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BBenenue

MeTtoauueckue yka3zaHUs 10 BBITOJHEHHUIO MPAKTUYECKUX paboT pa3paboTaHbl
corjacHo paboueil mporpamme ydeoHor auctuiinHbl OI1.05 «OCHOBBI THIPABIUKU
U TEIUIOTEXHUKW» Id  chnequajabHOCTA  35.02.16  DOkcmiyatauvsi U PEMOHT
CENIbCKOXO3AUCTBEHHON TEeXHUKM M 00OpyaoBaHus U TpeOOBaHUAM K pe3yibTaTam
o0yuenns denepanbHOTO rOCYIapCTBEHHOTO 00Pa30BATENBHOTO CTAaHAAPTA CPEITHETO
npodeccronanpHoro oopazosanus (panee — PI'OC CIIO) o cnenmanbHOCTH 35.02.16
DKCIUTyaTalys U PEMOHT CelIbCKOXO3AMCTBEHHOW TeXHUKH U obopyaoBanus. |I[pakTrndeckue
paboThl HampaBJIeHbl Ha OBJIaJicHWE OOYyYaroUMMHUCS COOTBETCTBYIOIIMX
npodeccruoHanbHbIX KomneTeHui (I1K):
[IK 1.1. BBINOJHATH PEryIUpPOBKY y3J0B, CUCTEM M MEXAHU3MOB JBHUIATENs U
PUOOPOB IEKTPOOOOPYAOBAHUS.
[1K 1.2. [TogroraBnuBath Mo4Bo0OpadaTHIBAIOIINE MALLIMHBI.
[1IK 1.3. [ToaroraBnuBaTh NOCEBHBIE, IOCAIOYHBIE MAIIMHBI U MAIIMHBI JJISI yXO/a
32 ITIOCEBAMH.
[1K 1.4. [TogroraBnuBath yOOPOUHbIEC MAIIUHBI.
[IK 1.5. TloaroraBnuBaTh MamMHBI W OOOPYyJOBaHUE Jisi OOCTY>KUBaHUS
YKUBOTHOBOIUYECKHX (hepM, KOMIUIIEKCOB U NTULE(DAOPHK.
[IK 1.6. IToaroraBnuBaTh pabouee U BCIOMOTaTelIbHOE 000PYAOBaHUE TPAKTOPOB
Y aBTOMOOUJIEH.
[IK 2.1. OnpenensiTe palluOHAIBHBINA COCTAB arperaToB U UX SKCILTyaTalluOHHBIE
IIOKa3aTelIu.
[IK 2.2. KoMmIeKToBaTh MallIMHHO-TPAKTOPHBIN arperar.
[1K 2.3. [TpoBoauTh pabOTHI HA MAIIMHHO-TPAKTOPHOM arperare.
[1K 2.4. BINOAHATS MEXaHU3UPOBAHHBIE CETLCKOX035MCTBEHHBIE PAOOTHI.
[1K 3.1. BbInonHsaTh TEXHUYECKOE 00CTYKUBAHUE CEIBCKOXO035MCTBEHHBIX MAIIUH
Y MEXaHU3MOB.
[1K 3.2. ITpoBOAUTH IMAarHOCTUPOBAHUE HEUCITPABHOCTEN CEIHCKOXO3SIMCTBEHHBIX
MaIllMH U MEXAHU3MOB.
[TK 3.3. OcyuiecTBiIATh TEXHOJOTHUECKUN MPOLECC PEMOHTA OTACJIBHBIX JeTajaen
Y y3JI0B MalllMH U MEXaHU3MOB.
[1K 3.4. O0ecnieunBath peKMUMbI KOHCEPBALIMKM U XPAHEHUS
CEIBCKOXO3SIMCTBEHHON TEXHUKHU.
[IK 4.1. YuyacTBOBaTh B IUIAHUPOBAaHWM OCHOBHBIX IOKAa3aTeNel MAIIMHHO-
TPaKTOPHOIO MapKa CETbCKOXO03UCTBEHHOTO MPEATPUSITHSL.
[1K 4.2. [InanupoBaTh BRIMOTHEHUE PA0OT UCTIOTHUTEISIMHU.
[1K 4.3. Opranu3oBbIBaTh pabOTy TPYAOBOTO KOJUICKTHUBA.
[IK 4.4. KoHTpomupoBaTh XOJ M OIICHUBATh PE3YJbTAThl BBHITIOJHEHUS pPabOT
VCITOJIHUTEIISIMU.



IIK 4.5. BecTu yTBEpKI€HHYIO YUETHO-OTUETHYIO JIOKYMEHTAIHUIO.

Metoauueckue yka3aHus MO BBIIOTHEHUIO MPAKTUUECKUX padoT
HaIlpaBJIEHbI HA OBJA/ICHHE 00YYaAOIUMHUCS CIEAYIOIINX PE3YJIbTATOB:
YMEHUSL:
— UCIOJIb30BaTh THPABINYECKUE YCTPOMCTBA U TEIUIOBbIE YCTAHOBKH B
MPOU3BOJICTBE;

3HAHHUS:
— OCHOBHBIX 3aKOHOB THUAPOCTATUKHA, KUHEMATHKH W JUHAMUKH JBIDKYIIHXCS
MIOTOKOB;

— 0COOCHHOCTEH JABUKEHUS JKUJIKOCTEH U Ta30B 10 TpyOam (TpyOorpoBogaM);

— OCHOBHBIX TIOJIOKEHUI TEOPHUH MOJA00US TUIPOIUHAMUYECKUX U TEIJI00OMEHHBIX
MPOIIECCOB;

— OCHOBHBIX 3aKOHOB T€PMOIMHAMHUKH;

— XapaKTePUCTHUK TEPMOAMHAMUIECCKUX MPOIIECCOB M TEINIOMACCOOOMEHa;

— IPHUHIIUIIOB pa0OTHI THAPABINYCCKUX MAIIIUMH U CUCTEM, UX IPUMCHCHUS,

— BUJIOB M XapaKTEPUCTUK HACOCOB U BEHTUJISITOPOB,;

— IPUHIIUIIOB pabOTHI TETUIOOOMEHHBIX anmnapaToB, UX MPUMEHEHHUS.

[IpakTrueckre pabOTHI  CleAyeT MPOBOAWTH IO MeEpe H3yUCHHUS
TEOPETUIECKOr0 MaTepuara.

PaboTb1 pekoMeHyeTcst IPOM3BOANTD B CIEAYIOICH MOCIEI0BATEILHOCTH:
- BBOgHas Oecema, BO BpeMsl KOTOPOH KpAaTKO HAMIOMHHAIOTCS TEOPETHUCCKHE
BOITPOCHI TI0 TeME PabOThI, pa3bIICHAETCS CYIIHOCTb, 11€71b, METOAMKA BBHITOTHEHUS
paboTHI;
- CaMOCTOSITEILHOE BBITIOJIHEHUE HEOOXOIMMBIX PACUETOB;
- 00paboTKa pe3yabTaToOB pacyeToB, 0hOpPMIICHUE JOKYMEHTAIINH, OTYETA;
- 3amuTa MPAaKTHYEeCKOW paboThl B (DOpME YCTHBIX OTBETOB HAa KOHTPOJBLHBIC
BOIIPOCHI.

OO0s3arenbHas ayAUTOpHAs Harpy3ka Ha MPaKTHYECKYIo padoTy — 2 yaca.
Harpy3ka Ha BHeayuTOpHYI0 paboTy oOyuaromuxcsi (oopMieHHE OTYETa
— HaIlMCaHue BBIBOJIOB, TOATOTOBKA K 3aIuTe paboThl) — 1 Jac.



MeTtoauyeckue yKa3aHusl K BHITIOJTHEHUIO MPAKTHYECKOH PadoThI s
o0yuyaromuxcst

1. K BBIMIOJIHEHUIO TPAKTHUECKON pabOThl HEOOXOAUMO MPUTOTOBUTHCS JI0 Hayaa
3aHSTHS, UCTIOJIB3YSl PEKOMEHOBAaHHYIO JINTEPATypPy U KOHCIIEKTHI JICKIUH.
2. CtyneHTsl 00s13aHbI UMETH IIPHU ce0e JIMHENKY, KapaHalll, TETpajab JJs
IPAKTUYECKUX padoT.
3. OT4eTsl IO NPAKTUYECKUM paboTaM JIOJIKHBI BKJIFOUATh B CE0s CEYIOLINE
IYHKTBI:
o  Ha3BaHHE MMPAKTUYECKOU pabOThI U €€ LEb;
o  KpaTKu¥ NOPSAJIOK BBIIOJHEHUS PaOOTHI;
oJlanee nuuercs «XoJ padoThl» U BBITOIHAIOTCS 3Tallbl IPAKTUUYECKON pabOTHI,
COIJIACHO YKa3aHHOMY B pa0boTe MOPSAKY.
4. Ilpu NOATrOTOBKE K Caye MPaKTUYECKON paboThl, HEOOXOAMMO OTBETUThH Ha
IIPEIIOKEHHBIE KOHTPOJIBHBIE BOIIPOCHI.
5. Ecnu oTyeT o paboTe He caH BOBpeMsI (J10 BBITIOIHEHUS CIEAYIONEH padoThl)
M0 HEYBAKUTEIbHOUN MPUYMHE, OLICHKA 32 pa0dOTy CHHXKAETCS.

Cucrema oleHUBAaHUSA NMPAKTHYECKO PadOThI

[Ipu onieHMBaHUM BBITIOJIHEHUS IPAKTUYECKON pabOThI CTYIE€HTOM
YUHUTBIBAETCS CICAYIOIIME MOKA3aTEIH:

- KQueCTBO BBIIIOJIHEHUS 3aJjaHus paOOThI (BBINOJIHEHHE PaOOTHI B
COOTBETCTBUH C 33/IaHHEM, PABUIILHOCTh PE3YyJIbTATOB PabOTHI);

- KayecTBO o(opmIIeHHs OTYeTa o padbote (opopmieHre oTyeTa B
COOTBETCTBHUM C TPEOOBAHUSIMU METOJIMYECKUX PEKOMEHAAINH, TPAaBUIILHOCTh U
YETKOCTh (hOPMYJIUPOBKHU BBIBOJOB M0 pe3yJibTaTaM paboThl);

- KQueCTBO U IIyOMHA YCTHBIX OTBETOB HAa KOHTPOJIbHBIE BOIIPOCHI MPH 3aIIUTE
paboTHI.

Kaxxnp1it moka3aTens OLlEHUBAETCS 110 5-TH OaIbHOM IIIKAJIE€ U BBICTABIISIETCS
CpeHUI Oal Mo BCEM MOKa3aTEeIsIM.



IIpakTuueckas padora Nel
Tema: Onpenenenre GU3NUECKUX CBOUCTB KHUIKOCTH.

Heab: HayyuThCS PACCUMUTHIBATH U OMNpPEACNSITH OCHOBHBIE (PU3WYECKHE CBOMCTBA
HKUIKOCTH.
Iopsiaok BbINOTHEHUSI padOTHI:

[ToBTOpUTH TEOPETHUECKHUE MOJIOKEHUS 110 TEME TPAKTUUECKON pabOTHI.
N3yunts npumep opopmiieHus 3a1aHusl.

O3HAKOMUTHCS C UHAUBUAYAJIBHBIM 33JaHUEM.

PemuTe nocrasieHHbIe 3a/1a40.

Craenatp BBIBOJIbI O IPOIETIAaHHON padoTe.

AR

OdopMHUTH OTYET U OTBETUTH Ha KOHTPOJIbHBIE BOTIPOCHI.
Teopernueckasi 4acTb

Kugkumu TenamMu WIHM SKHJIKOCTSAMHM Ha3bIBalOT (DU3MYECKUE Tena, JIETKO
U3MEHAINE CBOIO (OpMy IMOJ JAEHCTBHEM CaMON HE3HAYUTEIbHOW MO BEITUYMHE
CHJIBI.

MoHO cKa3aTh, 4YTO JKUIKOCTH — 3TO (puU3MUeckoe Tenno, obiagaromiee
TEKy4€eCTbhI0, UMEIOIIEE ONpeAEICHHbIH 00bEM U 3alOJHSIONIAas YacTh IPOCTPAHCTBA
(cocyna), paBHOTO €€ 00BbeMy. PaznnuaroT ABa BUAA KUIKOCTEH:

-)KMJIKOCTH KameiabHbIe (MaJIOCKUMaEMBbIE);

-)KMJIKOCTH ra3000pa3Hble (CKUMAEMBIE).

BaxuenmmuMu  XapakTepUCTUKAMM  MEXAHWUYECKUX  CBOMCTB  KUIKOCTH
ABJISIIOTCS €€ TUIOTHOCTh U YJeTIbHbIN Bec. OHU ONpeeNsatoT "BECOMOCTh' )KUIKOCTH.

