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TPYBOIIPOBOJI C HACOCHOM NOJJAYEHN
Oo0ue MoJI0KEeHUS

PaccMmoTpum pa3oMKHYThI TpyOompoBoA (cMm. puc.l), 1O KOTOpoMy Hacoc
nepeKauynBaeT KUIKOCTh U3 HIDKHETO OTKPHITOro 0aka A B BEpXHUI pezepByap (Ka-

Mepy) b ¢ HEKOTOpBIM J1aBlieHUEM P .

Puc. 1. PazomkHyThIi TpyOONIPOBOJ C HACOCHOM MOa4yeHl.

TpybonpoBoa Mexay 6akoM A U HacocoM OyJIeM Ha3bIBaTh 6CACHIBAIOUAUM, A
MEXIy HAaCOCOM U pe3epByapoM b - nanopusim.

CocraBuM ypaBHeHUE bepHyIu 1 MOTOKOB KUAKOCTH BO BCACBHIBAIOIIEM H
HAIOpHOM TPyOOIPOBOIAX, T.€. I[JI}I cequHﬁ 0-Ou 1-1
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2 - ceye-
ra ,O g ¢ yIeabHas SHEPTUs )KUJIKOCTH Ha BBIXOJIE U3 Hacoca (B ceu
HUU 2-2).

N3 ypaBHeHus (1) BbIpazuM yAeNbHYIO SHEPTUIO KUIKOCTH Ha BXOJIE€ B HAcOC,
TO €CTh B ceueHuH 1-1,

12 V> b,
+ h 3
Dg 12g ,Og Z 0-1 . (3)

Ecnu u3 ypaBHenus (2) Bbiuectb ypaBHeHHE (3), TO B pe3yibTaTe MOJYy4YUM
npUpalleHue yIeJIbHOW SHEPTUU KUJKOCTH B HACOCE, T.€. HANOP HACOCA
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Kaxk u3zBectHO 13 Teopuu [1], cymma B mpaBoi 4acTu ypaBHeHUs (4) ecTh Mo-
TPEOHBII HAIop H nomp IJIS1 TaHHOTO TpyOompoBonma. OTcrona, Bcerna Ha yCTaHO-

BUBLIEMCSI pexuMe paboThl TpyOOMpoBOAa ¢ HACOCHOM Mojaudel CIpaBeIIMBO pa-
BEHCTBO:

H =H

Ha »Tom paBeHcTBEe OCHOBBIBaeTCS TpadoaHATUTHYECKUN METOJI pacuera Tpy-
OOIPOBOJIOB C HACOCHOM TO/Iaueii, KOTOPBIN 3aKJIF0YAETCS B TOM, YTO Ha OJIHOM Tpa-

nomp -+

(1)I/IKC B KOOpJAHHATax H _Q B CAUMHOM MacimTade CTPOATCA Xapakmepucmuka Ha-

coca H, =@ (Q) U XapaKmepucmuka nompedHo20 Hanopa mpyoonposooa

Hnomp = (02(Q).

Haiinennas B pe3ynprare TOUka R nepeceueHus 3TUX XapakKTepUCTUK (pabouasn
moukKa 2udpocucmemaul), TO3BOJISIET ONPENEIUTh PAJl MAPAMETPOB, XapPaKTEPU3YIO-
MIUX PEXUM padOThl TUAPOCUCTEMBI. [IpuMep m0100HOTO MOCTPOCHUS IPUBEACH HA
puc. 2.

[To naitnenHoii paboueit Touke R MOKHO OMPEIETUTh:

a) nooauy nacoca O, u, cnenoBaTenbHO, pacxos paboueil KUIKOCTH MOCTY-

nawiuil B TpyOONmpoBOA, a, €Ciau TPyOONPOBOJ COJAEPKUT TUIAPOJIBUTATENb, TO U
CKOPOCTb ABHKEHUS €T0O BBIXOJHOT'O 3BEHA,
0) 10 HAWIEHHOW CKOPOCTH JBWKCHHS BBIXOJAHOTO 3BEHA THJIPOJIBUTATENS H

3aJJaHHOU MPEOJI0JIEBAEMON HATPY3KE HOJIE3HYI0 MOUIHOCHLL 2UOPOCUCHEMbL N,
pean3yeMyI0 Ha BBIXOJIHOM 3BEHE TUIPOABUTATEIIS N,,=FV wm N, =Mow,

B) HAnop Hacoca H u, cnepoarensHO, MOIIHOCTB MIOTOKA HA BBIXOE HACOCA
(nonesnasa mowHocms Hacoca) N, = pgH HQH Y, 3Has K.IL.J. Hacoca 7],, ero no-

mpeonaemyo MOuiHOCHmb N o — ngHQH/ 1, , xoTopas ABIAETICA MOWIHOCHIbIO,
nompeonaemoi 2uopocucmemolt,

r) K.1.0. 2udpocucmemvr =N . / N,

NMeHHO 3T mapaMeTphl, KaK MpaBHIIO, HEOOXOIUMO OMPEEIUTh BO BCEX Ba-
pUaHTaxX KypCOBBIX pacueTHO-TpaduuecKkux padorT.
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Puc. 2. Onpenenenne paboyeit TOUKH THIPOCUCTEMBI.

BoapmMHCTBO BapuaHTOB 3TUX padOT MPEACTABIAIOT COOON THUAPABINYECKHIMA
pacyeT TuApONpPUBOAOB PA3IMYHBIX MAallWH, MOCKOJBKY JH000M 00BEMHBIN TUAPO-
IPUBOJL SIBJSIETCS TUIIMYHBIM IPUMEPOM CJIOXKHOTO TpyOOIpOBOIa ¢ HACOCHOM Moja-
Yyeu.

Ecimu peub mper o pacuere 0ObEMHOTO THAPONPHBONA, TO B 3aBUCUMOCTSIX
H, = (01<Q) u H nomp %(Q) 11e7ecoo0pa3Ho OT BEJIIMYHUH COOTBETCTBYIOIIUX

HaIropoOB NEPEUTHU K JABIICHUSM, IOMHS, 4TO P = ,OgH .
Torna, ypaBHEHHE XapaKTEPUCTUKH MMOTPEOHOTO JaBJICHHS IpruoOpeTaeT BU:

pnomp:AZpg+p+ApZ, (5)
rae: Az - paccTosHME MeXIy LIEHTPAMK TSKECTU HAYaIbHOTO M KOHEUHOTO CeyeHHit
TpyOOIpoBOAa;

P - u30BITOYHOE JaBJIECHUE B KOHEYHOM CEYEHUU TPyOOIpOBOAa;
Ap; - cymmapHbIe OTEpH JaBJICHHS B TPYGOIPOBOIC.
Jist  ruaponpuBooB OONBIIMHCTBA MAalIMH B ypaBHeHHH (5) cymmy

Azpg + P MOXHO He yIHUTHIBATH B cpaBHeHnH ¢ APs | 0coGeHHO I TPyGOIpPOBO-
JIOB, COJIEP>KAIIUX TUIPOBUTATEND.
['unponBurarens mpu 3TOM MOXHO paccMaTpuUBaTh Kak HEKOTOpoe crernudu-

YCECKOC MECTHOC I'MAPABINYCCKOC COIIPOTHUBIICHUC, ITIOTCPU JTaBJICHUSA Apea Ha KOTO-

poM mpeodpaszyercs B MEXaHUYECKYIO paboTy Ha €ro BBIXOJHOM 3BEHE.
C yuerom 3TOTr0, ypaBHeHUE (5) NPUHUMAET B BU:

pnomp:ApZ- (6)

Tenepr onpenenenue paboueil TOUKU TMIPOCUCTEMBI BEIETCS B KOOPAMHATAX
p—0 IIyT€M IIOCTPOEHHUs 3aBUCUMOCTEU P, = fl(Q) u Aps = f 2(Q) B nans-
HEHIIEM 3aBUCUMOCTb P, = f1<Q ) YCJIIOBUMCSl Ha3bIBATh XAPAKMEPUCMUKOU HACO-

ca,a Aps = [ 2(Q> - XapaKxmepucmukou mpyoonpogooa.
PaccmoTpum ciocoOb 1 0COOEHHOCTH MOCTPOCHHMSI 3TUX XaPAKTEPUCTHUK.



1. HOCTpOCHI/Ie XaAPAKTEPUCTUK HACOCHBIX YCTAaHOBOK

B HacTtosiiiee Bpemsi B OOJBIIMHCTBE CIIy4acB B KAaueCTBE THJPABINYECKHUX
MPUBOJIOB MAIIWH UCIOJIB3YIOT 00BEMHBIC THAPOIPUBOJIBI, B KOTOPHIX UCTOUYHUKOM
SHEPruu pabouel KUIKOCTU SABJSETCS HEPETYJIUPYEMBIN U PETyJIUPYyEeMbId 00hEeM-
HBIA Hacoc [2].

Heperynupyembie 00beMHBIE HACOCHI, KaK MPaBUIO, pabOTAlOT COBMECTHO C
pPEAOXPAHUTEIbHBIMUA WM TIEPEIUBHBIMU KJIallaHAMU, & PETYJIUPYEMBIC - C peryis-
Topamu nojiauri. COBOKYMMHOCTh HAacoca ¢ KJalmaHOM M Hacoca C perysTopom Oyaem

Ha3bIBaThb HACOCHOU ycmaHnoeKkou. 11oaToMy Xapaktepuctuka p, = fl(Q), UCIIOJNb-

3yromjasicsi B pacyere, (aKTUUECKH SIBISIETCS XAPAKMEPUCHMUKOU HACOCHOU ycma-
HOGKU.
1.1. O0beMHBIH HACOC € MPEIOXPAHUTEIbHBIM KJIANMAHOM

Ha puc. 3 mpencraBieHbl cXxeMa UM XapaKTEpPUCTUKA HACOCHON YCTAHOBKHU C
IPEIOXPAHUTETBHBIM KJIaaHOM.
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Puc. 3. Hacoc ¢ npe1oxpaHUTENbHBIM KJIallaHOM.

Ecnu knanan npenoxXpaHUTENbHbIA, TO OH cpadaThIBAET TOJIBKO B aBAPUMHBIX

CUTyallusX, a MPU HOPMAJIbHOU pabOTe 3aKpHIT, T.€. 0., =0 u nogaua Hacocroii yc-

TaHOBKHU QHy =0, . CnenosarenbHo, XapaKTepUCTUKA HACOCHON YCTaHOBKH COBIIA-

JTAeT C XapaKTEePUCTUKON 00beMHOro Hacoca (puc. 30).
[TockonbKy 3Ta XapaKTepUCTUKA NMPAKTUICCKH JIMHEHWHA, €€ MOYKHO TTOCTPOHTH
1o AByM ToukaM (puc. 30):

* repBasi TOYKa - TOYKa A, COOTBETCTBYIOIIAsA TEOPETUUECKOMN IOJa4n QT Ha-

coca, KoTopasl ornpesensercs mo gpopmyse
QT = VHnH s ( 7 )
rue: VH - pabounit o0beM Hacoca,

nH - 4aCTOTa BpalllCHH:A BaJla HACOCA,
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* KOOPpAWHATBI BTOpOﬁ TOYKH A’ ONpCACIIAOTCA 110 BCIIMYNHC O6T)CMHOFO K.II. 1.
[}
HacocCa 770H , 3aJIaHHOTI'O IIpHU OIIPCACIICHHOM JaBJICHUU p .
[
Q - QT 770]-! ) ( 8 )

o _ !
rae: 7}, - o0ObeMHbIN K.I1.J. Hacocanpu P =P .

Benwuuna 7], Mo yCcIoBHIO 3aadd MOKET OBITh 3aJaHa HE B SIBHOM BHJE, a
K03 HIMEeHTOM 00beMHBIX yTedek B Hacoce K, KOTOpBIl HCHOIB3yeTcs B Clle-
nayromien Gpopmyiie
M =1-K,,p. (9)

JUist moyyeHus: KOOpJAMHAT TOYKH A’ 1ipu 3ToM, B popmyiy (9) moacraBisioT
/
IIPOU3BOJIbHO BBIOPAaHHOE JABJICHHUS [P W ONPEIENSAIOT MPU 3TOM JAaBiIeHUH 7], , a

o !
3aTeM HCIIONB3YIOT €ro 3HaYeHHe IS pacdeTa cOOTBeTcTByroulel Bemmanasl ' mo
dbopmyie (8).

1.2. O0beMHBIIT HACOC C MEPEJUBHBIM KJIANMAHOM
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Puc. 4. Hacoc ¢ nepenrBHBIM KJIAIIAHOM.

[lepenuBHoil knanan (puc. 4) (MMEOUIMI Takoe ke 0003HAUYEHHE Ha CXEME,
KaK U TPeJOXPaHUTEIbHBIN) MMOCTOSHHO yY4acTBYeT B pab0Te HACOCHOW YCTaHOBKHU H
MO3TOMY XapaKTepUCTHKAa HACOCHOM YCTAHOBKH IPEJCTaBIsAET COOOW CyMMapHYIO
XapaKTepUCTUKY Hacoca U KianaHa, MOJyYeHHYIO B COOTBETCTBHHM C YCIOBUEM

0,=0,-0,. (10)
HpI/I 9TOM HMCIIOJB3YCTCs CICAYIOIAA METOANKA!

