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1. Beenenue

[lenpto BBITIONIHEHHUS] KOHTPOJIbHO-KypcoBoil pabotel (KKP) o0ydyeHus sBisieTcs
3aKpEIUICHHE TEOPETUYECKUX U MPaKTHYECKUX 3HAHWHM MO Kypcy "['Mapo- u mMHEBMONPUBOIBI'",
MOJy4YEHHBIX CTYJEHTaMH B IIpoliecce JEKIUOHHBIX U JaboparopHbix 3aHsaTuil. Ilpu
BBIMIOJTHEHUH CaMOCTOSITENIbHOM paboThl CTYACHTHI MPUOOPETAIOT HABBIKU NMPOCKTHUPOBAHUS U
pacdera pa3lUYHBIX THIPABIMYECKUX YCTPOHCTB. Ilpu ATOM CTYIOEHTBI 3HAKOMATCA CO
CIIPABOYHOMW JIUTEPATYPOM M CTaHAApTaMHU, B KOTOPBIX COJAEPIKATCS CBEACHUS MO YCTPOMCTBY
TUAPABIMYECKOM anmnapaTypsl, 0 YCIOBHBIM U300paKeHUSIM Ha CXeMaxX U 4epTexax pa3iIMyHbIX
yCTpOWCTBA TUAPONPUBOA U T.N. BhIMoNHEHNE KOHTPOJIBHOM pabOThl 00ECIIeYuBAET CTYACHTY
OoJiee ycrenmHyr padoTy HaJl BBRITYCKHOM KBaTU(UKAITMOHHOMN paboToii OakaiaBpa.

l'unponpuBonbl MammMH — pa3pabaTbiBalOTCS, Kak MPaBWiIO, C  HCIOJIb30BAHUEM
YHU(DUIMPOBAHHBIX M CTAaHAAPTHBIX ammapaToB, Mo3ToMy B xoje BbimonaHeHus KKP, napsany co
3HaHUSAMH IO BBIOOPY 3JEMEHTOB THIPONPHUBOMAA, CTYACHTHI MPUOOpPETAIOT HAaBBIKM pacyera
CWJIOBBIX THJPaBIMYECKUX HACOCOB, IBUTATEIECH W COETUHUTENBHBIX TpyOoompoBoaos. llpu
BoinoiaHeHnn KKP cTyaeHT pomkeH HaxoAuTh Hambojee SKOHOMHUYHBIE KOHCTPYKTHBHBIC
pelieHus.

2. O6wveMm u copepxanue otdera mo KKP

KKP BbImOJIHSETCS 10 WHIWBUAYaJIbHOMY 3a/JaHHIO, OOpa3el] KOTOPOro MPHUBEICH B
npuiiokeHuu 1. Pesynbrar paboThl cTyneHTaMu oQpopMIIsieTcs B BUE PacyeTHO-MOSICHUTEIbHON
3alUCKH, TMpUYEeM JJid TMOATOTOBKM U OQOpPMIIEHHS PEKOMEHAYETCS HCIOJIb30BaTh
COOTBETCTBYIOIIME  MPOTPaMMHBIE CpPEACTBA MEPCOHAIBHOTO  KoMmmbloTepa. Hammuue
rpaduueckoil YacTH yCTaHABIMBAETCS MPETOAaBaTEIEM.

PacuetHo-mIOsICHUTENBHAS 3alMCKa BBIMIOJHACTCS Ha JuUcTax Oymarum (opmarta A4, c
JIEBOW CTPAHUIIbI OCTABIISAIOTCA MOJIS MUPUHON 25 MM, ocTaibHbIE MoJd — 110 20 Mm. CTpaHUIbI
JOJIKHBI OBITH TPOHYMepoBaHbl. KoHTposibHAs paboTa 10JIKHA HAYMHATHCS C TUTYJIBHOTO JIUCTA,
oOpaser KOTOpOro MPUBEACH B MPWIOKEHUU 2. 3a TUTYJIBHBIM JIMCTOM MOMEIIAeTCs 3a/laHue Ha
KOHTPOJIbHYIO pa0OTy CO BCEMH MCXOJHBIMU TaHHBIMH 33/1aHHOTO BapHUaHTA.

B texcte KKP npuBoasTcs HEOOXOIUMBIE CXEMBI U UYEPTEIKH, TOSCHSIONINE PACUCTHBIN
matepuan. CCbUIKM B TEKCTE€ 3allMCKH Ha MCIOJIb30BaHHYIO JHUTEpaTypy 0003HAYaroTCs
MOPSAIKOBBIM HOMEPOM MCTOYHMKA B CIIUCKE MCIOJIb30BaHHON JIUTEPATYPhI, 3aKIIOUYUTEIbHBIM B
KBaJpaTHBIE CKOOKHU, Harpumep [2].

Kpome tutynbHoro nucra u 3aganus KKP nomkHa BKIIOYaTh ClIEIYIONIUE pa3aeibl:

1) BBeacHME;

2) NpUHIUIHAIBHYIO CXEMY TMIPABINUYECKON CUCTEMBbI, BBIITOJIHEHHYIO B COOTBETCTBHUH C
tpeboBanusmu ECKJI;

3) onucaHue MO cXeMe MOpsiiKa paboThl arperaToB rUAPABINYECKON CHCTEMBI;

4) pacueT OCHOBHBIX MMapaMETPOB arperaToB rupONpPHUBO/IA;

5) pacueTt TpyOOTpOBOIOB;

6) pacdeT rUApOIBUTATEINS;

7) moaOop OCHOBHBIX arperaToB rUAPONPUBOIA IO YIeOHOHN M CIIPAaBOYHOM JIMTEpaType.

Pacuernbie (hopmyIbl, IPUBOAMMBIE B KOHTPOJIBHON paboTe, TOIKHBI COMPOBOXKAATHCA
O0OBSICHEHHMEM BCEX OYKBEHHBIX 0O0O3HAUCHHH C YyKa3aHHEM pa3MEPHOCTEH IOJCTAaBISIEMBIX
BenuuuH. [Ipu 3ToM B popmyibl 0043aTeNIbHO TOACTABISIIOTCS UCXOAHbIE JaHHBIE U TPUBOJSATCS
HEOOXOUMBIE BBIUMCICHUSI, COMPOBOXKIAEMbIE MOSICHEHUSIMU. DOpMysbl, TaOIHIIBI, CXEMBI,
YepTEekKH JTOJKHBI OBITH TPOHYMEPOBAHBI.

B konme 3ammcku momeniaercss OuOaMorpadUyYEcKUil CMHCOK HMCIOJb30BAaHHON B
MPOIIECCE BBHIMOTHEHUSI KOHTPOJIBHOU paboThI InTepaTypsl, BeimoHeHHBIH 1o [[OCT 7.1-2003.
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CryneHT HOKeH MOoAmUcaTh 3aJaHhe Ha KOHTPOJbHYIO pabOTy M THUTYJBHBIN JIHCT
paboThI Mepe caauel MpernoaaBaTesio U yKa3aTh JaTy OKOHYaHUS BBIOJIHEHUS PaOOTHI.

3. O0mue yka3anus 1o BeimosiHeHUIo oTuéra o CPC u KP3
3.1. BBenenune

Bo BBeneHunm HEoOXOOUMO OTPa3UTh JOCTOMHCTBA THAPABIMYECKHX IPHUBOJIOB U HUX
NpEeUMYILeCTBa IO CpPaBHEHUIO C JAPYrUMH THUIAMH [PUBOJOB — MEXaHHYECKHUMHU,
INEKTPOMEXAHUYECKUMHU U THEBMATHYECKUMHU.

[IpuHuunuaneHas cxeMa TUAPONPUBOAA B COOTBETCTBUU C 3aJaHUMEM IMPHUBOJIUTCS B
KOHTPOJIbHOU paboTe B BHUJE OTAEIBHOTO PHCYHKa B MacuiTade, ynoOHOM i €€ MOHUMaHUS.
BrruepunBanme 3J€MEHTOB CXEMbl TIPOU3BOAMUTCS B cOOTBeTCTBUU ¢ TpeboBanusiMu ECKJ]l Ha
yCIIOBHBIE 0003HAYECHHUS TPUHIIUITHAIBHBIX THAPABINYECKUX CXEM.

Onucanue MPUHIMIIHAIBHON CXEeMbl HAUWHAETCS O TOTO, YTO U300paKEHO HA PUCYHKE B
CTaTHYECKOM COCTOSIHUU. 3aTeM NMPOU3BOAMUTCS OMMCAHUE CXEMbI B paboueM coctosHuu. [lpu
9TOM  paccMaTpUBAIOTCA  pa3lMYHbIE  TMOJIOKEHUS  PaACHpPENeIUTEIbHOTO0  YCTpOMCTBa.
[TocnenoBarenbHO OMUCHIBa€TCA paboTa BCEX YCTPOMCTB B MOJIOKEHHHM, HM300paKEHHOM Ha
cXeme, a 3aTeM — IpU peBepcupoBaHuM pacnpeaenutens. [locne 3Toro onucsiBaeTCs MOBEACHNE
CUCTEMBI IPU MEPErpy3Ke.

3.2. Beibop paboueii )KUIKOCTH

PaGouas )KUAKOCTH CIYKUT JJIsl IEpeAadu SHEPTUU OT TUAPOHACOCA K THAPOJABUTaTEINIO,
JUISL CMa3KM MEXaHU3MOB U JIeTajell THIpaBINnYeCcKUX YCTPOMCTB, a TaKkXKe JUIsl OTBOJA TEIia OT
UCTOYHUKOB ero BbaeneHus. K palouell XKUAKOCTU MPEABABIAIOTCA Pl TpeOOBaHUU,
CBOJAIIUXCS, B OCHOBHOM, K MaJlOMy H3MEHEHHMIO €€ (U3MKO-MEXaHMYECKUX CBOWCTB B
mpolecce JSKCIulyaTauuud ruaponpuBofa. OCHOBHBIMM M3 JTHX TpeOOBaHUM SBISIOTCA
CleyIolue:

1) xopormre cMa3bIBaOIINE CBOWCTBA TPYIIUXCS TOBEPXHOCTEH;

2) Manioe U3MEHEHHUE BSI3KOCTU paboueil KUIKOCTH B HIMPOKOM JUaNa3oHe W3MEHEHUS
pabounx Temmneparyp U J1aBICHHII;

3) cooTBeTCTBHE BSI3KOCTH pabodeil KHUAKOCTM TMOcajkaM M 3a30paM  BHYTpHU
TUAPOArperaToB 4ToObl U30eKaTh YPe3MEPHON YTEUKU KUJIKOCTH MPHU OYEHb MaJloW BS3KOCTU
WM YpEe3MEPHBIX MOTEPh HA TPEHUE MPU CIUIIKOM OO0JbIIO0N €€ BA3KOCTH;

4) HEUTPaTBLHOCTh PadOYEH KUIKOCTH TIO OTHOIICHHWIO K MaTepuajaM THIpOarperatrosn,
VIJIOTHEHUSAM, MOKPBITUSAM U IIPOYMM 3JIEMEHTaM TUApONpPUBO/IA;

5) paboyast )KHJIKOCTh JOJDKHA OBITH O€30TacHa Kak B MOYKapHOM OTHOIICHHWH, TaK M JJIs
00CITyKMBAIOIIETO MePCOHaa;

6) comeprkaHue 3arpsiI3HCHUI B )KHJIKOCTH, OCOOEHHO a0pa3WBHBIX YACTHII, IOJDKHO OBITh
MHUHUMAaJbHBIM.

B kauectBe paboumx KHUIKOCTEH THAPABINYECKHMX CHUCTEM B OCHOBHOM HCIIOJIBb3YIOTCS
MUHEpaJbHBIC Macja, MojJy4aeMmble B pe3yibTaTe mnepepadotku HedTu. Hambonee mmupoko B
MAaIIMHOCTPOUTENIBHBIX THAPONPUBOAAX NPUMEHSIOTCS Macia uHAayctpuasibHeie 1o ['OCT
20799-88 mapok 12, 20, 30.

[Ipn skcmmyatanuu TUAPONPHUBOJA HEOOXOAMMO MPEIyCMOTPETh OYUCTKY Macia oOT
MOCTYMAIOIIUX 3arpA3HEHUH U MPOIYKTOB U3HOCA THPOArperaTos.