IInomuocms p XapakTepU3yeT pACIpPENETIeHUE Macchl Am KUIKOCTH 110
o0beMy AW. IInOTHOCTh OZHOPOAHOW >KUIKOCTM paBHA OTHOIICHHIO MAacChl m
KUJKOCTH K €€ 00beMY:

(1.1)

p:

s|=

rI€ m — Macca XKUJIKOCTH, KT;
W — 00beM KHIKOCTH, M°.

[InoTHOCTH p BO BCEX TOYKAX OJHOPOJHON >KHJIKOCTH OJMHAKOBA. B oOmiem
Clly4dae IJIOTHOCTh MOKET U3MEHSThCS B 00bEME JKUIKOCTH OT TOYKH K TOYKE U B
KaXJI0M TOUKe 00beMa ¢ TeUEeHUEM BPEMEHH. 3a €IMHUILY IUIOTHOCTH B cucteme CU
npuHsT 1 Kr/m3.



BwmecTo miioTHOCTH B (popMysiaXx MOKET ObITh MCIOJIb30BAH TAKKE )OeTIbHblil

sec y (H/Mm?), 10 ecth Bec xuakoctu G, IPUXOIAIMNACS HA €QUHULY 00beMa W:

_G
(12) "“w

[1n10THOCTH KUJKOCTEH W Ta30B 3aBUCUT OT TeMIEparypbl U JaBiieHus. Bce
KUIKOCTH, KpPOME BOJBI, XapaKTEPU3YIOTCSA YMEHBIIEHUEM IUIOTHOCTH C
yBeJIu4YeHreM Temneparypbl. [lmoTHocTs BOJbl MakcumanbHa npu ¢t = 4°C wu
YMEHBIIIAETCS KaK C YMEHBIIICHUEM, TaK M C YBEJIMYCHHEM TEMIIEPaTypbl OT ATOTO
3HaueHUA. B 3TOM TIpOsBIISIETCS] OJTHO U3 aHOMAJIBHBIX CBOMCTB BOJIBI.

[TnotHOCTH BoAk! npH t =4° C cocrasiser 1000 kr/m>;

Mopckoit Bojel - 1020 ... 1030 KI/M;

Hetu u HedrenpoxykTos — 650 ... 900 kr/m;

uucToi pryTH - 13600 Kr/M>;

Bo3myxa (mpu t = 0°C u armocdepHoM napnenun) — 1,29 kr/me.

[Tpu n3MeHeHNH MaBIeHUS TTIOTHOCTD KUJAKOCTH H3MEHSCTCS HE3HAUUTEIIBHO.

Corcumaemocms. ITO CBOWCTBO KUJIKOCTEH M3MEHATh 00bEM MpPU M3MEHEHUU
JABJICHUS; XapakTepuzyercs: KodPphuimeHToM o0beMHOTO cxxatust (KoddhPuimeHTom
cxumaemoctr) Bp (Tla'); mpencraBisromuM co6oif OTHOCHTENBHOE H3MEHEHHE

oO0beMa KHUIKOCTHU WHpH HN3MCHCHHUH NABJICHUA Ha CANHHUILY:
1 AW

w o 2

VAP (13
rae W — nepBOHaYaIbHBINA 00BEM KHUAKOCTH, M°;
AW — OTHOCUTEJIbHOE M3MEHEHHE 00beMa >KUAKOCTU MPU U3MEHEHUU JaBJICHUS Ha
BEJIMUUHY Ap, M°.
3nak "—" B hopmyrie (1.3) yka3pIBaeT Ha TO, YTO MPH YBEJIMUYCHUU TABJICHUS 00BEM
KUJKOCTU YMEHBIIIAETCS.
Benuuuna, obOpatHas kodhUIMEHTY OO0BEMHOTO CXKaTUi — MOAYJIh OOBEMHOM

yrpyroctu xuakoctu K = E,, I1a:

K=—-o1!
(1.4)

Ou3nYecKrii CMbICT OOBEMHOTO MOAYJS YNPYTrOCTH: BEIUYMHA, OOpaTHas
U3MEHEHUI0 00beMa OJHOro KyOMYEeCKOro MeTpa >KUIKOCTH NpU H3MEHEHUU
JIaBJICHUS HA OJHY €AUHUILY.

OObemMHBII MOIYJIh YOPYTOCTH JKUJIKOCTA 3aBUCHT OT THMA KHUIKOCTH,
naBieHuss W Temmneparypbl. OgHako B OOJBIIMHCTBE CiaydaeB FEo cyuTaror



IIOCTOSIHHON BEJIMYMHOW, TPUHUMAs 34 HEE CPEHEE 3HAUCHUE B JAHHOM JMAIla30HE
TEMIIEPATYP U JABICHUM.

Pa3nuuaroT U30TepMUYECKH U aguadaTHYEeCKUil MOysb ynpyroctu. [Ipuyem
JUIsL pacyeToB OOBIYHO HCIOJB3YIOT H30TEPMUYECKANA MOAYJb YHOPYrocTd £y,
IPUMEHSAEMBIN Ul aHajau3a MEUICHHBIX IPOLECCOB, NPU KOTOPBIX YCIIEBAET
3aBEpPUIMTHCS TEIIOOOMEH C OKpy»karolen cpenoi. s ObICTPOTEUHBIX POLECCOB,
IIPU KOTOPBIX TEINIOOOMEH HE YCIEBAET 3aBEPIIUTHCS, UCIIONIB3YIOT alnadaTHUeCKUN
MOAYJIb YIIPYTOCTH Eyp.

TemnepamypHoe pacuupenue. ITO CBOUCTBO KUAKOCTEH U3MEHATh 00beM IpU
U3MEHEHUU TEMIIEpaTyphl; XapaKTepHU3yeTcs TeMIepaTypHbIM Kod(hdUIeHTOM
oobemHoro pacmmpenus ft (1/°C), mnpencraBisioniM co0Oi  OTHOCHTEIHHOE
U3MEHEHUE 00beMa KHUAKOCTU MpU U3MEHEHUHU TeMmieparypsl Ha eqununy (1°C) u
IIPU MIOCTOSIHHOM JIABJICHUH:

1 AW

e as

rae W — nepBOHAYaANLHEINA 00BEM KHUIKOCTH, M;
AW — oTHOCHUTENIBHOE U3MEHEHHE 00beMa KUJKOCTU TP MOBBIIIEHUU TEMIIEPATYPbI
Ha At, M°.

J1Jist BOZIbI ¢ yBeNMYeHUEM JaBiieHus npu temiepatype A0 50 °C koadduimeHt
[t pacter, a nipu Temriepatype Boiiie 50 °C ymeHbIaeTcs.

Bsazxocms. ITO CBOWCTBO KHIKOCTU OKa3bIBaTh COMPOTUBJICHUE
OTHOCHUTEJILHOMY CJIBUTY €€ CJIOEB.

Bsi3kocTh mposBIISIETCS B TOM, YTO MPU OTHOCHUTEJIBHOM TEPEMEIICHUH CJIOEB
YKUJKOCTH Ha MOBEPXHOCTSAX WX COMPUKOCHOBEHUSI BO3HUKAIOT CUJIbI COMPOTHUBIICHUS
CIABUTY, Ha3bIBa€MbIE€ CHJIAMHU BHYTPEHHEIO TPEHUS WM CHJIAaMH BSI3KOCTH.
bnaromapss TuM cwiamM CIOH JKUJAKOCTH, JBHXYIIUMKCS MeEIJICHHEEe, ''TOpMO3HT"
COCEIIHUN CJIOM, ABWXKYIIUcS ObicTpee. CHilbl BHYTPEHHETO TPEHUS TPOSBIISIOTCS
BCJIEJICTBUE HATMYUS MEKMOJIEKYJISIPHBIX CBS3EH MEXKIY ABUKYIIIUMUCS CIIOSMH.

Kunemarnueckast BSI3KOCTh V — OTHOIIEHUE AMHAMUYECKON BS3KOCTU U K
MJIOTHOCTH JKUJIKOCTH p U orpeensieTcs popMyoil:

v=2
£ (1.6)

rJie | - AMHaAMU4YecKas BSI3KOCTh, [1a-c;
p - TUIOTHOCTb JKUJIKOCTHU, KI/M>.

B mexnynapoanoit cucreme enuaull (CH), kuneMatnueckas BI3KOCThb
U3MEpPSETC B KBaAPATHBIX METPAx Ha CEKYHIY.



IIpumep pernenus 3agaqu:
Bapuanr 0
Onpenenure Maccy >KUJIKOCTH, €CIIH €€ 3aHMMaeMblil 00beM W, a TUIOTHOCTD - p.

JlaHo: Pemenue:
o M
W=72 m? Bocnonssyemest popmynoii (1.1) p = 7
p= 940 xr/m> B sT0ii hopmyie HaM U3BECTHBIE 1BE BETMUUHBI: 00bEM U
m-? wI0THOCTh. Torna Haia 3aja4a CBOAUTCS K TOMY, YTOOBI

BBIPA3UTh HEU3BECTHYIO BEIMYMHY U HaiiTH ee. Toraa:
m = W-p=72-940 = 67680 kr =~ 68 T
OtBeT: M <68 T

3amaHus IS IPAKTHYECKO padoThI

3agaya Nel.B otonuTenbHON cucteme (KOTEl, paguatopsl U TpyOONpPOBOJIBI)
HEeOOIBIIOr0 JoMa CcomaepkuTcs 00beM Boabl M. OrmpemenuTe CKONBKO BOJIBI

JOTIOJIHUTEIBHO BOMIET B PACIIMPUTENBHBIN COCY ] IPU HArpeBaHUU cf 10127

3amaua No2.Onpenenute yAeabHbIN 00BEM U YACIBHBIN BEC KUIKOCTH, €CIIN

M3BECTHA €€ ILIOTHOCTD ), YCKOPEHHE CBOOOIHOrO maaeHusag=9,81 m/c?,

3apaua Ne3.Ilpu rugpaBIMv4ecKoM UCIBITAHUN BHYTPEHHUX CHUCTEM BOJOCHAOKEHUS
JIOTYCKACTCsI TaICHNE MCIBITATEILHOTO naBieHus Ha Ap. Onpenenure A0myCTUMYIO
BEITMYMHY YTEUKH A WTIpH THAPABINIECKOM MCTIBITAHUNA CHCTEMBI BMECTUMOCTBIO .
3amaya Ne4.[lo yciioBHSIM TMAPABIMYECKOTO HCIBITAHKWS BOAOIPOBOJA AUAMETPOM
dv umaHoM/aBeHye TOKHO OBITH HOAHATO OT aTMocdepHoro g0 p. Onpenenure
o0beM BOJbI, KOTOpPBIH TOTPEOYyeTCs] OMOJHUTEIBHO TMOJaTh B BOIOIPOBO/I.
Hedopmanueit TpyO npeHeOpeys.

3agaua NoS.Onpenenure W3MEHEHHUE TIIOTHOCTH BOJIBI IPYU HATPEBAHUM €€ OT 17110 12.

3agauya Ne6.Onpenenvite TMHAMUYECKYIO BSI3KOCTb JKHJIKOCTH, €CIIU €€ INIOTHOCTD [,

a KHHEMaTH4eCcKada BA3KOCTH V.



Taoauna 1 BapuanThl 3a1aHuil K NpaKkTH4ecKoil padore 1

Bapuanrt | 1 2 3 4 5 6 7 8 9 10

W, M* 72|73 79 |89 |76 83 82 88 86 80

11,’C 13 16 18 |18 |10 10 10 15 11 15

1,'C 73 70 |86 |89 |88 78 75 76 87 74

p, kr/mM> [ 850 [ 840 | 800|990 |810 | 1000|950 | 1000 |970 | 840

p,MIla |33 |28 (2,6 33 (3,7 |29 |3,1 |3 2,1 3,2

Ap,xIla |54 |50 |60 [40 |50 57 |41 60 42 45

d, MM 100 | 150 |200 100|150 [200 |100 |150 |200 |100

[, M 1980 | 1740 | 850 [ 930 | 2000 | 1720 | 1040 | 1580 | 1780 | 950

wMc 7,6 |77 |10 |99 (96 |83 |92 |7 7,1 9,3

[Tponomxenue Tadaubl 1

Bapuant 11 |12 |13 (14 |15 |16 |17 |18 19 20

W,m* |70 |80 |77 |83 |75 |86 |70 |82 71 82

t1,°C 18 (19 |11 |16 [15 |12 |13 |13 18 16

t,,°C 77 |81 |77 |76 |85 |71 |82 |89 90 83

p, kr/mM>| 930 | 890 | 840|900 860 | 960 | 880 | 880 |[870 | 1000

p,MIla| 2,8 139 |4 (22|24 3,7 (2,7 |3 3,7 3,8

Ap,klla 43 |59 |42 |53 |49 |52 |54 |60 40 44

d,mm | 150 | 200 | 100| 150/200 | 100 | 150 |200 | 100 |150

1, m 910 | 960 | 198( 160( 800 | 1320] 1480 1330 | 1300 | 1370

b

v,mM/c 9,6 |94 917 |96 |79 |8 84 19,2 |77

OT4éT 0 padoTe 10JI7KEH COAEPHKATH:

Ha3Banue u 11es1b paboThl, 337jaHue (HOMEp BapuaHTa), IPaBUIbHO O(POpPMIICHHBIE
pemenus. [lo pesynpraTam paboThl HEOOXOIUMO c/eNaTh BbIBOAbI. OTBETHI HA
KOHTPOJIbHBIE BOIPOCHI.
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NSk =

KoHTpoJsibHBIE BONIPOCHI:

ChopmynupyiiTe onpeneneHne KuaKOCTH.

