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AKT COI'ZTACOBAHMAA

METOAMYECKUX PEKOMEHIAIUH I CTYACHTOB OYHOU (DOpMBI 00yUeHUs
cnennasibHOCTH 22.02.03 JInTelHOE MPOM3BOACTBO YEPHBIX U IBETHBIX METAIIJIOB
(6azoBas MoAroToBKa) Mo yueOHoM qucuuiuinie «['uapasnukay, pazpaboTaHHOMN
penoaBareieM

HOxHO- Y panbcKkoro rocyJapcTBEHHOTO TEXHUUECKOTO KOJIJIEIKa
Mopos [O.A.
[IpeacraBneHHble METOIUYECKHE PEKOMEHIAIMU, HEOOXOAUMbIE IS
BBITIOJTHEHUS NPaKTUUECKUX U J1aOOpaTOPHBIX 3aJaHUN 10  JAUCIUILINHE
«'mapaBnukay COCTaBJICHbI B COOTBETCTBHM C TPEOOBAHHMSIMHU pabOTOATENSI O
pacmpeieNieHnd BapUaTUBHOM YacTU CTaHJapTa K MHUHUMYMY COJICPKaHHS H
YPOBHIO TMOJTOTOBKM BBIMYCKHUKOB 10 crenuaibHoct 22.02.03  JlutelHoe
MPOU3BOJICTBO YEPHBIX M IBETHBIX METAUIOB. MeETOANYECKUEe PEKOMEHIANN
OXBaThIBAIOT BCE TEMbl OCHOBHBIX pa3AelioB AUCHUIUIMHBL «['uapaBiukay u
o0ecrnednBalOT GOpMUPOBAHKE YMEHUI, 3HAHUMI 110 JUCIHUIUIMHE B COOTBETCTBUM
c TpeOoBaHUAMH PabOTONATENSl O PACTIPECICHUN BapUaTUBHOM YacTH CTaHAapTa.
ABTOPOM  HCHOJB3YIOTCS  pa3iM4yHble  BHJBI  CAMOCTOSITEIBHOM  padoThI,
HaIpaBJICHHBIC HA 3aKPETUICHUE U yTiyOJieHne 3HAHUM CTYCHTA.
Pa3paboTanHble  METOIMYECKHE PEKOMEHAALMH  TO3BOJISIOT  CTYIEHTY
cOpMHpPOBaTh HE TOJBKO KIIOYEBbIE, HO M MNPO(EeCCUOHAIbHBIE KOMIETEHIIUU:

HCIIOJIB30BAHHUC  TCOPCTHYCCKUX 3HAaHUHW B MMPaKTHYCCKUX  MHCIIX, YMCHHUC

CaMOCTOATCIIBHO HpI/IO6pCTaTB HOBBIC 3HAHHA, OTBCTCTBCHHOCTH 3a coOCTBEHHOE

oOyueHmue.
éﬁ///’/w"
[naBublii Mmetanaypr LY T f et Bepcenes B.B.,
(IEHTp MO YHPAaBICHUIO TEXHOJIOTHUIUM) ' e
000 «UT3-YPAJITPAK» f b \

—
‘%.:fr’p\
AN



INOACHUTEJIBHASA 3AIIMCKA

Metoauueckre peKOMEHJIAUMU M0 BBIMOJIHEHUIO JTAOOPATOPHBIX M MPAKTUYECKUX padboT
COCTaBJIEHBl B COOTBETCTBMM paboueil mporpammoi y4eOHOW AMCHUIUIMHBI «['MapaBiauka» ams
CTyZeHTOB crnenuanbHocTH 22.02.03 JIuteliHOe NPOM3BOACTBO YEPHBIX M ILBETHBIX METAJIOB
(6a3oBast MOIrOTOBKA.)

JlaGopaTtopHble W TpPaKTUUYECKUE 3aHATHUSA SBJSIOTCS BaXKHBIM JJIEMEHTOM ydeOHOU
JUCLUIUIMHBL. B mpoliecce BBIMOTHEHUSI MPAKTUYECKUX paboT oOydarolrecs CUCTEMaTH3UPYIOT U
3aKpEIUISIIOT ~ TOJY4YeHHbIE  TEOPEeTUYEeCKHEe 3HAHMS, pPAa3BUBAIOT  UHTEIUIEKTyaJbHbIE U
npodeccuoHaIbHbIe YMEHHS, POPMHUPYIOT JIEMEHTHI KOMIETEHIINH Oy TyIHX CIEeHHaINCTOB.

Metoauueckue  peKOMEHAAMM  MpeJHa3HAuYeHbl JUIs  OpPraHu3aldd  BBIIOJIHEHUS
71a00paTOPHBIX U MPAKTUYECKUX PA0OT MO y4eOHO! AucHuIInHe «l uapaBinkay.

[Tporpammoii y4yeOHOHM nucuuiuinHbl «['UapaBiIvka» MPeayCMOTPEHO BBHINOJHEHHE 6
NPakTUYeCKUX U 2 71a00opaTOpHBIX paloT, HANpaBICHHBIX HAa (OPMHPOBAHUE I1EMEHMOE
cneoyiomux KOMnemenyuii:

OK 1. IloHMMaTh CyIIHOCTh M COLMANBHYIO 3HAYMMOCTbh CBOei Oyaymed mnpodeccun,
IIPOSIBIIATH K HEH YCTOWYMBBIN MHTEPEC.

OK 2. Opranu3oBbIBaTh COOCTBEHHYIO JEATENbHOCTb, BBIOMpPATh THUIOBBIE METOABI H
CIocoOb! BHIMOIHEHUS MTPO(ecCHOHABHBIX 33/1a4, OIIEHUBATh UX 3(PPEKTUBHOCTD U KaYEeCTBO.

OK 3. [IpuHumarh pelieHus B CTaHAAPTHBIX M HECTAaHAAPTHBIX CUTyalMsIX U HECTH 332 HUX
OTBETCTBEHHOCTb.

OK 4. OcymiecTBiATh MOUCK M HCIONB30BaHME HMH(OpMAIK, HEOOXOIUMON  JUIs
3¢ ()EKTUBHOTO BBHIMIOTHEHUSI MPOGECCUOHATBHBIX 3a7ad, MPOo(eCcCHOHATHHOTO W JUYHOCTHOTO
pa3BUTHS.

OK 5. Hcnonp3oBaTh MH(OPMallMOHHO-KOMMYHHUKAIIMOHHbIE TEXHOJIOTHH B
npodecCHOHATBHOMN 1A TeNbHOCTH.

OK 6. Pabotate B KOJUIEKTHBE M KOMaHIe, 3(QexkTUBHO oOmaThcsl ¢ KOJJIEraMH,
PYKOBOJICTBOM, ITIOTPEOUTEIISIMHU.

OK 7. bpate Ha ce0si OTBETCTBEHHOCTb 3a pPa0OTy YIEHOB KOMaHAbl (IOJYMHEHHBIX),
pE3yJIbTAT BBIOJIHEHUS 33 JaHUM.

OK 8. CamocTosTenhHO ONPEACIATh 3aJa9 TPO()ECCHOHATHFHOTO U TUYHOCTHOTO Pa3BUTHS,
3aHUMAaTbCA caMo00pa30BaHUEM, OCO3HAHHO IJIAHUPOBATH TOBBIIICHHE KBATHU(PHUKAIINH.

OK 9. OpueHTHpOBAaTHCSI B YCJIOBHSIX YacTOM CMEHBI TEXHOJOTHH B MPOQECCHOHATBHON
JESTEIIBHOCTH.

I1K 2.4. OcymecTBasTh KOHTPOJIb 32 pab0TON MPUOOPOB U 000PYIOBAHUS.

[1K 3.5. [IpoBoauTh  aHanMM3 TPaBMOOMACHBIX W  BpeOHBIX  (akTopoB B cdepe
poeCCHOHATEHON JeATETHHOCTH.

YMEHMH:
- HCII0JIb30BATh METO/Ibl paCY€TOB TPyOOIPOBOIOB;
- YUTaTh U BBINOJIHATH CXEMbI THAPABINYECKUX IPUBOJIOB;
- BBIOMpATh anmnapaTypy sl IPUBO/IOB.
00o01menne, cucTeMaTH3aluIo, yriay0JeHne U 3aKpen/ieHne 3 HAHUM:
- OCHOBHBIE TOJIOKEHUS TUPABIUKH.

Bce nmaGopaTtopHble U MpakTUdeckue paboThl cojaep)kaT HaHMMEHOBAaHHUE, LENb, MEpPeYeHb
AJIEMEHTOB (DOPMUPYEMBIX YMEHUMN, 3HAHUN, KPATKUNA TCOPETUICCKUNA MaTEpHall, X0 BHITOTHECHUS
paloThbl, KOHTPOJBHBIE BOMPOCHI (C HENBIO BBISBICHUS M YCTPAaHEHHS HEIOYETOB B OCBOCHHUU
MaTepuana).

B mpaktrdeckux paboTax NpuBeACHBl BAPHAHTHI MHIAMBUAYAIBHBIX 3a/1aHUMH.

OT4eThl CTYACHTOB BBIMOJHSIOTCS Ha JucTax ¢opmara A4 (mpuioxkeHue b), TUTYIbHBIH
JHCT (TIpriokeHue A).



INEPEYEHDb TIPAKTUYECKHUX PABOT

No KomnuectBo
HpaxTH- Buael npakTryeckux 3aHATAN 1acos Ha
YECKOTO BBITIOJTHCHHE
3aHATUS 3a/laHus

1 OrnpezenieHre mapaMmeTpoB pabodero tena 2
2 Onpenenenre ruipoCTaTUYECKOTO JTaBICHUS 2
3 OnpezeneHne pacxo/ia KUIKOCTH 2
4 OnpeneneHne noTepb HAopa 2
5 TlocTpoeHue guarpaMm TEPMOJAMHAMUYECKUX MPOIIECCOB 2
6 PacyeTr ruzapo- u mHEBMONPUBOIOB. 2
Hroro 12
NEPEYEHDb JIABOPATOPHBIX PABOT
Ne KosmmuectBo
n/n Tema maGopatopHbIX paboT 1acos Ha
BBITIOJIHCHHE
3aJIaHUs
1 HccnenoBanue KOHCTPYKIIMK U pPabOTHI Hacoca 2
2 PerynupoBanue cKkOpoCcTH JBUKEHHS pabOYNX OPraHOB 2
Hroro 4
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Omnpenenenue napameTpoB paboyero Tena
TEMA: Onpenenenue nmapameTpoB pabodero tena
Iens 3anamua: @opMUpoBaHUE YMEHHUI OTIpeNIeNATh TapaMeTpbl pabovero Tena
Ymenusa: onpenenste mapaMeTpsl paboUYeTo TeIa THAPOCHCTEM
3nanus (akmyanuzayus). OICHUBAHUE CBOIMCTB KHUIKOCTH
Teopernueckuii MaTepuas

JKuokocmsv 3TO MajoCKHUMaeMoOe Tello, U3MEHSIoIIee CBOIO (OpMYy IMOJ JEHCTBHEM MaJbIX
cwi. OCHOBHBIE XapaKTEPUCTHKH KHIKOCTH - TUIOTHOCTB, C)KMMAeMOCTb, TEIUIOBOE pACIIMPEHUE,
BS3KOCTh M TOBEPXHOCTHOE HATSKEHHE.

Ilnomnocms - OTHOIIEHUE MACCHI XKHUIKOCTH M K €€ 00bemMy V.
p =m/V  [ke/m’ ]
Yoenvnouii 6ec - orHomenue Beca xuAKOCTH G K ee o0beMy V:
vy=G/WV [HM ]
VYuuteiBas, uro G = me g, IOIYy4YUM 3aBUCUMOCTb, HCIIOJIB3YEMYIO B pacyeTax:
Y=p8
rae g =9,81 M/c? - yckopeHus cBOOOIHOTO TIaICHHSI.

Corcumaemocms - CBOMCTBO KMJIKOCTH YMEHbIIATh 00bEM MOJ jAelcTBUEM naBieHus. OHa
OILIEHUBAETCS KOIDPuUyueHmom cocumaemocmu f3,, TIOKa3bIBAIONMM OTHOCHTEIILHOE yMEHBIIICHUE
o0beMa )KUJIKOCTH V IPU MOBBIILICHUH JaBJICHUS p HA €AUHUILY:

B, =(AV/V)/Ap. [la™]
Bennunna, o6patHast KoahUIMEHTY 00BEMHOTO CXaTusl, — MO0V ynpyeocmu scuokocmu (I1a):
E=l/p, [Ma]

Tennoeoe pacwiupenue - CBOWCTBO JKUIKOCTH H3MEHITh OOBEM IpPU HArpeBaHUM -
XapaKTepU3yeTcs Koaghguyuenmom meniosozo pacwiuperus [z, PaBHBIM OTHOCHUTEIBHOMY
npupameHnio oobeMa V' ¢ M3MEHEeHHEeM Temrmeparypbl I Ha OJIWH TPaayC IMpH TOCTOSHHOM
JaBJieHUH (IIpU HAarpeBaHUHM 00bEM KUJIKOCTH YBEINYUBACTCS):

Br=@AV/V)/AT. [K™']

Bazkocmp - cCBOWCTBO KUAKOCTU COMPOTUBISATHCS OTHOCUTEEHOMY CKOJIBKEHHIO €€ CIIOEB.
Ee ouenuBator ounamuueckum xoigppuyuenmom eazxocmu u, KOTOpbI U3MEPSETCS B MacKallb-
cekynnax (Ila-c) m paBeH KacaTeIbHOMY HAMpPSDKEHUIO MEXKIY COCEIHHMHU CIIOSMH, €CIIH HUX
OTHOCHUTEJIbHASI CKOPOCTD MEPEMEIICHHS YHCICHHO COBMAIACT C TOIIIMHOMN CIIOA.

Kunemamuueckuii koygpgpuyuenm eazkocmu v onpenenstor u3z GopMyinsl v = ulp u
M3MEPSIOT KBaJAPATHBIMU METpaMu Ha cekyHay (M*/c) mmu ctokcamu (1 Ct =1 cm?/c).

Ilosepxnocmnoe namsnsicenue - CBONCTBO KUIKOCTH 00pa30BBIBATh
MOBEPXHOCTHBIA  CIIOU B3aMMHO MPHUTATHUBAIOUIMXCS  MOJEKYJI -  XapaKTepusyeTcs
Ko3(hpuyuenmom noeepxHocmnozo Hamax3ceHus ¢, PaBHBIM CUJIE Ha €IMHUIE JUTMHBI KOHTYypa
CBOOOJTHOM TOBEPXHOCTH.

3ananme 1. Pemnute pacuyeTHbIC 3a/1a4u HA ONpe/eIeHUE apaMeTpoB paboyero Tena.
Xoxa padoTsl

1. Beibepute 3 3amauu cBoero Bapuanrta (CMOTpH TabmuIb 1, 2).
2. CrnenaiiTe KpaTKyIO 3aIUCh YCIOBHS 3a7a4u (MCXOIHbBIC JaHHBIC):
3amaua
Jano: Cucrema CU: Pemenne:

. IlocTtaBbTe 3a/1aHHYIO0 Pa3MEPHOCTb.

[TepeBenuTe pazmepHOCTh Mapamerpa B cuctemy CH.
Pemmte 3amaumn.

3anuimTe OTBET.

. OTBeThTE HA KOHTPOJIHLHBIE BOIIPOCHL.

NS U AW

YéTHble BAPUAHTHI:



1. YpoBeHb Ma3zyTa B BEPTUKAILHOM IIIUHAPUIECKOM Oake quameTpoM d MOHU3WIICS Ha BETUYHHY
h. OnpenenuTs KOIMYECTBO U3PACXOI0BAHHOTO Ma3yTa, ECIIU €T0 MIOTHOCTL 990 Kr/m’.

2. Kak usMeHuTCcsi 00bEM BOJBI B CUCTEME OTOIUICHHS, UMEIOIIeH €MKOCTh V, TOcie MoJorpeBa
BOJIbI OT HAYaJBHON TeMMEpaTypsl t; 10 KoHEeUHOU t,? TemmneparypHsbiii ko3pduiimeHT 00bEMHOTO
pactuupenus Bojsl B=6*10 “ [ 1/°C].

3.B aBToknaB o0bEMOM V| MOA HEKOTOPBHIM JIaBIICHHEM 3aKadaH Ta3 o0bEéMoMm V,. Omnpenenurs,
npeneOperast nedopMaieil aBTOKJIAaBa, MOBBIIICHHE [aBlIeHUS B HEM, eciu Kod(p(UIHUEHT
00BEMHOTO cxaTus rasa 3,=0,0000195%10 *[ 1/I1a].