* B koopauHatax P — CTposT XapakTepHCTHKY 00BEMHOr0 HACOCA IO METO-
JUKe, U3J10’)KeHHOU B pazzene 1.1 (iunus 1 Ha puc. 40);
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* B 3TOH K€ CUCTEME KOOPJIMHAT U B TOM K€ MACIITA0E CTPOAT XapaKTEPUCTUKY
KJIallaHa, KOTOpast TOCTaTOYHO TOYHO OINPENEIAETCS YPaBHEHUEM

pK:mein+KKQ' (11)

N3 ypaBuenus (11) ciaegyer, 4To 3Ta XapakTepuUCTUKA JUHEWHA (JIUHUS 2 HA
puc. 40) 1 MOXKET OBITh 3aJaHa JTUOO0 IPH IIOMOITH BEIUIUH Py nin U K, , mi6o JIBY-
M TOUKaMH: Py min TIPU Qm =0u p, npu Qm = QK (Touka K );

* MOCJI€ TIOCTPOCHUS XapaKTEpUCTUK Hacoca (nuHuA 1) m kianana (uHuUs 2)

mpoBoIT UX rpadudeckoe cnoxenne mo ocu O B coorercTBHM ¢ dopmymoii (10).

B pesynbrare mosrydaercss XapaKTepUCTHKA HACOCHON YCTaHOBKU (JIOMaHHAs JTMHHSI
ABC na puc. 40).

1.3. Peryiupyemblii 00beMHBII HACOC € PEryJISTOPOM MOJAYHU

HY

a , | Ky v

Puc. 5. Perynupyemsliit Hacoc ¢ peryiasiTopoM MOJayu.

Ha puc. 5a, B kayecTBe nmpumepa, IPEACTaBICHA CXeMa HACOCHOW yCTAaHOBKHU
C AKCHAJIbHO-TIOPIIHEBBIM PETYJIUPYEMBIM HACOCOM M MPOCTEHIIUM PETYJISITOPOM
MojJauu, KOTOpasl HAa CXeMe THUIPONpHUBOAa OOBIYHO 0003HAYAETCSl KaK peryympye-
MBIl Hacoc (puc. 50).

B Takoil HACOCHOM YCTaHOBKE PETYIATOP U3MEHSET €€ MoJauvy 3a CYET U3Me-
HeHusi pabouero obbema Hacoca [1], mo3TOMy Bcerja CHpaBeIIMBO PaBEHCTBO

Q,=0,.

Ha nopmiens perynaropa 1, mITOK KOTOPOTo CBsI3aH C HAKJIOHHOMW a0 (viu
HAKJIOHHBIM OJIOKOM) aKCHAJIbHO-TIOPIITHEBOIO0 Hacoca 2, AEHCTBYIOT CHIa MPYKUHBI

M cwia gasieHus xuakoctu. Eciu nasnenue P, < ppmin (puc. 5B), TO cuiia IpeaBa-

PUTCIIBHOT'O ITOJZKATHUA IIPYKUHBI YACPKHUBACT ITOPIICHL B KpaﬁHCM IMpaBOM II0JIOKC-

o 1 Y = Vmax, a Vi =V, . To €cTh - XapaKTepHCTHKA HACOCHON yCTAHOBKH

IIPU 3TOM COOTBETCTBYET XapaKTEPUCTUKE OOBEMHOTO HAcOCa C TEOPETUUYECKOH TO-



naueit QTmax =V i
lpu P, > P, . TOpUIEHs NMOJ AeHCTBHEM CHIbBI JABJICHHS HAYMHACT Ilepe-

MEIIAThCA BJIEBO, YMEHBIIIAS yTOJI Y, u, cienoBaTeibHO, yMeHbIIasi pabounii 00beM
nacoca V', . B pe3yJIbTaTe YMEHBIIAETCS U 110J1a4a HACOCHOM YCTaHOBKH.

YpaBHEHHE XapaKTEPUCTHKH HACOCHOH yCTaHOBKH Ipu P, > P, . MOXHO

3arMcarh B BHIIE
QHy:szy_Kp(pH_ppmm)s (12)

rae: K p - TIOCTOSIHHBIN KO3(PUIIMEHT PETyIIATOPA;

4 o —
QHy - HoJ1a4a HaCOCHOH ycTaHOBKH pu Py = Py . .

[Ipn mocTpoeHns XapakKTEPUCTUKU TAKOW HACOCHOM YCTAHOBKM HCITOJIBb3YETCS
CJIeyIoIasi METOIMKA:

* B KOOpAWHATax P~ Q CTPOAT XApPAKTCPHUCTHUKY 00BEMHOI'0 Hacoca I0 METO-

JUKe, U3J10keHHOU B pa3aene 1.1 (sinmHus 1 Ha puc. 5B), mpuHUMas V,= VHmax;

* -
10 33/IaHHOMY 3HA4Y€HUI0 Pp . Ha XapakTEepUCTHKE Hacoca (JuHus 1) Haxo
) !
IST TOUYKY B ¥ COOTBETCTBYIOLIYIO €/ BETUUUHY QHy ;
* 3a/1aBasiCh HEKOTOPLIM JaBjIcHHEM P, = P, . (3Hauenue P, uenecooOpasHo
0
BBIOMpaTh 6osbmnM Pp, . mipumepHO Ha 10%), ONpenensior, HCNosb3ys ypaBHEHHE

(12), COOTBETCTBYIONIYIO BEIUYUHY QHy >0 (xoopauHatel P, n Y, onpenensior

[I0JIO)KEHUE TOYKU B’ Ha puc. 5B);
* IIPOBOJAT JIMHUIO, COCIMHSIONIYIO TOUKH B 1 B’ 10 mepecedyeHus ¢ oCbo Op-
nuHat (muHus BC Ha puc. 5B).

[TomyyeHHast XapakTepUCTUKA HACOCHOW YCTAHOBKHM C PETYJISATOPOM IMOJAYH
(iomanHast nuHUSL ABC Ha puc. 5B) BHEIIHE UMEET TOT K€ BUJ, YTO U XapaKTEpH-
CTHKa 00BEMHOT0 Hacoca C MepeauBHBIM KiananoM. OIHaKo, HEOOXOAMMO TOMHUT,
YTO IIPU UCIIOJIb30BAHUHU MEPETUBHOTO KilamnaHa 3((eKT CHUKEHHs ToJaun HaCOCHOM
YCTaHOBKH TOJIYYEH 3a CUET CJIMBA YacTH M10/1aBa€MON HACOCOM KHUJKOCTH OOpaTHO B
rUAPoOaK, a MPU UCIIOJIB30BAaHUH PETYISITOPA MOIaul aHAJOTUYHBIN 3P eKT momyya-
eTcs 3a CUeT YMEHbBIIEHHUS BEJIMYMHBI paboyero oobeMa Hacoca, 4To 0ojiee IKOHO-
MUYHO.

1.4. MomHoCTb, MOTpPEdJIsieMast HACOCHON YCTAHOBKOM

Kak yxe ormeuasnoch B paznene «OO0Iue MmoiaoKeHus» JaHHOro MocoOus, Ha-
XOXKJEHUE MyTeM TpadUuyecKoro MOCTpOeHUs padodeil TOUKH, IMO3BOJSET MPEXKIC
BCEro0 OMNpPEAENUTh MOIIHOCTh, MOTPEOJIsIeMyl0 HAacocoM (HAaCOCHOM YCTaHOBKO)

N

6X



10

XapakTepuCTUKa HACOCHOW YCTAHOBKH, COCTOSIIIEN M3 HEPETYJIUPYEMOrO Ha-
coca W MPEeJOXPaHUTEIHHOTO KJIallaHa, B YCIOBHSIX HOPMAJIbHON PabOThI MOJTHOCTHIO
COBIIAJIa€T C XapaKTepUCTUKOM Hacoca (cM. pazzaen 1.1) u mosTomy B ciaydae pabOThI
Hacoca 0e3 meperpy3ku paboyasi TOUKa TUAPOCUCTEMBI OYJIET JeKaTh HA dTOUW JIMHUH

(Touka R Ha puc. 6a), T.e. Bcerza rnojaya HaCOCHON yCTaHOBKH QHy =0,.

0 d

Puc. 6. XapakTepuCTUKU HACOCHBIX YCTAHOBOK C HEPETYJIUPYEMbIM HACOCOM.

Tak kak B oOmieM ciydae, 6e3 ydera IoTepb BO BCaChIBAIOIIEM TPYOOIPOBO/IC

p9,

Mo iy, °

rae: 7], - 00beMHBIi K.11.1. Hacoca ipu P = P,;

86X

T7,.,, - MEXaHUYECKHI K.II.J[. Hacoca,

TO MpHU 0,=0r 17, dopmyia, onpenensonas MOIIHOCTb, TOTPEOIIIEMYI0 HACOCHOM
YCTaHOBKOM, JIJIsl JAHHOTO ciiydas Oy/JeT UMETh BU/]L

— pHQT

N@X
_ (13)

JIns HaCOCHOM YCTaHOBKH, COCTOAIIEH M3 HEPETYJHPYEMOTO Hacoca W mepe-
JTUBHOTO KiamaHa (cMm. pasaen 1.2), pabodas Touka MOXKET pacrmojiaraThCsi TUOO0 Ha
y4acTke A-B XapaKTepUCTUKH HACOCHOW yCTaHOBKH, TM0O0 Ha ydacTke B-C (cM. puc.
60).

Ecnu pabouas Touka R pacrnosiaraercst Ha yyacTtke A-B, COBMAJaONIEM C Xa-

PAKTepHCTHKOI Hacoca, TO 3ajaya ompeseleHus morpebiasemoit mommuoctn IV,
aHAJIOTMYHA PACCMOTPEHHOMY BBIILIE CIIyYar0 U IPHU pacuere UCIOIb3yeTcs GpopMmyiia

(13).
Ecnu pabouas touka R' pacnonaraerca Ha yyactke B-C, TO cienyeT UMETh B
BU]TY, 4TO TOJ[a4a caMOT0 Hacoca COOTBETCTBYeET Touke D (cM. puc. 60) u paBHa
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0,=0,, +0,,

Trac Qm - pacxona 4epe3 HGpGJIPIBHOfI KJ1aliaH.

Ouesuano, uto N, B 9TOM ci1ydae Takoke onpeensercs mo gpopmyie (13).

JI HaCOCHOM YCTaHOBKH, COCTOSIIEN U3 PEryJIMPYEMOI0 Hacoca U PeryJisiTo-
pa momaun (cMm. pazgen 1.3), pabouas TouKa THAPOCUCTEMBI TaKKE€ MOXKET pacroa-
ratbcs MO0 Ha ydacTke 4-B XapakTepUCTUKH HACOCHOW YCTaHOBKH, TUOO Ha ydacT-
ke B-C (cMm. puc. 7).

Ecnu pabGouast Touka R I€XHUT Ha ydacTke A-B, TO 10 aHAJIIOTUU CO CITydYasiMH,
PacCMOTPEHHBIMH BBILIIE,

_ pHQTmax
M,

Ecnu xe pabouas Touka R’ nexut Ha yyactke B-C, TO COTJIaCHO NMPUHIIUITY pa-

N

6X

GOTBI PEryIMpPyeMOro HACOCA C PErylaTOpoM moxaun mpu Py = Py . HPOHCXOTUT
M3MeHeHnH paboyero oobeMa Hacoca U COOTBETCTBEHHO M3MEHSETCS €0 TEOpeTHYE-
!/ !
cKasi [ojjaua, KoTopas npu naeienuu P, Oymer pasna O (cm. puc. 7), T.e. mpu
!/
Py > Py ¥MeeM HOBYIO XapaKTEPUCTHKY HAcoCa, COOTBETCTBYIOLIYIO JTHHUM R'-

M. Tlpu >tom nunuu R'-M u A-B mapainienbHbl, TaKk Kak MPU U3MEHEHUH pabouero
o0BeMa perympyeMoro 00beMHOr0 Hacoca OOBEMHBIE MOTEPH B HEM IPH PaBHBIX
JIaBJICHHUSAX MOXXHO CUMTATh OJMHAKOBBIMU [1].

E { \M I A . —

o G & by Grnx 4
Puc. 7. XapakTepucTUKa HACOCHON YCTaHOBKU C PETYIMPYEMBIM HACOCOM.
Torna

o, poO;

2wy PYr
Ne= =7, (14)
.M. ..

!/ V)
rie 3HaueHne 7 MOXXHO HAiTH, MPOBEIS U3 TOYKH R’ IMHHIO, MApaLICIbHYO JIH-
HUU A-B 10 mepecedeHus ¢ ochblo adcuucce (Touka M ).
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2. ITocTpoeHune XapaKTepUCTUK TPYOONIPOBOIOB

Ecnu tpyOGompoBol HE MMEET pa3BETBICHUN M COCTOMT M3 psijia MOCIeI0Ba-
TEIHHO BKIFOYEHHBIX DJIEMEHTOB, TO OH HA3bIBAETCS HPOCHIBIM TPYOOIIPOBOIOM.

Ecnu xe B TpyOomnpoBojie €CTh XOTs Obl OJIHO Pa3BETBJICHHE, TO €r0 HA3bIBAIOT
CLONHCHBIM.

B ruapompuBomax TpyOompoBOA MPEACTABISIET COOOW CIOXKHYIO CHUCTEMY W3
psila MoCieN0BaTEIbHBIX U apaJICIbHBIX COCTMHEHUH TPYO, Pa3IMYHbBIX YCTPONCTB
W arperaTroB, B YUCJIO KOTOPBIX MPEKIE BCETO BXOAAT TUAPOABUTATENINA, THApOATTIa-
paThl (Ipoccenu, pacupeeuTeNd, Kiananbl) GuibTphl, TeoooMeHHNKHA. O003Ha-
yenus no ECKJ[ HekoTopbix Hanbosee 4acTo BCTPEUAOLIUXCS JIEMEHTOB B TUIPaB-
JMYECKUX CXeMax MPUBEICHBI B Tabnuie 1.

