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BBeaeHue

CoBpeMeHHbIi  YpoBEHb OGLLECTBEHHOTO MPOM3BOACTBA M €ro
JanbHelllee pasBUTME HEPA3PbLIBHO CBSA3aHbl C MHTEHCUbUKaUMeN pabo-
YMX MpPOLIECCOB MALUMH WM arperaTtoB, BHEAPEHWEM aBTOMAaTWU3MPOBAHHbIX
KOMMJIEKCOB TEXHONIOrMYeckoro obopyAoBaHUS CO MHOMMMM  WUCMOSHWU-
TENMbHBIMU [BMXEHUAMU. B 3TUX YCNOBMAX BO3HWMKAET HEOBXOAMMOCTb
CO3[aHNS HOBbIX W COBEPLUEHCTBOBAHUS AEWCTBYIOWMX aBTOMAaTUM3UPO-
BaHHbIX MPVMBOAOB, OTBEYAIOWMX BCE BO3paCTalOWMM TpeboBaHWUAM Mo-
BbILUEHUS ObLICTPOAENCTBUS, TOYHOCTM, HAAEXKHOCTU WM SKOHOMMYHOCTM
TEXHUKM.

OOHUM 13 NepCreKTUBHBLIX HaMNpaBieHWit peLieHns 3a1aun SBs-
€TCsl HacblleHne TEeXHOMOrM4eckoro o6opyaoBaHWUsl CMCTEMaMU FUMAPO-
npuBoaa W rMapPONHEBMOABTOMATMKM. TaK, MPUMEHEHWe rMaponpuBO/0B
B MeTasnnoobpabaTbiBatolieM 060py0BaHNM MO3BOSISIET YNPOCTUTH KUHE-
MaTUKy CTaHKOB, Y/y4lWTb MaccorabapuUTHbIE XapaKTepUCTUKW, MOBbI-
CUTb YPOBEHb aBTOMATU3aLMM MCMOMHUTENBHBIX MEXaHWM3MOB, YNyULLNUTbL
UX AMHAMUYECKOE KauecTBo.

LLinpokoe mcnonb3oBaHue rmaponpueoaa 0byC/oBIEHO ero cy-
LLEECTBEHHBbIMU MPEUMYLLIECTBAMN B CPaBHEHUWU C APYrMMM TUMaMu NpuBO-
JIOB U, Npex/e BCEro, BO3MOXXHOCTbIO MONyUYeHUs: 60NbLUMX YCUIUM, Kpy-
TALWMX MOMEHTOB UM MOLLHOCTENM NPU OrpPaHUYEHHBIX rabaputax ruapoaBu-
ratenen. [pyrue npeumyliecTsa ruapornpueofa - Npocrtota npeobpaso-
BaHMUS1 U Nepeaayn sHePrum, BbICOKME yaenbHast HanpsiXeHHOCTb CUITOBO-
ro noTtoka U AVMHAMUYECKUE XaPaKTEPUCTUKU B MEPEXOAHLIX PEXMMAX,
6eccTyneHyaToe perynMpoBaHMe CKOPOCTM ABWXKEHWUS, aBTOMaTuyeckasi
3aluMTa OT Meperpy3ok, BblCOKAasl XECTKOCTb KMHEMATUUECKUX WU Harpy-
304HbIX XapaKTEPUCTUK, MoXapobe3onacHOCTb - Hanbonee MosHO OTBe-
YalT TEHAEHLUMSIM PasBUTUSI TEXHUKM W CNOCOBCTBYIOT MOBbILLEHUIO €e
addekTUBHOCTY.

KOMMaKTHbIe 3HEProeMKUe rmapoABUraTeNn NIEerko BCTPanBatoTCs
B pa3/IMYHbIE WUCTONHUTENbHBLIE MEXaHW3Mbl, COEAMHSIOTC TPy60mnpoBo-
[laMy C ruapoannapaTaMn U HAaCOCHOW YCTaHOBKOM, UMEIOLLEN OauH UK
HECKOJIbKO HaCOCOB. ITO OTKPbIBAET LUMPOKNE BO3MOXHOCTU ANS aBTOMa-
TU3aLMKU, KOHTPONS WU ONTMMM3ALMKM paboumx MPOLIECCOB, MPUMEHEHWUS
MPOrpamMMHbIX, aAanTUBHbBIX U MEXATPOHHBIX CUCTEM YyrNpaBneHns. Komno-
HOBKa rMApPOMNPMBO/IOB NIErkO MOAJAETCA MOAEPHU3ALMWU, COCTOUT rnaB-
HbIM 06pa3OM W3 CTaHAAPTHbIX, YHUMULMPOBAHHBLIX MApPOaNnapaTos,
CEPUIHO BbIMYCKAEMbIX OTEUECTBEHHLIMU U 3apyBeXHbIMUA MPOU3BOAUTE-
NISIMU 10 €IMHOMY MeX/lyHapoAHoMy knaccudmkaTopy [5,14].



MmaponpyBoabl MMEKOT M HEQOCTAaTKW, KOTOPbIE OrpaHUYMBAIOT UX
BO3MOXHOCTU B peasibHbIX NpoeKkTax. ITO NoTepn Ha TPeHWEe N YTeYKu, B
MOABMXKHBIX COMPSXKEHUSX, MAPOABUraTeNell 1 annapaToB, YTO Bbl3biBa-
€T HarpeB pabouell XnaKocTh 1 cHukaeT KM rmaponpusoaa. BHyTpeH-
HME YTEUKM Yepe3 3a30pbl MOABVXXHBIX COMPSHKEHWI rmapoannapaToB B
JONYyCTUMBIX npeaenax rosie3Hbl, MOCKOSbKY Y/TydLarT YC/I0BUS CMasku
M TEennooTBo4 M3 rmaponpveofa. HapyXHble yTeuku npuBoasT K MOBbl-
LIEHHOMY pacxofly Macna, 3arpsi3HeHuIo rmapocucTeMbl U paboyero mMecTa
W, KaK CNeACTBME, K HapylueHuto TpeboBaHWii 3KoMorMyHocTu. Heobxo-
AMMOCTb MpUMEHeHUsI UILTPOB TOHKOM OUUCTKM Ans obecrieyeHns Tpe-
6yeMoil HaaeXHOCTU rMApPONpPUBOLAOB MOBLILAET CTOMMOCTb MOCTEAHUX U
YCNOXHSIET TexHudeckoe obcnyxusaHue. PaboTocnocobHOCTb rmapocuc-
TEM pe3KO CHWXaEeTCH Npv noragaHvy BO34yxa W BOAbl B MUHepasibHOe
Macno. ViamMeHeHue BA3KOCTW Macna Mnpu ero Harpese NpuvBOAUT K U3Me-
HEHWIO CKOPOCTU ABWXXEHUSI TMAPOABUraTeNen.

B 3TWX YyCNOBUSIX BaXKHOE 3HAUEHWE NpUOBPETaOT METo/b Nouc-
Ka, pacyeTa M MpOEKTUPOBAHWUS PaLMOHA/IbHLIX CXEMOTEXHUUECKMX pe-
LUEHWI rMApPONPUBOAOB, OCHOBAHHbBIE HA 3HAHMSX CBOMCTB U TEXHUYECKMUX
XapaKTEPUCTUK XXUAKOCTEN W Fa3oB, 3aKOHOB MX MOBEAEHMS B rMAPOCUC-
TemMax, eMKOCTX W pe3sepByapax. [MOHMMaHuWe (U3NYECKON CYLIHOCTU
rMApOMEXaHNYECKMX NPOLIECCOB, FPAaMOTHOE UX MOJENMPOBaHUE B MHXKe-
HEpHbIX 3aZla4ax No3BOJISAIOT CO3AaBaTb BbICOKO3(MdEKTUBHbLIE MEXAHN3MBbI
¥ MalLUMHBI HA OCHOBE TEXHWYECKMX CPEACTB MMAponpvBoaa M rmapoaBTo-
MaTMKM NpU MUHMMASbHBIX 3aTpaTax BpeMeHu u cpeacts. O606LleHHble
noaxofbl K W3YyYEHUIO AUCUMNIMH «[MAponpuMBOA W rMAapaBiMyeckue
CpeacTBa aBTOMaTUKW», «[HEBMaTUUECKMe CpPeacTBa aBTOMATMKK®», aHa-
N3y N CUHTE3Y CXEMOTEXHUUYECKMX PELLEHMIA rMapONHEBMONpUBoaa no-
3BONIAIOT MCMOJb30BaTh MOJyUYEHHbIE 3HAHUSA MpW paspaboTke rmapodu-
LIMPOBAHHbIX TEXHONIOMMYECKMX MAlUMH (CTAHOYHbIE CUCTEMbI, KY3HEUHO-
NpeccoBoe, NMTEMHOE W CBapouHOe 000pyAoBaHWe, TeEXHONornyeckas
OCHACTKa, MpPOMbILLNIEHHbIE poBOThI, MULLiEBOe obopyaoBaHWe M Ap.), a
TaKKE MOGUNIbHOW TEXHWKW, B YaCTHOCTW, CEMbCKOXO3ANCTBEHHBIX W
TPAHCMNOPTHbIX MaLLMH.



. 1. LESIN U 3AAAYN ANCLINTJINHDI.
EE MECTO B MH)XXEHEPHOU NOAIrOTOBKE

Llenb uayyeHus OUCUMMIMHBI - MOAFOTOBKAa CreLManucToB ans
NpPOM3BOACTBEHHOMN, KOHCTPYKTOPCKOW U UCC/IEA0BATENbCKON AeATENBHOC-
™M B 06M1acTM aBTOMATU3aUMM TEXHOMOMMUECKMX MPOLECCOB M MaLlWH
CpeacTBaMM rmMaponpueofa M rMAPONHEBMOABTOMATUKW. [ucumnivMHa
HanpaB/ieHa Ha pa3BUTWE HaBLIKOB aHa/M3a M CMHTE3a CXEMOTEXHWUYE-
CKMX pELLUEHUIA, pacyeTa U MPOEKTUPOBaHWUS MMAPABANYECKMX U MHEBMaA-
TUYECKMX MPUBOAOB WCMOSHUTENBHBIX MEXaHWU3MOB TEXHOMOMMYECKMX
MalmMH. O6bEKTaMU M3YYeHUsi SBNSOTCA TMApaB/IMYECKME YCTPOIACTBa,
CUCTEMBbI TMAPOMNPUBOAA M TMAPONHEBMOABTOMATUKM, MPUMEHSIEMbIE B
TEXHOJOMMYECKOM 060pYA0BaHUM, TPAHCMOPTUPYIOLWMX U OPUEHTUPYIO-
LMX YCTPOWCTBaX, OCHAcTKe, poboTax U MaHunynsTopax. M3yyeHue auc-
LMM/MHBI NpeanonaraeT:

0BJ1afJEHNE 3HAHUSMU:

- OCHOBHbIX 3aKOHOB MOBEAEHUS XWAKOCTEN W rasoB B TEXHUYE-
CKMX CUCTEMAX U UX NMPUMEHEHNS B PELLEHUN MHXKEHEPHBIX 3a4aY;

- MPUHLMMOB AENCTBUS U OCHOB (YHKLIMOHMPOBAHMS PasMUHbIX
YCTPOWCTB rMAPONPMBOAOB 1 MMAPONHEBMOABTOMATUKM;

- OCHOB CXEMOTEXHMYECKOro NMoucKa, pacdeTa 1 NpoeKTUpPOBaHUS
NPMBOAOB M CUCTEM M'MAPOABTOMATUKMK;

-TEHAEHUMIA pa3BUTUS rMAPOMULIMPOBAHHON TEXHUKU, COBPEMEH-
HbIX METOZOB CO3AaHUS MEPCMEKTMBHBIX PeLLeHWi i B 06/1acT NpUBOAOB U
cucTeM;

0BJ1afIEHNE YMEHUSMM.

- peluatb NpuUKMagHble 3a4aun UHXEHEPHOW rMApaBIvMKKA B TeX-
HUYECKUX MPOEKTaX;

- MO0 3aaHHbIM TEXHUYECKUM TpeboBaHWsIM M pe3y/bTaTaM pac-
yeTa BblGUPaTh 3NIEMEHTHYIO 633y rMAPONPUBOAA U CUCTEM MMAPOaBTOMa-
TUKY;

- yuTaTb, aHaIM3MPOBATb M COCTaBNIATb CXEMbI MMAPABAMYECKUX
CWUNOBBIX M YNPABNSIOLLMX CUCTEM;

- OnpenensTb U COrNacoBbiBaTb OCHOBHbLIE XapaKTEPUCTUKK 3ne-
MEHTOB MPUBOZA ANA 06ecrneyeHnsl paLMoHabHbIX PEXUMOB PaboThbl UC-
NOJIHUTESbHBIX MEXAHWU3MOB.

OCHOBbI  AMCUMMNMHBI  6a3MPYIOTC HA 3HAHMSX ECTECTBEHHO-
HaY4YHbIX M 06LIENPODECCHOHANBHBIX ANCLUMMIMH: «Bbicluass MaTeMaTtu-
Ka», «dusnka», «Teopuss MEXaHU3MOB M MallWH», «TeopeTuyeckass Me-
XaHuKa», «OCHOBbI KOHCTPYWPOBaHWUS MalluMH», «MoaennpoBaHne TEXHM-
YECKMX CUCTEM>, «YTpaBNeHNE TEXHUYECKUMU CUCTEMAMM».



Mony4YeHHble 3HaHUSI UCMOSb3YIOTCS B KYPCOBOM, @ B AasibHen-
WeM U OUMNJIOMHOM MPOEKTUPOBaHUM Mpu pa3paboTke rmapaBMyecKknx
NMPUBOAOB U CUCTEM OCHOBHOIO WM BCMOMOraTeSIbHOr0 TEXHOSI0MMYECKOro
obopynoBaHus, yrnybnsaloTcs npu M3ydeHWu crneumanbHbiX AUCUMMNIIUH
MHXXEHEPHOM MOAFOTOBKM MO OCHOBHOW creuuanbHocT 150802 «Mmapo-
MalUWHbI, TMAPONpMBOALI M MMAPOMHEBMOABTOMATMKA» U APYrMX MHXXe-
HEPHbIX crneumanbHOCTEN.

2. PEKOMEHOALMU K U3YHEHUIO ANCLNIJINHDBI

CTpYKTYPHO-NTIOTMYECKYIO CXEMY [AUCLMMIIMHBI  0BpasyloT Tpu
pasgena: rMapaenuka, rmaponpuBoA U rMaponHeBMoaBToMaThKa. UX n3y-
YeHue B yKa3aHHOWM MocneaoBaTe/lbHOCTU MO3BONUT ChOPMUPOBAThL 3Ha-
HUS, YMEHUSI U HaBbIKM M MPUMEHSATb UX MNPU aHaNM3e WU CUHTE3E Tex-
HUYECKUX PELLEHWUI B rnapOGULIMPOBAHHON TEXHUKE.

2.1. 'mapaBnuka

B 3TOM pasgene paccMaTpvBalOTCSl OCHOBHBIE MOSIOXEHUS TEXHU-
YeCcKoN MexaHVKV XWUAKOCTU M ra30B, ONUCbIBaEMble TPeMs 6110KaMK TeM:
rMApPOCTaTUKa, MMAPOKMHEMATMKA W rMAPOAMHaMUKA XMAKOCTM W rasa
[4,6].

ImgpocTatnka paccMaTpuBAEeT OCHOBHbIE 3aKOHOMEPHOCTM Mo-
BEEeHUS XXMAKOCTM W ras3oB B YCNOBUSIX paBHoBecust (abConoTHOro mnu
OTHOCMTENBHOrO MOKOS) Ha ocHoBe AnddepeHUManbHbIX ypaBHeHWUI J1.
dinepa. MHTerpupoBaHue yYpaBHEHUI NPUBOAUT K OCHOBHOMY YPaBHEHUIO
rMAPOCTATUKK, MO3BONSIOWEMY onpeaensaTb abconoTHoe ruapocraTuye-
CKOe AaBJieHune B NtoHOol TOUKE BblAENIEHHOrO 06beMa XUAKOCTU, @ TakxKe
CWNbl, AENCTBYIOLIME Ha MOCKME UM KPUBOSIMHENHbIE MOBEPXHOCTU. ITU
3HaHWsI NPEACTaBNSAT OCHOBY pacyeTa eMKOCTel U pe3epByapoB, LUMPO-
KO MPUMEHSIEMbIX B MHXXEHEPHOW NPaKTUKE.

BaxkHbIM 34eCb SBNSIETCA MOHMMaHWe 3akoHa [lackans, onpene-
NALWero NpuHUMNG Npeobpa3oBaHns CWibl, CKOPOCTM, MepeMelLeHuns
MocpeacTBOM paboueit nakocTu B 06beMHOM ruaponpueoge [1, 6, 24].

TuapoknHemMaTnka n3ydaeT 3aKOHOMEPHOCTU MOBEAEHUst MOTO-
KOB >XMAKOCTM U raza 6e3 aHanuza cwui, BbI3bIBAKOWMX WX [BUXKEHUE,
npeanaraeT pacyeTHble 3aBUCUMOCTWU NS onpeaenieHvs Havbonee Bax-
HbIX XapaKTEPUCTMK MOTOKA: XXMBOE CEYEHWE, CMAYMBAEMbIN MEPUMETP,
TMApPaBIMYECKWiA paauyC, pacxoA M CKOPOCTb MOTOKA, YC/IOBME Hepas-
PbIBHOCT noToka. PaccmatpvBas oblupe CBOMCTBA MOTOKA XWMAKOCTU,



HeobxoaAMMO 06paTUTb BHMMaHWE Ha noaxoAdbl JlarpaHxa v dinepa K
N3YYEHUIO ABMXKEHUS XXUOKOCTH.

PaccMaTpuBas pexuMbl ABUXEHUS XXMAKOCTWU, Heobxoanmo 06-
paTUTb BHUMaHWE Ha U3MYECKUI CMbICT Yncna PeliHonbaca npu namu-
HapHOM 1 TypbyneHTHOM ABMXEHMU NOTOKaA.

B paspene «lugpoanHamuKka» KIOYEBLIM SBMSIETCA YpaBHEHUE
[. bepHynnu Ans onpeaeneHusl Harnopa OJHOMEPHOro MOTOKa paboueit
cpefibl. MoHWMaHMe reoMeTPUUECKON U 3HEPreTUUECKOM CYLLIHOCTM Tpex
€ro cocraBnstowmnx (CKOPOCTHOrO, rEOMETPUYECKOro U Mbe30METPUYECKo-
ro Hamnopa) NO3BONSIET PacCYMTbIBATL AaBeHWe Ha /loboM yyacTke noTo-
ka. Cnyyail CTaUMOHAPHOrO ABWXXEHUS XMAKOCTU NPUBOANT K (pyHaAMEH-
TanbHOMY YpaBHEHWIO rMAPOAMHAMMUKN peanbHOro notoka. OHO No3Bons-
€T PacCUUTLIBATh XapaKTEPUCTUKM MOTOKA peasibHOMN XUAKOCTU MpU UCTE-
YEHUN Yepe3 OTBEPCTUSI M HACaAKM U NPU U3BECTHOWN MIIOLLAAN «XKXUBOTo»
CEYEHMS1 MOTOKA — PacXoj, BbITEKAIOLLEN XUAKOCTU. YpaBHeHue [. bep-
HYNIM MPUMEHSIETCA NPU PELLUEHNN MHOMMX MpPaKTUYECKUX 3agay, Hanpu-
Mep, NpW pacyeTe MPOTOYHONM YacTu ruapoannapaToB. MosToMy cneayet
XOpOLLO pa3obpaTbCs U 3aNOMHUTb OCHOBHbIE YPaBHEHWS 3TOr0 pasfena,
NO3BOMISIOWLME PACCUUTLIBATL CTaTUYECKME PacXOAHO-PEryMpOBOYHbIE
XQPaKTEPUCTUKM M'MAPABINYECKUX YCTPOMICTB.

M3 ypaBHeHMS rMAPOAWMHAMWKWM peanbHOro MoTOKa XXMAKOCTU
CKMaablBAOTCS OCHOBHbIE MPEACTABNEHUS O MMAPABAMYECKMX COMpOTUB-
NEHNAX (IMHENHBLIX U MECTHbIX), Pac4eT KOTOPbIX BbIMNOJHAETCS NO YpaB-
HeHuio Belcbaxa-[apcu. BaxxHbIM AN 3TOro pasaena siBAseTcs paccMoT-
peHWe MAPABINYECKOrO yaapa, YCIOBUA U NOCNEACTBUIA €ro BO3HWUKHO-
BEHUS.

B 3aknounTensHOM TeMe pas3aena paccMaTpuBaloTCst OCHOBBI
pacyeTa MpoCTbiX U PasBETBMEHHbIX MApOMarucTpanei, NoTpebHoro Ha-
ropa, HAacoCHOW NMoziaun 1 paboyei Touku ruapocuctemsl [4,6,13].

2.2. 'mgponpusoa

Pasgen nocesiweH 06beEMHOMY rMapaBnMyeckoMy npusoay, npea-
CTaB/ISIIOLLEMY COBOKYMHOCTb TEXHUYECKUX YCTPOWCTB, CBSI3aHHbLIX MeXay
coboii NOCpeacTBOM XUAKOCTU MK rasa (MHEBMOMPUBOA) ANS BbIMOJHE-
HUSI Pa3fIMYHBIX UCMOSTHUTENBHBIX ABUXXEHUA MEXaHWM3MOB M MaLUuH. Mpu
M3yyeHnn 3TOro pasgena HeobxoaMMo BbIAENWTbL AOCTOMHCTBA U Heaoc-
TaTKW TMAPOMNPUBOAOB, YCTPOMCTBO M MPUHUMN AENCTBUS MCTOYHMKOB
MUTaHWA, MMAapoaBUraTeneil, perynupyioweid, HanpaBnsiowein 1 BCNoMo-
ratenbHolM annapatypsbl [1,4,14,24]. Ocoboe BHMMaHWe cneayeT 0b6paTuTb
Ha Crocobbl perymMpoBaHUs CKOPOCTU NpuBoAa (APOCCENbHbI U 06bEM-
HbI), MX CPaBHUTENbHbIN aHanM3, NpUeMbl CTabunnMsaumm CKOpPOCTU Mpu



MEepeMEHHON Harpyske, a TakXe Crnocobbl CUHXPOHWU3ALMM ABMKEHUS
rpynnoBoro rmaponpueoaa, paboTatowero oT oAHOro Hacoca. Mpu nsyde-
HUAW YNpaBAsOWMX YCTPOMCTB BaXHO MOHATb MPUHLMMBI NOCTPOEHMS
rMMAPaBIMYECKUX M MHEBMATUYECKMX YCUSIUTENEH MOLUHOCTM Ha OCHOBE
30/10THWUKA, CTPYMHON TPY6KM, COMSIO-3aC/IOHKU, U3YuuTb WX OCHOBHbIE
XapakTepuctnkm (koadpduumeHT ycuneHmns pobpoTtHocTtb) [12, 17]. Oc-
HOBHbIM BOMPOCOM 3eCb SIBMSIETCS BA3b MEXAY PacxXxOAoM, AaBfeHUeM
XMAKoCTH, HOpMOI, NapaMeTpamMu MPOTOYMHONM YacTM paboumx OKOH pas-
JIMYHBIX YrpaBnstowmx ycrtpoicts [23,31]. Mx MHoroobpasue, pasnnyHble
cnocobbl yrnpaBneHns peanusyroTcs B NPOrpaMMHOM, crefsileM U Lwaro-
BOM IMApPONpUBOAAX, KaXKabli M3 KOTOPbIX MMEET CBOM OCOBEHHOCTU, BO
MHOrOM onpegenstolme Bolbop Tvna u CTpaTernio NPOeKTUPoOBaHNS Npu-
Boda [2,18]. YuuTbiBasi LWMPOKOE MPUMEHEHWE B aBTOMAaTU3UPOBAHHOM
TeXHoNornyeckomM obopyoBaHuM cneasilero npusoaa, Heobxoanmo unsy-
YUTb YCTPOWCTBO, TUMOBbLIE MPUMEPbI FMAPABMYECKMX CeasLMX NPUBO-
[OB C MexaHW4YeCKNMK, 3MeKTpUYecKUMn, rmapasamyeckumm obpaTHbIMK
ceasamu [3, 13, 23].

2.3. 'mgponHeBMOaBTOMAaTUKa

MmaponHeBmoasToMaTuka (IMA) paccmaTpmBaeT 3akoHbl cbopa 1
nepepaboTkm MHbopMaLmMM, hOPMUPYEMOI NOTOKAMU XUAKOCTU WK ra3a
ONs ynpasneHusl ruaponHeBMoCcMcTeMaMm No 3a4aHHOMY 3aKOHY, nNpeana-
raeTt cnocobbl N TEXHUYECKME CpeacTBa aBTOMAaTM3auMn NpoLeccoB U Ma-
WnH [6].

Cucrembl IMIA LWMPOKO NPUMEHSIOTCA KaK 1S pelleHnst CUoBbIX
3afa4 (QBTOMATU3UPOBAHHBIA T'MAPONMHEBMONPUBOA), TaK U NSt BbINOS-
HeHMs DYHKLUMIN yrnpaBieHUs TEXHONIONMYECKMMIN MPOLIECCAaMM, Nornde-
CKUX W BbIUMCIUTENBHBLIX OMepaLMii B CUCTEMax ynpaBneHus. Pasgen
"TMHeBMaTUYeCcKUe NpMBO/bI", ONUCHIBAIOLLMIA CUIOBbIE NMPUBOABI, HE pac-
CMaTpMBaETCs OTAENbHO, TaK KaK ero OCHOBbl 6a3npytoTcs Ha 3HaHUSX
pa3gena "Twapasnuyeckne npusogsl”. Mo3atomy npu npopaboTke 3TOro
MaTepuana peKkoMeHAYeTCs OonMpaTbCa Ha obLune NofoXeHns oboux pas-
[O€enoB, aKUEeHTUPYS BHMMaHWe Ha 0COBEHHOCTSX MPUMEHEHUs rasa B Ka-
yectBe paboueli cpeabl. VX MOHWMaHME OCHOBLIBAETCS Ha hyHAAMEH-
TaNbHbIX YpaBHEHMSIX MOBEAeHUS rasa MeHpeneesa-KnaninepoHa, BaH-
fep-Baanbca, Aionpe-Abens.

M3yyeHne nNpuHUMNOB MNOCTPOEHUS KNanaHHbIX, MEeMOpaHHbIX,
CTPYyMHbIX 3nemMeHTOB [TIA, aHanu3 uX TUMOBbLIX YCTPOWCTB MO3BOAWIN
NnepenTh K pacCMOTPEHUIO YHUMDULIMPOBAHHBLIX CUCTEM 3NIEMEHTOB MMapPO-
nHesMmoasToMaTukn: MEPPA, CIIPA, YCIIMA, Bonra v ap., BO3MOXHOCTH
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BbIMNOJIHEHUS HA UX 3MIEMEHTHOM 6a3e DYHKUMIA yNpaBnieHus], TOrM4eckmnx
N BbIYMCIIMTENbHBIX ONepauuii B OAHO- M MHOFOTAKTHbIX pPeneiHbIX cxe-
Max ynpasneHus [6, 16, 26].

MNepcnekTuBHLIM HanpasneHueM passutua [TIA aBngeTca cosaa-
HMe Ha ee 3N1eMeHTHOW 6a3e M3MepUTENBbHON TEXHUKM. ITO NOATBEPXKAA-
erca  MHoroobpasveMm npubopoB, KOHTPOSIbHO-U3MEPUTETESNbHbIX YCT-
POWCTB, MOCTPOEHHbIX Ha Pas/IMYHbIX FMAPOra3oAMHaMMUecKknx addexTax
ANS U3MEPEHWs! JIMHENHLIX Pa3MepoB, TeMnepaTypbl, PpacXoAoB, AaBre-
HW1, CKOpoCTW U Ap. [6]. OCHOBHbIE U3 HUX AOMKHbI BbITb PAaCCMOTpPEHDI
Npu U3yyeHun 3Toro pasaena.