Tadauua 1 - JlanHbIe 119 YeTHBIX BAPDUAHTOB:

2 4 6 8 |10 12 14 | 16 | 18 | 20 | 22 | 24 | 26 | 28 |30
d,m I 1,1 [12]1,3]14] L5 1,6 | 1,7 1819 2 |2,1]22]|23]|2

hv [0,0] 0,06 [0,07]0,08[0,09] 0,1 | 0,11 [0,12]0,13]0,14[0,15]0,16[0,17]0,18]0,2
v [30] 40 [45[50[55] 60 | 65 [ 70 [ 75 [ 80 | 85 [ 90 | 95 [ 10035
t°C [10] 11 | 121314 15 | 16 | 1718|1920 212223 |24
£,°C [30] 35 [40 4550 55 | 60 [ 6570 7580 85 ] 90 [ 95 [100
vin (10 12 |15 1720 23 | 27 [ 30|34 ]3840 45] 49| 50 |52
Vo, n [10,] 12,3 [15,4[17,2]20,3] 23,5 | 27,2 [30,5[34,4]38,5]40,6(45,7]49,5]50,6 (52,7

HeuéTHble BApHAHTHI:

1.0Onpenenuth HU3MeHEHHE 00BbEMa HedTenpoAyKTa Maccod m B XpaHWIMLIE MPH KojeOaHUu
Temreparypsl ot t; 10 t,. [ImotHocTs HedTenpoaykra 900 kr/m3, TemmeparypHblii K03(h(UIIMEHT
o6bémuoro pactmmpenwns B=0,001 [ 1/°C].

2.0npenenuTh yAeIbHbIH 00BEM U yIebHBINA BEC BEIECTBA, €CIIM U3BECTHA €T0 IUNIOTHOCTS p.

3. ABTOKIaB 00bEMOM V|, HANOJHEH BOAON M 3aKpbIT repMeTudecku. OnpeneinuTh MOBBILICHHE
JaBieHUs] B HEM TMpU YBEJIMYEHUH TEMIIEpaTypbl Ha BeduuuHy At, ecnun ko3 UIMEeHT
tepmudeckoro pacmupenuss Boabl [=0,00018 [1/°C], a xoadduimeHT 0O0BEMHOTO CXKATUA
B,=0,0419*10 "8[ 1/I1a].

Tadauua 2 - JlanHbIe 1151 HEeYeTHBIX BAPDMAHTOB:

1] 3 5 7 9 |11 [ 13 [ 15|17 [ 19| 21 |23 | 25 | 27 |29
p,kr/m’ [800| 810 | 820 | 830 | 840 | 850 | 860 | 870 | 890 | 900 | 910 | 920 | 930 | 940 {950

m,T S|110) 12 (14 |17 | 20|22 |25 |27 | 30| 33 | 35| 38 | 40 |44
t;,°C 1013|1516 |17 | 18 | 19 | 20 | 21 | 22 | 23 11 12 | 14 | 10
t,°C (20 25 [ 30 [ 35|40 | 45| 50 | 55 |50 | 40 | 45 | 35| 30 | 25 |30
Vo, 315 7 9 (10 | 11 | 12 | 13 | 14 | 15 16 (17 | 18 | 19 |20
AteC (5| 7 (10 | 13 | 15| 17 |19 | 22 |25 |27 | 30 |31 | 32 |33 |34

KoHTpoJbHBIE BOIPOCHI

1. HazoBuTte pabouee Ten0 rupONprUBOIOB.
2. [lepeuncnure napaMeTpsl, XapakTepusyromue padoyee Teno I'HIPONPUBOJIOB.
2. HazoBure TpeboBaHMs K pabOYUM KUAKOCTSIM.

IIpakTnueckass padora 2

7



Omnpenenenye ruipocTaTHYECKOro JaBICHUS

Tema: OCHOBHOE ypaBHEHHE THIPOCTATUKHU
Ilenw: GopmupoBaHue YMEHUN OIpPENesITh TUAPOCTATUYECKOE IaBJICHHE.
Ymenusa: onpenensate rugpocTaTHUECKOE AABICHUE
3nanun (akmyanusayus): OCHOBHON 3aKOH TMJIPOCTATUKU
Teopernueckuii MaTepua
T'uopocmamuka — pa3aen TUAPABIUKU, H3YUYAIOIINHI KUJKOCTh B TOKOE
WIN PaBHOBECHH.

T'uopocmamuyeckum oOagnenuem Ha3bIBAIOT HOPMAJIbHOE CXKUMAIOIIEE HAIMPSHKCHUE B
HETIO/IBMKHOM JKUJIKOCTH, T. €. CHITy, NEHCTBYIONIYIO Ha €IWHHILY TUTOIIAJH MOBEPXHOCTH. 3a
eIMHUILy U3Mepenus aasjieHus B cucreme CH npunst nackaab (1 Ila= 1 H/™?).

Paznuuator alcomoTHOE, aTMochepHOe, MaHOMETPUUYECKOE U BaKyyMMETPUUYECKOE
JTABJICHUSI.

Abcontromuoe (MOTHOE) OaglieHue p OTCUATHIBACTCS OT aOCOJIOTHOTO HYJIA. AmmocghepHoe
oasneHue p, CO3MACTCA CWIOH TSHXKECTH BO3AyXa aTMocepbl W MPUHUMAETCS B OOBIYHBIX
ycinoBusax paBHeM 101325 Ila wnum 760 MM pr. cr. M30BITOK AaBieHus HaJa aTMOc(hEepHBIM
HA3BIBAIOT MaHOMempudeckum (M30BITOUHBIM) OasieHuem (p, =p - pg), a HEIOCTAaTOK MO
aTMOC(hepHOTO TABJICHUS - BAKYYMMEMPUUECKUM 0ABNeHUEM (Ds = Da- D).

Jlns u3MepeHusi aTMoc(epHOro JaBICHUS UCIONB3YIOT Oapomempybl, MAaHOMETPHUUECKOTO -
Manomempul, BaAKyyma - 8aKyyMmMempbl.

AOGCOIOTHOE J1aBJIeHHE B 1000 TOUKE MOKOALIEHCS HKUIAKOCTH OMPELIISCTCS 10 OCHOBHOMY

VPasHeHuo 2uOpOCMamuKu.:
p=p t+ pgH
rae p, - aOCONMIOTHOE JaBIEHHME Ha CBOOOJHONM MOBEPXHOCTH JKHAKOCTH (c60OOmHOM
NMOBEPXHOCTBIO HAa3bIBAIOT FPAHUILY pa3jieia MEXIY >KHIKOW U ra3000pa3Hoi cpeioi);
p - IJIOTHOCTb >KUJIKOCTH;
H - rmyOuHa NOTPY>KEHUSI TOUYKH I0]T CBOOOHOM MOBEPXHOCTHIO.

3apanme 1. Pemnts 3a1aun, IpuMeHsisi OCHOBHOE YPaBHEHUE TUAPOCTATUKH.
Xox padoThl
1. Bribepute 3 3amauu cBOETO BapuaHTa (aHHBIC BapuaHTa U3 Tadmui 1,2).
2. CpnenaiiTe KpaTKyIO 3aIUCh YCJIOBHS 3a7a4u (UCXOIHbBIE JaHHbBIC):
3agaua
Jano: Cucrema CU: Pemenne:
. IlocTtaBbTe 3a1aHHYIO0 Pa3MEPHOCTD.
IlepeBeaute pazmepHoCTh apamerpa B cuctemy CH.
Pemmre 3anaun.
3anuIInuTe OTBET.
. OTBeTbTE HA KOHTPOJILHBIE BOIPOCHI.

NS AW

Bapuanrtel 4éTHbIC:

1. B cooOmiaronmuecss cocyapl HaIuTa KUAKOCTh, YIEIbHBIN Bec KOTOpod y. OIWH M3 COCYIOB
3aKpBIT M JaBJIeHHE Ha CBOOOAHON moBepxHOCTH DPo=102 klla, BTOpOil cocya OTKpHIT U
JABJIEHWE HAa CBOOOJTHOM TMOBEPXHOCTU B HEM DP,—98100 Ila. Ompenenuth BbICOTY hi, ecim
M3BECTHA BbIcOTA h,. (pucyHOK 1).

2. Omnpenenuts BbIcOTYy H HammBa XHIKOCTH YIENBHOTO BECA Yy, €CIM JaBIEHUE BO31yXa
MOCTYTIAIOUIETO B pe3epByap 3KBUBaJEHTHO BbicoTe h=890 MM pr. cT. (puc.2).

3. OmnpenenuTs MAHOMETPUYECKOE JTaBIEHUE HA JTHO COCY[Ia, HAMIOJIHEHHOI'O JIByMsl KHJIKOCTSMH,
ecsii oHM uMeroT BbicoThl Hy 1 H,, a ux ynenpHble Beca Y | U Y 2. (PUCYHOK 3).



Tabanna 1 — /laHHBIe 11 Y4eTHOTO BAPHAHTA

BapHaH

2

4

6

8

10

12

14

16

18

20

22

24

26

28

30

v,H/™?

7800

7900

8000

8100

8200

8300

8400

8500

8600

8700

8900

9000

9100

9200

9300

ho.M

0.1

02

03

04

0.45

0.5

0.55

0.6

0.65

07

0.75

08

0.85

09

1.0

%Ka

9900

9800

9700

9600

9500

9400

9300

9200

9100

9000

8900

8800

8700

8600

8500

Hi.m

0.1

0.15

0.2

0.25

0.3

0.35

0.4

0.45

0.5

0.55

0.6

0.65

0.7

0.75

0.8

H?. M

0.8

0.75

0.7

0.65

0.6

0.55

0.50

0.45

0.40

0.35

0.30

0.25

0.20

0.15

0.1

v1,H/M?

7200

7250

7300

7350

7400

7450

7500

7550

7600

7650

7700

7750

7800

7850

7900

v2,H/M?

7900

8000

8100

8150

8200

8300

8400

8500

8600

8700

8800

8900

9000

9100

9200

BapunaHTbl HeuéTHBIE:

1. Omnpenenuth ypOBEHb KHUAKOCTH B 0ake, e€Clid MpU 3aMepe S- oOpaszHoW TpyOKOW pasHOCTb
ypoBHel prytu Ah, muoTHOCTS %uakoctd 860 kr/m®, motHOCTE pryTH 13,6%10° KI/M (pHCYHOK
4)

2. Ompenenuth BEIMYHHY THIPOCTATHYECKOTO JABJIEHHS B TOYKE A IO/ MOPIIHEM M B TOYKe B
BOJbI Ha TNIyOWHE Z OT TOPIIHS, €CIM Ha TOPIIEHb JUaMeTpoM D MpOW3BOAWTCS NaBJCHUE
cunoit 2 kH. (pucyHok 5).

3. OmnpenenuTh yAETbHBIA BEC U MacCy XHIKOCTH, €CIIH €€ ypOBEHb B COOOMLIAIOUIMXCSA COCYyIax
hi, ypoBens Boapl hy. TlnotHocTs Bombl 1000 Kr/M?, TUIOMIAAb MOIEPEYHOTO CEYEHHUS COCYIaA C
KUIKOCTBIO 0,5 M*(PUCYHOK 6).

Ta6auna 2 — JlanHble 111 HEYeTHOr0 BApHAHTa

Bapuant | 1| 3 | S| 7 | 9 |11 13 [ 15|17 | 19 |21 | 23 25 | 27 |29

Ah,mm [20] 30 (40| 50 | 60 [70| 80 | 90 [100| 110 |120| 130 | 140 | 150|160

ZM 0,1(0,2103041]051(06{07]08[09(| 1,0 | 1,1 | 1,2 | 1,3 |14]L5

D,mm [30] 40 (50| 60 | 70 {80 90 | 100 | 110| 120 | 130 | 140 | 150 | 160|170

18 |20 21 | 22 | 23 | 24 | 25| 11 13 | 15 |19
10 [12] 1516 [ 17| 18 |19] 3 7 8 19
B R i
e o f
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Pucynok 1 — I'paduueckoe nzobpaxeHnue 3amad



KonTpoJbHbIe BOPOCHI

1. JlaiiTe onpeneneHne ruipoCTaTUYECKOTO JTaBJICHUS.
2. 3anMIIuTe OCHOBHOE YPAaBHEHUE TUAPOCTATUKH.
3. JlaiiTe onpenenenye napaMeTpaM OCHOBHOTO YPAaBHEHHSI THIPOCTATUKH.

IIpakTHyeckas padora 3
Onpenenenue pacxoaa KUJIKOCTH
TEMA: OCHOBHBbIE NTOJIOKEHUS THAPOINHAMUKHU. Y paBHEHNE bepHyuin.
Heab: ®opMUpOBHUE YMEHUS ONPELISTh PACXO/ KUAKOCTH.
Ymenua: onpenenare pacxon KUAKOCTH.
3nanun (akmyanuzayus): OCHOBHOE ypaBHEHUE THIPOIMHAMHUKH.
Teopernuyeckuii MaTepuan

l'uopoounamuka — pa3nen rUIpaBINKH, U3YYaIOMINN KUJIKOCTh B IBUKEHUH. OOBEKTOM

M3y4YEHUs B TUAPOJAMHAMHUKE SIBIISIETCA MOTOK KMIAKOCTH, KOTOPBIN XapaKTEpU3yeTcs:
- JICUBLIM CeyeHueM - TIOTIEPEYHOE CeUeHUE OToKa — .S,
- CMOYEHHbIM NepumMempom - JIUHUS, N0 KOTOPOW >KUIKOCTh CONPUKACAETCS C MOBEPXHOCTIMHU
TpyOOIPOBO/Ia B JTAHHOM KHBOM CEUCHUH — X,
- euopasiuyeckum paouycom R - OTHOILIEHHE IUIOIAAM XHBOTO CeueHHss S K CMOYCHHOMY
nepumMetpy X (BelIndyrHA JTUHEHHas):

R=S8/X

B xpyrmnoit Tpy0Oe, padoTarormeit moimHbsIM ceueHueM R = D /4, paboTaromieil Ha MOJOBHHY CEUCHUS
R=D/2.
- CcpeoHell CKOpOCmblo NOMOKA 6 OAHHOM JHCU8OM cedenuu V' - BooOpaxaemas, (UKTUBHAS
CKOpOCTh TIOTOKA, OJTMHAKOBAs JJISl BCEX TOUEK JAHHOTO KUBOTO CEUEHHsSI, M/C
- pacxodom sxcuokocmu Q -

- 06vemmubili pacxoo dxcuokocmu: @, = V- § - 00beM XKHUIKOCTH, NPOTEKAOUIMI B €IUHUILY
BPEMEHM YEPE3 JAHHOE XKUBOE CEYEHHE MOTOKA, M3MEPAETCA B M°/C (YpaBHEHHME HEPaspbIBHOCTH
CTpyH);

- maccoswlil pacxod scuokocmu: Qu = Q,, p - KOTUIECTBO KUJIKOCTH, TPOTEKAIONTUN B €IUHUILY
BpPEMEHH uepe3 JaHHOE KUBOE CEUCHHE MOTOKA, U3MEPSIETCS B KI/C;

- gecogoll pacxoo oscuokocmu Q¢ - BEC KUAKOCTH, MPOTEKAIOUIUN B €AMHUIY BPEMEHH 4epes3
JTAaHHOE YKMBOE CeueHHe NMoToKa u3mepsiercs B H/c.

3aganue 1. Pemuts 3a1aun, NpuMeHss ypaBHEHUE HEPA3PBIBHOCTH CTPYH.
Xoa padoTsl

1. Bribepure 3 3amauu cBOEro BapuaHTa (IlaHHBIC BapHaHTa B Tabnunax 1,2).
2. CpnenaiiTe KpaTKyIO 3aMUCh YCJIOBHS 3a7a4u (UCXOIHbBIE JaHHBIC):
3anaua
Jano: Cucrema CU: Pemenne:
3. [locTaBbTe 3a/1aHHYIO0 Pa3MEPHOCTb.
4. IlepeBeaute pa3mMepHOCTh MapameTpa B cuctemy CU.
5. Pemure 3amaun.
6. 3anuimmTe OTBET.
7. OTBeTbTE Ha KOHTPOJIbHBIE BOIIPOCHI.

10



YéTHble BADUAHTHI:

1. OnpenenuTs TUAPABINYECKUA paguyc Ais TpyObl ¢ BHyTpeHHUM auameTpom D, paboTaromeit
IIOJIHBIM CEYEHUEM.

2. OmpenenuTh MaccOBBIM pacxoj ropsuei BoAbl B TpyOOmpoBojie ¢ quameTpoM d, eciu cpeaHsis
CKOPOCTB BOJIBI V , & INIOTHOCTH BOABI 980 Kr/m”.

3. OnpenenuTh pexXuM JBUKEHHS BOJBI IO TPyOONpPOBOLY, UMEIONIEMY BHYTpeHHUN quamerp D.,
npu 00beMHOM pacxoze Q, eciau  MWIOTHOCTH Bogbl 1000 Kr/M’, AMHAMHUYECKast BSI3KOCTH BOIbI
186*10°ITa c.

