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denepanbHOE rocy1apcTBEHHOE O10JKETHOE 00pa30BaTEIbHOE YUPEKICHNE
BBICHIETO MTPO(ECCUOHATIBHOTO 00pa30BaHus
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Meroauueckue ykazanusi no KKP (KP3) cocraBienst mnpodeccopom
Tpymmusim H.H. u o6cyxaens Ha 3acegannu kadeapsl "ABTOMAaTHU3UPOBAHHBIC

CTAHOYHBIE CHCTEMbBI" MEXaHUKO-TEXHOJOTUYECKOTO (haKyJIbTeTa, MPOTOKONI No
or" " 20 T.

3aBeayrommii kKaheapon A.H. Nnozemiies

Meronnueckue ykazanusa no KKP (KP3) nepecmoTpeHbl U yTBEpk AEHBI Ha
3acenanuu kKadeapsl "ABTOMAaTU3MPOBAHHBIC CTAHOYHBIE CHUCTEMBI" MEXaHUKO-
TEXHOJIOTUYECKOT0 (haKyJIbTeTa.

[IpoTokoi Ne or" " 20 T.

3aBeayrommii kKaheapon A.H. Nno3emiien




1. BeBenenue

Llenpr0 BBINOIHEHUS JAHHOM KOHTPOJbHO-KypcoBod padorel (KKP)
CTyACHTaMH OYHOW (opMbl OOyueHUsT WM KOHTponbHOW paboTer (KP3)
CTYJICHTaMH 3a0YHOU (POpMBI OOYUECHHS SIBISAETCS 3aKPEIJICHHE TEOPETUYECKUX U
IIPAaKTUYECKUX 3HAHWU IO Kypcy "['mapaBiamyeckue M MHEBMATHYECKHE CPEACTBA
aBTOMAaTU3aluu", TIOJIYYEHHBIX CTyJE€HTaMH B IIpollecC€ JEKUUOHHBIX U
7abopaTopHbIX 3aHATUN. [Ipu BBINOJHEHHH KOHTPOJIBHO-KYpPCOBOM pabOThI
CTYJIEHTbl NPUOOPETAIOT HAaBBIKM IPOEKTUPOBAHUS M pacuera paszIMyHbIX
TUAPABINYECKUX YCTPOMUCTB. IIpm 3TOM CTYIHEHTBI 3HAKOMATCS CO CIPABOYHOU
JUTEPATYPON U CTaHAAPTAMHU, B KOTOPBIX COAEPIKATCA CBEIEHUS IO YCTPOUCTBY
TUAPABIMYECKON amnmaparypbl, IO YCJIOBHBIM H300pKEHHUSIM Ha CXeMax U
YyepTekax PpasIMYHbIX YCTPOMCTBA TUAPONPUBOAA U T.aI. BpInojiHeHHe
KOHTPOJILHON paboThl oOecreynBaeT CTYIEHTYy Ooyiee yCHENHyl padoTy Haln
BBIITYCKHOHM KBaTHU(pUKAMOHHON paboToi OakanaBpa.

['uaponpuBoIbl MAlIMH pa3padaThIBAIOTCSA, KaK MPABUIIO, C HCIOJIb30BAHUEM
YHU(PHUIIMPOBAHHBIX M CTAHJAPTHBHIX alllapaTtoB, MOSTOMY B XOJE BBINOJIHEHUS
KKP (KP3), nHapsiny co 3HaHUSIMM 1O BBIOOPY 3JIEMEHTOB THIPONPUBOJA,
CTYJIEHTbl NPUOOPETAIOT HABBIKM pacyeTa CHJIOBBIX THAPABINYECKHX HACOCOB,
JABUTATENeH M coeAMHUTENbHBIX TpyOompoBoaoB. [Ipu Beimomnenun KKP (KP3)
CTYJIEHT JOJDKEH HaXOAUTh Hau0O0Jee 3KOHOMUYHbIE KOHCTPYKTUBHBIE PEILICHHUS.

2. O0BeM U coliepKaHUE KOHTPOJIbHO-KYPCOBOM (KOHTPOJIBHOM) pabOThI

KontponsHo-kypcoBas ~ (KOHTpOJbHasi)  paboTa  BBIIOJHSETCS MO
VWHIMBUIYAIbHOMY 3aJaHuio, oOpasel] KOTOpPOro IpHUBEJIEH B MPWIOKEHUU 1.
PesynbTrar pabotTel crygeHTamMu OGOpMISIETCS B BHJIE PACUETHO-MOSICHUTEIHHON
3allMCKU, TIPUYEM IS MOATOTOBKH M O()OPMIICHUSI PEKOMEHIYETCS HCIOJIb30BaATh
COOTBETCTBYIOIIIME IPOTPAMMHBIE  CPEACTBA IMEPCOHAIBHOIO  KOMIIBIOTEDA.
Hannuue rpadudeckoii 4acTu ycTaHABIMBACTCS MPEMOJaBaTENIEM.

PacueTHo-nOsICHUTENbHASL 3alKMCKa BBIIOJHAETCS HAa JUCTaX OyMmaru
(dopmara A4, ¢ 1eBOI CTpaHUIIbI OCTABIISIFOTCS MOJIS IIUPUHON 25 MM, OCTaJIbHbBIE
noyiigs — no 20 mM. CrpaHuubl AOHKHBI OBITH MPOHYMEpOBaHbl. KOHTposibpHas
paboTa JOJKHA HAYUMHATBCS C TUTYJIBHOIO JIUCTA, 00Opa3ell KOTOpPOro MpPUBEJIEH B
IPUIOKEHUHU 2. 3a TUTYJIBHBIM JIMCTOM ITOMEHIAETCs 3aJaHHE Ha KOHTPOJIBHYIO
paboTy CO BCEMH UCXOJHBIMU JaHHBIMH 33JAHHOTO BapHUaHTA.

B tekcte KKP (KP3) npuBoadrcs HEOOXOIMMBIE CXEMbl U YEPTEXKH,
NOSICHAIOIIME  pacyeTHbIM  Marepuan. CcbUIKM B TEKCT€  3allUCKM  HA
UCIIOJIb30BAaHHYIO JTUTEPATYPY 0003HAYAIOTCA MOPSAIKOBBIM HOMEPOM MCTOYHHKA B
CIIMCKE HCIIOJb30BAaHHOM JINTEPATYphl, 3aKJIIOUUTEIbHBIM B KBaJpaTHbIE CKOOKH,
Hanpumep [2].

Kpome tutynbHoro nucra u 3aganus KKP (KP3) nomkna BkiItOuaTh
CJIEAYIOIIUE PA3IENBI:

1) BBeneHue;
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2) NPUHUMUIIAATIBHYI0 CXEMY T'MAPABINYECKONM CHUCTEMBI, BBIIOJHEHHYIO B
cootBeTcTBUM ¢ TpedboBanusimu ECK/;

3) onucaHue MO cXeMe Mopsaka paldoThl arperaroB TI'UIPaBIMYECKON
CUCTEMBI;

4) pacyeT OCHOBHBIX [TapaMETPOB arperaroB r'MApONpPHUBO/IA;

5) pacuet TpyOOIIPOBOIOB;

6) pacuer ruApOABUTATENIS;

7) 1o100p OCHOBHBIX arperatoB rUAPONPUBOAA MO YYEOHON M CIPABOYHOU
JIUTEpaType.

PacueTHbpie (opmyibpl, NPUBOJMMBIE B KOHTPOJBHON padoTe, JOJIKHBI
CONPOBOXKAATHCS OOBSICHEHMEM BCEX OYKBEHHBIX O0O3HAUEHHl C YyKa3aHUEM
pa3MepHOCTel mojacTaBisseMbIXx BelndyuH. [Ipm 3ToM B (opmyibl 00s13aTENBHO
NOJICTABIIAFOTCSl MCXOJIHbIE JaHHbIE M MNPUBOJATCA HEOOXOJMMBIE BBIYHMCIICHUS,
CONPOBOXAaeMble MosiICHEHUAMH. DopmyJibl, TAOIUIBI, CXEMBI, YEPTEKH JOJHKHBI
OBITh IPOHYMEPOBAHBI.

B  koHme 3amucku = momemaercs — OuOmMorpaduueckuid  CIHCOK
UCIIOJIb30BAaHHOM B MPOLIECCE BBINOJHEHUS KOHTPOJBHOW pabOThl JUTEPATYPHI,
BbinosiHeHHbIM o ['OCT 7.1-2003.

CryaeHT JOJDKeH MOoANMCcaTh 3aJaHHe Ha KOHTPOJIbHYIO paldoTy H
TUTYJIBHBIA JUCT PaOOTBl Mepel caadyeil NpernojaBaTell0 M yKa3aTb JaTy
OKOHYAHHSI BBIITOJTHEHUS paOOTHI.

3. O0mue ykazanus no BoinoaHenuo KKP (KP3)
3.1. Beenenue

Bo BBeaeHMM HEOOXOIMMO OTpPa3UTh JOCTOMHCTBA T'MJIPABIMYECKUX
IPUBOJOB M MX IPEUMYLIECTBA 10 CPABHEHUIO C IPYTMMH THUIIAMH IPUBOJOB —
MEXaHUYECKUMU, HIEKTPOMEXAaHNYECKUMU U THEBMAaTHYECKUMU.

[IpyHIMNManpHasg cXeMa THAPONPUBOAA B COOTBETCTBHUM C 3aJaHUUEM
IPUBOJUTCS B KOHTPOJIbHOW paboTe B BUAE OTIEIBHOIO PUCYHKa B MacuiTade,
yA00HOM i €€ MOHMMaHus. BeluepunBaHUe 3JIEMEHTOB CXEMBbI POU3BOJIUTCS B
cootBeTrcTBUM ¢ TpeboBanusimu ECKJI wHa  ycioBHble  00O3HA4eHHUSA
IPUHLIUANHAIBHBIX TUAPABINYECKUX CXEM.

Onucanve TPUHLIMIINAAIBHONW CXEMbl HaYMHAETCA O TOTO, YTO M300pakeHO
Ha PUCYHKE B CTATMYECKOM COCTOSIHHM. 3aT€M IPOU3BOJAUTCS ONKMCAHUE CXEMBI B
pabouem coctostHUM. IIpu 3TOM paccMaTpuBarOTCS pPa3IUYHbIE IOJOXKEHUS
pacnpenenuTeNnbHOro ycrpoiictsa. IlocaenoBaTesnbHO onMchIBaeTcss paboTa BCex
YCTPOMCTB B IOJIOXKEHUH, H300pa)KEHHOM Ha CXeMe, a 3areM — I[pu
peBepcupoBaHuM pactpenenurens. Ilocme 3Toro oOmuceIBaeTCs IOBEICHHE
CUCTEMBI IIpU IIEPETPY3KeE.

3.2. Beibop paboueii KUAKOCTH
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Pabouast XHMIKOCTh CIYKWT Ul MEpeJayd SHEPrud OT THApOHAcoca K
TUAPOABUTATENI0, JJII CMa3Kd MEXaHW3MOB U JeTalled TUIPaBIMYECKUX
YCTPOMCTB, a TaKXke I OTBOJIA TEIJIa OT UCTOYHUKOB €ro BbiaeneHus. K pabouei
XKUIKOCTH MPEABSBISIIOTCS psAll TPEOOBaHUM, CBOASAIIMXCSA, B OCHOBHOM, K MaJIOMY
U3MEHEHUIO €€ (PU3MKO-MEXaHWYECKUX CBOMCTB B IIpOLIECCE€ HSKCIUTyaTaluu
ruaponpuBoaa. OCHOBHBIMU U3 3TUX TPEOOBAHUH SABJISIOTCS CIAEAYIOIIHE:

1) xopo1ne cMa3bpIBatOUIME CBOMCTBA TPYIIMXCS TIOBEPXHOCTEN;

2) Majloe W3MEHEHUE BSI3KOCTU padoveil MKUAKOCTH B IIMPOKOM JIMAMA3ZOHE
U3MEHEHUs pabounx TeMIIepaTyp 1 AaBJICHUH;

3) COOTBETCTBUE BSI3KOCTU paboyeid )KUIKOCTH MOCAJKaM M 3a30paM BHYTpU
THIPOArperaToB 4ToObl M30€KaTh YPE3MEPHOW YTEUKHM KHUAKOCTH TPHU OYEHD
MaJol BSI3KOCTH WJIM YPE3MEPHBIX MOTEPh HA TPEHUE MPU CIUIIKOM OOJIBIION €€
BA3KOCTH;

4) HeWTpanbHOCTh pPabOYeil MKUAKOCTH 10 OTHOLICHHIO K MaTepuaiam
TUAPOArperaToB, YIVIOTHEHUSM, TOKPBITUAM U IPOYUM 3JIEMEHTaM I'MAPONPHUBO/IA;

5) pabovast KMIKOCTh JOJDKHA OBbITh 0O€30macHa Kak B IOXapHOM
OTHOLIEHUH, TaK U 1JIs1 00CITyKMBAIOLIEr0 IEPCOHANA;

6) comepkaHue 3arpsi3HEHUN B KUIKOCTH, OCOOCHHO aOpa3WBHBIX YACTHII,
JOJIKHO OBITh MUHUMAJIbHBIM.

