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CneuuvanusnpoBaHHOe UHOPMALMOHHO-aHanUTU4eckoe nsgaHue
000 «4YenAabUHCKUN KOMNPECCOopHbI 3aB04Y»

Bnages BepHbIMU Yacamu,

Mory ux To 6bICTPEN NYCTUTD,

To uyTb 3amennuTb, 4T0b ycrnenoch
Bcemy cBepLUNTLCA Ha 3emne

W Bnopy HacTynuna 3penoctb

lMnogoB v apy>kK6bl B TOM Yucne.
M. MapTbiHOB

YBar>kaembie konneru!

CoBpeMmMeHHbIN YpoBeHb Pa3BUTUSA TEXHUKM YCTAHABNUBAET BbiCOKUE TPeOOBaHUA K SHEPro- n
pecypcocbepexkeHuto, Nnogpa3ymMeBatowme He TONbKO COBEPLUEHCTBOBaHME KOHCTPYKUUA MALLIUH U
060pyno0BaHNA, HO M NOBbIWEHUE KyNbTypbl 3KCMNYaTauum, 8 TakKXKe aBTOMaTU3aLUKO U KOHTPOnb
paboTbl. B cooTBeTCTBUM C 3TUMU TEHAEHUMAMU, AEATeNbHOCTb €27 OPUEHTUPOBAHA Ha CO343Hue
3HeproaeKTUBHbIX peLlleHnin ¢ NpUMeHeHneM HOBEWULLIUX UHTENNeKTyanbHbIX CUCTEM ynpaene-
HUA. [na pocTXKeHMA MaKcMManbHOW 3 (heKTUBHOCTU peLleHUin Mbl MPUMEeHAeM KOMMNeKCHbIN
noaxon, covetarowmin B cebe yHuBepcaneHbln Mmetoq, «5 waroB 3HeprosgdeKTUMBHOCTU» U Habop
cpencTs «TpuY» — ynpaBneHue, yTeuku, yxXoa.

B uspaHumn ocsewaetca CAY ana KomnpeccopHoi TexHuku Metacentre («CMC», Benbrus;
000 «YensibUHCKMIN KOMNPeCCOpHbIY 3aBoA», Poccua) n HacocHblx arperatoB «HMS Control» (OAO
«Mmppomalucepsuc», Poccus) n «Pasys» (000 «3aBopa, «AKBUHTa», Poccus)

aupektop 000 «2Heprua BpemeHn»
lWamunb AnaneTguHoB

BO34AYX NoA KOHTPOMNEM

OnTUMKU3aLUA pe)>KUMOB paboTbl KOMNPECCOPHbIX YCTaHOBOK
M NOMHbIN KOHTPONb HaZ MALWMHaMM C MHTENNEKTYanbHbIMU
cuctemamm ynpaeneHua «CMC Metacentre» (Benbrus)

PykoBoguTenb npoekTos WH>xeHep npoekToB PepakTop

ANANETOMWHOB LWamunbs Paucoeuy HUTMATYNNWUH Oanuns PuHaToBUY NAWKO KoHcTaHTMH KOHCTaHTHHOBMY
Ten.: 8-919-111-777-9 Ten.: 8-951-486-41-21; Ten.: 8 (351) 775-10-20 (no6. 980)

8 (351) 775-10-20 (po6. 993) 8 (351) 775-10-20 (no6. 970) E-mail: laiko@chkz.ru

E-mail: e2t@chkz.ru E-mail: nigma®@chkz.ru

M3panue: N1 ot 15.10.15

MopnucaHo B nevatb: 22.10.15

Tupax: 200 3k3.

454085, r. YensbuHck, np. NenuHa, 2-b, a/a 8814; Ten./dakc: 8 (351) 775-10-20;
e-mail: e2t@chkz.ru; noptan: http://energy2time.ru/
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YNPABNEHUE «KMETACENTRE»

CI'IELI,VIBI'IVI3VIDOBBHHbIE MHTENNneKTyanbHbleé CUCTEMbLI YynpaB-

neHusa Ha 6a3e nporpaMMmUpyeMbiXx KOHTponnepoB «Metacentre»
(¥CMC», Benbrus) NpMMeHsIFOTCA NPU NOCTPOEHUN KOMMNPECCOPHbIX
craHumi (3A0 «4K3», Poccun). B 3aBucvmocTu oT moaudukaumm,
obnapgatoT paoom QyHKUUIR:

KOHTPO/Mb paboThbl rpynnbl 40 24 KOMNPECCOPHbIX YCTaHO-
BOK;

yMeHbLUeHWe amnnuTygbl KonebaHui cpegHero pabouero
haBneHus;

a[anTUBHOe perynupoBaHue — KOHTPO/b KONUYecTBa Bbl-
KNoYeHuin N Nepexono0B KOMMPecCcopHbIX YCTAHOBOK B XO-
NOCTOM X044, KOOPAUHALUMA UX paboThi;

00 6 pa3nuuHbIX KOH(Urypauum npenyCcraHOBMNEHHbIX NAapaMeTPOB PEXXUMOB paboT;
npenBapuTenbHOe 3anoNHeHne NHEBMOCETU B YCIOBUAX PeanbHOro BpeMeHu, NonHoe Bbl-
KNrYeHMe unu cHwkeHne pabovero gaBneHnsa B 06eeHHbIN N MeXXCMEHHbIV Nepep.bIB;
KOHTPONb BENNYUNHBI AaBNeHNSA B 3-X Pa3NUYHbIX 30HaX MHEBMOCETY;

ynpasneHve o60pynoBaHUEM Mo NoAroTOBKe OKaTOro BO34yxa U BCromoratenbHbiM 060-
pyAOBaHUEM;

nepegava UHGOPMaLUKU Ha NEPCOHANbLHLIN KOMNLIOTEP ONepaTopa, AucneTyepa UnNu Ha
ACYTTI BepxHero ypoBHS, apXuBauna AaHHbIX U CUrHanM3aumnsa Henonaaok.

YcTponcTea BU3yanusa-
LN N apXUBaLUK

KoHTponnep
«METACENTRE»

O6opynoBaHue no
noaroToBKe BO34yxa

SnekTpowkKadbl
ynpaBneHus

KomnpeccopHble yctaHoBku (KY)
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Mapametp CeoicTBO P4 SX XC
KonunuecTtBo ynpaBnsiemMbix KOM- Breibop cucTembl ynpaBneHusi B 3aBUCUMO-
ynp P ynp g Oo4 | Oo12 | Oo24
npeccopos CTu oT noTpebHocTen
Hwana3oH gasneHus, MlMa CHu>XeHue noTpebnsemMon MOLLLHOCTHU 0,02 0,02 0,02
[AononHuTenbHble 6NOKU BBOAA MopxntoveHre [ONONHUTENBHbBIX ATYNKOB 5 5 12
/ BbIBOOA OnA oNepaTUBHOIO KOHTPONs
TabnuyHasa TexHonorus Bei60p pa3nuyHbIX CTPaTerun ynpaBneHus 3 4 6
To4HaA coBMeCTHaA HAaCTPOMKa BPEMEHMU,
Yackl peansHOro BpeMeHu + + +
[aBNeHUsA U CTpaTerum ynpasneHus
lMpepBapuTenbHoe 3anonHeHue
MoaroTtaBnuBaeT ceTb K pabouemy pexumy - + +
NHEeBMOCeTU
CTpaTervsa 3KOHOMUM MopKnovaeT UHTeNNeKTyanbHbIN anropuTM - + +
MaKkcMManbHO 3KOHOMUT 3MeKTPO3HEPruto,
YnpaBneHue pa3HbIMU KOMMpec- | NogKno4as KoMnpeccopa pa3HoW Npou3BO- ) + +
copamu OVUTEeNnbHOCTYU, B T.4. C YACTOTHbLIM perynupo-
BaHUem
YnpaBneHue [ononHUTENbHbIM 3anyck KOHCTPOnNb A0MNONHUTEeNbLHoOro o6o- ) ) .
obopynoBaHnem pyLnoBaHusA
YnpaBnsAeT rpynrnamMu KOMNpeccopos (Ao
KoHTponb 30H 3X), PacnonoXeHHbIX B Pa3HbIX 30HaX MHEB- - - +
MOCeTu
YnpaBneHue 6anaHcom gaene- OnTummnsupyet notpebneHne aneKTpo3Hep- ) ) .
HUA B 30HaX r'Mn B Pa3NUYHbIX 30HaX MHEBMOCETU
[MoBbIWaeT HaAEeXHOCTb CUCTEMBI KOH-
MopkntoueHmne pe3epBHOro A4aT-
TponsA, OpraHusyeT y4yeT notpebneHusa cxa- - - +
UMKa O3BNEeHUs Uy pacxona
TOro BO34yXa
Mo3BonAeT 3aNporpamMmmMmMpoBaThb YCTPOK-
TexHonorus BUPTYanbLHOro pene | CTBO Mo onpeneneHHble yCnoBUA TEXHONO- - - +
rMv Npomn3BOACTBA

OPrAHU3AUUNA CBA3U

Ha pucyHke npepncrtaBneH TUMOBOW BapWaHT OpraHW3auuu ynpasneHUA No KaHany paguo-
cBA3u. CurHanbl ¢ 6NOKOB yNpaBneHnsa KOMNPeccopHbIMK ycTaHoBkamu I3H n o6opynoBaHuMem no-
CTYynarT B KOHTPonnep «Metacentre SX» u ganee - K paguomogemy. Btopon pagnomoaem npuHu-
MaeT CUMrHan v HanpasnsaeT ero K koHseptopam «ANI unit» n/vnu «Modbus» (B 3aBUCMMOCTU OT
mMoaudukaumm), Kotopele npeobpasyroT curHan u3 RS 485 B RS 232 u HanpaBnaoT ero K nepco-
HanbHOMY KOMNbrOTepy (HOyT6yKy) u/unu Ha ACYTI. CurHanel ynpaBneHus ¢ pabounx mecT onepa-
TOpPOB (NepcoHanbHbIX KOMNbOTEpPOB u/unu ACYTI) cnegyroT no 3TOM e cxeme B 06paTHOM

HanpaBneHun.