Mpy n3yyeHnn AMCUMNAMHBI HEOBXOAUMO BbIAENUTb CNOXHbIE B
MOHWUMaHUM BOMPOCbI U MOSYYUTb COOTBETCTBYIOLME KOHCYMbTaLMM Ha
kadeape. B Lensx caMonpoBepKN YCBOEHUSI MaTepuana nosie3Ho peLmTb
TUMNOBbIE 3ajayW, MpeanaraeMble MPOrpaMMoK, MpPOWTU KOMMbOTEPHOE
TECTUPOBAHWE B BbIYUCIIUTENBHOM Kilacce Kadeapel.

3aKMoumnTeNIbHbIM 3TarNoOM U3y4YeHUs NEKUMOHHOMO Kypca siBNs-
eTca cucTeMatusaumsi, 0606LeHne 1 3aKkpensieHne MoJyYeHHbIX 3HaHMIA
BbINOSIHEHWEM NabopaToOpHOro MpakTUKyMa, KYpCOBOrO MPOEKTUPOBaHMUS
W UTOroBasl aTTecTauus B BUAE 3K3aMeHa.

3. IABOPATOPHbIA MPAKTUKYM MO ANCLUNNVHE

M3yuyeHne TeopeTMUeckoro Kypca ConpoBOXAaeTCs BbINOIHEHNEM
nabopaTopHbIX paboT. N Kaxxaoi nabopaTopHo paboThkl NpeasaraoTcs
MeTOAMYECKNE YKA3aHUs, B KOTOPbIX yKasaHbl Lenb, 3adadu, AaHbl OC-
HOBHble TEOPETUYECKME MOSIOXKEHUS, OMMCAHWE NabopaToOpHON YCTaHOB-
KW, MeToavka nposedeHuns paboTtbl M odopmneHns otyeta. lNpu nogro-
TOBKE, BbINOAHEHWM nabopaTopHbix paboT, 3aluMTe OTYETOB cneayet
yOenuTb BHWMaHWE CYLLHOCTU MpOTEeKalLWmX MpoLEeccoB, PYKOBOACTBO-
BaTbCS METOANYECKMMM YKA3aHMSIMU U PEKOMEHAOBAHHOW NTUTEPATYPOM.

KOHKpeTHble LM@pOBble 3HAYEHUSI UCXOOHbIX AaHHbLIX A5 Bbl-
MosfHeHNs paboTbl AAET PYKOBOAUTENb 3aHATUA. Mpu 06paboTke pesysb-
TATOB 3KCMEPUMEHTA pPasMEPHOCTM (U3NYECKMX BEIMYMH NPUBOASITCS B
cucreme CH.

CopepxaHMe OT4yeTa O BbIMONIHEHHOM flabopaTopHoi paboTe
BK/IIOYAET Creflylolwme pasaensi:

1) Uenb v 3agaun pabor.

2) OcHOBHble TEOpeTUYECKME MOSIOXKEHUS U MOSICHEHUS CYLLHO-
CTW MUCCneayeMbIX NMPOLECCOB M 3aKOHOMEPHOCTEN MOBEAEHUS XUAKOCTEN
1 rasos.
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3) TexHuuyeckue cpeactea obecrneyeHus nNporpaMmbl UCCNeaoBa-
HUS1, OMNMCaHME 3KCMEPUMEHTANBHOr0 CTEHAA, U3MEPUTENbHBIX YCTPOMCTB.

4) MeTtoauKa NMpoBEAEHNS SKCMEPUMEHTA, 3/IEMEHThLI €ro MnfaHu-
pOBaHus, Tabnmua MCXOAHbIX AaHHBIX U Pe3y/bTaToB U3MEPEHUIA.

5) O6paboTka pe3ynbTaToB 3KCMNEPUMEHTA, pacyeTbl XapaKTepu-
CTUK MO aHaNIUTUYECKMM M 3MMMPUYECKUM (hOpMYiaM, NPeACTaBEHHbIX B
Tabnuue 2.

6) MNocTpoeHne rpacdmKoB UCCNEQYEMbIX 3aBUCMMOCTEN U aHaNNU3
nx BUAQ, ncxoas us puUsmMKn nccneayeMbix nNpoLeccoB.

7) ®opMynMpoBKa OCHOBHbIX BbIBOAOB, MOSICHAIOWMX CTeMNeHb
JIOCTVXKEHMS NMOCTABNEHHBIX LIENEN 1 3aaad.

8) OueHka Ka4yeCTBEHHOrO M KOMMYECTBEHHOIO COBMaAeHUs pe-
3yNbTaToOB UCCIeA0BaHMsl, PEKOMeHAALMN NSt MOBbLILEHNS TOYHOCTU 3KC-
neprMMeHTa, COBEPLLIEHCTBOBAHNS METOAMKN NPOBEAEHUSI paboTbl.

MpuMepHbIN NnepeueHb 1a60paTOpHbIX paboT:

1) OcHOBbI (hyHKLIMOHUPOBAHUS TUMOBLIX YCTPOMCTB rMaponpu-
BOZA@ W rMApOaBTOMaTUKM, MakKeETUPOBaHNE NPUHLIMMNANBHBIX CXEM MPO-
CTENLIMX MMPONpPUBOAOB.

2) MuTatoLme yCTaHOBKM rMaponpuBoaa.

3) PerynupytolLme yCTponcTBa rmaponpueoaa no AaBfeHuio.
KnanaHbl. CTaTuyeckne xapakTepucTuku.

4) YCTpoWiCTBa Ans YrnpaB/ieHUs pacxoAoM XUAKOCTU. Jpoccenu,
perynsitopbl U cTabunmsaTtopbl NoToka. CraTtnyeckne pacxogHo-
PEryMpoBOYHbIE XapaKTEPUCTUKM.

5) ApoccenbHbiii ruaponpueos. CpaBHUTENbHBIE UCMLITAHKS U
aHanM3 OCHOBHbIX CXEM.

6) CUHXPOHU3ALINA ABMXXEHUSI HECKOSTbKUX MMAPOIBUraTENEN.

7) MporpaMMHsbIin rMAPONpPUBOA.

8) dnekTpornapaBnIMYecKuiA LIAroBbIii NPUBO/.

9) M'MapaBnMYecKuii cneasaLmuii NpUBoA,.

10) M'vapaBAnyecKne yCUInTeNm MOLLHOCTY.

JTabopaTopHbI NPaKTUKYM BbIMOSHSAETCA B CrieLManu3npoBaHHOM
y4ebHO-UH)XEHEpPHON  nabopaTopun  «[pOMBILINEHHBIN  MMAPONPUBOA
W rMOpPOMHEBMOABTOMATMKa» Ha YHMUBEPCalbHbIX CTeHaax «®decro-
[VAaKTUK», OCHALLEHHbLIX COBPEMEHHOMN 3N1IEMEHTHON 63301 rMapoONpUBO-
[a W 3NeKTPOrMapoaBTOMaTUKN. YunTbiBasi MHOroobpasme 1 0cobeHHoCTH
(YHKUMOHNPOBAHMUSA TEXHUYECKUX CPEACTB rMaponpveoAa U rMapoaBTo-
MaTUKK (BCE YCTPOMCTBA, rMApPOMarncTpany CKpbITbl OT BU3YanbHOrO Ha-
6110AeHUSI MPOLIECCOB [IBUXKEHUSI MOTOKA M cpabaTbiBaHUS YCTPOWCTB),
N3yuyeHWe TUMOBbIX YCTPOWCTB, OCHOB MX (DYHKLMOHMPOBAHMUS OCYLLECTB-
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NSeTca Ha cneumansHoM cteHae «lpo3payHas Moaenb». OH YKOMMIEKTO-
BaH Npo3payHbIMM MOAENAMM TUMOBLIX MMAPOANNApPaToB, NOAK/IYAEMbIX
K KOMMaKTHOM HAaCOCHOW YCTaHOBKE rMipo6/IOKOM YNpaBneHns u BbicTpo-
Pa3bEeEMHbIMU LLIIAHraMMU.

CTeHAa Anst MaKeTMPOBaHUS! M UCCNeA0BaHMS BbIMOSIHEH ABYXCTO-
POHHMM, OOMyCKaeT OAHOBPEMEHHYIO paboTy AByx noarpynn u3 3,4-X
CTYLEHTOB.

C kaxaol paboyeil CTOPOHbI COAEPXKUT SHEPrOCUIIOBYIO YCTaHOB-
Ky, HabopHoe none AN COCTaB/IEHUSI CXEM, 3MIEKTPOHHYIO JIMHENKY C
3M1EMEHTAMUN YNpPaBASIOLLEN U U3MEPUTESNTLHON NEKTPOABTOMATUKM, KOM-
MNIEKC KOHTPOJSIbHO-U3MEPUTENbHBLIX AaTYMKOB U YCTPOMCTB NSt OpraHu-
3aUMM 3KCNepuMeHTa. vapoannapaTtbl YCTaHaBIMBAKOTCS Ha HabopHOM
rosie Ha MosneTax-CrnyTHUKax, COeanHSIIOTCA Mexay coboi 6bICTpopasbeM-
HbIMW LLTAHFaMMm.

Ba)kHbIM pa3aenoM oTyeTa SIBSIETCS aHanM3 pe3y/bTaToB U KOH-
KpeTHble BblBOAbl. 3allMTa OTYETOB MPOBOAUTCS MO MepPe BbINOSHEHUS
pabor.

Mpn NONOXUTENBHON OLEHKE BLIMOSIHEHHBLIX paboT CTyAEHT no-
nyyaeT kadepasnbHblid 3a4€T No 1abopaTopHOMY NMPAKTUKYMY.

4. METOAWYECKUE YKA3AHUA K KYPCOBOMY
MPOEKTUPOBAHUIO

KypcoBasi paboTa BbINONHSETCA AN 3aKPenSieHns 3HaHWi, pas-
BUTUSI CXEMHOMO MbILLNIEHUS, HABbIKOB MOMUCKA CXEMOTEXHUYECKUX peLle-
HWI, COCTaBNIEHUSI CXEM, BbIMOSIHEHUSI PACYETOB, OCHOBHbLIX 3TaNoB Npo-
EKTUPOBaHWS MMAPaBINYECKUX MPUBOAOB, Bbl6Opa pauUMOHaNbHONM 3ne-
MEHTHOW 6a3bl, aHanM3a Nosly4eHHOro PeLlEHNst MO OCHOBHBLIM KPUTEPUSIM
KauyecTBa ruaponpusoja.

3anaHue Ha KypcoByto paboTy npeanaraeT pa3paboTky CMI0BOro
rMAPONpUBOAA TexHOoMormyeckoro obopyaoBaHUs MO 33faHHbIM UCXOA-
HbIM JaHHbIM. TMAPONPUBOA BLINOMHAET ABUXEHME MoJayM CTaHka 6e3
yyactus onepatopa. AnroputMm ero paboTbl 3aKIafblBaeTCs LIMKIOrpam-
MO paboTbl, COCTaBNsieMOi Mocne aHanmM3a paboyero npouecca. Ans
pa3paboTkn NpuBOAA 3a4aEeTCA OAMH U3 AeCATU 06bekToB ruapodmKkaLmm
(cM. npunoxxeHue 1), NpuUBOASATCA 3aKOH [ABUMXXEHUS WCMONHWUTENbHOrO
MexaHu3Ma (paboumin UMKI) U TEXHUYECKUE TpeboBaHUS K MPOEKTY.

B npunoxeHnn A npeanaratoTcs UCXOAHbIE aHHbIe A5 pacyeTa
npuBoaa. Homep 3apaHuMa KypcoBol paboThl (MpoekTa) COOTBETCTBYET
[BYM NOCNeAHUM uncdpaM HoMepa 3a4eTHOM KHUWXKKK CTyaeHTa. B rpade
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"2" B npunoxeHun 1 ykasaH BapuaHT CXeMbl UCMOHUTENBHOMO MeXaHu3-
mMa (CM. npunoxenune 3), ANs KOTOpOro Ao/mkeH 6biTb paspaboTtaH aBTo-
MaTVU3MPOBaHHbIN MMAPONPUBOA,.

4.1. AHanu3 ob6bekTa rugpodukayum, 06ocHoBaHue Bbl6opa
ruaponpusoga

McnonHeHwe rmaponpueoaa BO MHOMOM OnpeaensieTcs cnyxeb-
HbIM Ha3HayeHneM TexHosornyeckoro obopyaosaHus. MNosToMy ero pas-
paboTKy cneayer HauMHaTb C KPaTKOro aHanu3a obbekTa ruapodukaumnm,
ero pabouyeit 30Hbl U COCTaBa MCMOSHUTESNbHBLIX ABMXKEHWIA, ANt YEro He-
06X0AMMO BbIAENWUTb B MPUIOXKEHUM 1 3aaHHbIN UCMONHUTENbHDIN Mexa-
H13M (MM). Ha 3ToM 3Tane onpeaensieTcs HanpasieHWe nomcka cxemo-
TEXHUYECKOro pelleHns npusofa, 060CHOBLIBAETCS MpPUMEHEeHue rmapo-
npueoaa, hopMUpPYIOTCS OCHOBHbIE TeXHWYeckne TpeboBaHus K MpoekTy
[16, 21, 29].

Mpy NPOCTOM N HAAEXHOM LIMK/IOBOM YMNpPaB/ieHUN C KOHTPOJIEM
no NyT! KOMaHAa Ha BbINOJIHEHME OYepeaHOro 3/IEMEeHTa UMKIa nocryna-
€T OT CPeACTB MyTeBOro KOHTPONSA NOC/NE BbINOMHEHUS NpeablayLero ne-
pexofa, HanpuMep, BO34ENCTBMEM NPOrpaMMHO BbICTaB/ISIEMOrO Ha Moa-
BWXXHOM Yact MM ynopa Ha oceBble MWUIOTbI, KOHEYHbIE BbLIKOYATENM
UM MNpUMEHeHVWeM JaTumkoB nepemelleHuns [15, 17]. Mpu KoHTpone
[OBWXEHVUA NO [aBfIEHUIO MNePeKsIioYeHne OCYLLECTBSETCS C MOMOLbIO
KOMaHA OT pefe AaBneHusi. ITOT cnocob YacTo npuMeHsieTcs npu pabote
Nno XecTkuMm yropaM. KOHTpOsib BO BpeMEeHW MpUMEHSETCA B Crlyyasx,
KOrga BpeMms BbIMOSIHEHUS 3/IEMEHTa UMKa peraMeHTUpyeTcs Texnpo-
ueccom 06paboTku, Hampumep, BbiAEPXKa Ha yrnope B KOHLUe paboyero
XO4a NHCTPYMEHTa.

Pe3ynbTaToM 3TOr0 3Tana paboTbl SBASETCS COCTAaBNEHUE HA OC-
HoBe pacyeTHol cxeMbl UM (MpunoxeHne A) NoayKOHCTPYKTUBHOM CXEMbI
C YKa3aHWeM 3/1eMEHTOB 3aJlaHUsl U KOHTpons pabouyero uumkna (ynopbl,
KOHEYHble BbIKNOYaTeNn, OceBble NuAoThl). Mpn 3TOM Ha CxeMe yKasbl-
BalOTCA OCHOBHble KMHEMaTU4ecKue, CUIIOBble, reOMETpPUYEcKne napa-
MEeTPbl UCMONHUTENBHOMO MeXaHu3Ma 1 ruapoasuratens [2, 3, 24].

4.2, CocraBnieHne LMKJIorpamMmol paboTtbl npusoga
an CoCTaBeHnN LUMUKNOrpaMmbl A0OMYCKaeTca npeHe6peraTb
BPEMEHEM pa3roHa f, PEeBEPCUPOBaHUS fpe;, TOPMOXEHUS f, paboyero

opraHa, a paccyuTbiBaTb BPEMEHA YCTAHOBOYHLIX M paboumx nepemellle-
HU
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tpn = gpn 1 g, :gﬂ’ Lso :9%’ (1)
on 60
rae 3 pn, Ly, — CKOPOCTb ¥ BennunHa pabouero xoaa; Fe.n,Lsn 9 6o,
L;.,. - COOTBETCTBEHHO CKOPOCTb M ANMNHBI X0Aa HbICTporo noagoaa
n 0TBOAA.

Torga BpeMEHHast UMKIorpaMMa BKJIHOYaeT /b  3/IEMEHTHI
YCTaHOBMBLUMXCS pexmMoB pabodvero umkna. B Tabn.l npeacraBneHb
NpUMep LMKIOrpaMMbl TUMOBOrO Paboyero LMK/A arperaTHoON ronoBKu
(Tabn.l1):

th+ 6, <<€ ¢y,

OnuTenbHOCTb anemMeHTa umkna «Cton» onpeaensieTcs BpeMeHeM
3arpy3ku CTaHka #3 W MpuHUMMaeTcs no Hopmatmeam (2-6 C), BpeMs 3a-
JepXkn (BblaepXKU Ha ynope) f,,=1-3 ¢ [2, 21], ocTanbHble 31eMeHTbI
paboyero uMkna onpeaensitor pacyeToMm.

Mo cocCTaBNSOWMM BPEMEHHON LMKIOrpaMMbl  onpeaensieTcst
Bpems unkna 7, (ana paccmatpusaemoro npumepa 7,=40 ¢):

TH:t 3+tp.n.+t 6.n.+t 6.0. (2)
Tabnuua 1
BpeMeHHaﬂ LMKnorpaMmma
E:I)IT;; DneMeHTbl umMKkna Bpems umkna 1 =40 c
1 «CTon» 3arpyska cTaHka [/
2 BbICTpbIV NoABOA //
3 Pa6ouast nogaya I
4 Bblaepxka Ha yrnope v
5 BbICTPbIN 0TBOA | | | | v
Bpems t (c) 10 20 30

Takum 06pa3oM, Bpemsi paboTbl rmaponpueoaa 7, B CpaBHEHUU
CO BpeMeHeM pabouyero LUuKa MallmHbl, HanpuMep, Ans MeTannoobpaba-
TbiBalOLWEro 060pya0BaHNS — LUTYYHbIM BpeMeHeM Ty, MO3BOJISIET onpe-
[ennTb BaXHble XapaKTepUCTUKU rMaponpusoda. 310 KoO3PhULMEHT uc-
nonb3oBaHua rugponpusoda Ky, ko3chdULMEHT UCMONbL30BaHUS MaKCu-
MasibHOro (HOMUHANLHOrO) AaBneHust K, M 4YacToTy BK/IIOYEHWsI rmapo-
npueoaa Z., 32 0AnH yac paboTbl cTaHka. BpemMeHHas uvknorpamMa no-
3BONSIET onpeaenutb pexuM paboTel rmaponpusoaa B oblieM pabovem
uMKkne MawuHbl [26]. Tak, ans metannoobpabaTtbiBatowero obopyaosa-
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HUA BPEMSA O6pa6OTKVI 3arotoBKM Ha3blBalOT LWTY4YHbIM BpPEMEHEM Ty,
onpeaenarwnM npon3BoanTeNbHOCTb CTaHKa II:

Hzg, wT/y. 3)

T
OnpenenuB Nno BPEMEHHOW LMKIOrpaMMe Bpemst paboThl rapo-
npusoaa 7, Npn u3BeCTHOM T, onpeaenstoT Ko3hhUUMEHT UCNOIb30-
BaHusl ruaponpueoaa Ko,,.

=2 )

B Hawem Cny4vae TmT > TH, TaK KakK OHO Y4YMTbIBAET E€LE N BPEMA
3arpy3ku, pa3rpy3ku, noarotoBUTENIbHO - 3aK/IOYUTENIbHOE, MO3TOMY
Kon<1 [14].

BTOprM NOKasaTeslieEM peXunMa pa6OTbI rmaponpmneoaa ABNASAETCA
K03q)q)VIL|,VIeHT Mncnonb30BaHMA HOMUHANIBHOIO AaBNneHUnsd Kp. ,U,J'Iﬂ ero on-
peaeneHna BblAe/ MM Ha BDEMEHHOVI LUUKnorpaMMe 3/1EMEHTDI pa6oqer0
LUMKna rngponpuBoaa, BbIMOJIHAEMbIE MPpU MaKcUMasibHOM Harpy3ke. ﬂ,ﬂﬂ
Halwlero npmMepa — 310 pa60qaﬂ noaava l‘pn N BblAEPXKa Ha ynope ty.
NcKkoMbliin KOBd)d)MLI,MeHT onpeaenaeTca BblpaXXeHneM.

t3+1,

P T

)i

©)

TpeTuii NokasaTesb, BAMSIIOLLMIA Ha OLIEHKY pexxvMa paboTbl rva-
ponpuBoAa — 3TO YacToTa BK/IOYEHUI rMAPONPUBOAA 3a OAVH Yac pabo-
Tbl MaLWWHBbI [14].

3600
z, =2 (6)
‘ T
10
Pexxum paboTbl onpefensietcs no tabn.2.
Tabnuua 2
Pexxumbl paboThbl rmaponpueoaa
KoapdbumumeHT KoadpdmuneHT nc- YacToTa BKt0- Pexxumbl
paboTbl rmaponpu- Nosib30BaHMS HOMK- YyeHus ruapo- paboTbl
BoAa HanbHOro AaBieHust npueoga
0.1..0.3 00 0.2 [o 100 Msrkui
0.4..0.5 0.4..0.5 100...200 CpeaHuit
0.9...1 6onee 0.7 400...800 Tshxenbli
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OueHka pexuma pa6OTbI rmaponpmneoaa BO MHOIMOM onpeaensaeT
CTpaTernto ero nNpoekTupoBaHnd, No TakMM BaXXHbIM KPUTEPUAM, KaK Ha-
AEXHOCTb U AO/NTOBEYHOCTb pa6OTbI.

4.3. PaspaboTka NnpMHUMNMaNbHONM CXeMbl rnaponpuseoaa

PaspaboTka npuBOZa WCMOMHUTENBHOIO ABWXEHUS 060pynoBa-
HUS HAUMHaeTcsa C BbIGopa BUaa NpuBoaa Mo TUMYy sHeproHocutens (Me-
XQHUYECKUN, 3NEKTPUUECKUIA, TUAPABNINYECKUN, MHEBMATUYECKUN, KOM-
6UHUPOBaHHLIN). TocneaHuin BuMA NpUBOAOB  (3NEKTPOMEXAHWMYECKUN,
3NEKTPOrMapaBIMUYECKUA, MHEBMOrUAPABIMYECKUIA) MO3BONSIET BbIFOAHO
coyeTaTb NMPEUMYLIECTBA pas3/IMYHbLIX BMAOB MPUBOJOB, HanpuMep AN
3NEKTPOrMapaBIMUYECKOro — BO3MOXHOCTb aBTOMATU3MPOBAHHOIO YyrpaB-
NEHUNS, BbICOKAsi 3HEPrOeMKOCTb, 6eCccTyneH4yaToe YynpaBleHue CKOopo-
CTblO, KOMMaKTHOCTb NpuBOAa. Bbibop BuAaa npuBofa [Ns KOHKPETHOrO
cnyyasl — OTBETCTBEHHasl 3adaya, pellaeMasi Ha OCHOBE O6LEKTUBHOMO
QHANN3a KOHKYPUPYIOLLMX PELLIEHWUI. BO3HMKAET HeobXoAMMOCTb pasyM-
HOro KoMnpomumcca. B obLem cnydae — 3To MHOroKpuTEpUanbHas 3a/1a4a,
Tpebylollas pelleHMsi Ha OCHOBE OMTUMM3ALMOHHBLIX noaxoaoB. Ecnu
NpUMEHEHME rMAPONPMBOAA AOCTATOMHO 0H60CHOBAHO, NPUCTYNAKOT K Bbl-
6opy Tuna npuBoja. Ha 3TOM 3Tane BaXXHO BCMOMHWUTb OCHOBHbIE MpU-
3HaKM knaccudmkaLmum ruaponpuBoaIoB U KX coaepykaHue. Tak rmaponpu-
BOAbl TEXHONOrn4yeckoro obopyaosaHns obecneynsatoT:

- FNaBHbIE ABMXXEHWNS UHCTPYMEHTA UM 06pabaTkiBaeMoro mare-
pvana;

- OBUXXEHUS NOAAYN UHCTPYMEHTA MMM 3aroTOBKU B NpoLiecce
06paboTky;

- OBUXXEHUSI AeNeHUs1 06pabaTbiBaeMoi 3aroToBKY;

- BCMIOMOraTe/ibHbIE ABMXXEHWUSI NPOCTPAHCTBEHHOW OPUEHTALINM
WHCTPYMeHTa U 06pabaTbiBaEMOI 3aroTOBKW, UX TPAHCMOPTUPOBAHHUE,
3aKpenneHne n ukcaumio;

M3 apyrux BaXkHbIX NMPU3HAKOB KnaccubuKkaLmMm OTMETUM:

HoMuHanbHoe aaBneHuve:

- Huskoe 1...4 MlNa

- CpeaHee 4...10 MlNa

- Boicokoe 10...20 MlMa

- CBepx BbicOKoe - cBbiwe 20 MlMa

TMIPOCUCTEMBI HU3KOTO [AaBNEHUSI MPUMEHSIIOT B YCTPOWCTBax
OXNIAXXAEHUS 30HbI 06PaboTKMU MaTepUasnoB, CMAsKU MOJBMXKHbBIX COMpsi-
»XeHuit. MNMoTpebHoe AaBneHME B TaKNX CUCTEMAX ONpeaensieTcs noTepsmMm
Haropa B TpybonpoBoAax, ApPOCCENTMPOBAHNEM XUAKOCTU B MECTHbIX CO-
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NPOTUBNIEHUAX, HEOBXOAMMOCTBIO MOAbEMA >XUAKOCTU M3 rnapobaka Ha
BbICOTY noTpebuTens. Hu3kve AaBneHus [OCTaTouHbl TaKKe AN ynpas-
NIEHNS ABUXXEHMEM BCMIOMOraTe/IbHbIX MEXaHU3MOB, My(T, NEPEKTIOYEHNS
nepeaay B Kopobkax CKOpoCTeid, noaay, BapuaTopax.

MapocucTeMbl cpegHero faBneHus 06CyXXMBalOT MexXaHW3Mbl
nopay, a Takxe 6osiee Harpy)XeHHble BCoMoraTesibHble MexaHu3Mbl (3a-
XXVMMHbIE NMPUCNOCOBNEHUNS,, MEXaHU3MbI pa3rpy3kuM OT Beca, bblCTpoxoa-
Hble€ NMOBOPOTHO-AENUTENbHbIE YCTPOWCTBA U Ap.)

Bbicokve aaBneHust MpUMEHSIOT B NPUBOAAX MTaBHOMO ABUXKEHNS
(aBWXKEHUSI pe3aHns) M NoAauM TSHKENOHArPy>KEHHOrO TEXHOIOrMYECKOro
0bopyaoBaHus, 6bICTpoAeNCTBYOWMX POBOTax WM MaHunynsitopax npu
3HAUUTENbHBLIX TEXHOMIOMMYECKUX N MAacCOBbIX Harpy3Kax.

Mo ypoBHIO ynpaBneHWUs napaMeTpamMu rMaponpuBoAbl pasnnya-
toT:

- Heperynupyemble (rmaponepeaadn C NOCTOSIHHbIMK NapaMeTpa-
MK);

- Perynupyemsble (C ynpaBneHMeM no CKOpoCTu, Cuie, nepemMelle-
HWIO, MOJIOXKEHMIO)

Mo cnocoby yrnpaBieHNst CKOPOCTbIO UCTIONHUTENbHBIX ABUXEHMIA
pasnuyatoT npyMBoabl C 06bEMHBLIM (MaLUMHHBLIM), APOCCENbHbLIM, CTYNeH-
YaTbiM U CMELLAHHBLIM YrpaBieHWEM CKOPOCTbIO MTMAPONPUBOAA.

Mo pexxumy paboTbl pasnnyaloT rmaponpUBOALI:

- HernpepbIBHOro AeicTeust (NpuBoAbl KOHBEMEPOB, TpaHCMOpTe-
poB, MMAT(OPM aHTEHHbIX YCTPOMCTB, CUCTEM OXMAXAEHUS U CMas3ku U
Ap.);

- umMKsioBOro Aeicteus (NpuBodbl Nepeaad, BCrOMOraTesibHbIX
[BWKEHWIA, MOBOPOTHO-AENMTENbHBIX MEXaHWU3MOB U Ap.).

Mo BMAY UMPKYNsiuMM MOTOKa paboyeit XKMAKOCTU MPUMEHSIIOT
MAPOCUCTEMbI C OTKPBLITOM MM 3aKpbITOM UMpKynsumMen. Bua umpkyns-
UMM NOTOKA OKa3blBAET CyLECTBEHHOE B/IMSIHWE HAa KOHCTPYKTMBHOE MC-
MOJIHEHWE TMApPONpUBOAA.

