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BBenenue

Heo0xoauMocTh MOCTOSHHOTO — pPa3BUTHUSL  CEJIbCKOXO3AMCTBEHHOW OTpaciu
CBS3aHHA C MOBBIIICHUEM MPOU3BOJUTENBHOCTH U KayeCTBA MPOLECCOB MOTYUYEHUS U
nepepabOTKM  NPOAYKTOB. OTH  3aAaud  TpeOyloT TMOMCKa U BHEAPECHHS
NPOrPECCUBHBIX  TEXHOJIOTHI.  BO3JENbIBaHUSA, YOOpPKM U  IepepaboTKu
CEIIbCKOXO035UCTBEHHBIX MaTEPHUAJIOB U MpoayKimu [1] .

B 3THX yClOBUMAX, CO3aHME COBPEMEHHOM CENBCKOXO3SWCTBEHHOM TEXHUKHU
JOJKHBI OTBE€YATh OOLIMM TEHJCHLHSIM Pa3BUTHUS TEXHOJIOTUYECKUX, TPAHCIOPTHBIX
U UH()OPMAMOHHBIX MAaIlWH, OOCIYXUBAIOLIMX 3TO HANpPaBJICHUE pPA3ZBUTUA
0O0IIIECTBEHHOT'O IIPOU3BOICTBA, OCHOBHBIC M3 KOTOPHIX [1,2]:

e pHTeHCcU(UKaUg paboYMX TMPOLECCOB MAIIMH  COMPOBOXKIAIOLIUXCS

NOBBIIIEHUEM: CKOPOCTEM, CHJI, MOILIHOCTH UCIIOJIHUTEIbHBIX MEXaHU3MOB;

e aBTOMAaTH3alMs U HU(POBU3AIMS padOYUX U TEXHOJIOTUYECKUX MPOIIECCOB;

® MOJYJbHOE IOCTPOCHHUE arperaroB U MEXaHU3MOB MAIlIWH;
e (E30MaCHOCTh W SKOJOTUYHOCTh MPENaraéMbIX IMPOEKTOB, MOHUTOPUHT
IapaMETPOB COCTOSIHUS CUCTEM MPUBOJIOB;

® UHTErpalus HECKOJIBKUX ONEpaluui B OTHOM MCIIOJIHUTEIbHOM KOMILJIEKCE;

® MHUHHMMM3ALMA  MaccorabapuTHBIX  XapaKTEPUCTHUK  SHEPrOCUIIOBBIX
YCTaHOBOK CHCTEM MPHUBOJOB NOBBIIIAONIAS SPTOHOMUYHOCTB;

® pa3BUTHE NPUHIUIOB YHU(DUKAIMM, CTAaHAAPTU3ALMU HIEMEHTHOW O0a3bl
CUCTEM MPHUBOJIOB YINPOINAIOIIMX MX COMNPOBOXKACHHE B Ipolecce
JKCIUTyaTalu (PEMOHT, 3aMEHa, CEPBUCHOE O0CITYKUBAHHUE).

BrilieHa3BaHHbIE TEHACHLIMM XapAaKTEPHbBl KAK JUISI  TEXHOJOTMYECKUX
CTallUOHAPHBIX, TaK U MOOWJIBHBIX CEIbCKOXO3SIMCTBEHHBIX MAIWH, T.K. TEPBBIC
BO3JICHCTBYIOT Ha MaTepuall JJisl U3MEHEHUS €ro CBOMCTB, COCTOSIHUSI WJIH (POPMBI, a
BTOPBIE HM3MEHSIOT €ro MPOCTPAHCTBEHHOE pacmnojiokeHue. Jlisi pelieHue Takux
3a71a4 NPUMEHSIOT TUAPABIMYECKHE U IMMHEBMATHYECKUE YCTPOMCTBA YNpPaBJICHUS,
KOHTpPOJIs1, OJIOKMPOBKHU, OE30MTaCHOCTH U JIP.

[lepcriekTuBHBIX HampasiaeHueM pa3Butusi CXM B mocnegHee Bpems sIBISETCS
CO3JaHUE KOMIUIEKCOB CTAllMOHAPHOTO M  MOOWJIBHOIO  TEXHOJOTHYECKOIO
000pyI0BaHUsA, OCYIIECTBIISIFOIIECTO TOJHBIM UK MPOU3BOJCTBEHHBIX OMEpaIui,
Pe3yJIbTaTOM KOTOPBIX SIBJIICTCSI TOTOBBIN MPOIYKT [2].

[IpnoOpeTeHne 3HaHUN O TaKWX CHUCTEMax M HABBIKOB pacuera, Ha IMpUMeEpe
TEXHOJIOTUYECKOTO0 KOMIUIEKCa TUAPO(GUIIMPOBAHHOTO MAKETHPOBOYHOIO Ipecca |
MOCBSIIICHA TaHHAS padoTa.



1.1 Ieab u 3a1a4u pacyeTHOH PadoThI

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

Llenvio  pabomwvl  ABISETCS  3aKpeIUIEHWE  TMOJYYEHHBIX  CTyJEHTaMHu
TEOPETUYECKNX 3HAHUM, a TakKe€ OCBOEHHE HMH METOJMKHA pacuera U
MIPOEKTUPOBAHUSL MArucTpajcd THUAPABINYECKUX W MHEBMAaTHYECKUX IIPUBOJIOB
MAaIlTMH ¥ MEXaHU3MOB JJII COOTBETCTBYIOIIEH 007IaCTH arpOTEXHUKH.

