MHHHCTEPCTBO OBPA30BAHUSA U HAVKU
POCCHUIMCKOM OEJEPALUH

®EJIEPAJILHOE AFEHTCTBO 110 OEPA30BAHUIO

MOCKOBCKUH SHEPT ETHYECKHWIA MHCTUTYT
(TexHuMecKuil yHHBEPCHTET)

B.HU. T'onyGes

PACYET OCHOBHBIX [IAPAMETPOB
 THAPABJIMYECKOI'O NIPUBOJA

Meroarueckoe nocobue

10 Kypcy
«Cucmemvt 2uOpo- u NHe&MOAEMOMAMUKUY
na ctyaeHTos, obyyatomuxcs 8 LIIT «MIU-OECTO»
10 HanpaBAeHUIO «ABTOMATH3aLMA M YIIPABJIEHHE)

MockBa Wanarenscknit njom MOU

2009



YIK 621.2

I' 621

Ymeepaicoero yuebrnoim ynpaeneruem MIH(TY)

TNoarorosneno B L1 «Poccuiicko-T'epmarckuit uncturyr MOU-OECTO»

PenieH3enTsI: JOKT. TexH. Hayx B.M. MattonuH,

I 621

kanj. TexH. Hayk C.H.Yepkacckux

T'onydes B.H.

PacueT 0CHOBHBIX NMapaMeTpoB MMAPaBIHYECKOr0 NPUBOMA: METO-
avueckoe nocobue / B.U. I'omy6es. — M.: Uanarensckuii nom M3H,
2009. —24c.

PaccMotpena mocneoBaTenbHOCTh ASHCTBUN M METOAMMECKHME YKA3aHHA
[IpH BBIMOJIHEHUH pacveTa NapaMeTpoB M BeiGope 060pya0BaHHA HADPABIMYECKO-
ro NPHBOJA APOCCENBHOIO PEryIMPOBAHMA CKOPOCTH. JUIA 3afaHHON CTPYKTYpHL
THAPOMPHUBOAA, PaGoTalOMIEro B LMKIOBOM PEKHMME, pa3pabarbiBacTCs LMKIO-
rpamMMa aBTOMaTH4€CKOTO YNPaBJCHHSA, BBHIIOJHAKOTCA PAcYeTsl OCHOBHBIX Iapa-
METPOB rU/JpOJBHUIaTeNeH, MMIpOanmapaTyphl, HACOCHBIX YCTAHOBOK M TpyGoImpo-
BOJIOB.

Pafora npemnasHayeHa AT BBIIONHEHMS PAacueTHOrO 3aJaHMsA 10 Kypey
«CHCTEMBI TMAPO- M ITHEBMOABTOMATHKH)» M BBIMYCKHOW Gakanaspckod paGoTer
CTYAEHTaMH LEHTpa NOAroToBkM «Poccuiicko-I"epmManckuii muHctHTyT MOU-
OECTO», 06ydalomuMHCs MO HAIpaBIeHHIO «ABTOMATH3AMS H YTIIPaBJEHHEY,
Taroke MoxeT GBIT MONE3HA K CTYACHTaM APYTUX HANDABICHWUIA, YUeGHEIE TLIAHBI
KOTOPBIX NPEXYyCMATPUBAIOT K3YYEHHE TMIPABIMYECKUX CHCTEM aBTOMATH3ALMH
Pa3sAMYHBIX TEXHOJIOTHIECKHX NPOLIECCOB M MALIIMH.

© MockoBcKuif S3HEPTETHIECKHA HHCTHTYT
* (TexHuyeckuil ynusepcurer), 2009

1. HEJb H COAEPXAHUE PACYETHOI'O 3ATAHUSA

PacueTHoe 3ajaHue npenHasHayeHO MIA 3aKpEIUIEHHs 3HaHMH, MOJTy4YeH-
HEBIX MPH U3YYESHUH JIEKUMOHHOIO Kypca «CHCTeMbl THAPO- U MHEBMOABTOMATH-
KH», U IPUMEHEHHA STUX 3HAHHI 114 BEINOMHEHHA NIPAKTUYECKUX PacueToB.

B npouecce BEIMONHEHHA pacyeTHOrO 3ajaHWs NPUOOPETAIOTCA HABBIKH
COCTaBJIEHUA NPUHIUNHATBHBIX THAPABIMYECKUX U 3NEKTPUIECKHUX CXeM, obec-
ne4uBarowmx paboTy IHIPONPHBOJA MO 3aJaHHOMY LMKILY, ONPEAETeHHs OC-
HOBHBIX HapaMeTPOB H BbI60pa 060pyI0BaHUA MMAPABIHIECKUX CHCTEM.

PacyeTHoe 3afanve npeaycMaTpUBAET BBINOIHEHHE CEAYIOLIMX TYHKTOB.

1. Cocrasnenue MPUHUMIKAIBHON MAPABINYECKOH CXEMBI, obecnednBaro-
e MOCTynaTe/bHble ABHXEHHUA JBYX HCTIOJIHUTENBHEIX YCTPOKHCTB ¢ 3a1aHHOIK
110CNEIOBATENLHOCTLI0 HX COBMECTHOTO JEHCTBHA M peryJIHpOBaHUE CKOPOCTH
OJHOTO M3 HHX. .

2. TlocTpoeHHe UMKIOrpaMMbl paGoOThI CHCTEMBI aBTOMATH4ECKOTO YIIpaBJie-
HHA HCNOJIHUTENbHLIMH YCTPOACTBAMY C MCNONB30BAHHEM HANpaBIIOWHX Pac-
TnipefenuTeneii ¢ 3NEKTPOMarHUTHBIM YIIPaBIeHHEM H ITyTEBLIX BHIKIIOYATENEH.

3. Pazpa6oTka 31eKTpUUECKON CXEeMB! YIPaBIeHHs 3aAaHHBIM UHKIOM [HJl-
PONpHUBOJA C NIPOBEPKO# €€ paboTOCIIOCOGHOCTH C MOMOILBIO NporpamMmel Fluid
Sim-H.

4. Pacuer OCHOBHBIX NTapaMeTPOB U BHIGOP IMApoABUraTeneit.

5. Pacyer moTpebHOro pacxoia M MOJE3HOM MOLIHOCTH 33 IHKI PaGoThl
THJPONpPHUBOLA.

6. Pacder nMameTpoB JPOCCENBHBIX IAHG A1 OrpaHHYEHHs CKOPOCTEH XBU-
JKEHHNs UCITOTIHNTENBHBIX YCTPONCTE.

7. Omnpezenexne OCHOBHBIX TapaMeTPOB U BEIGOP THIIA HACOCHOH YCTAHOBKH.

8. Pacuer anamMeTpoB TPYGONPOBONOB HAMOPHEIX, CAMBHEIX H BCACHIBAIOILEH
THIDOJIMHHMH NPUBOJA.

9. Cocrapnenne nepeyns rUAPaBIMYECKUX YCTPOHCTB.

10. ®opMynupoBKa BEIBOLOB 110 BEINOIHEHHOH paboTe.

2. AICXOJHBIE JAHHBIE

HICXONHBIMY JaHHBIMM JJISl COCTABIICHHA NMPMHUMNUAILHON FHApaBIIHye-
CKOH CXEMBI, JJIEKTPHYECKOH CXeMEI YTIPABIeHHUs 3a1aHHBIM [MKIOM U BBITOJ-
HEHWA pacyeToB ABJLAIOTCA.

1. PacuetHas Harpyska npu GBICTpBIX nepeMellennax Rg; pacdeTHas Ha-
rpy3Kka npu paGo4ux NepeMemennax R, (4UC/IOBble 3HAYEHHMS NapPaMeTpPOB B
nn. 1—4 BLIGNparoTCa U3 NpHIoXKeHHs 1 o HoMepy 3anaHus).



2. CxopocTb OBICTPEIX XOJIOCTLIX MepeMeLleH i Vg ;; CKOPOcTb paboyux ne-
peMelEH N Vp .
3. HomunanbHOe AaBlieHHE B HATIOPHOH JIMHMH HaCOCHON YCTaHOBKH py.
4. BpeMmeHHas UMKJIOrpaMma paboTsl ABYX MCTIOJHHUTENBHBIX YCTPOHCTB (I 1
IT), oTpacatomias cCleayIOMmue UX COCTOAHHA:
a) ucxoxHoe nosoxerue I u 1l B TeueHue BpeMeHH f4;
6) ObIcTpEIi MOABOA I B TEYEHHE BPEMEHH fp;
B) paGouee nepeMerenue | B TeueHue BpeMeHH f;;
r) GBICTpBIi OTBOA I 10 HCXOHOrO MONOXKEHHUS;
1) 6bicTpeIii noaBon Il B TeueHHE BpeMEHH I4;
€) OpicTphIid oTBOA II 10 HCXOAHOrO MONOKEHHUS.
5. Ckopoctb pabouHx nepemerienni I perynnpyemas.
6. BapuaHTBI MOCIEROBATENBHOCTH ABIXKEHHA MCHOIHUTENBHBIX YCTPONCTB
(npun. 2).
7. BapnaHTBl KOMIUIEKTOBaHMA TPHHLUMIHAIBHON TMAPABIHYECKOR CXEMBI
(npun. 3).
8. JlaBneHne HACTPOHKM KianaHa B CIMBHOM M'MAPOJIMHUM Py = 0,5 MITa.
9. Ilyck ruApoCHCTEMBI OCYIIECTBIIAETCA OT KHOMKH «IIyck».

