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1.Ilens paboThl

BbimonHeHne  KOHTPOJBHOM ~ pabOTBl M TUIOBBIX  pacdy€ToB  —
3aKJIFOUUTENbHBIN ATAll U3YYEHUS] CTYIAEHTAMHM OOIIETEXHUYECKON JMCLUILIMHBI
«MexaHMKa JKUIKOCTH U Traza» u jap. Llenpio paboThl sABIsIETCS 3aKperyieHUE
IIOJIyYEHHBIX CTYJECHTAMU TEOPETHYECKUX 3HAaHWW, a TaKKe OCBOCHUE HWMH
METOOMKHM pacuera W IPOECKTUPOBAHMS MAruCTPAIEW TUAPABIMYECKUX U
ITHEBMAaTUYECKUX MPUBOJIOB MAllIMH U MEXaHU3MOB.

J1Jis yCTIeIHOTO BBITIOJIHEHUSI PA0OTHI CTYACHT JOJIKEH:

e 001a]1aTh HEOOXOAUMBIM 00BEMOM TEOPETUUECKUX 3HAHUM;

® YMETh AHAJIM3HUPOBATh pPAacueThl C LEJIbI0 OOOCHOBAaHUS IPUHUMAEMBIX
IIPOEKTHBIX PEIICHUN;

® BHINIOJIHATh TPEOOBAaHMS, TMpEAbsIBIsEMble K OQOPMIIECHUIO TEXHUYECKOU
JOKYMEHTALIWH;

e YMETh NOJIb30BATHCSA TEXHUYECKOM JINTEpAaTypo, crpaBouynukamu, ['OCTamu u
IPYTMMHU HOPMATHUBHBIMU MATEPHAITAMM.

Il.CocTaB u COACPKAHUC 3alaHU HA BBIIIOJIHCHHUC pa6OTBI

3agaHue COJEPKUT TeMy pabOThl, UCXOIHbIC JAHHBIC, BKITIOYAIOIIIHE:
o CTpYKTYpHYI0O WM TNPUHIHUIHAIBHYIO CXEMY  THUIPABIMYECKOTO WM
MTHEBMATHYECKOTO MPUBOJIA C HEOOXOJUMBIMU MOSICHEHUSIMU €T0 (DYHKIIMOHUPOBAHUS;
® KOOPJIMHATHI JIEMEHTOB THIPOTIPUBO/IA;
® CUJIOBBIE U CKOPOCTHBIE TlapaMeTphbl (J1aBJ€HUE, CKOPOCTh TMEpPEMEICHUS
BBIXO/IHOTO 3BE€HA, M10/1aua TUAPOJIBUTATENIC) MOTpeOUTENCH;
® JJaHHBIC O MECTHBIX TUJIPABINYECKUX COMMPOTUBIICHUSIX U MAarUCTPAJISX;

® OMKCAHUE TEMIEPATYPHBIX U IPYTUX YCIOBUI (YHKIMOHUPOBAHMS MPUBO/IA.

[11.2Tamnb! BEIOJIHEHUS! PaOOThI

*N3yueHnre v aHAIM3 UCXOIHBIX JaHHBIX, IPEJICTABJICHHBIX B 3aJjaHUU. bykBeHHBIC
MO3UITMOHHBIE 0003HAYEHUSI OCHOBHBIX 3JIEMEHTOB THIPONPUBOJA MPUBEICHBI HUXKE.
[TonGop nuTEepaTyphl, HEOOXOIAUMOM ISl BBIMOJHEHHS PabOThl, CM. CIIHCOK
PEKOMEHOBAHHOM JIUTEPATYPHI;

TUAPABIMYECKUM  pacyeT ¢ BBIOOpP DJIEMEHTOB, Marucrpajied mpuBoja,
cM.IIpunoxenue A;

e OTpe/ieiCHNEe BHYTPEHHUX JMAMETPOB M TOJIIUH CTEHOK TPYyOOIPOBOJIOB Ha
OTIIETHHBIX YYaCTKaX MAarucTpajeil U BhIOOp pa3MepoB TPYO IO COOTBETCTBYIOIIMM
I'OCTawm;

® pacyeT JIMHEHHBIX TUAPABINYECKUX COMPOTUBIICHUIT;

® pacyeT MECTHBIX THJIPABIMYECKUX COMPOTHUBIICHUMN;

® OIIpe/ICIICHUE ko3 dunreHToB TUJIPABIMYECKUX CONPOTHUBIJICHUI
JPOCCETUPYIONINX JIEMEHTOB, 00€CTIEUNBAIOIINX PACTIPEICTICHUE IHEPTETUICCKUX



NOTOKOB TIPWBOJAA, W BBIYUCICHHWE TIOTEPh MABJICHHUS Ha JTHX JPOCCETUPYIOIINX
DJIEMEHTAX;

® OTIpe/IeNICHUE NOTPEOHOTr0 padoyvero AaBIeHuUS,

® [IOCTPOEHUE XAPAKTEPUCTUK TPYOOIIPOBOIOB;

® [IOCTPOCHUE MHE30METPUUECKOM U HAIOPHOW JIMHUI SHEPTUU.