2.1. XapakTepucTHKA MPOCTOro TPyo6onpoBoaa

B cootBercTBUM ¢ IPUHATHIM (cM. «OO0I11IKE MOJI0KEHUSD ), IO/ XapaKTePUCTH-
KOM TpyOOmpoBOAa MOHUMAETCS 3aBUCUMOCTH MOTEPh JABJICHUS B TPYyOOIIPOBOJIE OT
pacxoja.

Kak u3BectHoO [1], B rugpaBirke NoTepu MOKHO pa3/ieuTh Ha MOTEPHU Ha Tpe-

HUE 10 JIMHE TPYObI Apmp U TIOT€PU B MECTHBIX COMPOTHUBICHUSAX (MECTHBIE MOTe-
pu) Ap,,
Aps = Ap,,, +Ap,,.
Ilomepu na mpenue Apmp B Tpy6e anuHoit | u BHyTpenHuM muamerpom d B

o01IeM city4ae ornpeaensoTcs no Gopmylie, NOJIy4YeHHOW U3 KaHOHUYECKO (popmy-
ael [lapcen,
I 8p
Apmpz 27[2d4Q, (15)

rae: P - INIOTHOCTh paboueid KUJIKOCTH;

A - kod(punuent lapcu, BeIuurHa KOTOPOTO ONMPEACISIETCS B 3aBUCUMOCTH OT
peXKUMa TEUYCHUS KUJIKOCTH.
PexxuM TedeHus KUAKOCTH B TPYOOIIPOBOJIE OMPEACIISICTCS 10 BETUIHHE YUCIa
PeitHonpaca
40

Re=—"— 16
rae: O - pacxo1 KUIKOCTH B TPyOOIIPOBOIE;
V - KHHEMaTU4ECKas BI3KOCTh paboyeii sKUIKOCTH.
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Tabnuma 1.
0Ob6o3HaYeHHe j1eMeHTOB rugponpusooB no ECKJI

O0o03HauyeHHueE

HanmMeHnoBanue snemeHTa (arperara)

HACOC HEPETYJMPYEMBIN U HEPEBEPCUBHBIN

HACOC HEPETYJIUPYEMBIN U PEBEPCUBHBIN

HACOC PETYJIUPYEMBIN U PEBEPCUBHBIN

TUAPOLUIIMHAP OJHOCTOPOHHCTO I[GﬁCTBHﬂ C OTHOCTOPOHHHM MITO-
KOM

TEIECCKOIMMNYECCKUI I'mApOIUINHAP OJHOCTOPOHHETO HeﬁCTBHH

TUAPOLMIIMHAP IBYXCTOPOHHETO JIEUCTBUS C OAHOCTOPOHHUM IITO-
KOM

T'uAPOIUIIMHAP ABYXCTOPOHHCTO ,HGFICTBHH C ABYXCTOPOHHHM IITO-
KOM

TUAPOMOTOP HEPETYJIUPYEMbIi U PEBEPCUBHBIIM

TUAPONTHEBMOAKKYMYJISITOP

HEPEryJIUPYEMBbIN (HacTpauBaeMblil) THIPOIPOCCETH

pPEryJIupyEMbIA TUAPOAPOCCEIIb

HpeI[OXpaHHTeHBHBIﬁ N HepeHHBHOﬁ ruapoOKJIamnan

PeayKIIMOHHBIA THIPOKJIaNiaH

oOpaTHBIN TUAPOKIIANIaH

TUAPOPACIIPENETIUTEID IBYXIIO3ULMOHHBIN, YETHIPEX JTMHEUHBIN, C
PYYHBIM YIIpaBJIIEHUEM

OTKPBITBIN rUIpOoOaK

buIbTp

$I6IL[E | ¥ |l || oo | | oot

TEMII000MEHHUK (OXJIaUTEIh)
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Eciau uucno Re, paccunrannoe no dopmyne (16), 6ombuie 2300, To pexum
TEUCHUS CJCNyeT NMPUHUMATh mypoynenmusim. B 3TOM ciydae, eclii BeJIMYHWHA KO-

s¢¢ummenta A 3amaHa 10 yCIOBMIO 3aauM, TO OH B pacueTe IPHHUMAETCS TOCTO-
STHHBIM, €CJTH ke Kod(pduumenT A He 3a/aH, To, YUHTBIBas, 9TO TPYOBI B THAPOIPH-

BOJIAX, KaK PABMIIO, TEXHUUECKH TIafKue, KodpduuueHT A cieayer onpenesTs Mo
dbopmyne brasuyca

1=

0.316

Re ()

rne Re - gpaxtnueckoe uncno, nomyuennoe no gpopmyie (16).

Ecnu pacuernoe Re€ menbme 2300, pexum TedeHHs MOKHO IPUHUMATH Jid-
Mmunapuelm 1 torma  (Qopmyna (15) mocie MOJICTAaHOBKU B HEE 3HAUYCHUS

A =64/Re, npeobpasyercs B popmyity [lyaseiins

128vipQ
Pip = 7. (18)
®opmyiel (15) u (18) MOkKHO MpeICTaBUTh COOTBETCTBEHHO B BUJIE
A =K 0% pne Ky = 28
\Ppp = ;O rne K1 = 1240
128vip

Apmp =K ;0 ,rne K, = zd*
Nx rpaduueckoe BbIpakeHUE MIPeACTaBIeHO Ha puc. 11.
P A Ty POYASHTHHE
DEXKUM
JIaMUHA DHH
PERVIM

—

0 q
Puc. 8. 3aBucuMOCTh IOTEpPH HAIIOPa Ha TPEHUE OT pacxoa.

Mecmmuble nomepu B OCHOBHOM MPOUCXOISAT B MECTHBIX THAPABINYECKHUX CO-
MPOTUBIICHUAX, KOTOPBIC BKIIIOYAIOTCS B THAPONPHUBOJ I peanu3anuii QyHKIHMA
YOPABJICHUS] €r0 PEeKUMaMH padoThl (TUIPOJPOCCENH, THAPOPACIPEACIUTENN) U
KOHJUITMOHUPOBAHUS paboueit KUAKOCTH ((PUIBTPBI, TEIUIOOOMEHHUKH).

MecTHBIE TOTEPH MOTYT OBITH 3aJIaHBI CIICIYIONIM 00pa3oM:

* KOA((QHIMEHTOM CONPOTHBICHHS & , U TOIJA 3aBUCHMOCTb IIOTEPh OT PacXo-
71a BBIpa3uTCs POpPMYJIIOif, MOTyUYeHHOM U3 KaHOHWYecKoi (hopmyibl Belicbaxa
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8p

2
Ap, =65 30", (19)
rae d - uameTp TpyOOIPOBOA, B KOTOPOM YCTAHOBIEHO MECTHOE TMAPABIIIECKOE
COTIPOTHUBIICHHUE;
* TJIOIIA/bIO TIPOXOIHOTO CEUEHHUs OTBEPCTHS B MECTHOM COMPOTHBIEHUM O U

K03 (PUIIMEHTOM pacxojia 3TOro OTBEpPCTUs A U B ATOM Cllydae MOTEPU BBIPAKAIOT-
cst U3 GOpMYJIbl UCTEUCHHUS

__P
Ap, = QquSzQ ; (20)

* YKBUBAIIEHTHOM JUTMHON [ , IPA 3TOM CUUTAETCS, YTO MMOTEPU B MECTHOM CO-

NPOTHBICHAHN YKBHBAJICHTHBI OTEPSM B TPy6e ITHHON [ , 1 Torma st TaMHHApHO-
ro peKuMa TeUeHUs P ONpeesIeHUH MOTEPh UCIIOJIb3YyeTCsl popMyia
Ap :1281/13,0Q )
M T d4 . ( )
[To ananoruu ¢ motepsmu Ha Tpenue popmynsl (19), (20) u (21) MoxHO Mpea-

crasuth B Buge Ap, = K 0 * W Ap, = K ,0O wu ux rpaduueckoe BeipaxeHue 6y-
JIET aHAJIOTHYHO 3aBHCHMOCTSIM Ha puC. 8.

B o0mem ciyuae xapakTepucTHKa MPOCTOro TPyOOIPOBOa, HE COAEPKAIIETO
THAPOJABUTATEINb, MOXKET OBITh MPECTABICHA B BUIE

Aps = KO". (22)

2.2. XapaKTepUCTHKA MPOCTOro TPyoonpoBoaa ¢ ruApoABUraTeieM

B cxemy m11000ro 00bEMHOr0 TUAPONPUBOJIA BXOIAUT 2UHOPOOGU2AMENb - YCT-
poiicTBO, TMpeoOpaszyroliee SHEPIUI0 MOTOKA paboyell KUJIKOCTH B MEXaHUYECKYIO
palboTy Ha €ro BHIXOAHOM 3BEHE.

[Ipu TMAPaBIMYECKOM pacdeTe THAPOJBHUTATENIb PEKOMEHAYETCS paccMaTpH-
BaTh KaK HEKOTOPOE CIELUAIIbHOE MECTHOE THPABIMUYECKOE CONMPOTUBIICHUE, B KO-

TOPOM MOTEpPU JaBICHUS (Ape,)) UIYT Ha COBEPILECHUE MOJIE3HOU paboThI - epeme-

IIICHHE BBIXOJHOT'O 3BE€HA, IIPEOI0JIEBAIOIIETO BHEITHIOIO HATPY3KY.
IToaToMy ypaBHEHME XapaKTEPUCTUKU IIPOCTOr0 TPyOOIIPOBOA, COAEPIKALLETO
TUAPOABUTATENb, MOKHO ITPEACTABUTH B BUJIE

ApEzApmp+ApM+Apzd- (23)
Meroauka onpeneneHus CliaraéMbixX Apmp 51 APM, BXOISILIUX B YpaBHEHUE
(23), uznoxxkena B paznene 2.1.

OHpCILGJIGHI/IG KC BCIIMYHNHBI Apea 3aBUCHUT OT TUIIA THAPOABUIATCIIA.

CaMbIMU pacpOCTpaHEHHBIMU TUIPOJBUTATESIMU SIBIISIOTCS 2UOPOMOMOp, B
KOTOPOM BBIXOJHOE 3BEHO COBEPIIAECT BpAIAaTEIbHOE JIBUKEHUE, U SUOPOUUTUHOP -
TUJIPOJBUTATEIb C BO3BPATHO-IIOCTYIIATEIbHBIM IBUKEHUEM BBIXOJIHOTO 3BEHA.
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T'uopomomop - 310 TUIPOJBUraTEIb, B KAUECTBE KOTOPOTO MOXKET OBbITh HC-
M0JIb30BaHa JIt00asi poTopHas ruapomaiivsa [1; 2].

_ék#% G R

Puc. 9. I'mnpomorop.

OO6o3HaveHNe THIPOMOTOPA HA CXEMax W MapaMmeTphl, XapaKTePU3YIOIINEe ero
paboTy, mpuBEIeHHI Ha pucC. 9,

rue: Q1 U P - mapamMeTpsl MOTOKa paboveit )KMIKOCTH Ha BXOJE B THAPOMOTOD;

O, u P, - napaMeTpsl MOTOKa paboUei KUAKOCTH HA BBHIXOJE U3 THAPOMOTOPA;

M - mMomenT conpoTuBieHMs Ha Bally TUIPOMOTOPA, KAK HPABUIIO, HAIIPABIIEH IIPO-
THUB BpAILlCHUS,
N, - gacToTra BpalleHus Baja TuIpoMOTOpa.

[Tpu pacueTe MOKHO UCTIOJIB30BATh CIICTYIOITNE (POPMYITHL:

27M
Apea:ApF:Vn , (24)
I''iur

_9On,,
- VF > (25)

rae: V- paGounii 06beM rHIPOMOTOPA;

nr

O, - pacxos paboueit SKHAKOCTH Yepe3 THIAPOMOTOP;
7, - MexaHMYeCKHH K.M.J. THIPOMOTOpA, BEJINYMHA KOTOPOIro B paboyem jauaria-
30HE CKOPOCTEH M HATPY30K MOXKET ObITh IPUHSTA MOCTOSHHOM;

7, - 0OBEMHBIN K.II.JI. THAPOMOTOPA, KOTOPHIN MPH W3BECTHOM Iepernajie aBie-

aust APp onpenensiercs o gopmyie

M, =1/(1+KOFApF), (26)

roe K, ;- KOOpUIHUEHT 00bEMHBIX MOTEPh B THAPOMOTOPE.

I[JIH r'mapoMOTOPOB C I[OCT&TO‘IHOIZ CTCIICHBIO TOYHOCTH MOKHO CUHUTATh, YTO

Ql - Qz =0.
Tuopouyunundp. CambiM paclpOCTPaHEHHBIM THUIIOM THAPOLMIMHIPA SBJISCT-

CA TUAPOUMIIMHAP ¢ OAHOCTOPOHHUM ILITOKOM, JIBA BAPHAHTA CXEMbI BKIIOUECHUS KO-
TOPOTO MpeACTaBIeHbI Ha pucC. 10.
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> | R

F | + F,
R o R |
1 n A
| L — [N SE— |  —
&R a Gei Gy R 2 g

Puc. 10. T'ugporuiauHap ¢ 0JHOCTOPOHHHUM IIITOKOM.

JIns ruapolriIMHApa, BKIOYEHHOTO MO cxeme Ha puc. 10a, ¢ mocTtaTovyHOM
CTEIMEHbIO0 TOYHOCTH MPU PaACUeTe MOKHO MPHUHSTH:

4F
Apza=Apa=W, (27)
Mu
V _4Q1770[l
= (28)
Jlns cxemsl Ha puc. 100
4F
ApdeApﬂzﬂ_(DZ_d2)n ) (29)
Ml
V _ 4Ql’70[l
n E(Dz_dz). (30)

B pacuere npuHuMaeTcs 00beMHBIN K.I1.J. THApouuInHapa 77, 0= 1, TaK Kak
00BbEMHBIC MMOTEPU B THAPOIMIMHAPAX MPAKTHUYECKA OTCYTCTBYIOT, 2 MEXaHUUYECKHUI

.;; B pabouem nuana3’oHe CKOPOCTEH M HArpy30K MOKHO CUMTaTh MOCTOSHHBIM

(ecnu 7],,;; mo ycnoBHIO 3a1a4u He 3a[aH, TO B pacyeTe IPUHUMAIOT 77, = 1 ).