HazoBute ocHOBHBIC (PU3MUECKIE CBOMCTBA KUIKOCTH.

Chopmymupyiite GU3NIECKHA CMBICT BI3KOCTH?

HazoBute ¢puznyueckuii cMbICT 00BEMHOTO MOIYJISI YIIPYTOCTH?

HazoBute BUABI BA3KOCTH KUAKOCTU?

Omnpenenute, Kak u3MeHsAeTcs KO3PPUIUEHT B¢ C yBeTMYECHUEM JTaBICHUS?
HazoBute, B ueM U3MepSIOTCS OCHOBHBIE (DU3NYECKUE CBOMCTBA HKUIKOCTHU?

IIpakTuyeckas padbora Ne2
Tema: Onpenenenuie naBneHus paboyei >KUIKOCTH

Henab:O3HaKOMUTBCS C METOIAMU ONPEICIICHUS TaBICHUS padouel )KUIKOCTH.
HayuuTbcst onpenensiTe JaBI€HUE )KUAKOCTH B 3aBUCUMOCTH OT 3aJJaHHBIX YCIIOBUM.

ITopsnok BbINOJIHEHUS PadOThI:

[ToBTOpUTE TEOPETUUECKHE TTOTOKEHHUS 110 TEME MPAKTUIECKOM pabOTHI.
N3yuute npumep opopMIIeHUs 3a/1aHUS.

O3HaKOMUTECH C UHANBHUIYAJIBHBIM 3aJaHUEM.

PemmTe nocraBineHHbIC 3a/1a49H.

Crnenaiite BBIBOJIBI O IPOJICTaHHON padoTe.

AR el e

Odopmure oTyeT U OTBETHTE HA KOHTPOJIbHBIE BOMIPOCHI.
Teopernueckasi 4acTh

I'mapocrarukon Ha3bIBACTCS pazaen TUJIPABIIMKH, B KOTOpOM
paccMaTpUBAIOTCA 3aKOHBI PABHOBECHS )KUAKOCTH M UX MTPAKTUUYECKOE ITPUMEHECHHE.

B noxkosmiencss KUAKOCTH BCETa MNPUCYTCTBYET CHUJIA JABJICHUS, KOTOpas
HA3bIBACTCA THUAPOCTATUYECKUM JaBJICHHEM. JKHAKOCTH OKAa3bIBAET CHJIOBOE
BO3JCHUCTBUE HA JHO W CTEHKM cocyla. HacTUUbl >KUIAKOCTH, PACIIOJIOKEHHBIE B
BEPXHUX CJIOSAX BOJIOEMA, MCIBITHIBAIOT MEHBIIWE CHJIBI CKATHS, YEM YaCTHUIIbI
KUJIKOCTH, HAXOISIIIUECS Y JIHA.

IM'uapocratnueckoe AaBiaeHUe 001a1aeT CBOMCTBAMM.

11



Ceoiicmeo 1. B 0601 mouke scuokocmu suopocmamuyeckoe 0asieHue
NepneHOUKYIAPHO NI0WAOKe KACAmenabHOU K 8blOeNIeHHOMY 00bemy U Oeticmeyem
BHYMPb PACCMAMPUBAEMO20 00BEMA HCUOKOCTIU.

Ceoitcmeo 2. 'uopocmamuueckoe oasieHue HeusMeHHO 80 8CeX
HanpaesieHusx.

Ceoiicmeo 3. [ uopocmamuueckoe oagieHue 8 mouke 3a8UcCUm om ee
KOOpPOUHAm 8 NpOCmMpancmaee.

OcHoBHOE YPAaBHCHHUEC THAPOCTATUKH.

PaccmoTpum pactipocTpaHeHHBIN Ciiydaid paBHOBECHS )KUAKOCTH, KOT1a HA HEE
JNEUCTBYET TOJIBKO OJIHA MAaccoBas CHJIA - CWJIA TSDKECTH, M IIOJIyYMM YpaBHEHHE,
NO3BOJIAIOIIEE  HAXOOUTh THUIPOCTATHUECKOE JaBi€HHE B  JIOOOH  TOUKe
paccMaTpuBaeMoro o0beMa JKUAKOCTU. DTO YpaBHEHHE Ha3bIBAECTCS OCHOBHbLIM
YypasHeHnuem cuopoCmamuKy.

[TycTh XHAKOCTH COAEPKUTCS B cocyjle (pUCYHOK 2.1) U Ha ee CBOOOJHYIO
IIOBEPXHOCTh JEUCTBYeT naBieHunelP). Haiinem ruapocrarndeckoe naBiieHHEPB
IIPOU3BOJIBHO B3ATOM TOUYKEM, pacroioXkeHHON Ha IiyOuHes. Bpiaenum okoJio
TOUYKMMOBIIEMEHTApPHYI0 TOPU30HTAIBHYIO IUIOIIAAKydSW TOCTPOMM Ha Hel
BEPTHUKAJIbHBIN HWINHIPUYECKUN 00bEM KUAKOCTU BBICOTOMA. PaccMoTpuM ycioBue
paBHOBECHS YKa3aHHOIO 0ObeMa >KMJIKOCTH, BBIICIEHHOTO M3 OO0IIed Macchl
KUAKOCTU. [laBieHHe KUJIKOCTM Ha HI)KHEE OCHOBaHHME LWIMHIpa Tenepb Oyer
BHEILIHMM U HaIlpaBJeHO 110 HOpMaJu BHYTpb 00beMa, T.€. BBEPX.

T e
Pucynok 2.1 - Cxema J171s1 BbIBOJIa OCHOBHOT'O YPaBHEHUS TUAPOCTATUKHU
12



3anuiemM cyMMy ChJjl, JEHMCTBYIOIIMX HA pacCMAaTpUBAEMBblii 00bEM B
MPOEKIMHU Ha BEPTHKAIBHYIO 0Ch:pdS — podS —pghdS=0 (2.1)

[Tocnenuuii uieH ypaBHEHUS NMPEICTABISIET COOOM BEC KUIKOCTH,
3aKJIFOYEHHBIA B pACCMAaTPUBAEMOM BEPTUKAJIBLHOM IIWIHHIPE 00BEMOMAAS.

Cunbl gaBieHus Mo OOKOBOW MOBEPXHOCTH IIMIIMH/PA B ypaBHEHUE HE BXOJSIT,
T.K. OHU TIEPTICHIUKYJISAPHBI K 3TOM MOBEPXHOCTU U X MPOEKINUU HA BEPTUKAIBHYIO
och paBHbI HyJ10. COKpaTHB BhIpaXXK€HHE HadSW NEpEerpynnupoBaB WICHbI, HallieM

P =Py +pgh (2.2)

T7I€ Po— AaBJICHUE, NEUCTBYIOIIEEHAa CBOOOIHYIO MOBEPXHOCTD KUAKOCTH, [1a;

p— TWIOTHOCTD JKHUAKOCTH, KI/M>;
g— YCKOpEeHHUe CBOOOIHOrO majaeHus,g= 9,81m/c?;

h— BBICOTA CTOJIOA KUIKOCTH, M/

[TonyueHHOE ypaBHEHUE HA3BIBAIOTOCHOBHBIM YpasHeHuem cuopocmamuxu. 11o
HEMY MO>KHO TIOCUMTATh JaBJICHUE B JIFOOON TOUKE MOKOSILIEHCS )KUIKOCTH. DTO
JABJICHUE, KaK BUIHO U3 YPaBHEHUS, CKIIQJbIBACTCS U3 JBYX BEJIMYUH: AaBICHUSAPoHA
BHEIIIHEN TOBEPXHOCTH KUJIKOCTH U JaBJIEHUS, O0yCIOBIEHHOTO BECOM
BBIIIEJIEKAITUX CIIOEB JKUJIKOCTH.

N3 OCHOBHOTO ypaBHEHUS THIPOCTATUKU BUIHO, YTO KaKylO Obl TOUKY B
o0BbeMe BCEro cocy/ia Mbl HE B3sJIU, Ha Hee Bcerja OyeT AeiicTBOBaTh JaBJICHUE,
MIPUJIOKEHHOE K BHELIHEN OBEPXHOCTU ). [[pyruMu ciioBaMu JaBIICHUE,
IPWIOKEHHOE K BHEIIHEN MTOBEPXHOCTH KUJIKOCTH, IIEPEIAETCA BCEM TOYKAM 3TOM
YKUJKOCTH T10 BCEM HAMPABIICHUSM OJUHAKOBO. JTO MOJIOKEHUE U3BECTHO MO
Ha3BaHWeM3akoHa llackans.

AOGCOIIIOTHOE JaBJIEHUE CKIIAABbIBACTCS U3 ABYX APYTUX: H30BITOUHOTO U
BHEIIIHETO (aTMOC(EPHOrO0):

P = Dusc TPsu  (2.3)

T7Iep.,;6— N30BITOYHOE JaBJIEHUE B pe3epByape, [la;
Pe— BHEIIHEE (aTMOChEpHOE) JaBiIeHUE B pe3epByape, [1a.

N30bITOUHOE TaBICHHUE ONPEACIIACTCS, KaK IPOU3BECHUE YICTLHOTO Beca Ha
BBICOTY CTOJIOA KHUIKOCTH:

Pusi= Yh= pgh(2.4)

7€ Y — yAenbHbIH Bec, H/M?;
13



p— IUIOTHOCTD JKUIKOCTH, KI/M>;
g— YCKOPEHHE CBOOOIHOTO maneHus,g= 9,81 m/c?;
h— BBICOTA CTOJIOA KUJKOCTH, M.

3axon Apxumeda.Teno, norpyxeHHoe (IOJHOCTHIO UM YaCTUYHO) B
XKHUJIKOCTb, UCTIBITBIBAECT CO CTOPOHBI KHUIKOCTH CYMMapHOE JaBJICHNUE,
HaIPaBIEHHOE CHU3Y BBEPX U PaBHOE BECY KHUIKOCTH B 00BEME MOTPYKEHHOHN YacTH

TCIIa.
P ="Pys=psgVaorp (2.5)

reVnop— 00bEM NOTPYKEHHOIO B KHUIKOCTD TENA, Mm>;

Px— TUIOTHOCTD KHUIAKOCTH, KI/M;
g— YCKOpEHHe cBOOOIHOTO maneHus, g = 9,81 m/c2.

IIpumep pernenus 3aga4m:

Bapuant 0

K BcacpIBaroliei CTOpoHe HWJIHHAPA MPUCOCTUHEH BOJISTHOM BaKyyMETp C
nokazaHuemMA(pucyHok 2.2). Onpeaenure pa3pekeHue Mol MOPUTHEM.

Jlano: Pemienue:
h=95 m B nanHOM 331241 HaM HY»KHO HAUTH Pa3peKEHUE MO
Ppas- ? MOPIITHEM, TIO-JIPYTOMY €0 MOXXHO Ha3BaTh W30BITOUHBIM

JaBJICHHEM, KOTOpoe HaifeM no popmyie (2.4)p.:—= pgh.

JKuzkocTs, HaxoasAmascs B IAIMHAPE 5TO BOJA,
TOT A

p = 1000 xr/m’, a g = 9,81 m/c?

Torna,

Puso= pgh=1000-9,81-95 =931950 ITa = 0,93 MIla
OTBeT: ppas= 0,93 MlIla

Pucynok 2.2 — Iununap

14



3ajanus QI NPAKTHYECKOH padoThI

3agaya Nel Onpegenute n30BITOYHOE JTABIICHUE BOIBI
B TpyO€ MO MoKa3zaHusAM OaTapeiHOro pTyTHOTO

MaHoMeTpa. OTMETKH YPOBHEU PTYTH IO OCH TPYOBI:
21,725,723, Za.

Pucynok 2.3 — batapelHblii pTyTHBIM
MaHOMETP, K 3aaue Nel.

3agaua Ne2.Onpenennte n30bITOUHOE AABICHUE B 3a00€ CKBAKMHBI TIIyOMHOM /1,
KOTOpast 3a110JIHEHA KUIAKOCTBIO ITIOTHOCTBIO .