10. Ywncnossle 3Ha4Y€HHUA AUAMETPOB MMOPHIHA, ITOKA H X04a TMAPOLMIIHHI-
poB; pabouero o6beMa rHAPOMOTOPOB; YCIOBHBIX MPOXOJOB, HAPYXKHOIO AHa-
MeTpa M TOJILIMHBI CTEHKH TPYOONpPOBOAOB; M0Ja4y HACOCa; BMECTUMOCTH THJ-
po6aka ROKHBI COOTBETCTBOBATL CTAHAAPTHHIM psiaaM (nmpui. 4—38).

11. BapHaHT pac4eTHOro 3alaHus ONpPEAENEH ero HOMEPOM, B KOTOPOM:
NepBOE YUCIIO — BapHAHT YUCIIOBBIX 3HAY€HHH NapaMeTpoB; BTOPOE YHCIIO —
BapHaHT MOCJIEJOBATENBHOCTH ABIKCHHA HCTIONHUTENBHBIX YCTPOICTB; [BE MO-
cnemytomue 6yKBbI — BApHaHT KOMIUIEKTOBAHNS MMAPABIIHYECKOH CXEMBI.

3. COCTABJIEHUE MPUHIIAIIHAJILHOMI
T'HAPABJIAYECKON CXEMBI

CxeMa COCTaBJAETCA B COOTBETCTBMM C (YHKUMOHIbHBIM Ha3Hau€HHEM
rHAPONPUBOAA M B COOTBETCTBMM C 3a/laHHBIM BapHaHTOM KOMIUIEKTOBAaHMA
THAPONPHBOJA TMAPOJABUraTEeNsIMH, THIIOM M MECTOM YCTAHOBKM amnnapara
ynpaeneHus pacxofoM. IIpu Mcnonb30BaHUH MMAPOMOTOPOB i npeobpasopa-
HMA BpalllaTENLHOTO ABIKEHHUS B NMOCTYMAaTeNbHOE IPUMEHAETCA BUHTOBAsA napa
¥ 3yb9aTtas mepenaya, COrnacylollas 4acToTy BpallleHHs THAPOMOTOpa M Tpe-
6yeMyI0 CKOpOCTh MCTIONTHHTENILHOTO YCTpO#icTea [1].

Jns obecrieueHus peBepca THAPOMABHIATENCH, NEPEKPHITHA THAPOJHHHA
WIIM IIYHTHPOBAHHKs amnmapara yNpaBJieHHA pacXoJOM MCHONB3YIOTCA Halpas-

JAIOIHE PaCMpefe/UTeIH C NEKTPUYECKUM WM C JIeKTPOrHAPABIMYECKUM
ynpasnenueM [2, 3, 6]. Beibop THna ynpasieHns NpoBOAMTCA TIOCHE onpenee-
HHA MaKCHMANBHOIO pacxoaa paboueH xuaKoCTH Yepes Hero. Pacnpenenurenn
C NPAMBIM 3JICKTPHYECKHM YNPABJIEHHEM MPHMEHAIOTCA NIPH pacxoiax He Gonee
80 sw/muH [3]. IIpn BEIGOpE rHAPABIHYECKOH CXeMbl pacnpenenuTens HeoGXo-
AUMO 00ecnevnTs MUHMMANBHOE NOTPEGHOE YHCNIO MO3HLUMI M BHELIHHUX -
POJMHHHA. JIBYXMO3UUMOHHbIE PACTIPENETHTENH BEIGHPAIOTCA € OHUM 3JIEKTPO-
MarHuToM. Bee pacmpenenuTesu nokasblBalOTCA B OTKITIOYEHHOM COCTOSHUH
3JIEKTPOMArHUTOB, YTO NO/KHO COOTBETCTBOBATh MCXOJHOMY MOJIOMKEHHIO HC-
TMOJIHUTENLHBIX YCTPONCTB.

A1 orpaHHueHHs pacxomoB paboyeit KHAKOCTH, C LENbIO yHOBIETBOPE-
HUs TpeGOBAHMH MO MaKCHMANIBHON CKOPOCTH MEepeMeLeHHH HCTOMHHTENbHBIX
YCTPOJCTB, B CIIHBHBIX JIMHUAX TMIPOJBHTraTeNell yCTAHABINBAIOTCA APOCCENE-
Hble waiGel. [Tpu Heo6XOMMMOCTH JApoccebHEIe Waibhl LYHTHPYIOTCS 06paT-
HBIMH KJIaniaHaMHu.

Ha ruspaBnuieckolf cxeme MoKasblBAlOTCA AATYUKY MONOKEHHH HCIIOMHH-
TENEHBIX YCTPONCTB, KOTOpble GyMyT HCMOJIB30BATECA IS OPraHU3aUMK PaboThI
THIPOTIPUBO/A 110 33laHHOMY LIKITY.

Hacochas yctanoBka, B KOTOPYIO IO/DKHBI BXOJAMTB HAMOPHEIA  NOAMIOp-
HBIA KIIaTIaHBl, 10Ka3bIBAETCA NOCNe BeIGOpa e Tnna. M3o6paxeHue ruapapiu-
4ECKOM cXeMbl yI06HO BBITIONHATE C MOMOLIBIO nporpaMmel Fluid Sim-H.

B pesysnbrare BbINONHEHMA MOCHEIYIOUWNX PAcYETOB MOKET NOTPe6O-

BAaTLCsl KOPPEKTHPOBKA COCTABJICHHOH Ha 3TOM 3Tare ﬂ:hﬁmwb:r-oo_nom CXEMEI.
:_u:woh:.ﬂom OMNCAaHHEC CXEMBI H UNQO._.E NpHUBOAA B 3aIJaHHOM HHKIE.

4. PA3PABOTKA IMKJIOTPAMMBI PABOTBI
THJIPOIIPUBOJIA

4.1. Pacyer BpeMeHHBIX H KHHEMATHYECKHX 1apaMeTPOB IHKJIA

B tabauue no ¢popme Tabn.1 A KaKAOro nepexona 3aAaHHOTO LUKIIA 3a-
TMHCLIBAIOTCA BPEMEHHBIE, CHIIOBBIE K KHHEMATHYECKHE NapaMeTphl.

Ta6nnua 1
Ne nepe- Bpema nepexona, ¢ 1, Ry, Vi, Si,
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B 1a611.1 ucnosnb3oBaHel cnenywomue o603HaueHns: 4, R;, v, S, — Bpems,
HArpy3Ka, CKOpOCTh H pacCTOsAHUE NepeMellleHHs UCMOTHUTENBHOTO YCTPOHCTBa
UL KKXO0ro nepexoja uMiia. Jins omnpeneneHns HeyKasaHHBIX B HCXOIHBIX
JaHHBIX 3HAYEHUA f; U S; 1A OBICTPOTO OTBOJA MCIOJHUTENBHEIX YCTPOHCTB
BBIMOJIHAIOTCA HEOOXOAMUMBIE PacyeThl C YUETOM 3a[aHHBIX NapaMeTpoB GBICT-
poro nozasoaa M pabodero nepeMeleHns.

4.2. IlocTpoenne LHKIOFPaMMbl paGoThl THAPONPHBOAA

Iuxnorpamma rpaduueckd uzobpaxkaeT H3MEHEHHE COCTOSHHA BCEX TH-
PaBIMYECKUX M IEKTPUYECKUX YCTPOHCTB, obecnedmsalomux paboty ruapo-
NpHBOJA B AaBTOMATHYECKOM PeXXUME 10 3aJaHHOMY LIHKITY.

Huknorpamma cocraBisercd no ¢opme, npusenenHoi B taba. 2 [5]. ITo-
CNEJI0BATENBHOCTE ABHXKEHHS HCIONHUTENBHBIX YCTPOHCTB ONMpenenseTcs Ba-
pUAHTOM pacueTHOrO 3aaHus.

Ha uwmknorpaMMme IBH>KEHHE BBIXOJHOIO 3BEHA TMAPOABMraTeNisi H306pa-
2KAETCA HAKIIOHHOM CTPEJKOH, HanpaBlIeHHON K MOCASOYIOWEMY TePeXOMy LiUK-
113, a HENOABWKHOE — BepTHKaNbHOH. Haxarne kHomxu «Ilyck», cpabarbiBa-
HHE NaT4YMKa ¢ BbAAYeH CHrHala ynpaBieHHA H300paxkaeTcs KOPOTKHM OTpe3-
KOM TIpsIMOI#i C OTCEYHBIMH PHUCKaMH, MOKa3biBaeMbIM Nepe] NOCIeRyIOIWKM Te-
pexonoM. BiIodeHHOE MOJIOXKEHHE 3NEKTPOMArHUTOB H300paXkaeTcs 3HAKOM
«+», 2 OTKIIIOYEHHOE — 3HAKOM «—».

Ta6auua 2
Ne HaumeHosanne I'mpponsurarens | Kuomka Jarumnk DnexTpomar-
n/n nepexoxa «ITycx» MOJOKEHAA HHT
g1 ™M1 S1|S2 ] ... ]Yl|Y2
1 | McxomHoe momo- - - -
| INKCHHC r S50 (SN —
2 | BeicTpelit ogBOa / + | -1+
Iny
¥ ) - -
4

CocTosHHe BCEX YCTPOHCTB B KOHLE LIMKJIA AO/KHO COOTBETCTBOBATh HMC-
XO0ZHOMY (Ha4aJIEHOMY) MOJIOXKEHHIO.