N3-3a HepaBeHcTBa A(hPEKTUBHBIX TUIOMIAJECH MOPUIHSA C €ro MpaBOd U JIEBOU
CTOPOHBI, PACXOJbl KUJIKOCTH Ha BXOJI€ U HA BBIXOJI€ THAPOLMIUHIPA C OJIHOCTO-

POHHHM IITOKOM pa3iHdHbL 1103TOMy B pacuere pekomermyercs pacxon O, Bbipa-

Katb uepes pacxon O .
st cxembl Ha puc. 10a

Q2:Q1(D2_d2)/D2, (31)

a 11t cxemsl Ha puc. 100

2 2 2
0,=0D*/(D*-&). (32)
B ruaponuiarHapax ¢ JAByXCTOPOHHMM HITOKOM, Korja 3¢ {eKTHBHbIE IIIOMIa-

1 ¢ 00€MX CTOPOH IOPIIHS PaBHBI, PACXOJIbI Ha BXOJIC Q1 U BBIXOJIE Q2 TUJIPOLIU-

n-
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JUHJpA OJIMHAKOBBI.
N3 popmyan (24), (27) u (29) BugHO, 4TO MOTEPHU JABIICHUS Ap., B TUJPOABU-

raTene He 3aBUCAT OT pacxona (), B HEro MOCTYIAIOMIEro, a ONPEICIIIOTCS TOMbKO
BHEILIHEW HArpy3KOM Ha €ro BBIXOJHOM 3BEHE M €ro KOHCTPYKTHMBHBIMM IlapameTpa-
MU.

[ToaToMy B 001IeM ciiydae ypaBHEHHE XapaKTEPUCTHKHU MPOCTOrO TPyOOmpo-
BOJIa, COJEPIKAILEro THMAPOJABUTATENb, B COOTBETCTBUHM C ypaBHEHUEM (22) MOXKHO
pPEACTAaBUTH B BUJIE

Aps = Ap,, + KQ". (33)
B kauecTBe mpumMepa paccMOTpUM TPyOONPOBOA, CXeMa KOTOPOTO IpUBEIEHA
Ha puc. 11, u moay4uM ero xapakTepuCTUKY.

xR

Q @‘P ¢, d, .ﬁ, _jr LIJL bidr
—— u Q[

Puc. 11. Ilpoctoii TpyOONpoBO, coepauuii TUAPOLMIHHIP.

TpyOompoBoag COCTOMT U3 TOCJIENOBATEIBHO COCAMHEHHBIX: (uibTpa D,
npoccens [, rugpounnubapa L u ruApoMHAN, COEIUHAIOIINX ITU JJIEMEHTHI.

3aMeTHM, 4TO €ciM /Il HEKOTOPOro oTpe3ka Tpybomposoaa mmuHa [ Ha cxe-
Me He yKa3aHa, TO IIPU pacueTe MOTepsMU Ha TPEHHE Ha 3TOM Y4acTKe CIeayeT mpe-
HEOpeyb.

Jlnist ynpoieHus IpUHUMAaeM, 9TO PeXUM TEUCHHUS KUIKOCTH B TPyOOIpoBoe
JTaMUHApHBIA, morepu Ha ¢GuibTpe @ 3amaHBl AKBUBAJICHTHOW IJIMHOW B BHIE

lgd) = 300dT , IIOTCPU Ha APOCCLIIC I[ 3aJIaHbl IIOMAABI0 ITPOXOJHOTO CCUCHUA Sap

1 kodddurmentom pacxona Hy, .

Tak kak BC€ AJIEMEHTHI B Tp}/60HpOBOI[€ BKJIIOYCHBI ITOCJICIOBATCIIBHO, TO IIO-
TCPHU IIPU 3TOM CKIIAABIBAIOTCA U TOT' 1A B 06HICM BHUAC IIOJIYYUM:

Aps =Apy, + A, +Ap,, + Apy + AD,,, . (34)
Eciu B popmyny (34) mojacraButh 3HaueHUE APU o dopmyie (27), APy 1o

dbopmyie (21), Ap@p o ¢opmyie (20), a Apmp1 u Apmp2 o gopmyie (18), To mo-
TYIHM:
128V, p 128vi,p P 4F 128vl,p

= + +—5—0"+ +
\Ps ﬂd; ﬂd; 0 2ll'ldp2S()p2 0 ﬁDanu ﬂd; Q" (35)
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[Tockosibky B HallleMm ciydae B KaueCTBE TMJIPOJBUTATENSI UCIOIb3YETCS TU/-

!
porHHAp ¢ oxHocToporHNM mmrokom, To O # Q' | a, cienoBarensro, GyHKIMIO OT
BYX apryMeHToB (35) HEO6XOAMMO MpHBECTH K ogHoMy aprymenty O, mcmomssyst

dopmyny (31). [locne mpeobpazoBaHuii MOTYyUYUM XapaKTEPUCTUKY TPyOOMpoBoa B
CIIEAYIOLIEM BUJIE:

2 2
Ap, = Ap,, + K1+K2—D2 0+K,0" (36)
pp, = AF K:128V(19®+ll)p o _128vp o p
te: P = apr, T T e T g e T s

Tocie BHIMUCIEHHS 3HAYEHH TTOCTOSHHBIX Bemmunn AP i, K, , K, unK,,
BXOJAIINX B ypaBHEHHe (36), Mo m3BecTHRIM 3HauenusmM F |, D | d | 1], > L, L,

dr, Ly, Hop, Sop, V u P, Moxuo, 3amaBasck 4 + 5 snauernamu O | moctpo-

uTh B koopauHatax P — () xapakrepucTHKY maHHOTO TpyGOmpoBoa (cM. prc. 12).

PA

8P,

Puc. 12. Xapakrepuctuka TpyOOnpoBoja, COAEPKAIIEro THAPOABUTATEb.

3ametnm, uTo eciu QyHKIus (36) momydnnack TUHEHHOM, TO XapaKTEPUCTUKY

CTPOMAT IO ABYM 3HAUCHUAM Q , OOHO N3 KOTOPBIX, KaK IIpaBUJIO, Q = 0 .

2.3. XapakTepucTHKAa CJI0KHOI0 TPydonpoBoaa

CnoxHblil TpyOOIIPOBO/I CIEAYyET paccMaTpUBaTh Kak COETMHEHUE HECKOJIbKUX
IPOCThIX TPyOOIpoBoa0OB. Torna 3amaya MOCTPOCHHUS XapPaKTEPUCTHUKU CIOKHOIO
Tpy6OIPOBOIAa CBOAMUTCS K MOCTPOCHHUIO B KoopauHatax P — () xapakrtepuctuk mpo-
CTBIX TPYOOIPOBOJIOB, BXOASIIMX B COCAMHEHHUE, U TMOCIEAYIONIEMY IpapuuecKoOMy
CJIOKEHUIO ATUX XapaKTEPUCTHK.

['padprueckoe ciaoxkeHUs XapaKTEPUCTUK MPOCTHIX TPYOOIMPOBOIOB OCYIIECTB-
JISI€TCS B COOTBETCTBUU CO CIICAYIOIIMMHU CUCTEMaMH YPaBHEHUH, XapaKTepU3yIOII1-
MU JJAaHHOE COEUHEHHUE:
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* JUISl IOCJIeIOBATENIbHOTO coeAuHeHus 1, 2, ..., 1 TpyOONnpoBOI0B

Ql :Qz :"':Qn

Ap, = Ap, + Ap,+.. +Ap, > (37)
* JUTsl TApaJulIesIbHOTO coelMHenus 1, 2, ..., 1 TpyOONpoBOIOB

O, =0, +0,+..40,

Ap =Ap, =...=Ap, (38)

N3 cootnomenunit (37) u (38) ciaemayer, 4TO CIOKEHHE XapaKTEPUCTUK TPyOO-

poBooB B koopanHatax P — 0 mpu ux mocienoBaTeIbHOM COCIUHEHHH IPOUCKO-
IUT TI0 BEPTHUKAIHU (BAOJIb OCH P), a MpU MapajuiebHOM - TI0 TOPU3OHTAIN (BIIOJIb

ocu Q).

Ecnu cnoxHbiil TpyOOIIpoOBO BKIIOYAET B ¢€0s YUaCTKU MapajlIeIbHOTO U TO-
CJIE0BATEIBHOTO COEIMHEHUSI MPOCTHIX TPyOOMPOBOAOB, TO CHadyajia HEOOXOIUMO
MOCTPOUTH CYMMAPHBIE XapaKTEePUCTUKU YYACTKOB C MAapaJIICIbHBIM COEJUHEHHUEM, a
3aTeM OOIIYI0 CYMMAapHYIO XapaKTepUCTHUKY BCEro TpyOONpoBOja MPEIACTABUTH B
BHJIE CYMMBbI XapaKTEPUCTHUK MOCIEA0BATEIbHBIX COCTUHEHUH.

B kagecTBe nmpumMepa paccMOTpUM TPYOOIPOBO/I, IPEACTaBICHHbBIN Ha puc. 13.

Tpy6onposox 1 B T. L paspersnsercs Ha aBa napamienbHbIX TPyOOIpoBoaa 2
u 3, xoTtophble B T. N cHOBa coeuHsI0TCS B 001uii TpyOonposos 4.

Takum 00pa3om, CIOKHBIA TPyOONPOBOJI MOYKHO TPEJICTABUTh B BUIC Tapa-
JICNTBHO-TIOCIICTIOBATEIILHOTO COSMHEHMSI ITPOCTHIX TPyOompoBoaoB 1, 2, 3, 4 co cie-

JyIOIIMMH H3BeCTHIMK Tapamerpamu: L, b L, dy d,, dy L, , W,,, S op -
Kpome Toro, J0/KHBI OBITh 3aaHbl 3HAYEHHMS] MOMEHTA Ha Baiy rugpomoropa M,

ero paGouuii o6seM V' 1 Mexanmueckuit k.11, 77, , a TakKe mapaMeTpsl padoueii

JXuakoctu V u Q.

éiQ/z },

<l]> é’{;d L “ ' A/ 55'10./3
/ 4

3 ~—

Puc. 13. Cxema ciaoxxHOro TpyOOIpoBoIa.

Jlyist ynpolieHust IpuHAUMAaeM, 4TO BO BCeX TPyOOmpoBOax Mpu MaKCUMAaIIbHO
BO3MOKHBIX PacxoJlax PeXKUM TEUEHUs JaMUHAPHBIN.

Brauane nonydaeM xapakTEepUCTUKHU KaXKJOTO U3 IPOCTHIX TPYOOIPOBOIOB.

st py6omnpoBojia 1 cornacHo Beipaxkenusm (18) u (21) umeem:
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128v(l,, + 1)p
B d) . (39)

~— —

K,

Ap,

Jnis Tpy6orpoBoja 2 ¢ yuetoMm Belpaxkenuii (24) u (18) numeem:

2xM 128vi, p
Ap, = + 1
Vittyr — 7d, : (40)

J

Apr I\(fz
Jlns TpyGomnpoBosa 3 ¢ yuetom Beipaxkenus (20) umeeM:
Yo,
2
215,85, : (41)
;_\f_

Ap;,

Jlist TpyOonipoBoia 4 ¢ yuetoM Boipakenus (18) numeem:

_128vip

rd; . (42)
K

Ap,

[Tocnie ompeneneHusi NOCTOSIHHBIX BEJIMYMH Ap,, K,, K,, K s u Ky,

BXOAAIIMX B ypaBHeHUs (39) + (42), cTpOSIT 3TH 3aBUCUMOCTH B KOOpJUHATax P — 0
(cM. puc. 14).

[Tonydyenne cyMMapHOW XapaKTEPUCTUKU HAUYMHAETCS CO CIIOKEHUS XapaKTEPUCTHK
napajiesIbHO BKJIIOUEHHBIX TPYOOMpPOBOAOB 2 U 3 MO TOPU3OHTAIH (BAOJb OCH 0),
3aMEHsIS 3TH XapaKTEPUCTUKUA OJHOM CYMMapHOM XapaKTEPUCTUKOU NapajuleIbHOro

y4dacCTKa. OquI/IJIHO, 4dTO B AMUAITA30HC M3MCHCHUA NABJICHUS OT HYJIA O App CyM-

MapHasi XapaKTEepUCTHKA COBMAJACT C KPUBOH 3, TaK KaK B 3TOM JHana3zoHe adcImcca
XapaKTEepUCTUKHU 2 paBHA HYJIO, a, HAUMHAS C TOUKHU D, y’Ke MOJIy4aeTcsi B pe3yJibTa-
T€ CyMMHUPOBAaHHS COOTBETCTBYIOIIMX abcumcc xapakTepucTuk 2 u 3. Hampuwmep,

!
npu opauHate P T. E moiaydaercs Kak cymMma OTpe3KoB M u M. Takum oGpazom,
3aaBasiCh HECKOJIbBKUMHU 3HAYCHUAMU P, CTPOUM CyYMMAapHYyI0 XapaKTCpPUCTHUKY IIa-

PaICIIBHOTO Y4aCTKa 22;3 .
Tenepb CJIOKHBIN TPY6OHpOBOI[ MOJKHO IMPCACTABUTL COCTOAIIMNM M3 ITOCICIO-

BAaTCJIbHO COCAMHCHHLBIX YYACTKOB C XapaKTCPHUCTHUKAMHU 1, 4 n 22;3 , 1, CJICI0BATCJIb-

HO, JJIsl TIOJYYEHHUs XapaKTePUCTUKH BCErO CIOXHOTO TPyOOIpOBOJa HEOOXOAMMO
CJIOXUTH 3TH XapaKTEPUCTUKHU 10 BEPTUKAIH (BAOIb ocu P).
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45

0

Puc. 14. ITpumep nonyyeHus: XapakKTEPUCTUKH CII0KHOTO TPyOOIpoBOIa.