3amauya Ne3.J/[Ba rOpM30OHTAIBHBIX IWJIMHIPUYECKUX TpyOonpoBoja A u B conepxar
COOTBETCTBEHHO MHHEPAILHOE MACJIO IIIOTHOCTHIO 900 KI/M>U BOJY IIOTHOCTEIO
1000 xr/m>. BBICOTBI )HIKOCTEHN, PEICTABICHHBIE HA PUCYHKE UMEIOT CJIETYIOIINE
3HaueHus: hy, hyy, hy. 3Has, 4TO THAPOCTaTHUECKOE 1aBIEHUE HA OCH TPYOOIpoBoaa
PaBHO p, OTIPEICIUTE JIaBJICHUE HA OCH
TpyOonpoBoza B.

PucyHok 2.4 —batapelHblii pTyTHBII
MaHOMETP, K 3a1aue No3

3agaua Ned.M30bITOUHOE JaBIEHKE BOJBI B OKEaHe Ha ITyOrHe/paBHO P.
Omnpenenure: MIOTHOCTH MOPCKOM BOJIBI HA 3TO riyOuHE.
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I[OIIO.]IHI/ITEJILHaﬂ 4acThb:

NoS. B 00bIYHBIX YCIIOBHUSAX YEJIOBEK MOJHUMAET 0€3 TpyJa CTAIbHYIO TUPI0 MacCOM

m . [Ipoananmm3upyite, KaKol MacChl CTATHHYO THPIO YEIOBEK MOXKET MOAHATEL 0€3

Tpy/ia 101 BOIOM, eciv Pg = 10° kr/M>, pem = 7,8°10° kr/m>?

Bapuanrtsl 3axanuii: Tabduauna 2

BapuaHT| 1 2 3 4 5 6 7 8 9 10
h, m 97 |81 84 98 93 91 91 92 97 99
Zi, M 1,77 11,94 1,78 | 1,8 1,87 [ 1,99 195 1,76 |1,94 |1,76
2, M 3,05 (3,12 3,26 [3,09 [3,0 3,14 3,19 [3,04 [3,14 3,23
Z3, M 1,66 1,59 1,68 |1.5 1,58 [1,62 [1,68 |1,7 1,56 | 1,56
Z4, M 2,63 12,69 (2,64 |26 2,61 [2,67 [2,7 2,51 2,66 |2,67
hy, M 0,28 10,29 10,3 0,3 0,29 10,3 0,27 10,3 0,29 10,3
hpr, M 0,48 1045 1044 041 |05 044 (042 10,45 (044 048
hs, M 0,96 10,96 1098 (0,99 1092 {094 (0,92 1093 091 [0,93
p,kr/m® | 10801950 [820 990 940 |1150 [810 |880 |950 |1150
p, MIIa | 0,55 0,56 [0,61 0,59 [0,64 [0,53 [0,62 |0,61 |0,59 |0,58
m, kr |[13,5]10,1 [11,7 |12,9 [10,8 |14,5 |[114 |13 132 [11,8
[TpopomxeHue TadauIb 2

papuanrt | 11 |12 13 14 15 16 17 18 19 20
h, m 88 |86 95 81 89 85 86 97 98 93
Z1, M 1,97 11,96 1,89 1,77 [1,87 [1,83 [194 | 1,82 [1,88 |1,97
Z23, M 3,18 13,04 |3,I18 3,09 |3,12 [3,17 [3,27 |3,11 [3,29 |3,02
Z3, M 1,59 11,65 | 1,68 [1,65 [1,59 |1,59 1,56 [1,67 |1,6 |1,69
Z4, M 2,58 12,64 2,58 2,57 [2,69 2,66 |2,56 2,56 |2,54 |2,67
hy, M 0,27 10,23 10,27 |0,25 0,28 |0,21 0,2 0,26 0,29 0,23
hpr, M 0,41 10,5 048 1048 1048 (044 (04 1048 |04 0,41
hs, M 0,94 10,99 10,92 10,99 1,0 0,96 10,99 10,9 0,9 0,95
p, kr/m® | 1100|1150 | 800 | 1080 |970 [980 |950 | 1200 | 800 | 1160
p, MIla | 0,54 | 0,5 0,53 10,57 (0,62 [0,69 |0,67 0,68 |0,59 |0,61
m,kr | 126(133 13,9 |11,1 |11,3 |13 13,6 | 142 10,6 |13,5

OT14éT 0 padoTe F0JIKEH coAepPKaATh

HasBanue u 11es16 paboThl, 3371aHUE (HOMEp BapuaHTa), MPAaBUILHO O(POpPMIICHHBIC

pemenus. [1o pesynbraram paboThl HECOOXOAMMO CIENIaTh BHIBOIBI.

KonTpoJsbHbIE BONPOCHI:

. HazoBure onpeneneHue ruipoCTaTUHYECKOTO JaBJICHUS?

. HazoBute cBolicTBa, KOTOPHIMHU 00J1a/Ia€T TUAPOCTATHIECKOE JaBIICHUE.

. Hanumure BBIBO/JI OCHOBHOT'O YPABHCHUSA THAPOCTATHKH.
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4. Pacckaxure CylmHOCTh 3akoHa ITackars.

hd

ChopmynupyitTe 3aKk0oH Apxumea.
6. HazoBuTe n3BecTHbIC BaM BUJIbI 1aBICHUIN?

IpakTnyeckast padora Ne3
Tema: Onpenenenue pexKUMOB JBHKECHUS KUIKOCTEN

Heab: O3HaKOMUTHCS C peKUMaMU ABUKEHUS )KUAKOCTU. HayuuThes onpenensith
PEKUM IBUKEHUS )KUIKOCTH B 3aBUCUMOCTH OT 33{aHHBIX YCIIOBUH.

Iopsaok BeINOTHEHUSI padOTHI:

[ToBTOpUTE TEOPETUUECKUE MOJTOKEHUS 10 TEME MPAKTUUECKOU PAOOTHI.
N3yuute npumep odopMIIeHUs 3a/1aHUS.

O3HaKOMHTECH C UHIUBHUIYaJIbHBIM 3aIaHUEM.

Pemnte mocraBieHHbIE 3a/1a4H.

CnenaiiTe BBIBOJIBI O TIPOJICTIaHHOM padoTe.

AU e

Odopmure oTyeT U OTBETHTE HA KOHTPOJIbHBIE BOIIPOCHI.
Teopernuyeckasi 4acThb

I'mpponumHamuka — pa3aesn ruapaBIvKA, B KOTOPOM U3YyYarOTCS 3aKOHBI
JIBUKEHHUS KUJKOCTU U €€ B3aUMOJICHCTBHUE C HEMOABUKHBIMU U TTOABUKHBIMU
MMOBEPXHOCTSIMH.

KuBbiM ceueHneM® (M*) Ha3bIBAIOT IUIOLIAb TONEPEYHOTO CEYEHUS MMOTOKA,
MEPICHANKYJISIPHYIO K HAIIPABICHUIO TCUCHHUS.

Hanpuwmep, )xuBoe ceuenue TpyOsl - KpyT (pucyHok 3.1, a); )KUBOe ceueHue KilanaHa -

KOJIBIIO C M3MEHSIOIIMMCS] BHYTPEHHUM JHaMeTpoM (pucyHok 3.1, 0).

_'.'Il

i_
7
57
A

=5 ¥uboe CeYeHUE

Pucynox 3.1 — J)KuBsie ceuenus: a - TpyObI, O — KJ1arana
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CwmouenHbll iepumeTp ¥, ("Xu'") — 4acTh IEpUMeETpa KUBOTO CEUCHUS, OTPAHUUYECHHOE
TBEPIBIMU CTEHKaMH (PUCYHOK 3.2, BBIJICJICH YTOJILEHHON JIMHUEH ).

CHOHEHBID NEpUMEMP

Pucynok 3.2 — CMOYEHHBIN IEPUMETP

JI1st kpyTiioi TpyObl
_on®_ Dy
p=mD &=
2 2 (3.1)
rne D—auametp TpyObI, M;

(—yTO0JI HAITOJIHCHHOCTHU KUJAKOCTHU B TPY6G, O.

Pacxon xuakocti J — 310 00beM JKUAKOCTH V), MPOTEKAIOIIEH 3a €AUHUILY
BpEMEHUIUEPES )KUBOE CEUYECHUE (.

ng, (1’fc, nHTpfMHE). (3.2)

rae V—o6bvem xunkoctu, M>;

[—BpeMsi, 32 KOTOPOE BBITEKAET KUIKOCTD, C.

Cpenuss CKOpOCTb IIOTOKA D— CKOPOCTh JABUKEHUS KUIKOCTH, OIPEIEAIOAICs
OTHOILIEHUEM Pacxo/ia KUAKOCTH (JK IUIOIAIH JKUBOTO CEUEHHS (U

u¢=%,mm

(3.3)
IToCcKOIBKY CKOPOCTD IBUYKEHUS PA3JIMYHBIX YACTHULL )KUJIKOCTU OTIAYAETCS
JIPyT OT JIpyra, IO3TOMY CKOPOCTh ABWKEHUS U YCPEAHSAETCS. B kpyrioii TpyoGe,

HanpHuMep, CKOPOCTh Ha OCH TPyObl MaKCUMaJIbHA, TOT/IA KaK y CTEHOK TPyObl OHAa paBHA HYJIIO.

['upaBInIecKuii paanyc MOToKa R — OTHOIIEHHE KUBOTO CEUEHUS K CMOYEHHOMY

MIEPUMETPY

R=2

, (ar)
(3.4

Teuenue KHUOAKOCTHU MOXKET OBITH HAIIOPHBIM U 663HaHOpHBIM.
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Hanopnoetedenue HabmrogaeTCs B 3aKpHITHIX pyciax 0e3 CBOOOHON MTOBEPXHOCTH.
Hamoproe TeueHue HaO01aeTcsl B TPYOOIPOBOaX C MOBBIICHHBIM (TTOHMKCHHBIM
JIaBJICHHUEM ).

besnanopnoe — Teuenne co cBOOOHON MTOBEPXHOCTHIO, KOTOPOE HAOJIIOIACTCS B
OTKPBITBHIX pyciiaX (PEKH, OTKPBITHIC KaHAJbI, JIOTKH | T.I1.). B maHHOM Kypce OyaeT
paccMaTpHUBaThCS TOJILKO HAIIOPHOE TEUCHUE.

— =

b
I
I
I
0,
I
I
I
I
i

=0 =const

Pucynok 3.3 — Tpy0a ¢ nepeMeHHbIM IUaMETPOM MPHU MOCTOSHHOM PACXO0JIe

N3 3akoHa COXpaHEHHUsI BEIIECTBA U OCTOSTHCTBA PACX0/a BHITCKACT
ypasHeHue HepaspvieHocmu TedeHu. [IpeacraBumM TpyOy ¢ IepeMEHHBIM KUBBIM
ceueHueM (pucyHok 3.3). Pacxox sxuakoctu yepes TpyOy B JIH000M €€ ceueHuu
MOCTOSIHEH, T.€.0;=0>= const, OTKyia

virwi1 =ww2(3.5)
Takum 00pa3om, eciii TeUeHHUE B TPYOE SBIISIETCS CIUIONTHBIM M HEPA3PBIBHBIM, TO
ypaBHEHHUE HEPA3PhIBHOCTU MPUMET BUJ:

[ o
J1 72 cotst

Yy W (3.6)
IJIEV|— CKOPOCTH KMIKOCTH B TIEPBOM CEUEHHH, M/C;
O —IIomaab ICpBOIo JXUBOI'O CCUCHMUA, M2;
Vy— CKOPOCTH KHMIKOCTH BO BTOPOM CEUECHHH, M/C;

W2—III0IIaab BTOPOI'O JKUBOI'O CCUCHMA, Mz.

YpaBHenue bepHy/In 1J1 U1€ATILHOM KUIKOCTH.

s AByX Mpon3BOIBHBIX ceueHUil | -1n2-2noToKa naeanbHOM )KUAKOCTH YPABHEHHE
bepnynnu (pucyHok 3.4) umeeT clneayrouuii BUI:

F oo B vl
Z+ 2+ L=z, +2 42 =H = const
PE <g PE g (3.7)
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Pucynok 3.4 — Cxema cTpyiKu uaeanbHON
KUJKOCTH

Tak xak ceueHus 1-1 u 2-2 B3STHI IIPOU3BOJIbHO, TO ITOJIYYCHHOC YPABHCHHNC MOKHO

neperMcaTb NHA4YC!:

UE

F
Z+—+—=H =const
Ppg Zg (3.8)

U IIPOYUTATH TaK: CyMMa TPEX YJICHOB ypaBHeHUs bepHyum i mo00ro cedeHus
ITOTOKA UICAJIbHOM KUJKOCTH €CTh BEJIMYMHA ITOCTOSTHHAS.