IV.CtpykTypa, NOpsI0K U3JI0KEHHUS U OPOPMIICHUS paOOThI

® TUTYJIbHBIN JIUCT;

® 33/laHKE Ha BBIMIOJHEHUE PAOOTHI,

® BBEJICHUE;

® CTPYKTYpHasi WJIM TPUHIUIHAIbHAA CXeMa T[pPHUBOJA, €€ ONHCAaHHe |
HEOOXOMMbIE K HEH MOsSCHEHUS;

® pacyeTHasi 4acTb B COOTBETCTBUU C TPUBCACHHBIMHU HUXKE METOIUYECCKHUMHU
yKkazaHusmu, cM. [Ipunoxenue b;

® [IepeUYeHb JIMHEMHBIX yYaCTKOB MAarucTpajedl ¢ yKa3aHHEeM HX I'€OMETPUYECKUX
pa3MepoB (AJIMH, BHYTPEHHUX JIUAMETPOB, TOJIIINH CTEHOK);

® [ICpEYCHh MECTHBIX THPABINYECKUX COMPOTUBJICHMI (BKJIIOUas ammaparbl) C
yKa3zaHueM ux K03 (PUIMEHTOB COMTPOTUBIICHUIA;

e rpapuKu XapaKTepUCTUK TPYyOOIIPOBOIOB;

e iuHus sHeprun H-H u nbpezomerpuueckas nuHUS P-P IS pacyETHOM CXEMBI;
BBIBO/IbI.

PaboTa odopmisiercs Ha mucrax dopmata A4 u Opourtopyercss B 00JOXKKY U3

mwioTHOM Oymaru. Ha nuiieBoit cropoHe 00JI0KKA OQOPMIISIETCS TUTYJIBHBIM JHCT B
cootBetcTBum ¢ CTII1-2001.
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[Ipunoxenue A

bykBeHHbIE 0003HAYEHUSI OCHOBHBIX

AJIEMEHTOB T'MAPONPUBOJIA

YcerpotictBo (001iee 0003HaueHUE)
['unpoakkymysiTop (THEBMOAKKYMYJISITOP)
Amnmapat TerioooMeHa

I'mapobak

Biarootaenurens

BenTuib

[THeBMOIITYyIIUTEID

I'maponsuraresns (MHEBMOABUTATENb) TTOBOPOTHBIN
JlenuTenp MOTOKA

IM'uapoapoccens (MHEBMOIPOCCEID)
['unpo3aMok (THEBMO3aMOK)

['unpoxnanaH (MHEBMOKIIANaH)
[Nogpoxianan oOpaTHbIH

["onpoxkianan nperoxpaHuTENbHbII
['ogpoxiianan peayKIMOHHBIN

Komrmpeccop

I'oxpomoTop (TTHEBMOTOP)

Manometp

lNonpoannaMuueckas nepenaya
MacnopacnbuTenb

IMuapounnuuap (MTHEBMOLIMIIHH/D)
INonpoannamuueckas Mmydra

Hacoc

[TaeBMOTHApPONIPEOOPA30BATEIIH
I'uaponpeobpazoBarenb
I'mppopacnpenenurens

Pene naBnenus

I'mapoanmapar (mHeBMoanmapar) 30J0THUKOBBIN
I'mapoanmapar (nmHeBMoOAINMapar) KiianaHHbII
Perynsarop noroka

Pecusep

CymMmmaTop noroka

Tepmometp

IM'uaponuuamudeckuii TpanchopmaTop
OuinbTp

AK
AT

B/l
BH

JUT
JIP
3M

KO
KII
KP

KM

MH
T
MP

TJIM

[I'TI
I'T1

PJl
P3

PK
PII
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CII
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[Tpunoxenue b

MeToanyeckue yKa3aHus 10 TUIPABINYECKOMY pPacueTy
MarucTpaieu mpuBoaa

3amaya pacdera COCTOMT B ONPEIEICHUU IUAMETPOB THIPOJIMHUN U IOTEPS,
BO3HUKAIOIMX B HUX NPU JBWXKCHHM XKUAKOCTH. PacdeT mpoOU3BOAMTCS IO ydacTKam,
Ha KOTOpbIE pa30MBaIOT IMAPABIMYECKYIO (THEBMAaTUYECKYI0) CUCTEMY, IIPU ITOM O]
Y4acTKOM IOHHMMAETCsl 4acTh TPYOOINPOBOJA MEXY Pa3BETBICHUSAMHU, IPOIYCKAIOIIAs
OJIMHAKOBBIA PacxoJ M UMEIONIas OJNMHAKOBBI BHYTPEHHHUU ITHAMETP. YYaCTOK MOYKET
BKJIIOYATh JIMHEHWHBIE COMPOTUBICHUS (Yy4acTKM TpyObl) M pa3iHyHble MECTHBIC
CONPOTUBIEHUS (IOBOPOTHI, CY’KEHHUS, PACIIMPEHHUS, TUAPOANIapaTsl U T.11.).

