI [19].

Cornacuo [17] ypoBenb miyma Ha pabodyem mecte He Oonee 80 nbA wm

COOTBETCTBYET HOPMAM.

JIBHEKYIIIHECS] YACTH MAILIMH U MEXaHU3MOB

T.x HacocHasl CTaHIUsI COCTOMT M3 BPAIIAIOIIMXCS MEXaHU3MOB, TO MPHU HUX
00CITy’>KHBaHUH CYIIECTBYET BEPOSITHOCTh COMPUKOCHOBEHUS C HUMH, @ OHU B CBOIO
ouepelb MOTYT HAaHECTH Bpel 4YenoBeky. OaHako, Onarogaps KOHCTPYKLIHMH
JIBUTATEJIC, OMACHOCTh MPEJCTABISAIOT JIMIIb BBIXOJHBIE KOHIIBI BAJIOB U MECTa
coenuHeHui. JIJisi CHIDKEHUSI pUCKa YCTAaHABIUBAIOT KOXKYXH WM 3aIIUTHBIE YKPaHbI

B MECTaX OTKPBITBIX IBHKYIINXCS MEXaHUYECKHUX yacTen [19] .

HenxocraToyHasi 0CBelIEHHOCTH Padoveil 30HbI

OcCBelIEHHOCTh MOMEIIEHN HACOCHOW CTAHIIMM OOJDKHA COOTBETCTBOBATH
BUJTy TTPOU3BOAMMBIX pa0OT: B TIOMEIICHUU C IMYJIBTOM YIPABIEHUS - 3PUTEIHHOMN
paboTe cpeHel TOUHOCTH, a B MPOYMX IMOMEIIEHUSIX - MAJIOW TOYHOCTH.

HopMmatuBsl ocBelieHHOCTH Ha pabo4nx MecTax MpuBeaeHbI B Tabauie 36.
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Ta6mmma 36 - HopmaTuBbI OCBEIIEHHOCTH Ha pab0vYMX MECTax.
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Cpennent " .
P 05-1.0 IV CpeIHHI CpeIHMI 200 4 1.8
TOYHOCTHU
Maioit " .
1.0-5.0 VB CpEeIHMI CpEeIHMI 150 3 0.8
TOYHOCTH

PaboTa HacoCHOW YCTaHOBKM TMOJHOCTBIO aBTOMAaTHU3HPOBaHA, IO3TOMY
ydacTue uejoBeKa (omeparopa) B yHPaBJIEHUU HACOCHOW YCTAHOBKOH CBOJUTCS K
HAOJIOZCHUIO 32 CBETOBOW WHAMKALMEH MyJbTa YIpPaBICHUS W YIPABICHUIO
YCTaHOBKOH (B Cily4yae HEOOXOJMMOCTH) C MOMOUIBIO MyJIbTa PYYHOTO YIPABIEHUS.
Nunukanusi aBapuitHBIX peKUMOB pabOThI TyOIupyeTcs 3ByKOBOM CHUTHAIM3AIMEH.
K 001emy ocBeeHno AOMOTHUTENIBHO YCTaHABIUBAIOTCA CBETUIIBHUKH MECTHOTO
OCBEILLEHHUs, NPEIHA3HAYCHHBIEC Ul OCBELICHUS 30HBbI PACIIOJIOKEHHsI CTaHKOB. B
KAaueCTBE MCTOYHHUKOB CBETA IPUMEHSIOTCS CBETUJIBHUKHU C JIAMIIAMU HaKaJWUBAHHUS

WKW TaJIOTCHHBIMU JIaMIIaMH (I/ICHOJ'IBSyIOTCH B Ka4€CTBC MCCTHOI'O OCBCHICHI/IH).

OTK/I0HEeHHe MapaMeTPOB MUKPOKJINMATA
[Ipy >TOM MOCTOSHCTBO TEIUIOBOTO OajlaHCca JOCTUTaeTcs 3a CYeT
3HAYUTEIBHOTO HANPSLKEHUS! TEPMOPETYIISIUY, YTO OTPULIATEIBHO CKa3bIBAETCS Ha

CaMOUYyBCTBHUH, pAOOTOCIIOCOOHOCTH U COCTOSIHUM 370POBBSI.
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Tabnuia 37 — OnTuManbHbIE TTOKA3aTeld MUKPOKIIMMAaTa Ha paboyrx MecTax

Kareropust
pabot 1o T OTtHOCUTENbHAS CkopocTb
e emreparypa
pHOJ TOJla | YPOBHSAM sC BJIQKHOCTh JIBYDKCHUS
JHEpro3arpar BOSAYX4, BO31YyXa, % BO3/yXa, M/C
(kxaJ/4a)
Terubrit 2a (151-200) 20-22 60-40 0,2
Xomomuetit 15, 151_200) 19-21 60-40 0,2