C sHepreTnyecKor TOYKH 3pEHUS KaXKIbli YJIEH YPABHEHUS IPEICTABISAET
co00ii onpe/eIeHHbIE BUJIbI SHEPTUU:
Z| ¥l Zy— YACIbHBIE YJHEPTUH IMOJOKEHUS, XapAKTEPU3YIOLIUE TOTEHIHAIBHYIO
SHEPruIo B ceueHusx 1-1 u 2-2;
AL5
g PE — yaeapHbIE DHEPTUM JABJICHUS, XapaKTEpU3YIOLIME TOTEHIUAIBHY IO

9HCPIr'uIO JABJICHUS B TEX KC CCUCHUAX,

] ]
1 1
T

2g 2g — YACIBbHBIC KNHCTUYCCKUC DHCPTHUHN B TCX K€ CCUCHUAX.

YpaBHenue bepHyium it peaabHON KUIKOCTH.
YpaBHenue bepHy/IM 1JI OTOKA PeaJbHOM )KUAKOCTH HECKOJIBKO
otinyaercs ot ypaBHenus (3.7). Jleso B TOM, 4TO NMPpHU JBWKEHUHU PeaibHOM BA3KOM
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KUJIKOCTU BO3HUKAIOT CHJIBI TPEHHS, HA TIPEOI0TICHIE KOTOPBIX YKUIKOCTh

3aTpayuBaeT FHEpruto. B pesynpraTe nosiHas yjaelibHasi SHEPIHsl )KUJIKOCTU B
ceyeHuun /- 10y et OoJIbllie MOTHON yIeIbHOU
HHEPTUU B CE€UEHUNZ2-2HAa BETUYUHY MMOTEPSIHHOU
SHEPruu. (PUCYHOK 3.5)

LAFSLAT.

7

Pucynok 3.5 — CxeMa noroka peanbHOU
KUJKOCTH

. 1-2
[ToTepsiHHAS HEPTHs UM MIOTEPSHHBIA HAOP 0003HAYAIOTCH *romll UMEIOT
TaK)K€ JJMHENHYIO PA3MEPHOCTb.
VYpaBuenue bepHynm 11t peadbHOM )KUIKOCTU OyJeT UMETh BU/L:

2 2
1 5 -
Z+ Lt L=z, + 4, —3+Ezjﬂi = =const
PE g Pg g (3.9)

Kpowme 3T0ro B ypaBHEHUH MOSIBUIIKCH €lle 1Ba KOAPPUIeHTa oiu 0o,
KOTOPbIE Ha3bIBAIOTCS K03 Puyuenmamu Kopuonuca v 3aBUCIT OT peKUMa TEUEHUS
KUIKOCTH (00 = 2 JJI JAMUHAPHOTO pexumMa, o = 1 ju1st TypOyJICHTHOTO pexuma).

1-2

[Totepsinnas BBICOTA Phom CKITABIBACTCS U3 JIMHEHHBIX NOTepPb, BbI3BAHHBIX
CHJION TPEHUSI MEXY CIOSAMHU KHUAKOCTH, U MOTEPh, BEI3BAHHBIX MECTHBIMH
CONPOTHBJIEHUSIMH (U3MEHEHUSIMU KOHPUTYypaIMu MOTOKA)

Boa=T s Moscem (3.10)

21



C nomompio ypaBHeHUss bepHymnu pemaeTcss OOJBIIMHCTBO — 3a/1a4
MPaKTUYECKON TUIPABIMKU. [ 3TOro BHIOMPAIOT J1Ba CEYEHHS IO JJIMHE MOTOKAa,
TaKUM 00pa3oM, 4TOOBI /IS OJTHOTO M3 HUX OBLTM M3BECTHHI BEWYUHEI P, p,g, a mis
JPYroro CE4YeHWs OJHA WJIM BEJIMYMHBI MOJJekanu onpenesneHuto. [lpu nByx
HEU3BECTHBIX JJII BTOPOTO CEUYEHHUs HCMOJb3YIOT YPAaBHEHHE IMOCTOSHCTBA pacxoa
KHUAKOCTU V1M1= V2M7.

[Ipu HabGmoneHuH 3a JABUKEHUEM SKHIKOCTH B TpyOax M KaHallaX, MOYKHO
3aMETUTbh, YTO B OJHOM CIIy4ae >KHJIKOCTh COXPaHSET OMpPEACICHHBIN CTPONH CBOUX
YacTull, a B JAPYrux - mnepemMemarTcs OeccuctemMHo. OIHAKO HCUEPIBIBAIOLINE
OTIBITHI 110 ATOMY BOIIPOCY ObLIM TIpoBeieHbI Pelinonbacom B 1883 r. Ha pucynke 3.6
M300paKeHa YCTAaHOBKA, aHAJIOTHYHAS TOW, HA KOTOpOH PeliHOMbIC MPOM3BOIMIT CBOU
OTIBITBHI.

Pucynok 3.6 — Cxema yctanoBku PeitHonbaca

YcraHoBKa COCTOMT W3 pe3epByapa A € BOJOW, OT KOTOPOrO OTXOJUT
CTeKJsiHHas Tpyb6a B c¢ kpanom C Ha KOHLE, M cocyna D ¢ BOJIHBIM pacTBOPOM
KpPacKu, KOTOpasi MOXKET IO TPyOKe BBOJUTHCS TOHKOW CTPYWKOW BHYTPb CTEKIISTHHON
TpyOBbI B.

Ilepsvuii cnyuaii dsudicenus scuokocmu. Ecim HEeMHOTO TPHOTKPBITH KpaH C u
JaTh BO3MOXKHOCTH BOJI€ MPOTEKaTh B TpyOe ¢ HEOOJBIION CKOPOCTHIO, a 3aTEM C
MOMOIIBI0 KpaHa E BIYCTUTh KPacKy B MOTOK BOJBI, TO YBUAUM, UTO BBEJCHHAS B
TpyOy Kpacka He OyneT mepeMenmBaThcsa ¢ MOTOKOM Boabl. CTpyiika Kpacku Oyzaer
OTYETJIMBO BUJIMMOM BJOJb BCEH CTEKISIHHOW TPYOBI, UTO YKa3bIBA€T HA CIOMCTHIN
XapakTep TEUCHMS JKUJKOCTH W Ha OTCYTCTBHE IepeMeluBaHus. Eciau mpu stowm,
ecu K TpyOe MOACOCIUHUTH Mbe30oMeTp wWiu TpyOky IIuTo, TO OHM MOKaXyT
HEU3MEHHOCTh JaBJIEHUSI W CKOPOCTH IO BpEeMEHHU. Takoil pexuM JIBUKEHUS
HA3bIBACTCS JIAMUHAPHBLUL.

Bmopoti cayuaii osuorcenus orcuokocmu. 1lpu TOCTENIEHHOM yBEIWYCHUU
CKOPOCTH TE€UE€HHsS BOABI B TpyOe mMyTeM OTKphITHUS KpaHa C KapTHHA TEUYEHUS
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BHA4YaJie HE MEHSETCS, HO 3aTEM MPU OMPEACICHHON CKOPOCTH TEUEHHSI HACTYMAET
obicTpoe ee wu3MeHenue. CTpyilka KpacKd IO BBIXOJAE€ U3 TPYOKM HayMHAET
K0JIe0aThCsl, 3aTE€M pPa3MbIBACTCS U TIEPEMEIIMBACTCS C IMOTOKOM BOJbI, MPHUYEM
CTaHOBSITCS 3aMETHBIMU BUXPEOOpa30BaHUS M BpalaTEIbHOE JBMKCHHE KUIKOCTH.
[1be30omeTp U TpyOKa [IuTo Mpu 3TOM MOKaXyT HENPEPHIBHBIC MYyJIbCAIMUA JABICHUS
U CKOPOCTH B MMOTOKE BO/IBI.

Takoe TeueHue Ha3bIBaCTCS mypoyaeHmuvim (PUCYHOK 3.6, BBEPXY).

Ecnu ymMeHbIIUTH CKOPOCTH MOTOKA, TO BOCCTAHOBUTCS JITAMUHAPHOE TECUCHHUE.

Wtak, snamunapnvlv Ha3bIBAETCS CIOUCTOE TEYEHUE O€3 NepeMellnBaHus
YacTHI] JKUJIKOCTU W 0€3 MyJbCcallii CKOPOCTH M nAaBienus. [lpu npamuHapHOM
TEUEHUM JKUJIKOCTH B TMPAMOM TpyO€ MOCTOSTHHOIO CEUEHHS BCE JIMHUM TOKa
HaIpaBJeHbl MapauiebHO OCH TPyObl, NPU 3TOM OTCYTCTBYIOT TIONEpEUYHbIC
MEPEMEILICHHS YACTUIL] ) KUIAKOCTH.

Typbynenmnvim Ha3bIBa€TCA TEUYEHHUE, COMPOBOXKAAIONIEECS HHTEHCHBHBIM
MEPEMEIINBAHUEM >KUAKOCTU C MyJbCALMSAMU CKOpocTel W naBieHuil. Hapsgy c
OCHOBHBIM TIPOJIOJBHBIM TEPEMEILICHUEM >KUAKOCTH HAOIIOIal0TCS TONMEpPEYHbIC
MEepEeMEILICHUsT W BpalllaTebHbIC ABUXKEHUSI OTACIBHBIX OOBEMOB JKHJIKOCTH.
[lepexoq OT JamMUHApPHOTO peXHUMa K TypOyJeHTHOMY HaOtolaercsa Mpu
OTPENICICHHOW CKOPOCTH JIBDKCHUS JKHJIKOCTH. JTa CKOPOCTh Ha3bIBAETCA
KPUMUYECKOU Vyy.

Kputepnii, KOTOpbIl ONpenenser pekuM ABUKEHHUS JKUIKOCTH, HA3bIBACTCS
Kpumudeckum yuciom Petinonvoca Rey, 1 onpenensieTcst CaeayonmM 00pa3om:

_ U,q_,.:;t‘
W (3.11)
1€ Vyp—KPUTHYECKAsi CKOPOCTh KUIKOCTH, M/C;

Ee

o

d-BHyTpeHHMI qUaMETp TPYOBI, MM;
V-KHHEMATUYECKast BA3KOCTh, M2/C;

(v —1IomaAb BTOPOTO JKUBOI'O CCUCHMS, M2.

Kak moxa3wiBaeT omeIT, Jjisi TpyO Kpyrjioro ceueHus Rey, mpuMepHO paBHO
2300.Takum o6pazom, KpuTepuii mogpooust PeitHobaca Mo3BOJISET CYyIUTh O PEXKUME
TEUEHUsI )KUJIKOCTHU B TpyOe.

IIpu Rey, TeueHne saBnsercs 1amuHapHbIM, a 1pu Re>Re,, TeueHue sBusercs
TypOyseHTHbIM. TouHee TOBOPsI, BIIOJIHE Pa3BUTOE TypOYyJICHTHOE TEUCHHE B TpyOax
ycTaHaBnuBaercs Juib npu Re nmpumepno pasHo 4000, a nmpu Re = 2300...4000
UMEEeT MECTO MEePEeX0/IHAs, KPUTUUYECKAsI 00JIaCTh.
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IIpumep pelneHnus 3aga4m:
Bapuant 0
VTOYHUTE PEKKUM TEUEHUS BOALI B TPyOONPOBOE AUAMETPOMA ; TIPH PACXOE
Q. KospduireHT KHHEMAaTHIECKOM BA3KOCTH V.

JlaHo:
CH: Pemienue:
Ee = M
d=150 mm = 0,15 m Bocnons3yemcs hopmymoit (3.11) % v
0= 95 n/c = 0,095 m’/c B JJaHHOU (popMyJie HaM HE U3BECTHA TOJILKO OJIHA
v=1.27 - 10° m%/c BEJIMYMHA — 3TO KPUTHYECKAsE CKOPOCTb.
Re— ? CKOpOCTh MOXKEM HAUTH ¢ TTOMOIIBI0 (GopMyJIsI (3.3)
Vg = % (i)

vep = 0,095/0,0176625 = 5,3786 m/c
Tenepb HyKHO HAWTH TJIOIIA]H TOTIEPEYHOTO CEUCHHUSI.
Tak Kak B 3aITaHAM CKa3aHO, YTO BOJIA IBIKETCS IO TPYOOIIPOBOIY, & MOMIEPEIHOE
cedeHne TpyoonpoBoa 9To Kpyr, Toraa:m; = nd;>/4 = 3,14-0,15%/4 = 0,0176625m?,
Re =v-d /v=5,3786-0,15/1,27-10° = 635197> 2300
CrnenoBatesibHO, PEXKUM JBUKECHUS TYpOYICHTHBIN

OTBeT: peXuM JIBIKEHUST TypOyseHTHbIH, Re = 635197

Ipumeuanue: oanuyio 3a0a4y ModACHO peuums Opyeum CnocoOoOM, nymem
NOOCMAHOBKU 8CeX (POPMYIL 8 UCXOOHYIO (POPMYILY.