Tak, B cucTeMax C OTKPbLITOA LMPKYNsiuMEN CvB pabouei xua-
KOCTU U3 rmapoaBuraTeneil OCyLecTBseTcs B rnapobake, coobLiatowmin-
cs ¢ atMoccepoil, U AaBneHMe Ha CBOBOAHOM MOBEPXHOCTM XXMAKOCTU
paBHO aTMOChepHOMY.

B cucTeMax C 3aKpbITOM UMpKynsuuelt paboudas XMAKOCTb U3
C/IMBHOM MOSIOCTM FMAPOABUraTeNst U MarucTpanu NocTynaeT BO BCachl-
BaOLLLYIO MOMOCTb Hacoca. MMAPOCUCTEMBI C 3aKPbITON LMPKYNsiLMEN, He-
CMOTpPSl Ha psag npeuMyllects (OTCYyTCTBYeT ruapobak, Jydlwme maccora-
6apuTHbIE XapaKTEPUCTUKN U BO3MOXHOCTb 3alUMTbl XXMAKOCTU OT BHELL-
HMX 3arpsi3HEHUIA U BNaru, coxpaHeHue paboTocnocobHOCTV NpuBoaa Npu
HMU3KMX TeMnepaTypax), NPUMEHSIIOTCS B rMapohuumMpoBaHHOM obopyao-
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BaHMM OrPaHUYEHHO, TaK KaK B HUX MMEET MecTo 60sbluoii HarpeB pabo-
yel KMOKOCTW, 4YTO TpebyeT YCTaHOBKW CMeLManbHbIX OXNaaUTeNbHbIX
YCTPOWCTB. 3aTpyAHWUTENbHO NPUMEHEHWNE TaKOW LIMPKYNALUMM B JTMHENHBIX
rmaponpveodax. Kpome Toro, B rmapocucteMe Heobxoauma BCroMora-
TeflbHasi HacoCHas YCTaHOBKa ANSl KOMMEeHcauuyM O06beMHbIX NoTepb W3
3aMKHYTOr0 KOHTYpa. LIMKnnMuyeckuii Xxapaktep paboTbl MCMONHWUTENbHbIX
MEXaHM3MOB MallMH TaKXXe OrpaHWYMBAET MPUMEHEHME 3aMKHYTbIX rMa-
POCUCTEM B CXEMOTEXHUYECKMX PELLEHMAX MMAPONpPUBOAOBE.

Mo crnocoby ynpaBneHWsl ABUMXKEHUEM pasfMyaloT rMaponpuBob
C PyYHbIM, MOYaBTOMATUUYECKUM M aBTOMATUYECKMM YMPaB/IEHUEM.

B npuBodax C py4HbIM YMpaBlEHUEM 3MEMEHTbl MMAPONpPUBOAA
YNpaBnsOTCA ONepaTopoM B peasnibHoM BpeMeHu pabouero npouecca u
MPOCTPAHCTBEHHOM MOJIOXKEHUN UCTIONTHUTENBHBLIX MEXaHM3MOB. LMkn pa-
60Tbl NPUBOJA OpPraHU3YeTCsl MOC/EA0BaTENbHLIMA BO3AENCTBASMM One-
paTopa Ha 3/IEMEHTbI TMAPONPUBOAA NOCPEACTBOM PYKOSITOK MJIM KHOMOK
nynbTa ynpasnieHus.

Mpy NonyaBTOMaTMYECKOM YMNpaB/iEHUM OMNepaTop AAeT KoMaHAay
Ha Hayano WM MpoAosKeHVWe paboyero UMKIa C MynbTa YnpaBneHus.
Pabounit UMKN r’MaponpyBoOAa BLIMNOJSTHAETCA CXEMOW YrpaB/ieHns aBToMa-
TUYECKM.

B aBTOMaTU31pOBaHHOM MMAPONpPUBOAE YNpaBAsioliMe BO3AENCT-
BUS (DOPMMUPYIOTC CXEMOMW YMpaBNeHUs BCeii MalmHoi. o 3akoHy
YNpaBnsoWNX BO3AEMCTBUIA pa3nNNYaloT: NporpaMMHble, cnefsume, wa-
roBble rMApPONpUBO/IbI.

B nporpaMMHOM rMApONpuMBOAE 3aKOH 3a4alolMX BO3AEUCTBUIA
SBNAETCA 3apaHee U3BECTHON (yHKLUMEN BpPeMeHW. ITO NO3BOJISIET MNpo-
rpamMMMpoBaTb pabounii UMKA MO NyTM WM BO BpeMeHu (YCTaHOBKOM
YNOpOB, KOHEYHbIX BbIK/OUATENEN, KOMaHA0aNNapaTos, NporpaMmMmpye-
MbIMM KOHTpOJIIEpaMn, YCTPONCTBaMU LMPOBOI MHAMKALMK, YMCIOBOrO
MPOrpaMMHOro Y MEXaTPOHHOrO yrpaesnieHus). MporpaMMHbIA rmaponpu-
BOZ PasOMKHYTbI, paboTaeT No CXeMe COBMaAeHWs 3aflaHHOro M (akTu-
YeCcKOoro 3Ha4YeHus NapaMeTpa ABMKEHUS.

Cnepswme rvaponpuBoabl  BOCNPOM3BOASAT TpedyeMmblii 3aKOoH
JBWXEHMS MO U3MEPSIEMOMY PaccorylacoBaHMI0 3alaHHOM0 U haKTUYECKO-
ro 3HauyeHus yrnpaBisieMoro napameTpa (nepeMelleHuns], NOMOXKEHUs CKO-
pOCTW, CWMbl, KPYTSLLEro MOMeHTa). Takoi pexum obecnevnBaeTcs BBe-
JEHMEM 0BpaTHbIX CBA3EM, 06pasyloLMX 3aMKHYTYIO CXEMY FMOPONpPUBO-
fa.

B waroBbix NpMBOAAxX ynpaensiole Bo3aencTems (popMupyroTcs
NOCNeaoBaTeNbHOCTbIO ANCKPETHBLIX CUFHAMOB, OT CreuuansHoro 611oka
ynpaeneHusi. KomMyecTBo MOAaHHbIX AMCKPETHLIX CUrHaNoB onpeaensier
BENIMUMHY NEPEMELLIEHNS, @ YacToTa MX CNeAoBaHUs — CKOPOCTb [BUXe-
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HWs. ABTOHOMHbIM 3agaTumMkoM nepemelleHns (A3M) SBnseTcs ManoMoLL-
HbI1 3MEKTPUYECKNIA LIAroBbIA ABWUraTeNb. XapaKTepUCTUKM BbIXOAHOMO
3BeHa ruapoasuratens ¢ A3l obecneunBaloT AOCTATOYHbIE GbICTpOAEii-
CTBME U TOYHOCTb 3MEKTPOrMApPaBIMYecKoro CUIoBoro NpMeoaa.

MNpoekTnpoBaHue rMapaBAUMYECcKoro Npueofda rMapoOMULMPOBAH-
HOW TEXHWMKM HAYMHAETCA C COCTaBfIEHWSI HOBOW MM Bblbopa TUMOBOWA
rmMapaBnMyeckoi cxeMbl. OHa BO MHOFOM OMpeaensieT HayyHO — TeXHMYe-
CKWUI YPOBEHb U KOHKYPEHTOCMOCOBHOCTb CMPOEKTUPOBAHHOIO rMAPONpY-
BOAA CTAUMOHAPHbLIX WM MOBUIIbHLIX MawuH. COBPEMEHHbLIN YPOBEHb
pa3BUTUA rMAPODULMPOBAHHOM TEXHUKU NO3BOJISIET, KaK MpaBUIO, HAXo-
OUTb aHanoruyHble rmapaBnuyeckme cxembl NoaobHbIX 06bLEKTOB U Npu-
HUMaTb UX 3a ocHoBY. Hanbonee 6nuskme aHanorn obHapyxuBaloTcs B
pesynbTate WHQPOPMaLMOHHOMO MOUCKa, MPOBOAMMOro pPa3paboTUMKOM.
OfHako B TakuMx TUMOBbLIX CXEMaxX He YUUTLIBAOTCH OCOBEHHOCTU (DYHK-
LIMOHMPOBaHUSI MPOEKTUPYEMOrO MMAPOMEXaHUYECKOro YCTPONCTBa, Mo-
cnegHue AOCTVMKEHWUSI B PasBUTMM 3N1EMEHTHOM 6asbl rMAponpUBOLO-
CTpOEeHUs1, He Bceraa aiekBaTHbl BO3MOXHOCTM aBToMaTu3aumm paboyero
UMKSa MalmHbl. CrieayeT NOMHWUTL, YTO KaK COCTaBfIEHME HOBOW MPUHLM-
MMasibHOM CXeMbl, Tak M MOAEPHM3ALUMS TUMOBOM — MPOLIECC TBOPYECKMIA,
Tpebytolmii 3HaHWUSI COBPEMEHHOIO COCTOSIHUSI M MEPCMEKTUB Pa3BUTUS
TEOPUM W NPAKTUKW MAPABAMYECKUX MPUBOAOB, @ TakXKe PaMOTHOM
hopMynMpoBKM OCHOBHBIX TPEBOBaHWI K MPOEKTUPYEMON rvapaBnnye-
cKkol cucreme [14]:

- OpraHu30BbIBaTb COBMECTHYIO (NapannenbHyio unv nociefosa-
TENbHYI0) UK pasaenibHyto paboTy rmapoasuraTeneit ¢ NosUUMOHNPOBa-
HMEM MX KOHEYHbIX N MPOMEXYTOUHbIX MOMOXEHMIN B COOTBETCTBUM C pa-
60UMM LIMKIIOM.

- MpoeKkTnpoBaThb rMapoMarucTpan ¢ MUHUManbHbIMK AfIMHaMK U
Pa3BETBMEHHOCTLIO [ CHMKEHUS MX MaTepuasnioeMKOCTW, yhayudlleHus
OMHaMUUYECKUX XapaKTEPUCTMK U YMPOLLEHUS TEXHONMOMMM NpoM3BOACTBA
rmaporpusoja.

- B coeauHeHnsx TpybornpoBOAOB WM ruapoannapaTtoB creayet
[061BaTbCA MUHUMaNbHBIX NOTEPb AABNEHUS, ANS Yero NpoxoaHble ceve-
HUSI BXOAHbIX W BbIXOAHbIX OTBEPCTUI rMApOannapaToB AO/MKHbI UMETb TY
Xe nnowaab NpoOXOAHOro CeYeHus, YTo U Tpybonposoabl MpU HaUMEHb-
wem yumcne nsrubos.

- ObecneunBaTb TpebyeMyo CTabmnbHOCTb CKOPOCTU BbIXOAHOIO
3BE€Ha rMApoABUraTensl, UCKIIYUTbL rMapaBAMyeckne yaapbl, CHWXaTb
WyM M BWBpaumu, npeaycMaTpuBas aHTUKaBUTALMOHHbLIE YCTPOWCTBA,
[lerasatopsbl, racuteny konebaHuin aaBneHus.

- [Ans TaHxenoHarpy>XeHHbIX rmaponpuBoAOB NpU LUMPOKOM Aua-
MasoHe CKOPOCTEN ruapoaBuraTeneil HeobxoaMMO NPUMEHATb HAcochl, a
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npyM HeobXoAMMOCTV M TMAPOMOTOPbI PErYIMPYEMOI MPOU3BOAUTESNBHO-
cTn.

- MpeaycMaTpuBaTh B MMAPOCXEMax YCTpoicTBa obecrneynBato-
Wue Bbixoa paboyero MexaHuaMa B 6e30MacHOe MOSIOXKEHWE Mpu Hapy-
LIEHUW rEPMETUYHOCTW HaNOPHOM r’MAPOnHUKM (06pbIB TPY6OoNpoBoAaa).

- MpKn ceKkuMoHHON paboTe HECKOMbKUX MMApoABUraTenein Heob-
XOAMMO UCKIoYaTb B3aUMHOE BAMSIHUE UX paboumnx NpoLeccos.

- BBoAMTb B CxeMy rmapaBiMyeckue YCTpoMCTBa, KOTOpbIE aBTO-
MaTU4ecKu OTKMoYanu 6bl BCACbIBAKOLWYIO JIMHWUKO OT rMApOHacoca, OT-
KStoYanm NpuMBOAHONM ABUraTeNb M NpeaoTBpallanu 6bl fanbHENLLNI Bbl-
6poc paboyeli XMAKOCTU U3 rmapobaka B OKPYXKaloLyo cpeay B Clydae
HapyLleHWs repMeTUYHOCTU CUCTEMBI.

- YcTaHaBnMBaTb B Haubonee yaaneHHblX OT Hacoca MecTax B
BEPXHUX YacTaX rMaponpuBoAa KnamnaHbl aBTOMATMYECKOro yAaneHus
BO34yXa M3 MMMAPOCUCTEMbI, YTO CyLECTBEHHO OrpaHWYMBAET KaBWUTALM-
OHHbIE MPOLIECChI, YNyYLIAeT AMHaMUYecKoe KauecTBO rmaponpusoia.

- OcHalaTb rMapoCUCTEMY HAAEXHOW CMCTEMON GUIBTPaALMK
XNAKOCTU (PUNLTPbI, MarHUTHbIE NPOBKK), CBOANTDL K MUHUMYMY KONnye-
CTBO U pasMepbl TYNMUKOBbIX 30H, FAE XUAKOCTb HE PUIbTPYyETCS.

- [Ans TSHKEeNoHarpy>XeHHbIX rMaponpuMeoaos, paboTaowmx B LWn-
POKOM TeMmnepaTypHoM auanasoHe (-60...+60 °C), Heobxoanmo BBOAUTL
KOHAULMOHEPbLI paboyein XMAKOCTM Ans obecrievyeHusl pauMoHasnbHOro
TENA0BOro pexuma B rnpouecce aKcrayaTauumm ruaponpueoaa.

MpuHUMNUWanbHas ruapaenuueckas cxema ruaponpueoda sBAsi-
€TCA ero OCHOBHbIM [JOKYMEHTOM, MO3TOMY K ee COCTaBJfIeHUIO, UCMOoSHe-
HWIO U ONUCaHUIO CieayeT OTHOCUTBLCS OTBETCTBEHHO, CTPOro UCMOMHSS
TpeboBaHUs EAMHOM CUCTEMbl KOHCTPYKTOPCKOM AokyMeHTaumm (ECKA),
npeacTaBnseMon NakeToM craHaapTos [1,7,8,9,10,11].

B cootBeTcTBMM CO cTaHaapTtoMm FOCT 2.704-76 ruapasnnyeckue
NPUHLMNUASIBHBIE CXeMbl COCTABASIOTCS B YC/IOBHbIX CUMBOMIMYECKMX 060-
3HaYeHUsX, YTO MO3BONSET AOCTUraTb YHWBEPCANBHOCTU B UCMOMHEHMUS
Pa3fIMYHbIX CXEM W MPOCTOTbl UX BblYEPUMBAHMS. AHANOMMYHBIN Noaxon
NCMONb3YIOT CTaHAapThl APYrMx CTpaH, 4To obnervaer aHanu3 nobbix
rmapaBnMyecknx cxem. OBblMHO COCTaBMIEHWUIO MPUHLMMUANBHON CXEMbI,
obo3HayaeMoit 3 npeawecTByeT paspaboTka CTPyKTypHOM 1
(yHKUMOHanbHOM M2 cxeM. lMocneaytolime xe 3Tanbl CBS3aHbl C paspa-
60TKOIN CXeM coeamHeHu - 4, noakntodeHus — 5, obuein — 6 n pacno-
noxeHus — 7.

YuutbiBas OTCYTCTBME Y CTYAEHTOB AOCTaTOYHbIX HABLIKOB pas-
paboTKN CXeM, K Ka)kaoMy 3aflaHuio NpeasiaraeTcsl COCTaB 3/1EMEHTHOW
6a3bl 13 Tabnuy M1...N8 nocobus. TeM He MeHee, CTPYKTypHas U yHK-
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LMOHasbHasi CXeMbl AO/MKHbl ObITb COCTaBMeHbl W NpeacTaBfieHbl B pac-
YETHO-NOSICHUTENBHOMN 3anmncKe.

Ha sToM 3Tane Heo6xoaMMO BHMMATENbHO BbIGpaTb M3 COOTBET-
cTeytowmx Tabnuuy, MpunoxxeHus A npeanaraeMole 3aaHWeEM CUMOBbIE U
yrnpaensioLwme 31eMeHTbl rMAponpuBoaa B BUAE UX YCIIOBHbIX CMMBOJIOB,
6YKBEHHbIX 0603HAYEHNI U TEKCTOBOIN TEPMUHOOMUN.

B yuebHbIX npoekTax npuHUMNUanbHas ruapasnnyeckasl cxema
(I'3) obbekTa rmapodmkaumm n3obpaxaeTcs Ha OTAeNbHOM fncTe GopMa-
Ta Al 6e3 MacwTaba. Pa3mepbl CUMBOIMYECKUX M306PaXKEHNI 31EMEHTOB
rMApPONpuBOAAa CTaHAAPTOM He pernameHTupytotTcs. B Tabnuue 3 npeana-
ralTCsS OCHOBHblE pa3MepHble COOTHOLLEHUS AN NOCTPOEHWUSI CUMBOMOB
rMAPaBAMYECKNX YCTPOMCTB. Ha npuHUMNMAnbHbIX KOMBMHMPOBAHHbIX
cxeMax (C3) pekoMeHayeTca u306paXkaTb 3MEMEHTbI 3MEKTPUYECKON U
KMHEMATUYECKON CXEM, OpraHM3yHoLMX paboTy WCMOSHMTENbHBIX Mexa-
HW3MOB (ynpaBneHue unu nepegadvy ABMXKeHUs K pabounM MexaHu3Mam).
OTO KOHEYHble U MyTeBble BbIK/YaTenu, nepeaatovHo-npeobpasyowme
MexaHu3Mbl (3ybuaTble, pblYaXKHble, KynaykoBble, LenHble u ap.). OHu
opMMpYyIOT  KOMaHAbl  YNpaBfeHUs MAPaBAMYECKUMMU  YCTPONCTBaMMU
npueoda. B obweM cnyyae aBTOMaTWU3WPOBaHHbLIV FMAPONPUBOA Npea-
CTaBAsIET 3MEKTPOrNAPOMEXAHNYECKYIO CUCTEMY, UTO OOBACHSET NpUCYT-
CTBME €€ OCHOBHbIX 3/1EMEHTOB Ha MpUHUMNUANbLHON cxeme. BceM ane-
MEHTaM MpUHUMMINANBHOW CXeMbl NPUCBaUBAOTCS COOTBETCTBYIOLWME MO-
3ULUMOHHbIE 0603HaYeHMsl, MO KOTOPbIM COCTaBMSIETCS MEpeYeHb dMeMeH-
ToB (FOCT 2.704-76, uepTtex 2). Ha cBoboaHOM nosne nucra, rae ucnon-
HSAETCS CXeMa, pPeKOMeHAYeTCs NPeACTaBNsATb TEXHUYECKYHD XapaKTepu-
CTUKY rmaponpueoja B Buae 1abn.3.

Tabnuua 3
OCHOBHbIE COOTHOLLIEHUS Pa3MepPOB YCNOBHbIX M306pa)KEHVIl7I 371IeMeHTOoB
rmaponpmeoaa
058 055 058
Pacnpepenutens ‘ | %
3010 THUKOBBI
B g Iz (73
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MpogomkeHne Tabnmubl 3
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OKOHYaHue Tabnuubl 3

OunbTp

BeHTUNb

Tpyb6onpoBoabi:

S-ocHoBHblE
S/2-ppeHaxHble
S/2-ynpasnsiowme
S/2-koHTYyp

Pa3smep B npuHumaeTcs pas3paboTumkoM B 3aBMCMMOCTU OT pas-
MepoB (OpMaTa, Ha KOTOPOM BbIMOSHAETCS CXeMa CUMBOJSIMYECKUX WU30-
6pakeHunin 3neMeHTOB ruaponpueoda (ans ¢opmata Al pekoMeHayeTcs
npuHuMaTbe B=10-15 mm).

MpoBeaeHWe aHanm3a 3eMEHTHON 6asbl TpebyeT A0CTaTOYHbIX
HaBblkoB 06LLeHns ¢ ECK/ M yMeHuit no cuMBOSIaM OnpeaensTb Ha3Have-
HMEe TMAPABIMYECKUX YCTPOMCTB, BCMOMHUTb MPUHUMN AEUCTBUSA, TUMO-
Bbl€ MpUMepbl MPUMEHEHUS, OLEHUTb NX YHKLMOHANbHbIE BO3MOXHOCTU
B CXemax.

CumBonuueckoe n 6ykBeHHoe 0603HaueHus, onvcaHue aHanusa
YCTPOMCTB MPUBOASTCS B MOSICHUTENbHOW 3anucke. pu 3ToM Kaxgoe
YCTPOWCTBO KOAMPYETCA CBOMM  6YKBEHHO-LMMPOBLIM  0603HAUYEHMEM
[8,9,101]:

A — ycTpoiicTBO; PA — perynupytollee ycTpoicTeo; AK — akkyMmy-
natop; b — 6ak; PB — pesepsyap; O — rmapoasuratens; Al — genutens
notoka; [P — apoccenb; 3M — rngpo3amok; K — knanaH; K — rugpokna-
naH aaeneHusi; KO — knanaH o6paTHbli; KM — knamnaH npeaoxpaHuTenb-
HbIli; KP — knanaH peaykuvoHHbIM; M — rugpoMoTtop; MH — MaHOMETp;
H — Hacoc; HP — Hacoc perynupyemsiin; P — pacnpenenutens; P — pene
paenenus; PI — perynatop pacxoga (notoka); ® — ¢éunetp; U — um-
nuHap; TrO — TennoobMeHHUK (OXNaauTeNb-HarpeBaTesb).
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pynne oAMHAKOBbLIX 3/1EMEHTOB MpPUCBaMBAlOT NOPSAKOBbIE HO-
Mepa, Hanpumep ans pacnpenenutenein P1, P2, P3,...

4.3.1. AHanu3 aneMeHTHoM 6asbl IMAPONpMBOaa

CnenyeT NMOMHUTbL, YTO CUMBOSIMYECKME M306pa)KEHVI$| rnapasnun-
YeCKnx YCFpOVICFB B OT/I4ME OT NOSYKOHCTPYKTUBHbLIX MPEAoCTaBnAaAl0T
MeHbLUE VIHd)OpMaLI,MM Ana aHannsa YCFDOVICFB. OgaHako, norvka mx no-
CTpOEHUA Mpu onpeaeneHHbIX HaBblKaxX MPUMEHEHUA U YCIOBHbIX WU30-
6pa)KeHV|l\;| No3BOJIAKOT NPOBECTU A0CTATOYHO COﬂep)KaTEHbeIVI aHanum3
npeanaraeéMbiX 3aaaHnEM YCTDOI\/JICI'B. B T1abn.4 npunBOAATCA HEKOTOpPbIE
(bpaFMeHTbI TaKoOro aHanusa.

Tabnuua 4
AHaNN3 TUMOBOW 3NEMEHTHOM 6a3bl rMApoNpUMBOaA
Homep | CumBonuyeckoe HaumeH.6ykB. MpuHUMN feiicTBus, | OyHKUMOHanbHoe
CUM- nsobpaxeHue 0603H. MoAenb yCTPOMCTBa Ha3HayeHune
BOMA YCTPOWCTBA
1 2 3 4 5

, 4 | Hacoc = H, no- | OpHokpaTHblii npeob- | WcTouHuk — nuTa-
CTOSHHOW Mpou3- | pasosaTenb — Mexaww- | HMA MMAPOMPUBOL,
BOAUTENbHOCTY Ueckol 3HepruuM nep- | cosgawwmi  no-

M, BMYHOrO  ABWratens | TpebHblit Hanop.
MA B 3Hepruio noToka
XUAKOCTH nyTem

BbITECHEHUS ee 3
pabounx kamep

O0w=qu-Qy
2. & M TmapomoTop — M, | MMpeobpasoBaren PoTaLMOHHbIif
# Ty PEBEPCHBHbIIA, 3Hepruv motoka pabo- | Asuratens
perynupyemo UMt KUKOCTU B Me-
npoV3BOANTENb- XaHUYECKYIO 3HEPrUI0
g Mo HOCTH BpalaTenbHOro  ABM-
KeHus BbIXOAHOIO
3BeHa

nFM:(Q-Qy)/qFM;
M:1/27t*qrM(P]-P2)n
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MpogomkeHne Tabnmupl 4

3 4 5
A, B P
A Pacnpepenutens MpuHUMA  KOMNeHca- | Ynpaenewue noto-
S N P, 3- nosuum- UMM nepeMelleHus | KoM paboyeit
pEYT OHHbIiA 4x- Xj1, Xyy, sonothuka, | Xuakoctu - (nog-

TIMHEHBIN C
3aKPbITbIM LiEH-
TPOM U 3NEKTPO-

0bpa3yloLero MHUIO
cBsi3u P+A, B+T, um
P+B, A+T, wnu P-A,

BOA, OTBOA, Mepe-
KpbITUE,  M3MeHe-
HME HarpaBneHus

MeXxaH14eckuM B-T OBWKEHWs)  ans
ynpaBsneHuem pasroHa,  TOpMo-
MOMNOXEHUEM 5 XeHWsl, peBepcu-
30710THUKA Oy = pyx ;(PFPT) poBaHUs  [ABMXe-
3 HWS  TWLPOABMra-
0, =prdx,, | —(P—P,)| Tens unu oCTaHOB-
P Ku u Gbukcauum B
3afjaHHOM  Mono-

XEHUU
TwapoknanaH MpuHuMn  KoMNeHca- | s U3MEeHeHus
pasneHust - K[, | UMy cun OT JaBneHns | unM NoAAepXaHus
npsamoro nel?lcr- XKNAKOCTH FrV‘ npea- faBneHnd B rua-
BUS, HOPMAnbHO- | BaputenbHo Okatol | POCUCTEME, obec-
3aKpbIThIN npyxuHbl Fl, npuso- | MeYeHUs  pasko-

ASWMA K OTKPBITUIO
knanaHa F>F, v

CTU, COOTHOLLEHMUIA
[aBNeHus U Co3-
AaHusi NOANOPHOro

3aKpbITMIO A3 | naenewus, pasne-
Fi<F, HMS pasrpysku oT
Py =4 ex, +F BECa BEPTUKANbHO-
f repemelLaeMbiX
Macc.
PerynsTop rnoTo- | YnpasneHue pacxo- | YnpaeneHue pac-
ka-P [OM  [OCTUraercst | XOHOM XUAKOCTU U

U3MEHEHWeM TWapaB-
JIMYECKOTO COMpOTHB-
NIEHU  MPOTOYHOM
YyacTv  Apoccens fgp.
Crabunusauns  pac-
Xofa - Ha OCHoBe
NpyHUMNa KOMMeHca-
umn cun Fip Fy, Fig,
B KnanmaHe AaBeHus
(kak B n.4)

0, = tf,y | > (P~ P)
e}

crabunusaums ero
BENNYMNHbI npu
3aflaHHoM  fo,. B
pesynsTate 0bec-
MeunBaeTcs  Ha-
CTpoiika M cTabu-
NU3aLmMs  CKOpOCTH
ABUXEHUA  TWAPO-
ABurarens
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OKOHYaHue Tabnuubl 4

6 Fepl PO x Pene paBneHusi — | MpuHUMN  KOMMeHca- | OrpaHuueHus
= n
A PA wm cun F. w F,, | naenewns c dop-
-/ Ezcx peanusyet ruapo- | MUpOBaHMEM
- SNeKTpUdecki npe- | MEKTPUECKOro
\ obpa3oBaTtenb CUrHana,  mokos-
ero rnaponpuBo-
P _/chn+FT . Aponp
pr =AM | ROM
Sea

4.3.2. Pa3paboTka hyHKLMOHANbHOM U CTPYKTYPHOMN CXEM
rmaponpueoaa

BbINOMHWB aHanu3 npeanaraeMon 3NeMeHTHON 6asbl ruaponpu-
BOAa, pa3paboTuvk pacnonaraeT A0CTaTOYHbIM 06bLEMOM WHMOPMAaLMK
AN COCTaBNEeHUsS! NMPUHLUMINANBHOMW CXeMbl. OaHaKo Npu 60MbLIOM KOMN-
YyecTBe MMApOANnNapaToB MOUCK CXEMOTEXHUYECKOro pelleHns Tpebyer
3HauUTENbHbIX 3aTpaT BpeMeHW. B 3TuX ycnoBusix npeasapuTensHo Co-
CTaBASIKOT CTPYKTYPHYIO U (DYHKLMOHANBbHYH CXEMbI.