KomnpeccopHble
yCcTaHoBku O3H

KoHTponnep «Metacentre
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CurHan RS 485

KoHBepTop
«ANI unit»

KoHBepTop
«Modbus»

CurHan RS 232
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ABTOMATU3UPOBaHHAA CUCTEMA YNPaBNEHUSA TEXHONOrUYeCcKuMu npoueccamu (ACYTI)
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‘ULADY anmBoLdamias g anHavugeduA aregeradau Lasuogsou «sSNQPoOA» doLdagHoy| ‘AueHex-onted vum
AwoHT'oaodu ou BJ1aBUaL)3MAD0 enreTadal 047 'ZEZ SY UeH1Md g suHadumded navArow v aodauuodLHOM D 1aueH1Md anmaoieuALdou anmaolAs
-edgoadu ‘ladordagHoy BdLoiBHaWNdU (eXAQLAOH) edaLoiquoy oloHAaueHoddau > unnHeld yoroged suHavaeduA n nmneevueAensa su'g
‘«X0q O/| 3J2U33RIB\» AUATOW KIaHauennaud €adah BiLoiehoiusToU (‘UL 1 IadALedauwal
‘eroxoed ‘BuHavugeT) winhLled n (‘u'L n ealdnodidA aigHeHadT ‘Iadirqund ‘muaLmmAd0 ‘nuaLnreuxo) amHeao’Adogo 30HAUSLMHUOLOTT
*«311Uade19|A» edavrodLHOM MIEO0H
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MoAynb PACWUWUPEHUA «METACENTRE 170 BOX»

B cnyuae, koraa AnAa opraHMsauuu ynpaBneHna cTaH4apTHbIX
BXOA,0B / BbIXOA0B HE XBATaeT, MOXET 6biTb MPUMEHEH A0MNOMHU-
TenbHbIN 6NOK BBOAA-BbIBOAA «1/0 box» (in/out box). O6biuHO 6M0K
Heob6xoaum AnA NPUeMa CUrHanos OT A0NONHUTENbHOro obopynosa-
HUA (YCTPOMCTB OXNaXXAEHUA U OUYUCTKU OKATOro BO34yXa, OCYLUMTeE-
nen, uUNbTPOB, [ApeHaxa), [AATYMKOB [AaBMEeHWUA, TemnepaTypbl,
TOYKU POChI U T.A.

bnok BBOAa-BbIBOAA NPUCOEOUHACTCA K CUCTEME YIpPaBeHUA
Metacentre npy# NOMOLLM NPOMBbILLNEHHOW 2-NPOBOAHON CETU nepe-
[03a4m aaHHbIX RS 485.

B kaxxpon mogenu 1/0 Box ecTb:

e UMDPOBbIE YCTPOUCTBA BBOAA AM1A MOHUTOPUHIA Ka)KA0ro yCTPOMCTBAE, MNOAKIHYEHHOro K

cucTemMe UNKu ANns aBTOMaTU3aLUN BCe CUCTEMBI;

e 3Hanorosble BXOAbl ANA MOHUTOPUHIA CEHCOPHbLIX YCTPONCTB, U3MEPAILLUX AaBNeHue, ne-
penapg, AaBneHun, TemnepaTypy, TOUKY POCbl, PACXo[ BO34yXa, TOK, MOLLHOCTb, YPOBEHb
BM6PaLMKN NOALINMHUKS U T.[4.

e perneiHble BbIXOAbl ANA NPUMEHEHUA TexXHonorun «BupTyanbHoe pene», MyHKUUU KOTO-
poro nepenaroTcs OT NO60ro COBMECTUMOrO y3na, MPUCOEAUHEHHOrO K CeTU, 4YTobbl UC-
NMonb30BaTh NMO6Y0 AOCTYMNHYH MHOPMALUIO O CTATyCe UMM COCTOAHUU CETU CUCTEMbI.

MoAynb PACLLUPEHUA «METACENTRE EX BOX»

«EX Box» (Tonbko ana «Metacentre XC») o6ecneunBaeT AOMNONHUTENBHYHO CBA3b C YAaNeHHO
pacnono)eHHbIMN KOMNpeccopamMm, pa3sMeLlaeTca paaoM C OTA3NeHHbIM KOMMPeccopoM Unu rpyn-
NOW KOMMNPEeCCopoB.

Kaxablit MOaynb MMeeT CreumanbHbli aHAaNoroBbIn BX04 €ANCTaHUMOHHbBIN KOHTPONbL AaBne-
HUA», KOTOPbIA MOXXHO UCNOMb30BaTb BMeCTe ¢ nporpaMmmoin «banaHc pasneHna» KoHTponnepa XC.
[na noonep>Xkn apyrux BO3MOXHOCTEN UHTErpaumMm CUCTEMblI MMEHOTCA CheunanbHble BCNOMOra-
TenbHble BXOAbl U BbIXOAb.

KOHBEPTOP NPOTOKONA «METACENTRE MODBUS GATEWAY»

KoHBepTop HeobxoauMM  AnA  CTbIKOBKM  CUCTEM  YyNpaBneHus
«Metacentre» c o6wenpombiwneHHsiM1 ACYTI no npotokony «Modbus RTU»
(remote terminal unit - yaaneHHbI TepMUHAN), KOTOPbLIN ABNSETCA NPOTOKO-
NOM TUMA «rMNaBHbIA — NOAYUHEHHBIN.

KOMMNNEKT KOMNbHOTEPHOU BU3YANU3ALUU «METACENTRE VISUAL KIT»

KomnbroTepHaa BU3yanu3aumns 0CHOBaHa Ha NpUeMo-nepeaaTynke nomMexos3allumLEeHHbIX pa-
avocurHanos «ANI unit» (active network interface) u nporpammHom obecneyenun «Enersoft». MNpo-
rpaMma no3BonAeT Nony4YnTb OCHOBHYH MH(OPMALMIO O COCTOAHUM KaXKA0ro 3NeMeHTa, BXOOHbIX
/ BbIXOJHbIX K@Hanax ynpasneHus], ypoBHe AasneHunsa u cpegHem Krl, cuctemMsl no curHanam c 6no-
KOB yNpaBneHnsa KOMMNpPeccopHbIMU YCTAHOBKaMU U 18TYMKaM 13BNEHUA, YCTAHOBMNEHHbIM B Pa3nuy-
HbIX TOYKaX MHEBMOCETU.

B Tabnuue onucaHa 6a3oBadA KomnnekTaumsa obopynoBaHua. Ha pucyHke npueBeneH npumep
0TO6paXkeHnA MH(POPMaLIMM Ha 3KPaHe NepCoHanbHOro KOMMbHTepa.

HaumeHoBaHue HazHaueHue

Mogynb, npuHumarowmin curHan ot «Metacentre» no npotokony RS 485 mn nepepatowmi
Mpuemo-nepenaTumk nepcoHanbHOMy KoMnbroTepy (HOyT6yKy) no npoTtokony RS 232. Moaynb ycTaHaBNMBaeTCA
«ANI unit» Ha pacctoaHum po 1000 meTpoB OT KOMMPECCOPHLIX YCTAHOBOK U KOHTPOMnepa
«Metacentre».

[Mporpamma Bu3yanusauumsa ona CMCTEM COKaTOro BO34yXa, 0CYLLEeCTBNAOLWAA MOHUTOPUHT CO-
CTOAHUA CUCTEMbI B PEXMME pearnbHOro BpemeHu, HabnogeHve 3a BcnomoraTenbHeiM 060-
PYO0BaHUEM, CUrHanu3auumo, BeayLlas OTYETHOCTb U PEermcTpaumio AaHHbIX, @ TakXKe pap,
Lpyrnx cneundudeckmm yHKUMN.

HoyTbyk ¢ «Enersoft»
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lMpumep oTobpakeHns nHgopmaumm B nporpamme KEnersoft»

KOMMNNEKT BU3YANMU3AUUNUN «METACENTRE TX»

KomnnekT, obnapasa Temu xxe cBoncTBamu, UTo U KEnersoft», npegocraendet Hanbonee non-
HYH BM3yanu3auMi0 COCTOAHMA NMHEBMOCETU, MALLUWUH U arperaToB, oTobpaXkaeT AUHaMUKY NOTpeb-
NeHUs ©KaToro BO3ayxa U uameHeHnsa paboyero AaBneHus B CETU, NO3BONSET YAANEHHO YNpaBnsaTb
CUCTEMOMN U OCYLLECTBNATb NOMHbLIA KOHTPOMNb Hag KaXkablM ee 3nemeHToM yepe3 HTML / Java B
pexxume peanbHOro BpeMeHu. Moaaep>KMBaeT BO3MOXHOCTb O0TApaBkn SMS u/unu e-mail coobue-
HUM UNN OTYETOB O COCTOAHUN CUCTEMBI.

«Metacentre TX» nmeeT (pyHKUMKO XpaHeHUAa hannoB, KOTOpble MOryT 6biTb 0hOpMneHbl B
Buae pannos TMNAa .CSV AN NPOCMOTPa B COBMECTUMBIX NpOrpammax, Hanpumep, Microsoft Excel.

metacentre Metacentre Demo System [I] - _]
nz!ne"“e B CHCTeMme Pacxon Bo3gyxa
MaHomeTp e 100%
) 2
cHCTeMa 10\ paCXOﬂ.OMEp
MeHo PerucTpauns
Coobwenne 58 7 ) 2
rpagme par |
OdcmyRaiin 64 Mpacuk us-
Info1 Vo2 MeHeHUA
Al sx © e 0 e oo Moo [GBNEHYA U
Monitoring v PaGora ] (@) [Bommor}rpadux pasors: i pacxona
napameTpb! / ( \
HacTpOAKK @in comp house No 1 BS 84% 64k 61
NHpauka- @ Main comp house No 2 Os @ " L
TOPbIl peXxxu- = i ph el 100% System Dewpoint Reom Tempemmre
Do ao o oo MHAanKaTopsl
MOB pa- g# Main comp house No 4 ne 100%
60Tb| n Cco- @Aux comp house No 1 .@ 0% MOLLHOCTH ,
CTOAHUA m Aux comp house No 2 .® 0% |'|p0[/|3BO'u'V|-
MALUUH U .414 203 e TenbHOCTWY,
o6opynoBa- Diferantial pressure A3BNEHNA U
HUA TemnepaTyp

K\

263 mBar

lMpumep oTobpakeHus nHgopmauum B nporpamme «TX»

Unaposon sson 4 Ha 060pynoBaHUU
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SHEPrOCBEPEXXEHUE

1. HenpepbiBHOE perynupoBaHue NpoOM3BOAUTENBHOCTU C MOMOLLBHO 1-0M KOMMPeccopHOM
YCT3HOBKU C U3MEHAEMOW YacTOTOM BPaLLEeHUs NPUBOAHOMO ABUratTensi (YacToTHbIM perynupoBa-
HMeM) UCKNHYaeT peXxxum nepenpov3BoACTBa UMW HEJOMPOU3BOACTBA OKATOro BO3AyXa Npu UsMe-
HeHun ero noTpebneHus.