1.PacueT nuamMeTpoB ruipOJIUHUN

BryTpenHui qauaMeTp ruApOIMHAN ONIPENEISAETCS:

Do2* |2 (1)
7-\/ .
rac Q — paCXOII KUAKOCTHU Ha paCCManHBaeMOM yLIaCTKe FI/IHPOHHHI/H/I;
VmaX — I[OHYCTI/IMEUI CpeIIH}IH CKOpOCTB KUIKOCTU.
3Ha4YeHus JOMYCTUMBIX CPEIHMX CKOPOCTEN BHIOMPAOTCs 1Mo Tadl. 1.

Tabmuma 1
3HaYeHMS JOMYCTUMBIX CPEITHUX CKOPOCTEU TCUEHUS
KUJKOCTH B TUAPOTUHUSIX
Hasnauenue rugponvaun Vmax, m/c
He OoJree
BcacrwiBaromas 1,2
CianBHas 2
Harnerarenbnas npu nasienusx, Mlla
1o 2,5 3
1o 5,0 4
1010,0 5
cBeime 15,0 8-10

C yuyeToM BeIWYMHBI JABJIECHUS >KUJIKOCTH B TPyOONpOBOJE MO IMOTYYECHHBIM
3HaueHusiM D BwIOupaem TpyOsl B cootBeTcTBUU ¢ [[OCT 1o Hapy)HOMYy JuaMeTpy U
TOJIIIIUHE CTEHKH, YTOOBI BHYTPCHHUI auamerp d mpeBbIliain pacueTHbIH He Ooliee YemM
Ha 0,3 mMM. PekomeHayemble TONIIMHBI CTEHOK TPYyO IJIsi BCACBHIBAIOIIMX U CIHMBHBIX
Maructpaie 10 1,0 mm, Hanmopubsix — 1,0+4,0 Mm.

[lo BHYTpEHHUM JAMaMeTpaM BBIOPAHHBIX TPYO OMNpPEAENSIIOTCS HCTUHHbIC
CKOPOCTH Ha y4acTKax TMAPOJIUHUM:



3Ha4YeHUS pacxoaoB, AUAMCTPOB H CKOpOCTCﬁ, ABJLIIOIIUXCSL  HMCXOJHBIMH
JaHHBIMHU JJIA pacdCTa THAPABJINYCCKUX IMOTCPb, 3aHOCATCA B Tab.2.

Tabnuma 2
HcxonHble TaHHBIC U pacdeTa THAPABINYECKUX MTOTEPh
Homepy | Haz- Ckopoctb, M/c Pacx. | Buyrp. nuamerp, | [nuna
4ya-CTKa | HaueH Q,n/ MM y4acT-
ue | Jlomyctum | Pacuer- | MUH. | pacueT | HPHHSIT. Ka
as Hast -upii, |[moI'OCT,d| Im
Vmax \Y D
1
2

TosMHA CTEHKU HATHETATEIbHOW TUJIPOJIMHUU TIPOBEpsiETCs 110 hopmyIie:

K-p.d

0 ZW’ (2)

rae K =2-ko3Q¢uireHT 3amnaca; [) - JaBJICHHC Ha IAHHOM Y4acTKe TPYyObI, IPUHSITH:

JUIS1 BCACBIBAIOILIEW THIPOJIMHUN P =005MIla, nns CIMBHOU TUAPOJIMHUAN
6C

P.; =0.5MIla, 1y HarHETaTEJIbHOW TMAPOJVHUY IIPUHSTH JaBJICHUE HA BXOJE B
" WIWHIAP WIA B THAPOMOT = 158001 = ;
JAPOLMIIMHAD ApoMoTop p = p P,=P,,:

d - crammapTHOe 3HauCHHE BHYTPEHHETO TMaMeTpa TUApOInHUi (cM.Tab:1.2);
[0] - momyckaembie HampsbkeHHsS MaTepualia TUAPOMHUMA. [[pUHATE ¢
ydyeToM KoaduiMenTa 3amnaca, jisi craabHbIX TpyO [0 | = 50 MIla, qys tpy6 u3
[IBETHBIX METAJJIOB [0]=25 Mlla.
Ecnu pacueTHoe 3HaU€HME TONIIMHBI MEHbLIE BEIOPAHHOTO, TO TPYOOIPOBO BEIOpaH
MPaBUIIBHO.