Tak, wampumep, BbIOpaB HAa OCH aOCIMICC MPOM3BOJILHOE 3HAYEHHUE PACX0]a

! )
0", 1. G, IpUHAJJIeKAIIas CyMMapHON XapaKTEpPUCTUKE, MOJIY4aeTcss CyMMHUpPOBa-
HHUEM OTPE3KOB S, d W ¥, T.e. COOTBETCTBYIOUIMX OpPJMHAT XapakTepuctuk 4, 1 u

22;3. Taxum oGpasoM, 3agaBasick 3HaueHmsMu (| cTposT 06IIYI0 CyMMapHYIO Xa-

pakTepucTuky 2 . [Ipu 3TOM, ¢ HENbI0 HOIyYeHHs! 60Jlee TOYHOTO PE3yIbTaTa, PeKo-
MEHJyeTCsl TIPU HAJIMYUU Ha KaKON-INO0O0 U3 3aBUCUMOCTEH, YYaCTBYIOIINX B CIIOXKE-
HUU, TOYKH TMEepPEeIOMa XapaKTePUCTUKHU, MOJOOHOH T. D, MpOBECTH OAHY U3 BepTUKa-
JIeW yepes 3Ty TOUKY.

Hrak, paccMOTpEeB METOAMKY IMOCTPOCHUSI XapaKTEPUCTUK HACOCHBIX YCTaHO-
BOK Pa3IUYHBIX THIOB M XapaKTEPUCTHK PA3THUYHBIX TPYyOOMPOBOIOB, MEpeiieM K
KOHKPETHBIM MPUMEpPaM BBITIOJIHEHUSI pac4eTHO-TpapuuecKoil paboThI.

3. [IpuMepbl BLINOJTHEHUS] pacuyeTHO-rpaduueckux pador

3.1. PacyeTt ruAponpuBoaa CTPOTrAJIbHOI0 CTAHKA

Ha puc.15 npencraBnena ynpolieHHas cxema THAPONPHUBOJA CTPOTaIbHOIO
CTaHKa.

Hacoc 1 ¢ nepenuBHBIM KJ1ammtanoM 2 00pa3yroT HACOCHYIO YCTaHOBKY, KOTOpast
nojaeT pabovyro KUAKOCTh U3 0aka 3 K TUAPOIMINHAPY 4, 00ECTICUNBAIOIIETO JIBH-
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JKEHHE PeXYIEro HHCTpyMeHnTa. CKOpPOCTh JABMKEHUS TOPILIHS ruapotminnapa ¥y

peryJimpyercs 3a C4eT U3MEHEHUS IPOXOJAHOI0 CEUECHUS PEryJIMpyeMOro ruapoapoc-
celsl 5, a peBepc ABMXKEHUS 00€CIIEUNBAETCS NEPEKIIOUEHUEM THAPOPACTIPEACTIUTENS
6. Jlna ouncTku paboueld KMAKOCTH B CHUCTEMY BKJIIOYEH QUIBTD 7.

J 6

- s e
thir =7 f,d. \?

7

Puc. 15. Cxema rugponpruBoia CTpOraJibHOTO CTaHKa.

Hano: Ycumue pesanus 7 = 8 kH, pasmepsl ruapoumnmunapa - D =50mm,
dm = 30MM; mapaMeTpbl TPyOOIPOBOJIOB - ll =3M, lz = 1,5mMm, 13 = 4m, dT = 10mMm;
SKBHBAJICHTHBIC ITHHBI - GHIbTpa 5y = 200-d; U KaKIOro KaHAIa PacIpeaeiIuTe-
1 byp = 150- dT ; TapaMeTpbl THAPOAPOCCENS - MIIOMIAAb MTPOXOJHOTO CEUCHUS S op
=5 MM” 1 K03 DHIHEEHT pacxoaa Hy, = 0O,7; napamerpsl Hacoca - pabouuili 00beM
V., =10 cm’, wacrora Bpaimenus Baia /1, = 1460 o6/mun, oObemMHbIN K.1LA. 7], =

0,85 mpu P = 7 Mlla, mexannueckuii k.m.a. 77, = 0,9; xapakTepucTika nepeiuB-

Horo knanasa - P.... =5 Mlla npu 0. =0u K, = 0,004 MITa-c/cM’; mapamerpsr

. 2
pabodel KHUIKOCTH - KHHeMaTH4ecKasl BA3KOCTh V = (0,2 ¢cM’/Cc M INIOTHOCTh L =

800 Kkr/m’.
Onpenenaurn: - CKOPOCTb JIBUKEHUS IUITOKA THAPOLMINHAPA;
- MOITHOCTb, MOTPEOIAEMYIO THAPOTPUBOJIOM;
- KO3(PPUIUEHT MOJIE3HOTO EUCTBUS TUAPOIIPUBOAA.
Pemenue
[IepBbIM marom peuieHus SBJISETCS 3aME€Ha MPUHLUMIMAIBHOU CXEMBbI TMIpO-
IIPUBOJIA PKBUBAJIICHTHOM CXEMOM, B KOTOPOM B YCIOBHOM BHJI€ C MCIIOJIb30BAHUEM
JTHO0BIX CUMBOJIOB MPECTABISIOT BCE BUJIBI THIPABIUYECKUX COMPOTUBIICHHM.
Ha puc. 16 npeacrasieH oquH U3 BO3MOXHBIX BapHaHTOB TaKOW SKBUBAJICHT-
HOU CXEMBI, ITIOJIYYEHHOU 110 MPUHIUIUAIBHOU CXEME PACCMATPUBAEMOTO TUAPOIPU-
BoJia (cMm. puc. 15).
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tdHaHpHedHuH¢d P—fsd—@j
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Puc. 16. DxBuBajeHTHas cXxeMa T'HAPONPUBO/A.

N3 skBuBanenTHO# cxeme (puc. 16) BUIHO, 4TO MOTOK paboyelt KUIKOCTH OT

HacocHoU yctaHoBku HY mo tpybGompoBoy l,, momxomur x npoccento 1, a 3atem
4yepe3 OJIMH U3 KaHaJoB pacnpenenurens P u tpybe L rugpouunuuapy L. 13 run-
POIMIIMHIIpA TI0 TaKOH ke TpyOe lz yepe3 ApyroM kanan pacnpenenurens P, TpyOy

L, u dunstp @ cauBaercst B ruapodax.

Takum oOpa3zoMm, cxema TUIPONPHUBOJA MPEACTABISIET COOON psll MOCe0Ba-
TEJIbHO COEAMHEHHBIX 3JIEMEHTOB (THAPABIMYECKUX CONMPOTHUBIEHUN) U 3TO OIpEJie-
JA€T JaJbHEUIINN X0 PEIICHUS:

a) BBIOOp MaciTaba v MOCTPOEHNE XapaKTEePUCTUKN HACOCHON YCTaHOBKH;

0) cocTaBieHHe OOIIET0 YPaBHEHUSI XapaKTePUCTUKU TPYOOIPOBOIa;

B) ompefeneHne Ko3PGUIMEeHTOB ypaBHEHHS U IOCTPOCHHE ITON XapaKTePUCTUKH;
') HaxoXJeHue paboyeil TOYKM THIPOCUCTEMBI U OTBET HA MOCTaBJICHHBIE BOIPO-
CBI.

a) YuuThIBasi TMHEHHOCTh XapaKTEPUCTUK OOBEMHOT0 HACOCA U TEPEIMBHOTO
KJamnana (paszaen 1.2) HaxoauM 1o ABE TOUYKU Ha 3TUX XapaKTEPUCTUKAX.

3
_ _ _ cM
Jns nacoca - nepsas touka A: mpu p=0, 0=0,=Vn, =243 4 :
3
Bropas Touka A" mpu p=1MIla, Q' = QTUOH =207 CM%,
Jns knanana - nepsas touka: npu O, =0 Pi = Pein = SMila .
3
— M
BTOpas TOYKa K: pu 0., =200 4 )

Dy =Dy T KO, =58Mlla

[To HalileHHBIM KOOpPJIMHATAM CTPOMM XapPaKTEPUCTUKHU Hacoca (JIMHUS 1) u
nepenuBHOro kianana (Jimaus 2) (cM. puc. 17), mpoBoaum ux rpaduyeckoe clioxe-
Hue, BBIMONHAS ycioBue (10) u momyyaeM XapaKTEpUCTUKY HACOCHOM YCTaHOBKH
(yiomanas muaust ABC).

0) Ha ocHoBaHMM 3KBUBaJIEHTHOU cxeMmbl (puc. 14) ypaBHEHHE XapaKTepUCTH-
KU TpyOONPOBOJIa MOXKHO MIPEACTABUTH B BUJIE:

_ !/ !/ ! !
Ap = Apmp1 + Apap + App + Apmp2 + Apu + Apmp2 + App + Apmp3 +Ap;, ,
rac HITpI/IX y BCIIMUHNH HOTepB YKaSI)IBaCT Ha TO, 4TO HOTepI/I JABJICHUA B OTUX THUA-

PaBIMYECKUX COTPOTUBIICHUSAX CIEAYET ONMPEACIITh M0 PacXoay pabodeit KUIKOCTH
Ha BBIXOJI€ THAPOUMIMHAPA, KOTOPBIM, KaK YKa3bIBaJOCh B pazneie 2.2, OTIIMYAETCA
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OT pacxojia, MOCTYMAIOIETO B THAPOIIWINHIP. B pacuere mpu 3TOM CleayeT UCIIONb-
30Bath popmyiy (22).
JIJ1st OT1IEeHKH BO3MOJKHOTO PEKMMa TEUEHUS KUIKOCTH B TPyOOIPOBOJIE OTpe-

ACJIIEM YN CIIO Re IO MAKCUMAJIbHO BO3MOXHOMY pPaCX0ay B HEM Qmax = QT

3

4 4.243CM
e QT e /c B = 1547 < Rer
V314 1em-02 M g '

CrnenoBaTenbHO B TPYOONPOBOJIE BO3MOXKEH TOJIBKO JIAMUHAPHBIM PEXKUM Te-
YeHUS KUJIKOCTH U TTO3TOMY YPAaBHEHHE XapaKTEPUCTHKU TPyOOmpoBOja, MO aHAJIO-
UM ¢ ypaBHeHueM (36), mpuMeT BU:

D*-d}
Ap; :Apu"'(Kﬁ'Kz D? . jQ+K3Q2,

rie: qu = 4%1)2

77,,;; 1O yCIOBUIO 3a/1a4U HE 3a/1aH, IO3TOMY npuHuMaeM 77, = 1.

_ 128‘/(11 +1 +13p),0 o 1281/(12 +l9p +1, +13@)p P

4 - By = 4 - By =
7edl,, ’ 7ed ’ 24,

Re

H p ~op
¢) [loacTraBuB NaHHBIE U3 YCIOBUA 3aJaHUS, TTOTYYUM:

. 4.810°H
©314-(50-107 )

4 2 3
128-02-10° 4/ (331511 +150-10-10° 1) -800%/ ,
K = . 2 =390-10°%7/
b B ' M4C

A

Dy = =4.07-10"°ITa =4.07 MIa .

314-(10-107 )’

6
apanornuno K, , TIOITYYUM Kz =586-10 K%/ﬁc

800’<%3
K. = M =32.7-10"* K¢
T 207 (5:10°02) 7o

YpaBHeHUE HENMHEHHOE MO3TOMY IMOCTPOCHHUE XaPAKTEPUCTUKUA MPOBOAUM IO

5 TOYKaM, 3alaBasiCb 3HAYCHHCM Q B IIpcaciiax 0 - QT .
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+ ; A ==
100 G & @ & 0L
Puc. 17. I'paduk, moaydeHHBIN MO pe3yabTaTaM pacyeTa.

Pe3ynbraThl pac4eToB pEKOMEHIYyEeTCsl CBECTH B TaOJIUILy MPOU3BOJILHOMN (op-
Mbl. Hibke mpuBeieH npuMep Takon TaOJIUIIbL.

0 [M7 ] 0 50-10° 100-10° 150-10° 200-10°
C
» [MI1d] 4.07 4.13 4.41 4.86 5.47

[To maHHBIM TaGIUIBI CTPOUTCS XapaKTepUCTUKA TpyOonpoBoja (kpuBas 3 Ha

puc. 17).
2) Ilepeceuenue nuuuit BC u 3 gaet pabouyro TOUKY THAPOCUCTEMBI R ¢ KOOp-

3
munaramu &, =180 CM% up, =52 Mlla,

OTCIOI[EI IIOJIy4acM OTBCTBI HA ITIOCTABJICHHBIC B 3aIaHHUH BOIIPOCHI:

- TaK KakK I1oJa4a HACOCHOM YCTaHOBKH QHy COTJIaCHO AKBUBAJICHTHOM pacycT-

HOM cXeMe IeJIMKOM MOCTYIAET B TUIPOLIMIIMHIP, TO CKOPOCTh ABUKEHUS €ro IITOKA
onpenensercs no Gopmyie (28) (B COOTBETCTBUM C PEKOMEHJALUAMH MPUHUMAEM

00beMHBIH K.ILJ. Tuapouuunapa ,;, =1)

3
. M
- 2 - 2 - . C .
D" 314-(5cm) ’
- MOITHOCTbh, MOTpedsieMas TUAPONPUBOIOM, paBHA MOIIHOCTH, TOTpedIIsie-

MOI HaCOCHOM YCTaHOBKOH, U B JaHHOM cily4ae onpenensercs mo dgopmyie (13) (cm.
pazzaen 1.4), To ecThb
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3

52-10°I1a-243-10°M
N =P _ A —1404Bm .
M 0.9 ’

- JUISL OIPEIENICHUs K.IL.A. TUAPONpUBoAa ’Jr; BHadaie HEOOXOAMMO pacCyu-
TaTh I1OJIE3HYI0 MOIIHOCTb Ha €r0 BBIXOAHOM 3BEHE

N,, =FV =810"H -917-107 %/ =738Bm

TOrga

N T38Bm
T TN, T 1404Bm

68X

3.2. 'maponpuBox NOAHEMHOI0 MEXaHHU3MA.