CrpyktypHas cxema (C1) rmgponpuBoaa onpeaensieT ero OCHOB-
Hble YacTu, Ha3blBaeMble 6/10kaMK, YKa3blBaeT Ha UX Ha3HayeHue 1 B3au-
MogeicTeme. OHa, Cco34aeT OCHOBY AJ151 COCTaB/EHMS MOCNEAYIOLMX CXEM,
a rnaBHoe, UCNonb3yeTcs Ans oblero 03HaKoMeHus ¢ paspabaTbiBae-
MbIM FMAPOMNPUBOOM.

KoMbuHMpoBaHHast CTpyKTypHasi cxeMa O6beAuHSIET YacCTHble
CTPYKTYPbl PasfiMyHbIX rMAPONpPUBOAOB NO OCHOBHbLIM MPU3HAaKaM U CBOWA-
ctBaM (puc.1). Ee 0CHOBHOM YacTblo SBMSIETCS SHEProcuIoBas YCTaHOBKA
3CY, dopMupytowas NoTok paboyein XMAKOCTU C 3afiaHHbIMKM NapameT-
pamu (p, — fasneHuve, T-Temnepatypa, (O, — pacxoa). ['vapaBnmueckue
nmHum ceasm (M1C) obecneunBaloT TpaHCNOPTUPOBaHWE 3HEProOHOCUTENS
K rmapoasuraTensM, ycTaHaB/MBasi OnpeaesieHHble YCI0BUS B3aMMOAEN-
CTBUS Mexay OoTAeNbHbiMM YvacTamu (bnokamu). UcnonHUTeNbHbIM 6510-
KOM ruaponpueoja sBnSoTCa rmapoasurateny [1, npeobpasytowme sHep-
FMIO MOTOKA XMAKOCTU B MEXAHUYECKYHK SHEpruto, nepefaBaemMyto nepe-
[aTOYHO-NpeobpasyowmM MexaHnsMoM MMM obbekTy ynpasneHus (OY).
Ba)xHOI YacTbto aBTOMaTM3MPOBAHHOIO rMAPONPUBOAA SIBMISIETCS CMCTEMA
ynpaeneHus CY, cdopMupytowas MHGOpMaLmio 0 TPaeKTopumn ABUXKEHUS
OY. Cucrema ynpaBneHnsi CpaBHMBAET ee C 3aflaHHbIM 3aKOHOM MoBefe-
HMSI U BblpabaTblBaeT COOTBETCTBYIOWME YNpaBnsiowMe BO3AENCTBUS Ha
3NeMeHTbl MApPONpUBOAa AN1S ero BbiNOHEHWS.
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PucyHok 1 - KOM6MHMpOBaHHas CTPYKTypHasi CXeMa aBTOMaTU3UPOBaHHOIO
ruaponpueoaa

MpuMep 06061LEHHOI (PYHKLMOHANBHOW CXeMbl NPeAcTaBfieH Ha
puc.2. Ha cxeMe ycTpoicTBa NpeacTaBfieHbl B BUAE MPAMOYrOfIbHUKOB C

6YKBeHHbIMVI 0603HaueHnsMH rmapoannapaTtoB, CBA3aHHbIMU NPAMbIMU U
06paTHbIMVI CBA3AMMW.

PucuHok 2 - KoM6MHUpOBaHHas yHKLMOHaNbHas CXeMa aBTOMaTU31pPOBaHHOMO
ruaponpueoaa
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Ha cxeme npueaeHbl cnegyioime 0603HaveHns:

SCY — 3HeprocnnoBas ycraHoBKa, obecrneunsaeT (popMMpoBaHMe
noToka pabouyeit XUAKOCTU ¢ TpebyeMbiM AaBneHneM Py, pacxoaoM Oy,
NoAAEPXXMBAET PaLMOHasIbHbIA TEMMOBON pedxuM T’ U 3KCMyaTaUMOHHble
cBoicTBa pabouyeit xuakoct. OCHOBHblE M3 HMX: CTEMEHb OYUCTKM O,
orpaHuyeHne obbema pacTBOPEHHOrO B XUAKOCTU Bo3ayxa Vg 1 ap. Kpo-
Me Toro, OCY obecneunmBaeT aBTOMATUYECKYHO 3allMTy NpUMBOAA OT nepe-
rpy3Ku, pa3rpy3Ky CUCTEMbl OT AaBNeHUs B nepuoabl nays B pabore rua-
poasuratens npu paboTaroliemM Hacoce.

INC — cunoBble U ynpasnsiolWwme ruapasMyeckme IMHUN CBA3M
annapaTtoBs B rmapocucremMax.

BYC — 610K ynpaBneHusi CKOPOCTbIO ABUXEHUS BbIXOAHOMO 3BeHa
ruapoasurarens.

BN — 610K NO3MUMOHNPOBaHWS, NpeaHasHayveH Ans obecneunsa-
HWS 3a@HHOrO HarpaBneHus ABWXKEHWUS rMAapoaBuUraTensi, OCTaHoBa, B
TOM uucne c TpebyeMol TOYHOCTbIO MO3VULMOHWMPOBaAHMS M UKcaLmm
rmapoasuratens, pasrpysku OY oT BO3AENCTBUSI NO3VMLMOHHONM Harpysku,
Hanpumep, OT Beca BEPTUKANbHO MM HAK/IOHHO MepeMeLLaolLmMxcs Yac-
Ten OY.

[ — rvuapoaBuratesb, NpeobpasyeT 3Hepruio MoToka paboueit
XWAKOCTU B MOCTYynaTenbHoe Uy BpallatesibHoe AsvkeHne OY ¢ 3ajaH-
HbIMW CKOPOCTbIO 3 MM ®, CUNON F UAn KpyTALWMM MOMEHTOM M.

QY — obbekT ynpaeneHusi, obecneumMBaeT OCHOBHOE UM BCOMO-
raTtenbHoe ABvxXeHne paboyero opraHa MalluHbl B npouecce paboThbl.

CY - cuctema ynpasneHus, obecneyvMBaeT U3MeHeHNe napamet-
pOB MpVBOAA U YNpasneHne 3aKOHOM ABUXeHUs1 06beKTa yrnpaBneHust.

MMM — nepeaaToyHO-NPeobpasyroWwmnii MEXaHN3M, COracyeT Ku-
HeMaTuUKy [ABMXEHUS BbIXOAHOro 3BeHa [ u pabouyero opraHa MalUuHbI
(pepykTopbl, nepeaayy BUHT-raiika, LIEeCTepHs-pelika, TOPMO3Hble YCT-
povictsa u ap.) [12,15,21].

B3aumopelictBue 6510Kk0B Mexay coboit ycTaHaBNMBalOT rMapas-
nmyeckme n QyHKUMOHaNbHbIE CBA3M, BbINOHEHHbIE HA CXeMax JIMHUSIMK
N CTpenkamu.

@OyHKUMOHANbHas U CTPYKTYpHAsi CXeMbl MO3BONSKOT COCTaBUTb
NPUHLMNMUANBHYIO CXeMY C MEHbLUMMK 3aTpaTaMn BPEMEHMW.
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4.3.3. CocTaBneHue NpuHUMNUanbHOM CXEMbI

MpYHUMNMaNbHas CxemMa OTpaXxaeT MOSHbIN COCTaB ruapoanna-
paToB, arperaToB, WX CBA3M W [aeT AeTanbHOe npeacTasneHne o pabote
ruaporipusofia. Ha ee OCHOBe BbIMOMHAKTCSA pacyeTbl rMApONpUMBOAA,
pa3pabaTbiBAETCA CXeMa COEAMHEHWIA, NO HeW M3yYaeTCs NPUHLMN AenCT-
BUSI MAPOMEXAHMYECKOrO YCTPOWCTBA MalUMHbI, OCYLLECTBAAIOTCS pe-
MOHT, Hanaaka v obcny>xxmeaHue ruaponpuseoaa.

Mpy COCTaBNEHUN MPUHLMMMAMBHOMW CXEMbl, KPOME YCTaHOBEH-
HbIX (DYHKLMOHAsbHbIX CBSI3EN MeXAy 3/IEMEHTaMM, YYUTbIBalOTCS Tpebo-
BaHUS1 TEXHUKN 6e30MacHOCT, BO3MOXHbIE HapylleHus B paboTe BepTu-
KanbHO pPaCnONOXEHHbIX WMCNOMHUTENbHBIX MEXaHW3MOB, pacduKcaumm
3arOTOBKM MWW WHCTPYMEHTA, BKIOYEHUS [BMXEHUS NpU OTCYTCTBUM
cMmasku. Ocoboe BHUMaHWe cneayeT yAensiTb OrpaHUYEHUIO NoTepb MOLL-
HOCTU B ruapocucreme. M3BecTHO, YTO Nnoaaep)KaHue TENNOBOro peXxunMa
rMAPONpuUBOAA, B KOTOPOM WMEIOTCS 3HAuUTeNbHble NOTepU MOLLHOCTU
(BCneacTBMe ApOCCENIMPOBaHUS MOTOKA, HaNMuMsl SIMHEMHBIX M MECTHbIX
COMPOTUBIEHWNIA) BECbMa C/IOXHAs TEXHWYecKasi 3adada, Tpebytowas cy-
LLEeCTBEHHOro yBenuueHus obbema 6aka unv NpuUMeHeHus CUCTEMbI Npu-
HyauTenbHOro oxnaxaeHus [10,11].

Mpu paspaboTke npuBoda LenecoobpasHo MCNonb3oBaTb Cneuu-
anbHblEe NpueMbl COKpaLleHns noTepb MowHocTu [10,12]:

- CeKuuoHHas paboTa [ABYX HeperynupyeMbiX HacoCOB, Harpu-
Mep, C TPEXCKOPOCTHOW ruaponaHensto 33-1;

- MPUMEHSAIOT ABa OAHOMOTOYHbIX HeperynupyeMbiX Hacoca ¢
pasgenuTenbHoi naHenbto [ 53-2, obecrieuvBaloel COBMECTHYIO WMn
pasfenbHyto nx paboTy Ha OTAeNbHBIX 3Tanax paboyero uMkna NpUBOAA;

- B Nepuofbl nay3 npu paboTarollemM Hacoce, HanpuMep, B Noso-
XeHun "Cton" pasrpyxatoT ruapocucTemMy OT AAaBEHUS C NOMOLLbIO Mpe-
[JOXPaHUTENbHOIO KarnaHa HenpsMoro [AelCTBUS C  3NEKTPUYECKUM
yrnpaBneHeM pasrpy304HbIM 30/10THUKOM;

- NMPUMEHSIIOT MMAPOAKKYMYNSATOPL! A58 HAKOMIEHUS SHEPruun pa-
6ouelt xuakoctv [1, 10];

- UCMOSMb3YIOT 3KOHOMUYHBLIE CXEMbl APOCCENbHOMO perynnpoBsa-
HWSI CKOPOCTU, HarpuMep, YCTaHOBKOW Apoccens B "napannens” unm pe-
rynaropa notoka MMMl 55-1 ¢ npegoxpaHUTenbHbIM KianaHoM;

- 3aMEHSII0T APOCCeNbHOE perynnpoBaHne cCKopoCcTh 06beMHbIM
(MalWMHHbIM);
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- BbIbOp NapameTpoB Hacoca OCYLLECTBASKOT C MUHUMalbHbIM 3a-
nacom Mo pacxoay W AaBMEHMIO.

Ha npuHUMnuanbHbIX cxemax ruaponpueoia pacronoXeHue sne-
MEHTOB [O/DKHO MNPUMEPHO COOTBETCTBOBATb WX MPOCTPAHCTBEHHOMY
pa3MelleHnio B npuBoge. Mpu BblMEpUMBaAHUKM YCIOBHBLIX 0603HaYeHMIA
rmapoasuraTeneit M annapaTtypbl peKOMeHAYyeTCsl NPUAEPXKUBATLCS onpe-
geneHHoro Macwrtaba (cM. Tabn. 3).

Bce ycTpoiicTBa crieayeT nokasbiBaTb B MOMOXEHWUM, COOTBETCT-
BYIOLLEM UCXOOHOMY COCTOSIHUIO MMAPOABUraTens.

MoO3MUMOHHbIE BYKBEHHblE 0603HAYeHWUs YCTPOWCTB pacriofiara-
OTCS CripaBa WM CBepxy CMMBOMMYECKOro 0bo3HaueHus anemeHTa. lNpuH-
UMnmManbHasi CxeMa COCTaBASIETCS COEAMHEHWEM YCTPOWCTB YC/TOBHbIMU
FMAPONIMHUAMU CBSI3U, PEANM3YIOLLMMM 33[1aHHbIA 3aKOH ABWKEHMS NMOTO-
KOB pabouein xuakoctn. McnonHeHne cxeMbl AOMKHO obecneunBaTb
yAO6CTBO UTEHMSI U MOHUMaHWE B3aWMHbIX CBSI3ei ruapoannapatos. Mo-
3TOMY YNC/IO NEePECceUEHNNn TMAPONUHUIA IO/HKHO BbITb MUHUMASbHBIM.

BceM nuHUSIM CBSI3M NpMCBaMBalOTCA MopsiaKoBble HoMepa 1, 2,
3,..., KaK NpaBuWno, B HaNpaB/iEHUN ABUXXEHUS MOTOKA; APEHAXXHbIe IMHUA
AN 0TBOAA YyTedek HyMepyloTCs B MOCNeAHIon odepefb (Hanpumep,
15,16,17). Homepa 06bIYHO NPOCTAB/SAOTCS OKOJIO [IBYX KOHLIOB JIMHWIA.

K npuHUMNManbHOM cxeme rvaponpuBofa COCTaBRsIETCS nepe-
YeHb 3/IEMEHTOB, BK/TOYAIOLLMIA NO3ULMOHHbIE 0603HAYEHMSI, HAMMEHOBA-
HWe, TUM U KONMYECTBO 3/1IEMEHTOB. B nprvMeyaHnu ykasbiBaloTCs OCHOB-
Hble napameTpbl (pabouyee aaBneHue, pacxod, pasMepbl ruapoasuraTe-
nei, MowWwHOCTb M Ap.). OAHOTMMHbLIE 3NIEMEHTLI 3anMChIBAlOTCS B OAHY
CTpoky (Hanpumep, pacnpegenutenu P1 ... P4).

[insi NpoBEpKU NPaBUILHOCTM NMPUHLMINANBHOW CXEMbI U KPATKO-
ro onucaHus ee paboTbl COCTABNAIOT (PYHKLMOHANBHYIO CXeMy MOTOKOB,
MOSICHSIIOLLYIO HanpaBfieHWe ABMXKEHWUSI paboudelt XMAKOCTM B MMAPOCUC-
TemMe Mpu BbINOSHEHUM KAXAOro 3neMeHTa pabodero umkna (tabn.5) m
paboTy CxeMmbl.
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Tabnuua 5

QOYHKUMOHaNbHas cxema noTokoB arperaTHof/’l FONOBKU

Howep e DAeMEHTBL Hanpasnienne noTokos
12t | paBouero uukaa
Ynpasjienne:
«Cromy» Y1 - BKl - YA1®- P2 -[{]- B
1 _ B-1-H-15-KNl - b
v =0 L
Ynpasiaenue: nviabT
- YA1O- P2 -
Viu |:YA2 @- P -
2 V. :Q7” B-1-H-2-KO1-PI([f])-4-S1/Su.-5
an S MH KI-b
1
N -6 - P31)9 - P1 {810 —-®-13-TIO-B
Ynpassenunce:
- v2-p3- [§]
vI’ll
3 Q
=P TB-1-H-2-KO1-PL([E]) - S.u/Szu=5-
V= C @
2 ”
T-AP-9-PI({H-10-®-13-THIO-b
Ynpasnenne: ¥Y2 — BK2 — «Cron» - PB - t,
Brigepikka
4 g F-1-H-2_15-KNl-b
= MH xin-[B-5
Ynpapnaenue:
" vaI@-r1- B
vIS(J PB E
" 0 vA2E, YA3®-pi - [B]
) — =ho b-1-H 2—KO]-PI()-9—K‘02—8—5-
o S2 MH Kn-{y-b

S1ru/Saey —4-P1-3 10-®-13-TMO-14 - B
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4.4. NonHasa umknorpaMmma pa6ortbl rmgponpusoga

Mpeanaraemble 3afaHWeM TpaeKTOpUM [ABWXEHUS npueoaa C
3aMKHYTbIM LMK/IOM BbINOMHSAIOTCA MPOrpaMMHbIM rMAPONpuBOAOM. [lo-
CnefoBaTeNIbHOCTb N1eMeHToB paboyero UMkna B Takux npueogax obec-
neyMBaloT NPOrpaMMHO BbICTaBASIEMbIE YMOPbI, KOHEYHbIE BbIKOUYATENN,
pene [aBneHusi, BpeMeHu, AaTunku aasneHuns. OHUM mM306paxatoTcs Ha
MPUHUMMINANBHOW CXEMe B COOTBETCTBMM C 3afaHHbIM LMKIOM. Mpumep
MOSHOW LMKIorpaMMbl paboThbl NpMBoAa (CM.puyc.3) NpeacTaBrieH Tabn.6

e L

PucyHok 3 - MpyMep NpUHUUNMANbHOM CXeMbl MMAPONPUBOAA arperaTHON CBEPUIIbHO
TrONIOBKM
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Tabnuua 6
LinknorpamMma paboTbl ruaponpueoaa arperaTHol rofioBKu

DneMeHTbl LuKna O | Ynopbl Bbikn. DNeKTpoOMarHuTbl Pene
KOHeYHble Bpe-
MeHU
U1| Y1 | Y2 | BK1 | BK2 |YA1|YA2|YA3|YA4| PB
«Cton», 3arpyska X | + + +
BbICTpbIVi NOABOA Ven | —> +
Pabouas nogava Vpn | -
Bbipepxka Ha ynope | X + +
BbICTPbIVi OTBOA Veo <« + | +

+ COOTBETCTBYET BK/IHOYEHUIO 3/IEMEHTA YNpaB/eHUs

KoMbuHMpoBaHHas cxeMa rmaponpueoaa, NepeyvYeHb 3/1EMEHTOB,
NoSHas uUMKIorpaMMa M (yHKUMOHaNbHas CXeMa MOTOKOB BbIMOHAOTCA
Ha nucre rpaduyeckoit YacTu KypcoBoi paboTthl (npoekTta) (cdopmart A1)
(NpyMep MCNOHEHMS CM. Ha NNCTEe NpunoXxeHus ).

4.5. Pacuer rugponpueoga

PacueT ruaponpueoaa NpoBoAUTCS B ABa 3Tana:

I aTan — npeaBapuUTeSbHbIN pacyeT;

II 3Tan — NPoOBEPOYHLIN (YTOYHEHHbIN) pacyeT.

Ha nepBoM 3Tane onpeaensitoT CUMSIOBbIE, KUHEMATUYECKUE, reo-
METPUYECKME U XapaKTEPUCTMKM MMAPONPUBOAA, HOMEHKNATYPY U pasMe-
pbl rMapoannapaToB. MPOBEPOYHbLIM PACYETOM YTOYHSIOT OCHOBHblE Ma-
paMeTpbl rMaponpuMBOAa M COOTBETCTBME BbIOPAHHLIX rMMApoanmapaToB
YCIIOBUSIM UCTIOSTHEHUSI CXEMbI COEANHEHWI, 3KCMyaTaumn rmaponp1eoaa
C MaKCMManbHOMN HarpysKo.

McxoaHble AaHHble Ans pacyeTa:

* MpUHUMNMANIbHas KOMBUMHUPOBAHHAS CXeMa;

= TEeXHMYecKasi XapakTepucTuka ruapohnumpoBaHHoOro obopyao-
BaHus;

= CKOPOCTb ABWMXXEHWUS UM YacTOTa BPaLLEHMS! BbIXOAHBIX 3BEHb-
€B ryapoasuraTenen;

* HOMMWHaJIbHOE [aBNeHUE B MMAPOCUCTEME;

= [/IMHbI BCACbIBAlOLLIEN, HArHeTATENbHLIX U CMBHLIX FMapoOMa-
rmcrpanen;

* TeMmnepaTypHbll AuanasoH W Apyrue KaMMaTuyeckue ycrnoBus
aKcnlyaTaumm rmaponpueoaa;
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* 3CKM3 BbIMOSIHSEMOr0O rMApoNpuBOAOM paboyero umkna;

= aHanor obbekTa ruapodmkaummn, CTeneHb aBToMaTU3aUUM ero
(YyHKUMOHMpPOBaHKS.

B KypcoBoit paboTe Bce UCXOAHbIE AaHHbIE 3a4at0TCS NpenosaBa-
Tenem unm Tabnuueit (cM. npunoxeHune 1). B KypcoBOM MM AUMSIOMHOM
NnpoeKkTe CUMOBble W KUHEMaTUYeCKMe XapakTepUCTUKWU MPOEKTUPYyeMoro
FMAPONPUBOAA YTOUHSETCS ONpeaensioTcs pa3paboTynmkoM C MOMOLLBIO
CUNoBOro pacyeta pabouero mMexaHusma. lNpu 3TOM HeEO6XOAMMO YUUTbI-
BaTb OMbIT MPOEKTUPOBAHMS U 3KCM/TyaTaLMM aHanorMyHoro ruapoduum-
pOBaHHOro 0bopyaoBaHus U onpeaensitb Ko3PhULUMEHTbI NCNOMb30BaHUS
ruaporipusofa B obwem paboyeM LmKIEe MaLUMHBI.

Ku=1m, )
T,
roe T, - BpeMs paboTbl rmaponpveoaa B oblem umkne; T, — BpeMs pa-
6ouero Uukna MaLluHbI.

Mpu POPMUPOBAHMN UCXOAHBIX AAHHBIX BaXHbIM SIBSIETCS pac-
YeT CKOPOCTEN rMapoaBuraTeneil Npu MU3BECTHLIX 3HAYEHMSIX CKOPOCTEW
[OBWKEHUS| paboumx MexaHM3MOB. TakoM pacyeT BO3MOXEH Mpu U3BECT-
HbIX  XapaKTEpUCTMKax nepeaaToyHo-npeobpasyollero  MexaHusma
(NNM), coeauHsiloLLEro BeIXOAHOE 3BEHO rnapoasuraTens ¢ pabounM me-
XaHWU3MOM.

Mpy HensBecTHbIX NapameTpax MMM ckopocTV rMapoaBUraTenei
onpeaensioT, Ucxoas M3 BbINONHSEMOro obopyaoBaHMEM TexHosornye-
CKOro npouecca 06paboTkn nnn nepepaboTkn MaTtepuana, nepeaaTovHbIX
OTHOLLEHWUI KUHEMAaTUYECKUX Lienei. 3aBbllleHne CKOPOCTEN rMApoaBUra-
Teneil MpUMBOAWMT K YBENMYEHWIO MOLWLHOCTM M Beca rMaponpueoda, a
YMEHbLLEHUE — K CHUXXEHWIO NPON3BOAUTENBHOCTY.

B MHOrOUACNEHHBbIX FMApPaBAMYECKUX CUCTEMaxX Ans WUCMOMHU-
TENbHOrO ABWKEHWS, HE OnpeaensioLero Npou3BoaMTeNbHOCTbL paboyero
npouecca, HeT HeobxoaMMOCTU NPUHWMAaTb 60MblUME 3HAYEHUS CKOpO-
crei. Ons MMUTUPYIOWMX MPOU3BOAUTENBHOCTb ABMXXEHWUI CKOPOCTU
[ABWXXEHUS rMaponpyvBOAOB NMPUHUMAKOTCS MakCUMasnbHbIMKU MO HOpMaTu-
BaM BbIMOSHSAEMbIX TEXHOMOrMYeckunx npoweccos [9,7,12].

Bbibop HOMWHANLHOrO AaBfeHus ANns NPOEKTUPYEMOro rmapo-
npvBoAda OCYLLECTBASOT U3 ctaHaaptHoro psiga (FTOCT 12445-80): 0.63,
2.5, 6.3, 10, (12.5), 14, 16, (20), 25, 32, (40), 50 — MIMa. BennunHa ero
3aBUCUT OT HasHadeHus ruaponpueoaa (Ans pabounx, BCrOMOraTesbHbIX,
YCTaHOBOYHbIX ABWMXEHWI). JaBneHusi pabounx ABMXXEHWI OnNpeaensoTcs
TEXHOMOMMYECKUMU Harpy3kamu, BCMOMOraTesibHbIX — CunaMyM ConpoTUB-
NEHUs1 ABUXKEHMIO.
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B ruppoduumpoBaHHOM 060pyAOBaHUM C M3BECTHBLIM TUMOM Ha-
COoCa WM HACOCHOM YCTaHOBKW AaBfieHWe A/isi pa3pabaTbiBaeMoro ruapo-
npueoAa onpefenseTcs HOMUHaNbHbIM [aBfeHWEM OCHOBHOMO Hacoca,
HanpuMep, ANsl LWeCcTepeHHbIX HacocoB P,.,=10, 16, 20 Mlla, akcnanb-
HbIX — 16, 20, 25, 32 MMa [9,10].

