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1. lleqib BBINOJIHEHHSI KOHTPOJILHOM Pad0OThI

BroimonHenne KOHTPOJBHOM  paboThI(pabOThl) — 3aKIIOUMTENBHBIN  3Tan
U3YUYEHUsS]  CTyJEHTaMU  JUCLHILINH “DNeKTpOruIpONHEBMOABTOMATHKA
WHHOBALIMOHHBIX TMPOEKTOB”, ““ CpeacTtBa 3JIEKTPOABTOMATUKH HWHHOBAIIMOHHBIX
npoektoB [TIC”, * TI'mapaBnuyeckue W TNHEBMOMEXAaHMYECKHME CHCTEMBI B
MHHOBAIIMOHHBIX MPOEKTaX MAIIMHOCTPOEHUs , * VIHHOBALlMOHHBIE TEXHOJIOTHH
NPOEKTUPOBAHUSI OOBEMHBIX MalluH’, ['MIIpaBIMYEeCKMEe U IMHEBMOMEXaHUYECKUE
CHUCTEMBl B MHHOBAIIMOHHBIX MPOEKTAX MAIIUHOCTPOCHUA “‘,” ABTOMAaTHU3UPOBAHHOE
ynpasienue u tuHamuka [TIC” , “ITpoektupoBanue I'TIC”.

[{enbro MPOEKTUPOBAHUS SIBIISIETCSI 3aKPEIUICHUE TOJIYYEHHBIX CTYJEHTAMH 10
JAQHHBIM  JIUCHMIUIMHAM TEOPETUYECKUX 3HAaHMM, a TakkKe OCBOCHUE HUMH
WHHOBAIIMOHHBIX METOI0B KOHCTpyHpoBaHusl 1 mpoektupoBanus [ TIC.

JI71s1 yCTIenTHOTO BHITIOJTHEHUSI KOHTPOJIBHOM PabOThI CTYAEHT JOJIKEH:

— 001anath HEOOXOAMMBIM 00BEMOM TEOPETHUECKUX 3HAHUI M0 OCHOBHBIM
JUCUUIUIMHAM CIEIUAIBHOCTH;

— YMETh aHAJM3UPOBATh PE3YJIbTAThI PACUETOB U MPUHUMAEMbIC TPOCKTHHIC
pelIeHus C 1eJIbI0 00ecriedeHrsI HEOOXOAUMBIX TEXHUKO-IKOHOMUYECKUX
nokaszaresnen npoexkrupyemon I'11;

— BBINOJHATH TPEOOBAHUSI HOPMATUBOB K 0(hOPMIICHUIO KOHTPOJIBHOM paboTHI;

— yMeTb paboTaTh ¢ TEXHUYECKOU JTUTEPATYPOM, TOCTAMU U APYTUMHU
HOPMATHUBHBIMH JTJOKYMEHTAMH.

2. CocrTaB M coaep:KaHue 3a1aHUS

HA KOHTPOJIbHOU PadoThI

Tema KOHTpOJBHON paboTHI(padoThl): ['MAPONPUBOA ABTOMATHU3UPOBAHHOTO
CTAaHOYHOTO KOMILIEKCA

Onuncanue ycTporcTBa MEXaHU3Ma WM MAIIAHBI, JUIs1 KOTOPBIX MPOEKTUPYETCS
I'TIC.

[IpenBaputenbHas KOMIIOHOBKa M TpeOOBaHUS K Macce M TabapUTHBIM
pasMepam yCTpOMCTBa.

XapakTepUCTUKU YHPABIAIOIIETO BO3ACUCTBUS W BHEIIHEW HATPY3KH, PEKUMBI
JBIDKCHUS BBIXOTHOTO 3BeHa M padora I'TIC B miemom.

TpeboBanusiM K TOYHOCTH [BHXKEHHUS WU TO3ULMOHUPOBAHUS, K KayeCTBY
MEPEXOTHOTO MpoLecca.

TpeboBanus k K.I1.JI, orpanuyeHusi M0 MOLIHOCTH, YCIOBHS SKCIUTyaTallUH.

3. CoaepxxaHve KOHTPOJbHOU padoTHI(PadoThI)
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KypcoBoii npoekt(padboTra), KOTOpBI SBISETCA OCHOBOM ACKH3HOIO IPOEKTa
I'TIC, nomkeH conepxKath:

- YepTEeXH HOBBIX arperatroB, MamuH u anmnapatos ['TIC;

- yeptexu ooero suaa I'TIC;

- YepTEXKHU KOMIIOHOBOK CEPUITHO BBIITYCKAa€MOI'0 000pYy10BaHUS;

- IPUHLMIIAAJIbHBIE CXEMBI (THAPABINYECKYIO, THEBMAaTUUECKYIO,
KHHEMATHYECKYI0, JJIEKTPHUYECKYIO U T.1T.)

- IOSICHUTEJIbHYIO 3aIIUCKY;

- BEIOMOCTb MPOEKTA.

B mosicHUTENIPHOM 3alMCKE JaceTcs 3ajJaHue, ONHCaHHue W OOOCHOBAaHHE
BBIOPAHHBIX CXEM M KOHCTPYKIIMM, MPUBOJAT SHEPreTUUECKUM, THUIPABINYECKUH,
terioBod W guHamudeckuid pacuer [TIC. Ilpu HeoOXOAMMOCTH OMPEACIISIIOT
nmapaMeTpbl ONTUMM3ALUM M CIOCOOBI PEIICHHS] ONTUMU3ALMOHHOW 3amauu. I[lo
pe3yabTaTaM NPOCKTUPOBAHUS JI€JIaeTCsl 3aKII0YEHUE.

I'padmyeckas dacth mpoekTa(padotel) odopmisercs Ha 5(4) mucrax dopmara
Al. [losicauTenpHas 3anucka opopmisieTcs U3 JIMCToB Gpopmara A4 u Opouropyercs
B OOJIOXKKY W3 TUIOTHOM YEpTEeKHOM OyMaru, Ha JMIEBOM CTOpOHE O(OpMIIIETCS
TUTYJIbHBIN JIUCT.

4. JTanbl 1 001IAsI METOAMKA BbINOJHEHUS KOHTPOJIbHOI

padoThI

4.1. AHanu3 3agaHus, NOA00P JUTEPATYPbl, BLIOOP AHAJIOTOB, IPOTOTHUIIOB.

4.2. Pa3padorka o0mero Buaa koucrpykuuu ['TIC.

4.3. Pa3pa0doTKka NpUHUMNHNAJIBHBIX CXeM (THAPABJINYECKHX,
NMHEBMATHY€eCKHX, JJIEKTPUYECKHUX) MPOU3BOJAUTCS B COOTBETCTBUM C
yka3anusmu . /laercs onucanue pynkuuonuposanus I'TIC.

4.4. JHepreTuveckunii pacuer ucnojJHureabHoi yacru I'Tl, Bb100p
TUIIOPa3Mepa ruApoABUTaTEIe.

DHEPreTUUeCKuil pacdyeT NMPOU3BOAUTCS TO pa3pabOTaHHOW MPUHIUMHAATBLHOM
CXEME B COOTBETCTBUU C IUKJIOTPAMMOM JIJIsl BCEX JIEMEHTOBIIMKJIA.