3.3. Beibop pabounx naBiaeHUH
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JlaBneHue paboueil KUAKOCTH B ruaponpuBoje 10 5 MIla HazpiBaeTcs HU3KHUM, OT 5 110
10 MIla — cpeanum, ot 10 1o 30 MIla — BeicokuM u BeItie 30 MIla — cBepxBbicokuM. JlaBineHue
B TUIPONPHUBOJE ONpEeNeNsieTcs Harpy3Koil Ha BBIXOAHOM 3JEMEHT TUIPOJBUTATENS U
TUAPABINYECKUMH COMPOTUBICHUSIMH, CYIIECTBYIOIIMMHU B TpyOONpPOBOAax M Truipoanmaparax.
Pabouee naBneHue 3aBUCUT OT COOTHOIICHUM MEXAY 3TUMHU BEJIMUNHAMHU.

[Ipu Gonee BBICOKUX BBIOPAHHBIX PaOOYUX NABIEHUSIX KOHCTPYKIIMHM THUIPABINYECKUX
MaIlIMH MOJy4aloTcst 0ojiee KOMIIAKTHBIMU, Macca MX MEHBIIE 32 CYET YMEHbBIIECHUS Pa3MepoB.
OpHako TpPHUMEHEHHE TMOBBIIMIEHHOTO padodero NaBi€HUs B TUAPONPUBOJEC OCIOXKHSAETCS
TPYAHOCTSIMHU, CBSI3aHHBIMH € 3(()EKTHUBHOCTHIO YIUIOTHEHUH, C KOHCTPYKIIMEHW KIIalaHOB, C
HEO0OXOUMOCTbIO NPUHHMMATh BO BHHMMAaHHE YNPYrocTh paboueil kuaxoctu u np. Crnemyer
UMETh BBHIY, 4YTO OOBEMHBIH HAacoC MOXET paboTaThb B IMpeAeaax OT HaWMEHBUIETO 0
HauooJIbIIero paboyero JaBieHUs, JOMyCKAeMOro ero KOHCTPYKITHEH.

B ruaponpuBogax CTPOUTENBbHO-IOPOXXKHBIX W MOJBEMHO-TPAHCIIOPTHBIX MAalIUH
pa3IMYHOTO Ha3HAYEHUS MPUMEHSIOTCS naBieHud 10 32 MIla u B HeKoTOpbIX cinydasx — 10 S0
MlIla. B runpponpuBogax METATIIOPEKYIIUX CTAHKOB M Ky3HEUHO-TIPECCOBOTO O00OpPYIOBaHUS B
OOJIBIIMHCTBE CITy4aeB MPUMEHSIIOTCS HU3KHUE U CPEIHUE NaBJICHUS M YACTUYHO — BBICOKHE.

3.4. OcHOBHEIE 3aKOHBI IBUKCHHUS YKUIKOCTH.
[Ipy pa3nuuHBIX THUIPABIMYECKUX pacueTax OO0JbIIOE 3HAYCHHE HMEET IPaBUIILHOE

OTIpENIeJICHUE PEeXUMa TEUYCHHUS JKUAKOCTH B THAPABIMYECKOM arperare. Pexkum TedeHus
YKUJIKOCTH OTpeIeTIsieTCs 1Mo unuciy (kputeputo) PeitHombaca:

_vd 40
Re =-—= , (1)
1% zrdv
rIe L, Q — CpeIHsisl CKOPOCTh, M/C, M pacXoJ] padode KUIKOCTH, M /c;

d - BHYTPEHHUI TuameTp TpyOoomnpoBoja, M;
V — KMHEMaTHYecKas BA3KOCTh KUIKOCTH, M /c.

[Ipu umcne PeifHonmbaca MeHbIIE KPHTHYECKOTO, TO ecTh mpu Re <Rer pexXUM
TEUEHUS KUJKOCTU OyZeT JIAMUHAPHBIM, TPU Re >Re xp — TYPOYJIEHTHBIM. 32 KDUTHYECKOE

3HaYeHHE uncia PeliHombaca st KpYIJIbIX TIAIKUX TPYO MPUHUMAIOT Re xp =2300.

Jljis IpaBUIJIBHOTO OMpe/eNieHHs MOTepb, HAPUMEp, JaBJieHUsI, 1o yuciay PeliHonbaca u

OTHOCUTEJIbHOW  IIEPOXOBATOCTH AO BHYTPEHHUX CTEHOK TPYOBl OIpeaenseT 30HYy

COIPOTUBJICHUS:
A, =~ (2)

rie A — aOcoiroTHas IIEPOXOBAaTOCTh CTEHOK TpyOompoBoxa. Ilpu pacuerax ruaporpuBoia
UCTIONB3YIOT ypaBHEeHUE bepHysuin, ypaBHEHUE HEpPa3pbIBHOCTH MOTOKA YKUAKOCTH M (POPMYIIBI
JUI OIpeNeNIeHUs] TMOTeph Hamopa M JAaBICHHMS MO JUIMHE TPyOONpoBOJa M B MECTHBIX
COIPOTUBIICHUSX.

4. Pacuer ruiponMiInHApa
4.1. O01ue MoyIoKEeHUs

CunoBble  TUAPOLWIMHIAPBI  SIBISIFOTCS  TMAPOJBMIaTeNIIMH,  OCYLIECTBIISIOIIUMU
IPSIMOJIMHENHOE BO3BPATHO-IIOCTYNATEIbHOE JBUKEHHE BBIXOJHOIO 3BeHa (1TOKa). CHiloBBIE
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TUAPOLMIMHAPEL  MOAPA3NEISAIOTCS HAa  THAPOUMIUHAPHI  OJAHOCTOPOHHETO  JeMCTBUS,
JBYXCTOPOHHETO NEHCTBUS U AuddepeHnunanbable THAPOUUIUHAPEL. OCHOBHBIMU pPabOuYUMU
3JIEMEHTaMHU Ka)I0ro CHJIOBOTO THAPOIMIMHIpPA SBISETCS IUTOK C MOPIIHEM (TUTyHXXEpPOM) U
muHIp. OOUH U3 HUX KPEmUTCs K OOBEKTY HEMOIBUKHO, a BTOPOIl COBEpPIIAET BO3BPATHO-
MOCTYIATEILHOE JBIKEHUE TOJ JaBJICHUEM pabouel >KUIKOCTH, NEUCTBYIONICH HAa TOPIIECHBb
(TUTYH>KEp), WITH TI0J] ICUCTBUEM BHEITHEH HATPY3KH.

[Ipy  mpoeKkTUpOBaHMM  CWJIOBBIX  THUAPOLMIMHIPOB  MPOBOAATCA  CIEAYIOIIHE
KOHCTPYKTUBHBIE PEILICHUS U paCUEThI:

1) BBIOMpaETCs WM 3a4a€TCs THI THAPOIMIMHIIPA, X0/ IITOKA, CITIOCO0 €ro KperIeHus;

2) ompexaensieTcs WX 3aJaeTcsl BHELIHSS Harpyska, JeicTByIomas BAOJIb OCH Ha IITOK
TUAPOLMIUHAPA;

3) ompenensieTcs UM 3a7aeTcs BeTMYMHA paboydero JaBleHUs B THAPOLMIUHAPE;

4) ompenensroTCs CHIbI, TOTPEeOHBbIE IS MPEOJOJICHUS BHEIIHEH Harpy3kd B 000MX
CTOPOHAX JIBM)KEHHUS LITOKA,

5) ompenensieTcs TOTPeOHBIC IUIOMIAAXM TMOPIIHEH TIO HAWJACHHBIM BEIMYMHAM
noTpeOHOM CUIIBI U paboYero AaBICHUS;

6) ompenenseTcs [uaMeTp MTOKA U TOJIIMHA CTEHKU HUINH]IPA;

7) BBIOMpAETCS THUI YIUIOTHEHHWH TOPIIHS U IITOKA;

8) Mo yciOBHUAM KOMIIOHOBKHU OINpPEAENSETCS MaKCUMalbHO JOIMYyCTUMbIE rabapuTHBIC
pa3Mepsbl THIPOLUIUHAPA;

9) mo 3amaHHOW CKOPOCTH TEpPEeMEIIECHUs INTOKA OIpeaessieTcss pacxojq pabdoueit
KUJKOCTH;

10) paspabaThiBatoTCsi pabourMe YEepTEKW TUIAPOMMIMHIApA (NP HAIUYWWA B 3aJaHUHN
COOTBETCTBYIOIIETO TPEOOBAHUS);

11) mpow3BOAUTCA TMPOBEPOUYHBIM  PacuéT THAPONWIMHAPA HA NPOYHOCTh U
YCTOMYMBOCTH MOCTIE MPUBEICHHS pa3MEPOB K CTaHJAPTHBIM pa3Mepam.

4.2. Bp16op Tumna THAPOIMINHIPA

Beibop Tuma ruUapOmMIIMHApPA TPOW3BOIUTCA B 3aBUCUMOCTH OT TpeOOBaHUH,
MPEAbSIBISIEMBIX K pabOTe HCIOTHUTEIBHBIX YCTPOWCTB TEXHOJIOTHYECKONW MaiuHbl. Ecmum
MOPIIEHb THAPOIMINHAPA MOXET OBITh BO3BPAICH B MCXOIHOE IOJIOKEHHUE IO ACHCTBHEM
NPYXUHBI WU TIOJ JCHCTBUEM CHWJIBl TSKECTH, TO TPHUMEHSET CHJIOBBIC THAPOUMIUHIPHI
OJHOCTOPOHHETO JEHUCTBUA.

[Tpu HEOOXOIMMOCTH HAIEKHOTO BBIMOTHEHUS UCTIOJHUTEIBLHBIM YCTPOHUCTBOM pabOunx
JIBIDKCHUM KaK TPHU BBJIBMKCHUM IITOKA, TaK HM TPH €ro BTIATHUBAHUU TPUMECHSIECT
TUAPOLUUIUHIPHI IBYXCTOPOHHETO IEUCTBUS C OJTHOCTOPOHHUM WJIH ABYXCTOPOHHUM IIITOKOM.

JnuHa xoma L nopiHs  (IITOKA) THAPOUMIUHApPA OIpeaenseTcs HeoOX0oauMoin
BEJIMUMHON JTMHEHHOTO WM YTJIOBOTO MEepeMelleHuss pabouero oprana MallfHbl, MPUBOANMOTO
B JIBIDKEHHE CHJIOBBIM ruaponmidHapoM. OOBYHO [iIMHA Xoja Oepercs B Tpenenax

L =(4—-6)D u B HekoTOpHIX clydasx MoxeT 66Tk 1 6onbure, nocturas 20D (D — muamerp
TTOPIITHS ).

4.3. PacueT nuameTpa MOPIIHS W BEJIMYUHBI pab0Yero TaBJICHH

Ycunue, neicTByoIIee Ha MTOK THAPOIMIMHIPA, U BEIMYWHA pabOdero JaBJICHHS B €TO
MOPIITHEBOM MOJIOCTH CBSI3aHBI YPAaBHEHUEM:

F=Ppr=Sy,, 3)
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7D ,
e S :—4 — IUIOMIAAb TTIOPIIHS, M ;
1, — wmexanndeckui KII/[ rugpormnuHapa, y4UTHIBAIOIIMI IMOTEpU HA TPEHHE B

VIUIOTHEHUAX MOpIIHA M ImToka. Bennmumna mexanmdeckoro KIIJ[ Haxomurcss B mpenenax

n,=0,85 ... 0,95.
N3 ypaBuenus (3) MOXHO HalTH pabodee JaBJICHUE WM TUIONIAAb TOPIITHS:
F
Pp=— @)
p nH S
F
S = o . (5)
r
JlmaMeTp OpIIHS BBIYUCISETCS 10 (hopMmyIie:
F
P = —
p : (6)
n oS

Junamerp mrToka npuHumaercs paBHbM (0,3 ... 0,7) D u 3atem npoBepsieTcst U3 yCIOBHIA
MPOYHOCTH IITOKA HA MPOIOJIBHBINA U3THO.

