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1. IEPEYEHDb IINTAHUPYEMBIX PE3YJIbTATOB OBYYEHUS 11O JUCHUIIJIMHE,
COOTHECEHHBIX C IIVTAHUPYEMbIMH PE3YJIIbTATAMUA OCBOEHMUA
OBPA30OBATEJIbHOH ITPOI'PAMMBI

Buja nesiTeJIbHOCTH BBINMYCKHUKA

JucuuriuHa oXBaTbIBa€T KPYr BOIPOCOB, OTHOCSIIUXCS K MPOU3BOACTBEHHO-TEXHOIOTHYECKOMY
BHIY NMPOGECCHOHANTBHON JEATEIHPHOCTH BBITYCKHHKA B COOTBETCTBHHU C KOMIIETEHIIUSIMH W BUIAMH
JeSITeNIbHOCTH, YKa3aHHBIMU B YU€OHOM IJIaHE.

Heab u 3a1a4n TUCUMILTHHBI
[enpt0 m3ydeHUs IUCHUILIMHBI SBISAETCS — CO3JaHWE 0asbl Ui JajdbHEHIEH WHKEHEPHOU
MOJATOTOBKH 0aKkanaBpoB; 00ECIIEUeHNE YMEHHUS PACUETOB THAPOCUCTEM PA3IMYHOTO HA3HAUYCHUSI.

3ajayaMu U3y4eHUS TUCLUILINHBI SBISETCS:

- JaTh OOLIME MPEICTABICHHUS O COBPEMEHHBIX SKCHEPUMEHTAIbHBIX U TEOPETHUECKUX JAHHBIX B
00JIaCTH MEXaHUKHU )KUIKOCTEH U Ta30B;

- U3y4YECHHE CYILIHOCTH Hay4YHOTI'0 MOJAX0/a K PELICHHIO 337a4 MEXaHNUKH CIUIOUIHBIX CPE;

- MpHOOpETeHNE TEOPETHUYECKUX 3HAHWHA W MPAKTHYECKOTO OIBITa MO PACYETy THIPABIUYCCKUX
YCTPOMCTB, CUCTEM, 000PYL0BaHMUS.

Kon Copnepxanue Ilepevyenb miIaHMpyeMbIX pe3yJIbTATOB
KOMIIeTeHIIUH KOMIIeTeH Ui 00y4yeHHs 10 JMCHHUILIMHE
3HATh!
- OCHOBHbIE (IM3MYECKHE CBOWCTBA JKUIKOCTEH U
ra3oB, 3aKOHbl WX KUHEMaTHKH, CTaTUKU W
CIOCOOHOCTh MCIIONIb30BaTh | TUHAMMUKH, CHIIbI, JEHCTBYIOIIME B >KUAKOCTSX,

OCHOBHBIE 3aKOHBI TUIPOMEXAHUYECKHE IPOLECCHl, T'MAPaBIMYECKOE
€CTECTBEHHOHAYYHBIX o0opy0BaHue;
JTUCLUILINH B yMeTh:

I1K-25 npodeccuoHaTbHON - HUCIOJB30BaTh JJIsi PEIICHHs] THUIOBBIX 3a/1ad
JESITEIbHOCTH U METO/IbI 3aKOHBI THJIPaBIIHKH, IPOEKTUPOBATH
TEOPETUYECKOTO U THJIPaBIMYECKAE CUCTEMBI,

AKCIIEPUMEHTAJILHOTO BJIA/IETh:
UCCIIeI0BaHUS - HaBbIKaMH BBITIOJTHEHUS pacyeToB U 00OCHOBaHHM

npu BbIOOpe ¢GOpM W METOJOB OpraHU3aIUuU
MIPOU3BOJICTBA, BBHINOJIHEHHS IUIAHOBBIX PacyeToB,
OpraHu3aIy yIpaBICHUsI.

2. MECTO JUCIUILIMHBI B CTPYKTYPE OBPA30OBATEJIBHOM ITPOT'PAMMBI

Juctumumaa b1.B.05 'mapaBianka OTHOCUTCS K BapHAaTHBHOMN YacTH.

Juctunnuna ['uapasnvka 6a3upyercs Ha 3HAHUSX, TOMYYSHHBIX MPU U3YYCHHH TaKUX Y4eOHBIX
JTUCIUILINH, KaK:

- MareMaTuka,

- du3uka.

OCHOBBIBasICb Ha W3yYEHUU BBIIIENEPEUNCICHHBIX IUCHUIUIMH, [MapaBiMkKa NpeicTaBIseT
OCHOBY JIJISI U3YYEHUS JUCUUTLUIVH:

- OGopyroBaHNE MAITUHOCTPOUTEITHHBIX POU3BOJICTB;

- Texanueckas SKCIUTyaTalys MPOMBIIIJIEHHOTO 000PYI0BaHU;

- Texanueckas 3KcIuIyaTanusi CUCTEM aBTOMAaTU3UPOBAHHOTO ITPOU3BOJICTBA;

- Texauyeckas sKcruTyaTanusi CTaHOYHBIX CUCTEM;

- Meramnopexyiue CTaHKH.

Takoe cucTeMHOE MEXIMCIUIUIMHAPHOE HW3YYCHHE HAMpPAaBICHO Ha JOCTHXKEHUE TpeOyemMoro
@®I'OC ypoBHS MOATOTOBKYU MO KBanU(UKanuu Oakaiasp.



3. PACIIPEJAEJIEHUE OBFBEMA JUCIUIIJIMHbBI
3.1. Pacnpenesnienne od0beMa IMCUMILVIMHBI IO hopMaM 00yUeHH s

Tpyooemkocms oucyuniunvl ¢ uacax
Kypcosasn
§ § paboma
Dopma S § 2 2 (npoexm), Buo 3
oGyuenus = 2 > § KOHMPOJIbHASA | RPOMEICYMOUH O
§ 3 & S S paboma, ammecmayuu
= o)
| S| §|z|Sz 58 5y rdoem
S| s9| 5| 5|55/ 85| 88
IHENEINS LI
5 SR T |”R|FS NS| O <&
OuHasn 2 | 3] 180 | 68 | 17 | 34 17 76 - DK3aMeH
3aounas - | - - - - - - - - -
3aouyHasn
(ycxopeHHoe - | - - - - - - - - -
o0yueHue)
O4Ho-3204Has - | - - - - - - - - -

3.2. PacnpenesieHue 00beMa JMCHMILVIMHBI 10 BUIAM Y4eOHbIX 3aHATHI U TPYA0EMKOCTH

ém.u. ¢ Pacnpe-
Tpyoo- UHMEPAKMUGHOIL, OeleHue
AKMUGHO, no cemecmpanm,
Buo yueﬁnbtx 3anAmMuUIL e.W;:'Zﬁl)nb unnogauuoﬂnoﬁ yac
) ¢opmax, 3
(uac.)
I. KonTakTHasi padoTa 00y4arouuxcs ¢ 68 17 68
npemnoaaBarteyeM (Bcero)
Jlexumnm (JIk) 17 17 17
Jlaboparophsbie pacotsl (JIP) 34 - 34
IIpaktrueckue 3anstus (I13) 17 - 17
['pynmoBbie (MHAMBHyaTbHbIE) KOHCYJIBTAIIH + - +
I1.CamocTosiTesibHas padoTra o0yuaromuxcs (CP) 76 - 76
[ToaroroBka k j1a00paTOPHBIM paboTam 30 30
IToaroToBKa K MPaKTHYECKUM 3aHITHIM 26 - 26
IToAroroBKa K 5K3aMeHy B TEUEHHE CEMECTpa 20 - 20
I11. IIpomesxyTouHas aTTecTALUS 9K3aMeH 36 - 36
OO01as TPYI0EMKOCTh AUCIUTUIAHBI 4ac. 180 - 180
3a4. eJl. 5 - 5




4. COAEP) KAHUE JUCIUIIJINHBI
4.1. PacnipeesieHue pa3iesioB JMCUMILUIMHBI 10 BUAAM Y4eOHBIX 3aHATHI

- 11t 04HOM GopMBbI 00yYeHUs:

Buowt yueonvix 3anamuii, 6Kkniouan camocmoamenvHyio pabomy

jﬁ_ Haumenosanue Tpyooem- odyuarowuxca u mpyooemkocms; (1ac.)
05 o pasdena u Kocmb, yueoHble 3aHAmUA camocmoamenbHan
mema OucCyuUnIUHbL (uac.) nabopamopn | npakmuueckue paboma
membl JieKyuu
vle pabomol 3anAmMUA obyuarouwuxcs
1 2 3 4 5 6 7
1 Beenenne. Ilpeamer rupaBiuKu U KpaTKas 15 2 4 ) 9
HCTOPHSA ee pa3BUTHS
1.1. Kpatkas ucropust pa3BUTHUs THPaBIUKH. 4,99 0,66 1,33 - 3
1.2. KuaxocTs U cuiibl IEHCTBYIOIUE HA HEe. 5 0,67 1,33 - 3
13, Me)\(’aHH‘JCCKI/Ie XapaKTEPHCTHKH H OCHOBHbIC 5,01 0,67 1.34 ) 3
CBOMCTBA KHIKOCTEM.

2. OCHOBBI THAPOCTATHKHU 16 2 4 - 10
2.1. Tl'unpocraTuyeckoe AaBiieHUE. 2,67 0,33 0,67 - 1,67
2.2. OCHOBHOE YpaBHEHUE THAPOCTATUKH. 2,65 0,35 0,65 - 1,65
23, JlaBreHne )UAKOCTH Ha IIOCKYIO HAKIIOHHYIO 2,67 0,33 0,67 ) 1,67

CTEHKY.
24 JlaBieHne ®UAKOCTH Ha HHIHHIPUIECKYIO 2,67 0,33 0,67 ) 167
MTOBEPXHOCTb.

2.5. 3akoH ApXHMe/Ia M €ro MPHI0KCHHUE. 2,67 0,33 0,67 - 1,67
2.6. IToBepXHOCTH PaBHOTO JIABJICHUS 2,67 0,33 0,67 - 1,67
3. OcHOBBI THAPOIMHAMUKH 16 2 4 - 10
3.1. OCHOBHBIE TTIOHATHS O ABVWKCHHUH KUIKOCTH. 4 0,5 1 - 2,5
3.2. VYpaBuenue bepuyinu 11 uaeanbHoON 4 05 1 ) 25

JKUIKOCTH.
3.3. YpasHenue bepHyIuH 171 peanbHOM )KUIKOCTH. 4 0,5 1 - 2,5
34 H3MepeHre CKOPOCTH MOTOKA M pacxojia 4 05 1 ) 25
JKUIKOCTH.
4. T'uapaBanYecKne CONPOTHBJIEHHUS 16 2 4 - 10
4.1. PexxuMBl ABUKEHUS JKUIKOCTH. 3,2 0,4 0,8 - 2
4.2. Kasurarus. 3,2 0,4 0,8 - 2
43 [Motepu Hamopa npu JaMUHAPHOM TCUCHHH 32 0.4 0.8 ) 2
JKUIKOCTH.

44 IMoTtepu Hanopa npu TypOyJICHTHOM TEYSHUH 32 0.4 0.8 ) 5
JKUIKOCTH.

45, MecTHbIe THIPABINYECKHE COPOTHBIICHUS 3,2 0,4 0,8 - 2

5 Hcreyenue :KNIKOCTH U3 OTBEPCTHI, 16 2 4 ) 10

HACAIKOB ¥ M3-T0]] 3aTBOPOB

51 Hctedyenue yepe3 Masibie OTBEPCTHS B TOHKOM 226 026 0,58 ) 1,42
CTCHKE TPH MOCTOSIHHOM HaIope.

5.2. Hcredenue npu HECOBEPIIEHHOM CXKATHH 2,29 0,29 0,57 - 1,43

5.3. VcTeyeHune o ypoBEHb. 2,29 0,29 0,57 - 1,43

54 Hcreuenune yepe3 HACAAKH IIPH TIOCTOSHHOM 2.29 0,29 0,57 ) 143
HAarope.

55 HcTeyeHus yepe3 OTBEPCTUS M HACATKH TIPH 229 0,29 0,57 ) 143
NEPEeMEHHOM Harope (OMopoKHEHUE COCYIOB).

56, Hcredenne uU3-mo1 3aTBOPa B TOPU30HTAIEHOM 2.29 0,29 0,57 ) 143
JIOTKE.

57 JaBiieHre CTPYH KUAKOCTH Ha OTPaXKTAFOIIIHE 2.29 0,29 0,57 ) 143
MTOBEPXHOCTH

6. I'mapaBiuyecKkuii pacyeT MPoCThIX 23 2 4 8 9

TpPYOONpPOBOIOB

6.1. [Ipoctoii TpyOOTIPOBOA MOCTOSHHOTO CEYEHHUS. 3,81 0,33 0,65 1,33 1,5

6.2. CoeMHeHNs IPOCTHIX TPYOOIIPOBOIOB. 3,83 0,33 0,67 1,33 15

6.3. CrnoxHbIe TPyOOTPOBOJBL. 3,83 0,33 0,67 1,33 1,5

6.4. pr60np0i30)1},1 ¢ HACOCHOM Tmojaueit 3,83 0,33 0,67 1,33 15
JKUIKOCTEH.

6.5. ['unpaBnuyeckuii yaap. 3,83 0,33 0,67 1,33 15

6.6. 3MeHeHHe NpomycKHO# ClIOCOOHOCTH 3,87 0,35 0,67 1,35 15
TpyOOIPOBOIOB B MPOLECCE MX IKCILTYATALMH

7. I'uapaBanyeckne MalIHHBI 22 2 5 6 9
7.1. JlomacTHbIC HACOCHI. 4.4 0,4 1 1,2 1,8
7.2. [TopuiHeBble HACOCHI. 4.4 0,4 1 1,2 1,8
73 WuaukaTopHas AuarpamMma MOPIIHEBBIX 44 0.4 1 12 18

HAacOCOB.
7.4. Bananc sHepruu B Hacocax 4,4 0,4 1 1,2 1,8
75 O003HaUCHHE TIEMEHTOB THIPO- U 44 0.4 1 12 18

ITHCBMOCHCTCM




1 2 3 4 5 6 7
OO0mas XapaKkTepuCTHKA THAPONPUBO/AA.
8. Paboune :kuaK0CTH 11 THAPOCHCTEM. 20 3 5 3 9
I'mapaBianyeckue JIMHUH
8.1. CTpyKTypHas cXeMa CHIPOIPUBO/IA. 2,81 0,42 0,71 0,42 1,26
8.2, Krnaccnduxarys 1 npuHIMI padoTh 2.86 0,43 071 0,43 1,29
THAPOIPUBOJIOB.
8.3. [IpenmMy1iecTBa 1 HEAOCTATKH I'MIPONIPUBOJIA. 2,86 0,43 0,71 0,43 1,29
8.4. XapakTepucTHKa pabodnX KUIKOCTEH. 2,86 0,43 0,71 0,43 1,29
8.5. Be160p 1 3KCIUTyaTaryst pabovanx )KUAKOCTEH. 2,86 0,43 0,71 0,43 1,29
86 T'unpasnnueckue muHUA. COCAUHEHHUSL. 2.86 0,43 0,71 0,43 1,29
8.7. Pacuer runponuauit 2,89 0,43 0,74 0,43 1,29
HATOro 144 17 34 17 76

4.2. Coz[epmafme AUCHUILIMHBI, CTPYKTYPUPOBAHHOC 110 pa3jiejiaM U TEMaM

AJITOPUTM NPOBeIeHUSI HHTEPAKTUBHOIO 3aHATUSA B (popMe JIeKINH — BU3YATU3AIUN:

1. Ioocomoska 3anamus

Craiii-TIpe3eHTalHIO JISKIIUH 110 TEME 3aHATHS COITIACHO y4eOHOTO IJIaHa MOArOTaBINBACT IIPEIojaBaTellb.

2. Bcmynnenue (MmoTHBanus 6akanaBpa Ha HOBYIO (pOpMyY OCBOSHHMS MaTepHana).

V3naraercst TeMa, IJIaH M LeJb JICKUUH. [IOsICHSAETCs, YTO pean3yeMblil B JalbHEHIIEeM Ha 3aHATHU NPUHLMI HATJISTHOCTH
KOMIICHCHPYET HEIOCTATOYHYIO 3pENHMIIHOCTh ydeGHOro mpomecca. JIs CO3AaHMS HPEANOCHUIKM MOTHBALMH  OOYYarOIUXCS
MIPUBOANTCS. MHTEPECHBIH (paKkT, MILTIOCTPUPYEMBIH CpeICTBAMU MYJIbTHMEHA, WK 3a1aéTcsi MOTHBUPYIOIMiA Borpoc. [1pu sToM oquH
U3 UX 0)KHaeMBIX OTBETOB Ha HETO JIEMOHCTpUpYeTcs B (hopMe BUACOPSIA.

3. Ocnosnas uacmsp (HOPMYITUPOBKA U H3II0KECHUE BOTIPOCOB).

B Hauane n3ydeHus KakIOro BOIPOCA MPOU3BOIMTCS €ro BU3yalM3allis Ha ONOPHBIX ClaiilaX MpEe3eHTAllNH, a B MPOLecce ero
W3JIOKECHUST UCIONB3YIOTCS Pa3iuyuHble (OPMBI HAIJIAJHOCTH: HATypaJbHbIE, W300pa3UTENbHbIE WM CHMBOJMYeckue. IIpm sToM
JIOIYCKAalOTCS May3bl B M3JIOKEGHMH JUIL TOro, 4TOOBl 0Oyyalomluecs YCHeBalM 3aKOHCIEKTHPOBATh BOCIPUHATYIO BH3YaJbHO
UHGOPMAIMIO — M HE MEXaHHYECKH, a OCMBICICHHO, a TaKKe, YTOObl OHM HMENH BO3MOXHOCTh KPAaTKOBPEMEHHOH pa3psaku MO
UCTCYCHNH [TMKOB BHUMAHHUS. B X0/1€ JIEKIMU UCTIONB3YIOTCS PEIUIMKH: «3TO CIIEAYET 3alHcaTh OYKBAIBHO MM H300pa3suTh HOAPOOHOY,
«ceifyac MOXKHO TPOCTO IOCIYIIATh WM IpOHaOoAaTey. IloBTOpaMu M Gosiee MEMICHHBIM TEMIIOM BBIACISCTCS Hambolsiee BayKHAS
nHpopMarys, MIPOBOIUTCS KOHTPOJIB 3a e€ (HKcanuei.

4. 3akmouenue

HamomuHaHue TeMbI M LIeJTH 3aHATHS, OCHOBHBIX MO3UIIMH JISKIIMHU C IPUMEHEHUEM OIIOPHBIX ClaiinoB nmpe3eHTanun. [loxBenenue
UTOTOB B Bujie ppoHTaNBHON Gece/ibl M OTBETOB Ha KIIFOUEBbIE BOIIPOCH! TEMBI.

Pa3nea 1. Beenenne. IIpeqmer ruapaB/Inku U KpaTKasi HCTOPHUS €€ Pa3BUTHSA
Tema 1.1. Kpatkas ucropusi pazButus ruipaBinku (Jlekuus-susyanusamus 2 yaca)

[ |

TEXHHY ¢CKast TEOPETHIECKaT
THJIP OMEXAHHKA MeXaHHKa SKHKOCTH
(rHApaRTEEa) H rasa

Puc. 1.1. Paznensl ruipoMexaHuku

Tuopagnuka (TexHWYecKas MeXaHMKAa XHUIKOCTH) - MPHUKIAJHAS 9YacTh T'HIPOMEXAHWKH, KOTOpas HCHONB3yeT T WM WHbBIE
JIONYLIEHUS JUIi pellleHus NpakTudeckux 3anad. OHa oOnajgaeT CpaBHUTEIBHO MPOCTBIMH METOAMKAaMH pacdeTa IO CPaBHEHHIO C
TEOPETUYECKON MEXaHUKOI JKUAKOCTH, TJIe IPUMEHSETCS CJIOKHBII MaTeMaTHueckuil anmapar. OHaKo rUApaBiyKa JaeT JOCTaTOYHYIO
JUIS TEXHUYECKUX NPUWIOKCHUHN XapaKTepUCTUKY PacCMaTPUBAEMBIX SIBJICHUIL.

Hcropnuecku ruapaBiika SBISETCS OJHON M3 caMbIX APEBHUX HAYK B MHUpE. ApX€OoJOrH4ecKue MCCIeOBaHNs IOKA3bIBAIOT, YTO
ente 3a 5000 ner mo Hameit spel B Kutae, a 3areM B Apyrux cTpaHax APEBHEr0 MHpa HaWIEHBI OMMCAHMUSA YCTPOWCTBA pa3IMUHBIX
THIPABINIECKUX COOPYKCHHUH, TpecTaBIeHHbIe B BUAE PHCYHKOB (IEPBBIX depTexeil). EcTecTBeHHO, 4TO HMKaKMX PacyeToOB 3THX
COOPYKEHHUH He TIPOU3BOAMIOCH, I BCE OHH OBIIM IIOCTPOEHBI Ha OCHOBAHHH NPAKTHYECKIX HABBIKOB M IIPABHIL.

TlepBble ykazaHus 0 HAYYHOM MOAXOAE K PEIICHUIO THAPABIMIECKUX 3a4ad OTHOCATCS K 250 romy 70 H.3., KorjJa ApXUMenoM ObLT
OTKPBIT 3aKOH O PaBHOBECHH Tella, MOTPYKEHHOro B )HIAKOCTh. [ToToM Ha npoTsbkenun 1500 et ocoObIX M3MEHEHHI IMApaBiIMKa He
nonyvana. Hayka B To BpeMs IIOUTH COBCEM HE pa3BHBasach, 00pa3zoBajcs cBoero poja 3actoil. M roapko B XVI-XVII Bekax Hartreit aps
B 910Xy B0O3poskaeHus, nin Kak TOBOPST UCTOPUKH PeHeccanca, mosiBuinck pabotsl ['anmnest, Jleonapno na Bunuwn, [Tackans, HerotToHa,
KOTOPBIE TTOJIOKIIIN CEPbe3HOE OCHOBAHUE IS NAIbHEHIIIEr0 COBEPIIIEHCTBOBAHUS TMAPABINKY KaK HAyKH.

OnHAaKo TOJNBKO OCHOBOIOJAraromue paboTsl akageMukoB [lerepOyprckoit akagemun Hayk Jlanmmna Beprymmn u Jleonapna
Oitnepa xuBmux B X VIII Beke, co3namy npodnslii GpyHaaMeHT, Ha KOTOPOM OCHOBBIBAaeTCSl cCOBpeMeHHas ruapasiuka. B XIX-XX Bekax
CYILIECTBEHHBIN BKJIAJ B THAPOIMHAMUKY BHeC "oTtel pycckoi aBuanuu" Huxomnait EropoBuy XKykoBckuid.

Ponb ruapaBnuky B COBpEMEHHOM MAIIMHOCTPOEHHN TPYAHO MepeoneHnTs. JII060i aBTOMOOHIIb, IETaTEeNbHBIA anmapaT, MOpCKOe
CyAHO He o0xomurtcst 0e3 MpPUMEHEHHs THIPABIMYECKHX cucTeM. J[00aBMM ClOAa CTPOMTEIBCTBO IUIOTHH, 1aM0, TPyOONpOBOAOB,
KaHaJIOB, BOJOCIMBOB. Ha mpou3BojCcTBE MPOCTO HE 0OOWTHCH 0e3 THMIPABIHYECKUX MPECCOB, CIIOCOOHBIX Pa3BHUBATH KOJIOCCATIbHBIC
ycunus. A BOT HMHTEpeCHBIH ()aKT M3 HCTOPHU CTpouTenbcTBa OiideneBoi Oamnu. Ilepen TeM Kak OKOHYATEIBHO YCTaHOBUTH
MHOTOTOHHYIO METAJIOKOHCTPYKIHIO OallHU Ha OETOHHbIE OCHOBAHUS, €if MpHUAanu CTPOroe BEPTHKAIBHOE MOJO0KEHUE C MOMOIIBIO
YeThIpeX FMIPaBINYECKUX IIPECCOB, YCTAHOBJICHHBIX M0 KaXKIYIO OLOpY.

T'mppaBnuka mpecienyer delnoBeKka IOBCIOmy: Ha pabore, 1oMma, Ha Jade, B TpaHcnopre. Cama IpHpoza IojcKasaja YelOBEKy
YCTPOMCTBO ruapaBiIndeckux cucrteM. Cepiiie - Hacoc, Ie4eHb - (GUIBTP, MOYKH - IPETOXPAHUTEIbHbIE KIIaIlaHbl, KPOBEHOCHBIE COCY/IBI
- TpyOOIIPOBOIBI, O0IIAs JUIMHA KOTOPHIX B YesoBedeckoM opranu3me okoiyo 100 000 xm. Hame cepaue nepexaunBaet 3a cyTku 60 TOHH
KPOBH (3TO LIeNasi JKeNe3HOJOPOXKHAsI UCcTepHa!).




Tema 1.2. )Kuakoctb U CHJIbL, 1eHCTBYIOIIHE HA Heé
)I(m)xocmblo B I'MIPaBJIMKC HA3bIBAIOT (1)I/I3I/I‘ICCKOC TEII0 CHOCO6HO€ HNU3MCHATH CBOIO q)OpMy Ipu BOSﬂeﬁCTBHH Ha HEC CKOJIb

YroaHo MaJibIxX CHJI. Paznmugaror JiBa BUJa JKUJIKOCTEHU: KUIKOCTH KaTleIbHBIC U )KUIKOCTH ra3006pa3HLIe (pI/IC12)

HHAKOCTH

KanemHbie
(poaa, HeTh,
KEePOCHH, Maclo...)

T"azoodpasHble
(BO3MYX, KHCIIOPOA,
a30T, NIPOTIAH. ..)

Puc. 1.2. Buasl )xugkocTeit

Puc. 1.3. CkaTue KUIKOCTEH U Ta30B
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(H/M?) nu (a),

rae F - cHuia, JeHWCTBYIOMIAs Ha JKHIKOCTb, H (HBIOTOHBI);
S - mwIomaak, Ha KOTOPYIO JCHCTBYET 3Ta cuia, M2 (KB.METPHI).
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Puc. 1.4. CxeMma K ONPEEICHUIO TaBICHHIA
3a emuHuny naBieHus B MexayHapomHoi cucteme eamnun (CU) mpuHAT mackajiap - JaBlIeHHE BbI3bIBaeMoe cuimoi 1 H,
PaBHOMEPHO paclpeesIeHHON 0 HOpMabHOM K Hell TOBEPXHOCTH IUIOMAAbi0 1 M%:

1 Ma=1H/™ =107 kITa = 10" MITa.
PasmeprocTs maBneHus ob6o3Hayaercs kak "[la" (mackans), "kI1a" (kunonackans), "MIla" (Meramackans). B TexHuke B HacTosiee

BpeMsl IPOJI0IDKAIOT NpUMeHATh cucteMy eanuu] MKI'CC, B KOoTOpoO# 3a eMHUILy TaBJICHUs MpUHUMaeTcs 1 Kre/m2.

1 [Ta= 0,102 krc/m? w1 kre/m? = 9,81 Ila.

Puc. 1.5. Cunbl NOBEpXHOCTHOTO HATSKEHUS

g1
I 7

N LSS v
Puc. 1.6. [Tpodunb ckopocTell IpH TEUSHUHN BSI3KOU KUAKOCTH BIOJIb CTCHKH

O11eHKa BA3KOCTH

JIHHAMHH CCKHE KHHeMaTHY eCKHH I'paxyckl DHITIEpa
KO3 (pHLIHEHT Ko HLEHEeHT °FE
1, H-c/n2 v =pu/p, Mic

Puc. 1.7. CiocoOBbl OLIEHKH BA3KOCTH JKUIKOCTH

Tema 1.3. MexaHn4eckue XapakTepUCTHKU U OCHOBHbIE CBOMCTBA JKUAKOCTEM

OcHogHble MexaHuyecKue Xapaxkmepucmuku
O)IHOﬁ U3 OCHOBHBIX MEXaHUYCCKUX XapaKTCPUCTUK XUAKOCTHU ABJIACTCA €€ NNIIOTHOCTb. IInomnocmvbio KUJIKOCTH HA3BIBAIOT Mmaccy

YKUAKOCTH 3aKITIOUYEHHYIO B €IMHUIEC 00beMa.
m
= — (Kr/aP).
-
Yoenvuvim 6ecom Ha3BIBAIOT BEC CAVMHUIBI o0beMa JKHUJIKOCTH, KOTOpBIﬁ OIIpEACIIACTCA 110 q)OpMyJ'Ie:
&
— 3
Y= (H/ »r).

C YBEIIMYCHUCM TEMIICPATYPhbL yI[eJIBHLIﬁ BEC XKUAKOCTHU YMCHBIIIACTCA.



OcHnosHble huszuueckue ceolicmea
1. Cocumaemocmsv - CBOWCTBO JKHUAKOCTU H3MEHATH CBOM 00BeM mox nAelicTBHeM aaBieHUs. CKUMaeMOCTb IKHUIKOCTH
xapakTepusyercs: K03 HUIHeHTOM 00bEMHOT0 CXKATHsI, KOTOPBIN onpeessercs no popmyre

1dV
R — M2 .
br==gap M)

rze V - mepBoHavYaIbHBIH 00beM KUAKOCTH,
dV - usmeHeHue 3Toro o6beMa, pu yBEIMICHUH IaBJIcHUs Ha Bennuuny dP.
Bemmuuna obpatras BV HazpIBaeTCst MOAyIeM 00BEMHON YIPYTOCTH KUAKOCTH:

E= % (H/n?).

Mopnyns 00BEMHON YNPYrocTH He IOCTOSHEH M 3aBHCHUT OT JaBieHWs M TeMIeparypbl. [Ipw TuapaBiudeckux pacderax
C)KUMAEMOCTBIO JKHIKOCTH OOBIYHO TNPEHEOPEraloT M CUHTAIOT XMIKOCTH MPAKTHUECKH HecknMaeMbIMH. CikaTue >KHIKOCTEH B
OCHOBHOM 00YCIIOBJIEHO CXKaTHEM PacTBOPEHHOTO B HHX Tasa.

Hano ormeruts, 4TO MpU pacCMOTPEHHU OTIAEIBbHBIX BOIPOCOB, HANPHMEP THIPABIMYECKOTO YyAapa, CXKUMAEMOCTh JKHIKOCTH
cleyeT Y4UTHIBaTh.

2. Temnepamypnoe pacuupenue - OTHOCUTEIILHOE H3MEHEHNe 00beMa JKHIKOCTH NpH yBeIHdeHHH TeMnepatypsl Ha 1°C mpu P =
const. Xapakrepuzyercst K03 (HUIHEHTOM TeMIIEpPaTypHOTO PACIIUPEHUS

B =127 (o).
Frodt

HOCKOHBKY JUIA  KallCJIbHBIX )KHZ[KOCTeﬁ Kan)(bI/IHI/IeHT TEMIIEPATYPHOTO PACHIMPECHUA HUYTOXHO MaJl, TO IPH IMPAKTHYICCKUX
pacueTax €ro He€ Y4UuThIBaroT.

3. Conpomusnenue pacmscenuto. OcodbIMA (U3NUECKUMH ONBITAMHA OBLIO MOKA3aHO, YTO MOKOAMIAACSA KHUAKOCTh (B 4aCTHOCTH
BOZa, PTYTh) MHOTJA CHOCOOHA CONPOTHBIATHCA OYEHb OONBIIMM PACTATHBAIOIIMM yCHIMAM. HO B OOBIYHBIX YCIOBHAX TaKOro HE
TMIPOUCXOUT, U IOITOMY CUHUTAIOT, YTO KUAKOCTH HE crocooHa CONPOTUBJIATHECA PACTATUBAKOIIUM YCHUIUAM.

4. Cunvt no6epxHocmno20 HAMANCEHUS - ITH CHIIBI CTPEMATCS TPUAATh chepraecKyro Gopmy KuaAKOCTH. CHIIBI HOBEPXHOCTHOTO
HATSHKEHHsT OOYCIIOBIIEHBI MOBEPXHOCTHBIMH CHIAMH M HAIPaBJEHbl BCET/A BHYTPh PacCMATPUBAEMOTO OOBEMa MEPIEHANKYJIAPHO
CBO6OHHOﬁ NOBEPXHOCTU KUJIKOCTHU. PaCCMOTpI/IM OECKOHEYHO MaJIblii 00BEM JKHUJIKOCTH Ha CBO6OHHOﬁ TIOBEPXHOCTH. Ha nmero 6y,Z[yT
ﬂeﬁCTBOBaTL CHUJIBI CO CTOPOHBI COCECIAHUX oobemoB. B pe3yibTaTe, €CJIU CJIOXHUTHL BEKTOpa BCEX CHI Z[eﬁCTByIOIHHX Ha
paCCManI/IBaeMLIf/'I 06'BeM, TO CyMMapHas COCTaBJidrolas cujia 6y/:[eT HampaBJICHa MNEPHNECHAUKYJIAPHO BHYTPbL pacCcMaTpuBacMOro

oObema.
o

Puc. 1.8. Cuiibl MOBEpPXHOCTHOTO HATSHKEHHUS
5. Baskocmu drcuokocmu - CBOHCTBO JKHIKOCTH COMPOTHBISITHCS CKOJBKEHHIO WIIH CIBUTY ee cioeB. CyTh ee 3aKIodaeTcs B
BO3HMKHOBEHHHU BHYTPEHHEH CHIIBI TPEHUS MKy IBIDKYIIUMUCS CIIOSIMH JKHJIKOCTH, KOTOpasi onpesensercs mo ¢popmyne Herorona

du
T= “S . (H)a
dy
rjae S - oAb CJIOEB JKUJIKOCTH WIIH CTCHKH, coTnpuUKacaromiencs ¢ JKHUJIKOCTBIO, M2,
S I[I/IHaMI/I'-IeCKI/Iﬁ KO3(1)(1)PIIIPICHT BA3KOCTH, 501050 culia BA3KOCTHOI'O TPpEHUs,

d /dy - rpagueHT CKOPOCTH, TIEPIICHANKYIISIPHBIN K TIOBEPXHOCTH C/IBHUTA.
Orciona quHaMHYECKast BA3KOCTb paBHa

p=r & (H-c/m2),
du

TJIe T - KacaTeIbHbIe HAMPSHKEHUS )KUIKOCTH, T = T/S.

IIpu TeyeHnn BSA3KOHM KHUIKOCTH BIOJb TBEPIOW CTEHKH MPOHUCXOAUT TOPMOKEHHE TOTOKA, 00YCIOBICHHOE BS3KOCTHIO (pHc.1.7).
CKOpPOCTh yMEHbIIAETCsl TI0 Mepe YMEHBLIEHUs! paccTosiHUS y oT creHkd. Ilpu stom mpu y = 0, ckopocTh majgaeT A0 Hyld, a MEeXay
CJIOSIMU IIPOUCXOJUT MPOCKATIb3bIBAHNE, COMIPOBOXKIAIONIEECs BOSHUKHOBEHUEM KacaTeJIbHbIX HAPSKEHUH T.

~—y —=fly=—

“z i 7
Puc. 1.9. TIpodwmits ckopocTeit mpu TEUSHUH BA3KOM KHIKOCTH B0 CTCHKH

Benmunna oOpatHas quHaMIYeCKOMY KOG OUIMEHTY BI3KOCTH (1/|1) Ha3BIBACTCS MeKyyecmbio HCUOKOCHU.
OTHOIIIEHHEe AWHAMHYECKOTO KOI((HIMEHTa BI3KOCTH K IUIOTHOCTH XXHMAKOCTH Ha3bIBAeTCs KHHEMAaTHUECKUM Kod(duimenTtom
BSI3KOCTH:

v=t (n2/¢).
P

Bennunna v (mpounsHocutcs "Hio") paBHast 1cm?/c HaspiBaercst crokcoM (Ct), a 0,01 Cr - 1 cantrcrokcom (cCr).

Iporecc ompeneneHust BA3KOCTH HA3bIBAETCS BHCKO3UMETpPHEH, a MPHOOPHI, KOTOPHIMU OHA OIPEAENSETCS] BHCKO3MMETPaMH.
INoMuMO OIEHKHM BS3KOCTH C ITOMOIIBIO JUHAMHYECKOTO W KHHEMATHYECKOTO KOJ((HIMEHTOB MONB3YIOTCS YCIOBHOH BS3KOCTBIO -
rpagycel Ournepa ( E). BsskocTeio, BBIpaKeHHOH B rpamycax OHIJIepa, Ha3bIBacTCs OTHOLIEHHWE BpeMeHHM wucredeHus 200 cm?
HCHBITYEeMOH UAKOCTH 4epe3 Kanuuisip d = 2,8 MM K BpEeMEHH HCTEYECHHs TaKoro xe o0bema Bojpl pu t =20 C
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Takoit npubop Has3blBaeTcss BUCKO3MMETpOM OHriepa. s mepecdyera rpaiycoB DHIJIEpa B CTOKCHI JUIsi MUHEPAJIbHBIX Macell
npUMeHsieTcs: popmyria
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Takum o6pa30M, JUI OIEHKH BA3KOCTH XXUAKOCTU MOXXHO UCIIOJIB30BaTh TPU BEJIUYUHBI, KOTOPBIE CBA3AHBI MEXKY coboii

oo |

JTHHAMHY eCKHEH KHHeMaTHI eCKHI I'pamycel JHIIEPa
KxoatpHIEEHT Koo HIEHEeHT °E
1, Heo/m? v=u/p, Mic

Puc. 1.10. CrtocoObI OLIEHKH BI3KOCTH KUIKOCTH

Bs3KOCTB )KMIKOCTH 3aBUCUT OT TEMIEpaTyphl M OT JaBJieHHs. [IpH MOBBIICHUH TEMIIEpaTyphl BI3KOCTh KHUAKOCTH YMEHBIIAETCS
n HaoOopoT. Y Tra3oB HaOIrogaercs oOpaTHOE SIBICHHE: C IOBBIIICHUEM TEMIIEpaTyphl BS3KOCTh YBEIUUMBACTCS, C IOHIDKEHHEM
TEMIIepaTyphl - YMEHBIIACTCSL.

6. ITenoo6pasosanue. BoineneHne Bo3ryxa U3 paboyeil )KUIKOCTH NP IaJICHUH AaBJICHHS MOXXET BbI3BaTh NeHOoOOpa3oBanue. Ha
HMHTEHCHBHOCTb TEHOOOpa30BaHHs OKAa3bIBACT BIMSHUE COZIEpXKaIIasica B pabouel JKUIKOCTH BOJA: AaXKe MPU HUYTOKHOM KOJIHYECTBE
Bogsl (MeHee 0,1% mo macce pabGodeil *KuUAKOCTH) BO3HUKAeT ycToifumBas meHa. OOpa3oBaHHE M CTOMKOCTb IEHBI 3aBHCAT OT THIA
pabodeil XKHUAKOCTH, OT €€ TEeMIepaTypsl M pPa3MepoB IIy3bIPHKOB, OT MAaTepHaloB M TOKPHITUI ruapoanmaparypel. OcoOeHHO
MeH000pa30BaHNe MPOUCXOANUT MHTEHCHBHO B 3arPA3HEHHBIX JKHAKOCTAX M OBIBIIMX B dKCIUTyaTanud. [Ipm Temmeparype >KHIKOCTH
cBbinie 70 C mporCcXOauT OBICTPHII criaj MeHBI.

7. Xumuyeckas u Mmexauuueckas CMOUKOCMb. XapaKTEepU3YyeT CIIOCOOHOCTh JKHIKOCTH COXPAHSTh CBOM II€pBOHAYaJIbHBIC
(m3udecKre CBOHCTBA P SKCIUTyaTalliy U XPaHEHHH.

OKHCIIeHHe JKUIKOCTH COIPOBOXKAACTCS BBINAJCHAEM M3 HEe CMOJ M IUIAKOB, KOTOPBIE OTKJIAABIBAIOTCS HA IOBEPXHOCTH
JJIEMEHTOB THAPONPHBOAA B BUIEC TBEpAOro Haiera. CHIDKAaeTCA BSI3KOCTh M HM3MEHSCTCS IBET XHUAKOCTH. IIPOMYKTHI OKHCICHHS
BBI3BIBAIOT KOPPO3HIO METAIOB M yMEHBINAIOT HAIEKHOCTh PaOOTHI TMApoannaparypsl. Hamer BBI3bIBaeT 3aKIMHUBAHUE MOABIKHBIX
COeIMHEHHUH, ITYHKEPHBIX Map, APOCCEMUPYIONINX OTBEPCTHH, pa3pyIleHne YIUIOTHEHHH U pa3repMETH3aIHIO THAPOCUCTEMBL.

8. Cosmecmumocms. COBMECTUMOCTh PabOYMX >KHIKOCTEH ¢ KOHCTPYKLHOHHBIMH MaTepuajlaMH M OCOOCHHO C MaTepuaiamu
VIUIOTHEHUH WMeeT OdYeHb OoJybloe 3HadeHWe. Paboume JKUIKOCTH Ha HE(TSHOH OCHOBE COBMECTHMBI CO BCEMH MeTalllaMH,
MIPUMEHSIEMBIMU B THAPOMAIINHOCTPOCHHH, U TUIOXO COBMECTHMBI C YIUIOTHEHHSIMH, U3TOTOBICHHBIMH M3 CHHTETUYECKOH PE3WHBI U U3
KoxH. CHHTeTHYeCKHe paboune )KUIKOCTH III0X0 COBMENIAIOTCS C HEKOTOPBIMH KOHCTPYKIIMOHHBIMH MaTepHalaMH U HE COBMECTHMBI C
YIUIOTHEHUSIMU U3 MacJIOCTOMKOH Pe3UHBI.

9. Hcnapsemocms srcuoxkocmu. VIcHapseMOCTh CBOMCTBEHHA BCEM KallCJIbHBIM JKHIKOCTSM, OJHAKO MHTEHCHBHOCTb HMCIIAPEHHS
HEOJMHAKOBA Y Pa3IHIHBIX KHUAKOCTEH U 3aBUCUT OT YCIOBUH B KOTOPHIX OHA HAXOJWUTCA: OT TEMIIEPaTyphl, OT IUIOMA 1 UCIIapeHHUs, OT
TTABJICHHS, ¥ OT CKOPOCTHU JIBUYKEHHSI Ta3000pa3HOi cpelbl Hal CBOOOTHO MOBEPXHOCTHIO )KUIKOCTH (OT BETPA).

10. Pacmeopumocms 2a306 6 HUOKOCMAX XapaKTepH3yeTcss oOBEeMOM DPACTBOPEHHOTO ra3a B €IWHHUIIE O00beMa >KUAKOCTH H
olpeaensieTcs Mo 3akoHy [ eHpu:

Vr= V};{ki ;

Pﬂ

rae Vr - 00beM pacTBOPEHHOTO ra3a; Vi - 00beM xuakoctd; K - koadduiment pactopumocty; P - nasienue; P, - arMocdepHoe
JIaBJICHHE.

Koaddumment k umeer cneayrommue 3uavenus npu 20 C: mis Boasr 0,016, kepocuna 0,13, Munepanbabix Macen 0,08, KumkocTu
AMTI™-10 - 0,1. [Ipr mOHM>KEHNH TaBICHUS BBIIENSETCS PACTBOPUMBIN B KHUIKOCTHU Ta3. DTO SBICHUE MOKET OTPUIATEIIFHO CKa3bIBAThCS
Ha paboTe THAPOCHCTEM.

Paznen 2. OcHoBbl ruapocTaTHKH (JIekiusa-pusyanunsanus 2 yaca)

FI/IZ[paBJTI/IKa JCIUTCA Ha JBa pasjicia: ruipoCcTaTuka U ruApoIMHaMUKa. rI/IZ(pO)II/IHaMI/IKa sIBIIIETCS OoJIee OGLHPIpHLIM pasaciiomMm u
OyzeTr paccMOTpeHa B TIOCJIEAYIOIIUX JISKIHAX. B 3T0if ekiun OyaeT paccMOTpeHa THAPOCTATHKA.

T'uopocmamuxoii Ha3pIBaeTCs paszleN TUAPABIUKH, B KOTOPOM pacCMATPUBAIOTCS 3aKOHBI PABHOBECHS IKHIKOCTH H HX
MIPAKTUYECKOC IIPUMEHCHHUE.

Tema 2.1. I'mapocraTuyeckoe 1aBJjeHHe

B mokosieics ®uAKOCTH BCera NPUCYTCTBYET CHIIa JAABICHHS, KOTOpas Ha3bIBaeTcs eudpocmamuieckum dasnenuem. JXKuakocTs
OKa3bIBaeT CHJIOBOE BO3JEHCTBHE Ha JHO M CTEHKH cocyaa. YacTHIBl KHUAKOCTH, PACIONOXKEHHBIE B BEPXHUX CJOSX BOJOEMA,
WCHBITBIBAIOT MEHBIIHE CHJIbI CKATHS, YEM YaCTHIIBI )KHKOCTH, HAXOIAIINECS Y THA.

PaccMOTpUM pe3epByap € IUIOCKMMH BEPTHKAIBHBIMU CTEHKaMHM, HANOJHEHHBIH kuakocteio (puc.2.1, a). Ha nHo pesepByapa
nercTByeT cuia P paBHas Becy HanuToi sxunkoctn G =y V, 1.e. P = G.

