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BBenenue

Heo0xoauMocTh  MOCTOSHHOTO — Pa3BUTHS  MAIIMHOCTPOUTEIHLHOM  OTpaciu
CBS3aHHA C TIOBBIIICHHEM TPOM3BOAUTEIPHOCTH M KadyeCTBa TEXHOJIOTUYECKUX
IPOIECCOB. DTH 3a/laudl TPEOYIOT MOMCKA U BHEAPEHUS MPOTPECCUBHBIX TEXHOJIOTHIA
HaIPaBJICHHBIX Ha MOBbIIIEHUE YPHEKTUBHOCTH (PYHKIIMOHUPOBAHUS 00OPYT0BAHMUS
BO BCEX OTpaciiax TeXHuku [1] .

B stux ycnoBusix, paspabaTeiBacMoe 000pyJOBaHUE JOJKHO OTBEYATH OOIIUM
TEH/JCHLIUAM PAa3BUTUS TEXHOJOTUYECKUX, TPAHCHOPTHBIX M HWHGOPMAIMOHHBIX
MalluH, OOCIYKMBAIOIIMX 3TO  HANpaBJICEHHE  Pa3BUTUS  OOILIECTBEHHOIO
IPOU3BOJICTBA, OCHOBHBIE M3 KOTOPHIX [1,2]:

e pHTeHCcU(UKaUUg paboYMX TMPOLECCOB MAIIMH  COMPOBOXKIAIOIIUXCS

HOBBIIIEHUEM: CKOPOCTEH, CHJI, MOIIIHOCTH MCIIOJIHUTEIbHBIX MEXaHIU3MOB,;

e aBTOMAaTH3alMs U HU(POBU3AIMS padOYUX U TEXHOJIOTUYECKUX MPOIIECCOB;

® MOJYJIbHOE MIOCTPOSHUE arperaToB U MEXaHU3MOB MallTiH;

® (e30MaCHOCTh W SKOJOTUYHOCTh MPENJaraéMbIX MPOEKTOB, MOHUTOPUHT

apaMeTpOB COCTOSIHUSL CUCTEM MIPUBOJIOB;
® UHTErpalys HECKOJIbKUX ONEPalnii B OTHOM HCIIOTHUTEIHFHOM KOMIUIEKCE;
¢ MUHUMH3AIUS  MacCOrabapWTHBIX  XapaKTePUCTHK  SHEPTrOCHIOBBIX
YCTaHOBOK CHCTEM MPUBOJIOB MOBBIIIAIOIIAS SPTOHOMUYHOCTb;

® pa3BUTHE NPUHIUIOB YHHU(DUKAIMK, CTAaHAAPTU3ALMU HIEMEHTHOW O0a3bl
CHUCTEeM TPHUBOJOB YMPOIIAIOIIUX MX COMPOBOXACHHWE B IMpolecce
JKCIUTyaTalu (PEMOHT, 3aMEHa, CEPBUCHOE O0CITYKUBAHHUE).

BrlllieHa3BaHHbBIE  TEHACHIMM XapaKTEPHbI KaK JUIi  TEXHOJOTHYECKHUX
CTallMOHAPHBIX, TAK 1 MOOWJIBHBIX MAIIUH, T.K. IEPBbIE BO3JICUCTBYIOT Ha MaTepual
JUIST U3MEHEHHSI €r0 CBOWMCTB, COCTOSHUS WM (OPMBI, a BTOpPbIE HU3MEHSIIOT €ro
NPOCTPAHCTBEHHOE pacnoyiokeHue. Jlns pelleHre Takux 3a7ad  [PUMEHSIOT
TUAPABINYECKHE W  [HEBMAaTHUYECKHME YCTPOMCTBA  YNPABJIEHUS, KOHTPOJIS,
OJIOKMPOBKHU, O€30MACHOCTH U JIp.

[lepcnieKTUBHBIX HAMpaBICHUEM Pa3BUTHSA KOPAOIECTPOUTEIHLHOW OTpaciu B
NocJieJHEE BpeMs SIBJISIETCS CO3[aHUE KOMILUIEKCOB CTAllMOHAPHOTO M MOOMIIBHOTO
TEXHOJOTUYECKOTO o0opy0oBaHus, OCYULIECTBJISOLLETO TIOJTHBIN 11170:9)
IIPOU3BOJICTBEHHBIX OMEpPalUid, PE3yIbTATOM KOTOPBIX SIBJISIETCS TOTOBBIA MPOAYKT
[2].

[IpnoOpeTeHne 3HaHWI O TaKUX CHCTEMaxX M HABBIKOB UX MPOCKTHUPOBAHMS, HA
mpUMEpe pacueTa MarucTpajeld TUAPONPUBOAA CyIOBOH JeOEIKH, MMEIOMEHcS Ha
OOJIBIIMHCTBE MOPCKOI'O TPAHCTIOPTA.



1.1 Ieab u 3a1a4u pacyeTHOH PadoThI

Bremonnenne pacu€THoW (MpaKkTUYECKOi) pabdOThl M TUIOBBIX PACUYETOB —
3aKJIIOYUTENIbHBIA 3Tall M3y4YEHUs CTYJEHTAaMU OOIIETEeXHUYECKOM JUCUUILIUHBI
«I'mapaBnuka» u « MexaHuKa KUJIKOCTH U ra3a.

Llenvio  pabomwvl  ABISETCS  3aKpeIUIEHHWE  TOJYYEHHBIX  CTyJCHTaMu
TEOPETUYECKNX 3HAHUM, a TakKe€ OCBOEHHE HMH METOJMKHA pacuera U
MIPOEKTUPOBAHUS MAaruCTpaIed THAPABINYECKUX NPUBOJIOB MAIIMH U MEXAaHW3MOB
JUTS COOTBETCTBYIOIIEH 00JIaCTH arpOTEXHHUKH.

Brinonnenue paboOTbl U JOCTHXKEHHE 1IE€TH, COMPOBOXKAACTCS CIIEIYIOIEH
MIOCJIEIOBATENBHOCTBIO PEIIAEMBIX 33]1a4:

® U3yYCHHE U aHAJIN3 UCXOTHBIX TaHHBIX, MPEJCTABICHHBIX B 3aJaHUH.

e ompejelieHue BHYTPCHHHUX JUaMETPOB W TOJNIIUH CTEHOK TPyOONpPOBOJOB Ha
OTICNbHBIX ydYacTKax Marucrpaied u BbIOOp pa3MepoB TpyO 1o
cootBercTBYOIMM ['OCTawm;

® pacueT JMHEHHBIX TUIPABINICCKUX COMPOTHBIICHUH;

® pacyeT MECTHBIX THJIPABIMYECKUAX COMPOTUBIICHHIA;

e ompejeneHne KO3 UIIUEHTOB TUIPABINIECKAX COTIPOTHUBJICHUI
JPOCCENUPYIOIUX DJIEMEHTOB, 00eCTIeYnBArOIINX pacmpezeneHue
DHEPreTHYECKUX TIOTOKOB MPUBO/A, U BBIUMCICHHUE MOTEPh JABIICHUS HAa 3THUX
JPOCCENNPYIOIINX 3JIEMEHTAX;

e omnpeneneHue NOTpeOHOro paboyuero MaBICHUS;

® TIOCTPOCHHUE XapaKTEPUCTUK TPYOOTPOBOJIOB;

® TIOCTPOEHHUE MTbE30OMETPUUECKON U HATIOPHOU JIMHUN SHEPTUMU.

JI71s1 yCrienrHoro BBIMIOTHEHUST pabO0ThI CTYJCHT JIOJKEH:

e 00y1a1aTh HCOOXOAUMBIM 00BEMOM TEOPETHUCCKUX 3HAHHMIMA;
® yMETh aHaJIM3UPOBATh pacUEThl C IMEJIbl0 OOOCHOBAHUS NPUHUMAEMBIX
IIPOEKTHBIX PELICHUN;

® BBINOJHATH TpeOOBaHUS, TMpeabABIsIEMble K OQOPMIICHUIO TEXHUYECKON
JIOKYMEHTAIINY;

e yMETh MOJb30BAThCA TEXHUUYECKOW uTEepaTypoi, cipaBouHukamu, ['OCTamu
Y IpyTUMU HOPMATUBHBIMU MaTEpUaIaMHu.

1.2 TemaTuka pacyeTHOI padoThI

Tema npaktuyeckoit (pacueTHoi) paboThl: «PacueT MarucTpaneii ruaponpuBoIa
CyIOBOM JieOeKu» SIBISETCA aKTyaJbHOM WHXXEHEPHON 3a7adeil, IOIy4YeHHBIC
HABBIKA TIO3BOJISIT BBIMOJHATH MPOCKTUPOBAHUE JPYTUX TUAPOGUIIUPOBAHHBIX
MAIlIMH U MEXaHU3MOB.