5. IOCTPOEHHE 3JIEKTPHYECKON CXEMbI
YHOPABJIEHUSI T'HAPOIIPUBOAOM

OnexTpuyeckas CXeMa YMpPaBJIEHHS COCTABIAETCA Ha OCHOBE pa3paboTaH-
HO}1 UMKJIOrpaMMbl paboThl TMAPONPHBOAA. YTPaBIEHUE LHKIIOM MOXET OCY-
IECTBIIATECA OT NPOrPaMMHPYEMOT0 KOHTPOJIIEpa HIIH TIOCPEACTBOM peNeiHO-

6

KOHTAaKTHOH CXeMBl. B pacueTHOM 3ajaHuu peanusyercs HOCIEAHMH BHI
ynpasieHus. JUls NOCTPOEHHs CHCTEMBI aBTOMaTHYECKOTO YNpaBIeHHs 3aiaH-
HBIM LMKJIOM U NPOBEPKHM ee paboToCOCOGHOCTH YNOGHO HCMOJB30BATEL Npo-
rpammy Fluid Sim-H.

B xauectse kHonky «ITycK» HCTIONB3YeTCS KHOMKA KPATKOBPEMEHHOIO 3a-
AEHCTBOBAHMA, 3alepKKy Hauana [BHXXEHHMA HCHOIHUTEIBHOTO yCTpoHcTBa
OCYIIECTBJIAOT C NOMOLUBLO PEIIe ¢ 3aASPKKOH N0 BpEMEHH.

His obecrievenms nocnenoBaTeasHOCTH CpabaTbiBaHUs THApOABHraTene
MOXET HCMOJIb3OBATLCA YNPABNGHHE 110 MOJIOKEHHIO HMCIONHUTENBHEIX YCT-
POWCTB Wiy 10 AaBieHHIO B ruapocHcTeMe. T1epBrlil croco6 umeer npeydmyie-
CTEO, TaK KakK YNpPaBJICHHE MO JaBIICHHIO MEHEE HAJIEKHO C TOYKH 3PEHHS JIOXK-
HBIX cpabaTbiBaHHIi peNe AaBIeHH, 0COGEHHO B YCIOBHAX BO3MOXKHOIO 3ae/a-
HUsl HMCMIONHHUTENIbHBIX yCTPOHCTB. IlpMMeHeHne pene AaBieHHS OTIHYaeTcCA
NMPOCTOTON HACTPOHKH CHCTEMBL. B KauecTBe IaTUHKOB MONOKEHHS MOT'YT HC-
T10/1b30BaThCA KOHEUHBIE BEIKIMIOYATEN WM HHIYKTHBHBIE NATYHKH, & NPH He-
00X0MMOCTH EMKOCTHBIE UM CBETOBbIE JATYHKH.

PaspaGoTanHas anextpuueckas cxeMma yNpaBlIeHHS MOXeET noTpeboBaTs
KOPPEKUHH NPUHUMNHAIBLHON IHAPaBIKYECKOM CXEMBI.

B 3ammicke npuBoauTcA pacnedatka 3MeKTPHYECKOH CXeMbl YNpaBieHUs ¢
ONUCaHHEM YCTPOHCTB M NpHUHLMIA paGoThl.

6. PACYET OCHOBHBIX ITAPAMETPOB
N BBIBOP T'HAPOJABUT ATEJIEH

Pacyery u BbIGOpY MoAnekaT OCHOBHBIE NApaMeTpEl, PeriaMeHTHPOBaH-
Hble cTaHnapTaMi. OCHOBHBIMH NMapaMeTPaMH MAPOLMIHHIPOB ABNAKOTCH: HO-
MHHAIbHOE NaBJICHHE, IHaMETPbl MOPLIHA M LITOKA, XOA MOpwHA. OCHOBHBIMH
NapameTpaMu THAPOMOTOPOB ABJAIOTCA: HOMMHANbHOE [aBleHHe, pabounii
o0beM M YacToTa Bpawwenus [3].

HomuHasbHOe HaBiieHMe rHapoaBHraTeseil MPUHUMAETCA PABHBIM HOMH-
HAalEHOMY JaB/ICHHIO B HAMOPHOM JINHHM HACOCHOMN YCTaHOBKH — p,. Xox
NOPIIHA TMAPOLUMIMHAPE S BbIGHPAETCA C Y4ETOM MAaKCHMATLHOTO PaccTos-
HH3, Ha KOTOpOE NMepeMelaeTcs JaHHOE UCTIOIHUTENbHOE YCTpoiicTro (Tabn. 1),
U3 psAaa, NpUBEICHHOrO B Npu, 4.

Jlna BeiGopa AnaMeTpoB MOPIIHA M LUTOKA OMpeneNAeTcs pabodas ruio-
Wane ruapoumnuuapa. Heobxoaumas paGouad mnowans ruapoumnuuapa F
HCTIONTHHUTENBHOTO  yCTPOHCTBA I paccHMTEIBAETCA M3 YCIOBMA MPEOIOJNEeHHA



pacueTHo# Harpy3ku ¢ MakcumansHbeiM KITJI [1]. Jlna ruapoaBHraTeNs MCTION-
HHTENBHOrO ycTpolicTa I pacueTHoH Harpysko# apageTcs Ry q.
IMpu nocnenoBatenbHON yCTaHOBKE PEryIHPYEMOTO Ipocces

L5
F = Ron . (1)
Py —Apy — \«E._.Aﬁe_ + Dhonv
rae Apy, Apc; — TOTEpH AABJIEHUs B HAaTIOPHOM H CITHBHON THAPOJIMHUAX CO-

OTBETCTBEHHO, K, — OTHOIUIEHHE IUIOMaNe [TOKOBOH M MOPIIHEBOH MOIOC-
Ted rMApOUMINHIDA.

Ipyn napannensHOH YCTaHOBKE PETYAHMPYEMOrO APOCCENs MaKCHMalbHOE
snaueHde KIIJ] umeer Mecto B 06nactH Maibix AABJICHHUI B HAarllOPHON rHApo-
auumn [1]. C apyroi#t cTopoHsl, pacuer paboyeil nomany rHAPOLHIHHAPA Ha
TakHe JABJIEHHA [PHBOAWUT K 3HAYUTENLHOMY YBEJIMYEHHIO ero pasmepos. Ilo-
3TOMY 3KOHOMMYECKH ONpaBJaHHBIM MOXHO CYMTATh BeIGOp paboved nioimanu
THApOUMIHEApa nNpy 3PEKTHBHOM Iepernaic AaB/cHUA B €ro MOJOCTAX, pas-
HOM IPUMEPHO MOJIOBHHE HAUOOMBINEro 3HAYECHHUS:

2R, .
A= B . 2)
Py I%m IRE._.AEQ +>ﬁgv

IMoTepd JaBieHHs B HAMOPHOH WU CNHWBHOM THAPOIMHUAX NMPUOIMKEHHO
MOryT GbITh NPHHATBEI PaBHBIMH 5...7 % OT JaBNE€HUA HAaCTPOHKH HaMOPHOro
KJlanaHa HacocHOH ycTaHOBKH [3]. OTHOMIEHHE OUaMeTpa IITOKA K AHaMeTpy
NOPLIHA MpeaBapuTe/bHO NpUHMMaeTcs pasHbM 0,5. Torna k. = 0,75.

Heo6xoaumas paboyas ruoliafb TMAPOUMIMHAPA UCIOMHHTENBHOTO yCT-
poiictsa II onpenemnserca U3 yCIOBMA NMPEOAONEHAS PacUETHOM: HArPY3KH C KO-
adHLKEHTOM 3anaca M0 YCHIHIO, YYHTHIBAIOMIWM CHJIBI MEXaHHYECKOro Tpe-
HHA M MHEPUMOHHEIE CHJIbI M [PUHHUMAEMBIM PaBHBIM kyp = 1,1...1,2 [3]. [na
rMJpOJBUraTeNa UCTIONHUTENBHOro ycTpoiicTaa Il pacueTHo# Harpyskoit sBns-
erca Rgq.

m,_ ks \nﬁ_xm.:. 3 (3)
Py l%: = E._.Abn: +>ﬁg I%vv

Ho ecnu mns orpaHy4eHHs CKOPOCTH MEPEMELICHHA HCIOJHUTENBHOTO
yctpoiictea 11 ycrananuBaroTcs ApoccenbHble 1aHGel, TO pacueT paGoueh
nowany ruapournuHapa Bepetrca no dopmyne (1) ana nocneposartenbHON
YCTaHOBKH JIpoccens.