2. Pacuer I'MAPABINYCCKUX ITOTCPb JABJICHUA B THAPOJIHMHUAX

['mapaBnnyeckue NoTepy JaBi€HUS B TUAPOJIUHUAX CKIAIBIBAIOTCS U3 CYMMBI
0TePh B JIMHCHHBIX CONPOTHUBICHUIX API (Ha mpsAMBIX yd4acTKax MHAPOIMHHMI) U

IMOTEPb B MECTHBIX COIMMPOTHUBIICHHUAX Apm.

2.1.1ToTepu naBieHUs B JMHEUHOM COMPOTUBIICHUU:

Ap|:]/ﬂ|—v—2,
d 29

7
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rae V. yACIBbHBIN BeC paboue KUJIKOCTH;

A - K0>()GUIMEHT IMAPABINYECKOTO TPEHMS;

dul
V

- JUaMCTp U AJIMHA Y9aCTKa T'HIPOJJIMHUU,
- CpCaAHAA CKOPOCTD KUJAKOCTHU HAa YHACTKE THAPOJIMHHUH.

]_IJ'ISI BBIYMCJICHHU S K03(1)(1)I/IHI/I€HT8. THAPaBJIINYCCKOT0 COIIPOTHUBIICHUA A
HGO6XOI[I/IMO OMPCACIUTDb PCIKUM ABHIKCHHUA KUIAKOCTU 110 YHUCITY P eﬁHOHbﬂca

Re

v

_vd

(4)

riae v - Kod(pPUImMeHT KWHEeMaTHIeCKON BSI3KOCTH pabodeil JKUIKOCTH.
Ecmn Re < Re > TO PEKUM ABHAKCHHS paboueii KUIKOCTH Ha TaHHOM Y4acTKe

TUAPOJIVMHUH - JAMAHAPHBIN U

Ecmn R > Re xp» TO PEIKUM JIBHIKCHHSA pabodeil XKUJIKOCTH Ha JaHHOM

()

y4acTKe -TypOYJICHTHBIN U JUIsl TUAPABIMYECKH TTIaJAKUX TPYO A ONPENEIISIETCS 11O

dbopmyne brazuyca

ﬂ _ 0,3164

Re

(6)

Kputnueckoe 3Hauenue uncna PeitHonbaca 1i1s TUApOIMHAN KPYTIIOrO
MoNepevHoro ceueHus npuHITh 2320. Pe3ynbTaThl pacyeTa BHECTH B Ta0OJ.3.

TaOmuna 3
Pe3ynbTaThl pacuera nmoreph JaBICHUS B TUHEHHBIX COMPOTHUBICHUIX

Howmep Jnuna Buympennuui | Pacxoo Cpeonss Yucno Koad. [Totepu
y4yacTka | euoponunuu | ouamemp | scudkocmu | ckopocms | PeliHonbACa | TUAPABINY. | naBil. Apl ,
| , M d , MM Q, JI/MUH AV , M/c Re TpeHH;{i Ila
1
2
2.2.11oTepu naBieHUs B MECTHOM CONPOTUBIICHUH:
2
(7)

Apf%\z’—g ,

rae ¢ - Koo HUUUeHT TaHHOrO MeCTHOTO conpoTuBienus ( cM. [Ipunoxenue B ).
Pe3ynbratel pacuera BHECTH B Ta01.4.




Tabmnura 4
Pe3ynbpTaThl pacyeTa moTeph AABJICHHUS B MECTHBIX COTIPOTUBIICHUSIX

Howmep Buj conpoTuBiieHus Kon-Bo | Koadd.me | Tlorepu | Cymma
y4a- CTH.COIIPO- | JIaBJICHU | TOTEPh
CTKa THBIL., ¢ 1APm, JaBIL.

MMa | 2. APm

B Mlla
1
2

2.3.lanee onpenensitoTcs OOIIME MOTEPH AaBiieHUs B TupornpuBoje. Eciu
YYaCTKH TUJIPOJIMHUIN COEAMHEHBI TIOCJIEIOBATENIBHO, TO 0O0Iast MOTePs JABJIICHUS B
TUAPOIPHUBO/IE MPEJCTABIISIET COOOM CyMMY MOTEPH AABJICHUS B JIMHEHHBIX U MECTHBIX
CONPOTUBJICHUSAX HA BCEX yYACTKAX:

AP=xaP,+xz4P,,. (8)

IloTepn BO BCEX THAPOJIUHHUAX, COCAMHEHHBIX IApauICNIbHO, PACCUUTBHIBAIOTCS
pa3feNbHO JUIsl KaKIOW M3 HUX U IIPU ONpPEINEICHHH pPadOdyero AaBlIEHUs Hacoca
YUHUTHIBAIOTCS HaWOONbIIME W3 3TUX NoTepb. Hampumep, mpu pacuere mnorepp B
TUAPOCUCTEME, H300paXKEeHHOM Ha puc.l, CyMMapHble NOTEPU B TUIAPOIUHUAX
THApOUMINHIpa (ydacTku 2-3-4-7) paBHBIL:

Apu :Ap|2+Ap|3+ (Ap|4+ Ap|7)'KM +ApM2+ApM3+ (ApM4+ Apjm)'KM Q)

rje Uu(QpoBbIe HHAECKCHI COOTBETCTBYIOT HOMEPAM YYaCTKOB THAPOJIMHMM; MOTEPs
NABJICHUS B PACIIPEACIIUTENE COOTBETCTBYET MECTHBIM COITPOTUBJIEHUAM C MHAECKCAMHU
M3 1 M4 ; KM-K03(QPULIMEHT MyJIbTUIUIMKAILIUN THAPOLUIUHIAPA. AHAIOTUYHO
OTIPENIENISIFOTCS CyMMapHBIE MMOTEPH B THAPOIMHUSX THAPOMOTOpa M (yuacTku 2-5-6-7).

2.4.]lanee onpenaensieTcs: JaBJIEHUE HAacOoca, HEOOXOAMMOE J1JIsl 00ecTieueHUs
(YHKITMOHUPOBAHUS TUPOIIMIMHAPA U TUIPOMOTOPA, IIPU YCIOBUM X HE3aBUCUMOM
paboTHI.

lel - Apu * pu ; pHFM :ApFM + pFM’ (10)

/i€ JABJICHUS HA BXOZE B TUAPOLMIIMHAD P, U B THAPOMOTOpP P, NPHUBEIEHEI B
pa3n. 7, «MIcxoiHbIe TaHHBIE U1 PACUETa).
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Pucynok 1 - CtpykTypHas cxema ruiponpuBoaa

2.5.11ockonbKY THAPOLMIMHAP U TUAPOMOTOP JOKHBI pad0OTaTh BMECTE, TO
HE00XOAMMO MOBBICUTH JIABJICHHE B MEHEE HArpy>KEHHON BETBH /10 OOJIBIIETO,
YCTaHOBHUB B TUJPONUHUSX 4 Wi 6 JOMOIHUTENIbHBIN Apoccens JIP.

IloTepu naBneHust Ha APOCCETE ONPENEIIAETCS U3 BBIPAKEHHI:

ApﬂPGZ lel Bl pHFM ,CCIIH le[> -~ (11)

ApﬂP4 =Py pHLl secm 0,0, > Py, (12)

ITo mosryyeHHOM NOoTEPE AABICHUS U PACXOAY HA YUaCTKE YCTAHOBKH JPOCCEIS,
roJiarasi , 4To APOCCEIb MPEACTaBISAET COO0M OTBEPCTHE KPYTIIOTr0O NOMEPEYHOro
CEUEHMSI, ONIPEACIIAETCS IMaMETP YCIOBHOTO IPOX0/1a ApOCccens U ero KoahGuireHT
MECTHOT'0 CONPOTUBIICHUS. [[poccenu Ha ydyacTkax 4 U 6 HE OKa3aHBbI.

3. [locTpoeHne XxapakTepUCTUKH THIPOJIUHAN

XapakTepuCTUKON TUJPOJMHUU Ha3bIBAaeTCs TpaduK 3aBUCHMOCTH CYMMAapHOMN

MOTEepU Hamopa (JaBjieHHs) B THAPOJIMHUU OT pacxona, T.e. sh= f(Q) 17R10

AP=Y Zh -F (Q) . Ilpu naMUHApHOM pEXHME TEUEHHS XapaKTEPHCTHKY

TpyOOInpoBoJa 06€3 MECTHBIX CONMPOTUBICHUM OOBIYHO CUUTAIOT JTMHEHHOW M CTPOSIT B
BUJIE MIPSAMOM 1O IBYM TOYKaM (cM. puc.2,a). Eciiu B TpyOOIIpOBOI€ NUMEIOTCSI MECTHBIE
COTIPOTUBIICHUS (HAlpUMep, BEHTHIb WIM JAPyTHUe THIPOAIaparbl CO 3HAYUTEIbHBIM
COTIPOTHBIIEHUEM), TO JIMHEWHOCTh XapakTepUCTUKU HapymaeTcs. [lpu TypOyneHTHOM
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peXKUME XapaKTePUCTUKA THAPOJMHUM HenuHeiHa (cM. puc. 2,0). [Ipu moctpoenun
XapaKTEPUCTUKU TUAPOJIMHUY 331aI0TCS 5-6 3HAUCHUSIMU PAcXojia, HE MPEBBIIAIOIETO
3HaueHus Q, m Q, (cM. pasn.7, «Mcxomuele AaHHBIE IJIsi pacyeTa»), U s HHUX

OIIPCACIIAIOT ITIOTCPH HAIIOPa z h HJIA IIOTCPH JABJICHUA Ap .

sh 4 sh 0

A

>Q >Q

PucyHok 2 - XapakTepUCTUKU TUIPOIHMHUI

KpyTusHa xapakTepucTUKU ONPEACIIeTCS JUaMEeTPOM U JUTHHOM
TUAPOJIMHAH, MECTHBIMU THAPABINICCKAMU CONMPOTUBIICHUSMH U BSI3KOCTBIO JKUIKOCTH
(HamOoJIbIlIee BIUSHUE BI3KOCTh OKA3bIBAET MPU JJAMUHAPHOM PEKUME).