B kauectBe paboymx >KMIKOCTEH THUAPABIMYECKHX CHCTEM B OCHOBHOM
UCIIOJIB3YIOTCSI MUHEpAJIbHBIE Macia, MOJIydaeMble B Pe3ysbTare NepepadoTKu
Heptu. Hambomee mUpPOKO B  MAMIMHOCTPOUTENBHBIX  THAPONPUBOAAX
npuMeHstoTes macna uaaycrpuansasie mo I'OCT 20799-88 mapok 12, 20, 30.

IIpn sKcruryaTanuu TrUApONpPUBOJA HEOOXOAUMO MPEAYCMOTPETh OYHUCTKY
Macia OT HOCTYIAIIKX 3arpsI3HEHUI U TPOIYKTOB U3HOCA THIPOArPEraToB.

3.3. Beibop pabouunx naBiieHU

JaBnenue pabouedl kuakocTd B ruaponpusoae a0 5 Mlla Ha3biBaercs
HU3KUM, oT 5 1o 10 MlIla — cpennnm, ot 10 go 30 MIla — BeicoknM u BbIIE 30
MIlIa — cBepxBbpICOKMM. /[aBieHue B TMAPONPUBOJAE ONPEACISAETCS HArpy3KOM Ha
BBIXOJIHOW JJIEMEHT THAPOJBUTATENS W THIPABINYECKUMHU COIPOTHBIICHUSMH,
CYLIECTBYIOIIMMU B TpyOOmpoBogax M ruapoamnmapartax. Pabouee naBieHue
3aBUCUT OT COOTHOIIEHUM MEXAY STUMH BEITUUMHAMU.

[Ipu ©Oomnee BBICOKMX BBIOPAHHBIX pAOOYMX [ABICHHUSIX KOHCTPYKIIHUU
THIPaBIMYECKUX MAIINH MOJIy4aloTcs 0ojiee KOMIAKTHBIMH, Macca X MEHBIIE 3a
CYeT yMeHblIeHus pa3MepoB. OJHAKO MPUMEHEHHE MOBBIILIEHHOIO padboyero
JABJICHWSI B THUAPONPHUBOAE OCJIOXKHAETCA TPYAHOCTSAMH, CBSA3AHHBIMH C
3¢ (EeKTUBHOCTHIO YIUIOTHEHUH, C KOHCTPYKIMEH KJIamaHoB, ¢ HEOOXOAMMOCTHIO
IPUHUMATh BO BHUMAaHHUE YNPyrocTb padouel kuakoctu u ap. Ciemyer uMeTh
BBUJy, YTO OOBEMHBII HAacCOC MOXKET paboTaTh B MpeaesaXx OT HAUMEHBIIEro J0
HanOOJbIIEro paboYero AaBJICHHUS, JOIYCKAEMOr0 €ro KOHCTPYKLIUEH.

B ruaponpuBogax TEXHOJOIMYECKMX MAIIMH PA3JIUYHOTO Ha3HAYEHUS
npuMeHsIOTCs aaBieHus 10 35 Mlla u B HekoTopsix ciyvasx — g0 50 Mna. B



TUAPONPHUBONAX  METAUIOPEXKYLIMX  CTAHKOB M KY3HEYHO-IIPECCOBOIO
o0opyoBaHUs B OOJIBIIMHCTBE CIy4aeB MPUMEHSIOTCS HU3KHE U CpEIHHE
JABJICHUS U YaCTUYHO — BBICOKHUE.

3.4. OCHOBHBIE 3aKOHBI JIBMKCHUS KUIKOCTH.

[Ipy pas3nuyHbIX TUAPABIMYECKUX pacyeTax OOJbIIOE 3HAYECHUE HUMEET
MPAaBUWIBHOE ONPEJCICHUE PEXKUMA TEUCHUS KUJIKOCTH B THUIAPABIMYECKOM
arperate. PeXuM TeueHHUSI KUJKOCTH OIpEACNSeTCd MO 4Yuchy (KPUTEPUIO)
Peiinonnaca:

vd 40
= 1
1% mdv’ (1)
rme  »,() — CpeaHss CKOPOCTb, M/C, ¥ pacxo paboueil KUIKOCTH, M°/C;

Re =

d — BHyTpeHHHil IMaMeTp TPyOOIPOBOAA, M;
V — KMHEMaTHYECKas BA3KOCTh XKHUIKOCTH, M /C.
[Tpu uucne PeiiHonbaca MEHbIIIE KPUTHUECKOTO, TO €CTh mpu Re <R€Kp

PeXHM Te4eHMs] JKHAKOCTH Oymer namuHapHeiM, mpu Re >Re, -
TypOyJIEeHTHbIM. 3a KpUTUYECKOE 3HaueHHe 4ucia PeiiHosbaca [jIsl KpPYyIJIbIX
rankux Tpy6 npuaumaror Re,, =2300.

JIns MpaBUIIBHOTO OIPENEIEHUs MOTEPh, HANPUMED, AABJIEHUSA, MO YHUCILY
PeliHONB/ICA U OTHOCHTENHHOH IIepoXoBaTOCTH A, BHYTPEHHHX CTEHOK TPYOBI

OIPEENSeT 30Hy CONPOTUBIICHHUS:
A
A, = e (2)
rae A — abCONOTHAs IIEPOXOBATOCThH CTEHOK Tpybomposoma. Ilpu pacuerax
THAPONPUBO/A HCIIOIB3YIOT YpaBHCHHE bBepHyIuM, ypaBHEHHE HEpPa3phbIBHOCTH
IIOTOKA XKUJIKOCTHU N (I)OpMYHBI I OHpeI[eJIeHI/IH HOTepB Hal'IOpa U JaBJICHUA 110
JUTHHE TPyOOMPOBOA i B MECTHBIX COITPOTHUBIICHHUSX.

4. PacueT ruppouunuHapa
4.1. O01ue nonoxeHus

Cunoselie TUAPOLMIIAHIPHI SIBJISTFOTCS TUJIPOABUTATEIISIMU,
OCYILECTBISIIOIIMMHY  IPSIMOJIMHEMHOE  BO3BPATHO-IIOCTYIIATENIBHOE  JIBUKEHUE
BBIXOJHOTO 3BeHa (1Toka). CHiIOBbIE THAPOLMIMHIPBHL MOAPA3JIEIAIOTCS Ha
TUIPOUMIIUHAPBL  OAHOCTOPOHHETO JIEUCTBUS, JABYXCTOPOHHErO JIEUCTBUS U
muddepennuanbabie  TUAPOUUIUHAPEL. OCHOBHBIMH pPabOYMMU  DJIEMEHTaMU
KQXJIOT0 CHUJIOBOTO THUAPOLMIIMHAPA SIBIISETCS IITOK C MOPIIHEM (ILTyHXEPOM) U
uunuHap. OJMH U3 HUX KpPEenuTcsl K OObEKTY HEMOABUXKHO, & BTOPOM COBEpIIAET
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BO3BPATHO-IIOCTYNATEIbHOE JIBIKEHUE TIOJ JaBJieHHEM pabodeil >KUIKOCTH,
JEUCTBYIOLIEN Ha MOPIIEHb (ILUTyHXKEp), WK MO IEUCTBUEM BHEIIHEW HArpy3KHU.

[Ipy nIpOEKTUPOBAHUH CHJIOBBIX TMAPOLMIMHAPOB MPOBOJIATCS CIETYIOIINE
KOHCTPYKTHBHBIE PELICHUS U PACUETHI:

1) BBIOMpaeTcs WM 3a1aeTCs TUI THAPOLMIUHAPA, X0 IITOKA, CIIOCO0 ero
KpEIUICHUS;

2) ompenenseTcs WU 3alaeTcs BHELIHSS Harpyska, JEHCTBYrOLIas BIIOJIb
OCH Ha IITOK THPOLIMIIMH]IPA;

3) ompenensiercss WIM 33JaeTcsl BeIMYMHA pabodyero JaBJICHHUS B
TUAPOLMIMH]IPE;

4) ompenensOTCA CUIIbI, MOTPEOHBIC AJISl MPEOI0JICHNS BHEIIHEW HArpy3Ku
B 000MX CTOPOHAX JBUKEHUS LITOKA;

5) ompenemsieTrcss TOTpPeOHBIC TUIOMIAAM TOPIIHEH 10 HAWJACHHBIM
BEJIMYMHAM MOTPEOHOW CUJIbI U PabOYEro AaBJICHMUS;

6) ompenenseTcs AMaMeTp MITOKA U TOJNIIMHA CTEHKH LIUJIMHIPA;

7) BbIOMpaAETCs TUI YIUIOTHEHUH NOPLIHS U IITOKA;

8) MO yCIOBHSM KOMIIOHOBKH ONPENEISETCS MaKCUMAaJIbHO JOIYCTHMBbIE
rabapuTHBIE pa3MepPbl THAPOLMINH]IPA;

9) mo 3agaHHONW CKOPOCTH MEPEMELIEHUs ILITOKA OIPEAENSIETCS Pacxojl
paboueil )KUJIKOCTH;

10) pazpabarbiBatoTCsl paboune YepTeKU T'MAPOLMIMHAPA (MPU HAJIUYHUU B
3aJIaHUU COOTBETCTBYIOIIETO TPEOOBAHUA);

11) mpousBoAUTCS MPOBEPOUHBIA PACUET TMAPOLMIMHAPA HA IPOYHOCTh U
YCTOMYMBOCTB MOCJIE TPUBEAEHUS Pa3MEPOB K CTAHAAPTHBIM pa3Mepam.

4.2. BeiOop THNA TUAPOLUIUH]IPA

Br16op Tuna rugpounanHapa IPOU3BOAUTCS B 3aBUCHMOCTH OT TPEOOBaHMIA,
OPEeNBABIAEMbIX K pPabOTe€ MCHOJHUTEIBHBIX YCTPOMCTB TEXHOJOTMYECKOU
MamuHbl. Eciay mopiieHs ruIpolMIMHIpPa MOKET OBITh BO3BPAILEH B MCXOAHOE
IIOJIOKEHHUE TI0J JACMCTBHEM IPYKWUHBI WIM IIOJ ACHUCTBHEM CWIBI TSKECTH, TO
IIPUMEHSIET CUJIOBBIE THAPOLMIMHAPBI OAHOCTOPOHHETO NEUCTBHSIL.

I[Ipy  HEOOXOOMMOCTHM  HAAEKHOTO  BBINOJHEHUS  MCHOJHUTEIbHBIM
YCTPOMCTBOM pabOuMX IBMKEHHM Kak MPU BBIIBWKEHUH INTOKA, TaK M MPHU €ro
BTATMBAHWHA NPUMEHSAECT THUAPOLUMIMHIAPBI ABYXCTOPOHHErO  JEHUCTBUS €
OJHOCTOPOHHUM HJIN IBYXCTOPOHHHUM IIITOKOM.

Jmmna xoma L nopmHs (UToka) THAPOLMIMHApPA  ONpeeNseTcs
HEOOXOIMMOW BEIUYMHON JMHEWHOrO0 WM YTJIOBOIO TMepeMelleHusi padboyero
opraHa MaillHbl, TPUBOJAUMOrO B ABMKEHUE CHIJIOBBIM THAPOLMIIUHIAPOM. OOBIYHO
JuHa Xona Oepercs B mpeaenax L =(4—-6)D u B HEKOTOPHIX CIydasX MOXKET

ObITh U Ooublie, gocturas 20D (D — quamerp mopiiHs).