B xome pabotbl, oOydyaroniecsi 3HAKOMSTCS C YCTPOMCTBOM, HPHHIIMIIOM
el CTBUS TUAPOPHUIIMPOBAHHOTO O00OPYIOBAHHS — CYJIOBOU JIeOSIKH, NUMEIOIIEH /IBa
KOHTypa. MPUBOJA caMOil JeOeaKH M CTOMOpHOro mexaHmsma. O0e MOJCHCTEMBI
OPUMEHSIOTCSI B COBPEMEHHOM TEXHOJIOTHYECKOM OOOPYIOBAaHUH, BBITIOIHSS
OCHOBHYIO (yHKIOHIO (TJJaBHOE JIBMDKCHHE) W BCIIOMOTaTeNbHYHO (cHCTeMa
0€30I1acCHOCTH).

1.3 OpueHTHPOBOYHOE CO/lepKaHNe U 00beM PadoThI

CrpykTypa mpakTu4eckoi paboThl BKIIOYAET B ceO:

e TurynbHBIN JUCT;

e 3a1aHue HA BBIMOJHEHUE Pa0OTHI, MOANUCAHHOE PYKOBOJUTENIEM U CTYACHTOM;
BBEJICHUE;

e CTpyKTypHYIO M MNPUHLIMIHAIBHYIO CXEMbl MPUBOJA, HUX OIUCAHUE U
HE0OXOIMMbIE K HEW MOsSICHEHNUS,

e PacueTHas 4acTb B COOTBETCTBHHM C NPUBEAEHHBIMH HHKE€ METOAUYECKUMU
yKa3aHUsIMU B 11.3, 10 UHAUBUIYAJIbHOMY BapuaHTy cM. [Ipunoxenue 1;

e ['paduku xapakTepucTUK TPyOONPOBOAOB (ISl 2-X TUAPOIUHUI);

o I'papuxku nuuuit sueprum H-H wu mnbe3omerpuueckas nuHHS P-p A%
PaCUYETHOM CXEMBI;

e BriBojbl 1o paborte;

o [lpunoxenus (eciu UMEIOTCS).

Texct paboTel HEOOXOaUMO HaOWpaTh HAa KOMIIBIOTEPE Ha OJHOW CTOpOHE
CTaHIapTHOTO JucTa Gopmata A4 ¢ GONBIIMM IITAMIIOM IS JIUCTA COAEPXKAHUA, U
MaJIbIM IITaMIIOM JIJISl OCTalbHBIX cTpaHuil. Pa3smep nesoro momns 20 MM, mpaBoro —
10 MM, BepxHero — 20 mMm, HuxkHero — 20 mm. pudt — Times New Roman, pazmep
— 14, mexctpounsriit uarepsan — 1,5 (1,15). ®pasbl, HAUMHAIONIUECS ¢ HOBOW CTPOKH,
NevaTarTcs ¢ ab3aIHbBIM OTCTYTIOM OT Havajla CTPOKH.

Pabora odopmiisiercss B COOTBETCTBUM CO CIIEAYIOIIMMHU PETIAMEHTUPYEMBIMU
NOKyMeHTaMu: «[Ipasuna ogopmnenus nucbmeHHbIX pabom 00yuaWUxcs O
mexHuueckux Hanpaeienutiy 4 «llpasuna npumenenus wabioHo8 ogopmaeHUs
nucvMeHHbIX pabom obyuarowuxcsay ais odydatromuxcs ®I'bOY BO AT'TY.

Pabota, BbInoHEHHAsE HEOPEXKHO, HEPAZOOPUUBO, O3 COONMIOACHUS TPEOOBAHMI
no o(OpMIICHHIO, BO3BpAIlAe€TCs CTYACHTY 0€3 MPOBEPKU C YKa3aHUEM NPUYUH
BO3BpAaTa Ha TUTYJILHOM JIMCTE.



2. O0mue cBeleHHUs 0 THAPABINYECKUX MPUBOIAX
2.1 OnpeaesieHue ¥ CTPYKTYpPa THAPONPHUBOAA

['mapaBiuyeckue WM THEBMAaTUYECKHE CHUCTEMBI SIBIISIFOTCS IEPCIEKTUBHBIMHU
pellieHusl MpU KOHCTPYUPOBAHUU TEXHOJOTHYECKUX MAIlMH, Onaronapsi W3BECTHBIM
MPEUMYIIECTBAM: BBICOKOM HIHEProe€MKOCTH; OeCCTylNeHYaTOMYy pPEryJIUpOBaHHUIO;
MIPOCTOTE MPEOoOpa3OBaHUs JBHXKECHHS; 3aIIUTE OT MEPErpy30K, BBICOKOM MKECTKOCTH
CUJIOBBIX XapaKTEPUCTHUK, JOJITOBEYHOCTH.

B oOmem ciyuae, eudpasnuueckuti npuod TNPEACTABISET COBOKYIHOCTh
TEXHUYECKUX YCTPOMCTB, CBSI3aHHBIX MEXIY CO00i MOCpeACTBOM pabodeil KUAKOCTH U
OCYUIECTBJISIONIMX YIpaBIeHuEe MpeoOpa3oBaHUEM SHEPIHH MOTOKA B MEXaHMUYECKYIO
SHEPIrUI0 MOCTYIATEIbHOIO, BpAIATEIBHOTO WM  BO3BPATHO-NIOCTYIATEIBHOTO
UCTIOJTHUTEIIBHOTO JBM)KCHUSI MEXaHU3Ma WIH MAIIUHBI [2].

B 3aBucnmMocTH OT BUJa ruIponepesayn, T. €. yCTPOMCTBA, TPAHCIIOPTUPYIOIIETO
U TpeoOpasyroliero H2HEPruio, paziMvyarT TUApocTaATHYecKHid (0O0BEMHBIN) WU
TUAPOAUHAMMYECKHH (JIOMACTHOW) NPHUBOJ, TMOCIEIHUNA HE HCIOJNb3yeTCsl Kak
CUJIOBOM, a MpeIHAa3HAaYEH JJIs1 TPAHCIIOPTUPOBKHU BEIIECTB U MAaTEPUAIIOB.

O6véMmHbIl npUEoO TO3BOJISIET C BBICOKOH TOYHOCTHIO TIOAJICPKUBATH WIIH
U3MCHATh CKOPOCTh MAIIMHBl TPH NPOU3BOJIBHOM HArPyKEHHH, OCYIIECTBISThH
CIIC)KEHHE — TOYHO BOCIPOM3BOJUTH 33/IaHHBIC PEKUMBI BPAIATEIBHOTO WM
BO3BPATHO-IIOCTYIATEIBHOTO JIBUXKCHUS, YCHIIUBAs OJHOBPEMCHHO YIPAaBIISIONICE
Bo3zelicTBue [3]. OH Hamboiee MPUMEHSETCS B TEXHOJOTHYECKOM OOOPYIOBaHUM, B
CHCTEeMax  yNpaBlICHHs  JICTATEIbHBIMH  amlmaparamMi,  CyJAaMH,  TSOKEIBIMH
aBTOMOOWJISIMH, JIJIsl TIPUBOJIA MEXaHU3MOB MOOMIIBHBIX CEIbX03MAIINH, TPAHCIIOPTHBIX
YCTaHOBOK, MOTPy34uKOB. CTPYKTypa THUIIOBOT'O THIPABIMYECKOTO PUBO/IA TIPUBEICHA
Ha pucyHke 1.

] 7] Vi i
il oo
(pa‘énﬁenen nTenk) Asurarens yhpagaem

ABUraTens

(34, ABC, N/ (34, ABC, nA)

————

3 £
Tennoeana

Puc.1 — CrpykrypHas cxema ruJipo- 1 MHEBMOIIPUBO/Ia

HNcrtouynnkoM muTaHWsl  BbICTymaeT nepBu4HbIM  jauratens (ABC  wunum
ANEKTPOMOTOpP), 0OeCleunBaOIMi MNpeodpa3oBaHUE SHEPIMM B MEXaHUYECKYIO,
KOoTOpasi mnepenaeTcss Ha Bain Hacoca (puc.l). Ilociae storo, mo marucrpaisim
ruapocucTemMsl. JKHIKOCTh MOJAETCA K TMIPOJABHUrareiato (UMUIMHAP WU MOTOp), TIe
MPOUCXOIUT 0OpaTHOE MPeoOpa30BaHNE IHEPTHH B MEXAaHHUUECKYIO.