Brinonnenue paboOTbl U JOCTHXKEHHE 1I€TH, COMPOBOXKIACTCSA CJICAYIONICH
MIOCJIEIOBATENBHOCTBIO PEIIAEMBIX 33]1a4:

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

e ompejelieHue BHYTPCHHHUX JHAaMETPOB M TOJIIUH CTEHOK TPyOOIpPOBOJOB Ha
OTICNbHBIX ydYacTKax Marucrpaied u BbIOOp pa3MepoB TpyO 1o
cootBercTBYOIMM [ OCTawm;

® pacueT JMHEHHBIX TUIPABINICCKUX COMPOTHBIICHUH;

® pacyeT MECTHBIX THJIPABIMYECKUAX COMPOTUBIICHHIA;

e ompejeneHne KO3 UIIUEHTOB THIPABINICCKUX COTIPOTUBJICHUI
JPOCCENUPYIOIUX DJIEMEHTOB, 00eCTIeYnBArOIINX pacmpezeneHue
DHEPreTHYECKUX TIOTOKOB MPUBO/A, U BBIUMCICHHE MOTEPh AABJICHUS HA ITHX
JPOCCENNPYIOIINX 3JIEMEHTAX;

e omnpeneneHue NOTpeOHOro paboyuero MaBICHUS;

® TIOCTPOCHHUE XapaKTEPUCTUK TPYOOTPOBOJIOB;

® TIOCTPOECHHUE NTbE3OMETPUUECKON U HATIOPHOU JIMHUM SHEPTUMU.

JI71s1 yCrienrHoro BBIMIOTHEHUST pabO0ThI CTYJCHT JIOJKEH:

e 001a1aTh HEOOXOAMMBIM 00BEMOM TEOPETUUECKUX 3HAHUM;
® yMETh aHaJIM3UPOBATh pacUEThl C IMEJIbl0 OOOCHOBAHUS NPUHUMAEMBIX
IIPOEKTHBIX PELICHUN;

® BBINOJHATH TpPeOOBaHUS, TMPEAbSABISIEMbIE K OQPOPMIICHHIO TEXHHUYECKON
JIOKYMEHTAIINY;

e yMETh MOJb30BAThCA TEXHUYECKOW JuTepaTypoi, cripaBouHukamu, ['OCTamu
Y IpyTUMU HOPMATUBHBIMU MaTEpUaIaMHu.

1.2 TemaTuka pacyeTHOI padoThI

Tema  npaktuueckoir  (pacyerHoi)  pabGotel:  «Pacuer  marucrpainei
TUJPABIMYECKOTO IMPUBOJA MAKETEPOBOYHOI'O KOMIUIEKCA» SIBJISETCS aKTyaJbHOU
WHKEHEPHOM 3a7]a4eil 1 COOTBETCTBYET BapHAHTY 3aJ]aHUsl, KOTOPBIA BBIOMpAETCs 10
MOCJICAHUM JABYM LU(paM 3a4€THONU KHUKKH CTYJICHTA.
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B xome pabotbl, oOydyaroniecsi 3HAKOMSTCS C YCTPOMCTBOM, HPHHIIMIIOM
JICUCTBHUSI THIPO(DHUIIMPOBAHHOTO TEXHOJOTHYECKOTO O0OpYyIOBaHHS B  BHJE
KOMIUIEKCA COCTOSIIETO W3 aBTOMATH3WPOBAHHOTO TAKETUPOBOYHOTO IIpecca |
TpaHCIIOPTUPYIOLIEro KoHBelepa. O0e yCTaHOBKM NPUMEHSIOTCS B COBPEMEHHOM
TEXHOJIOTMYECKOM  OOOpYJOBAaHUU arpoTEXHUYECKOrO KOMIUIEKCA, BBIMOJHSASA
TEXHOJIOTUYECKYIO (IPECCOBAHKE) U TPAHCIIOPTHYIO (IEpEMEIICHUE) 3aauH.

1.3 OpueHTHPOBOYHOE CO/lepKaHNe U 00beM PadoThI

CrpykTypa nmpakTuyeckoi paboThl BKIIOYAET B CeOs:

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 4yacTb B COOTBETCTBHHM C NPHUBEAEHHBIMM HHKE METOAMYECKUMU
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
CTaHIapPTHOTO JHucTa Gopmara A4 ¢ GOJBIIMM IITAMIOM JUISl JIUCTA COAEPIKAHUA, U
MaJjbIM IITAaMIIOM JJI OCTaldbHBIX cTpaHull. Pazmep neBoro noissa 20 MM, npaBoro —
10 MM, BepxHero — 20 mMm, HuxkHero — 20 mm. pudt — Times New Roman, pazmep
— 14, mexctpounsriit uarepsan — 1,5 (1,15). ®pasbl, HAUMHAIONIUECS ¢ HOBOW CTPOKH,
neyaTaroTcs ¢ ab3aIHbIM OTCTYIOM OT Havajia CTPOKH.

Pabora odopmiisiercss B COOTBETCTBUM CO CIIEAYIOIIMMHU PETIAMEHTUPYEMBIMU
NOoKyMeHTaMu: «[lpasuna ogopmnenus nucoMeHHbIX pabom obOyuarwuxcs 0
mexHuueckux Hanpaeienutiy 4 «llpasuna npumenenus wabioHo8 ogopmaeHUs
nucoMeHHvix pabom ooyuarowuxcsay st ooydaromuxcs PI'bOY BO AI'TY.