CyMMapHy1o IOTEpIO Haropa B 00IIeM ciiydae yA0OHO BbIpa3uTh (hOPMYJION:

yh-AQ", (13)

rac A nm m - K03(1)(1)I/IHI/IGHT IMPOIIOPOUOHAJIBHOCTH M IIOKA3aTCJIb CTCIICHH,
YUYUTBIBAIOIINUC COIIPOTUBJICHUC TMAPOJINHUN.

4. ITocTpoeHuE MbE30METPUUECKONW U HATIOPHOW JINHUW SHEPTUU

JIns IByX C€4YEeHHH IMOTOKA, COOTBETCTBYIOIIMX HAadally U KOHLY THAPOJIUHUH,
ypaBHenue /Jl.bepHyium nmeeT BUA:

V2

P
Zi+ 1+oc12g

2
zz+%+oc22%+2h (14)

CymMa Tpex 4JIeHOB:

P, V°_
7 +7+&E_H (15)

€CTh MOJHBIN Hamop H , T.e. MOJHBIN 3amac yAeJbHOM SHEPTUU KUJIKOCTH B JaHHOM
CEUCHUM IIO0TOKA, PABHBIM CYMME€  VACIbHBIX SHEPTUM MOTOKA — MOTEHIHUAIbHBIX

SHEPruil MONOKEHUS - Z , JaBieHus — P/ Y u KuHeTuueckoi sHepruu - &\/ 2/ 29 :

C yuerom cootHomenus (15) ypaBHenue bepuymnu (14) MoXXHO 3amucaTh B
BUJIC:

-H.,+Xh, (16)
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rac - CyMMApHBIC IIOTCPU HAIIOpa 110 AJIMHC IIOTOKA hl u B MecTHBIX COIMPOTUBJICHUAX
— hM,T.G. YACIIbHAA MCXAHHWYCCKAas OHCPIuA, 3aTpaduBacMasd Ha IIPCOJOJICHUC
COHpOTI/IBJIeHI/II\/’I ABHIKCHHUIO ) KUIKOCTH MCKAY PaCCMAaTPUBACMBIMH CCUCHUAMU IIOTOKA.
CraTtuueckuit HaIiop Hp OTIIMYACTCA OT IIOJIHOI'O HAIlOpa Ha BCIIMYHHY

CKopocTHoro Hanopa Of\/ 2/ 29 U PaBEH:

Hp=2+§, (17)

['paduk nomHoro Hanopa H-H ctpoutcs mo 3Ha4YeHUsSM MOJIHBIX HAIOPOB B Haydaje U B
KOHIIE Ka)XXJI0ro y4dacTka ruaponuHuu. [lomHbeii Hanop B ceuennu 1-1 paBeH Hamopy
Hacoca H,, cM. puc.3
[TonHbIi Hamop B KOHIIE y4acTKa TpyOONnpoBoia HaXOAUTCS U3 BbIpaxeHus (16),
COOTBETCTBYIOILIEMY cXeMe Tuaponpusoaa Ha puc.l npu Q,=0:

U1 CEYEHUs 2: -HZ:HI—Zh(H),
pos cewenna 3: -H,=H,-> h,, nT.a (18)

st yaacrka N -Hp=Hn -2 h((n—l)—n) :

Taxk xak oOwmMil 3amac yneiabHOW OSHEPrMM BJOJb IIOTOKAa HENPEPHIBHO
YMEHBIIAETCS,, TO JIMHUS [OJHOIO Hamopa IOHM)KAeTCs, a B MECTaX YCTaHOBKHU
rusipaBinyeckux anmnapatos (P, @ ) oHa cHIKaeTcss CKauyKOM.

I'paduk cratmueckoro Hamopa p-p pacnoyiokKeH HUKe rpaduka MOJIHOro Harmopa

2
Ha BEJIMYMHY CKOPOCTHOTO HAMOPa 2V
g
A Z A
hHaeH
V iaen /2 g Y
Hi
2
paT/ V e / 2 g Z hczlu
|1 | 2 3 \
\\
B Y H > _P]_ H > _Pl_ (I) B v

PR P

Pucynok 3 - [Ipumep nocrpoenus rpadMKoB yAeIbHONU SHEPTUU
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Pe3ynbTaThl pacyeToB TOTEpPh YAEIBHOW JHEPTUH, TOJHOTO, CKOPOCTHOTO M
CTaTUYECKOTO HAIOPOB, IO KOTOPHIM CTPOSITCS JTUHUU YACIBbHBIX SHEPTUM, 3aHOCATCS B
TabJ.5.