Jns ynpaBiieHHsT TOTOKOM pabodeil >KUJIKOCTH HCHOJIb3yeTCsl CHelUalbHbIC
YCTPOMCTBA: paCHPEACIUTEIN — U3MEHSIOIINE HAIPABICHUE U JPOCCENM, KiallaHbl —
VU3MEHSIOIIMUE PACXO0 U JABICHUE COOTBETCTBEHHO.

2.2 OcHOBBI PYHKIIHOHUPOBAHUA THAPONPHBOAA

[IpyHMn fAecTBUS THUIPONPUBOJA OCHOBAH Ha MPSMOM HpeoOpa3oBaHUU
MEXaHUYECKOW IHEPTrUU MEPBUYHOTO JIBUraTeNsl B YHEPTUIO OTOKA pabodeil KUAKOCTH
U 00paTHOM yHPAaBISIEMOM NPEeOOpa3oBaHUU HHEPruM paboueid IKUJIKOCTU B
MEXAaHUYECKYK) OSHEPIMI0 BBIXOJHOIO 3BEHA THJPOJBHMraTeiass W MEXaHHYECKU
CBSI3aHHOI'O C HUM 00BbeKTa yrpasiacHus [6,7].

N3BecTHO, YTO 1peoOpa3oBaHME DHHEPrUUM U  YIOpPaBIEHUE €€ MOTOKOM
COIMPOBOXAAETCA MOTEPSIMHU, OIpenesstonme KodpOUIUEHT TNOJE3HOro JeHCTBUS
TUAPOIIPUBOIA. DTOT OCHOBHOW IPHUHITUI MOSICHAET CXeMa Ha puc.2.

slhonsl winell 4 pp AL
- v Y/aN

Puc.2 — O606ménnas cxema QyHKIIMOHUPOBAHUS OOBEMHOTO THAPOIIPUBO/IA:
IT1]] — nepBuunsiit apuratens (JABC, D1 u 1.1.); Ni,F1 — cOOTBETCTBEHHO MOIIHOCTH M
o0o6mennas cuna (ycunue, kpyTsammii moment) [1/]; UIT — ncrounnk nutanus (H, '/,
MIIT); OY — oOwekr ympaBiueHusi (paboumii mexanusMm mamunbl); [ —
ruapaBInyeckuii neurarenb; N2,F2 — COOTBETCTBEHHO MOIIHOCTH M 00O0OIIEHHAs cuiia
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(ycunue, xpytamuid momeHT) I'JI; P/l — perynsarop naenenus pi; PP — perynarop
pacxoaa xwunkoctu; ['JIC — runpaBnuueckas nuaus cBs3u (TpyoOomposon); K1, K2 —
kianansl jgaBnenus; ['A — rugpoakkymynstop;Li, Vi, Si — nmepemenienue, CKOpoCTb,
pabouas miomaas BeitecHutens UL, Lo, Vo, S — nepemenienue, ckopocTb, padouas
IUIOIIAAb BBIXOJAHOTO 3BeHa ['/1.

[Tpu ynpapnseMoM MpeoOpa3oBaHUK SHEPTUH MTOTOKA padouei Kujakoctu P1—Po,
Q:1—Q2 obOecneunBaeTcs HM3MEHCHHEM WM IOJJACP)KAaHMEM Ha 3aJaHHOM YPOBHE
KnHEeMaTtndeckux Lo, Vo, cunoBeix F2 u sHepreTndeckux N2 mapamMeTpoB XapaKTEPUCTHK
Ha BBIXOJIC THIPOIIPUBO/IA.

VYmpaBiasemoe  mpeoOpa3oBaHHWE  DHEPIHMM  TOTOKAa  pabodeid  JKHIKOCTH
OCYIICCTBJISICTCA 10  HM3BECTHBIM  3aKOHOMCPHOCTSM  TIOBCACHHS  KUIKOCTH,
OIMHMCHIBAEMOT0 OCHOBHBIMH 3aKOHAMHU MEXaHUKH KHUIKOCTH U rasa [55].

Tax mia HemoaswxkHoro oobema W sxuakoctn (Vx=0, ruapocratnka), ee
MOBEJICHUE TIPU M30BITOYHOM JaBiieHnu P1 uP2 onmceiBaeT 3akon b.Ilackais, coriacHo
KOTOpOMY JlaBlieHne Pi1 OT BHEmIHUX CHJI €€ CBOOOJAHOW TOBEPXHOCTH
pacnpocTpaHseTcs BO BCEX HAIPABICHUIX ¢ OIMHAKOBOM BenMunHOM P1=P2, Toraa:

F F S
Pp=-=P,=-%,; 2.1 u F,=F —; 2.2
geReg (D) LR 22)

peanusyercsi TPUHIMIT MpeoOpa3oBaHus 00oOmeHHou cuibl, T.e. F,=F K, rme
S
Ky =-—L.
SZ

BnusHME TUIOTHOCTH KHUAKOCTH p Ha abCONIOTHOE AaBiieHHE Pasc B Touke A,
pacroyiokeHHOl Ha riyouHe ha BbiieneHHoro oobema W y4HTBIBAacTCS OCHOBHBIM
ypaBHEHUEM TUIPOCTATUKU:

Ps =P +p-g-h; (2.3)
rae P, - naBneHne Ha CBOOOIHOM TOBEPXHOCTH KUIAKOCTH;
P s - aOCOJIOTHOE JaBJICHUE B CEYCHHUH Ha riryouHe h;

[IpeobpazoBanue P1—P> mosicHser cxema Ha puc.6.3, Korjga Ipu BO3JICHCTBUHU
YKUJIKOCTH OT IOPIIHSA 1 Ha MOpIIeHb 2 BBITTOIHSIIOTCS yCIOBHS:
P-S =P, Te. F-=F

S
P, =P =P k,; (2.4)
SZ
rjae ky, — xoadduLMEHT MyNbTUILUIMKAIMU, YYUTHIBAIOMIMI MpeoOpa3oBaHue

JIaBJICHMS;

[Tpu aBMKEeHUU TOTOKA PabOYeH )KUIKOCTH BHI3BIBAEMBIC TICPEMEIIICHUEM TTOPIITHSI
1 BHU3 O€3 ydeTa CHJI BBI3BIBAIONINX 3TO JBIDKEHUE (THAPOKWHEMATHKA) MOBEICHUE
MIOTOKA OIMMCHIBAET 3aKOH COXPAHECHUS MACChl B PCAIbHOM BPEMECHH.
Jis nHeckumaeMoit sKuaKoCTH (AW ex=0) 10 BbIpaXeHHIO:



m;-=m, T.e.  pp-Wp=py Wy, (2.5)
rue W, W, - 00beMBI KUIKOCTH COOTBETCTBEHHO II0JABAEMBIE HCTOYHUKOM

nutanus U1 B rupponsurarens '/

PaBeHCTBO sIBIISIETCS yCIIOBUEM HEPA3PHIBHOCTH (CIIJIONTHOCTH ) TIOTOKA!
e [IpeoOpa3zoBanue mnepememenuss Li — L2 ocymecTBisercss COrjaacHo

BBIPAKEHUSIM:

: : S, .
W;-=S,-L; (26) wu W,=S§,-L,; (27) L, = Li-s—l, (2.8)
2
e [IpeobpazoBaHue CKOPOCTH V1 — V2 OCYLIECTBIISIETCS COTJIACHO BBIPAXKCHUSAM:
Wl

Ql:T : (2.9) Q2=V%; (2.10) re. Q=Q, 1

. Sy .
Vi-S; =V, Sy, (2.11) Vo=Vt (2.12)
2

e [IpeobpazoBanue mourHOCTH N1 — N2 OCyIIECTBIsIETCS COTTIACHO BBIPAXKEHUSIM:

N =Ny, (2.13) N, =P -Q -1, (2.14)

P=var wuwm Q,=var, N, =var
Sim Sz — Ha3bIBalOT OCHOBHBIM KOHCTPYKIMOHHBIM TapaMeTpoM OOBbEeMHOMU
rupoMaiinHbl. [logbopoM uX cooTHOMIEHUS (JUIs1 TUAPOMAILINH) WIH €r0 U3MEHEHUEM
(TMOpONPUBOA) «HA XOAy» M OCYIIECTBIIIETCS W3MEHEHWE WM MOJACpKaHUE Ha
3a/laHHOM YPOBHE BHEIIHMX XapaKTEpUCTHUK ruaponpuBoaa. IIpu stom peanusyercs
MalIMHHOE PErYJIUPOBAHKUE TUAPOIPUBOAA.