Pabota, BbInoHEHHAsE HEOPEXKHO, HEPAZOOPUUBO, O3 COONMIOACHUS TPEOOBAHMI
no o(hopMIICHHIO, BO3BpAIlaeTCs CTYACHTY 0€3 MpOBEPKH C YKa3zaHUEM MPUYUH
BO3BpAaTa Ha TUTYJILHOM JIMCTE.



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

['mapaBiuyeckue WM THEBMAaTUYECKHE CHUCTEMBI SIBIISIFOTCS IEPCIEKTUBHBIMHU
pelieHusi MpU KOHCTPYUPOBAHUU TEXHOJOTHYECKUX MAIllMH, Oyiarojapsi M3BECTHBIM
MPEUMYIIECTBAM: BBICOKOM HIHEProe€MKOCTH; OeCCTylNeHYaTOMYy pPEryJIUpOBaHHUIO;
MIPOCTOTE MPEeoOpa3oBaHUsl JIBMXKECHHS; 3aIIUTE OT IMEPErpy30K, BBICOKOM MKECTKOCTH
CUJIOBBIX XapaKTEPUCTHUK, JOJITOBEYHOCTH.

B oOmem ciyuae, eudpasnuueckuti npuod TPEACTABISET COBOKYIMHOCTh
TEXHUYECKUX YCTPOMCTB, CBSI3aHHBIX MEXIY CO00i MOCpeACTBOM pabodeil KUAKOCTH U
OCYUIECTBJISIONIMX YIpaBieHue MpeoOpa3oBaHUEM JHEPIHHM MOTOKA B MEXaHMUYECKYIO
SHEPIrUI0 MOCTYIATEIbHOIO, BpAIATEIBHOTO WM  BO3BPATHO-NIOCTYIATEIBHOTO
UCTIOJTHUTENIBHOTO JBM)KCHUSI MEXaHU3Ma WM MAIIUHBI [2].

B 3aBucnmMocTH OT BUJa ruIponepesayn, T. €. yCTPOMCTBA, TPAHCIIOPTUPYIOIIETO
U TpeoOpasyoliero H2HEPrui0, paziMdyarT TUApocTaATHYecKHid (0O0BEMHBIN) WU
TUAPOAUHAMMYECKHH (JIOMACTHOW) NPHUBOJ, TMOCIEIHUNA HE HCIOJNb3yeTCsl Kak
CUJIOBOM, a MpeIHa3HAYEH JJIs1 TPAHCIIOPTUPOBKHU BEIIECTB U MAaTEPUAIIOB.

O6vémHblll npUGOO TO3BOISET C BBICOKOW TOYHOCTBIO IOAJNCPKUBATH WIIH
U3MCHATh CKOPOCTh MAIIMHBl TPH NPOU3BOJIBHOM HArPyKEHHH, OCYIIECTBISThH
CIIC)KEHHE — TOYHO BOCIPOM3BOJUTH 33/IaHHBIC PEKUMBI BPAIATEIBHOTO WM
BO3BPATHO-IIOCTYIATEIBHOTO JIBUXKCHUS, YCHJIUBAs OHOBPEMCHHO YIPABIISIONICE
Bo3zelicTBue [3]. OH Hamboiee MPUMEHSETCS B TEXHOJOTHYECKOM OOOPYIOBaHUM, B
CHCTEeMax  yNpaBlICHHs  JICTATEIbHBIMH  amlmaparamMi,  CyJAaMH,  TSOKEIBIMH
aBTOMOOMJISIMH, JIJISl TIPUBOJIA MEXaHU3MOB MOOMIIBHBIX CEIbX03MAIINH, TPAHCIIOPTHBIX
YCTaHOBOK, MOTPy34uKOB. CTPYKTypa THUIIOBOT'O THIPABIMYECKOTO PUBO/IA TIPUBEICHA
Ha pucyHke 1.

MNepBHUYHbIA Hacoc YcrpoicTBa T O6bekT

npasneHma
(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
ANIEKTPOMOTOpP), 0O0ECNEeUnBAOIIMK MpeoOdpa3oBaHUE OHHEPTUM 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 MCIOJIb3YyEeTCsl CIElUaIbHbIC
YCTPOMCTBA: pAaCHPEACIUTEIN — U3MEHSIOIINE HAIPABICHUE U JPOCCENM, KJIAllaHbl —
VU3MEHSIOIIMUE PACXO0 U JABICHUE COOTBETCTBEHHO.

2.2 OcHOBBI PYHKIIHOHUPOBAHUA THAPONPHBOAA

[IpyHIMn f#ecTBUS THUIPONPUBOJA OCHOBAaH Ha NPSIMOM MpPeoOpa3oBaHUU
MEXaHUYECKOW IHEPTrUU MEPBUYHOTO JIBUraTeNsl B YHEPTUIO OTOKA pabodeil KUAKOCTH
U 00paTHOM yHPAaBISIEMOM NPeOOpa30BaHUU SHEPrUM pabdodeil KUJIKOCTU B
MEXAaHUYECKYK) OSHEPIMI0 BBIXOJHOIO 3BEHA THJPOJBHMraTeiass W MEXaHHYECKU
CBSI3aHHOI'O C HUM 00beKTa yrpasjicHus [6,7].