JInsg co3maHus W aBTOMATHYECKOTO MOJJAEpKaHWUsS B HACOCHOW CTAHIIMHU
HE3aBUCUMO OT HAPYXHBIX YCIOBUM ONTHUMAJbHBIX 3HAYEHUW TEMIEPaTyphl,
BJIAJKHOCTH, YHCTOTBI M CKOPOCTH JBWKEHHUS BO3/lyXa, B XOJIOJHOE BpeMs TIoja
WCIIOJIB3YETCSl BOASHOE OTOIUIEHWE, B TEIUIOE BpeMs TIoJa IPUMEHSAECTCS
KOHJAULIMOHUPOBAHUE BO3/1yXa. Konpummonep IIPEACTABIIAECT coboi
BEHTWISIIMOHHYIO YCTAHOBKY, KOTOpas C MOMOIIbIO MPUOOPOB aBTOMATHUUYECKOTO
pPEryJIMpOBaHUs MOAJICPKUBAET B IOMEIICHUH 3a/IaHHbIE TapaMeTpbl BO3AYIIHOW. B
MOMEIIEHUH HACOCHOM CTAaHIIMU TPOBOAMTCS €XKEIHEBHAs BJIaXKHas yOopka H

CUCTECMATHUUYCCKOC ITPOBCTPUBAHUC.

9.3. DKoJornyeckas 0€30MaACHOCThL

B nanHO#l BBITYCKHOM KBaJM(UKAIMOHHON paboTe ompenelieHa OICHKa
BO3JICMICTBUM UM  YCTAHOBJICHBI MEPOINPHUATHS IO CHI)KEHUIO HEraTUBHOTO
BO3JCUCTBUS NIPU SKCIUTyaTallud BOJOIEPEKAYMBAIOIICH HACOCHOW CTAaHLUHMU U
y4aCTKaMHU MaruCTpajibHOTO U TEXHOJIOTHYECKOTO TPyOOIIPOBOJIOB.

[Ipu skcmtyaTanmu OOBEKTa YCTAHOBJICEHBI OCHOBHBIE BHUJbI BO3EHCTBUI
MPOCKTUPYEMOTO OOBEKTA:

- (usnueckoe Hamuuue OOBEKTa (COOPYKEHHME M HKCIUTyaTalus 00BheKTa)
BIIMSET Ha THUAPOJIOTHI0, KIUMAaT, COLUUAIbHO-3KOHOMHYECKUE YCIIOBHS >KHU3HU,

IMPpHUPOAOII0JIB30BaHUC MECTHOI'O HACCIICHUS,
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- XMMHYECKHE BEIIeCTBA, NbUIb, TBEPJbIC OBITOBBIE OTXOJbI 3arpsI3HIIOT
KOMIIOHEHTBI OKpY:Karolie cpenasl (Bo3AyX, BOAY, BOJHBIE OMOpPECYpPChI, MOYBHI,
pPacTUTENBHOCTD), BO3JCUCTBYIOT Ha OHONMPOAYKTHUBHOCTH BOJOEMOB U 370POBBE
HACEJICHUS;

- myM™m, BuUOpainus, 3JIEKTPOMAarHUTHOE W3JIyYeHHE BO3ACHCTBYIOT Ha
KOMIIOHEHTBI OKPYKAIOIIE CPebl;

- IMHAMHYECKOE BO3JICMCTBUE ABMXKYIIMXCS MAIIMH U MEXAHU3MOB Ha JIFOJIEH,
YKUBOTHBIX, PACTUTEIBHOCTb, [IOYBY.

MeponpusiTUsIMU 110 CHUKEHUIO UHTEHCUBHOCTH 3arps3HEHUs] aTMOC(EPHOTO
BO3/lyXa CO3JaHHUE MPEMATCTBAN HA MyTH PACIPOCTPAHECHUS U UX OUUCTKOW Pa3HbIMU
METOIAMMU:

DUBUKO-XUMUYECKUMU — JIJI1 CBAPOYHBIX PabOT MPUMEHEHUE YCTPOUCTB It
cbopa ¥ OYUCTKU ra30B (MECTHBIX OTCOCOB).

buonornueckumMyu — COXpaHEHHME M CO3JAHUE II0JIOC O3EJICHEHUS BOKPYT
00BEKTA.

MeponpusTusiMd 1O CHUXEHHIO HETaTUBHOTO IIYMOBOTO BO3JEWCTBHS
ABJISIFOTCS. COXPAHEHUSI MTPUPOAHBIX U CO3/IaHUE MCKYCCTBEHHBIX MPEMATCTBUUI IS
CHIDKCHUs YpPOBHS Inyma. B paszmene oxpaHbl OKpyXawUed Cpeabl IIpu
CKIAAUpOBaHUM  (YTWIM3allMKM)  OTXOJOB  IPOMBIIUICEHHOTO  MPOM3BOJICTBA
BBISIBJISIIOTCS MCTOYHUKHM OOpa3oBaHUs OTXOJOB NOTpeOJIeHUs W TMPOU3BOJICTBA,
MEPOIPUATHS N0 UX yTUiIu3auuu. K TakOBBIM HCTOYHMKAM OTHOCSITCS TOprOYe-
CMa304YHbIC MaTePUAJIbI, METAJIIIOJIOM, OBITOBBIE OTXO/IBI.