Io paGoueil momaay ruAPOLMIMHAPA C YHYETOM €r0 BUA PAaCCYUTHIBAIOT-
€A IMAMETPh! MOPIIHA H [ITOKA. BennunHa quaMeTpa mMToKa A0MKHA OBITh Npo-

BepeHa Ha yCJIOBHE TOTEPH NPOIONBHON yCTOHYMBOCTH NOA AeiicTeueM pabo-

yeit Harpy3kd. MakcuMansHO OOIMyCTHMAasi Harpy3ka Ha ITOKe MMAPOUWIMHAPA,

R ., H, Ipy 3TOM YCIOBUH paBHa

_ nPEJ

T2
kySap

rae E — wmomynp ynpyrocTtd (JUld CTallM OH paBeH 2,1-10° H/mm?); J = nd'/64

N )

x—:m.x

— MOMEHT HHEpIMH CEYEHMA IITOKa, MM'; ky = 3...3,5 — xo3duumeHT 3a-
naca no yCToH4MBOCTH; Spp = 2§ — NpUBENCHHBIH X0/, YHHTHIBAIOWMI ca-
MBIl HeGNaronpUATHLIA Coco6 3aKperieHns ruapournuHapa (6], mM. IIpu He-
06X0AMMOCTH JNaMeTp LITOKA YBEIMYHBACTCA O HYXHOIO 3HAUEHHA.

[TosyueHHbIe 3HAYeHHA OUaMETPOB MOPIIHA W INTOKA OKPYIJIAIOTCS HO
CTAHAAPTHBIX 3HAYMEHUI B COOTBETCTBUM C NpUI. 4. A BRIGPaHHBIX 3HAYEHUMH
NepecYUTHIBAIOTCA paboyune Nnoail THIpOLHIHHAIDOBE,

B cilyyae nmpuMeHeHHs THAPOMOTOpPa PacHETHBII MOMEHT Ha €ro Baly

ofipesienseTcs Mo gopmyne

i
M=R—*2 (5)
27 Mep
THE Iy, — l0ar XoA0BOIO BHHTA; | — MNepeJaTOYHOe OTHOIIEHHe 3y0uaToi mne-

penaum; Tgpep — KIIJI BCel MexaHUYeCKOM nepenadn.

B pacueTHOM 3a1aHuu MPHHUMAIOTCA fy 3 = 10 MM/06, Mgep = 0,9. Ilepena-
TOYHOE OTHOLIEHHE 3y6uaToif mepenaqyn BeIGUpaeTcs U3 yclnoBHA obecneyeHuns
paboThl rMAPOMOTOpa BOMH3N HOMUHAIBLHOMN YaCTOTHI BPALIEHHA Ayoy PU MaK-
CHMANTBHOM CKOPOCTH NEpEMELLEHNS CTIOIHHUTEIbHOTO yeTpoiicTea v [1]

. v
j=—0L (6)
Byom “Ix.n
HoMuHanbHas 4acTOTa BpalleHHs THAPOMOTOPA B PacuyeTHOM 3aJaHMK
MoXeT GbITb puHATa paHo# 1000 (1500) mun™.
PaGounii 06bem rugpoMoTopa ¥y onpepensetcs no popMye

kM
Vo=2n ] @)
Pu— Ap, Iﬁﬁn: + D.Uo:v
roe k& — koadduumenT 3anaca ninu Ko3pPULHMEHT, yUUTHIBAIOLIMHA MECTO yCTa-
HOBKH PEryJHpYIOIIETO APOCCENA MM OrpaHHUYMTENIA Pacxoia, KaK 9TO UMENo
MECTO Npu pacuete ruapounnnHapoB. COOTBETCTBEHHO B KauecTse M NMpPHHH-




MAeTCA pacHETHBIN MOMEHT, COOTBETCTBYIOIIMI paboyeil Harpy3Ke Ha HCIIONHH-
TeJIbHOM YCTPOMCTBE, IPUBOJWMOM B JIBHXKEHHE JaHHBIM CHAPOMOTOPOM.,

Paccyntantble 3Hauenms paGouamx 06beMOB OKPYITISIOTCA 10 CTAHIAPTHBIX
3Ha4EHHH B COOTBETCTBHHM C MpPHIL. 5.

7. PACHET IIOTPEFHOI'O PACXOJA M ITOJIE3HOM
MOIIHOCTH 3A ITMKJI PABOTHI I'HJIPOIIPUBOJA

Pacuer notpeGHbIX pacxoa0B 1 KaXAOr0 i-r0 NEpexosa LMKIA OCYIIECT-
BIIAETCA MO opMynam:
TIpY HCIONB30BAHNH MHAPOLMIIMHAPA

O =vF, )
MpH HUCIIONb30BaHHH THIPOMOTOPA
Vi

it

X.B

@ =—N. ®
TA€ vj — CKOpOCTb NMEpEeMELUeH s INTOKa FMAPOLMIHHADA HAa i-M Iepexoje
unia; F 1 Vo — paGodas miomaab rHAPOUMIMHAPA U pabounii 06beM rua-
pomortopa, pafoTalomux Ha JAHHOM MEPEXOAE LHUKIA.

Tonesnas MowHOCTs ruaponpuBoa N; Ha i-M nepexole UMKNTA PaccyM-

TeIBaETCA MO hopmyne
N; =RY,, (10)
rae R; — Harpyska MCTIONTHHTENBHOrO YCTPOICTBA HA i-M NEPeXo/e LKA,

HcxonHsle naHHble W pe3syNbTaThl PacuyeToB MOMEWAT'B TaGAHIy MO
dopme Tabn. 3.

o mosy4eHHBIM 3HAYEHHAM CTPOATCA rpadvKH M3MEHEHMA MOTPEGHOTO
pacxoma Q; (f) n nonesno#t MomuocTH rumponpusoxa N; (f) 3a UMK paGoTel

ruapomnpusona.
Ta6nuua 3

F;, MM? i
Ne i, ¢ v, M/C i R;, kH & _ N;, kBt

3
Vo, oM M/c /MU

8. PACUET APOCCEJBHBIX OTPAHUYHUTEJIEN PACXO/IOB

IIpensaputencHo mo rpaduky Q;(f) onpeaenseTcs MaKCHMAalbHBIH MMO-
Tpe6HEIil pacxod B rufipocucTeMe Onay. HallieHHOE 3HaUeHHe OKpYTseTca 10
Gmmxaitinero GoMpLIero CTaHAAPTHOTO 3Ha4eHus (IPHIICKEHKE 6), 4TO B ONpe-
JEEHHON CTENeHH AT BO3MOXXHOCTb YHeCTb HallMyHe yTeuek paboueir sxum-
KOCTH B HacOC€ M TUAPO/ABUIraTENsAX.

Ilpy Hanu4uMM B THAPOCHCTEME APOCCENBHBIX OTPAHUYHMTENEH PacXol0B
paboueil >XHAKOCTH, C LEMbIO YAOBJIETBOPEHHA TpeGOBaHMUI 10 MAKCHMMANEHOM
CKOPOCTH NEPEMEIIEHHH HCNIONHMTENBHBIX YCTPOHCTB, MPOU3BOAUTCA HX pac-
ueT. Ing gpoccenbHBIX maid, YCTAaHOBMEHHBIX B CAMBHOM JIMHMM LOTOKOBOH
TIOJIOCTH THAPOLMIIMHIPA, MIoLaAb pabouvero NMpoXoAHOro ceueHus f onpene-
aiercs o popmyne

f= kO max . (11)
211 |
K m w Py [Dﬁ:[ﬂmﬁm.: = Pen — APy
s npoccenbHBIX waji6, YCTaHOBIEHHBIX B CIMBHOM JIMHHH MOPIIHEBOH mMO-
JIOCTH, PacyeT BEETCA 10 opMyTIe

.\. = mamk . (12)
2 1
H W—H\_Aﬁx I.PU: v ~Pen— b.._cg = ﬂ .mm.: H_
rae p— ko3¢ dHuMeHT pacxoa pabodeil >KUAKOCTH Yepes Apoccensb Kpyrioro
CeYeHHs, NpUHMMaeMeli pashbiM 0,61; p — moTHOCTE paboueil KHAKOCTH,
npHHMMaeMas paBHo# 900 kr/m’. IlpH ncnonb30BaHNM B Ka4ecTBE THIPOABHra-
Tejs THAPOMOTOpA, MIOWAAb paboyero MPOXOAHOTO CeHYeHHs APOCCENbHOM

waifbel onpexnensercs no Gopmyie

\. - Q.Eu.g = , A_wv
2

Hof=| Py —=APy = Pey — Apey —2m sl

p o

rae Mg, — MOMEHT Ha BaTy rMAPOMOTOpa NpH OGLICTPLIX NEpPEMEILEHHAX, Ol
penensaemslit mo dopmyie (5).

3aTeM OMpERENAOTCA AUAMETPBI APOCCENBHEIX Waib M OKPYIIAOTCH C
TOYHOCTBIO 10 0,1 MM.



9. OIIPEJEJIEHHE ITAPAMETPOB U BBIBOP THITIA
HACOCHOW YCTAHOBKH

B pacueTHOM 3a7aHMM HeOOXOAMMO paccMoOTperh ABa Haubosee pacnpo-
CTPaHEHHBIX THMA HACOCHBIX YCTAHOBOK, NMPUMEHAEMBIX B TMAPONPHUBOIAX C
JPOCCENbHBIM PEryJIHPOBaHHEM CKOPOCTH:

— HaCOCHas YCTaHOBKA C HACOCOM MOCTOAHHOM MOJavH;

— HacoCHas YCTaHOBKA C HACOCOM MEepEMEHHON MmoJayH, peryaupyeMoil no
JIaBJICHUIO B HaMOPHOH JIMHUH Hacoca [1, 6].

XenatenpHo Takke paccMOTpeTh 3(GQPEKTHBHOCTD YCTAHOBKH TMIPOINHEB-
MAaTHYECKOr0 aKKyMyJIITOpa B HanoOpHO# IWHUU HAcOCa NOCTOAHHOM MOJaYy.