HcxoaubIM TaHHBIMU SIBJISIFOTCSL:

L, - xom mBurarens; t,- Bpems paGoTsl; ™M; - Macca (MOMEHT HHEPIHH)
NpUBENEHHBIE K BBIXOAHOMY 3BeHY; [ - pe3ynpTupylomas BHENIHMX CTATHYECKHX
CHUJI MJIIM MOMEHTOB CHUJI; \/,, — CKOPOCTh paboyero xojaa (MEIJICHHBIX TTEPEMEILICHUI ).
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JUtst OBICTPBIX MEpPEMEIIEHUI HEOOXOJUMO PACCUUTATh ONTHUMAJIbHbIE 3HAYEHUS

MMpCACIbHBIX CKOpOCTCﬁ JJI1 TPAICOUN JAJIBHBIX TaXOorpaMM B CIICAYIOIICM IMOPSAAKE:

17 = ZLnxtn

max =

8 _— V*rrrzr,ax ' mE
"= (2H, - L,)

N3 ypaBHEHUA
Ey="n%(2%n-1,5)/( ¥n-1,5)+1=0
WIH

no rpapuxy ¥n = f(&;,) /4/ onpenensercs onTUMaNbHOE 3HAYEHHE OTHOCUTEILHON

IPENENBbHOM CKOPOCTH  ¥n

I[JIH MCAJICHHBIX HCpGMGMGHHﬁ, COOTBCTCTBYIOIIHX pa60qI/IM JABHKCHU M,
CKOpPOCTH HC OITHUMHU3HUPYIOTCA, T.K. OHM 3addaHbl WM II0 HHUM Cpa3y OIpCACIIANOT
MOIIIHOCTH ABHUTATCJIA

Nn = Hc . VM ,
rae Vi - ckopocTs pabouero xoaa(MeAIeHHOTO IEPEMEILEHNUS).

B urtore sHepreTHMdeckoro pacyera BBIOMPAIOTCS TUIOPA3MEPhl OOBEMHBIX
JIBUTATENICH, KOTOPBIE JOJDKHBI 00€CTIEUNTh MAaKCUMAIIBHYIO U3 CKOPOCTEH OBICTPOTO
MEPEMELICHHUS U NTPEOJOJIEHUE MAKCUMAaJIbHOM BHELIHEW HArPy3KU

Ht?
qg - PHI:IM *Mea” n,qm !

rne  qg - ynenbHbI pabounii 00bem (paboumii 00beM HiaH 3 GhEKTUBHAS
miomane); g - MakcHManbHas Harpy3ka JUIl KOHTYpPa, P - HOMHHAIBHOE

JaBIEHUE, COOTBETCTBYIOIEE MPHUHATOMY B JaHHOW ortpaciu; Tra - KIIJI aunuii u
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armmapatoB 0,75-0,9; M. - KIT/] runponBurarenceii MexaHM4IeCKUH

[To pe3ynbpTaTy SHEPreTHYeCKOro pacyeTa UCIIOTHUTEILHON YacTH BHIOMpaeTCs
JBUTATENb U ONPENEISETCA €ro JaBJIEHUE U PACXO ISl BCEX 3JIEMEHTOB LIUKIIA.
B Xozme »SHEpPreTmyeckoro pacuera KOPPEKTUPYIOTCS  HCXOAHbIE  JaHHbIC

TCXHUYCCKOI'O 3aaHuAd.



4.5. Bb100p cXeMBbI M JHEPreTHYeCKNid pacyeT HACOCHOM YCTAHOBKHU
B pe3yabTare 3HepreTH4eCcKoOro pacyera MCHOJHUTEIbHONH YACTH ObLIH

onpeaeaeHsbl
IH;'E, VM) HB, Hm, tﬂl tM! tB! tH ]

rae Vo , — OBICTpOC IepeMelleHne BIepes, Hasamg; \/ j— CKOPOCTh pabodero

nBwkeHus; Ln, t, — BpeMs ObICTpOro MepeMeleHus Brepen, Hasam;, L, — Bpems
pabouero IBWXEeHHUS; Lz — BpEeMs BBICTOS.

M COOTBETCTBYIOIIIME IOJAYH M JABJICHHUA AJI1 BCEX 3JICEMEHTOB IIHKJIA.

QHI’ QHZ, QH31---; PH], PH2, PH3,...

B cootBeTcTBUU ¢ TpeOOBAHUAMU TEXHUUYECKOTO 3aJaHMsI 10 MaccorabapuTHBIM
MOKa3aTeNsIM. CTOMMOCTH U K.I1.J. U BO3MOKHOCTBIO pea3alui TpedyeMoro
anroputMa (yHKIMOHUPOBAHUS BRIOUPAETCS OJIUH U3 BAPUAHTOB HACOCHOM

YCTAaHOBKH U IIPOU3BOAUTCSA €C PACUCT 110 COOTBGTCTBYI'OIHGI‘/JI MCTOJHUKC.

OnHOHACOCHASI YCTAHOBKA C NMEPEJIMBHBIM KJIANMAHOM HCIOJb3YETCS TpHU
HeBbICOKHX TpeboBanusix mo K.ILJ[. U cyliecTBeHHBIX OrpaHHMYEHHI IO Macce,
rabapurtam u o croumoctu ['TIC.

Hacoc BeiOnpaeTcst 3 COOTHOIICHHM

QHOM ~ QHI , PHOM ~ PHZ

[lepenuBHOI Ki1amad BHIOUpAETCS IO

QHD}"[, PHD}"[

Ecma Qjuon > 1 om3lc , BRIOMpaeTCcs IBYXKACKAIHBIN KJIamaH.
[ToTepu MOIITHOCTH B paboueM pexume



AN = PHZ (QHOM - QHZ)

JIByXHAcOCHasi yCTAaHOBKa ¢ JABYMsl [epPeJMBHBIMH  KJIAallaHAMH
MpUMEHSIETCA, eclii HeoOoxoauMo uMmeTh 6onee Boicokuii KII/I, Ho HeT orpanuveHuit
10 Macce U rabapuTam.

Hacoc BeICOKOTO aBiieHUs BRIOUPAETCSI W3 COOTHOIIICHHIA:

QHOM] ~ QHZ; PHOMI = PHZ

Hacoc Hu3koro gaBieHust

QHOM2 ~ QH1(3) - QHOM]; PHO.M2 ~ PH1(3)

HacocHo-akKyMyJIATOpHAsi YCTAaHOBKA II03BOJISIET NOJNY4YUTh ele Ooliee
Boicokuil KII/[ u cHuU3uTh MaccorabapuTHble Moka3arenud. E€ uenecoobpa3Ho
UCIIOJIb30BAaTh, €CJI €CTh NEPUO/IBI 11ay3 U BBIAEPIKKH.

Jlist pacyeTa v BbIOOpa Hacoca HEOOXOIMMO UCIOJIb30BaTh YpaBHEHHE OanaHca

00BEMOB:
QH = QHI “In /(tn + ts); QH = (QH2 Tt QH3 'tH) / (tM + tH)
ITo Gonbmemy w3 Q, u P2 Bribupator Hacoc @ugw , Faom.