3ajanns 11 NPAKTHYECKOUH PadoThI
OcHoBHasl 4acTh:
3apaua Nel.Tpy0a, mo KOTOpOi TeueT Bo/Ia, UMEET NMEPEMEHHOE CEUCHHE.
OrnpenenuTe CKOPOCTh BO BTOPOM CEYEHUH, €CIIU CKOPOCTh B MEPBOM CeUYeHUU Vi, d,

do.
3anaya Ne2.[To moJHOCTBIO 3aM0JTHEHHOMY TPYOOIPOBOY NMEpEKAUMBACTCS

KHUJKOCTh CO CKOPOCTHIO V1. Onpenennure pacxo )Kuakocta Q, eciu
TUAPABIMYECKUMN paauyc R.

24



3anauya Ne3.Onpenenure JaBiaeHUe P B CEUEHUH 1-1 ropu30HTAIBHO
PAacIoNIOKEHHOTO COoIIa TUIPOMOHUTOPA, HEOOXOAUMOE IS
LL NPUJIAaHUST CKOPOCTH BOJIE B BBIXOJTHOM CEUCHHH 2-2, V2, €CIH

ﬂ |
:,.;,g\f , = CKOpOCTb ABHUKCHUA BOJALI B CCUCHUU I-1- Vi.
1

; |

Pucynox 3.7 — Coruio ruipOMOHUTOPA,
K 3agaye No3

I

3apaua Ned.l3 nanopHoro 6aka Bojia T€UET 1o TpyOe nuameTpom d;, ¥ 3aTeM
BBITEKAET B aTMOC(epy Yepe3 HACaIKu C JUaMeTPOM

' I | | |l | | BbIXOIHOro oTBepcTUs dp. I30BITOUHOE NaBIEHUE BO3AyXa B
’ “ | 6ake po; BeicoTa H. [IpeneOperas moTepsMu SHEPTUH,
; *l | OTIPEICITUTE CKOPOCTH TECUCHUS BOJIBI B TPYOE Vi1 Ha BBIXOJC

I l I ! “ M3 HACaJIKHU.

\L -
1B

=
W Pucynok 3.8 — Hanopnsiii 0ak,

K 3agaue Ned

3agaua NeS.Onpenenure uncio PeliHobACA U PEXKUM IBUKEHUS BOJIbI B
BOJIONIPOBOIHOM TpyOe nuameTrpomd;, eciau pacxon Q. Koaddunuent
KMHEMATHUCCKOM BSI3KOCTH JIJISL BOJIBI V.

JlonoIHUTEILHAS YaCTh:

Ne6.ITpoananuzupyiite, Kak u3MeHsAETCS YUCIO PeliHobaCca py nepexoae
TpyOOIIPOBOJa OT MEHBILIETO AUAMETPa K O0JIbIIEMY NPU COXPaHEHUU MOCTOSIHHOTO
pacxona?

BapuaHTsl 3a1aHu:

Bapuanr | 1 2 3 4 5 6 7 8 9 10

V1, M/C 0,06 0,08 0,07] 0,08 0,05 0,09] 0,07 0,08 0,09 0,08

V2, M/C 12 13 19 12 19 18 13 17 18 11
di, MM 200 150, 150] 200| 150] 150 150] 200| 200, 150
dy, MM 100] 50 100/ 100] 100] 50 50 50 100] 50
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Al e

R, m 0,019 0,019 0,013 0,01§ 0,017 0,019 0,01¢ 0,015 0,014 0,02

po, MIIa | 0,07 0,1 | 0,06/ 0,07 0,09 0,05/ 0,08 0,06 0,06/ 0,07

H, m 0,9 0,5 09 05 0,7] 08| 0,7 0,5 0,5/ 0,9

Q, 1/c 80 88 98 95 100] 90 97 79 82 95

v,M¥/c* | 1,32 | 1,25 1,39 1,41 1,25 1,33] 14| 1,26 1,36|] 1,43
10°°

POJIOIKEHUE TAOTHUITHI 3

Bapuanr | 11 12 13 14 15 16 17 18 19 20

vy, M/C 0,05, 0,07 0,07, 0,05 0,07 0,07/ 0,06/ 0,06/ 0,06 0,06
V2, M/C 18 13 10 17 18 16 10 11 12 14
di;, MM 200/ 150 200| 150f 150, 150 150| 200| 200| 150
dy, MM 100) 50 100/ 100| 100 50 50 50 100] 50
R, M 0,01§ 0,013 0,017 0,02 0,019 0,014 0,019 0,017 0,017 0,015
po, MIIa | 0,07 0,06/ 0,09 0,1 0,1 0,09] 0,05 0,1 0,09 0,1
H, M 0,5 0,6 1 0,6/ 0,7 1 1 09 0,5 0,6
Q, n/c 79 82 81 82 93 99 90 95 97 79
v, M*/c * 1,29 1,25, 1,25/ 1,32 1,29 1,31} 1,3| 1,31|1,3 1,26
10

OT14éT 0 paboTe HOJKEH cOIepPKATh
Ha3Banue u 11es16 paboThl, 337jaHUE (HOMEp BapuaHTa), MPaBUILHO O(POpMIICHHBIE
pemrenus. [1o pesynpraTam paboThl HEOOXOIUMO CHIENIaTh BHIBOJBI.

KoHTposbHbIE BONIPOCHI:

HazoBute, 4TO SABISIETCA )KUBBIM CEUEHUEM MOTOKA, OKAKUTE HA PUCYHKE?
Pacckaxure, 4TO SIBJISIETCSI CMOYEHHBIM IEPUMETPOM CEUEHUSA?
OxapakTepu3yiTe HaoOpHOE U OE3HAMIOPHOE TEUECHUE KUIKOCTH.
Hanummre ypaBHEHNHE HEPA3PBHIBHOCTH MOTOKA.

Hanumure ypaBHenue bepHysum it peaabHOM U u1eanbHOM XUaKoCcTH. OObsICHUTE
B UEM UX OTJIM4YuE?

Pacckaxure, Kakue €CTh Clydyau ABUKECHUS KUAKOCTH, U C TOMOIIBIO KAaKOTO
KpUTEpHUsI OHH ONIPEIECISAIOTCS ?

IIpakTnueckas padora Ned.
Tema: Pacuer mpocToro TpyOorpoBoja

IHeab: O3HAKOMUTBCS C AIIEMEHTaMH pacyera MPOCToro TpyoomnpoBoia B
3aBUCUMOCTH OT 3aJIaHHBIX YCIIOBHA. HayduThCsl OCYIECTBIIAT pacyer.
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IHopsinok BbIMOJIHEHNsI padOThI:

[ToBTOpUTE TEOPETUUECKHE TTOTOKEHHUS IO TEME TPAKTUICCKON pabOTHI.
N3yuute npumep opopMIIeHUS 3a/1aHUS.

O3HaKOMHTECH C UHAUBHIYaJIbHBIM 3a1aHUEM.

Pemnte nmoctaBieHHbIE 3a/1a4U.

CnenaiiTe BBIBOJIBI O IIPOJICIaHHOM padoTe.

A

OdopmuTe OTYET M OTBETHTE Ha KOHTPOJILHBIE BOTIPOCHI.

Teopernvyeckas 4acTb

[Ipu pacuerax HamOpHBIX TPyOONMPOBOJOB OCHOBHOM 3ajaueil sBIsAETCS JIMOO
oIpeJiesieHre MPOMYCKHOM cmocoOHOCTH (pacxoaa), 1100 NOoTepy HANopa Ha TOM WU
MHOM YYacTKe, paBHO KaKk W Ha Bced JUIMHE, TuOO0 auaMerpa TpyOoIlpoBojaa Ha
3aJIaHHBIX PACX0JI€ U MOTEPSAX Haropa.

YuuThiBas TUAPABIMYECKYIO CXEMYy pabOThl JIMHHBIX TPYOONpPOBOAOB, UX
MOXHO Pa3eIUTh TAK)KE Ha MPOCTHIC U CII0KHBIE.

Ilpocmbivu Ha3BIBAIOTCA TOCIEIOBATEIBHO COCIMHEHHBIE TPYOOIPOBOIbI
OJIHOTO WJIM PA3JIMYHbIX CEYEHUMN, HE UMEIOIMX HUKAKUX OTBETBIICHUIA.

K cnooicnoim  TpyOOmIpoBOAaM OTHOCSTCS CHCTEMBI TPyO C OJHHUM WIIH
HECKOJIbKUMH OTBETBJICHUSIMU, TApAJJICIbHBIMA BETBSIMU U T.J.

Kungkocte o TpyOONpOBOJY IBUMKETCA Oyiarojaps TOMY, YTO €€ IOJHas
sHeprus (MoHas yJeiabHas YHEpTHs) B Hadyayie TpyOompoBoaa O0Jibiiie, 4YeM B KOHIIE.
OTO MOXET CO3/1aBaThCsi HECKOJBKHUMH CIOocoOaMu: paboTOM Hacoca, Pa3HOCTHIO
YPOBHEM KUIKOCTH, JABIICHUEM ra3a.

[Ipu pacuere TpyOOMpoBOJAa MPUHUMAETCA PSIA JOMYUIEHUM, OCHOBHBIMHU U3
KOTOPBIX SBJISIIOTCS CJIEAYIOIIUE:

. paboyast )KUAKOCTh CUUTAETCS] HECKUMAEMOM;

. TeMIlepaTypa >KUJIKOCTH, OCHOBHBIC (PU3UUYECKHE CBOMCTBA KUIKOCTH
(TJIOTHOCTH, BSI3KOCTh, MOJYJIb OOBEMHOM YIPYrocTH W Jp.) NPUHUMAIOTCS

MMOCTOSIHHBIMU;
. paccMaTpUBaeTCsl yCTAHOBUBILIEECS IBUKEHUE )KUIKOCTH;
. KO2(PULIMEHTHI TUAPABINYECKUX COMTPOTUBICHUN MOCTOSIHHBIL;
. pa3phiBa MOTOKA KUJIKOCTHA HE IPOUCXOIUT.

PaccmoTpriM  mpocTOii  TpyOONpPOBOJ IOCTOSHHOTO CEUYCHHUS, KOTOPBIi
PacIoIokKEH MPOU3BOJIBHO B MpOCTpaHCTBE (PUCYHOK 4.1), umeeT oOuryto JivH / 1
TUaMeTp d, a TaKXKe COICPKUT PSIJI MECTHBIX CONPOTHUBJICHHUN (BEHTUIb, (PUIBTP H
oOpaTHBII KianaH). B HavdaibHOM cedeHWM TpyOompoBojga [/-/ TeoMeTpudecKas
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BBICOTA paBHA z; U HM30BITOYHOE JaBJICHHME P;, a B KOHCYHOM CEUCHHH 2-2 —
COOTBETCTBEHHO 2z W P, CKOpOCTh MOTOKa B O3THUX CEYEHUSIX BCIEICTBUE
IIOCTOSTHCTBA IMaMETpa TPyObl OJJMHAKOBA 1 PaBHA V.

ol

Pucynok 4.1 — Cxema mpocToro Tpy0omnpoBoja

3anuniem ypaBHeHue bepHyiu it cedenuid /-1 u 2-2. IToCKOIbKY CKOPOCTh
B 000MX CEUCHHSAX OJMHAKOBA M 0,;= Oy, TO CKOPOCTHOM HAIIOP MOXKHO HE YUHUTHIBATb.

[Ipu sTOM MOJTYyYUM

zl+i:zg+i+2£z i:zj—zl+£+z:ﬂg
FE FE U FE FE

[Ipe30MeTpUYECKYIO BBICOTY, CTOSIIIYIO B JIEBOW YaCTH YPaBHEHHUS, Ha30BEM
nompeonvim Hanopom H,omp.

Ecnu ke 3Ta mpe3oMeTpuueckas BbICOTa 3a7aHa, TO €€ Ha3bIBaIOT
pacnoaazaemvim Hanopom H,c,. Takoil Hanmop ckiIaabIBaeTCs U3 reOMETPUUECKOM
BBICOTHI H 5y, HA KOTOPYIO MOJHUMAETCS )KUAKOCTh, TbE€30METPUUYECKON BBICOTHI B
KOHILIE TPyOONpoBOAa U CYMMBI BCEX MOTEPh HAanopa B TpyOOIpoBOJIE.

HazoBeM cyMMy MepBbIX ABYX CIIAra€MbIX CramuidecKum Hanopom, KOTOPbIA
MPEACTABUM KaK HEKOTOPYIO SKBUBAJIICHTHYIO TEOMETPUUECKYIO BBICOTY

H, =tz+2
rg (4.1)

a TIOCJIe/IHEE cllaraeMoe X/ — Kak CTeNeHHYI0 (PYHKIIUIO pacxoja
rie Az — pa3HHIIA TCOMETPUUECKUX BBICOT, M;

P2 — U30BITOYHOE JaBJICHHE Ha BIXoje, [1a;

p — IJIOTHOCTh KMIKOCTH, KI/M°;

g — YCKOpPEHHE CBOOOIHOrO najaeHus, g = 9,81m/c?.
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Torna,
Hnomp Hcm+ KQm (42)

rae K — Benmu4nHa, Ha3pIBaeMasi COIPOTUBIIEHUEM TPYOONPOBO/a;

O — pacxoJ )KUJIKOCTH;

m — TOKa3aTeNb CTEIEHH, KOTOPhIA UMEET pa3Hble 3HAUCHUS B 3aBUCUMOCTH OT
pexruMa TCUCHHUS.