BeiGop HacoCcHOH YCTaHOBKH MPOBOAMTCS C YYETOM ABYX [MOKazaTenei
KOHKYPEHTOCIOCOGHOCTH M'MAPONPHBOAA — CTOMMOCTH HACOCHOM YCTAHOBKH H
MOTEPh INMEKTPO3HEPTHH 33 UMK paboThl IPHBOJA.

CTOMMOCTh HaCOCHBIX YCTAaHOBOK JJIf NEPEYHUCIIEHHBIX BBIIIE THITOB MOX-
HO OUEHMTh KauyeCTBEHHO CooTHoweHueM 1:4. Bonee TouHas oleHka MpoBo-
JMTCA 0 Npaiic-MucTaM BhIGPaHHOro Mo KatanoraM 060pya0BaHHS.

Bpems ucrob30BaHUA IPHBOAA B CYTKH IPHHUMAETCA CAMOCTOATENBHO.

IloTepu amexTpo3HEprid B IMAPOCHCTEME OLEHHBAKOTC cpeaHnm KIIJT
rHApONPHBO/A 3a LMK paboTsl o ¢popmysie

>Ny
n===00 iy (14)
22 Qi Puili
roe Qui M py — TOJadYa HACOcA M JaBJleHHe B HATIOPHOH JMHMM Hacoca Ha

i-M nepexojie unkna; 1y — KILJ] Hacoca, KOTOpBIi B NepBOM NpUGIMXEeHHH MO-
KET OBbITh NPUHAT paBHbIM 0,8 M yTOUHEH mocne BEIGopa HAcoCa 10 KaTanoraM.

IMopauya Hacoca v naBleHHe B HaNOPHOMH JTMHHUKM Hacoca ONpenensIoTCs Ha
OCHOBE aHaltM3a paboTel TMAPOCHCTEMBI C YYETOM cnocoba peryaupoBaHKs
CKOPOCTH M MECTa YCTAHOBKH JPOCCENBHBIX YCTPOMCTB, BKIIOYAs APOCCENbHEIE
orpaHuyHTeNH pacxonos. ITpoBoanTest o6ocHOBaHKE BEIOpaHHBIX 3HaYEHUIT Ma-
paMeTpOB HACOCHOW YCTAHOBKHM IJIA K&KIOro nepexona uukima. B ciayusae pac-
YETHOrO OMNpele/eHus 3Ha4YeHUH NaBICHUI Ha OTAENBHBIX Nepexonax LMKIa
MPHUBOAATCA COOTBETCTBYIOLIHE GOpMyIbl. OnpeneneHHble WIH PACCYUTAHHEIE
3HayeHud f;, N;, Oui ¥ py; 00A3aTeNBHO NpPEACTABNAOTCS B TabnnuyHO# dop-
Me Ui K&KAOro THIIA HACOCHOM yCTaHOBKH.

OrnpenenseTcs HOMHHAIBHAA BMECTUMOCTb THAPOGAaKa HACOCHOM YCTaHOB-
KH, KOTOPYIO NpH NpHOTHKEHRBIX pacueTax MPUHUMAIOT PaBHOI 00beMy XKul-
KOCTH, NlepeKayHBaeMoOMy HacocoM 3a 1...3 muH [7].

‘

12

HaiinenHoe 3HaueHHe okpyrnsetcs fo Onwxaiimero Gojbliero craHaapt-
Horo 3HadyeHus (npwi. 8). Ilpu 3Ha4MTENbHBIX NOTPEOHBIX BMECTUMOCTAX THI-
pobaka (6onee 100...200 1) ycTaHaBIMBAIOTCA BO3IYIIHBIE MW BOJASHBIE TEI-
noobMeHHNKH [6]. Jinsa 060CHOBaHHA THNA TEMNOOOMEHHHKA U ero NnapaMeTpoB
BBIMOJIHAETCA TEMJIOBOH pacyeT, MeTOAMKA KOTOpOro npyuBeaeHa B [3, 4].

Iocne BrIGOpa THMA HACOCHOH YCTAHOBKH YKa3bIBalOTCA €€ OCHOBHEIEC Ma-
paMeTphl: MojJaya, HOMHHAJNBHOE JaBJIeHHE, NPUBOJHAA MOMHOCTH H BMECTH-
MocTb rugpobaka.

10. PACYET THAMETPOB TPYBOIIPOBOJAOB

PaccuuThIBalOTCA BHYTpEeHHHE JHMAMETPhl BCACLIBAOWICH, BCEX HAMOPHbLIX
M CIAMBHBIX TIMAPONHHUH cHcTeMmbl. Hymepauws ruApoONIMHHH HaHOCHUTCA Ha
NpHHUMMUAIBHOH rUApaBnHYeckoi cxeme. OnpenensoTcs MaKCUMallbHbIE pac-

XoAel pabodeli )KHAKOCTH B KaxJOH TMAPONUHUU QO ax j. BHYTpEHHHE AHaMeT-
pBl drp PACCHMTBIBAIOTCSA O JOMYCTHMBIM CKOPOCTAM TEUEHNS XHMAKOCTH

Quﬂm..x ]
] -

TA€ Omax - B/MHH, v BM/CH dip B MM.

dry = 4,6 (15)

PekoMeHxyeTcs NMpHHHMATh ClERYOLIMe 3HAYCHHA OOMYCTHMBIX CKOpO-
creil:

— U151 BeachlBaolleH ruaponunuu vy} = 1...1,5 m/c;

— JUIsl CJIMBHBIX MMIOPOIMHUEA [vey] =2...2,5 M/c;

— JUIS HamopHeIX ruaponuHuil [v,] =3...7 M/c B 3aBUCMOCTH OT MakKCH-
MaJIbHOTO NaBJICHUA B HMUX B COOTBETCTBMH ¢ Tabn. 3.

Ta6auua 3
Pw, MIa 2,5 5 6,3 10 16 20 Bosee 20
Vi, M/C 3 4 45 5 555 6 7

IomyyeHHBle 3Ha4YeHHA OKpPYMJIAIOTCA XO CTAHNAPTHBIX 3HAY€HHHM yCIOB-
HBIX FIPOXO/I0B, NPHBEINEHHBIX B NIPUIL. 6, U YHUULMPYIOTCS.

Yauie BCEro rHAPOIMHHH NMPEACTABIAIOT cOO0H JKECTKHE METaTHYECKHE
TpybonpoBoasl. MHHMMaIEHO JAONMYCTHMAA TOJIIMHA CTEHKH TPYOBI RalOpHBIX
THAPONUHUEA onpeaenderca no ¢opmyie Jlame 11t TOJCTOCTEHHBIX TPYO, K KO-
TOPBIM OHH OTHOCATCA, Tak KaK OOBIYHO OTHOILEHHE HapyXXHOr0 AHWAMETpa dy

TpYObl K TONUHHE CTEHKH Srp YIAOBNETBOPAET YCNOBHIO dy/ S >16.
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Spp = mw%_,.ae (16)
B
rIe ©p — BPEMEHHOE CONPOTHBIICHHE PACTXKEHHIO MaTepHaia Tpy6onpoBoaa,
KoTOpO€E JUIa 00bIyHOH MapkH ctann 20 paBHo 410 MIla, nna cranu 30XT'CA
paBHo 1200 MIla; K; — ko3¢ dHLHEHT 3anaca MPOYHOCTH, KOTOPBIi NpH 3Ha-
YHTENIBHBIX MHKaX AABJCHHA B THAPOCHCTEME TIPHHHMAETCA paBHBIM 4...6, npu
TUTaBHOM XapaKTepe M3MEHEHUA JaBleHHs MOxKeT OBITh CHHXeH 1o 2,5...3 [3].
PaccuntanHbie 3HauY€HUA TOJIIMHBI CTEHKH W HapyXHOTo AHameTpa TpyO Ok-
pyristotes Ao Omwxadmux  GombmIMX 3HAYEHHH W3 CTaHOApPTHOro pana
(npun. 9). ToOMUHHEI CTEHOK CAWBHBIX M BCAchIBAOIIEH TPy6 MPHHUMAIOTCA
paBHeIMH 1...3 MM. 3
I'nbxue pykaBa BEIGHPAIOTCS MO YCIOBHOMY MPOXOLY M MAKCHMALHOMY
JaBJICHUIO B TUAPONUHKH [4].

11. COCTABJIEHHE NEPEYHS I'dJIPABJIHYECKHX
YCTPOWICTB

JlaHHBIE O I'MAPaBIMYECKUX YCTPONCTBAX, MOKA3aHHBIX HAa MPHHLHIHAIE-
HOH cXeMe, 3alTHChIBAIOT B NMEpeueHb YCTPOMCTE B BUAe Tabnuue! (Tadi. 4) [5].