B kadecTtBe wMmepompuATH 10 YyTWIM3alMM BCEX BHUAOB OTXOJIOB
npeaycMaTpUBaeTCsl HMX BbIBO3 Ha IUIomWanku xpaHeHus TbO, mnoBTopHas
nepepadborka ['CM, Metaiionioma, a Tak ke AEMEPKYpPHU3AIUI0 PTYTH COJECPIKAITUX

peaMETOB (J1aMIl, TEPMOMETPOB U T.11.).
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9.4 bezonacnocts B UC
9.4.1 Ananu3 BepossTHbIX UC, KOTOPBIE MOXKET HHUIMUPOBATH 00bEKT

HCCIeA0BAHMI M 000CHOBaHHE MeponpusiTuii mo npeaorspamenno YC

Cornacno I'OCT P 22.0.02-2016 YC - 310 HapyumieHHEe HOPMaJbHBIX YCIOBUI
XKU3HH W JEATEIbHOCTH JIIOJIed Ha OOBEKTE WIIM OINPEIACICHHOW TEPPUTOPHH
(axBaToOpuM), BHI3BAHHOE aBapueH, KaracTpooil, CTUXUUHBIM WU HSKOJIOTHYECKUM
OemcTBueM, HJOUAEMHEH, 3MU300THEH (00JE3Hb JKUBOTHBIX), SMHPUTOTHEH
(mopakxeHue pacTeHuil), MPUMEHEHUEM BO3MOXHBIM MPOTUBHUKOM COBPEMEHHBIX
CPEICTB MOPAXEHUS W NPHUBEALICEC WIA MOTYIIEee NPUBECTH K JIFOJACKUM WIN
MaTEepUAIIBHBIM IIOTEPSIM .

C TO4YKM 3peHUs BBIIOJHEHNUS ITPOEKTA XapaKTEpHBbI ciieayromue Buasl YC:

1. [loxapsl, B3pBIBHI,

2. BuesamHoe oOpyIIeHHE 3/1aHUH, COOPYKEHUN;

3. Teodusuueckue omacHbIe BICHUS (3EMIICTPSICEHU);

4.  MeTeoposorHueckue U arpoMeTeOPOIOrMUYE€CKUE OMACHBIE SIBJICHUS;

Tak kak OOBEKT HCCIENOBAaHUI MpencTaBiIsieT U3 ce0d MaTeMaTHYECKYyHO
MOJIeJb, paboTaIOIUK B MPOrPaMMHOM MPUIIOKEHNH, TO Hanbonee BepostHor YC B
JTAHHOM CJIy4ae MO>KHO Ha3BaTh MOXKap B AyJUTOPUU C CEPBEPHBIM 000PYAOBAHUEM.
B cepBepHOii KOMHaTe MPUMEHSETCS TOPOrocToslee 000pyI0BaHUE, HE TOPIOUUE U
HE BbIIEISIONME JAbIM KaOemu. Takum 00pa3oM BO3HUKHOBEHHME IOXKapOB
MPOUCXOJIUT U3-3a YEJIOBEUYECKOTO (DaKTOpa, B YACTHOCTH, ITO HECOOIIOCHUE MTPaBUII
noxkapHoi OeszomacHoctu. K mpumepy, 3aMblkaHME DSJEKTPOIPOBOIAKUA - B
OOJBIIMHCTBE ClydyaeB TOXKe 4desioBeueckuil ¢akTop. CoOnroeHue COBPEMEHHBIX
HOpPM TIOKapHOM 0€30MacHOCTH MO3BOJIET MCKIIOYUTh BO3ZHHKHOBEHHE TOXKapa B
CEpBEPHOM KOMHATE.

o Cornacno CII 5.13130.2009 npenesnn OTHECTOMKOCTH CEPBEPHOM
JOJDKEH OBITh ClienyromuM: meperopoaku - He meHee EI 45, creHbl u

nepekpoITus - He MeHee REI 45. T.e. B yclnoBHsX MoKapa NOMEIIEHUE JOJKHO

106



OCTaBaThCsl TEPMETUYHBIM B T€UEHUE 45 MUHYT, MPENATCTBYS JalbHEUIIEMY
PaCIpPOCTPAHEHUIO OTHS.

o [Tomenienue cepBepHO JOIKHO OBITh OTJIEIBHBIM MOMEIIEHUEM,
(GyHKIIMOHATIBLHO HE COBMEIIIEHHBIM C IPYrUMu noMemieHusmMu. K npumepy, He
JOMYCKAaeTcsl B IOMELIEHUU CEPBEPHOM OpPraHU30BbIBATH MUHU-CKIIA]
000pyIOBaHUS WIHM KAaHUEISIPCKUX TOBAPOB.

o [Ipu pa3paboTke mpoekTa CepBEPHON HEOOXOIUMO Y4YECTh, UTO
aBTOMaTH4ecKass yctaHoBka moxaporymeHus (AVYIIT) pomxHa OBITH
oOecrieyeHa »JJIEKTponuTaHueM 1o nepBod kareropuu (m. 15.1 CII
5.13130.2009).

o Cornacuo CII 5.13130.2009 B cucremax BO31YyXOBOJOB
0011e00MEHHON BEHTWIISIIIMH, BO3TYIIIHOTO OTOIUJICHUS U KOHIUITMOHUPOBAHUS
BO3/lyXa  3allMIIAEMbIX  [OMEUIEHWH  CcleayeT  NpeAyCMaTpUBaTh
ABTOMATUYECKU 3aKpbIBAIOIIMECS NpPU OOHAPYKEHUU IM0Kapa BO3AYLIHBIC

3aTBOPHI (3aCJIIOHKH WU TIPOTHUBOIIOKAPHBIE KJIarlaHbl).