I[JDI JJAMHMHAPHOI'O TCUCHU IIPHU 3aMCHC MCCTHBIX COHpOTI/IBJIeHI/Iﬁ
9KBUBAJICHTHBIMHA OJIMHAMU COIIPOTHBIICHUC pr6onp0130z1a paBHO

= % H m=1
ngd (4.3)
1€ Lyueq — pacueTHas JuMHa TPYOOnpoBoaa, [yacy = [ + loke, M;
V — KHHEMaTUuecKas BSI3KOCTb KUIAKOCTU, M%/c;
d — nuameTp TpyOONpoBOJa, M;

g — YCKOpEHHUE CBOOOHOTO MajeHus, g = 9,81m/c?.

UuceHHble 3HAUCHHUS SKBUBAJICHTHBIX JUIUH Ly 1T PA3JIMUHBIX MECTHBIX
COTNIPOTHUBRJICHUH OOBIYHO HAXOJIAT OIBITHBIM ITyTEM.

s TypOyneHTHOrO TeUeHUs, UCTIONb3ys popmyny Beticbaxa-Jlapcu, u
BBIpakasi B HEM CKOPOCTh Yepe3 pacxo/l, MojiydaeM

[ZQHL ngrfd e (4.4)

rie { — KodPUIIMEHT MECTHBIX COTPOTUBIICHUM;
A — koadpunment Hapcu, kodhPUITUEHT TUAPABINIECKOTO COMPOTUBIICHHUS.

[To aTM GopMyTaM MOKHO MMOCTPOUTH KPUBYIO TOTPEOHOTO HAMOpa B
3aBUCHUMOCTH OT pacxoja. Yem Oodbiie pacxon 0, KOTOPbI HEOOXOIUMO
o0ecreuuTh B TPyOONpoBOIe, TeM 0oJibiiie TpeOyeTcsi TOTPEOHBINH HATIOP H .

[Ipu maMuHApHOM TEYEHHH 3Ta KpUBask M300pa)kaeTcsl MPSIMOM TMHUEH
(puc.4.2, a), npu TypOyJIEeHTHOM — TapaboJIoi C MoKa3aTeIeM CTEIIEHH PaBHOM JIByM
(puc.4.2, 0).
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Pucynok 4.2 — 3aBUCHMOCTH MOTPEOHBIX HAMIOPOB OT PacXoja KUIKOCTU B
TpyOOIIpOBOIE

KpyTuzna KpuBbIX TOTPEOHOrO Hamopa 3aBUCHUT OT CONPOTHUBJICHUS
TpyOomnpoBoga K 1 BO3pacTaeT C YBEIUYECHHEM JUJIMHBI TpyOOmpoBOJa U
YMEHBIIICHUEM JHaMEeTpa, a TakKe C YBEJIMYEHHEM MECTHBIX THUIPaBIMYECKUX
COIPOTHUBIICHUU.

Benmnuuna cratudeckoro Hamopa H., TONOXUTEIbHA B TOM CiIydae, KOTIa
KUJKOCTh JBUKETCS BBEPX WM B TMOJOCTb C TOBBIINICHHBIM JaBJICHUEM, H
OTpHIIaTeIbHA MTPU OMYCKAHWUU KUIKOCTH WIIH ABUKCHUH B IOJOCTH C MMOHMKCHHBIM
JTABJICHUEM.

Touka mepeceueHus KpUBOM MOTpeOHOro Hamopa ¢ Oochio abcuuce (Toukad)
OTpeeIsIET PacXo MPH JABMKCHUH JKHIKOCTH caMOTeKoM. [loTpeOHBIM Hamop B
ATOM CITy4ae paBeH HYJIIO.

NHorma BMeCTO KpHMBBIX TIOTpEOHOTO Hamopa yaoO0HEe TOJIb30BaThC
XapaKkTepUCTUKaMH TPyOOTIpOBOIa.

Xapaxkmepucmuxoti mpy60onpo8ooa Ha3bIBACTCS 3aBUCUMOCTh CYMMAapHOMN
MOTEpH Hamopa (WJId JaBJICHHs) B TPYOOIPOBOJIE OT Pacxo/ia:

yh=flg) (4.5)

IIpumep pewieHus 3aga4m:
Bapuant 0
Omnpenenure nepenan BBICOT B BOJAOIIPOBOJIE, €CIIM CTATUYECKHI HAIOP paBeH
Benu4uHe [, a 1aBieHre Ha BbIXOJE PaBHO aTMOC(HEPHOMY.

Hano: [IpuBenem ucxoiHbIe JaHHBIE 3a/1aun K cucteme CU:
H=14200 mm =14,2Mm

Parv= 1-10° Tla

Az -7
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Pentenue:
5

JIns peleHns JaHHOM 33129 BOCIOIb3yeMcs hopmymoi (4.1): ™ P

Otcrozia BeIpa3uMm mepenaj BbICOT, M HaiIeM OTBET:
Az=H —Pu/pg=14,2-1-10°/(1000-9,81) =4,006 m
OtBet: Az= 4,006 M.

3ajanus IS NPAKTHYECKOH padoThI
OcHOBHasl YaCTh:
3agaua Nel.Ha pucyHke rmokasaH BCachIBaIOLUi TPyOONpOBO
ruapocuctemsl. Jlinna tpydonpoBojaa £, auametp d, pacxos sxuakoctu Q,
a0COJIFOTHOE JaBJIEHUE BO3AyXa B 0aukKe po, BbicOTa H, MIIOTHOCTDH KUAKOCTH .
OnpenenuTh aOCOTIOTHOE AaBJICHUE MEPE]] BXOIOM B

HacocC IMpHU TeMIieparype paboueit KUJKOCTH
t=25°C (v=0,2-10-4 m%/c).
Onpenenure Kak U3MEHUTCSI KICKOMOE JIaBJICHUE B

3UMHEE BpeMsi, KOT'/1a MPU STOM e Pacxojie
TeMIiepaTypa KUAKOCTH yrnajeT a0 -35°C (v=10-10-4
M2/¢).

Pucynok 4.3 —tpy00IpoBOJl THAPOCUCTEMBI,

K 3agaye Nel
3agaua Ne2. Onpenenure IEMCTBYIOLINN HATIOP, €CIU PACXO UCTEUCHUS KUIKOCTH
coctaBmi Q, ipu anuHe TpyoonpoBoaa £, u tuamerpy TpyOb! d. Kunematuueckas
BSI3KOCTh BOJIBI B TPYOOIPOBO/IE V.

Pucynok 4.4 —tpy6onpoBo, k 3agaue Ne2

£

r

L e b
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3amauya Ne3. Onpenenure IeUCTBYIOLUIUNA HAMOP, €CIU PACXO]] UCTEUEHUS KUIKOCTH
coctaBui Q, npu anuHe Tpyodonposoa £, u nuamerpy Tpyosl d. Kunematnueckas

P
- ! BSI3KOCTH BOJIBI B TPYOOIPOBOJIE V.

[ ‘-].2
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i
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|
|

ha
I

Pucynox 4.5 — tpy6ompoBo, k 3amayde Ne3

O P r e s s s re s e rerrrrrrs (2
I[OHOJIHI’ITeJIbHaﬂ 4acCTb:

3anaua Ned.lIpoananu3upyiiTe Kak U3MEHUTCS CTATUYECKUI HAMOp B TpyOOIpoOBOIE
0 KOTOPOMY JIBUXKETCSI BOJIA, €CJIM Mepenaj] BEICOT AZ YMEHBIIUTHCS, a JIaBJICHUE Ha
BBIXOJIE YBEJIMUUTCS B ATO K€ YUCIIO pa3?

BapuaHnTtbl 3a1aHuii:

BapuaHr | | 2 3 4 5 6 7 8 9 10
Z, MM 9100 5700 9800 9400, 7100] 9100 4300 4500 1700] 470
d, MM 50 100 150 200, 200[ 100| 100] 200 50 | 15C

H, mm 1240( 1500¢ 1700¢ 1230¢ 1490¢ 1920(¢ 1940¢ 1360¢ 1320(¢ 122(
Q, 1/c 88| 13,1 12,7] 10,6] 95| 12,2 14 143, 9,1 | 12
po, Kl1a 120 110 130 110| 110| 100{ 120| 110| 110| 11C
p, Kr/Mm? 800 890 880| 840 910] 840 890| 820| 820| 99C
v, M*/c *| 0,51 0,25/ 1,05/ 0,25 0,95 0,41 0,97, 0,97 1,35 0,6]
10

[Tpomomxenue TadauIIbI 4

BapuanT| 11 12 13 14 15 16 17 18 19 20

Z, MM 3600 2500[ 4700 7300 3400 6300 4100 5600 9500/ 590

d, Mmm 50 100 150] 200 200] 200 150] 100] 100| 50

H, mm 17400 1430(¢ 1220( 1120( 1120¢ 1190( 1680¢ 1570( 1690( 181(

Q, n/c 15,3 10 12 11,3 13,2 9 12 8,9 8,9 | 14,1

Po, Kla 130 100] 110 130, 100 100 100 130 100| 12C

p,kr/M* | 900 880 990, 880| 860| 930 910 870 810| 80C

v, M¥Y/c*| 0,33] 0,43]0,67 0,27/ 0,94, 1,05 0,56| 1,14] 0,73]0,46
10

OT14éT 0 paboTe T0J5KEH COAEPKATH HA3BAHUE U 11€JIb pa0OThI, 3aaHue (HOMEP
BapuaHTa), MPaBWJIbHO opopMiieHHBIE perieHus. [1o pesyiapTaTam paboTh
HEOOXOIMMO CIIENIATh BHIBOIGI.
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KoHTposbHBIE BONIPOCHI:

HazoBute, kakue ObIBAIOT TPYOOIPOBOABI, B YEM MX OTJIHUHE?

HazoBute kakue JOMyIIeHUs TPUHUMAIOTCS MPU pacdyeTe TpyOOompoBoI0B?
OxapakTepuzyiTe NOTpeOHBIN, pacnoiaraéMblii U CTATUHYECKUM HATIOPHI.
[TocTpoiiTe rpaduKu 3aBHCUMOCTH ITOTPEOHBIX HAIIOPOB OT Pacx0/1a KUIKOCTH B
TpyOOIPOBOJE.

IIpakTuuyeckasi padora NeS.
Tema: VcnbiTanue 11eHTpoOEKHOTO Hacoca.

I.[e.m;: O3HaKOMHUTHCS C OCHOBHBIMU mapaMeTpaMu U XapaKTCPUCTHUKAMH HACOCOB,
HAaY4YUTHCA UX OIIPCACIIATD.

ITopsiaok BBINIOJIHEHUS PA0OTHI:

[ToBTOpPHUTE TEOPETUUECKUE MOJOKEHUS 110 TEME MPAKTUISCKOU PaOOTHI.
N3yuute npumep ohopMIICHHS 3a0aHHUs.

O3HaKOMUTECH C UHAUBUIYAJIBHBIM 3aJaHUEM.

PemuTe nmocraBiieHHBIE 3a/1aUH.

CrnenaiiTe BBIBOJIBI O IPOJICTIAHHON padoTe.

OdopMmure oTyeT U OTBETHTE HA KOHTPOJIBHBIC BOIIPOCHI.

Teopernueckasi 4acTb

Hacocom Ha3bpiBaeTcsi THApABIMYECKas MalllMHA, B KOTOPOM MPOUCXOIUT
npeoOpa3oBaHWE MEXaHMYECKOW paboThl B DHEPIUI0 MOTOKAa  KUIKOCTH,
IIPEIHA3HAYEHHYIO IS TOAbEMA, HArHETAaHUS U NIEPEMEILECHUS )KUKOCTH.