Ecmu sty cuny P pa3zaenutb Ha IUomans aHa Sypeg, TO MBI IOIYUHM cpedHee 2udpocmamuieckoe dagnenue, ISHCTBYIONLIEE Ha JTHO
pesepByapa.

I,=

S ot

I'mapocratnueckoe naBieHHe 00a1aeT CBOHCTBAMH.

Ceoiicmeo 1. B moboii mouxe dicuokocmu 2udpocmamuyeckoe OdeleHue NepneHOUKYIsPHO NIOWAOKe KACAMenibHOU K
8bl0ENEHHOMY 06BEMY U Oeticmeyem HYMPb PACCMAMPUBAEMO20 00beMA HCUOKOCTU.

Jnst mokaszaTenbCTBa ITOTO YTBEpXKICHHs BepHeMcst K puc.2.1, a. BoimenuM Ha OOKOBO# CTeHKe pesepByapa IUIOIIANKY S,
(3amTpuxoBaHo). ['mapocratiyeckoe faBieHNe AEHCTBYET Ha ATy IUIOIMAIKY B BHJE PACIPEIEICHHON CHIIbI, KOTOPYIO MOXHO 3aMEHHUTh
OIHOHM paBHOJECHCTBYIOIIEH, KoTOpylo oOo3HaumM P. IlpenmonoxknM, 9TO paBHOACHCTBYIOMIAs THAPOCTATHYECKOTO MAaBieHUS P,
JIeWCTBYIOmMas Ha 3Ty IUIOIIAJKY, IIPWIOXKEHa B TOUKe A M HampaBlieHa K Hell mox yriom ¢ (Ha puc. 2.1 o0o3Ha4deHa IITPHXOBBIM
oTpe3koM co crpenkoif). Torma cura peakiuu cTeHKH R Ha >KHIKOCTH OyZeT MMETh Ty K€ CaMylo BEIIMYHMHY, HO IIPOTHBOIIOJIOKHOE
HampapieHue (CIUIOIIHONW OTPEe30K €O CTPENKOH). YKa3aHHBIH BEKTOP R MOXHO pa3loXuThb Ha JABAa COCTAaBJIAIOIIMX BEKTOpA:
HOpMaJIbHBIN R, (MepneHaUKyYIApHBIA K 3aIITPUXOBAHHON IIOIIAJIKE) M KacaTelbHBIN R, K cTeHKe.



Puc. 2.1. Cxema, WIUTIOCTPUPYIOIIAs CBOMCTBA THAPOCTATUIECKOTO AABJICHUS a - IEPBOE CBOHCTBO; O - BTOpOE CBOHCTBO

Cuna HOpPMambHOTO JaBleHUS] R, BBI3BIBACT B JKHJIKOCTH HANPSDKEHUS CXKaTHA. OTHM HANPsDKCHUSIM KUAKOCTh JIETKO
npotusBoctouT. Cuna R, neficTByromas Ha >KUIKOCTb BJOJNb CTEHKH, JOIKHA OblTa OBI BBI3BATh B SKUIKOCTH KacaTeNIbHbIE HAMPSKEHUS
BIIOJIb CTEHKH U YacCTHUIIbI JOJDKHBI OBUTH OBl MepeMerathesa BHU3. Ho Tak Kak KHAKOCTh B pe3epByape HaXOJUTCSI B COCTOSHHU MOKOS,
TO coctaBisitomas R, orcyrcrByer. OTCIOa MOXKHO CIeNIaTh BEIBOJ] IEPBOTO CBOMCTBA THAPOCTATHYECKOTO IABICHUS.

Ceoiicmeo 2. ['uopocmamuyeckoe dasnenue HeUusMeHHO 60 6ceX HANPAGLEeHUsX.

B sxmakocTn, 3amoiHSIONEH KaKOH-TO pe3epByap, BBIACIUM SJIEMEHTapHBIA KyOMK C O4eHb MaJBIMH cTopoHamu AX, Ay, Az
(puc.2.1, 6). Ha xaxnmyro n3 OOKOBBIX NOBEpXHOCTEH OymeT NaBUTh CHJIa THIPOCTATHYECKOTO [ABJICHUS, PaBHAs IIPOM3BEICHUIO
COOTBETCTBYIOLIErO AaneHus Py, Py, P, Ha sneMentaphble miomany. O003HauMM BEKTOPa JABICHUH, NEHCTBYIOIME B MIOJI0KHTEILHOM
HanpapJeHUM (COTNIACHO yKa3aHHBIM KoopauHaTtam) kak P'y, P'y, P',, a Bekropa naenenuii, neiicTByromue B 0OpaTHOM HalpaBICHHH
cootsercTBeHHo Py, P"y, P",. Tlockonbky KyOMK HAXOIUTCS B PABHOBECHH, TO MOKHO 3aIIUCaTh PABEHCTBA

P' AyAz=P" ,AyAz

P'yAXAz = P" AXAz
P',AXAyY + yAX, Ay, Az = P",AXAy
rae Y - y[[eJ'[BHLIﬁ BCC JKHIKOCTH,

AX, Ay, Az - 00beM KyOHKa.

CoxpaTuB NOTy4eHHbIE paBEHCTBA, HAlleM, ITO

Py=P"; Py=P",, P, +yAz=P",

UneHoM TpeThero ypaBHEHHUs YAZ, kak OECKOHEUHO MaJbIM 10 cpaBHEeHUIo ¢ P', i P"';, MoXHO mpeHebpeys 1 Toraa OKOHYaTeIHbHO

P'\=P"; Py=P"y;, P',=P",

BenencrBue Toro, 4ro KyOuk He nedopmupyercs (He BBITATHBAETCS BIOJNb OJHOW M3 Oceif), Hajgo IojaraTh, YTO JABJICHUS II0
Pa3IMYHBIM OCSIM OJIMHAKOBHI, T.€.

Py=P"=Py=P", =P'=P",

OT0 I0Ka3bIBAaET BTOPOH CBOMCTBO T'MIPOCTATHYECKOTO IABIICHUS.

Ceoiicmeo 3. ' uopocmamuueckoe oagienue 8 mouke 3a8UCUmM Om ee KOOPOUHAIM 8 NPOCMPaHcmee.

910 MoNnoXkeHNne He TpedyeT CHeUanbHOTO JOKa3aTeIbCTBa, TaK KaK ACHO, 9TO MO Mepe YBEIMICHHS IOTPYKEHHS TOUKHU JaBICHHE
B Hell OyzeT BO3pacTaTh, a 0 MEpe YMEHBIICHUS MOTPY)KEHUSI YMEHBIIAThCS. TpeThe CBOMCTBO THAPOCTATHIECKOTO JABICHUS MOXKET
OBITH 3aITCAHO B BHJE

P=f(x, y, z)

Tema 2.2. OcHOBHOe YypaBHeHHE THAPOCTATHKH

PaccmoTpum pacnipocTpaHeHHBIN ciyyail paBHOBECHUS JKUAKOCTH, KOTJla HAa Hee JeWCTBYET TOJBKO OJIHAa MaccoBas CHJa - CHiIa
TSOKECTH, W TOJIyYUM ypaBHEHHE, MO3BOJISIONIEe HAXOAUTH TMAPOCTATUYECKOE JaBJICHHE B JIIOOOH TOUKE paccMaTpHBaeMoro oobema
KHUAKOCTH. DTO ypaBHEHUE HA3BIBACTCSI OCHOGHLIM YPABHEHUEM SUOPOCTHAMUKU.

Ilycte kunmkocTe copepkurcs B cocyne (puc.2.2) m Ha ee CBOOOJHYIO IOBEPXHOCTH ICHCTBYeT HaBieHune P, . Haitmem
THAPOCTaTHYECKOE MAaBieHHe P B MpoOM3BONBHO B3sTOM TOYKEe M, pacmoiioxeHHOW Ha riyOune h. Beimenmum okomo Toukn M
9IIEMEHTapHYI0 TOPH30HTANBHYIO IUIONIAAKY (S M MOCTPOMM Ha Hell BEPTHUKANBHBIN IMIHMHAPHUCCKHHA 0O0BEM JKHIKOCTH BBICOTOMH h.
PaccMOTpHM yclOBHE PaBHOBECHS YKa3aHHOIO 00beMa JKMAKOCTH, BBIJEIEHHOTO M3 0OIIel Macchl XKUIKOCTH. JlaBlIeHHe )KUIKOCTH Ha
HIDKHEE OCHOBAaHHE IIWIMHJpA Tereph OyAeT BHEIIHNM H HalpaBJIeHO [0 HOPMalM BHYTPb 00beMa, T.€. BBEPX.

b R oo ]

Puc. 2.2. Cxema [u1st BEIBOJIa OCHOBHOTO YPaBHEHHS THIPOCTATHKA

3anuireM CyMMy CHII, IeHCTBYIONIMX HAa pacCMaTPUBAEMbIH 00BEM B IPOEKIINH Ha BEPTHKAIBHYIO OCh:

PdS - Py dS - pghdS =0

Tlocnemuunit wieH ypaBHEHUS NMPEACTABIAET CO00H BeC XKHUAKOCTH, 3aKITIOUYEHHBI B PaCCMAaTPHBAEMOM BEPTHUKAJIBHOM IMINHIPE
oobemom hdS. Cuibl maBieHust Mo GOKOBOM MOBEPXHOCTH LMIMHIpA B yYpaBHEHHE HE BXOJMAT, T.K. OHM NEPNEHIUKYJSAPHBI K 3TOH
MOBEPXHOCTH ¥ MX TPOCKIMH Ha BEPTHKAIBHYIO OCh paBHBI HyIF0. COKpaTHB BhIpakeHHEe Ha dS W meperpynmnupoBas dieHbI, HaiaeM

P =Py +pgh =Py + hy

HOJ’Iy‘leHHOG YpaBHECHHUE HA3bIBAIOT OCHOBHBIM YPAaBHECHUEM T'MIPOCTATHUKHU. ITo HEMY MOJXHO IIOCYUTATh JAaBJICHHUE B J'I}OGOI‘/’I TOYKE
TOKOSIIeHcs JKUIKOCTH. DTO NABJICHME, KaK BHAHO U3 YpaBHEHHMs, CKJIAIBIBACTCS M3 JBYX BEJIMUHMH: JaBleHUs P, Ha BHemrHei
MIOBEPXHOCTH XHUIKOCTH U JABICHHS, 00YCIOBIEHHOTO BECOM BBIIIENISIKAIIUX CIIOEB XKHUIKOCTH.

13 ocHOBHOTO ypaBHEHUS THIPOCTATHKU BUIHO, YTO KaKylo OB TOUKY B 00BbeMe BCETo COCy/a MBI HE B3sUIM, Ha Hee Bceraa Oyer
JIeWCTBOBATh JaBJIEHHE, IPWIOKEHHOE K BHEIIHeH mHoBepxHOCTH Py. JpyruMmum cioBaMu [aBieHHE, NPUIOKEHHOE K BHENIHEH
MOBEPXHOCTH KUAKOCTH, MEPEAETCSI BCEM TOUKAM 3TOH JKHIKOCTH MO BCEM HAMPABIECHUSIM OJHHAKOBO. DTO MOJIOKEHHE U3BECTHO MOJ
HasBaHMeM 3akoHa Iackans.

IToBepXHOCTB, BO BCEX TOUYKAX KOTOPOW JaBIEHHE OJMHAKOBO, HA3BIBAETCS MOBEPXHOCTBIO YPOBHS (IOAPOOHO PaccCMOTPHM B
11.2.6). B 0OBIYHBIX yCIOBUIX MTOBEPXHOCTH YPOBHS MPEICTABISIOT COOOH rOPU30HTANBHBIC IIIOCKOCTH.
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Tema 2.3. /laByieHHe :KUAKOCTH HA MJIOCKYI0 HAKJIOHHYI0 CTEHKY

HYCTB MBI UMEEM pE3€pBYyap € HaKJIOHHOM HpaBOﬁ CTCHKOfI, 3aIT0THCHHBIN JKUIAKOCTBIO C YACJIIbHBIM BECOM Y. HII/IpI/IHa CTCHKHU B
HalpaBJICHUH, MEPICHANKYISIPHOM IUIOCKOCTH uepTeka (0T uutarens), paBHa b (puc.2.3). CreHKka yCIOBHO MOKa3aHa pa3sBEpHYTOU
OTHOCHTENIBHO OocH AB u 3allITpUXOBaHa Ha PUCYHKE. HOCTpOI/IM rpaq)m( M3MEHEHHUS M30BITOYHOIO TUAPOCTATUYCCKOTO MaBJICHUA Ha
CTEHKY AB.

Tak Kak H30BITOYHOE T'HAPOCTATHYECKOE NABICHHE HM3MEHSETCS] MO JMHEWHOMY 3akoH P=ygh, To mis mocTpoeHus rpaduka,
Ha3bIBAEMOTO SMIOPO AaBJIEHUS, JOCTaTOYHO HAMTH aBICHHE B ABYX TOYKaX, Hanpumep 4 u B.

5,

Touka, B KOTORYIO NPHNOXEHE
PaABHOREIACTRYIOWAR MMAPOCTATHYECKOMD
AgBNeHHs

Puc. 2.3. Cxema K onpezieNeHuIo paBHOAEHCTBYIONIEH THIPOCTATHYECKOTO JABIECHHS Ha IIOCKYIO0 TOBEPXHOCTh

M30BITOYHOE THAPOCTATHYECKOE IaBICHHE B TOUKe A OyaeT paBHO

Pa=yh=70=0
COOTBETCTBEHHO JaBJIEHUE B TOYKE B:
Pg=vyh=vyH

rae H - nryOuHa )XUIKOCTH B pe3epByape.

CorJlacHO IepBOMY CBOMCTBY THAPOCTAaTUYECKOTO AABJICHHUS, OHO BCET/Ia HAIPaBJIEHO M0 HOPMAU K OrpaXkJalolieil MOBEpXHOCTH.
CrenoBaTenbHO, THAPOCTATHYECKOE JaBICHHE B TOUKE B, BeMYMHA KOTOPOro paBHa YH, Hago HanpaBiaTh NMEpHEHANKYISIPHO K CTCHKE
AB. CoenHMB TOYKY A ¢ KOHIIOM OTpe3ka YH, moiy4nm TpeyroibHyo 3Mopy pacnpenenenus aasiaeHus ABC ¢ IpsSMBIM yIiioM B TOYKE
B. Cpennee 3HaueHue qaBiaeHus OyaeT paBHO

vH+0 vH
2 2

Eciu nnomanp HakmoHHOM creHkn S=bL, To paBHOZEHCTBYIOLIAsI THAPOCTATUUECKOTO 1aBIECHUS PaBHA
W
F=—"5="vy5h
2

rze hc = H/2 - rmyOnHa IOTpyKeHHs IEHTPa TSHKECTH IUIOCKON MMOBEPXHOCTH I10]] YPOBEHB KHIKOCTH.

OnHAaKko TOYKa NPHIOKEHUs PaBHOJCHCTBYIOIIEH THIPOCTATHYECKOrO MABICHWS IIJA. HE BCeraa OyAeT COBIAmaTh C IIEHTPOM
TSKECTH TUIOCKOM MTOBEPXHOCTH. JTa TOYKA HAXOMHMTCS Ha PACCTOSHUM | OT LEHTpa TAKECTH M paBHA OTHOIICHHIO MOMEHTA HHEPIIUH
IUTOIIAIKKA OTHOCHTEJIFHO IIEHTPAIBHON OCH K CTaTHYECKOMY MOMEHTY 3TOH K€ IIIOIIAAKH.

p= x|

£

ym.
rae J,, - MOMEHT HHEPIHH TUIONIaH S OTHOCUTEIBHO [IEHTPATIBHOM OCH, MapaJIeIbHON AX.

B yacTHOM citydae, KOraa CTeHKa uMeeT (GopMy MpPAMOYTOJbHUKA pasMepamu DL v oHa W3 €ro CTOPOH JISKHUT Ha CBOOOMHON
MOBEPXHOCTH C aTMOC(EPHBIM JIaBIICHUEM, ICHTP JaBICHHS II.1. HAXOUTCS Ha paccTostuuu b/3 0T HIKHEH CTOPOHBL

E

Tema 2.4. JlaBieHne :KUAKOCTH HA NMIHHAPHYCCKYIO IOBEPXHOCTH

ITycTe >XKMAKOCTb 3allOJHSET pe3epByap, IpaBasi CTEHKAa KOTOPOTO MpPEACTaBIseT CO00H HMIMHAPHYECKYIO KPUBOJIMHEHHYIO
noBepxHoCcTh ABC (puc.2.4), MPOCTHPAOIIYIOCS B HATIPABJICHHU YUTaTels Ha HUpUHY b. BoccTaHOBUM U3 TOUKH A neprneHAnKysip A0
K CBOOOJHOW TOBEPXHOCTH KUAKOCTH. OO0BeM >XuakocTu B oTceke AOCB HaxoWTcs B pPaBHOBECHH. JTO 3HAYHUT, YTO CHIIBL,
JIEWCTBYIOIINE Ha TOBEPXHOCTH BBIIEIEHHOTO 00beMa V, U CHIIBI Beca B3aWMHO yPaBHOBEIINBAIOTCSL.

7 Y ‘:L £y 7
= 0
iz ——
i ,,

Fr=¥ Sghe

Puc. 2.4. Cxema K onpeeneHHI0 paBHOIEHCTBYIOIIEH THAPOCTATHUECKOTO IaBICHH Ha IIMIIMHAPUYECKYO IOBEPXHOCTh

IIpencraBuM, 4TO BBIIENECHHBIH 00beM V TpencTaBisieT cOO0OH TBEpAOE TEJIO TOTO XK€ YASNBHOTO Beca, YTO M XKHUAKOCTH (3TOT
o0beM Ha puc.2.4 3amTpuxoBaH). JIeBas HOBEPXHOCTb 9TOr0 00beMa (Ha YepTexe BepTukajibHas crenka AO) nmeer miomaas SX = bH,
SIBIISIONTYIOCS IPOEKIMEH KpuBOIMHEHHOH oBepxHOCTH ABC Ha miockocTs YOZ.

CuJta THAPOCTATHYECKOTO JaBJICHUS Ha IuIomans Sy paBHa Fy =y S/h.

C mpaBoi CTOpOHBI Ha OTCEK OyJeT NeHCTBOBaTh peakius R munmmHIpuueckoil moBepXHOCTH. IIycTh TOYKAa NPHUIIOKEHUS U
HaIpaBJIeHUE 3TON peakiuu OYAyT TaKOBBI, KaK M0Ka3aHo Ha puc.2.4. Peakiuio R pasioxxuM Ha nBe cocrasistronme Ry u R;.

U3 nelicTBYIOMINX MOBEPXHOCTHBIX CHJI OCTaJOCh YYeCTh TOJBKO JaBlIeHHE Ha CcBOOOaHOI moBepxHocTu Py Ecmu pesepByap
OTKPBIT, TO €CTECTBEHHO, YTO JaBJeHHe Py OJMHAKOBO CO BCEX CTOPOH M ITOITOMY B3aHMHO YPaBHOBEIIUBACTCSI.

Ha orcex ABCO Gyner neficTBoBaTh criia coOCcTBeHHOTO Beca G = YV, HampaBieHHas BHU3.

CnpoernupyeM Bce CHIIBI Ha och Ox:

Fy - Ry=0 otkyna F, = R, = yS,h,

Teneps cipoenpyeM Bce CHIIEI Ha 0Chb Oz

Ry-G=0otkyma Ry =G =vyV

Cocrapnstionias CHIIBI THAPOCTaTHYECKOTO AaBneHus 1o ocu O, obpantaercs B Hyb, 3Ha9uT R, = F, = 0.

Takum 06pa3oM, peakiys UINHIPUIECKON TOBEPXHOCTH B OOIIEM CITydae paBHa

REy R4 R

X 4 ¥
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a MMOCKOJIBKY peakiys MWIMHAPHYECKON MOBEPXHOCTU PaBHA paBHOMAEIHCTBYIOLIECH ruapocTaTHyeckoro nasienus R=F, To nemaem
BBIBOJI, YTO

F=[Fl+F +F]

Tema 2.5. 3akoH Apxumea u ero NpuJiokeHue
Teno, TIOTPYKEHHOC (HOHHOCTB}O nimn ‘IaCTI/I‘{HO) B JKMAKOCTb, HCHBITBIBAECT CO CTOPOHBI XKUAKOCTH CYMMAapHOE€ aBJICHHUEC,
HaIpaBJIeHHOE CHU3Y BBEPX H PABHOE BECY KHIKOCTH B 00BbEME MOTPY>KEHHOM YacTH Tefa.

Pebzm = p.)/cgvnozp
I[J'[SI OJHOPOJHOI'O TEJIa, IMJIaBaOIICro Ha MOBEPXHOCTHU CIIPABEIJIMBO COOTHOIIECHUE

wgp P
A
e
rae: \% - 00BeM IIJIaBaOIIEr0 Tena;

Pm - IVIOTHOCTH TeIa.

CymecTBylomas Teopys IUIABAIOLIEr0 Tejla JOBOJBHO OOIIMPHA, IO3TOMY MBI OTPaHHYMMCS PAacCMOTPEHHEM JIMIIb
THIPaBINIECKOI CYIIHOCTH 3TOH TEOPHHU.

CrHocoOHOCTB IIIABAIOIIETO Tela, BBIBEICHHOTO M3 COCTOSIHHS PAaBHOBECHS, BHOBb BO3BPAINATHCS B 9TO COCTOSHHE Ha3bIBACTCS
yemotiuugocmuio. Bec ®KHUIKOCTH, B3ATOW B 00BbEME MOTPYKCHHOW YaCTH CYJHA HA3BIBAIOT 800OUBMEWEHUEeM, & TOUKY TPUIOKEHHS
PaBHOJEHCTBYIOIIECH AaBICHNUS (T.€. LSHTP AABICHUS) - YeHmpom odousmewyerusi. [Ipn HOpMaTbHOM ITOJIOKEHHH CyJHA IEHTP TSDKECTH
C ¥ ueHTp BopousMeleHus d nexaT Ha OfHOM BepTHKaIbHOM mpsimoit O'-0", nmpeacTaBisiomell 0Ch CHMMETPHH CyHA M HA3BIBACMOMN
ochio waBaHus (puc.2.5).

IIycTh Mo BIMSHUEM BHELIHUX CHJI CY[JHO HaKJIOHHJIOCH Ha HEKOTOPBIi yroin o, 4acth cyaHa KLM Bblluia U3 )UAKOCTH, a 4acTh
K'L'M', Ha060poT, mOrpy3uiaock B Hee. [Ipu 3TOM MOJTy4YHIIM HOBOE MOJIOKEHWH LeHTpa Bogousmernenus d'. [Mpunoxum k touke d'
MOABEMHYIO CHIIY R ¥ JIMHUIO ee NeHCTBUS IPOJOIDKUM JI0 MepecedeHust ¢ ocbio cumMerpun O'-O". TlonmyueHHas Touka M Ha3bIBaeTCS
Mmemayenmpom, a otpe3ok MC = h Has3bIBaeTCs MemayeHmpuyeckol ebicomoti. byneM canTaTh h MOJI0KHUTENBHBIM, €CITH TOYKA M JICKHUT
BhIIIe TOYkH C, M OTPHUIATENBHBIM - B IPOTHBHOM CITydae.

Puc. 2.5. [Tonepeunslit mpopuiis cygHa
Teneps paccMOTPUM YCIIOBHS PaBHOBECHS CyHA:
1) eciu h > 0, TO CYZIHO BO3BPAIIAeTCs B MepBOHAYAIBEHOE MOJIOKEHUE;
2) ecnu h = 0, TO 9TO ciyJai 0e3pa3InIHOTO paBHOBeCHSI;
3) ecnn h&It0, T 3T0 ciyyail HEOCTOWYHBOTO PAaBHOBECHS, TIPU KOTOPOM IMPOOIDKACTCS AATTbHEHIIee OMPOKU/IBIBAHIE CY/IHA.
CremoBaTelbHO, YeM HIKE PacIoJIOKEH IEHTP TSDKECTH M, 4eM Ooiblle MeTalleHTpHYecKas BBICOTa, TeM Ooiblie Oyner
OCTOMYMBOCTH CyZIHA.

Tema 2.6. IloBepXHOCTH PABHOT'0 AaBJICHUS

Kak y»xe oT™Medanocs BhIIlle, IOBEPXHOCTh, BO BCEX TOUYKaX KOTOPOH AaBICHUE OJMHAKOBO, HA3bIBACTCS NOGEPXHOCMbIO YPOBGHS U
nOBEPXHOCHIbIO PAGHO20 OasneHus. 1IpH HepaBHOMEPHOM HJIM HENpPSMONMHENHOM ABIDKGHHM Ha YaCTHIbI JKUAKOCTH KPOME CHUIIBI
TSDKECTH JICUCTBYIOT €IIe M CHIJIBI MHEPLHH, IPUYEM €CIIM OHHM MOCTOSHHBI [0 BPEMEHH, TO JKHIKOCTh MPUHHUMAET HOBOE IOJIOXKECHHE
paBHOBecusi. Takoe paBHOBECHE KUIKOCTH HA3bIBACTCS OMHOCUMENbHBIM HOKOEM.

PaccMOTpHUM J1Ba MpUMepa TAKOTO OTHOCHTEIBHOTO MOKOSL.

B nepBoM npuMepe ONpeieauM MTOBEPXHOCTH YPOBHS B XKUIKOCTH, HAXOAIIEHCS B LIUCTEPHE, B TO BPEMs KaK IIMCTEPHA ABMKETCS
10 TOPU3OHTATEHOMY ITYTH C MTOCTOSTHHBIM YCKOpeHHeM a (puc.2.6).

o

AN

VZ A

Puc. 2.6. JIBixeHHe HUCTEPHBI C YCKOPEHUEM

K xaxmoii yacTHIle KHIKOCTH MacChl M JOJKHBI OBITH B 3TOM Cl1y4a€ NPUIIOKECHBI €€ BEC G= Mg u crjla HHEPLUU Pu: paBHas 1o

2
BenuuuHe Ma. PaBHozelcTByOMAs R= [mg:l + [ma)z 9TUX CWJI HallpaBjIeHa K BEPTUKAJIH 110/ YTJIOM (., TAHT€HC KOTOPOTO paBeH
I
f,g o=
g

Tak kak cBOOOJHAs IIOBEPXHOCTb, KaK MOBEPXHOCTh pABHOTO JABJCHHS, [ODKHA OBITh HOpMajbHa K YKa3aHHOM
PaBHOJICHCTBYIOIIEH, TO OHA B JAHHOM ClTy4ae MPEeICTABUT COOOH YK€ He TOPU3OHTANIBHYIO IIOCKOCTh, @ HAKIOHHYIO, COCTABIISIOLIYIO
YroJ o C TOPU30HTOM. YUHTBIBasl, YTO BEJIMYMHA TOTO YIVIa 3aBHCHUT TOJBKO OT YCKOPEHHH, MPUXOAUM K BBIBOAY, YTO IOJIOXKEHHE
CBOOO/IHOM TMOBEPXHOCTH He OyIeT 3aBHUCETh OT poja HaXOAAIIeWCs B IMCTEpHE KUAKOCTH. Jrobas Ipyras MOBEPXHOCTh YPOBHS B
KHUAKOCTH Takxke OyJeT IUIOCKOCThIO, HAKJIOHEHHON K TOpPH30HTY Ioj yrioM o. Eciam OBl JIBIDKEHHE NHMCTEpHBI OBUIO HE
PaBHOYCKOPEHHEIM, a PaBHO3aMEUICHHBIM, HAIpaBIeHHE YCKOPEHUsI H3MEHWIOCH ObI Ha 00paTHOE, M HAKJIOH CBOOOIHOH ITOBEPXHOCTH
oGpatuiicst ObI B IpYTryI0 CTOPOHY (CM. pHc.2.6, MyHKTHD).

B kadectBe BTOPOro mpuMepa paccCMOTPHM HacTO BCTPEYAIOLIMICSA B NPAKTUKE CIydald OTHOCHTENIBHOTO IMOKOS XHAKOCTH BO
BpALIAIOIIMXCS cocylax (Hampumep, B Cenaparopax M LEHTpUdyrax, NpUMEHSEMBIX I pa3JeleHus Kuakoctei). B stom ciydae
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(puc.2.7) Ha nMO0OYI0 YacTHUILy JKUIKOCTH NPH €€ OTHOCHUTEILHOM PaBHOBECHH ACHCTBYIOT MacCOBbIE CHJIBL cuia Tsbkectd G = mQ u
uentpobexkHas cia Py = mw?r, Tae I - PaCcCTOSHHE YaCTHIBI OT OCH BPAIICHHS, a O - YIIIOBAsS CKOPOCTh BPAIIEHHS COCY/IA.
z

A 8

G R

Lo 4
1:: L
S i
Puc. 2.7. BpameHnue cocyza ¢ XKHJIKOCTbIO
TloBepXHOCTB )KUAKOCTH TaKkXkKe JOJDKHA OBITH HOpMaJbHA B KQKIOH TOUKE K PaBHOJCHCTBYIOIIEH 3THX cuiI R U mpexcTaBuT coboit
napaborons BpameHus. 13 ueptexa HaxoquMm

; a_Pu_mcor
NG

e
C npyroil cTOpOHBIL:
fg = —
dr
/i Z - KOOpAKWHATA paccMaTpUBaeMoii Touku. TakiuM 0Opa3oMm, mostydaem:
2
w'r  dz
g dr
OTKyZa
2

)]
dz = —rdr
14
WM TI0CJIE HHTErPUPOBAHHUS

CDEP“
z= +
2g
B Touke nepeceuenus kpusoit AOB ¢ ocbto Bpamienus I = 0, Z = h = C, mo3ToMy OKOHYATEIBHO Oy1eM HMETh
032.?"2
2g

T.e. kpuBast AOB sBiseTcst mapabosiol, a CBo00HAs TIOBEPXHOCTH JKUIKOCTH MapabononnoM. Takyio sxe GpopMy UMEIOT U Jpyrue
MMOBEPXHOCTH YPOBHSL.

[ ompeneneHus 3aKOHA WM3MEHEHHS JaBICHUS BO BpallalomIelcs >KUIKOCTH B (QYHKIMH pagumyca ¥ BBICOTHI BBIACITHM
BEPTHKAIBHBIA [IUTHHAPHIECKHHA 00BhEeM KHAKOCTH C OCHOBAaHHEM B BHJE JIEMEHTAPHON TOpU30HTaNbHON uromanku dS (touxa M) Ha
MIPOM3BOJBHOM pajguyce I' ¥ BRICOTE Z M 3aIHIIEM YCIOBHE €ro PaBHOBECHS B BEPTHKAIbHOM HampasieHnd. C ygeTom ypaBHeHus (2.11)
OyzeM UMETh

z=h+

2.2
PdS—{h—z+®—r}pgdS— PU[ s ]coso&: 0
2g CORCE

=
AT L
ITocne cokparieHuii NoTy4uM

p=PHh-z+2" | pg
2g

D10 3HAYUT, YTO JABJICHHME BO3PACTACT MPONOPLHUOHAIBHO paguyCy I' U YMEHBIIACTCS MPOIOPLIMOHAIBHO BBICOTE Z.

Paznen 3. OcHoBbl ruapoanHamMuky (Jlekius-pu3yanuzamus 2 yaca)

Tuopoounamuka - pasnen THIPABIMKH, B KOTOPOM H3Y4YalOTCS 3aKOHBI JBWIKCHHUS J>KUJIKOCTH M €€ B3aUMOJICHCTBHE C
HENOJABUKHBIMU U MOJABUXXHBIMU MMOBEPXHOCTAMMU.

Tema 3.1. OcHOBHBIE IOHATHSA O ABMKEHHUH KHIKOCTH

JKuevim cevenuem o (Mz) Ha3bIBAOT IJIOINaAb MOMNEPEYHOr'0 CEYCHHA IIOTOKA, MEPICHAUKYIAPHYIO K HAIPAaBJICHUIO TEYCHUS.
Hanpumep, xuBoe ceuenne TpyOs! - kpyr (puc.3.1, 6); *uBoe ceueHHe KiIanmaHa - KOJIBIIO C M3MEHSIOIUMCS BHYTPEHHHM THaMETPOM
(puc.3.1, 6).

i
¥ Huboe cevenue

o) &)
Puc. 3.1. XKuBbie ceuenus: a - TpyObL, O — Kiamana
Cmouennviii nepumemp 7y ("xu'") - 4acTh mepUMeTpa XHBOTO CEUEHMS, OTpPaHWYEHHOE TBEPABIMH CTEHKaMH (puc.3.2, BblAEIEH

YTOJIIEHHON JINHUEN ).

CHO4EHBID NEpUMEMD

Puc. 3.2. CMo4eHHBII epuMeTp

Jliisa xpyrioit ’By(im
¥= T E = _q:l
2 2

€CJIM YTOJI B paiuaHax, uin
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Pacxox nmoroka Q - 06beM xuakocTH V, MpoTeKarolieit 3a eANHNIYy BpeMeHH { 4epes3 )KUBOe CEUCHHE M.
¥

O=—, (wfc, nutp/muu)
i

CpenHsisi CKOPOCTh IOTOKA V - CKOPOCTh JIBIKCHHS JKHIKOCTH, OMPEesSsFOLIascs OTHOUIEHHEM pacxo/ia )uaAKocTH Q K ruromaan
JKABOT'O CCUCHUS

v, = % (w/c)

TlockonbKy CKOPOCTb ABMXKEHHS Pa3IMYHBIX YACTHI[ KUAKOCTH OTJIHYAeTCA IPYr OT ApYyra, MOITOMY CKOPOCTb OBHXKEHHS U
ycpennsercs. B xkpyrioii TpyOe, Hammpumep, CKOPOCTh Ha OcU TPyOBI MaKCHMasbHa, TOT/Ia KaK y CTEHOK TPYObl OHa paBHA HYJIIO.
T'uopasnuueckuii paouyc nomoxa R - OTHOIIEHNE KUBOTO CEUEHHUs K CMOYEHHOMY TIEPUMETPY

2=2
T

Teuenne KHUJIKOCTH MOXKCET OBITH YCTaHOBUBIIMMCS U HCYCTAHOBUBIINMCH. Yemanosuswumces JBHKCHUCM HAa3bIBACTCs TAKOC
JABHKCHUEC JKUJAKOCTH, IIPHU KOTOPOM B ,HaHHOfI TOYKE pycClia 1aBJICHUEC U CKOPOCTb HE U3MEHSIOTCS BO BpEMCHU

v = f(x, Y, )
P=0of(x,y,2)

JIBuKeHre, mpu KOTOPOM CKOPOCTh W JAaBJIEHUE H3MEHSIOTCS HE TOJBKO OT KOOPAMHAT IPOCTPAHCTBA, HO M OT BPEMEHH,
Ha3bIBACTCA HCYCTAHOBUBIINMCS UIIN HECTALTUOHAPHBIM

v = (X, Y, Z, t)
P=ofi(X Yy, 21t

Jlunus moxa (HpI/IMeHSIGTCSI npu HEYCTaAaHOBHUBLICMCS ,Z[BI/I)KGHI/II/I) OTO KpuBas, B Ka)KI[Oﬁ TOYKEC KOTOpOﬁ BCKTOP CKOpPOCTHU B
}laHHBIﬁ MOMCHT BPEMEHU HaIIPaBJICHEI 110 KacaTeJIbHOM.

Tpy6ra moxa - TpyO4aTasi HOBEPXHOCTh, 0Opa3yeMast JMHUSIMH TOKA C 0ECKOHEYHO MaJIbIM IONEPEYHBIM ceueHneM. YacTh MoToKa,

3aKII0YEHHAs] BHYTPH TPYOKU TOKa HAa3BIBACTCSI 91eMEHMAPHOLU CIMPYUKOI.
Y %

Puc. 3.3. JIunus TOKa U CTpyiiKa
TedeHne XUAKOCTH MOXKET OBITH HANOPHBIM M Oe3HamopHBIM. Hanopnoe TedeHHWe HaOIIONAeTCs B 3aKpBITBHIX pyciax 0e3
cBOOOIHOM moBepxHOCTH. HamopHoe TeueHne HabmrogaeTcs B TpyOONPOBOJAaX C IOBBHIIICHHBIM (TIOHIDKEHHBIM [JaBJICHHEM).
besnanopnoe - Tedenne co cBOOOJHON MOBEPXHOCTHIO, KOTOPOE HAOMIOAAETCSl B OTKPBITHIX pyciiaX (PeKH, OTKPHIThIE KaHAJbl, JIOTKH U
T.11.). B taHHOM Kypce OyIeT paccMaTpUBaThCs TOJIBKO HAIIOPHOE TCUCHHE.

0=y =eonst ?
Puc. 3.4. Tpy0a c mepeMeHHBIM THaMETPOM IPH MIOCTOSTHHOM PacxoJie
U3 3ak0Ha COXpaHEHHUsI BEIIECTBA M ITOCTOSHCTBA PACXOJa BEITEKACT ypasHeHue Hepaspvignocmu TedeHui. IlpencraBum TpyOy ¢
NepeMEeHHBIM )XUBBIM cedeHneM (puc.3.4). Pacxon xuakocty yepe3 TpyOy B 1000M ee cedeHHH MmocTosiHeH, T.e. Q;=Q,= const, oTkyna

©1V1 = OV2
TaKHM 06pa30M, €CJIN TCUCHUC B pr6€ ABJIACTCA CIUIOIIHBIM U HEPA3pbIBHLIM, TO YPABHEHUE HEPAZPHIBHOCTU NPUMET BU:
18] o]
1 2
— = —= const
Ly oy

Tema 3.2. YpaBHenue bepHyJiu 1J151 nieajJbHOM KHIKOCTH

YpaBuenne lannmna beprymmm, momydenHoe B 1738 r., sBisiercst pyHAAMEHTATBHBIM ypaBHEHHEM runpoanHaMukd. OHO maeT
CBSI3b MEXIY AaBieHHeM P, cpelHeil CKOPOCTBIO U M Mbe30METPHUYECKON BBICOTOH Z B Pa3IMYHBIX CEUCHHUSX MOTOKA M BBIPAXKAeT 3aKOH
COXpaHEHUsI PHEPTUH ABIKYIIEics )KUIKOCTH. C OMOIIBIO 3TOTO ypaBHEHHS pelaeTcs 00JbLIOH Kpyr 3aaad.

PaccmoTpuM TpyOOnpoBOI MEPEMEHHOTO AUAMETPA, paCl'Iﬂ(?J'IO)KeHHblf/'I B IIPOCTpaAHCTBE 1moJ yriioM f (puc.3.5).

tie o ez

hemes

e Mo udes

Puc.3.5. CxeMa K BBIBOY ypaBHEHHsI bepHYIH A1 HeaTbHOM )KHIKOCTH
BribepeM mpou3BOJIBHO Ha paccMaTpUBAacMOM YYacTKe TpyOOIpoBoja aBa cedeHHs: cedeHume 1-1 m cedenme 2-2. Beepx mo
TpyOONPOBOIY OT HEPBOTO CEYEHHSI KO BTOPOMY ABMIKETCS KHIKOCTh, PacXo] KOTopoii paBeH Q.
Jnst u3MepeHusi AaBIeHUS KUAKOCTH NPHUMEHSIOT nbe30Mempbl - TOHKOCTCHHbBIE CTEKJISIHHbIE TPYOKH, B KOTODPBIX JKHIKOCTBH

F

TOJHUMAETCST Ha BBICOTY [J& . B KaIOM CeYeHHH YCTaHOBIICHBI Tbe30METPHI, B KOTOPHIX YPOBEHD YKUIKOCTH TOAHUMAETCS HA Pa3HBIC
BBICOTBL.

Kpome mbe3omMeTpoB B KaxaoM cedeHnu 1-1 n 2-2 ycraHoBieHa TpyOKa, 3arHyThIil KOHELl KOTOPOW HalpaBlieH HaBCTPEUy IOTOKY
KUAKOCTH, KOTOpast HaszpiBaeTcsa mpybka Iumo. XKunkocts B TpyOkax IIuto Takxke mogHuMaeTcs Ha pa3HbIe yPOBHU, €CIIH OTCUHTHIBAThH
UX OT Nbe30MempuyecKol TUHUU.

ITbe30MeTPUUECKYIO JINHHIO MOKHO MOCTPOUTH clieaytoiuM obpazom. Eciu mexny cedennem 1-1 m 2-2 mocTaBUTh HECKOJIBKO
TaKHX e Mbe30METPOB U Yepe3 MOKa3aH!sl ypOBHEH JKHIKOCTH B HUX IPOBECTH KPHUBYIO, TO MBI IIOJIyINM JIOMAHYIO JIUHHIO (puc.3.5).
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OpnHako BbIcOTa ypoBHEi B TpyOkax [TUTO OTHOCHTENHHO MPOU3BOJILHON ropu3oHTaNbHOM npsiMoit 0-0, HazsiBaeMoit niockocmoio
cpasHenus, OyeT OJMHAKOBA.

Ecnu uepe3 nmokasaHust ypoBHEH kuakocTu B TpyOkax IIuto mpoBecTu nuHUIO, TO OHA OyAeT TOPH30HTAlbHA, U OyJEeT OTpaxarh
VpO8eHb NOHOU dHepeuu mpyoonposooa.

Jlnst IByX NpOM3BOJBHBIX cedeHni 1-1 n 2-2 moToka ueansHoH )KUAKOCTH ypaBHeHNe bepHy i nMeer cienyrommii BUa:

A oou B oou
zl+—1 Loz +2 2 = H =const
pg 2g pg <2g
Taxk kak ceyenus 1-1 u 2-2 B3ATHI IPOU3BOJIBLHO, TO MOJIYUYEHHOE YPABHEHHE MOKHO MIEPENUCATH HHAYE:
2
n)
z+—+—=H =const
pg  2g

U IPOYHUTATh TaK: CyMMa TPEX WICHOB ypaBHEHUS bepHymim 1 Jiro60ro ceueHus MOTOKa MIeaabHOH JKHIKOCTH €CTh BEIMYMHA
MOCTOSTHHASI.

C 5HepreTuyecKoil TOUKH 3pEHHS KKABII YiIeH YpaBHEHUS NPEACTaBIsIeT co00il ONpeeneHHbIC BUIb SHEPTHH:

zl W Zz2 - yIenbHBIE SHEPIHMU IIOJIOXKEHMS, XapaKTepH3YIOUNIHe IOTEHIHAIBGHYI0 SHepruro B cedeHmwsx 1-1 u 2-2;
a,48
Pg  pPg- YAENbHBIE DJHEPIHM JABICHUS, XapaKTepPH3YIONIME IIOTEHIMAJIbHYI0 OJHEPIUIO JaBICHUS B TeX JK€ CEUYCHHSX;
oY
2g  2g- ylenbHble KHHETUYECKHE SHEPTHH B TEX K€ CEUCHHUSIX.

CrnenoBaTenbHO, COTTIACHO YpaBHEHUIO bepHYyIIH, noinas yoenvHas sHepeusi u0eaibHol HCUOKOCIU 6 TI000M ceyeHul NOCMOSHHA.

VYpaBuenne bepHy MOXKHO UCTOJIKOBATh M YACTO T€OMETPHIECKH. J[e/0 B TOM, UTO KayKIBIH WICH ypaBHEHUsS] UMeeT JTHHEHHYIO
pa3mepHOCTh. ['msinsg Ha puc.3.5, MOKHO 3aMeTUTbh, 4TO z1 M Z2 - TeOMETpPHYECKHe BBICOTHI cedeHUH 1-1 M 2-2 HaJ IIOCKOCTHIO

R,A )

CpaBHEHHMS; pg g - IbE30OMETPUYECKHE BBICOTHI; 2g  2g- CKOPOCTHBIE BBICOTHI B YKa3aHHBIX CEUCHUSX.

B srom cinyuae ypaBHeHHE BepHYUIM MOXHO NPOYHTATh TAK: CYMMA 2EOMEMPUUECKOU, Nbe30Mempuieckou u CKOPOCHHOU
8b1COMYBL 01 UOCATLHOU HCUOKOCIU eCMb 8eIUYUHA NOCOAHHASA.

Tema 3.3. YpaBHeHue bepHy.iu 1Ji peajibHOH KUAKOCTH
YPaBHCHI/Ie ECpHyJ’IJ’II/I JUIA IIOTOKa peaﬂBHOﬁ KUAKOCTHU HECKOJIBKO OTJIMYACTCs OT YpaBHECHUSA
A ou B vl
a+—Lt4+ L=z, +2+"2=H=rconst
pg 2g pg 2g
I[GJ'IO B TOM, 4YTO IpU ABUKCHUU peam)Hof/'I BSI3KOM JKUAKOCTU BO3HUKAKOT CHUJIbI TPECHUS, Ha NPEOJOJICHUE KOTOPLIX KUAKOCTH
3aTpavymMBacT 3HEPrHi0. B pe3ynpraTe monHas yaeabHas SHEPTHS KHUIKOCTH B ceueHHH 1-1 OyaeT OOJbIie MOJHON yAeNbHON YHEPTUH B

ceucHHH 2-2 Ha BEJIMUMHY MOTEePSIHHOU 3Hepruu (puc.3.6).

TN -

Spobs

Avony

J

P ——

Ty . TSI T
Puc.3.6. Cxema K BBIBOIY ypaBHEHHSI bepHYIH s peaabHOM KHUIKOCTH

ToTtepstHHas >HEPTUs WM NOTEPIHHBINH HAIIOP 0003HAYAIOTCS 15.;-2;.;1/1 HMEIOT TaKkKe JIMHEIHYI0 pa3MepHOCTb.