Tabmuua 5
Pacuer ynenpHbIX JHEprun
Howmep| Ilonueii Hanop B | [lorepu Hanopa, | Beicora ckopoctHoro |Cratnueckuit
y4acTKa  Hadalle y4acTKa M naropa of\/ 2 29 v |Hamop Hpi , m
Hi(i=1,2...n), m hi h.,
1
2
3
n

5.Pacy€r nHEpLIMOHHOTO HaIopa

JInsi HEyCTaHOBMBILETOCS JBUKEHUS HEC)KUMAEMOW KUIAKOCTH B KECTKUX TpyOax
ypaBHenue /l. bepnyinu nmeer BuA:
2 2
p Vi_P \Y
Y 20 v 29

a . .
rae  h,, =—|—- WHEPUMOHHBIA HANOpP; JUISI HATHETATEIBHOW THMAPOJIUHUNA IPHU
g

cpabatbiBanuu pacnpenenutens Pl, cm. puc.l,
a=V /7- YCKOpEHHE [BWXEHHUS >KHIKOCTH HA YYACTKE THUJIPOJIMHUU
MEXKY ceueHusiMu 1 u 2 (cm. puc.3); V — CKOpOCTh JABMIKEHUS KUIKOCTH B
TUAPOJIMHNM; 7 - BpeMsl u3MeHeHus ckopoctu V; npunsats 7 =0,001c¢.;
g - yCKOpeHue CBOOOIHOTO IMaJICHHUS;
| - iMHA ydacTka THMAPOJUHHUM IMOCTOSHHOTO JMaMeTpa oT Hacoca H 1o
pacnpeaenurens Pl.
WNueprimonHoe M3MEHEHUE NaBJICHUS ompenensercs mo gopmyne: Ap,,, = p.al,rue
IUIOTHOCTh MUHEPaJIbHOTO Macia p =900 kr/m*.

Ecnu rugponuHuss COCTOMT M3 HECKOJIBKMX YYaCTKOB C CEYEHHEM PAa3HBIX
auaMeTpoB d; ¥ pasHbIX JUKH | , TO HHEPIIMOHHBIN HAIOP /IS BCEro TpyOOmpoBo/Ia:

Z hum’ = il| ' (20)
g
rae | - HoMep yJacTka TpyOompoBoa MOCTOSIHHOTO quamerpa d;;

a,- YCKOPCHUE JIBIDKEHHUSI JKUIKOCTH Ha 1-OM Yy4acTKe THIPOJIMHUMY;

3HaK MHEPLMOHHOTO Haropa COOTBETCTBYET 3HaKy yckopeHus. [Ipu pasrone noroka
YCKOPEHHUE MOJ0KUTENBHO. [Ipy TOpMOKEHUN TOTOKA YCKOPEHHE OTPULIATENBHO.
3HaveHNE UHEPIIMOHHOTO HAopa CPaBHUTH C HAIOPOM Hacoca H, Ha puc.3.
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6.PacyeTr noBbIIICHUS JABJICHUS TIPU THAPOYyAApE

B paccmatpuBaemMoiil ruapocuctemMe, cM. puc.l, rupoynap BO3HUKAET MPH
cpabatbiBanuu rugpopacnpenenureneit P1 u P2 . ['uapoynapom HasbiBaeTcs pe3koe
U3MCHEHHE JIaBJICHUS, BBI3BAHHOE TOPMOMXKEHUEM WM PA3rOHOM IOTOKA YKUIKOCTH.
Teopus rugpoyaapa, paspadorannas H.E. JXXykoBckum, paccmarpuBaeT MoJieib
CKMMAEMOM JKUJIKOCTHU € pacrpeeéHHbIMU TapaMeTpamu.

[loBpilieHWEe  AaBIEeHUS  NOpU  TUAPOYJApe, BO3HUKAIONIEE  IIPHU
cpabateiBannu pacupenenuteneit P1 u P2 onpenensercst 3aBUCUMOCTAMH:

Ap, = pVC ,korma 7 <T; (21)
2pV/
Ap, = P Jormar>T, (22)
T

rac Ap, - IIOBBILICHHEC OABJICHUS IIPU IIPSIMOM I'MApPOyaape;

Ap,, - TIOBBIIIEHUE JIABJICHUS IPU HEMIPSIMOM THIPOYAAPE;

P - INIOTHOCTH KUJKOCTH, IPMHATH I MEUHepanbHoro Macina 900 kr/m>;

V - CKOpPOCTh JBW)KCHHMS >KHJIKOCTHM B THUIPOJIUHUU JO CcpabaTbiBaHUS
pacupenenuTens;

{ - JIMHA TUAPOJIMHKHI OT HAcoca JI0 PACIIPEIETUTENS;
7 -BpeMs u3meHenus ckopoctu V, npunsate ¢ =0,001 cek;