HeobocHOBaHHbI BLIGOP 3HAYeHUS HOMWMHANILHOMO [AABNEHMSI
NPUBOAMT MpPU €ro 3aHMXEeHUM — K YBEMYEHWUIO Beca rmaponpueoaa, a
MPpU 3aBbILLEHUN — K CHUXXEHUIO A0NrOBEYHOCTU, BOSHUKHOBEHWUIO Hanps-
XXEHUA W BMOpaUMM B rMApOMarucTpansx. B cniydasx, korga 3HayeHus
CKOPOCTU M [AaBMIEHUS NPUHATBI HETOYHO, YAAETCS MCMpPaBUTb CUTyauMio
Ha 3Tane YTOYHEHHOro pacyeTa ruaponpusoda. [ns nposeeHns pacyeTta
napamMeTpoB ruapornpueoga Beeaem obwme OykBeHHble 0603HadeHus,
NCMosb3yeMble B aHaNIMTUYECKUX BblPaXXeHUSIX:

a — NNHEHoe YCKopeHus,, M/c%;

B — wvpuHa, mMM;

C— »ecTkocTb H-M™ (Mpn oxaTUK, pacTskeHun), H-M/pan (Kpy-
TUNbHasH XXeCTKOCTb);

¢ — yaenbHasi TeNI0eMKOCTb KIDk/Kr-rpas

D - pnametp umnuHapa, MMm;

Dy, — omameTp Wwroka, Mm;

d — OaMeTp 30/10THMKA, OTBEPCTUS,, BHYTPEHHUIA AMAMETP TpY-
6onpoBoaa, MM;

E — moaynb ynpyroctu, MlMa;

F —cuna, H;

f—uvacToTa, ly;

. — NNOLaAb NPOTOYHOI YacTu ruapoannapara, MM

G - Bec, H;

g = 9,81 M-C? — ycKopeHue cunbl TSHKECTH;

H — Hanop, M; BbicoTa cTonba »unakoctu, m;

h — reomeTpuyeckas BbICOTa, M;

h, — noTepu Hanopa, M;

V — MOMEHT 1Hepumm, Kr-m%;

[ — nepefaToyHoe OTHOLLEHUE;

K — KO3(hDULUMEHT nepesayu;

K — BeNNUYMHA — KOHCTaHTa;

L — pnvHa xona MexaHnsma, M;

[ —reomeTpuyeckas anvHa, M;

M — KpyTALWMIA MOMEHT, HaM;

m — Macca MalluHbl, Y3na, AeTann, Xuakoctu (Kr);
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N — MowWHOCTb KBT;

N, — MOLLIHOCTb XONI0CTOro xoaa, KBT;
Ny — MOWHOCTb (hakTUdeckasi, KBT;

N, — MOLLHOCTb TeopeTuyeckasi, kBT;

71 — YacToTa BpaLlleHuns, 06-MuH™;

P — paBnenue, Mrla;

Ap - noTepu aaenexns, nepenag aasnexus, MMa;
O - pacxoa »uaxoctn, m>.c’;

O, — yTeuKa XUAKOCTH, CM>-MUH™;

g — pabounit 06beM rapoMaLLnHBI, CM;
7 — FeOMETPUYECKUI PagnyC, MM;

R — ruppasnnyeckuii paguyc, MM;

S — nnowaab NMOBEPXHOCTN, MOPLUHA, LUTOKA, XXMBOro Ce4yeHusd

noToka, MM?;

T — Temnepatypa, °C;

t — Bpems, C;

V- o6bem, M*, (n);

J/~ CKOPOCTb IMHEHOTO ABWKEHMS, M«MUH™;
V'« — CKOPOCTb ABVKEHMUS XXMAKOCTU, M«C

X, y — NepeMeLleHne, MM;

o —Yyron, rpag;

KT — k03(pnumeHT TpeHus;

Y — YAeNbHbIN BEC, H«M;

6 —3a3op, MkM;

& — pa3HOCTb, OLwmMbKa, paccornacoBaHue, MM;
N — KoadULMEHT NONEIHOrO AENCTBUS;

0 — KonuMyecTBo Tenna, kan;

A — koapduumeHT dapcu;

B, — TennonposoaHocTb, BT/(M-K);

U — KoachdULMEHT AMHaMmUYeckon BsaskocTu, Ma-c;
W, — Ko3auLMEHT pacxoaa;

vV — KO3(@ULIMEHT KMHEMATUYECKON BS3KOCTU, M2/C
G — MexaHuyeckoe HanpsixeHue, MMa;

T — MHTEpBaN BPEMEHW, C;

¢ —yron, paa;

® — YrnoBas cKopocTb, paa-c’;

€ — YrN0BOe yCKOpeHue paa-c .
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4.5.1. PacueT napaMeTpoB 1 BbIGOp rmapoasuraTens
4.5.1.1. NpwuBoasbl € rMApOUMINHAPOM

B NMHENHbIX NpYBOAAX MMAPOUMAMHAP NPEeoAoseBaeT TEXHOSO0-
rmyeckue Harpysku £, (nonesHble Harpysku, HanpuMep, Cuibl pe3aHusl B
CTaHkax), TpeHus F, B MOABWXKHbLIX COMpsKeHWaX (Hanpasasiowmx, 30-
JIOTHWUKOBLIX M KianaHHbIX nap 1 ap.), Beca G. B nepexofHbIx pexumax
[ABWXeHUs (pasroH, CHUXEHUE CKOPOCTW, TOPMOXEHUe obbekTa ynpasne-
HWS), BO3HUKAKOT CWfbl MHepUuK F,. Harpysku rujpoMOTOpPOB XapakTepu-
3YIOTCA COOTBETCTBEHHO KpyTAWMMM MoMeHTamu (M, M., M, M,).
YpaBHEHNS C1T U MOMEHTOB AEMCTBYIOWMX Ha MMAPOABUraTENM UMEKT
BUA:

F=F+Fr+G+F, (ana ruapounnmHapos);
M=M+M£Ms+M, (ans rmapoMOTOpOB); (8)

B MeTannopexylmx CTaHkax WHEPLMOHHbIE HAarpy3ku Ha y4vacT-
Kax pa3roHa, TOPMOXEHWUSI peBepPCMPOBaHUS [ABUMXKEHWS, Yallle BCEro He
COBMajaloT BO BPEMEHU C AENCTBMEM CuN1 pe3aHns. OHM XapaKTepHb! Ans
XONOCTbIX X0A08B (NOABOA, OTBOA, 3ar0TOBKU WAN MHCTPYMEHTA, YCTaHOB-
NEHHble ABUXEHUS, CMEHA MHCTPYMEHTA, 3aroToBku). B ToM cnydyae npe-
ofoneBaeMble rMApoABUraTenieM Harpysku onpeaenstorcs no dopmynam:

F= F+G+F, (yckopeHue BBepX);
F= -F,+G+F, (3ameaneHne BHU3); 9
F= F,-G+F, (yckopeHue BHU3);
F= -F,-G+F, (3amenneHue BBepx);

YpaBHeHus 8,9 npeacrasneHbl B 0blieM Buae. [ns ucnonb3osa-
HWS MX B pacdeTax CTPOMM pacyeTHYIO CXeMy rMapoaBuraTens Ha npume-
pe HecMMMeTpuYHOro umnuHapa (puc.4). NpuseaeM ero OCHOBHblE napa-
MEeTpbl NOPLUHEBOrO MMAPOUMANHAPA, ONpefenseMble pacHeToM:

leomeTpuyeckmne napameTpel:

D, D, — imameTpbl NOPLUHSA U LITOKA;

L — xop nopLuHs;

di, d» — IMaMeTpbl NOABOASALLMX KaHASIOB;

S1, S» — paboure nnowaam NOpLLHS,, COOTBETCTBEHHO 3thdeKTnB-
Hast S| 1 CO CTOPOHbI LWTOKA S5;

b — lIMpPUHaA NOPILLHS;

h — BbICOTa YMNOTHEHNS LUTOKA;

8 - TONWMHA CTEHKWN Mb3bl LMNHAPA.
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PucyHok 4 - PacyeTHas cxema ruapounnuHapa

KuHematnyeckme rnapametpbl:

3 1- CKOpPOCTb ABUXXEHMS Ha BbIABMXXEHME LUTOKA;

3 ,- CKOPOCTb ABWXEHUS Ha BTAMMBaHWE LUTOKA;

9:=0 - TOPMOXEHMNE N OCTaAHOBKa MOpPLUHA B 3aaHHOM [MO/10XKe-

HUKM (NO3MUMOHMPOBaHWE B NtOBOIM TOYKE MK UKCaumMsl B KpalHUX no-
NOXEHMUSIX).

Cu/ioBbie NapaMeTpbi:
F| — cuna, pa3BvBaeMasi NOPLUHEM MPW BblABVXXEHWUM LUITOKA;
F, - cuna, pasBuBaeMast nopluHeM npu obpaTHoM xode (BTAru-

BaHUW LUTOKA);

DHepreTuyeckmne XapaKTepUCTUKU:
MoTpebnsemasi MOLLHOCTb

60

OtpaBaemast nonesHas MOLWHOCTb

F

N= ‘—810*3 ) (11)

60

KoathnUMEHT None3Horo AencTemst rmapounnHapa
-
o N *

n
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TMapaB/m4YecKkne XapakTepUCTUKN.
01, O, — pacxogbl XUAKOCTW, NOABOAMMBIE K COOTBETCTBYHOLLUMM
NOSIOCTAM LUMANHAPA UK OTBOAMMBIE U3 HUX.
P,, P, — paBnexHnsa B 6€CLUTOKOBOW U LLUITOKOBOWM MOMOCTAX Ln-
nMHApa,
Ap=p\-p,— nepenaa AaBneHui (pasHoCTb) Ha FMAPOLMIMHADE
0, — obbeMHble noTepu paboueit XKXMAKOCTM (YTEUKMU, NEPETEYUKN).
Mpu ABMXXEHWM MOPLUHA BMPaBo, CO CKOPOCTbIO V', KOoraa pi1=py,
P2=Pex (BbIABUXEHME LUITOKA)
PacuyeT xapakTepucTuk:
2 2 2 2 2
nD M S, = (D" -D,.) _ D" —d , s (12)
4 127
Fy= (plsl-pzsz) Nwm
Mu — MexaHunyeckui k.n.a. ruapoummmngpa (0,9..0,98) [5,22,10];

P2=Png— AaBneHne npotusogasnerus (0,3...0,8) MMa

S, =

_nS _ns,
Ql 6107 o Q2 6107 ]
V1=6-1o6g (13)

1
Mpwn ABM>XEHUN NOPLUHS BNEBO:

F= (pZSZ'plsl) Nwm
DP2=Phns, P17 Py

9,8 9,8
0, = 6'21027 ’ 0, :6'21—017’ (14)
V2=6-106%.
S

2
B yuebHbIx KypcoBbIx paboTax Ans NpuBOAOB C MAPOLMANHAPOM
[aBneHve B pabouyel NonocTv p; NpeaBapuTeNnbHO MPUHUMAKOT MO Mak-
CYManbHOM pacyeTHOW Harpyske Fi.x B Tabn.7 [7, 8, 10].

Tabnuua 7
PexomeHayeMoe AaBneHve B ruapoLManHape
Fiax, KH 10..20 20...30 30...50 50...100
D, Mna 3.4 6..9 8..12 10...15
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B obLieM crydae MakcuMarnbHas Harpyska Fi.,, Npeoaonesaemas
CUTOBBLIM LIUNIMHAPOM, ONpeAENnsieTcs YpaBHEHWMEM CUM, AEUCTBYIOLLIMX HA
LUTOK MMAPOLMAMHAPA.

Foo=F,+F,tG+F,, (15)
roe F,, — cocTaBnsiolwas Cuibl pe3aHns UM NOME3HON Harpysku, coBna-
JlaloLLas C HanpaBneHneM noaaun; F. — cuna BpeaHbIX CONpOTMB-
NeHnii aBmxeHuto; G — COCTaBNAIOWAs OT Beca MNEPEMELLAEMbIX
Y3M0B NpPU BEPTUKANIbHOM WM HAKMOHHOM ABVXXEHUWU LIMNMHAPA;
F,=my,-a — cuna nHepumm nepemelLiaeMblx Macc; rae my, — npu-
BEEHHAs K BbIXOAHOMY 3BEHY rMApOABWUraTensi Macca nepeme-
LLI@EMbIX YacTeMn.

M, py=m~+m (16)
rOe a — YCKOPEHWE Npu pPasroHe U TOPMOXEHUM; UCXOAS U3 OMbITa 3KC-
nayatauMm ruapoMexaHUUYeckMx CUCTEM [0MYCKAEMbIE YCKOPEHUS,
Amax=4-6 M/C* [N IUHENHBIX ABUXKEHUN U Aomax=1200-600 pap/c?

— Ons BpaLlaTesibHbIX ABUXEHWUI [5,6]

CnenyeT yuuTbiBaTb, YTO B HEKOTOPbIX CTaHKax (CTporanbHbIE,
JIONBEXHbIE, NPOTSXKHbIE) MaKCMMasibHasi Harpyska BO3HUKAET B MpoLec-
ce pe3aHust

Fmax:Fpe3+FT:|:G~ (17)

Cvna BpeaHbIX COMPOTUBNEHWU ABUXEHWUS F. NpeaBapuTenbHO
onpeaensieTcst BblpaXXeHNeM:

F,=F,+F, +F,=(015.02)F,, (18)

roe F, — cuna TpeHusi B YNIOTHEHUSIX MOPLUHSI U LUTOKA, B AaSIbHEALIEM
yuuTbiBaeTcs MexaHuyeckum Kra uunuHgpa ny, (~0.89-0,96) [10];
F.; — cuna TpeHus B HanpaBnsilowmx paboyero MexaHu3Ma CTaHka
(ctona, cynnopta); Fupy=pup'S» — cuna nNpoTMBOAABNEHUA (Pnp —
NpOTUBOAABIIEHME, S, — MOLWAAb MOPLUHS CO CTOPOHbI CIMBHOM MO-
NOCTW UMnuHAapa).
Wcnonbays (8)—(9), onpeaenstoT pacdeTHble Harpy3ku F; Ha ka-
XOOM 3neMeHTe pabodero umkna (Npu 6bICTPOM noasoae fs,, pabodem
Xofe t,y, 6bICTPOM 0TBOAE f5, M AP.) M0 HaMbONbLLIER U3 HUX Finay MPUHKN-
MaloT BESIMYMHY MaKCUManbHOro paboyero faBneHus B paboyeit nonocTy
umMnuHapa p; (tabn.7).
Wcxons U3 MakcManbHOWM Harpysku U AaBREHUU py, ONpeaensioT
adekTnBHYO Nnowaab S, U gvaMeTp noplwHs D uunuHapa:
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§=—, (19)

D=\/§ ; (20)
T

PacueTHoe 3HauyeHue D oKpyrnsioT Ao 6avxaiwero craHgapTHO-
ro. 3HayeHuns aunameTpoB 3anemeHToB ruaponpueoaa (FOCT 12447-80)
npueeaeHbl B Tabn.8.

Tabnuua 8
CTaHaQpTHbIN psfl pasMepoB AMAMETPOB (MM)

1 2 2.5 3 4 5 6 8 10 12 (14) 16

18 |20 | ) | 25 | (@8) | 32 | (36) | 40 | 45 | 50 | (56) | 63

70 80 | (90) | (100) | 110 | 125 | 140 | 160 | 180 200 220 250

(280) | 320] (380) | 400 | 450 | 500 | (560) | 630 | (710) | 800 | (900) | 1000

CTaHpapTHbIN psia pa3MepoB KacaeTcsl AeTanei noABMXKHBIX CO-
MPSHKEHWI (30/I0THMKOBbLIE WM K/anaHHblE Mapbl, MOPLUHKM, LUTOKW, MJIYH-
Xepbl 1 ap.). MNpu BbibOpe AMAaMETPOB AeTanell NpeanoyTeHne oTAaloT
OCHOBHOMY psiay (pa3mepbl 6€3 ckob0kK). 3HaueHns B CKobkax He SBNSOT-
Csl NPeanoYTUTENbHBIMU. [0 NPUHSTOMY 3HAUEHUIO D YTOYHSIOT S; U Mak-
cuMarnbHoe pabouee aaBneHue B UMAMHApPE:

4F
Du=——. (21)
D,
AHanornmyHo no F; u S; onpeaenstoT paboyne AaBneHUs B LU-
NMHApPEe Anst OCTanbHbIX 31EMEHTOB paboyero umkna (f, tey , tpu, teo)-

4.5.1.2. TpuBoabl C rMAPOMOTOPOM

[ns npvBOAOB C rMAPOMOTOPOM MO MaKCUMasbHOMY KpyTsiLeMy
MOMEHTY M. (cM.Mpun.l) npeasapuTenbHO NPUHMMAIOT TUM TMAPOMO-
Topa [10, 14] n paccunTbIBaOT BEIMUYMHY MaKCMMasbHOMO nepenaja Aas-
NIEHUsI Ha HeM Ap,, (Ha ydacTke paboyeli nogaum)

2nM
Ap, =—, (22)

qMT]M
roe gy — pabounii o6beM NpUHATOro TUMOpasMepa MMApoMOTopa WM
pacxof 3a oaguH obopoT potopa (cornacHo MOCT 13824-80), g
pernameHTUpyIoTCs CTaHAapTHLIM psaoM (cM. Tabn. 9); n, — Mexa-
Hudeckui KMA ruapomotopa (0,85-0,9) [10, 13].
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Tabnuua 9
Paboune 06beMbl POTOPHBIX O6LEMHbIX MAPOMALLNH, CM°

4 - 5 - 6.3 - 8 9 10 (112)
40 @) [ 50 | (6 | 63 | (1) 80 (90) 100 (112)
125 | (14 | 16 | (18) | 20 | 224 25 28 32 36

125 | (140) | 160 | (180) | 200 | (224) | 250 | (280) | 1000 | (1120)

Ha yuyactkax 6bICTpbIX MepeMeLLEHNI KPyTALWMA MOMEHT FrMApPO-
MoTopa Mg, MeHblle pacdeTHoro M, onpeaensieTcs AeWCTBMEM MOMEHTA
OT CUn  CONPOTUBIEHMS OBWXEHUIO M. W NPUHUMAETCS  pPaBHbIM
Ms5,=(0,15...0,2)M,, [3, 7]. Mo Mg, paccunTbiBalOT nepenaabl AaBfeHUs Ha
rmapoMoTope npu 6bICTPOM NoABOAE M OTBOAE UCMOSTHUTENBHOrO Mexa-
HWU3Ma.

[nsa onpepeneHuns 4acToT BpalleHWs Bana rmapoMoTopa n, Ha
KaXkIOM 3n1ieMeHTe paboyero UuKia MCnosib3yeM ypaBHEHUE KMHeMaTu4de-
ckoro 6anaHca, yCTaHaBnMBaloLlee CBA3b MexXay nepemMelleHusMU Ha-
YanbHOrO M KOHEYHOro 3BeHbeB NpuBoAa (nocneaHue 3aaaHbl UCXOAHBIMU
OaHHbIMK 334aHKA):

V=nyu-t, (23)

V=nyumnmz, (24)

rae u — nepeaaTovyHoe OTHOLLEHWE peflyKTopa; ¢, — Liar BUHTa nepeaayu

BWHT- ravika; m, z — MoAy/lb, YAC/I0 3y6beB Mepeaayn LUeCTepHS-
peyika.

Mo ypaBHEHWIO paccUUTbIBAIOT YacTOTbl BpalleHWs Bana rmapo-
MOTOpa N, ANS KaXaoro sneMeHTa paboyero umkna
n:i, n; = d . (25)
T ummz

Mo pacyeTHbIM 3HAYEHUSIM Hmax, Mmin, NPUHUMAIOT GRVDKalLIMeE
CTaHaapTHble (cM. Tabn.10).

Tabnuua 10
HoMuWHanbHas YacToTa BpalleHNs poTaLMOHHBIX MMAPONpuBOaAOB
n 0,96 - 9,6 - - - 24 - 37,5 -
06/c

0,016 - 0,16 - - - 0,4 - 0,63 -

60 75 96 120 150 192 | 240 | 300 | 378 | 480
1 1,25 | 1,6 2 2,5 3,2 4 5 6,3 8

600 750 | 960 | 1200 | 1500 | 1920 | 2400 | 3000 | 3780 | 4800

10 125 | 16 20 25 32 40 50 63 80
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3aTeM OKOHYaTENbHO YTOYHSETCS ¢, U MPUHUMAETCA TN rMapo-
moTopa[10].

[ns npuBoAa C rmMApPOUMINMHAPOM MOCNE ONpeAeneHns anameTpa
nopwHa D paccunTbiBalOT AMaMeTp wrtoka D,,. lNpu 3TOM yunTbiBaeTCS
KO3 ULMEHT COOTHOLLEHUSI CKOPOCTEN 0BPaTHOrO0 YCKOPEHHOro U Mpsi-
MOro paboyero xofa nopLuHsa Ky npy NoCTOSHHOM, NOABOAMMOM K LIMMH-
Apy pacxoae

K, -n (26)
861'1

Mpw 06bIYHON CXEMe NOAKIIOYEHUS OAHOLLITOKOBOIO unnnmHapa

(27)

Mpu anddepeHUMancHO CXeMe, peannsyemMon CcoeamHeHUeM
obeunx nonocTeit uMnMHApa Mexay coboit M C HanopHON NMHWEN 1 nepe-
KpbITUEM C/INBA,

p -_D . (28)

YK, +1

Ecnu  COOTHOWEHWE  CKOpOCTEM  HEe  perfiamMeHTupyeTcs,
D,=(0,25...0,30)D B 06bIuHbIX cnyyasix; D,,=(0,4...0,5)D — ana MOLHbIX
CUCTEM.

PacueTHoe 3HauyeHve D, OKpyrnsieTca Ao 6amdkalwero craH-
pfaptHoro (FOCT 12447-80). MNMpuHaTble 3Havenus D, Dy, Ly, 1y N03BO-
NS0T BbI6paTbh TUMOPAa3Mep U KOHCTPYKLMIO MMAPOUMANHAPA MO HOpManu
r21-19 110, 131.

4.5.2. PacueT napaMeTpoB 1 BbIbOp Hacoca

4.5.2.1. 1o 3aaHHBIM CKOPOCTSIM YCKOPEHHBIX XOA0B Vi, Vs, M paboumx
nepemelleHnin Vo1, Vonz MCNOMHUTENBHOrO MexaHW3Ma OnpefensioTcs
TpebyeMble pacxoabl B HAMOPHOM U CAIMBHOW MAPONMHUSIX.

g npuBoaa ¢ rufpoLnmMHApoM

Mpu paboyeii 6eCLLTOKOBOW NOMOCTV OAHOLITOKOBOrO LMMHAPA:

- HanopHas ruaponunusa Q"

. nD?
O = TVEH ;
. nD?
O = 4 Vor 7 (29)

- CnuHas rugponuHus Q"
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(D> -D})

O = 4 BI 7
o n(D2 -D? )
Qupn = 4 PII *
L1189 cUMMETPUYHOIO (ABYXLITOKOBOIO) LIM/IMHAPA
IMpy paboueii LUTOKOBOM NOMOCTY LUAMHAPA: QLHU = LCIIH
2 2
n!D -D )
Q;Bn = 4 = SEH = Q;Eo;
; n(D* -D} .
Qupnz = (T)me = Q:Pnz : (30)

[ns npuBoaa c rMapoMOTOPOM U pabounMy 06BLEMOM ¢,, PacXoabl
B HaMopHOW 1 CIMBHOM MNOJIOCTAX ONpeaensior:

H Clt Mn 1

o = o = Iullon . (31)
H cln an X

0y =0s B =, (32)
H cln Mn 0

ol =08 =—"n6 , (33)

rAe negy, Neo, Npn — YACTOThbl BpalLEHNA TMAPOMOTOPA MNpU YCKOPEHHbIX U

pabounx nepemelLeHusx; 1, — 06beMHbIli KM npuHsTOro Tvno-
pa3Mepa ruapoMoTopa.

4.5.2.2. Moaadyy (Npon3BOANTENBHOCTL) HAcoCa PacCYMTLIBAKOT MO ypas-
HEHWIO:

QH = Qmax + ZQII:IA + K/ (34)
i=l

rae Omax — MaKCMMarbHbIN U3 paccunTaHHbix B N.4.5.2.1 pacxonos; X0,
— CyMMapHble 06beMHbIe NMOTepU B rmapoannapaType npeanarae-
MOI cxeMbl NpuBoaa; Oy, — Pacxos Macna yepes npefoxpaHnTesb-
HbI KnanaH, Heo6XoAMMbIN Ans obecneyeHmnst YCToMYMBON paboThl
npueoda (Oi,=3...4 n/muH) [5, 10]; kr — KOAMYECTBO rvapoanna-
paToOB Ha HAMOPHOMN FMAPOIMHUK NPUBOAA.
Ob6beMHble MOTEpM B rMapoannapatax OnpeaensitoTcsl Bblpaxe-
HUIO:

QrHAi =TrAiPmax 1 5)
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roe rra — yhenbHas yteuyka (OpMEHTMPOBOYHO A1 ruapoannapaTypel
rra=0,017 oM?/(MMa-c), rmmapoummHapa;  r,=(0,034...0,05)
cv’/(MMNa-c), rmapomoTopa r,=(0,8...1,2) cv’/(MMa-c) [10 ,14];
Pmax — MaKCMMasnbHOe JaBneHve B rugpoasuratene (npu paboumx no-
fadax € Moa).

Mo pacuyeTHoMy 3HadeHuo O, m3 Tabn.ll npuHumaeTcs 6nau-
Xalllee 6onbluee 3HaYEHWE M3 CTAHAAPTHOMO psifa PacxofoB paboudeit
XWUOKOCTMW.

Tabnuua 11

HoMWHanbHble pacxoabl paboyei XUAKoCTV ANst rMaponpUMBOAOB
(FOCT 13825-80)

N/MUH 1 1,6 2,5 3,2 4 5 6,3 8
10°m3/c | 0,016 0,025 0,04 | 0,05 0063|008 | 01 |0,125
n/MUH 10 12,5 16 20 25 32 40 50 63 80
10°m3/c [ 0,16 | 02 [ 025 ] 032 | 04 05 1063 | 08 1 1,25
n/MUH 100 | 125 | 160 | 200 | 250 | 320 | 400 | 500 | 630 | 800
10°m3/c 1,6 2 2,5 3,2 4 5 3,6 8 10 12,5

Ncnonb3ys (30), onpeaenseM yTeukn M Ha Apyrux atanax pabo-
yero uuKna.

Pacxon Q

4.5.2.3. Hanbonbluee faBneHvne, passnBaeMoe HaCOCOM, pacCUUTLIBAOT
No ypaBHEHMIO:

n
Pu = P+ 2 APH+ D AP+ Py s (36)

i=l
roe XAp., — CyMMapHble noTepu AaBfeHus B rmapoannapaType Ha Ha-
MOPHOM rMAPOMarucTpann, Npu MakCMManbHOM pacyeTHOM AaBre-
HUM Ha BXofe rmapoasuraTens; prn, NPOTUBOAABIEHNE B C/IMBHOM
nonoctu rmgpoasuratens (0,3 ... 0,8 Mla), obecneunsatoLlee pas-
HOMEpPHOE [IBUXXEHWUE MMAPOABUIATENS MPY U3MEHSIOLLENCA Harpys-

ke Fy nam M, [10, 11],

Pup = Papo + D DDA + D MDY

pnpo :pj:[p _ZAplg/{[ _ZAPT?)H ’
roe LApe; — CyMMapHble NMHEeNHbIe NOTepy AaBMeHWsl B CIMBHON ruapo-
Marucrpanu.

Pabouee paBneHue Hacoca Ans Apyrux 3tanoB paboyero umkna
Putn> Pudo> Pupn2 OTPEAENSIOT, UCMONb3ys ypaBHeHue (3), NoAcTaBnss B
HEro BMECTO Pymax COOTBETCTBEHHO Pugn, Pusos Pupn2-

MoTepu AaBneHus B NPOTOYHON YacTW rMApOoannapaToB MpUHK-
MaloT NpeaBapuUTENlbHO U3 CnpaBoYHoM NuTepatypbl [10, 16]. 3HaueHus
AplA max pekoMeHAyloT AN HOMUHaNbHOro pacxoga. QraH nosToMmy
npeaBapuTenbHO MOXHO MpuHMMaTh: Ans obpaTHelX knanaHos — 0,05
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MMa; KnanaHoB MpeaoXpPaHUTENbHbIX U MOCTOSHHOW Pa3HOCTU [aBNeHUI
(0,25...0,8) Mrla; perynstopoB pacxoga (0,3...0,6) MIa; ¢unsTpos
(0,05...0,15) MNa; TennoobmeHHmkoB (0,15...0,2) MlMa; pacnpeaenuTenei
(0,15...0,25) MnNa.
Ecnv pacyeTHbIn pacxof Macia 4Yepes annapaT MeHblle HOMU-
HanbHOro, akTnyeckne NOTepU AaBMEHUS PAaCCUUTBLIBAIOT MO YPaBHEHMIO
2
Apra — QFA (37)
I
ApraH QFAH
rae Apra, Ora — COOTBETCTBEHHO (haKTUYECKMe NoTepy AaBeHUs U pac-
xof yepe3 annapaT; Apran, Oran — NOTEPU AABNEHWUS MPU HOMU-
HallbHOM pacxofe W HOMMHasbHbIA pacxod (M3 CNpaBOYHbIX [aH-
HbIX).
CyMMapHble MoTepu AaBMEHWs! B MMAPOSIMHUSX >Ap;, Ha 3TOM

3Tane pacyeta MpUHUMAIOT OPUEHTUPOBOYHO paBHbiMKU (0,1...0,2) ZApra
M YTOYHSIIOT B AanbHelLweM B . 4.5.6.

Mo pacxogy Oy v AaBNEHUIO p,, ONPEAEnstoT MOLHOCTb UCTOYHU-
Ka nuTaHns N, =p, Oy 1 BblIBUpaloT TUNopa3Mepbl OAHOrO MM ABYX Haco-
coB (B 3aBUCUMOCTY OT 3aaanusa) [10, 14].

4.5.3. Boibop ruapoannapatypbl

Mo BENMUYMHAM pacxodoB W AABNIEHWUIA B MaruCTpansax BblGupatoT
TUMOPA3Mepbl PErynMpYIOLLIEA, HaMpaBnsoLLEd WU BCrIOMOraTeslbHoM an-
napaTypbl, YCTaHAaBIMBAEMON HA HANOPHOW U C/TMBHOW MMAPOSTUHUSIX.

Mpun BbIGOPE TUMNOPa3Mepa YCTPOMCTB NPUHMMAIOT 3HAUYEHMs pac-
XO[I0B W AaB/IEHNI HA YYaCTKe rMapoMarucTpanu, rae yCTaHoBMEH rMapo-
annapar. YunTblBasi, 4TO AN TexHosnormyeckoro obopyaoBaHUs BbiMyc-
KaloT ruapoannapaTtypy Ha AaBneHus 6,3 1 32 Mla, BbI6Op 3NEMEHTHOM
6a3bl Begetca daktuyeckn no pacxogy Q v NpUHSATOMY HOMMHASILHOMY
[OAB/EHMIO.