YpaBHeHue BegHynm«l JUISL pealIbHOM )KUAKOCTH OyJIeT MMETh BUJ:

- i+r:>£1U—1 =z, i+0L:{U—2+pfz,la;,:; =H =const

54 2g P 2g

W3 puc.3.6 BHIAHO, YTO N0 Mepe NBIKEHMS JKHIKOCTH OT cedeHWs 1-1 1o ceueHust 2-2 TMOTEpSHHBIM Hamop BCe BpeMs
yBeIHUIHBaeTCs (MOTEPSHHBIA HANop BBIIENCH BEPTHKANBbHON MmTpuxoBKoi). Takum oOpa3oM, ypoBeHb HMEpBOHAYAILHON SHEPTHH,
KOTOpOil 00NajgaeTr >XKUAKOCTh B IEPBOM CEUEHHH, OIS BTOPOTO CEYEHHS OyIeT CKIAABIBATECS W3 YETHIPEX COCTABIISIONINX:
T€OMETPHIECKOI BBICOTHI, ITb€30METPUIECKOH BHICOTEI, CKOPOCTHOH BEICOTHI M IIOTEPSTHHOTO HAIIOPa MEXIY cedeHusiMu 1-1 un 2-2.

Kpome 3Toro B ypaBHEHHH MOSBIJINCH €Ie JBa KOI(QQHIMEHTa 0 U 0y, KOTOPBIE HA3BIBAIOTCS K0dghduyuenmamu Kopuoauca n
3aBUCAT OT PeXKUMa TEUEHHS )KUAKOCTH ( 00 = 2 IS JIAMUHAPHOTO PeXUMa, o0 = 1 1 TypOYyJIEHTHOTO PEeXUMa ).

1-2
HOTepﬂHHaﬂ BbICOTA ';gnomCKﬂa)IbIBaeTCﬂ 13 JTUHEUHBIX IOTEPb, BhI3BAHHBIX CUJION TpEHUA MEXAY CIOSAMHU KUIAKOCTU, U NOTEPD,
BbI3BAHHBIX MECTHBIMU COIIPOTHUBIICHUSIMHU (I/ISMCHCHI/IHMI/I KOH(i)I/Il"ypaIII/II/I HOTOKa)

B o +
¥ Mmecm

C nomo1ipio ypaBHeHUs! bepHysH peraercst GONBIIMHCTBO 3324 MPAKTHIECKOM THApaBIuky. [ 3TOro BEIOHPAIOT /1Ba CEUCHUS
M0 JJIMHE IMOTOKAa, TAKUM 06pa30M, ‘ITOGbI JUIA OAHOIrO M3 HHUX 6bIJ'IH HN3BCCTHbI BCIIMYHUHBI P, P, g, a ajs }lpyFOFO CCUCHHUA OJHA WU
BEJIMYUHBI TTOJICKAIN OIPEACICHUIO. HpI/I JBYX HCU3BECTHBIX IJIA BTOPOTO CCUCHHA HUCHOJB3YHOT YPaBHCHHUC MOCTOAHCTBA pacxona
KHUJIKOCTH V10 1 = V20).

Tema 3.4. U3MepeHne CKOPOCTH MOTOKA M PACX0/1a JKUIKOCTH

J1nst u3MepeHHst CKOPOCTH B TOYKaX ITOTOKA IIUPOKO MCIIOJIb3yeTcs paboTaronas Ha MpUHIIE ypaBHeHus: bepruysmu tpyoxa [Tuto
(puc.3.7), 3arHyThIi KOHEI[ KOTOPOi HAIpaBJIeH HABCTpedy MoTOKy. ITycTh TpebyeTcs n3MepuTh CKOPOCTD KHUIAKOCTH B KAKOH-TO TOYKE
noToka. [ToMecTB KOHEI[ TPYOKH B YKa3aHHYIO TOYKY U COCTaBHMB ypaBHeHue Bepryiutu st cedenust 1-1 1 cedeHwus, MPOXOSIIIEro Ha
ypOBHE )uAKOCTH B TpyOKe [Tuto momydanm

Poo+vh 1? F

o THR +—=H+h+2 mmm v=.J2gH

¥ 2g ¥
rae H - cron6 sxuakoctu B TpyoOke I1uto.

15



P

—
f— Yleel & g
}

i\P'F,,,,rb

I

Puc. 3.7. TpyOka Iluto u pacxogomep Bentypu
Jlnst u3MepeHHs pacxo/1a ®UAKOCTH B TPYOOIIPOBOaX YacTO UCTIOIB3YIOT pacxogoMep BeHTypu, nelicTBUE KOTOPOTO OCHOBAHO TaK
JK€ Ha MpUHLHUIE ypaBHEHMs bepnymnu. Pacxogomep BeHTypu cOCTOUT M3 IBYyX KOHMUYECKHMX HACaAKOB C LMIMHAPUYECKON BCTABKOM
Mexxay HuMmH (puc.3.7). Eciu B ceuenusx |-l u 11-1l moctaBuTe mbe3oMeTprl, TO pa3HOCTh YPOBHEW B HHUX OyAET 3aBHCETh OT pacxoja
KHUAKOCTH, TIPOTEKaromel 1mo Tpyoe.
IIpenebperas morepsiMu Haropa u cuutas z1 = z2 , HarumeM ypaBHeHne bepaymmm mist cewenwit I-1 u 11-11:
B.v _5 v

S =l s
Y o2z v Z2g
501050
2
hu_HH
v 2g 1y

VcHionE3ys ypaBHEHHE HEPa3PhIBHOCTH
Q =101 = V200,
C/IeTTaeM 3aMeHy B IOJYHEHO BBIPAKCHHH:
2
2
@
L DY Y

2803'? Wy

Pemas orHOcuTenbHO Q, nOTy4uM

2g
O=aww, 5 Ak
Wy — g
Bripaxkenue, crosiiee nepen '\"f"z_g » IBJIIETCSI IOCTOSIHHOW BEIMYMHOM, HOCSIILIEH Ha3BaHME IIOCTOSIHHOM BofoMepa BeHntypu.
VI3 nosty4eHHOr0 ypaBHEHHUs BHIHO, 4TO N 3aBUCHUT OT pacxona Q. HacTo 3Ty 3aBHCHMOCTB CTPOSIT B BHJE TAPHPOBOYHON KpHBOii h

oT Q, KoTopas UMeeT MapaboIMYECKU XapaKTep.

Pa3nen 4. l'mapaBianyeckue conporuBiennus (Jlekuus-pusyanuzanus 2 gaca)

HOTepI/I OHEPTUH (yMeHI:U_IeHI/Ie TUAPABINYCCKOIO Hanopa) MOXXHO HaGJ’IIOZ[aTI) B Z[BH)I(yHIeﬁcﬂ JKUOKOCTU HE TOJIBKO Ha
CPaBHUTENBHO JJIMHHBIX YYacTKaX, HO W Ha KOPOTKHMX. B OIHHUX ciydasx moTepu Hamopa pacrpeielsfoTcsl (MHOTAa PaBHOMEPHO) IO
JUINHE pr6OHpOBOI[a - 3TO J'II/IHCﬁHI:IC NOTEPU; B APYIrUux - OHU COCPEAOTOUYCHBI HA OUC€Hb KOPOTKUX y4aCTKax, ).IJ'IPIHOﬁ KOTOPBIX MOXHO
npeHe6peqL, - Ha TaK Ha3bIBA€MbIX MECTHBIX THAPABIMYCCKUX COIPOTUBJICHUAX: BEHTHUJIM, BCEBO3MOXHBIC 3aKPYTJICHUA, CYKCHUA,
pacliMpe€Hud U T.4., KOpOUY€ BCIOAY, I'I€ MIOTOK MPETEPIICBACT Z[ed)OpMaL[I/IIO. I/ICTO‘IHI/IKOM IMOTEPHL BO BCEX CiiyvdasdaX SABJIACTCA BA3KOCTH
JKAJIKOCTH.

C.IIC,HYCT 3aMCTUTh, 4YTO HOTepI/I Hanopa U TI0 JJIMHE U B MECTHBIX l"I/I,HpaBJ'II/ILICCKI/IX COHpOTI/IBJIGHI/IHX CyHIeCTBEHHBIM 06pa30M
3aBHUCAT OT TaK HA3bIBAEMOTI' O pe>1<1/1Ma JBWXCHUS )XKUAKOCTH.

Tema 4.1. Pe:KxMMBbI IBHKEHUSA KUIAKOCTH

Tpu HaGIIOACHUH 32 JBHKEHHEM XKUAKOCTH B TPyOax M KaHalaX, MOKHO 3aMETUTh, YTO B OJHOM CIIy4ae )KUIKOCTh COXpaHSeT
OIIpeJIeICHHBIN CTPOH CBOMX YaCTHIL, @ B APYIHX - MepeMelnaTces 6eccucreMHo. OHAKO MCUYEPITBIBAIOINE OIBITHI 10 3TOMY BOIPOCY
Obutn TIpoBeneHbl PeitHompacom B 1883 1. Ha puc. 4.1 n3o0paxkeHa ycTaHOBKA, aHAIOTUYHAS TOH, Ha KOTOPOil PeifHombIc mpon3BoAmI
CBOM OIIBITHI.

Puc. 4.1. Cxema ycranoBku PeiiHonbaca

VcraHOBKa COCTOMT M3 pe3epByapa 4 ¢ BOJOW, OT KOTOPOTO OTXOAUT CTeKJIsiHHas TpyOa B ¢ kpanom C Ha KoHIe, U cocyna D ¢
BOJIHBIM PAaCTBOPOM KPAcCKH, KOTOpPasi MOXKET IO TpyOKe BBOJMTHCS TOHKOW CTPYHKON BHYTpPb CTEKIISIHHOM TPYyObI B.

Ilepswiti cnyuaii 0sudcenus sxcuokocmu. Ecan HEMHOTO MPHOTKPBITH kpaH C U JaTh BO3MOXKHOCTb BOJE NMPOTEKaTh B Tpyde c
HEOOJIBIIION CKOPOCTHIO, a 3aTeM C MOMOIIbIO KpaHa £ BIYCTUTh Kpacky B TIOTOK BOJbI, TO YBHIHMM, YTO BBEACHHAs B TPYOy Kpacka He
OyZIeT NmepeMenInBaThCs ¢ IMOTOKOM BOABL. CTpyiika KpacKd OyAeT OTYETIMBO BHIMMOM BIOJb BCEU CTEKIITHHOM TPYOBI, UTO YKa3bIBacT
Ha CIIOUCTHIA XapakTep TEYCHHUS KUAKOCTH U Ha OTCYTCTBHUE IepeMeInnBanus. Eciu mpu 3ToM, eciii K TpyOe MOJCOSTUHATD The30METP
wm TpyOky IIuTO, TO OHM TOKAXYT HEM3MEHHOCTHh JAaBJIEHUS M CKOPOCTH IO BpeMEHH. Takoil pEeXUM JBWKCHUS Ha3BIBAETCS
AAMUHAPHBII.

Bmopoii ciyuail 0sudicenus scuoxocmu. IIpu MOCTENIEHHOM YBEIMYESHUN CKOPOCTH TEUSHHUsI BOJBI B TPyOe IyTeM OTKPBITHS KpaHa
C xapTHHa TeUYeHHs] BHAYalle HE MEHSIETCs], HO 3aTEM IIPHU ONPe/eIeHHON CKOPOCTH TeUeHHs HacTymaeT ObicTpoe ee u3meHeHune. Ctpyiika
KpaCKu MO BBIXOJC U3 prGKl/I HAYUHACT KO.]'le6aT]>C$[, 3aTEM Pa3MbIBACTCA U NEPEMEIIUBACTCA C IMOTOKOM BOJbI, IPUYEM CTAHOBATCA
3aMETHBIMU BUXPeOOpa30BaHUs U BpallaTelbHOe ABMKEHHE XUIAKOCTH. [Ibe3omeTp u TpyOka [TuTO mpH 3TOM MOKaXyT HENpephbIBHbIC
Ty IbCAIMH JIaBJICHUS W CKOPOCTH B ITOTOKE BOJBL. Takoe TedeHUe Ha3bIBaeTCs mypoyienmuvim (puc.4.1, BBEpXy).

Ecim yMEeHBIINTE CKOPOCTH MOTOKA, TO BOCCTAHOBUTCS JIAMHHAPHOE TEUCHUE.

Wrak, namunaphviv Ha3bIBaeTCS CIOUCTOE TEYCHHE Oc3 TEpPEMCEIIMBAHUS YaCTHI[ KUIKOCTH M 0Oe3 IMyJbCalid CKOPOCTH H
naBiieHus. [Ipy TaMUHAPHOM TEUCHHH SKUAKOCTH B MPSIMOI TpyOe MOCTOSTHHOTO CEYCHUS BCE JIMHUK TOKA HAIPABJICHBI TAPaJLIEIbHO OCH
TPYOBI, IPH 3TOM OTCYTCTBYIOT IOIIEPEUHbIE IIEpEeMEILEeHHS YACTHULL )KUKOCTH.

TypOynenmuvlv  Ha3plBaeTCAd TEUYCHUE, COIPOBOXKIAIOIICECS HHTCHCUBHBIM IE€PEMELIMBAHUEM IHKUIKOCTH C MYyJIbCALUSIMU
ckopocTeil U maBneHuil. Hapsay ¢ OCHOBHBIM IPOXOJIBHBIM IEpeMEIleHHEM >KUAKOCTH HaOJIOAAIOTCS MOIEpPEYHbIe MEpeMELIeHUs U
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BpallaTeNbHbIe JBIXKEHHUA OTIAEIBbHBIX 00BbeMOB *kuakocTH. Ilepexon oT naMHHApPHOTO peXuMa K TypOyleHTHOMY HabmrogaeTcs Npu
ONpPENIENEHHON CKOPOCTH JIBUKEHHUS KMAKOCTH. DTa CKOPOCTh HA3BIBAETCS KPUMUUECKOU V .
3HaueHHe 3TOW CKOPOCTH MPSAMO IPONOPIUOHATBHO KHHEMAaTHYECKOM BA3KOCTH JXKMIKOCTM M OOpPaTHO MPOMOPIHOHATBHO

IIaMeTPy TPYOBL.
W
Vo, =—k
wod
rae v - KHHEMaTHIecKast BSI3KOCTb;
k - Oe3pasMepHBIit KO3 HHULHEHT;

d - BHyTpeHHHI AHaMETp TPYyOBI.
Bxomstmii B 31y hopmyny Oe3pasmepHbiii kKodduimenT K, OJMHAKOB A BCEX KMAKOCTEH M ra3oB, a Takke s JFOOBIX

JIMaMETPOB TPYO. DTOT KOIPPUIMEHT HA3BIBAETCS Kpumuyeckum yuciom Peiinonvoca Re, v onpenensercs cleayrommuM oopasom:

Re,, =20

Ay

Kak nokaseIBaeT OIbIT, Ml TPYO Kpyriaoro cedenus Re,,, mpumepHo pasHo 2300.

Taxum oOpaszom, kpuTepuii noaodus PeliHonbaca MO3BOIAET CyIUTh O PEXHME TeYeHUs XKUAKOCTH B TpyOe. Ilpm Re < Re,,
TeueHHe ABJIAETCA JaMMHAPHBIM, a pu Re > Re,, Teuenune sApnsgeTcsa TypOyneHTHbIM. To4Hee roBOps, BIOJHE Pa3BUTOE TypOyIeHTHOE
Te4eHHe B TpyOax ycTaHaBiuBaeTcs JUIIb npu Re mpumepHo paBHo 4000, a mpu Re = 2300...4000 mmeeT MecTo mepexoiHas,
KpUTHYECcKasi 00IacTh.

Pexxum ABMXEHUS KUIKOCTH HANPAMYIO BIMSET HA CTETIEHb THPaBIHYECKOTO CONPOTUBICHHUS TPYOOIPOBOIOB.

Tema 4.2. KaBuranus

B HEKOTOpBIX Cilydasx HPH JABIKCHUHM JKHIKOCTH B 3aKpBITBIX pyClIaX IPOMCXOAUT SBJICHHE, CBS3aHHOE C HM3MEHEHHEM
arperaTHOro COCTOSHUS )KUJIKOCTH, T.€. IPEBPAILEHHE €€ B I1ap C BBIJCICHUEM U3 XKUIKOCTH PACTBOPEHHBIX B HEil ra3oB.

HarnsaHo 3To SIBJIGHHE MOXKHO NMPOJEMOHCTPUPOBATH HA MPOCTOM YCTPOMCTBE, COCTOSILIUM M3 TPYOBI, HA OTACIBHOM YYacTKe
KOTOpO#l ycTaHOBJIeHa mpo3padHas Tpyoka Beurypu (puc.4.2). Boxa mon maBineHueM IBIKeTCst OT cedenus 1-1 gepes ceuenue 2-2 K
ceuennto 3-3. Kak BHIHO U3 pHCYHKa, CEUCHUE 2-2 UMeeT MeHbIIHi quaMerp. CKOPOCTh TEUCHHS JKHIKOCTH B TPYOEe MOKHO H3MCHSTD,
HarpuMep, YCTaHOBJICHHBIM IT0CIIe CeUeHUs 3-3 KpaHoM.

' Kabumayus
/72
Puc. 4.2. Cxema TpyOKH TS AGMOHCTPAIIMU KaBUTAIIUH

TIpn HeGOMBLION CKOPOCTH HUKAKHX BUIUMBIX M3MEHEHHI B JBIIKEHHH JKHIKOCTH HE MPOUCXOAWT. IIpM yBenn4eHHH CKOPOCTH
JBI)KCHHUS JKUAKOCTH B Y3KOM CEYCHMH TpyOkH BeHTypu 2-2 mosiBisieTcs OTYeTIMBas 30Ha C OOpa3soBaHMEM IIy3bIPHKOB TIa3a.
O0pasyeTcs 0071acTh MECTHOTO KHIICHHUS, T.€. 0Opa3oBaHME Mapa C BBIIEICHHEM pPAacTBOPEHHOTO B Boae rasza. Jlamee mpm momxone
KHUAKOCTH K CEYEHHIO 3-3 3TO SBICHHE NCUE3aeT.

OTo sABIEHUE OOYCIOBJIECHO CileAylomuM. V3BeCTHO, YTO TpW JABW)KEHHH KHIKOW WIIM Ta3000pa3HOil cpenbl, JaBieHHE B HEl
nanaet. [Ipuuem, 4em BbIIIe CKOPOCTH ABMIKEHHS CPEJIbl, TEM JaBlieHHe B Hel Hipke. [103TOMY, IpH TEUSHUH JKUIKOCTH Yepe3 MECTHOE
Cy)eHHe 2-2, COTJIaCHO YPaBHEHHIO HePa3pbIBHOCTH TEUEHHH, YBEINUUBACTCSI CKOPOCTH C OJHOBPEMEHHBIM ITaJleHHEM JIaBJICHHS B 3TOM
Mecte. Ecin abcomoTHOE JaBieHue HpH 3TOM JIOCTHIaeT 3HAUEHHs] PaBHOTO JABJICHHIO HACBHIICHHBIX MApOB KUAKOCTH NPH TaHHOM
TeMIlepaType WM 3Ha4eHHs] PaBHOTO JAaBJICHHIO, IIPH KOTOPOM HAUMHAETCSI BBIJEJICHUE U3 Hee PaCTBOPHMBIX Ta30B, TO B IAHHOM MECTe
MOTOKA HaOIII01aeTC MHTEHCUBHOE MapooOpa3oBaHue (KAIIEHHE) U BEIJIETICHNE ra30B. Takoe sSBICHNE Ha3bIBACTCS KAaBUTAIlUEH.

IIpn nampHEHIIEM IBIDKEHUH KUAKOCTH K CEUSHHUIO 3-3, My3BIPHKH HCUE3AI0T, T.€. TIPOMCXOUT PE3K0e YMEHBIIEHHE HX Pa3MepOB.
B To Bpems1, Korzia my3bIpeK HcUe3aeT (CXIIOMBIBACTCS ), B TOUKE €r0 CXJIONMBIBAHUS IPOMCXOJHUT PE3KOE YBEINUCHUE JIABIECHHS, KOTOPOE
nepenaeTcss Ha COcelHHE OOBEMBI JKHIKOCTH M Yepe3 HMX Ha CTeHKH TpyOompoBoja. TakuM o0pa3oM, OT TaKMX MHOTOYMCIEHHBIX
MECTHBIX NOBBIILICHUH AaBieHNUi (THIPOYIapoOB), BOZHUKAET BUOpALUsL.

Takum o0pa3zoM, xkagumayusi - T0O MECTHOE HApyIICHHE CIUIONTHOCTH TE€YEeHHs ¢ 00pa3oBaHMEM MapOBBIX M Ia30BBIX ITy3bIpel
(kaBepH), 00yCIIOBJIEHHOE MECTHBIM MaJJICHUEM JIaBJICHHS B ITOTOKE.

KaBurtanust B 0OBIYHBIX CIIydasx SIBISIETCS HEXKeJaTeJbHBIM SBJICHHEM, U €€ He ClefyeT JOIycKaTh B TPYOONpOBOAaX M IPYrHX
3NIeMeHTax rufpocucTeM. KaBuranust BO3HHKaeT B KpaHaX, BEHTIIIAX, 3aBIKKAX, KHUKIEPaxX u T.1.

Kapuranus MokeT IMETh MECTO B THAPOMAIIMHAX (HACOCAX W THAPOTYpOWHAX), CHWXKAs MPH 3TOM MX KOI(PPHUIUEHT MOIE3HOTO
JIEUCTBUS, a MPU IUTUTEIFHOM BO3/EHCTBHU KaBHTAIlMM IPOMCXOJHUT pa3pylleHHe JeTaned, MoABepKeHHBIX BHOpamuu. Kpome sToro
Ppa3pyMIaoTCsi CTEHKH TPYOOIIPOBOIOB, YMEHBIIAETCS UX MPOITYCKHAsl CTIOCOOHOCTH BCIIE/ICTBIE YMEHBIICHUS )KUBOTO CEUCHUSI TPYOBI.

Tema 4.3. Ilorepu Hanmopa NpU JAMHHAPHOM Te€YEHHUH KUAKOCTH

Kak nmoka3siBaroT UCCIICN0BaHMsA, IPU JIAaMUHAPHOM TE€YCHHUHU KUJIKOCTHU B prI‘.]'IOﬁ pr68 MakKCUMaJibHasi CKOPOCTb HAXOQUTCS Ha
ocu TpyOBI. Y CTEHOK TpyOBI CKOPOCTh paBHa HYIIO, T.K. YaCTHIBI )KUIKOCTH MOKPHIBAIOT BHYTPEHHIOIO MOBEPXHOCTH TPYOONpoBOAA
TOHKUM HETIOJBIDKHEIM clioeM. OT CTEHOK TPyOBI K €€ OCH CKOPOCTH HapacTaio IUIaBHO. [ paghux pacnpedenenus ckopocmeti no
nonepedYHomy ce4eHuro nomokxda npe()cmae.mem coboti napa5o.7zom) epawjerus, a CCUCHUC Hapa60n01/1/:[a 0CEBOM IIIOCKOCTBIO -

KBaJIpaTHuHYy0 napabomny (puc.4.3).
1 2

I Y

|
|
|
i

f
il
lt?.
/f’ //_:{ T
! H
Puc. 4.3. Cxema Juist paCCMOTPEHHUsI JTAMHHAPHOTO IOTOKA
YpaBHeHHe, CBI3bIBAIOIICE IIEPEMEHHEIE U U I, UMeeT CIEIYIONHIA BU:
E-F
T By | ( R rz)
aps
rae P1 u P2 - naBnenust cooTBETCTBEHHO B ceueHumsx 1 u 2.
V crenok TpyOs! BennuuHa I = R, , 3HauuT ckopocTh U =0, a ipu I = 0 (Ha OCH MOTOKA) CKOPOCTH OyAET MaKCUMANbHOM
_ "‘Dl_"'DQ I:R2 _02)_ "'Dl_"'Dﬁ R2
UJ\-M — T a e l—
418 418
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Temnepsb onpenenuM pacxoa KUAKOCTU MPH JIAMUHAPHOM TE€UYEHHH B Kpyrioi TpyOe. Tak kak smropa pacipezesieHus CKOpoCcTei B
Kpyrioi Tpybe mMeeT BuA mapabojonja BpalleHHs C MaKCHMaJIbHBIM 3HAUYEHHEM CKOPOCTH B LIEHTpE TPYObI, TO PacXoi >KHIKOCTH
YHCJIEHHO paBeH 00beMy 3Toro napabdonouaa. OnpeaenuM 3ToT 00beM.

MakcumManbHast CKOpOCTb IaeT BEICOTY Mapadosonga

-5 5

h=v__ = R

4t

Kax m3BecTHO U3 reoMeTpuH, 0GheM apaboronza BeicoTol h u miomansio pR? pasen
&
=R,
2
a B HaIlleM CliyJae
Q=1,J.ER23_£D2 R2= P‘l_% ,J.ERﬂ-
2 Aps =]V
Ecnu BMecto R mozacraButh quamerp Tpy6st d, To popmyina (4.4) mprobperet Buj
Q - Pl — P‘.; mﬂ-
128pf
Pacxox B TpyGe MOKHO BBIPa3HUTh Yepe3 CPEIHIOI0 CKOPOCTh:
BB . o
Q =1 “dqadt = ng -
12808 4
OTKyZa
£ -F
v, =—+—1d*
32
Jli1st ompeiesieHus IIOTeph HAMOpa MPH JIAMHHAPHOM TEUYCHHH XKUAKOCTH B KPYIJIOH TPyGe pacCMOTPHM y4acToK TpyOsl AuHO |,
0 KOTOPOMY MOTOK TEUET B YCIIOBHSX JJAMUHAPHOTO peskuma (puc.4.3).
Tloteps naBnenust B TpyoOnpoBojie OyIeT paBHa

R-F=—"0

dﬂ oF

ECJ’[I/I B (bopMyne Z[I/IHaMI/IquKI/Iﬁ KOE)(b(l)I/IL[I/IeHT BA3KOCTH |,1 3aMCHUTH qepe3 KI/IHeMaTI/I‘{eCKI/Iﬁ KO3(1)(1)I/IHI/ICHT BA3KOCTH UV U
IUIOTHOCTH P ( L =" p ) U pa3eiuTh 00¢ YaCTH PABCHCTBA HA OOBEMHBIN BEC )KUAKOCTH Y = p J, TO TIOTYUHM:
s
T s
Yo pad
TaK KakK JieBas 4acCThb HOJ'Iy'-IeHHOFO paBeHCTBa paBHa HOTepHM Hanopa hnom B pr6e IIOCTOSAHHOT O Z[I/IaMeTpa, TO OKOHYATCIIBHO 3TO
PaBEHCTBO NIPUMET BUL:

VAT
A e = BE Ve
£

L

YpaBHeHHE MOXKET OBITH MPeoOpa3oBaHO B YHHBEpCAIbHYIO (Gopmyny Beiicbaxa-/lapcu, koTopas OKOHYATEIHHO 3alCHIBACTCS
TaK:
LARTS
By = A —
d 2z
rae A - Ko3pUIMEHT THAPaBIMYECKOT0 TPEHHUs, KOTOPBIH JUIs JAMHHAPHOT'O MOTOKA BBIYUCIISIETCS TI0 BEIPAXKEHHIO:
="
Ee
OJHaKoO NpH JJAMHHAPHOM PEeXHUME IS onpeaeieHus koddduunenra ruapasiandeckoro Tpenus A T.M. bamra pexomenayer npu
Re <2300 npumeHnsTs Gpopmyy
N
Ee
Tema 4.4. Ilorepn Hanopa npu TypOYJICHTHOM TE€YECHHUH KUTKOCTH
Kak Obuto yxazaHo B m.4.1, 1 TypOyJE€HTHOrO TEUEHHS XapaKTEPHO IepeMElIMBAHHE >KUJIKOCTH, IMyJbCAllMd CKOPOCTEH M
nasieHuid. Eciti ¢ momMonpio 0co00 4yBCTBHTEIBHOTO MPUOOpa-caMONUCLia U3MEPATD IyJIbCALMH, HAIPUMEP, CKOPOCTH 10 BPEMEHHU B
(PUKCHPOBAHHOM TOYKE MMOTOKA, TO MOIYYHM KapTHHY, MMOJOOHYIO MMOKa3aHHOH Ha puc.4.4. CKopocTh OecTopsI0YHO KOJIEOIETCS OKOIIO0
HEKOTOPOTO OCPEJHEHHOTO 10 BPEMEHH 3HAYEHHS V) ocp, KOTOPOE JAHHOM CIy4ae OCTAETCS IIOCTOSHHBIM.
XapakTep JTMHHUN TOKa B TpyOe B JaHHBIII MOMEHT BpeMEHH OTIINYaeTcs OONBIINM pasHooOpasueM (puc. 4.5).

te
Puc. 4.4. Tlynbcanust CKOPOCTH B TypOyJIEHTHOM MOTOKE.

—_—

Puc. 4.5. Xapakrep quHUIA TOKa B TypOyJICHTHOM ITOTOKE
IIpu TypOyneHTHOM peXuMe ABIDKSHUS KHUAKOCTH B TpyDax SIHIopa paclpeneNIeHAs] CKOPOCTeH MMeeT BHJ, IIOKa3aHHBIH Ha pHLC.
4.6. B TOHKOM IPHCTEHHOM CJIO€ TOJIIMHOI O JKUIKOCTH TEUeT B JIAMHHAPHOM PEXHME, a OCTAIbHBIE CIOM TeKYT B TypOyJIEHTHOM
peXHUMe, W Ha3bIBAIOTCS mypOyrenmuuim A0pom. TakuM o0pa3oM, CTpPOro ToBOpS, TypOYJICHTHOTO ABIDKCHHUS B UHCTOM BHIE He
cymecTByer. OHO CONPOBOXKAAETCS JIAMHUHAPHBIM JIBHXKEHHEM y CTEHOK, XOTS CJIOH & C JIAMHHApHBIM DPEXHMMOM BECbMa Mall IO
CPaBHEHHUIO C TypOYJIEHTHBIM SAPOM.
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/!T;A'Hapnsr cnod Typlynemvos Anpo
Puc. 4.6. Monens TypOyIeHTHOTO pesKuMa ABHYKEHHUS KUIKOCTH

OcHOBHOI1 pacueTHOH (OpMyIOH U1 NOTEeph HAlopa MpH TYpOYJICHTHOM TEUSHUH XXKHUAKOCTU B KPYTJIBIX TPYOax SIBISIETCS YKe
MIPUBOAMBINASCS BEIIIE SMIUpHUeckas Gpopmyia, Ha3siBaeMas Gpopmyoii Beficbaxa-/lapcy 1 nMeromast clieTyomi BUI;:

£t

B = e —

d 2g

Pasnuuune 3akiaroyaeTcsi UG B 3HAYCHUSX KOd(QHUIMEHTa TUAPABIMYECKOTO TPEHUS A. DTOT KOI(G(HIMEHT 3aBUCUT OT YHCIa
PeitHosnpaica Re u oT Ge3pa3MepHOro reoMeTpruieckoro (akropa - OTHOCHUTENbHOI miepoxoBatoctu A/d (wiam Alrg, TAE ro - paguyc
TpYOBI).

Brnepsrie Hanbosnee ucuepmnsiBatomeil pabotel mo ompenencHuto O6butu nanel M.M. Hukypazasze, KOTOpeIif Ha OCHOBE OIBITHBIX
JaHHBIX TTOCTPOmI rpaduk 3asucumoctH Ig(1000)) ot Ig Re mis psina 3Hauenuii A/r o. OnbiTel Hukypaase GbutH poBeIeHBI HA TPyOax ¢
HCKYCCTBEHHO 3aJIaHHO IIEPOXOBATOCTHIO, MOJTYYCHHOH ITyTeM NPHUKICHKH ITECYMHOK ONPEAENIeHHOr0 pa3Mepa Ha BHYTPEHHHE CTEHKH
TpyOonpoBoaa. Pe3ynpTaTsl 3THX MCCICAOBAHHUI MPEICTaBICHBI Ha pHC. 4.7, TIe HocTpoeHb! kKpuBble 3aBucumoctu Ig (1000A) ot Ig Re
JUTS psfia 3HAYEeHUH A/rg.

IIpsmas | cooTBETCTBYET TaMUHAPHOMY PEKHUMY JBIKEHUS XKUAKOCTH.

Janee Ha rpaduke MOXXHO paccMaTpuBaTh TPU OOJIACTH.

IlepBas obmacts - o6macte MaibIx Re u A/rg, rie k0o3ppuIEeHT A He 3aBHCUT OT LHIEPOXOBATOCTH, a ONPEACISETCS JHUIIb YHUCIOM
Re (otmeuena Ha puc.4.7 npsmoii |l ). 1o o6macts ruapaBiudecku riuaakux Tpyo. Ecom uncno Peiinonbaca nexur B auanazone 4000 <
Re <10(d/ A ,) koaddunueHT A onpenenseTcs Mo noy3mMnupudeckoit hopmyne bnasnyca

A —0’
r— 025
Fe"
,Z[J'ISI OIpE€ACTICHUA CYIIECTBYET TAKKE SMITUPUICCKas (I)OpMyJ'Ia H.K. KOHaKOBa, KOTOpas NpuME€HUMa JJId THAPABINYCCKU TINTaJKUX

TpyO
1

Mgz
T (L8lg Re-15F

AN
~
s‘w{w-sw 3050600, 80 P 30000

R,i o .dagﬂﬂ:.gwwqu«mgﬁamw
P 0o uos s N .
< R s

7 p 623 625800 93“&#
20035678 P8P

Q.,@ﬁ-e;uﬁ'-»’w&v
S gﬂ‘.gﬁ“@:‘-!mm
SRR
0-22,5 W6 3 47 3¢ 36 38 4 42 44 4 45 & 47 55 \5:8 TgRe
Puc. 4.7. I'paduk Hukypanze

Bo BTOpOIi 065acTH, pacnonoxeHHo# Mex 1y uHuit || 1 myHKTHpHOI arHMeH crpaBa, K03()(GHUIUEHT A 3aBUCUT OJJHOBPEMEHHO OT
IIBYX TapamMeTpoB - 4ucia Re M OTHOCUTENBHOW IepoxoBaToCTH A/rg, KOTOPYIO MOXHO 3aMeHHMTh Ha A,. Jlins ompeneneHus
ko3¢ duireHTa A B 3T0it 00J1IaCTH MOXKET CIY)KUTh YHHBepcanbHas popmyna A.Jl. AJTbTirysis:

0,25
1,=0J{§i+§§]
d R

£
rae A, - SKBUBaJIeHTHas: aOCOJIIOTHAs [IEPOXOBATOCTb.
XapaxTtepHble 3Ha4eHus A, (B MM) Juist TpyO M3 pa3IMuHbIX MaTepHAaIOB MPUBEACHBI HIDKE:

Crexio 0

TpyObl, TAHYTBIC U3 JIATYHH, CBUHLA, MEU 0...0,002
BricokokadecTBEeHHBIE OECIIOBHBIE CTABHBIE TPYOBI 0,06...0,2
CranbHble TPYOb 0,1...0,5
YyryHHble ac(hanbTHPOBaHHbIE TPYObI 0,1...0,2
YyryHHBIE TPYOBI 0,2...1,0

Tpetbs obmacth - o6macth Gosjpiix Re m A/rg, Tae kodQ(dUIMEHT A He 3aBHCHT OT 4ucia Re, a ompemensercs JHIIb
OTHOCHTENIBHON ILIepOXOBaTOCThIO (00JIACTh PACIIONIOKEHA CHpaBa OT IMYHKTUPHOH JHMHHH). DTO o6nacme uiepoxogamolx mpyo, B
KOTOpDOH BCEe JIHHHUHM C PA3JHYHBIMH LIEPOXOBATOCTSAMU TapajlIelbHbl MEXAy co6oil. DTy o0nacth Ha3bIBalOT 00JIaCTHIO
ABTOMO/ICTIBHOCTH HJIM PEXHMOM KBaJpPAaTHYHOTO CONPOTHBIICHHS, T.K. 3[€Ch THAPABINYECKHE MOTEPH MPONOPLHOHATIBHBI KBAaAPaTy
CKOPOCTH.

Ompenenenne A A1 3TOH 00TaCTH MIPOU3BOJLIT 110 YHPOIIEHHON (popMyIie ANBTIIYIIS:

025
iy

L.=011]=2

F (d]

wi 1o popmyne Ipanntis - Huxypanse:
1 Lg[ Ay J

Ay 374

Wrak, norepu Hamnopa, onpenernsiemsle o ¢popmyie Beticoaxa-Jlapcu, MOXHO ONpenenuTs, 3Hask KOI(QOHUIMEHT THIPABINIECKOTO
COTIPOTHBIICHNUS, KOTOPBIH OIpeAeiseTcs B 3aBUCUMOCTH OT 4ucina PeiiHonbaca Re u 0T skBUBajIeHTHON aOCOIOTHON HIEPOXOBAaTOCTH
A,. Ins yno0OcTBa CBOIHBIC JaHHBIC IO ONPEICICHHIO A IPeICTaBIeHbI B Tabnuie 4.1.

[Monb3oBaThes MpuBeAeHHBIMU B Tabu. 4.1 ¢opmynamu ass onpenenenus koddduipeHta A He Bceraa ynobno. s obneryenus
pacueToB MOXKHO BOCIOJIB30BaThCsi HOMOrpammoii Kosbpyka-Yaiita (puc.4.8), pu HOMOIIM KOTOPO# 1o u3BecTHbIM Re u A,/ d Becbma
HPOCTO ONpEAeIsIeTcs A.

Tab6inmma 4.1
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Tabnuua amst onpeaeneHust K03(GGUIMESHTa THAPABINISCKOr0 TPEHHUs

Pesami I8 CERHHA Pexrjrma OnpeereHE A
53 73
it Re < 2300 A= AW - —
JarmmapHen & e Re
_ p 5 3
Iepeznpect 2300 < Re < 4000 s e
I e =3j§§j‘ (- Easyyra)
4000 < Re< 10 = &
ofimacts &, _ ! (-2 Konamea)
T ——
" LBlgRe 15
g
21 0,23
q d I [+
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Puc. 4.8. Homorpamma Kosnbpyxka-VYaiita mis onpeneneHus KodpQuIueHTa ruigpaBIndecKoro TPEeHHs

Tema 4.5. MecTHbIe THAPABJINYECKHE CONPOTUBJIECHUS

Bce THAPABIIMYCCKUE TOTEPU SHEPI'UU ACIIATCA Ha IBAa TUIIA: IOTEPU HA TPEHUE 110 JIMHE T‘pyﬁOHpOBO/‘IOB (paCCMOTpeHLI Bn.4.3u
4.4) m MecTHBIC TOTEPH, BHI3BAHHBIE TAaKUMH JJIEMEHTAMH TPYOONPOBOAOB, B KOTOPHIX BCJIEACTBUE H3MEHEHHUS PasMEpOB HIIH
KOH(HTYpaIlK pyciia MPOUCXOANUT H3MEHEHHE CKOPOCTH MOTOKA, OTPHIB MMOTOKA OT CTEHOK Pycia M BOZHUKHOBEHHE BUXPEOOpa30BaHMUSL.

IIpocreiimuye MecTHbIE THAPABIMYECKUE CONPOTUBICHUS MOKHO Pa3Je/IuTh Ha PacIIMPEHUs, CY’)KEHUSI U TIOBOPOTHI pyciia, Kaxk10e
N3 KOTOPBIX MOXKET OBITh BHE3AITHBIM HJIM IIOCTCICHHBIM. Boiee cioxHbIE Cliydan MECTHOTO CONPOTHUBJICHUA NPCACTABIIAIOT coboii
COCAMHCHUA HUIIN KOM61/IHaIlI/II/I NEPEHUCIICHHBIX HpOCTef?IH.IPIX COHpOTI/IBJ'IeHI/Iﬁ.

PaCCMOTpI/IM HpOCTeﬁmHe MECTHBIC COIIPOTUBJICHUS IPU Typ6yﬂeHTHOM PEXKUME TCUCHUS B pr6€.

1. Buesannoe pacwupenue pycia. Iloteps Hamopa (3HEprHH) TpPH BHE3aITHOM pACIIUPEHHH pyclia pacXojyeTcs Ha
BPIXpCOGpaBOBaHHC, CBA3aHHOC C OTPLIBOM IIOTOKA OT CTCHOK, T.€C. HA NOAACPKAHUE BPpAIATCIIbHOI'O HENPEPBIBHOTO ABUIKCHUS KUIKUX
Macc ¢ IIOCTOSIHHBIM UX OOHOBIIEHHUEM.

Sp, V2,0

2
Puc. 4.9. BHesanHoe pacmmperne TpyObt

IIpu BHe3amHOM pacmmpeHun pycna (TpyObl) (puc.4.9) MOTOK CphIBaeTCS C yIila M pacIIupsieTcss He BHE3aIlHO, KaK pycClo, a
MOCTETICHHO, MPUYEM B KOJBILEBOM IPOCTPAHCTBE MEXIY MOTOKOM M CTEHKOH TpyObl 00OpasyroTCs BHMXPH, KOTOPbIE U SIBISIFOTCS
MIPUYHHON MMOTEph SHEPTUH. PaccMoTpuM /1Ba ceueHus motoka: 1-1 - B IockocTH pacmupeHus TpyOsl u 2-2 - B TOM MeCTe, I'/ie TIOTOK,
PacIIMPUBILINCH, 3allOJHUI BCE CEYEHHE MIMPOKOH TpyObl. Tak Kak MOTOK MEXIy paccCMaTpUBAEMbIMH CEYCHUSMH PaCUIMPSETCs, TO
CKOPOCTB €r0 yMEHBIIAETCs, a AaBjIeHne Bo3pacTaeT. [l03ToMy BTOPOii mMbe30MeTp MoKa3bIBaeT BHICOTY Ha AH Gomblnyto, 4eM MepBblif;
HO ecyi Obl IOTEPh HATIOPA B JJAHHOM MECTE He ObLIO, TO BTOPOH NMbE30METp N0Ka3all OblI BEICOTY GONBIIYIO €Ile Ha Nyq,. OTa BbICOTA H
€CTb MECTHas MOTEPS HAIopa Ha pacIlMpeHHe, KOTOpast ONpeleNeTes no bopmyre:

B = | 1= 5 i

8 ) 2g

rae S1, S2 - miomaak nonepeyHpIx ceuenuit 1-1 u 2-2.

3TO BBIpAXKEHHUE SIBISIETCS CICACTBHEM meopembl bopoa, KoTopast riacut, 4To HOTEps HAallopa P BHE3aTHOM PacIIMPEHHH pycia
paBHa CKOPOCTHOMY HAIopy, ONpeeIeHHOMY MO Pa3HOCTH CKOPOCTeil

i _ (1, = v, ]
paw 2
Boipaxenue ( 1 - $1/S, )? 0Go3HauaeTest rpedeckoit OyxkBoii { (n3eTa) U Ha3bIBaeTCs K03 (GUIUEHTOM OTEPh, TAKUM 00pa3oM
I
By = [_:_zlg

2. Ilocmenennoe pacwiupenue pycna. IlocTeneHHO paciupsionascs Tpyoa HaseBaercs auddysopom (puc.4.10). Teuenue
ckopoctd B nuddy3ope COMPOBOXKIAETCS €€ YMEHBIICHHEM U YBEIWYCHHWEM JaBICHUs, a CIeJOoBaTelIbHO, NpeoOdpa3oBaHUuEeM
KUHETHYECKOIl SHePIUH JKUIKOCTH B SHEPTHIO naBieHus. B nuddysope, Tak e Kak U Mpy BHE3AITHOM PACUIMPEHHUH pYCiia, MPOUCXOAUT
OTPHIB OCHOBHOTO IOTOKAa OT CTEHKM U BHXpeoOpa3oBaHMs. VHTEHCHBHOCTh 3THX SBJIEHMH BO3pacTaeT C YBEIMUYEHHEM YIa
pacmmpenus nuddysopa a.
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Puc. 4.10. [TocTenennoe pacmupeHue TpyObl

Kpowme Toro, B nuddysope nMeroTcst 1 0ObIYHBIE TOTEPU Ha TEPHHE, OJOOHBIE TeM, KOTOPhIe BO3HUKAIOT B TPYOaxX MOCTOSHHOTO
cedenust. [ToaHyto norepio Hanopa B auddy3ope paccMaTpHBalOT Kak CyMMY JIBYX CJIaraeMbIX:

kﬁu@ = 'Egmp + Paciy

rae h,, ¥ h,q, - TOTEpH HarOpa Ha TpEHUE U paciuipeHue (BUXpeodpasoBaHue).

oM _ vl

" Banle2)l 4t )22

e n = S,/S; = (rafry ) - crenens pacumpenns uddysopa. [Toteps Haropa Ha pacumpenue h,,.,, HIMEET Ty e camyro PUPOY,

YTO W IIPU BHE3AITHOM PACIIMPEHUH pycia

2
_ 5 Y1
P = |1 | B
oy 2g
rae K - koadduiment cmsiraenust, mpu o= 5...20°, k = sina.
Y4uTEIBas 3TO MOJHYIO MOTEPIO HAIIOPa MOKHO MEpenucaTh B BUJIE:

B " S PO B R A P
k"‘@_{g.sm(agz)(l nzjﬂc[l n”2g_g‘m’ 2g

oTKyzna kodddunneHT conporusnenus Auddy3opa MOXKHO BEIPa3UTh Gopmymoit
2

N

Lbuep
- 7

\\ //
g2 W4
AN

T

a 2 4 B § 10 12 % 16 azpnd

Puc. 4.11. 3aBucumocTs (yyg OT yria

Oynkuust { = f(o)umeer MHHHMYM TIPH HEKOTOPOM HAHMBBITOJHCHIIIEM ONTHMAIBHOM 3HAUCHHHU YIJIa 0, ONTHMAIbHOE 3HAUCHHE
KOTOPOTO OIPEIENHUTCS CIEIYIOIMM BbIpaKEHHEM:
#+1 hy
n—1 4

[pu moactanoBke B 3Ty hopmyny Ar=0,015...0,025 u n =2...4 moay4um o, = 6 (puc.4.11).