A Bkntovexue
KY Ned OtkntoveHne Bkgyromeogue
: KY Ne2 =
| Bxniouenue | Briowerve | KY Ne1 c yacTtoTHbIM

KY, Ne2

perynvpoBaHuem

KY Ne2 ¢ 0bbl4HbIM
NpVBOAOM

KY Ne3 ¢ 06bl4HbIM
npuBoaOM

I'Ipomssonwren bHOCTb

Bpems

2. Knaccuueckas KackagHaa cxemMa ynpaBneHus MMeeT O0CTAaTOYHO LWMPOKUMA AManasoH
MeXay AaBNEeHUAMU HArpy3ku u pasrpysku (4p ~ 0,06 MIla), 4TO yBenMumMBaeT MaKCMManbHOe AaB-
neHve B CETU U, COOTBETCTBEHHO, CpefHee. 3KCnnyaTaunoHHbIe AaHHble CBUOETeNLCTBYIOT, UTO yBe-
nuyeHue pgasneHus Ha 0,1 MIla noBbIWAET 3aTPaThl 3NEKTPO3HEPrUM Ha 6 ... 8%. KMetacentre» nos-
BONAET MUHUMU3UPOBATL 3HayeHue Ap = 0,02 MIla. Ha pucyHKe n3obpakeH NpoLecc BKNHYEHUSA U
OTKMKOYEHUA KOMMpecCcopHbIX ycTaHoBoK (KY) ana o6oux BapuaHTOB:

KackagHoe ynpaenexue A Ynpaenenue Metacentre
0,9 : | 0,9 '
@© < ©
E < el e ot ' PN R R .
= Ne1 < = ‘
v 0,8 Ne2 < v 08 < << <
= > Ne3 =
é > ~ Ne4 > Ne1 Ne2 Ne3 Ne4
g 0,7 - 8 0,7 - -
= e _ = 1 i
0 100 0 100
MoTtpebnenue, % Motpebnenne, %
—»— [paduk gasneHus ans sknoyeHns KY ——— YpoBeHb paboyero

—»— [padvk AasneHus ans otknoveHus KY AasnexHus

B KackagHoOM cxeMe Kaxkaaa cneayrowan KY sarpy»kaeTca npy NOHMWKEHUU O3BNeHUA B cpen-
HeM Ha 0,025 MIla U3-3a HEXBATKU NPOU3BOAMTENBHOCTU NpeabIayLLe (CM. 3eneHyro nuHuto). CooT-
BETCTBEHHO, UTObbI Npu pocTmxkeHun 100% notpebneHms npu pabouyemM AaBneHUU 661NN 3arpy>KeHbI
Bce 4 KY, nepenap paBneHus pomkeH coctaButb 0,075 MMa (naBneHue cHu3uTCcA 3 pasa no
0,025 MIlac 0,775 pno 0,7 MHa). lMpu 3TOM gaBneHue He A0MKHO ONyCTUTLCA HUXKe pabouero 0,7 MIla.
Pa3rpy3ka KY npu cHuXeHun noTpebneHus, Kak npaBuno, NpoMssBoamTca ¢ 3anacom 0,1 MIla (cm.
KpPacHyr nuHuto), nostomy KY N24 OTKAUMTCA TONbKO NMpU AOCTUXKEHUWU O3BMEHUA B CUCTEME
0,8 MIla, KY N23 - npu nosbiwieHun aasneHma Ha 0,025 MIla n 1.4. MakcumanbHOe OaBneHUe B CU-
CTeMe Npu KackagHOM perynupoBaHum coctaBut 0,875 Mlla (pasrpyxkaetca KY N21).

MpeumywecTteom cuctembl Metacentre cny><xuT 1o, uTo KY BBOAATCA B paboTy KOHTPONNepom,
ynpasnawwmum KY He no dakTuieckomy nepenany AaBneHus, a aHanM3upyoLwmuM CKOPOCTb CHUXKe-
HUA / NOBbLIWEHUA OaBNEHUA U NPUHMMAIOLLLEMY pelleHMe 0 3arpy3ke / pasrpyske KY cooTBeT-
CTBEHHO. 3a cyeT 3Toro B rpacduke paboTbl UcYe3aeT CTyNneHYaToCTb. KOHTponnep BbIABNAET KpaT-
KOBPEMEHHbIE U3BMEHEHUSA A3BNEHUA, NMPU KOTOPbIX BO3AENCTBME Ha PeXXuUM paboThl KY He adhdek-
TuBeH. Metacentre moXeT 6bITb HAacTpoeH noa cneuududeckme TpeboBaHUA U PEXXUMBI KOHKPET-
HOro NpegnpuaTus.
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3. NpegBapuTenbHOe 3aN0NHeHWe NHEBMOCETU MPOU3BOAUT perynupyemoe ysennieHue nae-
nenus no pabouero (Ha pucyHke 0,8 MIla). MycTb nyck 060pya0BaHUA NOCNe HEKOTOPOro NepepbiBa
(Hanpumep, obepna) ocywecTBNAETCA B MOMEHT BpeMeHu Y. [THEBMOCETb U MalUMWHbI A0 3TOro0 Mo-
MeHTa He Harpy>eHbl, COOTBETCTBEHHO, AaBneHue MNOHWXeHO UM paBHO aTMocdepHoMy. Havano
noTpebneHnsa BO34yXa Bbl3bIBaET BKNHOYEHME KOMMNPECCOPHbIX YCTAHOBOK, HO AN OOCTUXKEHUS Tpe-
6yemoro pabouero gaBneHus TpebyeTcs HEKOTOpOe BpeMsA, A0 MOMeHTa BpemMeHu +AY ob6opyao-
BaHue He paboTaeT unu paboTaeT HeapdeKTUBHO.

HexBatka aaBnenus y
/ notpeburenen |

/

ot
[

1
+AY

[Haenenue, MlMa

0
-A4 4 Bpems

PeXuM npeaBapuUTeNnbHOroO 3aMonHeHUa NMHEBMOCETU UCKNOY3eT paboTy o60pyaoBaHUA Ha
Hef0CTaTOYHOM A3BNEHUU U YCTPAHSET KonebaHus, Bbi3blIBAEMLIE YXKE HAY3BLUMMUCA PabounmMm
LMKNaMu, 33 cYeT 3ab6naroBpeMEHHOr0 BKNHOYEHUA KOMMPECCOPHbIX YCTAHOBOK B MOMEHT BPEMEHMU
—AY. MNpwu 3anycke 3anonHeHus KMetacentre» 3arpy»kaeT 3apaHee BbliGpaHHble A4N19 3TOro Komnpec-
copbl, Bpemsa npeaBapuUTENbLHOrO HANONHEHUSA MOXXET PerynMpoBaTbCA B 3aBUCMMOCTM OT XapaKTe-
PUCTMK NHEBMOCUCTEMbI. MMocne 3anonHeHua «Metacentre» ocTaBuT B paboTe Heo6xoaMMoe Konu-
YeCTBO KOMMPECCOPHLIX YCTAHOBOK ANA NOAAEPXKAHUSA A3BNEHMA M PACX04a CKAaTOro BO34yXa.

?

Kak oL,eHUTb 3KOHOMUYECKYIO BbIrogy cucTeMsbl «Metacentre»
nepepn KnaccM4eCKMM KaCKagHbIM perynupoBaHuem?

PaccmoTpym npymep NOCTPOEHUA KOMMPEeCCOPHOW CTaHuMM Ha 6a3e n = 4 KOMMNPeCccopHbIX
YCTaHOBOK € MOLIHOCTBHO N = 132 KBT kKaxkgasa. Onpegennm exxeMeCcavHY0 3KOHOMUYECKYHO Bbiroay
s, py6. NMpumem koappuumeHT 3arpy3ku obopynoeanus B o6oux cnyyaax k = 0,8, pabouee gaene-
Hue p = 0,7 MIla, CTOMMOCTEL 3neKTpo3Heprun e = 3,0 py6./ 1 kBT - 4, HapaboTky B MecAal h = 7204
(24-yacoBoi pabouvit feHb) U, OCHOBLIBAACL H3 3MNUPUYECKON 33BUCMMOCTU NOBBILLIEHWA 3aTpaT
3NeKTPO3HEepruu OT PocTa cpegHero gasnenus (¢ = 0,7 MMNa" unu 7% Ha kaxxable 0,1 MMa), npouns-
BeOEM BblYMCNEHUS:

Mapametp
CpenHee gaBneHue
B CETU

KackapHasa cxema ynpaBneHus
pk = 0,788 (MIMa)

YnpaeneHue Metacentre
Puc = 0,750 (MMa)

a zl_a_PK_PK a =1_a_pK_pMC
KoaddumumeHT ypoBHA cpen- K Pk Me Pk
Hero naBneHus 0,788 — 0,788 0,788 — 0,750
=1-07——= =1-0,7 — =0,
o 0,788 e =1 0,788 0,97

N =N -n-k-ag;
NO™ =132-4-0,8- 1,0 = 422,4 (kBT)

N&GCMZN'n'k'aMC;
NOS™ = 132-4-0,8-0,97 = 409,7 (kBT)

CpenHAaa noTpebnAemMasa MoLLL-
HOCTb

3aTpaThbl MOLLHOCTU

exemecA4Ho

N}lzlec o
Ng©© = 422,4 - 720 = 304128 (kBT1-Y)

Ng®™ - h NjE = Nyg* - h

Nye = 409,7 - 720 = 294984 (kBT-4)

C6epe)keHune 3Heprum oT
Metacentre exxkemeca4Ho

AN = Ny

o611
— Ny¢

AN = 304128 — 294984 = 9144 (kBT - u)

CTOMMOCTb  3MEeKTPO3HEeprum
ONs CTaHUUN
e>XeMecs4YHO

S}x«é{ec — N}lzlec e
Sk = 3041283 = 912384,00 (py6.)

Swic = Nu¢ -e
32995 - 3 = 884952,00 (py6.)

Mec _
SMC -

JKOHOMMUYECKaA Bbiroga oOT
Metacentre exkemeca4Ho

s = Spe

Mec
- SMC

s = 912384, 00 — 884952,00 = 27432,00 (py6.)