Ha sToM 3Tane cnepyeTt onpeaenvTbCs C KOHCTPYKTUMBHBLIM WUC-
MOJSIHEHUEM TMAPABIMYECKON CXEMbI, NPEACTABMSEMbIM CXEMON COeauHe-
HWI 4. B COOTBETCTBMU C MPUHUMAEMbIM BapUaHTOM MCMOSTHEHUSI CXEMbI
BblIOMPAOTCA COOTBETCTBYIOWME €MY KOHCTPYKTUBHbIE WUCMOSHEHUS TUA-
poannapaToB.. 1o UCMOMHEHNIO CXEMbI COEAMHEHMWN Pa3/NYaloT:

e HaBecHoi MOHTaX C pe3bb0BbIMU NMPUCOEANHEHMSMM TUapOarn-
napartoB, pe3bboBble OTBEPCTUS Ans NOAKMoYEHUS TPybonpoBOAOB Bbl-
NOJSIHSIETCA HENOCPeACTBEHHO B KOpMyce;

e MOHTaX MOCPEACTBOM MPOMEXYTOUHOM MaMTbl (C OTBOAOM
Tpyb BHM3 MAM B CTOPOHbI), rMAapoannapaThl BbIMNOSHST CO CThIKOBbIM
NpuUcoeanHeHNeM B COOTBETCTBUM C MeXAYHapOAHbIMU MPUCOeaUHUTENb-
HbIMM pa3MepaMM MOHTAXHbIX MINT;
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e licnonHeHne cxembl B BWAE LENEBbIX rMaponaHenei, koraa
B3aMeH YHU(UUMPOBaHHbLIX rMapoannapaToB UCNONb3YIOT Hanpasnsowme
N perynupytolme ycTpoMcTBa, BbiNOIHEHHbIE B OAHOM KOpryce AJisi opra-
HM3aLMN HKeCTKUX paboumnx LUMKNIOB;

e Mogay/nbHbIli MOHTaX, KoOrAa Bce annapaTbl MMEKOT ABE CTbIKO-
Bble MOBEPXHOCTN C OAMHAKOBLIMW KOOpAMHATaMW NpPUCOEAUHUTENbHBLIX
OTBEPCTUI, PaCrONOXEHHbIX CBEPXY WM CHWU3Y KOpMyca; 3TO MO3BONSIET
06beanHSITb YCTPOICTBa B NAKET, 3aMblKaeMbIi1 CBEPXY MAMTOW CBS3U UN
NAUTON — 3arnylwkoi (nNpegoxpaHuTenbHble kKnanaHbl MKM, peayKumoH-
Hble KPM, rugposamku 3M, apoccenu KAM, perynatopbl notoka PIM). B
KayecTBe COEAUHUTESIbHBLIX 3/1EMEHTOB MCMOMbL3YIOT MUTbI, 4acTO Bbl-
NoJIHAEMbIE MHOrOMECTHbIMU.

e MoOHTa)x BCTpavBaeMOi annapaTypoit B crneumasnbHble MOHTa-
Hble rHe3aa kopnyca (npu 6onblKMX pacxodax U AaBAEHUSX B rMAPOCUC-
TeMe), YTO MO3BONSET CO3/4aBaTb KOMMAKTHbIE arperaTbl ¢ MUHUMAsbHbI-
MW NOTEPAMN AABNIEHNS N YTEeUKaMU.

4.5.4. PacueT napaMeTpoB 1 BbibOp copTameHTa Tpybonposoaos

MmapaBnuyeckne nuHUM cBsian (Tpybornposoabl) obecneynsatoT
nepenady paboyei XUAKOCTU OT Hacoca K rMApPOABUraTeNnsM, COeAMHSIOT
rmapoannapaTbl Mexay cobolt B COOTBETCTBUM C MPUHLMMNUANBHON Cxe-
MOW. Bbixos 13 cTposi (06pbiB, paspylUeHWUE) UM OLUMOKM NMpU MPOEKTU-
poBaHMK TpybOMNpoOBOAOB MPUBOAST K NOTEPSAM 60MbLUMX 0O6BLEMOB XWA-
KOCTM, CHUXeHUO paboTocnocobHOCTM rmaponpuBOAa, YBETMYEHWUIO €ro
MaccorabapuTHbIX XapakTepuctuk ao 20-25% ot obLiero Beca rmaponpu-
Boga. [1oaToMy pacyeT TpybonpoBOAOB SIBASETCS BaXXHbIM 3TaroM Mnpo-
€KTUPOBaHMs rMaponpuBoAaa.

MapaMeTpbl BCACbIBAOLIMX, HAMOPHbIX, C/MBHbIX, YNpPaB/sIOLLMX
Tpy6onpoBoAoB (AnaMeTp YCIIOBHOTO NpoxoAa dy,, TOMWMHA CTEHKM J),
onpeaensitoT No MakCUMasbHbIM Pacxoay, AaBMEHNIO, CKOPOCTU ABMXKEHUS
notoka V, Ha paccmaTpvBaeMoM y4yacTke Tpybonposoga [15]. Anuny
TpybonpoBoAos onpeaensitoT AeneHnemM obLWmMX 3a4aBaemMbiX ANMH rMapo-
Maructpanei L, I, no ycMOTpeHuio pa3paboTymka UM U3 KOHCTPYKTUB-
HbIX COOBpPaXXeHWI, onpeaensieMbiX NMPOCTPAHCTBEHHBLIM PACTONOXEHNEM
3/1EMEHTOB rMAponp1BOAa.

4.5.4.1. nametp Tpybonposoda onpeaensior U3 BblpaXKeHns Ans onpe-
[JeneHns pacxoaa:

0
dTp=1’13 8_, (38)

K
CKOpOCTb [BVMKEHMS XNAOKOCTU Vo pEKOMEHAYeTCs MpuUHUMaThb
[5,16]:
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- NS BCACbIBaOWMX MNHUM < 1,2 M/C;

- ANA CMBHbBIX NIUHKI 2 M/C;

- AN HAMOPHbIX JIMHWIA:

p<5 MnNa - (3-5) M/c;
p=5-7 MNa - (6-8) M/c;
p=7-10 MMa - (10) M/c.

TpybonpoBoa ans oTBoda yTeyek Ao/mkeH obecneunBaTb CBO-
604HbIN OTBOJ, XWAKOCTM, MO3TOMY €ro MUHMMASbHbIA AUAMETP MPUHM-
Maetcst 8-10 MM, noTepu aasneHns Ap,,<0,15 Mla, a ckopoCTb NOTOKa B
ApeHaxxHoM Tpybonposoae V;<1,2 M/c.

4.5.4.2. TonwwuHy cTeHkun Tpybonposoaa & onpeaensiot rno dopmyne:
k3 pd'rp

o= ,
2Gp

(39)

rae k3 — koadduument 3anaca (k;=1,0...1,3), yuuTbiBaET BO3MOXHbIE

nynscaumm Aasnennit [10]; [c,] — AonyckaeMble HanpseHUs Ha
pa3pbiB Tpybonposoaa (ans cramm [c,]=(40...60) MMa; ans meam
[cp]=25 MMa).

PacueTHble 3HauYeHWst dy, U O OKPYrnAT A0 BavdKaNWMX CTaH-

AAPTHBIX M MPUHUMAIOT COPTaMeHT r’mAponuHuWiA (ansa d., — 4, 6, 8, 10, 13,
15, 20, 25,...mMm) (FOCT 8734-75, TOCT 17-70, TOCT 6286-73), [10].

4.5.4.3. 3aTeM YTOYHSIIOT AEACTBUTENbHbIE CKOPOCTM XXMAKOCTU B
rMAPONNHUAX:
_ 40

wi 2 7
nd,,

(40)

4.5.5. Boibop Mapku pabouen uakocTu

Pabouas »unaKocTb rmaponpmeoaa SBASIETCS OAHUM U3 OCHOBHbIX
3/IEMEHTOB ero CTPYKTYypbl, TaK Kak rnepefaeT 3Hepruyio K rmapoasurate-
nsiM, 0BecrneunBaeT HAZIEXHYHO CMasKy MOJABUXKHBLIX COMPSHKEHWUI BCEN
rMAPaBIMUYECKOW CUCTEMbI, BK/OYAsi CMasKy HanpaBnsoWmX, 3y64aTbix
3alenneHnii, paboyero MexaHusMa, NoJLLMMHMKOBLIX Y3/10B, rMApPOCTaTy-
YeCcKnx M rmapoaMHaMMYecKmx Onop CKOMBbXEHUS, MHTEHCUBHO OTBOAUT
Tenno, yaanset u3 rmapocmMcTeMbl NpoayKTbl M3HOca. U3BecTHO, 4To 75%
OTKA30B B rmaponpuBoAax SBNASIOTCS CNeACTBUEM HENpPaBMbHOro Bbi6o-
pa Mapku pabouein XuakocTu, NMbo HapylueHusl ee CBOMCTB B Mnpouecce
3KcnyaTaumm rmapoduumMpoBaHHOro 06opyaoBaHus.

49



Bbibop MapKku XUAKOCTU 3TO CNOXHAs MHOrokpuTepuanbHas 3a-
Jaya, Tpebyrowas oT paspaboTunka NpuBoAa NPUHATUS KOMMNPOMUCCHOMO
PELLEHMS, TaK KaK OCHOBHble CBOWCTBA MMUHEpasibHbIX Maces NpoTUBOpe-
UMBO BSMSIKOT Ha 3KCM/yaTaUMOHHbIE XapaKTePUCTUKM peasibHOro MpuBo-
Ja. Tak, HanpuMmep, MeHee BS3KME Macsa CHUXKAIoT NOTepU AaBMeHUs, HO
YBEIMUMBAIOT yTEUKM. BblbMpas Mapky paboyein xuakoctu, cneayer ob-
pallaTb BHUMAHUE Ha CTabunbHOCTb €e BA3KOCTU B LUMPOKOM AMana3oHe
TemnepaTtyp (MHAekc Bsizkoctn MB<80), mopynb ynpyroctu E,, nnoT-
HOCTb p, XOpOLUMe CMa3blBaloLiMe CBOWCTBA, COBMECTMMOCTb C MaTepua-
NlaMn YNJIOTHEHWUI, TEMNEPATYPY BCMbILWKM 3aCTbiBaHUS U paLMOHabHYO
croumocTsb [3, 6, 10, 16].

Bonee Ba3kMe Macna TPaAULMOHHO MPUMEHSIIOT B POTALMOHHOM
rMAPONpUBOAE M MPU BbICOKMX AABMEHUSX, TaK KaK MOBbILEHHbIE YTeuKu
BPALLAOLLMXCSl COMPSHKEHUI NpUBOAAT K CHWxenuto KM ruaponpueoaa.
B npouecce skcnnyatauum cnefyeTt CTporo BbiNOMHATL TpeboBaHUs pas-
paboTuMKka 1 3aBofa — U3roTOBUTENS rMAPOULMPOBAHHON TEXHWUKMU.

B Tabn.12 npuBogdATcs pekoMeHAayeMble ANS NPOMBILIEHHOro
rmaponpuBoaa Mapku paboumx XXnaKocTei.

Tabnuua 12
PekoMeHayeMble AN NPOMBILLAEHHOrO rMaponpuBoAa Mapku paboumx
Xuakoctelt (MUMHepanbHbIX Macen)

Mapka Macna Mpu- | Baskocte | HB foen | | p
rocT, Y cank | v mMYc « K/

AMI-10 FOCT 6794-75 HH 10 98 -70 | 870
BMI3 TY 38-101-479-74 HM 10 135 -60 | 860
nnr-18 TY 38 101413-78 HH 16.5-20.5 910 200 -15 | 880
Mr-20 TY 38 -1-01-50-70 HM 20 180 -40 | 885
Mr-30 TY 38 -1-01-50-70 HM 30 190 -35 | 890
nnr-30 Ty 38 101413-78 HM 28-31 90 200 -15 | 885
nnr3g Ty 38 101413-78 HM 35-40 90 210 -15 | 890
BHWW HM-404 [OCT 16728-78 HM 25-35 85 190 -10 | 850
NrHC,-20 Ty 38 101798-79 HG 19-23 95 170 -15 | 890
NrHC,-40 Ty 38 101798-79 HG 38-42 95 210 -15 | 895
-20A F'OCT 20799-88 HH 17-23 100 190 -15 | 885
1-40A I'OCT 20799-88 HH 28-33 85 190 -15 | 890
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Tabnuua 13
HekoTopble aHanorn macen 3apybexHbix hUpM 0TEYECTBEHHBIM MapkaM

Macen
MHoCTpaHHble hupMbl
Poccus Shell Mobil Exxon BP Castrol Caltex
nrn-18 Tellas DTE 24 Nuto Energol Hyspin Rando
S32 HP32 HLP-32 AWS 32 HD 32
nrn-30 Tellas DTE 25 Nuto Energol Hyspin Rando
546 HP46 HLP-46 AWS 46 HD 68
BHUWU HIM- Tellas - - - - -
404 46
WrHC,-20 Tonna Vacuoline Febis GHL-32| Magna -
T32 1405 k32 GC-32
N-20A Vitrea Vacuoline Nurrey Energol Magna Regal 32
32 Light 32 CS32 GC-32

DKCMNyaTaUMOHHblE CBOWCTBA MWHEPASbHbIX Macen ynyywaror
pobasneHneM pasnuMyHbIX NpUcagok: Motoweancneprpyowmx, (3 -15%),
QHTHMOKMCAUTENbHBIX (A0 1%), NPOTUBOU3HOCHBIX (@HTUMPUKLMOHHBIX)
(8o 2%), aHTMKOppO3UiAHbIX (A0 0,5%), BA3KOCTHbLIX (A0 3%), aHTUNEH-
Hbix (0,002 — 0,005%). BeoaMMblE NMpUcagKkM AO/MKHbI NOHOCTBIO pac-
TBOPSTLCS, HE YXyALWaTb OCHOBHblE CBoMcTBa Macen [2, 3].

BaxkHbIM TpeboBaHMeM K pabounM XUAKOCTSM SABASETCS OrpaHu-
YyeHue MpUCYTCTBYIOWMX B HUX MEXaHMYECKUX npumeceid. OCHOBHYIO
YyacTb npuMeceit ao 60-80% cocTaBnAOT NPOAYKTbl U3HOCA MOABMXKHbIX
COMPSHXEHWUIM rMApOanmnapaToB, HAaCOCOB, FMAPOABUraTesNieil, KOTopble ak-
TMBHO OKMCASOT Macna, Tak Kak 0611aaatoT noBEpXHOCTHO — aKTUBHbLIMU
CBOMCTBaMW. 3arpsisHEHUSI NOSIBNSIIOTCS B NEPUOA U3roTOBSIEHUS, CO0PKM,
3KCNyaTaumMu ruaponpueoda M AOMKHbI MOCTOSIHHO YAANATbCS MyTeM
oumnctku (punbTpaumm) paboumx Xuakocten. Kputepmem oLEHKN CTENEHM
YMCTOTbI paboyelt XMAKOCTU SBNSIETCS COAEp)KaHME MEXaHWYecKux Mpu-
Mecell B eauHuule eé obbema (MI/n unm %) (FTOCT 6370-83, FOCT
12275-66) 1 KOMMYECTBO YacTWLL NO LIKane pasmMepos B 1 AM® »xwuakocTn
(F'OCT 17216-2001) cTraHaapT yCTaHaBAMBaET 17 OCHOBHbIX KNAaCcCOB YnC-
TOTbl paboumnx XXMAKOCTEN U ABa AOMNOSHUTENbHLIX (Tabn.14).
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Tabnuua 14
3aBUCMMOCTb K/lacca YMCTOTbI XKMAKOCTU OT YMCNa YacTuL 3arps3HUTens

Knacc Yneno YacTuy 3arpsisHuTens B (100£0,5) e’ xuakocTu Macca 3arpsi3-
YUCTOTbI npyW pasMepe YacTuL, MKM, He bonee HUTENEN,
HKAR- 1 o105 | ce.lpo | 8240 | 8.5 Ao |cB.10 Ao|ce.25 po|cs.50 mo| c8.100 | Bo- %, He Gonee
Kocten | po 1 2 5 10 25 50 100 | 10200 | nok-
00 800 400 32 8 4 1 Orgr- | AO Ha He
0 1600 800 63 16 8 2 cre | ﬂ HOpMMpyeTca
1 1600 125 32 16 3 2 ]
e &
2 250 63 32 4 1 g "5:\,
3 125 63 8 2 o
4 250 125 12 3
5 500 250 25 4 1
6 1000 500 50 6 2 1 0,000032
7 2000 | 1000 100 12 4 2 0,000064
8 4000 | 2000 200 25 6 3 0,000125
9 8000 | 4000 400 50 12 4 0,00025
10 He HopmupyeTcs 16000 | 8000 800 100 25 5 0,0005
11 31500 | 16000 | 1600 200 50 10 0,001
12 63000 | 31500 | 3150 400 100 | 20 0,002
13 63000 | 6300 800 200 | 40 0,004
14 125000 [ 12500 | 1600 400 | 80 0,008
15 25000 | 3150 800 | 160 0,016
16 50000 | 6300 1600 [ 315 0,032
17 12500 [ 3150 [ 630 0,064
lpnmedarns

1. «OTCyTCTBUE» 03HAYAET, YTO MPM B3ATUN OAHOM MPOBbI KUAKOCTY YACTULI 33AaHHOTO pasMepa He
0GHapYXeHbI UW MPU B3SITUM HECKONbKVX P0G 0BLLIEE WACTO OGHAPYXKEHHBIX YACTUIL MEHbLLE YACTa B3ATHIX

2. «AO»- abCONIOTHOE OTCYTCTBME YaCTUL 3arpsisHUTENS.

3. 3aBUCUMOCTb KTacca WACTOTbI XWAKOCTY OT MacChi COAEPALLETOCS B Helt 3arpsiHUTENs, C Y4eToM
YMCNa YaCTUL 3arpsiBHUTENs XUAKOCTU SIBMSIETCA CripaBOuHOM. Macchl MpuBeAeHbl NS YacTuL 3arpsiHuTens co
cpepHelt MNoTHOCTbIO 4x10° kr/M° 1 MNoTHOCTbIO XuakocTk 1x10° kr/m?

[ns rmpponpuBoAOB B PaBHOM CTEMEHWN OMAcHbl, Kak MesKue, Tak
N KpynHble YacTuubl. [N npeumnsnoHHbIX (30M0THUKOBbLIX, MIYHXKEPHbIX,
AKCMANbHO — MOPLUHEBBLIX MalMH Haubonee onacHbl YacTuLbl, COM3Me-
puMble C paavanbHbiMK 3a3opamn (4-8 MkH). MpoHUKas B 3a30pbl, OHU
BbI3bIBAIOT 33aAMPbl, @ YacTo W 3aK/IMHMBAHWE MOABWXKHbLIX COMPSHKEHMIA.
KpynHble 4YacTvubl OnacHbl Ans LWeCTepeHHbIX MMApPOMalLWH, rMapoLm-
JIMHAPOB, 3anopHO-K/1anaHHbIX 3/1IEMEHTOB.

YCTaHOBNEHO, YTO MHTEHCMBHOCTb M3HOCA MX COMPSDKEHMI Mpo-
MOpUMOHasibHa pasMepy 4acTuL 3arpsisBHEHUIA cpean KOTOPbIX MPUCYTCT-
BYIOT ¥ abpa3vBHble Mo cBoe npupoge [2, 3].

PekoMeHAyeMble KacChbl YUCTOTbI paboumx XXMAKOCTEN Anst rua-
pOodULIMPOBAHHOrO TEXHONOrMYeckoro obopyaoBaHus:
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8,9 — aBMaLUMOHHbIE TMAPOCUCTEMDI;

11,12 — metannoobpabatbiBatowiee obopyaosaHue;

12,13 — MOb1bHbIE MALLMHBI.

[ns cneumanbHbIX rMAPOCUCTEM KNIACC YMCTOThI paboyei Xuako-
CTW Ha3HayaeT pa3paboTumk nocne Bbibopa TMNOpasMepoB rMApPOMaLLVH
W annapaTypbl, OnNpeaensiowmnx XapakTepUCTUKM MOABUMXKHbLIX COnpsike-
HUI. Ona noaaep)XaHusi MPUHATOrO YPOBHS UNCTOTbI paboyeit XUAKOCTM
B XOfe 3KCrnyatauuu ruaponpuBoAa npeanaraeTcs cucrteMa OYUCTKM
XXWAKOCTK, BKtOYalOWas KOHCTPYKUMO rmapobaka, npuHATbE TMNoOpas-
Mepbl U MeCTa yCTaHoBKU punbTpoB [3, 14].

4.5.6. OnpeneneHne pexxrMoB ABWKEHUS paboyelt XXNaKoCTy
B rMIpocucTeme

[ns pelieHns 3TON 3aflayuM MCNOMb3YT KpUTepuit PeltHonbAca,
MO3BONISAIOWLMIA B AaNbHENLWEM CYMTATb MNOTEPU AaBNEHMS B TpybonpoBo-
[aX U NPOTOYHOM YaCTM aKTUBHbBIX M MACCUBHBIX MMAPaBIMYECKMX COMpO-
TUBMEHWN.

B obLem cnydyae uncno PeiiHonbaca Re onpeaensior:

4R9,,

v
roe R=S/I1 — rmapaBAMUYeckuit paamyc NpOXOAHOr0 CEYEHWsl, PaBHbIM
OTHOLLEHMIO XKMBOMO CEYEHMS MOTOKA S K CMAUMBAEMOMY NepUMeT-
py II; V, — CKOpOCTb ABWKEHMSI XWAKOCTU; V - KMHEMATMYecKas
BSI3KOCTb >KMAKOCTY.
[ins Kpyrnoro NpoxXoAHOro cedeHuns S AMaMeTpoM d-

Re=Lxd (42)
A%

Mo kpuTepuio Re onpeaensitoT pexxuM ABUXXEHWUS KMAKOCTY:
Re<2320 — naMuHapHsblii
Re>2320 — TypbyneHTHbIN
Mpu pacyete Re ans HamopHbIx TpybonpoBOAOB crieayeT Kop-
PEKTUPOBATb KMHEMATMYECKYIO BSI3KOCTb V MO AABSIEHUIO U TEMNEpPAType
paboyelt X1AKOCTU, UCNOSIb3Ys BblpaXkeHMe:

Vpl — Voefa(tlftz)”?(l)z*l)l) , (43)
roe a u b — aMnupudeckue koadduumerTsl [5, 14]; ¢, &, p1, p» — COOT-

BETCTBEHHO HauasibHbIli U MAKCMManbHbIN TEMMNEPATYPbl XXNAKOCTU
N JaBNneHus.

Re

' (41)
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4.5.7. YTOUHEHHbI/ pacyeT NoTepb AaBNeHUs B 'MApOMarncTpansx
npusoaa

Mocne pacueTa MapaMeTpPoOB rMApoABUraTesns, Hacoca, Tpy6o-
NpoBOAOB, BbiGOpa TMNOPa3MepPOB MMApoanmnapaToB C YYETOM MpPOCTpaH-
CTBa, OTBOAMMOrO A/ KOMMOHOBKM MMAponprBoAa, pa3pabaTbiBaloT cxe-
My coeaMHeHui. Ha Helt Tpy6onpoBofbl M ruapoannapaTsl o6pasyroT
NpocTble WM pasBeTBJIEHHbIE ruApoMarucTpanu. KpuTepueM OLEHKM
NpPaBUIILHOCTM UX KOHCTPYMPOBAHUS

ABNAOTC MWUHWUMAsIbHbIE NMOTEPW AABNEHUS OT HACOCHOWM YycTa-
HOBKM [I0 rMApOABUraTesniel Ha BCEX 3Tanax paboyero UuMkia rmaponpu-
Boga. OHM BO MHoroM onpegensitoT K[ ruapocucreMmsl, TEMOBOW pe-
XXMM, LyM, BUGpaUMKU rMapoMarucTpanel. YTOUHEHHBIM pacyeToM ornpe-
JENseTcs peanbHasi 3HEpreTvka rmaponpueoda, Moyvalowast TOUHYHo
KOIMUYECTBEHHYIO OLIEHKY. MEeToAMKYy pacyeTa paccMOTPUM Ha npuMmepe
CXeMbl CMJIOBOW arperaTHoi FofIoBKM Ha pvC.3. YuuTbiBasl, YTO Ha 3TOM
aTane pa3paboTunMk He Bcerda pacnosiaraeT KOPPEeKTHOW CXeMoii coeau-
HEHWI rMaponpMBOAa, PacieT rmapoMarMcTpaneil NnpoBoasT Mo CXeMe Ha
puc.3. YunTbiBas pasbueHne Ha BCachlBaloLLyt0, HarHETATE/bHYHO U C/IUB-
HYI0 rMApOMarncTpanu, rmapaBaMyeckasl CXeMa rmaponpuBoaa BbiMoHS:-
€TCs B BUAE Pa3BepHYTOW rMapoMarucTpanun, MMEIOLLE yu4acTku nocne-
[I0BaTE/NbHO WM Napa/yeNlbHO COEANHEHHBIX TPYBONpPOBOAOB C YCTaHOB-
NEHHBIMX Ha HUX rMapoannapaTtamu (puc.5).

Pacuet BeayT Mo CleaytowmM ypaBHEHNAM:

Ap™ =D Apl +D ApTy + Y Apjic (Hanopras iuHus);

Ap© = ZAPEA +2Ap%, + ZApf,IC (cnmBHas ymHng),  (44)

roe Ap", Ap® — cyMMapHble noTepu AaBneHMs B HaNOpHOM M CIMBHOI
MarucTpansix, onpefensieMbie ANs BCEX SNEMEHTOB paboqero Lmk-

na; Aprp,Apry,Apyc — NOTEPU AABNEHNS OT TPEHWUS XUAKOCTH O

CTEHKM TPY6OMNpPOBOAOB, COMPOTUBNEHWUI rMapoannapaTypbl, MEcT-
HbIX CONpPOTMBEHUI [15, 16].
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PucyHok 5 - PacnpepeneHvie AaBneHuit B ruapocucteme

CyMMapHble noTepu AaBneHust Apc CO3[at0T NpoTMBOAABIIEHNE
B C/IMBHOM MOJSIOCTU FrMApOABUraTensi.
4.5.7.1. MoTepn faBneHus B ruapoarnnaparax, npeasapuTesibHO

npuHATHIE B N.4.5.2.3, YTOUHSAIOT MO TUNOpasMepaM BblGpaHHbIX YCT-
poiicts [10].
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4.5.7.2. ToTepu AaBneHUs OT MECTHbLIX CONPOTUBNEHWI Ap,,. Bbl-
pakatoT CyMMMpOBaHWEM KO3(MPUUMEHTOB MECTHbIX COMPOTUBMEHUIA W
CKOPOCTHbIX Hanopos [15, 16]:

Ao = Zé —v, (45)

roe & — koabULMEHTBI MECTHBIX I'IOTepb, 3aBUCAT OT BUAa CONpoTUBIe-
HUS, OMpeaAensioTcsa Mo CnpaBOYHbIMM AaHHbIMM[15, 16];
CKOPOCTb [ABMXXEHMS MOTOKA Ha PacYETHOM YYaCTKe;y - YAENbHbIN BEC
paboueit xuakoctn (y=9000 H/m?) [10].

4.5.7.3. JInHelHble NoTepn AABNEHUS B TMAPONMHUAX (33 CYET
TPEHUS XMOKOCTU O CTEHKM TpybonpoBoAa) pacCYMTLIBAKOT MO ypaBHe-
HUIO:

1 v
App =y ——2 46
\Pp =AY d 2g (46)
roe A — Ko3UUMEHT CONPOTUBIIEHMSI rM,qponMHMM (koapdumumeHT Odap-

) [1,16]:

NS NAMMHAPHOrO NOTOKA B XeCTKMX Tpybonposoaax
A=(64...85)/Re;

NS PYKaBOB BbICOKOroO aBneHuUst
A=(75...85)/Re;

Ans TypbyneHTHOro noToka

1=0,316Re**[1];
[; — BAMHbI CMBHOM WM HaNopHOWM rMaponMHUK (rpacbl 13,14, npun.1).

MNMocne pacyeta COCTaBASIOWMX MOTEPb [ABMEHUS YTOYHSIIOTCS
CyMMapHble MoTeEpW AaBfIEHUS! B HAMOPHOW W CAIMBHOWM rMAPONMHUSX ANs
BCEX 3/1eMeHTOB paboyero umkna.