N3BecTHO, YTO 1peoOpa3oBaHME DHHEPrUUM U  YIOpPaBIEHUE €€ MOTOKOM
COIMPOBOXAAETCA MOTEPSIMHU, OIpenesstonme KodGPUIUEeHT MOJe3HOTO JAeHUCTBUSA
TUAPOIIPUBOIA. DTOT OCHOBHOW IPHUHITUI MOSICHAET CXeMa Ha puc.2.

R SR pp [ e
- v Y/aN

Puc.2 — O606ménnas cxema QyHKIIMOHUPOBAHUSI OOBEMHOT'O THIPOTIPUBO/IA:
IT1]] — nepBuunsiit apuratens (JABC, D1 u 1.1.); Ni,F1 — cOOTBETCTBEHHO MOIIHOCTH M
o0o6mennas cuna (ycwiue, kpyTsamuii MmomenT) [1J]; UIT — nucrounnk nutanus (H, '/,
MIIT); OY — oOwekr ympaBiueHusi (paboumii mexanusMm mamunbl); [ —
ruapaBInyeckuii neurareib; N2,F2 — COOTBETCTBEHHO MOIIHOCTh M 00O0OIIEeHHAas cuiia
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(ycunue, kpytamuid 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 BBIXOJAHOIO 3BeHa ['/1.

[Tpu ynpapnseMoM MpeoOpa3oBaHUK SHEPTUH MTOTOKA padouei Kujakoctu P1—Po,
Q:1—Q2 obOecneunBaeTcs H3MEHCHHEM WM IOJICP)KAaHHMEM Ha 3aJaHHOM YPOBHE
KnHEeMaTtndeckux Lo, Vo, cunoBeix F2 u sHepreTndeckux N2 mapamMeTpoB XapaKTEPUCTHK
Ha BBIXOJIC THIPOIIPUBO/IA.

VYmpaBiasemoe  mpeoOpa3oBaHHWE  DHEPIHMM  TOTOKa  pabodeid  JKHIKOCTH
OCYIICCTBJISICTCA 10  HM3BECTHBIM  3aKOHOMCPHOCTSM  TIOBCACHHS  KUIKOCTH,
OIMHMCHIBAEMOT0 OCHOBHBIMH 3aKOHAMH MEXAaHUKHU KHUIKOCTH U rasa [55].

Tax mia HemoaswxkHoro oobema W sxuakoctn (Vx=0, ruapocratnka), ee
MOBEJICHUE TIPU M30BITOYHOM JaBiieHun Pi1 uP2 onmceiBaeT 3akon b.Ilackais, coriacHo
KOTOpOMY JlaBlieHne Pi1 OT BHEmIHUX CHJI €€ CBOOOJAHOW TOBEPXHOCTH
pacnpocTpaHseTcss 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

BnusiHuEe TUIOTHOCTH KHUAKOCTH p Ha abCONIOTHOE AaBieHHE Paisc 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 TOBEPXHOCTHU JKUIAKOCTH;
P s - aOCOJIOTHOE JaBJICHUE B CEYCHHUH Ha riryouHe h;

[IpeobpazoBanue P1—P> mosicuser cxema Ha puc.6.3, Korjga mpu BO3JICHCTBUHU
YKUJIKOCTH OT MOPIITHS 1 Ha MOpIIeHb 2 BHITIOJHSIOTCS yCIOBUS:
P-S =P, Te. F-=F

S
P, =P =P k,; (2.4)
SZ
rjae ky, — xoadduLMEeHT MYyIbTUILUIMKAIIMN, YYUTHIBAIOMIMK MpeoOpa3oBaHue

JIaBJICHMS;

[Tpu aBMKEeHUU TOTOKA PabOYeH )KUIKOCTH BHI3BIBAEMBIC TICPEMEIIICHUEM TTOPIITHSI
1 BHU3 6€3 ydeTa CHJ BBI3BIBAIOIIMX 3TO JBWKEHWE (THAPOKWHEMATHKA) TOBEICHHE
MIOTOKA OIMMCHIBAET 3aKOH COXPAHECHUS MACChl B PCAIbHOM BPEMECHH.
Jis nHecxkumaeMoit sKuIKoCTH (AW ex=0) 10 BbIpaXeHHIO:



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

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 — Ha3bIBaIOT OCHOBHBIM KOHCTPYKIMOHHBIM TapaMeTpoM OOBbEeMHOMU
rupoMaiinHbl. [logbopoM uX cooTHOMIEHUS (JUIs1 TUAPOMAILINH) WIH €r0 U3MEHEHUEM
(TMOpONpUBOA) «HA XOLy» M OCYIIECTBIIIETCS W3MEHEHWE WM MOJAECpKaHUE 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
Harnopa (maBnenwsi) AP, 00yCIOBICHHBIC PA3TUIHBIMUA CONIPOTUBIICHUSIMH JIBHKEHUIO
MOTOKA (AKTUBHBIMU U MACCUBHBIMHU). JJ1s1 ©X OLIEHKU HEOOXOIUMO 3HATh BU/]I
CONPOTUBRJICHUS (JIMHEHHOE WJIUM MECTHOE) U PEKUM JBIKCHHS 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 PeitHonpaia Re> 2320;

Re
03164

YRe

JI71st pacdyeTa MECTHBIX CONPOTUBIICHUM UCTIONIB3YIOT ypaBHEeHHE Beiicbaxa:

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

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

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

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

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 (HAOpbl) BEIOPAHHBIX CEYEHUM MOTOKA WU
yJeJIbHbIE TOTEHIIUAIbHBIE YHEPTUU TOJI0KEHHUS;

Pl uPs- HaBJICHUC JKXUAKOCTHU B CCUCHHUAX IIOTOKA; ¥ - YJICHBHBIﬁ BCC XKUIAKOCTH,

Py P bE30METPUYECKUE BBICOTHI (HAMOPHI) CEUCHUM IMOTOKA WU

7 y

YACIBbHBIC TIOTCHIMAJIBHBIC SHCPTUU NABJICHUA,

01 U o2 - KO3(PUIMEHTHI, YUYUTHIBAIOIINE HEPABHOMEPHOCTh pacIpeieieHus
CKOPOCTEH 110 KUBBIM CEUCHUSIM MOTOKA Min Kodddunmentsl Kopuomnuca (a=1...1,04);

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

29 29

2-2 Wny yelbHble KHHETHYECKNE YHEPTHH,

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

OO0bekTOM TUAPOPUIIMPOBAHHON CHUCTEMBI, CTAIMOHAPHOM CEIbXO3MAIINHBI

BBICTYIAET MAaKETUPOBOYHBIN mpecc (puc.3a), MpeaHa3HAYCHHOTO i MPOM3BOJICTBA
OpUKETOB CeHa (MJIU APYTOro MPOyKTa).

4

6)

Puc.3 — O6muit B makeTHpoBOYHOTO TIpecca (a) u TpancmopTepa (6): 1 — mpecc-
Kamepa; 2 — TUAPOCTAHLMSA; 3 — IIyaHCOH; 4 — TUAPOLUMIMHAD; 5,6 — IBEPKU BEPXHSSA U
HWDKHSS, 7 — 3aTBOp; 8 — Kamepa rnojaun Marepuania; 9 — npurarens; 10 — pexykrop, 11

— Benyuui 6apaban; 12 nenra.

12



['maponpuBO MAKETUPOBOYHOTO TIPECCa, SABJISETCS MPOCTON MUKIOBOW CHCTEMOMU
(paboTaronyM 1o KeCTKOMY 3aIaHHOMY ITUKITY ), TIOCKOJIBKY 3aKOH HEOOXOJUMBIX IS
OpraHM3alyy padoyero IUKIa YNPaBISIONIMX BO3ICHCTBUN 3apaHee W3BECTEH B
peaTbHOM MPOCTPAHCTBE U BPEMEHHU.

TexHonorudyeckuid TpolecC TMpecca  OCYIIECTBISETCS TPH  CIEAYIOIeH
MIOCTIEIOBATEIHHOCTH 3JIEMEHTOB ITUKJIA!

® CTOII - 3arpy3Ka MaTepuaia B Kamepy;

® T10/IBOJI ITyaHCOHA TIpecca JI0 B3aUMOJICUCTBUS C MAaTEPUATIOM U €T0 CXKATHS;
® BEIJICP’KKA BO BPEMEHH JIJIs1 COXpaHeHUsT (hOpPMBbI OpHUKETa;

® OBICTpBIN OTBOJI TyaHCOHA MIPECCa;

Jlyist aBTOMaTH3allMK U TOBBIIICHHS TIPOU3BOAUTENBLHOCTH pabOThI Mpecca, Ipu
3aBepILCHUH [UKJIA MPECCOBAHUS, UCIIOIBb3YETCs JICHTOYHBIN TpaHcmoptep (puc.30) st
10/1a4u OPUKETOB B 30HY Pa3TPy3KU U CKIATUPOBAHMS.

['mnpaBnudeckyo cuctemy yao0HO, pacCMaTpHUBATh HCIOIB3YS CTPYKTYPHYIO
cxemy Ha puc.4. cTouyHuKOM nmuTaHus siBiseTcs Hacoc H, 3a0uparomuii >KUaIKoCTh U3
Oaka b u mojaromuii Ha JBa KOHTypa C JBUTATeNIMH: ruapounnusHipoM L[ wu
rupoMoropom M.

[MunuHap, Ha KOTOPOM 3aKpeIieH ITyaHCOH, MepeMeNlasich BHYTPH Ipecc-
KaMephbl, BBITIOJIHIET (PYHKIIMN MPECCOBAHUS C ONPECICHHBIM ycuiineM F, 3aBucsimm
OT IUIONIAY TTOPILIHS U J1aBJICHUSL.

['uapomoTop M, obecrieunBaeT BpallaTelbHOE IBHKEHUE BEAyIllero OapabaHa
OpUBOJA TpaHCHOpTEpa, M TIEpEMELIAaeT JIEHTY BMECT€ ¢ TIpy3oM (IIakeToM) ¢
TpeOyeMbIM KPYTSIIUM MOMEHTOM. [IOHM)KEHHE CKOpOCTH BpAaILlEHUS TUAPOMOTOpA.
OCYUIECTBJISICTCS. MIPU TMOMOUIM PEIyKTOpa, MOAOOPAHHOTO TakKMM 00pa3oM, 4TO Obl
CKOpOCTh TiepeMenieHust JeHTol obi1a 0,25-6,3 m/c (TOCT 22644-77).