OTBET:

JKOHOMUYEeCKas BbIroaa oT NpuMeHeHusa Metacentre, no cpaBHEHUIO C KACKaAHbIM perynupo-
BaHueM, coctaBnsaeT s = 27432,00 (py6./mec.) npu cbepexxeHum sHeprum AN = 9144 (kBT - u/mec.).
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YIMNPABNEHWUE «Pasys»

CTaHUuM aBTOMaTU4YECKOro MHTENNEKTYanbHOro ynpaBneHUA

«Pasys» (pump automation system, OO0 «3aBog «AkBuHTa», Poc- .
CUA) NMPUMEHAKOTCA C LeHTPobeXHbIMM Hacocamu Ans BOAOCHa6Xe- ' =
HUA, B T.4. CKBa>KMHHOIO, BOAOOTBEAEHUA, OTOMMEHUA, BEHTUNALMA U §
KOHAWLUMOHUPOBAHUA C NapamMeTpamMu 060pyaoBaHUA: ?
e [0 6 HacoCoB; ®
e HanpskeHua nutaHusa 380 B u 6000 B, no 3anpocy 690 B u ' i
10000 B; %

e 0T 5 kBT (OpreHTMpOBOYHO) Ao 630 kBT (Npu 380 B), Ao
25000 KB (npu 6000 B).

e 3-cha3Hoe NuTaHue. 2

FNaBHbIM NpeuMyLLECTBOM CUCTEM CNY>KUT BbICOKas CTeNeHb '
CTaHA3PTU3aLMUN M YHU(DUKALMM PeLLeHWi, YTO NO3BONAET KNNEHTY ca- & ‘
MOCTOATENbHO NOArOTaBNMBATL TUMOBOM NPOEKT 38 HECKONbKO MUHYT i
C MOMOLLbLI WHTEepHeT-peLuaTens, MOBbIWAET TEeXHOMNOMMYHOCTb U
HaAeXHOCTb NPOAYKLMU U CHUXKAET ee CTOMMOCTb.

A

Z

COCTAB CUCTEMDI YINPABNEHUA

gt

CunoBoW moaynb (cMnoBou Wkad): wieo

¢ KCNonHeHue oTaenbHO CTOAWMM UNU B c60pe C ApyrmmMum cu-
noBbiMM MoaynamMu

e perynupoBaHue HacoCOB U 33MopHO-pacrnpeaenuTensHomn an-
; napaTypsbl

e BTPOEHHbIE 3aLLUTbI N0 TOKY U HAMNPSKEHUIO;
e UYACTUYHAs BU3Yanu3aLMs COCTOSIHUS CTaHLMW;

3annpaHne Ha 3aMOK.

A ~w_'/VIHTenneKTyaanblVl Moaynb (WKad ynpasneHus):
: *~ e noapobHaa Bu3yanu3auua paboTsl; °
8 e H3CTPOWKa BCeX NapameTpos;
’ = e VMHTerpauusa B Bbiwectoawwme ACYTI;
a e pa3MelLleHue B KOpnyce CMNOBOro Moayns no
TpeboBaHUIO 3aKa3uMKa.

B cuctemax ynpaBneHnAa ncnonb3yrnTcAa KOMNNeKTyrLwme MNpoBbIX I'IpOI/I3BO,EI,I/IT€I'Iel7I 3nekK-
TPUKU U 3NEKTPOHUKU, MOTYT 6bITb yCTaHOBNEeHbl NO »XenaHUH 3aKa34unKa:

Schneider A DD
SIEMENS “Dasti 5 i FRIDID
OCHOBHbIE ®YHKLU U
DNeKTPOHHbIA NPOrPaMMUPYEMbIN 6NOK yNPaBNeHUs, CNY>XALWUIN rMNaBHbIM 3N1E€MEHTOM UHTEenN-
NneKTyanbHOro Mmoaynd, aHannsnpya coctoAHme cUcTtemMbl No AaTyUKaM AaBneHund, TeMnepaTypbl,

BU6paumMm 1 T.Nn., BbIbMpaeT onpeaeneHHbi aNropuTM yrnpaBneHUns HACOCHOM CTaHLMEN, UTO NO3BO-
NAEeT BbINONHATL LWMPOKUN CNEKTP (hYHKLUMIA, OCHOBHbIE U3 KOTOPbLIX NPUBeAeHbl B Tabnuue.
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PyHKUUA KpaTkoe onucaHme

Moppep>xaHve oaBneHUs B BbIXOAHOM Tpy6onpoBoae No AaTUMKY O3BNEHUA B 3343HHbIX
npenenax 4YacToTHbIM PerynupoBaHMeM U / Unu NogKnoyeHnemM / 0TKNHYEHUEM 0M0NHU-
TenbHbIX HACOCOB.

Moppep>kaHve [aBneHUs BO BCACbIBAOLLEN MArMCTPany No AaTYUKY A3BNEeHUSA B 3303HHbIX
npenenax YacToTHbIM PErynMpoBaHWEM U / Unv NoaKnoYeHnem / OTKNHYEeHUEM A,0MO0MHU-
TenbHbIX HACOCOB.

Moppep>aHve nepenana A3aBNEHUA HA CTAHLUU NO A3TYMKaM A3BNEeHUs B NOABOASLLEM U
oTBOAsALLEM TPyHONPOBOAAX YaCTOTHBIM PErynMpoBaHUEM U / UNU NOAKNHOYeHUeM / oT-
KNHOYEHWEM [,0MONHUTENbHbBIX HACOCOB.

Mpsamoe / obpaTHoe pe- | lNpeBbIlLeHWe perynMpyemMoro napamMmeTpa Bbi3biBaeT CHUXEHUEe NoAaum (OTKNHYEeHWe Haco-
rynupoBaHue COB) / BbI3bIBAET yBeNMYEHUe nogayu (MogKnHYeHne HacocoB)

KoHTponb 3a HapaboTKOW HACOCOB, MepPUOAUYECKUN OCTaHOB Hacoca ¢ 6onblen HapaboT-
KOW N 0QHOBPEMEHHbIN NyCK HAaC0Ca C MeHbLUen HapaboTKon

OrpaHuyeHve KONMYecTsa 0JHOBPEMEHHO pPaboTaroLmux HacoCoB (KNnaBarLlee pe3epBu-
PesepBupoBaHue pOBaHUe») Unu BblaeneHne KOHKPETHOro Hacoca (HacocoB) B pe3epB 6e3 BO3MOXKHOCTU po-
Tauum

3anyck NpoCTauBaroLLEero ANuTenbHOe BPEMSA HAcoca ANA NpefoTBpallLeHns obnutepauumm
YNOB TPEHUSA, B T.4. U3-33 OCAXKAEHUSA CONEn U3 BoAbl.

C/HXpOHHOE MepeBop BCEX YACTOTHO PErynMpyembiX HACOCOB B PEXXMM OCHOBHOI0 HacoCa, 0AUHAKOBOE
perynupoBaHue M3MEHEeHMEe YaCcTOThl BPaLL,EeHUsA BEX HACOCOB.

OcCTaHOBKa HaCOCHOW CTaHLMM NO BbICOKOW CKOPOCTU CHUXKEHUS O,aBNEHUA B HANMOPHOM TpYy-
6onpoBoOAe C OTKNHYEHUEM CUNOBbIX aBTOMATUYECKUX BbIKNKOYaTeNneun.

KoHTponb HyneBoro pac- | PaboTa 0CHOBHOro HacoCa H3 MUHUMANbHOW YaCTOTe BPaLLEHUA U HAaUMEHbLUEM A0MNyCTU-
X043 MOM JaBneHuu (B pexxumMe 3HeprocbepexeHus) npy manom Bogopasbope.

BbinonHeHne NpuvHyauTenbHbIX KOMaHA OT BHewHen / BblwecTtoAwen CAY: «aBapuinHoe
OTKNHOUYEHUEY, KNPUOCTAHOBUTL PaboTy», KBKNHOUYUTb BCE HACOChI»

JeHb / Houb Bei60p 0NTMManbHbIX NAPaMEeTPOB U PEXXMMOB PaboThl B 3aBUCMMOCTU OT BPEMEHU CYTOK
MopkntoveHve 3aBOOa-U3roToBUTENs No TPeboBaHUIO 3aKa3uMka K 6nokam ynpaBneHus
YpaneHHas AUArHOCTUKa | ANS yOoaneHHOW OUArHOCTUKM, MOUCKA U YyCTPAHEHUS HEeUCNPaBHOCTEN UNU KOHCYNbTauuu
no NpoBefEeHU0 PEMOHTHO-BOCCTAaHOBUTENbHbIX PaboT.

MoppepxaHne  pasne-
HUA Ha BbIXO4E CTaHUUn

Moppep)kaHue  pasne-
HUA Ha BXO4E CTaHLUU

MoppepxaHne nepe-
naga goaBneHus

PoTauusa HacocoB

TecToBbIA NPOroH

KoHTponb npopbiBa

BHewHee ynpasneHue

TUNOBbLIE APXUTEKTYPblI CUCTEM
Ha pucyHke npuBefeHa TMMNOBasA CXeMa NOCTPOEHUA YNPaBneHUs ANA HACOCHOW CTaHLUMM Ma-
FMCTPanbHOro BOAOCHaBXKeHNUA (NOBbIWEHUA AaBNeHns). [pynna ueHTPOo6eXHbIX 3NeKTPOHACOCHbIX
arperatoB H 3abupaeT BOoAy U3 TOYKM
NOAKNIOYEHUA A K MarucTpanbHOMy BO- K ACYTI £

[OMNpoBOAYy M HanpaeBnseT nop onpege-
NeHHbIM AaBnNeHWEM NnoTpebutento yepes ’§ 2 e =
TOYKY NogKntoyeHua b K HanopHoMy BO- o = 3%
ponpoBoay. W3meHenune Bopopasbopa 5% a5
notpebutenamu TpebyeT NPUMEHEHUSA R e b . Sk Y § &
onpefeneHHbIX anropuTtMoB perynupo- rW : W | =
BaHUA. . I

L.na onpeneneHns COCTOAHUSA CTaH- -9 :
LMK YCTAHOBNEHbI AATUUKU: l -|--

e M1 - paBneHue Ha BXoae CTaHUUKn;
e M2 - paBneHue Ha BbIXO4e CTaHUUU; A
e M3 - pnaBneHue Ha BX04e HAaCOCHOro ]

arperara; M3 e | ~~ M4
e M4 - naBneHue Ha BbIXOLE HAaCOCHOIO

arperaTa; BH1 —1 BH2
e BH1 - paTumk ynpaensemMoi 3a- — @ @ ><t—e

=
X
©

OBWXKWU Ha BXO/e HaCOCHOrO arpe-
raTa; H-]

e BH2 - gaTuuk ynpaBnAemMoit 3a-
ABWXKKN Ha BbIXO/,e HAaCOCHOrO arpe-

rarta. @
e M - naT4yUKmM COCTOSAHUA INEKTPOLBU- >
ratens (Bubpaumu, TemnepaTyphl)

10
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Bce gaTyuku moryT 6bITb NOAKNKHOYEHBI K CUNOBOMY MOAYNHO, T.K. OH Haubonee 6NU30K K HACOC-
HbIM arperatam, YTO COKpalw,aeT NPoTAXKeHHOCTL Kabenen. OT cunoBOro Moayns CUrHanbl nepeaa-
FOTCA MO NoMexo3almiLeHHoMy Kabento K Moaynko ynpaeneHusa no npotokonam «Profibus DP» (c
aBTOMaTMKOMN «Siemens») unm «CanOpen» (c aBTomaTukon «Schneider electric»). JaTtyuku gasne-
HMA M1 1 M2 cTaHAapTHO NOAKNHYAKTCA HeNOCpeaCcTBEHHO K MOAYMNHO yrpaBneHus.

|/|CI'IOI1b3yFI MHTenneKTyaanb”)] anropMTM MANVAR VANARAAHIAG NANAARATRKIRART rIATHGNbl C
[aTYMKOB U HaNpPaBNsaeT OnpeaeneHHbIe KOMaHa, YNPasneHue MarucTpansHeIM BOA0CHI0XeHUEM  g60Ty
3nekTpogBuratenein M HacocoB M 3a3asukek BH1 v BH2, o6ecneumBas BbINONHEHUE CTaHUMWEN
Ha@3HAYeHHbIX (MYHKUMA N 3aWMTY MPU NPEBLILLEHUN KOHTPONUPYEMBIMU NapaMeTPaMm 3a43HHbIX
npeaenos.