9.4.2 Anauau3 BeposaTHbIXx UC, KoTOpbIE MOI'YT BOBHUKHYTDH IPH
MPOBeIeHNH MCCJIeI0OBAaHUI U 000CHOBAHUE MEPONPHUSITHIA 110

npeporspamesuro YC

[Ipu mnpoBeaeHun wuccienaoBaHuii HaubOonee BeposTHOM YC  saBisercs
BO3HMKHOBEHHE I0XKapa B IOMELICHUM KAaHAJIW3AUMOHHOW HACOCHOW CTaHIIMH.
[ToxxapHast 0e30macHOCTh JOJKHA 00ECHeuMBAThCS CHCTEMaMHU MNPEJOTBpAIICHUS
nokapa v MPOTUBOIMOKAPHOH 3aIlIUTHI, B TOM YKCJIE OPTraHU3allMOHHO-TEXHUYECKUMHU
MEPOIIPUATHSAMH.

OCHOBHBIE HCTOYHUKH BOZHUKHOBEHHUS MOXKapa:

1)  HepabGorocmnocoOHoe 3IeKTPOOOOpYAOBaHNE, HEHCIPABHOCTH B
IIPOBOJIKE, PO3ETKAX M BBIKIOYaTENsAX. ISl MCKIOYEHUS BOZHHUKHOBEHUS
noskapa Mo 3TUM IPUYMHAM HEOOXOJUMO BOBpPEMS BBISBIATh U YCTPAHATh

HEMNOJIA/IKH, a TAKXKEe MPOBOIUTH TUIAHOBBIA OCMOTP 3JEKTPOOOOPYAOBAHUS.
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2)  Dnexrpuyeckue npudbopsl ¢ aedexramu. [IpodunakTuka moxapa
BKIIIOYa€T B  ce0s  CBOGBPEMEHHBII M  KAa4eCTBEHHBIH  PEMOHT
AIEKTPOIIPUOOPOB.

3) Ileperpy3ka B ayekTposHepreTudeckoit cucteme (99C) wu
KOPOTKOE 3aMbIKaHUE B AJIEKTPOYCTAHOBKE.

[Tox mosxapHO¥ TpodUIaKTHUKON MOHUMAETCS O0y4YeHUE IMOXKAPHOW TEXHUKE
0€e30MacHOCTH W KOMILIEKC MEpONPHUSTHI, HAalpaBJICHHBIX Ha NpPEeaylnpexJIeHUE
MOXKAPOB.

[ToxxapHas 6e301acHOCTh 00ECIIEUYNBAETCS KOMILIEKCOM MEPOIPUSITHIA:

e  oOy4eHwe, B T.4. paCIpOCTPAHEHHUE 3HAHUI O MOKAPOOE30MaACHOM
noBeeHUu (0 HEOoOXOJUMOCTH YCTAaHOBKM JIOMAIlHUX HWHAUKATOPOB
3aJIbIMJICHHOCTH M XPaHEHUs 3QKUTaJIOK U CIIMYEK B MECTax, HEAOCTYITHBIX
JIETAAM);

e  MOXApHBIM  HAA30p,  MpeAycMaTpUBAIOUIMM  pa3paboTKy
rOCy/1apCTBEHHBIX HOPM MOXKAPHOI 0€30IaCHOCTH U CTPOUTEIBHBIX HOPM, a
TaK)Ke TPOBEPKY WX BBITIOJHEHUS;

e  o0ecrieueHue O0OOpPYIOBAaHMEM U TEXHUYECKHME pa3pabOTKu
(ycTaHOBKA NEpPEHOCHBIX OTHETYIIUTENEW W H3TOTOBJICHHE 3a’KUTaJIOK
0€30MacHOr0 MOJb30BaHUA).

B cootBerctBuM ¢ TexHudeckuM periiaMeHToM «O TpeOOBaHUSX TMOKAPHOU
0e30macHOCTH» JJisi aJAMUHUCTPATUBHOIO HUJIOTO 3/1aHUsS TPeOyeTcs yCTPOMCTBO
BHYTPEHHETO MPOTHUBOIMOKAPHOTO BOAOIPOBO/IA.