[To BenmuMHAM MaHEBPEHHOTO 00BEMA

VM]:(QHI 'QHOM)'tn; VM3:(QH3_QH0M) 'tH

BBIOMpPAaEM MaHEBPEHHBIA 00BEM akKymynaTopa V.

HwxkHuil ypoBeHb qaBiieHus B akkymyasitope Pmin = Pa(3)

JlaBneHue 3apsKu ra3oM BbIOMPAETCS U3 COOTHOLLIEHUS
P..p. =(0,9+0,94)P

min



[To moy4eHHbIM 3HAUEHUSM BHIOMPACTCS AKKYMYJISITOP
Jns  momyuenuss max KIIJI npum min  maccorabapuTHBIX —IOKa3aTeIsX
HEOOXOAMMO UCIOJIb30BaTh HACOCHYIO YCTAHOBKY C aBTOMAaTHYECKON PEryIupOBKOM

10 JaBJICHUIO

Qrion = On1 (Q13) ; Pmax= Pmin* (Pu2 — Pmin) / (Qmax — Qu2);

Pmin = qHZ ’ PH2/ Qmax; Qmax = QHDHKIH;E

rac I’;—; — CKOpPOCTBh IIPHUBOJHOI'O JJICMCHTA HACOCA, P 1in — MHHHMAJIBHOC

JABJICHUE HACTPOMKH PETYIATOPA.

4.6. Metoauka ruapasianyeckoro pacuyera I'Il.

B mpomecce ruapaBiIdyecKoro pacuera BbIOMpAlOTCA  amnmapaThl, 110
CTaHAAPTHBIM METOJMKAM ONPENEISAIOTCS MPOXOIHbIE CEYEHHs] TPyOOINpPOBOJIOB U
anmnaparoB, a TAK)KE€ OCHOBHBIE TAPAMETPhI MOTOKA MTPU TEUEHUH padoyeil cpebl, IS
BCEX YYACTKOB U BCEX JIEMEHTOB IHKIIa/6/.

[Ipu mepBoM NpUOIMKEHUM TPOXOJHBIE CEYEHHUS TPyOONpPOBOJOB M amnmnapaTtoB
BBIOMPAIOT MO CTAaHJAPTHBIM METOAMKAM Ha OCHOBAHUH PEKOMEHI0BAaHHBIX 3HAUCHHIA
cCKopocTel pabouel cpebl U aBiieHuid. [lanee oLeHUBalOT pa3Mepbl TPyOOIPOBOIOB
Y anmnapaTroB U PacCUUTHIBAIOT IMAPABINYECKHE OTEpU B HUX. CpaBHUBAIOT NIOTEPU
C  PpEKOMEHIYEeMbIMH TMPH  TIEPBOM  NPHOIMKEHUN (7720 ~0,75+0,8)
Z‘i*ﬂn:':a; =(0.25 01} - Fan

U 33JJaHHBIMU MaccorabapUTHBIMU MapaMeTPaMHU.

Ecnu Heob6xo1uMo M3MEHUTh ;s WM MaccorabapuTHbIE OKa3aTelld BO BTOPOM
npUOIMKEHNN KOPPEKTUPYIOT MPOXOAHBIE CEUYEeHUs TPYyOONpPOBOJOB U anmaparoB U
BHOBb OCYIIECTBJISIIOT BbIOOp TpyOONpPOBOJOB M ammapaTtoB, W PacCUUTHIBAIOT
TUApABINYECKUE NOTepu. B OONBIIMHCTBE Cly4yaeB ABYX-TpeX NPHOIMKEHUH IS
pelIeHus TOCTABJICHHON ONTUMHU3allMOHHOM 3a]]a4K OKAa3bIBAETCS JOCTATOYHBIM.

[Ipu rupaBINYECKOM pacyeTe pacCCTOSHUS MEKY dJIEMEHTAMU MTPUBOAA,
OOBEMHBIN WJIM MAacCOBBIM pacxoja paboyel cpenbl, YUCIO WU THUIIBl anmnapaTroB U
TpyOONIPOBOJOB OMNPEAENSIOTCS Ha OCHOBAHUM COCTaBIIEHHOM B CaMOM TEYEHHH
IIPOEKTUPOBAHMS CXEMBI.

Jia pacuera THUAPABIMYECKUX IMOTEPh YJIOOHO MCHOJIb30BaTh OOBEMHBIN
pacxof.

OOBemMHBIEC pacXo/Ibl pabouei cpenbl onpeaesieTcs no Gopmyre:

V,
Qq = 4g- thﬂﬂ

B CJIMBHOU



Q.= Qg VD'JD'T?DO’

riec 90 - k03(DOHUIHMCHT acCHMMETPHH [OJOCTEH MAIIUHBL, KOA(P(UIMEHT
MyJIbTUILTMKAIMY;, {g - ya. pabounii o6beM n Vo - cKOpoOCTh JBHKEHHS BBIX. 3B.
ONPEAEISAIOTCS B MPOLIECCE IHEPreTHYECKOro pacyera; #po — KIIJ nBuraresns
0OBEKTOB.

[Ipu ompeneneHnn NaBICHUS HACOCHOM YCTAHOBKH JJI Pa3IHMYHBIX 3JIE€MEHTOB
UKJIA HEOOXOAWMO TMpEABAPUTENBHO PACCUMTATh TIepernaabl JaBJICHHUS Ha
perynaropax TMOTOKa U JAPOCCENAX, TO3BOJSIONMX 00ecreuuTh TpedyeMble
CKOpPOCTHBIE peXHMbl JBurareneid. Pacder mnpousBecTn TpadoaHATUTHIECKUM
CII0COOOM, UCTIOJB3YSI XapaKTEPUCTUKU HACOCHBIX yCTaHOBOK/11/.

OcHoBHOM mapameTp anmapaToB dy COOTBETCTBYET AUAMETPy Kpyra, IJIOLadb
KOTOPOTO paBHAa MUHUMAJIbHOM TUIOIIAHN TPOXOAHOTO CEYCHHUS amrapara.

Ha HampaBieHne KOppeKUMU MOTYT BIUATH U MaccorabapuTHbIE MapaMeTphl
IPUBOJA, KOTOPHIE ONPEACNAIOTCA [0 T'€OMETPUYECKUM 3aBHCHUMOCTSIM C Y4YETOM
IUIOTHOCTH MaTepUasoB.

Ha »srtane ruapaBiaMdeckoro pacuera HEOOXOAMMO BbIOPATh KOMIIOHOBKY
(cnoco6 MOHTa)a) THIPOITHEBMOANApaTOB MPUBOAA Ha MaluHE. [ [pOMBIIUIEHHOCTD
BBIIYCKAET anmaparbl TPYOHOTO COEIMHEHUS, CTBIKOBOTO U MOJYJIBHOTO MOHTaXa U
BCTPaMBAeMOr0 HCHOJHEHHUs. BO3MOXHO HMCHOIB30BAaHUE ammapaToB, a TaKke
BCIIOMOTATENIbHBIX JIEMEHTOB M MAaIlIMH C Pa3HBIMH CIIOCOOaMHU MOHTaXA.