B rpadax nepeyHs yka3blBaloT ClIeAyIOLIHe JaHHBIE:

- B rpade «IlosnimoHHOe 0603HaYeHHE» — MO3ULIHOHHOE 0603HaYeHHe
(npun. 10) yctpoiicTBa nin GyHKIMOHABHOM IPYIILI Ha CXEME;

- Brpaje «HanmeHoBaHME» — HaUMEHOBAHHE YCTPOWCTBA WIH QYHK-
LMOHANBHOH Ipynmnel U €ro o603HaY€HHEe B COOTBETCTBUM C JOKYMEHTOM, Ha
OCHOBAHMH KOTOPOTO OHO NpUMeHEHO (U1 BhIGPaHHEIX MO KaTajjoram);

- Brpade «KonM4ecTBO» — KONUYECTBO YCTPONCTB WM (YHKIIKOHATIb~
HBIX FpyIm;

- B rpade «IIpumeyanHe» npyU HEOGXOAUMOCTH YKa3bIBAlOT TEXHHYECKHE

IaHHbIC YCTPOHCTBA, HE COACPHALIMECA B €T0O HANMEHOBAaHHH.
Ta6auua 4

YCTpoiCTBa 3aNHCHIBAIOTCA B MepeveHb B andaBUTHOM nopaake GyKBeH-
HBIX MO3MUHOHHBIX 0603HaYeHHMI, a B Npefesie KaxaoH rpynnel — B MOPAAKE
BO3pacTaHHs HOMEpoB. J{OImycKaeTcs OCTaBMNATh HE3AMOJIHEHHBIMH HECKOJBLKO
CTPOK AJI1 0OMNer4eHus BHECEHUA H3MEHEHHIL.

VCTpoiicTBa 0JHOrO THIIA ¢ OJMHAKOBBIMU NMapaMeTpaMH JOIYCKaeTcs 3a-
NMUCBIBATE B OJHY CTpPoKy. B 3TOoM ciyuae B rpade «llo3uimonHoe o6o3Haue-
HHE» BIHUCHIBAIOT TOJILKO 0003HAYEHHA C HAUMEHBIIUM H HaHGOMBIIMM MOps/-
KOBBIMU HOMEPaMH, a rpade «KomiiecTBo» — obiLee KOIMYeCTBO YCTPORCTB.

3anuce yCTPOHCTB, BXOIALIMX B (PYHKUHOHAIBHBIE IPYINbI, HAYMHAIOT C
3aroJioBKa rpynmnsl, roMemaemoro B rpage «HanmeHoBaHHe». 3aronoBok noa-
YepKUBAIOT. 3aTEM BIHCHIBAIOT CAMHU YCTPOIHCTBa.

Ilpumep odopmieHHsa mepeyHa YCTpoHcTB npuBeneH B Tabn. 5. B rpade
«IIpuMeyanney» MPUHATEI Ceaylomue 0003HaYeHHA MapaMeTpoB; ¥ — BMeCTH-
MocTb ruapobaka;  — noadda Hacoca; p — naenenue; D, d — nuameTpsl
MOPILIHA U WTOKA MMAPOLMIHHAPA; § — XOJ IOPIIHA FTHAPOUMIHHAPA.

Ta6nuua 5
AT T Haumenosanne — [Tpumevanue
obo3HayeHye 4ECTRO
Bl 'mmpobax 1 V=631
HITI Hacoc muactunyareii 6 BI° 12-42 1 0O =18 p/Mvn
KO1 Kuramax o06paTHeif | —
KH1 Knanan sanopHsiii 1 —
KC1 Knaman mocie08are1pHOCTH 1 —
PI...P3 Pacnipenemyrens B 10 3 Q= 20n/muH;
p=32MIlla
PP1 Perynarop pacxona MITT 55-2M 1 Q = 25n/mun;
p=20MIlla
1 I'uapouunuuap | D=40mMm; d=20Mm;
s = 400 MM

[MoznumoHHOE Konu-
Hanmenopanne 15

[Mprmeyanne
obo3navenme HYCCTBO p

110 | 10

20

,

hd

J.. >
185

14

12. YKA3AHHSA 110 O®OPMJIEHUIO
PACYETHO-NIOSICHATEJbHOM 3AITACKH

PesynbtaTel BEINOJIHEHHOW paGOTEl OQOpPMIAIOTCA B BHAE pPacyeTHO-
NOACHUTENILHOA 3allUCKH, COCTABIAEMON B COOTBETCTBHM C TPeGOBaHHUAMH K
BUAY AaHHbIX pokymeHToB (I'OCT 2.105—95. O6mme tpeGoBaHus K TeKCTO-
BbIM JOKyMeHTam). TekcToBas YacTh 3alMCKHM BLINMONHAETCA HA KOMILIOTEPE
(texcToBwlit penaktop Word, mpudT 14 uin 12 yepes nomyTopHbIi MM OaH-
HApHBII MEXIYCTPOUHBI HHTEPBAI, HyMepaLHs CTPAHAL{ CKBO3HAA, THTYJIEHEII
NMCT HEe HyMepyeTcs, nons: cnesa 30 MM, cnpaBa 15 MM, CBepXy M CHH3Y MO
20 mMm) Ha nuctax Gymaru gopmara A4,
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CTpyKTypa pac4eTHO-TIOSICHUTENBHON 3aMHCKH:

— TUTYJIBHBIA JINCT ¢ Ha3BaHWEM YHHUBEDCHTETA, LIEHTPA MOArOTOBKH, Ha-
3BaHHEM PacyeTHOrO 3aJaHHs, HoMepa BapHaHTa, HOMepa CTYNEeHYECKON rpy-
net, ®UO cTyneHTa ¥ npenoaasares, a TAloKe JaTOW Clayy 3aHCKy;

— cojepxaHue, BKIIOvalolllee HOMEpa, Ha3BaHMsA pasfiesioB U HoMepa
CTpaHUIL, C KOTOPBIX OHU HAYHHAIOTCH;

— HCXOHHBIEC JAaHHEIE K PACYETHOMY 3a/1aHHIO;

— BBeJieHHe, COfiepIKalllee CBEICHUA O LeH paboTsr;

— OCHOBHas 4aCTh, BKIIIOYAIOIIAs pa3nessl, HepeyrcieHHbie B mn. 3—11
COMIEpXKaHHUS JaHHOTO METORHMYECKOro rnocoOus, BHYTpH pasiena BBIAENAIOTCS
naparpadpsl;

— BBIBOABI, B KOTOPBIX JA€TCA OUEHKA MOJyYEHHBIX PE3y/IbTATOB;

— CIIHCOK UCTOJIb30BAHHBEIX NICTOYHHKOB.

PacueTHO-TIOACHUTENbHAA 3aMUCKa W3/araeTcs B BHAE TEKCTa M JOJDKHA
NOSACHATH MPUBOAMMBIE B Heil mpouemypsl. Kaxkasiit paznen u naparpad HadH-
HAlOTCA ¢ TEKCTOBOI 9acTH. B xauectBe mpuMepa odopMeHHs CMOTPH pasa. 4
JI2HHOT0 METOAMYECKOro NMocobus.

Bce pucyHKM M TabiMLpl AOJDKHBI MMETH HOMEPA M Ha3BaHMA, MMOMeIlae-
Mbl€ [JI8 PUCYHKA IO HUM 110 LEHTPY, a ANa Tabuilel — Han Hell 1o npaBoMy
kpato. Haseanua Tabnu JomyckaeTcs OIycKkaTh. YUHMThIBas HeGonbLIoH o6beM
3aNMCKM, HyMEpaLMI0 PHCYHKOB, a Talke TaOMnML, pPEKOMEHIyeTcs Jenath
CKBO3HBIMH. Ha xaxaerii pucyHOK W Tabnuiy A0JpKHA OBITh CCBINIKA B TEKCTE.
Pucysok u tabnuiia pasMellaloTcs cpasy Mocje MX YIOMHMHAHUA B TEKCTe 3a-
NIMCKH Tak, YyToOBl MX MOXHO GbUTO paccMaTpuBaTh 6e3 moBopota jmcra, Ecin
TAaKoe pa3MellleHHe HEBO3MOXKHO, TO MX pacrojiaraioT TaK, 4To0bl 11 MX pac-
CMOTpEHHA HAL0 OBINO MOBEPHYTh 3aMHCKY 110 YAaCOBOH CTpPEJIKE.

dopMynbl BEIHOCATCA B OTACNBHYIO cTpoky. Homep dopmysbl 3akimodaeT-
ci B Kpyrnsle ckoOku ¥ Tomelnaercs crpasa OT He€. JlaTuHckHe OyKBEHHBIE
obo3HaueHns B GopMynax M TeKCTe HAOHPAOTCAd KypCHBOM OJMHAKOBBIM pas-
mepam wpu¢Ta. I[Tepeyrn 3HaYeHHWH CUMBONOB M YHCIOBHIX KOI(GHIUMEHTOB
MPHUBOJATCA HEMOCPEACTBEHHO MoJ (opMyJoil, NEPBYIO CTPOKY HAYHHAIOT CO
cnosa «rae». CHMBOJI, yHoTpeOseMblii BTOPHYHO, HE paclinpOBBIBAETCA.