3. Buesannoe cyocenue pycia. B 3ToM citydae noTeps Harmopa oOycJIOBJIeHa TPEHHEM MOTOKa IPU BXoJie B Ooliee y3Kylo TpyOy u
MOTEPSMHU HA BUXpEOOpa3oBaHie, KOTOPBIE 00pa3yroTCsl B KOJNBIIEBOM ITPOCTPAHCTBE BOKPYT CY:KEHOH JacTH moToka (puc.4.12).

Cf g = ATCSIN

O
X

'Fr, vy : ‘5.211"2 5 Sz

A ___/m

Puc. 4.12. BHe3anHoe cyeHHe TpyObl 4.13. Kondysop
IMonHast mOTePst HAIOPa OIPEENUTCs o HopMyIIe ;
1
'qum: = r;qm: —
2g

r7ie K03 GUIHEHT CONPOTHUBIICHUS CYXKEHHS OIpeerseTcs 1Mo norysmmuprdeckoit popmyne W.E. Mnenpunka:

Eopme = 0,5[1—§]= 0,5[1—1]
i 7

B KOTOPO# N = S,/S, - cTeneHp CyKeHus.

[Ipu BbIXOJE TPyObI M3 pe3epByapa OOJBIIMX Pa3MepOB, KOIJa MOXHO CUHTaTh, 4TO So/S; = 0, a Takke NPH OTCYTCTBHH
3aKpYTJIEHUs BXOJHOTO yria, KOd(hOHUIUEHT CONPOTUBIEHHS  (eye = 0,5.

4. Iocmenennoe cysxcenue pycia. JIJaHHOE€ MECTHOE COINPOTHBIICHHE IPECTABIAET COOONH KOHHYECKYIO CXOISILIyIocs TpyOy,
KOTOpast HasbIBaeTcs Kougyzopom (puc.4.13). TeueHune KUIKOCTH B KOH(Y30pe CONMPOBOKAACTCS YBEIMYCHUEM CKOPOCTH U TTaJIcHHEM
naBieHus. B koH(Yy30pe HMEIOTCs JINIIb TOTEPU Ha TPEHHE

PO S U
g (af2)\ w7 ) 2g
r1e K03 GUIKEHT CONPOTUBIICHHS KOHDYy30pa onpenemnsiercs mo Gopmyie

(A S b NS
M Qosin(cf2)\ 4P
B KOTOPO# N = S4/S; - CTeneHb CyKeHHS.
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Hebombioe BUXpeoOpa3oBaHUe M OTPBIB IIOTOKA OT CTEHKH C OJHOBPEMEHHBIM CXXATHEM IIOTOKA BO3HHUKACT JIMIIb HA BHIXOJE M3
KOH(y30pa B MECTe COCAMHEHUS KOHMYECKOH TPYOBl € LMIMHIPUYECKOH. 3aKpyIJICHHEM BXOAHOTO YIJIa MOXHO 3HAYMTENIBHO
YMEHBIINTh IOTEPIO Haropa mpu Bxoze B TpyOy. KoH(y3op ¢ IIaBHO CONPSKEHHBIMH LMWIMHIPUYECKMMH W KOHHYECKMMH YacTAMH
Ha3bIBaeTcs connom (puc.4.14).

A
7

__--'/

Puc. 4.14. Comuno
5. Buezanuvlii nogopom mpy6wl (koneno). JJaHHBIN BUA MECTHOTO CONPOTHBICHUS (pHC.4.15) BBI3BIBACT 3HAYUTEIHHBIC MOTCPU
9HEPIHH, T.K. B HEM IPOUCXOIAT OTPHIB MMOTOKA U BUXPEOOpa30oBaHHs, MPUYEM MOTEpU TeM Ooublie, yem Oosblie yroa d. Ilorepio
HAIOpa pacCHMTHIBAIOT 1O ¢dopmye
o = Com 5
e (,, - KOOQOHUIUEHT COMPOTUBICHUS KOJIEHA KPYTJIOTO CEYCHUsI, KOTOPBIN ONpeeNnseTcs mo rpaduky B 3aBHCUMOCTH OT yIiia
kouicHa O (puc.4.16).

IRuE

g Kon
15— f

RSN L

0 20 e s 0w O

Puc. 4.15. Puc. 4.16. 3aBucumoctu (,,, OT yria o Puc. 4.17. OtBon

6. Ilocmenennvii nosopom mpybuvl (3aKpyelieHHOe KOoleHo wuau omeod). IlIaBHOCTh IOBOPOTA 3HAYUTENBHO YMCHBIIACT
MHTEHCUBHOCTh BHXPEOOpa30BaHMUs, a CIENOBATEIbHO, M CONMPOTHBICHHE OTBOJAA MO CPAaBHEHHIO C KOJCHOM. JTO yMEHBLICHHE TEM
Goubliie, ueM GOJIBbIIEe OTHOCHTENBHBIN pasnyc KpuBU3Hb! 0TBoa R / d puc.4.17). KosduimeHT conpoTusieHnst 0TBOAA (,,,, 3aBHCHT OT
orHomenus R / d, yria 3, a Takke (OpMBI TOMEPEUHOTO CEYCHHS TPYOBI.

Jlns oTBOZIOB KpyTioro cedenus ¢ yriaoM 8= 90 u R/d Z1 mpu TypOyNeHTHOM TeUeHMM MOXKHO BOCMOJIB30BATHCS SMIHPHUECKOL

(dopmyoii: 0194
g =0,0514+ 2
It

Jns yrioos & £70° ko3)OUIMERT CONPOTHBIEHHS

L o.=09C &nb

a pu & =100°
&
=|07+—=035 :ms
o)
Toteps HATIOPA B KOJEHE ONpEENHTCs Kak
L]
;gms = C-bms 2_
g

Bce BbillIe M3JI0KEHHOE OTHOCHTCS K Typ6yJ'[eHTHOMy JBUKXCHUIO KUAKOCTH. HpI/I JJaMUHAapHOM JBWUXCHHUU MECTHBIC
COIIPOTHUBJICHUSA UI'PAIOT MAJIyIO POJIb IPpU ONPEACIICHUN 06HleF0 COIIPOTHUBJICHUA pr6onp030}1a. KpOMe 9TOI'0 3aKOH COIPOTHUBJICHUSA
py JJAMUHApPHOM PEXUME ABIISICTCA 00JIe€ CII0XKHBIM U HCCJICIOBAH B MEHBILICH CTEIICHH.

Paznen S. HcredeHune KUAKOCTH U3 OTBEPCTHIl, HACAAKOB M WM3-MOJA 3aTBOPOB (Jlekums-

BU3yalHu3anus 2 yaca)

PaCCMOTpI/IM pa3in4YHbIC ClIydald HUCTCUYCHHUSA XKUJIAKOCTH K3 PE3C€PBYaApOB, GaKOB, KOTJIOB 4€pe€3 OTBEPCTHUA W HACAAKHU (KOpOTKI/I
TpyOKH pa3nmuuHOl (OopMbI) B arMochepy WM MPOCTPAHCTBO, 3alOJHEHHOE Ta30M WM TOH JK€ JKHAKOCTB. B mpomecce Takoro
HUCTCUCHHUA 3ar1ac HOTeHHPIaJ'ILHOﬁ OHEPrumr, KOTOPbIM 06J1a11aeT JKUJKOCTb, HAXOAAIIasACsA B pE3€pByape, NpEeBpaliacTCs B KWHETUYECKYIO

SHEPTHI0 CBOOOAHOH CTPYH.
OcnogHbIM 601POCOM, KOTOPBIH HHTEPECYET B JAHHOM CIIydae, sIBISAETCS ONpeseleHne CKOPOCTH HCTEUEHHS M PAcXOa KUAKOCTH

JUTS Pa3TMYHBIX (JOPM OTBEPCTHI M HACAIKOB.

Tema 5.1. UcTeuyeHue 4yepe3 Majible OTBEPCTHS B TOHKOM CTEHKe IIPH IIOCTOSIHHOM Hamope
PaCCMOTpI/IM 00JIBIION pe3epByap € KUAKOCTHIO IMOJ JAaBJICHUEM Po, I/IMeIOHII/Iﬁ MaJIo€ KPYTIIOC OTBEPCTHUE B CTCHKE HA JOCTATOYHO
GoubInoi riyoune Hy oT cBoOogHOM oBepxHOCTH (pHc.5.1).

Puc. 5.1. Mcreuenue u3 pesepByapa uepe3 Majioe OTBEpCTHE
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JKuakocTh BBITEKAET B BO3/LYyIIHOE IPOCTPAHCTBO ¢ AaBiieHueM Pp. ITyctb oTBepcTHe uMmeeT GpopMy, MOKa3aHHYIO Ha puc.5.2, a, T.e.
BBIMIOJIHEHO B BHE CBEPJICHHs B TOHKOW CTeHKe Oe3 00paboTKM BXOIHOH KPOMKH WM MMeeT (opMy, MoKa3aHHYIO Ha puc.5.2, 0, T.e.
BBITIOJIHCHO B TOJICTOH CTEHKE, HO C 3a0CTPEHHMEM BXOJAHOH KPOMKM C BHELIHEH CTOpOHBI. CTpys, OTPBIBasCh OT KPOMKH OTBEPCTHS,
HECKOJIbKO CxxuMmaeTcs (puc.5.2, a). Takoe cxxaTre 00yCIOBICHO JBIKEHHEM JKHIKOCTH OT PA3INYHBIX HAIPaBICHUH, B TOM YHCIIE U OT
paguaNbHOTO ABMKCHUS 10 CTEHKE, K OCEBOMY JIBIDKCHUIO B CTpYe.

]

ya
|

[N & - "'?a 1
- I
e
i
) &)

Puc. 5.2. Ucreuenue uepes Kpyrioe oTBEpCcTUE
CrerneHb cKaTHs OIICHHBAETCS KO3 GUIIMEHTOM CXKAaTHsL.

SC —_ dC
SO d =

rac SC u So - mjomaau NnonepevyHoro CEYCHUs CTpyd U OTBEPCTUS COOTBETCTBEHHO, dc u do - JUAMCTPBI CTPYHU U OTBEPCTUA
COOTBCTCTBCHHO.

CKOpOCTB HUCTCUCHUS JKUJAKOCTU YEPE3 OTBEPCTUE TAKOC OTBEPCTUE

L=, flgH

rae H - Hanop >KUIKOCTHU, OIPEEseTCs KaK

F -
H=H,+—2 1
FE
0- Koa(l)(%)nunem‘ CKOpPOCTH

q:l = —

ot o
rae o - kodunmeHT Kopuomnuca;

(- xoappuIMEHT CONPOTUBIICHHS OTBEPCTHSI.
Pacxox )uakocTy onpenesnsieTcs Kak NpOn3BeIeHIe AeHCTBUTEIBHON CKOPOCTH HCTEUEHHMS Ha (PaKTHUECKYIO TUTONIAb CEUCHHUS:
O=5Su=cs qf2gH
[E—— .
o

TIpousBeneHue € n ¢ NpUHATO 0003HAYaTh OYKBOM 1 Ha3bIBaTh KO3(D(UIUEHTOM Pacxoaa, T.e. L = Q.
B wurore nonyuaem pacxon

Q=#5'.,«|QEH=#3M{2%

rae AP - pacueTHas pa3HOCTb JAaBJICHHM, IO/ AEHCTBUEM KOTOPOI MPOUCXOAUT UCTEUCHHUE.

ITpy mOMOIIH TOTO BBIPAXKEHHS pellaeTcss OCHOBHAs 33/1a4a - OTPEENsIeTCs] pacxo/l.

3HaueHue Kod(D(UIUESHTA CKATHS €, COMPOTUBIICHUS {, CKOPOCTH (@ M pacxoja [l Ui KPYIJIOro OTBEPCTHSI MOKHO OIPENENTUTh 10
SMIUPUYECKH TOCTPOCHHBIM 3aBHCUMOCTSIM. Ha puc.5.3 mokasanbl 3aBuUCHMOCTH K03(duimienToB €, { U W oT uncna PeitHombca,
MOJICYUTAHHOTO JUIS MICANbHOH CKOPOCTH

_d.fogH

Ee, N
TA€ V - KHHEMAaTH4YeCKas BA3KOCTh.
e
2 ‘_'R‘I " T i
L T e I T O—-— —— .
N ATl O-O-O
efi ()
. [T

05 + !
o /kﬂﬁ(ﬂ‘,v} _ L
7 7] i e 107 05 d

: A-O-7—
Rg=; 'f;‘-.‘!'-

Puc. 5.3. 3aBucumocTs €, ¢ 1 oT uncna Re, Puc. 5.4. UuBepcus crpyit

[Ipu ucTeueHHu CTpyH B aTMOocepy M3 Maloro OTBEPCTHs B TOHKOH CTEHKE MPOUCXOAUT M3MeHeHne (GOPMBI CTPYH IO €€ JUIHHE,
Has3bIBaeMoe ungepcueti cmpyu (puc.5.4). O0ycnaBIuBaeTcs 3TO SIBJICHUE B OCHOBHOM JEHCTBHEM CHJI MOBEPXHOCTHOI'O HATSHKEHHS Ha

BBITCKAKOIIHEC KpHBOHMHCﬁHbIC CT‘pyﬁKI/l U pa3IMYHBIMU YCJIOBUSAMHU CXKATUS 110 NEPUMETPY OTBEPCTHUA. I/IHBepCI/Iﬂ OoJibllle BCEro
NPOABIIICTCA NPU UCTCUCHUN U3 HEKPYIJIBIX OTBepCTI/Iﬁ.

Tema 5.2. UcTeyeHHne NpH HECOBEPIICHHOM CKATHH
Hecosepwennoe cocamue HaOmonaeTcs B TOM Ciydae, KOrJla HAa UCTCUCHHE JKUJIKOCTH Yepe3 OTBEpCTHE M Ha (OPMHPOBAHHUE

CTPYH OKa3bIBaeT BIMSIHUE OJIN30CTh OOKOBBIX CTEHOK pe3epByapa (puc.5.5).
1| 5

47—
wl /1 ‘;«mg_\?i - -0~

Puc. 5.5. Cxema HECOBEPILIEHHOTO CKATHSI CTPYH
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Taxk xax OOKOBbIE CTEHKHM YAaCTHYHO HANpPABIIOT ABIDKEHHE XMIKOCTH NPH MOAXOJE K OTBEPCTHIO, TO CTPyd IO BBIXOJE M3
OTBEPCTHUS CXKMMAETCS] B MEHBLICH CTEIICHH, YeM U3 pe3epByapa HEOTPAaHUUEHHbIX pa3MepoB, Kak 3TO ObIIO onmucaHo B 1.5.1.

IIpu ucTedeHuM >KUAKOCTEH M3 LMIMHAPUYECKOTO pe3epByapa KPYIJIOro CEYeHMs 4yepe3 KPYIioe OTBEPCTHE, PAcIOOXKEHHOE B
LIEHTPE TOPIEBOW CTCHKH, NpU OONbIINX yuciax Re koadduimeHT cxxatus Ui MaeambHON KHUIKOCTH MOXKHO HAaWTH 1O (popmyle,
npencrasienHoi H.E. XXykoBckum:

g, =057+ —0’043

11—
r7ie N - OTHOIICHHUE TUIOIIAAN OTBEPCTHsI S, K IUIOLIA/IN IOTIEPEYHOr0 CEYEHHUs pe3epByapa Sy

n=-=X
i}
Pacxoz[ KUAKOCTH IIPHU HECOBECPIICHHOM CIKAaTUHN
Q = |-’L1 Sa ) EEH
r7ie Hanop H Hy)XKHO HaXOAWTh C y4ETOM CKOPOCTHOTO Haropa B pe3epByape
w=A-5 +i
pg  2g

Tema 5.3. UcTeyeHue noj ypoBeHb
YacTo NpUXOIUTCS UMETh JIeJI0 C UCTEUCHUEM JKHIKOCTH He B arMocdepy, a B IPOCTPAHCTBO, 3aMOJIHEHHOE 3TOH e KUIKOCTBIO
(puc.5.6). Takoil ciyyaii Ha3bIBACTCS UCMeyeHueM noo yposeHs, WK UCTCUCHUEM Yepe3 3aTOIICHHOE OTBEPCTHE.

Puc. 5.6. Ucreuenne no ypoBeHb
B 3TOM Cily4yae BCS KHHETHYECKasi SHEPTHs CTPYH TepseTcs Ha BUXpeoOpa3oBaHUe, KaK PH BHE3AITHOM PAaCUINPEHUH.
CKOpOCTB HCTEUEHHS B CIKATOM CEUCHUH CTPYH

L=, flgH
rae [0} - ko3 urreHT CKOpOCTH;
H - pacueTHsbIil Hamop,
-5
H=H,+-1 2
RE
Pacxop xKuIKOCTH paBeH

O=5uv=gs p 2gd =5, .f2gH
L

Takum 00pa3zoM, UMeeM Te JKe pacdeTHbIe (OPMYIIBL, YTO ¥ IIPU UCTEYSHHH B BO3AYX (ra3), TOJIBKO pacyeTHBIH Hanop H B JaHHOM
cllydae IpeACTaBIsieT cOO0H pa3HOCTh MAPOCTATHYECKUX HAIIOPOB MO 00€ CTEHKH, T.€. CKOPOCTh M PACXO/ XKUAKOCTH B JaHHOM Cllydae
HE 3aBUCST OT BBICOT PACIIOJIOKEHUS OTBEPCTUSL.

Koa¢pdumuenTsr cxatus 1 pacxoja MpH UCTEUICHNUH 10 YPOBEHb MOXHO NIPHHUMATH T€ K€, YTO U IPH MCTEYCHHH B BO3IYIIHYIO
cpeny.

Tema 5.4. UcTeyeHnne 4yepe3 HacaAKH NPH MOCTOSTHHOM Hamope

BHeIHNM IMIMHIPUYECKUM HAcaJKOM Ha3bIBACTCSl KOPOTKask TPyOKa JUIMHOMN, paBHOHM HECKOJBKUM JuaMeTpaM 0e3 3aKpyrieHHs
BXOJIHOM KpoMku (puc. 5.7). Ha npakTuke Takoi HacaJoK 4acTo MOJydaeTcs B TeX CIIydasx, KOTJa BBIIOJHSIOT CBEPJICHUE B TOJCTOM
CTeHKe M He 00pabaThIBalOT BXOAHYIO KpOMKy. VcTeueHme depe3 Tako HAcaloK B Ta30BYI0 CPEIdy MOXKET NPOHCXOJUTH B JIBYX
peKHMax.

TlepBblif pexuMm - 6ezompuigublii pedcum. IIpu UCTedeHUH CTPYsI, TIOCIIEe BXOa B HACaJOK CKMMAETCsI IPUMEPHO TakK ke, KaK U Ipu
HCTEUCHUH 4epe3 OTBEPCTHE B TOHKOHW CTEHKE. 3aTeM CTPYS IOCTENEHHO PACIIMPSETCs A0 Pa3MepOB OTBEPCTHS M3 HACANKA BBIXOIHUT
MOJIHBIM ceueHueM (puc.5.7).

e ——

Puc. 5.7. Ucteuenue yepe3 Haca ok
Koadhdumuent pacxoma |, 3aBUCSAIINE OT OTHOCHTENbHOM ummHbl Hacaaka | / d w umcna PeitHomnbica, ompenessieTcs Mo
IMITHPHIECKOH hopMmyIe:
1

|_j_:—
1234222
Ee d

Tak Kak Ha BBIXOJE M3 HACaIKa JMaMETP CTPYH PaBeH AUAMETPY OTBEpPCTHs, TO KO3(PUIMEHT cxxaThs € = | U, cleoBaTeIbHO, L =
¢ , a ko3 ¢uuuent conporusieHus = 0,5.
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Ecmu cocraButh ypaBHeHue bephyium st cxaroro cedenust 1-1 u cedeHus 3a HacagkoM 2-2 W mpeoOpa3oBaTh €ro, TO MOXKHO
HOJIYYUTh NaJICHHUE NABJICHUS BHYTPH HacaJKa

P, - P, #0,75Hgp

IIpu HeKOTOPOM KpUTHYECKOM Hanope [, abCoNOTHOE JaBlIeHHEe BHYTpHU Hacazka (cedenue 1-1) cranoBuTCs paBHBIM Hyimo (P =
0), u mosToMy

w2
o 0,75pg
Cnenosarensno, npu H > H,, naBnenue P; 10MKHO ObLIO OBl CTaTh OTPULATENBHBIM, HO TaK Kak B JKMAKOCTSAX OTPULATENbHBIX
JIaBJICHUHA HE OBIBACT, TO IMEPBBIA PEXUM JIBHKCHUS CTaHOBUTCS HEBO3MOXKHBIM. [losTromy mpum H #Hkp mpomcxoauT uU3MeHEHHE
peXUMa UCTEUEHHSI, TIEPEX0J] OT IEPBOI0 pexKKUMa KO BTopomy (puc.5.8).

/ A "I//‘{/ -
///////

Puc. 5.8. Bropoii pexxum uctedeHus yepe3 Haca 0k

Bropoii pexum xapakTepusyeTcs TeM, 4TO CTpys IOCIe CXKAaTHs yKe He PacIIMpsieTcs, a COXpaHsAeT IIIMHIPUIECKYI0 hopMy H
nepeMeniaeTcss BHYTPH Hacajika, He CONPHKACAACh C €ro CTeHKaMmH. lMcTedeHHe CTaHOBHTCS TOYHO TAaKUM e, KaK M M3 OTBEPCTUS B
TOHKOH CTEHKE, C TEMH K€ 3HaueHHAMH Ko3(¢uieHToB. ClenoBaTensHo, IPU Mepexoje OT MEePBOro PeKHMa KO BTOPOMY CKOPOCTh
BO3pAacTaeT, a PacxXoj yMEHbIIaeTcs Oarogapst CkaTuio CTPYH.

IIpu ncreuenun vepe3 MUIMHAPUICSCKHH HACATOK MO YPOBEHb HMEPBBIA PEXHUM HCTEUCHUS HE OyAeT OTIMYAThCSA OT OMHCAHHOTO
Boilte. Ho nmpu H > H,, nepexoa Ko BTOPOMY PEXHMMY HE IPOUCXOJIUT, & HAYMHACTCSA KaBUTALMOHHBIA PEKHM.

Takum 00pa3oM, BHEIIHMH IMJIMHAPUYECKHH HAcaJOK HMMEeT CYNIeCTBEHHbIE HEJOCTAaTKU: Ha IIEPBOM pexuMe - Oolblioe
CONPOTHBIICHHE U HEOCTAaTOYHO BBICOKHMH KOA((HIIMEHT pacxo/a, a Ha BTOPOM - OUeHb HU3KHH KoddduieHT pacxona. Henocratkom
TaKXKe ABJIAETCS BO3MOXKHOCTh KABUTALUY IIPU UCTEUEHUHU IO/ YPOBEHb.

BremHunit MUIMHAPUYECKIA HACATOK MOXET OBITh 3HAUUTEIBHO YIYYIICH IyTeM 3aKpyTJICHHS BXOTHOH KPOMKH WM YCTpPOHCTBa
KoHMUecKoro Bxoaa. Ha prc.5.9 naHsl pa3nudHbIe TUIBI HACAAKOB U yKa3aHbI 3HAYSHHUSI COOTBETCTBYIOMNX KO3()(HUIHUEHTOB.

Puc. 5.9. HcredeHne XUAKOCTH Yepe3 HACAIKH a - PACIIUPSIONINECS KOHMIECKHUE; O - Cy)Kalomuecs KOHMIECKHUE; B -
KOHOMJIAJIbHBIC; T - BHYTPEHHUE IIMJIMHAPUUECKUE

KoHunueckn cxosniyecs ¥ KOHOWJAIBHbBIE HACAKH MPUMEHSIOT TaM, Iie HeOOXOAMMO MOJIYYUTh XOPOILIYI0 KOMIIAKTHYIO CTPYIO
CPaBHUTENBHO OONBIION JUIMHBI MPU MaJbIX MOTEPSIX DHEPrUH (B HANOPHBIX OpaHACIONTaX, THAPOMOHHMTOpax W T.A.). KoHHMueckn
CXOJSIIIHEeCsT HACaKH HCIONB3YIOT Ul YBEIUUSHUS PacXo/ja HCTEUESHHUS IPH MaJIbIX BBIXOJHBIX CKOPOCTSIX.

Tema 5.5. Ucreuenns 4epe3 OTBepPCTHA M HACAAKH NPH NEPEMEHHOM Hamnope (ONMOpPOKHeHHe

COCY/10B)

PaccMOTpUM cltydail OOPO’KHEHHs OTKPBITOTO B aTMocdepy cocyna MpH MOCTOSHHO YMEHBUIAIONIIEMCS HaIope, NpH KOTOPOM
Te4YeHHe ABIAETCS HeycTaHOBUBIIeMcs (puc.5.10).

OJHAKO €CJIM HArop, a CJIeJOBATENbHO, M CKOPOCTh UCTEUCHHUS N3MEHSIOTCS. MEIVICHHO, TO JIBH)KCHHE B KaX/Iblii MOMEHT BPEMEHH
MOJKHO PaccMaTpUBaTh KaK YCTAHOBUBILEECS, U JUIS PEIICHHS 33aul IPUMEHNTD ypaBHeHue beprymm.

Puc. 5.10. Cxema onoposkHeHus pe3epByapa
OG603HaYNM MEPEMEHHYIO BBICOTY YPOBHSI JKHIKOCTH B cOCyze 3a h, IUIomaas cedeHus: pe3epByapa Ha 3TOM ypOBHE S, MIIOIIa/h

oTBepCTHUst S,, M B3sIB GECKOHEUHO MaJIblii OTPEe30K BpeMeHH dt, MOKHO 3amucarh ciieyroliee ypaBHeHHE 00beMOB:
S dh =—(0dt

HIH
Sdh=-u8,.2gh  dt
B
rae dh - u3MeHeHue ypoBHsI XKUIKOCTH 3a Bpems dt.
Orcro1a BpeMsi MOJIHOTO OHOPOXKHEHHUsI COCy/a BEICOTONH H
py
1 J' I dh
WS 2g 3 _afk

i=
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Ecnu Gyzmer n3BecTeH 3aKOH H3MEHEHHMS IUIOLIAAH S 10 BbICOTE h, TO MHTErpasl MOKHO MOACYUTATH. J|JIsi IPU3MATHYECKOro COCyaa
S = const (puc.5.11), cienoBarensHO, BpeMs ero MOJHOTO OIOPOKHEHHUS

fom
Wig~f2gH

W3 sToro BeIpakeHHS CIEAYET, YTO BPEMS IOJHOTO OMOPOXKHEHHsS IPH3MAaTHYECKOro cocyda B JBa pa3a OOJbIE BPEMEHH
HCTEUEHUsI TOTO XKe 00beMa KUAKOCTH MPHU MOCTOSIHHOM HaIope, paBHOM TI€PBOHAYAIBHOMY.

A
<
o h ———

Puc. 5.12. OnopokHeHHE HENPU3MaTU4YECKOTO
pesepByapa

[ ompeneneHuss BPEMEHH HCTEUEHHS >KUAKOCTH W3 TOPHU3OHTAIBHOTO IMIMHAPHYECKOTO cocyna (uuctepHsl) (puc. 5.12)
BBIPa3UM 3aBUCHMOCTb IIEPEeMEHHOM mromanu S ot h:

rae | - wmrsHa mucrepusr; D - anameTp uucTepHsI.

Toraa BpeMst IIOIHOTO OMOPOYKHEHMSI TAKOM LECTEPHBI, T.€. BpeMst n3MeHeHust Hartopa ot hy = D 1o h, = 0, momyuurcst paBHbBIM

,_ 22DD
ETRMNES

Tema 5.6. UcTeyeHue u3-1oj 3aTBOPa B TOPU30HTAIBHOM JIOTKe

Bo MHOTruX B0J03a0OpPHBIX M BOAOIPOIYCKHBIX TMIPOTEXHHYECKUX COOPYKEHMSAX PACXOABbl BOJBI MPOXOIAT 4Yepe3 OTBEPCTHS,
HepeKphIBaeMbIe 3aTBOPAMU. 3aTBOPEI IOAHUMAIOT Ha ONpPEJENCHHYIO BBICOTY Hajl JHOM M IIPOIyCKAIOT Yepe3 OTBEPCTHS HEOOXOAUMBIC
pacxopl. Yaie BCero Ha THIPOMENHOPATUBHBIX COOPYXKEHHSX YCTPAHBAIOT OTBEPCTHS IPSIMOYTOJBHOTO CEUCHHs, HCTEUCHHE U3
KOTOPBIX M PACCMOTPHM.

OrtBepcTHs MOTYT OBITh HE3aTOIIEHHBIMHU (HCTeYEeHHEe CBOOOIHOE) U 3aTOIUICHHBIMH, KOT/Ia YPOBEHb BOJIBI 3@ 3aTBOPOM BIIMSICT Ha
UCTEYCHHUE.

Ecnu oTBepcTHE HE3aTOIUICHHOE, TO BBITEKAMOIMIAs W3-TIOJ] 3aTBOpA CTPYS HAXOAWUTCS IMOJ aTMOC(EepHBIM naBieHHeM (puc. 5.13).
ITpu BCTEUeHNHN Yepe3 3aTOIUICHHOE OTBEPCTHE CTPYs 32 3aTBOPOM HAXOJMUTCS MO HEKOTOPBIM CIIOEM BOJIbI (pHcC. 5.14).

Puc. 5.11. OnopoxHEeHHE MPU3MATHIECKOTO pe3epByapa

Puc. 5.13. Ucredyenune u3-mox 3aTBOpa 4epe3 HE3aTOIIICHHOE OTBEPCTHE

Korma 3atBop mpunomHAT Han JHOM, BBITEKAOMIas M3-MOJA HETO CTPysS HCIBITHIBAET CKAaTHE B BEPTHKANbHOHN miockoctu. Ha
paccTOsIHUM, IPUMEPHO PABHOM BBICOTE OTBEPCTHS ¢ (BBICOTE MOAHSITHS 3aTBOPA), HabIoKaeTcs Hanboee ckaToe cedeHue. [ youHa B
CKaToM ceueHHH N CBsI3aHa ¢ BBICOTOM OTBEPCTHS d CIICAYIOLICH 3aBUCHMOCTBIO:

h.=¢'a

rae €' - KO3GQUIMEHT BEPTUKATIBHOTO CXKATHS CTPYH.

Koa¢pdumuenT BepTHKaIEHOTO CKAaTHS €' 3aBHCHT OT OTHOLIEHHS BBICOTHI OTBEPCTHUS @ K HAropy (TIIyOuHE BOJBI ITepe]t 3aTBOPOM)
H. ]1ng opreHTUPOBOYHBIX PACYETOB MOXHO NpuHUMaTh €' = 0,64.

Ecmn cocraButh ypaBHeHne bepHym st cedeHui, TPOBEICHHBIX TIepes 3aTBOPOM H B CIKATOM CEYEHHH, ITOCIIE TPeoOpa3oBaHui
MOy YHM:

v, =gl -

rae ¢ - K{)a(bq)HuHeHT CKOPOCTH,

RN

rae Ho - Harop € y4€TOM CKOPOCTH ImoJaAxoaa,
2

H =H+aﬂ:_°
=4

Torzaa pacxon Mpy UCTEYESHUHU U3-TI0]1 3aTBOPA MPU HE3aTOIUICHHOM OTBEPCTUH ONPEACIUTCS 10 popMyIie:
— — f —
g=5_,0, =abcqf2g(H, -k,

rze S - wiomaae orBepeTus, S = ab.

26



Puc. 5.14. UcreyeHue u3-nox 3aTBOpa IpH 3aTOIJICHHOM OTBEPCTUH

IIpn ncreuennu gepes 3aromieHHoe oTBepcTHE (pHUC. 5.14) pacxox onpenenurcs o Gopmyie:
O=abu. [2a(H, )

rae h, - rmy6uHa B TOM ceueHuH, rae HabIroJaeTcsl MAKCHMAbHOE C)KAaTHE UCTEKAIOIIEH H3-T10/ 3aTBOpa CTPYH.
I'ny6una h, onpenensiercs U3 3aBUCHMOCTH

a h; - TyGrHa B 0TBOIsAIIEM KaHaie (ObITOBast TIIyOnHa).

Tema 5.7. /laBjieHHe CTPYH KMAKOCTH HA OIPaKIAI0LIME TOBEPXHOCTH
Ecmm BBITCKAIOIIAasi U3 OTBEPCTHA WU HacaJKa CTPYs IOmaJacT Ha HENOABIIKHYIO CTCHKY, TO OHa C ONPEACIICHHBIM JaBJICHUEM
Bo3zeicTBYeT Ha Hee. OCHOBHOE YpaBHEHHUE, [0 KOTOPOMY BEIYHCIISICTCS JaBJICHUAE CTPYH Ha IUIOIIAKY, UMEET BUI

=2y

Ha puc. 5.15 npuBeneHs! Hanboee 4acTo BCTPEYAIOIINECs B IPAKTHKE OrpakAaloIye OBEPXHOCTH (IIperpajibl) U ypaBHEHUs, MO
KOTOPBIM BBIYUCIISAETCS IaBJICHUE CTPYH HA COOTBETCTBYIOLIYIO TOBEPXHOCTb.

Bennuuna naBneHWs CTPYH, €CTECTBEHHO, 3aBHCHUT OT PAacCTOSHHUS Hacagka 1o nperpafpl. C yBeIMYEHUEM pacCTOSIHUS CTPYS
paccenBaeTcs M JaBieHHe yMeHblIaeTcsi. COOTBETCTBYIOIINE HCCIEIOBAHUS ITOKAa3bIBAIOT, YTO B JaHHOM ClIydae CTPYS MOXKET OBITH
pa3buTa Ha TpH XapaKTepHBIC YaCTH: KOMITAKTHYIO, pa3ApoOICHHYIO U pacblUIeHHYIO (puc.5.16).

B npezaenax KOMIAKTHOM 4acTH COXpaHsETCs LIMHAPUYecKas popMa cTpyr Oe3 HapyLIeHUs CIUIOIIHOCTH JIBIKEHHUA. B npenenax
Pa3apoOIICHHON YacTH CILIOLIHOCTh TOTOKA HAPYILIAETCS, IIPUYEM CTPYs HOCTEIICHHO paciuupsiercs. HakoHel, B Ipeaenax pacibUIeHHON
YacTH CTPYH HPOMCXOAUT OKOHYATEIBHBIN paciia] MOTOKA Ha OT/IeIbHbIC KAILIH.

& P=Tpy
g
&) = ou0-cosp
g
o P=Loua-cosp
g
2 P=Louaecesp
g
2¥
p=r
2l = e8]
o p=2p,
g
#) =" ousin o
g

Puc. 5.15. BzaumopeiictBue cTpyu *KHUIKOCTH C HETIOABHKHOM MOBEPXHOCTHIO

__pa i LOobodsan
HEIAmonnenHan c‘mpyﬁ
>
= R BRI L S
a2 gooag‘f':,e_,, s,
® -’v ob ',(' ©
Komnaxmeuas | Pasipolinenwan Pacnbinennas
SaciE 4acie yacmy

Puc. 5.16. CocTaBHbIe yacTH CBOOOJHOM CTpyH

Paznen 6. 'mapaBianyeckuii pacyeT npocTbIX TPyOonpoBoaoB (JIekuus-Bu3yanu3amus 2 yaca)

[Ipu pacyerax HamoOPHBIX TPYOOIIPOBOIOB OCHOBHOM 3ajaueii siBisieTcs JIMOO ompeesieHre MPOMyCKHO# crocoOHoCTH (pacxo/a),
00 MOTEepH HAIopa Ha TOM WIJIM MHOM Y4YacTKe, paBHO Kak M Ha Bceil JumHe, ubo auaMerpa TpyOOmpoBoja Ha 3aJaHHBIX Pacxoie
HOTEPSX Haropa.

B IIPAaKTUKE pr6OHp0B0ﬂLI JACIITCA Ha KOpomKue 1 onunnvie. K TNICPBBIM OTHOCATCS BCC pr6OHpOBOIILI, B KOTOPBIX MECTHBIC
MIOTEepH Haropa MpeBsImaioT 5...10% noreps Hanopa 1o umHe. [Ipu pacyerax Takux TpyOOIpPOBOIOB 00S3aTEIBHO YUUTHIBAIOT IOTEPH
Haropa B MECTHBIX COIIPOTUBJICHUSIX. K Hrm OTHOCAT, K IIPUMEPY, MaCJI0IIPOBOAbL 00BEMHEIX nepeaad.

Ko BTOPBIM OTHOCATCA pr60Hp0BOI(I>I, B KOTOPBIX MECTHBIC IOTEPU MCHBIIC 5...10% NOTEPh Haropa no MJIWHE. Hx pacuer
BCICTCA 0e3 ydye€Ta MECTHBIX IOTEPb. K takum pr60HpOBOZ[aM OTHOCATCs, HAIIpUMEP, MaruCTpaJibHbIC BOJOBOBIL, Heq)TerOBOIILI.
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YuuTeiBasi THAPABINYECKYIO CXEMY pabOTHI IIMHHBIX TPYOONPOBOAOB, X MOKHO PA3[ENUTh TAKXKE HA npocmele U CLOJICHbIE.
ITpocTbiMU HA3BIBAIOTCS MOCNENOBATENBHO COEIMHEHHBIE TPYOOMPOBOJBI OZHOTO MM PA3NIMYHBIX CEUEHHH, HE MMEIOLIMX HHUKAKUX
oTBeTBIeHUH. K CIOXKHBIM TpyOONpOBOAaM OTHOCATCS CHCTEMBI TPYO C OIHHUM MM HECKOJIBKMMH OTBETBICHHUSIMH, MapalelbHbIMU
BETBSMH U T.JI. K CIIO’KHBIM OTHOCSITCSI M TaK Ha3bIBa€MBIE KOJIBIEBEIE TPYOOIIPOBOIBL.

Tema 6.1. IIpocToii TPyOONPOBOA NOCTOSIHHOTO CeYeHUS

JKunkocts mo TpyOoIpoBoay ABMXKETCsS Onaromapst TOMy, YTO €€ HEPrHsl B Hadaie TpyOompoBoda OoJjblie, 4YeM B KOHIE. DTOT
nepenaz ypoBHeil SHePrul MOJKET CO3JaBaThCsl HECKOJIBKUMH CIIoco0amu: paboToil Hacoca, pa3HOCTBIO YPOBHEH JKMAKOCTH, JABICHUEM
rasa.

PaccMOTpHUM IIPOCTOH TPYOOIPOBOA IOCTOSIHHOTO CEUEHHMsI, KOTOPBIH PacoNoKeH IPOU3BOIBLHO B IPOCTpaHCTBe (puc. 6.1), nMeer
oburyro auHy | v auamerp d, a TakKe COIEPKUT PsiJi MECTHBIX CONPOTHBICHUH (BEHTHIIb, QUIIBTP U 0OpaTHBIN KianaH). B HauampHOM
cedeHHH TpybonpoBoaa 1-1 reomerpudeckas BEICOTa paBHA Z; U H30BITOYHOE JaBICHUE P;, a B KOHCUHOM CEUeHHH 2-2 - COOTBETCTBEHHO
Z; 1 P,. CKOpOCTB MOTOKA B 3THX CEUCHHUSAX BCJIEACTBHE IIOCTOSHCTBA IMaMeTpa TPYObl OJMHAKOBA U PABHA V.

Z
v B

/A

Puc. 6.1. Cxema mpocroro TpyoonpoBoaa

3anumem ypaBHeHne bepHymmm s cedennmit 1-1 m 2-2. ITockoibKy CKOPOCTH B O0OOMX CEUEHHSIX OJMHAKOBA U 0 = 0O, TO
CKOpOCTHOﬁ Harop MOKHO HE YUYUTLIBATh. HpI/I 9TOM IOJYyYUM
A 5
Zt—t=z+2+>h
PE PE
I
bt

5
—=z,- +—2+z}2
FE FE

Ibe30MeTpUUYECKYIO BHICOTY, CTOSIIYI0 B JIEBOM 4YaCTH YpaBHEHHs, HA30BeM nompebubim nanopom H,,,,. Eciu sxe sTa

NbE30METPHUECKas BBICOTA 3a/laHa, TO €€ Ha3hIBAIOT pacnonazaembiM Hanopom Hy,.,. Takoll Hamop CKIaAbIBaeTCsA U3 FeOMETPUUYECKOH
BBICOTHI H,y,, HA KOTOPYIO MOJHUMAETCS KUAKOCTh, TbE30METPHIECKOHN BBICOTHI B KOHIIE TPYOOIPOBOIA M CYMMBI BCEX MOTEPh HAMopa
B TpyOOIIpoBOE.

HazoBeM CyMMy HEpBBIX JABYX CJAraeMbIX CMAMUYeCKUM HANOPOM, KOTOPBIH MPEICTaBUM KaK HEKOTOPYIO SKBHBAJICHTHYIO
TEOMETPHYECKYIO BBICOTY

H,=ltz+2
PE
a nocJejiHee cnaraemMoe Xh - Kak CTENeHHY0 (YHKIMIO pacxo/a
h=KQm
z
Tor/a
j— m

Hnomp - H(rm + KQ

riue K - BEJINYMHA, Has3bIBaeMas COINPOTHBJIEHHEM TpybGOnpoBoOIa;
Q - pacxon KUIAKOCTH;

M - IoKa3aTesb CTENeHU, KOTOPbIM UMeeT pa3Hble 3HaueHHs B 3aBUCUMOCTH OT PeXXHUMa TeUSHHUS.
Jlnst maMHHApHOTO TEYCHHUS NPU 3aMEHE MECTHBIX CONPOTHBICHHWH SKBHUBAJIECHTHBIMH JIMHAMHU CONPOTHBICHHE TPyOOmpoBOaa
paBHO

Hu m=1

Fﬂe IpaC‘l = I + I3K8'

YuceHHbIe 3HAYCHUS SKBUBAJICHTHBIX JJIUH I3K8 JJIA Ppa3JIMYHBIX MECTHBIX COl'lpOTl/IBJ'[CHI/lﬁ 0OBIYHO HaxXoAAT ONBITHBIM ITYTEM.

Jnst TypOyJIeHTHOTO Te4eHHMs1, UCTIONB3ys popmyiy Beticbaxa-/lapcu, U Beipaxkasi B HEH CKOPOCTB Yepe3 pacxo, MojydaeM

£ 16

K (ZU%— d] pySpL

ITo aTM opMyaaM MOKHO MOCTPOUTH KPUBYIO MOTPEOHOTO HAMOpa B 3aBUCUMOCTH OT pacxoza. Yem Gombiue pacxon Q, KOTopsIit
HEoOXoaMMO 00ecrednTh B TpyOOnpoBose, TeM Gomnbine TpeOyeTcss NOTPeOHbINH HANOP . [IpM TaMHHAPHOM TEYEHHH 3Ta KpPUBas
H300paXkaeTcst psIMOit JTHKEH (puc.6.2, a), Ipu TypOyJIEHTHOM - mapaboIioi ¢ MoKas3aTesieM CTENeHH paBHOM IByM (puc.6.2, 6).

Hapmp § Hramyp |

H m=2

Her
N

Puc.6.2. 3aBucumocTtu HOTpe6HBIX HamopoB OT pacxoda KUAKOCTU B pr60np0130/1e

KpyTu3Ha KpuBBIX NMOTpeOHOrO Hamopa 3aBHCUT OT CONPOTHUBIECHUS TpybOompoBoma K u Bo3pacTraer ¢ yBeIHUEHHEM [JIMHBI
TpyOOIPOBO/A U YMEHBIICHUEM TUAMETPA, a TAKXKE C YBEIMYEHUEM MECTHBIX THAPABIMYECKHX CONMPOTHBICHUH.
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Bennunna cratuueckoro Hamopa f., TOJOXHTEIbHa B TOM CIydae, KOTAA >KHUAKOCTh JBIDKETCS BBEPX WM B IOJOCTh C
TIOBBIIIEHHBIM J]ABJIEHUEM, U OTPHUIIATEIbHA MIPU OMyCKAHHU >KUJIKOCTH MM ABWKEHUH B TIOJIOCTh C MOHIDKEHHBIM JaBleHHEM. Todka
MepeceyeHns] KpUBOi MOTpeOHOro Hamopa ¢ ochio aldcmucc (Touka A) ompenenseT pacxoi NPH ABHKECHUU JKUAKOCTH CaMOTCKOM.
IMoTpeOHbI HaTIOp B 3TOM CIIydae paBeH HYJIIO.