4.7. Tennosoii pacuer I'Tl.

B 3aBucuMocTH OT TUNA TUAPOMAIIMH  HA3HAYAETCS MHUHUMAaJbHas
KMHEMATU4YeCKasi BS3KOCTh JKUAKOCTH. IS miecTepeHHblx — 15¢Ct, mda
miacTuHYaThiXx — 12¢Ct, poropHO-TIopuIHEBbIX — 8cCT U yTOUYHSAETCS BBIOOp THIIA
napaMeTpoB padoueit KujgkocTu. OIleHHBaE€M MECTHBIM HarpeB >XKUIAKOCTU TIPH

TCUCHHNH YCPEC3 CYICCTBCHHBIC MCCTHBIC COIIPOTHBIICHUA:

_ AP,
ALy = / (Ca " Pw)

) 1880 A%/
rac c)-h y,[[e.HI)Haﬂ MacCCOBasi TCIINIOEMKOCTD KUAKOCTU fKT -Tpang

OnpenensieM ocpeAHEHHOE TPUPAIIEHUE TEMIIEPATYPHI 110 BCEl THAPOCUCTEME C
Pacy€ToOM TEIJIOBBIACIICHUN U TEMI00TAaY:

AT = AT, - e 7" + N,/ Pt e 77 :

A’1-‘H = Tn— TOI

rae  1l,- HavaibHas TeMIeparypa *KuJIKOCTH; T, - navasnpHas TeMneparypa
OKPYKAIOIIEH CPELBI;
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y = Prn .

Prn - ynenpHas MIIOTHOCTH TEIIOOT/IAYN B OKPYIKAIOIIYIO CPEY.

Pra= ) Koyt By
i=1

L k03¢ $HIMEHT TelI00TAa4YH B OKPYHa0IIyi cpeay o~ 12 Brf 2,00 -

T
)

Fci- mIomanab IMOBECPXHOCTU I-ro DIEMEHTa CUCTEMEI

C,=C,-m_ + C.- m,

rae M=, Mc - Macca )XKUJAKOCTU U CTCHOK; C:—x, Ce - yYAcCJIbHAsA MaCCOBas1

TEIUIOEMKOCTD KUIKOCTH ¥ CTEHOK.
C=5000 JIx/kr-Tpan

Ny = N, + AN
rie Vra — MOIHOCTD TEIUIOBBIX HCTOYHUKOB; Ve — MOIIIHOCTH BHELIHUX
TETUIOBBIX HCTOYHHUKOB; AN — BHyTpeHHHUe motepu sHepru, Nex = 0
Janee onpenensem o0beM Oaka

V5: Qm,; * Imun .
Inomans 6aka Fg=6,7 © V53
ty=3+4)/vy,

rac ty - Bpems JOCTHKCHU YCTAHOBUBIICTOCA TCMIICPATYPHOI'O pCXKUMa
y Y

AT = AN/,

t,>t

Janee cpaBHuBaeM Ly U Cyuxaa) eciam WMETE | QIPENENIAEM OCPEIHEHHOE

MIpUpALLICHUE TEMIIEPATYPHI 110 OCpe,Z[HeHHOTI:I moiHoctu AN:

ﬂ.Nl' lti .
AN, = Zt— ,

i=1 u

HNCKOMas YCTaHOBI/IBH_IaHC}I TeMHepaTypa KNUAKOCTU
T,= T, + AT

Ecnu temmepaTypa >KUIKOCTH BBIIIE JOMYCTUMOM, TO HEOOXOIUMO YCTaHOBUTH
TETJI000MEHHBIH anmapar ¢ MOIIHOCTHIO

Nima = Nmu—pmn(t6 — tO)
11



rne 1 - momycrmmas Temmeparypa Jkuakocth B Oake; 1o - Temmeparypa
OKPYKaIOIIEH Cpeibl.

Ecmu ty <ty.04, TO TEIUIOBOM pACUYET MIPOU3BOIUTCS I KaXKIAO0T0 JIEMEHTA
IIMKJIA.
3a HayaJIbHYIO TeMIIEpaTypy Nepel HACOCOM IIPUHUMAETCS TeMIEpaTypa

OKpYXalolllel cpe/ibl. 32 HaYalbHYIO0 TEMIEPATYPY NEepe TUApOIBUraTEIEM

MIPUHUMAETCSl YCTAHOBUBIIAsICA TEMIIEpaTypa B Oakxe.

4.8. Innamuveckuii pacuer I'Tl.

JuHaMuyeckuid pacy€T MPOU3BOJUTCS C LEIBIO ONPEAEIICHNS BEJIMYMHBI CKayKa
naBjaeHUsl (MaKCHUMAaJbHOM JTMHAMHYECKOW MOTPEUIHOCTH) U BPEMEHHU MEPEeXOIHOTO
Mpolecca M JIPyruxX NapaMeTpoB KaudecTBa PETyJMPOBAHUS NEPEXOJla Ha CaMbld
Harpy>KCHHbBIA 2JIEMEHT LIUKJIA.

JInHaMU4YeCKU pacdeT THUAPOIPUBOJA MOKHO MPOU3BOIUTH C UCIOJIb30BAHUEM
naketoB Matlab, MathCad wimm HydroCad.

PacueT nmpou3BOAUTCS C UCHOIB30BAHMEM MAaTEMATUUYECKON MOJIENH, COJEpKaILen
MepeveHb JOMYIICHUI MaTeMaTuuecKol MoJien U auddepeHuaibHbie YpaBHEHMUS,
OMKCBHIBAIOIINE TUAPOIPUBO/L.

B kadecTBe mpuMepa pacCMOTpPEH JIWHAMUYECKHM pacyeT TUIponpuBoAa
ApoCCebHOro peryiaupoBanus. Cucrema ypaBHeHHMH s ruapornpuBoga (puc.l),
COCTABJICHA MPU CIEAYIOIUX JTONYIIEHUSIX:

1) mopIIeHb THAPOIMINHPA ITPH Pa3rOHE U TOPMOXKEHUH MEPEMEIaeTCs BIPABO

( puc.1);
2) xiaman KIT oTKpbIT, 1aBiieHUe Mepel KiaanmaHoM PaBHO JaBJICHUIO MOPIITHEBOM

IIOJIOCTHU THUAPOLIUIINHAPA,
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| |3

Puc. 1 TunoBas mnpuHIMIUAIBHAS CXEMa TUAPONPUBOAA APOCCEIBHOTO
perynupoanus: ['l] — rugpounnuuap; P — pacnpenenurens tuna 4/3; H — Hacoc;
KII — mpenoxpanurensHo-niepenuBHol kinanaH; [P — npoccens; b — 6ak.