4.3. PacyeT nuameTpa MOPITHS U BEIMYUHBI pa00YEro TaBICHUS
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VYcunue, neicTByromee Ha ITOK TMAPOLMIMHAPA, M BEJIMYMHA padodero
JABJICHHS B €r0 IIOPIIHEBOM MTOJIOCTH CBA3aHbl YPABHEHUEM:

F = PpS n., 3)
zD?
e S = T4~ Ulomanp NOpuIHA, M?;
n, — mexannueckuil KIIJ[ ruapoumnvHapa, yYUTHIBAIOUIMKA IMOTEPU Ha

TPEHHE B YIUIOTHEHUSIX MOPIIHSA M IITOKa. Bennumna mexanmyeckoro KIIJ
HaxoauTcs B npenenax 77, =0,85 ... 0,95.
N3 ypaBHeHus (3) MOKHO HallTH paboyee 1aBJIeHUE W TUIOIIA/1b TOPILIHS:

F
P =—
p UHS ’ (4)
F
S=—n,, (5)
P p
JluaMeTp MOPIIHS BEIYUCIISICTCS 110 (hOpMYyJIE:
p -

Huametp mtoka npuHuMaercsa paBHbeiM (0,3 ... 0,7) D u 3arem npoBepseTcs
U3 YCJIOBUM MPOYHOCTH IITOKA HA TIPOJIOTIBHBIN U3THO.

B HEKOTOpBIX CIlydasx ObIBA€T HEOOXOAMMO 3HaTh ycuiame Ly,

Pa3BUBACMOC TIOPIIHCM IIPpH BTATMBAHWM IITOKAa B MNHWIIHXHIP. 3T0 yCuiiume
OIIPCACIIACTCA 110 BBIPAKCHUTIO!:
T 2 2
F, :Z(D —d )Pan. (7)
Pacxon »xunkocTu, mogaBaeMblid B IMOPLIHEBYIO MOJOCTh TUAPOLUMIINHAPA, U

CKOPOCTb ABHMKCHUA INIOPIIHA THAPONMINHAPA CBA3aHbl COOTHOIICHUCM:

0=v,§. (8)
dakTHYECKHUI PacX0/] )KHIKOCTH, ITOaBaEMbIi B THIPOLMIUHID, Oy IeT:
qu - g > (9)
Mo6
niin
0 =0, 1,5,

rae 77,; — oobeMublid KIIJI, yuuThiBaromuii yreuku pabouei KUIKOCTH B 3a30pax

B TIOJBW)XHBIX COCIMHEHMSX THUIPOUWIMHApPA TMOPIIHS M IITOKa. BenuunnHa

oobemuoro KIIJI runpormnuuapa HaxoauTes B npeaenax 7,, = 0,98 ... 0,99.
CKOpoCTh MOpPIIHS, IPU MOAAYE KUJKOCTU B MOPIIHEBYIO MTOJIOCTh, PaBHA

_9_40 (10)

=

S  D?

[Tpu momaue pabGodeil KUAKOCTH B IITOKOBYIO IOJOCTh THAPOLMIHHIPA,
CKOpOCTh U, MOpIIHs OyIeT paBHa
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:W. (11)

wm

4.4. Pacuer rugpoMIMHAPA HA IPOYHOCTH

CunoBple  THAPOIWIMHIAPBI TOpH  paboTe MOABEPraroTCs JEHCTBHUIO
BHYTPEHHETO JaBJICHUS paboyell KUIKOCTU M BHEIIHEH Harpy3ku. Ha mpouHocTh
JOJKHBI PAaCCUMTHIBATHCS BCE ACTANIM M AJEMEHTHI CHJIOBOTO THIPOLMIMHApPA —
UWIMHAPHI (TUIb3bI), KPBIIIKY, TOPIIHY, IITOKH, Y3JIbl KPEIUIEHUS U IP. DJIEMEHTHI
THAPOCHCTEMBl PACCUMTHIBAIOTCS HA TaK Ha3blBAEMOE YCIOBHOE paBieHue D,

KoTopoe npesbiaeT padbouee Ha 20-30% :
P,=(12...13)P,. (12)
D70 nenaercs o 1eNbl0 co37aHus OOJbIIel rapaHTHH OT TMIPABINYECKUX YJIapoB,

TOJITYKOB U T.II.
[IpuOamxeHHO, TOIIMHA CTCHKH O, IMIMHAPA ONIPEAEIAETCs Mo GpopmyJie:

PyD
y = 20 > (13)
oon
rac O-Oon — I[OHYCTI/IMOG Har[meeHI/Ie, JJIsL erIepOILHCTOﬁ KOHCTPYKHHOHHOﬁ

CTaJld IPUHUMAETCS PaBHBIM o ,,, =(400...500)10° Ila.

Hapy>xnbiii qauameTp nunuHapa OyneT paBeH
D, =D+2o, (14)

Benuuunbl, momydyennsie mo ¢opmymnam (13) u (14), okpyrasitorcs B
OOJIBIIYIO CTOPOHY 0 HOPMAaJU30BaHHBIX 3Hau€HUU. CUIIOBBIE TMAPOLUIUHAIPSI,
MMEIONINE 3HAUYUTENbHBIN X0 mToKa (L >10d ), TOIKHBI TaKKE€ pacCUUTHIBATHCS
Ha IPOJOJIBHYIO YCTOMYHUBOCTb.

5. Pacuer TpyGonpoBo10B

Pacuer TpyOompoBOoga MPOBOAWTCS C IEIbIO  ONPEACICHHUS  €ro
FEOMETPUYECKUX Pa3MEPOB M MOTEpPb JaBieHUSA. VICXOAHBIMH JaHHBIMHU JJIS
pacdyera TpyOOmpoBOAa SBIAIOTCS JaBlieHWE paboueld >KHIKOCTH, €€ pacxof,
CKOpPOCTbh TE€UEHHMSI, a TAKXKE KOJMUYECTBO MECTHBIX comnportuBieHuil. [Ipu pacuere
TpyOOTIIPOBOIOB OOJIBIIIOE 3HAYECHUE UMEET MPABUIILHBIN BEIOOP CKOPOCTU TEUEHUS
KUJKOCTH. B citydasix MajbIX CKOPOCTEH KUAKOCTU YBEIMUYUBAIOTCS Pa3MeEPhl, BEC
¥ CTOMMOCTH TPYOOIPOBOJIa U BCE CMOHTUPOBAHHOW HA HEM THApPOANIapaTyphl.
Haobopot, 6ombire CKOPOCTH KUIKOCTH MPUBOIAT K YMEHBIICHHIO Pa3MEpPOB
TpyOONIPOBOIa, HO OJTHOBPEMEHHO U K OOJBIINM 3aTpaTaM SHEPIHH, YTO MOXKET
MOBECTH K 3HAYUTEIBLHOMY HarpeBy paboueit skmakoctu. Ha mpaktuke Obuin
HalIeHbl HanboJiee yIOBIECTBOPUTEIBLHBIE CKOPOCTH TeUCHUS paboyelt KUJIKOCTH,
KOTOPBIE PABHBbI:

— BO BcachIBaroleM TpyoomnpoBojie Uy, =0,5 ... 1,5 m/c;
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— B CJIMBHOM TpybormpoBone U, =1 ... 2 m/c;
— B HamopHoM Tpyborposojae U, =3 ... 5 M/c.

[Ipu sTomM Oonblime 3HaueHus U, OepyTcs s TUAPOCUCTEM C OONBIIMM
naBiieHreM padoueit xkuakoctu (10 MlIla u Beie).

[To BbIOpaHHOM WM 3aaHHON COOTBETCTBYIOIIEH CKOPOCTH OMPEEISIOTCS
BHYTPEHHHE IMAMETPbl COOTBETCTBYIOLIUX TPYOOIPOBOIOB:

0
BCACHIBAIOIIETO d =113 U_Qb , (15)
0
HAIlOPHOTO d,=1L13 U—d) , (16)
0
CJIMBHOTO d., =113 U—qb : (17)

[TomyuyenHbie pu pacyeTe 3HAYCHUST TUAMETPOB OKPYIJISIETCS, KaK MPaBHIIO,
B OOJIBIITYIO CTOPOHY 110 OJMKAMIIEero CTaHIapTHOTO 3HAYCHUSI.
TonmuHa cTeHKH O TPyOOIPOBOIa MPOBEPSIETCS U3 YCIOBUS IPOYHOCTH 110
bopmyie:
Pdk
o=

- 9
20,

(18)

rne P — makcumanbHOe naBieHue B TpyOe, [1a;
d — BHyTpeHHNII guaMeTp TPYObL, M;
k —xosddunuent 6e3omacHocTn (3amaca);
0, — JIOIIyCKaeMOe HampsDKEHUE Ha pacTshKEHUE MaTtepuaiia Tpyosl, [1a.

[Ipu pacuere noreps JaBiIeHUs B TPyOOIPOBOAAX UCTIOIB3YETCSl YpaBHEHUE,
YUMTBHIBAIOIIIEE, YTO CyMMapHbI€ MOTEPU PaBHBI CYMME MOTEPh HAopa Ha TPEHUE

0 JUIMHE Z h, jii M IIOTEPh HAOpa B MECTHBIX CONPOTUBIICHUAX Z P -

AP, =7 by =7 (. hugyi + 2 i), (19)
rae ) — yAelbHBIA Bec paboueii xuakoctu, H/m?;
Y = pg (20)

P - INIOTHOCTb KUAKOCTH, KI/M”;

g — YCKOpeHue cBoOoaHoro najaenus, 9,81 m/c?.

s ompeneneHus MOTEPh AABJICHUS HEOOXOIUMO 3HATh PEKUM TCUCHHSI
KUIKOCTH W 30HY compotuBicHuid. [loTepw Hamopa Ha TpeHHE IO JJIMHE B
COOTBETCTBYIOIIEM TpyOompoBoie onpenensiercs no popmyse lapcu-BelicOaxa:

W0 21
! di 2 g . ( )

[ToTepn Hamopa B MECTHBIX COTPOTHUBIICHUSX OIMPEACISIFOTCSA MO (GopMyIie

Beiic6axa:

haﬂi =1
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2
L.

_ i
hnMi - 51' 5 (22)
g
Trac Ui — CpCAHAA CKOPOCTb TCUCHUSA KUIKOCTH, M/ C,

l;,d; — nnuna n BHYTPEHHHI TMaMeTp TpyOOmnpoBoaa, M;

/1,' — KO3((PUIMEHT COMPOTUBICHUS TPEHUS, 3aBUCSIIUNA OT pPEKUMA

TEUCHUS JKUIAKOCTH M OTHOCHTEIbHOHN IiepoxoBaTocTH Ac TpyOomposona. [lpu
OTIPENICTICHUN  OTHOCUTENBHOW  IIEPOXOBATOCTH  BEIWYMHY  aOCOJIIOTHOU
IEPOXOBATOCTH MOXHO TPHUHSITH IS CTabHBIX Tpyo A=0,03 ... 0,05 mm, mnsa
Tpy6 3 1iBeTHBIX MeTaioB A =0,002 ... 0,01 MmMm;

&, — KOO(QPUIMEHT MECTHOTO CONPOTUBICHUS, 3aBUCAIIMIA OT pPEXUMA

TEUYCHUS )KUIKOCTH U BHJIa MECTHOTO COIPOTHUBJICHUS.
CymmapHble TIOTEPH JAaBIIEHUS [UIsl COOTBETCTBYIONIErO TpyOompoBona
BBIYUCIISIIOTCS IO hOpMyJIe:

2
. [
S =y h 8D, @),

Jlns onpenenenus kKod(pQUIMEHTa CONPOTUBIEHUs TpeHus A 1o dopmyiie
(1) Haxogum ymucno PeitHonbAca, MO KOTOPOMY YCTaHABIMBAEM PEXHUM TEUEHUS
KHUJKOCTH M COOTBETCTBYIOIIYIO 30HY COIPOTUBIEHHI B TpyOomposoze. Ilpu
JTAMUHAPHOM TEUEHMH SKMAKOCTH Kodpdurument A ompenensercs Mo
AMIIMPHUYECKON Popmyiie:

64
A=—-
vt (24)
uiu 1o gopmyiie
a1 75 )
Re (25)

®opmyna (25) yUUTHIBAET OXJXKIACHUE CIIOEB JKUAKOCTH, MPUJIETAIOIIUX K
CTEHKaM TpyOoNpoBOJia, U TMOITOMY sIBIsieTcs Oojiee mpennoytuteabHou. [lpu
TypOYJI€HTHOM  pEXKHUME TEUYEHHUS IKUJIKOCTH  YUUTHIBAIOTCS  CJICIYIOIIHE
3aBUCUMOCTH.