Tadimua 1 - JlanHbIe 1J151 YeTHBIX BAPUAHTOB:

21 4 6 8 10 | 12 14 16 18 [ 20 | 22 | 24 | 26 |28 30
D,mm (20 30 [ 50 | 70 | 80 | 90 | 100 | 110 | 120 |[130| 140 | 150 | 160|170 | 180

dmm | 181200190 (170 | 160 | 150 | 140 | 130 | 120 [ 110| 100 | 90 | 80 |70 60
v,m/c (3,00 40|45 |50 55 |60 65 | 0,70 | 0,75 {0,80| 0,85 {0,90{0,95|1,0 | 2,0

D,mm |30 40 | 50 | 60 | 70 | 80 | 90 | 170 | 180 [ 190 | 200 | 210|220 |230 |240
WM/ 40| 35 | 40 | 45| 50 | 55| 60 65 70 | 75 | 80 | 8 | 90 [95 | 100

HeuyéTHble BApHAHTHI:
1. OnpenenuTs BHYTPEHHUA TUaMeTp TPYOBI, €CIM TUApaBIUYecKuil paguyc R u Tpyba pabortaet Ha
MOJIOBUHY CEYEHUSI.
2. Tlo TpyGOnpoBOAYy AMAMETPOM IEPEKAUMBAIOT Ma3yT yaeabHoro Beca 9000 H/m®. Onpenenuts
00BEMHBIN PacXo M CPETHIOK CKOPOCTh JIBIKEHUS Ma3yTa, €CIIM MAacCOBBIN pacxoa Qm.
3. O0beMHBI pacxoj BOJBI, NMPOTEKAIOIIEH M0 TPYOOIPOBOLY, UMEIOIIEMY BHYTPEHHUI AMaMETp
D, coctaBnsier Q.. Omnpenenuts pexXuM JBHKEHHUS BOJBI MPHU, €CIM  KUHEMaTH4ecKasl BA3KOCTh
Boaml 107 M/ c.

Tadauua 2 - JlanHble 1151 HEYeTHBIX BAPUAHTOB:

113 5 7 9 11 13 15 117 [ 19 [ 21 [ 23 | 25 |27 |29
Rmm |50 60 | 70 [ 80 | 90 |100| 190 | 110|120 | 130 | 140 [ 150 | 160 |170 | 180

Dmm |60 70 | 90 | 100 | 120 | 130 | 140 | 80 | 150|160 | 170 | 190 | 180 | 110 | 200
QmT/a |30 40 [ 45 | S0 | 55 [ 60| 65 |70 | 75| 80 | 8 | 90 | 95 | 100|120

Di,mm |30 40 | 50 [ 60 | 70 | 80 | 90 | 170|180 | 190 | 200 |210| 220 |230 |240
Q, 24129 | 31 | 32| 42 (45| 38 [ 39 |37 |35 | 38 | 28| 50 |55 |60

KOHTpOJII)HI)Ie BOIIPOCHI

[aiiTe onpeneneHne ruipaBIndyecKoOMy paguycy.

Briseaure hopmyity ruapaBiIndecKoro paauyca Ais TpyObl KBaapaTHOM GopMbl
HazoBute 0CHOBHOE ypaBHEHUE THIPOIMHAMUKHU.

Jaiite onpenenenne MacCOBOMY pacxoay >KHJIKOCTH.

S

IIpakTHyeckas padora 4
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Omnpenenenue NoTeph Hamopa B TpyOOIPOBO/IE CUCTEMBbI OXJIaX/ICHUS TyTOBOM MeYH
TEMA: OcHoBsl ruapoauHamMukn. [lotepu B TpyOompoBoe
Heas: ®opMupoBaHue yMEHUI onpeaeeHNus MOoTepb HANopa B TpyOOmpoBoe.
Ymenusa: BoimonHATH pacuer TpyOOIPOBOA U CTPOUTH €T0 XapaKTEPUCTUKY
3nanun (akmyanusayus): ypaBHeHue bepHymu mpu pacdere npocTeimux TpyoonpoBoI0B
Teopernueckuii MaTepuan
VYpaBHeHue bepHyuM — 3TO 3aKOH COXpPaHEHUS YHEPIUHU: II0JIHAS DHEPTUS CUCTEMBI E

2
mo
ONpeNenseTcss CyMMON KnHeTnYeckon E.= 2 ¥ NOTeHIMANBHOI sHeprueit E,=m-g-h :
E=E«+E,;

Jns peanpHOM )XUIKOCTH ypaBHEeHUE bepHyium nmeer BUI:

1 V12 P, Vy

L A—+—=7,+—+——
pg 24 pg 29 x>,

(uHIEeKchl «1» U «2» yKa3bIBalOT HOMEP CEYEHUs, K KOTOPOMY OTHOCHUTCS BEJIMUMHA).
roe 2, =", + ", - cyMMapHBIE MOTEPHU ONPEAEIAIOTCA CyMMOM MECTHBIX MOTEPH "y M ITOTEPH 110
JMHE TpyOompoBona

Mecmuvie nomepu nanopa (SHepruM) KUIKOCTH BO3HUKAIOT Ha KOPOTKHMX Y4YacTKax
TpyOONpOBOA C TPENATCTBUSIMH I TIOTOKA, HA3BIBAEMBIMH MECTHBIMH CONPOTHBIIECHUSIMH
(BHE3aIIHOE pPACIIMPEHUE M CyXKEHUE TpyO, BEHTHIIM, 3aIBWDKKH, KIANaHbl, KoleHa). B Takux
MecTax 00pasyrTCs IUPKYJIAIUOHHBIE 30HBI, Ha BPALICHUE JKMIAKOCTH B KOTOPBIX 3aTPauMBaETCs
YacTh MEXAHMYECKOHW DHEPrUM IMOTOKA, Ha3blBaeMas MECTHBIMH IIOTEPSAMHU Hamopa. Bemuumna
MECTHBIX TIOTEPh HAMOpa JKCIEPUMEHTAILHO OMNPENEISETCS PAa3sHOCTHIO TIOJHBIX HANOPOB
KUIKOCTH JI0 U TIOCJIE MECTHOTO COMPOTUBIIEHHS.

B wumHXeHepHBIX pacyeTrax [UIsl ONpeAeNCHHs] MECTHBIX MOTEpb HAamopa HCIOJIb3yeTCs
dhopmya:

2
Vo

h,= Z £, 29 b
rze £ - K03((HUIHEHT MECTHOTO CONPOTHUBIIEHHS ( BBIOMpaeTcs 1o Tabmuie S);

V- cpenHsisi CKOPOCTh TIOTOKA.

Ilomepu manopa no OnuHe BBI3BAaHBI TOPMO3SIIUM JIEHCTBHEM CTEHOK, NPUBOIAIIUM K
BSI3KOCTHOMY TPEHHIO YAacTHIl M CTPYeK JXHIKOCTH Ipyr O Apyra BAOdb TpyOompoBoma. OHnm
OTIPEIETSIOTCS TI0 (hopMyIIe:

hi = X(/d)V*/(2g),
rae X - Koa(HUIUEHT TUAPaBINIECKOTO TPEHUS;

[ u d -COOTBETCTBEHHO JJINHA U BHYTPEHHUN JUaMETp TPyOrI (KaHama), M;
V' — cpemHsisi CKOPOCTbh, M/C.

a - ISl UACATbHON XKUIKOCTH; O - ISl peabHOM KUIKOCTH

Pucynok 1 - I'paduuaeckoe nzobpaxenue ypaBHeHus: bepuynu
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Ha pucynke 1,6 BUIHO, 9TO THIAPOIUHAMHYECKHI HAMIOP PEAIbHOM KUKOCTH YMEHBIIIAeTCS
B HANPABJICHUH €€ JIBIKCHUS Ha BEIIMYMHY HAIOpa, MOTEPSHHOTO MEX/Ty HaYaIbHBIM U KOHEUHBIM
ceyeHUsIMU mNOTOKa. [lajeHne COOTBETCTBYIOIIETO HANoOpa Ha E€IUWHUILY JUIMHBI HA3bIBACTCS
COOTBETCTBEHHO THUIPABINYECCKUM, UITH TTHE30METPHUUICCKUM YKIIOHOM.

Paznuuaror B2 OCHOBHBIX pEXHMMa TEUEHHS JKUJIKOCTU: JAMUHAPHBINU (CIOUCTBIN) H
mypoynenmuuiti  (BUXpeBoil). Ilpu JaMUHApHOM peXUME YaCTHIBI JKUIKOCTH JBUWXKYTCA TIO
napajieIbHIM TPAeKTOpUsIM Oe3 MepeMelInBaHus, TOITOMY MOTOK UMEET CIOUCTYIO CTPYKTYPY,
T.€. JKHUJIKOCTh JBIDKETCS OTACIBHBIMU CIOSIMU. TypOyJICeHTHOE JBIKCHHE XapaKTepH3yeTCs
MyJbCallue J[aBI€HUS U CKOPOCTEH YACTUIl, YTO BbHI3BIBAET HHTEHCHUBHOE IMEpEMEIIMBAHUE
KHUIKOCTH B IMIOTOKE, T.€. BUXPEBOE JBUKECHUE.

Kpurepuem pexxuma tedeHus sBisercs yucio Petinonvoca
Re = V-d/v, 4.1)
rae  V— cpemaHsis CKOpOCTh MOTOKA, M/C;

d- BHyTpeHHUH nTuaMeTp TpyOsl (KaHana), M;

V - KHHEMATUYECKUH KO3 PUIMEHT BA3KOCTH KUIKOCTH, M>/C.

B nmxeHepHO# PaKTHUKE PEXUM JABHUKEHUS KUIKOCTH OMPEICISIFOT IMTyTEM CpaBHEHUS YHCIIa
PeitnHonibica Re ¢ ero kpumuueckum 3Hayenuem Rex, COOTBETCTBYIOIIMM CMEHE PEKUMOB
JBIDKCHUS KUAKOCTU. [[s paBHOMEPHBIX MOTOKOB KHAKOCTH B TpyOax (KaHajmax) KpyTJIOoTro
CEUCHHS IPUHUMAIOT Rex - 2300. Pexum cuuTaeTcst JaMUHapHBIM, eclii Re <Rek, TypOyJIeHTHBIM
pu Re >Rey

TypOyneHTHBII peXuM B MPHUPOJAEC W TEXHHKE BCTpedaeTcs damie. Ero 3aKOHOMEpHOCTSIM
MOAYMHSICTCS JBWIKEHHWE BOJBI B peKaxX, pydbsiX, KaHajgaxX, CHCTEeMaxX BOJOCHAOKEHUS W
BOJIOOTBEJICHUS, a TaKXKe TeYeHHe OEH3MHA, KEPOCHHA W APYTHX MAJOBS3KUX >KHIKOCTEH B
TpyOax.

3apanme 1. Paccunrtath npocToii TpyOONpOBO CUCTEMBI OXJIAXKIACHUS JyTOBOW Meun.
OHpe}IeJ'H/ITB MOTEPIO HAIlOPaA IMpHU IBHUKCHHUU KHUJIKOCTHU U IIOCTPOUTH XapaKTCPUCTUKY
TpyOomnpoBoa.

R R

4

L2

Xo1 BbINOJTHEHHSI PadoThI
. BpmumuTe naHHBIE CBOETO BapHaHTa U3 TAOIUIHI 1.
. IlepeBenure pazmepHOCTh MapaMmeTpoB B cuctemy CU.
. BrmonnauTe pacuer TpydbonpoBoa.
. OTBeThTE Ha KOHTPOJIbHBIE BOIIPOCHI.

W N -
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Tadimua 1 - 3aganue no BapuaHTam

No BapuaHTa Ilepemeniaemasi KUAKOCTh V, (m/c) d, (mm)
l. Boga npu 0 °C 1,4 50
2. 1,2 70
3. Boga npu 4 °C 1,5 80
4. 1,0 60
5. Boma npu 10 °C 0,9 40
6. 1,1 100
7. Bopna npu 2°C 0,7 90
8. 1,6 50
9. Bopa npu 3°C 1,5 110
10. 1,2 100
11. Bona mpu 12 °C 1,0 120
12. 1,8 60
13. Bonapu 11 °C 2,0 70
14. 2,5 90
15. Boga pu 15 °C 2,2 50
16. 1,2 100
17. Bona mpu 22 °C 2,0 120
18. 2,5 90
19. Boga npu 20 °C 1,3 50

20. 1,5 70
21. Bona npu 18 °C 1,8 60
22 2,0 90
23. Boga pu 30 °C 0.6 80
24, 1,0 50
25. Macno MmotopHOe 1,9 50
26. 2,0 110
27. Bopna pu 50 °C 1,3 50
28. 1,0 60
29. Macno «Cynbdadpesomn» 2,0 50
30. 2.5 90

Tadauua 2 - [TapameTpsl nepeMeiaeMoil AKHIKOCTH

HaunmenoBanue KHUIKOCTHU

Temneparypa (°C)

ITnoTHOCTH (KI/M®)

Kunematnueckas BA3KOCTh

v (M%/c)

Bona

Macno MmoTopHOE

Macno cymsdhodpeson

0
4
2
3
10
11
12
20
22
30
50
15
18
50
50

998,87
1000
999,73
999.23
99823
995,67
988,07
958,38
780
820
900
790
885
900
905

0,0178*10™
0,0152*10™
0,0131* 10*
0,0124*10™
0,0101*10*
0,0080*10
0,0050*10™
0,0028*10
0,0065*10™
0,0250*10™
0,2500*10*
0,0133*10™
0,1400*10*
0,2200*10
0,2000*10"*
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Jannble 1 pacyera:  Bapuant Ne
Cucrema CH
JlnvHa BepTHKAIBHOTO yyacTka- 1,=5Mm
JlimHa ropu30HTaNIbHOTO ydacTKa- I, = 70 M

Panunyc 3akpyriieHus KoJjieHa - R =250 mm
ITepemeniaemas sKHUAKOCTb —

CKOpOCTb JBUKEHUS KUIKOCTH — V= M/c (Tabu.1)
Juametp TpyOBI - d= MM (Tabm.1)
KunemaTuueckast BI3KOCTb — yv= M*/c(Tabn.2)
[1noTHOCTD KUIKOCTH — p= kr/m*(Tabm.2)

Xo/ BbINOJTHEHUSI Pa00OThI

1. Onpenenure k03 PULIHEHT MECTHBIX COPOTUBICHUM, OIb3YACh TaOIMLEH 5.

a) Bxon B TpyOy ¢ OCTpBIMH KpOMKaMH €=
0) Koneno R/d= €
B) [loBOpOT yronpHukoM €3
r) 3aJIBI)KKA OTKPBITasi Ha MOJIOBUHY €4
1) BeHTHIIb TIpU CpeiHEM OTKPBITHH €5
2. Omnpenenure cyMMy KO3(Q(QHUIHEHTOB MECTHBIX CONPOTUBICHUN
£, =€ e, e e, e =00
3. Onpenenme IIOTEPH HAIOPa OT MECTHBIX COITPOTHUBIICHUN
h,= Z Eu _:
4. Onpenenme gucio PeliHonbaca R,
R= vd _
a~

5. Omnpenenure K03(GUINEHT CONPOTUBICHHUS TPECHUS

0 3164 _

"R,

6. Onpenenure k03P PUIMEHT TUHEHHBIX CONPOTUBICHUI
£ = 12_11

o d

7. Onpenenure NOTEPIO HANOpa OT JIMHEWHBIX CONPOTUBIIEHUI
2

1% .

h,=¢,—=¢(

2g

8

. Omnpenenure MOTEPIO HANIOPa OT MECTHBIX COMPOTUBIICHUN

] —Z Ve _
t:~-:_ ‘-3:29__

9. Onpenenure 0O0IIyIO MMOTEPIO HATIOPA
h=h, +h,=¢
10. Ornpenenure MOTEPH IaBICHUS B TPyOe
A p=pgh=i
11. Omnpenennre pacxol )KUIAKOCTH

nd®_ .
Q=v 1o 6

11.0npenenure moTepro MOIHOCTH B TPYOOIIPOBOJIE
15



AN=ApQ=i

12. Toctpoiite XapakTepucTuky Tpybomposoga  h=f(Q)

[Ipu TypOyJIEHTHOM IBWKEHHMHU MOTepH Hamopa h mpomopumonansro Q°. CiemoBaTenbHO, eCiu
yMeHBIMTE pacxon Q B 2, 3, 4 pasa, To h yMEHBIIUTCS COOTBETCTBEHHO B 2°=4; 3°=9; 4°=16 u T.11.
pa3. Ecim yBenuuuth pacxon B 2, 3, 4, pasa, To h yBenuuutcs B 4, 9, 16 pas.

Ha ocHOBaHMU CBOWX 3HAYEHMIA OMpPEAETUTE 3aBUCUMOCTh h 0T Q U 3aHeCUTe 3HaYCHUS B TaOIHILY
3.

Taouauna 3 — [lapameTpsl TPyOONIPOBOAA

Q(v’/c) Q QR Q3 2Q 3Q 4Q
h(nm) Vh h/4 h/9 4h 9h 16h
Q(m*/c)
h(m)

[To TabnuyHBIM 3HAYEHHUSIM TMOCTPOiTEe TpaduK, MPEACTABISIOMNUNA COOON XapaKTEPUCTUKY
TpyOOIpOBOIa h=f(Q)

,M

QM7

13.0mnpenenure moTpeOHBINH 00BEM KUIKOCTH B THAPOOAKE.
V=il

rae Q — pacxos KMIKOCTH, M>/Jac.

14. 3anecuTte pe3yapTaThl pacyera B TaOIUILy 4.