T= ZEI - (haza runpoynapa;

1 .
C= T CKOPOCTh PaCIpOCTPAHCHUS YIAPHOU BOJIHBL,
p  dp
=+

E E,0

E-00BEMHBIN MOIYJIb YIPYTOCTH KUIAKOCTH; IPUHSATH IJI1 MUHEPAIbHOTO Macia
ruapocuctemsl E=1500 Mlla;

d- BHYTpEHHUI TUaMeTp TUAPOIMHUY MEPe] PacipeeIUTeIeM;

& - TOJIIIMHA CTEHKU TPyOOIpoBOAa;

E,,, -MOIyJIb yIPYTOCTH MaTepuasa TuApOJTHHUM, TIPUHSTh

TUIS cranbHOM ruaposimHur 200000 MITa.
[TonyueHHbIC 3HAUEHUS YAAPHOTO TOBBIIICHUS JABJICHUSI CPABHUTD C
pabounmM JaBJIEHUEM Hacoca.
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7.McxonHble TaHHBIE JJIs1 pacyeTa,cm.puc. |

| BapuaHr :
Q1= (1 +0.1%* N)*10* ar%/c; Q2=(120 - N)*10°° ar’/c;
[=02M+0.01*N; .=2m + 0.1*N ; 5=2.5m + 0.1*N ; .=3m +0.1*N ;
[s=3.5mM +0.1*N ; l=4m +0.1*N ; I=5m +0.1*N ; Kv= 1+0.01*N ;
Py=1,3*10"—- N*10°  p;, =3*10°+1,2* N*10° Ila

Il BapuaHT :

Q:=(130 - N)*10°5 ar3/c; Q= (1,2 +0.11* N)*10* ar%/c ;
[=02m+0.01*N; =2m+ 0.1*N ; ==2.5m + 0.1*N ; .=3m +0.1*N ;
[s=3.5m +0.1*N ; le=4m +0.1*N ; l:=5m +0.1*N ; K.= 1+0.01*N ;

Pu=1,4*10"— N*10°  p;,=4*10%+1,2* N*10° Ila

Il BapuanrT :
Q1= (5+0.3* N)*10* am®/c; Q2=(310-2.5* N)*10° m°/c;
[=02M+ 0.01*N ; L=2m + 0.1*N ; |:=2.5m + 0.1*N ; .=3m +0.1*N ;
[s=3.5m +0.1*N ; le=4m +0.1*N ; I:=5m +0.1*N ; K.= 1+0.01*N ;
P=1,3*10"— N*10°  p;,=5,7*10°%+ N*10° Ila

IV BapuanT :
Q: =(310 -2.5* N)*10° M3/c; Q, = (5+0.3* N)*10* am3/c;
[=02m+0.01*N; L=2m + 0.1*N ; ==2.5M + 0.1*N ; l.=3m +0.1*N ;
Is=3.5mM +0.1*N ; le=4m +0.1*N ; l:=5m +0.1*N ; K.= 1+0.01*N ;

Py =5,7*10%+ N*10° ITa pry=1,3*10"— N*10° Ila

V BapuaHr :

Q:=(120 - N)*10°° M°/c; Q,= (1 +0.1* N)*10* m°/c ;
[=02M+0.01*N; .=2m + 0.1*N ; 5=2.5m + 0.1*N ; .=3m +0.1*N ;
[s=3.5m +0.1*N ; l=4m +0.1*N ; I:=5m +0.1*N ; Kiw= 1+0.01*N ;

Py =1,3*10"- N*10°  p=3*10°+1,2* N*10° Ila

rae N- nBe mocnegaue nudpsl 3a4eTHON KHIKKH CTY/ICHTA.
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[Tpunoxenue B

KoaddurmenTsl MECTHBIX CONTPOTUBIICHUN

Bun conporuBienus

Buesannoe pacmmpenue
BuesamnHoe cyxeHue
[ITynep npucoeIMHUTENbHBIN, IEPEXOTHUK
3aKpyIrJIIEHHOE KOJIEHO
CBepJieHHBIN YTOJIbHUK
TpOWHUKY MPSIMbIE

CIUSIHUE TTOTOKOB

pa3zelieHue OTOKOB

TPAH3UTHBIN OTOK
OOpatHbIN U MPeIOXPAHUTEIBHBIN KIIamaHbl
Hpoccenb
PenykunonHsIi Kiianax
Pacnipenenurens
OuibTp
BenTtunu: ¢ npsiMbIM 3aTBOPOM

C KOCBIM 3aTBOPOM

0,8-0,9
0,5-0,7
0,1-0,15
0,12-0,15
2-2,5

2-2,5
1-1,5
0,1-0,2
2-3
2-12,5
3-5
6-8
7-10
3-5,5
1,4-1,85
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