1. 30oHa ruApaBIMYECKH TJIAJKUX TpyO, KOrja BEJIMYMHA BBICTYNOB A

IEPOXOBATOCTH  TPyO  MEHBIIE TONIIUHBI  JIAMAHAPHOW  TUJICHKU O,
ONPENEIAEMOMN IO YPABHEHUIO

s - 30d 06
ni Reﬂ . ( )
20d
IIpu stom Re,, <Re <T 1 K03 b purmeHT A ompenensieTcs mo popmyie:
P 0,3164 .

i/g ; (27)
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2.IlepexonHas 30Ha (HE TOJHOCTBIO WLIEpPOXOBaThle TPYyObI), Koraa

20% <Re < 500%, kodhummeHT A onpenensiercs 1o Gopmyie:
A 68 s
A=011(—+—)"". 28
(d Re ) (28)

3.30Ha THApPABIMYECKH IIEPOXOBAThIX TpyO, Korma Re 2500%,

koo punuent A onpenensercs no popmyie

A= 1 (29)

do’
(L14+21g-)

i 1o Gpopmye, OIM3KOM K mpeablIyIeit:

A =01 1(%)0’25. (30)

6. [TogOop arperatoB ruApoONpUBOIA

OCHOBHBIMM  apaMeTpaMH, IO KOTOPbIM OCYIIECTBISETCS MOA0O0D
THIpOarperaToB, SABJIAIOTCS JaBjeHHEe (HAop) U pacxo (rmogayda) KUIAKOCTH.

6.1. ITog6op ruapoHacoca

[Tpu BbIOOpE Hacoca, KpOMe JIaBJIEHUS U Pacxojia, IPUHUMAIOT BO BHUMAaHHE
psn TpeOOBaHMI, Takue, HAIpUMEpP, KaK HAAEKHOCTh B AKCILTyaTallluu, yJ100CTBO
MOHTaXka, 00cy>kuBaHus, 3aTpatsl sHepruu, KIIJ{ u psa npyrux.

JlaBieHue, pa3BUBa€MOE HACOCOM, OIpeeseTcs no Gopmyse

P,=P, +y>h,, 31)
rane P, —pabodee napneHue, onpesensieMoe BhIpakeHHeM (4);
> h, — CyMMapHble IOTEPH, PaBHbIC CyMME IOTEPb BO BCACHIBAIOLICM,
HAIMlOPHOM U CJIMBHOM TpyOOIpOBOIaX:
Doy =D e ¥ D Ry, (32)
TeopeTudeckas nmogada Hacoca ornpezaensercs no hopmyse

O
Oy =—,
No6n
rne O, — (axkTudeckas moaayda, onpeaensaerca mo popmyie (9);

(33)

n,; — oobemubiit KIIJ[ Hacoca, 3aBucsIuii OT TUIIA HAcoca U BhIOUpaEeMbIi

IO CIIPaBOYHBIM JaHHBIM.
MortHOCTb, IOTpEOsieMast HacOCOM, OmpeeNnsieTcs no Gopmyie

i PHQ(})
1000

(xBT), (34)
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rne P, — naBnenue Hacoca, I1a;
Q, — mojaya Hacoca, M*/c.

[Tonnast moTpebisiemMasi MOIITHOCTh HACOCOM OYJIET paBHA

11
N,, =—2~, (35)
n
rae 77 — nonmenid KIIJ| Hacoca, ompeaenseTcs IO CIPAaBOYHBIM JaHHBIM B

3aBUCHMOCTH OT THIIA U MOJIETIN HACOCa.
[Io 5TuM pAaHHBIM, OKPYIJICHHBIM B OONBIIYIO CTOPOHY, MOAOUpAeTCs
TUTIOPA3MEP HACOCA, U ONPEAENSAETCS €r0 MOJHAsI TEXHUYECKasd XapaKTEePUCTHUKA.

6.2. Be10op rugpopacnpeenurens

['unpopacnpenenuTen OCYIIECTBISIOT MoAady paboyeil KHUIKOCTH TMOJ
JABJICHUEM B OJIHY M3 MOJOCTEM TMAPOLUMIMHAPA U OJHOBPEMEHHO OTBOJ €€ U3
IPOTHUBOIIOJIOKHOM MOJOCTH B pe3epByap. Haumbospluee pacrnpocTpaHeHue
MOJTYYMJIH 30JI0THUKOBBIE PacTIpeeTUTENN, OCHOBHBIM MPEUMYIIECTBOM KOTOPBIX
ABJISIETCSI IPOCTOTa ympaBlieHHs, BbICOKM oOveMHbId KIIJ[, a Taxxke
YPaBHOBEIIEHHOCTh 30JI0THHUKA B PAINAJILHOM U B OCEBOM HaIIPaBJICHUU.

I'uppopacnpenenurenn  noadOuparoTcss 1O  HauOoiblIeMy padoyemMy
JABICHUIO M HOMHMHaJIbHOMY pacxoxy. Jns momgbopa ruapopacnpeaenuTens
naBieHue Beraucisiercs mo gopmysie (31), a pacxon — mo dhopmyae (9).

[lotepu paBneHWss B THUIPOPACHPEACIUTENE ONPEIEISAIOTCI M3  €ro
TEXHUYECKON XapakTepUCTHKU. C LENbI0 CHUKEHUS MAacChl MHOTJA JIOIMYCKAaOT
YBEIMYECHHE pacxojla 4yepe3 THIpopaclpeaeinTenab, Ho He Oosiee yeM Ha 40%
OTHOCHUTENIFHO YKa3aHHOTO B €ro TEXHMYECKOM XapaKTepUCTUKE HAMOOJbIIEro
pacxona. B aToMm cityyae norepu aBieHus OyQyT YBEIIMUUBATHCS U ONPEIEIATHCSA
1o MpUOIMKEHHOHN QopmyTe:

AP, , = AP, (g—q”)2 , (36)

H

rae O, u AP, — COOTBETCTBEHHO Pacxoj W MOTepU JABJICHUS NMPU HOMHUHAIHLHOM

peXHMe, YKa3aHHOM B TEXHUYECKON XapaKTEPUCTUKE TUAPOPACTIPEICTUTEINSL.

Ecnm Bemnumna moteph, ompenencHHas 1o ¢dopmyne (36), OKaxercs
3HAYUTEIHHOW, HEOOXOAMMO HW3MEHHUTHh BEIMYMHBI HOMUHAIBLHOTO JABJICHHS U
pacxojia paboueil JKUIKOCTH.

6.3. Bb100p npeoXpaHUTENbHOTO KIlalaHa

[IpenoxpaHUTENbHBIA KIallaH OOECIeUMBAET 3allMTy THAPONPHBOAA OT
neperpy3ok. IlpenoxpaHHWTeNbHBIA KianaH MOAOUpAeTcs IO MaKCHMaJIbHbIM
3HAUYCHUSIM JaBJICHUIO M pacxojaa paboueld kuakocTd. JlaBiaeHue HACTPOUKHU
IPEeIOXPAHUTEIHLHOTO KJIaraHa BBIOMPAETCS TaKUM, 4TOOBI OHO ObLIO OOJbIE Ha
20...40% paGouero pmaBieHuss B rugponpuBone. Ilpu wncnons3zoBaHKUU
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NPEIOXPAHUTEIHHOTO KJlallaHa B KA4eCTBE IEPEIMBHOTO, JABICHHE HACTPOUKH
kianana obecneuynBaercs Ha 10...15% Oomnplie pabodero 1aBaeHUs.

6.4. Boi6op guibtpa

Tun ¢unsTpa BeIOMpaeTcs Mo TpedyeMoil TOHKOCTH (QUIbTpaluu pabouei
KUIKOCTH, MO €€ pacxody W AaBieHUto. HamOosnpmias A0ATOBEYHOCTH pabOTHI
arperaToB THIPOIPHBO/Ia 00ECIIeYNBACTCS MPU YCTAHOBKE (PMIIBTPOB C TOHKOCTHIO
bunpTpamm 0,01 MM um menee. OnmHako Takue QWIBTPHI HMEIOT MAaTyiO
IPOITYCKHYIO CIIOCOOHOCTb.

Haubonpiiee pacrnpocTpaHeHHE TMONYYMIN IUIACTUHYATBIE W CETYaThIe
¢unbTpel ¢ ToHKOCTBIO (uiapTpanuu 0,06 ... 0,15 MM. OObuHO 3TH (QUIBTPHI
YCTaHABIUBAIOTCS B CIMBHOM MarucTpaiu, U 4yepe3 QPHiIbTp MPOXOAUT BECh PacXoj
xuakoctd. Ha Bxozme B pe3epByap YCTaHaBIMBAETCS 3aJIMBHOW  (DUIBTD,
obecneunBaromuii ToHKOCTh QuubTparuu 0,1 ... 0,2 MMm. ToHKOCTh QuIbTpaLUU
PEKOMEHYETCS TEXHUYECKHMH XapaKTEPUCTHKaMU HacocoB. Pacxop kuakocTu
yepe3 GUIBTp ompeaensercs mo ypaBHeHHIO (9). OUIbTpbl TOHKOW OYHCTKU
(toukocth ¢unbTpanmu Menee 0,01 MM) ycCTaHABIMBAIOTCS B OTBETBICHUU
HAIIOPHOTO TPYyOOIIpoBOJa, Yepe3 KoTopoe mpoxoaut He 6onee 10 ... 20% oburero
pacxona paboueit xxuakoctu. Ha BXoJe B TMIpOHACOC YCTaHABIMBAKOT CETYATHIN
GunbTp rpy0oit 0OUMCTKH ¢ OOJIBIION MPOMYCKHON CIIOCOOHOCTBIO.

6.5. PezepByap 115t paboueid )KUJIKOCTH

EmkocTh pesepByapa anis paboueil ®KUAKOCTU OMpenessieTcs U3 YCIOBHUA,
9TOOBl 00ECIEYUTh MOMEIIEHUE JIOCTATOYHOIO KOJMYECTBA pabodeil >KUAKOCTU
JUISL 3aII0JHEHUSI BCEX 00BEMOB IMAPOArpEraToB, a TAaKK€ M3MEHEHHE 00OBEMOB B
nporiecce paboOThl M BCIEACTBHE TEMIEpaTypHOro pacmupeHus. OO0beMm
pe3epByapa J0HKEH 00€CIeUnTh TIOCTaTOYHYIO TEIUIOOTauy OKpYyXKarolen cpeae,
yTOOBI TEMIEpAaTypa Maciia B THIAPONpUBOAE He mnoBblanach Beime 50-60°C.
[ToaTOMy OOBIYHO B THIPONPUBOJAX O0BEM PE3EPBYAPOB BHIOMPAETCS PABHBIM 2-
3-TpeXMUHYTHOI MPOM3BOAUTEIBHOCTH HAcoca WM PACCUUTHIBAIOT 00BEM
pe3epByapa IO pa3jiMYHbIM HSMIUPUYECKUM (QopMmysiaM, MPUBOJUMBIM B
auteparype. g yMmeHbIIEHHsT 00beMa pe3epByap MOMKET OCHAIIAThCA
OXJIXKJAOIINM YCTPOMCTBOM. Pe3epByap 3amosiHsieTcsi pabodell >KUIKOCTBIO HE
oonee yemM Ha 80-85% reomerpuyeckoro oObeMa C LEIbI0 KOMIIEHCAIlUU
TEIJIOBOTO PACIIMPEHMS KUJIKOCTH.

7. bubnuorpadudeckuii CmucoK peKOMEHIyEeMOH JINTEPaTyphl

OcHoBHag JuTepatypa
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1. AprembeBa T.B. I'mapaBiuka, THApOMAIIMHBI U THIPOITHEBMONPUBO/L:
yue0. mocobue / T.B. AprtemweBa [u np.]; mom pea. C.II. Crecmna. — M.:
Axanemus, 2008. — 336 c. (16 3k3.)

2. T'mppaBnuka u 0OBEMHBIN TUAPONPUBOJ: YueOd. mocobue ansi By30B /
NBanos B.U., Hasponxkuit B.K., Cazanos N.U., Tpudonos O.H. — M.: MTTY
"Crankun", 2003. — 154 c. (10 3k3.)

3. Toitno M.E. IlpoextupoBaHue OOBEMHBIX THAPONPUBOAOB. — M.:
Mamunoctpoenue, 2009. — 304 c. (15 3k3.)

4. Wnozemues A.H., Tpymmn H.H. I'mapasiuka. OCHOBBI IpOEKTUPOBAHUS
U pacueTa 00BEMHOTO THAPABIMYECKOro MpUBOAa: yued. mocodue. — M.: M3a-Bo
Tynl'VY, 2009. — 224 c. (45 3k3.)