Tabauna 4 — Pe3yabTathl pacueToB

h,(m) h, (m) A p (ITa) Q(m’/c) N (Br) V(m?
1 2 3 4 5 6

KOI—[TpOJIbeIe BOIIPOCHI

1. Ha3oBure napameTpbl XapaKTEpUCTUKH TPYOONpPOBOA.
2. JlaiiTe ompeneneHre CyMMapHbIM IIOTEPSIM B TPyOOIIPOBO/IE.

Ta6aunna S - CnpaBo4Hbie JaHHBbIC KOY((GUIHEHTA CONPOTHBICHHUA
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Koaddurment
MecTHOE CONPOTUBIIEHHUE Ocku3 (hacOHHBIX yacTeit MECTHOI'O
COTIPOTUBIICHUS
Bxon B TpyOy:
[Ipu ocTphIX KpomMKax 0,5
IIpu 3aKpyIJIEHHBIX KPOMKaX 0,05-0,2
Koneno
ITpu R>2d 0,5
ITpu R~(3...7)d 0,3
[ToBOpPOT yroapHUKOM 1,1
3aBIKKA 1A KPYTIIon Tpyoe:
[TonHOCTBIO OTKpBITA 0,07
OtkpslTa Ha %4 0,26
OtxkpsiTa Ha 1/2 2,06
Puc. 1.41. 3amsmxka
BeHTHIIb IIpU cpeHeM , jI o
OTKPBITUHU o \ 1-3
BcaceiBaronuii kj1anad ¢ CETKOH %
Ha BXOJI€ B TPyOOIPOBOHYIO i - 5.10
TpyOy @

JlabGopaTtopnas padora 1
HccnenoBanre KOHCTPYKIIUU U pabOThI Hacoca

TEMA: Knaccudukarus ruapomManini
Heas: dopmupoBaHHE YMEHHsI OCYLIECTBIATH COOPKY-pa30OpKy Hacoca, OCYIIECTBIIATH 3aMepbl
€ro KOHCTPYKTHBHBIX JIeTaIel; ONPENeNATh THII MEXaHU3Ma.
Oobopyoosanue: 1. Hacoc.

2. HaGop urCTpyM™MEHTa )11 pa300pKH U COOPKH.

3. MeputenbHbIi HHCTPYMEHT.
Ymenusa: momp30BaTbCcs W3MEPUTENFHBIMH HHCTPYMEHTAMH WM WHCTPYMEHTaMH Ui COOpPKH-
pa30opKH; OMpeAessTh THUII Hacoca
3nanun (akmyanuzayus): KOHCMPYKYUU PA3IUYHbIX HACOCO8, MemoObl COOPKU U pa30OpKH Hacoca

Teopernuyeckuii MaTepuan

Hacoc - runpaBniyeckasl MalliiHa, B KOTOPOW MEXaHUYeCKasl YHEPTUsl, IPUIIOKEHHAS K BEIXOJTHOMY
Baily, npeoOpa3yeTcs B THAPABINYECKYIO SHEPIHIO IOTOKa pabodeid KuaKkocT. [ uopoosueamens -
MallliHa, B KOTOPOH JHEPrusi MOTOKa paboueil >KUAKOCTH MpeodpaszyeTcss B DHEPTUIO JIBMKECHUS
BBIXOJHOTO 3BeHa. EcnM BBIXOAHOE 3BEHO TOJIYyYaeT BpallaTeIbHOE [BH)KEHHE, TO TaKOM
THIPOABHUTATEeNb HA3BIBAIOT  2UOPOMOMOPOM, €CIHH TIOCTYNATeIbHOE, TO 2UOPOYUTUHOPOM.
['mapomaminHa, KOTOpass MOXeT padoTaTh B PEXMME HAcoca WIM TUAPOMOTOpPA, Ha3bIBACTCS
00paTuMoii.
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Hacocbl mo npuHIUIy JTeHCTBUS KIacCU(PHUIIMPYIOTCS Ha:
1.luHamuueckre, B KOTOPBIX B3aMMOJAEHCTBHE PAOOUMX OPraHOB C JKUIKOCTHIO NPOUCXOIUT B
IPOTOYHOM MOJIOCTH, TOCTOSTHHO COOOIIAIOIIECHCS C BXOJIOM U BBIXOZIOM THAPOMAIIMHBI:
a) JIOTACTHBIE — [IEHTPOOEKHBIE, OCEBbIE
0) HAaCOCHI TPEHHSI — BUXPEBLIE, CTPYHHBIC, JUCKOBBIC U USPBSUHBIE
2. OObeMHbBIE, B KOTOPBIX B3aUMOJEWUCTBHE pPabOYMX OPraHOB C KHUJIKOCTHIO IMPOUCXOJUT B
repMeTUYHOM pabodeld Kamepe, IONEPEeMEHHO COOOIIAomeics ¢ BXOJOM U BBIXOJOM
TUAPOMAITUHBI:
a) BO3BPATHO-TIOCTYIATENbHEBIE — MOPIITHEBbIE, ITyHKEepHBIE, THadparMeHHbIE
0) pOTOpHBIE — IIECTEPEHHBIE, TUIACTUHYATHIE, AKCHAJIbHO-TTOPIITHEBBIE U PAIUATBHO-TIOPIIHEBHIE
[Tpon3BoMTENBPHOCTh Hacoca (Iojaya) - ATO OTHOIIEHHE O0beMa I10/1aBaeMOU JKUAKOCTH KO
BpemenH (M7/c).
Teopemuueckas npouzeooumenvHocms Hacoca (r - 3TO pacueTHbIl 00BEM SKHUIKOCTH,
BBITECHSIEMBIN B €IUHUILY BPEMEHH M3 €r0 MOJIOCTH HarHETaHUSI.
Heticmeumenvnas npouzeooumenvHocms Hacoca (J; yMEHBbIIAaeTCs Ha BedMuuHy Qup H3-3a
00paTHOro TE€YEHMs >KUJIKOCTH B HACOCE M3 IMOJOCTH HAarHETaHHs B MOJOCTh BCACHIBAHUS U H3-3a
YTEUKH KUAKOCTU BO BHEIIHIOW cpeny. IloaTomy
Qu=Qr-Qu

OTHOolIEHHE  NEWCTBUTENBHOM  NPOU3BOAMTENBHOCTH  Hacoca Qp K TEOpeTHYECKOn
MPOU3BOAUTENBHOCTH Hacoca Qr HaswiBaeTcs o0beMubIM KIIJ] Hacoca:

Q_'H =1-— % =1

Of K.

Oy O
Lllecmepennvie nacocvi. OCHOBHAs TPyIIa MIECTEPEHHBIX HACOCOB COCTOUT U3 JIBYX MPSIMO3YObIX
HIecTepeH BHEIIHEro 3alerieHus (pucyHok 1, a). [IpuMeHsitoTcs Takke U Jpyrue KOHCTPYKTHUBHBIE
CXEMBI, HaIlPUMEP, HACOCHI C BHYTPEHHUM 3alleluieHueM (PUCYHOK 1, 0), Tpex- u 0oJjee 1mecTepHbie
HAcOCHI (PUCYHOK 1, B).

a - ¢ BHEIIHUM 3alleTyieHHeM; O - ¢ BHyTPEHHUM 3alleIUIEHUEM; B - TPEXILIECTePEHHBIH
Pucynok 1 - CxeMsl 1eCcTepeHHBIX HACOCOB:

[IlecTepeHHBI HacOC ¢ BHEIIHUM 3allelieHneM (pUCYHOK 1,a) cocTouT u3 Beayiei 1 u Begomoii 2
IIECTEPEH, pPa3MEIICHHBIX C HeOompmmM 3a30poM B kopmyce 3. [Ipu BpamieHun mectepeH
KHUJIKOCTb, 3aIIOJTHUBILAS pabodre KaMepbl (Mexk3yOOoBbIe IPOCTPAHCTBA), IEPEHOCUTCS U3 MOJIOCTH
BcacblBaHUSA 4 B TIOJOCThL HarHeTaHwsa 5. M3 momocTw HarHeTaHUsS KUIOKOCTh BBITCCHSCTCA B
HaIOpPHBIA TPyOOIPOBO.

B ob6miem cirygae mojaya mecTepHOTo Hacoca onpezessieTcs mo Gopmyie

L
Q = k?b.’gﬂoﬁ,

rze k - KodQPUIHUEHT, A7 HEKOPPUTUPOBAHHBIX 3yObeB k = 7, 17151 KOPPUTUPOBAHHBIX 3yObeB k =
9.4; D - nuaMeTp HavaJbHOW OKPY>KHOCTH IIECTEPHU; Z - YUCIIO 3yObeB; b - MIMPHUHA IIECTEPEH; 1 -
4acTOTa 000POTOB BEIYIIETO Bajla HAcOCa; Mo - 00beMHbIN KIT/I.
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[lectepenHslif HacOC B pa300paHHOM COCTOSIHUM MPEACTaBJICH Ha pUCYHKE 2.

lecTepeHHBbIif HACOC COCTOUT U3 KOpITyca 8, BHIMOJIHEHHOI'O M3 aJlOMUHUEBOTO CIUIaBa, BHYTpU
KOTOPOTO YCTAaHOBJIEHBI MOJIIUIHUKOBBIM 0ok 2 ¢ Beaymed 1 u BegoMoil 3 miecTepHAMH U
VIUIOTHAIOMMK OJIOK 5, TNPEeACTaBISIOMUA CcOO0OM JAPYrylo TIOJOBHHY TMOAIIMITHUKA. JIJis
palualbHOTO YIUIOTHEHHUS IIECTEPEH B LIEHTPAIbHOM YacTH YIUIOTHSIOLIETO OJI0OKa MMEIOTCS JIBE
CEerMEHTHBIE TOBEPXHOCTH, OXBATHIBAIOIIME C YCTAHOBJICHHBIM 3a30poM 3yObsi miectepeH. Jlis
TOPLEBOTO YIJIOTHEHUS WIECTEPEH CIIy’KaT IBE IMOPKUMHBIE IIJIACTHHBI 7, YCTaHaBIMBAEMbIE B
CreluaibHbIe Ma3bl YIUIOTHSIOMIETo 0JI0Ka ¢ 00enX CTOPOH IecTepeH. B MoKUMHBIX MIaCTUHAX U
B JIGBOI YaCTH YIUIOTHSIOMIETO 0JIOKa €cTh (UTypHBIEC YIIIyOJeHUS IMOJI PE3HMHOBBIC MPOKIAIKH O.
JlaBiieHHeM JKUIKOCTHU M3 IMOJIOCTH HarHeTaHWs IUIACTUHBI 7 MPUKMMAIOTCS K TOpPLIaM IIECTEepEH,
Onmaromaps 4eMy aBTOMATHUYECKHM KOMIEHCHUPYETCS 3a30p, a YTEUYKH OCTAIOTCS MPAKTUYECKH
OJIMHAKOBBIMH TIpH JIFOOOM paboueM aBlieHUuH Hacoca. Benymias u Beqomast ECTepHU BBITOJTHEHbI
320IH0 C UandaMy, ONMHUPAIOIIUMHCS Ha TOIMMUIHUKA CKOJBXEHHUS MOJIIUITHUKOBOTO U
yIuloTHstorero 6gokoB. OnHa w3 nand Beaylied MIEeCTepHH UMEET ILIUIBI JUIsl COCTUHEHHS C
BaJIOM IpuBoJsIIero asurarens. Hacoc 3akpbiBaeTcsi KpBIIIKOW 4 ¢ YINIOTHUTENBHBIM PE3MHOBBIM
koinpioM 9. IlpuBogHOM Banm Hacoca YIUIOTHEH PE3WHOBOM MAaHMKETOHM, 3aKpEIUICHHON
CIEHAIbHBIMM KOJIbLIAMH B KOPITyCE Hacoca.

Pucynok 2 - Illectepennsiii Hacoc HIII-K u ero coctaBHbIe 371€MEHTHI

[IlecTepeHHble HAcCOCHl C BHYTPEHHUM 3allCIUICHMEM CJIOXHBI B HM3TOTOBJIEHHH, HO Jal0T Oojee
PaBHOMEPHYIO T0Jauy M UMEIOT MeHbIINE pasmepbl. BHyTpenHsst mectepHs 1 (cM. pucyHok 1, 0)
UMeeT Ha JIBa-TpH 3y0a MeHbIle, YeM BHELIHss IecTepHs 2. Mexay BHYTpPEeHHEH U BHeIIHeH
HIECTEPHSMH HMEETCs CceprnooOpa3Has MepeMbluKa 3, OTACNSIOmAsl IOJIOCTh BCACHIBAHHUSA OT
HarnopHoi mnonoctu. [Ipu BpalieHun BHYTpPEHHEH IIECTEpHHU KHMJKOCTb, 3aIOJHSIOIIAs padoune
KaMephbl, IEPEHOCUTCSI B HAIIOPHYIO MOJIOCTh M BBITECHSETCS Yepe3 OKHa B KpbILIKax Kopmyca 4 B
HaropHBIA TPyOONPOBOA.

Ha pucynke 1, B mpuBeJeHa cXeMa TpPEXIIECTEPEeHHOro Hacoca. B »Tom Hacoce mecrepHs |
Be/yllas, a MWEeCTepHU 2 U 3 - BeJlOMbIe, MOJIOCTU 4 - BCACBIBAIOLIME, a MOJOCTH 5 - HAllOpHBIE.
Takue Hacochl BBITOJHO IPHUMEHSTHh B THAPONPUBOAAX, B KOTOPHIX HEOOXOIUMO HMMETh JBE
HE3aBUCHMbIE HAIIOPHbIE THAPOIUHUY.

PaBHOMEpHOCTH MOAAUM KUIKOCTH LIECTEPHBIM HACOCOM 3aBUCHUT OT 4Mcia 3yObeB IIECTEPHU U
yria 3anensieHus. Yem Gosbiie 3yObeB, TeM MEHbIIE HEPABHOMEPHOCTh MOJa4, OJTHAKO MPU ITOM
YMEHBINAETCS MPOU3BOAUTENBHOCTh Hacoca. JlJig ycTpaHEHHs 3alleMIIEHUS >KMJIKOCTH B 30HE
KOHTaKkTa 3yObeB IIecTepeH B OOKOBBIX CTEHKAaX KOpIyca Hacoca BBINOJIHEHBl pa3rpy304HbIE
KaHaBKH, 4yepe3 KOTOPbIE )KUJKOCTh OTBOJUTCS B OJIHY U3 MOJIOCTEN Hacoca.

ITnacmunuamele nacocet MOTyT OBITH OJHO-, ABYX- W MHOTOKpaTHOTro JeiicTBus. B Hacocax
OJIHOKPATHOTO JEHCTBHS OJHOMY OOOpOTY Bajla COOTBETCTBYET OJHO BCACBIBAHME U OJHO
HarHeTaHue, B HACOCaX JBYKPATHOTO JCHCTBUS - IBa BCAChIBAHUS U J]BA HATHETAHUS.
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Cxema Hacoca OJHOKpPATHOrO JEHCTBHS NpuBeleHa Ha pucyHke.3. Hacoc cocrout u3 poropa 1,
YCTaHOBJICHHOTO Ha IIPUBOJIHOM Bally 2, OIIOPBI KOTOPOTO pa3MeIIeHbl B KOpIyce Hacoca. B potope
MMEIOTCS paJualibHble WINM PACIOJIOKEHHBIE NOJ YIJIOM K Paauycy INasbl, B KOTOPbIE BCTABJICHBI
mactulbl 3. CtaTop 4 MO OTHOLIEHHIO K POTOPY PACIOJIOKEH C AKCIeHTpucuteTtoMm e. K topuam
cTatopa u poropa ¢ MaibiM 3a30poM (0,02...0,03 MM) mpuiieraroT TOpIEBbIe paclpeaeTuTeIbHbIC
JIUCKU S5 ¢ ceprnoBUIHBIMM OKHamMu. OKHO 6 KaHaJlaMM B KOpIyC€ HAacoca COEIMHEHO C
TUIPOJIMHUEN BCachlBaHMs 7, a OKHO 8 - C HAalOpHOW ruiposinHued 9. Mexay OKHaMHM MMEROTCS
YVIUIOTHUTENbHBIE TepeMblukd 10, obecrneuuBarolue TepMETH3allMl0 30H BCAChIBAHUA U
HarHeTaHus. LleHTpaibHBIA yron, oOpa3oBaHHBIM 3TUMH NEepeMblYKaMH, OOJIbIIE YIila MEX.IY
JBYMsI COCETHUMHU IIIaCTUHAMM.

[Tpu BpameHHH pOTOpa IUIACTHHBI TOJA JEHCTBUEM LEHTPOOEKHON CHJIBI, MPYXHUH WIA TOJ
JTABJICHUEM KUJKOCTH, MOJBOJUMOM MOJ UX TOPIBI, BBIABUTAKOTCSA W3 MA30B M NPWKHUMAKOTC K
BHYTpPEHHEH MOBEPXHOCTH cTaTopa. biaromapst skclueHTpUCHTETYy 00beM pabodyMx Kamep BHayaje
YBEIMYUBACTCS - MPOUCXOJMT BCACBIBAHWE, A 3aT€M YMEHBIIAETCS - MPOMCXOAUT HArHETaHHE.
KuakocTs U3 ITMHMM BCachblBaHUS 4YEPE3 OKHA PacCIpeeNUTENbHBIX AUCKOB BHAYaje MOCTYyHaeT B
paboure KaMephl, a 3aTeM uepe3 APyrue OKHA BHITECHSETCS U3 HUX B HAMIOPHYIO JIMHHUIO.