MHorna BMecTO KpHBBIX HOTpeGHOrO Hamopa ymoOHee IOJBb30BaThCs XapaKTEPUCTHKAMH TPyOOnpoBona. Xapakmepucmukou
mpy60}r1]poffz)70a Ha3bIBAETCS 3aBUCHMOCTh CyMMapHOH ITOTepH Hanopa (WM AaBJICHUS) B TPyOOIIPOBOJIE OT pacxoja:

yh=Ha

Tema 6.2. CoenriHeHUs1 MPOCTHIX TPYOONPOBOI0OB

Ipoctsie TPyOOIPOBOABI MOTYT COEIUHATBHCS MEXIY COOOH, IPHU TOM HMX COCAUHEHHE MOXKET OBITb HOCIe008AMENbHbLIM WU
napanienibHbIM.

ITocnedosamenvnoe coedunenue. BozpMeM HECKOJBKO TPYO pa3NUYHOM AJIMHBI, pasHOTO AWAMETpa M COJEpKalluX pa3HbIe

MECTHBIC COIPOTUBJICHHUSA, U COCTUHUM UX MOCJIIEA0BATCIILHO (pI/IC 63, a).
Ih) Zh

M7 [ ] z 3 3 : N
1ndy 7.z ix,dy g:;
Zhy

] 1
Puc. 6.3. IlocnenoBarensHOE cOeAMHEHHE TPYOOIIPOBOIOB

Ilpn mona4e >XMAKOCTU IO TaKOMY COCTaBHOMY TpybOompoBoxy oT Toukn M k Touke N pacxon xuakocth Q Bo Beex
MOCJIEI0BATENIBHO COEMHEHHBIX TpyOax 1, 2 m 3 Oyner oAMHAKOB, a MOJIHAS IOTEps Hamopa Mexay Toukamu M u N paBHa cymme
[OTEph HAlopa BO BCEX IOCNIENOBATENBHO COCAMHEHHBIX Tpybax. Takum 00pa3oM, Ui MOCIENOBATENBHOTO COCIHHEHHS HMeeM
CIICIYIOIINE OCHOBHBIC YPABHEHHU:

= Qe e B

DIRVEVEED IS VP I I

OTH ypaBHEHHs OIpENCISIOT IPaBUIIa IMOCTPOSHUSI XapaKTEPHCTHK IOCIENOBATEILHOTO coequHeHus TpyO (puc. 6.3, 6). Ecim
U3BECTHBI XapaKTEPUCTUKH KaXJOTO TPyOOIPOBOAA, TO 1O HUM MOXHO IIOCTPOUTH XapaKTEPHUCTHKY BCErO MOCIEA0BATEIBHOTO
coequHeHnst M-N. J[ist 3TOro HY)KHO CIIOKHTb OPJMHATBI BCEX TPEX KPUBBIX.

Ilapannensnoe coedunenue. Takoe coeqUHEHUE TIOKa3aHO Ha puc. 6.4, a. TpybomnpoBoast 1, 2 u 3 pacnonoKeHbl TOPU3OHTAIBHO.

Zh

! Ehy Ity 5y,
ih

RN T LA P
Puc. 6.4. [TapanensHoe coefHEHNE TPYOOIIPOBOIOB
O003HaunM 1osHbIe Hanopsl B Toukax M u N cootBerctBeHHO Hy 11 Hy , pacxon B ocHOBHOIT MarucTpaiu (T.e. 10 pa3BeTBICHHS U
nmocJie CIusiHUsA) - uepe3 Q, a B mapauiensHbIX TpyObonpoBoaax yepe3 Qq, Q, 1 Qs; cyMMapHBbIe MOTEpH B 3TUX TPYOOIIPOBOIax Yepes Xy ,

22 u 23.
O4eBUIHO, YTO PACXO]] JKUAKOCTH B OCHOBHOM MarucTpain
Q=0:=Q:=0Q3

Beipa3um motepu Hamopa B KajkJI0M U3 TPYOOTIPOBOIOB Uepe3 MOJHbIE HAMOPhI B Toukax M u N :

Zhl = HM - HN; th = HM - HN; Zhs = HM - HN

Ortcrosia nemaeM BbIBOJI, UTO

= 73t = sh,

T.e. TIOTEPH Hamopa B MapayieJbHBIX TPYyOONPOBOJAX pPaBHBI MEXIy co00i. X MOXHO BbIpasUTh B 0OOIIEM BHUAE Yepe3
COOTBETCTBYIOIINE PACXOABI CIIETYIOIIUM 00pa3oM

Zhl = Klle; th = K2Q2m; ZhS = K3Q3m

rae K 1 m - onpenensioTcst B 3aBUCUMOCTH OT PEKHMa TEUCHHSI.

W3 AByX MOCIEAHNX YPaBHEHHU BBITEKAET CIEAYIOIIee MPABUIIO: IS MOCTPOCHHUSI XapaKTEPUCTUKHU MApaUIEIbHOTO COCTHUHEHUS
HECKOJIbKHUX TPYOOIIPOBOIOB CIIEAYET CIOKHUTEH abCIHCCHI (PACXO0/Ibl) XapaKTEPUCTHK 3THX TPYOOIPOBOIOB IIPH OJMHAKOBBIX OpHHATAX
( X h). TIpumep Takoro mocTpoeHus aaH Ha puc. 6.3, 6.

Pazeemenennoe coedunenue. Pa3BeTBICHHBIM COCAMHEHHEM HAa3bIBACTCSl COBOKYITHOCTh HECKOIBKUX MPOCTBIX TPYOONPOBOJIOB,
MMEIOIIMX OJJHO 00IIee CeUYeHNE - MECTO Pa3BETBIICHMUS (MM CMBIKaHHs) TPYO.

Puc. 6.5. Pa3BeTBneHHBII TpYOOIPOBO

ITycTe OCHOBHOIT TpyOONPOBOA MMeeT pa3BeTBICHHE B ceueHun M-M, OT KOTOPOro OTXOAAT, Hampumep, Tpu Tpyosr 1, 2 u 3
Pa3HBIX IMaMETPOB, COJEPIKalUe Pa3INUHbIe MECTHBIE CONPOTUBIEHUS (puc. 6.5, a). 'eomeTpuyeckie BBICOTHI Z;, Z, U Z3 KOHEUHBIX
ceueHnit u gasnenus Py, P, u P3 B HUX OyayT Takke pa3iaudHbIL.

Taxk ke kKaKk W JUIs TapauieNbHBIX TPYOOIPOBOAOB, OOLIMI PacXoa B OCHOBHOM TpyOonpoBoje OyaeT paBeH cyMMe PacxoioB B
Ka)XZIOM TPYOOIIpoBoOe:

Q=0:=0Q,=0Q3
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3anucaB ypaBHeHMe bepHymmm Juii cedeHus M-M M KOHEYHOTO CEUCHMs, HAIPUMEp IIEPBOTO TPYOONPOBOAA, MHOJIYYHM
(npeneOperasi pa3HOCTbIO CKOPOCTHBIX BBICOT)

=
Hy =z, +-243 0
s 1 ng 1

O003HauNB CyMMYy IIE€PBEIX ABYX WICHOB 4epe3 H,,, 1 BEIpaxast TpeTHil WieH Jepe3 pacxox (Kak 3To Jenanoch B 11.6.1), momydaem

Hm = He s + KQ,"

AHQJIOTUYHO IS IBYX APYTHX TPYOOIPOBOIOB MOXKHO 3alUCaTh

Hm = Hen 2 + KQ,"

Hm = He 3 + KQ3™

Takum 00pa3oMm, ToIydaeM CUCTEMY YeThIpeX YpaBHEHUI ¢ yeThIpbMst Hen3BecTHBIMU: Qy, Q, 1 Q3 m Hy,.

TlocTpoenne kpuBO# MOTpeOHOrO Hamopa ISl Pa3BETBICHHOTO TPYOOIIPOBOJA BBIIOIHSAETCS CIIOKEHHEM KPUBBIX MOTPEOHBIX
HAItOpOB JUTSl BETBEH 110 MPaBIILY CIOKEHUS XapaKTePHCTHK IapajlIeIbHBIX TPYOOonpoBoaoB (puc. 6.5, 6) - crnoxenueM adcrwmcce (Q) mpu
onuHaKoBBIX opauHatax (Hy). KpuBble moTpeOHBIX HamopoB it BeTBeH oTMedeHHl Imdpamu 1, 2 mw 3 , a cymmapHas KpuBas
MOTpeOHOTO HAIopa /IS BCEro pa3BeTBieHus o6o3HaueHa 6ykBamu ABCD. U3 rpaduka BUAHO, YTO yCIOBHEM MOAAYH JKHIKOCTH BO BCE
BETBH SBJISIETCS HepaBeHcTBO Hy > H,, ;.

Tema 6.3. Ci105kHBI€ TPYOOIIPOBOIBI

CriokHbIA TPYOOIPOBO B OOIEM CiIydae COCTaBIEH M3 MPOCTHIX TPYOOIPOBOIOB C IOCIEIOBATEIBHBIM U MApAJUICIBHBIM HX
coenuHEeHHEM (pHc. 6.6, a) WK ¢ pa3BeTBICHUAMHE (puUc. 6.6, 0).

KN L

&) )
Puc. 6.6. CxeMBI CIIOXKHBIX TPYOOIIPOBOIOB

PaccMoTpuM pa3soMKHYTHIN CIIOKHBIH TpyOompoBon (puc. 6.6, 6). MarucTpaibHbIA TPyOOIIpOBO pa3BeTBisercs B Toukax A u C.
JKunkocts momaercs k Toukam (ceyenusim) B, D u E ¢ pacxomamu Qg 1 Qp 1 Qg .

IlycTs u3BecTHBI pa3zMephl MarucTpajieid ¥ BceX BeTBEH (IIPOCTHIX TpyOOIPOBOIOB), 3aJaHbI BCE MECTHBIE COTPOTHUBIICHNUS, a TAKKE
reOMETPUYECKUE BHICOTHI KOHEUHBIX TOYEK, OTCUUTHIBACMBIE OT INTOcKOCTH M - N 1 m30bITOUHBIC JaBieHUs B KOHEUHBIX Toukax Pg u Pp
u PE-

Jlnst aTOTO CiTydast BOSMOXKHBI JIBa BUJIA 331a4:

3aoaua 1. Jlan pacxon Q B ocHoBHOU Maructpanu M. Heobxomumo ompenenuts pacxonnl Qg 1 Qp u Qp, a Takke moTpeOHbII
Harop B Touke M.

w _n Pu

oo ] Fa
PE
3aoaua 2. [lan Hanop B Touke M. OnpenennTs pacxoa B MarucTpanu Q v pacxosl B KaKIOH BETBH.

O0e 3amaun pemarT Ha OCHOBE OIHOW M TOW K€ CHCTEMBI YpPaBHEHHH, YUCIO KOTOPHIX HAa €IUHHIYY OOJbBIIE YUCIa KOHEYHBIX
BETBEH, a HMEHHO:

YpaBHEHHE PACXOJIOB:

Q=Q=Qp=Qe

ypaBHEHHE PaBEHCTBA MOTPEOHBIX HamopoB s BetBeil CD u CE
m — m

H(rmD + KCDQD - H(rmE + KCEQE

ypaBHEHHE PaBEHCTBA NMOTPEOHBIX HATIOPOB JUTS BETBH AB 1 cioxkHoro Tpyoonposoaa ACED
m — m m

Hem 8 + KagQs" = Hew p + KepQp™ + Kac(Qo + Q)

BBIpa)KEHHE ISl OTPeOHOTo Haropa B Touke M

£
_ M m m
Hy = =Ku0" + H s + Kz
PE
PacdeT cIokKHEIX TPyOOIPOBOJOB YaCTO BBHIIOIHSAIOT Ipad)OaHATUTHIECKUM CIOCOOOM, T.€. ¢ IPUMEHEHHEM KPUBBIX IIOTPEGHOTO

Hamopa M XapaKTepHCTUK TPyOOorpoBoaoB. KpHByr0 OTpeOHOro HAmopa JUisi CIOXKHOTO TPYOOIPOBOJA CIEAYET CTPOUTH CIACAYIOLIHMM
obpazom:

1) CIIOKHBIH TpyOompoBoI pa3ouBaroT Ha pan MPOCTHIX;
2) CTPOSIT KpHUBBIE MOTPEOHBIX HaropoB vt KaX/10T0 u3 MPOCTBIX TpyOOIPOBO/IOB;
3) CKJIambBIBAOT KPHBBIE MOTPEOHBIX HAMOPOB /Ul BETBEH (M MapajuleNbHBIX JIMHHIH, €CIM OHH HMEIOTCS) 10 HPAaBUITy CIOXKEHHS
XapaKTEPUCTUK napasuieIbHbIX TpyOONIpOBOIOB;

4) noy4YeHHYI0 KPUBYIO CKJIQ[IBIBAIOT C XapaKTEPUCTUKOM OCIEI0BATEILHO MIPUCOSTHHEHHOTO TPYOOIPOBO/a O COOTBETCTBYIOIIEMY
mpaBury (cM. 1.6.2).
Takum o0pa3om, IpH pacyeTe UAYT OT KOHEYHBIX TOUEK TPyOOIpoBO/a K HAYaIbHON TOUKE, T.€. IPOTHUB TEUCHUS KHUIKOCTH.
Cnoxcnptit Konvyegoii mpybonpogoo. Ilpencrapnser coboi CHCTEMY CMEXKHBIX 3aMKHYTBIX KOHTYPOB, C OTOOPOM >KHIKOCTH B
Y3JIOBBIX TOUKAX WJIM C HEMPEPBIBHOI pa3aadeil ®UAKOCTH Ha OTACIBHBIX ydacTKax (puc. 6.7).
& 0 7 & A Qs & 2y J 78y
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Puc. 6.7. Cxema c0XHOT0 KOJIBLIEBOTO TPYOOIpOBOAa
3agaun Ui TakKUX TPYOOIPOBOIOB PElIal0T aHAJOTWYHBIM METOJIOM C NMPHMEHEHHEM 3JieKTpoaHanoruil (3akon Kupxroga). Ilpu
3TOM OCHOBBIBAIOTCS Ha IBYX 00f3aTeNbHBIX YCIOBMAX. IlepBoe ycnoBue - GajaHC pacxoloB, T.€. PAaBEHCTBO IPUTOKA U OTTOKA
KHUAKOCTH I KaKIOH y310BoH Touku. Bropoe ycioBue - GanxaHCc Hamopos, T.e. PaBEHCTBO HYIIO alreOpandecKodl CyMMEI IOTEpb
Haropa Il KaKI0To KoJblia (KOHTYpa) IPH IIOJICUETe [0 HANPABICHUIO ABIKCHUS YaCOBON CTPEIIKY WIIM IPOTHB Hee.
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[l pacyera Takux TpyOOIPOBOZOB THIIMYHOW SBISIETCS ClieAyomas 3aiada. JaH MakcHMabHbBIA HAlloOp B HA4YaJIbHON TOYKE, T.€.
B Touke 0, MUHUMaNbHBIA Hamop B HauOoJee yaadeHHOH Touke £, pacXo/bl BO BCEX LIECTH y3JaX M JUIMHBI CEMH y4acTKoB. TpeOyeTcs
OTIPEAENUTh TUAMETPHI TPYOONIPOBOAOB HA BCEX y4aCTKax.

Tema 6.4. TpyGonpoBoabl ¢ HACOCHOI MoJAYel KHAKOCTeH

Kax yxe oTMedasnoch BbIIIE, TIEpenaj ypoBHEH SHEPIHH, 3a CIET KOTOPOTO KUAKOCTh TEUET 10 TPYyOOIPOBOIY, MOKET CO3/1aBaThCs
paboToil Hacoca, YTO IMIMPOKO TPHMEHSETCS B MAIIMHOCTPOSHHH. PacCMOTpHM COBMECTHYIO paboTy TpyOoIpoBojga C HAcocoM H
MIPUHIIMII pacyeTa TpyOOIpoBOAa C HACOCHOM NMoAayYel )KUAKOCTH.

TpybomnpoBoa ¢ HACOCHOH Mogaueil KUAKOCTH MOXKET OBITh pA3OMKHYMbIM, T.€. TIO KOTOPOMY KHIKOCTh TIEPEKauNBACTCS U3 OJJHOM

€MKOCTH B JIpyryto (puc. 6.8, a), wiH 3amkHymeim (KOJIBLEBBIM), B KOTOPOM IIUPKYJIHPYET OTHO M TO K€ KOJIMYECTBO XKHUIAKOCTH (pHC.
6.8, 0).

e
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Puc. 6.8. TpyO6onpoBoabl ¢ HACOCHOH moxaueit

PaccmoTpuM TpyOONIpoBO, O KOTOPOMY IEPEKauMBaIOT JKHKOCTh U3 HIJKHETO pe3epByapa ¢ JaBieHueM P o B npyroii pesepByap
¢ naBnenueM Ps (puc. 6.8, a). Bricota pacmonoxeHuss ocu Hacoca H; HasbIBaeTCs eeomempuueckoli 6biCOMOU 6CACbIGAHUs, a
TpyOOIPOBOJ, MO KOTOPOMY >XHMAKOCTH IIOCTYIIAeT K HACOCY, 6Cacbléaiowum mpybonpogooom WIM JauHuell ecacvléanusi. Bricora
pacnoyioXeHHss KOHEYHOro ceueHusl TpybompoBona H, HasbIBaeTcst ceomempuyeckoll 6bicomoil HacHemauus, a TPYyOOIPOBOI, IO
KOTOPOMY *KHUAKOCTB JBHIKETCS OT HACOCA, HANOPHLIM VIIH JUHUEU HASHEeMAHUS.

CocraBuM ypaBHeHHeM bepHymin i moToka paboueil )KHUAKOCTH BO BcachlBaromeM Tpybomposose, T.e. wis cedenuit 0-0 u 1-1
(mpuanMast o = 1):

P 2
2 oA P A +3 hy
g Ppg  Z2g

OT0 ypaBHEHHE SBIISETCSI OCHOBHBIM JUISl pacyeTa BCACHIBAIOMINX TPYOOIIPOBOIOB.

Tenepb pacCMOTPUM HAMOPHBIH TPYOOIIPOBO, ISl KOTOPOTO 3aMuilieM ypaBHeHue bepHysum, T.e. s cedenuit 2-2 u 3-3:
E v}
2 2

P
242 =H+—3+§}a_
Pg  2g ' g =
0s 5

JrepELL W2
WO LT IO

JleBast 4acTh ATOTO ypaBHEHHS MPEACTABISAET COOOI SHEPTUIO KUAKOCTH Ha BBIXOJE M3 Hacoca. A Ha BXOJAE HAcoca SHEPTHUIO
KUIAKOCTHU MOXHO 6y/:[eT AHAJIOTUYHO BLIpaSI/ITL nu3 ypaBHCHI/ISIZ
RN TC &
1 1 _ -0
—t— —__Hl_zku-l
PE Z2g pg
Pe °&

ImRLT M
AR N

Takum 00pa3oM, MOXKHO MOJICYMTATh MPHPANICHHE JHEPTUH KUIKOCTH, MPOXOMAAIIEH depe3 Hacoc. DTa IHEPrusi coodaeTcs
KHUIKOCTH HACOCOM M TTO3TOMY 0003HadaeTcst 00br4HO H, (.
Jlyia HaxoxkaeHus Hanopa H,,,. BBIYUCIIUM ypaBHEHHE :

2 2 P*P
- :[§+D—g —[£+U—1J: H 4+ H, +%+Z}go_l+z}ag_3

pg 2g pg  2g

HW=&Z+P3_P° +RG",
Pg

rae Az - MOJIHAas reoMeTpuiecKkas BBICOTA mogbeMa JKHJIKOCTH, Az = H 1 + Hy;
KQ" - cyMMma THIIPaBIHYECKAX oTepsb,
P3 u Py - naBneHue B BEpXHEH U HIDKHEH eMKOCTH COOTBETCTBEHHO.

Ecnu k neficTBUTENBHONW Pa3HOCTH YpOBHEH Az NOOABUTH Pa3sHOCTh Mbe30MEeTpHUYecKUX BBICOT ( P3 - Py ) ( pg ), TO MOXKHO
paccMaTpuBaTh yBEJIMYEHHYIO Pa3HOCTh YPOBHEH

H, =hz4+2 1

PE

1 GOpPMYITy MOKHO TIEpETINCaTh TaK:

HHaC = HCWI + KQm

N3 3T0ﬁ (I)OpMy.]'lbI JA€JIacM BBIBOO, YTO

HHaC = Hnomp

Otcrozia BBITEKAET CleAyIOlIee IPaBUII0 YCTOWYMBOIT pabOTHI Hacoca: MPH YCTAHOBUBIIEMCS TEUEHHUH JKUIKOCTH B TPYOONpPOBOIE
HACOC Pa3BHUBAET HAIIOP, PABHEBIA OTPEOHOMY.

Ha aTom paBeHCTBE OCHOBBIBAETCS METOJ pacyera TPYOONpPOBOAOB C HACOCHOW MOJayeld, KOTOPBIHA 3aKITI0YaeTCs B COBMECTHOM
IIOCTPOCHHHM B OJJHOM U TOM K€ MaciuTabe U Ha OXHOM Tpaduke ABYX KpUBBIX: Hamopa H,,,, = fi(Q) u xapaxrepucruxu nacoca H,,. =

f,(Q) ¥ B HaXOK/IEHNH UX TOYKH TepecedeHus (puc. 6.9).
# #

Hem
—-.—-—-—.a—|

a g
Puc. 6.9. I'papuyeckoe HaxoxaeHHE paboyeil TOUKN
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XapakTepUCTHKON Hacoca Ha3bIBAETCS 3aBUCHMOCTb HAIOpa, CO3JaBa€MOr0 HACOCOM, OT €ro nojaud (pacxoja KHIKOCTH) IpH
MOCTOSIHHO# YacToTe BpalleHus Baia Hacoca. Ha puc. 6.9 mano nBa Bapuanrta rpaduka: a - s TypOYJISHTHOTO pexuMa; 6 - IIs
JaMUHapHOTO pexxuma. Touka mepecedeHHs KpHBOM MOTPEOHOrO Hamopa ¢ XapaKTEPUCTHKOM Hacoca Has3bIBACTCS pabdouell mouKol.
Uro0bl NONYy4YHUTHh APYryI0 pabodyio TOUKY, HEOOXOIUMO M3MEHHTh OTKPBITHUE PEryJHpPOBOYHOrO KpaHa (M3MEHUTH XapaKTEPUCTHUKY
TpyOOIpOBO/Ia) MM U3MEHUTH YacTOTY BPAIIEHHs Bajla Hacoca.

Tema 6.5. I'mapaBanyeckunii ynap

T'uapaBnmmyeckuM ynapoM Ha3bIBaeTCsl pe3KO€ MOBBIIICHUE TABJICHUS, BO3HHUKAIOIIEE B HATIOPHOM TPYOONPOBOJE MPH BHE3AITHOM
TOPMOXXCHUHU NOTOKa paboyell JKUAKOCTH. DTOT MPOLECC SBISAETCS OYeHb OBICTPOTCUHBIM U XapaKTEPHU3YeTCs YepelOBaHHUEM PE3KUX
MOBBIICHUH ¥ ITOHIKECHHI JaBJICHUA, KOTOPOE€ CBsA3aHO C YIPYTUMHU Z[eq)OpMaL[I/ISIMI/I KUAKOCTU MU CTCHOK pr6onp030ua.
FI/IZ[paBJ'IPI‘IeCKI/Iﬁ yaap 4Hame BCEro BO3HUKACT IPU PE3KOM OTKPLITHU WJIK 3aKPLITUM KpaHa WA APYroro yCTpOﬁCTBa, YIpaBJiAs€MOTo
IIOTOKOM.

HyCTL B KOHIIC pr6BI, 5y} KOTOpOﬁ JABUIKETCA JKUAKOCTb CO CKOPOCTBIO Vg, MIPOU3BECACHO MIT'HOBEHHOC 3aKPBITUE KpaHa (pI/IC 610,

a).

Puc. 6.10. Craguu runpaBandeckoro yuapa

IIpu 3TOM CKOPOCTh YacTHI, HATONKHYBIIMXCS Ha KpaH, OylIeT IMoraimieHa, a MX KHHETHYecKas 3Heprus mepeiiner B paboTy
nedopmanu CTEHOK TPYOBI M KHUAKOCTH. [IpH 3TOM CTEHKH TpPYOBI PACTATHMBAIOTCS, a KHUAKOCTH CKUMAETCSI B COOTBETCTBHHU C
yBEJIMYEHHEM JaBleHus Ha BenuuuHy AP, KkoTopoe HasbiBaeTcsi yaapHeiM. OOmacTh (cedeHue N - N), B KOTOPOH NPOMCXOJUT
YBEJIMYEHHE JABJICHUS, Ha3bIBaeTCsl YHApHOIH BOJHOW. YaapHas BOJHA pacIpOCTPAHSETCs] BIIPABO CO CKOPOCTBIO C, Ha3bIBaeMOM
CKOPOCTBIO yIapHON BOJHEL

Korna ynaprast BoiHa mepeMecTHTCS IO pe3epByapa, KHIKOCTh OKAKETCsS OCTaHOBIEHHOH M C)KaToW BO Bcei TpyOe, a CTEHKH
TPYOBI - pacTSHYTHIMH. Y TapHOE TTOBHIIICHHE TABICHHS PACIPOCTPAaHUTCS Ha BCIO IIHHY TpYOHI (puc. 6.10, ).

Hanee mox neiicTBHeM mepenana aaBiaeHus AP, 9acTUIBI )KMIKOCTH YCTPEMATCSA M3 TPYOBI B pe3epByap, HPHYEM DTO TEYEHHE
HaAYHETCS C CEUCHUs], HEMOCPEACTBEHHO MPIIIETAIOIETo K pe3epByapy. Teneps cedeHne N-N mepeMenaeTcs oOpaTHO K KpaHy ¢ TOH xke
CKOPOCTBIO C, OCTaBJIsIs 32 OO0 BEIpOBHEHHOE JaBienue Py (puc. 6.10, B).

JKuakocTe M CTEHKM TpyOBl NPENIONararoTcsi YIPYTHMH, IIO9TOMY OHHM BO3BpPAIAIOTCS K TPEKHEMY COCTOSIHUIO,
COOTBETCTBYIOLIEMY jAaBieHnio P, Paborta nedopmainmy MoIHOCTHIO MEPEXOANUT B KHHETHYECKYIO JHEPTHI0, W JKUAKOCTh B TpyOe
puoOpeTaeT NepBOHAYANBHYIO CKOPOCTh Vg, HO HAIIPABJICHHYIO TENeph B IPOTHBOMOIOXKHYIO TeepPh CTOPOHY.

C 3T0if CKOPOCTBIO Bech 00BEM KUAKOCTH CTPEMHUTCS OTOPBAThCS OT KpaHA, B pe3yNbTaTe BO3HHMKACT OTPHLATENbHAs yJapHas
BOJIHA 1OJ1 aByenneM Py - AP, KoTopas HampaBiseTcs OT KpaHa K pe3epByapy €O CKOPOCTBIO C, OCTABIIAS 32 COOOH CIKAaBLIMECS CTEHKH
TPYOBI H PacUIMPHUBLIYIOCS KUAKOCTh, YTO OOYCIIOBJIEHO CHIDKEHHEM JAaBieHus (puc. 6.10, n). Kunerndeckast sHEpTHs KUIKOCTH BHOBb
MepeXoIUT B paboTy aedopmManuii, HO MPOTUBOIIOIOKHOTO 3HAKA.

CocrostHEe TpYOBI B MOMEHT MPUX0/Ia OTPHULATEIbHON yIapHON BOJHEI K pe3epByapy mokasano Ha puc. 6.10, e. Tak ke kak u s
ciydasi, u300pakeHHOTO Ha puc. 6.10, 6, oHO He sABNIsAETCS paBHOBeCHBIM. Ha puc. 6.10, 5, moka3aH npoIecc BEIpaBHUBAHUS JABICHUS B
TpyOe U pe3epByape, CONPOBOXKIAIOMINIICS BOSHUKHOBEHUEM JIBHIKEHHS )KUIKOCTH CO CKOPOCTBIO V.

OueBHIHO, YTO KaK TONBKO OTPaKEHHAs OT pe3epByapa yjaapHas BOJHA moj AaBneHueM AP , NOCTHrHeT KpaHa, BO3HHKHET
CUTYyalys, YK€ UMEBIIAass MECTO B MOMEHT 3aKPbITUA KpaHa. Bechb OUKJI TUAPABINYECKOTO yaapa NOBTOPUTCA.

IIporekanue THAPaBINYECKOrO yAapa BO BpeMEHH WLTIOCTPHUPYETCs AnarpaMMOoii, IpecTaBIeHHoH Ha puc. 6.11, au 6.

HITpUXOBBIMH JIMHUSMH NTOKA3aHO TEOPETHIECKOe M3MEHEHHUE IABIEHHS y KpaHa B TOUKE A, a CIUIOIIHOI JeHCTBUTENBHBIH BHJ
KapTHHBI U3MEHEHUs JaBJIeHUs 10 BpeMeHH (puc. 6.11, a). IIpm sToMm 3aTyxaHue KoyeOaHMI JaBJIEHMS MPOHUCXOAMT 3a CUET MOTEph
SHEPTHH XHUIKOCTH Ha IPEOI0JICHIE CHII TPEHHS U yX0/1a SHEPTUH B pe3epByap.

Ecnu nasnenue Py nesemko (Pg < AP ), To kapTHHa M3MEHEHHs! aMILTUTY/Ibl JaBIECHHUS MOJIYyYA€TCS HECKOJILKO MHAsl, TIPUMEPHO
Takas, Kak MoKa3aHo Ha puc. 6.11, 6.
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Puc. 6.11. I3MeHenue naBieHus IO BpEMEHHU y KpaHa
TloBbIIeHNe MAaBIEHUS IPH THAPABINIECKOM Yape MOXHO OIIPESIHUTS 110 (hopMyIIe
APy‘) = p’l)oC
JlaHHOE BBIp2)XCHHE HOCUT Ha3BaHHE (GopMyibl JKyKoBckoro. B HeM CKOpOCTh pacnpoCTpaHEHHUs! YIapHOM BOJIHBI C ONPECIUTCS
o (bopMynei

e I - paguyc TpyoonpoBoaa;
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E - Monyss ynpyroctu matepuaia TpyOsl;
d - TONIIMHA CTEHKH TPYOONPOBOa;
K - o6bemHbIi Moayns ynpyrocTtd (cM. m.1.3)
Ecnmu npenmonoxunts, 4To TpyOa MMeeT abCONIOTHO JKECTKHE CTEHKH, T.e. E = 0, TO CKOpOCTb yIapHOW BOJIHBI ONPENENUTCS H3
BBIPAXKEHHUS
K

c=_J]—

P
st Bozpl 9Ta ckopocTh paBHa 1435 m/c, s 6ensuna 1116 m/c, mis maca 1200 - 1400 m/c.

Tema 6.6. H3meHeHHe TNPONYCKHOM CIOCOOHOCTHM TPYOONPOBOAOB B Ipolecce MX
IKCIIYyaTAlMH
IIpu npoexTHpOBaHUU HAOPHBIX TPYOONIPOBOIOB CICAYET YUUTHIBATh, YTO UX MPOITYCKHAS! CIIOCOOHOCTH B MEPHOJ 3KCILUTyaTalluK

CHIKAeTCsl (Harmpumep, IUIsl BOZONPOBOAHBIX TPyO 10 50% u naxke Huke). BenencTsue koppo3un 1 00pa3oBaHus OTIOKEHUH B Tpybax
(MHKPYCTALUH), IIEPOXOBATOCTh TPYO YBEIMUYHBAETCS. DTO MOXHO OLICHHUTH 110 popMyIIe:

kt = ko + at

rae Ko - abcomoTHAs LIEpOX0BATOCTh UL HOBBIX TpYyO, (Mm),
ke - IIepOXOBaTOCTh gepes t ner 9KCIUTyaTaIHH,
o - K03 GUIMEHT XapaKTepU3YIOIII OBICTPOTY BO3PACTaHMS IIEPOXOBATOCTH (MM/TO).

Tabmuma 6.1

‘3HaeHHe K03 hPHIMEHTA O B 3aBHCHMOCTH
0T HIM0 - FMEHECION CEORCTE TRAECTIOPTHNYEMOE BOIEl

Koppo3HOHHOS

e XapaKTepHCTHKA NPHPOTHEIX BOJ o, MM/ToR
Crab g3 HE EOpY EOFH C
Crafioe EESHATTENEEER ¢ OfERKAHHEM Pl AHHECHIT 0,005-0,055
BEIECTE B PACTEODEHEOT O SEEesa (cpeman 0,025)

CrafinMEEEpATH (BANHEIE K0P [ 0IHOHHELE BOJEL,

YMepeHHOE COFEMKANHE OPIAHIHECEHE BEECTED H 0,035-0.18

PACTEOPEHEDE K ENES0 B KIVIMECTEE 3 ML/ (cpemna 0,07
5 BECEMA KOpPOZHOHHELE BOJELC C 0 fEDHAHHEN ¥ eesa 0,18-0,40
HATEIEHOS Bomee 30 2a0/71, HO C MATEM COJJEEAHHEM SIOPHI0E. (cpemaz 0,20)
COfEpEaHMEM EI0PHI0E H CyMedaroe Gonee 500- 0.40-0.60
CHIEHOE 700 wr/, a Tarox e Heofpal oTaH e BOED ¢ HOMEIIDT i ’D 51
COJEKARMEN OPraHIHECKHK BEIECTE (opepmaz 0,51)
Bopa co sHAaSWTelkEHORE Kap DoHaTHOH H MAmoi
o MOCTOAHHOH ¥ ECTEOCTER, C INIOTHEM OCAJEOM or 0,6 m lu
e CHIEHO S Boaenre 2000 wr/, CENEHO MEHEPATAS 0BAHHEE H fanee

K0P} 0 IHEE.

Paznen 7. l'mapaBianyeckue MamuHbl (JIekius-Busyanu3aus 2 yaca)

Tuopasnuueckumu mMawuHamy Ha3bIBAIOTCS MAIIUHBI, KOTOPHIE COOOIIAIOT MPOTEKAIONIEH Yepe3 HUX JKMIAKOCTH MEXaHHYECKYIO
9HEPTUio (Hacoc), MO0 MOMYYalOT OT >KUAKOCTH YacTh SHEPTUH M HepelnaroT ee paboueMy opraHy Uil HOJIE3HOTO HCIIOJB30BAHUS
(TUApOBHTATENb).

Hacocbl ¥ THAPOMOTOPHI NPUMEHSIOT TAKXKE B cudponepedaudx, Ha3HAYCHUEM KOTODPBHIX SBISETCS Iepefada MEXaHHYeCKoi
9HEPIHU OT JIBUraTellsi K UCIIOJIHUTENFHOMY OpraHy, a Takke ImpeoOpa3oBaHHE BHAA M CKOPOCTH JBMXKEHUS MOCIEIHEro MOCPEICTBOM
KHUAKOCTH.

I'mpponiepenauy IO CPaBHEHHIO C MEXaHWYECKUMHM IeperadamMu (My(QThl, KOPOOKH CKOpOCTEH, PEAyKTOpPBHI M T.O.) HUMEIOT
CIIEIYIOLINE TIPEHMYIIECTBA.

1. [TmaBHOCTB PabOTEHIL.

2. Bo3MOXHOCTE OeCcCTyNeHYaToro peryimpoBaHus CKOPOCTH.

3. MeHbluast 3aBUCHMOCTh MOMEHTA Ha BBIXOJJHOM BaJly OT Harpy3KH, IPUJIOKEHHOH K HCIIOJIHUTEILHOMY OpraHy.

4. Bo3MOXHOCTB Tiepeaull OOIBIIAX MOITHOCTEH.

5. Marnble rabapUTHBIE pa3MepHI.

6. Beicokas Haie)KHOCTb.

OTH NpeuMyIlecTBa NPHUBENIH K OOJNBIIOMY PacHpOCTPAaHEHUIO THApOINepenad, HEeCMOTPS Ha WX HECKOJBKO MEHBLINH, 4eM y
Mexanndeckux nepeaay KIT/I.

Tema 7.1. JIonmacTHBIE HACOCKI

B COBpeMeHHOﬁ TCXHHUKC HpI/IMeHSIeTCﬂ 60J'II)H108 KOJIMYECCTBO pa3HOBI/IZ[HOCTeI71 MaIlIH. HaH6oanee paCHpOCTpaHeHI/Ie JUIL
BOJIOCHA0)KEHHUST HACEJICHHs TIOJTy4YHJIN JIOTIACTHbIE HAacoChl. PabounM opraHoM JIONacTHOW MAIlMHBI SIBISETCS Bpalaroleecs: pabodee
KO0JIeCO, CHaOXeHHOE JIonacTsIMH. JIOMacTHBIE HACOCHI IENATCS Ha LIGHTPOOEIKHBIE K OCEBBIE.

B yenmpobescnom nonacmuom nHacoce KUIKOCTh MO ACHCTBUEM IEHTPOOSIKHBIX CHJI TIEPEeMEIacTcs Yepe3 padouee KOoieco oT
LICHTpa K nepudepuu.

Ha pPIC. 71 H306pa>KeHa HpOCTeﬁmaH cXeMa HeHTpO6e)I(HOF0 Hacoca. HpOTO'{HaH YqacTb Hacoca COCTOUT U3 Tpex OCHOBHBIX
JJICMCHTOB - IIOABOIA 1, pa60t1er0 KoJIeca 2 n OoTBOAA 3 HO HOZ[BOIIy JKUOKOCTh IIOOACTCA B pa60qee KOJIECO U3 IIOABOOAIICTO
pr6onp0130na. Pa60qee KOJIECO 2 nepe/:[aeT JKHUOKOCTHU 3Hepr1/110 oT HpI/IBO,I(HOI‘O JABUTATECIIA. Pa60qee KOJICCO COCTOHUT U3 I{ByX JUCKOB a
nu 6, Me)KHy KOTOprMPI HaxXoasAaTCsAa JIOINATKU 6, I/ISOFHyTLIe B CTOpOHy, HpOTHBOHOHO)KHyIO HaHpaBJIeHI/HO BpaHIeHI/ISI KoJIeca. )KI/I[IKOCTB
JIBIDKETCS 4epe3 KOoJleco U3 LEeHTPaJIbHOM ero 4acTu K nepudepuu. [Io oTBogY XKUAKOCTH OTBOAUTCS OT paboyero kojeca K HATOPHOMY
natpyOKy WM, B MHOTOCTYIIEHYAThIX HACOCaX, K CICAYIOIEMY KOJIecy.

Puc. 7.1. Cxema neHTpOOEIKHOTO HAcOca
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B ocesom nonacmunom nacoce xuAKOCTh mepeMeIIaeTCss B OCHOBHOM BJIOJIb OCH BpalleHHe pabodero kxojeca (puc. 7.2). Pabouee
KOJIECO OCEBOI0 HAcOCa MOX0Ke Ha BUHT Kopabist. OHO COCTOUT M3 BTYJIKHU 1, Ha KOTOPOIt 3aKPEIUICHO HECKOJIBKO Jionactel 2. OTBOIOM
HAcoca CIIY)KHT OCEBOH HAIpaBIISIONIMIT anmapar 3, ¢ HOMOLIBIO KOTOPOTO yCTPAHSETCs 3aKPyTKa JKHIKOCTH, U KHUHETHYECKast SHePIus
ee mpeodpasyeTcs B SHepruio qasieHus. OceBble HACOCH IPUMEHSIOT IIPH OOJBIINX 0Aa9aX U MAJIBIX AABJICHUSX.

Puc. 7.2. Cxema oceBoro Hacoca
OceBble HACOCHI MOTYT OBITh JKECTKOJIOMACTHBIMH, B KOTOPBIX IOJIOXKEHHE JiomacTeld paboduero Kkoieca HE H3MEHSCTCS, H
MMOBOPOTHO-JIOMIACTHBIMH, B KOTOPBIX MOJIOXKEHHE PaboUyero Koeca MOKET PeryIupOBaThCsI.

Tema 7.2. IlopuiHeBBIe HACOCHI

TlopuiHegvie HAcocvl OTHOCATCSA K YUCITY OOBEMHBIX HACOCOB, B KOTOPBIX IEPEMELICHUE KMAKOCTH OCYIIECTBIACTCS IyTEM ee
BBITECHEHUS] M3 HEMOJABI)KHBIX pab0ouuX Kamep BBITECHHUTEISIMH. Paboueil kamepou 0OBEMHOTO HAacOca HA3bIBAIOT OTPAaHHYCHHOE
MPOCTPAHCTBO, MOIEPEMEHHO COOOIIAIOIIeecs cO BXOJOM H BBIXOIOM Hacoca. BeimecHumenem Ha3blBaeTCs pabouMii opraH Hacoca,
KOTOPBI COBEpIIAET BEITECHEHHE KUIKOCTH U3 pabounx Kamep (TUIyHKep, MOpIIeHb, qruadparma).

Knaccnpunupyrores TIOPIITHEBHIE HaCcOCHI 1o CIIeYIOIMNM MOKAa3aTesIM:
1) no TUILY BBITECHUTEIICH: IUTYHXKEpHBIE, MOPILHEBbIE u nuadparMeHHBIE;
2) mo xapakTepy IBI)KCHHs BEIYIIErOo 3BEHA: BO3BPATHO-TIOCTYIATEIbHOE IBIDKEHHE BEOYIIETO 3BEHA; BpallaTelbHOE IBIIKEHHE
BEYILEro 3BCHA (KpUBOILIWITHBIE u KyJIauKOBBIE HacoCHl);

3) mo uwMcly IMKIOB HAarHETaHWs M BCACBHIBAHUWS 32 OJUH JBOHHOW XOA: OJZHOCTOPOHHETO AEHCTBHS; JBYXCTOPOHHEIO AEHCTBHSI.
4) o KONMMYECTBY HOPIIHEH: OAHOMOPIIHEBBIE; JBYXIOPIIHEBBIE; MHOTOTIOPITHEBBIE.

Puc. 7.3. Hacoc mopuraeBoii mpocToro IeicTBUs

Hacoc npocmozo deiicmeusn. CxemMa Hacoca TPOCTOTO AeHcTBUs n3oOpaxkeHa Ha puc. 7.3. IlopiieHb 2 CBsi3aH ¢ KPWUBOLIMITHO-
HIATYHHBIM MEXaHHM3MOM uepe3 IITOK 3, B pe3ylbTaTe 4Yero OH COBEpIIaeT BO3BPAaTHO-NOCTYMATENIbHOE IBIKEHHME B IMIMHApE 1.
IMopiienb mpu XoA€ BIPaBO CO3/AeT pa3pexeHHe B paboueil kamepe, BCIEACTBHE YEro BCACBIBAIONIMII KiIamaH 6 MOAHMMAaeTcs W
KHUJIKOCTh M3 PAacXOJHOTO pe3epByapa 4 Mo BcachlBarollleMy TpyOompoBosy S5 mocrymaer B pabouyro kamepy 7. IIpu oOpatHoM xoze
MOpPUIHS (BJIEBO) BCACHIBAIOLIMH KJIAIIaH 3aKPbIBAETCsl, @ HATHETATENIbHbIN KianaH 8 OTKphIBaeTCS, M KHUAKOCTh HarHETaeTCsl B HATIOPHBIH
TpyOompoBox 9.

Tak Kak Kax7g0My 000pOTY ABUTATENsI COOTBETCTBYET /IBA XOJa IOPIIHS, U3 KOTOPHIX JIMIIb OJUH COOTBETCTBYET HarHETAHHUIO, TO
TEOpeTHIeCcKast IPOU3BOAUTEILHOCTD B OZHY CEKyHIY OyzmeT

Oy = % (aricer),

rae F - ILIOIIA b TIOPILHS, M?;
| - X071 THOPIIIHS, M;
N - 9UCI0 060POTOB JBHUTATENS, 00/MHUH.

JIns OBBIILIEHUS] TPOU3BOAUTEIBHOCTH TOPIIHEBBIX HACOCOB UX YaCTO BBIMOJIHSAIOT CABOCHHBIMH, CTPOCHHBIMU M T.1. [lopriHu
TaKUX HACOCOB MPUBOISTCS B JCHCTBUE OT OJJHOT'O KOJIEHYATOrO Baja CO CMEIICHUEM KOJIEH.

JeiicTBuTeNnpHAs TPOM3BOAUTENHFHOCTh Hacoca Q MEHBIIE TEOPETHYECKOW, TaK Kak BO3ZHUKAIOT YTEYKH, OOYCIOBICHHEIC
HECBOCBPEMEHHBIM 3aKPHITUEM KJIAIIaHOB, HEIUIOTHOCTSAMH B KIalaHaX W YIUIOTHEHUSX TOPIIHA W INTOKA, a TaKKe HEMOIHOTON
3aItoJTHEHNsI pabodeld KaMepehl.

OTHoeHHe eiicTBUTENpHOM ogaun Q k Teoperndeckoit Q HaspBaeTcs o0beMHbIM KI1/] moprrHeBOTO Hacoca:

_e
Tla_Qr

O6bemusrit KI1JI - 0cHOBHOM 3KOHOMHUYECKHUH TTOKa3aTellb, XapaKTepU3yIONIHi paboTy Hacoca.