Cornacno @3-123, HIIb 104-03 «IIpoekTupoBaHru€e CUCTEM OMOBEIICHUS JIFOIEH
0 MOKape B 3/IaHUSIX U COOPYKEHUAX» JIJISl OTOBEILEHUSI O BOSHUKHOBEHHH T0Kapa B
Ka)KJOM MOMEILEHUH JO0KHBI ObITh YCTAHOBIJIEHBI JIBIMOBBIE ONTHUKO-3JIEKTPOHHbBIE
aBTOHOMHBIC TOKapHbIE W3BEIIATENM, a OIOBEIIEHHEe O TOoXape AOJIKHO
OCYUIECTBJISATHCS MOJauei 3BYKOBBIX M CBETOBBIX CHUTHAJIOB BO BCE MOMEIIEHUS C
MOCTOSTHHBIM MJIM BPEMEHHBIM ITPEObIBAaHUEM JIIOJICH.

[Tomenienne kaHaIM3alMOHHOW HACOCHOM CTAHIIMM OCHAIIEHO MEPBUYHBIMU

CpeACTBaMHM TMOXapoTylieHus: orHerymurenasmu OVY-3  lwmr., OII-3, lmr.
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(mpemHa3HAYeHbl ISl TYIICHHWS JIOOBIX MAaTepHUajioB, MPEAMETOB W BEIIECTB,

npumensiercs 11 tymenus 11K u oprrexnuku, kiace noxapos A, E.).

Tabnuma 38 — Tumnbl UCTIONB3yEMbIX OTHETYIIUTENEH IPU MT0XKAPE B JIEKTPOYCTAHOBKAX

Hamnpsokenue, kB Tun ornerymmTens (Mapka)
o 1,0 nopo1koBbii (cepuu OII)
Ho 10,0 yrieKucIoTHBIN (cepun OY)

Cornacao HIIb 105-03 nomemenue, npeHa3HAYE€HHOE [l MPOEKTHPOBAHUSA U

HCIIOJIB30BaHUA PC3YJIBTATOB IIPOCKTA, OTHOCHUTCA K THUITY I1-2a.

Tab6numa 39 - Kareropuu nmoMenieHui 1Mo mokapHoi OrmacHOCTH

Kareropust momemnieHus XapaKTepuCTHKA BEIIECTB M MAaTEPUAJIOB,
HaxoA1uXxcs (00paIarnuxcs) B IOMEIICHUH

3OHBI, PAacCIIOJIOKCHHBIC B IIOMCHICHHUAX, B KOTOPLIX

02 oOpamiatoTcss  TBEpAble  TOpPIOYME  BELIECTBA B
-2a
KOJMYECTBE, NPU KOTOPOM ylelbHas MOXapHas

Harpy3Ka coctaBisieT He MeHee 1 mJlx Ha M2.

[lonsiTue mnoxxapHasi O€30MACHOCTh O3HAYAET COCTOSIHME OOBEKTa, IpHU
KOTOPOM MCKJIFOYAETCSI BO3MOJKHOCTh II0Kapa, a B CIy4dasgX €ro BO3HUKHOBEHHMS
npefoTBpallaeTcs BO3ACHCTBUE Ha JoAeld omacHbIX (DaKTOpOB MoXkapa U
o0ecrieunBaeTcs 3aluTa MaTepUaIbHBIX IEHHOCTEH.

IToxapHast 0€3011aCHOCTb PETJIAMEHTUPYETCSI.

OnacHbIMU (pakTOpaMu MoOXkapa s JIOJACH SBISIOTCS OTKPBITHIA OTOHb,
VCKDBI, TTOBBIIEHHAs TEMIIEpATypa BO3/lyXa, TOKCUYHBIE NTPOAYKTHI TOPEHUS, IbIM,
MOHW)KEHHAs] KOHIIEHTPALUsl KHUCIOPOJa, OOpYyLIEHHWE M TOBPEXKACHUE 3HaHH,
COOPYKEHUH, YCTAHOBOK, & TAKXKE B3PbIB.

Bo3mMoxnbie npuunHbl noxkapa Ha KHC:

- BOCIUIAMEHEHHUE IPOMACIIEHHOM TKaHHU, OBITOBOIO Mycopa
- YMBILUIEHHBIN TOJKOT

JIiist mpenoTBpallieHus noxapa HeoOXOAUMBI CIEAYIOIINE MEPHI:

a) IpeJoTBpalleHre 00pa3oBaHus TOPIOYEH Cpeibl;

0) mpeaoTBpalieHue 00pa30BaHus B rOproUeid cpeie ICTOYHUKOB 3a)KUTaHUS;
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B) NOJJIEp>)KAHUE TEMIIEPATYPHI U AABJICHUS TOPIOYE Cpeibl HUKE JOIMYCTUMBIX;
T') YMEHBIIEHUE OMPEACIISIONIETO pa3Mepa roprodeit cpeibl.

CorylacHO HacocHasi CTaHLUMsS OTHOCUTCS K IIPOM3BOJACTBaM Kareropuu /I,
XapaKTEepU3yIOIMMCS HAIMYMEM HECTOPAEMBIX BEIIECTB U MATEPUAIIOB B XOJIOJJHOM
COCTOSIHUH.