B npvBogax € HeCMMMETPUYHBLIM UK anddepeHUManbHbIM Ln-
JMHAPaMM CyMMapHble MOTEpU AABNEHWUS Ha CvBe Ap® NpUBOAATCS K
3 heKTUBHOI MIoLWaAN NOPLLIHS:

_Ap© D*-D?
Sl D?

Pe3ynbTaThl YTOUHEHHOIO pacyeTa rvapoMarucTpanei npeacras-
neHbl B Tabn.15. MNonyyeHHble 3HaYeHWs NoTepb AaBeHUs Ha y4dacTkax
1-1 ... 13-13 rugpomarucTpanei nosBonsoT NOCTPOUTb AMarpamMmMy pac-
npeaeneHns fasneHuii B rugpocmcteme (puc.5). Takoi rpadmk xapakre-
pU3yeT JIMHWUIO NOMHOrO MMAPOAMHAMUYECKOrO Hamnopa rmapocuctemsl H,,

MO3BONSET paccuMTaTh MMAPaB/MUYECKUE YKIOHbI MarucTpasnen, OLeHUTb
pe3ynbTaThl.

Apy =Ap© =% , M (47)
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Tabnuua 15
XapaKTepuCcTUKK ruapoMarucTpanein npueoaa

Howep | Howep | [ | dm | O | 9« ') Pe AP, 9 P | R [A]|C
rapo- | yeacr- |y e | we Me | MB | MB % | Mm
| Ka

1 1-1

2 2-2

3 3-3

4 | 44

5 |55

6 | 66

7 | 77

8§ | 88

9 [ 99

10 | 1010

11 11

12 1212

13 1313

[Ona nocTpoeHus guarpaMmM U3MEHEeHUs! XapakKTepUCTUK rmapo-
npvBoda B Npeaenax paboyero Unkna pacyeTHble AaHHble no nn 4.5.2.1,
4.5.2.2, 4.5.2.3, 4.5.6 cBopaTca B Tabn.16. Mpadbl N;, 1, Mep, 3AMNOMHSA-
I0TCA no3aHee, nocne pacdetos B nn.4.5.9. Tunosble AnarpaMMbl name-
HEHUS1 CKOPOCTEl, pacxoaoBs, AaBneHuin, KM/ npeacraBneHbl Ha puc.5 u
NOCTPOEHbI /19 paccMaTpuBaeMoro npumepa.

Tabnuua 16
Pe3ynbTaThl pacyeTa XxapaKTepuCTUK rmaponpveoaa

SneMeHThl LMKNa V; 0, 20;, Pui» | ZAp, | Ni AN, | Nep
mct | Mic? m>c! | MMa | MMa | kBr | kBt

«Cron», 3arpyska
CTaHka

BbICTpbIN NOABOA

Pabouas nogava

Bblfepxka Ha ynope

BbICTpbIN 0TBOA

4.5.8. InHaMnyecknit pacyeT npouecca nycka rmaponpueoaa

BbINO/THEHHBIMM pacdeTaMn ONpeaenstoTcs napaMeTpbl U Xapak-
TEPUCTUKU pa3pa6aTb|BaeMoro rmaponpuneoaa. OaHaKo OHW He Y4nUTbIBa-
IOT BO3HUKAKOLWNX B MEPEXOAHbIX pPEXMMax €ro pa6OTbI ANHaMU4YeCKnNX
Harpy3ok. Npn HegoCTaTouHOM pe3epBe MOLHOCTWM NpuBoAa 3TO NMpUBO-
ANT K UX 3aMEANIEHHOMY MPOTEKAHUIO U, KaK CNneacrtBne, K yBEMNYEHUIO
ANTENBHOCTU pa60lw|x LMKNoB, 0CcobeHHO NP 4acCTbiX BKJIIOYEHUAX U
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nepekso4eHusix B paboTe npueoga. JIMMUTUPYIOWMMU OObIYHO SIBNSIKOTCS
npoLecchl pa3roHa M TOPMOXeHus. [ng Takux ruapocMcTeM npoBOAST
AMHaMUYEeCKMn pacyeT. B kauyecTBe obbekTa pacyeTa NPUHUMMAEM CUIIO-
BYIO arperaTHyt0 rofiioBky Ha puc.3. McxoaHble AaHHble dhopMupyeM u3
CTaTM4eckoro pacdeta eé rmaponpueoaa.

B ucxoaHoOM nonoxxeHun «CTomn» arperaTtHoi rofioBKU 3M1eKTpo-
mMarHuT YA BKOUEH u pacnpegenutens P2 3aHMMaeT nosuumio, obecne-
ynBaoLLyto COpoC AaBneHus B 3aknanaHHylo nonoctn anddepeHumans-
Horo knanaHa K1, OH OTKpbIBAETCs U pasrpyaeT Hacoc H Ha cimB B Hak.
[aBneHve cnvMBa MeHblUe AABfIEHUS COMPOTUBIIEHNS ABWXXEHUIO py, MNO-
3TOMYy arperaTHasl rofloBka HEMOABMXXHA WM MOPLUEHb HAaXOAUTCA B Kpaii-
HEM NIEBOM MOJSIOXEHWUM.

PasroH ruaponipyBoga A0 Vs, OCYLLECTBASETCS OTK/OYEHWUEM
anekTpoMartuta YAl u BktodeHueM YA2. TocnefHwin yCTaHaBiMBaeT
pacripegenuTens B NO3MLUMIO KaK Ha cxeMe (puc.3.) U3-3a Manoro speme-
HW nepekntioyeHns pacnpeaenvTens C 31eKTPOMarHUTHbIM yrpaBieHueM
(¢,=0,02...0,06 c) B cpaBHEeHUN C BpeMeHeM pabouero umkna 7, cuMTaem
nepeksitoueHre pacrnpeaenuTens P1 peneiHbiM.[2,3]

PaccunTaem npouecc nycka (pa3roHa) rmaponpyMeoia Ha yyacTke
Vsn. B 32BMCUMOCTM OT COOTHOLLUEHWSI BPEMEHW Pa3roHa f,, TOPMOXEHUS £,
N yCTAHOBUBLLErocs

ABWKEHWUS MMApONpUBOAA #, BO3MOXHbI PasfinyHble MoaxoAbl B
onpegeneHun AMHAMUYECKUX XapaKTePUCTUK W OLEHKE WX BIUSIHUSL Ha
paboTy rmapornpueoaa:

o 1, + 1, < t, JONYCTMMO HE NPOBOAWTb PacyeT rnpoLecca nycka u
TOPMOXEHWUS,, @ MapaMeTpbl MAPONpUBOAA ONpefensTb CTaTUYEeCKUM
pacyeToM;

e t, + t, ~ t, NPOBOAAT NOJMHbIN CTAaTUYECKUIN PacieT rmaponpu-
BOJA W OLIEHKY OCHOBHbIX AUHAMUYECKMX XapakTepucTuk (MakcuManbHble
YCKOPEHUS, BpeMs pa3roHa, TOPMOXEHUS, HECTabUNbHOCTb CKOPOCTH);

e t, + t; > ty, NPOBOAST CTAaTUYECKUIN W MOMHBIN AVHAMUYECKMIA
pacyeTbl NPOLEeCccoB B rMAponpuBoae.

[ns oueHKM AMHAMMYEeCKOro KayecTBa MAPOMpPYMBOAA MOJHbIN
JIMHAMUYEeCKUin pacdeT obsizaTteneH [5,15].

MonaraeM, 4TO ABWXXEHME MOPLIHA MMAPOLMIMHAPA HAaYMHAETCS,
KOrAa [AaBfiEeHVE XXMAKOCTM B HAMOPHOM MOMOCTM LMAMHApPa AOCTUraeT
3HAYEHUS Py, NMPU KOTOPOM BHOBb Ha4YMHAET OTKPbIBATbCS MpefoXpaHu-
TEeNbHbIA KnanaH, 3aKpbITbil Npexae oTkodeHneM P2. Mpu BbINOAHEHWUM
BbIYMCIIEHUI CleflyeT CneauTb 3a CorflacoBaHWMEM pa3MepHOCTEN W yaep-
XKMBATb TPX 3HaKa Mpy OKPYIrNEHUM PacUETHbIX 3HAUYEHUI.
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Onpepenym 06beM ¥ XnaKoCTy, 3arnoNHSOLWEN HarHeTaTeNNbHYo
ruapomaructpans 2-3-4, 06pasyemyto HanopHoON rmaponHuent Vy,, obb-
€MaMW HaropHbIX NOSIOCTel Hacoca Vy, ruapounnmugpa vy, paboumx no-
JIOCTEN MMApoannapaToB, YCTAHOBNEHHbIX Ha HAaMOPHON MMAPONMHUN Vi,

V=Vp+Vy +Vm+VrA, (48)

(49)

b

Vip = st Ly

roe dy v [, — BHYTPEHHUWIA AMaMETP M ANMHA HarHeTaTesbHoOM rMaposIMHUK
6epyTca U3 CTaTMYeCKOro pacyeTa rmaponpuBoAaa.

O6bEMOM XMAKOCTW B NIEBOW MOSIOCTU LUMMHAPA NpeHebperaeMm,
ronarasi, Y4to NOpLIEHb HAaXOAUTCA B KPalMHEM JIEBOM MONIOXEHUU. B 06-
LLEeM ciyyae 3TOT 06beM OnpenensieTcs UCXOAHLIM MOSIOKEHNEM MOPLLHS
npu Lyg:

nD?
Vie = 1 LuO . (50)
O6beM HarHeTaTenbHOM NonoCcTM Hacoca by = qTH , TMAPOMOTO-
pa
anq?. (51)

Haxoaum n3meHeHne obbeMa XNAKOCTU AV 3a CYET OKMMaeMo-
CTW XXUAKOCTW NPU NOBbILUEHNW JaBNEHUs BHYTPU HarHeTaTebHON rng-
ponnHKUM OT 0 A0 Py

v
AV =L (52)
EM
roe E,, — 06BbEMHbIN MOAYNb YNPYrocTu >»XWUAKOCTU (ANs MUHEpanbHOro
macna, mapku UIT-18 £, =1,4-10° Mra).
Ynpyroctbio Tpybonposoaa npeHebperaeM, a AaBneHue py, Npu-
HMMaeM U3 CTaTMYecKoro pacdeta ruaponpusoaa.
O6beMHble NOTEPU XUAKOCTU B HAMOPHOW ruapoMaructpann Q.
onpegensiem no ¢opmyne (35), BblgensieM npyu 3ToM 06bEMHbIE NOTEPU B
ruapoumnnnape U - Oy, knanade KN - Oy, , pacnpenenutensx P1, P2 -

Qyra M Hacoce H - Oy

Oyu = Qync + Gy + ZQYFA + Oy - (53)

OnpepensieM TEOPETUUECKYIO NPON3BOANTENBHOCTb Hacoca:
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Opr = Oy + Oy, i Oy = & / (54)

o}
roe Mo — 06veMHbln KM ruaponpusoga npu AaBneHUN py, 3aBUCUT OT
KOHCTPYKUMK Hacoca, npuHnMaem 1,=0,85...0,95 [10,15].

YTeUKu BHYTPU Hacoca paccuuTbiBaeM Npu AABNEHUUN Dy, YUUTbI-
BasA, 4to Oy coctaBnaoT 00 80% obwmx 06beMHbIX NoTepb, NPUHMK-
MaeMm

QyH =Our —Ou- (55)

[Janee onpepensieM cpefHuiA pacxos xuakoctn Q.. NocTynar-
M4 B HarHeTaTeNbHYO MAPOSIMHWAIO NPU BO3pacTaHUM AaBNEHNUS A0 pxri-
MonaraeM, YTo AaBNEHUE YBENMUMBAETCS MO IMHENHOMY 3aKOHY.

Qrc = QHT - QVH - QVFA - Qvu - QKH . (56)
OI'Ipe,CI,eﬂVIM BpeM4 3ana3blBaHWsa Ha4ala ABMXXEHNA LnnHapa
AV
sam ' (57)
Orc

OnpepenyM pacxof >XWAKOCTW, NOCTynatoweid B rMapoLManHap
NpY AaBNEHUN Py
Or =On —Z0yra; (58)
MaKkcuMasnbHYH CKOPOCTb ABWXEHUSI MOPLUHS MAPOLMANHAPA
onpegensieM no copmyne:
_ 4QFLIT]0LI
nD?
roe D — avaMeTp nopluHs ruapounnmuapa, n, =0,97-0,99 [5,10].
MpuBeaeHHas K MOPLIHIO ruapounnmMHapa D Macca »XMAKOCTU
My, 3aMNOSHAOLAS HarHeTaTeNbHYI0 MTMAPOSIMHUIO d,, , ONpeaensieTcs
2
D
my' =pV|—| , (60)
dH
MpuBeaeHHas K MOPLUHIO Macca MOABMXKHBLIX YacTel arperaTHOM
rOMOBKM, BK/tOYAs Maccy XXMAKOCTM, COCTaBNsIET

9

omax

' (59)

1
my =my, +m, (61)
FAE My, - — Macca MOABMXHbIX YaCTeMN, COEANHEHHBIX CO LUTOKOM MMApo-
UM/MHApA, BK/IHOYAsl Macchl LUITOKA M MOPLUHA (324aeTCs MpUoxe-

HueMm A).
YckopeHue, C KOTOpbIM MOpLUeHb MMAPOUMANHAPA TporaeTcs C
MeCTa, OnpeaensieTcs BblpaXeHueM:
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2
a = 0,785D°p,., — F¢ , 62)
my,
roe F. - cuna conpoTuBAEHWsl, NPeoaoneBast LWTOKOM MMAPOLMAMHAPA,
BK/IOYAs CUNbl TPEHUS U CUAY MPOTUBOAABIIEHUS TMAPOLMANHAPA
onpegensiemas no ¢dopmyne (18).
3aBUCMMOCTU ANS1 YCKOPEHUS1 U CKOPOCTU MOPLUHS rMAPOLUMANHA-
pa OT BpeMeHW Npu pasroHe NosyvaloT PacyeToOM [Ns KaKAO0ro 13 Manbix
WHTEpBaNoB BpeMeHn At, Ha KOTOpble pa3buBaeTcs LWKana BpeMeHW.
BennuunHa nHTepeana NpubAmxeHHO paccumTbiBaeTCs No dhopmy-

ne:

Ar = Vs , (63)
aln
rae n — KoOJIn4eCTBo UHTEPBAJIOB (I'IpMHMMaeTCFI HEe MeHee TDEX).
anIHVIMaeM, YTO Ha MEpPBOM UHTEPBAsZIE BPEMEHN NOPLUEHb TUA-
pounnmnHapa ABUXETCA C YCKOPEHMEM d;. CKOpOCTb NMOpLUHA B KOHLE I
MHTEPBana:

v, =aAt, (64)

n
CKOpOCTb ABUMXXEHUA XXUOKOCTU B HarHeTaTennbHoM rmaponnHnn B
KoHuUe I MHTEPBaa:

Uy =V 1, (65)

UYuncno PeliHonbACA AN HAarHETATENbHOW MMAPO/MHUM B KOHLE I
MHTepBana

Re, = ——1, (66)

KOBq)q)VILI,VIeHT rMapaB/IN4ECKOIO COMpPOTUBJIEHNA HArHETaTesNb-
HoM rMAPOSMHUM B KOHUe I nHTepsana

A =ﬁ npy Re; <2320 (naMuHapHbIli pexum);
Re,
A =&§i npu Re;>2320 (TypbyneHTHbI pexum).
(Re))™
MoTepu AaBfEHWUS B HarHeETaTeNbHOM MMAPOMarncTpaaun B KOHLE
I vHTepBana onpeaensoTcs C yY4ETOM pexuMa ABWKEHUS XUAKOCTU B
HanopHOM r'MAPOSIMHUM U NOTEPb AABMEHMS B ruapoannapaTax HanopHOM
MMHUKM 1 Tpybonposoae, Hanpumep, Ha 10 NoOBOpOTax HarHeTaTesNbHOro
TpybonpoBoza KOTOpble BbIMOHSOTCSA NPU MOHTaXe CyMMapHble noTepu
[aBNIEHNS PaBHbI:
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2
— 7\' IH V"l
Apy =y(A, +2Crs +10C,) / (67)
d, 2g
roe Cra v {; — KO3hMUUMEHTBI MECTHBIX COMPOTUBIIEHUI rMAPOannapaTos
1 MOBOPOTOB TPYy6ONPOBOAOB HarHETaTENbHON MMAPONMHUN,
YCKopeHVIe NnopLIHA B Ha4ane II MHTEPBAJla BPEMEHN COCTaBUT

T
ZDf(pKn _Apl)_FC
a, = , (68)
Myp
MpuHMMas, 4To Ha II MHTepBane BpeMeHU MNoplueHb FUAPOLM-
nnHApa ABUMXXETCA C YCKOPEHMEM 0, OMpeAensdaeM CKOpPOCTb MOPLUHA B
KOHLIe yyacTKa:

8, =9, +aAt, (69)

CKOpOCTb ABUXXEHUS XNOKOCTU B HarHeTaTeNbHOI rMapoJiMH1in B
KoHUe II nHTepBana onpenensieTcs BblpaXKeHWeM:

9, =8n2(§")2, (70)

H

2

Yucno PeliHonbaca Re ans HarHeTaTenbHOM rmapoMHUM B KOH-
ue IT nHTepsana:
Ssz
Re, = , (71)
v
KoadruMeHT ruapaBfMyeckoro COrnpoTUBIIEHUS HarHeTaTeslb-
HOW rMaposMHUKM B KoHue II nHTepBana
A, = %4 npu Re,<2320;
Re,
__03164 npu Re,>2320.
(Re,)™
MoTepu AaBfEHWUS B HarHeTaTeNbHOW MMAPOMarncTpasn B KoHUe
IT wHTepBana:

2

! S,
Apy =y(hy —=+ZCp, +10C,)—, (73)
d 2g

H

YckopeHnuve nopLuHs B Havane III uHtepsana:

T
de(pl(l'[ _APZ)_FC
a; = - , (74)
0

CkopocTb nopLuHs B koHue III uHTepBana:
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8, =9, +a; At
BbluncneHus CKOpOCI'el\/‘i n YCKOpeHVIl\;I npekpawlarTca npu
8nl'>8nmalx *
nOTepVI naBlieHnda B HarHETaTeﬂbHOﬁ rmapoMarmncrpanm B KoHuUe
I1I MHTEPBaNa onpeaendarTca aHaJIorM4YHoO pacdeTaM Ha npeabiaywmnx
y4dacTKax.
I'IonyquHble 3Ha4veHus CKOpOCTEI\;l NOPLLHA, YCKOPEHUA U NOTEPb

[aB/ieHns ceoasaTcs B Tabn.17.

Tabnuua 17
dopma TabnuLbl NS pacdeTa HarHeTaTeNbHOW rMapoMarucTpanm
MapameTp, ero paamMepHoCTb Homep nHTepBana
I 11 111

BpeMsi OT Hayana ABMXXEHMS MOPLUHS A0 KOHLIA MHTepBana, C
YckopeHue MoplUHs B Havane uHTepsana, M/c

CKOpOCTb MOPLUHSA B KOHLE UHTEPBana, M/c

MoTepu AaBNeHWst B HarHeTaTeNnbHON ruaponvHumn, MMa

Mo paHHbIM Tabn.17 cTpositcs rpacduku ans 3asucuMoctet a(t),
3 (#). MpvMep NocTpoeHus nokasaH Ha puc.6 u 7.
Bpems pasroHa ruapounnuHapa onpegensietca no dopmyne:
t, =t +nAt, (75)
MNepemelleHme NopLUHA rMAPOLMAMHAPA Ha YYacTKe pa3roHa
9 9y +9 9 +9 9, +9
S,y = Ay T T A T T Ay P Ty (75)
2 2 2
MoTpebnsemMas HacoOCOM MOLLHOCTb MMAPOMNpWBOAA MpU pasroHe
NOPLUHSA rmapounMHapa:

N= pKnQT

LI
roe 1, — MexaHudeckuin KN Hacoca, npuHuMaem 1,,=0,8...0,9.
OnpepensieM paBneHue CTparMBaHusl ruapoumnunHapa, Heobxo-
AMMoe ANnst NpeoaosieHUs CONPOTUBIIEHNS OBUXEHMIO:
by = 4F
I
n= D2
CoctaBnsieM Tabnuuy Ans MNOCTPOEHMS MAPABIMYECKON Xapak-
TEPUCTUKM HArHeTaTeNlbHoOM MAPONMHUM TUAPONPUBOAA, NPEeACTaBNSAIO-
e 3aBMCMMOCTb [IaB/IEHUSI HA BbIXOJE Hacoca NpU YCTaHOBUBLUEMCS
[IBXXEHUWU TOPLUHS OT 33/1aBaeMOM CKOPOCTU [IBUXKEHWUS TMOPLUHSA —
(3 1), 3HaueHne Ap; 6epyTtcs us Tabn.17. Mpe p,; = P +Ap; -

' (76)

(77)
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Tabnuua 18
®opma Tabnuubl Ans pe3ynbTaToB pacyeTa

CKOpOCTb MOPLUHS rMApOUMIMHAPa
B YCTAHOBMBLLEMCS] IBMXKEHUN, M/C
[aBneHue Ha BbIxoAe Hacoca, MlMa

Ona  3HayeHns MaKCUManbHOW CKOPOCTU ABWUXXEHUA TMOPLLU-
HAV,, 1. » ONPEAENSAEM [aB/IEHNE Ha BbIXOAE HacCocCa Prmax npun 3ToMm pe-

XXMM paboThbl U 3HAYEHWEe MOLLHOCTM, MOTPebISeMOoi HAaCOCOM raponpu-
BOAA.

PacueT npolecca pasroHa rmapoLMIMHAPA U NEPEMELLIAEMOrO UM
UCMOSTHUTENBbHOrO MEXaHU3Ma HeoBX0AMM ANS OLIEHKU BPEMEHMW PasroHa,
MAKCUMarnbHbIX YCKOPEHWI, NPEeBbILLEHWE KOTOPbIX BbI3bIBAET 3HAUUTENb-
Hble AMHaMUYecKue HarpyskuM Ha MexaHuuyeckue nepefayuv npueoga u
JIO/MKHbI OrPaHNUMBATLCA. KpoMe Toro, Npu KOPOTKUX BO BpeMeHn pabo-
UMX LMKNAX, YacTbIX BKIOUEHUAX M peBepcax rMapornpuesoaa KUHeMaTu-
yeckue, CUOBbIE U SHEPreTUYECKNE XapaKTEPUCTUKM 3aMETHO BMAIOT Ha
6bICTpOAECTBME, 3aTpaThl MOLIHOCTM, KO3(MULMEHT MonesHoro AeicT-
BUSA MMAPOCUCTEMBI.

aQ = — -

f - " = —— . T
a
—il 2008 @E wae  éc
PVICYHOK 6 - anMep NOCTPOEHUA 3aBUCUMOCTUN YCKOPEHUA ABUXEHNSA MOPLUHA
rmapounnuHapa OT BpeMEHU Npu pa3roHe NopLliHAa
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PMCYHOK 7- anMep NOCTPOEHNA 3aBUCUMOCTN CKOPOCTU ABUXEHUA NMOPLUHA
rmapounnunHapa ot BpEMEHU NMPU pa3roHe NopLUHA
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PucyHok 8 - MpuMep NOCTPOEHNS XapaKTEPUCTUK HarHeTaTebHOW r’MApPOIMHUM
ruaponpueoaa

4.5.9. OnpegeneHne paboyero n MakCMManbHOro AaBfeHusl
rmaponpveoaa

4.5.9.1. YTouHAOT noTpebHoe pabouee faBneHue pp, KOTOpoe HeobxoauMo
€O34aTb Ha BXoAe NpuBoAa:

Pb = Pusax +DPi + Apyys (78)

4.5.9.2. OnpenensioT AaBfeHUe HacTPOWKWU NpeaoXpaHNTENbHOro KnanaHa
HaCOCHOM YCTaHOBKMU:

P =(L1..1,15) pps (79)
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4.5.10. PacyeT aHepreTMyeckmMx xapakTepucTuk rmaponpueoaa

Mo AaHHbIM Tabn.16 onpenenarT 3HEPreTuHECKNE XapaKTepu-
CTUKU ruaponpuseoaa.

4.5.10.1. MowHocTb rmapoasuratens (ruapounnuHapa unm rmapomMoTo-
pa) Ha kaxxaoM 3Tane pabouero uMkna onpefenstoT no Gopmyne:
_Pniu (80)
60
roe pri, On; — COOTBETCTBEHHO pabouee faBneHne M pacxod rmapouu-
JIMHAPa Ha KaXaoM 3Tane paboyero uukna.

1

4.5.10.2. MowHocTb, noTpebnsieMast HACOCOM Ha KaXkaoM Tane pabouero
UMKna

= pHiQHi , (81)

60m,

Ans Hacoca NOCTOSIHHOW MpOM3BOAUTENBHOCTM, paboTaloLiero B rugpo-
npuBoAe ¢ U36bITOYHBIM 0BBEMOM, Py=Dys.

4.5.10.3. KoachduumeHT nonesHoro aencreus (KMA) ruaponpusoaa:

ni — pHiQHi , (82)
pHiQHi
4.5.10.4. CpeaHeuuknooi KM ruaponpusoaa [10]
T]cp:nl~t1+n2~t2+...+ni~ti, (83)
t+ty +..

rae t...t; — AMNTEeNbHOCTb 3TanoB paboyero umkna (cMm. Tabn.16).
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PucyHok 9 - [lnarpaMMbl XapakTepucTUK ruaponpyBoaa

Pe3ynbTaThl pacyeToB MO CBOAAT B Tabn.15 v ucnonb3yoT ans
noctpoeunss auarpaMm N=f(t), n=f(t) (cM. puc.6). MNpu HeBbICOKOM
Nep<(0,15...0,2) NnpeanaraloT KOHKPETHbIE MPUEMbI MO €ro YBE/IMYEHUIO, a
npu Heo6X0AMMOCTU KOPPEKTUPYIOT NpeaiaraeMyto cxemy npuBoa.

4.5.10.5. CymMmapHble noTepu MOLHOCTM MMApONpuBOAa 3a BeCb
paboumii LMK ONpeaenstoTcs ypaBHEHMEM:
AN = (Nt =NDH+(Nyp =Nyt +..+ (N, = Nyt
L+t +..

;o (84)

4.5.10.6. PacyeT MOLIHOCTX NPUBOAHOIO 3NEKTPOABUIATENSI HACOCHOM
yCTaHOBKM.

Mmaponpusoabl TeXHoNormyeckoro o6opyAoBaHUS Yalle BCero
paboTaloT B NOBTOPHO-KPATKOBPEMEHHOM pexuMe. Bpems paboyero umk-
Na, Kak npasusio, He npesbliwaeT 10 MUH. B 3TUX YCNOBUSIX 3NEKTPOABU-
raTesib Hacoca BbIGUMPAKOT NO 3KBMBANEHTHOM MolHocTu[5,10,15]:
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2 2 2
NG+ Nt ++ Nt
N3KB - l (85)
L+t +.

Ha ka)xgoM 13 3TanoB paboyero umkna AnuTensHOCTLIO £, f,. ..t
MOLLHOCTb He AO/MKHA MPEBbIWATh MAaKCUManbHO AOMYCTUMOrO 3HaYeHWUs
Anst BblbpaHHOro tuna anektTpoasuratenst Nmax—=(Mmax/ Mron) Nuow. Benu-
UnHbl Nyoy M Mo/ Moo, ONPEAENSIOT MO KaTasory 3MeKTpoaBuraTenei.
Tak, ans anekTpoasuratenein cepum 4A M, ../ M,on=1,7...2,2 [7, 10].

4.5.11. ObecneyeHne pauMoHaNbHOIO TEMIOBOrO peXxuMa paboTbl
rMaponpueoaa

MpuYMHOIA HarpeBa Macna M 3/1IEMEHTOB MAPONPUBOAA SBNSIOTCS
notepu MowHoctu AN B rugponpusoge. oBepxHOCTb Gaka wanyyaer
TEMO B OKPYXKAIOLLYIO Cpeay M CIYXWUT eCTECTBEHHBLIM ox/laauTeneM. [Ans
obecneyeHns paumMoHabHOro TEMIOBOro pexkvuma paboTsbl rmaponpyeoga
6e3 NPUHYAUTENBHOrO OXNAaXAEHUS OMNpeaensitoT HeobXoauMbliA 06beM
pabouyelt XNAKoCTV B ruapobake HaCOCHOM YCTAHOBKM.