Ha pucyHKe npuBeaeHa TMNOBas CXxemMa K ACYTI &
NOCTPOEHUS ynpaBneHna Ans HaCcOCHOWM
CTaHUMM BOAOOTBEAEHUS (CKBaXKMHHOMO BO- ’§ el ol e e ®
AocHabxeHuA). pynna ueHTPo6eXkHbIX 3nek- o = ) 2 %
TPOHACOCHLIX arperatoB H 3abupaeT Boay 13 S g : a5
6aka b (emMKOCTW, CKBaXMHbI) U HanpaeBnsaeT : § !
noa onpegeneHHbIM pAaBneHnem noTpebu- 7 4
Ten yepes TOYKy Noakn4yeHms B K Hanop-
HOMYy BOJonpoBoay. W3meHeHue BOAOpas-
60pa noTpebuTenamu UM CHUKEHUE ypoBHSA
BoAabl B 6ake b TpebyeT npumMeHeHUn onpepe- @ \ 4
NEHHbIX aNrOpPUTMOB PerynupoBaHus. {><]-—0—> B
[na onpegeneHns cocToAHMA CTaHUMU - -
YCTaHOBNEHbI AaTYUKU: [ M4
e M4 - paBneHue Ha BbIXO4e HACOCHOro ar- |
peraTa; - [ BHZ
e BH2 - gaTumk ynpaBnaemomn 3a0BWKKU e @
Ha BbIXOAe HAaCOCHOro arperara. | D<ti—e
e /IY1 - NpONOPLMNOHANbHLIA JaTYUKN H
YPOBHSA BOAbl B 6ake;
e JIV2 — paTUMK KPUTUYECKOrO YPOBHA VAR
BOoAbl B Hake; \©
e M - 0aT4YUKMU COCTOAHMA INEKTPOLBUIa- ay2 @
Tensa (BM6pauun, TemMnepaTypbl) @ |—‘_ D><
Kak npaBuno, AaTYMKU ypOBHA NOA-
KNroveHbl K MOAYNHO yNPaBneHus, a gpyrue — _I | B

K cunosomy moaynto. CBA3b moaynen u
yrnpaBneHue arperataMmm cTaHUuM OCyLLLeCcTB-
NAeTCcsa aHanormyHo BapPMAaHTYy MarucTpanb-
HOro BOA0CHab)KeHNA C TOW pa3HULLEN, UTO AN BbiMONHEHUSA CTaHUMEN 3343HHBIX PYHKUMIA UCNOTMb-
3YHTCA ApPYyrue MHTeNNeKTyanbHble anropuTMbl yNpaBneHus.
[na o6oux BapuaHTOB yrnpaBneHus 4OCTYMHbI:
e  CBfi3b C BbIWECTOAWMMU cuctemamm ynpasneHus (ACYTI);
e 06beauHeHUe B rpynnbl Npu Heob6xoaMMOCTU ynpasneHus 6onee 6-t0 HACOCAaMU C NOMO-
Wb AOMONHUTENBHOIO MHTENNEKTY3NbHOro MOayns.
e  BM3yanu3aumsa paboTbl CTAHLMWN HA NEPCOHANBHOM KOMMBHOTEPE;
e  yOaneHHbIA JOCTYN K yNpaBAeHUIO Yepe3 paguo-KaHan unu onepatopa MobunbHom
CBA3U;
e  pacwMpeHne KoNN4ecTBa KOHTPONUPYEMbIX NAapaMeTPOB NyTEM BBOAA AOMNOAHUTENBHbIX
[aTUMKOB MO TPe6OBAHUIO KNUEHT];
e 06HOBNEHWE UHTeNNeKTyanbHbIX aNrOPUTMOB (MPOrpaMMHoro obecneyeHus) oT 3aBoaa-
U3roToBuTENS.
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, Kak ouenntb 3¢pheKTUBHOCTb MHTENNEKTYanbHOW CUCTEMbI
— yrnpaBneHus Hacocamu?

NaBHbIM NPEUMYLLECTBOM UHTENNEKTYanbHON CUCTEMbI YNPaBneHmMa nepen Knaccudeckomn
3NeKTPO3aBTOMATUKOM ABNAETCA CNOCOBHOCTb He NPOCTO AENACTBOBATL MO CUMHANY € AaTYMKOB, @
@HaNU3npoBaTb UX, PACCUYNTLIBATL SKOHOMUYHLIN PEXUM NO 33N0XEeHHLIM 3aBUCUMOCTAM U, B 33-
BUCMMOCTU OT KOH(PUrypaLumn CUrHanoe U pe3ynbTaToB pacyeToB, BbIbUpaTb 3 eKTUBHLIN pe-
>KUM perynupoBaHus. PaccmoTpum Hanbonee npocton npumep paboTel o6enx cuctem Ha npumepe
nepemMeHHOro BogonoTpebneHns XXvnbuamu aoma.

MycTb nmeeTca Tpu noTpebutensa A, b n B, nonyyatowme Boay OT HACOCHOM CTAHUUN, B KOTO-
PYyHO BXOOAT OBa 0QMHaKoBbIx Hacoca H1 u H2 obwiel ycTaHoBNEeHHOM MOLHOCTBIO N = 10 kBT 1
o6wmm KM4 no n = 62 %, npuyem gBUraTenb 0QHON0 U3 HUX NOAKNKOYEH K Nnpeocbpa3oBaTento Ya-
CTOThI. [TOCTPOMM XapakTepuCTUKM cetu H..., = f(Q) npu nepekpbiTun notpebutenem A, a 3atem
u notpebutenem b cooTBeTCTBYHOWMX KpaHoB BH1 u BH2.

Mapasnuyeckaa cxemMa U NonA XapakKTepPUCTUK U NPOLECC UX U3MEHEHUA NpUBeaeHbl Ha HU-
Kecnenyruwmx pUCyHKax.

MpumeM 3HaYeHMA BeNVYMH 1 aonyueHus. MNycTb BHyTPeHHWI anameTp obuwew Tpy6bl (00 T.
0) d = 80 mmM, a Tpy6-oTBeTBNEHMI (Nocne T. O) oaguHaKoB U paBeH d; = 40 MM [yCTb ANWUHLI, MaTe-
puan u coctoaHue Tpy6-0oTBETBNEHUIA OAUHAKOBBI, T.€. NOTOK Q NMPU NOMNHOCTBH OTKPbIThIX KPaHax
BH1, BH 2 1 BH 3 pa3aenaetca mexpay notpebutensmu A, b 1 B B paBHbIx gonax Q; = Q/3. Myctb
nnvHa obwero TpybonpoBoga L = 200 M, a Kakgoro TpybonpoBoga K notpebutenam L; =L/2 =
100 M. MycTb NnoTpebuTenn HaxopATCA Ha BbicoTe H., = 20 M, NpU 3TOM NOAa4a CT3HUMU NpU BCeX
OTKPbIThIX KPaHaxX AOMKHA 6bITb Q,,q, = 36 M3 /4. Byaem nonaratb, YTO KO3 ULMEHT rMApPaBNUYE-
CKOro TpeHusa noctoaHeH A = 0,025, a BCe MeCTHble CONPOTUBNEHUA 3NEMEHTOB UcYyesatole mManbl
Mo CPaBHEHUIO C NPOTAXKeHHOCTbHO Tpy6onpoBOAOB.

[na nocTpoeHusa xapakTepuctukm cetn 6yaem ncnonb3oBaTh YypaBHeHue bepHynnu B Buae

HCETH = HCT + AhL + Ahl,

rge Ah; - noTepu 3Hepruun B 0bLiem TpybonpoBoae;
Ahy — noTepu 3HeprumM B OTBETB/IEHUSX.

Ana onpeaeneHnAa NnoTepb 3HeEpPrum B pr60I'IDOBO,EI,aX ncnonb3yem 3aBUCMMOCTU

L- QZ Lq- Ql2
5 A= 0,0828-/1—df :

Ah, = 0,0828 - A

YUunTbiBas 3HaUYEHUS BEMUYMH U 33BUCUMOCTU MEXKAY HUMU, MPUHATLIE BhilLe, BbIBEAEM
OKOHYaTenbHOe ypaBHEHUE A4NA NOCTPOEHMA XapPaKTEPUCTUKU CETU:

L'QZ L1'Q12

Heery = Hep +0,0828 - 4 75 + 0,0828 - AT,
1

Heern = 20 + 41400 - (Q% + 16+ Q, ).

MoCTPOUM XapaKTEPUCTUKU CETU ANA 3-X BaPUAHTOB OTKPbLITUS KPAHOB NO 4 3H3YEHUSM pac-
X043 ANA KaXKA0N XapaKTePUCTUKU. Pe3ynbTaThl BhluMcneHunin ceegem B Tabnuuy. Ha ogHom none
C XapaKTePUCTUKAMU CETU Pa3MECTUM XapPaKTEPUCTUKY HACOCA.