B HEKOTOPBIX Cllydasix ObIBACT HEOOXOAMMO 3Hath yeriue L'y, , pasBuBacMoe mopmHeM
IIPU BTSTUBAHUU MITOKA B HWIMHJP. DTO YCUIIHE ONPEENSIETCS MO BHIPAKEHUIO:

Fem :%(Dz_dz)Pan' (7)

Pacxon >kuakocTH, mojgaBaeMbplii B MOPIIHEBYIO TMOJOCTh THAPOIMIMHAPA, U CKOPOCTh
JBIDKECHUS TIOPITHS THAPOIMIIMHAPA CBI3aHbI COOTHOIIICHUEM

O=v,S. (8)

dakTUYECKHI pacxo/1 )KUJIKOCTH, TTOTABAEMBIA B TUIPOLMIUHIP, OyAeT:

Op =, ©)
o6
W
0 :qu o6 >
rne 1,; — oobemubiii KIIJI, yuurbBatommii yreuku paboueil >KMAKOCTH B 3a30pax B

MOJIBIDKHBIX COEAMHCHUSAX TUAPOIMIMHIpPA TMOPIIHA M InTOoKa. Benmmumna oOobemuoro KIT/]
TUAPOUUIIMHIpA HAXOAUTCs B mipeaenax 77,, = 0,98 ... 0,99.
CKOpoOCTh MOPITHS, MPU TOJAY€ KUIAKOCTH B TIOPITHEBYIO MOJIOCTh, PaBHA
_9_40
S D
[Tpu monaye paboueit KUAKOCTH B MITOKOBYIO MOJOCTh TUAPOIMIMHIPA, CKOPOCTh U,y

(10)

HopILHS OyneT paBHa

Q

Zm. (11)

wm

4.4. PacyeT ruApONMJIMHAPA HA TPOYHOCTh
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CunoBble THAPOUMINHAPHI IPU paboTe MOABEPratoTCs IEHCTBUIO BHYTPEHHETO AaBIICHUS
paboyeil KUAKOCTU M BHEIIHEH Harpy3ku. Ha mpoyHOCTh AOKHBI paCCUUTHIBATHCS BCE JIETAIH
U AJIEMEHTHI CHJIOBOTO TUAPOLUMINHAPA — HUJIUHAPHI (TUIB3bI), KPBIIKH, OPIIHU, IITOKH, Y3JIbI
KpEIUIeHUS M Tp. DJIEeMEHThl THAPOCUCTEMBbl PACCUMTHIBAIOTCS HA TaK HA3bIBA€MOE YCIOBHOE

nasienne b, y » KOTOpOE npesbimaeT pabouee Ha 20-30% :
P,=(12...13)P,. (12)

DTO JenaeTcsl O MENbI0 CO3/MaHus OOJIbIIeH TapaHTHUH OT THIPABIMYECKUX YAApOB, TOITYKOB U
T.10.

[TpuOIMIKEHHO, TOJIIMHA CTEHKH O » UWIMH]PA ONpeensercs no Gpopmyie:

P,D
5, =", (13)
2600n
rne O,y,, — [IOIyCTUMOE€ HaNpsKEHUE, I YIIEPOAUCTOM KOHCTPYKUMOHHOM CTallu
NPUHUMAETCS PaBHBIM O, =(400...500)10° ITa.
HapyxHblit tuametp uuiauHapa OyeT paBeH
D,=D+ ZGy (14)

Benuuunbl, nonydennsie o Gopmymnam (13) u (14), okpyrisiroTcst B OOJBIIIYIO CTOPOHY
JI0 HOPMaJIM30BaHHBIX 3HaueHUU. CHIIOBBIE TUAPOLMIIMHIPBI, UMEIOIINE 3HAYUTEIBHBIN X0
mrroka ( L >10d ), MOIDKHBI TAKKE PacCUUTHIBATHCS Ha TPOIOJIBHYIO YCTONYMBOCTb.

5. Pacuer TpyOonpoBoa0oB

Pacuer TpyOompoBOoma TPOBOJUTCS C IENBIO ONPEACTICHHS €ro TeOMETPHYECKHX
pa3MepoB M TOTeph AaBlieHHs. VICXOMHBIMH NaHHBIMH U pacyera TpyOOIpoBOAa SIBISIOTCS
NaBiieHUe pabouel >KHUIKOCTH, €€ PacXo]l, CKOPOCTh TEYEHUS, a TaKKe KOJIMYECTBO MECTHBIX
conpotuBiieHuid. [Ipu pacuere TpyOONpPOBOJOB OOJIBIIOE 3HAYCHHE MMEET MPABUIIBLHBINA BHIOOD
CKOPOCTH TEUCHHsS JKUAKOCTH. B ciydasx MaibIX CKOPOCTEH JKHIKOCTH YBEIWIHBAIOTCS
pa3Mephl, BeC M1 CTOUMOCTh TPYOOIIPOBOJIa U BCEi CMOHTHPOBAHHOW HAa HEM THUAPOAIIIAPATYPHI.
Haob6opoT, GonbIme CKOPOCTH KUIKOCTUA MPUBOIAT K YMEHBIICHHIO Pa3MEpOB TPYOOIPOBOA,
HO OJIHOBPEMEHHO W K OOJIbIIMM 3aTpaTaM SHEPrHH, YTO MOXKET MOBECTH K 3HAYUTEIHLHOMY
HarpeBy paboueil xuakoctu. Ha mpakTtuke ObuIM HaleHBI HanOOJee YIOBICTBOPUTEIILHBIC
CKOpPOCTH T€UCHHS paboUeH KUAKOCTH, KOTOPHIE PaBHBI:

— BO BcachIBaroieM Tpyoonposoae Uy =0,5 ... 1,5 m/c;
— B ciuBHOM Tpybomposoae U, =1 ... 2 M/c;
— B HammopHOM Tpydonposoae U, =3 ... 5 M/c.

[Tpu sToM OGombiime 3HaueHus U, OepyTcs JUIS THIPOCUCTEM C OOJBIIUM JaBICHHEM

paboueii xuakoctu (10 MIla u BbIIIE).
[To BEIOpaHHO¥ WM 3aJaHHOW COOTBETCTBYIOIICH CKOPOCTH OMPEIEISIIOTCS BHYTPECHHUE
JTUaMETPbl COOTBETCTBYIOIIUX TPYOOIPOBOIOB:

BCAaCKIBAIOIIIETO d 6c— L13 | — ) (15)

HaIlOPHOTO d,=113 [— (16)



0
CJIUBHOTO d. =113 U—Qb (17)

Cll

[TonyuenHsle npu pacyere 3HAUYEHUS TUAMETPOB OKPYIJIIETCA, KaK MPaBUio, B OOJIBIIYIO
CTOPOHY 110 OMKalIIero CTaHJapTHOTO 3HAYCHHUS.
Tonmuza cTeHKn O TpyOONPOBOIA MPOBEPSETCA U3 YCIOBHS MPOYHOCTH 10 GopMyIIe:

Pdk

oc=——

e P — makcumanbHoe naBnenue B Tpy6e, Ila;
d - BHYTPCHHHU THaMETp TPYOBL, M;
k - k02 unrenT O6ezonacHocTy (3amaca);

O, — AoIlycKaeMoe HanpshKeHUe Ha pacTskeHue marepuana Tpyosi, [1a.

IIpu pacuere moOTEepsr JnaBiIeHUS B TPyOONpPOBOJAX HCIOJB3YETCSl ypaBHEHHE,
YUYUTBIBAIOIIEE, YTO CyMMAapHbI€ MOTEPU pPaBHbI CyMME IMOTEph HAMoOpa Ha TPEHHE IO JUINHE

2 , hnz[ni U MIOTE€Pb HANIOPA B MECTHBIX CONPOTUBIICHUIX 2 hnMi :

AP, =y hy =7 hyyi + D hoi, (19

rmue Y — ynoenbHbIN Bec pabode KUIKOCTH, H/M3;
Y =P8 (20)
O - IIOTHOCTB KUAKOCTH, KI/M " ;
g — ycKopeHue cBoGoHoro mageHus, 9,81 m/c? .
Jlnst ompeesieHus] TOTeph JaBJICHUS HEOOXOAUMO 3HATh PEXKHM TCUCHHS JKUIAKOCTH U

30HY comnpoTuBieHui. [lotepu Hamopa Ha TpeHue 1O JUIMHE B COOTBETCTBYIOLIEM TPYOOIPOBO/IE
omnpenensercs no Gopmyine Japcu-Beiicbaxa:

oni — M T A (21)
d2g
[Torepu Hamopa B MECTHBIX CONPOTHBIICHHUX ONpenesioTes no popmyne Belicbaxa:
2
V.
i = 65—, (22)
2g

rae U; — cpemnsis CKOPOCTh TCUCHHS JKUIKOCTH, M/C;
[ i d ; — AJIUHA ¥ BHYTPEHHUHN AHaMeTp TpyOOmpoBoa, M;

ﬂﬁ — K03 PUIIUEHT COMPOTUBIICHUS TPEHUS, 3aBUCAIININ OT PEKUMA TCUCHUS KUIKOCTH

M OTHOCHTeNbHOH mepoxoBatoct Ac Tpybonposona. Ilpu ompeneneHMH OTHOCHUTENBHOI
HIEPOXOBATOCTH BEIIMYMHY a0COIOTHOM IIEPOXOBATOCTH MOXHO MPHUHATH JJIS CTAIBHBIX TPYO
A=0,03 ... 0,05 mm, myst TpyO u3 1iBeTHBIX MeTaiumioB A =0,002 ... 0,01 mm;

& ; — KO3(pUIMEHT MECTHOTO COMPOTHBIICHUS, 3aBUCIIIUNA OT pPEKUMA TEUCHUS
KUJKOCTH U BUA MECTHOTO COMIPOTUBIICHHSI.

CymMapHbIe TIOTEPH JABJICHHSI ISl COOTBETCTBYIOMIETO TPYOOIIPOBOIA BEIYHCISIOTCS TI0
dbopmyme:



10

2
. [
S =G XD @)

Jnst onpenenenus: Ko3(G(UIIMEHTa CONMPOTUBICHUS TPEHUS A 1o dopmyne (1) Haxoaum
gucino PeifHompaca, 1O KOTOPOMY YCTAQHAaBIMBAEM DEXKHM TEUCHHS OJKHUIKOCTH U
COOTBETCTBYIOIIYIO 30HY CONPOTHBICHHWH B TpybOompoBoge. Ilpm mamuHapHOM TedYeHUH

KUIKOCTH KOd(PuImeHt A OTIpeIeTISIETCS TI0 IMITUPHUIECKO GpopMyIie:

64
A=—
Ro 24)
Wi 1o ¢popmyie
75
A=—-
Re (25)

@opmyna (25) yuuThHIBaeT OXJIAXACHHUE CIOEB JKUIKOCTH, NPUIIETAIONUX K CTEHKaM
TpyOOIpOBOAa, ¥ TMOATOMY SBJISIETCS Oosee mpeanoututensHoi. [lpu TypOyneHTHOM pexume
TEUEHUS KUAKOCTH YUUTHIBAIOTCS CIIEIYIOLINE 3aBUCUMOCTH.

1. 30Ha THAPABIMYECKH IJIAAKMX TPYO, KOTJa BENMYMHA BBHICTYNOB A I1€poX0oBaToCTH

TpyO MEHbIIIE TONIIMHBI JAMUHAPHOH TJIEHKH o nn » OTIPEICTIIEMOM 110 YPaBHEHHUIO

5 _.30d y
niu Re \/Z . ( )
20d
Ipu stom Re xp < Re <T 1 ko3 purpeHt A omnpeaensercs no popmyie:

03164

4{/@ ; (27)

d d
2. [lepexoanas 30Ha (HEe MOJHOCTHIO LIEPOXOBATHIE TPYOBI), KOT 1A 20X <Re < SOOZ,

A

ko3 duuuent A ompexnenserca 1o Gpopmyre:

A 68
)05

A=011(=+— 28
C* Re (28)

d
3.30Ha THApPABIMYECKH IIEpPOXOBATHIX Tpyd, Korma Re€ ZSOOX, K03 punmeHt

A orpenensercs 1no Gopmyie

A= 1 : (29)
(L14+21g%)?
’ A
i 1o popmyiie, 6JIM3KON K MPEIBITYIICH:
A
A=0,l 1(;)0’25. (30)

6. [TonGop arperaToB ruaponpruBoOIA

OCHOBHBIMH TIApaMETpPaMH, IO KOTOPHIM OCYIIECTBIISIETCS TOAOOp THIPOArperaTos,
SIBJISIFOTCS JaBJIeHUE (Harmop) u pacxo (1mogava) sKUIKOCTH.
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6.1. ITonGop ruaponacoca

[Ipu BBIOOpE Hacoca, Kpome [aBJICHHS U pacxoja, MPUHHUMAIOT BO BHUMAaHHE psA
TpeOoBaHUl, Takue, HampuMmep, Kak HaAAEKHOCTh B OJKCIUTyaTallud, YAOOCTBO MOHTaxa,
obcmyxkuBaHus, 3atpathl sHeprun, KI1/ u psa npyrux.