[Ipy m3MeHEeHHMH HKCIEHTPUCUTETa € M3MeHseTcs mojaya Hacoca. Eciu e = 0 (potop u crarop
pacmoIokeHbl COOCHO), TUIATUHBI HE OyAyT cOBeplIaTh BO3BPATHO-MOCTYHATEIbHBIX IBUKECHHH,
o0beM pabounx Kamep He OyneT M3MEHSAThCA, M, CJeloBaTelbHO, Iojaya Hacoca OyIeT paBHa
Hymto. [lpu mepemeHe 3KCIEHTpUCUTETAa ¢ +e Ha -e MU3MEHSETCs HampaBJeHHE MOToKa paboueit
XKHUJKOCTU (JMHHUS 7 CTAaHOBHUTCS HarHeTaTelbHOH, a JUHUS 9 - BcackiBaromieil). Takum oOpazom,
IJIACTUHYATHIE HACOCHI OJHOKPATHOI'O JIEMCTBHS B IPUHIIMIIE PETYJINPYEMBIE U PEBEPCUPYEMBIE.

&
.7 &

i / ’

B 2

J
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i/g by }
g 77
g &

1 - porop; 2 - mpuBOIHOM Baj; 3 - TUIACTUHBL; 4 - CTATOP; S5 - paclpeAeIUTeNbHBIN AUCK; 6, 8 - OKHAa;
7 - TMAPONUHUS BCachIBaHUsl; 9 - THAPOIMHUS HATHETAHUS

PI/ICYHOK 3 - (CxeMa IUTIacTHHYATOTO Hacoca OIHOKPATHOT'O JEUCTBUS:

PanuanbHo-mOpIIHEBOT HAcOC  OJHOKPATHOTO JEHCTBHs MpuBeneH Ha pucyHke 4. Pabounmwu
KaMepaMH B HAacocCe€ SBIISIIOTCS PagUualbHO PACIOJIOKEHHBIE IWIUHAPHI, a BBITECHUTEISIMU -
nopirad. Potop (6mox mmnuHApoB) 1 Ha CKONMB3SIIEH MOCAJKe YCTAaHOBJIEH Ha OCh 2, KOTOpas
uMeeT nBa KaHana 3 U 4 (OAWH COENMHEH C THAPOJMHHEH BCACBIBaHUS, JPYTOM - ¢ HAOPHOM
runponuHueit). Kanamel UMEOT OKHA 5, KOTOPBIMU OHH MOTYT COEIUHSTHCS C IHUIUHApPaMu 6.
Crartop 7 110 OTHOILIEHHUIO K POTOPY PACIOJIaraercs ¢ SKCIIEHTPUCUTETOM.

20



o ™ ™

Pucynok 4 - CxeMa paauanbHO-IIOPITHEBOIO HACOCA OJTHOKPATHOTO JIEUCTBUA.

Potop Bpamaercs ot mpuBoaHOro Bajia 4yepe3 mydrty 8. IIpu BpaimeHun poTopa B HalpaBJEHUH,
YKa3aHHOM Ha pUCYHKE 4. CTpenKoil, mopmHu 9 BHauane BBIABUTAIOTCA W3 LWIMHAPOB
(mMpoucxoauT BcackiBaHWE), a 3areM BrBHraroTcs (HarHeranwe). COOTBETCTBEHHO pabouas
JKUJKOCTh BHA4aje 3alloJIHAET LMIMHAPBL, a 3aTEM MOPLIHAMH BBITECHSETCA OTTyJa B KaHal 4 u
Jlajiee B HAMOPHYIO JIMHUIO THAPOCUCTEMBI. [lopmiHM BBIABUTAIOTCA M NPUKUMAKOTCS K CTATOPY
HEHTPOOEKHON CHIION MM MPUHYAUTENBHO (MIPYKUHOM, JaBieHueM pabouel )KUIKOCTH WM UHBIM
MyTeM).

ITogaua paaruaJIbHO-IIOPIIHEBOI'O HACOCa
2

()= gall,g = TEZ??TI oF

rnae d - TuaMeTp LWIMHAPA; e - SKCLEHTPUCHUTET; Z - YKCIIO MOPILHEH.

B cepuiiHBIX KOHCTPYKLMSAX pPaAUAIbHO-IIOPIIHEBBIX HACOCOB YHUCJIO IMOPLIHEM INPUHUMAETCA
HEUYEeTHBIM (yalle Bcero z =7 wiu z = 9). Ynucno psaaoB LWIMHAPOB JUIsl YBEJINYEHUS IOJa4YU MOXKET
ObITh yBenmuueHo oT 2 1o 6. [lomaua paguanbHO-MOPIIHEBOIO Hacoca ¢ KPaTHOCTBIO ACUCTBUS i U
YKCIIOM PSJIOB 71 TIOJICUUTBIBAETCA 10 hopMmyJie

T .
(= Tﬁszzmnﬂﬂg

r/ie /i - XOJ] TIOpIIHEH.

B craHkoCcTpOoeHMM NPUMEHSIOT PEryJIMpyeMble pPaauaibHO-IIOPIIHEBBIE HACOCHI OJHOKPATHOIO
nevicteus tuna HII, koTopsie BBITyCKAaOT ¢ MaKcUMalibHOHM Toaueit 10 400 j1/MUH U TaBICHUEM /10
200 MITa.

Xo/ BbITIOJTHEHUSI PAG0OThI
1. Tlomyuurte Hacoc y mpenojaBaTens
2. O3HaKOMBTECHh C TEXHHYECKUM MACTIOPTOM HACOCa, MHCTPYKIUEH 10 O€30MacHOCTH TPpyJa
pu cOOPOUHO-Pa30OPOUHBIX paboTax
3. Pasbepure npeanoKeHHbII HAacoC.
3.1 Caumute dnaner] Hacoca
3.2 BeiabTe paboyne opransl Hacoca
3.30npenenure TUI MEXaHU3MA U U3YYUTE €r0 KOHCTPYKIIHIO.
3.4 N3yuute 0cOOEHHOCTH KOHCTPYKIIMU JeTalei Hacoca.
. Brmonnute 3cKu3bl pabounx 3JI€MEHTOB Hacoca.
ITpousBenuTe 3amepsl AeTanel Hacoca, HAHECUTE UX pa3Mephl Ha 3CKU3bI
CobGepuTte Hacoc B 00OpaTHOM MOCIIEIOBATEIHLHOCTH.
. IIpoBepbTe, Kak BpamatroTcs Basibl. Eciy BpalieHue Baja 3aTpyIHEHO, OCYILLECTBUTE
PETyJIHUPOBKY.
8. CpaiiTe HHCTpYMEHTHI M Hacoc mpenojasarento. [IpogeMoHCcTpupyiiTe (apryMeHTHpYHTE)
TOYHOCTH COOPKH .
9. OcymiectBute yOopKy pabodero mecra.
10. OTBeThTE Ha KOHTPOJIBbHBIE BOIPOCHI

- T N
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11. OpopmuTe OTUET ¥ CcHANTE €ro MPEernoaaBaTeIto

KonTpoJbHbIe BOpoChI

1. Ha3oBure ocHOBHBIE TapaMeTPbl HACOCA.
2. [laiiTe onpeneneHue HAcOCy.
IIpakTyeckas padora S
[TocTpoenue nquarpamm TepMOJIMHAMUYECKHUX MPOLIECCOB
TEMA: TepMonrHaMU4eCKHE MPOLIECCHI

Ilenws: Hayuntbes pemaTe 3a/1a4d ¢ IPUMEHEHUEM YPAaBHEHUS! TEPMOJINHAMUKYU U CTPOUTH
JarpaMMbl TEPMOJIUHAMUYECKUX IIPOLECCOB

Ymenua: onpenenste napaMeTpsl COCTOSHUS pabovero Tena
3nanun (akmyanusayus): OlCHUBaHUE TOJYYCHHBIX 3HAUCHUI
Teopernueckuii MaTepua

TepMoIMHAMUYECKUM TPOILIECCOM HA3bIBACTCS MOCIICIOBATEIPHOC U3MEHEHUE COCTOSIHUS TEa TPU
Nepexo/Ie U3 OJJHOTO PABHOBECHOI'0 COCTOSIHUS B JIPYTOE.

OCHOBHBIM CBOMCTBOM 3THX IMPOLIECCOB SIBJISIETCS UX 00PATUMOCTD .
OﬁpaTanan HAa3bIBAIOT IIPOLECCChI, ITOCJIEC COBCPIICHHA KOTOPBLIX B IpPsAMOM, a IMOTOM U B
0o0paTHOM HampaBlIEHUH BCS CHCTEMa BO3BPAIAETCS B UCXOAHOE COCTOSIHHE.

Bce »Tu mponieccbl paBHOBECHBI.

MaremaTuueckas u rpa(pnqecxaﬁ 3aIlMUCb TCPMOJUHAMUYCCKUX ITPOLECCOB!

1. H3zob6apuueckuii mporecc mpu  p=const
P

\%
2. M3oxopuyeckuii mpouecc npu v=const

VJ
P
T

3. MUMszorepmuueckuii npouecc npu T=const

L

AnmabatHsIif Iporiecc — 63 TeII000MeHa ¢ OKpYIKAIOIIeH cpeioi, MaTeMaTuIecKas
3amKch: prvi=const

S

P

v

rae k = C, / C,— noka3zatenb aquadbatsl
C,— TemnoeMKoCcTh Ipu p=const
C, - TEIUI0EMKOCTb TIpH V =const

5. TlonuTpomnHBIM IpoLEcC - CMELIAHHBIN IIpoLece
MaTeMaTU4yecKas 3aluch: p-v" = const
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IZ€ N — [I0Ka3aTeNb IOJIUTPOIIBI
[Tpu n=0 - p=const — u300apuUecKuii npoiecc

B tepmonnHamuueckux

n=1 - T=const — u30TepMHUECKU} TIpOLIECC
n=k - p- v*=const — agnabaTHEI mpomecc

n=o00 - v =const — M30XOPUUECKUI IpoLecc
pacyeTax HCIONB3YIOT HE TOJBKO MareMaThdeckue (PopMyibl, HO U
pasnuuHbie TpaduKu B BuIe Auarpamm: P-V (maBnenue-oo0bem), T-S (TeMmeparypa-sHTpOMHs) U

H-S (sHTansnus-sHTpOnus).

3apanme 1. Pemnts 3a1aun, IpuMeHsst ypaBHEHUS TEPMOJIUHAMUKHU.

o=

5.

Xoa BbINOJTHEHHsI padoThI
1. BeiGepure 3 3amaun cBOEro BapuaHTa (AaHHbIE BapuaHTa u3 Tabnui 1,2).
2. CpenaiiTe KpaTKylo 3alKCh YCJIOBUS 3aa4l (UCXOAHbIE TaHHBIE):

3anaua

Hano: Cucrema CH: Pemenue:
IlocTaBbTe 3a1aHHYIO pa3MEPHOCTb.
[TepeBenute pazmepHOCTh Mapamerpa B cuctemy CH.
BrinonHuTe penienne 3aJauu.
3anuIInTe OTBET.
OTBeTbhTE Ha KOHTPOJIBHBIE BOIPOCHI.

YéTHble BADHAHTHI:

1.

2.

3.

Jlo xakoif TemnepaTypbl Hy>KHO HarpeThb ra3 IpH MOCTOSIHHOM 00bEMeE, eClIi HayaJlbHOe
napieHue rasza P, u remneparypa t;, a KOHEUHOE JaBiieHHE Ps.

Cocyn 06bEMOM V 3amosiHeH KMUCI0POoM Ipu AaBieHuu P,. Onpenenuts KOHEUHOE
JTaBJICHUE KUCIIOPO/Ia M KOJIMYECTBO COOOIIEHHON eMy TeIIOThI, €CIIM HadallbHas
TEMIEpATypa KUCIOPOJa ty, a KOHEUHAas t.

Cim=0.66 [ KJIx/(xr*K) ].

IToctpouts B koopauHatax PV uzorepmy, ecnu 3anaHa Touka 1, xapakrepu3syroas
HavaJbHOE COCTOSIHUE Ta3a (pUCYHOK 1)

Tadauua 1 - JlanHbIe 1191 YeTHBIX BAPDHAHTOB:

2 14 |6 8 10 (12 |14 |16 |18 120 |22 124 |26 |28 |30

P,.xlla |50 |60 [70 |80 (90 |100 |110 |120 |130 140 |150 [160 (170 [180 |190
t,.°C 14 115 {16 |17 (18 (19 (21 (20 (22 |23 |25 (26 |10 [I5 |30
P,xlla |70 |80 [100 110 [130 |200 [200 |250 |300 |350 |400 [450 (500 [550 |220
V.n 10 120 (30 |40 (50 (60 [70 (80 [I5 |25 (35 |45 |55 165 |75

P.MIla |5 |6 [6.5 |7.2 |8 85 (83 [7.5 |9 9.5 [10 |11 |12 |13 8.8

t 145.°C

5 16 |7 8 4 14 115 |9 10 (11 j12 |13 |14 |10 |15

tk,°C

15 120 (14 |16 (10 (30 (30 (20 (25 (33 |27 (20 |32 {26 |30

HeuyéTHble BADHAHTDI:

1.

2.

ﬂO Kakou TCMIICPATYPhI HY’KHO HArpeTh ras, YTOOBI pu MNOCTOSIHHOM IHABJICHUH OH, UMCA

Temneparypy t 1 00béM V, yBenuuui cBoi 00bEM 10 Vy.

B 3aKPBITOM COCYyIC €MKOCTBIO V. COACPIKUTCA KUCTIOPOA ITPpHU JaBJICHUU Piu TCMIICPATYPC
t;. Kax wm3MeHnTcs maBieHUE ra3a, €CJIM OT HCEro OTHATb KOJHYCCTBO TCIIJIOTHI Q

3aBucumocts C=f(t) nuneitnas (C,n=0,6527+0.00012724*t) [ Kx/kr*K ]..

[Toctpouts B koopaumHatax P-V wm3orepmy, ecnm 3amaHa Todka 1, xapakTepu3yroias

HayaJbHOE COCTOSIHUE Ta3a (PUCYHOK 1)
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Tadauua 2 - JlanHbIe 17151 HEYeTHbIX BAPDUAHTOB:

1 3 5 7 9 11 (13 |15 [17 |19 |21 |23 |25 |27 |29
t,°C 5 6 7 8 9 10 |11 12 (13 |14 |15 |16 |17 |18 |19
A\AYS 0.1 (0.2 (03 104 (05 0.6 107 108 (09 (1 |01 (0.2 [03 0.4 0.5
Ve M’ 03 105 0.7 |1 12 (14 |18 |2 22 25 107 |1 1.1 {12 |1.5
Ve.m [0.1 102 |03 |04 |05 |06 [0.7 |08 |09 |1 |0.1 |0.2 |03 [04 |0.5

P,.MIla |02 |03 |04 |05 |06 |07 |08 109 |01 |1 10,2 0.3 |0.4 |05 ]0.6
t,. °C 200 |230 [250 [270 |300 [330 |350 [380 [400 |450 |490 |500 [510 |550 |580
Q,x/x [100 |105 [140 [180 |200 250 300 {320 |350 |380 {400 450 |500 [S50 [430

| pLTL puct, - P | pue2
|

o] 0
oIy o T Ty

PI/ICYHOK 1 — HavanpHbIe TOYKH U CUCTEMa KOOpAUHAT U1 TIOCTPOCHHUA U30TCPMBIL

KonTpoJbHbIe BOpOCHI
1. JatiTe onpenenenue annabaTHOMY TMPOIECCY M HA30BUTE €ro0 0COOEHHOCTH.
2. JlaiiTe onpeneneHre NOJUTPOITHOMY IPOLIECCY .

JlabopaTopnasi paGora 2
PeryiupoBanue cKOPOCTH IBHKEHHsI pa00YUX OPraHoB
TEMA: PerynupoBaHue CKOPOCTH ABHXKEHUS pabO4HUX OPraHoOB

Heas: OBnageHne METOAUKON PeryJIMpOBaHUs CKOPOCTH JBMKEHUS pabounX OpraHoB.
O0opynoBanue: CTeH ruiponpecca, IiakaTel, yueOHbIH MaTepHa
Ymenua: PerynupoBaTh CKOPOCTH JBUKEHUS pabOUYMX OPraHOB
3nanusn (akmyanuzayus): Cnocobsl peryIupoBaHUs CKOPOCTH JIBIIKCHHS pa00YUX OPTaHOB.

TeopeTnyeckuii MaTepuaJl

[TpunIMIT paboThl 00BEMHOTO TUAPONPUBOJA OCHOBAaH Ha 3akoHe Ilackams, MO KOTOpoMy BCSKOE
W3MCHEHUE JaBJICHUS B KaKOW-JIMOO TOYKE TMIOKOAIMICHCS J>KUIKOCTH, HE Hapyllalee ee
paBHOBECHSI, IEPEIAeTCs B OCTAIbHBIE €€ TOUKH 0e3 U3MEHEHUs (PUCYHOK 1.).