[lo cxeme Ha puc.2 peanusyercs Haubolee pacnpoCTPaHEHHBIH CHocod
pETYJIMpOBaHMs - JIPOCCEIbHOE peryiupoBanue ruapomnpuBona [17,79]. Ilo ycnosuro
Hepa3pbIBHOCTH (CIUIOIIHOCTH) MOTOKA COCTABIISETCS ypaBHEHUE OanaHca pacxo/10B:

Qe =Qy —Qyp =Var; (2.15)

T.x. Q, =Var, 31ech pacCMaTpUBaETC BApHAHT KOT A ZQy oO1ue norepu

notoka ~ 0. B moToke peanbHON KUAKOCTH, KAK U3BECTHO, UMEIOT MECTO MOTEPHU
Hamnopa (maBnenwsi) AP, 00yCIOBICHHBIC PA3TUIHBIMUA CONIPOTUBIICHUSMH JIBIKCHUTO
MOTOKA (AKTUBHBIMU U MACCUBHBIMHU). JJ1s1 ©X OLIEHKU HEOOXOIUMO 3HATh BU/]I
COMPOTUBRJICHUS (JIMHEHHOE WM MECTHOE) U PEXKUM JBHIKEHUS TTOTOKA (JTaMUHAPHBIN
WK TypOyJIEHTHBIN).

Jyist TMHEWHBIX COMPOTUBIICHUN (TPYOOTPOBOIBI, KAHAJIBI U JIP.) UCIIOJIB3YIOT
ypaHeHue Jlapcu-BeiicOaxa:

| v

AP A— oy
1Ay /4 29’ (2.16)
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A= %I{HH JaMUHAPHOTO MOTOKA MpH unciax PeitHonpana Re> 2320;

Re
03164

YRe

JI71s1 pacdyeTa MECTHBIX CONPOTUBIICHUI UCTIONIB3YIOT YpaBHeHUE BeiicOaxa:

ApM:y'g'\zlgz ; (2.17)

- U151 TypOyJieHTHOTO moToKa rpu Re> 2320mo ¢opmyne bnasuyca;

C Y4C€TOM IIOTCPb JAABJICHUS B JIMHEHUHBIX ¥ MECTHBIX COIIPOTUBJICHUAX YPABHCHHUC
JaBJICHUA UMCCT BU.:

AP=P; +zap,+x4P ;5 (2.18)
IIpu HecTallMOHAPHBIX THAPOMEXaHUYECKHUX MPOIECcCaX HApyIIaeTcss pABHOBECHE
BHEIIIHUX U BHYTPEHHUX CHJI, IEHCTBYIOIIUX HA ITOTOK.

B 3THX yCHIOBUSIX CBSI3aTh MEXIY HAIIOPOM U CKOPOCTBIO JKHJIKOCTH B Pa3HBIX
CEUCHHMSX ITOTOKA OMUCHIBAETCA ypaBHEeHHEM [].bepHynu:

Zl+51+a1\§§1: 22+F;2+a2\§62+2h: (2.19)

rae  Zi u Zz - T€OMETPUYECKHE BBICOTHI (HANOpbl) BEIOPAHHBIX CEYEHUW MOTOKA WIIU
yJeJIbHbIE TOTEHIIUAIbHBIE YHEPTUU TOJI0KEHHUS;

Pl uPs- HaBJICHUC JKXUAKOCTHU B CCUCHHUAX IIOTOKA; ¥ - YﬂCHBHBIﬁ BCC XKHUIAKOCTH,

Py P bE30METPUYECKUE BBICOTHI (HAMOPHI) CEUCHUM IMOTOKA WU

7 y

YACIBbHBIC TIOTCHIMAJIBHBIC S9HCPTUU NABJICHUSA

01 M 02 - KOI(PPHUIIMEHTHI, YYUTHIBAIOIINEC HEPABHOMEPHOCThH pacIpeIecHuUs
CKOPOCTEH 110 KUBBIM CEUYCHUSAM MOTOKA Win ko3 dunuents Kopuomnuca (a=1...1,04);

2 2
Viau Vi - ckopocTHBIE HAMOPB! B PACCMATPHBAEMBIX CEUEHHAX MoToka 1-1 u

29 29

2-2 Wny yelbHble KHHETHYECKNE YHEPTHH,

2h - CYMMApPHBIC ITOTCPHU IMOJTHOTO HAIIOpa MCKIY BBI6paHHBIMI/I CCUCHUAMU UIIU
YACIIBHBIC TIOTCPU S9HCPIUU, O6YCJ'IOBJ'I€HHBI€ TUAPABIIMIYCCKUMU COIIPOTUBJICHUAMMU.

11



2.3 YcTpoiicTBO Cy10BOii J1ebeIKH

CynoBble TUApABIMYECKHE JIEOCIKU SIBISIOTCS OCHOBHBIM CPEJCTBOM JIJisi
nogbeMa U TepeMenieHus: rpy3oB Ha cyaHe. OHu paboTaloT HAa OCHOBE NPHUHIIUIIA
TUPABIMYECKOTO IIPUBOJIA, HCIIOJIB3YSI MOLIHOCTh THAPABINYECKON CUCTEMBI CYIHA.

bapaban

Penyxrop

['unpo6iiok

OcHoBaHue

I'mppomotop

Puc.3 — OGmuit Bu Cy10BO# JIeOEIKN C THAPOTIPUBOIOM

['unponpuBoa Cya0BOW JieOEIKH, SIBISETCS MPOCTOM IIMKJIOBOW CHCTEMOM
(paboTarolieit o cTporo 3aJJaHHOMY aJITOPUTMY ), TOCKOJIbKY 3aKOH HEOOXOAUMBIX AJIsi
OpraHmM3aluy paboyero IUKIa YNPaBISIONIMX BO3JECHCTBUN 3apaHee HU3BECTEH B
pEeanbHOM MIPOCTPAHCTBE U BPEMEHU.

OCHOBHOI anropuT™M pabOThl CYAOBBIX THIPABINYECKUX JIEOEIOK:

1) HavanmpHblid 3Tam: TpW  [MOABEME WM IMEPEMEIICHUH  Tpy3a,
TUAPABINYECKAS] CUCTEMA CyJHA CO3/IaeT NABJIEHUE B KUIKOCTH, KOTOPOE MEPEIAETCs B
TUIPABINYECKYIO JIEOENIKY.

2) [llpuBoxsmmii 3Tam: MOA  JCUCTBUEM  JABICHHS  KHJIKOCTH, B
THJIpaBIMYECKO Jebeqke MPOUCXOAMT MPUBEICHHE B ABM)KEHHUE THUIAPABINYECKOTO
MOTOPa, YCTAHOBJICHHOTO BHYTPH JIEOCKH.

3) IlepememieHue rpy3a: MoabeM WIN MEPEMEIICHUE TPy3a OCYIIECTBISIETCS C
MOMOILBIO TPOCA WX LENHU, KOTOPBIE MPOIYCKAIOTCS Yepe3 OJI0K CUCTEMBI J1€0EIKH.

J11s1 TTOBBIICHHSI TPOU3BOAUTEIIBHOCTH M 0€301TaCHOCTH Pa0dOTHI, COBPEMEHHBIC
CUCTEMBbI UCIIOJIB3YIOT YCTPOWCTBA YIPABICHUS B BHJIE 3JICMEHTOB T'MIPOABTOMATHUKH:
AJICKTPOTHAPABIMYCCKHAE KJIAMaHbl, pPACHPENCIUTeNId, JaTYuKd € Jp., KOTOpPBIC
MIO3BOJITIOT 00ECIIeUNUTh YA0OHYI0 HHTETPAIIUI0O B CHCTEMY BEPXHETO YPOBHS, OBICTPYIO
MepeHaNaIKy U JUarHOCTHUKY.
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['mapaBaudeckyo cucTeMy YI00HO, pacCMaTpHBATh HCIIOIL3YS CTPYKTYPHYIO
cxemy Ha puc.4. MictounukoM nutanus siBisiercs Hacoc H, 3a0uparomuii sKUIKOCTh U3
O6aka b uw moparomuii Ha JBa KOHTypa C JBUTAaTeNIMH: ruapounnusiapoMm I wu
rugpomoropom I' M.

I'uapomoTop I'M, obecnieunBaeT BpamaTeaIbHOE IBIKECHUE BEayIIero 0apadbaHa
npuBOaa JICOCAKH, W TepeMeniaeT €ro ¢ TpeOyeMbIM KpPYTSAIUM MOMEHTOM.
[TormkeHUE CKOPOCTH BpaICHUS THUAPOMOTOpA. OCYIISCTBISCTCS TPH ITOMOIIH
penykropa (i=1:3-1:50), mnomoOpaHHOrO TakuM O00pa3oM, 4YTO ObI CKOPOCTh
nepeMerieHus 6apadana Obuta 24-50 m/MuH.