JlaBrieHue, pa3BUBaEMOE HACOCOM, OIpeenseTcs o Gpopmyie

P, =P, +y>.h, . 31)
rae Pp — pabodee aBiieHre, OTIPEICsIEMOe BhIpaKeHUEM (4);

Zhn — CyMMapHbl€ NOTE€pPH, paBHbIE CyMME IMOTEpb BO BCACBIBAIOIEM, HAlOPHOM U

Dy =D e ¥ D+ D Ry, (32)
Teopernyeckast mogavya Hacoca ompeneseTcs mo Gopmysie

_ 9%

CIIMBHOM TpyOOIIPOBOIAX:

Urs
rjae Qri) — (hakTHYECKas moAaya, onpenensercs mo popmye (9);
n,; — oobemusii KIIJI Hacoca, 3aBucsmMii OT TUIA HAcoca W BHIOMpPAEMBIA IO
CIIPABOYHBIM JAHHBIM.
MomHoCTh, ToTpedisieMast HacoCoM, OTpeAesIeTcs mo Gopmyse
7 = T (xkBr) (34)
1000 ’
rie P , — JaBJieHue Hacoca, [1a;
0, — nonava Hacoca, Mm>/c.
[TonHas motpebisiemast MOIIIHOCTh HAacOCOM OyzieT paBHA
N
_ 17
Nag - (35)
n

rae 1] — nonmeiit KIT/I Hacoca, onpeaessieTcs mo CIpaBOYHbIM JaHHBIM B 3aBUCHMOCTH OT THIIA

Y MOJIEJI Hacoca.
[Io 5TUM paHHBIM, OKpYIJIEHHBIM B OOJIBIIYIO CTOPOHY, MOAOHpAeTCs TUIIOpa3Mep
HAacoCa, U OIPENEIIACTCA €ro MOaHas TEXHUYECKasl XapaKTePUCTHKA.

6.2. BeiOop ruapopacnpeaeauTes

I'uapopacnpeenuTeny OCYIIECTBISAIOT Mojady pabodeil JKUAKOCTH MOJ JIaBJICHHUEM B
OJTHY U3 MOJIOCTEH THAPOLMINHIPA U OHOBPEMEHHO OTBOJI €€ U3 MPOTUBOIOJIOKHOM MMOJIOCTH B
pe3epByap. Haumbonbliee pacmpocTpaHeHHE TOJTYYWIM 30JIOTHUKOBBIE —pacIpelesIuTeNy,
OCHOBHBIM TIPEHMYILECTBOM KOTOPBIX SIBJISIETCSI MPOCTOTA YIPaBJIECHUS, BHICOKUN OOBEMHBIN
KII/I, a Taxke ypaBHOBEIICHHOCTh 30JI0THHKA B PaJMAIIbHOM U B OCEBOM HaIlpaBJICHUH.

I'uapopacnpenenureny noaAOUpalOTCs 1O HaubOosblieMy paboueMy [AaBICHHUIO U
HOMUHAIBHOMY pacxoay. [lis monbopa ruppopacrpenenTeNis IaBlIeHHE BBIYUCIIETCS IO
dopmyne (31), a pacxon — o dpopmyie (9).

[Torepu naBieHust B TUAPOpACHpEACTHUTENEC ONPEACNIIOTCS M3 €ro TEeXHHYECKOU
xapakTepucTUKi. C LEeNbl0 CHIDKEHUS MacChl MHOTJA JOIMYCKAIOT YBEIWYCHHE Pacxoja uepes
THIIpOpacIpenenuTens, Ho He 6onee yeM Ha 40% OTHOCHUTENIBHO YKa3aHHOT'O B €r0 TEXHHYECKOM
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XapaKTepUCTHKE HaubobIlero pacxonaa. B aTom cityuae notepu naBieHust OyayT YBEIHUNBATHCS
U OTIPENIETISATHCS 110 TPUOIMKEHHOH hopmyie:
_ Qd) 2
APF4P4_APH(Q ) ’ (36)
H

rme O, u AP, — COOTBETCTBEHHO pacxXoj W TOTEPU JABICHHS MPU HOMHHAILHOM PEXKHME,

YKa3aHHOM B TEXHUYECKON XapaKTEPUCTUKE THIPOPACTIPEICITUTEIS.
Ecom Benmmumua moteph, ompenencHHas mo (opmyne (36), okaxeTcs 3HAYUTEIIBHOM,
HEOOXOIMMO M3MEHUTh BEITMUYNHBI HOMUHAIBHOTO JABIICHUS M pacxoja pabouei KUIKOCTH.

6.3. Be100p npeioXpaHuTeIbHOTO KiIarmaHa

[IpenoxpaHuTenbHbI KiamaH oOecleyrBaeT 3allUTy TUAPONPUBOAA OT IMEPETrPy30K.
[IpenoxpaHuTenbHbIil KianaH MOAOUpAaeTCd MO MAaKCUMalbHBIM 3HAY€HUSIM JaBJICHHUIO U
pacxona pabodeit xuakocty. J[aBieHre HACTPOWKU MPEAOXPAHUTEIBHOTO KJIallaHa BBIOMPACTCS
TakuM, 4TOObI OHO ObLIO Oonbiie Ha 20 ... 40% pabouero maBneHus B ruaponpuoze. llpu
HCIIOJIb30BAaHUHU MPEIOXPAHUTENIFHOTO KJIallaHa B Ka4eCTBE MEPETUBHOTO, JaBICHUE HACTPOMKU
kiarana ooecrnieunBaetcs Ha 10 ... 15% OGombIie pabodero n1aBieHuUs.

6.4. Beibop ¢unsTpa

Tun ¢unbTpa BeIOUpaeTcs mo TpedyeMoit TOHKOCTH (priIbTpanuu padodeid >KUIKOCTH, 110
ee pacxony u napineHuto. HamOosbias [0NroBedyHOCTh pabOThl arperaToB THIPOIPHBOJIA
obecreunBaeTcsl IpH YCTaHOBKE (PHIIBTPOB ¢ TOHKOCTHIO unbTparuu 0,01 MM u Menee. OgHaKo
Takue QUIBTPHI UMEIOT MATYIO MTPOITYCKHYIO CIIOCOOHOCTb.

Haubonpiee pacnpocTpaHeHHe MONYYWIM IUIACTHHYATBIE W CeTYaThle (UIBTPHI C
ToHKOCThIO umbTparuu 0,06 ... 0,15 mM. OOBIYHO 3TH QUIBTPHI YCTAHABIMBAIOTCS B CIIMBHOM
MarucTpaid, M uepe3 (QUIbBTp NPOXOAUT BeCh pacxoj] >KUAKocTH. Ha Bxome B pesepByap
YCTaHABJIMBACTCS 3IMBHON (UIBTP, oOecreuuBammuii TOHKOCTh ¢unbTparuu 0,1 ... 0,2 mwm.
ToHKOCTh (DUIABTpALIUKM PEKOMEHIYEeTCS TEXHUYECKMMHU XapaKTepUCTHKaMH HacocoB. Pacxon
KUJIKOCTH dYepe3 GuibTp ompenensercs mo ypaBHeHHIO (9). DuiabTpbl TOHKOW OYHCTKH
(toukocth ¢unbTparuu MeHee 0,01 MM) ycTaHaBIMBAIOTCA B OTBETBICHHHM HANOPHOTO
TpyOompoBoa, uepe3 Koropoe mnpoxoautr He Ooixee 10 ..20% oOmero pacxona paboueit
*uakoctd. Ha BXoze B THIpOHAcCOC YCTaHABIMBAIOT CETYATHIM (GUIbTp rpyOoil OYMCTKU C
OOJIBIITION MPOITYCKHOM CIIOCOOHOCTBIO.

6.5. PezepByap st pabodeit sKUIKOCTH

EmkocTth pesepByapa s paboueil JKUIKOCTH ONpEAeNseTcs W3 YCJIOBHUSA, YTOOBI
o0ecreynTh MOMEUICHHE JO0CTAaTOYHOI0 KOJMYEeCTBAa paboyeil »KHUIAKOCTU JUIsl 3all0JIHEHUS BCEX
00BEMOB THAPOArPETaToB, a TaK)Xe HM3MEHEHHE O00BEMOB B Tpoliecce pabOThl M BCIEICTBUE
TemmneparypHoro pacmupenus. OObeM pesepByapa [OJDKEH O0ECHeUuTh JOCTATOUYHYIO
TEIUIO0TIauy OKpYKarolllel cpesie, YTOObl TeMIlepaTypa Macia B THAPOIPUBO/IE HE MOBBIIIANACH
Bhitie 50—60°C. [ToaToMy 00BIYHO B THAPOIPHUBOIAX 00BEM PE3ePBYapOB BHIOMPACTCS] PaBHBIM
2-3-TpeXMHUHYTHOW TPOU3BOAMTEIHPHOCTH HAcOCa WM PACCUUTHIBAIOT 00BEM pe3epByapa Io
Pa3IUYHBIM SMIIMPUYECKUM (hopMyliaM, MPUBOJAUMBIM B JuTepaType. s ymeHbiieHus oobema
pe3epByap MOXET OCHAIIAThCs OXJIAXAAIOIMIUM yCTpoHcTBOM. PesepByap 3amomnHseTcst padboueit
KUIKOCThIO He Oonee yem Ha 80-85% reoMerpmyeckoro oObeMa C IEJIbI0 KOMITCHCAIUH
TEIIOBOTO PAaCUIMPEHUS KHUIKOCTH.
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7. bubnuorpaduueckuii CIUCOK PEKOMEHIyeMOM JTUTEPATypPhI

1. AprembeBa T.B. T'mapaBnuka, THApOMAIIMHBI W THAPOITHEBMONPHUBOI: Yy4eO.
nocobue / T.B. Apremnena [u ap.]; mox pea. C.I1. Crecuna. — M.: Akagemus, 2008. — 336 c. (16
9K3.)

2. bormanosuu JI.b. I'mapaBinyeckue npuBoasl. — Kues: Buma mkona, 1980. — 231 c.
(19 2x3.)

3. Bacumpuenko B.A. T'mapaBmmueckoe o0OopygoBaHHME MOOWJIBHBIX — MAIIUH:
CnpaBounuk. — M: Mammunoctpoenue, 1983. — 301 c. (34 7k3.)

4. Teitep B.I'., lymun B.C., 3aps A.H. 'mapaBnuka u rupornpuBo: yued. mocoodue. —
M.: Henpa, 1991. — 331 c. (8 2k3.)

5. T'mapaBnuka u 00beMHBIN THAPONPHUBOA: Yuel. mocodue mis By30B / iBanoB B.U.,
Happorkwuii B.K., Cazanos U.U., Tpudonor O.H. — M.: MTTVY "Crankun", 2003. — 154 c. (10
9K3.)

6. T'mapaBnuka, rugpoMamvHbl U ruaponpuBo: yueonuk / T.M. bamra, C.C. Pynnes,
b.b. Hekpacos u nip. — M.: Mammunoctpoenue, 1982. — 423 c. (12 7k3.)

7. Toitno M.E. IIpoektupoBanre 00BEMHBIX THAPOIPUBOIOB. — M.: MammHoCcTpoeHue,
2009. - 304 c. (15 2k3.)

8. Hunozemuer A.H., Tpymun H.H. I'mapasnuka. OCHOBBI TPOEKTUPOBAHUS U pacyeTa
00BbEMHOT0 THPABINYECKOTO IpuBoa: yueb. mocodue. — M.: Uzn-Bo Tynl'Y, 2009. — 224 c. (45
9K3.)