B ruaponpuBone, ynpoiieHHas cxema KOTOporo npejcTaBieHa Ha puc. 18 pe-
ryaupyeMbiii Hacoc 1 momaet pabouyro KUJIKOCTh U3 THApoOaKa 2 yepe3 apocceib 3
K ABYM THApOMOTOpaM 4 u 5, a oT HUX 4epe3 GunbTp 6 00patHO B ruapodak 2. Bei-
XOJIHbIE BaJibl THIPOMOTOPOB Yepe3 MEXaHUYECKUE PEAYKTOPHI 7 CBS3aHBI CO IIKHU-
BaMU 8, Ha KOTOPBIE HAMATHIBAIOTCS TPOCHI C IMMOABEIICHHBIMH IPY3aMH.

[Jdano: Beca rpy3oB Gl =22xkHmn Gz = 2,1 xH; mapameTpsl Hacoca - MakCH-

. o 3
MaJbHBIH pabounii 00bemM VHmax = 30 cm’, yacrora BpaimieHust Baia 1, = 25 o0/c,

-1 “
KO3 PULIEHT OOBEMHBIX yTEUEK K oy = 0,003 MIla", mexannueckuii k.m.a. 7, =

0,9; mapameTpsl perynstopa nogayu -
by dy
é I.df 3 \‘h.. Zj’. dz

| [ Zd | 7.
_-> | 4 5 Y

Les 0.4 é : Jo )

1l

A @ @

L

Puc. 18. Cxema ruaponpuBoja moaLEMHOTO MEXaHU3MA.

napjeHue Hactpoiiku P, . = 4,85 Mlla, K » = 0,001 m*/MIla-c; pasMepsl THAPO-

JIMHUH - dl =d, = 0,8 cm, 11 =5M, 12 = 13 =8,5Mm, 14 = 3 M; k03¢ urmeHT comnpo-
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TUBJICHUS (PUIBTPA Co = 5: napaMeTphl THIPOAPOCCENS - UIOIIA/b MPOXOIHOIO Ce-
vernst S op = 14 MM, KO3(hdUIHEHT pacxoaa Hy, =0,7; mapameTpsl THAPOMOTOPOB
- pabounii 00BeM V. =32 cm’, mexaunueckuii x.m.a. 77, r = 0,9, xoadpduument
00BbEMHBIX YTEUEK KOF = 0,03 1/Mlla; nepenaTouHOE OTHOILIEHUE MEXaHUYECKOTO
penykropa [ =N, / n,, = 40, muamerp mxusa DD = 0,5 m; mapamerpsl paboueit
KUJIKOCTH - KHHEeMaTH4yeckas Bs3KocTe V = 0,14 CMz/C, mwiotHocTh £ = 900 KI/MC.
[IpunsTh, 4TO B TpyOax ¢ IUAMETPOM d, - PEXUM TEeUeHHs TypOyJICHTHBIN U A=

0,04, a c nuamerpom d, - JTAMUHAPHBIH.
Omnpeneautrb: - CKOPOCTH MOABEMA IPY30B;
- MOILIHOCTb, MOTPEOIISIEMYIO TUIPOIPUBOIOM;
- K03(hPUITUEHT TOJIE3HOTO IEHCTBUSI TUAPOIIPUBOA.
Pemenue
Bo-nepBriX, Kak ¥ B MEPBOM IpUMEPE, COCTABISAEM IKBUBAJICHTHYIO CXEMY.
OMH 13 BO3MOXKHBIX BAPUAHTOB €€ MPEJICTABJIEH Ha puc. 19.

, L Hr1HY¢,
2
AH G Ay

Anlligl?

HY
LY 3 —

Puc. 19. DOxkBuBasieHTHas cxeMa IMAPONPUBOIA TOABEMHOIO MEXAHU3MA.

N3 paccMoTpeHus: pacueTHOM CXEMBbI SICHO, YTO TUJIPONPUBO TOABEMHOTO Me-
XaHU3Ma MPEICTABISET COOOM CIOXHBIM TpyOONmpOBOA C MOCIEI0BATEIbHO-
napajuielIbHbIM COSIMHEHUEM OTJEIbHBIX YYacTKOB (IIPOCTHIX TpyOOnmpoBoaoB) 1, 2,
3 u 4. 13 3toro cnenyer u JadbHENIIUNA X0 PELICHUS 3a/1a4H:

a) BBIOOp MaciTada v MOCTPOCHHUE XapaKTEPUCTHKN HACOCHOU YCTAaHOBKU;

0) cocTaBieHUE YPAaBHEHUN XapaKTEPUCTHUK JIJIsi KaXJOr0 MPOCTOTO TPyOOMpOBO-
71a, BXOJSIIETO B COCIMHECHHE, U OTpeeieHre nX Kod(PHUIIMEeHTOB;

B) TIOCTPOEHUE XaPAKTEPUCTUK MPOCTHIX TPYOOTPOBOIOB U MOTYyUYEHHUE CyMMapHOU
XapaKTEPUCTUKHU BCETO CIOKHOTO TPyOOmIpoBOa;

T') onpejesneHre paboveil TOUKH, BHIMIOTHEHUE TOTIOTHUTEIBHBIX TPaPUISCKUX TO-
CTPOCHUH M aHAJTUTUYECKHX ONEpalvu JJIsl OTBETA HA MOCTABJICHHbBIEC B 3aJlaHUU BO-
MPOCHI.
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a). YUNTbIBasl JIMHEMHOCTh XapaKTEPUCTUK HACOCA U HACOCHOM YCTaHOBKH C
peryisiTopoM pabodero oobeMa Hacoca, MOCTPOCHUE KaXJAOW U3 HUX MPOBOIAUM I10
JIBYM TOYKaM B COOTBETCTBUHM C U3JI0KEHHOU MeTONUKOM (cM. pazaen 1.3).

Lna Hacoca - repBas TOYKa A: pu p=0,

3
— — — 103 M
0=0, =V, n,=075107%/
- BTOpas Touka A’ onpenensiercs 1 MPOU3BOJIbHO BEIOPAHHOTO 3HAUYEHHUS
JABJICHHUSL:

npu p; = 6MHa’
B 3
0} :QTrnaXIZ)H = QTmaX(l—KoHp;) =0.615-10 3M4 )

Coenunsisi Touku A U A' npsAMoii, oJly4aeM XapaKTepUCTUKY Hacoca (JiuHug 1
Ha puc. 20).
s nacocHou ycmano8Ku ¢ pe2yisaimopom

- IepBas ToYKa B - 3TO TOYKa IEepeceueHuss TOPU30HTAIIN, COOTBETCTBYIOIIEH

JIABJIEHUIO HACTpokiKku peryisropa P . = 4,85 Mlla, ¢ xapakTepuCTUKOH Hacoca

9 / -
(uaus 1 Ha puc. 20), mogaya HACOCHOW YCTAaHOBKH IPU 3TOM PaBHA QHy =0,65-10"
3
M /c;
- BTOpasi Touka B'- ee KoopauHaTHI onpeaensoTcs no gopmyne (12), 3Has

'
QHy H IIPOU3BOJIBHO 3a1aBasCh JAaBJICHHUCM Ha BBIXOJAC HACOCA,

3
npu py=525Mlla, O, =0, — Kp(pH — ppmm) =025-10"° Mz.

[IpoBens npsimyro yepes Touku B U B’ 10 nepeceyeHus ¢ OCbI0 OpAMHAT B TOY-
ke C, mojiydyaeM XapaKTepUCTUKY HACOCHOM yCTaHOBKM (jomaHHas juHusi ABC Ha
puc. 20).

0). CocTaBlieHUE YpaBHEHUN XapaKTEPUCTHK MPOCTHIX TPyOONpPOBOAOB (yUacT-
KoB 1, 2, 3 u 4) 6a3zupyercs Ha 3aJJaHHOM YCIIOBUHU: Ha yyacTkax 1 u 4 - pexuM Teye-
HUs TypOyJIEHTHBIH, a Ha y4acTKax 2 u 3 - namuHapHbii. OTcrona:

e s 1-ro yyacTka: Ap, = Apmpl + Apap , ¢ yuetoM (15) u (20), moryuanm

81110 2 IO Q2 — K1Q2 .

Ap =4
NURATE s

+

® JUId 2-r0 y4acTKa: Ap, = 2Apmp2 + Aprl , c yuetoMm (21) u (24), nonyyum

128vl, p 27M

1
+ =K,0+Ap,. .

I''tur

Ap, =2

e 1t 3-TO ydacTKa: Ap; = 2Apmp3 + Apy, 5, c yaetoM (21) u (24), morydum

128vi,p 27M

2
+ = K,0+A

I''tur

Apy =2
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e 7151 4-10 ydacTka: Ap, = Apmp + qu) c yquOM (15) u (19), nomyuum

8/
Ap, = A “"Q Y0P =K, 0

2 d4
B stux ypasuenusix 3uagenne M, u M, (MomentsI Ha Banax rumpoMOTOpOB
4us COOTBCTCTBGHHO), KOTOPBIC IJIA ,Z[aHHOI\/JI 3aJa4u paBHbI

D 1 D 1
Mlz(;l.?.;’ MZZGZ.E.;'

3aMeTuM, 4TO Yy4acTKd 1 ¥ 4 BKJIIOUEHBI MMOCJIEA0BATEIbHO, TOITOMY JIJIsi HUX

MOKHO HaIMcaTh O0Iee ypaBHEHUE Ap1,4 = Ap, + Ap, , IOCTPOUTH XapaKTEPUCTUKY

2
AP1,4 = (K1 +K, )Q , 1 HE TIPOBOJIUTH B JaJIbHEHIIEM UX TPa(UUeCKOro CI0KEHHUS.
Omnpenenenne K03 PUIIMEHTOB MOTYYEHHBIX YPABHEHUH.

27aM FD 314.-22-10°H-05
Apy, ==l 2 - 2 —32-10°ITa =32 MITa.
Vinty,  Vpm i 30-10°22-09-40 ;

AHAJIOTUYHO Aprz =3.05Mlla,

Tak Kak 1Mo ycjaoButo L =1, 1o

2
2-128-0.14-107* M4'8.5M'900K7M3 9
K, =K, = — =213:10°%/
3.14-(08-107 )

(K+K) ﬂ2d4(/11+l +§;>)+ L _

l 21”02pS§p
i 8.900’%43 .(0 Su43u 9()07%43
3142 (081024

04.—_2+5)+ _ =12.7-1012'<77
08-10"m 2-(07-14-10°47) M

[TockonbKy XapaKTepUCTUKH 2 U 3 y4acTKOB JIMHEWHBI, IJI UX MOCTPOCHHUS

3
— — 1073 M
[0cTaTOuHO ABYX Touek, Hampumep, mpu @ =0 u 0=05-10 4 .

JI1 moCcTpoeHUs HETMHEUHON XapaKTEPUCTUKU A171,4 = (D(Q) pEKOMEHyETCA

OIIpCACIINTDL 5-6 TOYCK, 3aaaBasACh IIPOU3BOJbHBIMH 3HAUYCHUAMU Q B MHTCPBAJIC

O_QTmax'

OkoHYaTeNbHBIC PE3YJIBTATHI PACUETOB 3aHOCUM B TaOJIHUILY.
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O v/c] 0 0.2-10° | 03-10° | 0.4-10° | 0.510° | 0.6-10
Ap, [MIla] 3.2 4.27
Ap, [MITa] | 3-05 4.12
vy 0 0.51 1.14 2.03 3.18 4.57
[MIla]

6). Ilo nannbiM Tabmuubl Ha rpaduke (puc. 20) CTPOUM XapaKTEPUCTUKH

Ap, =0(0), Ap, = 9,(0) u A, = 2,(0).

3areM 1o mpaBwiaM rpaduyecKOrO CIOKEHUS XapaKTEPUCTUK MapajuIebHbBIX

yaacTkoB (BIomb oc (), molydaeM CyMMapHYH XapaKTepHCTHKY YIACTKOB 2 U 3

(JlomaHas TUHUS 22,3 ).

Ha crnenmyromem srtame mpoBoauM rpaduyeckoe CyMMHPOBAHUE TMOTYYECHHOM

XapaKTepUCTUKU (JTMHUS 2 2.3 ) C XapaKTEPUCTUKON A]91,4 =@ (Q ) 1o ocu P u B pe-

3yJibTaTe MOJIy4aeM CYMMAapHYIO XapaKTEpPHUCTHUKY BCETO CJIOXHOTO TpyOOIpoBoia
(muHES X).

3aMeTHM, YTO MPU CIOKEHUU MPSAMBIX, JOCTATOYHO MPOBECTU CIIOKEHUE IO
JIBYyM TOYKaM, a TMPH CIOXEHUU KPUBBIX WU MPSIMON ¢ KPUBOW HEOOXoaumo 4 + 5
TOYEK.