Hacocom 1 pabGowasi >KMIKOCTh TMOJAETCS B HAMOPHYIO THAPOJMHHMIO 3 W Jajee uepes
pacnpenenutenb S5 K ruapoaBurartento 2. Ilpu ogHOM TONOXKEHUM THAPOPACIPEACIUTENS
coBepmiaercsi pabouyuii XoJa THUIPOJBHTaTess, a MPHU JAPYrOM TIOJOKEHHH - XOoJocTou. W3
TUAPOABUTATEINS JKUJIKOCTh YEPE3 PACTPECIUTENb MMOCTYNAET B CIMBHYIO THAPOJIUHUIO U Jajee
WIM B TUApOoOaK 9, WM BO BCaChIBAIONIYIO0 THAPOJIMHUIO Hacoca (B TMIPONPHUBOJAX C 3aMKHYTOU
CXeMOH HUPKyISIIuu pabouell >KUIKOCTH, CMOTPH pUCYHOK 1, a). B pesepByape KHIKOCTh
OXJIAXJACTCSI M CHOBA TOCTYIAET B TUApocucTteMy. HamexxHas paboTa THAPONPHBO/IA BO3MOXKHA
TOJILKO TIPH COOTBETCTBYIOIICH OUHUCTKE paboueii KUAKOCTH GUiIbTpamMu 8.

Pel"y.]'II/IPOBaHI/Ie CKOpOCTI/I IBHUXKCHUS BbBIXOJHOT'O 3BCHA FI/IJIpO)IBI/IFaTeJ'ISI MOXET 6I>ITI)
JIPOCCENbHBIM WM 00beMHBIM. [lpu  JIpoccenbHOM  pEeryiMpoBaHHMH B THAPOCHUCTEME
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YCTAaHABIIMBAIOTCA HEPETYJIUPYEMBIE HACOCHI, 3 U3MEHEHUE CKOPOCTH JBM)KEHHS BBIXOJAHOI'O 3BEHA
JIOCTUTAeTC M3MEHEHHWEM pacxoja pabdodei >XKUIKOCTH dYepe3 napoccenb 6. [lpu oObemHOM
pPETYJIIMPOBAaHUM CKOPOCTb JABM)KEHHS BBIXOJHOIO 3BEHA THUAPOABUIATENsl M3MEHSETCA IoAauvei
peryIupyeMoro Hacoca JIM00 3a cueT MPUMEHEHHs! PEeryIupyeMoro ruipoMoTopa.

3ammra  TUAPOCHCTEMBI  OT  YPE3MEpPHOI'O  TOBBIIEHUS  JIABJICHUS  OOecreyrBaeTcs
NpEeOXpaHUTEIbHBIM 4a WM TepeluBHbBIM 40 KiIanmaHaMu, KOTOpbIE HAacTpauBarOTCs Ha
MaKCHMaJbHO [JOIyCTUMOE JaBieHMe. Ecim Harpy3ka Ha TUAPOJIBMIaTellb BO3pPACTacT CBEPX
YCTaHOBJICHHOH, TO BECh MOTOK pabouel XKuAKOCTH OyAeT MIATH 4epe3 MpeJoXpaHUTEIbHBIA WU
NIEPETUBHON KJIallaHbl, MUHYS TMJpoJBurareiab. KoHTposb 3a 1aBIE€HUEM Ha OTIENBHBIX y4acTKax
TUAPOCUCTEMBI OCYLIECTBIISIETCS IO MaHoMeTpaM 11.

Paborta rugpoarperatoB CONpOBOXKIAETCS yTeukaMu paboueil >kuakoctu. B ruapocucremax c
3aMKHYTOM HMPKYJSIIUENH YyTEeUKH KOMIIEHCHPYIOTCS CIEeHalbHBIM MOJANUTHIBAIOIIMM HAacocoM la
(pucyHok 1, a).

ﬂ\qg—[:l rh §F

4 o
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a - ¢ 00BEMHBIM PETYJINPOBAHUEM; O - C IPOCCETBHBIM PETYINPOBAHUEM;
B - HEPETYJIMPYEMBIH; T - C JPOCCETbHBIM PETYTUPOBAHUEM PaOOYEro U XOJIOCTOTO XOJ0B

P I/ICYHOKI - BapI/IaHTBI MNPUHIUIIHAIBHBIX CXCM THAPOIIPHUBOJI0OB
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JlpoccesibHO€e peryjupoBanue. YacTo BO MHOTHX pabouux Mpoleccax HEOOXOAMMO HU3MEHSITh
CKOPOCTH JIBM)KCHHSI BBIXOJIHBIX 3BEHBEB THApOJBHraTelieid. V3MEHEHHEe CKOPOCTH MOXKET
OCYIIECTBISATHCS Pa3HBIMU criocobamu. OHUM U3 HUX SBISIETCS IPOCCENBHOE YIIPaBJICHHUE.
JpoccenbHBI cOCO0 perylupoBaHMsl CKOPOCTH THAPOIPHBOAA C HEPETYIHPYEMBIM HAacOCOM
OCHOBaH Ha TOM, YTO YacTb JKUJIKOCTH, MOJaBaEMOW HACOCOM, OTBOJIUTCS B CIIMBHYIO TUAPOIUHUIO
¥ HE COBEpIIIaeT MOJIe3HOH padoThl. [IpocTeHIIIMM perysiITOpOM CKOPOCTH SIBIISIETCS PETYIIAPYEMBIi
JPOCCEIIb, KOTOPBI YCTAHABIUBAETCS B CUCTEME TMOO MOCTIEIOBATENBHO C TUAPOABUTATENIEM, THOO
B THJIPOJIMHUHY YIIPABIICHUS TTapauIeILHO THIPOIBUTATEITIO.

[Ipu napannervrom exnroueruu apoccens (pUCyHOK 2, a) pabodas KUAKOCTb, TT0/IaBaeMasi HACOCOM,
pasjienisgeTcss Ha JiBa TOTOKAa. OJIMH IOTOK TPOXOIHWT dYepe3 THAPOJBHIraTellb, IPYrod - depe3
pEryJIHUpyeMBbIil Ipocceb.

CKOpOCTB MOPHIIHSA JJI 3TOI CXEMBI OMPCACIIUTCA BbIPAKCHUCM

1 2Fy
L= L rr = Mgy o5
rre S - apdexruBHas wiomans nopmHs; Qy - MoJaYa Hacoca; Sy, - TUIOMAAb MPOXOJHOTO CEYCHUS
npoccens; | - kodddumment pacxona; Fj - Harpy3Ka Ha MTOK MOPIIHS P - TUIOTHOCTh KHUIKOCTH.
B Takoii cucteMe mpu MOCTOSIHHOW BHEIIHEH Harpyske Fn = const, CKOPOCTb JIBW)XEHUS OyjaeT
U3MEHSITBCS OT V min O Vpax IPU UBMEHEHUU Sy, OT Sop max 10 Sop = 0. TlockoIbKY B paccMaTpuBaeMoM
THIPOTIPUBOJIC JABJICHHE HA BBIXOJE HAcOCa 3aBHCUT OT Harpy3ku Py = Fy /S m He sBisercs
MOCTOSIHHOW BEJMYMHOM, TaKyl0 CHUCTEMY HA3bIBAIOT CUCMEMOU C NePeMeHHbIM OasileHueM.
KnamaH, ycTaHOBJICHHBI B CHUCTEME, SIBJISICTCS TPEAOXPAHHUTENBHBIM. JTa CHCTEMa I03BOJISET
peryIupoBaTh CKOPOCTh TOJBKO B TOM Cllydae, €CIU HAlpaBJICHHUE JCUCTBUS HArpy3Kd
MPOTHBOTIOJIOXHO HAIPABICHUIO JBMXKEHHUS BBIXOJHOTO 3BEHA THAPOINPHBOAA (OTpUIATEIbHAS

Harpyska).
..ﬁ r—-—l""—rﬂ"
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——ee e f |
IR S
a - ¢ T[apaUlelbHBIM  BKIIOYEHHEM Jpoccensi; O - ¢ JpoccelieM Ha  BXOJe
TUAPOABUTATCIIA, B - C ApocceiieM Ha BBIXO/JIC THAPOABUTATCIIA,
T - C YETBIPEXJIUHENHBIM IPOCCETUPYIOLIUM PACIPEACIUTEIIEM
Pucynok 2 - Cxembl THIPONPUBOJIOB C  JAPOCCENBHBIM  YIPABICHHEM  CKOPOCTBIO
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Ilocnedoosamenvroe 6xk0YeHUe APOCCENS OCYILECTBISIETCS HA BXOJIE B TMPOJIBUTATENb, HA BBIXO/E
TUAPOJBUTATEINS], HA BXOJAE U BbIXone ruapoasurareisa. [Ipu 3ToM Bo Bcex Tpex Ciaydasx cUCTEMaA
pEeryJaupoBaHus CKOPOCTH CTPOUTCA Ha MPUHIUIIE NTOAACPKAHUS IIOCTOSHHOIO 3HAYCHUS J1aBJICHUs
Py Ha BbIXOZE HEperyJmpyemMoro Hacoca 3a CYeT CJIMBa 4YacTH paboyeil KHUIKOCTU uepes3
nepesnBHOW KiamaH. IlodToMy cuctema ApOCCEnbHOrO pPETYNIMPOBAaHUS C IOCIEAOBATEIBHBIM
BKJIIOYEHUEM JIPOCCENICH MMOTyunia Ha3BaHUE CUCmeMd ¢ NOCMOSHHbIM OAGIeHUEM.

['maponpuBof ¢ IpocceneM Ha BXoJe (PUCYHOK 2, 6) TOMycKaeT peryJupoBaHHE CKOPOCTH TOJBKO
IIPM OTPULATENBHON Harpyske. [Ipy MoNoXuTenbHOW Harpy3ke, HAlpaBJICHHOW IO JIBHKEHHIO
HOPILHS, MOXET IMPOU30MTH Pa3phiB CIUIOUIHOCTH IOTOKAa paboyeil >KUAKOCTH, OCOOCHHO NpHU
3apBITOM JIpOccelie, KOT/1a MOPIIEHb MPOAOKAET IBH)KEHHUE MO ACMCTBUEM CHUJI MHEPLIMH.
CkopocTh OBMKEHUS MTOPIIHS B TAKOM THAPONPUBOJIE ONPEAEIISETCS BEIPAKECHUEM

['ugponpuBoa ¢ JpocceieM Ha BbIXOAE (PUCYHOK 2, B) JOMYCKaeT PEryJIHpOBaHHE CKOPOCTH
THIPOJIBUTATENS TPH 3HAKONEPEMEHHON Harpys3ke, Tak Kak IMpH JI0O00M HampaBJICHUU JCHCTBUS
cuibl Fy I3MEHEHHUIO CKOPOCTH TMPETSITCTBYET CONMPOTHBIICHHUE APOCCENsl, Uepe3 KOTOphIi paboyas
KUJKOCTh IOCTYNAeT M3 MOJOCTU TUIAPOABUTATENs] Ha ciauB. s Takol CXeMbl BKIIIOUEHUS
JIpoccenisi CKOPOCTh JIBMXKEHHS BBIXOAHOTO 3B€HA ONPENEIUTCS

[Ipu ycTaHoBKe apoccelsis Ha BBIXOJIE B Clydasx OOJIBIIMX MOJIOKUTENbHBIX Harpy30K JaBlIEHUE
Iepesl JPOCCEIEM MOXKET IPEBBICUTH JOMYCTUMBIH ypoBeHb. [loaToMy Ui mIpenoxpaHeHMs
CHUCTEMBI NapaAJUIENIBHO JPOCCETI0 BKIKOYAOT IPEIOXPAHUTEIbHBIN KIIAIlaH.

HenocraTkoMm ApOCCENBHOrO PEryJIupOBaHus ABISETCSA TO, YTO MPU PETYIUPOBAHUM YACTh SHEPTUU
TPaTUTCS HAa IPEOJIOJICHHE CONPOTUBIECHHS B JAPOCCEIE€ W TNPEIOXPAHUTEIBHOM KIIAMAHE,
BCJIE/ICTBUE YETO MOBBILIAETCA TEMIIEpaTypa >KMAKOCTH, a 3TO OTPHULATEIbHO CKa3bIBacTCs Ha
pabote ruapocucteMbl. [Ipu npoccenbHoM perynupoBanuu cHikaercss KIIJ ruaponpusona, u
OTCYTCTBYET TIOCTOSIHCTBO CKOPOCTH JBMXKEHMSI BBIXOJHOIO 3BEHAa THUIAPOABUTATENS IIpU
MEPEMEHHOI HarpyskKe.

O0beMHOe peryJMpoBaHue il U3MEHEHUsI CKOPOCTU PabOYMX OPraHOB MPUMEHSIOT CUCTEMBI, Y
KOTOPBIX BCS KHUJIKOCTh OT HACOCOB MOCTYNAET K THJIPOJBUTATENIO, @ PErYJIUPOBAHUE €r0 CKOPOCTH
JOCTUraeTcs N3MEHEHHEM paboyero o0bemMa Hacoca WU THAPOBUTaTENs.

Cmynenuamoe pe2ynupoganue, SIBISSICh Pa3HOBUIHOCTHIO OOBEMHOI0, OOBIYHO OCYILECTBISETCS
IyTEM MNOJKIIOYEHHUS B CUCTEMY PA3JIUYHBIX MO NPOU3BOIUTEIBHOCTH HACOCOB (PA3IMYHBIX 10
pacxojry TUIPOIBUTATENCH ).

M3MeHeHrne CKOpPOCTH IMEepeMEIleHUs] MOPUIHS THIPOLMINHAPA (PUCYHOK 3) OCYIIECTBISETCS B
pe3ylibTaTe COSIUHEHMS OJHOTO MM HECKOJIBKUX HAcOCOB | ¢ TMHMEH ciuBa (MPpU MOMOIIM KPaHOB
2). OOpatHble KjamaHbl 3 B CHCTEME OTKIIIOYAIOT pasrpy>KEHHbI HAacOoC OT JIMHUU BBICOKOTO
JTABJICHUSI.

Pucynok 3 - O6beMHOe cTyleHYaToe peryinpoBaHue
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[TogknroyeHre B THAPOCUCTEMY TPEX HACOCOB Pa3HOUM MPOU3BOIUTENBLHOCTH (), O> 1 (O3 TO3BOJISET
MOJTy4aTh 0 CEMH 3HAUEHUN CKOPOCTEH MBUKEHHS BBIXOTHOTO 3B€HA TUPOABUTATEIS.
[InaBHOE M3MEHEHHE CKOPOCTH JBWIKEHHUS BBIXOAHOTO 3BEHA THAPOTPHUBOJIA PEATU3YyeTCs 3a CUET
u3MeHeHus1 pabodero odbema OO Hacoca, JIMOO JABHTraTelNs, TUOO 3a CUeT M3MEHEHHUs pabodero
00BbeMa 00erX MallliH.
Pecynuposanue nymem uzmenenus paboueco 0Ovema Hacoca MOXKET OBITh HCIIOJNB30BAHO B
THJIPOTIPUBOJIAX TOCTYIATEIHHOTO, TOBOPOTHOTO HJTH BPAIIATEIILHOTO JIBFKCHHUH.
Ha pucynke 4, a npuBe/ieHa MPUHIUIIMATBHAS CXeMa THIPOIPUBO/IA TIOCTYMATEIFHOTO IBUKEHUS C
3aMKHYTOW ITUPKYJISAIHCH, B KOTOPOM PEryJIHMPOBAaHUE CKOPOCTH JBMKCHUS ITOKA THIPOIMIHH]IPA
1 ocymiecTBisieTcss 3a cYeT M3MEHEHHUs mojauyu Hacoca 4. BeIlpakeHue A CKOPOCTH JBUKCHUS
mToka npu Fy /S < P, 3alTUCBIBAETCS B BUJIC
_eudpty |, Fu

oy © 5
T/I€ ¢y - MAKCUMAIIbHBIN pabounii 00beM Hacoca; /1y - 4acTOTa BpalleHus Hacoca; S - apdeKkTuBHas
TUTONIA/Tb TTOPITHS THAPOIIIHHIPA; 7 - KOADPHUIIMEHT 00bEMHBIX TIOTEPh CHCTEMBI, ONPEISIISIEMBII
n3MenenueM obwvemuoro KIIJ[ nacoca u ruapoasuratens B GyHKIUU OaBieHUs (Harpy3ku); Fy -
Harpy3ka Ha INTOK TOPINHS;, P, - JaBJIeHHE, Ha KOTOPOE OTPETYJIUPOBAHBI MPEIOXPAHUTEITHHBIC
KIamaHbl; ey - TapaMeTp pEeryJIupOBaHHUS HACOCA, PABHBIA OTHOIICHHIO TEKYIIETO 3HAYCHHS
pabouero oobeMa K MaKCUMaJIbHOMY padouemMy 00beMY.
V3MeHeHne HampaBlIeHUs IBIKEHUS BBIXOJHOTO 3BE€HA THAPOIPHUBO/IA OCYIIECTBIsIETCS Oaronaps
PEBEPCUPOBAHUIO MOTOKA pabouei KUIKOCTH, MoAaBaeMoi HacocoM (peBepc moaadn Hacoca). [Ipu
TOM HEOOXOJMMO BHAYalieé YMEHBIIUThH MMOJady Hacoca J0 HyJd, a 3aTeM YBEIUYUTh €€, HO B
MIPOTUBOTIOJIOKHOM HarpaBicHUH. HamopHas ¥ ClMBHAs THIPOJIMHHHA MEHSIOTCS MecTamu. J{is
KOMIICHCAIIMM yTE€YEK B TUAPOMNPUBOAC C 3aMKHYTOW MHPKYJSIHEH, a TaKkKe IS HUCKIIOYCHHS
BO3MOKHOCTH KaBUTallUM Ha BXOJE B HACOC WCIOJB3YETCS BCIIOMOTATENbHBI Hacoc 3,
OCYIICCTBISIONIMN TMonady pabodyeil >KUIKOCTH B CHUCTEMY THAPONPUBOAA uepe3 oOpaTHbIE
KJIaIlaHbl 5.
[Ipu TakoM cmocobe peryiupoBaHHs CKOPOCTH YCHIIUE, Pa3BHUBAEMOE BBIXOAHBIM 3BEHOM
THJIPOTIPUBOJIA, HE 3aBUCUT OT CKOPOCTH JBIDKEHUS. B 3TOM cilydae AmMama3oH peryiupoBaHUS
onpexaensercs oo0bemubiM KIIJ[ rugpompmBoma, a Takke MaKCMMalIbHOM mMojaded Hacoca,
ompeesieMblil ero paboyrum 00BEMOM.
Ha pucynke 4, 6 mpeacraBieHa 3aBUCUMOCTh CKOPOCTH JIBIKEHHUS W MOIIHOCTH HAa BBIXOJHOM
3BCHE THJIPONPHUBOJA OT IMMapameTpa peryJUpOoBaHUs NPH MOCTOSHHOW Harpyske. Takas cuctema
00BEMHOTO PETYIUPOBAHUSI CKOPOCTHU MOITYy4HIIa HAUOOJBIIEEe PACIPOCTPAHCHUE B THIPOIIPUBOIAX
JIOPOKHO-CTPOUTEITBHBIX M MTOIBEMHO-TPAHCIIOPTHBIX MAIIIHH.