9. Komans II.B. T'mapaBnuka W THUAPONPHUBOJ TOPHBIX MallWH: Y4YeOHUK. — M.:
Mammunoctpoenue, 1979. — 319 c. (33 7x3.)

10. Kopuunio B.B., Cunumukuii B.M. I'maponpuBon B Ky3HEYHO-IITAMIOBOYHOM
obopynoBanuu / B.B. Kopuunos, B.M. Cununkuii. — M.: Mammunoctpoenue, 2002. — 224 c. (9
9K3.)

11. Jlenemkun A.B., Muxaiinua A.A. ['mapaBivdeckue ¥ MHEBMAaTUYECKUE CHUCTEMBI:
y4eOHUK 17151 cpe. pod. oopazoBanus. — M.: Akagemus, 2007. — 336 c. (10 7k3.)

12. Hukutua O.®., Xomun K.M. OObemHBIC THIpPABIUYECKHE M ITHEBMATHYECKHE
npuBoAbL: Yueb. mocobue. — M.: Mammuoctpoenue, 1981. — 269 c. (8 3x3.)

13. Tlonkomsua A.A., IluckynoB O.M., Jlemun K.B. Pa3zpabotka oOmeMHOTO
TUAPONPUBOJA OCTYNATEIBHOTO AeHCTBUS: Y4el.-MeToA. T0coOHe MO BBHIMOTHEHUIO KYPCOBBIX
pabor. — Tyma: U3n-Bo TynI'Y, 2003. — 58 c. (5 7k3.)

14. Tlogxkom3un A.A., IluckynoB O.M., Komaner P.A. I'mapaBnuka, ruipomMaiivHbl,
00beMHBIN THAPONPUBOA: YueOHoe nocodue. — Tyna: 3a-so Tynl'V, 2011. — 148 c. (5 2k3.)

15. CBeminukoB  B.K.  Cranounsie  ruaponpuBoabl:  CnpaBounuk. —  M.:
Mammunoctpoenue, 2004. — 512 c. (15 3x3.)

16. CrpaBouHO€ MOCOOWE TO THAPABIWKE, THIPOMAIIMHAM W THapornpuBoaam / .M.
Bunshep, A.T. KoBanes, b.b. Hekpacos u np.; I[lox pen. b.b. Hekpacosa. — Munck: Beici. mik.,
1985. — 382 c. (35 3K3.)

17. Cxuptnamze A.I'., UBanoB B.M., Baper B.H. ['mapaBiuyeckue u mHeBMaTHYECKHUE
cucTeMsbl: yueb. mocobue 11 By30B — M.: MI'TVY "Crankun", 2003. — 544 ¢.(7 7k3.)

18. Tpudonos O.H., Usanos B.U., Tpudononsa I'.O. [IpuBoasl aBTOMAaTU3UPOBAHHOTO
obopynoBanusi: yuaed. mocoobue. — M.: Mammuuoctpoenue, 1991. — 336 c. (10 7k3.)

19. IOmxura B.B. OcHOBBI pacueTta OOBEMHOTO THUIAPONPHUBOJA: y4ed. mocodue. —
Munck: Beicm. mik., 1982. — 93 c. (143 3k3.)

[lpumedanue: B CKOOKax MPUBEACHO KOJIHMYECTBO SK3EMIUISIPOB H3AaHUs B (hoHIaX
HayyHoU oubmuorexku Tynl'Y.
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[Tpunoxenue 1
O6pa3ern 6ianka 3aganus Ha KKP

®denepalibHOE TOCYAapCTBEHHOE OI0)KETHOE 00pa30BaTEIbHOE YUPEKIACHUE
BBICIIIETO OOpa30BaHUS
"TynbCKHIl TOCYTaPCTBEHHBIN YHUBEPCUTET"
[TonmuTeXHUYECKUIT HTHCTUTYT
Kadenpa "TexHonorus MammHOCTpOCHUS "

Hucuumnnuna "['uapo- 1 THeBMONPUBO b

3AJIAHUE
Ha CaMOCTOATENIbHYIO (KOHTPOJIBHO-KYPCOBYIO) padoTy

"Pacuer 06beMHOTO THAPOIIPUBOIA TIOCTYIATEIIBHOTO (BpaIaTEIbHOTO) TBHKCHUS "

BapuanTt

CTyIeHTy Tpynibl

(MHIEKC TPYIIIHI) (bamuus, *HUTIAAIIB )
WcxonHbie JaHHBIC AJIs pacyera:

1) Tum ruApOHacoca —
2) THII THIPOIABUTATEIS —
3) Harpy3ka (MOITHOCTh) Ha paboueM opraHe -
4) ckopocTh paboyvero opraHa —
5) rHA HAIOPHOTO TPYOONPOBOAQ, M —
6) uTHA CIIMBHOTO TPYyOOIpOBOIa, M —
7) THII THAPOPACTIPEICTUTEIS —
8) crioco0 yrpaBieHus THAPOPACTIPEICTUTEIICM —

ConeprkaHue oTyeTa:

1) mpuHIMIIHATBHAS CXEMa THAPOCHUCTEMBI;

2) onMcaHue Mo CXeMe MOPsaIKa padOThI arperaToB TUAPOCUCTEMBI;
3) pacueT OCHOBHBIX ITAPAMETPOB arperaToB THAPOCHCTEMBI;

4) pacyeT TpyOOIIPOBOJIOB;

5) pacueTt TUAPOIUIUHIPA;

6) Mo00P OCHOBHBIX arperaToB TUAPOCUCTEMBI,

7) 6ubnmorpaguIecKuii CIIUCOK.

3amanue BRIIAT:

(moamMch PyKOBOIUTETIS ) (®.1.0. pykoBoauTes)

3agaHue MOTyYnII:

(mommuck crynenra, nata)  (®.M.O. ctynenra)
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[Tpunoxenue 2
OO6pa3zelr TUTYJIBHOTO JIUCTA

MUWHOBPHAYKU PO
®denepalibHOE TOCYAaPCTBEHHOE OI0)KETHOE 00pa30BaTEIbHOE YUPEKICHUE
BBICIIIETO OOpa30BaHUS
"TynbCKHIl TOCYIaPCTBEHHBIN YHUBEPCUTET"
[TonuTeXHUYECKUIT HTHCTUTYT

Kadenpa "Texnonorus MammHOCTpOSHUS"

HucuumnnuHa: "I'mapo- 1 mHEBMONIPUBOIbI"

KoHTposibHO-KypcoBas pabota
"Pacuer 06beMHOTO THAPOIIPUBOIA TIOCTYIATEIIBHOTO (BpaaTEIbHOTO) TBIKCHUS "

BbInomHUI CTyIEHT rpyIIbI

[IpoBepun npenogaBaTesnb

Tyma 20
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[Tpunoxenue 3
Oopa3zen opopmiieHHs1 0TUETA IO CAMOCTOSATEILHOM PadoTe UM KOHTPOJLHOH padoThl

MUWHOBPHAYKU PO
®denepalibHOE TOCYAapCTBEHHOE OI0P)KETHOE 00pa30BaTEIbHOE YUPEKICHUE
BBICIIIETO OOpa30BaHUS
"TynbCKHIl TOCYIAPCTBEHHBIN YHUBEPCUTET"
[TonuTeXHUYECKUI HTHCTUTYT

Kadenpa "TexHonorus MammHOCTpOSHUS"

Hucuunnuna: I'napo- 1 THEBMOIPUBOIbI

KoHTposbHO-KypcoBas pabota

"Pacuer 06beMHOTO THAPOIIPUBOIA TIOCTYNATEIHHOTO IBMKCHUS "

BbINOTHWI CTYyEHT TPYIIBI XXXXXX

[IpoBepun npenogaBaTennb

Tyma20
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MunuctepcTBo oOpazoBanus U Hayku PO
®denepalibHOE TOCYAIaPCTBEHHOE OI0PKETHOE 00pa30BaTEIbHOE YUPEKIACHUE
BBICIIIETO OOpa30BaHUS
"TynbCKHIl TOCYAaPCTBEHHBIN YHUBEPCUTET"
[TonuTeXHUYECKUI HTHCTUTYT
Kadenpa "Texnonorus MammHOCTpOCHUS"
Hucuunnuna "I'uapo- 1 THeBMONPUBOIbI"
3AJJAHUE
Ha CaMOCTOSITEJIbHYIO (KOHTPOJIBHYIO) paboTy
"Pacuer 06beMHOTO THAPOIIPUBOIA TIOCTYNATEIHHOTO IBMKCHUS "

Bapuant

CTyIeHTy Tpynibl

(MHIEKC TPYIIIHI) (bamumus, THUTIAAIIB )
HcxonHbie JaHHBIC JIs pacyeTa:

1) Tum ruApoHacoca — IIACTUHYATHIN

2) THII THIPOABHUTATEIS — THAPOIMINHIIP C ABYXCTOPOHHUM IITOKOM

3) Harpy3ka (MOIITHOCTh) Ha paboueM oprane — 42,5 kH

4) ckopocTh pabodero oprana — 0,33 m/c

5) MHA HamoOpHOTO TpyOonpoBoaa, M — 5,0

6) JuTMHA CIIMBHOTO TpybompoBoaa, M — 5,0

7) TUTI TUAPOPACTIPEACTUTEINS — TPEXITO3UITHOHHBINA

8) ynpaBieHus TUAPOpACTIPEACTUTENEM — DIEKTPOMAarHUTHOE

9) TUN HAMOPHOTO U CIIMBHOTO TPYOOIPOBOAOB — KECTKHE METAJITMYECKHE
10) pacrionoxxenne GribTpa — B CIIMBHOW MarucTpain

Coneprkanue oTyeTa:

1) npuHIMIIHATBHAS CXeMa THAPOCUCTEMBI;

2) onMcaHue Mo CXeMe MOpPsaKa padOThI arperaToB TUAPOCUCTEMBI;
3) pacueT OCHOBHBIX ITAPAMETPOB arperaToB THAPOCHCTEMBI;

4) pacyeT TpyOOIIPOBOJIOB;

5) pacueTt TUAPOIUIUHIPA;

6) mo00P OCHOBHBIX arperaToB TUAPOCUCTEMBI,

7) 6ubmmorpapuIecKuii CIIUCOK.

3amanue BRIIAT:

(moamuch PyKOBOIUTETIS ) (®.1.0. pykoBoauTes)

3agaHue MOTyYnII:

(mommuck crynenra, nata)  (®.M.O. ctynenta)
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1. IlpuHIUNIMaTBHAS CXeMa THAPABIMYECKOTO MPUBOJIA

L

1111

D

I
6
Lo

XE2

K1 H

| 4

L 1 & °

| 7| 8 | b

Puc. 1. IlpuHumnuaneHas cxema ruIpaBInyeCcKOro NpruBoaa

YcnoBHbIE 0003HAYEHUS JIEMEHTOB THIPABINYECKOTO IPUBOJIA!

b — pesepByap (6ak) nns paboueit ;KUIKOCTH,

H — nacoc ruapaBinyeckuil HeperyaIupyeMslii;

M — npHUBOIHOM ACUHXPOHHBIN JIEKTPOIBUIaTENb;

KII — xnanaH npegoxpaHUTENbHbBIN EPEIUBHON PETYIUPYEMBIH;

MH — ma"oMmeTp;

P — tpexno3unnonHbIi 4-nmuHEeNHbIN TUAPABINYECKUI pacIpenenuTelib c
JUCTAHLIMOHHBIM 3JIEKTPOMArHUTHBIM YIIPaBICHUEM;

I — rugpaBIMYECKUl HUIUHAP IBYXCTOPOHHETO JEUCTBUSA C IBYXCTOPOHHUM IITOKOM;

MO — MacnooxiaaauTtens (TeMI000MEHHUK ),

@ — puabTp MaCHAHBIN MOTHONOTOYHBIN.