Humuaap T'Ll, sBasercs  BCOMOraTeldbHBIM  3JIEMEHTOM  CHUCTEMBI,
obecrnieunBaromuM ¢GuKcanuo OapabaHa IIPH OCTaHOBE JICOENKH, 4YTO OCOOCHHO
aKTyaJbHO B CITydae MmoJbema rpysa, st ooecreueHus 0€301macHOCTH padOoThl.

OYHKITMOHUPOBAHUE  JBYX KOHTYPOB  OCYIIECTBIAECTCS OT  €IUHOTO
SHEPTOHOCHTENA TPHW TOMOIMM Hacoca H, ympaBieHWe BBIIBIKCHHEM-BTATHBAHUEM
IIWIMHpPA OCYIIECTBIISACTCS pacnpeaenurenaeM Pl, BkmrodeHueMm ruapomoropa M —
pacnpenenuteneM P2 ¢ 371eKTpOMarHUTHBIM YIIpaBJIEHUEM C TyJIbTa OlepaTopa.

JIist Hazie>)KHOM M JOJATOBPEMEHHOM PabOThl THIAPOCUCTEMBI, YCTaHABIMBAETCS
¢unpTp @ (ouMcTKa OT TBEPABIX YACTHI]) W TelIooOMeHHbIN ammapat TOA
(oxyaxkaeHue padodei )KUIKOCTH) Ha CIIMBHOW MarucTpaly.

CyzaoBble THApaBINYECKUE JE0EIKH UMEIOT Psii IPEUMYIIECTB:

e Bpicokasi rpy3onoabeMHOCTL — OJyiarogapsi NMPUMEHEHUIO THAPABIMYECKOMN
CUCTeMBl M WCIOJIb30BAHUIO BBICOKOTO JaBJEHUS padodei KUIKOCTH JeOeaKU
CITIOCOOHBI ITOJTHUMATH M TIEPEMENIATh TSHKEIbIE TPY3HI.

e [li1aBHOCTH U TOYHOCThH yupasJjieHusl — ruapaBjIndecKad CUCTEMa ITO3BOJIACT
OCYIICCTBJIATH IIJIABHOC M TOYHOC YIIPABJIICHUC ITIOJABEMOM U IIEPEMCIHICHHUEM I'PY30B.

e HajnexHocT W J0JTrOBEYHOCTb — CYJIOBBIC THJIPABIMYECKUE JIeOEIKHU
W3rOTABJIMBAIOTCSI M3  BBICOKOKAYECTBECHHBIX MATEpHUATIOB C  HCIOJIb30BAHUEM
COBPEMEHHBIX TEXHOJIOTHH, YTO 00CCIIEUYNBACT MX HAJIC)KHOCTD M JIOJTOBEYHOCTb.

e  YHuUBepPCAJIbHOCTb — CyJIOBBIE THIPABINYECKHUE JIEOETKH MOT'YT IPUMEHSATHCS HA
pPa3IMYHBIX TUNAX CYAOB, BKJIIOYAsi NACCAXKUPCKUE, TPY30BbIe, OYKCUPHBIE U JPYTHE.

2.4 T'uapaBjanyeckasi cxema JiebeaKkn

['uapaBnnyeckue CUCTEMbI IPUHITO 0003HAYaTh B COOTBETCTBUU CO CTaHapTaMH,
ycta"oBienapiMu ['OCT 2.704-2011.

Jlnst  BwimonHeHUs palOoThl, TpeOyeTcs NPOaHATU3HPOBATH T'MAPABINYECKYIO
OpPUHIMIHANIBHYI0 cxeMy Jebeaku (puc.4). Ilpu pacyerax ynoOHO HUCHOJIB30BATh
YIPOUIEHHBIM BapUaHT — CTPYKTYPHYIO CXEMY Ha PHUC.D, Ha KOTOPOH M300pa’keHbl BCE

TC KC JJICMCHTELI, HO CXCMATHYHO B BUJIC OJIOKOB.
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1H O

| 6

Puc.4 — [TpunuunuanbHas ruapaBindeckas cxema komiiekca: H — nacoc; KI1 — knanan
npenoxpanurtenbhblil; MH — manometp; P1, P2 — pacnipenenurenu; YAL-YA4 —
anektpoMarHuthel; JJP+OK — apoccens ¢ o0patabiM kinananom; ['Ll — ruaporununip;
I'M — runpomorop; OK — ob6partubiii knanan; @ — punbtp, b — Oak.

Pacuer FHHpaBHHqCCKOﬁ CHUCTCMBI BBIIIOJHACTCA IIO HCXOAHBIM JaHHBIM,

OpUBEACHHBIM B MPWIOKEHUU |, ONpenenseMblM C y4eToM MoclHeAHuX 2-X uudp
3a4€THOM KHUXKKH, KaK HEeKOTOpbIi KoddduireHt N.

HcxomHbIMU TaHHBIMHU TSI pacyeTa CIIyxkKart:
Q1 — pacxoa KUIKOCTH JJIsE KOHTYpPA C TUAPOIMIHHAPOM;
Q2 — pacxo/ KUJIKOCTH i1 KOHTYpa ¢ THAPOMTOPOM;
11,12, 13, 14, 15, 16, 17 — mymuHBI y9acTKOB THAPOJIMHUH;

KM — ko3 pureHT My IbTUTUTHKAIINAN;
Pu - IaBJICHUE HEOOXO0MMOe JUTsl paOOThI THAPOIMIIHH]IPA;

p - AaBICHHE HEOOXOAUMOE JIsl PadOThI THAPOMOTOPA.
™

JloTIOJTHUTENNBHBIE CIPABOYHBIC JAHHBIC (IUAMETPhl MarucTpalieid, mapaMeTpbl
paboueii )KUAKOCTH U JIp.) OepyTCs U3 MPUBEACHHBIX HCTOYHUKOB JuTepaTyps [9,10].
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3 Pacuer marucrTpaJsei ruAponpuBoaa

3.1 Pacuer 1uaMeTpoOB THAPOJTUHMIA

BHyTpeHHU quamerp ruApOJIMHAN ONIPEIEIISIETCS:

o Q
D=2 v (3.1)

rae Q — pacxo/ JKHUJIKOCTH Ha paCCMaTPUBAEMOM yYaCTKE TUAPOJIUHUH;
Vmax — pomyctumasi CpeAHsisi CKOPOCTh KUJKOCTH.

3HaueHUs TONMYCTHUMBIX CPEIHUX CKOPOCTEN BbIOMparOTCs Mo TaduI. 1.

Tabmuua 1 — 3HaueHHs TOMyCTUMBIX CKOPOCTEN TEUEHUS KUAKOCTH B THIPOIUHUSAX

Hasnauenue rugponuaun Vmax, m/c
He Ooee
BcacreiBaromas 1,2
CnuBHas 2
HarnerarenpHas npu gasnenusx, Mlla
o 2,5 3
1o 5,0 4
1010,0 5
cBaIme 15,0 8-10

C yd4eToM BEIWYWHBI NIABICHUS JKUIKOCTH B TPYOOMPOBOJAE MO MOJTYYECHHBIM
3HaueHusM D BwIOuMpaeM BHyTpeHHUH amamerp TpyObl d B coorBercTBuu ¢ ['OCT mo
Hapy>KHOMY JAHaMETPy U TOJIIMHE CTeHKU. PekoMeHyeMble TOJIIUHBI CTEHOK TpyO
JUIS1 BCACBIBAIOIINX U CIIMBHBIX Maructpane — 1,0 mm, Hanmopubsix — 1,0+3,0 Mm.

[To mpuHATEIM aUaMeTpaM OIpPENENAIOTCS UCTUHHBIE CKOPOCTH HA YYacTKax
TUIPOJIUHUN:

_4Q

Vv d?

3HauYEHHA PACXOAOB, JAHAMETPOB M CKOPOCTEH, SBISIOIIMXCA HCXOIHBIMU
JAHHBIMU JIJIS1 pacueTa IMAPaBINYECKUX NOTEPh, 3aHOCATCA B Ta0I1.2.