5. Kopuunos B.B., Cununkuii B.M. T'maponpuBox B Ky3HEUHO-
mramMrnoBouHoM obopynoBanuu / B.B. Kopuunos, B.M. Cununkuit. — M.:
Mamunoctpoenue, 2002. — 224 c. (9 3k3.)

6. Jlememkun A.B., Muxaiinua A.A. I'uapaBinyeckre U MHEBMaTHYECKUE
CUCTEMBI: y4eOHUK Il cpell. mpod.oopa3oBanus. — M.: Axkagemus, 2007. — 336 c.
(10 5K3.)

7. Toaxom3un A.A., [TuckynoB O.M., Jlemun K.B. Pa3pabotka 00beMHOT0O
THAPONPUBOA  TMOCTYNATeNbHOTO  JIEHCTBUS:  Yueb.-MeToa. Tmocobue 1o
BBIIIOJIHEHUIO KypcoBbIX padot. — Tyna: M3n-Bo Tynl'VY, 2003. — 58 c. (5 3k3.)

8. ITlomkomun A.A., IluckynoB O.M., KopaneB P.A. T'mapariuka,
THIPOMAIIUHBI, 00BEMHBIM TuAponpuBoa: YueOHoe mocobue. — Tyma: M3a-Bo
Tynl'¥, 2011. — 148 c. (5 3k3.)

9. CemnukoB B.K. Cranoussle ruaponpuBoibl: CrpaBoyHHK. — M.:
Mamunoctpoenue, 2004. — 512 c. (15 3k3.)

10. Cxuptnangze A.I'., UBano B.M., Bapes B.H. I'mapaBnuueckue u
ITHEBMATHUYECKHE CHUCTEMBI: yueO. mocooue s By3oB — M.: MI'TY "Crankun",
2003. — 544 c.(7 7k3.)

JlonoJIHUTe IbHAA JIUTEPATypa

1. Tettep B.I'., ynun B.C., 3aps A.H. I'uapaBnuka v THAPONPUBOI: yueO.
nocodbue. — M.: Henpa, 1991. — 331 c. (8 3k3.)

2. borpmanoBuu JI.b. I'mgpaBnuueckue npuBonbl. — KueB: Buima mikona,
1980. —231 c. (19 3x3.)

3. T'uapaBnuka, TUApOMaIIMHbBI U TUAponpuBoa: yueOnuk / T.M. Bamura,
C.C. Pynues, b.b. HekpacoB u ap. — M.: Mammnoctpoenue, 1982. — 423 c. (12
9K3.)

4. Bacwibuenko B.A. T'ugpaBiaumdeckoe 00OpyJOoBaHUE MOOMIIBHBIX
MaiuH: CripaBoyHUK. — M: Mammnoctpoenue, 1983. — 301 c. (34 7k3.)

5. Kosans I1.B. I'ugpaBnuika u ruponpuBOj FOPHBIX MAlllUH: Y YEOHUK. —
M.: Mamunoctpoenue, 1979. — 319 c. (33 3k3.)
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6. Huxutun O.®D., Xomun K.M. OObemHBIE TUIIpaBIUYECKUE U
MHEeBMaTHYECKHE MPUBOABL: Yuel. mocobue. — M.: MammHocTpoenue, 1981. — 269
c. (8 9Kx3.)

7. TlpoexTupoBaHUE THUIPABIWYECKUX CHCTEM MAalIMH: Yueb. mocobue /
[''M. UBauoB [u ap.]; [lox obm. pen. I'.'M. NUBanoBa. — M.: MammuHocTpoeHue,
1992. — 224 c. (9 7x3.)

8. CmpaBouHoe  mocobOWe 1O  THApPABIMKE, THAPOMAIIMHAM U
ruaponpuBoaam / .M. Bunsnep, S1.T. KoBanes, b.b. Hekpacos u ap.; [lox pen.
b.b. HekpacoBa. — Munck: Beicur. mik., 1985. — 382 c. (35 3k3.)

9. Crontos JI.C., IlepoBa A.Jl., Jloxxkun O.B. OCHOBBI TMIpaBIMKU U
THIPOTIPUBOJI CTAHKOB: yueb mocobue. — M.: Mammnoctpoenue, 1988. — 256 c. (6
9K3.)

10. Tpucdonos O.H., HsanoB B.M., Tpudonoa I.0O. IlpuBoasl
aBTOMAaTHU3UPOBAHHOTO 00OpyIoBaHUs: yuel. mocodbue. — M.: MamumHocTpoeHue,
1991. - 336 c. (10 5k3.)

11. Omkua B.B. OcHoBBI pacdeTa 0OBEMHOTO THIPONPHUBOAA: Yueo.
nocobue. — Munck: Boicmr. mik., 1982. — 93 c. (143 5k3.)

[IpuMeuanue: B CKOOKax MPUBEACHO KOJIMYECTBO 3K3EMIUISIPOB U3JIaHUS B
donmax Hayunou oubmmorexu Tynl'y.
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[Ipunoxenue 1

O6pasen 6manka 3aganus Ha KKP (KP3)

OI'BOY BIIO "Tynbckuii rocy1apCTBEHHBINA YHUBEPCUTET"
y yaap y Y
[TonmuTeXHUYECKUN UHCTUTYT
Kadenpa "ABTomMaTn3nupoBaHHbBIE CTAHOYHBIC CUCTEMBI"

Hucunminna "I'uapaBiandyeckre 1 MHEBMATHYECKUE CPECTBA aBTOMAaTU3auu"

3AZIAHUE
Ha KOHTPOJBHO-KYPCOBYIO (KOHTPOJIBHYIO) paboTy
"PacueT 00BEMHOTO THIPOTIPUBO/IA TTOCTYIIATEIHLHOTO (BpALIATEIIHLHOTO)
IBYOKEHUS"

Bapuant

CTyneHTy rpynibl

(MHIEKC TPYTIIIHI) (pamunms, HTHUITHAIIBI)
Wcxonuble naHHbIC AJ1 pacyeTra:

1) Tun ruponacoca —
2) TUTI TUAPOABUTATENS —
3) Harpy3ka (MOITHOCTH) Ha pabodyeM OpraHe -
4) ckopocTh pabodero oprana —
5) anvHa HaMOpHOTro TPyOOIPOBOIA, M —
6) JUTMHA CTUBHOTO TPYOONPOBOJA, M —
7) TUT TUIPOPACTIPEACIIUTEIIS —
8) croco0 yrpaBieHUs THAPOPACTIPEICITUTEIEM —

CojnepskaHue oT4eTa:

1) mpuHIIMTIHATBHAS CXeMa THAPOCUCTEMBI;

2) onucaHue 1o cxeMe TopsJiKa padOThl arperaToB TUIPOCHUCTEMBI;
3) pacueT OCHOBHBIX TaPaAMETPOB arperaToB TUIPOCUCTEMBI;

4) pacyeT TpyOOIIPOBOJIOB;

5) pacuer TUAPOIMINH]IPA;

6) Mo00p OCHOBHBIX arperaToB TUIPOCUCTEMBI.

3aganue BuIIAT:

(moamuck pykooautes)(d.1.O. pykoBoauTes)

3aaHue HOJTYYHII:

(moamuck CTyIEeHTA, aTa) (®.1.0. ctynenra)
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[Ipunoxenue 2
OOpazel TUTYJBHOTO JIMCTA

MunucrepcTBO 00pa3oBanus U Hayku PO
®I'BOY BIIO "Tynbckuii rocy1apCTBEHHBINA YHUBEPCUTET"
[TonmuTeXHUYECKUN UHCTUTYT
Kadenpa "ABromMaTn3nupoBaHHbBIE CTAHOYHBIC CUCTEMBI"

Huctunnuna: "I'mapaBinyeckrie U MHEBMATUUECKUE CPEACTBA aBTOMATH3aIun"

[NOACHUTEJIBHASA 3ATINCKA
K KOHTPOJIbHO-KYPCOBOM (KOHTPOJIbHOI) paboTe
"Pacdera o0beMHOT0 ruIponpuBoaa "

BpinonHun CTyaeHT rpynisl

[IpoBepun npenogaBarens

Tyna 20
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[Ipunoxenue 3
Oo0pa3zen opopmileHHsT KOHTPOJBHO-KYPCOBOM PadoThI

MunucrepcTBO 00pa3oBanus U Hayku PO
®I'BOY BIIO "Tynbckuii rocy1apCTBEHHBINA YHUBEPCUTET"
[TonmuTeXHUYECKUN UHCTUTYT
Kadenpa "ABTomMaTn3nupoBaHHbBIE CTAHOYHBIC CUCTEMBI"

I[I/ICHI/IHJII/IHEII FI/II[paBJ'II/ILIeCKI/Ie N ITHCBMAaTH4YCCKUC CPCACTBA ABTOMATU3AllNH

KOHTPOJIbHO-KYPCOBAS PABOTA
(mmu KOHTPOJIBHA S PABOTA)
"Pacdera 00€MHOT0 THIPOTIPUBOA TTOCTYMATEIHHOTO ABKCHHS "

BBINOIHUI CTYAEHT IPYNIITBI XXXXXX

[TIpoBepuit npemnoaBaTeib

Tyna 2011
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MuHucTepcTBO 00pa3zoBaHus U Hayku PO
®I'bOY BIIO "Tynbckuil rocy1apcTBEHHBII YHUBEpCUTET"
[TonmuTeXHNYECKUIT HTHCTUTYT
Kadenpa "ABToOMaTU3UpPOBAaHHBIE CTAHOYHBIE CUCTEMBI"

Hucuuminna "'uapaBiandyeckre 1 MHEBMATUYECKUE CPECTBA aBTOMAaTU3aIuu"

3AJJAHUE
Ha KOHTPOJBHO-KYpPCOBYIO (KOHTPOJBHYIO) paboTy
"Pacuera 005€MHOTO THAPOTIPUBO/IA TTOCTYIATEILHOTO ABMKCHUS "

Bapuant

CryzaeHTy rpynisl

(MHAEKC TPYMIIBI) (pamums, HHUITAITBI)
Ucxoanwie nanHbie 715 pacyeTa:

1) Tun rugpoHacoca — MIACTUHYATHIN

2) TUTI TUAPOABUTATENS — TUAPOUMIUHID C ABYXCTOPOHHHUM IIITOKOM

3) Harpy3ka (MOIIHOCTb) Ha pabouem oprane — 42,5 kH

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

5) nymHA HarmopHOTro TpyodoIpoBoaa, M — 5,0

6) JUTMHA CTUBHOTO TpyOOoTpoBoaa, M — 5,0

7) TUT TUAPOPACTIPEICTUTENS — TPEXIMO3UIIMOHHBIN

8) ympaBiieHus THAPOPACTIPEACTUTENIEM — DJIEKTPOMATHUTHOE

9) Tl HAIOPHOTO U CIIMBHOTO TPYOOIPOBOJIOB — )KECTKUE METAIUTUICCKUC
10) pacnonokenue GuiIbTpa — B CIMBHOW MarucTpaiu

ConeprxaHue oTuera:

1) npuHIMTIHANTBbHAS CXeMa THAPOCUCTEMBI,;

2) onucaHue 1o cXeMe NopsJIKa padOThl arperaToB ruAPOCUCTEMBI;
3) pacdeT OCHOBHBIX IaPAMETPOB arperaToB T'HIPOCUCTEMBI;

4) pacuet TpyOONPOBOJIOB;

5) pacuer ruApOLWINH/IPA;

6) T000p OCHOBHBIX arperaToB TUAPOCUCTEMBI.

3a1aHue BHIIA:

(mognuck pykooautens)(dD.M.0. pykoBoauTens)

3agaHue NoTy4Yu: brununkoB A.JL.
(moamuck CTyAeHTa, 1aTa) (®.1.0. ctynenra)
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1. IlpuHiMnranbHas cxema THAPaBIMYECKOTO MTPUBOIA

L

_T|6
X5

L

Kl H

| 4

L 1 &

| 7| 8 | b

Puc. 1. HpI/IHHI/IHI/IaHBHa}I CXeMa Ir'mapaBIIMICCKOTO ITPUBOAA

VYcaoBHbIe 0003HAUEHUSI STIEMEHTOB THJIPABINYECKOT0 PUBO/JIA:

b — pesepByap (6ax) a1st pabodeit )KUAKOCTH;

H — nacoc ruapaBindeckuii HEperyaupyembli;

M — npuBOAHOM ACMHXPOHHBIN JIEKTPOIBUTATED;

KII — ky1anan npe1oxpaHUTENbHbBIN EPEIMBHON PETYIUPYEMBIN;

MH — MaHOMETD;

P — Tpexno3unMoHHbIN 4-TUHEHHBIA TUAPABINYECKUNA paclpeesuTeNlb ¢
JVCTAHIIMOHHBIM 3JIEKTPOMAarHUTHBIM YIIPABJICHUEM;

I[ — ruppaBiIrUecKuii UWJIMH]IP JBYXCTOPOHHETO JNENCTBUS c
JBYXCTOPOHHHM IIITOKOM;

MO — macnooxaauTens (TEMI000MEHHUK);

® — GuabTp MaCIAHBIN TOJIHOMOTOYHBIM.