MosepeHue Pacxop Hanop B cetu H .., M npu Q, M3 /4
notpe6urenei B OTBETBNEHUMN 10 20 30 40
OTKpbITbI BCE Q.=0/3 22 28 38 52
3akpbIT BH3 Q. =0Q/2 23 31 46 65
3akpbiT BH3 1 BH2 Q;=0Q 25 41 68 85
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Kak 6bl TWwaTensHO He 6bINM NpoBeAeHbl pacyeTbl U NOA06paHbl HACOCHI, XapaKTePUCTUKAE
CTAHLUMM HUKOr4a He nepecevyeT XapakTepUCTUKY CeTU B TOUKe C TpebyemMbiM pacxonoMm, No3ToMy
Heob6X0OUMO OCYLLLEeCTBNATL perynupoBaHue cTaHuuu. PaccMaTpueaa Tpu cnyvad noBeneHud no-
Tpebutenen, 6yoeT cpaBHUBaTb OpueHTUPOBOYHbIN Kl cTaHumm npu paboTe 3neKTpOaBTOMAaTUKU
U UHTeNneKTyanbHOW CUCTEMbI YrpPaBneHus.

1. OTKpbITbI BCe KpaHbl. Ycrnoeue Q = 37 m3/u > 36 m3/4 cobniogaetca (1. 110 cmewieHa
BMPaBO OT TOYKM MUHUMaAnNbHOro BogonoTpebneHus I11).

JNeKTPOaBTOMATUKa, HACTPOEHHaA Ha obecrneyeHwe nogayn Kaxkgomy notpebutento Q =
12 m3 /4, NnpukpoeT 3aaBUXKY BH4, xapakTepucTuKa cTaHuum (cnnowHasA cMHAA NUHUA ===) He U3-
MEHWTCA, 8 XapPaKTepPUCTUKa ceTu (CMNOLIHAA KPaCHasA NMUHUA ===) cMecTUTCA nesee A0 T. [12. Mpwu
3TOM rugpaBnuyeckoe ConpoTuBneHue 3a34BuKKM BH4 Bo3pacTeT v BbI3OBET NOTEPU IHEPTUM, YUC-
MEeHHO paBHbIe NNOL3AN XEeNnToro NpAMoYyronbHUKa, npoxoaawero yepes Touku I11 v I12.

WUHTennekTyanbHaA cUCTemMa, ecnv HacTPpOMKU [0NYyCKarT MNpeBbilleHue pacxoda Ha AQ =
1 M3 /4, npousBoanTb perynuposaHue He 6yaeT, KM, CTaHUMU HE N3MEHUTCA, U XKUTENU OTMETAT
«XOpoLnin Hanop» B Yackl HaubonbLero BogonoTpebneHus.

Cuctema ynpaBneHus Motepwu aHeprum, kBT | KNMO ctaHuuu, %
OnekTpoaBTOMaTUNKa 0,25 60
MHTennekryanbHas 0 62

H oM A Xapaktepuctumka“3akpbiT BH3"
‘ ‘ / _J—Xapaktepuctuka “pukpbita BH4" (cnyyan 2)
B0~ s Jrmrere e - , XapakrepucTtuka “OTkpbITbl BCe”
Xapaktepuctuka
: — — 1. P2 “MpukpbiTa BH4" (cnyyan 1)
0. R 1. )
1o T M2
40-1----—4----- / =<~ XapakTepucTuka cTaHuum
A —T. P1
30-+--—- L_T TL_1_‘__ XapakTepucTuka CTaHUmMm ¢ = X
, | paKTepuCTMKa CTaHUmm C | L, d
Pl | I perynuposaHnem H1 :
' ' ~70% cKopoc
20 - - ‘]“:J‘f‘i“' ( o CKOPOCTW)
| | | I | | H1
| ol | I
| | | |
L R v .
b L
L
0 10 20 30 40 H2

PerynupoBaHue npu BCex OTKPbITbIX KPaHax v npu nepekpbitom BH3

2. 3aKkpbIT KpaH BH3. Bo3HukaeT cnyyalt cHuKeHua sogonoTpebneHus. Nogaya CTaHUMM B T.
0 byneT oenuTbCda He No TpeM noTpebuTtenaMm, a ToNbKo No AByM. Ecnu Hacocbl He perynupoBaThb,
TO BMecTO 12 M3 /4 Kaxablt noTpebutens nonyunT 16 ... 17 m3 /4, (1. PO).

JNeKTpoaBTOMATUKAE, aHANOMM4YHO NpeabiaylwemMy Cyyato, NpUKPoeT 3aaBuXKy BH4, xapakTe-
PUCTUKA CTAHLMM (CNNOLLIHASA CUHAS NUHUA ===) HE U3MEHUTCS, @ XapaKTepUCTUKa CeTU (LUTPUXOBas
KPaCcHas NMUHUA = = =) CMecTUTbCA neBee A0 T. P2. [oTepu 3Heprumn Ha 3a34BUKKE YUCMEHHO PaBHbI
NNoLwagmn >XeNToro NPAMOYronbHUKa, NPOXOAALLEro Yepes ToUkKu P1 u P2,

MHTennekTyanbHana cuctema byaeT ynpaBnATb YaCTOTHLIM Npeocbpa3oBaTenem, KOTOPbIA CHU-
3uT 060pOoThI 3neKTpoaBuraTenst Hacoca H1. XapakTepucTuka ctaHuum 6yaeT cHUXKaTbCA (LUTPUXO-
BasA CMHASA NUHUA = = =) 0,0 JOCTUXeHMA Touku P1. Mpu atom KM, perynMpyeMoro Hacoca CHU3UTCS
B cpegHeM Ha 1% Ha Kaxgple 5% CHUKeHUS CKOpOCTU BpalleHus (B HaWeMm cny4vae — okono 6%).
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Cuctema ynpasneHus Motepu aHeprum, kBT | KNAO ctaHuuu, %
OnekTpoaBTOMaTHKa 1,0 52
WHTennektyanbHas 0,3 59

3. 3akpbiTbl BH2 v BH3. Npn manom eBogonoTpebneHun obe cucTeMbl ynpaBneHUa OTKAO-
YaKT HeperynupyeMbl Hacoc H2. MoTpebuTenb A 6yaeT nony4aTb BCKO NOAAYY OT CTAHUMU C OAHUM
paboTatoLmm Hacocom H1, paeHyto 21 m3 /4 (1. E0).

3neKTPOaBTOMATUKa NPUKPOET 334BWKKY BH4, xapakTepucTuka cTaHuum (LUTPUXOBAA CUHAS
NUHUA = = =) HE U3MEHUTCS, 3 XaPaKTEPUCTUKA CeTU (MYHKTUPHAA KPacHaa NUHUSA - - =) CMeCTUTLCS
nesee po T. E2. MNoTepu 3Heprun Ha 3aABWXKKE YUCNEHHO PaBHbI MNOLL3AM XKEeNnToro NpaMoyronb-
HUK3, npoxoaAwero yepes Toukm E1 n E2.

WHTennekTyaneHas cuctema 6yaeT ynpaBnAaTb YacTOTHbIM Npeobpa3oBaTenem, KOTOPbIA CHU-
31T 060pOThI 3NEeKTpoABUraTens Hacoca H1. XapakTepucTuka cTaHumm 6yaeT cHuKaTbCa (MyHKTUP-
HasA CUHAS NUHUA - - =) 0,0 BOCTUXKEeHUs Touku E0'. CHU3UTBL Nnoaady Hacoca YacTOoTHLIM perynupoBa-
Huem panblue 0o T. E1 He npeacTaBnsaeTcs BO3MOXHbIM, T.K. KIM/[, Hacoca pe3ko yMeHbLIMTCA, No-
3TOMY MHTENnNeKTyanbHaa cuctema byaeT perynupoBaTb 334BWXKKY BH4, UTO OKaXkeTca 3HepreTude-
CKV BbIFOAHEE, HO CMEeCTUT XapaKTepUCTUKY CeTU (LLITPUX-NMYHKTUPHAA KPacHas NUHUA ) A0 ToYku E2’.

CucTtema ynpaBneHus MoTtepu 3Heprum, KBT | KNA, cranuuu, %
DNeKTPoaBTOMATUKA 0,8 54
NHTennekTyanbHana
+
(4acToTHOE+33BUXKK]) L )
WNHTennekTyanbHasn 17 35
(TonbKO YacTOTHOE) !

Xapakrepuctuka “3akpbiT BH2 n BH3"

H,m 4 _ XapaktepucTuka
. T ~ “lNpukpbiTa BH4"
60—+ Y ~ e N (1) VR E T RS))
2 =g ED
W S Aadii . . » S
>0 ; i WS-
i T. [0
40-15=5= : XapakrtepucTuka ctaHuum
o | > l
I e . A A D X,
30 - SRS s S g XapaktepucTtiika ctaHumm
I“\T:.1 5 et l ¢ H1 (~100% ckopocTu) :
e o S
20 -1 ___4"7_2\—3;_—————1:*7\ .
B e e e H1
RN
10-1---- j—rlL--w--"j"——j—f- s
g | | | Xapaktepuctuka | [
[ | l L Ha7cog:a H1
0 10 20 30 40 (~70% ckopocTn) H2
Q, m3/M

PerynvupoBaHue npu Bcex OTKPbITbIX KpaHax v rnpu nepekpbitom BH3

OTBET:

MpumMeHeHne NHTENNEKTYanbHON CUCTEMbI ypaBneHusa ansa obecneyeHna COOTBETCTBUA Mo-
nauun notpebneHunto o6ecneymBaeT 3KOHOMUIO 2 ... 7% OT YCTaHOBNEHHOW MOLLHOCTU cTaHumu. Cne-
OYEeT YyYUTbIBaTb, UTO COBPEMEHHbIE UHTENNEKTYaNbHbIE CUCTEMbI (PYHKLUMOHUPYIOT No 6onee
CNOXKHbIM ANFOPUTMaM U UMEKT 60MbLIOE KONUYECTBO PA3NUYHbIX (PYHKLMIA, YEM B PaCCMOTPEH-
HOM nNpuMepe, 4YTo obecneynBaeT AONONHUTENbHYH 3KOHOMUIO SHEPTUMN.
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YNPABMNEHUWNE «HMS Control»

CTaHUuM aBTOMATUYECKOro ynpaBneHuA LI,EHTp06E)KHbIMVI HacocamMu

«HMS Control» (OAO «Muerugpomalu», Poccuna) B 3aBUCMMOCTU OT Moaudu-
KaLuu NpuMeHArTCA

ul

B BOAHOM xo3saincTee u KKX (Boao3abop, BogocHabkeHne, asTomMa-
TUYEeCKoe HanonHeHue BOAOHaNOpPHbIX BalleH, ApeHax, KaHanns3a- A
LMS, ULMPKYNAUMS, NUTAHUE KOTNOB); ¥
B HedpTerasosom oTpacnu (MoAAEepP>KaHME NNacTOBOro AABMNEHWS, (Q .
BOA0CHab>keHue);

B TeNno3HepreTuke (BoaocHab>keHWe, LUPKyNALMA, NUTaHWe KoT- ——
NnoB, OTBOA, KOHAEHCATa);

B MeTannypruu u ropHom gene;

B NULLEBON NPOMbILLNEHHOCTY;

B CUCTEMAX NOXapOTyLUeHUA.