Hacocsl knaccuuuupyroTcst 1o NpUHIUIY UX ACHCTBUS:

. TUHaAMHYECKHEe — paboTal0T MO MPUHIIUITY CUJIOBOTO BO3/IEUCTBUS HA IIEpeMELIaeMy0
cpeny:

. JIOTIACTHBIE HACOCHI — LICHTPOOEIKHBIE, paJIuaIbHbIE U OCEBBIE;

. HACOChI TPEHUS — CTPYMHBIE, BUXPEBBIE U JUCKOBBIE.
00BbeMHBIE — pabOTaIOT [0 NPUHIIUITY BHITECHEHUS KUAKOCTH:

o TIOPUIHEBBIE HACOCHI;

. POTOpHBIE.
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OcHOBHBIE TEXHHYECKHE XapPpaKTCPUCTUKH HGHTpOﬁe)KHOI‘O Hacoca:

1. Momaua — 5T0 00BEM IEPEKAYMBAEMON B €IUHHUIYY BPEMEHH XHMAKOCTH, Q[M>/u],
[1/c].

2. IlonHb1i Hanop:

o AJIs1 TOPU30HTAJIBHOT'O HACOoCa:
2 2
1% 14
H=H;— H,+2%-= (5.1)
29 29

rie Hgq— ruapocraTMdeckoe MaBICHHE Ha BBIXOJC W3 Hacoca, H3MEpSIeMOe Y
BBIXOJTHOTO NaTpyOKa U OTHECEHHOE K OCH Bajla Hacoca, M;

Hy— ruapocratndeckoe gaBiaeHUE HAa BXOJIE, H3MEPSAEMOE Y BXOJIHOr0 maTpyoOka
1 OTHECEHHOE TaK)Xe K OCH Bajla Hacoca, M;

V4~ CKOPOCTh JKHJIKOCTH Ha BBIXOJIC M3 HAcoca, M3MEPSIEMOC Y BBIXOIHOTO
narpyoka, M/c;

Vs— CKOPOCTh JKMJIKOCTH Ha BXOJI€, M/C;

g— yCKOpEHne cBOOOAHOTO maaenus, g= 9,81 m/c?.

. JUUISl BEPTUKAJIBLHOTO Hacoca:

2
H = Hq + H, +Z—Z (5.2)

rae Hq— rugpocratnyeckoe AaBieHHE HA BBIXOJE M3 HACOCA, OTHECEHHOE K
OCH HAIIOPHOTO KOJICHA, M;

H; — reomeTpudeckas BbICOTa BCachIBaHUS (PacCTOSHUE OT YPOBHS KHUIKOCTH
JI0 TICHTpa pabodero Kojeca), M;

V4 — CKOPOCTb KHUAKOCTH Ha BBIXOJI€ U3 HacOca, M/C;

g — YCKOpEHHUE CBOOOIHOTO majeHus, g = 9,81, m/c?.

3. Koadduiment mnone3Horo JeWCTBUST — O3TO CTENEHb TUIPABIWYECKOTrO U
MEXaHUYECKOTO COBEPIIEHCTBA Hacoca onpeaensiercs 3Hauennem KII/I.

[Tomnemi KIIJI Hacoca:
moJie3Hast MOLHOCTh Hacoca _ pQH

MOILIOCTb Ha BaJjy 75-103N’
IJie p — IIOTHOCTB KMJKOCTH, KI/M;
Q- nonaua, m>/c;
H — nonneiit Hamop, M;
N-— MOmIHOCTB, TTOJIBEICHHAS K Bally Hacoca, BT.

4. XapakTepUCTUKH — 3TO 3aBUCHUMOCTH HAmopa OT MOJAaud MPHU MOCTOSHHOM YHCIIE

000pOTOB.
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Q n, H n? N; _ n}
3aKOHBI OJOOUS:— = —; —= = —=; — = —;
Q2 ny Hp n; N, n;

ren;— IepBOHAYAILHOE YHCIO 000POTOB, 00/MUH;

n,— KOHEYHOE YHCII0 000pPOTOB, 00/MUH,;

Q;— mepBOHaYaIbHAas I0Ja4a KUAKOCTH IIPH Ha9albHOM YuCiie 000pOTOB, M>/C;
Q,— KOHEYHas 01a4a X IIPU KOHYEHOM 4HCIIe 000pOTOB, M>/c;

H,— nepBoHaYaIbHBIN HAMIOP KUAKOCTH TIPU N, M;

H,— KOHEYHBII1 HAMOP KUAKOCTU IPU KOHYEHOM YHucje 000pOTOB, M;

N,|— nepBoHavYaIbHAS MOIIHOCTH MPH 1y, BT;

N,— KOHEYHAasi MOIITHOCTh TPU KOHYEHOM 4HcIie 000poTOB, BT.

5. KoaddunmeHT 6p1cTpOXOTHOCTH:
_3,65/Q
s = 3
H%
3/
rae Q-momaya KUAKOCTH, M°/C;
H — manop xuakoctu, m.
6. KaBuTanmonsuslii 3amac — 3TO Pa3HOCTh CTAaTUYECKOTO JaBJICHHUS Ha

BCAaCbhIBAHHUC HACOCA U YIIPYT'OCTH HACBIIICHHEBIX IIaPOB.

IIpumep pelnenus 3a1a4m:

Bapuant 0

OrnpenenuTe reoMeTPUYECKYI0 BBICOTY BCACBIBaHHUS IICHTPOOEIKHOTO HAcocCa, €CIIH
ero nojada Q, AMamMeTp BcachIBaloIIero Tpyoomnposojaa d;, a cyMMa IoTeph Haropa
BO BcachIBaoIieM TpyoorpoBoae Xhyer, a TOMyCcTUMAasl BaKyyMMETpPUYECKasl BHICOTA
BcachIiBaHUA Hacoca Hiay

Hano:ITpuBenemM ncxoaubie nanHblie 3aaa4u k cucreme CHU:
Q =62 1/c = 0,062 m*/c
d;=100Mm=0,1 m

>hyer= 1,2 M
Hpom= 6,3 M
H—?
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Pemenne:
['eomeTpudeckasi BLICOTa BCAChIBaHMS OnpeieseTcs mo hopmye:

2
— Vs
HS_ HBaK - 5 - Z hHOT.
J_Iﬂﬂ TOTO, yTOOBI HAUTH IrCOMCTPHUUICCKYIO BBICOTY BCACBIBAHHWA HACOCA, HAM

HY>KHO OIPEJICIIUTh CKOPOCTh KUIKOCTH BO BCACHIBAIOIIIEM TPYyOONPOBOIE, CKOPOCTh
MBI OyJIeM HaXOJUTh U3 YpaBHEHHUS pacxoja:

Vv, = —
5w
Torma, Tak KaK miIomaab TpyooIpoBoa, 3TO ILIOIIAAb IOIIEPEYHOTO CCUCHUS, T.C.
d?
Kpyra: w = 7 .
CraenoBaTteibHO,
_4Q _ 40,062

=79 M/c

Us = T7az 314012
TOFI[a, TCOMCTPHUUCCKAasd BbICOTA BCAChIBAHHUA HACoOCa:
2 2
. v§ _ 7,9 _
HS_HBaK_g_ZhHOT —6,3_ _1,2_1,9M

2:9,81
OtBet: H= 1,9 m.

3amaHus I IPAKTHYECKON padoThI
OcHOBHal 4YaCTh:
3amaua Nel. [Ipu yvacroTe BpaiieHust Bajia nj, U noaade Q, HEHTPOOESKHBIA HACOC
pa3BuBaetr Hamop Hg, u morpebmser momuocTh N. Omnpenenure, Kak H3MEHSATCS
napameTtpsl Hacoca (AQ,AH, AN), eciu yacToTa BpalieHusi CHU3UTCS JI0 Ny.

3agaua No2.OmpenenuTe reoMETPUUYECKYH0 BBICOTY BCACBhIBAaHUS IEHTPOOEKHOTO
Hacoca, ecnu ero nogada Q, muaMeTp BcachIBaroiero tpyoomposoga d;, a cymma
MOoTepb HAmopa BO BcachIBaIOUIEM TpyOompoBoae Xhpe, a  JOMyCTUMAS
BaKyyMMeTpHUYecKasi BbICOTa BcachlBaHUS Hacoca Hyqy.

3agaua  Ne3.Ompenenute  KO3QPUUIUEHT  OBICTPOXOAHOCTH  BEPTUKAJIBHOTO
HEHTPOOEIKHOTO HACOCA, €CITU MoAaua KUAKOCTH Q, MaBJIeHHE Ha BBIXOJE U3 HAcoca
Hgy4, reomerpuueckas BbicOTa BcacbhiBanus H,, a JgumameTp BCachIBAIOIIETO
TpyOonposoza d,.
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JlomoIHUTEIbHAS YACTh:

3agaua Ne4. Ompepenure Hamop Hacoca, ecau ero mnomada Q; aguamerp
BCachIBaIoOIIero TpyobompoBoaa d;; auaMeTp HarHeTaTtelbHOro TpybompoBoma d,
MOKa3aHUs MAaHOMETpa COOTBETCTBYIOT Hamopy Hgy, mokazanusi Bakyymmerpa Hi;
pacCTOSIHUE TI0 BEPTUKAIM MEXK]Ty IIEHTpaMU BakyyMeTpa u MaHoMmeTpa Ah.

BapunaHTbl 3agaHun:

Tabnmna 5

Bapuanrt | 1 2 3 4 5 6 7 8 9 10

Q, 1/c 33 66 48 39 36 41 42 40 36 67
di, MM 50 100 150( 200 50 100 150( 200 50 200
d,, MM 50 50 100 150 50 50 100 150 50 150

Xhyor, M | 1,2 1,7 1 0,9 1,4 1,5 1,1 09 09

Haae, M 7,1 6,3 6,5 5,5 7,5 7 59| 53 7,5 6,2

Hg, M 67 66 55 52 54 67 45 55 54 49
H,, M -9 -5 -7 -10 -4 -7 -3 -7 -4 -3
Ah, M 0,1 02| 02| 02| 03] 03 0,3 0,3 0,3 0,2

n,vur! | 2749 2754 2836 2875 28200 2907 2739 2742 2820 2991

N, MUH"! 904 854| 870 914| 935] 922 949 922| 935| 940

N, kBt |81 72 71 81 95 72 96 71 95 198

IPOJOJKEHUE TAOIHILIBI S

Bapuanr | 11 12 13 14 15 16 17 18 19 20

Q, a/c 65 45 48 31 37 31 63 67 40 52

di, MM 150/ 200{ 50 100 150{ 200 50 100| 150 200

dy, MM 100 150{ 50 50 100) 150| 50 50 100) 150

Yhpor, M 1,21 09 1,1 1,2 1,6 1 0,8 1,6 08 1,5

Hiax, M 76| 54| 58| 55| 65| 78| 58| 74| 65| 52

Hg, M 59 51 70 43 69 41 57 57 47 48
H,, M -10 -4 -4 -10 -6 -5 -8 -9 -5 -5
Ah, M 0,1 02| 0,1 03] 03] 0,1 0,3 0,1 0,2 0,1

n,vmua | 2973 2711 2822 2919 2870 2780 2995 2756 2846 2813

np,MuH"! 931 969| 976 941| 934 969 960| 910 866 914

N, kBt 92 98 84 76 106] 110 89 81 87 104

OT14éT 0 paboTe T0J3KEH COEPKATH HA3BAHUE U 11€JIb pa0OThI, 3aaHue (HOMEP
BapuaHTa), MPaBWJIbHO opopMiieHHBIE perieHus. [1o pesyiapTaTam paboTs
HEO0OXOIMMO CJIETaTh BHIBOIBI.
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KoHTposbHBIE BONIPOCHI:

Cdhopmynupyiite, 94TO Ha3bIBaCTCS HACOCOM?

HazoBute ocHOBHOE Ha3HAYEHUE HACOCOB U WX BUJIBI.

HazoBuTe OCHOBHBIC TEXHUYCCKUE XaPAKTEPUCTUKH IIEHTPOOESIKHOTO HAacoca.
[TosichuTe pU3MIECKUl CMBICIT KO3 HUITMEHTA OBICTPOXOIHOCTH.
Oo6msacHute, uyto Takoe KIII Hacoca, u 3aueM OH HYXEH?

OnummmuTe, Kak HAWTH MOJIHBIN HANIOP JJISI BEpTUKAIBHOTO U TOPU30HTAIILHOTO
Hacoca, B YeM HX OTINYHuc?

Cnmcok Jiurepatypsl

OCHOBBI TUAPABIHKY, TEINIOTEXHUKU U a3poAruHaMukHu [ Tekcr] : yuel.1id cpen.
creil. yue6. 3aBeaenuii / O. H. bproxanos, B. . KopoOko, A. T. Menuk-ApakensH. -
M. : UHOPA-M, 2011.— 249 c... 20 33

['mnpaBnuka, MHEBMATHKA U TEPMOJUHAMUKA: Kypc Jekuui / noa pen. B.M.DunuHa.
— M.: UJI «®opym»: UHDOPA-M, 2008. —320 c. — (IIpodeccuonansuoe
oOpasoBaHue).

3amaineen, 3. X. OCHOBBI THAPABINKH U TEIUIOTEXHUKHU [ DIEKTPOHHBIN pecypc] / 3.
X. 3amanees, B. H. [Tocoxun, B. M. UedanoB. — DIIeKTpOH. TEKCTOBBIC TaH. —

Mocksa : Jlanp", 2014. — 352 c. — Pexxum nocryna:
https://e.lanbook.com/book/39146#book name.

WNurepuer-pecypc:  «l'mapaBimmka u  TemmorexHuka».  dopma  gocrymna:
ru.wikipedia.org.
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