3) naBieHHE TIEpe]] IPOCCEIEM PABHO JIABJICHHUIO B IIITOKOBOM MOJIOCTH
TUAPOUMIIMHIIPA, & JaBJIEHUE MTOCIE APOCCENS PABHO HYIIIO;

4) BOJIHOBBIC MPOLIECCHI HE YUUTHIBAIOTCS, CKMMAEMOCTD YKHUIKOCTH
YUUTBIBAETCS B 00BEME MEXKTYy OPUTHEM THAPOIMIIUHIIPA U IPOCCEieM, a
TaKXe MEXIy MOPIIHEM T'HIPOIMINHAPA, HACOCOM U KJIalaHOM;

5) MoaysIb 00bEMHOMN YIPYTOCTH XKHIKOCTH MPUHSAT MOCTOSHHBIM;

6) npu pa3roHe MOPIIHS TUAPOLMIMHIPA PACIPEACIUTENb P mepekitoyaeTcs u3
CpPEIIHEH B JIEBYIO MO3UIIUIO;

7) TIpH TOPMOKCHHH TTOPITHS THAPOIMIIMHAPA PACTIPSACITUTEIIb HAXOAUTCS B
JIEBOM TMO3UIINH, a HArpy3Ka Ha MOPIIEHb BO3pACTaeT (WX MPOXOTHOE
ceuenue apocceist JIP ymensbiaercs);

8) pacxon Hacoca IpH pa3roHe U TOPMOKSCHUHM HE MEHSCTCSI.

MaremaTtuueckasi MOAENb THAPONIPUBOA CONCPKUT YPABHEHHUE IBUKEHUS

MOPLIHA TMAPOUWIMHAPA U YPABHEHUS PACXOJIO0B.

YPaBHeHI/Ie ABMOKCHUSA UMCCT BH /.

d’X _ 7 o (2 42\n B . dx
Md?_ZD D2 Z(D d?)p1— R — Fyp sign ol

rae M — mpuBefeHHas K NOPIIHIO TMAPOLMIMHIApPA Macca IOABWKHBIX 4YacTel
THIPONPUBOJIA: X — TMEPEeMEIICHUe TOPIIHS TuapormiuHapa; t — Bpems; D u d —

JAUAMETPhI ITOPIIHA M IITOKA THMAPOUMIIMHAPA, P2 U P1 — JABJICHHUC B HOpHJHeBOﬁ 151
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IITOKOBOM MOJOCTAX T UAPOLUIINHIPA, R — mocrosHHas cuia COIIPOTUBJICHUA Ha

IITOKU TUAPONMINHIPA; FTp — cuna tpenus (puc.1).

YpaBHEHHE PacX0J0B CIMBHOM JIMHUUA UMEET BUJL:
(ot at) ey T2 [, Wenlg
4 dt P E dt

rne u - koddummeHnt pacxoma apoccenst P ; d pp — mmamerp ycIOBHOTO
MpoXoJia JPOCCeNs; p - IUIOTHOCTh XKUAKOCTH; W, — 00beM KUJIKOCTH MEXKIY
MOPIIHEM THAPOIWIMHApPAa M JpocceneM; E — 0O0BEMHBIA MOAYIL YIPYTrOCTH
KHUJIKOCTH.

ypaBHCHHe paCXOI[OB HarHeTaTeJIbHOM JIUHUU:

dx Q W dp
Q.= D2 Dy ) =2 + Wy % 0P,
2 (p2 P ) E at

A€ pPxn - JaBieHue HacTtpoviku knamaHa KII; Ap, — mogbeM XapakTepUCTHKH
KJIallaHa, KOTJla OH IPOIMYCKAaeT JKUIKOCTh C pacxomoM Hacoca Qu W, — o0bem

KUAKOCTU MCKAY INOPIIHCM I'HAPpOIWIIMHAPA, KJIIAIlaHOM H HACOCOM.

Perienrie ypaBHeHHH ¢ HCIOIB30BaHKeM makera Matlab BeimonHuTs B

CIEYIOIIECH MOCIEI0BATEIBHOCTH.

1) HamucaTh BEeKTOp (DYHKIIHMIO JUISI CHCTEMbI YPaBHEHUIA,
2) HamumcaTh (aiiia — QYHKIUIO AJIs BBI30Ba COJIBEPA;

3) MOJIyYHTh PELICHUS YpaBHCHUI B BUJIEe Tpa(UKOB X(t),V:% (1), p2 (1), pa(b).

[Ipu Hanmcanuu BeKTOpa — PYHKIIUU BBOJSATCS 0003HAUCHUS:
x=y(l);
dx
=y(2);

pl— y 3);
p2 =y (4).

VYpaBHEeHU MaTeMaTUYECKOW MOJENU 3anuchiBatoTcs B popme Komm:

) _

it y(2);

14



dy(2) d?x 1(72 ,
A /A AN Ay
dt dt2 M\ 4

dy@) _ E (7 o qoy oy F g2 |2 :
T-WL(D d2)-y(2) 4udﬁp,/p y(?o}

N _Elg Zpz o) (y@a)-p. ).
T—Wl(QH 20 Y@~ ()~ Pur) Apnj'

. dx
RGN BYCRLE FTPSIgnEj;

BexTop — dpyHKIuMA:

function F1 = RTskp(t,y)

F1=[y(2);
(0.785*0.05"2*y(4)-0.785*(0.05"2-0.025"2)*y(3)-1500-1000*sign(y(2)))/500;
(0.785*(0.05"2-0.025"2)*y(2)-0.9*0.785*(0.002"2)* ( (2*y(3)/900)"0.5))
*1.75e9/1e-3;
(60/60000-0.785*(0.05"2)*y(2)-(y(4)-1e7)*60/(60000*5e5))*1.75€9/1e-3];

Bektop — QyHKIHS Py CAeIYIOMUNX 3HAYCHUSIX ITapaMeTPOB THAPOIPHUBO/IA;
M = 500kr, R = 1500H, D = 0,05Mm, d = 0,025Mm;
P = 107 TTa, W1=W,= 0, 001m3 E =1.75* 10° IIa,
Frp = 1000H, dap = 0,002Mm, p = 900kr,
1=0,9, Ap, = 5*10° I1a, Qu = 60/60000 m%/c.

®aitn — pyHKUMA:
Y0 =1[0; 0; 0; 10.5e6;];
[T, Y] = ode23 ('(RTskp', [0 1], YO);
plot(T, Y(:,1), 'k
hold on
plot(T, Y(:,2), 'k
hold on
grid on
hold of

B nepBoii ctpoke (aiin — GpyHKLIMS MPUBEIEH BEKTOP HAYAJIbHBIX YCIOBHIA:
dx

X| t=0— O’ a |t:0

= 0, p1|t:0 =0 p2|t:0 = pxn +Apn

Bo BTOpO# CTpoKe mpuBeneHa BEKTOP-TpOrpaMMa Jjisi Bbi30Ba coyiBepa 0de23,
peanu3yromiero meroA pemenust Pynre —Kyrra.

Oo6o3nauenne RTSKp BbBbIBacT (GyHKIHMIO«PA3roH-TOPMOKEHHE», BEKTOp —

15



byHKIHS;

B KBaJ[pAaTHBIX CKOOKax yka3aH uHTepBai cueta ot 0 1ol cek.

O603nauenue Y(0) BbI3BIBAET BEKTOP HAYAIBHBIX YCIOBHUH.