Mpy M3BECTHOM MoWwaan NOBEPXHOCTU S; MpeBbILLEHME YCTaHO-
BUBLLIENCS TemnepaTypbl Macna Ty B 6ake Haa TEMMNepaTypoil OKpyxato-
wein cpeabl T, cocraBnsetr AT= Ty-T

AN

AT = 107, (86)
T~6
roe Kt — koadbduumeHT Tennonepeaadm ot 6aka B atmocdepy. Mpu oT-
CyTCTBUWU MHTEHCUBHOM LMPKYNSUMM BO3ayxa BO6NM3N CTEHOK Haka
Kr=7 Bt/(M*C); npu 0bayBe cTeHok 6aka CTpyeli Bo3dyxa OT BeH-
Tunatopa K1=23 Br/(m*c) [10].

[ns onpepenenns S MOXHO NpuHUMMaThb [6, 101:
Ss =5, (87)

roe Vs — obbeM Macna B bake.

Mpy MakcuManbHO gonyckaeMoM AT=35°C HeobxoauMblii 06beM
mMacna B 6ake V onpegenstot [10]:

V= 27000@ ' (88)

O6bem Macna B 6ake (B cdopmyne (88) B nnTpax) MOXHO yMeHb-
WWTb, MPUMEHSAS MPUHYAUTENbHOE OXNaXxaeHue (BO3AYLUHbIE MM BOAS-
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Hble TEMNI006MEHHMKM, B KOTOPbIX KO3MMUUMEHT Kr MOXET yBENMUMBATL-
ca B 7-10 pa3s (ans noBepxHOCTU paanaTtopa Wian 3MeeBuKa).

4.6. 'pachmueckasn yacTb KypcoBou paboTtbl (npoekTa)

MpuMep BbINOMHEHUS rpachnUEeCKo YacTu KypcoBoi paboTtbl (KP)
IMNC.XX0000.000 M'maponpueoa nopaun crona dhpesepHoro ctaHka npu-
BefieH B npunoxeHun 10 HacTosiwero yyebHoro nocobus.

Ha nepBoM nucte dopmata Al C OCHOBHOWM HaanWUCbio ANst Yep-
Texelt (cxem) FOCT 2.104-68 'TMNC.XX0000.000.CO Mmaponpueog noaaqu
cTtona pesepHoro craHka. CxemMa KOMOBMHMpOBaHHas 06beauHEHHast
npueeaeHa:

- CXeMma rmapokuMHemaTtuyeckas npuHuunuanbHas (C3) ¢ nepeu-
HEM 3/1EMEHTOB, pa3MeLLEHHbIM HaZl OCHOBHOM HaAMUCHIO;

- CXeMa NoTOKOB rmapasnuyeckas @yHkumoHanbHas (I12);

- MOJSHas uMknorpamma paboTbl rMApONpUBOAA.

Ha cdopmate A2 C OCHOBHON HaAmnMCblo ANsl yYepTexein (cxem)
FOCT 2.104-68 npuBefeHbl pe3ynbTaTbl pacyeTa XapakTepucTuk ruapo-
npueoda B BuUAe Avarpammbl. [IOKYMEHT BbIMOSIHEH B BUAE njakarta u
nMeet 0b6o3HaueHue n HaumeHosaHue TT1C.XX0000.000.41 M'aponpusoa
nogauu crona ¢pesepHoro CtaHka . [inarpaMmmbl XapakTepUCTUK.

Ha cdopmate A2 C OCHOBHON HaAmnMCbio ANst YepTexein (cxem)
FOCT 2.104-68 no 3aaaHuIo pyKoBOAMTENS paboThl BbIMOSHEH COOPOYHBIN
yepTex 6510ka yrnpaBneHnst CKOpoCTbo.

B nosicHuTenbHol 3anucke (M3) HeobxoAMMO NPUBECTM ONUCaHWe
paboTbl NpegnaraemMoro yHKUMOHaNLHOro 6noka.

Ha copmate A2 C OCHOBHOM HaAmnMCbio Ansi yYepTexein (cxem)
FOCT 2.104-68 npuBefeHbl pe3ynbTaTbl pacyeTa XapakTepucTuk ruapo-
npusoaa. N gokymeHTy npucsoeH wudp A1.

PesynbTtaTthl pacyetoB no n.4.5.8-4.5.11 no3sonsiotT BbIGpaTb
YHUDMLMPOBAHHYIO HACOCHYIO ycTaHoBky [10, 6, 22]. B NosiCHUTENLHOM
3anucke (M3) NnpMBOAUTCS €€ TeXHUYeCcKash XapakTepucTuka v NpUHLMNK-
anbHas ruapasnuyeckas cxema. lpu 3TOM AOMKHbI FrAPAHTUPOBAHHO
obecneunBatbcs TpebOBaHUS K UCTOUHUKY NUTAHUS TMAPONPUBOAA.

M3 coctaBa aneMeHTHOM 6asbl rmaponpueBoaa MoryT 6biTh Bblae-
NeHbl yHKUMOHanbHbIe 6/10K1: ynpaBieHust CKOPOCTbIO, HampaBfieHus
[ABWXKEHUS, MO3ULMOHUPOBAHWS, pasrpy3ky CUCTEMbl OT JaBfieHus, Beca
nepeMeLLalomnxcs Yacter u ap. Mpu KOMMNOHOBKe 6/10ka HeobxoanMo
NCMonb30BaTh NEPCNeKTUBHYIO aneMeHTHyto 6a3y ruaponpusoga [10, 14].
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MPUOXEHUE A

Tabnuua Al
BapuaHTbl 3a4aHnn K KYpCOBOMY NPOEKTUPOBaHUNIO
_ | PacyetHas MpuBe- Mex. | Ckopoctb bbicTpbix | Ckopocts | Onu- | [nuHa [nuua
2| Harpyska neHHas | KNA XOZOB, M/MUH pabouero Ha | paboue- | Tpybonposo-
2 8 macca | npus, Xopa, X0Aa, | ro xopa, 4a, M
& | g| Fy | M, | nepewe- | m, [Toa-soq | O-8oa M/MUH M M [Ha- [cwe-
& S| kH | Hv | LWaeMbix nop- | Horo
=3 yacreit Horo
- G“P KT |9 BIl 19 50 19 pul 19 pn2 L pr lH lcn
1 2 3 4 5 6 7 8 9 |10 il 2 3 1“4
01 | 1] 16 200 0,85 2,0 40 04 - 0,3 0,1 20 | 20
02 | 1] 16 400 08 25 5,0 05 0,3 0,15 25 | 30
03 | 2] 17 300 0,82 - 4,0 08 0,3 0,1 40 | 35
04 | 2] 17 500 0,83 4,5 09 0,3 0,1 35 | 35
05 | 3| 18 250 0,83 5,0 06 04 0,15 30 | 30
06 | 3 | 18 450 0,84 55 0,65 04 0,20 45 | 40
07 | 4] 19 600 0,86 0,7 0,7 0,5 0,2 15 | 25
08 | 4] 19 700 0,82 0,75 [075 0,5 0,3 20 | 15
09 |5 90 200 0,87 6,0 05 0,6 0,1 15 1 20
10 [ 5 90 300 0,83 - 7,0 0,7 04 0,2 15 | 15
11 16| 2 400 0,84 2,5 5,0 0,25 0,5 0,2 25 | 25
12 16 2 500 0,85 4,0 7,0 0,2 0,6 0,2 30 | 50
1317 60 200 0,81 6,0 5,0 04 04 0,1 20 [ 25
14 17 60 400 08 35 6,0 0,6 0,6 0,3 35 | 30
15 | 8 | 23 250 0,86 6,0 1 0,7 03 0,2 25 [ 35
16 | 8| 23 350 0,82 8,0 18 05 - 05 0,1 40 | 3,0
17 19| 24 150 0,83 9,0 13 06 1025 08 0,3 65 | 50
1819 24 400 0,88 6,0 10 08 | 02 |09 0,2 60 | 50
19 10| 25 400 0,81 7,0 15 0,3 - 04 0,2 45 | 45
20 |10 ] 25 500 08 6,0 12 045 0,6 03 55 | 55
21 | 1] 26 300 0,87 45 9 0,7 05 0,2 35 | 40
2 | 1] 26 500 0,82 6,0 12 0,3 04 0,3 40 | 45
23 2|27 200 0,80 7,0 12 0,5 0,6 0,2 25 | 30
24 12| 27 400 0,88 9,0 15 0,7 04 0,3 40 | 40
25 |31 29 300 0,82 - 8,0 04 03 0,1 25 | 35
26 | 3] 29 500 0,86 10 0,7 05 0,3 40 | 40
27 14129 250 0,83 05 05 0,3 0,1 30 | 30
28 14129 400 0,89 0,6 0,6 05 0,2 45 | 40
29 |5 70 250 0,80 8,0 0,25 035 | 015 25 | 30
30 |5 70 400 0,85 - 9,0 0,6 05 0,25 35 | 35
31 | 6] 31 300 09 3,0 6,0 04 0,3 0,1 40 | 45
32 | 6] 31 600 0,84 5,0 10 0,3 04 0,1 35 | 35
33 |7 80 300 0,86 8,0 6,0 05 0,3 0,15 30 | 30
34 |7 80 500 0,82 5,0 6,0 0,6 0,7 0,2 40 | 40
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MpogomkeHne Tabnumupl Al

1 2 3 4 5 6 7 8 9 10 11 12 13 14
35 8 33 300 | 083 | 90 14 04 - 04 | 03 | 30 | 30
37 9 34 250 | 0,80 | 80 15 05 [ 03 |05 ] 021 30| 35
38 9 34 350 {085 | 50 | 90 | 07 | 04 | O5 ]| 02 | 45 | 40
39 10 35 300 | 080 | 80 13 04 - 05 [ 02 | 30 | 35
40 10 35 200 | 085 | 50 10 0,5 03 | 01 | 40 | 45
41 1 36 350 | 084 | 55 9 0,6 035 [ 025 | 30 | 40
42 1 36 450 | 0,89 7 12 1045 03 | 02 | 40 | 45
43 2 37 250 | 0,82 | 6,0 12 04 05 [ 025 ] 30 | 35
44 2 37 350 | 085 | 80 15 0,6 035 [ 025 | 45 | 50
45 3 38 200 | 0,80 - 70 | 05 045 | 02 | 30 | 35
46 3 38 400 | 0,83 90 | 08 06 | 03 | 45 | 45
47 4 39 300 | 0,84 04 | 04 04 | 02 | 30 | 35
48 4 39 500 | 0,88 07 | 07 06 | 03 | 40 | 45
49 5 60 | 400 | 084 70 103 03 | 02 | 30 | 30
50 5 60 | 300 | 0,89 - 60 | 05 04 | 02 | 40 | 40
51 6 41 250 | 088 | 40 | 90 | 05 05 ] 02 | 30 | 30
52 6 41 500 | 0,82 | 6,0 10 04 04 | 02 | 45 | 40
53 7 70 | 250 [ 083 | 70 | 50 | 06 04 | 03 | 25 | 30
54 7 70 | 550 | 09 | 60 | 40 | 04 06 | 03 | 30 | 35
55 8 43 350 | 091 | 7,0 10 0,5 05 | 02 | 50 | 50
56 8 43 450 | 085 | 85 12 0,7 - 07 | 03 | 45 | 45
57 9 40 200 | 082 | 7,0 14 04 [ 02 | 06 | 02 | 30 | 30
58 9 40 400 | 087 | 65 12 106503 | 04 ] 01 | 40 | 40
59 10 45 250 | 080 | 65 12 | 045 - 06 | 03 | 45 | 45
60 10 45 500 | 088 | 75 13 0,6 04 | 02 | 50 | 50
61 1 46 300 | 087 | 60 15 03 05 | 02 | 45 | 40
62 1 46 350 | 081 | 80 16 0,5 04 [ 015 ] 25 | 20
63 2 47 250 | 089 | 65 16 03 06 | 03 | 40 | 40
64 2 47 450 | 091 | 85 17 0,7 04 | 03 | 25 | 30
65 3 48 300 | 0,92 - 75 | 06 05 | 03 | 20 | 25
66 3 48 400 | 0,89 85 | 07 07 | 04 | 30 | 30
67 4 10 200 | 091 05 | 05 04 | 02 | 40 | 40
68 4 10 450 | 0,84 08 | 08 04 | 015 ] 35 | 30
69 5 80 | 450 | 0,81 75 | 04 05 [ 03 | 25 | 25
70 5 80 | 250 | 0,83 - 85 | 06 07 | 04 | 40 | 40
71 6 12 200 | 091 | 50 15 0,6 06 | 03 | 30 | 30
72 6 12 400 | 0,89 | 7,0 14 ] 045 03 | 01 | 20 | 20
73 7 65 150 1 093 | 65 | 50 | 055 05 | 02 | 40 | 40
74 7 65 | 300 [ 087 | 40 | 60 | 065 05 | 03 | 30 | 35
75 8 20 200 | 082 | 75 11 04 04 | 015 ] 30 | 30
76 8 20 300 | 084 | 90 13 0,6 - 06 | 04 | 40 | 40
77 9 22 250 | 084 | 75 - 05 [ 02 | 05|01 | 45| 45
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OKOHYaHue Tabnuubl Al

2 5 6 7 8 9 10 11 12 13 14
9 450 | 089 | 55 - 07 [003] 06 | 02125 | 25
10 200 | 082 | 80 14 0,5 - 05 | 03 [ 25 | 30
10 400 | 0,85 | 60 12 0,7 - 03 | 01 | 40 | 40
1 200 1 091 | 7,0 10 04 - 06 | 03 | 30 | 30
1 250 1092 | 90 12 0,6 - 06 | 04 | 40 | 40
2 200 | 08 | 7,0 11 04 - 03 | 01 | 30 | 30
2 300 | 092 | 90 13 08 - 05 | 03 | 45 | 45
3 350 | 0,84 - 50 | 05 - 04 | 02 | 40 | 40
3 400 | 0,87 - 60 | 08 - 06 | 03 | 50 | 50
4 250 | 0,84 - 06 | 06 - 03 101 |30 30
4 400 | 088 | - 07 107 |- 03 [02 |45 |45
5 200 ] 091 | - 60 |05 |- 04 [ 02 |30 |30
5 300 (092 |- 90 109 |- 06 [03 |45 |45
6 300 {084 |60 [90 |07 |- 05 103 |35 |30
6 500 [ 086 | 80 | 12 05 |- 04 [ 02 |25 |25
7 200 {09 | 70 [55 |05 |- 06 [03 |25 [25
7 350 [ 08 |80 [90 |07 |- 06 103 [35 [35
8 200 [ 082 | 60 | 12 05 |- 045 [ 02 |35 |35
8 500 {085 )80 |15 07 |- 065 [ 03 |45 |45
9 600 | 083 |90 |17 04 [03 |04 |01 [30 |30
9 500 | 088 |60 |12 08 [04 |07 |02 [35 |35
10 180 | 079 [ 90 | 12 06 |- 04 |02 |30 |30
10 380 [ 086 | 70 |15 08 |- 04 [ 03 |45 |45
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MNMPUNOXEHWE B

BapuaHTbl 3afaBaeMbIX pa60tmx LUMKNIOB, TPGGOBaHVISI K CxeMmaM

CTaHKa:

3apaHue N°1
3afaHHbIN  pabounii UMK MpuMBoAQ Modauu CTona dhpesepHoro

NcxoaHoe nonoxxeHne «Cron».
BbICTpbI Moasoa Brpaso ¢ I gn.
Pabouwnit xoa BNpaBo € 3 prs.
Pesepc apuxeHus.

BbIcTpbIi 0TBOA C I go.

vk

WcxoaHble JaHHble:
- pacnosioXXeHne LMNHAPA rOPU30HTANbHOE;
- CKOpPOCTb paboyero xofa perynmpyemasi, CtabunmsuposaHa no

Harpyske;

- CKOpocT¥ 6bICTPOro Noasoja M OTBOAA Heperynvpyemble C Uc-

Nnonb30BaHNUEM CYMMapHOl\;I npon3BoaAnNTESIbHOCTN HAaCOCOB;

- B MONOXeHUn «CTon» Hacochl pasrpy)xeHbl Ha rmapobak npu

MWUHNUMaNbHOM AaBNEHNN,

CTaHKa:

cTona;

- Npy paboyeM Xofe pasrpy>KeH HAaCOC HU3KOro AaBNeHUs;
- BpeMsi peBepC1pOBaHNs ABMXKEHUS CTONA perynnpyemMoe.

3apaHue N2°2
3a/aHHbIi pabounii LUMKN NPUMBOJAA WHCTPYMEHTA MPOTSXKHOMO

1. NcxogHoe nonoxeHue «Cron».
2. Pabouuit xoa NpOTSXKM C I pp.
3. Bbigepxxka Ha ynope.

4. BbICTpbIii OTBOA NPOTHXKA I go.

NcxoaHble AaHHble:

- PacrionoXeH1e CUIoBOro LIM/IMHAPA FOPU30HTA/LHOE;

- CKOPOCTM paboyero xoaa perympyemble;

- CKOPOCTM 06PaTHOrO X0Aa MOCTOSAHHbIE - MAaKCUMaJIbHBbIE;

- pa3rpyska Hacoca B NofoxeHun «Crons;

- yrpaBfieHMe pacrpefenuTeneM ruapaBanyeckoe OT YropoB
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- BpEMS1 PEBEPCMPOBAHUS [BWXKEHWUSI MPOTSHXKKM HE  perynu-
pyetcs;

- OCTaHOBKa MPOTSHKKM B JI060M MOSIOXKEHUM MOPLLHS rMAPOLW-
NUHAPa;

- CUCTEeMa OCTAETCs 3arnoSIHEHHOW MPU OTK/TIOYEHHOM HACcoCe.

3apaHue N°3

3a/aHHbI pabounii LMK Noaaun CBEPSUIbHON FONOBKU BEPTU-
KaJlbHO-CBEp/IMIbHOMO CTaHKa:

1. NcxogHoe nonoxeHue «Cron».

2. Pabounii xoa BHU3 € Fpp.

3. PeBepcupoBaHue aABMXKEHMS.

4. BbICTpbIi 0TBOA BBEPX C I k0.

McxoaHble AaHHble:

- pacnosioXXeHne CMIoBOro LMANHAPA NOAAUN BEPTUKANBHOE;

- paboyas CKOpPOCTb FOJIOBKW perynmpyemas;

- cKopocTb J 5o MOCTOSHHAS;

- ypaBHOBELLMBAHME BECA MEPEMELLAIOMXCA YacTen Bep-
TUKANbHO- CBEP/IIbHOW FOMOBKMK;

pa3rpyska Hacoca Mpu OCTAHOBKE LMIMHAPA B NoBOM Monoxe-
HUK;

- YNpaBfieHne pacnpefennTenem N8 PeBepcUpoBaHUs ABMKE-
HWS TUAPaBINYECKOE.,

3apaHue N°4
3a/iaHHbIi pabounit LIMKN NpUBOAA NOAAUYM XOHWUHIOBaIbHOMO
CTaHKa:
NcxoaHoe nonoxxenne «Crons.
Pabounii xoa BHU3 C Jpp.
PeBepcupoBaHue ABUXKEHUS.
O6paTHsbIii Xoa BBEPX C I 50= I p.

H N

McxoaHble AaHHble:

- pacnosoXeHWe CUIOBOro UMAMHAPa BEPTUKANLHOE;

- MOAK/OYEHME CUIIOBOrO LMNMHAPA - avddepeHumansHoe (ans
obecrieyeHnst paBHbIX CKOPOCTEN paboyero M 06paTHOro0 XOAOB HECUM-
METPUYHOrO CUJIOBOMO LIMAMHAPA);
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- YpaBHOBELLMBAHME Beca MEPEMELLAIOWMXCA YaCTeN XOHUHIO-
BasIbHOM FOSIOBKY;

- pasrpyska Hacoca B JIl060M MOIOXKEHUN rMAPOLUMAMHAPA;
ynpaeneHne pabounM LMKIIOM TOIOBKM OT KOHEYHbIX BbIK/IO-

yaTenen;

[IaB/IEHNE B CUCTEME YMNPaB/IEHNS MOHWKEHHOE;
perynMpoBaHue CKOPOCTEN MOfIOBKW APOCCENBHOE;

- YNpaBfieHWe pacrpefenmTensMm 3M1eKTpornapaBnMyeckoe c pe-
ryMpoBaHNe BPEMEHW PEBEPCUPOBAHUS ABVKEHMS.

3apaHue N5

3a/laHHbIi pabounii LMK NpUBOAa NonepeyYHon noaayun Tokap-
HOro nonyasToMara:

1. UcxoaHoe nonoxeHne «Cron».

2. Pabouwuit xoa BrnpaBo ¢ I pn.

3. Bblgepxxka Ha ynope.

4. O6paTHsbIli XoA C I go.

WcxopHble aaHHbIE:

- ckopocT pabodero n obpaTHOro xoaa perynumpyemble, He3aBu-
CUMBblE;

- pa3rpy3ka Hacoca B nosoxeHun «Cron»;

- CTabunmnsaums CKOpoCTM TONTbKO BO BpeMsi paboyero xofa, npu
06paTHOM Xxofe CKOPOCTb He CTabunM3npoBaHa;

- yNpaBfeHne pacnpefenuTeneM 3MeKTporuapaBIMyeckoe oT
yrnopos ctona, 6e3 perynmpoBaHus BpEMEHW peBepca;

- [BMXXeHWe cTona obecneumBaeT rvapomMoTop 4epes 3ybuatyto
nepegady ¢ U=1/3 n nepegadvy BUHT-raika c fg=25 MM.

3apaHue N26

3afiaHHblii paboumnit LMKN arperaTtHoi rofIoBKU:
1. UcxoaHoe nonoxeHune «Cton».

2. BbICTpbIi NoABOA BNpaBo C I gp.

3. Pabounii xoa BnNpaBo C I pp.

4. Bbigepxxka Ha ynope.

5. BbIcTpbIli 0TBOA C I go.
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McxoaHble JaHHble:

- pacnosioXXeHne CMoBOro LMNHAPA rOPU30HTalbHOE;

- CKOpOCTb paboyero xoaa perynupyemas;

- CKOPOCTb 0BPATHOrO X0Aa Heperynmpyemasi C UCnosib30BaHUEM
MOJIHOrO Pacxo/ia HaCOCHOW FOJIOBKMK;

- pasrpy3Ka HacOCHOM YCTaHOBKU B MOSIOXeHUN «CTom»;

- CKOpPOCTb BbICTPOro MOABOAA Heperynmpyemas C WUCnosb30Ba-
HMEM CyMMapHOro pacxoia HacocoB.

3apaHue N7

3afiaHHblii paboumnit LMK arperaTtHoi rofIoBKU:
McxoaHoe nonoxeHune «CTomn».

BbICTpbiii NoaBoA BNeBo C I gp.

Pabouwnit xoa BNeBo ¢ I pp.

Pesepc apuxeHus.

BbicTpbIl 0TBOA C I go.

vk W

McxoaHble AaHHble:

- pacnosioXXeHMe CUI0BOMO LIMNMHAPA FOPU30HTAsIbHOE;

- CKOpoCT! paboyero xoda perympyloTcs apocceneM, Ho 6es
CTabUNMU3MPYIOLLIMX pacxof YCTPOMCTB;

- CKOPOCTb 06paTHOro xoAa HeperynupyeMasi ¢ UCrnosib30BaHNEM
MOSIHOMO pacxoda HAaCOCHOM CTaHumu;

- pasrpy3ka HacoCOB B MOJIOXeHUN «CTon»;

- YNpaB/ieHne pacnpeaenmMTensiMm 3/1eKTpornapaBiIM4yeckoe;

- ABMXXeHWe cTona obecrneyvBaeT rmMapoMOTOp Yepe3 3ybuaTyto
nepenady ¢ U=1/2 v nepenady wectepHsi-peiika ¢ Z,=20, m=3 MM.

3apaHue N°8

3a/aHHbIA  pabounit  UMKN  NpuBOAR MOJ@uYM  paaMasnbHoO-
CBEp/IN/IbHOro CTaHKa:

1. UcxogHoe nonoxeHune «Cton».

2. BbICTpbI NoABOA, BHU3 C 3 gpr.

3. Pabounii xoa BHU3 C Fpp.

4. PeBepc aBmxeHus.

5. BbiCTpbIli 0TBOA BBEPX C I k0.
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McxoaHble AaHHBIE:

- PACMoJIOXXEHNE CUIOBOro LIMNMHAPa BEPTUKAIbHOE;

- CKOpPOCTU paboumx XOAO0B PeryMpyloTCs APOCCENEM Ha «BbIXO-
[e» co cTabunusaumein pacxoaa;

- 06paTHbIi X0 NOPLUHS LIMAIMHAPA C NOCTOSIHHON MaKCUMarbHOM
CKOPOCTbIO;

- KOMaH/la Ha peBEpC ABUXXEHUS MOPLLUHS OT KOHEYHBIX BbIK/IHOYa-
Tenen,

- yrNpaBneHne pacrpeaenuTeneM aNeKTporuapaBInyeckoe;

- YPaBHOBELLNBaHME BECa NepeMeLLIREMbIX YaCTEN;

- NPUHYAUTENBHbIN TENOOTBO/ U3 CUCTEMBI;

- OCTaHOB B /11060M MONOXEHUN MOPLUHS C pasrpy3Koi Hacoca.

3apaHue N°9
3a/aHHbIii pabounii LUMKN npuBoda nojaun crona hpesepHoro
rnoslyaeTomara:
1. NcxogHoe nonoxeHue «Cron».
BbICTpbIii NoABOA CTOMA BNPaBo € I .
Pabouwnit xoa BNpaBo € 3 pps.
Pabouwnit xoa BNpaBo C 3 prp.
Pesepc apuxeHus.
. BbicTpbili 0TBOA CcTONa € I 5.

OU A WwN

NcxoaHble aaHHble:

- pacnosioXXeHne CUI0BOro LUMIMHAPA rOpU30OHTaNbHOE;

- CKOpoCTW pabouyero xoda perynupyoTcs apoccensmu, crabunm-
3MpOBaHbl MO Harpyske;

- KOMaHAa Ha peBepc CToSa, U3MEHEHNE CKOPOCTM NOCTYMaeT oT
YMOpOB, AENCTBYIOLMX Ha KOHEYHbIE BbIK/IOYATENN;

- 06paTHbIli X0A4 C MOCTOSIHHOM CKOPOCTbIO;

- yripaBfieHne UMKIoM paboTbl — OT pacnpeaenuTens;

- B nonoxeHumn «CTOlM» obecneunTb pa3rpy3Ky Hacoca;

- Apoccenb COBMECTHO C 3-MO3WLMOHHBIM pacnpegenuTenem o6-
pa3yoT TPEXCKOPOCTHYIO MaHesb.

3apaHue N2°10

3a/laHHbIi pabounii LMK NpUBOAA NoAavn OTPE3HOro CTaHKa
1. NcxoaHoe nonoxxeHue «Cton».
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. BbicTpbIii Nogsoa BnNpaso ¢ I gn.

. TOpMOXXEHME LMNMHAPA, MEAIEHHbI NOABOA C 3 prs.
. Pabouwii xoa BnpaBo ¢ 3 py.

. PeBepc aBmxeHuns.

. BbicTpbili 0TBOA C I 5o

AU~ WN

WcxoaHble JaHHble:

- PacnosioXXeHne LUMNHAPA rOPU30HTANbHOE;

- BbICTpPbI MOABO/A M OTBO/ OTPE3HOro CynnopTa obecrneynBaet-
CAl 3@ CYET MOJIHOW MPOM3BOANTENBHOCTM HACOCa;

- Me[UIeHHbI NoABoj, obecrieunBaeT 06bIYHbIN Apoccens, noa-
KNtOYaeMblil pacripeaenuTenem;

- perynsTop pacxofa obecreunBaeT CKOpoCTb paboyero xoaa;

- OCTaHOB B /11060M MOJIOXKEHWUN CYMMopTa C pa3rpy3Koii Hacoca;

- BpeMsi peBepca perynpyeTcs;

- perynmpyemoe noArnopHoe AaBfiEHUE Ha ClMBE.
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Tabnuua B1
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PacueTHas cxeMa MexaHu3Ma
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