I |

[ J--I"‘ 1 .ﬂn:;

1

Usoy
7 2

=
T
ol
—;

0
a - IpUHLMIIHAJIbHAs cXeMa; O - 3aBUCHMOCTb CKOPOCTH U JIaBJICHUS
Pucynok 4 - I'maponpuBoj ¢ peryimpyeMbIM HACOCOM
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OT IapaMmeTpa peryjaupoBaHus; | - THAPOWINHAD; 2 - IpelOXpaHUTEIbHBIN KilanaH; 3 -
BCIIOMOTaTENbHBIN HAcOC; 4 - peryJIUpyeMbIil HacocC; 5 - 0OpaTHBIN KilanaH

PerynmupoBanue myteM u3MeHEHHs pabodero oObeMa THUIPOJBHUTATENsl MPUMEHSETCS TOJBKO B
TUAPONPHUBOAAX BpAILATEIILHOIO JBW)XXEHUSA, TJ€ B KayeCTBE TUAPOJABHUIATENS HCHOJb3YETCS
peryaupyeMbiii THIpOMOTOp (PUCYHOK 5, a). B aToM ciiyyae perynupoBaHHE MPOUCXOIUT TPU
MOCTOSTHHOM MOIIIHOCTH, TaK KaK yYMEHBIICHHE paboyero oObemMa THIPOJIBUTATENS yBEIUYUBACT
CKOpPOCTh BBIXOJHOTO 3BE€HA THAPOIPHBOJIA U COOTBETCTBEHHO YMEHBIIAET KPYTAIIMA MOMEHT,
pa3BHUBacMbli Ha BBIXOJAHOM 3BeHE. YacTrora BpallleHHs Baja THAPOMOTOopa ny npu P; < Py
ONpENENAeTCS COOTHOUIEHUEM

_ F gy — A

E s W roax

TA€ Gum max - MAKCUMAJBHBIM paboumii 00bEM THIPOMOTOpA; ey - TMapaMeTp PeryIHpPOBaHUS
THAPOMOTOpa; P, - NMaBieHWe B HAMOPHOW TUAPOJIUHUU; 7. - KOIPPUIHEHT OOBEMHBIX MOTEPh
(yTeudek) B cucreme.
[IpakTUuecku CcyniecTByeT MHUHMMAJIbHOE 3HAa4Y€HUE e'y, MpPU KOTOPOM MOMEHT, pPa3BUBAEMBbIii
TUJIPOMOTOPOM, CTAHOBHUTCS PaBHBIM MOMEHTY BHYTPEHHETO TPEHUS, U THAPOMOTOP TOPMO3HUTCS
Jake P MOMEHTE Harpy3Ku, paBHOM HymO (P; = 0).
Ha pucynke 5, 6 mpezacraBieHa 3aBUCUMOCTb YacTOThI BpalleHHUs U Pa3BUBaEMOT0 MOMEHTa Ha
BAJIy TUAPOMOTOpPA OT IapaMeTpa PEryJIMpPOBAHUS ITPU ITOCTOSSHHOM J1aBJIeHUU P;.
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Pucynok 5 - ['maponpuBo ¢ peryampyeMbIM HACOCOM U THAPOMOTOPOM

Kom0uHnpoBanHoe peryJMpoBaHHe WIH 00beMHO-OpOCCeNbHOe pe2yiuposanue CKOPOCTU

JBUKEHMSI BBIXOJIHOTO 3BEHA TMAPOJBUIaTENs 3aKI0YaeTCsd B TOM, YTO B CHCTEMY APOCCEIBHOTO
peryjinupoBaHusa C MOCTOAHHBIM JABJICHUECM YCTAHABJIMBACTCA peryJH/IpyeMHﬁ HacoC U AaBJICHUC
MOJ/IEP’KUBACTCS MOCTOSIHHBIM HE 3a CeT CMBa YacTH pabouell >KUAKOCTH yepe3 MeperuBHOM
KJIamaH, a 3a CYeT M3MEHEeHMsI MoJauyu Hacoca. B Takoill cucteme peryaupoBaHUS OTCYTCTBYIOT
MOTEPH B MIEPEIMBHOM KJIAllaHE.
Ha pucynke 6 mpencraBiieHa cxema THAPONPHUBOJA IOCTYNATEIbHOIO JBHKEHUS C OOBEMHO-
JPOCCEJIBHBIM yIPaBJIEHUEM CKOpocThlo. IlocrosiHHOE paBieHue Py NOAAEPKHUBAECTCS IyTEM
COBMECTHON paboThl peryistopa | W aKCHAIbHO-TOPIIHEBOTO PETYIHUPYEeMOTO Hacoca 2.
W3meHeHue naBieHus Py IPUBOAUT K N3MEHEHUIO NTOJIOKEHUS MTOPILIHS PEryJisaTopa |1 u CBI3aHHOTO
C HUM HaKJIOHHOIO JAMcKa Hacoca 2. V3MeHeHHe MOJIOKEHUS JUCKa NMPUBOJUT K HM3MEHEHMIO
nojaauu Hacoca Q.
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Pucynok 6 - ['unpornpuBo/i ¢ 00beMHO-APOCCETbHBIM YIPABICHHUEM CKOPOCTHIO BHIXOJHOIO 3BEHA
TUAPOABUTATEIIS

[TosTomy B Takoi cucTeMe IMoOJada Hacoca BCerja paBHa pacxoay uepe3 TUApPOJBHUraTellb U
JIpoccensb pu Py = const.

CpaBHeHHe c10CO00B peryJIMpoBaHust

CpaBHUTENIBHYIO OLEHKY pPa3jM4HbIX CHCTEM pEryJUpOBaHUS CKOPOCTH T'MAPONPHBOJIOB
11€J1€C000pa3HO MPOBOJAUTH IO ABYM IIOKa3aTeIsM: Harpy304HON XapaKTEpUCTUKE IPUBOJA V =
f(Fr) u KIIJ] cuctemsr perynupoBanus. Ha puc.9.8, a npuBeneHbl Harpy304Hble XapaKTEPUCTHKH,
IIOCTPOEHHBIE I TUAPONPUBOJOB C OJAMHAKOBOM MAaKCUMallbHOM Harpyskoil (1 - cucrtema c
MIEPEMEHHBIM JIaBJICHHEM, 2 - CUCTEMa IMOCTOSHHBIM JIaBJICHHEM, 3 - 00bEMHOE yIpPaBJICHHUE).

IIpeumymecTBa U HeIOCTATKYU T'HAPONPHUBO/A

[Iupokoe pacnpocTpaHEHHE THAPOINPUBOAA OOBACHICTCS TEM, YTO TOT MPUBOJ 00IaTaeT PSAOM
MPEUMYIIECTB Mepel APYTUMU BUJAMH PUBOIOB MAIIIHH:

1. Beccmynenuamoe pecynuposanue CKOPOCTH JIBUKEHHUS BBIXOJHOTO 3BEHA TUApONEpenaud u
oOecrieueHre MajblX YCTOWYUBBIX CKOPOCTEH.

2. Hebonvuwiue cabapumer u macca. Bpemsi pasrona, Gmarogapsi MEHbIIEMY MOMEHTY WHEPIHH
BpalllalolMXCcsl YacTeld He MpeBBIIIAeT JO0JeH CeKyHAbl B OTIMYHME OT DJIEKTPOJBUTATENeH, y
KOTOPBIX BPEMsI Pa3roOHa MOXET COCTABJIATH HECKOIBKO CEKYH]I.

3. Yacmoe pesepcuposanue 08udicenus 6bIX00H020 38eHa cudponepeoauu. Hampumep, yactora
peBepCHpOBaHMsI Baja THAPOMOTOpa MoOKeT ObiTh goBereHa 10 500, a mToka MOPIIHS
rupounnHapa gaxe 10 1000 peBepcoB B MUHYTY. B 3TOM OTHOILIEHUM THIPONPHUBOJ YCTYIAET
JUILIb MHEBMAaTHMYECKUM HHCTPYMEHTaM, y KOTOPBIX YHMCIIO PEBEPCOB MOXkeT aocturats 1500 B
MUHYTY.

4. bonvwoe Ovicmpodelcmsue u HAUOOALUWIASL MEXAHUYECKAs U CKOPOCMHAS HCeCMKOCMb.
MexaHnuyeckasi K€CTKOCTh - BEJIUYMHA OTHOCHTEIHHOIO MO3UIIMOHHOTO W3MEHEHHUS MOJOKEHUS
BBIXOJIHOTO 3BE€HA T0]1 BO3JCHCTBUEM U3MEHSIIOLIEHCS BHEITHEN HAarpy3Kku. CKOPOCTHAS )KECTKOCTh
- OTHOCHUTEJIBHOE M3MEHEHHE CKOPOCTU BBIXOJHOTO 3BE€HA MPH U3MEHEHUU MPUIIOKEHHOU K HEMY
Harpys3KH.

5. Aemomamuueckas 3awjuma TUAPOCUCTEM OT BPETHOTO BO3JEHCTBUS NEPErpy30K Oyarogaps
HAJIMYHUIO TIPEOXPAHUTEIBHBIX KIIAaHOB.

6. Xopowue ycnosus cmazku TPYIUXCs AeTajaeil U AJI€MEHTOB T'HIPOAIapaToB, YTO 00eCcIIeYnBacT
UX HAJECKHOCTh M JIOJITOBEYHOCTh. Tak, HampuMep, MPH NPaBUIBHOM 3KCIUTyaTallud HACOCOB H
THJIPOMOTOPOB CPOK KX CIY>KOBI JOBeJeH B HacTosmiee BpeMs a0 5...10 Teic. 4 paboThl mox
Harpyskoil. ['mapoanmnaparypa MOXXeT HE pEMOHTHPOBATHCS B TeUeHHE A0Iroro Bpemenu (o 10...
15 ner).

7. Ilpocmoma npeobpazosanus 8pawjamenbHoO20 OBUNCEHUS 6 B038PAMHO-NOCMYNAMENbHOE U
6038pAMHO-N08OPOMHble 0€3 MPUMEHEHHUS KaKUX-IMOO MEXaHMYECKHUX Iepenad, MOJBEP>KEHHBIX
U3HOCY.

30



['oBOpst 0 mpeumyIecTBax THIPOIPHUBOJA, CIEAYET OTMETHTh MPOCTOTY aBTOMATHU3alUU PabOTHI
TUAPOOUIIMPOBAHHBIX MEXaHU3MOB, BO3MOXHOCTh ABTOMATHYECKOTO HM3MEHEHUS WX PEKHMOB
paboTHI MO 3a/IaHHOM MPOTpaMMe.

I'maponpuBoay NpUCYIIM U HENOCTATKH, KOTOPHIE OTPAHUYMBAIOT €TI0 IPUMEHEHUE:

1. H3menenue 6A3KOCMU NPUMEHAEMbIX JHCUOKOCMEU Om meMnepamypvl, 4To TPUBOIUT K
W3MEHEHUIO pa00uMX XapaKTEPUCTHK THAPOIPUBOIA U CO3JAET JOTIOJHUTEIBHBIC TPYAHOCTU TPU
AKCIUTyaTaIl¥ TUAPOTPUBOAOB (0OCOOCHHO MIPU OTPUIATENLHBIX TEMIEpaTypax).

2. Vmeuku orcuoxocmu uz euopocucmem, xoropble cHikaoT KIIJI npuBoma, BbI3bIBAOT
HEPAaBHOMEPHOCTh JBHKEHHUS BBIXOJHOIO 3BEHA THUAPONEpPENayH, 3aTPyAHSAIOT JOCTHKECHHUE
YCTOMYMBOW CKOPOCTH JBMXKCHHS pad0Yero opraHa mpu MajibIX CKOPOCTSIX.

3. Heobxooumocmv u320MOGNEHUA MHOSUX INEMEHMO8 2UOPONPUBOOd NO BbICOKOMY KIACCY
mouyHocmu JUIsl TOCTHKEHHST MaJlbIX 3a30pOB MEXIY MOJABMKHBIMH W HEMOJABHUKHBIMH JIETATISIMH,
YTO YCIIOKHSAET KOHCTPYKILMIO U MOBBIIIAET CTOUMOCTh UX U3TOTOBJIEHUS.

4. B3pbi60- u oeHeonacHocms MPUMEHSIEMBIX MUHEPAIbHBIX PA00UMX KUJIKOCTEH.

5. Heso3zmooicHocmy nepedauu sHepauu HaA 0o0abuiue paccmosHus W3-3a OOJbIINX TOTeph Ha
MPEOAOJICHHE THUAPABIMYECKHX COMPOTUBICHUH W pe3koe CcHmwkeHue npu  stom  KII/]
TUIPOCUCTEMBI.

Co MHOTUMH W3 JTHUX HEJOCTATKOB MOXHO OOpoThcs. Hampumep, cTaOMIBHOCTH BSI3KOCTH TIPH
W3MEHEHUU TEMIIepaTypbl JIOCTHTaeTCsl MPUMEHEHHEM CHHTETHYECKHX pPadOuuX KHUAKOCTEH.
OKOHUaTeIbHBIM BHIOOP THIA TPUBOJA YCTAHABIMBACTCA TPHU TNPOEKTUPOBAHWM MAIIMH TIO
pe3ynbTaTaM TEeXHUKO-DKOHOMHUYECKHX pacdyeTOB C YyYeTOM YCJIOBHH pabOThl 3THUX MAIIWH.
I'maponpuBoa, TEM HE MEHEE, UMEET MPEUMYIIECTBA 110 CPABHEHHIO C IPYTUMU TUIIAMHU MPHUBOJOB
Tam, T1e TpedyeTcs co3aHre 3HAUUTETHbHON MOIIHOCTH, OBICTPOJCHCTBIE, TO3UIIMOHHASI TOYHOCTh
WCTIOJTHUTEJIbHBIX MEXaHU3MOB, KOMITAKTHOCTh, MaJIasi Macca.

3ananme 1. BeImoaHUTE peryImpoBaHrie CKOPOCTH MEPEMEIIEHHs MOPIIHS THAPOIIpecca
Xox BbINOJTHEHUs1 padoThl

1. O3nHakoMbTeCh C MHCTPYKIIMEH 110 0€30MacHOCTH TpyAa MpH paboTe Ha CTEHAE U
YCTPOMCTBOM CTEH[A.

2. Bximouwnte cTeHm.

3. 3anuumTe HadaJbHbIE IT0KA3aTEIH 1aBJIEHUS 110 MAHOMETPY Ha BXOJE B CUCTEMY U
MaHOMETpY Ha OJIOKE YIIpaBJICHUSI.

4. [TlepeBeauTe MOJOXKEHUE PYUKY OJIOKA YIpaBICHHUE B CPE/IHEE MOI0KEHUE U 3aITUILINTE
M3MEHEHUE JIaBJIEHUS] IO MAHOMETPY Ha BXOJIE B CUCTEMY U Ha OJIOKE yNpaBJieHUS B
Tabmuiy 1.