Ipu HM3N0XXEHHH pacueToB CHayalla B 00lIeM BHIE NPHBOAATCA pacucTHhIE
bopMyibl, a 3aTeM MPOBOJMTCS TI0JCTAHOBKA YMCIOBLIX 3HAYEHHUI NMapameTpoB
B TOM e 10CJeJOBaTeNbHOCTH, YTO U B GOPMYyJE, H PE3YNbTAaT BHIYHUCICHHS.
PesynbTaTel BBIMUCIIEHHIt 0 OAHOW ¢opMyie CBOAATCA B Tabmuuy. PacueTsl,
BBIMTONIHEHHBIE ¢ Henoib3oBanueM MathCAD, aBnsioTca BcrioMoraTeabHBIM Ma-
TEpPHAJIOM, He 3aMeHSIOIMM H3JI0KeHNe pacieToB B TEKCTOBOM penaktope. IIpn

KeJlaHWM AaBTOP MOXKET BKJIIOYHTH PAcy€Thl, BHIMONIHEHHBIE C HCMOJIL30BAHHEM
MathCAD, B 0TYET B Ka4E€CTBE NPHIIOKEHNA,

To4HOCTh NpEeACTABNEHHS Pe3ylbTaToOB pacyeTa JO0JDKHA COOTBETCTBOBATH
TOYHOCTH OMpPEIE]IEHHA HCMOJB3YeMbIX MapaMeTpoB. UnciioBsle 3Ha4eHUsA pac-
X0J10B pabovei *HIOKOCTH NPUBOMATCA B JU/MUH, naBneHuii — B Mlla, quamer-
POB M IPYrUX JIMHEAHBIX pa3MEpOB — B M, CM U MM B 338BUCHMOCTH OT HX abco-
JEOTHOH BEJIMYHHEI.

TuapaBiM4eckhe CXeMBI MOFYT COCTABIATHCS € MOMOILIBIO MPOrpamMMBbl
Fluid Sim-H.

Tpadukd odopMISIOTCS B BHe PUCYHKOB. OHM JOKHEI HMETb PAaBHO-
MEpHEIe IIKAIbl, HAYMHAIOLKECH, KaK PAaBHIIO, OT HyJIEBBIX 3HAYeHHH, C yKas3a-
HHEM MapaMeTpPOB M HX Pa3MEPHOCTEH.

CIWMCOK HCIONB30BAaHHBIX HUCTOYHMKOB HOJDKEH BK/IKOHaTh (QaMHIMIO M
MHHLMAJB! aBTOpa (aBTOPOB), Ha3BaHHE, MECTO M3/IaHMA, U3IATENbCTBO, MO H3-
Hanus. Ha Kaxapiit HCTOYHMK JOJDKHA GBITh CCBUIKA (CCHIIKH) B TEKCTE 3amuc-
KM, MOMelaeMas B KBaipaTHBIX CKOOKax ¢ yKa3aHHeM MOpALKOBOro HOMEpa Mo
CIIHCKY.



INPUJIOXKXEHUS

Hpunoxenue 1
BapHaHTbI YHCI0BBIX 3HAYEHHH NapaMeTPOB

Oxonvanue npurosxcenus 1

Bapn-| Homu- | Harpyska | Harpyska | Ckopocts |Ckopocts | Bpems oTaenbHbIX
aHT | pagppoe | HAIITOKE | HA mTOKe | paGoumx |GHICTPBIX MEDPEXOIOB, C
nanenme, | TPH pabo- | mpu GBICT- | mepeMeln., |nepeMent.,
Vi v Lt B A R RS R
kH kH
1 2,5 3 0,5 0,10 0,5 6 | 1|10 3
2 2,5 4 1 0,09 0,4 S |1 912
3 25 S 1 0,08 0,4 512|814
4 2,5 6 1,5 0,07 0,3 4 11|10 2
5 2,5 7 2 0,06 0,3 6 | 2 [12]1
6 2,5 8 2 0,05 0,3 6394
7 215 9 25 0,09 0,4 6 2|83
8 2,5 10 2,5 0,04 0,2 4 | 3171
9 6,3 10 3 0,08 0,3 6 |2 |72
10 6,3 I1 4 0,07 0,3 4 15185
11 6,3 12 3 0,06 0,3 712|114
12 6,3 13 4 0,05 0,3 1 1 12 | 5§
13 6,3 14 5 0,04 0,3 513 (15| 2
14 6,3 15 3 0,08 0,2 41193
15 6,3 19 2 0,07 0,3 s 8 |3
16 6,3 16 2 0,06 0.2 31410/ 4
17 10,0 15 4 0,06 0,3 321213
18 10,0 25 6 0,05 0,4 51210 3
19 10,0 40 4 0,04 0,4 7 1 18| 5
20 10,0 35 7 0,03 0,5 8§ (1 [21] 6
21 10,0 45 5 0,04 0,5 5 4 |11 | 6
22 10,0 45 6 0,06 0,5 4 1195
23 10,0 50 5 0,05 0,4 5./ 4|16 6
24 10,0 55 6 | 003 0.3 4 | 2 (12| 5
25 12,5 30 8 0,07 0,4 712101
26 12,5 35 9 0,06 0,4 214 |15]5
27 12,5 40 8 0,05 0,3 |2 |18) 2
28 12,5 45 7 0,04 0,3 4 |2 [12]5
29 12,5 50 9 0,08 0,3 2|1 8 | 7
30 12,5 55 5 0,09 0,2 8§ 4|68
31 12,5 60 7 0,05 0,2 73|10 4
32 12,5 65 10 0,04 0,2 21|16 |7
33 16,0 50 6 0,05 0,2 1 4 | 15| 8
34 16,0 55 7 0,07 0,2 4 13 12| 8
35 16,0 60 8 0,02 0,2 2|5 |16]| 5
36 16,0 65 4 0,05 0,2 51412 8
37 16,0 70 8 0,04 0,2 4 3120/ 5
38 16,0 75 5 0,02 0,3 8 4 [ 15 5
39 16,0 80 9 0,04 | 0,4 5|5 |18] 6
40 16,0 45 S 0,03 0,3 3 (2 |10]7

|

Bapu-| Howmnu- Harpyska | Harpy3ka | Cxopocte |CkopocTh BpeMs oTAENBHBIX

aHT | panemoe | HA WUTOKe | HamToke | paBoumx |GbICTPBIX MIEPEXOIOB, C

napnene, | PH paGo- | mpH GbICT- | MEpeMeI., |TepeMelL,,
MTa 9HX mepe- | PHIX Hepe- o s hlta!|slu
MeLIeHuUl, | MEILeHHH,
kH kH
41 20,0 70 8 0,09 0,4 312 (|22|3
42 20,0 75 9 0,01 0,4 213|123
43 20,0 80 5 0,08 0,3 8§ |4 |23|5
44 20,0 90 4 0,05 0,3 6 | 6 | 22| 4
45 20,0 100 7 0,02 0,2 913|103
46 20,0 110 4 0,03 0,2 6 | 5|16 3
47 20,0 120 9 0,04 0,2 1 1 713
48 20,0 85 6 0,06 0,1 512 8| 4
49 25,0 100 6 0,03 0,3 516|105
50 25,0 110 < K7 0,02 0,3 6 |3 125
51 25,0 120 8 0,01 0,1 516 25| 3
52 25,0 130 9 0,02 0,2 212 |15] 4
53 25,0 140 6 0,01 0,1 2|1 141
54 25,0 150 7 0,01 0,2 514 |13 4
55 25,0 80 10 0,03 0,15 4 | 5 |16]| 2
56 25,0 90 8 0,02 0,25 3 1 | 11] 2
57 28,0 130 12 0,035 0,35 507 |11]6
58 28,0 140 8 0,025 0,25 6 | S |12(5
59 28,0 150 9 0,02 0,2 4 | 6 | 20| 4
60 28,0 160 11 0,015 03 313 |13]3
61 28,0 170 10 0,01 0,1 212|102
62 28,0 180 13 0,005 0,15 314|141
63 28,0 120 14 0,03 0,25 4 | 8193
64 28,0 110 7 0,04 03 Said ul 8 | 4
65 30,0 170 18 0,04 0,4 6 | 8 12| 6
66 30,0 180 8 0,03 0,2 517 10| 5
67 30,0 190 10 0,025 0,3 4 | 5| 15| 4
68 30,0 200 12 0,02 0,25 31483
69 30,0 210 14 0,01 0,1 21392
70 30,0 220 15 0,005 0,15 1 2 |11 1
71 30,0 160 11 0,015 0,2 3161713
72 30,0 150 9 0,035 0,35 4 |1 (13| 4
73 32,0 170 10 0,01 0,15 216 [12]6
74 32,0 180 11 0,025 0,2 31w |veSinrilih 6
75 32,0 190 12 0,02 0,15 4 |14 (10] 5
76. 32,0 200 17 0,015 0,1 5131911
77 32,0 210 14 0,01 0,15 6|2 |84
78 32,0 220 15 0,005 0,05 7111713
79 32,0 160 16 0,035 0,1 7|8 |14 2
80 32,0 150 13 0,04 0,3 8 0 7 |13|5
19




IMpunoxenne 2

BapuanTbi nocsie10BaTeIbHOCTH ABHKEHHSA
HCIOJTHHTEJILHLIX YCTPOHCTB

L. a-6-B-r—g-e. 1. a-B-6-r-a-e
2. a—6-B-a-r—e. 122 a-B-6-g-r-ec
3. a-6-B-Jg—e-r. 13. a-B-g-6-r-ec.
4. a-6-g-B-r—e. 14 a-p-B-6-r-e.
5. a-6-a1-B—e—T. 15. a-B-6-m—e-r.
6. a—-6-n—-e~B-T. 16. a-B-a-6-e-r.
7. a-jg-06-B-r—e. 17 a-B-pg-e-6-r
8. a-g-06—-e—-B-T. 18. a-p-B—-e-6-r.
9. a-g-6-B-e-r. 19 a—a-B-06-¢e-r.
10 a-pg-e-6-B-T. 200 a-g-e—-B-6-T.