Tabnuua 2 — McxoiHbIe TaHHbIE AJI pacyeTa rUAPaBINYECKUX NOTEPh

Homep Has- Ckopocmb, m/c Pacxoo | Buymp. ouamemp , um | dnuna
yuacmka | Havenue | /lonycmumasn | Pacuem |Q,n/ mun. | pacuem- | npumam. | yuacmka
Vmax -Has uoiit, D |no I'OCT, d L
Vv
1
2
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TonmuHa CTeHKH HarHeTaTeNbHOM THAPOIMHUYN TIPOBEpsieTcs 1o GopmyIe:

kK-p.d

2T d]

rae K =2-kod(p¢duunent 3anaca; [) - JIaBICHAE HA JAHHOM yYacTKe TPYObI, IPUHATH:

(3.2)

JUTSL BCACBIBAIOLICH TMAPOIUHUN [) = 0,05MI1a, A71sl CITMBHON T'UAPOIMHIN
6C

P., =0.5MIla, nJid HATHETATEJIbHON THIPOJIMHUY IPUHATH J1aBICHUE HA BXOJE B
TUAPOIIUINH NI B THAPOMOTO = NN = ;
APOLIIIHHP ap PP, =P, P,=P,,

d - cTraHmapTHOE 3HAYEHHE BHYTPEHHETO TUaMeTpa MMIPOTHHUHN (CM.Ta0.2);
[0] - momyckaemble HampsKCHHSI HA pa3pbliB MaTepraia TUAPOJIMHUN.

[TpunsaTe ¢ yderoM koddduimenTa 3amaca, s CTanbHBIX TpyO [0 ] = 50 Mlla,
st TpyO U3 IBETHBIX MeTauioB [0 ] = 25 MIla.
Eciu pacueTHoe 3HAUeHHE TOJIIMHBI MEHBIIE BBIOPAHHOTO, TO TPYOOIPOBOA
BbIOpaH MPaBUIIBHO.

3.2 Pacuer T'MAPABINYECCKUX MOTEPb AaBJICHUA B T'MAPOJHHUAX

I'mapaBnnyeckue noTepy JaBJICHUS B TUAPOJIUHUSIX CKIAABIBAIOTCS U3 CYMMBI
TMOTEPb B IMHEHHBIX CONPOTUBICHUAX API (Ha MPSAMBIX y4acTKaxX I'MIPONIHHUI) U

MOTEPh B MECTHBIX CONPOTUBICHUIX APm.

[Torepu naBineHus B IMHEMHOM CONPOTUBIICHUMU:

gl v (33)
d 29

rae 7/ - YIeIbHBIN BeCc pabouel )KUIKOCTH;
A - KOA(DPUIIUEHT TUIPaBINUECKOTO TPEHUS;
dul - auamerp M JUIMHA ydacTKa T'MIPOIHHUM;,
V - cpenHsisi CKOPOCTh KUJIKOCTH Ha YUaCTKE THAPOIUHUU.

Jlist Beraucienus: ko3 pUIneHTa THAPaBInYECKOro COPOTUBIeH s A
HEO0OXOIMMO OTIPEICTUTH PEKUM JBUKEHUS KUIAKOCTH 10 Yrcity PeliHonbaca

Re=1 (3.4)

|4
riae v - Kod(pPUImeHT KHHeMaTHIeCKON BSI3KOCTH paboveit )KUIKOCTH.
Ecmn Re<Re xp » TO PEKHUM JIBIKCHUS paboueit )KHUIKOCTH Ha JAHHOM Y4YacTKe

TUAPOJIMHUH - JAMUHAPHBINA U

=" (3.5)



Ecmu Re> Re xp » TO PEKUM JIBUIKEHHS pabodeil XKUJIKOCTH Ha JTaHHOM

y4dacTKe -TypOyJIeHTHBIN U I TUAPABIUYECKH IITaJKUX TPYO A onpeensieTcs 1o

dbopmye brasuyca

A_ 0,3164

Re

(3.6)

Kputnueckoe 3Hauenume uwncina PeillHonpaca Mjisl TUAPOJMHUM  KPYTJIOTO

nonepeyHoro cedeHus npuHaTh 2320. PesynapTarhl pacdyera BHeCTH B TabJ1.3.

Ta6Jmua 3 - PC3YJIBT3TI>I pacucTa IOoTCPhb AaBJICHUA B JIMHEHMHBIX COIIPOTHUBJICHUAX

Howmep Jnuna Buympennuu | Pacxoo CpeoHsis Yucno Koad . [Totepu
y4acTKa | euopoauHuu ouamemp | acuoxocmu | ckopocms | PeliHoNbACA | TUAPABINY. | JaBI. APr,
I, ™M d, MM Qu/mun | V , m/c Re tpenus, A Ia
1
2
[Torepu naBneHUs B MECTHOM CONIPOTUBIICHUU:
2
(3.7)

ApM:)/g\Z/—g '

rre ¢ - Kod(hHUIMEHT JAHHOTO MECTHOTO conpoTuBiieHus (cM. [Ipunoxenwue 2).
Pesynbrarel pacueTa BHECTH B Tab1.4.

Tabnuna 4 — Pe3ynbTaThl pacyeTa moTeph AABICHHS B MECTHBIX COMPOTUBICHUSIX

Howmep Buo conpomueénenus Kon-60 Kosghop. Ilomepu Cymma
yuacmka MecmHo20 oaenenusi | nomepw
conpomuei., APm, oae.
g Mia | 2 APm,
Mlla
1
2

Jlanee onpenenstoTcs oO0IIKMe MOTEpU JaBJICHHUs B THApoIpuBoe. Eciu yuactku

TUJIPOJIUHUI

COCJIHMHCHBI

IIoCJaCA0BaTCIbHO,

TO 00IIasa

IIoTCpsA  HaBJICHUA B

TUAPONIPUBOJIC TIPEICTABIIIET COOON CyMMYy MOTEPh JIaBIICHUS B JTUHEHHBIX U MECTHBIX

COIIPOTHUBJICHUAX HA BCCX yHACTKAX:

Ap:zAp|+zApM.
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[Torepu BO BCceX THMAPOJIMHUAX, COCAUMHEHHBIX Mapalie]bHO, PACCUUTHIBAIOTCS
pa3feNbHO JUIsl KaKJOM M3 HUX M IPU ONpPEJENeHHH pabouyero JaBieHUs Hacoca
YUUTBHIBAIOTCSl HauOOJbIIME M3 ATHX MnoTepb. Hampumep, mpu pacuere mnorepr B
THJIpOCUCTEME, H300pakeHHOW Ha puc.4, cyMMapHble MOTepU B TUAPOJIUHUAX
THAPOUMINHpaA (y4acTku 2-3-4-7) paBHBL:

Apu :Aplz * Ap|3+ (Ap|4+ Aph) K T ApMz * ApM3+ (Apﬂ/l4+ Apjm) Ko (39)

re nudpOBbIE HHIASKCHI COOTBETCTBYIOT HOMEpaM YYacCTKOB THJIPOJIMHUMN; TOTEPS
JIABJICHUS B PACIPEAECINUTENIE COOTBETCTBYET MECTHBIM COITPOTHUBIICHUSAM C HHAECKCAMU
M3 u M4 ; KM-k03QHUIIMEHT MYIBTUILTUKAIIUY THAPOLUIUH]IPA.

4 4 6 6

113 P1-3=57 P25M

Q242 |QuQ2

A

st

Puc.5 — CrpykrypHas cxema ruJponpuBoia

AHaJIOTUYHO ONPEACISAIOTCA CyMMapHbIE MOTEPU B THAPOJIMHUAX THApoMoTOopa M
(yuactku 2-5-6-7).
Jlanee omnpenenseTcs AaBieHUE HAcOCca, HEOOXOUMOE JIJII 00eCTIeUeHUs
(GYHKIIMOHUPOBAHUS THIPOIIINHIPA U TUAPOMOTOPA, TIPH YCIOBUH MX HE3aBUCUMOM

paboTHI.
lel:ApL[+ pa ! pHFMZApFM+ prM’ (3.10)

IJI€ JaBJICHHUS HA BXOE B TUAPOLMIMHID P, U B THAPOMOTOD P, NPHUBEICHEI B
pasz. 7, «MicxoaHbIe TaHHBIE U1 pacyeTay.

[TockonbKy TUAPOUMIUMHAP © THAPOMOTOP [OJDKHBI paboTarb BMECTE, TO
HEOOXOMMO TOBBICUTH JAaBJICHHE B MEHEE Harpy>KeHHOW BETBU JO OOJbIIETO,
YCTAHOBUB B THAPOJUHUAX 4 WK 6 TONOJIHUTENBHBIN Apoccens [1P.

[Torepu naBneHus B Ipocceiie ONpPEenesieTCsl U3 BhIPAKEHUMN:
Apgpa - le[ = P €€ P> Py (3.11)

Ap,ZIP4 =Pur™ leI secmt Py > Py (3.12)
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[To mosiy4eHHOW MOTEpe AABJICHUSI M PACXOAy HA Y4AaCTKE YCTAHOBKHU JIPOCCEIS,
moJiarasi, 4TO JpOcCCelib MPEJCTaBIseT CO0OM OTBEPCTHE KPYIJIOrO TOMEPEYHOTro
CEUCHMsI, OIpeaeNsieTcss IuaMeTp YCIOBHOTO IMpoxoaa japoccens. Jlpoccenu Ha
ydacTkax 4 u 6 He MOKa3aHBbl.