Tadoauua 1 - [lokazanuss MAaHOMETPOB

[Tonoxxenue pydyku 6710Ka ITokazanust MmanomeTpoB, 11a
yYIpaBJICHUS

HauanrnHo€e nonoxenue

Cpez(Hee ITOJIOKCHUC

Kpaiinee nonoxxeHue

5. BrimonHuTe CpaBHUTENBHBIN aHAIU3 PabOTHI THIPOIPUBOJIOB C PA3IMUYHBIMH CIIOCOOAMU
yOpaBIeHUS] CKOPOCTHIO BBIXOTHOTO 3BE€HA
6. OcymectBute yOOpKYy pabodero mMecra.
7. OTBeTHhTE HAa KOHTPOJIbHBIE BOIIPOCHI:
- Haznauenue PEryjImpoBaHusa CKOpPpOCTU ABHUKCHUA BEIXOAHOI'O 3B€HA IIPUBOAA
- HazoBute ciocoObl peryarpoBaHus MPUBOJIOB
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9. Odopmute OTYET U CHANTE €ro MPENoaaBaTeIIO
IIpakTyeckas padora 6

Pacuer ruapo- 1 MHEBMOIIPHUBOIOB

Tema: KomOuHMpOBaHHbBIE IPUBO/IBI
Heab: popMUpoBaHUE YMEHUS OCYILECTBIISATH pacyeT MapaMeTpoB I'MAPO U MTHEBMOIPUBOJIOB
Ymenua: npon3BoauTh pacyer ruipo- U MHEBMOIIPUBOJIOB
3nanun (akmyanusayus): METOJUKA pacdeTa TUAPOIIPUBOAA; METOAMKA pacyeTa MHEeBMOIIPHUBO/IA

Teoperuyeckuii MmaTepuaJ
['mapaBianueckast HaBeCHasi CUCTEMaA MO3BOJISICT COSAMHUTH C TPAKTOPOM HABECHBIE, MTOJyHABECHBIE
W TIpUIICTIHBIC MAIIWHBI W OPYAHs, a YHHBEpcalbHas pa3ielbHO-arperaTHas THIpaBIHYECKast
cucTeMa NpeAHa3Ha4yeHa JUIsd YINPaBJICHUS ASTUMU MallMHAMHU U OpyausMH. [HapaBimudeckoe
yIpaBJICHUE MO3BOJICT MPUHYIUTEIBHO 3arayonarTs pabouuii oprad opyaus (oTBayi OyJibao3epa,
3yObsl PBIXJIUTENSI), OCOOCHHO NpU Pa3pabOTKe IUIOTHBIX M MEp3JbIX IpyHTOB. OHa COCTOUT W3
THJIPABIUYECKOTO MMPUBOA U MEXaHU3Ma HABECKH (PUCYHOK 1).

— ]

~ w v A4

Pucynok 1 - I'mppaBnnueckas cucrema tpakrtopa T-10

B rugpasnnueckyro cuctemy tpakropa T-10 BxomaT: 1 - mMacisHbI mecTepeHYaTsii Hacoc, 3 -
MaclsiHbIA 0ak, 4 — pacupenenuTenb, S5 - CHJIOBOW IMJIMHAP 3a/JHEH HABECKM W MAaclONpPOBOJIBI
BBICOKOTO ¥ HU3KOTO JIABJICHUSI C ApMaTypOH.

Macno, 3acacbiBaeMOe HacocoM M3 rujipoOaka 3, HarHETaeTCs B paclpesenuTeNb 4, U3 KOTOpOro
OHO TIOCTyMaeT B THAPOLUWIMHIP M COBeplIaeT paboTy mnoabeMa HaBecHoro opyaus. [Ipu
HEUTPaJIbHOM IMOJIO)KEHUN PYKOSATKH, 30J0THUK THAPOPACHPENENNTENsT 4 MEpPEKphIBAET KaHaJIbI
HarHeTaTeJIbHON U CIMBHOM MarucTpajiy M Maclio OT Hacoca MepeTeKaeT U3 pacupenenuress B 6ak
yepe3 mepenyckHou kiamaH. Macnsaeiii Hacoc HI-10 mectepeHuaTroro Tuma CIyXUT 7S
co3aHus pabodero AaBieHus B Tuapocucteme. Hacoc mpuBoauTcs BO BpallleHHE OT KOJIEHYaTOro
Bajia uepe3 peaykrop. Ha ctopoHe kamepbl BcachlBaHUS 3yObsl IIECTEPEH BBIXOAT U3 3alLlCIUICHUS,
0cBOOOKJasi TMPOCTPAHCTBO, 3aHMMaeMoe HMH. B pesynbrate 3TOro B Kamepe cCO3JIaéTcs
paspexeHue, 1noJ| AeUCTBHEM KOTOPOTo MAacjo 3acachlBaeTCs M3 I'MIpoOaka M BHaJUHAMU 3yObeB
MIEPEHOCUTCSI B KaMepy HarHeTaHus. 3Jiech 3yObsl IIECTEPEH BXOIAT B 3alICTIJICHHE U BBITECHSIIOT
MAacJo IO/ BBICOKUM JABJICHUEM B MACIOIPOBO/.
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Pucynok 2 - Cxema mectepenHoro Hacoca HIII-10
Xo/1 BBINOJTHEHHA PadoThI

3aganue 1. M3yuurs ycTpoiicTBO, pabOTy UM Ha3HAuY€HHE IIECTEPEHYATOro Hacoca,
TUpOpacipepeIUTeNs], THAPOLMIMHAPA U MaciIsHOro 6aka M caelaTb HEOOXOIUMbIE PacdeThl 110
CJIEAYIOIUM JaHHBIM:

Bapuant
Hano: (Tabmn.1)
Pabouuit 00beM Hacoca Vu= M

Cucrema CU

YacToTa BpallleHHs Bajla HAacOCa n= 1625 mun™
O0OBEMHBIN K11 Hacoca no=10,92
JlaBnenue Macia B THIPOCUCTEME P=9,8 Mlla
OOBemMHBIN K1 TUApOpacnpeaenurens M= 0,95
JrameTp rupounauHapa D= MM
XoJ1 NOpIIHS TUAPOLMIMHAPA S= MM

1. Omnpenenute AEUCTBUTENBHYIO TPOU3BOUTENLHOCTh HACOCA:
Q.=V.x(n/60)*n, (M’/c) =
2. OmnpenenuTs TEOPETUYECKYIO TPOU3BOIUTEIBLHOCTD HACOCA:
Q= Qs/o (M3/c)=
3. Omnpenenure noTpedIiEMyI0 MOIIHOCTh Hacoca:
N=P*Q, {Br)umu(KBT1)=
4. Omnpeaenute ycwiuve Ha IITOKE
P =p*((nD?/4) (H)wm(KH)=
rie p- nasienue B ruapocucteme (I1a), D-guametp mopuras (M)
5. Omnpenenute 00bEM IUIUHPA:
V=(nD?)/4)*S (m*)=
6. Omnpenenute BpeMs 110AbEMa HABECHOI'O OPYIMSL:
= V/(Qx M) (¢)=
7. OnpenenuTe CKOPOCTh NEpEMEIIEHHE ITOKA!
V=S/t (m/c)=

Ta6muma 1 - 3aganue o BapuaHTaMm JJIs pacuera THApOIPHBOIA

Ne BapuanTa Huametp Xom mopIrHs PaGounii 06pem
TUAPOLIUINHIIPA, TUIPOLIMINHIIPA, Hacoca,
D(Mm) S(Mm) V()
1 100 750
2 95 800
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3 90 780
4 110 750
-6
5 110 800 28,1710
6 140 400
7 125 210
8 130 200
9 135 190
10 125 250
11 120 230
12 100 200
13 110 240
14 115 250
15 130 300 97,2*10°°
16 125 280
17 90 200
18 110 230
19 125 250
20 120 200
21 100 800
22 110 780
23 90 750
24 95 800
25 100 750 95,8%10°
26 125 200
27 130 210
28 140 300
29 135 190

3aganue 2. BbIMOTHUTH pacyeT MHEBMONPUBOA (PUCYHOK 3):

Pucynok 3 - Cxema nHEBMOIIpUBO/1a

Cxatbplii BO3IyX IIOJ JaBJIEHHEM OT KOMIIpeccopa IojAaeTcss 4Yepe3 oOpaTHBIM kiamaH |1,
PEAYKIIMOHHBIA KJIAllaH 2, OTCEYHOW KpaH 3, (QUIBTP-OTCTOMHHUK 4, MacJIOpaclbUIMTENb 5 H
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MHEBMOpACIpeIeNuTeIh 8 B MHeBMoABUTaTeNb 9. OTpaboTaHHBIN BO3MYX Yepe3 pachpee/iuTeNb,
JIpoccenb 7 ¥ TIYIIUTENh 6 UIET Ha BBIXJION B aTMOC]eEpy.

Tabuauua 2 - /[anHble 15 pacuyéTa NHeBMONPUBOAA

BapUaHT I, M d, MM Q, M/u D, mm L, mm d,, MM V, M/c

1 50 14 6 70 110 10 15
2 55 16 8 80 125 10 16
3 60 14 11 90 145 12 17
4 65 16 15 85 120 12 18
5 70 18 20 90 140 14 19
6 75 18 20 120 180 18 20
7 80 18 20 100 160 15 21
8 85 20 21 90 150 10 22
9 90 20 40 120 170 18 23
10 95 20 6 110 185 18 24
11 100 22 8 120 180 18 25
12 105 22 12 130 190 16 15
13 110 24 16 140 200 16 16
14 115 22 21 150 210 18 17
15 50 22 9 160 210 18 18
16 55 20 10" 150* 200 16 19.
17 60 16 14 160 210 18 20
18 65 14 11 110 220 14 21
19 70 16 15 170 230 18 22
20 75 18 20 190 240 18 23
21 80 20 21 180 230 18 24
22 85 18 22 190 240 18 25
23 90 20 21 200 250 20 15
24 95 16 22 210 260 20 16
25 100 12 23 220 270 20 17
26 105 14 25 230 280 20 18
27 110 16 27 240 290 20 19
28 115 18 27 250 300. 26 20
29 50 12 24 260 310 26 21
30 55 20 22 270 320 26 22
31 120 25 30 280 400 30 24
32 125 30 35 300 450 32 26
33 130 35 40 320 500 34 28
34 135 40 45 340 550 36 30
35 140 45 50 350 600 38 32

Hcxoanble JaHHbIE: Cucrema CU

JuHa TpyObl I, M

BuyTpennuit nuamerp TpyOsl d, mm

Pacxon Bo3nyxa Q, M /a

Jnamerp nopiHs D, mm

XoJ nopurHs L, MM

BayTpennnii quametp Bo3ayxomnpooga  d,, MM

CKOpOCTh TE€UEHUS BO3IyXa U m/c
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Onpenenure:
1. Bpewms cpaGaTbiBaHMs Ui ITHEBMOLWIMHAPA OJHOCTOPOHHErO JAEUCTBHS C JIMAMETPOM
nopuiHst D, ecnu xox mopmHs L, BHyTpeHHHMI amamerp Bo3ayxorpoBoga dyp, CKOpPOCTh

TCUCHHUA BO3yXa v .

t=DL/(d,* V)= =

2. Buytpennuii tuametp TpyOosl: d=+ 4% Q/m*v

rue Q. pacxoj Bo3myxa, M°/c,
U - CKOpOCTb BO3]lyXa B TpyOe, M/c.

3. TloTepu naBieHWs TpU JABIKCHHH C)KaTOTO BO3AyXa Mo TpyOe mmuHOH | ¢ BHYTpeHHHM
nuamerpom d, ecim pacxon Bosayxa Q, MIOTHOCTH Bo3iyxa 4,67 Kr/m’, KO3()(QUIHEHT TpeHHUS
BO3/lyXa O CTeHKH TpyObr K,=2*107.

Ap=K*||/d|*xpV?=

KoHTpoJibHBIE BOIPOCHI
1. Ha3oBute napameTpsl IPUBOIOB
2. HazoBuTe KOMOMHUPOBAHHbIE PUBOIBI
5.Kpurepuu onieHUBaHMS BBITOIHEHUS TaOOPAaTOPHBIX U MPAKTHUECKUX padoT.

Ne /o Kpurepuu orieHuBanus Ouenka

BeimonaeHe paboThl B TOJTHOM COOTBETCTBHH C
MCTOANYCCKUMU PCKOMCHAAIUAMU 663 oMo
nperno/iaBaTess, MOJHbIC U MPABHILHBIC OTBETHI TIPU
3amUTe padOTHI

5 (oTAM4HO)

Brimonnenue pa6OTBI B ITOJIHOM COOTBCTCTBHH C
MCTOAUYCCKUMU PECKOMCHAAIUAMUA C HCCYIICCTBCHHBIMU
OH_II/I6KaMI/I, HCIIPABJICHHBIMU CAMOCTOATCIIBHO, OTBCTLI
Ha BOIIPOCHI 3allIMThI MMPABUJIBHBIC, HO HCIIOJIHBIC

4 (xoporo)

BeimonHeHre paboThl B COOTBETCTBUH C
METOIUICCKIMH PEKOMEH/IAUSIMHU C HECYIIICCTBCHHBIMU
3 OIIMOKAaMH, UCITPABIICHHBIMH C TIOMOIIBIO 3 (YIOBIETBOPUTEIILHO)
MperoaaBarTess, 3aTPyAHICTCS ¢ OTBETAMH TIPH 3aIIUTE
paboThI

Cnmcok Jimreparypbl

OCHOBHBIE UCTOYHHUKH:
1. Hcaes, A. I1. I'mapasnuka : yuebnuk / A. I1. Ucaes, H. I'. KoxxeBuukoBa, A. B. Emma. —

MockBa : UH®OPA-M, 2019. — 420 c. . - ISBN 978-5-16-009983-5. - Tekcrt
anekTponnbii. - URL: https://znanium.com/catalog/product/937454. — Pexxum moctyma: mo
MOJIMTUCKE.

ﬂ OIMOJIHUTCIBbHBIC NCTOYHHUKH

1. Jlememkun, A. B. I'mapaBnuka ¥ TMAPONHEBMONPHUBOA. ['MApAaBIMYECKHME MAIIWHBI U
TUAPOMHEBMONpUBO/ : yueObHnuk / A.B. Jlenemkun, A.A. Muxainun, A.A. [leimak. — 6-¢
u31., nepepad. u gon. — Mocksa : UHOPA-M, 2022. — 446 c. — (Bsiciiee oOpa3oBaHue:
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bakanaspuar). — DOI 10.12737/21024. - ISBN 978-5-16-011954-0. - Tekcr
anekTpoHHbid. - URL: https://znanium.com/catalog/product/1843091. — Pexxum moctyma: mo
TIOJIITUCKE.

HNHTepHET-pecypebl

1. http://www.proingener.ru/
2. http://mirknig.com/knigi/nauka ucheba/1181379956-gidravlika-nasosy-i-gidroprivody.html
3. http://bigtechlib.ru/gidravlika-i-pnevmatika/gidroprivod/

Harnsansie mocooust
1. TlopraTtuBHas nmaboparopusi «Kamenbkay
2. Jletranu v y3ibl TUAPO U THEBMOIIPUBOIOB
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[Tpunoxxenne A
MunucrepcTBo 00pazoBaHus U Hayku YensOuHckol obaacTu
I'ocynapcTBeHHOE 010 KETHOE PO(ECCHOHATBHOE 00Pa30BaATEIbHOE YUPEKACHHE
«HOKHO-YpajIbCKUH roCyAapCTBEHHbIN TEXHHYECKUI KOJLIEIK»

OTYET

110 BBIIIOJTHCHUIO J'IaGOpaTOpHBIX " NPaKTUYCCKUX pa60T

1o yueOHoM nucruminze «[ uapaBivka»

BBIITOJTHHUII

rpymma

IPOBEPUIL

Yenaobunck, 20 T.
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IIpunoxenue B.

[TepeyeHb OCHOBHBIX, JOTOJHUTEIBHBIX U MPOU3BOIHBIX (PU3NYCCKUX BEITHYUH
B cucreme CU

Benanuuna Ennnnna nsmepenus
HAauMEHOBaHUE 0003HaueHNe HauMEHOBaHUE 0003HaueHNe
Jnuna, paccrosHue L s METp M
Macca m KUJIOTpaMM KT
Bec G Hsroton H
Bpewms ¢ CEKyHJa c
TepMmoanHamuyeckas T KenbBun K
TeMIeparypa
[Tnomane Guryps N KBanpatHblii MeTp M
O6beM |4 KyGOuueckuii MeTp M’
JUIMHA / MeETp M
[unamerp d METp M
CKOpOCTh JIMHEWHAS 0 METp B CEKYHAY M/C
Yckopenune CBOOOJTHOTO g=981 MerTtp 3a cekyHIy B m/c?
naJIeHUs KBaJipaTe
Cuna F HBIOTOH H
Kunerndeckas sHeprus E. Jxoynp Jhx
[ToTeHnManpHAas YHEPrUs E,
MountHocTh N BaTT Bt
['uapocraTudeckoe JaBIeHUE p MacKajb ITa
Koadhdpunment nuaammdeckoi y7i [Tackanb-cexyHaa IMa-c
BSI3KOCTHU
Koadpdunuent v METp B KBajJpare 3a ,
KHHEMATHYCCKOM CeKyHIy m/c
BSI3KOCTH
[110THOCTH BellecTBa p Kr/m® Kr/m’
V nenbHIi Bec Y H/m? H/m?
CKXnMaeMoCTb:
Koaddunment 00BEMHOTO Jin 1/Ta ITa’
CKATHSA Br 1/K K!
Koadpdunuenr
TEeMIIEpaTypHOTO
pacumpeHust
Moyib yOpyrocTu >KMaKOCTH E [Tackaib ITa
KonnuecTBO TEMI0THI 0 Jxoynb ok
Pacxonp! xxunkoctu:
MaccoBblii On Kunorpamm 3a cekynny Kr/e
OOBbeMHBII Oy KyOuueckwuit metp 3a m/c
Becosoii Oc CeKyHIy H/c
Hpr0TOH 32 cekyHay
DHTpOIH s JIxxoyis Ha KeapBuH /K
DHTATBIHSA H JIKOyITh Jx
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