Puc. 7.4. Hacoc nopiineBoii qBoiHOr0 AeiicTBUs
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Hacoc 0soiinozo Oeiicmeus. bornee paBHOMEpHas M yBEIMYEHHAas I0Jaya >KUAKOCTH, IO CPaBHEHHMIO C HACOCOM IIPOCTOTO
JIeHCTBUSI, MOXKET OBITh JOCTUTHYTa HAacOCOM IBOMHOTO AeicTBuA (puc. 7.4), B KOTOPOM KaKAOMY XOAY HOPIIHS COOTBETCTBYIOT
OJTHOBPEMEHHO TIPOIIECCHl BCACBHIBAHUA M HAUHETaHHsA. OTH HACOCHI BBIMONHSIOTCS TOPU30HTAIBHBIMH U BEPTHKAIBHBIMH, MPUYEM
MOCJIeTHHAE HanOoJiee KOMITAaKTHEL. TeopeTndeckast Ipor3BOAUTEILHOCTh Hacoca ABOMHOTO JeHCTBHS Oyaer

O = Fen (F-7)n (18/cex)

&0 &0

rae f - momane mroka, M-

Puc. 7.5. Cxema nopurHeBoro Hacoca ¢ i depeHIHanbHBIM ITOPITHEM

Mughpepenyuanvuoiit nacoc. B mupdepennmanpaom Hacoce (puc. 7.5) mopuieHb 4 mepemeniacTcs B TIagko 00pabOTaHHOM
wMHApe 5. YIUIOTHEHHEM MOPLIHS CITYXUT canbHuK 3 (BapuaHT | ) wnm Manslii 3a30p (BapuanT Il ) co crenkoit ummmagpa. Hacoc
MMeeT JIBa KJIallaHa: BCACBIBAIOIIMI / W HarHETaTeNbHBIH 6, a Takke BCIIOMOraTelibHyI0 kamepy 1. BcacbiBaHHe IIPOMCXOMNUT 3a OAMH
XOJ] OPIIHS, @ HArHeTaHue 3a 00a Xxoa. Tak, IPH X0/e MOPLIHS BIEBO M3 BCTIOMOTATENIbHOI KaMephl B HArHETATENbHBII TpyOOonpoBoa 2
BBITeCHsIeTCsl 00beM kuakocty, pasubiid (F - f )l; mpu xome mopmiHs BOpaBO M3 OCHOBHON KaMephI BBITECHSETCS 0OBEM JKHAKOCTH,
paBubiii fj. Takum o6pa3om, 3a 06a X018 HOPIIHS B HACHETATEIbHbIH TPYOOIPOBOI OyAET MOAaH 00HEM KHUIKOCTH, PABHBIN

(F-NDI+fl=FI

T.€. CTOJIBKO K€, CKOJIBKO ITOJJaeTCsl HACOCOM IIPOCTOTO AeHCTBHA. Pa3sHMIa UL B TOM, YTO 3TO KOJMYECTBO JKHIKOCTH MOAACTCS
3a 00a X0/1a IMOPIIHS, CIIe0BATENbHO, U [o/javya IIPOUCXOUT Oojiee paBHOMEPHO.

Tema 7.3. I/IH)_II/IKaTOpHaH AHarpaMmma NnopumHeBbIX HACOCOB

Pabounii muki mopHIHEBOro Hacoca MOXKET OBITh Tpaduyeckd omucaH Ha Oymare CHEHHATbHBIM HPUOOPOM - MHIUKATOPOM.
I'paduix U3MEHEHUS TaBICHUS B IIHJIMHAPE 32 OJUH TOJHBIA 000POT KPUBOIINIIA HA3BIBACTCS uHOUKamopHou duazpammoti . Ha puc. 7.6
M0Ka3aHa Takasl JuarpaMma Hacoca IpOCTOTrO IeHCTBUSL.
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Puc. 7.6. UnaukatopHas auarpamMma

IIpu nBwxeHMn mopmiHs cieBa HampaBo (cM. puc. 7.3) (mpolecc BcacklBaHUsS) NABJICHWE B IIMJIMHAPE Hacoca Pe3Ko MafaeT Jo
TTaBIICHUS BCAchIBaHUS P, 1Mo muHMN a6. V3-3a MOZATINMBOCTH CTEHOK IMIIMHAPA ¥ CKMMAEMOCTH JKHIKOCTH JIMHUS a6 HEe BEPTHKAIIBHA,
a Clerka HaKJIIOHEHa M IEePEeXOAWT 3aTeM B BOJHUCTYIO JIMHUIO 06. Jlamee Ha BCachIBAlOMIEH JIMHUM MOAJAECPKHBACTCS ITOCTOSHHOE
JIaBJICHUE W JIMHUS 62 OCTAeTCs MPAKTHYECKH FOPH30HTAJIBHON Ha TMPOTSDKEHHM BCETO XOAa BcachiBaHWs. IIpy oOpaTHOM JBHXKEHUH
MOPIIHSA (XOJ HAarHETaHWs) JaBJeHWe B IMIMHIpE OT P, mogHumaercst 1o naBieHus P, MO NpsSMO# 20, HAKIOH KOTOPOH BJIEBO OT
BEPTHKAIU 00BICHIETCS TEMH K€ CaMbIMU MIPUYNHAMM, YTO M AJIs JIMHUM a6. Hauano cxaTHs UAKOCTH COIPOBOXKIACTCS KOJIeOaHUIMH
JaBJIeHUs B IWIMHApe (JIMHUS Oe). B nanpHelmem paBnenue P, ocTaeTcs HEM3MEHHBIM Ha NMPOTSXKEHHH BCETO XOJAa HarHEeTaHWs
(nmuHuA ea). [Tpu moBTOpHOM padoueM UKIIE STOT rpaduk OyaeT MOBTOPATHCS.

HewncnpaBHOCTH, BO3HMKAIOMNE B THAPABINYECKOH 9acTH MOPIIHEBOTO HACOCA M3MEHSIOT XapakTep MHAWKATOPHOH IHarpaMMBI.
AHanu3upys pa3IndHble HHIUKATOPHBIC JHAarPaMMBI ¢ TEMH WITH HHBIMH aHOMAJIMSMH, MOKHO 0€30IMO0YHO CKa3aTh O HEUCIPAaBHOCTH
Hacoca.

Tema 7.4. bajanc Hepruu B Hacocax
Bananc MOIITHOCTH B HACOCE HAIIAAHO MOXKHO IMTPEACTABUTL B BUI€ CXEMBEIL, Hpel{CTaBJ’IeHHOﬁ Ha puc 7.7.

Todde deunor TToseswas
¥ waooCy HOUMOLITS e
s T Al B

Motz tu

L wes

Nt DwentOn Nz Mgy
b ahe
b A/»M;M;J é'..,.,'ﬂﬂ"/’

b

Obaerunié
nomEsy
MExoREE
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fvboadrivechue

Puc. 7.7. bananc MOIIIHOCTH Hacoca

MouiHocTh, KOTOpasi MOABOJAMTCS K Bally Hacoca Ha3blBaeTcs noosedennou. OHA paBHA MPOU3BEICHHUIO KPYTAIIEr0O MOMEHTa Ha
BaJIy Ha €ro YrioBYIO CKOPOCTh

N 7= M Kkp®

Mo1HOCTh, KOTOPYIO MBI MOJy4aeM OT Hacoca B BHJIE€ MOTOKA KUAKOCTH TOJ JIaBIEHUEM HAa3bIBACTCS HOIE3HOU MOUHOCHBIO
Hacoca (B JaTbHEHIIIEM TPOCTO MOITHOCTEIO)

Nz = QuPx

OTHOIIICHHE MOIITHOCTH HACOCa K MOJIBEACHHOM MOIIHOCTH Ha3biBaeTcs oommM KIT/I Hacoca

Tl.gﬁg:N_i

a pa3HOCTb NH - NH = Nnum Ha3bIBACTCS MOTEPAMU MOLIHOCTU B HACOCE. HOTepI/I MOILITHOCTU B HACOCC ICJIATCA Ha 06'I>CMHI)IC,
MEXaHUYCCKUEC U TUAPABINYICCKUC.
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ITorepn MOLIHOCTH Ha BHYTPEHHHE YTCUKH M HEMOJIHOE 3all0IHEHUE KaMep Hacoca

Nuﬁ = (Q}m + QHen)PH
Oo6vemuuuii KII/] nHacoca onipeenuTcesl U3 COOTHOLICHUS
Ng-Ng

Ny

s coBpemenHsix HacocoB oObeMHbIM KIIJ Haxomurcs B mpenmenax 0,92...0,96. 3nauenus KIIJl nmpuBeneHbl B TEXHHYECKHX
XapaKTepHUCTHUKaX HACOCOB.

Mexanuueckue KII/I xapakTepusyeT IOTepH Ha TEpHHE B MOABIKHBIX COCIWHEHUSIX MEXHy JeTalsiMH Hacoca. Ilpum
OTHOCHTENIFHOM IIEPEeMEIICHNH COIPUKACAIONINXCS TTOBEPXHOCTEH B 30HE MX KOHTAaKTa BCETAa BO3HUKAET CHJIA TPEHUS, KOTOpas
HaIpaBJIeHa B CTOPOHY, IIPOTHBOIOIOKHYIO JBIKEHHIO. DTa CHJIa pacXoIyeTcsl Ha Je)OpMaInio HOBEPXHOCTHOTO CIIOS, INTaCTHYECKOe
OTTECHEHHE U Ha NPEOJ0ICHUE MEKMOIEKYIISIPHBIX CBA3€H COMPHKACAIOIINXCS TOBEPXHOCTEH.

MoIHOCTS, 3aTpadeHHast Ha IIPEO0JICHIE CUII TPEHHS, OTNPEIEIAeTCs

Nmp = Mmp(Da

rae M,, - MOMEHT TpEHUs B Hacoce;
@ - YTII0Bas CKOPOCTh Bajla Hacoca.

Mexanngeckuii KII/I onpenensercs U3 COOTHOIIECHUS

Nes =

N T , wy
Ny

s coBpemeHHBIX HacocoB Mexannueckuid KI1/] Taxxe Haxoaures B mpenenax 0,92...0,96.

T'uopasnuueckuii KII/] xapaxTepusyeT MOTepH Ha IedOpMaIlHIo MOTOKa padodeld KHUIKOCTH B HAIIOPHOW KaMepe W Ha TPEHHE
JKHJKOCTH O CTEHKH COCyZAa. DTH HMOTEpPH NPHUMEPHO Ha MOPSAOK HIDKE MEXAaHWYECKHX MOTeph Ha TPEHHE M 4acTO B HMHKEHEPHBIX
pacdeTax He YUYUTBHIBAIOTCS WM OOBEIMHSIOTCS C MEXaHWYeCKHMH HOTepsIMH Ha TpeHue. B sTom ciydae oOwenuuenHbri KITJ]
Ha3bIBACTCS cUOPOMEXAHUUECKUM.

MoIHOCTB, 3aTpadeHHasl Ha THAPABINIECKHE TOTEPH, ONPEIEITHTCS

N, =Qu (Pk-Pn),

rae Px - JIaBJIeHHE B HaIopHOH Kamepe Hacoca;
Py - naBneHne B HaNOPHOI T'MAPONMHUY HA BBIXOJE U3 HAcOCa.

TI'unpasnnueckuii KI1/] onpenensercs 3 COOTHOIIEHUS

T] — N o s

2 NH

Oo6umii KITJ] macoca pasen npousseaeHuo KI1/l 06beMHOT0, THIPaBINYECKOT0 U MEXaHHYECKOTO

N = Nos + Marex + N.

Takum oOpa3oM, GajaHC MOIIHOCTH Hacoca JaeT NMpeACTaBIeHHE O MOTepsX, BO3HMKAOMuX B Hacoce, obmieM KII/I u Bcex ero
COCTaBIISIOIIUX.

Tema 7.5. O003Ha4YeHM e 3JIEMEHTOB T'HAPO- ¥ THEBMOCHCTEM

Kpome HacocoB u rHAPOMOTOPOB CYIIECTBYIOT M IPYTHUE Pa3HOOOPA3HbBIC M0 KOHCTPYKIIMU U HA3HAYCHUIO THIPO3JIeMeHThL. OIHU
YIpaBJAOT IOTOKOM pa60qu>'I KUAKOCTH, APYTHUC CIIyXKaT It OGCCHG‘{GHI/U[ 6630TKa3H0ﬁ paGOTI:I TUAPOCUCTEM U T.I. COBOKyHHOCTL
3TUX yCTpOﬁCTB Ha3bIBACTCA ZMOPOVIPMSO()OM u TpeGyeT OTACJIBHOI'O M3YUYCHHUA. Bcee TUAPOSJIEMEHTBI HMEIOT CBOE€ YCJIIOBHOEC
0603Ha‘IeHI/IC, n3 KOTOpBIX COCTaBJIAIOTCA FI/I/IPOCXCMBI 10 aHAJIOTHUH C SHCKTpI/I‘ICCKI/IMI/I CXEeMaMHU.

Hixe HpI/IBOIIﬂTC}I yCJ'IOBHBIC OGOSHa‘ICHI/IH OCHOBHBIX FI/I,HPOSHGMQHTOB.

M raex =

Tabmuma 7.1
YcioBHbIE 0603HAYEHHSI OCHOBHBIX THIP03JIEMEHTOB

Omcame e THpOTIGSAR ROpTRERCH ¢ THFEETogORaE IITCKOM

TrmpoRaCoc Heper yrmpyeatidi
ATPAENCIO TOT0E RO IBERp TSR epRi

TTpOEC oc HepeT Yupy e ¢ peaepoisiEe

tanpaRnaaee otos
TipomaEaERp reRccEOmrCCit

Tnpporzcos perymgyaasi
[pompuBe:Rp © TopMas e B K0se XOmR

Hpoccer mcrpamaned

Crpposaor:
HanpaRE

e oy ESLd C preepCIEHEn
wtoKa

Tpoccers perympyeead:

Tipoeorop perympyend

K marst seanopuLgi
[HAPOLEBEp NOpIIECROf © OZHOCTOP KA ITORDM

FCRATAR NEgemapa paBEsl (P~ Py = const) TemoofmerE:

Eomaast ofipanat Tagponpes fpas oearerm,

Fitpposace Tagpo6as ¢ aThoc epHED FREICHHEH

Tppobas  Fasnesmens BEIe aTvoc deprora
ppoaEILaTep FpoBodt

2 0B = hugy D

TuppopacpepemTens: Semmp e
i ¢ o KyNau

FagpoIEIyIy AT MpyRes T

dear T .
W] e s,
T T TIOTOKOM B )74
THApCaIUpAATep TR MAT M et T HCEOTHOH TOSHIHH

|1 I
it ¢
- ol X[l e 17

Ha puc. 7.8 n3o0paxkeH cocTaBIeHHBIH U3 YCIOBHBIX 0003HAYECHUH IPHMep THAPABIMYECKONH CXEMBI PHUBOJA IOBOPOTA CTPEIHI
YEIFOCTHOIO IOIPY34HKa.

Cxema cocTouT n3 0aka, HEPETryJIMpyeMOro THAPOMOTOPA, TPEXIIO3HMIIMOHHOTO TUAPOPACIPENETHUTEN, IBYX PEryIHpyeMBIX
Jpoccereil ¢ mapauieNbHO ITOJKIIOYEHHBIME K HUM OOpaTHBIMH KIIAllaHaMHU, IBYX THAPOLMIMHAPOB, GUIBTPA U HMPEIOXPAHUTEIHLHOTO
KJIanaHa.
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Puc.7.8. I'mapocxema npuBoga MOBOPOTA CTPENBI

IIpunmun paboThl ruApoNpHBOAA 3aKiodaeTcs B ciemyiomeM. M3 Oaka pabodas >KMAKOCTH (Macio) 3a0HpaeTcsi HacoCOM U
MOJaeTcsl K TMAPOpPACIpefeNuTeNio. B HEHTpanbHOM MONOKEHHM 30J0THHKA THAPOpACHpeNeNuTesl MpU paboTalolieM Hacoce Ha
ydJacTKe TpyOompoBoja MeEXTy HAcOCOM M paclpefelMTe]IeM HauyMHAeT YBEIMYMBAThCS JABICHHE, IIPU 3TOM cpabaThIBaeT
MIPEIOXPAHUTENBHBIA KIIAMlaH U KUIKOCTh CIUBaeTcs oOpaTHO B Oak. IIpyu cMeHe MO3MLUM 30710THHKA (HIDKHSS TMO3HMLHS HA CXEMe)
OTKPBHIBAIOTCSl IPOXOIHBIE CEUSHWs B THIpOpaclpeneluTene, M OJKUIKOCTh HAaYMHAET IOCTYINaTh B TMOJOCTH HAarHETaHUS
THAPOABUTATENEH (TIOPIIHEBBIE IOJIOCTH THAPOIIMHAPOB). M3 MTOKOBOM MOJIOCTH THAPOIMIMHIPOB MAacio IO TUAPOJIMHUH CIHBA
IIPOXOJUT Yepe3 PeryIINpyeMble JPOCCEIH, THAPOPACTIPEACIUTENb H, OUUIIAsCh QHILTPOM, ITOTaJaeT Ha CIIUB B OaK.

CKOpOCTB IOCTYNATEIEHOTO JBIKEHHS IITOKOB THAPOIMIMHIPOB PEryInpyeTcs ApoccelsiMU. PeBepcupoBanne IBIKEHHS IITOKOB
OCYIIECTBIIAETCS ITyTeM MEepeKIIoueH s TO3ULUH ruapopacnpeaenutens. IIpu o6paTHOM ABIKEHHH MITOKOB 0€3 HAaTPy3KH UX CKOPOCTh
HE PEryJMpyeTcsl ¥ 3aBHUCHUT OT pacxoia paboueil KUIKOCTH B LITOKOBBIE MOJNOCTH. [Ipu aBapuiiHONH OCTaHOBKE IITOKOB (Hampumep,
HETIPEeOJI0JIIMOE YCHIINE) JaBICHHE B CHCTEME BO3pAacTaeT, BBI3bIBAsS TEM CaMbIM OTKPBITHE IPEIOXPAHUTENBHOTO KiamaHa M cOpoc
paboueii KuIKOCTH B OaK.

Pa3znen 8. O0mas xapakrepucTtuka rujgponpusoaa. Padouyue KMIKOCTH IS THAPOCUCTEM.
I'mapaBiauyeckue Junun. (Jlekuusa-suzyanuzanus 3 yaca)

Tema 8.1. CTpykTypHasi cxema ruiponpuBoja

Tuoponpueo0om Ha3pIBACTCS COBOKYIHOCTb YCTPOWCTB, NpEHA3HAYCHHBIX JUIS NPUBEACHUS B JIBIKCHHE MEXAHU3MOB M MAIlMH
MOCPEACTBOM paboyeil KUIKOCTH, HAXOASIIEHCS O] IABICHHEM, C OZHOBPEMEHHBIM BBIIOJHCHHEM (YHKLIMH pEryIupoBaHUS U
PEBEPCUPOBAHMS CKOPOCTH JBH)KEHHS BEIXOJJHOTO 3B€HA TUIPO/IBUTATEII.

T'maponpuBoBl MOTYT OBITH JBYX THIIOB: cUOpoOUHAMU4ecKue U obvemHble. B TUIPOIMHAMUYECKUX MPUBOJAX HCIONB3yeTCs B
OCHOBHOM KMHETHYECKas PHEPIHs II0TOKA JKUIKOCTH. B 00BbEMHBIX I'MIPONPHBOIAX HCIOJB3YESTCs] MOTCHIHANBHAS SHEPTUS JaBICHHS
paboueii KHUIKOCTH.

OOBEeMHBI THIPONPHUBOJA COCTOMT W3 THIPONEpenadd, YCTPOHCTB YHpaBJCHWs, BCIOMOTATENIFHBIX YCTPOWCTB W THIPOJIWHUN

(puc.1.1).
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Puc.8.1. Cxema 00eMHOTO THAPOITPUBOIA

Oobvemnasn zudponepedaua, sBIAIOMAACS CHIOBOM YacTBIO THAPONPHUBOAA, COCTOUT M3 00beMHO20 Hacoca (MpeoOpa3zoBaTels
MEXaHHYECKOH OSHEprHy TPHUBOAALICTO IBHTATENd B OHEPTUIO IOTOKAa paboueil >KUIKOCTH) U 00beMH020 2uopoosueamens
(mpeobpa3oBaTens SHEPTUH MMOTOKA PaboUeH JKUAKOCTH B MEXaHHIECKYIO SHEPTUIO BHIXOTHOTO 3BEHA).

B cocraB HEKOTOpEIX OOBEMHBIX THAPONEpENad BXOAUT 2uOpoakkymyiamop (THAPOEMKOCTH, NpeTHa3HaYeHHbIE I
aKKyMYJIMPOBaHMSI SHEpPruy pabodeil »KHUAKOCTH, HaXOJSLIEHCs IOJ JaBJICHHEM, C IIENbI0 IOCIEAYIOIIEro €€ HCIOJIL30BaHUs IS
npuBeneHus B paboTy runpojsurareins). Kpome Toro, B cocTtaB rujpomnepenad MOTYT BXOJHUTh TaKkKe cudponpeobpazosamenu -
00BbEMHBIE THIPOMAIIIMHBI TSl IPeoOpa30BaHus YJHEPTUH MTOTOKA paboyeil KHUIKOCTH ¢ OJHUMHU 3HAYCHUsIMH naBieHus P u pacxona Q B
9HEPTHIO IPYroro NOTOoKa ¢ APYrumMHu 3HadeHussMu P u Q.

Yempoiicmea ynpagnenus npenHazHavdeHs! [UIs YIPaBIeHHUs TOTOKOM WM IPYTHMH yCTpoHcTBaMu rujpomnpusoaa. [Ipu stom nox
YIIpaBIEHHEM ITOTOKOM ITOHMMAeTCsl M3MEHEHHEe WM MOJJIep>KaHne Ha ONpeelIeHHOM YPOBHE JaBJICHHUS M pPacXofia B THAPOCHCTEME, a
Talke W3MEHEHWE HANpaBIeHHWsS [BIDKEHHMS TIOTOKa pabouei skmakoctd. K ycTpoiicTBam — ympaBieHHsS — OTHOCSATCS:
euopopacnpedenument, CIyXallue IS U3MEHEHHs HalpaBICHHS IBIKEHHS MOTOKA paboded >KMIKOCTH, oOecrieueHust TpedyeMoin
MMOCJACAOBATCIIBHOCTH BKJIIFOUCHHSI B pa60Ty FH)IpOlIBHFaTeHeﬁ, PEBEPCUPOBAHUA JBMIKCHUA MX BbBIXOAHBIX 3BE€HBCB W T.A.;
peaynsimopul 0agienusi (IPeIOXPaHUTENbHBIN, PSAYKIIMOHHBIN, IEPETMBHOMN U APYTHe KIaaHbl), IpeJHa3HauYeHHbIE TSl PeryIMpOBaHHs

Fuipomunitid

"

JIaBJICHUS paboucii JKUJIKOCTH B THJIPOCUCTEME;
peaynsimopul pacxooa (AETUTENN W CyMMAaTopbl HOTOKOB, IPOCCENN U PErYISTOPHI MOTOKA, HAIPABJIAIONINE KJIamaHbl), C MOMOLIBIO
KOTOPBIX YIPaBISIOT TTIOTOKOM paboueit JKUJIKOCTH;

2uopasnuyeckue ycuiumenu, HeoOXOAUMBbIE JUTS YIIpaBieHHs: paboToil HACOCOB, THAPOJBUTATENICH WK APYIUX YCTPOMCTB YIpaBICHUS
MOCPEACTBOM paboyeil JKUIKOCTH C OTHOBPEMEHHBIM YCHIICHHEM MOIIHOCTH CHI'HAJIA YIIPABICHHS.

Bcnomozamensnvie ycmpoiicmeéa 00eCIEUUBAIOT HAASKHYIO pPabOTy BCEX BIIEMEHTOB THApompuBojga. K HUM OTHOCSTCS:
KOHOUYUoHepvl paboueil Heuokocmu (GUIBTPHI, TEILIOOOMEHHbIE annapatsl U Jp.); YAIOmHumenu, 00ecneuuBaronue repMeTH3aIHI0
TUJIPOCUCTEMBI; 2uodpasiuyeckue pene oaesienus; suopoemxocmu (THAPOOAKU U THAPOAKKYMYJISITOPBI paboue XHUAKOCTH) U JIP.

CocraB BCIIOMOTATEIbHBIX YCTPOWCTB YCTAQHABJIMBAIOT HCXOJAS W3 Ha3HA4YEHMS T'MAPONPUBOJA M YCIOBHil, B KOTOPBIX OH
9KCILTyaTHpYyeTCs.

T'uoponunuu (TpyOsl, pyKaBa BBICOKOTO JaBJICHUS, KaHAJIbl U COCAMHECHHUS) IPeIHA3HAYEHBI TSI IPOXOXKICHUS paboueil KUIKOCTH
[0 HAM B TIpoliecce paboThl 00BEMHOrO THIPONPUBOAA. B 3aBHCHMOCTH OT CBOEro Ha3HA4YEHMs THUAPOJHMHHUM, BXOISIINE B OOIIYyIO
THIPOCHUCTEMY, HOAPA3EIAIOTCS Ha BCACHIBAIOIIIE, HAIOPHEIE, CIIUBHBIC, APEHAXHBIE U THIPOIMHIN YIIPABICHHS.
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Tema 8.2. Knaccuukanus 1 npuHIUN padoThl THAPONPUBOI0B

B 3aBucumMocTH OT KOHCTPYKIMH M THIIA BXOJSIIMX B COCTaB THIpOIEpeNadd JIEMEHTOB OOBEMHBIC T'HMIPONPUBOABI MOXKHO
KIIaCCH(HUIUPOBATE 110 HECKOIBKUM MPU3HAKaM.

1. ITo xapaxkmepy 08udicenus 8bIX00HO020 36€HA 2UOPOOGUZAMENA: 2UOPONPUBOO 8paAYamenbHO20 dgudicerus (puc.1.2, a), koraa B
KauecTBE THIPOABHUIATENs IPUMEHSETCS THIPOMOTOp, Y KOTOPOro BEIOMOE 3BEHO (Bajl MJIM KOPIYC) COBEpIIAET HEOrPaHMYEHHOE
BpallaTebHOE IBIDKCHUE; 2UOPONPUBOO nocmynamenvho2o osudxcenus (puc.l.2, 0, B), y KOTOpOro B KauecTBE T'HIPOJBUTATEIs
MPUMEHSETCS] THIPOLIMINHAD - ABHIATENb C BO3BPATHO-TIOCTYNATEIbHBIM JBHXKEHUEM BEJOMOTO 3BeHa (ILITOKA IOPIIHS, IUIYHXKepa HiIn
KopITyca);
2uoponpueod nosopomnoco osudxcenusi (puc.1.2, r), Koraa B KadyecTBE THAPOJBHIATeNsl NMPUMEHEH IOBOPOTHBIH THAPOIMIMHID, Y
KOTOPOTO BEIOMOE 3BE€HO (BaJl MJIM KOPILYC) COBEPIIIaeT BO3BPATHO-IIOBOPOTHOE JBI)KEHHE Ha yroJl, MeHbIIHH 360 .

2. Ilo so3modricnocmu pezynupoeanus: pe2yiupyemviii 2u0ponpugod, B KOTOPOM B TPOIECCE €ro 3KCIUIyaTalllH CKOpPOCTb
BBIXOJTHOTO 3B€Ha THJIPOJBHTATENsI MOXKHO HM3MEHSATh HO TpedyeMoMy 3akoHy. B cBOlo ouepens peryimpoBaHHE MOXeET OBITH
npoccenbHbIM (puc.1.2, 6, ), 00beMHBIM (purc.1.2, a), 00beMHO-APOCCETbHBIM MM U3MEHEHHEM CKOPOCTHU JIBUTATENsl, IPUBOISIIETO B
paboty Hacoc. PeryiaupoBaHue MOXET OBITh PYYHBIM MJIM aBTOMATHYECKHM. B 3aBHCHMOCTH OT 3a/iay PEryIMpOBaHUS THAPOIPUBOJ
MOXXET OBITh CTAOMJIM3HPOBAHHBIM, MPOrPAMMHBIM WM CICASAIIMM. PeryJampoBaHHIO THIPONPHBOAA OyIeT MOCBAIICHA OTHEIbHAS
JIeKIINS;

Hepezynupyemblil 2uOponpusod, y KOTOPOTO HeENb3si M3MEHSATh CKOPOCTH JBIDKEHHS BBIXOJHOTO 3BEHA T'MIPONEpeNadyd B IIpolecce
9KCILTyaTaIHH.

3. Ilo cxeme yupkynayuu padouei HeuoKkocmu: 2uoponpueood ¢ 3amkHymotul cxemou yupxyasayuu (puc.1.2, a), B KOTOpoM paboyast
KHUAKOCTh OT THAPOJABHUTrATeNlsl BO3BpAIaeTCs BO BCACHIBAIONIYIO THAPOJMHHUIO Hacoca. ['MOPONPUBOA C 3aMKHYTOH IUPKYISIIHEH
paboueil KUIKOCTH KOMIAKTEH, MMEeT HeOOJBIIYI0 MacCcy M JOIycKaeT OOJBIIYI0 YacTOTYy BPALICHHS pOoTOpa Hacoca 0e3 OmacHOCTH
BO3HMKHOBEHHMSI KaBHUTAIMH, MOCKOJBKY B TaKOW CHCTEME BO BCACHIBAIOLICH JIMHUM JaBJEHHE BCErJa MpesbliliaeT atmochepHoe. K
HEJOCTaTKaM CIEAYeT OTHECTH IUIOXUE YCIOBUS I OXJaXICHHsA paboyell KUIKOCTH, a TaKKe HEOOXOAUMOCTb CIHYCKaTh M3
THAPOCHCTEMBI PabOYyI0 )KUIKOCTh IIPU 3aMEHE WIIH PEMOHTE I'HAPOAIIAPATYPhl; cUOPONPUBOD C PASOMKHYMOU CUCEMOU YUPKYAAYUU
(puc.1.2, 0, B, T), B KOTOPOM paboyas KHUIKOCTh MOCTOSTHHO COOOIIAeTCs ¢ THIpoOakoM min aTMocdepoid. JJocTOMHCTBa TakoW CXEMBI -
XOpOLINE YCIOBUS UISI OXJIAXKJICHUS W OYUCTKH padodell kuaxoctd. OQHAKO TaKhe THUAPONPHUBOABI ITPOMO3IKH U HMEIOT OOJIBIIYIO
Maccy, a 4acToTa BpallleHHs pOTOopa Hacoca OrPaHMYMBACTCS JONMYCKAaeMBIMH (M3 YCIOBHH OeCKaBHTallMOHHOW paboTHl Hacoca)
CKOPOCTSIMH JIBIDKEHUSI pabodell >KUKOCTH BO BCACHIBAIOLIEM TPYOOIIPOBO/IE.

4. IlIo ucmounuky nooauu paooueii HcUOKOCHMU: HACOCHble 2UOPONPUEOObl, B KOTOPBHIX pabodas >KUAKOCTh MOJAETCS B
THAPOJBUTATENIM HACOCAMH, BXOJIIMX B COCTAB STUX THAPOIPUBOMOB; AKKYMYIAMOPHbIE 2UOPONPUBOObL, B KOTOPBIX paboyas >KMAKOCTh
MOZIaeTCsl B THAPOABUIATENH U3 THIPOAKKYMYJISITOPOB, IPEIBAPHTEIBHO 3apsHKCHHBIX OT BHEIIHUX MCTOYHHKOB, HE BXOJSIINUX B COCTAB
JAHHBIX THIPOIPHUBOMOB; MASUCHIPATbHbIE 2UOPONPUBOObl, B KOTOPBIX paboyas JKMAKOCTb IOAAETCS K T'MAPOJBUTATENsIM OT
CIeUANTbHOH MaruCTpaiIy, He BXOILEH B COCTaB STHX IPHBOJIOB.

5. ITo muny npusooawiezo osuzamens 2UOPORPUBOObL MOZYHM DbIML C IIEKMPORPUBOOOM, hpUeodom om /IBC, mypoun u m.o.

TpuHIun paboTsl 00BEMHOTO THAPONIPHUBOJA OCHOBAaH Ha 3akoHe Ilackais, O KOTOpOMY BCSKOE M3MEHEHHE TaBJCHHS B KaKOH-
00 TOYKE HOKOSIIEHCS XKHUAKOCTH, HEe HapyIIarolee ee paBHOBECHS, IlepelaeTcsl B OCTaJIbHBIE ee TOUKU Oe3 n3mMeHeHus (puc.1.2).

Hacocom 1 pabovast )XxMIKOCTh MOAAETCS B HATOPHYIO THAPOJIMHUIO 3 M Jajiee 4epe3 paclpeaeanTesb S5 K ruapoasurarento 2. [Ipu
OJTHOM TOJIOKCHHUH THAPOPACTIPESIUTENS COBEepIIaeTCs pabouuii X0 THAPOJBUTATENs, a MPU APYrOM IMOJOKEHHH - XojocToil. 13
THAPOJBUTATENS] JKUIKOCTh 4Yepe3 PpaclpefesuTeNb IMOCTYHaeT B CIMBHYIO THIAPOJHHHIO W Jalee WiIM B THApoOak 9, wmm BO
BCACHIBAMOIIYI0 THAPOJIMHUIO Hacoca (B THAPONPHBOAAX C 3aMKHYTOW CXEMOH HUPKYISIIUH padouei uakocTd, cMm. puc.l.2, a). B
pe3epByape KUAKOCTh OXJIKMACTCS M CHOBA MOCTYNaeT B ruapocucreMy. HajexHas paboTa THIPONPHBOAA BO3MOXKHA TOJBKO IIPU
COOTBETCTBYIOLIEH OYMCTKE paboyel KuaKocTh puibTpamu 8.

PerynupoBaHue CKOpOCTH JBHM)XKEHHS BBIXOJHOTO 3BEHA THIPOJBHIATENs MOXET OBbITh APOCCENBHBIM WIH 00BeMHBIM. [Ipu
JIPOCCETIBHOM DPEryJHpPOBaHUM B THAPOCHCTEME YCTAHABIMBAIOTCS HEPETYNUpyeMble HAcOChl, a W3MEHEHHE CKOPOCTH JBHIKCHHS
BBIXOJTHOTO 3BEHA JOCTHIAeTCsl N3MEHEHHEM pacxoja paboueil KHIKOCTH yepe3 apocceib 6. [Ipun 00beMHOM peryIMpoBaHUM CKOPOCTh
JIBIDKEHHS BBIXOJIHOTO 3BEHA T'MIPOJBUTATEN H3MEHSETCS Moauell PeryiIupyeMoro Hacoca JIMbo 3a CYeT MPUMEHEHHUs PEryInpyeMoro
THAPOMOTOPA.

3ammra THAPOCUCTEMBI OT YPE3MEPHOTO TOBBIIICHUS JaBICHHUS 00CCIICUMBACTCS MPEJOXPAHUTEIBHBIM 4a WIH MEpeIuBHBIM 40
KJIallaHaMH, KOTOpbIE HACTPaMBAIOTCS HA MaKCHMAJBHO JOIYCTUMOE JaBieHHe. Eciu Harpy3ka Ha THAPOJABHIATENb BO3PACTAET CBEPX
YCTaHOBJIEHHOW, TO BeCh MOTOK paboveil >KUAKOCTH OydeT MATH uepe3 NPEeAOXPAaHUTENbHBIM WM TepeTMBHON KiamaHbl, MUHYS
ruapoaBuratens. KoHTpoIb 3a 1aBlieHneM Ha OTJEIBbHBIX y4acTKaX THIPOCHCTEMBI OCYIIECTBISETCS 110 MaHoMeTpam 11.

Pabora runpoarperatoB COnpoBOXIASTCS yTeukaMu pabodeil )KUAKOCTH. B ruapocucTeMax ¢ 3aMKHYTOH LUPKYISALMEH yTEUKH
KOMIICHCUPYIOTCS CIIELHaTbHBIM HOAMUTHIBAIOLINM HacocoM la (puc.l.2, a).

Puc.8.2. BapuaHTs! NPUHIHAIHATIBHBIX cXeM TUIPOTIPUBOJIOB:
a - c 00BEMHBIM perynupoBaHHeM; 0 - c JIPOCCETbHBIM pEeryJIMpOBaHUEM;
B - HEPETYIHPYEMBII; T - C POCCETBbHBIM PETryIHPOBAHIEM Pad0dero U X0JI0CTOrO XOI0B

Tema 8.3. IlpenmyiiecTBa 1 HeJOCTATKH THAPONPUBOJAA

[IIupokoe pacmpocTpaHEHHE THIPONPHUBOAA OOBICHICTCS TEM, YTO ITOT MPHUBOJ 00JaZaeT PSIOM MPEHMYILECTB Mepe IPYrHMH
BUJaMH TIPUBOJIOB MalIWH. BOT OCHOBHbBIC U3 HHUX.

1. Beccmynenuamoe pezyiuposanue CKOPOCTH ABIKEHHS BBIXOJHOTO 3BEHA THIApOMEpefad H 0OecredeHne MallblX YCTOHUYMBBIX
ckopocTeil. MUHHMaIIbHAs YIiI0Bas CKOPOCTh BPAILCHHUS Bajla THIPOMOTOPA MOXKET COCTABIIATH 2...3 00/MHH.

2. Hebonvwue 2abapumvl u macca. Bpems pasrona, Onaromapsi MEHbIIEMY MOMEHTY WHEPLMH BpAILAMOIIMXCS dYacTeil He
NPEBBIIIACT A0JIEH CEKYH/IbI B OTIIMYHE OT JIEKTPOJBUraTesei, y KOTOPbIX BPEMsI Pa3roHa MOXKET COCTABIIATh HECKOJIBKO CEKYHI.

3. Yacmoe pesepcuposanue 08udxcenus 8bix00H020 36eHa eudponepedayy. Hanpumep, 4acToTa peBepCUpOBaHys Bajla I'HAPOMOTOpa
MOXeT ObITh JoBeaeHa a0 500, a mroka nopiHs ruapouwtnHapa gaxe 10 1000 peBepcoB B MUHYTY. B 3TOM OTHOLIIEHUH THAPOIPUBOL
YCTyIaeT JIMIIb THEBMAaTHYECKUM MHCTPYMEHTAM, Y KOTOPBIX YHCIIO PEBEPCOB MOKeT fAocTurats 1500 B MuHyTY.
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4. Bonvuioe dvicmpooeiicmeue u HaAubONbUIAS MEXAHUYECKAA U CKOPOCMHAA JceCmKocmb. MexaHndecKas JKECTKOCTb - BeJIMYMHA
OTHOCHUTEIBHOTO TO3HIHOHHOTO M3MEHEHHUS TOJI0KEHUSI BBIXOJAHOTO 3BEHA IOJ BO3JEHCTBHEM H3MEHSIOILEHCS BHEIIHEH HarpysKH.
CKOpOCTHasl )KECTKOCTh - OTHOCUTEIBHOE U3MEHEHHE CKOPOCTH BBIXOJHOTO 3BEHA IIPH U3MEHEHHHU NPHIOKEHHOH K HEMY Harpy3KH.

5. Asmomamuueckas 3awuma TUAPOCUCTEM OT BPEJHOTO BO3IEHCTBHS Ieperpy3ok Ojaromapsi HAUIMYHIO MPETOXPaHUTENBHBIX
KJIaIIaHOB.

6. Xopowwue ycnosus cmaszku TpyIMXCs AeTajleldl W DIEMEHTOB THIPOAINIapaToB, YTO oOecHeYMBacT WX HAJISKHOCTb M
JIONTOBEYHOCTh. TaK, HallpuMep, NP NPaBIIIBHOW SKCIUTyaTallid HAaCOCOB M THPOMOTOPOB CPOK HMX CIY)KOBI JIOBEIeH B HACTOSIIEE
BpeMs 10 5...10 Teic. 4 paboTel moa Harpyskoil. ['mapoanmapaTypa MOXKET HE PEeMOHTHPOBATHCS B TEUEHHE JOJITOTO BpeMeHH (10
10...15 ner).

7. Ilpocmoma npeobpazoéanus 6paujamenbHo20 OBUICEHUS 6 6036PAMHO-NOCMYNamenbHoe U B036pamHO-nogopomusle 03
MIPUMEHEHHs KaKUX-TH00 MEXaHUYECKHX Mepeiay, oABEPKEHHBIX H3HOCY.

ToBopss o mpemMmymecTBax THAPONPHBOJA, CIEAYyeT OTMETHTh MPOCTOTY AaBTOMATH3aLMH pabOTHl THAPOPHIMPOBAHHBIX
MEXaHU3MOB, BO3MO)KHOCTh aBTOMAaTHIECKOT0 H3MEHEHUSI UX PEKXUMOB paboTHI 0 3alaHHO porpaMme.

T'maponpuBoy IPUCYIIH U HETOCTATKH, KOTOPHIE OTPAaHUYNBAIOT €ro puMeHeHne. OCHOBHEIE U3 HUX CIIETYIOIINE.

1. Usmenenue eazkocmu npumeHaeMvlX HCUOKOCMeEL OMm memnepamypsi, 4TO IPUBOAUT K M3MEHEHHIO pabOuMX XapaKTepHCTUK
THAPONPHUBOJA M CO3JaeT JONONHHUTENbHbIE TPYAHOCTH NPH SKCIUTyaTallMH THAPONPUBOAOB (OCOOEHHO TIPH OTPHUIATEIBHBIX
TEeMIIEpaTypax).

2. Vmeuxu orcuokocmu u3 zuopocucmem, kotopble cHwkaroT KIIJ] mnpuBonma, BbBI3BIBAIOT HEPaBHOMEPHOCTb ABHIKCHHS
BBIXOJIHOT03BEHA TUAPOTIEPEIaull, 3aTPyIHAIOT JOCTIKEHUE YCTOMIHBOM CKOPOCTH ABIDKEHHUsI paboyero opraHa mpy MajibIX CKOPOCTSIX.

3. Heobxooumocms u320moeienus MHO2UX I]IEMEHIO8 2UOPONPUBOOd NO 6bICOKOMY KAACCY MOYHOCMU IS TOCTHKEHUS MabIX
3a30pOB MKy TOBIKHBIMU U HEIIOABIDKHBIMH JIETaSIMH, YTO YCIIOKHSET KOHCTPYKIIHMIO U TTOBBIIAET CTOMMOCTD MX H3TOTOBJICHHSI.

4. B3pwiso- u 0oeHeonacHocms NPUMEHIEMbIX MUHEPATIbHBIX PA00YNX KUAKOCTEH.

5. Hesosmodcnocms nepedauu snepeuu Ha 0Oonbuiue paccmosnus W3-3a OOJNBIIMX IOTEPb HA INPEOJOJICHHE T'MAPABIMYECKHUX
CONPOTUBIICHUHN U pe3koe cHkeHue mpu 3ToM KIIJl runpocucremsl.

Co MHOTMMH W3 3THX HEJIOCTaTKOB MOXHO OopoThcsi. Hampumep, cTaOMIBHOCTH BSI3KOCTH TNIPH HW3MEHEHHH TEMIIEpPaTyphl
JIOCTUTAETCSI MPUMEHEHHEM CHHTETHYECKHX pPabounx XuakocTed. OKOHUYATeNbHBI BHIOOP THIA NPHBOAA YCTAHABIMBAETCSA IIPH
MIPOEKTHPOBAHUY MAIIHH II0 Pe3yNbTaTaM TEXHUKO-3KOHOMHUYECKHX PacdeToB C YUETOM YCIOBHH pabOTHI 3THX MamIuH. ['mapomnpuso,
TEeM HE MEHee, MMeeT IPEHMYIIECTBAa 10 CPAaBHEHHWIO C IPYIMMH THUIIAMH HPHBOJIOB TaM, IIe TpeOyeTrcs co3JaHue 3HAaYMTeIbHOM
MOIIHOCTH, OBICTPOJEHCTBUE, MO3ULIUOHHAS TOYHOCTh HCIIOJHUTENBHBIX MEXaHM3MOB, KOMIIAKTHOCTh, Mayasi Macca, BBEICOKas
HaJIeKHOCTb PaOOTHI ¥ Pa3BETBICHHOCTH IPHBOJIA.

Tema 8.4. XapakTepucTHKA Pad0YHX KUIAKOCTEH

B runponpuBozae pabouast )KHIKOCTD ABISIETCS SHEPrOHOCUTEIIEM, O1aroapsi KOTOPOMY YCTaHABIMBACTCS CBsI3b MEXy HACOCOM M
ruzapoasurareneM. Kpome toro, padodast ®uaKocTs 00eCIeunBacT CMa3Ky MOABIKHBIX YaCTEH 371eMEHTOB I'HAPONPUBOJIA.

B kadectBe pabo4MX XHIKOCTEH B IHIPABIMYECKOM IIPHUBOJIEC MPUMEHSIOT MUHEpaIbHBIe Macia, BOZOMACISHBIE SMYIBCHU, CMECH
U CHHTETHYECKHEe >KUAKOCTH. BbIOop THma m Mapku pabodeidl SKUIKOCTH OmIpenelsieTcs Ha3sHaueHHWeM, CTeNEHBIO HAIEKHOCTH H
YCIIOBHSIMHU SKCILUTyaTallly THAPOIPHBOJIOB MAILIHH.