YcnoBHbIE 0003HAUEHUS TPYOOIIPOBOJIOB:

1 — BcachIBaroHii TpyOONIpPOBO;

2 — HamOPHBIN TPYOOIIPOBOT;

3, 4 — y4acTKM CIMBHOTO TPYOONIPOBO/IA;

5, 6 — TpyOONPOBOABI, COCTUHSIIOMINE PACTIPEACTUTENb C THAPOLMINHAPOM.

2. Onmcanue paboThI THAPABINYECKOTO PUBOJIA

IIepBruHO# YacTBIO THAPONPUBOJA sABJIAETCS HAacoc H macTMHYaToro Tuma, Co3Aarouin
Harmop paboyeil KUIKOCTH, B KayecTBE KOTOPOHl HCHOJB3yeTcsi MUHepanbHoe Macio. Hacoc
NPUBOJUTCS B JIEHCTBHE OT aCMHXPOHHOTO 3JeKTponaBurarenst M. DHeprus padodei )KUIKOCTH
npeodpaszyeTcsi B MEXaHUYECKYI0 pa0dOTy ¢ MOMOIIBIO THAPABIMYECKOTO ABUTATENS 0O0HEMHOTO
TUNA — TUAPABIMYECKOro LMIMHIApa L[, MTOKM KOTOPOTO COEAMHEHBI C pabO4YMM OpPraHOM
TEXHOJOTMYECKOW MAalIMHbl (Ha CXeMe He Ioka3aH). [‘mapompuBox HMeeT pa3OMKHYTYIO
UPKYISIIUI0 pabodell KUAKOCTH, pe3epByapoM padoueil )KMIKOCTU CIY)KUT MAacisiHbIi O6ak b
3aKpBITOro TuMa. KuakocTs B 0ake HAXOIUTCS MOJT aTMOC(EPHBIM JIaBJICHHUEM.
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Jlnst ynpaBiieHUsT MEXaHM3MaMM, MPUBOJMMBIMH B JBHKCHHE THAPOIPHUBOIOM, IS
obOecrieueHUs 3aJaHHBIX CKOPOCTEH M CXEMBl JIBIDKCHHS, IIOCJIEI0BATEILHOCTH PaldOThI
MEXaHU3MOB TOCPEJCTBOM COOTBETCTBYIOIIETO HW3MEHEHHUsS JaBJICHUS W pacxoia paboueit
JKUJKOCTH B JAaHHOM THAPONPHBOJE MPEIyCMOTPEHBI HANpaBISIONMN (pacnpenenutenas P) u
perymupytomuii (mpepoxpanutenbHblid kinamad KI1) runppaBnudeckue anmapatsl. [lepemernienue
30JI0THHKA pACIpPEACIUTENsI BIPABO WM BIEBO OCYIIECTBISETCS TOCPEACTBOM JBYX
AJICKTPOMArHuToB. B cpemHee (MCXOIHOE) TOJIOKEHUE 30JOTHUK YCTAaHABIWBACTCA TIPH
00€CTOYEHHBIX AJIEKTPOMArHUTAX C TTOMOIIBIO ABYX MPYKHUH.

HeobxoauMble kauecTBEHHBIC MOKA3aTEIN U COCTOSHHE padouei >KUIKOCTH (BA3KOCTb,
TEeMIIepaTypa, CTENEeHb OYUCTKH) TOIJICPKUBAIOTCS KOHIMIIMOHEpaMHU pabodeil >KUIKOCTHU:
MaciasHeIM puibTpoM @ u macnooxmamurenemM MO. JlomogHUTENTRHOE OXJIAKIECHHUE Maclia
TaK)Ke OCYIIECTBIISCTCA B MaciIssHOM Oake b.

IMaaponpuBoa padoraet ciemyrommum obpazoM. Hacoc H BcackiBaeT Macno u3 6aka b u
nojgaet ee B ruaporutuHap 1 yepes pacnpenenutens P. Pacnpenenurens numeer npe pabouue u
OJIHY HEUTpaJbHYIO TO3HUIMI0, 0003HaUYeHHbIe Ha cxeme puMckumu mubpamu I, 11, 1II. [Ipu
YCTaHOBKE 30JIOTHUKA PACIPENCIUTENII B CPEIHEE TMOJoKeHHe | moj AeiCTBHEM MNpYKUH
o0pasyeTcs CIeayroNui THAPOTOTOK:

(P — I)3(MO)4®)3(F)
(KI)1(b) |

B cpenHem mososkeHHM pacripelenuTelis padoure MoJIoCTH THAPOLMINHPA 3a1epThl, a
HACOC Pas3rpykaeTcs — MepeKauyuBaeT Macjiao ¢ HEOOJIBIINM JABICHUEM Yepe3 paclpelenuTelb
10 CIIMBHOMY TpyOOIIpoBOaYy B 6aK. B 3TOM mo0XeHUH pacnpeeuTesns IPOUCXOIUT X0JI0CTON
XOJ TUAPOIPUBOJA.

IIpu ycraHoBke pacnpenenurens B IonoxeHue Il BkiIrouaercs Xox IMOPIIHS
THIIPOILMIIMHApPA BrpaBo. [Ipu 3TomM 0Opa3zyeTcst ciaenyronuii r’uIponoToK:

P—ID5(1] =) /(I])6(P)3(MO)4(®)3(5
(E)I(H)Z( )S(L =) I(L)6(P)3( )()().
(KI)1(F)
Macio mojaeTcss B JIGBYIO IOJOCTh THAPOIMIMHAPA, TPH 3TOM MAacji0 W3 IPaBOM
MOJIOCTH CIIMBaEeTC B OaK.

[Ipu ycranoBke pacnpenenutenss B mnojoxkenue Il Bkirowaercss XoJ MHOPIIHS
rUApoLMIUHApPa BieBo. [Ipu aToM 06pasyeTcs cienyromuii rTiApOnoTOK:

(P—LD6(L <) (L)5(P)I(MO)HD)8(b)
(KIT)7(h) '

Macno mopaercs B IMpaBylO IOJOCTb THAPOLMIIMHIAPA, IPU 3TOM MAacCIO W3 JIEBOU
HOJIOCTH CIIMBAeETCs B Oak.

[TockonbKy HaHHBIM THAPOIPHUBOJ SBISAETCS HEPEryIUPYEeMbIM, TO HM30BITOK Macia OT
HeperyJupyeMoro Hacoca npu padoyeMm Xoje MOPLIHS THAPOLMINHIpA CIUBAaeTCs B Oak uepes
nepenuBHoi kianaH KII, xoTopelii Takke NperoXpaHSeT arperatbl T'MIpPONPUBOAA OT
neperpy3ku NpU HEJOMYCTHUMO BBICOKOM JaBlieHMM Macia. JlapneHwe macia mpu paborte
TUAPOIPUBOA KOHTPOIUPYETCS C IIOMOIIBIO MaHOMeTpa MH.

(B)I(H)2

(B)I(H)2

3. Br1OOp HOMMHAJIBHOTO IaBJICHUSI M MapKH paboueit JKUAKOCTH

B nepByro ouepenp HEOOXOIUMO OIPENENUTh PEKUM pabOThl JAaHHOTO THIPOIPUBOAA.
Hcxons u3 3a1aHHBIX UCXOAHBIX JaHHBIX, BEIOMPAEM CPEIHUNA PeXUM THAPONPUBOJIA, KOTOPHIHA
XapaKTEepU3yETCs CIEAYIOIIMMU XapaKTEPUCTUKAMU:
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—  HWHTEHCUBHOCTH HCIIOJIB30BaHMs pabodero oprana MamuHbl — 100200 BKiIFOYCHUI B
Jac;

— K03 GUIMEHT UCTIOIBb30BaHUsI HOMUHAIBHOTO AaBieHus — 0,4-0,7;

— K03 GUIHMEHT TPOAOKUTEIHLHOCTH pabOThl TPUBOAA 1Mo Harpy3koit — 0,3-0,5.

HUcxonss w3 Ttoro, 4ro OBLT BBIOpaH CpeaHUN pEeXUM pPabOThl THAPONPHUBOJA,
OCHAIIIEHHOTO IUIACTUHYATHIM THAPOHACOCOM, HOMHUHAJIbHOE [aBJieHHE paboueill KUAKOCTU
BBIOMpaeTcs paBHBIM 6,3 Mlla, 9T0 COOTBETCTBYET HOPMATBHOMY PsITy HOMHUHAIBHBIX JABICHUN
no ['OCT 6540-68.

Bri6op Mapku pabouei >KHAKOCTH OINPEACNSICTCS PEXUMOM paldOThl THAPOTPHBOJA,
TEMIEPATypHbIMU YCIOBUSIMH €ro paboThl, HOMUHAJIbHBIM JaBIIEHUEM paboyeil >KUIKOCTH.
[Ipenmonaraerca, 4YTO THUIPONPHUBOJA TMpeAHAa3HAueH s padoThl MHpPHU  IMOJOKHUTEIbHBIX
TeMIepaTypax OKpYy)Kalolled cpeabl, a MaKkCUMalbHas TemrepaTypa paboueil KHIKOCTH He
nomkHa mnpesbimarh 60°C. IlepedrcieHHBIM YCIOBHS COOTBETCTBYET MHUHEPAIBHOE MAacio
Mapku MI'20, koTopoe mpeaHa3HaueHO AJIS MPUMEHEHHS B THAPONPUBOAAX, paOOTAOIINX MPHU
MOJIOKUTEIBHBIX ~TEMIIepaTypaXx B 3aKkpbIThIX TmomemnieHusx. Macmo MI20 o6mamaer
CJIETYIOIIUMU TEXHUYECKUMHU XapaKTePUCTUKAMMU:

—  KkuHemarmueckas BsskocTs pu 50°C — 20 mm*/c (20 cCr);.

— TeMmeparypa 3actbiBanusa — —40°C;

—  TeMmeparypa Bcrblku — 180°C;

—  mrotHOCTH IIpH 50°C — 985 KI/M".

4.Pacder ruJipaBInue€CcKOro NHJIMHAPA

BHyTpeHHU# nuamerp THIPOIMIMHAPA OMPEACSeTCsS B 3aBHCUMOCTH OT HANpaBJICHUS
JeHCTBHSI pabodero yCwins Ha pabounii OpraH MalluHbI o caeayromei hopmyse [2]:

P
D =357 ,
Po
pP—— Mo
4
rme P — 3amammoe paGouee ycunme, kH; p — pabodee naBleHMe Macia Ha BXOJE B
2
D
THAPOUMIMHAD; Y = ————— — KO(GPUIUCHT MyIbTUILTHKALUH, PABHBIA OTHOLICHHIO
D —d

IJIOMIaZe MOPIIHA B TOPIIHEBOM M INTOKOBOW MOJIOCTSX; d — JTMaMeTp IITOKa; UML!

mexanundeckuit KIIJ[ ruapoumnuuapa; p, -—TPOTUBOAABIECHHE, BO3HHMKAIOLIEE BCIIEACTBUE
BBITCKAHMS Macjia U3 THAPOLUINHAPA U OIPEACIIIEMOe COIPOTUBICHUEM JIBUKEHHUIO Macia I10
cMBHOM runponuany. [pensapurensao Moxuo npussite p, = 0,3...0,5 Ila

Tak kak TUAPOIMIMHAP UMEET IBYXCTOPOHHHH IITOK, U 00a ITOKA UMEIOT OJMHAKOBBIN
TaMeTp, TO KO3(PGUIMEHT MYyJIbTHILTUKAIIMY NpUHUMaeM paBHbIM 1,33. Mexanunueckuii KIT{
rUApoLMInHApa npuHUMaeM paBHeIM 0,95. Torma pacdeTHbII BHYTPEHHHHM JIuaMeTp
THIPOILIINHAPA OyJIeT paBeH

D =357

42,5

~ 98 MM.
6,3

1,33

-0,51(-0,95
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[TosTy4eHHYI0 BENMYMHY OKPYIJIAeM B GONBLIYIO CTOPOHY [0 OIMKANIIEr0 HOPMAJIbLHOTO
snauenuss o OH 22-176-69: D =110 wmm. Iduamerp mroka npu ¥ = 1,33 Gyner pasen

d =50 mm.