2). Ilepeceuenrie NOMy4eHHON XapaKTEPUCTHKHU CI0KHOIO TPyOOIIpoBoia ¢ Xa-
PaKTEpPUCTUKON HACOCHOW YCTAaHOBKH OMpEeNsieT pabo4yyl0 TOUYKY THAPOCHCTEMBI

(Touka R Ha puc. 20) ¢ koopauHatamu P, = 5,25 MIla u QHy =0,37-10° m’/c.

[ToTpebasieMy 0 THIPOMPUBOIOM MOITHOCTH OMPENEITUM IO METOAMKE, U3JIO-
KEHHOU B pazzeine 1.4 nis peryiupyeMoro Hacoca.
JIns1 3TOTO Yepe3 Touky R mpoBoauM npsmyro A "R napamienbHo AB u onpene-

JISIEM BEJIMYHHY pacxojia Or =0,485-10° m’/c. Otcrona, MOJTYYUM:
3
5O, 525-10°Ta-0485-107° )/

N, L € =283-10° Bm
Mo 0.9 '

Jlyist oTBETa Ha BOMPOCHI O CKOPOCTHU MOAbEeMa TPy30B U KOIPUIIMEHTE MOJIe3-
HOTO JICUCTBHS TUIAPOIPUBOIA, HEOOXOAMMO HAWTH YaCTOTY BpaIleHUS Bajia Kaxo-

ro THAPOMOTOpA, T.€. HAWTU 3HAYCHUS PACXOJI0B QZ u Q3 B IIPOCTBIX TPYOOIPOBO-
nax 2 u 3.
[Ipu 3TOM UCXOIAT W3 TOTO, YTO €CIU TpadUUecKu MOCTPOCHA 3aBUCUMOCTH

pP= (0(Q) , TO IIO O,ZIHOﬁ N3 U3BCCTHBIX KOOPAMUHAT JICTKO HAXOAUTCA Apyrasid.
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APa

23

Puc. 20. I'paduk, noayyeHHbII O pe3yibTaTaM pacyeTa.
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OnycTuB BepTHKaIb U3 T. R, COOTBETCTBYIOIIYIO II0/1a4€ HACOCHON YCTaHOBKHU

QHy , HAXOJIMM TOYKY R; mepeceyeHus 3TOM BEPTHKAIN C KPUBOU 22,3 U, CJieJIOBa-

TEJIbHO, ITOTEPIO TABJICHUS Ha MMapajuIeIbHbIX Y4aCTKax Ap2,3 = Apz = Ap3 .
[IpoBenst ropuzoHTAL Yepe3 T. R;, COOTBETCTBYIOUIYIO IOTEPSIM HABJICHUS
Ap2 = Ap3, HAXOJUM TOYKH IIEPECEYCHUS HTOM MPSIMOU C 3aBUCUMOCTIMU

Apz = (Dl(Q ) u Apg = ®, (Q ) (COOTBETCTBEHHO TOYKHU R, U R;). OnycTUB BepTHKA-
JIX U3 TOYEK R, M R;3, HAXOJUM COOTBETCTBEHHO PACXOIbI Q2 = 0,17-10'3 M/c u Q3 =
0,2-10° m'/c.

ITo u3BecTHBIM pacxojam 0O, u0;c Y4ETOM MEePEaTOYHOI0 OTHOIICHUS Me-
XaHUYECKOTO PElyKTOpa U pa3MepoB IIKKUBA OMPEACNISIEeM CKOPOCTH MOAbEMA JICBOTO

V, u npasoro V', rpysos.
M3 kmHeMaTuKu MEeXaHu3Ma InoabEMa
v DY, 1
Ty e melbr T K Ap

TOFI[a, nmoaCTaBUB COOTBCTCTBYIOIHEC 3HAYCHUS, ITIOJTYYHNM:!

-3 3
DO, 3140510171074/

v, = - 3 )=0.19%

Vi(l+ K, Apr,)  32:100 -40.(1+o.03yMHa.3.2M17a

AHAJIOTMYHO V2 = 0-224% .

[Tone3nass MOIIHOCTH, pa3BUBaeMasi TUIPOIPHUBOJIOM, CKIIAJBIBACTCA U3 MOII-
HOCTEH, 3aTPAaYrBACMBIX HA TOJBEM TPY30B

N,. =GV, + GV, =22cH 019" +2.1xH 0224 = 0.888xBm.

6blX
KoaddummenT nonesnoro neicTBrs ruiponpuBoIa paBeH

N, 0838kBm 0314
TN T 083%Bm

6X
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Bapuaunrtsl 3agaHuii

B ycrnoBusix 3aa4 UCIONIb3YIOTCS CIEAYIOLIME YCIOBHBIE 0003HAYEHUS:

Ny - yacToTa BpallleHHs Bajia HacOCa;

Vi - pabounii o6bem Hacoca;

K 1 - k03(bdunreHT 066eMHBIX OTEPh B HACOCE;

N - MEXaHUYECKUM K.I1.J. HAacOCa,

V- pabounit 06beM rHAPOMOTOPA;

Kor - k03 duiieHT 06beMHBIX IOTEPh B TUAPOMOTOPE;
Myvir - MEXaHWYECKUH K.I1.JI. TUIPOMOTOPA;

vy - MeXaHWYECKUHN K.I1.J1. THAPOLUINH/APA;

K, - ko3 uImenT XxapakTepuCTHKH peryisropa Hacoca;

Pp.;, - AaBIEHUE HACTPONKHU PETyisiTOpa HACOCa;

K - xoabdHuenT XapaKTepHCTHKY HEePEIHBHOTO KIATAHa;
Pk i - IaBJICHUE HACTPONKH MEPETUBHOTO KIIalaHa;
[ - paxTHUeckas aIMHA TPYOOIPOBO/IA;

d - nuameTp MPOXOJHOTO ceueHns TPyOOIpPOBOIA;
A - K03 DUIEEHT TOTEPh HA TPEHHE TI0 JITHHE;

Zaqb - JUIMHa TpyOOINpoBOJa, MOTEPU B KOTOPOM 3KBUBAJIEHTHBI MOTEPSIM B
bunbTpe;

13p - IJIMHa TpyOOIIpoBOJa, HOTEPH B KOTOPOM SKBUBAJIEHTHBI IOTEPSIM B pac-
IpEIEIINUTENE;

¢ - k03 PHUIMEHT TOTEPh B MECTHOM COIPOTHBIICHHH;

Hyp - K03 GUIMEHT pacxoaa THAPOIPOCCEIS;

V - KHUHEMaTU4eCcKasl BA3KOCTb padoueil )KUIKOCTH;
P - TUIOTHOCTH paboYeii KUIKOCTH.
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4.1 FI/II[pOHpI/IBOI[ INIAaBHOTO IBUKCHHUS TOKAPHOI'0 CTaHKa
¢, 33
—
> 12 14 5
3 [

M 2

. |4 Y~
0| |G

L
| L -

B runponpusoge Hacoc 1 nogaet pabouyro KUIKOCTh yepe3 GpuibTp 2 u pac-
MPEIEIUTENb 3 K THAPOMOTOPY 4, BBIXOAHOM Bajl KOTOPOTO CBSI3aH CO IIMUHJIECIEM
TOKapHOro cTaHka 5. YacToTa BpalleHHMs INNUHAEIS, Harpy>KeHHOro Momentom M
OT YCWIHS PE3aHMs], PETYIUPYETCS 32 CUET U3MEHEHUS IUIOIIAAN MPOXOJAHOrO ceye-

HUs (Sap ) peryJupyemoro ruapopoccens 6. B ruaponpuBojie UCIONb3YIOTCS TAKKe

peIOXpaHUTEIbHBIN KiIanaH 7 U ruipodax 8.
Onpeneants: 1. YactoTy BpaieHus HINUHENS (Baja THAPOMOTOPA).
2. Mo1HoCcTh, TOTpeOIsIeEMYIO THAPOIPUBOAOM, U €T0 K.IL. 1.
3. MakcuManbHO BO3MOYXHYKO IIpU 3azanHoM Momente M wacrory
BpAIICHUS IIMUHIESA U K.I1.J1. THAPONPHUBO/IA ITPU 3TOM.

HMcxoaHble JaHHBIC JUIS pacyera: VH =20 M, ny; = 1500 06/MuH, Ko =
0.02 1/MIla, 7, =09, V. =40cv’, K, =0.01 1/MIa, 7, =0.9, d =8 mm,

L=3m, L, =25m L=2wm 1 =3m I, =300-d , L5, =200-d , i, =0.65,
V =0.4 cm*/c, P =900 kr/v’.

Bemnanna Momenta M 1 IUTOIIA B TIPOXOXHOTO CEUCHHS THAPOAPOCCENs Sy,

OepyTcst U3 TaOJIHIIBI B COOTBETCTBUU C HOMEPOM BapHaHTA.

Bapuant 1 2 3 4 5

M H-wm 38 40 30 35 25

S, , wve 2.5 2 5 4 3
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4.2 I'maponpuBo/ €TO/1a (PPE3epHOIo CTAHKA

‘, B l,

] b e o
6 %, |9} -

/ _5// jﬁt —> : \ g

| -

=
n

N 2

B ruaponpusone Hacoc 1 nmopaer pabodyro KUAKOCTb Yepe3 THAPOpPACIPEaE-
JUTENs 2 K TUAPOIMIMHAPY 3, IITOK KOTOPOTO CBSA3aH CO CTOJNIOM 4 (pe3epHOro
ctaHka. CKOpOCTh JBUKEHUS CTOJIA PETYJIUPYETCs 33 CYET U3MEHEHHUS IUIOIIAIN MIPO-

XOJIHOTO CEUYEHUS (Sap) peryiaupyemoro rujpoapoccens 5. Cuia Ha IITOKE THAPO-

numuaapa F oGyciioBieHa ycunMeM pe3aHus ¥ BCera HalpaBlieHa IPOTHB JIBHIKE-
Hus crona. B cxeMmy rupponprBoia BKIIOUYEHBI TaKKe MPEIOXPAHUTEIbHBIA KilamaH
6, GuibTp 7 u TUApPOOaK 8.
Onpeneanth: 1. CKOPOCTh ABUKEHHS cTOMA V. (IOPIIHS rHAPOLMIHHAPA).
2. MomHOCTh, TOTPEOIISIEMYIO THIPOTIPUBOJIOM, U €0 K.IL.1.
3. MakcuManbHO BO3MOKHYIO IpM 3aJaHHOU cune [7 ckopocTsh 1BH-
YKEHHUSI CTOJIA U K.I1.JI. TUAPOIIPUBO/JIA [IPU STOM.

HMcxomHple JaHHBIC JUISL pacueTa: VH =30 c™’ , Ny = 960 06/muH, Ko g =
0.025 1/MTIa, M, = 0.9, D =60 mm, d,, =40 mm, 7y =09, d =8 mm, [, =5

M, L =15m L =1m b, =200d , L5, =150-d , i, =0.65, V =0.35
em’/e, £ =900 kr/m’.

Benuuuna ycunusg F' v wiomans MPOXOJHOTO CEYEHUSI TUAPOAPOCCEIS Sap

OepyTcst u3 TabJIMIBI B COOTBETCTBUU C HOMEPOM BapuaHTta. B BapuanTtax 1-5 ruapo-
pacrnpenenuTens 2 Haxoautes B nosuimu A, a B BapuanTtax 6-10 - B mosuuu b .

Bapuant 1 2 3 4 5 6 7 8 9 10

F,xH 10 9 8 7.5 10 9 11 10 7.5 8

Syom | 2 | 3 | 4 | 5 | 45] 3 | 4 [ 45| 5 |65
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4.3 I'maponpuBox mpecca

W

2

\
20
¢

AN
N

2%
) &
5 4

4 4, d. éa_/; 2 | __> 7
f ;/{ 9
‘-%@ L

[pu npeccoBanuu (ruapopacrpenenutens 2 B nosunuu A ) pabouas skuj-
KOCTb OT PEryJMpyeMoro Hacoca | momaercs K IUTyHKEPHOMY THIPOLMIMHADPY 3,
co3JaBas HEOOXOAMMOE yCUIIME npeccoBanus [, a U3 IByX OJMHAKOBBIX THIPOIIH-
JUHIPOB 4 1 5 BRITECHSAEMAS KUIAKOCTh CIIMBAETCA YEpPE3 PETYIUPYEMBII THAPOIPOC-
cenb 6, TIOMIAb MPOXOJHOIO CEYEHUsSI KOTOPOTO OMNPENENAET CKOPOCTh JABHUKECHUS
o0opy0BaHusl TIpecca Mpu npeccoBaHud. s moabema pabodero oO60pyIOBaHUS
Ipecca rUAPOPacIpeeInuTeNb 2 NepeBoAuTCs B nosuiuio b . IIpu 5ToM KHIKOCTh B
TUAPOLMIMHAPHI 4 U 5 MOCTYyNarT Yepe3 oOpaTHBIN KianaH 7, MUHYSI THIPOAPOCCEIb
6.

\\:\
\\

OnpeaeauTb: CKOPOCTh JBUKEHHUS 000pYyIOBaHMs Ipecca (MIyHXKEPOB TUA-
pOLMIUHAPOB 3, 4 U 5) U K.I1.J. THAPONPUBO/IA MTPU MPECCOBAHUH U MOIBEME.

Hcxonnple faHHBIE JUIS pacyeTa: VHmax =100 eM’, 1y = 1500 06/mun, K, %
=0.015 1/MIla, Pp.;, =45 MIla, K, =0.002 »*/(MIla-c), D; =300 mm, D, =

200 MM, d1 = 34 MM, d2 =18 MM, ll =8 M, 12 =4 M, 13 =7 M, COIIPOTUBJICHUE

duiabTpa 1 rumpopachpenemurens 4 = 30, §p = 20, Hy, =065, V=04 cM/e, P

3
= 900 xr/m’, conpoTHBIeHHEM O00paTHOTO KJanaHa 7, 00bEMHBIMU MOTEPSIMHU U CH-
JaMH TPEHUS B TUAPOIMINHAPAX IPeHEeOpeYb.