YcaoBHble 0003HaU€HUS TPYOOITPOBOIOB:

1 — BcachIBaromuii TpyOOIpoBO/I;

2 — HaNOPHBIN TPYOONPOBOI;

3, 4 — y4acTKH CIMBHOTO TPyOOIPOBO/IA;

5, 6 — TpyOONPOBOBI, COETUHSIONINE PACTIPEACIIUTENb C THIPOLIMIUHIPOM.

2. Onucanuie padoThl THIPABINYECKOTO IPUBOIA

[lepBrUuHOI YacThiO TUAPONIPUBOAA siBIsieTcss Hacoc H miactuHyaToro tuma,
co3farouuil Hamop paboued JKUIKOCTH, B KauecTBE KOTOPOM HCHOJIb3YyeTcs
MuHepanbHOe Macio. Hacoc mnpuBoguTcs B JIeCTBHE OT ACHHXPOHHOTO
anekTpoaBuratenss M. DOHeprusi paboueld KMIKOCTH THpeoOpasyercss B
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MEXaHUYECKYI0 pabOTy C MOMOUIBIO TUAPABINYECKOrO IBUraTesasi 00bEMHOI0 THIIA
— rujpaBiadeckoro unwivmHapa LI, mMTOKM KOTOpPOro coeauHeHbl ¢ padodyuMm
OpraHOM TEXHOJOTMYECKON MalIMHBI (Ha cXeMe He MOoKa3aH). [ ' uaponpuBoa numeer
Pa30MKHYTYIO LUPKYJSLUIO paboydeil )KUIKOCTH, pe3epByapoM paboydei KHIKOCTH
CIy’kUT MacisiHbli Oak b 3akpertoro tuma. XXuakocte B 0ake HaXOAUTCS MO
aTMOC(EPHBIM JABICHUEM.

JInsg  ympaBiieHMsT ~— MEXaHU3MaMmH, [PHUBOJAMMBIMHU B JIBHOKCHUE
TUAPONPUBOIOM, UIsl OOECIEYEHUs! 3aJaHHBIX CKOPOCTEH M CXEMBbI JIBHXKECHHS,
NOCJIEOBATENBHOCTA PpabOThl MEXAaHHU3MOB IOCPEICTBOM COOTBETCTBYIOLIETO
U3MEHEHUS NaBliCHUS M pacxoja paboyeil KUAKOCTH B JTAHHOM THIPOIPHUBOJE
IPEeLyCMOTPEHbl  HalpaBisomuid  (pacnpenenurtens P) u  peryaupyromui
(npenoxpanutensubiii knanan KII) ruapaBnuueckue amnmapatbl. llepemernenue
30JIOTHUKA PACHPEACIMUTENS] BIPABO WM BJIEBO OCYLIECTBISETCS IOCPEACTBOM
JIBYX DJJEKTPOMAarHutoB. B cpenHee (MCXOOHOE) TMOJIOKEHUE  30JIOTHUK
YCTaHAaBIMBAETCA MpHU OOECTOUYEHHBIX JJIEKTPOMATHUTAX C IOMOIIBIO JBYX
IIPY’KHH.

HeoOxonumblie kaueCTBEHHBIE MOKA3aTEeNM U COCTOSIHUE paboyeil KUAKOCTU
(BSI3KOCTh, TEMIIEpATypa, CTENEHb OYMCTKH) MOAJIEPKUBAIOTCS KOHIWIIMOHEpaMU
pabGoueii >xkuakocTH: MaciusiHbiM (uiasTpoM @ wu macnooxmamutenem MO.
JIOMOTHUTENBHOE OXJIAXKICHHE MACIIa TAKKE OCYLIECTBIISIETCS B MacistHOM Oake b.

I'unpornpuBon pabotaeT cienyromuM obpazoM. Hacoc H BcacwiBaeT Macio
n3 Oaka b w momaer ee B ruapormnmHAp Il wepe3 pacmpenenurens P.
Pacnipenenurens wuMeer 1aBe pabourie W OIHY HEUTpPaldbHYIO TO3HIIMIO,
o0o3HaueHHbIe Ha cxeme pumckumu mudpamu I, 11, I1. [Ipu yctaHOBKE 30J10THHKA
pacnpenenuTens B cpeAHee MoyokeHue | moa aeicTBHEM MpPYKUH oOpasyercs
CIEAYIOIMNN TUAPOTIOTOK:

B)(H)2 (P—-1)3(MO)A(D)8(bH) |

(KII)T(b)

B cpennem monoxkeHUM pactpenenuTets paboyue mojaocTyu TUAPOIMINHIPA
3amnepThl, a HACOC Pa3rpy’KaeTcs — MepeKavyuBaeT Macjio ¢ HEOOJIBIITUM JIaBJIEHUEM
4yepe3 pacrpeieNiuTeb M0 CIMBHOMY TpyOompoBoay B Oak. B aTom mosokenuu
pacupeaenuTens MPOUCXOIUT XOJIOCTOM X0 TUAPOIIPUBOA.

[Ipu ycranoBke pacrpenenurens B mojoxenue Il BkirogaeTcs X0 nopIuHs
TUApOIMIIMHIpA BipaBo. [Ipu aTom 00paszyercs crneayromuii TuaponoToK:

P—1I5(L —)/(L)6(P)3(MO)HD)’(b
syiry2] P~ DS ) UDSPIMOM@(E)
(KITYT(B)
Macino nopaercsa B JICBYIO ITIOJIOCTh THAPOHWIIMHApPA, IIPpU 3TOM MACJIO H3
HpaBOﬁ IIOJIOCTH CIIMBaeTCs B Oak.

[Ipu ycranoBke pacrnpeaenutens B nojoxkenue I BkiaroyaeTcss Xo1 mopiiHs
rUApoIIIMHIpa BiaeBo. [Ipu aToM 00paszyercs cneayomuii TuApOnOTOK:

(B)(H)?2 (P=ID6(L <) (D3 (P3(MOYHP)B(E)
(KII)7(b)
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Macno nogaercs B mpaByrO IOJIOCTh TMAPOLMIIMHAPA, IPU 3TOM MAacio M3
JIeBOM MOJIOCTH CIIMBAeTCs B Oax.

ITockonbKy aHHBIN THIPONPUBOJ SIBISIETCS HEPETYJIUPYEMBIM, TO U30BITOK
Macia OT HEpEeryJIMpyeMoro Hacoca Npu pabodeM XOAe MOPLIHS TUAPOLMINHAPA
cnuBaeTcs B 0ak yepe3 nepenuBHOM kianaH KII, KoTOpelid Takke mpeaoxpaHser
arperarbl TUAPONPHUBOAA OT NEPETPY3KHU NPHU HEAOIMYCTUMO BBICOKOM JABJICHUU
Macna. JlaBineHnue Macna npu padoTe rUAPONPUBOAA KOHTPOJIUPYETCS ¢ MOMOUIIBIO
Ma"HomeTpa MH.

3. Bb10Op HOMUHAIBHOTO JTABJIEHUS U MAapKU paboveil )KUIKOCTH

B mepByro ouepenpr HEOOXOAMMO OMNPECIUTh PEKUM PabOTHl JAHHOTO
ruaponpuBoaa. Mcxoass w3 3aJaHHBIX UCXOJHBIX JAHHBIX, BBIOMpAEM CpeIHUN
pEeXUM TUAPONPUBO/IA, KOTOPBII XapaKTepU3yeTcs CJIeIyIOIUMU
XapaKTEPUCTHUKAMU:

— HHTEHCHBHOCTb HCIIOJNB30BaHUA padbouero opraHa mammsasl — 100-200

BKJIIOUCHHH B 4ac;

— k03] GUIMEHT UCTIOJIb30BaHUSI HOMUHAIBHOTO naBienus — 0,4-0,7;

— K03 (UIUEHT MPOAOKUTEIBHOCTH pabOThl MPUBOJA TOJ HArpy3Koil —

0,3-0,5.

Hcxoas u3 Toro, 4yTo ObUT BEIOpAH CPeAHUN PEKUM pabOThl THAPONPUBOAA,
OCHAIIICHHOTO TUIACTUHYATBHIM THUIPOHACOCOM, HOMHHAJIbHOE [aBJjeHHE paboueid
XKUIKOCTH BbIOMpaeTcs paBHbIM 6,3 MIla, 4TO COOTBETCTBYET HOPMAIILHOMY PSIY
HoMUHaNBHBIX AaBieHui no 'OCT 6540-68.

Beibop Mapku paboyell KHIKOCTH ONpPENESeTCS pPEKUMOM pPadOThI
TUAPONPHUBO/A, TEMIEPATYPHBIMH YCIOBHSIMH €ro paOOThl, HOMHHAJIbHBIM
naBieHueM — pabouedt  skunkoctu.  [Ipeamomaraercs, YTO — THIPONPHUBOJ
npeaHa3HadeH A paOoThl MPH MOJOXKHUTENbHBIX TEMIIEpPAaTypax OKpYy Karolien
Cpenbl, a MaKCUMaJlbHasl TEMIEpaTypa pabodeil KUIKOCTH HE JOHKHA MPEBBIILIATh
60°C. IlepeunclieHHBIM YCIOBHUSI COOTBETCTBYET MHHEPAIBHOE MAacjiO MapKu
MI20, koTopoe npeaHa3HaueHo JUIsl IPUMEHEHUS B THIPOIIPUBOJIaX, paboTaIOIINX
IpU TOJOXUTENBHBIX TEMIIEpaTypaxX B 3aKpbIThIX nomemieHusx. Macmo MI20
o0azaeT CleayOIMUMU TEXHHYECKUMH XapaKTepUCTUKAMU:

—  KHHeMaTHdecKas Bs3kocTh mpu 50°C — 20 mm™/c (20 cCr);.

— Temmeparypa 3acteiBanus — —40°C;

— Ttemneparypa Benbiuku — 180°C;

— mwroTHOCTH TpH 50°C — 985 Kr/Mm.

4.PacyeT ruipaBInvecKoro HHWJINHIPa
BHyTpeHHUI Ouamerp TUAPOUMIIMHAPA OMPEAEISACTCS B 3aBUCHUMOCTH OT

HaIlpaBJICHUS JCHCTBHS pabodero ycwims Ha paOdO4Yuii OpraH MaIlMHBI I10
caenyromiei hopmyne [2]:
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P

D =357 ,
(p - pm}bm;
%
rAc P — 3aJaHHOC pa60‘{ee YCHUIINC, KH, pP — pa60llee JdaBJICHHUEC MacCJla Ha BXOJ€ B
D2
THAPOLMINHAD; Y/ = W — k0>(Q(QUIMEHT MYJIbTUILIMKALMH, PAaBHBIH

OTHOLIEHUIO IUIOIIAJAEH MNOpUIHS B NOPUIHEBOM M IUTOKOBOM MOJOCTIX; d —
AUaMeTp INTOKA; 77,, - mexannueckunn KIIJ[ rugpouwnuungpa; p,, —

NpPOTUBOAABICHHWE,  BO3HUKAIOIIEE  BCIEJACTBHE  BBITEKAHUSI  Macjia U3
TUAPOIMIIMH/IPA U OTIPEACTIIeMOe COTPOTUBIICHUEM JIBIDKCHHUIO Macja M0 CIIMBHOU
runponunun. [IpeaBapurensHo MoxkHO npuHATh p,,, = 0,3...0,5 Mlla .