FNaBHbIMU NPEUMYLL,ECTBAMMU CUCTEM SBNAOTCA:

abconTHasA COBMECTUMOCTbL C HACOCHBIMM arperatamu, BoinyckaemoiMu OAO «/usrua-
pOMaLL» HA 3aB0O4aX NPOMbILLNEHHON rpynnbl B I. [TnBHbI «Mnsrugpomatu» n «/MueHbI-
HacocC», yTo obecneunBaeT BbICOKYH HAAEXHOCTb KK CUCTEM YNPaBNeHUs, Tak U CaMux
HaCOCHbIX arperaTos;

obecneyeHne KackagHOro UM KackagHo-4acTOTHOrO perynupoBaHus A0 3-X HAaCOCHbIX ar-
peraToeB ¢ o6Lien ycTaHOBNEHHOM MOLHOCTBLIO 00 250 kBT;

[OCTYNHaA aBTOMATM3aLUUA ManblX HACOCHbIX arperaToB € MOLWHOCTLIO OT 1 KBT ¢ nomo-
WbH CTaHUMA ynpaBneHua u 3awmTel KMoumaH»

COCTAB N OCHOBHbIE ®YHKLU W
CTaHuMM ynpaBneHusa BbINOMHAKOTCA B 4-X CNeUManu3MpoBaHHbIX BaPUAHTaX:

1. «MouMaH» — ANns HanoMNHEHUs EMKOCTEN, B T.U. BOAOHANOPHbIX 6awweH ntobbiMy TMNamu
HacocoB;
2. HMS Control G - gna apeHa<HbIX LeHTPO6EXXHbIX 3NEKTPOHACOCHbLIX arperaTos;
3. HMS Control ST - andg KOHCONbLHbIX, ABYXCTOPOHHErO BX0A4a M MHOIOCTYMNEHYATbIX LLEH-
Tpo6e>XHbIX 3NeKTPOHACOCHbLIX arperaTos;
4. HMS Control L3 - ona cKBaXXMHHbIX U NOrPY>KHbIX LLEHTPOBEXKHBIX 3NEKTPOHACOCHbIX ar-
peraTtos.
MapameTpbl CUrHANOB Cyu3 «hNow- HMS Control | HMS Control | HMS Control
P p MaH» G ST L3
— =® : .
doT0o = A v A, llll‘. "
| (Y . Py
BxogHble curHanbi
[aTunk naeneHnsa (MaHomeTp) + - + +
Pacxopgomep S - +
,U,BTHMK BepXHero ypoBHA + - - +
[3T4nK HUXKHEro ypoBHSA - + 2 +
Jatumnk cyxoro xona + - + +
[aTyvK TeMnepaTypsl - - + +
Bxopn «BHelwHee ynpaBneHue» - - + +
Bxop «BHewHAA ownbka» - = + +
Bxop ona TennoBoro AatyMka gBuratens - + + +
BbIXOAHbIe CUrHanbl
Pene «ABapua» + - + +
Pene nonb3oBatens (HacTpanBaeTcs) - - + +
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DYHKLUN CYu3 «lMowu- HMS Control HMS Control HMS Control
YHKL Man» G ST L3
————=y —_——
®oTo o A 3 A. 3 °
| @« A
| — ryY . A

Moppep>XkaHve AaBNeHUNA Ha BbIXO4e CTaHLUU + + + +
OTKNHOYEHME NPU 33aMbIKaHUN + + + +
KoHTponb yepepnoBaHua a3 - - - +
KoHTponb 06pbiBa a3kl + - - +
YacToTHbI npeobpa3oBaTenb - - + +
MnaBHbIV NycK gBUratens - - + +
Busyanusaums paboTbl Ha naHenu + + + +
Py4Hon pexkum yrnpasneHusa + + + +
JAuncTaHuMoHHOe ynpasneHune - - + +
ABTOMaTUYECKUA BBOL, pe3epBa - - + -
YnpaBneHue 3a0BMKKaMU - - + -
HacTporika ynpaBneHus - - + +
CornacoBaHue paboTbl Ha CeTb - - + +
KackapHoe 1 KackagH0-4acTOTHOE perynMpoBaHue - - + +

?

B kakux cnyydyaax uenecooEpasno TNPpUMEHATDb

— MHTENNeKTyanbHyH CUCTEMY yrnpaBneHnsa Hacocamm?

Onpepenvm c noMowblo HTepHeT-pewaTena 000 «3aBog «AkBuHTa» (http://iselect.pump-
automation.com/) NpMMepHy0 CTOMMOCTb UHTENNeKTyanbHOW CUCTEMbI YNIpaBneHus ana 6-Tm pas-
NUYHBLIX BAPUAHTOB CUCTEM BOAOCHA6XEeHUA U CPAaBHUM UX CO CTOMMOCTbH HACOCHLIX arperaTos.

S s s = 1 1
2. 2. 2, 2 . é% n é% 5
e e I za 2@ 29 | ox% | o3¢
CcpaBHeHusA £ % 10 o o O o 0O o
i 37| B | 57| 57 | 58N | 3F°
S S S S g = gz
KonnyecTtBo arperartos, LUT. 1 1 1 5 5 20
CtouMMocCTb arperaTtos, OrtevecrT. 22,0 40,0 60,0 580,0 1 800,0 25 000,0
ThbiC. py6. MmnopT. 66,0 185,0 300,0 2150,0 5 650,0 80 000,0
CTOMMOCTb CUCTEMBI ONeKTpPoaBT. 8,0 8 000,00 20,0 - - -
ynpaBneHusi, Tbic. pyob. MHTennekT. 300,0 400,00 500,0 2 200,0 4 800,0 30 000,0

Onpegenum cepbl NPUMEHEHUA HACOCHLIX arperaTos:
o CkBakuHHbIN 1,1 KBT (1 WIT.) - CKBaXKMHHOE BOAOCHa6XXeHWe YacTHOro [oMa, Npuao-

PO>KHOW FOCTUHULBI, Kadhe U T.n.

e CkBaXKuHHbI#N 5,5 KBT (1 WT.) - CKBaXKUHHOE BOAOCHa6XeHue He6oNbLIOro HaceneHHoro

NYHKTA, XO3AUCTBA.

e KoHconbHbi 37 KBT (5 WT.) - MaructpansHoe BogocHabxeHne 400...500 kBapTup.
¢ KoHconbHbi 55 KBT (5 wT.) - MarucTpansHoe BogocHabxeHune 3800...4200 kBapTUp.
e [ByxcTropoHHero BxoAa 200 kBT (5 wrT.) — HacocHasA cTaHUMA paiioHa ropoaa Unu cpes-

HEro npeanpuaTuAa.

o [iByxcTopoHHero BxoAaa 500 kBT (20 wT.) - LeHTpanbHasA HacoCHaA CTaHUMSA ropoaa unu

KPYMHOro NpeanpusiTus.
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[na mManbix HACOCHBIX CTaHUMI 06Len MowwHOCTbO A0 250 ...300 kBT NpUMEHATb UHTENNeK-
TyanbHyH CUCTEMY 3KOHOMMUUYECKU HeuenecoobpasHO BBUAY €€ BbICOKOW CTOMMOCTU, 0COBEHHO B
CPaBHEHUM CO CTOMMOCTBLH OTe4eCTBEHHbIX HACOCHbIX arperaToB (B 9 ... 20 pa3 gopoxe). Hambonee
npuemMneMbiM peLlleHUeM MOXKeT CY>KUTb MPpUMeHeHne CUCTEM YyNpaBfeHUa Ha CTaHUMAX npegnpu-
ATUA U TOPOLACKUX LLEHTPanbHbIX HACOCHbIX, MOLWHOCTE KOTOPbIX cocTaBnseT 6onee 1 MBt (B 2...3
pa3a [0opoxe).

OTBET:

MHTennekTyanbHyr0 CUCTEMY YNPaBNeHUA HaCOCHbLIMU arperatamMu LenecoobpasHo npume-
HATb NpY 06LWEel MOLLLHOCTU HACOCHOW cTaHuuu oT 300 kBT, NpenMyLL,eCcTBEHHO C HAaCOCHBIMU arpe-
raTaMmm UMMNOPTHOro NPoM3BOACTBA.

OKynuTCA Nu caMas NPocTas CTaHLMA YrpaBneHusa u 3aLLMnTbI
’ ANA HanonHeHUs BOROHaN0oPHO#H 6aLUHM, ecnyu BKNOYaTb HacoOC MOXKET
= noboii >xurenn?

lMponsBenemM TEXHUKO-3KOHOMUYECKOE CpaBHEeHUE CUCTEM MPAMOro BKMKOYEeHUA Hacoca co
CTaHUMEN ynpaBneHus u 3aWwmTsl «/oumaH+». Onpeaenum ctoumoctb 1 M3 BoAbl B 060UX Cnyyasx,
OLEeHMM BO3MOXXHOCTb BHeApPEeHUA Yepe3 CPOK OKYyNaeMoOCTU t,,. MyCcTb ANA HAaNonNHeHna BOAOHa-
nopHou 63aLHM cenbCcKoro noceneHus TpebyeTca CKBa>XUHHLIN HAaCOCHbIN arperaT MOLWHOCTb N =
7,5 kBT, HOMUHanNbHOM nopavein Q = 16 M3/MuH npu gasneHun p = 1,1 MIla (H = 110 m). Myctb
BKNKOYEeHMe Hacoca npousBogutca n =10 pa3 B CyTKW;, ONUTENbHOCTb BKNKOYeHUA h = 8 MuH.
(06bem BatwHm W = 125 m3). MNycTb CyWecTBYeT BEPOATHOCTb OTCYTCTBUA BOAbI U3-33 OMYCTOLLIEHUS
6alwHM Npy pyYyHOM PErynupoBaHuun o = 4 pasa/mec. MPOLAOMKATENBHOCTBH tyycro = 20 MUH, 3 Be-
POATHOCTL ee nepenonHeHUa OTcyTcTByeT. lNMpumMeM CTOMMOCTb 3NeKTPO3Hepruu e = 2,5 py6./
1 kBT - 4, 33pnnaTHbIA Tapud onepaTtopa 6awHn z, = 32 py6./4, 3aTPaTel BPEMEHU ONEpPaTopa Ha
HanonHeHue 6aWHKU t,,; = 30 MuH/1 HanmosiHeHWe, YObLITKM X03AWCTBA M3-33 OTCYTCTBUA BOAbI

Staare = 3000 py6./1 4.

h h
3aTpaThl MOLLHOCTH eXXeMme- Npy=N-n- g0 30 N5 =N-n-: 20
CAYHO wee 8 - e 8 ~
NB§© = 7,510 =30 = 304 (xBr %) Nj§©=75"10 2530 = 304 (kBr %)
h h
Q" =Q - n-—=-30 Me=Q -n-—-30
Mopaya BoAbl eXXeMecAyHo 8 60 g 60
py¢ =16" 10-%-301:= 640 (M%) MEC =16+ 10-%-30 = 640 (M)
N . .. JmycTO

MOLLHOCTbL NPOCTOEB ANyyero =N -0 60 0
exxemecsavyHo* 20

ANpyero = 7,54 —=9,9 (kBT - 4)

60
C6eperxeHune 3Heprum ot CYu3 AN = Npy°© — Nj5°¢
«Nouman+» AN =152 — 152 = 0 (kBT - u)
_ than
3apnnaTa onepaTopy z=2,-10- 60 -30 o
30
SHEMECAIHO z'=32-10" =30 = 4800,00 (py5.)
t
_ J¢/x  _ “mycro .