IIpy KOpPOTKMX 3aMBbIKaHUAX, NEPErpeBe M T.II. BO3MOXHO 3aropaHue
ANEKTPONPOBOJIKH, JJIEKTPOYCTAaHOBOK. ISl TylleHMs moKapa B TaKMX YCIIOBHSX
HEO0O0XO0MMO NPUMEHATh CHEIHAIbHBIE CPEICTBA, HEBO3MOXHO MCIOJIB30BaTh BOY
U JIpyTHE TOKOIPOBOASAIIME BemiecTsa. [lo3TOMy momenieHuss HaCOCHOM CTaHIMU
JOJDKHBI  OBITH O0OOPYJIOBaHbl CpPEICTBAMHM JJIA TYLIEHUS 3JEKTPOIPOBOIOK H
3JIEKTPOYCTAaHOBOK MO/ HanpsbkeHueM. [lpumMensieMslit Tun oruerymmureneit: OY-10
(OrHEeTYIIUTENb YTIEKUCIOTHBIN).

HacocHble cTaHMM B COOTBETCTBUU C TpeOOBAaHUSMU IOCTAHOBJICHUS
[IpaButensctBa Poccuiickoit ®enepaumu ot 19.09.98 N 1115 "O mnopsake
OTHECEHUsI OpPraHU3alMil K KaTEeropusiM MO TPakJaHCKOl 00OpoHe" OTHECEHBI K
KaTeropuiHbIM O0OBEKTaM IO TPakIaHCKOW 000pOHE.

JoBenenne curnainoB omnosemeHuss 'O u B cinyuae UC pgo mepconana
OOBEKTOB OCYIIECTBISECTCA C IOMOIIbIO peueBOM HHPOpMalNMHU MO KaHaJlaM
paguoBellaHus, 10  PaJUOTPAHCIALMOHHBIM  CETAM M CETAM  CBS3M.
DneKTpocHaOKEeHHe OCHOBHBIX DIEKTPOIPUEMHUKOB 00BEKTOB
IpeaycMarpuBaeTcss 10 [ Kareropum HaAEKHOCTH OT [JBYX HE3aBUCHUMBIX
HMCTOYHUKOB. [IpOEKTHBIE pelIeHUs IO NPEAYTIPEKICHUIO YPE3BBIYANHBIX CUTYaINI
(UC). Ha TeppuTOpuu HACOCHBIX CTAHIMN HE HCMOJb3YIOT, HE MPOU3BOJIAT, HE
nepepadaThIBaIOT, HE XPaHAT PaJUOAKTUBHBIE, T0KApO, a TaK e B3PHIBOOMACHbBIE,
OMacHble XUMUYECKHE U OMOJIOTMYECKHUE BEIIECTBA, CO3/IAI0IINE PEATbHYIO YyTPO3y
BO3HMKHOBEHHUS HCTOYHMKA 4Ype3BblUaliHON cuTyauuu. B kadectBe HamOosee
BEPOSITHBIX YPE3BBIYANHBIX CHUTYallMii TEXHOTEHHOIO XapakTepa MPOEKTOM
paccMaTpUBarOTCH:

-10Xap Ha TEPPUTOPUH OOHEKTOB;
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- UC mpu mOCTOPOHHEM BMEIIATEIBCTBE B JCATEIBHOCTh OOBEKTOB.
Hacenenne, KoTopoe MOXKET OKa3aThCs B 30HE JIEHUCTBUS OpAXaIOIUX (PakTOpoOB B
cllyyae aBapuu Ha 00BbEKTaX, OTCYTCTBYET.

BriBobI 10 pazneny

B paznene «CoumanbHasi OTBETCTBEHHOCTb» OBUIM PacCMOTPEHBI BPEIHBIE
(dbakTOpBbI, BAUSIONINE HA )KU3HB U 3[JOPOBBE JIOCH, a TakKe (PaKTOPHI, BIUAIOIINE HA
DKOJIOTHIO.

B xoze pa3paboTku 1aHHOTO pa3zesia OTPa)KE€HbI BCE BO3MOKHBIE BPEIHBIC U
oracHele (haKTOpbl, BOSHUKAIOUIME B MPOLECCE pabOThl ¢ 000PYI0OBAaHUEM MOABEMA
KHUCJIOPOJIHOM (ypMBbI, a Tak K€ MPUBEIEHBl OPTaHU3AllMOHHO-TIPABOBBIE BOIIPOCHI
oOecrnieueHnss 0€30MacCHOCTH, MPOM3BOACTBEHHAs OE€30MACHOCTh M JIOKyMEHTaIus,
periaMeHTHpyomas JeicTBUs paboumx, KOTOpble €€ 00ecHeurBaroT, BOMNPOCHI,
CBS3aHHBIE C SKOJOTMYECKOM O€30MacHOCThI0 M 0€30IacHOCTh B UYPE3BbIYANMHBIX
cuTyauusx. Bce paccMoTpeHHbIE BOIIPOCHI MOAPA3yMEBAIOT OMPEIEIICHHbIE IPABUIIA
Uil  pabouMx M BO3MOXKHOCTM HMX  BHEJIPEHUS  HEMOCPEJICTBEHHO  Ha
IIPOU3BOICTBEHHOM YYacTKe.