Tak kak TUAPOMMIMHAP UMEET JIBYXCTOPOHHUM INTOK, M 00a IMITOKA UMEIOT
OJIMHAKOBBIM JHAMETpP, TO KOIPOUIIMEHT MYIbTUILIUKAIIMN MIPUHUMAEM PaBHBIM
1,33. Mexannueckuit KIIJ[ ruapoumnuuapa npuHumaeM paBHbiM 0,95. Torma
pacuyeTHbIN BHYTPEHHUM TUaMETP THAPOIMINHAPA OyIeT paBeH

3 42,5 ~ 98 mm.
( ’ ; - O,SJ 0,95

9

D =357

[TomydeHHYI0 BETMYHHY OKPYTJsieM B OOJNBIIYIO CTOPOHY N0 OJiMKaiiiero
HOopManibHOTO 3HadeHus no OH 22-176-69: D =110 mm. /lmamerp mrToka npu
w =1,33 Oyner paBeH d =50 mm.

[Tocne okpyrieHus AMaMeTPOB IMIMHIPA U IITOKA BBIYUCIUM Pa3BUBAEMOE
THIPOIMIIMHIIPOM pabouee yCuiue:

p=1032Dp? p—"* .. = 1073 -—3’14159 1102 6,3 — 0.5 -0,95~53,5kH .
My
4 W 4 1,33

>

PacyetHoe ycwime Ha MITOKE THUAPOIMIMHIpA OOJbINE, YeM 3aJaHHas
Harpy3ka Ha pabo4yeM opraHe MallrHBI.

OnpenenuM  pacxod Mmacia, TOTpeOIsIeMoro TUApOIIMHApoM. Jlms
MOJTyYeHHUs] 3aJaHHON CKOpOCTH C (M/MHH) CKOPOCTH TIOPIIHS B TIOJOCTH
FHIPOLIIMHAPA C IUIONIAApI0 TopiuHs F (M°) cIedyeT MoaaTh TEOpeTHUeCKHil
pacxoj (J1/MUH):

0, =10°cF =10°-198-

w(uo2 —502)-10‘6 ~149 1/mMun

rae ¢ =0,33-60=19,8 M/MuH.
Takoii ke 00beM Macja OyAeT BBITECHATHCS B CIMBHOM TPyOOIPOBOJ W3

HpOTHBOHOJ’IO)KHOﬁ IMOJIOCTHU THAPOLUIIMHAPA.

5. Be1bop runponacoca
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B n1aHHOM OAHONMOTOYHOM TUAPONPHBOJE OJWH HACOC OOECIeurnBaeT
IIUTAaHWUEM E€IMHCTBEHHBIM THUIPOLMWIMHADP, MO3TOMY €ro pacyeTHas nojaada
JOJDKHA OBITh PaBHOM TEOPETHMYECKOMY pacxoly Macja, I0JaBaeMoro B
ruppoumaap: - O, =0, =149 sw/mun. Bemuuusa Q) paBHa  pacxony

TUAPOIIPUBOJIA.

Ilo copaBounuky [l] BbIOMpaeM OJHOMOTOYHBIA IJJACTUHYATBIA HACOC
NBOMHOrO nevcteus monenu ['12-26 AM, KOTOPBIN XapaKTEPU3yeTCs CIETYOIUMHU
OCHOBHBIMH ITApAMETPAMM:

—  pabounii 06beM — 224 cMm;

— HOMHUHaJbHasj nojgaya — He menee 200 1/MuH;

— HOMHHAJBbHOE JaBJICHHME Ha BBIXOJIC M3 Hacoca — 6,3 MlIIa;

— MakcuManbHoe aaBaenue — 7,0 Mlla;

—  HOMHHAJIbHAs YACTOTA BPAIICHHS Baa — 960 MUH ;

—  MaKCHMaJIbHas 4acTOTa BpalleHus Baa — 960 MUH ;

—  MUHHMAaJbHAs 4acTOTA BPALICHHs Baga — 600 MUH

— HOMUHAaJbHas notpedisieMasi MOIHOCTh — 24,5 kBT;

— 3aTpayuBaemMasi MOIIHOCTb IIPYU JABJICHHUM Ha BBIXOJE M3 HACOCA, PABHOM

Hy10, — 4,8 KBT;

— o6wemusiii KIIJ] npu HomuHansHOM pexkume padoTsl — He Meree 0,95;

— monuslit KITJ] mpu HomMmuHaneHOM pexume paboTsl — He MeHee 0,87;

— TexHu4deckuil pecypc — He meHee 2000 yacos;

— Macca — 40 xr.

Hacoc mpuBomutcs oT acuHXpoHHOro syekrpoasuraresnss 4A200M6VY3 ¢
CHUHXPOHHOM 4actotou BpamieHus 1000 MUH' ¥ HOMHHAJIBHON MOIIHOCTEIO 22
KkBT.

MakcuManbHOE  JTaBJIIEHME, KOTOPOE€ MOKET pa3BHBaTh HAcoC IIpU
neperpysKax, OTPaHUYNBACTCS IPEAOXPAHUTEIBHBIM KJIAIIAaHOM.
[IpenoxpaHUTENbHBIM KJIAaH OTKPBIBAETCA IIPU JABJICHUM, IPEBBIIIAIOIIEM
pacueTHoe JaBieHue Hacoca, Ha 15-30%. Mcxons W3 yka3aHHOro yCJIOBUSL U
TEXHUYECKUX  MmapameTpoB  Hacoca ['12-26AM,  npaBiaeHue  HaCTpPOMKH
IIPEAOXPAHNUTEIBHOTO KJIAllaHa yCTaHaBiIuBaeTcsa pasHeiM 7,0 Ml]a.

6. Pacuet TpyO6onpoBo10B
6.1. Pacuet nuameTpoB TpyOOIIPOBOAOB

Pacuer TpyOONpOBOAOB COCTOUT B OINPEACICHHH BHYTPEHHEro JuameTrpa
TpyOONIPOBOJOB M NOTEPH JABJIEHUS, BO3HUKAIOIMX MpPU JIBUKEHUHU Macja II0
TpyOONpoBOJaM U JPYyrUM 3JE€MEHTaM TuApolpuBoAa. Pacuer TpyOOmpoBoaoB
IPOU3BOAMUTCS MO y4acTKaM, Ha KOTOpbIE pa30MBaeTcs TUAPABIMYECKAs CXeMa
ruaponpuBoaa. Ilog ydacTKOM NOHHMMAeTCs YacTh TUAPOJIUMHUU  MEXKIY
pPa3BETBIICHUSIMH, IIPOITYCKAOIIAsl TOCTOSHHBIA PacXoJ U MMEroUas MOCTOSTHHBIN
JUaMeTp. Y4YacTOK MOXKET MPEJCTaBIATh COOOW MPSAMOJIMHENHBIA y4acTOK TPyObI
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a1n00 HAa HEM MOTYT OBITh MPUCYTCTBOBATH PA3IUYHBIC MECTHBIC COMPOTHBICHUS
(KoJIeHa, TPOMHUKH, KPECTOBHHBI, IITYLEPHI U JPYTHUE).

BHyTpeHHuii amaMerp >KECTKOM MeTalIM4ecKol TpyObl WM THOKOTO
PE3NHOMETANINYECKOTO pyKaBa MpeBapUTEIbHO OnpeesnsieTcs no Gopmyie

d=46/2.
v

rae Q — pacxojl JKHUJIKOCTH Ha paccMaTpUBAEMOM Yy4yacTKe, JI/MHUH; V — CPeIHsA

CKOpOCTh >kuAKocTH, M/c. [lonmyueHHOe 3HAaueHHWE IHaMeTpa OKPYTISAETCA 0
BesmunHbl, onpenensemoit 'OCT 8732-78 u 'OCT8734-75. 3arem 1o NpuHATOMY
JTUaMETPyY ONPEeEAeTCs UCTUHHAS CPEIHSSI CKOPOCTh Macia B TpyOOIpoBo/ie:

V= 212 :
612

CpenHsisi CKOPOCTh Maclia BO BCACHIBAIOUIMX M CIUBHBIX TPyOOMpoBOAax
BbIOMpaeTCs B 3aBUCUMOCTH OT Ha3HAYeHHs TPyOONPOBOIOB, a B HAIIOPHBIX, KPOME
TOT0, — B 3aBUCHMOCTH OT JUIMHBI TpyOONpoBoAa U AaBieHus Macia. [IpunsaTeie u
BBIYKCIICHHBIE 3HAYEHHsI PAcXOJOB, JUAMETPOB U CKOPOCTEH MPEACTaBIECHBI B
tabuuie 1, B KOTOpOil HOMEpP y4acTKa COOTBETCTBYET HOMEPY TPyOOIpOBOAA IO
NPUHLMIUATBHON cxeMe ruaponpuBoga (cm. puc. 1). IlpeaBapurensHo Obun
OPUHATHI CIEAYIOIIME 3HAYEHHs CKOpPOCTel Macia B TpyOompoBojax: BO
BcachIBaromeM — 1 M/c, B HamopHOM — 4 M/C, B CITMBHOM — 2 M/C.

Taomuna 1
WcxonHbIe TaHHbBIC )1 pacyeTa THAPABINYECKUX TOTEPh

Homep Hasznauenue CKopocTh Maciia, M/c Pacxon, Juametp, MM Jnuna
ydacTka jonyctnmas | Bbluuciennas | YMUH [ ppgycnenmbil | npumsTeii | Y9ACTKa, M
1 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, CnvBHas 1,4-2.25 2,05 149 39,7 39 2,0; 1,0;
8 JINHUS 1,0; 1,0

6.2. Pacuer ruipaBIM4YeCKUX MTOTEPh

['mapaBnuueckne mMOTEpH, BOZHUKAIOUIME NPU MNPOXOXKIECHUM Macia IO
TpyOOmpoBoJaM W THUJpoanmaparaM, CKIaJbIBalOTCA U3  MOTEPb  HA
TUAPABINYECKOE TPEHUE Ap,, , IOTEPh B MECTHBIX CONPOTUBIEHUAX Ap, ¥ IOTEPH

B ryuapoanmnaparax Ap.,, .

[Torepu naBnenuss Ha tpenue (Ila) ompenenstorcs mo Qopmyne Jlapcu-
Beiicbaxa

Ap,, =052V /d
re p — IUIOTHOCTh Macia, KI/M’; A — KO3(GUIMEHT THAPABINYECKOr0 TPEHHUS

(koaddurment Jlapcu); L — minMHa ydacTtka TpyOONpoBoja, M; vV — CPeaHss
CKOpPOCTh Macia, M/c; d — BHYTPEHHUH TUaMeTp TPyOOIpoBOIa, M.
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s BbryvcneHus: Kod(puIUeHTa TUAPABIUYECKOTO TPEHHUS HEOOXOAMMO

ONPEIEIUTh PEKUM TEUECHHMS )KUJIKOCTH B TpyOOnpoBoe Mo yucity PeliHonbaca:

Re:ﬁ,
v

2
rje V — KWHEMaTh4ecKas BS3KOCTh BRIOPAaHHOTO Macia, M /c. Beraucisem Re mms
HAIMTOPHOTO U CIMBHOTO TPYOOIPOBOIOB:

-3
JUIsl HarmopHoro — Re = 2,87-33 150 =4735;
2-10"
-3
IUTSL CIMBHOTO — Re = 2,05-39-10 =3997.
2.107°

Tak kak jgns  oboux  TpyOOINpPOBOJOB  BBIMOJHSETCS  YCJIOBHE
Re>Re,;, =2300, T0 nBWKeHME Macna B TpyOOnpoBOJax  sIBIsETCA

TypOyJICHTHBIM, CJI€IOBAaTEeIbHO, BEIMYMHA KOIPUIIMEHTAa THUAPABIUNYECKOTO
TpeHusi A 3aBUCUT OT uucia PeilHompaca ©  3HAYEHUS OTHOCUTEIHHOU

[IEPOXOBATOCTH BHYTPEHHEH MOBEPXHOCTU TPYObI R rne A — cpenHss

HKBHUBAJICHTHASI IIEPOXOBATOCTh CTEHOK TpyOompoBoda. JIyisi cTaabHBIX HOBBIX
TpyOonpoBooB npuHumaem A =0,03 mm. Eciu mpeHebpeub 1mepoxoBaTOCTHIO

CTCHOK U CUHUTATh pr6BI THAPABINYCCKU I'NTAAKUMH, €CJIN BBITTIOJHACTCSA YCIIOBHC

Reé <20.
d
A 0,03
Nmeem ajist HanopHOTro TpyOOMnpoBoOIa — Reg = 4735 =4,3<20,
JUTS CJIMBHOTO TPYOOIPOBOIA — Re% =3997 0’(;3 =3,07<10.