OYHKIIMOHUPOBAHUE  JBYX KOHTYPOB  OCYIIECTBIAETCS OT  €IMHOTO
SHEPrOHOCUTEIISI MpU MOMOoIKM Hacoca H, ympaBieHue BbIABUKEHHEM-BTSITHUBAHUEM
HWJIAHAPA OCYWIIECTBISIETCS pactpenenuteneM Pl, BxkiroueHnem ruapomoropa M —
pacnpenenuteneM P2 ¢ 371€KTpOMAarHUTHBIM YIIPABIEHUEM C ITyJIbTa ONEpaTopa.

JInst Hazie’)KHOM M JAOJATOBPEMEHHOM PabOThl TMAPOCUCTEMBI, YCTaHABIMBAETCS
¢unbTp @ (ounMcTKa OT TBEPABIX YAaCTHI]) W TermiooOMeHHbIN ammapat TOA
(oxnaxkaeHue pabouei KUIKOCTH) Ha CIIMBHOM MarucTpaiy.

2.4 I'mapaBjimyeckasi cxeMa KoMILJIeKca

['unpaBauvecKkue CUCTEMbI IPUHATO 0003HAYaTh B COOTBETCTBHH CO CTaHIApTaMH,
ycta"oBienapiMu ['OCT 2.704-2011.

Jns  BbIONHEHUs paboOThl, TpPeOyeTcss MNpOaHATU3UPOBATH THAPABIHYECKYIO
NPUHIUNHAIBHYI0 CXEMY KOMILIEKca (puc.4) maketTupoBouHoro mnpecca. [Ipu pacuerax
yA00HO UCIOIb30BaTh YIPOIIEHHBIA BAPUAHT — CTPYKTYPHYIO CXEMY Ha PHUC.D.
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™

L[P+OK

P1 YA

AT N +— X m7_lmz WM >< NV7_}|/’44

M O

Puc.4 — [TpunuunuanbHas ruapaBindeckas cxema komiiekca: H — nacoc; KI1 — knanan
npenoxpanurtenbhblil; MH — manometp; P1, P2 — pacnipenenurenu; YAL-YA4 —
anektpoMarauThl; JIP+OK — apoccens ¢ o6patabim kiananowm; ['1 — ruaporunuamp;
I'M — runpomorop; OK — o6partubiii knanan; @ — punbtp, b — Oak.

Pacuer FHHpaBHquCKOﬁ CHUCTCMbI BBINIOJHACTCA II0 HCXOJHBIM JaHHBIM,

OpUBEACHHBIM B TPWIOKEHUU 1, ONpenenseMblM C y4eToM MociHeAHuX 2-X uudp
3a4€THOM KHMXKKH, KaK HEKOTOpbId KoddduimreHt N.

VcXOoaHBIMU TaHHBIMH JIJISL pacdeTa CIIyXar:
Q1 — pacxoa KUAKOCTH JUII KOHTYpa C TUAPOIMIINHIPOM;
Q2 — pacxo/ KUJIKOCTH JJIsE KOHTYpa ¢ THAPOMTOPOM;
11,12, 13, 14, 15, 16, 17 — qnuHbBI y9acTKOB THAPOIMHUN;

KM — x03(p punpieHT My IbTUTUTHKALIH;
P, - naBnenue neo6xomumoe st paboOTHI THAPOIMITHHIPA;

p - AaBICHHE HEOOXOAMMOE [Tl PabOThI THAPOMOTOPA.
™
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3 Pacuer marucrTpaJsei ruAponpuBoaa

3.1 Pacuer 1uaMeTpoOB THAPOJTUHMIA

BHyTpeHHUI quamMerp ruApOIMHAN ONIPEIEIISETCS:

o Q
D=2 v (3.1)

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

3HaueHUs JOMYCTUMBIX CPETHUX CKOPOCTEN BbIOMparoTCs mo Taour. 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 BwIOMpaeM BHyTpeHHUH amamerp TpyObl d B coorBercTBuu ¢ ['OCT 1o
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, SBISIOIIMUXCA HCXOAHBIMH
JAHHBIMU JIJIS1 pacueTa IMAPaBINYECKUX NOTEPh, 3aHOCATCA B Ta0I1.2.

Tabnuua 2 — McxoiHbIe TaHHbBIE AJI pacyeTa rUAPaBINYECKUX MOTEPh

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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TomnmuHa CTEHKM HarHETATEIbHOW THAPOJIMHAN MIPOBEPSIETCS 1O hopmyIie:

kK-p.d

2T d]

rae K =2-xkod(p¢duunent 3anaca; [) - IaBICHAE HA JAHHOM yYacTKe TPYObI, IPHHATH:

(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 - craHmapTHOE 3HAYCHHE BHYTPEHHETO TUaMeTpa ruaApOoIuHUN (cM.Tab.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 TaBJIECHUA B T'NIPOJHHUAX

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 THAPOTMHUMU.