3.3 IlocTpoeHue XapaKTePUCTUKH THAPOJTUHHA

XapakTepuCTUKON TUIPOJIUHUU Ha3bIBaeTCs TrpaduK 3aBUCUMOCTH CYMMapHOM

NoTepy Hamopa (JIaBlieHHUs) B THIAPOJIMHUU OT pacxoja, T.e. sh= f(Q) WIH

AP = ]/Zh = F(Q) . Ilpm naMuHapHOM peXUME TEUYEHHS  XapaKTEPUCTUKY

TpyOOmIpoBOJa O€3 MECTHBIX COMPOTUBICHUN OOBIYHO CUMTAIOT JUHEHHOW M CTPOAT B
BUJIC IPSIMOM 1O ABYM TOo4KaM (cM. puc.6,a). Ecau B TpyOoOnpoBoe UMEIOTCS MECTHbBIE
CONPOTUBJICHUS (HANIpUMEp, BEHTWIb WIH JPYyTHUe THAPOAIIapaThl CO 3HAYUTEIbHBIM
CONPOTUBJICHUEM), TO JUHEHMHOCTh XapaKTePUCTUKU Hapymiaercs. [Ipu TypOyaeHTHOM
peKUME XapaKTEepUCTHKA TUIPOJMHUU HeluHeWHa (cMm. puc.6,0). [lpu moctpoenun
XapaKTepUCTUKU THIPOJIMHUY 3a0at0TCs 5-6 3HAYEHUAMM Pacxo/1a, HE MPEBBIIIAIOIIETO
sHaueHuss Q, um Q, (cm. mpui.l, «VcxonHele NaHHBIE AJIA pacueTa»), U s HHUX

OIIPEJIENIAIOT IIOTEPH HaTopa N wm norepu gasineHus AP.

-Q - Q

Puc.6 — XapakTtepucTuky THAPOIMHUN: a — TAMHUHAPHBINA PEXUM; O — TypOyICHTHBIH
peXKUM

KpyTu3Ha XapakTEepUCTUKH OIPENENSIETCd AUaMETPOM W JUIMHOW THUJIPOJIMHUM,
MECTHBIMH TUIPABINYCCKUMU COTIPOTUBICHUSIMHU U BSI3KOCTHIO JKUJKOCTH (HAaUOOIbITIee
BIIMSIHUE BA3KOCTh OKA3bIBACT MPU JJAMUHAPHOM PEKUME).

CyMMapHy0 IOTEpIO Harmopa B 00IeM cirydae YI00HO BBIPa3uTh (OPMYIION:

rme A m m — KodPOUIMEHT MPOMOPIHOHATFHOCTH W TOKa3aTelb CTEICHH,
YUYUTBIBAOIINE COPOTUBIICHUE TUAPOJIUHUU.
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3.4 TlocTpoeHue Nbe30MeTPHUUYECKOI U HATIOPHOM JIMHUU IHEPTUH

JIns nByX CE€YEHHM NOTOKA, COOTBETCTBYIOLIMX Hayaldly M KOHIy T'MAPOJIWHUH,
ypaBHeHue [[.bepHyu umeer Bun:

P, Vie, 4Py (3.14)
Zl+y+a12g 22+y +Zh
CymMa Tpex 4JIeHOB:
p V? (3.15)
7+t 20 =H

€CTh ITOJIHBIN HaI1op H , T.C. TIOJIHBIM 3amac YHGHBHOﬁ OHCPIrUU XUAKOCTU B JdHHOM
CCUCHHMHN IIOTOKAa, paBHBIﬁ CYMMC YACIIbHBIX 3H€pI’I/II\/JI IIOTOKa — IIOTCHIHAJIBHBIX

SHEPryil MONOKEHHUS - Z , JaBleHus — P/ Y u KuHeTnueckoi sHepruu - OX\/ 2/ Zg .
C yuetom cootHomieHus (3.15) ypaBuenue bepuymnu (14) MokHO 3amucath B
BUJIE:

H.-3h. (3.16)

rac - CyMMApHBIC ITOTCPU HAIIOpa 110 AJIMHC IIOTOKA hl u B MecTHBIX COIMIPOTUBJICHUAX
- h]l/l,T.e. yACIbHAad MCXAHHYCCKAsd OHCPIuUsi, 3aTpaduBacMas Ha IIPCOIJOJICHUC
COHpOTI/IBHeHI/Iﬁ ABHIKCHHUIO ) KUJIKOCTH MCKAY paCCMAaTPUBACMBbIMH CCUCHUSAMU ITIOTOKA.

Cratnueckuii Hamop HpP  oTiaM4aeTcs OT MOJHOTO HAamopa Ha BEIUYUHY

CKOpPOCTHOro Hamopa (f\/ 2/ 2g Y PaBCH:

Hp:z+$n (3.17)

['padux nosnHoro Hanopa H-H cTpouTcs mo 3HaueHusIM MOTHBIX HAIIOPOB B Hayaje
U B KOHIE KaXJoro ywactka ruaponuHud. [lonHelii Hamop B ceueHuun 1-1 paBeH
Haropy Hacoca H,, cM. puc.7.
[TonHbIi HAMIOp B KOHIIE yYacTKa TPyOOMpoBOAa HAXOAUTCS U3 BeIpaxkeHus (16),
COOTBETCTBYIOILIEMY cXeMe ruaponpusoja Ha puc.l npu Q,=

pnst cedenns 2: -H,=H,-> h,,.
st cewennst 3: -H,=H,->h,, #T.A (3.18)

ans ydactka N -H,=H, - Zh((n_l)_n).

[Tockonbky oOOUMK 3amac yJIEIbHOM HHEPTHM BAOJb IOTOKAa HEMNPEPHIBHO
yYMEHBIIAETCS, TO JHMHHUS TOJHOTO HAamopa IOHMXKAETCS, a B MECTax YCTAHOBKHU
rujipaBanyeckux annaparos (P, @ ) oHa CHIXKAETCsl CKAYKOM.

['padux cratryeckoro Hamopa p-p pacnoioKeH HUKe rpauka MoJIHOrO Haropa

\/2
29

Ha BEJIMYMHY CKOPOCTHOTO HATopa
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Z huaen

A

v PaTM
Vrztaenlz T
Hi
paT/Y V fﬂu@ / Zg z hc u‘
|1 |2 3 A
B S
iy QNI oI, SR, QENy Sy Bl
1 p 3

Puc.7 — [Ipumep noctpoenus rpadmKoB yAEIbHON SHEPTUU

Pe3ynbrathl pacdyeToB MOTEPh YAECITBHOW SHEPTUM, IOJIHOIO, CKOPOCTHOIO M
CTaTHYECKOT0 HAIIOPOB, MO KOTOPBIM CTPOSTCS JIMHUU YJIECJIbHBIX SHEPTUM, 3aHOCATCS B

Tad.5.

Tabmuma 5. PacyeT yaenbHBIX SHEPT Ui

Howmep | Iloanwui nanop 6 nauane

Ilomepu nanopa, m

Buvicoma CKOpOCmMHO2O

Cmamuueckuti

yuacmrd yuacmka Hi(i=1,2...n), m h hM Hanopa (ZV—Z’ M nanop Hpi, m
29
1
2
3
n

3.5 PacyéT HHEepIMOHHOT0 HAMIOpa

I[J'IH HCYCTAHOBHUBHICTOCA IBHKCHUSA HEC)KUMaeMOM KHUIKOCTHU B KECTKHUX pr6ax

ypaBHeHue /. bepHymum umeer Bua:
P, Vi_P
Y 29
roe  h,, = L. WHEPLUOHHBIA HAIOP;

2

Vo

GZE + Z‘4h(1—2) + hPIH !

(3.19)

1A HarHeTaTeJIbHOU TUAPOJIMHHUN IIPpHU

cpabateiBanuu pacnpeaenutens Pl (cMm. puc.l);
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a=V/7- yCKOPEHHE JBWKEHUS >KUJIKOCTH Ha YYacTKE THUJIPOJUHUUA MEXKIY
ceueHusiMu 1 u 2 (cM. puc.7); V — CKOPOCTh IBUKCHUS KUJKOCTU B TUAPOIUHUU; T -
BpeMs u3MeHeHus ckopoctu V; npunsate r =0,001c.;

g - yCcKOpeHue CBOOOAHOTO MaJeHuUS;

| - umHAa ydyacTka THIPOJMHUU TIOCTOSHHOTO Tuamerpa oT Hacoca H o
pacupenenurens P1.