Bennunna ycunus F' u mnomans MPOXOJHOTO CEYEHUS THUIAPOIAPOCCEIIst Sap

OepyTcst U3 TaOJIMIIBl B COOTBETCTBMU C HOMEPOM BapHaHTA.

Bapuant 1 2 3 4 5

F,xH 170 230 200 250 130

S, , o 0.25 0.4 0.3 0.2 0.15
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4.4 TI'maponpuBoa BeAyILIMX KOJIeC IpHuena

L 5
¢ 3

L, e e 25

(¢ <<ccccc
_E_/I Min )

I'unponacoc 1, cHaOKEeHHBIN MPEOXPAHUTENBHBIM KIIANIAHOM 2, MoAaeT pado-
YyI0 KUIKOCTh K THAPOMOTOpPaM 3 U 4, BBIXOJHBIE Bajbl KOTOPBIX YEPE3 MEXaHUYE-
CKME PEIYKTOPHI 5 C IEPENaTOYHBIM OTHOLIEHHEM I CBS3aHBI C OCSAMH BENYIIHUX KO-
Jlec MpULENa, Ha KOTOPHIX peanusyercss MoMeHT M | HeoOXOomuMBbIA ISl ABHKEHUS
MaluHbl. YacTtoTa BpalleHuss /1 KOJeC PeryJIMpyercs 3a C4eT U3MEHEHUs IUIOIAau

S()p MIPOXOIHOTO ceueHus runpoapoccens 6. [locie coBepiieHus Moae3HON pabOThI

KUIKOCTh IPOXOJIUT Yepe3 PUIbTP 8 U CIUBaeTCA B TUAPOOaK 7.
Omnpeneaunts: 1. YacToTy BpaieHus: # BeIylIMX KOJIEC MPUILIETIA.
2. MomHOCTh, TOTPEOIISIEMYIO TUIPOTIPUBOIOM, U €0 K.IL. 1.
3. MakcuManabHO BO3MOKHYIO TIpH 3aaHHOM MoMeHTe M wyactoty
BpaIICHUS BEAYIIUX KOJIEC U K.IT.J. TUAPOIIPUBOA TIPU ITOM.

Ucxomusle nannble s pacuera: Vy = 30 oM, My = 2400 06/Mun, K, g =
0.02 1/MIla, 7, =09, V. =40cv’, K, =0.015 1/MIIa, 7, =09, i =12, d,
=16mm, d, =8mm, L =L =10m L, =3wm, by, =400-d, , 1, =0.65, vV =
0.4 em*/c, £ =900 kr/v’.

Benmuunna momenta M Ha xaxxa0oM Kojece W IUIOIAIb IIPOXOIHOI'0 CEYECHUS

TUIIPOAPOCCENI Sa oepyTcda n3 TaOJIUIBI B COOTBETCTBUM C HOMEPOM BapHUaHTA.
p

Bapuant 1 2 3 4 5

M  xH-m 0.6 0.5 0.45 0.7 0.65

S, , wnd’ 3 7 6 5 4
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4.5 T'maponpusoa 000pyAOBaHHEM 3KCKABATOPA

E A

-
e

7, X j /
i e _3_,/&/”, C?ﬁ
~ . N

Hacocnas ycraHoBKa, coCTosIIast U3 Hacoca | U nmepesmBHOroO KiamasHa 2, Io-
JaeT KUIAKOCTh uepe3 (UiabTp 3 U TUApopaclpenenuTesb 4 K TUAPOLMWIMHIAPY S
oAbEMa CTPENbl U TUAPOUMIMHAPY 6 CKIaAbIBaHUS CTPEIIbI, IITOKA KOTOPBIX Ipe-

ononeBatoT cooTserctBenHo cuabl £y u £} . Cnus paGoueit xumxocTy B THAPOOAK 7

IIPOUCXOIHUT YEPE3 PETYIUPYEMBIA TUAPOAPOCCEND 8.
Omnpeneaurb: 1. CKOpOCTH ABMKEHUS HOPLIHENW THAPOLMIMHAPOB.
2. MouHocTh, MOTPEOIIEMYIO THAPOIPUBOJIOM, U €TO K.I1.1I.

HcxoaHple JaHHBIE JUISL pacyeTa: VH =60 c™’ , Ny = 1900 06/MuH, K, g =
0.02 1/MIa, 7, =09, Pi, =6 MITa, K. =0.001 (MITa-c)/em’, D) =70 mm,
dyy =50 mm, Dy =30mm, Ay =20 M, gy, = Ty, =09, d =10 My, 1, =0.5

M, by =2 M, 13 =1wm, 14 = 1.5 M, 1 KaXI0T0 KaHajla TUAPOpACHPEACTUTENS -4” P
=0.5, g@ =1, #p, =0.75, v =0.2 cM?/c, unTaTh PEXKUM TEUCHHS B TPYOOIPOBOIaX
TypOyneHTHBIM - A = 0.04, £ =900 Kr/m.

Bemnuuust cunt F; u F, u miomans mpoxXogHOTO CEYeHHS THAPOIPOCCEIIS

Sap OepyTcs U3 TabJIULIBI B COOTBETCTBUM C HOMEPOM BapUaHTA.

Bapuant 1 2 3 4 5
F . xH 15.5 15.5 12 16.5 13
F, xH 2.85 2.6 2.3 2.85 2.5

Sap . MM 10 15 8 20 10
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4.6 I'uaponpuBox aBTONOAbEMHHKA
E
F 2

€ d, ¢.d,
/jz 2 //3

[Ipu noabeme (ruapopacrpenennuTeb 3 HaXOAUTCS B MO3UIUMU A) peryaupye-
MBI Hacoc 1, CHAOKEHHBIN PEryIsATOPOM MOJAUH, TIOJIAeT KUIKOCTh B THAPOIMIHH-
Ipbl 4 ¥ 5, UWITOKH KOTOPBIX MPeooseBatoT coorBerctBenno yemmms £ u F) . Cxo-

POCTh MOABEMA PETYJIUPYETCSA 3a CYET M3MEHEHHUS IUIOLIAIU MPOXOJHOrO CEYEHUs
ruapoapoccens 2. CauB KUAKOCTH B TUIPOOAK 7 TPOUCXOAUT yepe3 GuibTp 6.
Omnpeneautb: 1. CKOpOCTH ABUKEHUS HOPLIHENH TUAPOLIMIIMHAPOB.

2. MouHocTh, TOTpeOasieMyI0 THAPOIPUBOAOM, U €T0 K.IL.1.
Vcxo/iHbIE AaHHBIE JUIS pacyera: VHmax =60 cM’, My = 1200 o6/mun, 7, =
0.9, K,,, =0.017 1/MIla, Pp,_; =10 MIlla, Kp =0.0005 m*/(MITa-c), D = 80 mm,

d, =40 mm, Ty =09, L, =3m, d) =16 mm, [, =6m, dy =8wmm, 5 =10m, [,

=2.5M, 13¢ = 500- dl , JUISl KQKJIOT0 KaHaia pacipeae/IuTels 13 »=300- d1 , Hyp =
0.75, V = 0.4 cm*/c, £ =900 kr/m’.
Bemmuunet cun F; u F, u miomanm IIPOXOTHOTO CEUCHHS THAPOIPOCCEIIS

Sap OepyTcs U3 TabJIULIBI B COOTBETCTBUM C HOMEPOM BapUaHTa.

Bapuant 1 2 3 4 5
F xH 27 33 40 36 35
F, xH 30 29 37 32 30

Sap . MM 10 12 8 9 11
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PeKOMeHI[yeMaﬂ nmocjaeaoBaTe/JIbHOCTD BbIINIOJTHCHUSA PI'P

Ha ocHOBaHMM paccCMOTPEHHBIX MPUMEPOB MOKHO PEKOMEHI0BATH MPUBE/ICH-
HYI0 HIKE IIOCJIEeI0BATEIbHOCTh BBIMOJHEHUS pPacuyeTHO-rpaduyecKkoil padboThI
(PTP).

3aMmeHa 3aJaHHOM CXEMBI TUAPOIIPUBOAA SKBUBAJIEHTHOM (CM. pa3zien 3).

Br16op Macmtaba st BETUYMH, OTKIAIBIBAEMBIX MO OCSIM KOOpAMHAT rpaduka,
U TIOCTPOEHUE XapaKTEPUCTUKHU HACOCHOM YCTaHOBKH (CM. pazzen 1).

CocTraBiieHre ypaBHEHHN XapaKTEPUCTUK JJIsl KAKIOTO TIPOCTOro TPyOOIpoBoaa,
BXOJISIIETO B SKBUBAJICHTHYIO CXEMY U OmpejesieHue ux KodphuuneHToB (cM. pasje-
a1 2.1 u 2.2).

[TocTpoeHne XxapakTepUCTUK MPOCTHIX TPYOOIPOBOIOB U TOTYyYEHHE CyMMAapHOM
XapaKTEPUCTUKHU CI0KHOTO TpyOompoBoaa (cM. pasaen 2.3).

Omnpenenenne paboveil TOUKU TUJIPOCUCTEMBI U PACUET BEJIIMYUH, TPEOYyEMBIX MO
YCJIOBHIO 3a71a4M (CM. pazzen 3).

OcHOBHBIE TPEOOBAHMS K COAEPKAHNIO U 0()OPMIICHHUIO
pacdeTHo-rpadguyeckoi padoThbl.

[ToscHuTenbHas 3anucka K BoinoaHeHHou PI'P nomxkna conepxars:

1. Cxemy ruaponpuBoJia, UCXOIHbBIE JAHHBIE U BOIPOCHI, HA KOTOPBIE He-
00X0/IMMO MOJIYYUTh OTBET IO YCIOBUIO 3a/1aHHUS.

2. DKBUBAJICHTHYIO PACUYETHYIO CXEMY THIPOIPUBOAA.

3. AHaNIMTHYECKYIO YacTh pa0dOThI, BKIOYAIOLIY COCTABICHUE YpaBHEHUN
XapaKTEPUCTHUK MMOTPEOHOr0 HAIOpa BCEX YYACTKOB CIOXKHOTO TPyOOIIpoBOJa U pac-
9eT ux Kod()PUIeHToB.

4. I'padrueckyro 4yacTb pabOThI, BKIIOUYAIONIYIO TpaduK, BHIMOJIHEHHBIA Ha
MUJUTUMETPOBOI Oymare popmara He MeHee A4, 10 KOTOPOMY OINpPEAETSAIOTC HE0O-
XOJIMMBIE JIAaHHBIE JJI1 OTBETA HA TIOCTABJICHHBIE B 33JIaHUN BOIIPOCHI.

5. PacueTsl HEOOXOAUMBIX MO YCIOBUIO 3aJjaHHs ApaMeTPOB, XapaKTepu-
3YIOIMHUX pabOTy THAPOIIPUBOIA.

TutynbHBINA JUCT pabOTHI MOKET MMETh MPOU3BOJBHYIO (HOpMY € 00s3aTelNb-
HBIM yKa3aHueM (paMuiiiu CTyJeHTa ¢ MHUITHATIaMK, HOMepa TPYMIbl ¥ BapuaHTa 3a-
JAHUSL.

I'paduk ¢ mpoBeJCHHBIMU MMOCTPOCHUSIMH MPUIIAraeTcsi K MOSCHUTENBHOMN 3a-
IIUCKE.
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COJAEPKXAHHUE

TpyOomnpoBoj ¢ HacocHOM nojauend. OOIIME MOTOKEHUS
1. [TocTpoeHue xapakTEPUCTUK HACOCHBIX YCTaHOBOK
1.1. O6beMHBII HACOC C MPEAOXPAHUTENIBHBIM KIIATAHOM
1.2. O6beMHBIN HACOC C MEPENUBHBIM KJIATTAHOM
1.3. PerynupyeMblii 00bEMHBII HACOC € PETYJISITOPOM MOJAUH
1.4. MomHoCTh, moTpebsieMasi HACOCHOW YCTaHOBKOM
2. TlocTpoeHue xapakTEpUCTHK TPyOOTpPOBOIOB

2.1. XapaxkTepucTuka mpocToro TpyoomnpoBoia

O 0 3 U n W

12
12

2.2. XapakTepHUCTHKa IPOCTOro TpyOompoBoja ¢ rupoaBuraTenem 15

2.3.  XapakTepHcTHKa CIOXKHOTO TPyOOIpoBoa
3. [Ipumepsl BBIIOJIHEHUS pacYeTHO-IpapuuecKux padot
3.1. PacueT ruaponpuBoia CTpOraJbHOTO CTaHKa
3.2. 'maponpuBO MOIBEMHOIO MEXAHU3MA
4. BapuaHThl 3aJaHUM
4.1. M'maponpuBo/ IIIaBHOTO JIBUKEHUS TOKAPHOTO CTaHKA
4.2. 'maponpuBoa crona ¢ppe3epHOro cTaHka
4.3. 'upponpuBoj mpecca
4.4. I'maponprBO1 BEAYIIUX KOJEC IPULETA
4.5. T'unponpuBo 000pyI0BaHUS HIKCKaBATOPA
4.6. 'uaponpuBo] aBTONOIbEMHUKA
PexomeHtyeMas nocineqoBaTeaIbHOCTD BHITTOJIHEHHUS
pacueTHO-Tpaduieckoi padoThI
OcHOBHBIE TPEOOBAHUS K COEPKAHUIO U OPOPMIICHUIO
pacueTHO-TpadudyecKkor padoThI

Pexomennyemas nureparypa

19
22
22
27
34
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37
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41
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