Munepanvuvle macia TONY9aloT B pe3yiIbTaTe IepepabOTKH BHICOKOKAUECTBEHHBIX COPTOB HE(TH C BBEJCHHEM B HHX IPHCAJIOK,
yIydmalomux ux ¢umsndeckue cBoiictBa. Ilpucamkm nobasmsior B kommuectBe  0,05...10%. Ilpucagkm Moryr OBITH
MHOTO()YHKIIMOHAIBHBIMH, T.€. BIMSATh HAa HECKONIBKO (DM3MUECKHX CBOWCTB cpa3y. PasnnyaioT mpHcaakyu aHTHOKHCIHTENBHEIE,
BSI3KOCTHEIE, IPOTHBOM3HOCHBIE, CHIKAIOIIIE TEMITEPATypy 3aCTHIBAHHS KUIKOCTH, aHTUIIEHHBIE U T.JI.

Booomacasineie smynbcuu TPEICTaBIAIOT co00i cMecH BOJIBI M MHHEpaabHOro macia B coorHomenusx 100:1, 50:1 u T.a.
MuHepasbHble Maclla B OMYJBCHSX CIyXaT Uil YMCHBIICHUS KOPPO3MOHHOTO BO3JCHCTBHS paboueil >KUIKOCTH W yBENHYCHHS
CMa3bIBaloONIel CIIOCOOHOCTH. DMYJBCHHM IMPUMEHSIOT B THAPOCHUCTEMAaX MaIllWH, PaboTalomMX B IOXKapOOIACHBIX YCIOBHSX M B
MalllHaXx, Te TpedyeTcs 00JbIIoe KOIMYecTBO paboyeil )UAKOCTH (HalIpuMep, B THAPABINYECKHX Npeccax). [[puMeHeHne orpaHu4eHo
OTpHUIATENHHBIMU H BEICOKHMHU (10 60 C) Temmeparypamu.

Cmecu pa3NUYHBIX COPTOB MHHEPAIBHBIX Macell MEXAY CO00i, ¢ KepOCHHOM, TIIHIEPUHOM H T.J[. MPUMEHSIOT B THAPOCHCTEMAX
BBICOKOH TOYHOCTH, & TAKXKE B THAPOCHCTEMAX, pAOOTAIOMNX B YCIOBUSIX HU3KUX TEMIIEPATyp.

Cunmemuueckue scudKocmu Ha OCHOBE CHIIMKOHOB, XJIOP- U (PTOPYTIIEPOIUCTHIX COCTMHEHHAX, MOTNU(EHOIOBEIX SOUPOB U T.II.
HETOPIOYH, CTOMKHM K BO3/CHCTBHIO XMMHYECKHX DJIEMEHTOB, OOJIQJAlOT CTaOHIBHOCTBIO BSI3KOCTHBIX XapaKTEPUCTHK B IIMPOKOM
JMarna3oHe TeMreparyp. B nocienHee Bpemsi, HECMOTPS Ha BBICOKYIO CTOMMOCTb CHHTETHUECKHX XKUIKOCTEH, OHH HaXOAT Bce OoJbluee
MPUMEHEHHE B THAPOIPHBOJIAX MAIIMH O0IIEro Ha3HAYCHUsL.

Tema 8.5. Bb1Oop 1 3kcIuIyaTanus padoyux :KuIKoCTel

Br160p pabouux ®HUIKOCTeH A THAPOCUCTEMBI MALIMHBI OTIpEeseTCs:

- IMana3oHoM pabovnXx TeMIeparyp;

- IaBJICHUEM B TUJPOCUCTEME;

- CKOpOCTﬂMH JABHXKCHHUSA UCITOJITHUTCIbHBIX MEXaHU3MOB,

- KOHCTPYKIIMOHHBIMU MaTepUaIaMi U MaTepUaIaMH YIUIOTHEHHH;

- OCOOEHHOCTSIMH OJKCIUTyaTallid MAalIMHbI (HAa OTKPBITOM BO3/AyXe WIA B [OMENICHWH, YCIOBHSMH XPAHEHWsS MAIIUHBI,
BO3MOKHOCTSIMU 3aCOPEHHS | T.]I.).

Jluama3oH peKOMEHIYEeMBIX Pa0OYMX TEMIIEPATyp HAXOMAT 10 BSI3KOCTHBIM XapaKTepPHCTHKaM paboumx KHAKOCTei. BepxHwuii
TEeMIIepaTypHbIH Ipenen [uid BbIOpaHHON pabouel KHUIAKOCTH ONpenensercs AOMYCTUMBIM YBEIMUYEHHEM YTEUeK M CHIDKEHHEM
o6wsemuoro KITJI, a Takke MpOYHOCTHIO TUICHKH paboveil JKUAKOCTH.

HukHUI TeMIepaTypHbIil pe/ies onpenensercss paboTocnoCOOHOCTRI0 HACOCA, XaPAKTEPH3YIOIICHCS MOJIHBIM 3aIll0JIHCHHEM €ro
pabouux KamMep WM MPEAEIOM MPOKaYHBAEMOCTH JKUIAKOCTH HAcOCOM. [Ipu Ge3rapaskHOM XpaHEHWH MAllMH B 3UMHEE BPEMS BSI3KOCTh
JKHUIKOCTEH CTAHOBUTCS HACTOJBKO BBICOKOW, YTO B MEPHOIBI MyCKa W Pa30rpeBa THAPOCHCTEMBI HACOC HEKOTOPOE BpeMs He
MpoKavYuBaeT pabouyio XHUIKOCTh. B pesynbrare Bo3HHKaeT "Cyxoe" TpeHHe MOABHIKHBIX YaCTe HACOCA, KABUTALUS, WHTEHCHUBHBIN
M3HOC M BBIXOJ Hacoca u3 cTposi. TakuM 00pa3oM, IpH MPUMEHEHUH PabovnX KHUIAKOCTEH B YCIOBHUSIX OTPHUIATEILHBIX TEMIIEPATyp
MYCKY THIPOINPUBOA B pabOTy JOJIKSH HEMPEMEHHO TPEIIECTBOBATH MOI0TPEB paboyeii JKUIKOCTH.

MakcuMaibHble 1 MUHUMAITbHbIC 3HAYEHUS BSI3KOCTH Pab0UYHX KUAKOCTEH B 3aBHCUMOCTH OT THIIA HAacoca IpuBe/eHb! B Ta0.8.1.
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Tabmuma 8.1
3HayeHus BA3KOCTH NPH KPAHHMX TEMIIEPaTyPHBIX Ipe/enax

Guagenne BazorTr (cCT) NPE TeMIEpaTypHOM IPELEle

HUEKHEM BEpXHEM
[0 YCIGBHID
Tun macoca o FLIOBHIC obecnederus
¢ YEIOEHED TOMHOTS CMa3s LB AOIEHR
TP OKAY HEAEMOCTH BATIOMHEHHA INIEHEH H
pabouny Kamep snagenmo KIITT

=10,80...0,85
IlecTepermE R 4500, 5000 13801250 16...18
Ilnactamarsi 4000... 4500 680...620 10..12

Axcuansuo- 1200, 1600 570...530 6.8
MOPIIHEE O

Pabouee paBineHME B THAPOCHCTEME M CKOPOCTb JBW)KCHHS HCIOJHUTEIBHOTO MEXaHH3Ma TakoKe SBISIOTCS BaKHBIMH
MOKa3aTeJISIMU, OINpENEIAIONMMHE BBIOOp paboyell JKHAKOCTH. YTEUYKH JKHIKOCTH IOBBILIAIOTCS IPU YBCIMYCHUM [ABICHUS,
ClIeIoBaTeNbHO, OBUIO OBI JIydIlle NPUMEHATh Pabodylo XKHIKOCTh C IOBBINIEHHOH BsI3KOCTBIO. Ho mpm 3TOM OymyT yBemHYMBATHCS
THIpaBiIndecKkue notepH, M cHikatees KIIJ| ruaponpuBonma. AHAJTOTMYHOE BIMSHHE OKa3blBaeT Ha pabOdylo >KUAKOCTH CKOPOCTB
JIBIDKEHHS HCIONHUTENIBHBIX MEXaHH3MOB. B HacTosimee BpeMsi HET Hay4yHO OOOCHOBAaHHBIX PEKOMEHAAIM IO BBIOOPY paboumx
KHUAKOCTEH B 3aBUCHMOCTH OT IABJICHHS M CKOPOCTH JBIYKEHHS MCIOJHHUTEIBHOrO MexaHn3Ma. OJHaKo OTMEYaeTcsl CTpeMIIEHHE TIPH
GOJIBLINX JABJICHHUAX IPUMEHATH pab0UyI0 KUIKOCTh MOBBILICHHOH, a IIPH HU3KUX JABJICHUSX - HOHWKCHHON BA3KOCTH.

Tpy 5KCIUTyaTalMy THAPOCHCTEM HEOOXOIMMO CO3/1aBaTh TaKHME YCJIOBHSA, IPH KOTOPBIX padoyas >KHIKOCTb 10 BO3MOXKHOCTH
JIOJIBIIIE COXpaHsia Obl CBOM NEpBOHAYAJbHBIC CBOMCTBA. J[JIsl 3TOro HEOOXOAMMO: HE CMEIIMBATh B OJHOW Tape CBEXYIO U OBIBIIYIO B
9KCIUTyaTalliy paboyre KUAKOCTH; NOJIb30BAThCS YUCTHIM 3alIPAaBOYHBIM HHBEHTapEM; He JIOIYCKaTh CMEIINBAaHUs paboueil JKMAKOCTH ¢
BOJIOH; HE MOIyCKaTh IOMaJaHWs B JKHIKOCTH IIBUIM, IT€CKa, CTPYKKH M JIPYTHX MexaHHdeckux dactum. [Ipm stoM HeoGxommmo:
(GUIBTPOBATh JKUIKOCTh HEpel €€ 3aIMBKOI; TepMETHYHO 3aKpBIBATh pe3epByaphl, cojepikamiue padodyro >kuakocTb. Ilpu pabore
THIPONPUBO/IA B IIMPOKOM JHAIa30HE TEMIEpPaTyp PEKOMEHIyeTCs NPHUMEHSTh JIeTHHE W 3MMHHE COpTa pabodmX >KHIKOCTEH.
HeobxonuMo Taxske Iocie HepBoro nepuoja paboTel ruppornpuBoia B TedeHue 50...100 u 3aMeHATh pabouyro *KUAKOCTh JUIS €€
GUIBTPALMK M OYUCTKH OT IPOLYKTOB H3HOCA B HAYAIbHBIH IEPHO]] IKCILTyaTaIHH.

Haubonee pacnpocTpaHeHHBIMH SBISIIOTCS 1Ba copTa padouunx xuaxocteid - BMI'3 u MI'-30. OHu no3BossitoT 3amMeHuTh 6oee 30
COPTOB CICHUAIBHBIX Macel - HHAYCTPHAIbHBIX, TYPOUHHBIX, TPaHC(HOPMATOPHBIX, TU3EIbHBIX, MOTOPHBIX, LIMINHAPOBBIX, BEPETCHHBIX
U T.J.

Tema 8.6. 'mapaBanueckue Junun. CoexnHeHNs
B ruppocucremax MamuMH OTHENBHBIE 3JEMEHTHI HAXOMATCS HA PACCTOSIHHM JAPYT OT Apyra W COCIOHMHSIOTCS MEXIYy Cco0oit

THIPOJIUHUASMH. T'unponmanmn JIOJKHBI 00angaTe: - JIOCTAaTOYHOM MPOYHOCTHIO;
- MHHHMMAJIbHBIMU MOTEPSIMHU JIaBIICHUS Ha MPeoI0JICHNE THIPaBIAYECKUX COIIPOTHBJICHUIL;
- OTCYTCTBHEM yTedex JKUIKOCTH;

- OTCYTCTBHEM B Tpy0ax BO3IYIIHBIX ITy3bIPEH.

TpyOonpoBOABI B 3aBUCUMOCTH OT CBOEI KOHCTPYKIIMH JEJIATCS Ha )KECTKUE M THOKHeE.

Kecmkue mpyb6onposoOdvl N3rOTABIMBAIOT U3 CTAIM, MEAU, AIIOMHHUSA U €ro CiuiaBoB. CTajbHble NPUMEHSIOT NPH BBICOKUX
napieHusx (o 320 at). TpyObl U3 CIJIaBOB IFOMUHHMS NPUMEHSIOT NPH AaBieHusX 10 150 aT u riaBHBIM 00pa3oM B THAPOCHUCTEMAX
MAIllMH ¢ OTpaHUYeHHOI Maccoil (aBuammst). MenHble TpyOOIIPOBOIB IPH MEHBIIMX JaBlieHUsX (1o 50 ar), Tam, rae Tpedyercs u3rubd
Tpy0 1moj GONBIINMH yTJIaMH, 9TO 00ECIIeUNBAeT KOMIIAKTHOCTh THAPOCHCTEMBI, 1 MPUMEHSIOTCS JUTS APEHAKHBIX JTNHAI.

T'ubkue mpyb6onposodvl (pyxkasa) OBIBAIOT IBYX BUAOB: PE3WHOBBIC M METAJUTMYECKHE. J{IS W3TOTOBICHUS pe3uUHOBbIX PYKABOS
MIPUMEHSAIOT HAaTYPAIbHYIO W CHHTETHUYECKYIO pe3nHy. PyKkaB COCTOMT M3 3IIaCTUYHOW BHYTPEHHEW PE3HMHOBOI TPYOKH, YIPOYHEHHOMH
HapY)KHOI OIUIETKOW WJIM BHYTPEHHHUM TEKCTHWIIBHBIM KapkacoM (puc.2.1). VX mpuMeHSIOT Torna, Korjaa CoeIuHsIeMble TPYOOIIpOBOIOM
THIpOarperaTbl JOJDKHBI IepeMelIaThcsl OTHOCUTENbHO JApyr apyra. Ilpu sTom OGnaronaps cBOeil ynpyrocTH pPe3HMHOBBIM pykaBa
YMEHBILIAIOT MYyJbCALUIO JaBleHUs B ruapocucreMe. OHU UMEIOT CIEAYIOIUEe HEJOCTaTKU: MOABMXHOCTh IPU U3MEHCHHUHU JaBJICHUS;
CHIDKEHHE OOIIel KEeCTKOCTH THIPOCHUCTeMBI; Manas JnoiroBedHocts (1,5...3 roxa). [losToMy mpu NMpOEKTHPOBaHUM THIPOCHCTEM
MAIIFH PE3NHOBBIX PYKaBOB CIIEAYET IO BO3ZMOXKHOCTH H30€raTh.

Puc.8.3. CxeMbl KOHCTPYKIHU pyKaBOB c OTIJICTKOM:
1 - BHYTPEHHUH PEe3UHOBBII CIIOH; 2 - MeTajlInuecKas OIUICTKA,
3 - MPOMEKYTOUHBIH PE3UHOBBIN CJI0i1; 4 - HAPYKHBII PE3MHOBBIN CITOM

Memannuueckue pyxasa nMe0T roppUPOBaHHYIO BHYTPEHHIOIO TPyOY, BBIIIOJHEHHYIO M3 OpOH30BOW WM CTaJbHOW JICHTHI, U
HapY)KHYIO TPOBOJIOYHYIO OIUIETKY. MeXIy BUTKaMH JICHTHl HaXOAWTCS YIUIOTHHTENb. PykaBa ¢ XJIOMYaTOOYMaKHBIM YIUIOTHEHHEM
TIpeIHa3HaueHBI AT paboTHI ¢ Temmepatypoii paboueii xuakoctu 1o 110 C, a ¢ acbectoBbM yrutotHeHHeM - 10 300 C. Metammmndeckue
pyKaBa IIPUMEHSIOT B CHEIU(DUIECKHUX YCIOBUAX SKCIUTyaTallul THAPOCHCTEM, B KOHTAKTE C arPECCHBHBIMH pabOIHMHU KUIAKOCTSIMH.

Henosnese P Henoanewne P2

Puc.8.4. Merammueckre pykasa: 1 - mpoduIMpoBaHHas JICHTA; 2 - YINIOTHUTENb; 3 - TPOBOJIOYHAS OILIETKA

CoenuHeHnus

CoenuHEHUAMHU OTAEIbHbIE TPYObl M THIpoarperatsl MOHTHPYIOTCS B €IUHYIO TuapocucreMy. Kpome Toro, coeanHeHus
HOPUMEHSIOT ¥ TOTAa, KOrja B THIPOCHCTEME HEOOXOIMMO INPEIyCMOTpPETh TEeXHOJIOrHYeckne pa3beMbl. COeAMHEHHsS MOTYT OBITh
Hepa300pHBIMH U Pa30OpHBIMHU.

Hepasbopnuie coedunenus TIPpUMEHSIOT B HEAEMOHTHPYEMBIX THApocHcTeMax. [ coequHeHust TpyO IPUMEHSIOT CBapKy U MaiiKy
BCTHIK WJIM HCIOJNB3YIOT My(THI (IIepeXOJHbIe BTYJKH) C NPSIMBIMH C CKOIIECHHBIMH 1ox yrioM 30 konmamu. [Ipm mpumeHeHun
Hepa30OpHBIX COSIUHEHHI Macca THUAPOJIMHUH MOXKET OBITh yMeHbIIeHa Ha 25...30% o cpaBHEHHIO C NPUMEHEHHEM pa30OopHBIX
COCZIMHEHHUH.

Pasbopnvie coeounenua (HEOABIKHBIC U TTOJBUKHBIC) - 3TO COSIMHEHHS NPU MOMOIIH (hJIaHIEB, WITYEPOB, HUMIENSH U IPYrux
COEIMHUTENbHBIX 3JIEMEHTOB.
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Henoosuoicnoe paséopnoe coedunenue MOKET ObITh BBIIIOIHEHO 110 HAPY)KHOMY M BHYTPEHHEMY KOHYCY, C BPE3alOIIHMCs KOJIbLIOM
u ranuesoe.

CoenuHeHne N0 HapyxcHomy koHycy (puc.2.3) coctouT u3 TpydomnpoBoza 1 ¢ pa3BalbllOBaHHBIM HAa KOHYC KOHIIOM, HUMNIENA 2,
mryrnepa 3 ¥ HakuAHOHM raiiku 4. ['epMEeTHYHOCTH COeAMHEHMs 00ecIeunBaeTCs IUIOTHBIM IPHJIETaHHEM pa3BajJbl[OBAaHHOTO KOHIA
TpyOBl K HapyXHOHW ITOBEPXHOCTH IITyIlepa M COOTBETCTBYIONIEH 3aTsDKKON HakMmHOW raiiku. HemocraTkamm Takoro coefuHEHHS
SIBIITIOTCS: YMCHBIIEHHE TIPOYHOCTH TPYOBI B MecTe p?cTpy0a; BO3MOKHOCTh 00pa30BaHMsI HE3aMETHBIX IS IJ1a3a KOJBIEBBIX TPEIIUH;
CPaBHUTENHHO OOJBIION MOMEHT 3aTsHKKHM HAaKUIHOH raiiku; HeOOJbIIoe KOJMIECTBO NepeOOpoK; MpUMEHEHHE CHEeNHaIN3HPOBAHHOTO
MHCTPYMEHTA JUISl Pa3BaJIbIIOBKH.

Pnc.8.5. CoenuHenue o Hapy>KHOMY KOHYCY
HenonsmxHoe pa3bopHOE coefMHEHHWE IO BHYTpEHHeMY KOHYCY (puc.2.4) cocToMT W3 HUmNens 4, NPUBAPEHHOTO WIN
NIPUMAasHHOTO K TpyOe 5, mTymepa 2 W HakuaHOH raiikm 1. I'epMeTHYHOCTH cOelMHEHMsI 00ecIednBaeTcs IUIOTHBIM IpIJIeTaHueM
Hapy>XHOI MMOBEPXHOCTH HHMIINENS K BHYTPEHHEH HMOBEPXHOCTH LITYIEpa U 3aTsHKHOM HakuIHOH raiiku. CoenHEeHne 1Mo BHYTPEHHEMY
KOHYCY JIOIIyCKaeT OOJIbLIOE KOJIMYECTBO NepebOpOK, a MPH €ro MOHTaXe HEe MPOMCXOAUT HEeXeNaTeNbHbIX Aedopmannii B Tpybax u B
COeIMHUTENbHOI apMatype. biaromaps chepudaeckoil MOBEPXHOCTU HUMIIEISI JOMYCKASTCsl HEOOBIION MepeKoc TPyoO.

A A
Puc.8.6. CoenmuHenue o BHYTPECHHEMY KOHYCY
CoenmuneHue ¢ gpezarouumcs kKoavyom (puc.2.5) cocTouT u3 mrynepa 1 ¢ BHYTPEHHEH KOHUYECKOM MOBEPXHOCTHIO 2, HAKUIHOM
raiiku 5 u Bpesaromerocsi konbia 3. KoJplo U3roToBICHO U3 CTANU C IEMEHTHPOBAHHON MOBEPXHOCTHIO, a €0 KOHEII, OOpalIeHHBIN K
HITyLepy, UMEET PEeXyIIylo KpoMKy. [lpm 3aTsikke COeAMHEHHs TaiKoH pexylias KpOMKa Bpe3aeTca B TpyOy 4, HpoucxoauT
nepopManys KOJbIa, KOTOpOE TONy4daeT (OpPMYy, COOTBETCTBYIOIIYIO KOHHYECKOW MOBEPXHOCTM INTylepa. B  pesymprare
obecrieunBaroTCs TpedyeMble MPOYHOCTh H TEPMETUIHOCT COCIMHEHUS.

Puc.8.7. Coenunenue ¢ Bpe3aroluMCs KOJIBLIOM
K HenoaBmXHBIM pa300pHBIM COEIMHEHHUAM OTHOCUTCS U ¢hrnanyesoe coedunenue (puc.2.6), KOTOpoe NPUMEHSIOT NPH MOHTAXeE
THIPOCHCTEM C TPYOaMH, IMEIOIUMHU JHAMETP YCIOBHOTO Mpoxoa 6omnee 32 MM mpu padounx nasieHusx 10 32 MIla. ['epmerndnocTsh
obecreynBaeTcsl yCTaHOBKOW MEKy ()JIaHI[AMM YIITIOTHUTENBHBIX KOJICIL.

Puc.8.8. ®nanneBoe coennHeHne

THoosudcnoe pazboproe coedunenue TPUMEHSETCS B THAPOCHCTEMAaX 3€MIICPONHBIX, CTPOUTENBHBIX, JIECHBIX M JAPYTHX MAIIWH.
3mech HepeAKO MPUMEHSIOT THAPOLMIHHIPHI, KOTOPBIE JOJDKHBI IIOBOPAYHUBATHCS HA HEOOBIION YTl OTHOCHTEIBFHO OCH, TIPOXOISIIeH
4yepe3 TOUKY KpeluleHHsl TMApoImInHIpa. [Ipy MOHTa)Xe TakuX TMIAPOCHCTEM NPHUMEHSIOT MOABH)KHBIE COCAMHEHHS, NMEIOLINe OJHY,
nBe u Ooiee crerneHel cBoboxsl. Ha puc.2.7, a mpHuBeeHO MOBOPOTHOE COSAMHEHUE C OJHOM CTENeHbI0 CBOOOBI, KOTOPOE COCTOUT M3
mTyrepa 1 u 3aKpensieHHOro Ha HeM MOBOPOTHOTO yroibHKKa 2. OT 0CeBOro MepeMelleHNs YTOJIbHUK CTOIOPUTCS 1ai00it 3 ¥ KOJIbIIoM
4. IepMETHYHOCTD COEJMHEHUs 00ECIIeYNBACTCS PE3MHOBBIMH KOJIBLIAMH 5 € 3aLIMTHBIMHU IaiibaMu 6.

JIpyriuM mpuMepoM MOIBHKHOTO COCIAMHEHHUS SBJSICTCSI CBEPHYTHIHM B ciupaib TpydomnpoBoa (puc.2.7, 6). B aTom ciydae cniupaib
HEOOXOMMO 3aKpenuTh B ABYX TOoukaxX (To4kw 1 u 2). Bo BpeMs moBOpoTa THIPOIMIMHAPA CIIHUPATb MOKET PacTATHBATHCS. Takoi
croco0 coeMHEHNS MOXKET 00eCIIeYBaTh HECKOJIBKO CTENEeHEH CBOOOIBI.

Puc.8.9. IloasmwxHOE pa3bopHOE COCAUHCHNUE:
a - IapHUpHoe; O - B BUIE TpyObl, CBEpHYTOI B ClIUpalb

Crnoco6 3anmenku B KOHIL@AX T'MOKHMX TPYOONpPOBOJIOB COCIMHHUTENILHOW apMaTypbl ONpPEAENsAeTcsl JaBlICHHEM U KOHCTPYKIHEi
rubkoro tpy6omnposoaa. [lpu naeinenun mo 0,5 MIla (puc.2.8, a) koHel| pykaBa HaBHHYMBAIOT HA HAKOHEYHUK WM Ha HUIIENb 1 C
rpebeHYaToll MOBEPXHOCTBIO M 3aKpemisitoT xomyTtoMm 2. [lpu napnenusx mo 10 MIla coenmHeHHMe KOHIA pyKaBa MPOHCXOAUT B
pe3yibTaTe 3aKaTHS €ro MEeXAY HUIIIIENIEM U 3KUMHON My(dToi (06oiimoit). [Ipu Takom criocobe (puc.2.8, 0) pykaB | BBUHUMBAIOT B
3KUMHYI0 My}Ty 2, UMEIomIylo pe3p0y ¢ OombmmM maroM. Jlagee B My(hTy BBHHUMBAIOT HUIIENb 3, KOTOPBIH CBOEH KOHYCHOM
MMOBEPXHOCTHIO BJIABJIMBACT KOHEI[ pyKaBa B pe3b0y My(Thl U 3axuMmaer ero. [ns masnenuit 6onee 10 MIla mydty 2 oOxuMaroT B
CIeHaNTbHOM [[AHrOBOM TNpHcriocoOnennu. HakumHoit raiikoit 4 npou3BoAsaT COeMHEHHE pyKaBa ¢ THAPO0OOPYJ0BaHHEM.

et
5
\\\_\\\&'I

Pnc.8.10. 3anenka KOHIIOB PyKaBOB:
a - ipu nasneruu 1o 0,5 Mlla; 6 - npu gaBnenun ceoime 10 MITa
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Tema 8.7. Pacuer ruaponHuii

Ienpro pacuera rUIPOIMHUN SBISETCS ONpPEAEICHNEe BHYTPEHHETO AUaMeTpa TPyOOIpOBOJIOB, ITOTEPh AABJICHUS Ha NPEOOICHHE
THIPAaBINIECKUX COINPOTHBICHHUHN M TOJIIUHBI CTEHOK TPYO.

Buympennuii ouamemp (ycaosuwlii npoxod) mpybonposooa d ONpenersior 1Mo hopmyie

d=q£, d=4,6J§,
Ty u

rae Q - pacxon JKUIAKOCTH, M3/c JUTSE 2.1) " JI/MUH JUTSE (2.2);
V- CKOpPOCTh JBYKCHUS KHUJIKOCTH, m/c;
d - BHyTpeHHUIt TrameTp TpybonpoBoaa, M s (2.1) u mm s (2.2).

CKOpOCTB TE€UEHHUS KHUIAKOCTH B TPYOOIIPOBOIaX 3aBUCUT B OCHOBHOM OT JaBJICHUS B TUApocucTeMe (Tadi.2.2).

Tabmuma 8.2
PekoMeHTyeMble 3HAYCHUST CKOPOCTH paboueil KUIKOCTH
Tpv6onp oBogE]
Bracreammue | CrmMEHER Harmeta el R
Fer, MIa — — 25|83 | 18 | 32 | 63 | 100
Uy 0l 1,2 2 3o[3is | 4 5163 |10

Tlomeps Oasnenus Ha IPeoJONEHNE THAPABIMIECKUX COMPOTUBIECHHUH 110 IIIMHE KaXKIOTO yJacTKa TPyOOIpoBOAa ONpeaeseTcs 1o
bopmyne

AP dan = pli -

d 2

rae p- IUIOTHOCTh paboueit JKUJIKOCTH, Kr/M3;
A- ko3 urreHT THIPABIHYECKOTO TpEHUS;
| - nnmHa TpydonpoBoAa, M.

Ecin Ha myTu IBWKeHUs pabodyeil KUAKOCTH BCTPEYAIOTCS MECTHBIC COIPOTHBICHMS, TO IOTEPs MAABJICHHS B MECTHBIX
COTMPOTHBIICHUAX ompeersiercs mo Gopmyre Beiicoaxa

I8
&szpg%,

rae (- KO3 PHUIUEHT MECTHBIX COTIPOTHBIICHUI.

3naveHust kodddunrenToB { i Hanboiee pacIpOCTPAHEHHBIX BUIOB MECTHBIX COMPOTHUBICHUH MPUHUMAIOT CICIYIOUIMMU: IS
LITYLEPOB U MepexoHuKoB s Tpyo ¢ = 0,1...0,15; mis yroasHUKOB ¢ mOBOpoTOoM mox yriaoMm 90° = 1,5...2,0; mig mpsMOYyTroibHBIX
TPOHHHUKOB JUIA pasfelieHus u o0beanHeHus motokoB { = 0,9...2,5; ansg maaBHBIX M3ruOoB TpyO Ha yron 90° ¢ pagmycom m3ruoa,
pasabpM (3+5)d £=0,12...0,15; s Bxona B TpyOy £ = 0,5; st Bexoaa u3 TpyOsl B 6ak win B muumHap = 1.

TIpn namuuapaoM pexkxume T.M. Bamra [3, ¢.29] ot onpenenenus ko3hGUIHUEHTa THAPABINIESCKOTO TPEHHUS A PEKOMEHIYeT IpH
Re<2300 anl‘)gIMeHﬂTL thopmyy

A=,
Ee
a Tpu TypOyJNEHTHOM peXHMe TedeHHs XHUAKOCTH B auamasoHe Re = 2 300...100 000 xo3d¢umueHT A ompenpenseTcs Mo
MoJy3MITUpUIeckoi popmyne brnasuyca

0,216 d
hp=—Sos. Re»10—,
ke~ Eciu ﬂ‘z
rae A, - 9KBUBAJICHTHAS IIEPOXOBATOCTH TPYO (U1 HOBBIX OECHIOBHBIX CTAIBHBIX TPYO A= 0,05 MM, A maTyHHBIX - Ay = 0,02
MM, s mendbix - 0,01, mans TpyO u3 cmmaBoB w3 amomubus - 0,06, mis pe3uHOBBIX muianroB - 0,03), To koa(duuueHt
THIPABINYECKOT0 TpeHHs onpezaensercs mo Gopmyne A.Jl. Anbrinyns

0,25
=011 (ﬁ 3_3]
d

e
HOTepI/I JIaBJICHUA B ryujipoamnmnaparype Apza NPUHUMAIOT IO €€ TeXHquCKOﬁ XapaKTCPUCTUKE TTOCIIC BLIGOpa ruapoarnimnapaTrypabl.
IMociie 3TOro CyMMHpPYIOT TIOTEPH TaBJICHUS
AP=AP, +AP,+AP .,
TIpu BBIMOJIHEHUH THIAPABIMYIECKOTO PACUETa NPOU3e00sm NpoeepKy beckasumayuoHHol pabomel Hacoca. Bakyym y Bxoma B
HACOC OMPEENSIIOT Mo (hopMmyIie
2

b
P‘; :pg .335+ka£ .

2
W

2

rae hy - paccTosHmMe OT ocum Hacoca 10 ypoBHS paboueii xuaxoctu B Oake; h,, - moTepu Hamopa Ha IpeojoJIeHHE BCEX
THIPaBINIECKUX CONPOTHBIECHHUH BO BCACHIBAIONIEH THIPOIMHIH; U - CKOPOCTh ABM)KSHHMS JKHKOCTH BO BCACBHIBAIOIIEH I'MIPOINHAN; O -
ko3¢ durment Kopuonuca.

PexomeHnyemsblii (¢ 3amacoM Ha OecKaBHUTAILMOHHYIO paboTy Hacoca) BakyyM P, y BXozxa B Hacoc IobkeH ObiTh He Oonee 0,04
MIla. Ecmu P, > 0,04 MIla, To Hy)XHO YBEITHMYUTh JUAMETP BCACBIBAIOIIETO TPYOONPOBOAA MJIM PACHONIOKHUTH OaK BBIIIE OCH HACOCA.
[Tpu 3TOM cumTaercs, 4To paboyas KUIKOCTh HAxXOAWTCS B Oake ¢ arMocdepHsiM maBienuem P, = 0,1 MIla. Takum oGpasom,
pasHOCTh HaBieHuil B O6ake P; (¢ atMocdepHBIM M M30BITOYHBIM JaBICHHEM) B Ha BXOJe B Hacoc P, He nomwkHa ObITh MeHbIne 0,06
MI]a.

OmpeneneHre TOJNIUHEI CTEHOK SBIISETCS HMPOBEPOYHBIM pacdeToM Ha MPOYHOCTH KECTKHX TpyO, mogobpanueix mo I'OCTy.
TonmuHy CTeHKH TPYOBI ONpeNeNsIoT 1Mo hopMyIe

b=——n,

20,

rae P - MaKCHUMaJIbHOE CTaTHYECKOE JIaBJICHHE;
G, - JOIyCKaeMoe HalpshKeHHe Ha pa3pblB Marepuana TpyO, npuHumaemoe paBHbIM 30...35% OT BpPeMEHHOrO CONPOTHBIEHHMS;
N - ko3¢ GuumenT 3anaca, N = 3...6, 111 THYTHIX TPYO IPUHUMAETCS PaBHBIM Ha 25 % HIKE.

C yueToM BO3MOMKHBIX MEXaHMYECKHX MOBPEXKICHUH TONIIMHA CTEHOK CTalbHBIX TPYO NomxkHa ObITh He MeHee 0,5 MM, a st
MenHbIX - He MeHee 0,8...1,0 Mmm
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4.3. JlabopaTopHbie padoThI

Buo
Homep 3anaAmu 6
Ne pazoena Haumenoeanue mem nabopamopuvix paoom Odven | unmep ARMUGHON,
n/n | oucuuniu (uac.) AKMUGHOoIl,
Hbl UHHOBAUUOHHOU
dopmax, (uac.)
1 1. W3yuenue pu3nueckux CBOMCTB HKUAKOCTU 4 -
2 2. N3yuenue npubOpoB A1 U3MEPEHUs JaBICHUS 4 -
3 3. M3yyeHnue ruipocTaTu4eCcKoro JaBJICHUs 4 -
4 4, M3ydeHue CTpyKTypbl IOTOKOB KUJKOCTH 4 -
S) 5. OnpeneneHne pexxuMa TeUeHUs 4 -
6 6. Wnnroctpanus ypaBHeHus: bepHym 4 -
7 7. OnpeneneHne MECTHBIX IOTEPH HAIlopa S) -
8 8. OmnpeJenenye NOTepsb Haropa 1o JJuHe 5 -
UTOoro 34 -
4.4, IlpakTH4ecKue 3aHITHSA
Buo
Homep JAHAMUA 6
No pazoena Haumenosanue mem NpaKmuuecKux Oobvem UHMEPAKMUGHOI,
nin | oucyunnuns 3anamuil (uac.) akmusnot,
UHHOBAUUOHHOTL
dopmax, (uac.)
1 6 VYnpaBieHrne VCHIIMEM Ha BBIXOTHOM 3BEHE 4 i
WCTIOJTHUTEIFHOTO MEXaHU3Ma
5 6. VYnpasieHne MoI0KeHUEM BBIXOIHOTO 4 i
3BEHA UCIIOJIHUTENBHOTO MEXaHU3Ma
3 7 YnpaBieHne MOJI0KEHNEM BBIXOIHOTO 3 i
3BEHA MCIIOJIHUTEILHOTO MEXaHH3Ma
4 7 VYnpaBieHne MoI0KeHUEM BBIXOIHOTO 3 i
3BEHA UCIIOJIHUTENHHOTO MEXaHU3Ma
5 8. CTpyKTypa ruIponpruBoIa 3 -
UTOro 17

4.5. KoHTpO/IbHBIC MEPONIPUATHSA: KYPCOBOM IPOEKT (KypcoBasi padoTa), KOHTPOJIbHAsA

patora, PI'P, pedepar

Y4eOHbIM MJIaHOM HE IIPETYCMOTPEHO.
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5. MATPAIIA COOTHECEHUS PA3JIEJIOB YYEFHOM JUCIHUAIIJIMHBI K ®OPMUPYEMbBIM B HUX
KOMIIETEHIUAM U OINEHKE PE3YJbBTATOB OCBOEHUSA JUCIHUIITIMHBI

K
ommemenuun Komnemenuyuu Buo

Kon-60 2 Ouenka

Ne, HaumeHnosanue Loy uac yueonvix
2, uacoe Komn. . | peyremamoe
pazoenoe oucuunIuHbl 1TK-25 JanAmuu
1. Beenenwue. [Ipeamer rupaBiIuKy U KpaTKas UCTOPHS €€ 15 + 1 15 JIK, JIP, CP SK3AMCH
pa3BHUTHSA
2. OCHOBHI THAPOCTATUKH 16 + 1 16 JIK, JIP, CP DK3aMeH
3. OCHOBBI TUAPOIUHAMUKU 16 + 1 16 JIK, JIP, CP DK3amMeH
4. l'mapaBnuvecKre CONMPOTUBIICHUSI 16 + 1 16 JIK, JIP, CP OK3aMeH
5. McTeuenue »KUAKOCTH U3 OTBEPCTHH, HACAIKOB U U3-TIO] 16 + 1 16 JIK, JIP, CP DK3aMeH
3aTBOPOB
6. ['mapaBnuvecKkuii pacyeT MPOCTHIX TPYOOIPOBOAOB 23 + 1 23 JIITI; J(I;, OKsamen
JIK, JIP, JK3aMeH
7. l'uapaBIuvecKre MallHHbI 22 + 1 22 113, CP
8. O0mas xapakTepucTHKa ruaponpuBoja. Pabouune JIK, JIP, JK3aMeH
20 + 1 20
JKUJIKOCTH JIJISI TUJIpOocUCTEM. [ MipaBiniecKkrie JTMHAN 113, CP
8cez0 uacos 144 144 1 144
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6.

ITEPEYEHb YYEBHO-METOAUYECKOI'O

OBECIIEYEHMUA

CAMOCTOSTEJBHOHN PABOTHI OB YUAIOIINXCS O JUCHUILJIMHE

IS

1. Kononos A.A., ®enopos B.C., Ko63os /I.1O., JIo6anos /I.B. ['mapaBindeckre W MHEBMATHYECKHAE MAITHHBL:
yaebHoe nmocodbue. — bparck: ®T'BOYBO «bpl'Y». — 2015. — 196 c.
http://ecat.brstu.ru/catalog/yueounre%201%20y4ueOHO-

MeToanueckune%20mnocoous/Texunka/KoHoH08%20a.a.%20ruapasanueckue%20u%20naeBMaTnyeckue %2 OMaluybl. y

y.mocobue.2015.pdf

2. Konono A.A., ®enopor B.C., Ko63oB [I.1O., Jlobanos JI.B. OcHOBBI TuapaBiuku: ydeOHOE mocoOme. —
Bparck: ®I'BOYBO «bpl'Y». — 2015. - 92 c.
http://ecat.brstu.ru/catalog/VYaeonbie%20u%20yuecoHo-

MeToanueckne%20mnocoous/Texunka/Kononos%20A.A. %20 uapasinnyeckue%20u%20naesBMarnyeckue %2 OMaImHbl

.Ya.mocobme.2015.pdf

7.

INEPEYEHb OCHOBHOH ¥ JIONOJHUTEJLHON JINTEPATYPHI,
HEOBXOJINMOMU J1JIsA OCBOEHUA JUCHUITJINHBI

n/n

Haumenosanue uzoanusn

Buo
3anamus

Kon-60
9K3. 6

ouon., MT.

Obecneuen-
Hocmbo,
(3K3./ yeJ.)

OcHoBHasi JuTeparypa

VYnosun, B.I'. TumpaBnuka: yueOHOoe mocobue / B.I'. Yaosuw,
N.A. Onenba; MunuctepctBo o0Opa3oBaHus ¥ Haykud Poccuiickoii
Oenepanuu. - Openbypr: OI'Y, 2014. - 132 c. : cxem., uil. -
bubmuorp. B  xH.; To ke  [DmekTpoHHBIA  pecypc].
URL.: http://biblioclub.ru/index.php?page=book&id=330600

JIk, JIP,
113, CP

oP

repenmuxt, JI.B. ['mnpasnuka [DaeKTpoHHBIN pecypc] : yuel.-
OnektpoH. naH. - Cankr-IletepOypr: Jlans, 2015. - 656 c. - Pexum
nocrymna: https://e.lanbook.com/book/64346.

oP

JlononnurensHast IuTeparypa

lunpaBivka, THAPOMAIITHHEI U THAPOTPUBOIEL: yueOHUK / T.
M. Bamra, C. C. Pynues [u np.]. - 2-e u3n., mepepad. - Mocksa:
MamuHocTtpoenue, 1982. - 423 c.

JIk, CP

528

I'uapaBivka U ruapaBIUYecKre MamuHbL. JlJabopaTopHSIi
MPaKTUKYM [DIeKTpoHHBIH pecypce] : yue6. nocodue / H.I'.
KoxeBuukosa [u ap.]. - DnekTpoH. aaH. - Cankr-Ilerepoypr : Jlans,
2016. - 352 ¢. - Pesxum jocryna: https://e.lanbook.com/book/76272.

JIP

oP

Kossips, U.E. [IpakTuky™M o rugpaBinke [ DNeKTpOHHBIH pecypc] :
yueb.-meroa. mocobue / U.E. Ko3eips, 1.®. [Tukanosa, H.B. XaHoB.
- Dnextpod. aaH. - Cankr-IletepOypr : Jlanb, 2016. - 176 c. - Pexum
nocrymna: https://e.lanbook.com/book/72985.

13, CP

oP

Kpectun, E.A. 3agaunnk no ruspaBiuke ¢ IpUMEpaMU pacueToB
[Onexrponnsrii pecypc] : yued. mocodue / E.A. Kpectun, U.E.
Kpectun. - Dnexrpon. aan. - Cankr-IlerepOypr : Jlans, 2014. - 320
c. - Pexxum nocryna: https://e.lanbook.com/book/50160.

3, CP

oP

Tuxonenkos, b.I1. 'mapasnuka n ruaApONpUBOALI | yueOHOE TTocodue
/ B.II. TuxonenkoB ; MunucrepcTBo TpaHncnopra Poccuiickon
Oeneparyi, ATEHCTBO MOPCKOTO M pedyHOro ¢iora, MoOCKOBCKas
rOCyJapCTBeHHAss aKaJeMHs BOJHOTO TpaHcmopTa. - Mocksa
Anpraup-MI'ABT, 2005. - Y. 1. 'mapasmuka. - 113 c. : umn., tadm.,
cxeM. - bubmmorp. B kH.. ; To ke [DmekTpoHHBIH pecypc]. -
URL.: http://biblioclub.ru/index.php?page=hook&id=430697

JIk, JIP,
113, CP

oP

Tuxonenkos, b.11. 'mapasnuka v ruAPONPUBOIEI : yueOHOE mocoOue
/ B.Il. TuxoneHkoB ; MuHHCTEpCTBO TpaHcHopTa Poccuiickoit
denepanyun, AreHCTBO MOPCKOTO U pedHoro ¢iora, MocKkoBcKas
rocyIapCTBEHHAs akaJieMusi BOAHOTO TpaHcHopTa. - Mocksa :
Anpranp-MI'ABT, 2005. - Y. 2. I'maponpusoast. - 41 c. : ui., Tad.,
cxeM. - bubnuorp. B kH.. ; To xe [DnekrpoHHbIi pecypc]. -

URL.: http://biblioclub.ru/index.php?page=book&id=430698

JIk, JIP,
113, CP

OP
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http://ecat.brstu.ru/catalog/�������%20�%20������-������������%20�������/�������/�������%20�.�.%20��������������%20�%20��������������%20������.��.�������.2015.pdf
http://ecat.brstu.ru/catalog/�������%20�%20������-������������%20�������/�������/�������%20�.�.%20��������������%20�%20��������������%20������.��.�������.2015.pdf
http://ecat.brstu.ru/catalog/�������%20�%20������-������������%20�������/�������/�������%20�.�.%20��������������%20�%20��������������%20������.��.�������.2015.pdf
http://ecat.brstu.ru/catalog/�������%20�%20������-������������%20�������/�������/�������%20�.�.%20��������������%20�%20��������������%20������.��.�������.2015.pdf
http://ecat.brstu.ru/catalog/�������%20�%20������-������������%20�������/�������/�������%20�.�.%20��������������%20�%20��������������%20������.��.�������.2015.pdf
http://ecat.brstu.ru/catalog/�������%20�%20������-������������%20�������/�������/�������%20�.�.%20��������������%20�%20��������������%20������.��.�������.2015.pdf
http://biblioclub.ru/index.php?page=book_red&id=330600
https://e.lanbook.com/book/64346
https://e.lanbook.com/book/76272
https://e.lanbook.com/book/72985
https://e.lanbook.com/book/50160
http://biblioclub.ru/index.php?page=book&id=430697
http://biblioclub.ru/index.php?page=book_red&id=430698

8. INEPEYEHDb . PECYPCOB NH®OPMALMOHHO-
TEJEKOMMYHUKAIIMOHHOU CETH «MHTEPHET» HEOBXOJAMUMBIX IJIA
OCBOEHUA JUCHUITJINHbI

1.DnexTpoHHbIi KaTanor oubnuorexu bpl'yY
http://irbis.brstu.ru/CGl/irbis64r_15/cgiirbis_64.exe?LNG=&C21COM=F&I121DBN=BOOK&P21DBN=BOOK&S21CNR=&Z21|
D=.