ITocne OKpYIJICHUA OUaMCTPOB HWJIHWHApAa W I1ITOKA BbIYUCIMM Pa3BHUBACMOC
THIIPOLIWIMHAPOM pabouee yCcuiue:
0,5 7
110%] 6,3 — 2, [[095 =535l

5

P=10_3’%D2 p-Lo s _1073.314159
W

PacyerHoe ycunue Ha INTOKE TUAPOIMIIMHApA OONbIe, YeM 3aJaHHas Harpy3ka Ha
pabodyem opraHe MaIlluHBI.

OnpenenuM  pacxoll Maclia, TOTPEOIIEMOro THAPOUMUITUHApPOM. Jlns moydeHus
3a/laHHOM cKOopocTH C (M/MHUH) CKOPOCTH TOPIIHS B MOJIOCTh THAPOUMIMHAPA C TUIOMIAIBIO
nopuast ' (M%) crefyer moaath TeopeTHIECKUi pacxox (JI/MEH):

Os =10%cF =10 -19,8-%4159(1102 —502)-10_6 =~ 149 n/mun
rne ¢ =0,33-60=19,8 m/Mun.

Takoit ke o00beM Macna OyAeT BBITECHATHCS B CIMBHOW TPyOONMpoBOA U3
POTHBOIOJIOKHON TOJIOCTH THAPOIMIHHAPA.

5. Bei6op ruaponacoca

B nanHOM OJHOMOTOYHOM THIPONPHUBOJIEC OJWH HACOC OOECMeYMBaCT MHUTAHUEM
€IMHCTBCHHBI THAPOIWIMHADP, IOITOMY €ro pacueTHas Iofada JOJDKHA OBITh paBHOU

TEOPETUIECKOMY Pacxofy Macia, MojaBaeMoro B rumpomwmmaap: (O, :le =149 n/mun.

Bemuuuna (J;, paBHa pacxomy THAPOIPHBOJA.

ITo cnpaBounuky [l] BbBIOMpacM OJHOMOTOYHBIM IUIACTHMHYATHIM HAcOC JBOHHOTO
neiictBuss  moaenu ['12-26AM, KOTOpBIM  XapakTepusyeTcs CIEIYIOIIMMU OCHOBHBIMU
napaMeTpamu:

—  pabounii 06vem — 224 oM

—  HOMHHaNbHag nmojgadya — He menee 200 j1/mMuH;

—  HOMHHAaJILHOE JaBJICHUE Ha BEIXOJC M3 Hacoca — 6,3 Mlla;

—  MakcuMmanbHOe masieHue — 7,0 Mlla;

— HOMMHAJIbHAs 4YacToTa BpalleHus Baia — 960 MI/IH_I;

—  MakcHUMallbHas 4acToTa BpalleHus Baya — 960 MI/IH_I;

—  MHUHUMAaJbHas yacToTa BpauieHus Bana — 600 MI/IH_I;

—  HOMHHAIIbHAs OTpedIsieMast MOIHOCTh — 24,5 kBT;

—  3aTpadyMBaeMas MOIIHOCTH PU JaBICHUU Ha BBIXOJE U3 HACOCA, PABHOM HYIIO, — 4,8

KkBrT;

—  obvemusiit KITJI mpu HoMHHANBHOM peskume paboTsl — He MeHee 0,95;

—  nonsbii KI1J] npu HoMuHamsHOM pexumMe paboTsl — He MeHee 0,87

— TexHuueckuil pecypc — He meree 2000 yacos;

— Macca — 40 kr.

Hacoc nmpuBoautcst oT acuHXpoHHOro 3nekrponsurarens 4A200M6Y3 ¢ cuHXpoHHOM
yactotoi BpamieHus: 1000 MHH ' 1 HOMUHAJIBHOM MOIIHOCTEIO 22 KBT.

MakcuManabHOE JaBJIEHHE, KOTOpPOE MOXKET pa3BUBaTh HAcOC IIpU IEperpyskax,
OTpaHMYMBAETCS MPEIOXPAHUTENIBHBIM KianaHoM. lIpenoxXpaHUTENnpHBIM KilanaH OTKPBIBAETCS
IpU JaBJICHHUM, INPEBBHINIAIOIIEM pacdeTHOE JaBieHue Hacoca, Ha 15-30%. HWcxons wus
YKa3aHHOI'O YCJIOBUSI M TEXHUYECKMX NapameTpoB Hacoca ['12-26AM, naBneHue HacTpoilku
IIPEIOXPaHUTENILHOTO KialaHa ycTaHaBiauBaeTcs paBHeIM 7,0 MIla.
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6. Pacuer TpyOomnpoBoa0B
6.1. Pacuer nuameTpoB TpyOOIIPOBOAOB

Pacuer TpyGonpoBOIOB COCTOUT B OINpEAEICHIUN BHYTPEHHETO IMaMeTpa TpyOOIpOBOIOB
U TOTeph JAaBJICHHS, BO3HMKAIOUIMX MpPH JBWKEHUM Macja [0 TpyOompoBogaM H JIPYyrUM
3JIeMEeHTaM THApornpuBoaa. Pacyer TpyOONnpoBOJOB MPOU3BOAMUTCA MO Y4acTKaMm, Ha KOTOpHIE
pazOuBaeTcsi THIpaBIMyecKas cxema ruaponpuBoga. [log ydacTkoM MOHHMAaeTcs 4YacTb
TUAPOJIMHUU MEXAY Ppa3BETBICHUSAMHM, IMPOITyCKaloulash MOCTOSHHBIA pacxoJ M HMeEroIas
MOCTOSTHHBIM JHAMETP. YUYaCTOK MOXKET MPEACTABIATh COO0N MPSMOIMHEHHBIN YIaCTOK TPYOBI
anb0 Ha HEM MOTryT ObITh MPUCYTCTBOBATh Pa3IMYHBIE MECTHBIE COMPOTHBIICHUS (KOJEHa,
TPOWHUKH, KPECTOBHUHBI, IITYLEPHI U APYTHE).

BayTtpennuii  amameTp  KECTKOM  METAIMYECKOM  TpyObl  WiM  THOKOTO
PE3MHOMETAIUIMYECKOT 0 pyKaBa MpeIBapUTEIbHO ONpeIesieTcs Mo Gpopmyie

d=46]2,
)

rne Q0 — pacxon KHAKOCTH Ha PacCMaTpPMBAEMOM YYACTKeE, J/MHH; V — CPEmHss CKOPOCTh

KHUIKOCTH, M/c. [lomydeHHOe 3HAaYeHHE AMaMeTpa OKPYIJISETCS 10 BEJIWYHMHBI, ONpeaeIsieMOi
I'OCT 8732-78 u I'OCT8734-75. 3atemM 1o NpPUHATOMY AMAMETPY OIpPEAEISAETCS UCTUHHAs
CpeIHssl CKOPOCTh Maciia B TpyOOIpoBoO/IE:

Q
v=21 2 .

CpenHsisi CKOPOCTh Maciia BO BCACHIBAIOIIMX W CIMBHBIX TPYOOIPOBOAAaX BBHIOMpAETCS B
3aBHCHMOCTH OT Ha3HaueHUsl TpyOONpPOBOJOB, a B HAIIOPHBIX, KPOME TOTO, — B 3aBUCUMOCTHU OT
JUIMHBI TpyOompoBoJa M naBieHUs Macia. [IpuHSAThIE M BBIYMCIEHHBIE 3HAYEHHUS PACXOJIOB,
JTUaMETPOB M CKOPOCTEH MpeCTaBiIeHBI B Tabmuiie 1, B KOTOpOH HOMEp y4acTKa COOTBETCTBYET
HOMEPY TpyOOmpoBOJa TO NPUHIUIUAIBHOW cXeme TuaponpuBoaa (cm. puc. 1).
[IpenBapuTenbHO OBUIM MPUHATHI CIEAYIONIUE 3HAYEHHSI CKOPOCTEH Maciia B TpyOOIIpoBoJax: BO
BcachIBaIeM — 1 M/c, B HamopHoMm — 4 m/c, B CJIMBHOM — 2 M/C.

Ta6muma 1
Vcxonable qaHHbBIC I pacyeTa THIPaBIMIECKUX TOTEPh
Homep | Hasznauenue CkopocTh Macia, M/C Pacxon HuameTp, MM Jnuna
ydacTka JOIYCTUMAsl | BBIYUCIICHHAS , BBIUMCJICHHBIN | TIPUHSTHI | YYacCTKa,
JI/MUH 51 M
BcaceiBaromias 0,5-1,5 0,87 149 56 60 0,5
JIUHUS
2,5,6 Hanopnas 3-6 2,87 149 28 33 2,0; 2,0;
JIMHUS 2,0
3,4,7, CnuBHas 1,4-2,25 2,05 149 39,7 39 2,0; 1,0;
JIMHUS 1,0; 1,0

6.2. Pacuer ruipaBIMuecKkux NoTeph

I'uapaBiarueckue MoTepu, BOZHUKAOLIUE MIPH MPOXO0XKACHUHU Macia 1o TpyoonpoBogaM U
rUApoanapaTaM, CKIAAbIBAIOTCS U3 [OTEPh HA THAPABIMYECKOoe TpeHue Ap,,, IOTepb B

MECTHBIX COIIPOTHBICHUSX AP, U IOTeph B ruapoamnmapatax Ap,, .
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[Totepu naBnenus Ha Tpenue (I1a) onpenenstores mo popmyne Japcu-Bericoaxa
Ap,, =0,5pALv /d,
rae O — IJIOTHOCTh Macia, Kr/M>; A — KOO QUIHEHT THAPAaBIHYECKOro TpeHus (Koo GHHeHT
Hapcu); L — pnusa yuyacTka TpyOompoBoja, M; V — cpeiHsas CKOpocTh macna, m/c; d —
BHYTPEHHUI TnameTp TpyoonpoBoja, M.

Jlnst BeruMcieHus: Kod(p@UIMEeHTa THAPABINYECKOTO TPEHUS HEOOXOIAMMO OINPENEIUTh
PEXUM TeUEHHUS KHUIKOCTU B TpyOOIIpoBoie no uncity PeliHonbaca:

Re:ﬂ,
1%

rae V — KuHeMaTH4ecKas BSI3KOCTh BBIOPAHHOTO Macia, M%/c. Beuncisem Re JUJT HAIIOPHOTO U
CIIMBHOTO TPYOOIPOBOIOB:

-3
m1s HanopHoro — Re = 2,87-33 150 =4735;
210
-3
JUTS CITMBHOTO — Re = 2,05-39 150 =3997.
210

Tax kak mmst oboux TpyGompoBozmoB Bemmonmsiercs: ycnosue Re > Regs =2300, To

IBUKCHHE Macla B TpyOOmpoBoAax SBISETCS TypOyJICHTHBIM, CJIEIOBATEIbHO, BEIUYHHA
K03((PULMEHTa T'MAPABINYECKOr0 TpeHus A 3aBUCHT OT uucia PeiiHonbaca M 3HaueHHS

OTHOCHUTEJIBHOM MIEPOXOBATOCTH BHYTPEHHEW IOBEPXHOCTH TPYObI g, rne A — cpennss

SKBUBAJIECHTHAs IIEPOXOBATOCTh CTEHOK TpyOompoBoaa. Jjisi CTalbHBIX HOBBIX TPYOOIPOBOIOB
npuanmaeM A =0,03 mm. Ecim mnpeneGpeds 1mepoxoBaTOCTBIO CTEHOK M CUMTATH TPYOBI

TUAPABINYCCKU INTaAKUMU, €CJIM BBIIIOJIHACTCA YCIIOBUC

Reé <20.
d
MMeeM JUist HAOPHOTO TPYOOIPOBOIA — Re% =4735 0,03 =4,3<20,
= 0,03 =3,07<10.

JUTS CIIMBHOTO TPYOOMPOBO/IA — Reg =3997

CrnenoBarenbHO, 00a TpyOONpPOBOAAa MOMKHO CHUHTATh THIPABIUYECCKHA TIAJAKUMH U
BBIUMCINUTE Kodpuument A no Gopmyne Bnasuyca:

0,3164

1=
YRe
0,3164
Hmeem ans HanopHoro Tpydonposoga — A = ——— = (0,038,
Y4735
U1 CIIMBHOTO TpyOonposojaa — A = M =0,040.