Jlist Beraucienus: ko3 pUIneHTa THAPaBInYECKOro COPOTUBIeH s A
HEO0OXOIMMO OTIPENICTUTH PEKUM JIBUKEHUS KUAKOCTH 10 yucity PeliHonbaca

Re=1 (3.4)

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

TUAPOJIMHUH - JAMUHAPHBINA U

=" (3.5)



Ecmu Re> Re xp » TO PEKUM JIBUIKEHHS pabodeil XHIKOCTH Ha JaHHOM

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

dbopmyne brasuyca

A_ 0,3164

Re

(3.6)

Kputnueckoe 3Hauenue uwncna PeillHonpaca sl TUIAPOIMHUM  KPYTJIOTO

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

Ta6Jmua 3 - PC3YJIBT3TI>I pacucTa IoTCPhb JaBJICHUA B JIMHEHUHBIX 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 ¢ - KodhOUIUMEHT 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 onpenensroTcss 00IIKMe MOTepU JaBiieHUs B THUApornpuBoje. Eciu yuactku

TUJIPOJIUHUI

COCJIHMHCHBI

IIoCJaCA0BaTCIbHO,

TO 00IIasa

IIoTCpsA  HaBJICHUA B

TUAPONIPUBOJIC TIPEICTABIIACT COOOM CyMMYy MOTEPh JABICHUS B JTMHEHHBIX U MECTHBIX

COIIPOTHUBJICHUAX HA BCCX yHACTKAX:

Ap:zAp|+zApM.

17

(3.8)




[Torepu BO BceX THMAPOJIMHUAX, COCAUMHEHHBIX MapalieldbHO, PAaCCUUTHIBAIOTCS
pa3feNbHO JUIsl KaKJOM M3 HUX M IPU ONpPEJENeHHH pabouyero JaBieHUs Hacoca
YUUTBHIBAIOTCS HAWOOJbIIME M3 ITHX MoTepb. Hampumep, mpu pacuere noTepp 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 TUIPOIMINHIPA U THAPOMOTOPA, MPU YCIOBUH UX HE3aBUCUMOM

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

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

[TockonbKy TUAPOUMIUMHAP © THAPOMOTOP [OJDKHBI paboTarb BMECTE, TO
HEOOXOIMMO TOBBICUTh JAaBJICHHE B MEHEE Harpy>KeHHOW BETBU J0O OOJBIIEro,
YCTAHOBUB B THAPOJUHUAX 4 WK 6 TONOJIHUTENBHBIN Apoccens [1P.

[Torepu naBneHus B Ipoccesie ONpPenesieTCs U3 BhIPAKECHUN:
Apgpa - le[ = P €€ P> Py (3.11)

Ap,ZIP4 =Pur™ leI secmt Py > Py (3.12)
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[To nmosiyueHHOW MOTEpE NaBJIEHUSI U PAcXO]y HA y4acTKE YCTAaHOBKHU JPOCCEIS,
moJiarasi, 4TO JpOCCeNlb TMPEJCTaBIsAeT COO0OM OTBEpCTUE KPYIJIOro MOMEPEeYHOTO
CEUCHMsI, OIpeaeNsieTcss IuaMeTp YCIOBHOTO IMpoxoaa japoccens. Jlpoccenu Ha
ydacTkax 4 u 6 He MOKa3aHBbl.

3.3 IlocTpoeHue XapaKTePUCTUKH THAPOJTUHUU

XapakTepuCTUKON TUIPOJIUHUU Ha3bIBaeTCs TrpaduK 3aBUCUMOCTH CYMMapHOM

NoTepy Hamopa (JaBlieHHs) B THAPOJIUHMM 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 TIPSIMOM 1O ABYM TOo4KaM (cM. puc.6,a). Ecau B TpyOOnpoBoe UMEIOTCSI MECTHBIE
CONPOTUBJICHUS (HANIpUMEp, BEHTWIb WIH JPYyTHUe THAPOAIIapaThl CO 3HAYUTEIbHBIM
CONPOTUBJICHUEM), TO JUHEHMHOCTh XapaKTEPUCTUKU HapymiaeTcs. [Ipu TypOyiaeHTHOM
peKUME XapaKTEepUCTHKA TUIPOJMHUU HeluHeWHa (cMm. puc.6,0). [lpu moctpoenun
XapaKTepUCTUKU THIPOJIMHUY 33Jal0TCs 5-6 3HAYEHUAMM Pacxo/a, 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 — XapakTepucTUKH TUAPOIHHUI: a — JaMUHAPHBIA PEXUM; O — TypOYJIEHTHBIH
pexuUM

KpyTusHa XapakTEepUCTUKH OIpPENENSIETCd AUaMETPOM M JUIMHOW THUIPOJIMHUM,
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 — KodpPUIMEHT NPONMOPIUOHATHPHOCTH M IIOKa3aTelbh CTEIEHH,
YUYUTBIBAOIINE COPOTUBIICHUE TUAPOJIUHUU.
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3.4 TlocTpoeHue Nbe30MeTPHUUYECKOI U HATIOPHOM JIMHUU IHEPTUH

JIns nByX CE€YEHHMM NOTOKA, COOTBETCTBYIOLIMX Haydaldy 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 OHCPIUU XUAKOCTHU B JaHHOM
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 cootHomeHus (3.15) ypasuenue bepnymnu (14) MoxxHO 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 MCXKAY paCCMAaTPUBACMbIMH CCYUCHHUAMMU IIOTOKA.

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.
[TonHbIN HAMIOp B KOHIIE yYacTKa TPyOONpoBOAa HAXOAUTCS U3 BhIpakeHus (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 OHHEPTHM BAOJb IOTOKA HEMPEPHIBHO
yYMEHBIIAETCS, TO JHMHHUS TOJHOTO HAamopa IOHMXKAETCS, a B MECTax YCTAHOBKHU
rujipaBanyeckux annaparos (P, @ ) oHa CHMXKAETCS] CKAUKOM.