3akioueHue

B nanHO# BIMYCKHOM KBanu(UKAIMOHHON paboTe OB CIPOSKTHUPOBAH
peryJupyeMbIil AIEKTPONPUBO/ IIEHTpoOEKHOTo Hacoca o cucteme [TU-A/L.

[IpousBenen pacuer W BBIOOP CHUJIOBOTO OOOPYIOBaHUSI CUCTEMBbI
PETYIUPYEMOTO DJIEKTPONPUBOJIA. Takke BBIOpAaHBI JATYMKKA HEOOXOTUMBIC JIs
HOPMAaJIbHOM paOOThI CTAHIIUY W BEIOPAHBI COTJIACYIOIINE DJICMEHTHI JJIS TaTYUKOB.

beun co3gana mmuTarmonHas moeib B mporpamme Matlab R2008b. B weid
MOXHO YBHUJETh paOOTy TMOIUIABKOBBIX BBIKJIIOYATENIeH, HA Tpadukax Mepexo HBIX
MPOIIECCOB TIO CKOPOCTH, B 3aBUCHMOCTH OT YPOBHS BOJBI B 0Oake, a Takke
CBIMUTHPOBATh aBAPUUHYIO CUTYAIMIO, TP KOTOPOW OAWH JIBUTaTelh BO3bMET Ha
ce0st Harpy3Ky BTOPOTO.

[Tpumenenne mpeoOpa3oBaTeIst YaCTOTHl Ha HACOCHBIX CTAHITUSAX MO3BOJISCT:
o0ecreuuTh IUJIaBHYIO padboTy o0opymoBaHUs (DJIEKTPOJBUTATENS] W HACOCA);
n30eXaTh eperpy3Ku MUTAIOIICH CETH B MOMEHT ITyCKa U OCTaHOBA HACOCOB, 32 CUET
CHW)KEHUS ITyCKOBBIX TOKOB; N30€KaTh THAPABINYECKUX YIaPOB B TPYOOIIPOBOIAX U

3alIOpPHOM apMarype.
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OCHOBHBIMH TMPUEMYIIECTBAMHU JIAHHOTO TMPHUBOJA SBIISIOTCS TPOCTOTA,
HaJIS)KHOCTD, yI0OCTBO YIIPaBJICHHUS.

B pesynbrate mpoaenaHHod pabOThI ObUIA IMOJydeHA MOJCPHU3UPOBAHHAS
cCHCTeMa JJIGKTPOIPHBOAA KAaHAIM3AIMOHHOW HACOCHOM CTaHIMU, KOTOpas
MOJHOCTBIO COOTBETCTBYET TEXHHYECKOMY 3aJlaHUI0 W MOXET HaWTH CBOE

IIPUMCHCHHC.
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Conclusion

In this graduation qualification work, a regulated electric drive of a centrifugal
pump was designed according to the system of IF-AD.

Calculation and selection of the power equipment of the system of the
regulated electric drive is made. Also, the sensors necessary for the normal operation
of the station are selected and the matching elements for the sensors are selected.

An imitation model was created in the program Matlab R2008b. In it you can
see the work of float switches, on the graphs of transients on the speed, depending
on the water level in the tank, and also simulate an emergency situation in which one
engine will take on the load of the second one.

The use of a frequency converter at pumping stations allows: to ensure
smooth operation of equipment (electric motor and pump); avoid overloading the
supply network at the time of starting and stopping the pumps, by reducing the
starting currents; Avoid hydraulic shocks in pipelines and shut-off valves.

The main advantages of this drive are simplicity, reliability, convenience of
management.

As a result of the work done, a modernized electric drive system for the
sewage pumping station was obtained, which fully meets the technical requirements

and can be used.
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http://ru.wikipedia.org/wiki/%D7%E0%F1%F2%EE%F2%ED%FB%E9_%EF%F0%E5%EE%E1%F0%E0%E7%EE%E2%E0%F2%E5%EB%FC_(%FD%EB%E5%EA%F2%F0%EE%EF%F0%E8%E2%EE%E4)

31. N 426-®3 «O cneunanbHON OLIEHKE YCIOBUN TPYAa»

32. CIT 12.13130.2009 «Omnpenenenne KaTeropuil MOMENICHUN, 3JaHUNA U
HapYKHBIX YCTAaHOBOK I10 B3PBHIBOIIOKAPHOHN M TIOXKapHOH onacHocTH (¢ Mi3MeHeHnem
N 1)»

33. CH 2.2.4/2.1.8.556-96 «IIpousBojcTBeHHass BuOparusi, BuOpanus B

IIOMCIHICHUAX KHUJIBIX U 06HICCTBCHHLIX B,HaHI/If/'I»
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Ipuioxenue A.