Mpunoxenne 3
BapnanTst KOMIIEKTOBAHHSA NPHHUHIHAILHON IHAPABIHYECKOH CXEMBI:

a) ruapormnuHapst I 1 II ¢ 0AHOCTOPOHHUMH mITOKAMH;

6) ruapormanHaps! I 1 11 ¢ ABYXCTOPOHHMMH IITOKAMHE;

B) TMAPOLATMHADP | ¢ OJHOCTOPOHHMM INTOKOM M THApOLMmMHAp Il ¢ ABYXCTOpOHHEM
IITOKOM;

r) THAPOUMAMHAD I ¢ JBYXCTOPOMHHM WITOKOM M rumporpmHeap II ¢ ofHOCTOpOHHMM
IITOKOM; 1

1) ruapomoropst I u II;

€) rugpomMotop [ 1 ruapomymnap II ¢ 0fHOCTOpPOHHMM MITOKOM;

%) ruapomotop I 1 ruapouwtnHap Il ¢ ABYXCTOPOHHMM MTOKOM;

3) ruApoIHTMHP I ¢ 0/IHOCTOPOHHUM IITOKOM H IHAPOMOTOP 2;

1) TMapoInvHAP I ¢ ABYXCTOPOHHMM IITOKOM M THAPOMOTOP 2;

K) peryupyeMEIii pocceib Ha BXOAE B FHAPOBHTaTEN;

1) pEryJMpyeMBIif Apoccesb Ha BEIXOAE U3 THAPOBHTATENLS;

M) PETYJIHPYEMEIi Ipoccenb NapaUieieH H/IPOBUTATE IO,

H) IBYXJIMHEHHBIA PEryIATOp Pacxola Ha BXOJe B THAPOABUTaTENb,

0) ABYXJIMHCHHBI PEryJiTOp pacXoHa Ha BEIXO/E M3 THAPOBUTATENA,;

) TPEX/IMHEHHEII PEryIATOp pacxo4a Ha BXOAE B THAPOABUTATEND.

20

Ilpunoxenue 4
OcuoBnbie napamerpst ruxpouninuapos (FOCT 6540—68)
(B cko6kax mpuBeeHb! 3HAYEHHS AOMOJHHTENLHOTO PAAR)

Pan muametpos nopmns D, MM: 10; 12; 16; 20; 25; 32; (36); 40; (45); 50; (56); 63; (70);

80; (90); 100; (110); 125; (140); 160; (180); 200; (220); 250; (280); 320; (360); 400; (450);
500; (560); 630; (710); 800; (900).

Pan quametpos mroxa d, MM: 4; 5; 6; 8; 10; 12; (14); 16; (18); 20; (22); 25; (28); 32;

(36); 40; (45); 50; (56); 63; (70); 80; (90); 100; (110); 125; (140); 160; (180); 200; (220); 250;
(280); 320; (360); 400; (450); 500; (560); 630; (710); 800; (900).

Psan xona nopmus s, Mu: 4; 6; 8; 10; 12; 16; 20; 25; 32; 40; 50, (56); 63; (70); 80; (90);

100; (110); 125; (140); 160; (180); 200; (220); 250; (280); 320; (360); 400; (450); 500; (560);
630; (710); 800; (900); 1000;.(1120); 1250; (1400); 1600; (1800); 2000; (2240); 2500;
(2800); (3000); 3150; (3350); (3750); 4000; (4250); (4500); (4750); 5000; (5300); (5600);
(6000); 6300; (6700); (7100); (7500); 8000; (8500); (9000); (9500).

Mpunoxenune 5
HoMrBanbHbIE —-un@-——-a ofneMbl H3aCcO0COB, HACOCOB-MOTOPOB H THAPOMOTOpOB
Vo, e’ (COCT 13824—80)

1; 1,25; 1,6; 2; 2,5; 3,2; 4; 5; 6,3; 8; 10; (11,2); 12,5; (14); 16; (18); 20; (22,4); 25; (28);
32; (36); 40; (45); 50; (56); 63; (71); 80; (90); 100; (112); 125; (140); 160; (180); 200;
(224); 250; (280); 320; (360); 400; (450); 500; (560); 630; (710); 800; (900); 1000;
(1120); 1250; (1400); 1600; (1800); 2000; (2240); 2500; (2800); 3200; (3600); 4000;
(4500); 5000; (5600); 6300; (7100); 8000; (9000).

:v:gnr—w::ﬂ. w:wlo*._:hv YKa3aHHbIC B n_nom-nw.xu He ABJIAIOTCA MPEANOUTHTENEHBIMH.

Ilpnnoxenune 6
Homuuannubie pacxoast Oy (W/mMun) (TOCT 13825—80)
1; 1,6; 2,5; 3,2; 4; 5; 6,3; 8; 10; 12,5; 16; 20; 25; 32; 40; 50; 63; 80; 100; 125; 160; 200;
250; 320; 400; 500; 630; 800; 1000; 1250; 1600; 2000; 2500.

Ilpunoxenne 7

Ycnosusie npoxoant Dy (vm) [FOCT 16516—80]
1; 1,6; 2; 2,5; 3; 4; 5; 6; 8; 10; 12; 16; 20; 25; 32; 40; 50; 63; 80; 100; 125; 160; 200; 250.

INpunoxenne 8
HoMHHANBbHBIE BMECTHMOCTH riApo6aKoB, THAPOAKKYMY/ISTOPOB, PECHBEPOB
H aApyrux emkocteii Vyow, x (FOCT 12448—380)
0,4; 0,63; 1; 1,6; 2.,5; 3,2; 4; 6,3; 10; 16; 25; 40; 63; 100; 125; 160; 200; 250; 320; 400;
500; 630; 800; 1000; 1250; 1600; 2000; 2500; 3200, 4000; 5000; 6300; 8000; 10000;
12500; 16000; 20000; 25000.
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Ilpunoxenue 9
OcHoBHBIE Pa3MepBI CTANLHBLIX GeCmOBHBIX
xonoanoaedopmupoBanusIx Tpyo, mm (FOCT 8734—75)

[ Homumams s

HapyXHBIHA 5 6 7..9 [10...12 | 13...15 | 16...19 20 21...23
mamerp dy*

Toauma 03..15/03..2103..25(0,3...3,5| 0,3...4 [ 0,3...5 | 03...6 | 0,4...6

CTCHKH 5**

HoMuHansHe1i

HapY>XHBIH 24 25...28 | 30...36 | 38;40 42 45; 48 50; 80...95
iy 51...76
Tomuyna 04..604..7]04..8/04.9] 1..9 | 1..10 | .12 1,2...12

CTEHKHU 5**
* B ykazannbix mpenenax 6pate u3 cnegyromero paga: 7; 8; 9; 10; 11; 12; 13; 14; 15; 16;
17, 18, 19; 21; 22; 23; 25; 26; 27, 28; 30; 32; 34; 35; 36; 51; 53; 54; 56; 57, 60; 63; 65;
68; 70; 73; 75, 76; 80; 83; 85; 89; 90: 95 MMm.

** B ykazaHHBIX mpefienax Gpars u3 cienyromero paga: 0,3; 0,4; 0,5; 0,6; 0,8; 1;1, 2; 1,4;
1,5; 1,6; 1,8; 2;2,2;2,5; 2,8; 3; 3,2, 3,5; 4, 4,5, 5, 5,5, 6, 6,5; 7, 7,5, 8, 8,5: 9, 9,5, 10; 11;
12; 14; 16; 18; 20; 22; 24 mm.

Hpunoxeunne 10
Byxsenuble no3nunounbie 0603uateHns OCHOBHBIX FHIPARINYECKHX YCTPORCTB

TUAPOAKKYMYJIATOP .....coccvmeeuerarereeracssrrnnenssassssosssrsrssessersssonnas
anmapar TernooOMeHHbIiH
rHApOGaK ................

JIETIHTENDb I0TOKA ...
IPOCCENb..............
THAPOIAMOK ,....oeoeee.,

KJIaNaH BEIAEPXKH BPEMEHH.

KJ1anaH o0parHeii ... ... .. KO
KJ1anaH HalopHSIH. ... .. KH
KJIartal peAyKIMOHHBIN ..................... .. KP
KJIallaH MOCTIE€XOBATENBHOCTH. ... ..KC
.M
THAPOTIPEOOPAZOBATEID .. ... eseeessessesesesssese e P
pacnpeneuTens e S Lo P
peJie NaBNeHHA ... ..PI
PETYILATOP PACKOMA .. ..vviiiiiiiiie et e eeeeeereeens PP
CYMMATOP FIOTOKOB ......couueiiniecsnisenssiasnsesemsasesoensesssssressess CIl
THAPOYCHIINTEND L YC
DUIBTP ... .. @
TRAPOIIAIIMHIID ...t ihiiit e aitiieceiaraesan e e e e fenrmsnsee s ssnesass 10
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Yuebnoe uzoanue
T'ony6es Bragumnp ViBaHoBHY

PACYET OCHOBHBIX [TAPAMETPOB I'MIPABJIMYECKOI'O ITPUBOJIA

MeTtoauueckoe nocobue
110 Kypcy
«CucteMsl rHAPO- U MHEBMOABTOMATHKHY
JUIA CTYREHTOB, 00YJaIOIMXCA 110 HANPABICHAIO
«ABTOMAaTH3aIMA W YIIPABNSHHE)
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