B mocnenyrommx CTpokax yKasaHbl JaHHBIC I IedaTH TIpaduka, Iae II0
TOPU30HTAIN OTKJIAAbIBaeTCs BpeMs «T», a 1o BEpTHKAIM — IIKaja JJIs MOCTPOCHHUS
rpaduka ¢yukmuu y(i), rae |

MMEPEXOAHOTO IIponecCa CKOPOCThb IOPIIHA TUAPOHHUIMHApPA YCTAHABJIMBACTCS Ha

ypoBHe 0.31 m/c, a naBnenue p; = 11,6MIla, p,=10,25MI]a.

HN3meHeHue MapaMCTpOB: IICPCMCIICHUA ITOPIITHA THAPOIUINHAPA X, CKOpOCTH

nopiuHs V ¥ JaBJIEHUM B MOJIOCTAX THAPOUMIIMHIIPA P1 U P2 B IPOLIECCE pa3roHa

II0KAa3aHO Ha pI/IC.2, d B ITpOLCCCC TOPMOIKCHHA — HA pI/IC3

0.7

Homep ¢yHkuuu. B pesynbpraTe pacuera, mocie
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« 10° pascal
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107 pascal

12

0.z 025
T, cek.

Puc.3 Ilepexoansie mpoueccsl py TOPMOKEHUN TOPIIHS THAPOLMINHAPA

[Ipu pacuere TOPMOKEHUS UCIIOJIb3YETCS BEKTOP HaYalbHBIX YCIOBUN
YO =(0; 0.31; 11.6e6; 10,25€6).

YBenuueHune Harpy3ku nocie nepexoganoro npoiecca ¢ 1500 no 15000H npuBoaut

YMEHBUIEHUIO CKOPOCTH NOpUIHS Tuapoumnauuapa 1o 0,14 m/c.

Kak nmokaspIBaroT JajbHENIINE PACUETHI, OJHOBPEMEHHOE BO3PACTAHUE HATPY3KU
¢ 1500 go 15000H u yBenuueHue auaMeTpa ycloBHOro npoxoja apoccens ¢ 0.002m
10 0.003Mm, mpakTHYECKH HE M3MEHSET CKOPOCTh NOpIIHS. CKOPOCTh OCTaeTcs Ha
ypogne 0,32 mM/c.

[Tony4yeHHsle B mpoliecce TMHAMUYECKOro pacyeTra rpaduku JaloT BO3MOKHOCTh
BBIYHCIIUTD MapaMeTPbl KAUeCTBA PETYIUPOBAHMSL.

[To pe3ynpTaTamM IMHAMHYECKOTO pacdyeTa KOPPEKTUPYIOTCS MapaMeTpbl CUCTEMBI
Tak, 4TOObl JOOUTHCS 3aJaHHBIX BEJIMYMH NEpeperyIupoBaHus

, BpEMEHHU

MEPEXO0IHOTO Mpoliecca U APYruX MapaMeTpOB KauecTBa pEeryIupOBaHUsI.
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Ipuiaoxenue
HcxoaHbie 1aHHbIE 1JI NPOEKTUPOBAHUSA I'TIC Y4aCTKOB

TCXHOJOIMICCKUX aBTOMATU3NPOBAHHBIX JIMHUHA

BapuaHTbl 3afaBaeMbiX pabounx LMKIOB U AONOJIHUTEJIbHbIE

TpeboBaHus

3adaHHbIN pabounii LMK NpMBoAa Noaaym Ctona pe3epHOro CTaHKa:

. lcxopgHoe nonoxxerne «Cron».
. BbICTpbI NOABOA BNPaBO C 5.
. Pabouunit xoa BnpaBo c Jpr.

. PeBepc aBmxeHus.

g hHh W NN =

. bbicTpbI 0TBOA C I 60,

JlononHuTenbHble TpeboBaHUs:

— PacCnosioXKEHNE UnnnHapa ropusoHTasIbHOE,

— CKOpOCTb paboyero xoaa perynvpyemasi, ctabunmsmposaHa rno
Harpyske;

— CKOpPOCTH 6bICT|30FO noasoaa 1 oTBoAa NOCTOAHHbIE C
MCMNO/Ib30BaHMEM MOJTHOM Nnpon3BOAUTENIbHOCTU HaCOCHOW YCTAaHOBKW,

- B MnoMoXeHnn <«CTOM» HacoCHasl YCTaHOBKA pa3rpy)XeHa Ha
rmapobak npu MUHUManbHOM AaBEHUN;

- 6onee HU3Kass CKOPOCTb BbICTPOro nepeMelleHus obecrieumBaeTcs
perynmpyembiM IpOCCENEM;

— BpEMSI pEBEPCMPOBAHMSI ABMXXEHWUS CTONA PerynpyeMoe.
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3adaHHbIA  pabounii UMK MpUBOAA MHCTPYMEHTA  MPOTSHKHOMO

CTaHKa.

NcxoaHoe nonoxenue «Cron».
Pabounin xoa NpoTSXXKK C e

Bbiaepixkka Ha ynope.

S

BbICTPbIN OTBOA MPOTSIXKKM I 5o.

JononHuTenbHble TpeboBaHUS:

— pacnonioXXeHne CUNoBOro LMIMHApPa ropuU30oHTasIbHOE;
— CKOpOCTM paboyero xofa perynvpyemble;

— CKOpOCTM 0bpaTHOro xoAa NOCTOSIHHbIE MaKCUMasbHbIE;

— pa3rpy3ka Hacoca B NonoxeHun «Cron»;

— yrnpasfieHue pacrnpeaenvtenem ruapasnnyeckoe oT yrnopos

cTona;

BPEMSI PEBEPCUPOBAHUS ABMXKEHMSI MPOTSXKKN HE perynnpyercs;
- OCTaHOBKa NPOTSXXKM B II060M MOMIOXXEHUM MOPLLHS
rmapounnuHapa;

— CMCTeMa OCTAEeTCs 3arnoJIHEHHON npun OTK/IFO4EHHOM HACOCe.
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i A W=

3aaaHHbIN pabounin UMK NoAayn CBEPIUIbHOW FOJTOBKM
BEPTUKa/IbHO-CBEP/IUNBHOIO CTaHKa:
NcxoaHoe nonoxeHune «Cron».
BbICTpbIM NOABOA BBEPX C .
Pabounin xon BBepx C 4pn.
PeBepcnpoBaHue ABMXKEHUS.

BbICTpPbIN OTBOA BHU3 C Y50.

JononHuTenbHble TpeboBaHUS:

PacrnosioXXeHMe CUMI0BOMO LIMNMHAPA NOAAYM BEPTUKAJIbHOE;
paboyasi CKOpOCTb rOSIOBKM perynnmpyemMas;

CKOpoCTb $s0 M Ien  MNOCTOSIHHbIE, 60flee HU3Kass CKOPOCTb
obecneymBaeTcs perynmpyeMbiM ApOCCENEM;

YpaBHOBELLUMBAHME BecCa MNEePEMELLALNXCA YacTen BepTUKaSbHO-
CBEP/INNbHOMN rONI0BKMU;

pasrpy3ka Hacoca npu OCTaHOBKE LMAMHApPA B N060M
MOJSIOXKEHUMU;

ynpaBfeHne pacrnpeaenuTesnieM ansi pEBEPCMPOBaHMS ABUXEHUS
rMapaB/IMYECKOE.
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3aﬂ,aHHbIl\/’I pa6oqvu7| UMK npuBoAa noaayn XOHUMHIroBasibHOro CtaHKa.