CrnenoBarenbHo, 00a TpyOONMpoOBOJa MOXKHO CUUTATh THAPABIMYECKU
TJIAJIKUMU U BRIYUCIIUTH KO3huitueHt A no ¢popmyie brasuyca:

P 0,3164
YRe
0,3164
Hmeem 11 HAamopHOTo TPyOOIpoBoaa — A = — =0,038,
Y4735
JUTSL CJTMBHOTO TPyOOIpoBoja — A = 03164 _ 0,040

43997

Vcnonb3ys pacdeTHble 3Ha4eHHS KOO(Q(PUIUEHTOB A, ompemenuM morepu
JABJICHUS HA TPEHUE B HAIIOPHOM U CJIMBHOM TPyOOIPOBOIAX:

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

BprunciuM norepu JaBieHUs B MECTHBIX CONPOTHUBJIICHUSIX. MeCTHhIMU
COTMPOTHUBJICHUSIMA B HAIOPHOM TPYOOIPOBOJIE SBIAIOTCS  30JIOTHUKOBBIN
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pacnpeenuTeNb, Pa3BETBICHUE TPyOONpPOBOAA, BXOJI B TPYyOOINpPOBOJ, H3rHOBI
TpyObl. MECTHBIMH MOTEPSMU B CIMBHOM TPYOONPOBOJAE SBJISIOTCS BBIXOJA M3
TUAPOLMIIUH/PA, PacTIpeACTUTelNb, MACISHBIA (PUIBTP, MACIOOXJIaTUTEINb, U3TUOBI
TpyObl. IloTepu naBnenuss B MecTHbIX comnportuBieHusx (I1a) ompenenstorest mo
dbopmye Beiicbaxa

2
Apy =0.5p5v7,
3
rie o — IUVIOTHOCTh Macna, Kr/M”; & — KO3 PHUIIMEHT MECTHOTO COMTPOTUBIICHHUS; V

— CpeaHsis CKOPOCTh Maciia, M/C.
PacyeTr moTepp AaBlieHUsI B MECTHBIX CONPOTHUBIICHUSAX U B THApOAINIaparax
CBEJICHBI B TAOJMIEI 2 U 3 COOTBETCTBEHHO.

Ta6mmma 2.
Pacuer IMOTCPb AAaBJICHHUA B MCCTHBIX COIIPOTHUBJICHUAX
VYyacTox Bun Koappuuumenr CxopocThb [Totepu CymmapHbIe
COTIPOTHUBJICHUS MECTHOTO Macia vV, M/c JTABJICHUS moTepH
conporuperus & Ap,,.Ta AaBICHUS
Z Ap I ITa
Hanopssrit Bxon B 0,8 2,87 3245 10546
THIPOIMITHHIIP
Pasnenenue 1,5 6085
MTOTOKOB
3aKpyrieHHOe 0,15 608x2=
KOJICHO — 2 =1216
CauBHOI Brixon u3 0,6 2,05 1242 3517
THJIPOIMIHHIPA
3aKpyrieHHOe 0,15 310x2=
KOJICHO — 2 =620
Bxoxa B maciobak 0,8 1655
Ta6mmma 3.
HOTepI/I JAaBJICHU B rHapoallriaparax
HanmeHnoBanue Mapka u ITapameTpsl ruapoannapara Z Ap , MITa
ruapoarnmapara TUIIOpa3sMEP TaOIUYHBIE B THAPOIIPUBOJIE M
Q ,a/mun | P> Mlla Q , P, Mlla
J/MUH
30JI0THUKOBBIN P25 160-200 16 149 6,3 0,25
TPEXTO3UIIMOHHBIN
YETBIPEXJIMHENHBIN
pacrpeennuTeNb
MacnsiHbiil GuabTp DC-7 160 6,3 149 0,5 0,25
Macnooxnagurennb TB (nBa) 100x2= 0,63 149 0,5 0,1
=200

[Ipu mocnenoBaTeNTbHOM COCIUHEHWH YYacTKOB TPYOOTPOBOJOB OOTIas
NOTEPs AaBJICHUS OMpPEACISIETCS KaKk CyMMa BCEX MOTEPbh HA TPEHHUE U B MECTHBIX
CONPOTHUBJICHUSX HA BCEX yYACTKAX:

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

7. [Tog©0op OCHOBHBIX arperatoB TUAPONPHUBO/IA
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[Tonueiil (reomeTpuyeckuii) 0o0bEeM MaACIIHOTO Oaka OMNpeAessieTcs U3
YCJIOBUSI TPEXMUHYTHON HOMUHAJILHOW MPOU3BOIUTEIIBHOCTH HAcoOca:
Vg =30, =3-200=600 1 (mv).
B cootBerctBuu ¢ 'OCT 16770-71 BoiOupaeM HOMUHAIBHYIO BMECTUMOCTD
MacisHOro 6aka 630 am’. Bak IO/KeH OBITH 3alONHEH MAcioM Ha %—%

noysiHoro oobema. Takum o00pa3oM, 00bEeM 3adMBaeMOro B 0Oak Macia JIOJKEH
HaxoauTcs B nipenenax ot 475 no 504 1.

Beibop Mapku MacigHOro (uibTpa OCYLIECTBISIETCS UCXOIs U3
HOMUHAJILHOW Tpou3BoauTeNbHOCTH Hacoca (200 yi/MuH), naBlieHHS B CIMBHOM
tpyOonpoBoge (0,5 MIla) u pomycTMMoil TOHKOCTHM  (UABTpalMU  JJIs
IUTACTUHYATBIX HacocoB. BeiOupaem ¢unbtp ceruateii @C-7 ¢ HOMHHAJIBHOU
TOHKOCTBIO (unpTparun 40 MKM C HOMUHaJIbHBIM pacxogoMm 200 i/MUH U
HOMHMHaJIbHBIM JAaBieHneM 0,63 Mlla, npegHasHayeHHOrO [Jisi YCTAaHOBKH B
CIIMBHOM MarucTpaiu rufporpuBoja.

B kauecTBe MacnooxyaguTens BbIOMpaeM JBa MapajliebHO BKIIFOUEHHBIX
TEILIOOOMEHHUKA TUIIA TB4000. Kaxnprit TEIUIOOOMEHHUK nUMeeT
IPUHYIUTEIBHOE BO3JIYIIIHOE OXJIQXKICHHUE. Texuuueckue JTAHHBIE
terooomenHuka TB4000:

— HOMUHaJIbHBII/MakcuMallbHbIN pacxoa macaa — 100/110 n/mumn;

— MaKCcuMaJIbHOE JIaBJIcHHE MacJjia Ha Bxoje — 0,63 MllIa;

— MakcuMmaibHasg TemnepaTrypa macia Ha Bxoje — 70°C.

B kadecTBe mNpenoOXpaHUTENBFHOTO M TEPENIMBHOIO KiamaHa BBIOMpaeM
ruapokianan aaBiaeHus ['54-25 ucnonnenus 1, uMeronmi CleayroNMe OCHOBHBIC
napameTpsbl:

— HOMHHAJBHBIN/MaKCUMaJIbHBIN pacxoa Macia — 160/250 j1/mMuH;

— nasieHue Hactpoiiku — 1,2—10 MITa.

B kauectBe maHoMeTpa BbiOMpaeM cTpesiounblii MaHomeTp 1o 'OCT 8625-
77 ¢ BepxHUM IipenienioM usmepsemoro nasienus 10 Mlla.

8. Pacuer momuroctr u KIIJI ruaponpusoga

[TonHass MOIIHOCTH THUAPONPHUBOAA pPaBHA MOIIHOCTH, HOTPEOIsIEMON
HACOCOM, U oTpezensiercs no Gopmye

p 6,3-200
y = O _ ~ 23 kBT.
607, 60-0,87
[Momuemt KIIJ rugponpuBoaa BBIYMCIHAETCS KAaK MPOU3BEICHHE €r0
MEXaHUYECKOT0, 00heMHOT0 U ruapasiraeckoro KIT/I:

nrr = Muloe -
Mexannueckuin KIIJ[ rugponpuBosa paBeH MPOU3BEACHUIO MEXAHUYECKHUX

KHI[ IMOCJICAOBATCI/IbHO BKIIFOYCHHBIX HACOCA, pACIIPCACIIUTCILIA U THAPOIUINHAPA:
M = Ml ey = 0,87-0,90-0,95~ 0,74
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Amnanorn4sbsiM o0pa3oM Beruucisercst oobemubiil KI1J ruaponpusona:
o = 770H770p7701,; =0,95-0,95-0,95=0,85.

I'mppasnuuecknii KII/ ruaponpuBoa 3aBUCUT OT CyMMBI THUAPABINYECKUX
noTepp Ap BO BCEX MOCIEAOBATEIbHO BKJIIOYEHHBIX THApOArperarax u

TpyOONpoBOaAX:
7. = Py —Ap _ 6,3—0,56 091
pH 693
Takum oOpazom, noaueiit KI1J[ rugponpuBoaa paBeH
nrr =0,74-085-0,91~0,57.

9. IIpoBepouHBIil pacyeT rUAPONPUBOIA

[TockonbKy HEBO3MOXHO TOYHO MOAOOpaTh 3JIEMEHTHI THJIIPONPUBO/JA,
KOTOpble oOecrneunBaii  Obl TOYHBIE 3HAYEHUs 3aJaHHBIX IAPaMETPOB
rugponpuBoaa. lleap mpoBEpOYHOTO pacuera — YCTAHOBUTH JCHCTBUTEIBHBIC
3HAYEHHUs YMOMSHYTHIX MMapaMETPOB NpPH BbIOPAHHBIX arperatrax rUAPONPHUBOJA.
IIpu sTOM mpoBepsercs ycwiue P Ha IITOKE TUAPOUMIIMHIAPA, CKOPOCTH
JBVOKHEHMS TOPILIHS V TUAPOLMINHAPA, pabouee 1aBlIeHUe Hacoca p,, .

VYeunme Ha WTOKE THAPOLMIMHApPA IOCIE BbIOOpa HOPMAaJIM30BAHHBIX
JMAaMETPOB MOPIIHS U ITOKA C YYETOM IOTEPH JABJICHHS HA TPEHUE U B MECTHBIX
CONPOTHUBJIEHUAX B HAIOPHOM TPYyOOIIPOBOJIE:

2 2 2
D 3,14159-{110° -50
P=(py ~Ap)~,~=(63-026) 4(103 |

Jlist  ompeneneHuss CKOpPOCTH pabodyero OpraHa MalluHbl BBIYUCIISEM
VCTUHHBIA PAacXoJ Macia, MOCTYIAMINI B THAPOLWIAHID:

Q,Z] =0y _ZQym ’

rae (0, — mojaya BBIOPAHHOIO HAacoca; ZQym — CyMMapHble yTEUYKH BO BCEX

~ 45,5 xH.

TUpOAIaparax, BKIYECHHBIX MEXIAYy HAcOCOM U ruapouwmHapom. lIpumewm,
YTO BHYTPEHHHUE YTE€UKH B pacrnpenenutene P-25 npyu HOMHUHAIBHOM JIaBIICHUU HE
npeBblmatoT 2% OT HOMHUHAJIBHOIO pacxola, a BHYTPEHHHE YTEUKU B
TUAPOLMIIMHAPE HE MpeBblatoT 5%. Toraa CKOpOCTh MOPIIHSA TUAPOLWIMHAPA
IIPY HOMUHAJIBHOM 10/1a4€ HAcOCa C YYETOM YTE€UEK paBHA

4.10°-0,  4-(200-200-0,07)-1000

C= =
60-z\D? —d%) 3.14159-60-(110% - 50

Takum 00pa3oM, pacueTHbIE 3HAUYCHUS YCWIIMS Ha IITOKE THAPOILMIMHAPA U

€ro CKOpOCTh He HIKe 3aaHHbIX npu nojdHoMm KIIJ[ runponpusona, pasuom 0,57.
B npaBuibHO CIPOEKTUPOBAHHOM THAPONPUBOAE AOKHO ObITH 7777 = 0,6 —0,8.

~ (0,40 m/c.

3nauenue KIIJ[ manHOro ruaponpuBoja MOXKET ObITh MOBBIIIEHO 3a CUeT OoJiee
THIATEILHOrO0 ToA0Opa Hacoca MO KPUTEPUI0 HOMHHAIBHOM TMOJayu Ju0Oo
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MPUMEHEHUSI TIPUBOJHOTO ACHHXPOHHOTO DJJEKTPOJABHUTATENsT C OoJjiee HHU3KOU
. -1
4acToTOU BpamieHus (Harnpumep, 750 MuH ).
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