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

\/2
29

Ha BEJIMYMHY CKOPOCTHOTO Hamopa
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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

Pe3ynbraTel pacdyeToB MOTEPh YAECITBHOW 3HEPTUM, IOJHOrO0, CKOPOCTHOTO U
CTaTHYECKOT0 HAIIOPOB, MO KOTOPBIM CTPOSTCS JIMHUU YJIECJIbHBIX SHEPTUM, 3aHOCATCS B

Tad.5.

Tabmuma 5. PacyeT yaenbHBIX SHEPTUid

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 HATIOpa

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 HarHeTaTeIbHOU I'mApOJIMHHUA IIpHU

cpabateiBanuu pacnpeaenutens Pl (cMm. puc.l);
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a=V/z- yCKOPEHHE JIBMWKEHHUS >KUJIKOCTH HA YYacTKE THUIPOJUHUU MEXIY
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 NaBJICHUsS ompeaesieTcs: mo ¢popmylie: Ap,, = p.al,rue
IUIOTHOCTh MHUHEpaIbHOro Macia p =900 kr/m°.

Ecau ruaponuHusi COCTOMT M3 HECKOJIBKMX YYacTKOB C CEYEHHUEM pPa3HbIX
auaMeTpoB di ¥ pa3HbIX JUIKH |i , TO HHEPIIMOHHBIM HATIOP JJIS BCEro TPyOOIIpOBO/a:

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

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

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

puc.7.

3.6 Pacuer noBblIeHUs JaBJIeHHUs IPU TUApPOyaAape

B paccmarpuBaemoil rHapocHCTEME, CM. puc.4, THAPOyJap BO3HHUKAET IpHU
cpabarbiBanuu rugpopacnpenenureneit P1 u P2 . I'uppoynapom Ha3biBaeTcs pe3koe
W3MEHEHNE JABIICHHS, BBI3BAHHOEC TOPMOXXEHHEM WM PAa3rOHOM IOTOKA >KUIKOCTH.
Teopuss rtuapoynapa, paspaboranHas H.E. XXykoBckuM, paccMarpuBaeT MOJENb
CKUMAEMOM JKUJIKOCTH C PACIIPENCIIEHHBIMH NTapaMeTPaMHu.

[ToBblllieHHe AaBiIEHUS] TP TUIPOYJApe, BO3HUKAIOIIEE MpPU CpabaThIBAaHUU
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;

- IMHA TUAPOJIMHKMYI OT HACOCA 10 PACIIPENEIUTENLS;
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 THAPOIUHUH MEPE PaclpecIIUTEIEM,
J - TOJIIIIMHA CTEHKH TPyOOIPOBO/Ia;

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

rugposraun 200000 MITa.

[ToryyeHHbIE 3HAYEHHsI YAApPHOIO IOBBIIICHMS JABJICHHUS CPaBHUTh C padOYuM
JABJICHUEM Hacoca.

B pe3ynbrare BBIIOJHEHHON padOThl U MOCTPOEHHBIX I'Pa()UKOB MOJTHOW YHEPTUH,
caenatb BbIBOABI 00 3()PEKTUBHOCTH THAPABINYECKONM CHUCTEMBI MAKETUPOBOYHOTO
KOMILIEKCA, €r0 SHEPreTUYECKUX MOTEPAX U KOPPEKTHOCTH PACUETOB.
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[Tpunoxenue 1 — McxoaHple NaHHbIE I pacyeTa

Q:= (3,5 +0.3 N)/60000 m*/c; Q:=(3 + 0.03 N)/60000 M */c;

l=0.2 M+ 0.0IN ; Lb=2m + 0.IN ; 1=2.5m + 0.IN ; L=3m +0.1N ;
5=3.5m +0.IN ; l=4m +0.IN ; =5 +0.1N ; K.= 1+0.01N ;
p,=1.6MITa+0.0IN ; P, = 3.5MIat0.0IN,

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

[Tpunoxenue 2 — KoadHuimeHTs MECTHBIX CONMPOTUBICHUN

Bun conporuBnenus 3HaueHue
BuesanHoe pacimpenue 0,8-0,9
BnesanHoe cyxenue 0,5-0,7
[ tynep npucoeAMHUTENbHBIN, MEPEXOIHUK 0,1-0,15
3aKpyTIIEHHOE KOJICHO 0,12-0,15
CBepIieHHBIN YTOJIBHUK 2-2,5
TponHUKHN NpsIMBbIE
CIIMSIHUE IIOTOKOB 2-2,5
pa3JielicHuE TOTOKOB 1-1,5
TPaH3UTHBIN TIOTOK 0,1-0,2
OOpaTHbIil 1 TPeIOXPAaHUTEIbHBIN KIIaaHbl 2-3
Hpoccenb 2-12.5
PenykunoHHbIN KTaman 3-5
Pacnpenenurens 6-8
OuibTp 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 (MHEBMOIPOCCED) J1P
I'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'ogpoaunamuueckas nepemada I'AIT
MacnopacnpuiuTens MP
IMuppormnuHap (MHEBMOLMIIUHIIP) 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 (mHeBMoOAaIapar) KjiarnaHHbIi PK
Perymarop noroka PII
Pecusep PC
CyMMarop noroxa CII
TepmomeTtp T
IM'unpoannamuueckuii TpancpopmaTop TP
QuinbTp O
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