1. lcxogHoe nonoxeHne «Cron».
2. Pabounit xoa BHU3 C 9pp.
3. PeBepcmpoBaHue ABMXKEHUS.

4. ObpaTHbIN Xx04 BBEPX C $50=Fpr.

JlononHuTenbHble TpeboBaHUs:

pacnosioXXeHne CUI0BOro UnanHapa BepTUKAsbHOE;
— MNOAKSIOYEHNE CUOBOMo UMIMHAPaA anddepeHumnanbHoe
(ana obecneyeHnss paBHbIX CKOpocTel pabodyero u 06paTHOro

XO[0B HECUMMETPUYHOIO CUI0BOIO LUMIMHAPA);

— YpaBHOBELLMBaHME BeCa NEpPEMELLAOLLMXCSA YacTeN XOHUHIOBabHOM
FONOBKW;

— pa3srpyska Hacoca B 1t060M MONOXEHUN rMAPOLMINHAPA;

- ynpaeneHne  pabounMM  LMKIOM  TOSIOBKM  OT  KOHEYHbIX
BbIK/TOMATENEN;

— [aBfieHne B CUCTEME YNPaB/IEHNS NMOHMXKEHHOE;

— perynupoBaHue CKOPOCTEN FO/TIOBKM APOCCENbHOE;

— ynpasfeHue pacnpeaenvTensiMm 31eKTpormapaBnmyeckoe ¢

perynmMpoBaHUEM BPEMEHWN PEBEPCUMPOBAHUS ABUXXEHUS.
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3aaaHHbI paboyni LMK NpUBOAa NONepeYHon noaayum ToKapHoro

noJjiyaBToMaTta.

i A W=

NcxogHoe nonoxxeHne «Cron».
BbiCTpbIN NoaBoA BNpaBo C $gn.
Pabouni xon BNpaBo C 9 pni.
Pabounii xon BrnpaBo Cc Jpn.

Ob6paTHbIM X0 C 95o.

JlononHuTenbHble TpeboBaHUs:

CKOpPOCTU paboumx n obpaTHOro xoaa perynupyemele,
He3aBUCUMbIE;

pa3rpy3ska HaCocCa B MNoJIOXKEHUU <<CTOI'I>>;
CTa6VIJ'|V|3aLI,VI$| CKOpPOCTH BO BpeMA pa6oqu X008, Y pmi =1,3*3Pr|.

Npy ObICTPbIX MNEepeMeLLEHUsIX CKOPOCTM He CTabunmsmpoBaHbl,
6onee HM3Kas obecneunBaeTcs ApOCCeneMm;

ynpaBfieHWe pacrnpeaesniTenem 3neKTpornapaBinyeckoe ot
yrnopoB CTosa, 6e3 perynnpoBaHns BPEMEHN peBepca;

ABVKeHWe cTona obecneynBaeT rmapomMoTop vepes 3ybuaTyto
nepenady ¢ U=1/3 n nepepayy BUHT-ravika c ts=2,5 mMm.
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3aAaHHbIN pabounii LMK arperaTHON rofioBKu:
1. NcxopgHoe nonoxxeHue «Cton».

2. BbICTpbI NOABOA BMPABO C I .
3. Pabouun xoa BnNpaBo C Ypn.
4. Bblgep>kka Ha ynope ts = 3 C.

5. BbICTpbI 0TBOA C I 5o.

JononHuTenbHble TpeboBaHUS:

pacrnonoxXeHme cnMnoBoro umnnHapa ropu3oHTasnbHOE,

CKOpOCTb paboyero xoaa perynupyemas;

CKOPOCTb 06paTHOMO X0Aa MOCTOSIHHASA C UCMOSIb30BAHMEM MOSTHOMO
pacxoAa HaCOCHOM YCTaHOBKM;

— pa3rpy3ka HaCOCHOM YCTaHOBKM B MOMOXeHUN «CTomn»;

~ CKOPOCTb 6bICTPOro No/BoAa HeperympyemMast C Ucrnosib30BaHUEM
CYMMapHOro pacxo/la HacoCoB.
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3aaaHHbIN pabounin UMK arperaTHOM ronoBKMy:
1. UcxogHoe nonoxxeHue «Cton».
2. BbiCTpbI NOABOA BNEBO C 5.
3. Pabounit xoa BneBo € $pn.
4. PeBepc ABMXKEHUS.

5. BbICTpbIi 0TBOA C 9 50.

JlononHuTenbHble TpeboBaHUs:

— PacCnosioKEHNE CNNOBOIro MExXaH3Ma NMpU30HTAJIbHOE,

— CKOPOCTK paboyero xoaa perynmpyroTcs ApocceneMm, Ho 6e3
CTABUNIU3MPYIOLLMX PAcXo/ YCTPOWCTB;

— CKOpOCTb 06paTHOro xoAa Heperynmpyemast C UCnonb30BaHUEM
MOJSTHOMO pPacxoAa HAaCOCHOW CTaHLUuu;

— pa3rpy3ka HaCOCHOWM YCTaHOBKM B MONOXeHUN «CTon»;

— ynpasJieHne pacnpeaenutensiMm aneKTpornapasnyeckoe;

— [ABWXXeHue cTtona obecneymBaeT rmapomMoTop Yepes 3ybuatyto
nepegadvy ¢ U=1/2 u nepenady wecrepHsi-perika ¢ Z«=20,

m=3MM.
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3aaaHHbIN pabounin LMKN NpuBoAa Noja4YM pajnanbHO-CBEPSINIBHOMO

CTaHKa.

NcxoaHoe nonoxeHue «Cron».
BbICTpbI/ NOABOA BHU3 C 5.
Pabouunit xoa BHU3 C Jpn.

PeBepc aBMXXeEHUS.

i A W=

BbICTpbIN 0TBOA BBEPX C JEo.

JlononHuTenbHble TpeboBaHUS:

pacrnonoxXxeHne cnsoBoro umnnHapa BepTuKasibHOE,

CKOPOCTM pabo4mx XOA0B PEryIMpYOTCsl APOCCENEM Ha
«BbIXO/1E» CO CTabUNM3aLMEN pacxoaa;

06paTHbIN X0 NOPLLHSA LUANHAPA C NOCTOSIHHON MakCUMabHOW
CKOPOCTbIO;

KOMaHAa Ha peBePC ABMKEHMS! MOPLUHS OT KOHEYHbIX
BbIK/IlOUATENEN;

yrnpaBneHne pacnpenenntTeneM anekTpornapaBinyeckoe,
YPaBHOBELLMBAHNE BECa NEPEMELLAEMbIX l-IaCTEI‘/JI;
ﬂpMHYﬂMTEﬂbeIVI TEN00TBOA U3 CUCTEMBbI,

OCTaHOB B /1I060M MOMOXEHUM MOPLLHSA C pa3rpy3Koi Hacoca.
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3apaHHbI pabounin LMK NpUBOAa NoAayun ctona gpe3epHoro

noJsiyaBTomMarta.