/3997

VICTionb3ys pacueTHbIe 3HAYCHHS KOd(pQHIUEHTOB A , ONMpesenM moTepH JaBIeHHs Ha
TPEHHUE B HAIOPHOM M CIMBHOM TPYOOIIPOBOAX:

Ap!t =0,5-985-0,038-5-2,872 /0,033 =23356 IIa;
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ApS, =0,5-985-0,037-5-2,05%/0,039 =9818 Ta.

Bbruncium  motepu  gaBIEHWST B MECTHBIX  CONPOTHBIICHUSIX.  MECTHBIMH
COIIPOTHBJICHUSIMH B HAIIOPHOM TPYOONPOBOJE SIBISIIOTCS 30JIOTHUKOBBIM paclpeleuTeNb,
pa3BeTBIEHUE TPYyOONPOBOJA, BXOJI B TPYOONPOBOA, M3THOBI TPYyObl. MECTHBIMH TOTEPSMH B
CIIMBHOM TPYOONPOBOJIE SIBJISIOTCS BBIXOA W3 THUAPOIMIUHIAPA, PaCIpENeTUTEeNb, MaCISHBIA
(GUIBTP, MacIOOXJIaaUuTeNb, U3THObI TPYObl. [loTepu maBiEeHUS B MECTHBIX CONPOTHUBICHUSIX
(ITa) ompenensrorcs o popmyiie Beiicbaxa

2
Ap P 0,5 ,0&_,3\/ ,
rae O — INOTHOCTh Macia, KI/M; & — K09 UIMEHT MECTHOTO CONPOTHUBIIEHHS; V — CPEHSSA
CKOPOCTh Maciia, M/C.

Pacuer moTepr gaBiIeHUST B MECTHBIX CONMPOTHUBJICHHSIX M B THApOAIIapaTax CBEIACHBI B
TaOJIUIBI 2 1 3 COOTBETCTBEHHO.

Tabmma 2.
Pacyer noTtepp AaBieHUs B MECTHBIX CONTPOTUBIIEHUSIX
VYyacTtox Bun Koaddumnment Cxkopoctb [ToTepu CymmMmapHbIe
COTIPOTUBIICHUS MECTHOT'O Mmacnia v, JTaBJICHUS noTepu
COTIPOTUBIICHUS Mm/c Ap; ,Tla JaBJICHUS
g Z Ap,‘ , Ha
Hanopneiii | Bxon B 0,8 2,87 3245 10546
TUAPOIMIIUHID
Pasznenenne 1,5 6085
MIOTOKOB
3akpyrieHHoe 0,15 608x2=
KOJICHO — 2 =1216
CrnuBHol Brixon u3 0,6 2,05 1242 3517
TUAPOIMINHIPA
3akpyrieHHoe 0,15 310x2=
KOJICHO — 2 =620
Bxon B 0,8 1655
Mac06aK
Tabnuma 3.
[ToTepu maBiieHus B THApoOANIapaTax
HanmenoBanue Mapka u ITapameTpsl ruapoanmnapara z Ap ;s MIla
TUApoaniapara | TUIOpa3Mep TaOJIMYHBIC B T'HJIPOTIPUBOJIE
Q. P, 0, P,
J/MUH Mlla JI/MUH MITIa
3010 THUKOBBII P25 160-200 16 149 6,3 0,25
TPEXIO3ULIMOHHBI
i
YEThIPEXJIMHENH
19178
pacnpeesuTenb
Macnsanbrit OC-7 160 6,3 149 0,5 0,25
buasTp
Macnooxjiaauren TB (nBa) 100x2= 0,63 149 0,5 0,1
b =200
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[Ipu nmocnenoBaTeIbHOM COEMHEHUH YYaCTKOB TPYOOIPOBOIOB OOIIast MOTEPS JaBICHUS
orpezensercs Kak CyMMa BCeX IMOTepb Ha TPEHHE U B MECTHBIX CONPOTHUBJICHMSIX Ha BCEX
y4acTKax:

Aps =23356+9818 +10546 + 3517 + 250000 + 250000 + 100000 = 557237 Ila.

7. ITon©6op OCHOBHBIX arperaToB rUAPONPHUBOJIA

[Tonspiii  (reoMeTpuyecKkuii) 00BEM MAaCISIHOTO ©Oaka OMpeNeseTcss W3  YCIOBHS
TPEXMHUHYTHOW HOMUHAJILHOM MPOU3BOIUTEIIBHOCTH Hacoca:

Vg =30, =3-200 =600 1 (mv).
B cootBerctBum ¢ 'OCT 16770-71 BbIOMpaeM HOMHUHAIBHYIO BMECTUMOCTH MACIISTHOTO

Oaka 630 ,I[M3 . bak momxen OBITH 3allOJIHEH MAacJiOM Ha % —% moaHoro oorema. Taxum

o0Opa3om, 00beM 3aTMBaEMOro B 0ak Macia JOHKeH HaXoauTcs B mpeaenax ot 475 no 504 .

Breibop wmapku wmacnsHOTO (GWIBTpAa OCYIIECTBISICTCS HCXOAS W3 HOMHHAIBHOM
MPOU3BOIUTENBHOCTH Hacoca (200 n/muH), maBneHust B cnuBHOM Tpyoomposoae (0,5 Mlla) u
JOIYCTUMON TOHKOCTH (UIBTPAIIMU IS TUTACTUHYATHIX HACOCOB. BriOupaem GpunbTp ceruaThiid
@®C-7 c HOMHHAJIBHON TOHKOCTBIO (pubTparu 40 MKM ¢ HOMHHAIBHBIM pacxoaoM 200 1/MuH u
HOMUHaJIbHBIM JaBienueMm 0,63 Mlla, npenHasHayeHHOro [JIsi YCTAHOBKM B CIMBHOMU
MarucTpaiy TUAPONPUBOA.

B kauectBe MacmooxyiamuTeNns ~ BbIOMpaeM  J1Ba  MapaUIeNIbHO  BKJIFOYCHHBIX
teruiooOMennuka tuna TB4000. Kaxpiii TernooOMeHHUK UMEET MPUHYIAUTEIFHOE BO3TYITHOE
oxnaxnenue. Texanueckue nannsle TeroooMenanka TB4000:

—  HOMWHAIIBHBII/MaKkcuManbHbIN pacxon macia — 100/110 n/muH;

—  MakcuMaJibHOe€ JaBJieHHe Macia Ha Bxozae — 0,63 Mlla;

—  MakcHuMajbHas TemIepaTrypa Macia Ha Bxoae — 70°C.

B kadecTBe mpeqOoXpaHUTENHLHOTO W TEPEIMBHOTO KJIAallaHa BBIOMpAaeM TUAPOKIIAIaH
nasnenus ['54-25 ucnonnenus 1, UMerOMMiA clieyrole OCHOBHBIE TapaMETpPhI:

—  HOMHHAJIBHBII/MaKCUMaNBHBIN pacxon macna — 160/250 n/muH;

—  naBiieHue Hactpoiiku — 1,2—10 MITa.

B kauectBe MaHoMeTpa BbiOupaem ctpenounsiii MaHoMeTp o 'OCT 8625-77 ¢ BepxHUM
npezaenom usMmepsemoro nasienus 10 Mlla.

8. Pacuer momnoctu u KII/I rugponpusoaa

[TomHast MOLIHOCTH THAPONPUBOJAA paBHA MOIIHOCTH, IOTPEOIIEMON HAcOCOM, U
ofpenensercs 1no Gopmyie
_ Pug, _63-200 .
607, 60-0,87
ITonuenit KIIJ[ ruzponpuBosa BBIMUCIAETCS KaK IMPOU3BEACHHE €r0 MEXaHHYECKOTO,
o0beMHOro U ruapasiaunueckoro KII/I:

nrin = Mullo’l- -
Mexannueckuid KIIJI rugponpuBona paseH mpousBeAcHHIO MexaHuueckux KITJI
IIOCJIEIOBATEILHO BKIIIOUEHHBIX HACOCA, PACIPEACIUTENS U THAPOLMIIMHPA!

M = N n T py = 0,87-0,90-0,95~0,74.

AHanmornuHbIM 00pa3oM Beraucisercst o0bemHubiii KIT/] runponpuBona:

o = 770H770p77014 =0,95-0,95-0,95~0,85.
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Cunpasmnyecknit KITJ[ rumponprBoia 3aBUCHT OT CYMMBbI THAPABIMYECKUX HoTeph Ap
BO BCEX MOCJIEA0BATEIbHO BKIIIOUEHHBIX THIpoarperarax u TpyoonpoBoaax:
py,—Ap 63-0,56
= =091.
Dy, 6,3
Taxum oOpaszom, monusiit KI1/] ruaponpuBoa paBex

nrg =0,74-0,85-091~0,57.

n, =

9. IIpoBepouHBIii pacueT THAPOIPUBOIA

[TockonbKy HEBO3MOXKHO TOYHO TMONOOpaTh 3JIEMEHTHl THUIAPONPHUBOJA, KOTOPHIE
oOecrieunBasii  Obl TOYHBIC 3HAYEHHWsS 33JaHHBIX MapamMeTpoB ruapornpuBoaa. Llems
IIPOBEPOYHOT0 pacyeTa — yCTAHOBUTH ACHCTBUTEIbHBIE 3HAUEHUS YIIOMSHYTBIX [1apaMeTPOB MpU
BHIOpDAHHBIX arperatax TuaponpuBojga. Ilpu sToM nposepsercs ycwine P Ha 1nTOKE
TUAPOLMIMHIPA, CKOPOCTh ABMKEHMS MOPILIHSA V THAPOLMIUHApA, pabodee AaBleHUE Hacoca

Pi-

Yewine Ha INTOKE THAPOLMIMHIPA IOCHe BbIOOpa HOPMAaIM30BaHHBIX JTHAMETPOB
NOPLIHA M IITOKa C y4ETOM IOTEPh JABJICHHS HAa TPEHHE M B MECTHBIX COINPOTHBICHHUSX B
HAIOpPHOM TPYOONIPOBO/IE:

2
P=(p; - Ap)% _ (6,3-0,26

2 2
)3,14159-(110 ~50 )z45,5 .
4107

Jlnia ompeneneHusi CKOPOCTH pabovero opraHa MalldHbI BBIYUCIISIEM HUCTHHHBINA pacxoj
Maclia, IOCTYNaMUN B THIPOLUUITHHAP:

Qﬂ =0y _ZQym ’
rie (J; — mnojada BBIOPAHHOTO HAcOCa; ZQym — CyMMapHble YTE€YKH BO BCEX

rUApoanmapaTax, BKIIOUEHHBIX MEXAy HacOCOM M TuapourminHapoMm. [Ipumem, 4To BHYTpEeHHUE
yTeuku B pacnpenenutene P-25 npu HOMUHAIbHOM [JaBJIEHWH HE MpeBblatoT 2% OT
HOMUHAJIBHOTO Pacxo/ia, a BHYTPEHHUE YTEUYKH B TMIPOLMIIMHIpE He npeBblmaroT 5%. Torna
CKOPOCTh MOPIIHA FMAPOLMINHAPA IPU HOMUHAJIBHOM M0jaue HAacoca C y4eTOM yTeueK paBHa

410%-0,  4-(200-200-0,07)-1000
€= 2 2)” 2 o2
60-7\D? —a?)  3.14159-60-(110% - 50?

Taxum oOpa3oM, pacueTHbIC 3HAUECHHS YCUIIHSI Ha IITOKE THAPOLMINHIPA U €0 CKOPOCTh
He Hmwke 3amaHHbiXx npu noaHoMm KIIJ[ rupponpuBoma, paBHom 0,57. B mnpaBuibHO

~ (0,40 wm/c.

CIPOCKTUPOBAHHOM rHaponpusoae aomwkHo 0bite 77 jj = 0,6 — 0,8 . 3navenne KIIJI narHOTO

TUAPOTPUBOAA MOXKET OBITh TOBBIIICHO 3a CUeT OoJiee TIIATENBHOrO MOoa0O0pa Hacoca IO
KPUTEPUIO HOMHUHAJIBHOW Mmojaud JIMOO TPHUMEHEHUS TPHUBOJHOTO  ACHHXPOHHOTO
AIIEKTPOABHUTATEINS ¢ OOJIee HU3KOM YacTOTOH BpamieHus (Harmpumep, 750 MI/IH_I).
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