Y6bITKU XO3AMCTBA Snycro = Snyero 0" g + ANpyero * €
13-33 NPOCTOEB _ .20 e 0
eXeMecAuHO Snyero = 3000425 49,9+ 2,5 =

= 4024,75 (py6.)

h h
3aTpaThl MOLLHOCTU eXXeMe- Npy=N-n- g0 30 N5°=N-n- 20
CAYHO 8 8
Npy* = 7,510 - =~ 30 = 304 (kB - 1) NJ§©=75-10- 30 = 304 (kBr-4)
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Mapametp PyyHoe ynpaeneHue «MoumMaH+»
CToumocCTb 3neKTpo3Heprum SpyS = Npy©-e Sis¢ = Ni5°-
e>XeMeCAYHO Spy© =304-2,5 =760 (py6.) 53¢ =304-25= 760 (py®.)

= Mec
JKCMNyaTaLMoHHbIE 3aTpaThl Sey = 2+ Suyero + 5B SZ — gpee

%
S5, = 4800 + 4024,75 + 760 = Y
eXXemMeCca4Ho Py ’ S& = 760,00 6.
= 9584,75 (py6.) k3 (py6.)

S sk
Q _ oy Q _ L3
Croumocts 1 m3 Spy = Quee SL3 T Qe
soRH! o 5875 _ 14 97 (pys 0 =799 _ 4 19 (pys.
Sy = ez0 1497 (py6.) 13 = g20 (py6.)
KanuTanbHble 3aTpaTbl Mo4ep- B
HW33LMM (OPMEHTUPOBOYHO) 0 iy = L2000ID (o, )
45000

2

- /

©

o 30000 /

-

- / = PyyHoe ynpasneHune
Mpachuk okynaemocTu © 15000 / HMS Control L3

O Touka oKkynaemocTu
0 I
0 1 2 3 4 5
Me c a u bl
- tox = 1,4 mMec

Cpok okynaemocty (no rpachuky okynaemocTty)

* — paccyMTaHa MOLLHOCTb, KOTOPYH MOXHO 6bIN0 6bl NONYYUTHL, UCNONb30BaB BPEMS NPOCTOEB.

** _ HMS Control L3 aBTOMaTU4yecku cneguT 3a ypOBHEM BoAbl B 6aLLHE, CKBa>KMHE U TEMMNEPATYPON ABUraTens, No3BONAET KOHTPONU-
poBaTb paboTy CTaHLMM U yNpaBNsATb e AUCTAHLMOHHO (HanpuMep, C NOMOLLbIO COTOBOMO TenedoHa UK nynbTa), YTO UCKNHoYaeT Heob6-
X0AUMOCTb B ONepaTope 6aluHu.

OTBET:

Croumoctb 1 M3 BoAbl NPU OTCYTCTBUM aBTOMATUYECKOM CTAHLMN BO3PACTAET Ha NOPAA0K A0
sgy = 14,97 (py6.) BBMAY HEOH6X0AMMOCTU ONNaThl TPyAa onepaTopa. Cutyauma ycyrybnsaeTtcs, ecnu
cpeom noTpebuTenein eCcTb X03AACTBA, TEPNSALLUME 3HAUUTENBHBIE YOLITKU M3-3a NepeboeB BOAOCHAb-
>KeHuda. ABTOMaTuU3aumMsa HACOCHOW CTaHUMKM CHUXKaeT ctoumocTb 1 M3 Boabl A0 sf3 =1,19 (py6.) u
ucknouaeT nepeboun. OKynaemMoCTb HAaCOCHOro arperaTta ¢ cuctemon ynpasneHnsa HMS Control L3

(N = 7,5 kBT) B ;@aHHOM nNpumepe cocTaenseT t,, = 6,8 mec.
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NMPUNO>XEHUA

NMPUNOXKEHUE A. YIPABNEHWUE HACOCHbIMW CTAHLUNAMA
A1. CtaHuum ynpasneHus u 3awmTbl «JloymaH»

HaumeHoBaHue e s Tok, A
Makc., KBt
CYu3 "Mouman+", Tok go 20A, go kBT 9 2
CYun3 "lNMoumaH+", Tok oo 40A, go 20«kBT 20 4
CYu3 "lNouman+", Tok go 80A, po 40kBt 40 8
CYun3 "loumaH+", Tok oo 100A, go 50kBT 50 10
CYun3 "lNoumaH+", Tok go 160A, o 80kBT 80 16
A2. CTAHUWMN YNPABNEHNA «HMS CONTROL L3»
Cre-
HanmeHoBaHue Tok, A neHb 3a-
WKUTbI
HMS Control L3-25-1P21 Y2 25 P21
HMS Control L3-40-1P21 Y2 40 P21
HMS Control L3-60-1P21 Y2 60 P21
HMS Control L3-80-1P21 Y2 80 P21
HMS Control L3-100-IP21 Y2 100 P21
HMS Control L3-120-1P21 Y2 120 P21
HMS Control L3-160-I1P21 Y2 160 P21
HMS Control L3-200-1P21 Y2 200 P21
HMS Control L3-250-1P21 Y2 250 P21
HMS Control L3-300-IP21 Y2 300 P21
HMS Control L3-25-1P54 Y2 25 IP54
HMS Control L3-40-1P54 Y2 40 IP54
HMS Control L3-60-1P54 Y2 60 IP54
HMS Control L3-80-1P54 Y2 80 IP54
HMS Control L3-100-IP54 Y2 100 IP54
HMS Control L3-120-1P54 Y2 120 IP54
HMS Control L3-160-1P54 Y2 160 IP54
HMS Control L3-200-IP54 Y2 200 IP54
HMS Control L3-250-1P54 Y2 250 IP54
HMS Control L3-300-IP54 Y2 300 IP54
HMS Control L3-25-11-IP54 YXI14 25 IP54
HMS Control L3-40-T-1P54 Y X4 40 IP54
HMS Control L3-60-I1-IP54 YXI14 60 IP54
HMS Control L3-80-I1-1P54 Y X4 80 IP54
HMS Control L3-100-M-1P54 YXJ14 100 IP54
HMS Control L3-120-1-IP54 YXJ14 120 IP54
HMS Control L3-160-I1-1P54 YXJ14 160 IP54
HMS Control L3-200-1-IP54 YXJ14 200 IP54
HMS Control L3-250-1-IP54 YXJ14 250 IP54
HMS Control L3-300-I1-1P54 YXJ14 300 IP54
A3. CtaHuwm ynpasnenus "HMS Control G"
HanmeHoBaHue Alelgs Tok, A ELEEE
Hacoca, KBt ’ 3aLlUTbI
HMS Control G - 2,5 IP31 YXJ14 1,1 2,5 1P31
HMS Control G - 4 IP31 YXI14 2,2 4 1P31
HMS Control G - 8 IP31 ¥YXJ14 2 8 1P31
HMS Control G - 10 IP31 YXJ14 3 10 1P31
HMS Control G - 13 IP31 YXI4 5,5 13 IP31
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A4. CtaHuwm ynpasneHus «HMS Control ST»

www.chkz.ru

HanmeHoBaHue Ll e Tok, A
cTaHuuu, KBt Hacoca, KBt
HMS Control ST-4-2-KY-YXJ14 3,00 15 4
HMS Control ST-6-2-KY-YX/J14 4,50 2,2 6
HMS Control ST-10-2-KY-Y X4 8,00 4 10
HMS Control ST-14-2-K4-YX/14 11,00 5,5 14
HMS Control ST-18-2-KY-YXJ14 15,00 7,5 18
HMS Control ST-23-2-K4-YX/14 18,00 9 23
HMS Control ST-14-2-KU4l-YXI4 3,00 15 14
HMS Control ST-18-2-KUl-YXJ14 4,50 2,2 18
HMS Control ST-23-2-KUIM-YXI4 8,00 4 23
HMS Control ST-25-2-KUl-YXJ14 11,00 5,5 25
HMS Control ST-32-2-K4l-YXJ14 15,00 7,5 32
HMS Control ST-40-2-KUI1-YXI14 18,00 9 40
HMS Control ST-50-2-KUM-YXJ14 22,00 11 50
HMS Control ST-65-2-KUl-YXJ14 30,00 15 65
HMS Control ST-4-3-KY-Y X4 3,00 15 4
HMS Control ST-6-3-KY-YX/J14 4,50 2,2 6
HMS Control ST-10-3-KY-YXJ14 8,00 4 10
HMS Control ST-14-3-KY-Y X4 11,00 5,5 14
HMS Control ST-18-3-KY-Y X4 15,00 7,5 18
HMS Control ST-23-3-K4-YX/14 18,00 9 23
HMS Control ST-14-3-KUl-YXJ14 3,00 15 14
HMS Control ST-18-3-KUI1-YXJ14 4,50 2,2 18
HMS Control ST-23-3-KUlM-YXI14 8,00 4 23
HMS Control ST-25-3-KUl-YXJ14 11,00 5,5 25
HMS Control ST-32-3-KUIM-YXI14 15,00 7,5 32
HMS Control ST-40-3-K4l-YXJ14 18,00 9 40
HMS Control ST-50-3-K4l-yYXJ14 22,00 11 50
HMS Control ST-65-3-K4ll-YXJ14 30,00 15 65
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