A A

NcxogHoe nonoxxeHne «Cron».
BbICTpbIN NoABOA cToNa BNpaBo C $gn.
Pabouni xon BNpaBo C 9 pni.

Pabounii xon BrnpaBo Cc Jpn.

PeBepc ABMXXEHUS.

BbICTpbIM OTBOA CTONA C Y50.

JlononHuTenbHble TpeboBaHUS:

pacrnonoxXxeHne cnsoBoro umnmnHapa ropu3oHTasibHoOE,

CKOpOCTM paboyero xofa perynmpyroTcs Apoccenamu,
CcTabununampoBsaHbl NO Harpyske Yen1 =1,2* dpn;

KOMaHAa Ha peBepC CToJ1a, USMEHEHUNE CKOPOCTU MNMOCTYNaET OT
Yropos, ,D,GVICTBYIOLIJ,VIX Ha KOHEYHbIE BbIK/1IOYATESIN,

0b6paTHbIN X0A4 C NOCTOSIHHON CKOPOCTbIO;
ynpasneHne UMKIoM paboTbl — OT pacnpeaenuTens;
B nonoxeHun «CTOlM» obecneunTb pasrpy3Ky Hacoca;

ApOCCeslb COBMECTHO C 3-NO3ULUMOHHBLIM pacnpeaenuTenem
06pasyoT TPEXCKOPOCTHYIO NaHesb.
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N2 10

3aaaHHbI paboumnin LMK NpUBOAa NOAayYn OTPE3HOro CTaHKa

1. UcxoaHoe nonoxeHune «Cton».

2. BbicTpbI NoaBoa BNpaBo ¢ $an.

3. TOpMOXXEHNE LUMIMHAPA, MEANEHHBIN NOABOA C & pri1.
4. Pabounit xoa BNpaso C Jpp.

5. PeBepc gBmxeHus.

6. BbicTpbIi 0TBOA C JEO.

JlononHuTenbHble TpeboBaHUs:

— PacCnosioXKEHNE UNNnHAPa ropnu3oOHTAJIbHOE,

— ObICTpPbI/ NOABOA M OTBOA OTPE3HOro cynmnopTa obecneynBaeTcs
3a CYET MOJSIHON NPOU3BOAMTENBHOCTM HACOCa;

— MeAneHHbIn noasoa obecrneyvmBaeT 06bIYHbIN APOCCEND,
noaKtoYaembl pacnpeaenuteneMm, $penr =1,1* $pn;

— perynatop pacxoaa obecneymBaeT CKOpOCTb paboyero xoaa;
~ OCTaHOB B /I060M MOMOXEHMM CYNMnopTa C pa3rpy3Kol Hacoca;
~ BpEMS peBepca perynnpyercs;

~ perynvMpyeMoe noanopHOE AaBfIEHME Ha CMBE.
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UcxoaHble gaHHbIE

Ba |No |Pacuer- |Bpewms Cko- | Hdmu- | [lnu- | dnuna Tpe- |Tpe- |Tpe- |Ilpuse-
pu |Bap |Has YCKOpPEHUH poctu ‘Ha |Ha |TpyOompo |OoBa- OoBa- |OoBa- |JeHHas
aHT |MaH |Harpy3-  mnepemelneHus | pabo- |xonma |pabo Boja,M |HHE |HHS |HHE | Macca,Kr

TOB |Ka pHUBOJIA gero | Lu, M "ero 1o o o ms

pab H xoJa, XoJa K.II. |mac- |cTo-

oun ¢ Vo, Ly, Halt | Clt bl cora- | UIMoc-

X KH, ty, C ty, ¢ |M/MHH. M ln, m|lc, m Oaput TH

UK |H-M HBIM

JIOB HoKa-

3are-
JsIM

1 1,2 /400500 50 |4035/0810 05 [0,25|25 30| 6/0 | min | min | 400,200
2 | 34 500600 40 40401010/ 0,3 {0,245 4,0 |3,0| max | min | min | 300,300
3 | 5,6 100,500{4,04,5/4,041/0809 03 | 0,1 | 55|55 | max | 6/0o | 6/0 | 200,200
4 78| 60600 5040/4035/0610 04 03 |40 45 6/0 | min | min | 500,400
5 19,10 400,600|6,050/5535/1,109| 06 | 0,3 | 40 | 40 | max | min | 6/0 | 250,300
6 | 2,3 600,240, 40 |5142 060,7| 04 | 0,2 3,0 | 50| max | min | min | 350,300
7 |45 /450,100 3,0 |354,1/0,706| 05 | 0,2 50 |60 | max | 6/0 | 6/0 | 450,500
8 | 6,7 500,90 |5,153/40350510/| 0,7 | 04 65|30 | max | 6/0 | min | 500,500
9 | 8,5 450,500(454,1/3840 /1009 04 |01 25 |50| 6/0 | min | 6/0 | 550,400
10 | 1,3 | 500,400 4,44,0/4,038/051,0 045 0,2 | 55| 3,0 max | min | min | 450,200
11 | 2,4 | 400,400 - 5051/0609 06 [025| 40 4,0 | 6/0 | min | min | 400,300
12 | 5,7 | 90,120 |5,545/455,1/0,70,8| 0,7 | 0,2 | 6,0 4,04 max | 6/0 | 6/0 | 300,300
13 | 6,8 | 500,500 6,85,8|/5051/0909 0,3 /0,15 55| 4,0 max | 6/0 | min | 360,400
14 | 5,2 /600,280 53 |484,7/0910 04 | 03 | 35 (505 max | min | 6/0 | 450,250
15 /10,4 550,430 55 |4,041/1007 06 | 02 | 25|50 max | min | 6/0 | 550,250
16 | 2,5 /400,200 3,0 |5535/0510 05 02 35|45 6/ | mn | 6/0 | 500500
17 | 3,6 | 500,350 5,04,8/4,035/0908 04 | 02 | 65|55 max | min | min | 260,250
18 | 4,7 1 450,120 4,0 |5030/0806 05 /0,25| 6,0 | 3,0 max | 6/0 | min | 300,300
19 | 5,8 | 90,450 (3,04,8/3,23,3/0,60,7| 0,3 | 0,1 | 3,0 6,0 | max | 6/0 | 6/0 | 400,300
20 | 6,5 580,480 |5,06,04,050/080,6|/0,35|0,15| 40 6,0 | max | min | 6/0 | 500,300
21 /7,10 100,6009,255/4,143/1,008| 06 | 0,3 | 50 50| 6/0 | min | 6/0 | 550,250
22 | 8,2 480,550 53 /4,048/060,7| 0,7 | 0,4 | 40 4,0 | max | min | min | 350,500
23 | 9,3 /400,600 4,050/4544/0,709| 0,6 [0,25| 20 2,0 | max | 6/0o | ©6/0 | 400,500
24 /10,8 450,680 5,855/5045/1,009| 04 | 0,3 |10 13| 6/0 | min | 6/0 | 400,400
25 5,10 600,90 [5951/4,04,2/ 0508 0,7 | 0,2 | 45 4,0 | max | min | ©6/0o | 560,250
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