HNuepurionHoe U3MEHEHHUE NaBJICHUS ompeaesieTcs: mo ¢popmyiie: Ap,, = p.al,rue
IUIOTHOCTh MHUHEpaIbHOro Macia p =900 kr/m°.

Ecnmu rugponuHus COCTOMT W3 HECKOJBKMX YYAaCTKOB C CEYEHHEM Pa3HBIX
auaMeTpoB di ¥ pa3HbIX JIKH i , TO MHEPIIMOHHBIN HATIOP JJIs BCETO TPYyOOIIPOBOIA:

a.
Zhum’ :Elli ) (320)
IDI(S I - HOMCDP y4acTKa pr6onp0B0):[a IMOCTOSAHHOI'O nhaMeTpa di ;

a;- YCKOPCHHUC IBHKCHUS KUJIKOCTHU HA I-oM Y4aCTKC THAPOJINHNH,

3HaK WHEPUMOHHOIO HAIopa COOTBETCTBYET 3HaKy YyckopeHus. llpum pasrone
OTOKa YCKOpPEHUE TOJIOKUTENbHO. [IpM TOpMOXKEHMM TOTOKa YCKOpEHHE
OTpULIATENbHO. 3HAYEHUE MHEPUMOHHOIO HAaIlopa CPaBHUTH C HAMOPOM Hacoca H, Ha

puc.7.

3.6 Pacuer noBblIeHUs JaBJIeHHUs IPU TUApPOyaAape

B paccmarpuBaemoil THapocuCTEME, CM. puc.4, THAPOyJap BO3HHUKAET IpHU
cpabatbiBanuu rugpopacnpenenureneit P1 u P2 . I'uppoynapom Ha3biBaeTcs pe3koe
W3MEHEHNE JABIICHHS, BBI3BAHHOEC TOPMOXXEHHEM WM PAa3rOHOM IOTOKA >KUIKOCTH.
Teopuss rtuapoynapa, paspaboranHas H.E. XKykoBckuM, paccMaTrpuBaeT MOJIEINb
CKUMAEMOM JKUJIKOCTH C PACIIPENCIIEHHBIMH NTapaMeTPaMHu.

[ToBblllieHHe AaBiIEHUS] TIPU TUIPOYJApe, BO3HUKAIOIIEE MPH CpabaThiBaHUU
pacnpeaenuteneid P1 u P2 onpenensiercss 3aBUCUMOCTSIMU:

Ap, = pVC ,korma z < T, (3.21)
2pV/{
Ap,. = PVE Jkormar>T, (3.22)
T
rae  Ap, - TOBBIIICHUE JABICHHS TP MPSIMOM THIPOYAAPE;

Ap,, - TIOBBIIICHUE NABJICHUS IPU HETPSIMOM THIPOYIApe;
p - IUIOTHOCTH )KUIKOCTH, IPMHSATH JUI MEUHEpaIbHOro Macna 900 xr/m3;
% - CKOpOCTh JIBHXKCHHS JKHJKOCTH B THAPOJIMHUU JIO CpaOaThIBaHMUSI
pacIpeeuTes;

- JIMHA TUAPOIMHKY OT HACOCA 0 PACIIPENETUTENS;
7 -BpeMs u3MeHenus ckopoct V, npunsath r =0,001 cek;
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T= ZEI - (paza runpoynapa;

1 o
C= T CKOPOCTb PacpOCTPAHEHUS yIAPHOW BOJIHBI;
p  dp
=4

E E,0

raie  E-00bEMHBIN MOMYIb YIPYTOCTH KUAKOCTH; MPUHSTH JJIsI MUHEPAIbLHOT'O Macia
rugpocuctemsl E=1500 MIla;
d- BHyTpeHHHI TUaMETp THAPOJUHUH IIePE PaclpeaCIINTEIEM,
J - TOJIIIIMHA CTEHKH TPyOOIPOBO/Ia;

E,, -MOIylb YIPYroCTH MaTepuaga THAPOJUHUU;, NPUHATH Ul CTaJbHOM

rugposraun 200000 MITa.

[TosrydeHHbIE 3HAYEHHsI YAApPHOIO IOBBIIICHMS JABJICHHUS CPAaBHUTH C padOYUM
JABJICHUEM Hacoca.

B pe3ynbrare BBIIOJHEHHON padOThl U MOCTPOEHHBIX I'Pa()UKOB MOJTHOW YHEPTUH,
caenartb BbIBOABI 00 3()PPEKTUBHOCTH TUAPABIUYECKOW CHUCTEMbI MAKETUPOBOYHOTO
KOMILIEKCA, €r0 SHEPreTUYECKUX MOTEPAX U KOPPEKTHOCTH PACUETOB.
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IIpunoxenue 1 — Mcxonneie nanHble s pacyera

| Bapuamnr :

Q:=(4 + 0.4 N)/60000 a7 °/c; Q.=(42 +0.04 N)/60000 r1°/c;
l=03M+0.0IN; =22M+0.IN; I=2.5M + 0.IN ; [.=3.2m +0.1IN ;
ls=3.7m +0.1N ; le=4.2m +0.1IN ; l:=6.1m +0.1N ; Kw= 1+0.01N ;

P, =1.6MIIa+0.0IN; p = 4MIla+0.02N

Il BapuanT :
Q.= (3,5 +0.3 N)/60000 M /c; Q:=(3 + 0.03 N)/60000 A% /c;
=02 M+ 0.0IN; :=2m + 0.IN ; =2.5M + 0.IN ; l.=3m +0.1N ;

l:=3.5M +0.1IN ; le=4m +0.1IN ; I=5m +0.1IN ; Ku= 1+0.01N ;
p,=16MIla+0.0IN . p = 3.5MIIa+0.01N,

rae N- nBe mocneauue nudpsl 3a4€THONM KHUKKH CTYICHTA.

[Tpunoxenue 2 — KoadHuireHTsl MECTHBIX CONTPOTUBIICHUN

Bun conporuBnenus 3HaueHme
Buesannoe pacimpenue 0,8-0,9
BreszamHoe cykeHune 0,5-0,7
[tynep npucoeAMHUTENbHBIN, MEPEXOTHUK 0,1-0,15
3aKpyTIIEHHOE KOJICHO 0,12-0,15
CBepIieHHBIN YTOJIBHUK 2-2,5
TponHUKH NpsIMBbIE
CIIMSIHUE IIOTOKOB 2-2,5
pas3aeneHne NOTOKOB 1-1,5
TPaAH3UTHBIN TOTOK 0,1-0,2
OOpaTHbIil 1 TPeIOXPaHUTEIbHBIN KIIAaHbI 2-3
Hpoccenb 2-12,5
PenykunonHsiil Kitanax 3-5
Pacnpenenurens 6-8
OunbTp 7-10
Bentunu: ¢ npsiMbIM 3aTBOPOM 3-5,5
C KOCBIM 3aTBOPOM 1,4-1,85
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[Tpunoxxenue 3 — bykBeHHbIe 0003HAYCHHSI OCHOBHBIX 3JIEMEHTOB THIPOIIPUBOIA

YerpoiicTBo (HaHMeHOBaHHUE) O0o3HavyeHue
[MunpoakkymyasiTop (THEBMOAKKYMYJISITOP) AK
Armnmapar TeriooomMeHa AT
I'mapobak b
Bnaroornenurens B/1
BenTunp BH
[TaeBMOrmymuTesnp r
I'maponsurarens (MHEBMOABUTATENh) TOBOPOTHBIN I
JlenuTenb noToka JIT
I'uapoapoccens (MHEBMOIPOCCEb) J1P
['unpo3aMok (THEBMO3aMOK) 3M
IM'uapokianan (MHEBMOKIIAMaH) K
lNonpoxnamnan oGpaTHBII KO
lNoppoknamnan npeaoXpaHUTEIbHbIN KII
l'ogpoxitanan peayKIIMOHHBIN KP
Kommpeccop KM
I'oppomoTop (TTHEBMOTOD) M
Manomerp MH
l'ogpoannamudeckas nepeaada I'AIT
MacnopacnpuiuTens MP
IMuppormnuuap (MHEBMOLMIMHIIP) I
INogponunamuueckas mydra I'IM
Hacoc H
[TaeBMOTHApOIIpEOOpa3oBaTehb [II'TI
I'uaponpeobpazoBarenn I'TI
I'mapopacnpenenurens P
Pene naBineHus PJ1
I'mapoanmapar (mHeBMoOAaIapar) 30J0THUKOBBIH P3
I'mapoanmapar (mHeBMoanmapar) KjiarnaHHbIi PK
Perymarop noroka PII
Pecusep PC
CyMMarop noroxa CII
TepmomeTtp T
IM'unpoannamuueckuii TpancpopmaTop TP
QuinbTp O
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