OO1uit BuI, rabapuTHBIC U IPUCOEIUHUTENBHBIE pa3Mephl dJeKTpoHacoca "MpTein"
[1d2 50/200 — 15/2;
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420

Onextponsurarens; 2. Komeco pabouee; 3. Kopmyc cnupansnbiii; 4. Topmosoe
ymiotHenue (mamxkera); 5. TopmoBoe ymnmoTtHenue; 6. Bctpoennwie kabenu; 7.
[TorutaBkoBEII BhIKITIOUaTENh; 8. [IpoOKka MacisiHON KaMepsbl; 9. MeTu3bl KperuieHus
KOpITyca KaMepbl M CTaKaHa MOJIIIUITHUKA K KOpIycy AiekTpoasuratens; 10. MeTu3sbl
KpeIUieHus Kojieca padouero (c maiooit); 11. [Mogmunuuk; 12. [ogmunavnkuy; 13.
Hatuuk Bnaxuoctu; 14. Iloncraska; 15. Kopmyc kamepsr; 16. MeTussl KperuieHUs
KopItyca KaMepbl K Koprnycy cnupaibHomy; 17. Ctakan nogmmunuuka; 18. Kopmyc
anektpoaBuratens; 19. MeTusbl KpenjaeHus KpbIIKA KaMepbl K Koprycy kamepsl; 20.
Kpsbliika kaMephl.
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punoxenue b

OOuuit BUI IUTA yIPaBIEHUS IBYyXHACOCHOW CTAHIIUEH.
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6 _,...,-—-@

1 CurnanpabIi cBeTOAMO «CEeThy;

2 CurnanbHbli cBeTOUO «ABapus KHCy;

3 CurHayibHBIN cBeTOAMO «PadoTax;

4 CUrHaJibHbIA CBETOANO «ABapHsy;

5 Ilepexiouarens «HacTpoiika/Pabotay»

6 3aMoK;

7 Kabenp nutaroniuii (B KOMIUIEKT IMTOCTABKH HE BXOJIUT);

8 CustoBoii kabeib Hacoca;

9 KabGenb ynpapisiomuii;

10 KaGenu K momnIaBKOBBIM BBIKJIFOYATENSIM (B KOMIUICKT ITOCTaBKU HE BXOJIAT);

11 Kabenb 3ByKOBOM CHTHANMHM3AIIMHU (B KOMIUICKT IMTOCTABKH HE BXOJIHT);
12 3a3zemMuisronnii BUHT.
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IIpuioxenue B

CxeMa MoAKIIOYEHUS JATYUKOB K IPE0OPA30BATENIO YACTOTHI

L1
L2
L3
PE

92 93 95 1
L2 L3 PE 27 N
UVv W PE
96 97 98 99 18 19 20 21 22 23 24 25 53 @
| | R3
88883883
ADC08161
Vin Vgrer- Vrer+ GND
{ R4
R5
—
R6
R7
| R8
+
LT 100-S/SP96 R9
T
R1
—
—  |*HT + Rz R10
LV 100/SP83 ]
-HT _ R11
/_\
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Hpuioxenue I'

Kommmiekramus KHC-79

1 |Kopmyc KHC cranbHoii 1 T
2 |Tlorpy>kHOM HACOC
Hptbim
- paboumnx 1 T
- pE3EPBHBIX 1 LT
Hpreim
- 3aITaCHBIX Ha CKJIaJ 0 T
3 |Ilut ynpasnenns KHC 1 1T
4 |OnyckHoe ycTpoRCTBO 2| xommiekra
5 I;:;H}Z?Bmmmne Ul IOABEMa HacocoB (2 <OMILICKTA
6 |Kop3una mist coopa mycopa 1 IIT
7 |Hanpasistromue i1 mogbemMa KOp3uHbel | 1| koMImmexT
8 |ITonuaBKOBBI BBHIKIIOYATEND 4 T
9 |Knanan o6patnbiii Dy= 2 1T
10{3arBop runsotunmbl Dy= 2 LT
11{3arBop runsotunnbii Dy= 0 1T
12| Buyrpennune nanopusie Tpy6onpoBoabl  |1| KOMILIEKT
13|Jlectaunna Ha Bero 1yMHY Kopiyca 1 LT
14|TTnouranka o6CiyKUBaHUS ApMATYPbI 1 1T
15| Tans pyunas uennas (Taub 1 T
MO>KHO TTepeMenaTh BIOJIb OATKN)
16 |Llenu oLMHKOBaHHBIE +
3aMKH OIUHKOBAHHBIE (I KPEeTUICHUS 4| KOMIUIEKT
IIENY K PyYKe HAcOCa)
17 | BeHTHIAITMOHHBIH CTOSK 2 T
18| Anxepnsiit 60T M20?200 st
kperutenns gaa KHC k pynmamenTHON 1| xoMIuIeKT
HTe (Ha pUCYHKE MO3MIINS HE YKa3aHa)
19| KieMHBbIH 1K 1 LT
(momosHUTENBHOE 000PYJOBAHHE)
20|Iur ABP 1 T
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Ipuiaoxenue /1.

HpI/IHI_II/IHI/IaJ'IBHaH CXCMa IIOJAKIIIOUYCHHA IOUTAa YIIPABJICHUSA I[BYXHaCOCHOﬁ
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CTaHIIMU Ha 0a3e aneKTpoHacoca AekrpoHacoca «Mpteim ¢ npumenenuem JTHK-3.
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