. DnekrponHas 6ubnanorexa bpI'Y http://ecat.brstu.ru/catalog .

. DNeKTpOHHO-0MOINOTE Has crcTeMa «YHUBepcHuTeTcKas oubiroreka online» http://biblioclub.ru .

. DnexTpoHHO-0MbIMoTeyHast cucreMa «M3marenscTBo «Jlanb» http://e.lanbook.com .

. MudopmanmonHas cucrema "ExiHoe OKHO JocTyna k o6pa3oBarenbHbIM pecypcam” http://window.edu.ru .
. Hayunast anexrponnas 6ubmmorexka eLIBRARY.RU http://elibrary.ru .

. YHuBepcurerckas napopmarmonnas cucrema POCCUS (YUC POCCU ) https://uisrussia.msu.ru/ .

. HaumonaneHas anexrponnas oubnuorexa HIB http://xn--90ax2c.xn--plai/how-to-search /.

01O L AWK

9. METOJIMYECKUAE YKA3ZAHMS JJISI OBYYAIOUIMXCS MO OCBOEHHWIO
TACIATITAHBI

[Ipucrynas Kk M3y4eHWIO MaHHOH y4eOHOH MMCHUIUIMHBL, OOyYaloIHecsl JODKHBI O3HAKOMHUTHCS C y4eOHOH MporpaMMOoi,
y4eOHOH, HaydHOH M METOIMYecKOH JmTeparypoi, uMeromelicas B 6ubmmorexke ®I'BOY BO «bpl'Y», momyunts B OuOmHOTEKE
PEKOMEHJOBaHHBIE YIEOHUKHN U YIeOHO-METOANYECKUE TOCOOHUS, 3aBECTH HOBYIO T€TPab JJIsI KOHCIEKTHPOBAHUS JEKIHHA 1 PabOTHI
C IIEPBOMCTOYHHUKAMH.

B Xozme IeKIMOHHBIX 3aHATHH BECTH KOHCHEKTHpPOBaHHE YydeOHOro Mmartepuana. OOpamare BHHIMaHHE HA KaTeTOpHH,
(OpMYyIHMPOBKH, DPACKpBIBAIOIINE COJACp)KAaHWE TEX WM HHBIX SIBICHHH M TIPOIECCOB, HAYYHBIE BBIBOABI M IPAKTHIECKHE
PEKOMEHJALUY.

XKenatenpHO OCTaBUTH B pabOYMX KOHCIIEKTAaxX IOJS, Ha KOTOPHIX JeNaTh IOMETKH M3 PEKOMEHIOBaHHOHN JUTEpaTypHl,
JOTIOJTHSIONINE MaTepHall MPOCIyIIaHHOH JICKIUH, a TakKe MOAYepPKHUBAIONINE OCOOYI0 BOKHOCTh TE€X WJIM MHBIX TEOPETHYECKHX
MOJOXKEHUH. 3anaBaTh MNPENOJABATENI0 YTOUHSIOIIME BONPOCHl C LENBIO YSCHEHHMS TEOPETHYECKUX IIOJIOKCHUHM, pa3peleHust
CIIOPHBIX CUTYyallUH.

B xome moAroToBk# K 7a0OpaTOPHBIM M MPAKTUYECKHM 3aHATHSAM H3YYUTh OCHOBHYIO JIMTEPATypy, O3HAKOMHUTBCS C
JOTOJHUTEIBHON JTUTEPaTypOH, HOBBIMH ITyONIMKAIMAME B IIEPHOANYECKUX M3JAHUAX: JKypHalax, razerax u T.4. [Ipu sTom yuecTs
pPEeKOMEHJAINK TIperoaBarens u TpeOoBaHMS ydeOHOM mporpaMmbl. JlopabaTeIBaTh CBOM KOHCHEKT JEKIUH, Jelas B HEM
COOTBETCTBYIOIME 3aIFCH U3 JTUTEPATYpPhl, PEKOMEHIOBAHHOH! MPETIOIaBaTEIeM U IPETyCMOTPEHHOH yaeOHOM MpOorpaMMoii.

lotoBsick k moknmany win pedepaTHBHOMY COOOIIEHHIO, OOpamaThcsi 3a METOAWYECKOH IOMOIIBI0 K IIPEroaaBaTelio.
CocCTaBUTh INIaH-KOHCIEKT CBOETO BBICTYIIIICHUS.

B xoie mpakTHuecknux 3aHATHH NMPUHMMATh AKTHBHOE y4acTHe B OOCYXKICHHM y4eOHBIX BOIPOCOB: BBICTYNATh C JOKJIALAMH,
pedeparamu, 0030paMH Hay4HBIX CTaTeH, OTHEIBHBIX MYyOJIMKAIMH MEPUOANYECKOH IeyaTH, KacalOIIUXCs COJEepIKaHHs TEeMbI
MPaKTUYECKOTO 3aHATHA. B X0J€ CBOET0 BEICTYIIIIEHHS HCHOJIB30BAaTh TEXHMUIECKHE CPEICTBA O0YICHHUS, OCKY U MEIL.

C nenpio 6o7ee TTyOOKOro YyCBOGHHS M3ydaeMOro MaTepuaia 3a4aBaTh BOIIPOCHI MpenoaaBarelnto. [locie moaBeaeHns: NTOroB
MPaKTUYECKOTO 3aHATHUS YCTPAaHUTh HEJOCTATKU, OTMEUYEHHBIE IPENOJABATEIEM.

[Ipu moaroToBke K SK3aMeHy (B KOHIIE CEMECTpa) MOBTOPATh MPOWICHHBI MaTepHal B CTPOTOM COOTBETCTBHH C yueOHOU
NpOrpaMMOii, MPUMEPHBIM IepeuyHeM Y4YeOHBIX BONPOCOB, BBIHOCSIIMXCS Ha 3a4eT M COJCPIKAIIUXCs B JAHHOW Iporpamme.
Hcnonb30BaTh KOHCIEKT JIEKLHH M JIMTEpaTypy, PEeKOMEHIOBaHHYIO0 mpenojaBareneM. OOpatuTh oco0oe BHUMaHHE Ha TEMBI
y4eOHBIX 3aHSITHH, MPOIMYIIEHHBIX CTYICHTOM IO Pa3HbIM Hpu4yuHaM. [Ipm HeoOXOOUMOCTH OOpaTHThCs 3a KOHCYJbTalued M
METOANYECKON TIOMOIIIBIO K TIPENOAaBaTENO.

B y4ebHOM mpomnecce BBIAEISAIOT [jBa BHIA CAMOCTOSTEIBHON pabOTHI:

- ayJUTOpHas;

- BHEAYAUTOPHASL.

AyanTopHas caMOCTOSITeNbHAass paboTa MO AWCIHUIUIMHE BBIIONHSAETCS Ha Y4YEOHBIX 3aHATHSX I10J] HEIOCPEICTBEHHBIM
PYKOBOJCTBOM IIpENoaBaTes U 10 €ro 3aJaHHuIo.

BHeaynuropHas camocTosTeNnbHas padoTa BBIIONHSETCS OOyYaloIMMCS MO  3aJaHUI0 TIperojiaBaTelisi, HO 0e3 ero
HEMOCPEICTBEHHOI0 Y4acTusl.

CopepkaHue BHEAyIUTOPHOW CaMOCTOSITEIbHONW OIpeneNsieTcs B COOTBETCTBHM C PEKOMEHIYEMBIMH BHIAMM 3aJaHUi
COTJIACHO MPUMEPHOH 1 pabodeil mporpamMm y4eOHOH JUCIUILUINHEL.

Bupamu 3aganuii Ui BHEayIUTOPHOI CaMOCTOSITENTBHON pabOTHI SBIISIOTCS:

- 0715 081A0€HUs 3HAHUAMU: ITSHUE TeKCTa (yueOHHNKa, TepBOMCTOYHIKA, JOMOJTHUTEILHON JINTEPaTyphl), COCTABICHNE TIaHA
TEKCTa, TpaduIecKkoe H300pakeHne CTPYKTYPHI TEKCTa, KOHCTIEKTHPOBAHUE TEKCTA, BBIMMCKH U3 TEKCTa, paboTa CO CIOBapsIMU H
CIPaBOYHMKAMH, 03HAKOMJIEHHE C HOPMAaTHBHBIMH JOKyMEHTaMH, ydeOHO-HCClIeoBaTeNbcKas paboTa, NCIOIb30BAHHE ayano- M
BUICO3AIMTUCEH, KOMITBIOTEPHON TeXHUKHU U VIHTEepHeTa U Ap.

- 0nA 3aKpennienus u cucmemamuzayuy suanuii: paboTa ¢ KOHCIIEKTOM JISKIMH, 00paboTka TeKCTa, IOBTOpHAs paboTa Has
y4eOHBIM MaTepruasioM (ydeOHHUKaA, TePBOMCTOYHMKA, AOTOJHUTENBHON JUTEpaTyphl, ayAno U BUACO3aMHUCEH, COCTABICHUE TUIAHa,
COCTaBJICHHE TAaOJHIl Ul CHCTEMATH3alMu yuyeOHOI0 MaTepHania, OTBET Ha KOHTPOJIBHBIC BOIPOCHI, 3alloJIHeHHEe paboueil TeTpaay,
aHanuTH4ecKkass oOpaboTka TeKcTa (aHHOTHPOBAHHWE, PEIEH3UpPOBaHUE, pedepHpOoBaHUE, KOHCIEKT-aHANIN3 M Jp), MOATOTOBKA
MYJIBTHMEINa COOOIIEHMIT/TOKTaoB K BBICTYIUIGHHIO Ha ceMHuHape (KoH(epeHInM), MOATOTOBKAa pedepara, COCTABICHHUE
O6ubmmorpaduu, TEeMaTHIECKIX KPOCCBOP/IOB, TECTHPOBAHUE U JIp.

- ona opmuposanus ymenuii: pelIeHHe 3a1ad M YIPaXHEHHH 10 00pasily, pelleHHe BapHaTHBHBIX 3a1ad, BBIIOIHEHHE
4yepTeKei, CXeM, BBIMOJIHEHNE pacueToB (TpadudecKux padboT), pelieHne CUTYalnoOHHBIX (TPodecCHOHANBHbIX) 3a/1a4, MOATOTOBKA K
JICIOBBIM UTPaM, IPOSKTUPOBAHUE U MOJEIUPOBAHUE PA3HBIX BHUAOB M KOMIIOHEHTOB NMPO(ECCHOHAIBHOI AEATEIBHOCTH, OIBITHO
SKCHEepUMEHTAJIbHAs PadoTa, pedIIeKCUBHBII aHAIU3 PO(ECCHOHATBHBIX YMEHHMI C HCHIOJIb30BAHUEM ayHMO- U BUICOTEXHHUKHU U IIP.

CamocrosiTenbHas paboTa OCYLIECTBIAETCS WHIMBUAYANbHO WM TPYNIAMH CTYJEHTOB B 3aBHCUMOCTH OT IIenH, 00beMa,
KOHKPETHOM TEMAaTHKU CaMOCTOSITEIEHON PabOThl, YPOBHS CIIOXKHOCTH, YPOBHS YMEHUH CTYIEHTOB.

KoHTponb pe3ynpTaToB BHEAyJUTOPHOW CaMOCTOSITENBHON pPabOTHI OOy4aromuUXCsl MOXKET OCYIIECTBIITHCS B IIpeferiax
BPEMEHH, OTBEACHHOIO Ha o00s3aTenbHble y4eOHBIC 3aHATUS 10 AWUCHUINIMHE ¥ BHEAYJUTOPHYIO CaMOCTOSATENBbHYIO paboTy
CTYJICHTOB I10 AUCIUIUIMHE, MOXET IIPOXOANTH B MUCEMEHHOM, YCTHOM MM CMEIIaHHOH (opMme.
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9.1. Meroauyeckue yKazaHusl JJ 00y4alOUIUXCH IO BBINOJHEHHUIO JA0OPATOPHBIX H
NPaKTHYeCKUX padoT

OT4eTsl 1Mo 1abopaTopHBIM paboTaM 0GOPMIIIIOTCS Ha TUcTax popmara A4.
OTYeTHI TOJKHEI COIePKATh:

ens paGoThI.

3ananue.

[punnunuaipHas cxema paboThl 1a00PATOPHON YCTAHOBKH.
[To3TamHOE BEHITIOTHEHUE 33 JaHUS.

. 3akirodyeHue.

OTueTHI MO MPaKTHYECKUM padboTam oopMIIsIFOTCs Ha Juctax hopmara A4,
OTYeTHI TOJIKHBI COJICPIKATh:

1. Ilenb paboTHL.

2. 3ananue.

3. TlosTamHoOe BHITOTHEHHE 3aJaHUS.

4. 3aximodeHue.

akrwbdE

JlaGopaTopHas padora Ne 1

H3yyenune pu3n4eCKUX CBOMCTB KUAKOCTH
[enb paboThl: OCBOCHHE TEXHUKH H3MEPEHHS IUIOTHOCTH, TEIUIOBOTO PACIIMPEHHS, BS3KOCTH H IIOBEPXHOCTHOI'O HATSDKEHHUS KHUIKOCTEH.
3ajaHKe:  M3MEPHUTh IUIOTHOCTh, TEIUIOBOC PACIIMPEHHE, BA3KOCTh M IOBEPXHOCTHOEC HATSIKEHHE JKMIKOCTEH, MOArOTOBHTH IIPOTOKOJIBI
OTYETOB.

ITops 10K BBITOIHEHHS:

OO0mue cBegeHus

JKuokocmoio Ha3bIBAIOT MANOCKUMAEMOE TEJIO0, U3MEHSIOLIee CBOO (OopMy I0J AeHCTBHEM BecbMa MaiblX ciil. OCHOBHBIE XapaKTEPHCTHKU
JKHAKOCTH — INIOTHOCTh, CKUMAaEMOCTh, TEIUIOBOE PACIIUPEHHE, BI3KOCTh M IIOBEPXHOCTHOE HATSDKCHHUE

IInomuocmplo — OTHOLLIEHHE MAcChl M KUIAKOCTH K ee oobemy W: p=m/W.

Colcumaemocms — CBOMCTBO JKHIKOCTH yMEHBIIATh 00beM MO AciicTBueM aaBieHus. OHa OLEHUBACTCS KOIpuyuenmom cocumaemocmu fp,
[IOKa3bIBAFOIIMM OTHOCHTEIBFHOE yMEHbIIEHHE 00beMa sxuakoct W NpH MOBBIIICHHH JAaBJICHHS p Ha exuHuLy: fp=(AW/W)/Ap.

Tennosoe pacuperue — CBOACTBO KUIKOCTU U3MEHSATh 00bEM HPH HArPEBAHUM — XaPAKTEPH3YECTCS KOIDPUYUEHMOM MeNni08020 pacuiupenus
Jr, paBHBIM OTHOCHUTEIILHOMY TIpUpaleHuto oobema W ¢ u3MeHeHHeM TeMiepaTypsl T Ha OJIMH Ipajyc MPU NOCTOSHHOM jaBienun: fr=(AW/W)/AT.
Kaxk npaBuito, npu HarpeBaHHH 00BeM JKHIKOCTH YBEIUIHBACTCS.

Bsiskocmb — CBOMCTBO )XHAKOCTH COIPOTHUBIIATHCS OTHOCHTEIBHOMY CKOJIBXCHHUIO ee ciloeB. Ee OLeHUBAaIOT duHamuueckum kospduyuenmom
gA3KOCmU U, KOTOPBIl M3MepsieTcs B mackaib — cekyHaax (ITa-c) m paBeH KacaTeIbHOMY HANPSDKEHHIO MEXAY COCCAHMMH CIOSMH, €CIH HX
OTHOCHUTENbHAs CKOPOCTh IIEPEMEIICHHs] YHUCIEHHO COBIANaeT ¢ TONIIUHON cnos. Kunemamuyeckuil kodghguyuenm esa3xocmu v OUPENEISIOT H3
(opMyIIBI v=p/p M M3MEPSIOT KBAJPATHEIMH METPaMH Ha cekyHy (M%/c) umi crokcamu (1CT=1cM?/c). T KO3 UITHEHTE! ONPENEIIOTCS BHIOM
JKU/IKOCTH, HE 3aBUCAT OT CKOPOCTH TEUCHHSI, CYIIIECTBEHHO YMEHBIIAIOTCS C BO3PACTAHUEM TEMIEPaTyPhI.

ITosepxnocmnoe namsicenue — CBOWCTBO JKHAKOCTH OOpa30BBIBATH ITOBEPXHOCTHBIM CIIOH B3aUMHO TPUTSATH- BAIOIIUXCS MOJIEKYT -
XapaKTePU3YeTCs KOIPPuyueHmom no8epXHOCIHO20 HAMANCEHUs 0, PABHBIM CUJIC HA IMHMIIC JUIMHBI KOHTYpa CBOOOJHOI OBEPXHOCTH. 3HAYCHHS
p, PBr, Br. v u o nipu 20°C ykazansl B Tabm.1.1.

Ta6mmia 1.1
P . 1 Brl0®, v-10°, o 10°,
Kunkocth ohd pp10°, MlIla oc e Hin
Bona npecnast 998 0,49 0,15 1,01 73
CrupT 3THIIOBBIN 790 0,78 1,10 1,52 23
Macrno:
Motopuoe M-10 900 0,60 0,64 800 25
HHIycTpHaiIbHOE 20 900 0,72 0,73 110 25
TpaHchopMaTopHOE 890 0,70 0,70 30 25
AMT - 10 850 0,83 0,83 20 25

Onucanue ycrpoiicrea Ne 1
VYeTpoicTBO 715 M3y4eHus (PU3HYECKUX CBOICTB XKHIKOCTH COAEPXKUT 5 NPUOOPOB, BHITOITHEHHBIX B 00IIEM IIPO3PAuyHOM KopItyce (pHC.
1.1), Ha KOTOPOM YKa3aHbI ITapaMeTphl Uit 00pabOTKH ONMBITHBIX JaHHBIX. [IpnOops! 3 — 5 HAUMHAIOT JEHCTBOBATH MPU MEPEBEPTHIBAHUU YCTPOICTBA

Ne 1. Tepmometp 1 mokassIBaeT TeMIEPaTypy OKPYKAIOIIEH Cpeibl 1, CIIEZIOBATENBHO, TEMIIEPATYPY XKUIKOCTEH BO BCEX YCTPONHCTBAX.
1 2 3 4 5

Puc. 1.1. Cxema ycrpoiicta Ne 1:
1 — Tepmomerp; 2 — apeomeTtp; 3 — BuckozumeTp CTokca; 4 — KanWJUISIPHBIA BUCKO3HUMETD; S5 — CTAIArMOMET.

Onpeneienne kK03 duunenTa TeMIOBOro pacuupeHus KuIKoCTH

Tepmomemp 1 UMeeT CTEKJITHHBIA OAJUIOH C KaIMJUIIPOM, 3aIIOJHEHHbBIH TEPMOMETPHIECKOH JKHIKOCTBIO, U IIKaiy. [IpuHIMI ero nefcTBrs
OCHOBAH Ha TEIUIOBOM PACUIMPEHUH JKMAKOCTCH. BappupoBaHHe TeMIepaTyphbl OKPYKAIOIIEH CpPeibl MPUBOIUT K COOTBETCTBYIOMIEMY M3MEHCHHIO
o0beMa TEPMOMETPUUECKON KUIKOCTU U €€ YPOBHS B KaMMILIAPE. Y POBEHD YKa3bIBACT HA IIKAJIC 3HAUCHHUE TEMIICPATYPBI.

KoadduuueHT TermioBoro pacmmipeHds TEPMOMETPUUECKOH >KHIKOCTH OHPEAENSeTCs B CIEAYIOIIEM IOPSAIKE HAa OCHOBE MBICICHHOTO
9KCHEPHMEHTa, T.C. HPEAIOIAraeTcs, 4TO TEMIIEpaTypa OKPYKAIOLIeH Cpelbl MOBBICHIACH OT HIDKHEro (HYJICBOrO) IO BEPXHEr0 MPEIEIbHBIX
3HAYCHUH TEPMOMETPA M YPOBEHB XKHAKOCTH B KAMILIIPE BO3POC Ha BETHUHHY |.

1. Ioacuurate obLee YUCIIO rPaLyCHbIX AeneHnid AT B LIKaie TEpPMOMETPa M U3MEPHTh paccTosiHue | Mex 1y KpalHUMH IITPHXAMH IIKAJIbI.

2. BHIUHCIIUTH NPUpAIEHHE 06eMa TepPMOMETpHUECKOH skuakocTn AW=xr?l, rie I — paauyc Kanmuiuispa TEpMOMETpA.

3. C yuerom HawaneHoro (mpu 0°C) obbema TepmoMerpuueckoil skxuakocTd W HaliTH 3HaueHHEe KOI(QQHULIUEHTa TEIIOBOrO PacIIMPEHHUS
Br=(AW/W)/AT 1 cpaBHUTH €ro CO CPaBOYHBIM 3HaueHHUeM f3*7 (Tabi. 1.1). 3Ha4YeHHs HCIIONB3YEMbIX BEIMYMH 3aHECTH B Tabumiy 1.2.
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Tabnuua 1.2
r, W, AT, I, AW, Br, B*n,
cM oM’ °C cM oM’ °oct °oct

Bun xxugkoctn

Coupr
H3mepenne MIOTHOCTH KHAKOCTH apeoMeTPOM
Apeomemp 2 CIyXUT A ONPEAENEHUs IIOTHOCTH JKUAKOCTH HOIUIABKOBBIM MeTojoM. OH mpencraBisier coOOH IyCTOTENbIH LMIMHAD C
MHIJUTHMETPOBOH MIKANON U IPy30M B HIDKHeH dacTH. braromaps rpy3y apeoMeTp IuiaBaeT B HCCIEAYyeMOH XKUAKOCTU B BEPTUKAILHOM MOJIOKSHHH.
I'my6GuHa morpyxeHus: apeoMeTpa SBISETCS MEPOH IUIOTHOCTHU >KHIKOCTH U CUHTHIBACTCS CO MIKAIBI 10 BEPXHEMY KParo MEHHUCKA JKHIKOCTH BOKPYT
apeomerpa. B 00bIUHBIX apeoMeTpax IIKaia OTTPaayHpoBaHa cpasy 10 MIOTHOCTH.

B xo0ze paboTHI BEIOIHUTE CIIEIYIONINE ONEpaIii.

1. U3meputhb rityOuHY HOrpysKeHust h apeoMeTpoM o MUJUTMMETPOBO IIKAJIe HA HEM.

2. BIUHC/IHTH TUIOTHOCTh JKHJAKOCTH 110 (opmyne p=4m/(zd’h), rme m i d — macca u muamerp apeomerpa. Jta GOpMyIa MOTyYeHA MyTeM
IPUPABHUBAHMS CHIIBI TSDKECTH apeoMeTpa G=MQ u BeITankuBaromieil (apxumenoBoit) cunel P,=pgW, rae o0beM MOTpyKEHHOH 4acTh apeoMerpa
W=(md%4)h.

3. CpaBHHTH ONBITHOE 3HAYEHUE IUIOTHOCTH p CO CIIPABOYHBIM 3HaueHHEM p* (cM. Tabu.l.1). 3HadYeHHs HCIOJIb3yEeMbIX BEIHYHH CBECTH B
Tabmumy 1.3.

Tabawma 1.3
Bu skuakocti m, r d, cMm h, cm P, rlem® p*, rlem®
Bona
Onpenesienne BA3KOCTH BHCKO3HMETPOM Crokca

Buckosumemp Cmokca 3 IOCTaTOYHO HPOCT, COACPKUT IIIIMHIPHIECKYIO €MKOCTH, 3allOJHEHHYIO HCCICAYeMOH XXHMAKOCTBIO, M IIApHK.
ITpuGop MO3BOISET ONMPENETUTD BI3KOCTD JKHIKOCTH 110 BpEMEHH HaeHNUs IIapHKa B HEH CIeayIoIM o0pa3oM.

1. IoepHyTh ycTpoiictBo Ne 1 B BepTuKaibHOW IUIOCKOCTH Ha 180° M 3adMKCHpOBATH CEKYHJOMEPOM BpeMs t MPOXOXKIEHUS IIAPHUKOM
paccrosinue | Mexy aBymst Metkamu B ipr6ope 3. Illapuk 10JKeH Iaiath 10 OCH eMKOCTH 0€3 CONPOTHBIICHHS CO CTeHKaMu. OIBIT BBIIOJIHUT TPH
pasa, a 3aTeM ONpPEACIIUTh CpeHeapuPpMETHIECKOE 3HAUCHNE BPEeMeHH .

2. BBIYHCIIUTH OIBITHOE 3HAYCHUE KHHEMATHYECKOr0o KO3 (HIMEHTa BI3KOCTH JKUAKOCTH

v=gd?(p./p-1)/[181+43.21(d/D)],
rae g — yckopeHue cBOOOIHOTO MaJIeHHs;
d, D — quaMeTphl IAPUKA U HUIMHIPUYECKOM EMKOCTH;
P, Pu— TUIOTHOCTH XKUIKOCTH U MaTepHaa HIapHKa.

3. CpaBHUTH ONBITHOE 3HaYeHHE KO HUIMEeHTa BI3KOCTH V ¢ TAOIMYHBIM 3Ha4eHHeM V* (cM. Tabi.1.1). 3HaueHne MCHONIb3YeMbIX BEHINH
cBecTH B Tabimuuy 1.4.

Tabmnuna 1.4

Bu sKuakocTr P, Kr/v® t,c I, m d, M D, M Dus Kkriv® v, M?lc v*, Mic

M-10 0,02

Ipumeuanwue. B ycrpoiicte Ne 1 BMecTo Buckosumerpa CTOKca MOXKET OBITh BCTPOEH BHCKO3UMETp — IUIOTHOMep KoHcTpykimu TTACY, B
KOTOPOM  ILIAPHK IMAJIAET C MaJbIM 3a30POM B OTKPBITOH C 000MX KOHLIOB TpyOke. B sToM ciyuae cnexyer: 3adukcupoBaTh BpeMsi NaieHHs
wapuka t v nepenajg  ypoBHel KUIKOCTH h B LIMIMHIPUYECKON EMKOCTH U TPYOKE; BBIYUCIUTH — 3HAYEHUs IUIOTHOCTU KUAKOCTH p=p,/(1+Ah) n
KMHEMaTH4eCKUi koauument Bsiskoctu V=Bht, rae 4 u B — nmocrosiHHbIE TpUGOpA.

H3Mepenue BA3KOCTH KAMHIJISPHBIM BUCKO3HMETPOM

Kanunnapneui éuckosumemp 4 BKIIOYaeT eMKOCTh ¢ KalMLIIPOM. Bs3kocTh ompezernsieTcss IO BPEeMEHH HCUEYEHHMS JKUIKOCTH U3 €MKOCTU
yepe3 Karmuisp.

1. ITepeBepHyTh ycTpoiictBo Ne 1 (cM. puc. 1.1) B BepTHKaIbHOMN IJIOCKOCTH M ONPEAEIUTh CEKYHIOMEPOM BpeMs t HCTeUeHHs Yepe3 Karuusip
00beMa )KUIKOCTH MEXKIY METKaMH (BBICOTOH S) M3 eMKOCTH BHCKO3MMeTpa 4 i Temiepatypy I mo Tepmomerpy 1.

2. BbluncinTh 3HaYEHHE KMHEMATHYecKoro koddguumenra Bsskoctn V=Mt (M — nocrosiHHas mpubopa) W CpPaBHHTH €ro C TaOIMYHBIM
3HayeHueM V* (cM. Tadn. 1.1). JlanHble cBecTH B Tabmuiy 1.5.

Tabmuma 1.5
Bu xuakocti M, 7P t,c v, w2l T, °C v*, m?lc
M-10
IMpumeuanne. B tabm. 1.1 npruBenens! 3HaUeHNs K03QQUIEHTA BA3KOCTH KUJIKOCTEH npu Ttemmneparype 20 °C. IloatoMy ONBITHEIE
3HAYEHHMS], TIOJTyYEHHBIE IPH JIPYTO¥ TeMIIepaType MOTYT CYIIECTBEHHO OTJIMYATCS OT TAOIIMIHBIX 3HAYEHMH.
H3Mepenune NOBEPXHOCTHOIO HATSIKEHHS CTaJarMoMeTpoM

Cmanazvomemp 5 CIyXKUT IJIsl ONPEAENICHUS MOBEPXHOCTHOIO HATSKEHMs JKHJIKOCTH METOJOM OTpbIBa Kamelb U COAEPKHUT E€MKOCTb C
KalnuuIIpOM, pacIMPEHHBIM Ha KOHIIE Il HAKOIUIEHUS KUKOCTH B BUJE Karuti. CHila MOBEPXHOCTHOTO HATSKEHHSI B MOMEHT OTpPbIBA KaIllId PaBHA
ee Becy (CHIIe TSDKECTH) U II03TOMY OIIpe/iesIIeTCsl O MIIOTHOCTH SKHIKOCTH U YHCITY KaIelb, HOIy4eHHOMY IPH OHOPOXKHEHHU EMKOCTH C 3alaHHBIM
00BeMoM.

1. IlepeBepHyTh ycTpoiicTBO Ne | M IOACYMTATH YHCJIO Kamlelb, ITOTYyYEHHBIX B CTaJarMOMETpe 5 M3 o0beMa BBICOTOH S MeXIy IByMS
MeTKaMH. OIBIT HOBTOPUTH TPU Pa3a U BBIYUCIUTE cpefiHee apudMeTuueckoe 3HaUeHHe YHCIIa Kamemb N.

2. Haiitu onbiTHOEe 3HaueHWe KOI((HUIHEHTa TTOBEpXHOCTHOrO HatspkeHus o=Kp/n (K — MOCTOSHHAs cTalarMOMeTpa) U CPaBHUTBH €ro ¢
TaOJIMYHBIM 3HaYeHneM o* (cM. Tadu. 1.1). JlanHble cBecTH B Tabuuiy 1.6.

Tabmuna 1.6

Bu xKuaKocTH K, M/c? p, kr/m® n o, Hm c*, Him

M-10

dopma OTYETHOCTH:
Oruer.

3aaHust A5 CAMOCTOSITENBEHOM PaboThI:
OTBETHTH Ha KOHTPOJIBEHBIE BOIIPOCH! JJISI CAMOIIPOBEPKH.
OCHOBHas JHUTEpaTypa:

[1] u3 paznena 7.

JlonoHUTENbHAS TUTEpATypa:
[4,7, 8] u3 pasnmena 7.
KoHTpoIbHBIE BOIPOCKI JUTsl CAMOIPOBEPKU
1.Y 1o Takoe XKHAKOCTb M HA KaKHe KJIacChl OHA MOApa3iensercs?
2. llousiTHe: yaebHBIH BEC, ILIOTHOCTD, BA3KOCTh KHUAKOCTH U UX €IUHHUIIBI H3MEPEHHUSI.
3. IIpubOpHI AJIst ONPEICNICHUs YISIBHOTO Beca (IUIOTHOCTH) M BA3KOCTH YKUAKOCTH.
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JlaGopaTopHas paGora Ne 2

H3y4yenne npnGopos 1JIs1 H3MepPeHUs JaBICHUS
[enb paboTel: M3ydenne ycTpoicTBa ¥ HPHHLIMIA ACHCTBUS KUIKOCTHBIX IPHOOPOB IJIsl K3MEPEHHUST JABICHUSL.

3ajaHue: U3YYHUTH YCTPOHCTBO M MPHHIIMII ACHCTBUS )KHIKOCTHBIX IPHOOPOB [UIsl H3MEPEHHUS AABJICHHS, IOATOTOBUTH IPOTOKOJIBI OTYECTOB.

IopsiI0K BBIIOIHECHHUS:

O01mue cBegeHHst

Tuopocmamuyeckum OaeiieHuem HA3bIBAIOT HOPMAJIBHOE CKUMAIOIIEE HAPSDKCHHIE B HEMOABIKHOMN JKHAKOCTH, T. €. CUILY, ACHCTBYIOLLYIO Ha
/IMHUILY TLIOMIA/HM TTOBEPXHOCTH. 32 eIMHHILY H3MEPEHHs JaBJICHHs B M&KIYHAPOIHON cucTeMe IpHHATH lackans (ITa = H/m?).

PasnuyaroT abcooTHOE, aTMOC(HEpHOE, MAHOMETPHIECKOE H BAKYYMMETPHIECKOE IaBJICHHUE.

Ab6contomunoe (NONHOE) 0aseHue P OTCUUTHIBACTCS OT aOCOIIOTHOTO BakyyMa. AmmocghepHoe dasienue P, CO3NACTCSA CHION TSHKECTH BO3IyXa
aTMoc(epsl U IMPHHUMAETCS B OOBIYHBIX yCHOBHAX paBHBIM 101325 ITa mmm 760 MM pT. cT. M30BITOK gaBneHUs HaJ aTMOC(EPHBIM Ha3bIBAIOT
manomempuueckum (M30bITOUHBIM) Oagnenuem (P, =P-P,), @ HEAOCTATOK 10 aTMOCHEPHOIO JABJICHHS — BAKYYMMempuueckum oasienuem (Ps=p.-p).

Ipubopsl U1 U3MepeHHs arMOC(EpHOro HABICHUSI HA3BalIH 6apoMempamu, MaHOMETPUYECKOTO — MAHOMempamu, BaKyymMa —
saxyymmempamu. 110 IPUHIMITY ASHCTBHS U TUITYy paboYero »IeMeHTa IPUOOPHI OAPA3ACISIOTCS Ha )KUAKOCTHBIC, MEXaHHYECKHE U AIEKTPHIECKIE.

JKuorxocmmuvle npubopbl ICTOPHIECKU CTAIIM NPUMEHATHCS ePBbIMU. VX IeliCTBHE OCHOBAHO HA NMPUHLMIE YPABHOBELIMBAHHS H3MEPSEMOro
JIABJICHUS P CHIION TSDKECTH CTONI0A )KUAKOCTH BBICOTOI h B mpuGope:

p=pgh,
e p — INIOTHOCTb XKUAKOCTHU;
g — yCKOpeHHe CBOOOIHOTO a/IeHHsI.

IosTOMY Benn4MHA TaBICHUSI MOXKET OBITh BHIPaXKEHA BBICOTOMN CTO0a )XKUAKOCTH h (MM PT. CT., M BOA. CT.). IIpenMyIecTBaMmu XHIKOCTHBIX
HpUOOPOB SABISIOTCS MPOCTOTA KOHCTPYKIUH U BBICOKasi TOYHOCTh, OTHAKO OHU yAOOHBI TOJIBKO PU N3MEPEHUH HEOONBIINX JaBICHUH.

B MexaHmdeckux mpuOOpax H3MepseMoe JaBICHHE BBI3BIBAaeT JeOpMaIMio UyBCTBUTEIBLHOTO JJIeMeHTa (TpyOka, MeMOpaHa, CHIb(OH),
KOTOpast ¢ IIOMOIIBIO CHEHaIbHBIX MEXaHU3MOB IiepesiaeTcsl Ha yka3arenb. Takue npuOophsl KOMIIAKTHBI M UMEIOT OONBINOI JHAa30H H3MepsSeMBbIX
JIaBJIICHUM.

B anexmpuueckux npubopax BOCHPHHHMAaeMO€ UyBCTBHTEIBHBIM 3JIEMEHTOM HaBJICHHE IpeoOpasyercst B dieKTpudeckuil curHan. Curaan
PETUCTPUPYETCs TTOKA3BIBAIOINM (BOJIBTMETD, aMIIEpPMETp) WM NMUIIyIIKAM (camorucel, ocmuiorpad) npudopamu. B mocnennem cirydae MOKHO
(buKCHpOBATh JaBJIEHHE NP OBICTPOIPOTEKAIOLIMX MPOLECCaX.

Onucanne ycrpoiicrsa Ne 2 ¥ JKHAKOCTHBIX NPHOOPOB

Pmymmuuiii 6apomemp COCTOUT U3 BEPTUKATHGHONW CTEKJITHHOM TPYOKHM ¢ MIJUIMMETPOBOH INKaJOH M 3aKPBITBIM BEPXHUM KOHIIOM, KOTOpas
3aIl0JIHEHA PTYTBIO, U YalllM C PTYThIO, B KOTOPYIO OIyIIeHa TPyOKa HIKHUM KOHIOM. TakuM mpuOGOpoM BIepBble ObLIO M3MEpeHO aTMocdepHoe
JIaBJICHUE UTAIBSHCKUM ydeHbIM O. Toppuyernnu B 1642 r.

JIIst neMOHCTpaluy ApYrux MpUOOpOB CIYXKHUT ycmpouicmeo Ne 2, KOTOpOe BBIIOIHSHO IPO3PAaYHBIM M MMeeT IOJIOCTh 1, B KOTOpOil Bcerna
coxpaHsiercsi arMocepHoe aBlIeHUE, U Pe3epByap 2, YaCTUYHO 3aI0JIHEHHbIH BooH (puc. 2.1, a). i n3MepeHust 1aBJIeHUs] U YPOBHS JKUAKOCTH B
pesepByape 2 CiiyKaT ®KHUIKOCTHBIE IPUOOopsI 3, 4 1 5. OHU NPEACTABIAIOT CO00M Npo3payHble BEPTUKAIBHBIE KAHAJIBI CO LIKAJIaMH, pa3MEYEHHBIMU B
€IMHULAX JUTHHEL.

Oonompybneil manomemp (nvezomemp) 3 cooOIIaeTCS BEPXHUM KOHLIOM ¢ atMochepoii, a HIKHUM — ¢ pe3epByapom 2. MM ompenesnsercst
MaHOMeTpUYecKoe JaBienue P, =pgh, Ha IHe pe3epByapa.

Vpoenemep 4 coenuHeH 000MMH KOHIIAME C PE3EPBYapOM U CIIYXXUT JUIS H3MEPEHUS YPOBHSI )KUIIKOCTH / B HEM.

Manosaxyymmemp 5 npencrabiser coboii U — oOpasHblil KaHa, YaCTUYHO 3allOJHEHHbIH KUIKOCTHIO. JIEBBIM KOJIEHOM OH IOJKIIIOYEH K
pesepByapy 2, a OpaBbIM — K MOJOCTH | ¥ NpeJHA3HAYEH JUIsl ONpPEIEICHUsS MaHOMETPHYECKOro P,,=pgh,, (puc. 2.1, a) Win BaKyyMMETPHYECKOTO
Pso=pgh, (puc. 2.1, 6) naBneHnit Hajy CBOOOJHOM IMOBEPXHOCTHIO XKHIKOCTH B pesepByape 2. JlaBieHHE B pe3epByape MOXHO M3MEHSTH ITyTeM
HaKJIOHA yCTpOICTBa.

IIpu noBopote ycTpoiicTBa B ero miockoctd Ha 180° mpotuB uyacoBoit crpenku (puc. 2.1, B) kaHanm 4 ocraercs ypOBHEMEpPOM, KOJIEHO
MaHOBaKyyMMeTpa 5 mpeoOpa3syercs B Ibe30MeTp 6, a Mbe30MeTp 3 — B sakyymmemp (obpammeiii nee3omemp) 7, CIyXallui I ONpesieTeHHs
BaKyyMma Py,=pgh, Ha/l CBOOOHOI MOBEPXHOCTBIO XKHIAKOCTH B pe3epByape 2.

a) p>p, 0 p<p, B) <P

Puc. 2.1. Cxema ycrpoiicta Ne 2:
1 — mostocTh ¢ aTMOC(hepHBIM JaBieHneM; 2 — ONIBITHBI  pe3epByap; 3 — mbe3oMerp; 4 — ypoBHeMep; 5 — MaHOBaKyyMMeTp; 6 —
MbE30METp; 7 — BAKyyMMeETp
dopma 0TIETHOCTH:
Oruer.
3amgaHus O caMOCTOSTEIbHOH pabOoThI:
OTBETUTH Ha KOHTPOJIEHBIE BONIPOCHI IS CAMOIIPOBEPKH.
OcHOBHas UTEpaTypa:
[1] u3 paznena 7.
JlononHUTENbHAS IUTEpATypa:
[4, 7, 8] u3 paznena 7.
KoHTponbHbIE BOIPOCH! JUIS CAMOIPOBEPKU
1. Kakoe naBieHne Ha3bIBalOT aOCOTIOTHBIM (BaKyyMMETPHUECKIM, MAHOMETPUIECKIM)?
2. Kakue equHUIIBI U3MEPEHHs IaBJICHUST BbI 3HaeTe?
3. B uem 3akimoyaeTcs MPHHIHI ASHCTBUS )KUAKOCTHBIX MPHOOPOB? VX JOCTOMHCTBA M HEIOCTATKH.
4. Kakoll HeOCTATOK y MEXaHUYECKUX HPHOOPOB IS H3MepeHHs JaBiieHus? Kakumu TOCTOMHCTBAMH 00J1a1aI0T )KHAKOCTHBIE MAHOMETPBI?

JladopaTopHas pa6ora Ne 3

I/I3Mepelme THAPOCTATHYECKOIO JaBJICHUS
Llenb pabotsl: [IproOpeTeHre HaBBIKOB 110 U3MEPEHHUIO THAPOCTATUYECKOTO AAaBICHUS KUAKOCTHBIMU IPUOOpaMHU.
3agaHue: MPOU3BECTH U3MEPEHHS THAPOCTATHICCKOTO JaBICHHUS KUAKOCTHBIMH IPHOOPAaMH, MOATOTOBUTH POTOKOJIBI OTYETOB.
TIopsIIOK BBIMOJIIHEHUSL:
Oo0mmue cBeeHUst
AOGCOIOTHOE 1aBJICHUE B JIFO0OH TOUYKE MOKOSIIECHCS )KHIKOCTH ONPEACISIETCS [0 OCHOGHOMY YPAGHEHUIO 2UOPOCMATUKU
P=potpgH,
rze Po — aOCOMIOTHOE JaBICHUE Ha CBOOOHOM TOBEPXHOCTH KUIKOCTH;
p — IUIOTHOCTB JKUAKOCTH;
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H — riryOuHa oTrpy XeH s TOUKH 0] CBOOOTHOI ITOBEPXHOCTHIO.

B pabore BhMmCIseTCs AaBICHHE B 3aJaHHOI TOUKe (HaIpUMep, Ha JHE pe3epByapa) depe3 MOKA3aHUS Pa3IMYHBIX HIPHOOPOB U 3aTeM
CPaBHUBAIOTCS PE3yJIbTATHhI, IIOTy4YCHHBIC ABYMS My TSIMH.

Iopsiaox BbINOIHEHUS PAadOThI:

1. B pe3epByape 2 Haj )KHUIKOCTBIO CO3/aTh JaBJIeHUE BbIIe aTMoc(epHOro (P,>P,), O UM CBUICTEIBCTBYIOT IPEBEIMICHIE YPOBHS XKUAKOCTH
B Ib€30METpe 3 HaJl YPOBHEM B pe3epByape U NpsAMOii nepenas ypoBHeil B MaHoBakyymmerpe S (puc. 2.1, a). i1 3TOro ycTpoicTBO MOCTaBUTh Ha
HPaBYIO CTOPOHY, @ 3aTEM II0OBOPOTOM €ro IPOTHB YaCOBOIl CTPENIKH OTJIUTh YaCTh XKUIKOCTH U3 JICBOrO KOJIEHAa MaHOBaKyyMeTpa 5 B pesepByap 2.

2. CHsaTb noKazaHus nbesomerpa h,, ypoHemepa H 1 MaHOBaKyymmerpa h,,.

3. Bblunciuth aOCOMIOTHOE [aBJICHME HA JHE pe3epByapa 4depe3 IOKa3aHWs IbE30METpa, a 3aTeM — dYepe3 BEJIMYUHBI, H3MEPEHHbIE
YPOBHEMEPOM U MaHOBaKyyMeTpoM. J[JIsi OLIEHKH CONOCTaBUMOCTH PE3yJIbTaTOB ONpE/IENICHUs JaBJICHHUs Ha JHE pe3epByapa ABYMs HMyTSAMH HaWTH
OTHOCHUTEIBHYIO IIOTPEIIHOCTH Jp.

4. Hax cBoOOIHOM MOBEPXHOCTHIO KUIKOCTH B pe3epByape 2 co3aaTh BakyyM (P,<p,), KOr[a ypOBEHb )KUIKOCTH B MbE30METPE 3 CTAHOBUTCS
HIKE, YeM B pe3epByape, a Ha MaHOBaKyyMMeTpe 5 mosiBisiercst o0patHbiil niepenan h, (puc. 2.1, 6). st 3TOro HOCTaBUTh yCTPOMCTBO HA JIEBYIO
CTOPOHY, a 3aTeM HAKJIOHOM BIIPaBO OTJIHTH YaCTh KUAKOCTH U3 pe3epByapa 2 B JIeBOE KOJIEHO MaHOBaKyyMMeTpa 5. Jlanee BBIIOIHHUTH ONEPAIliH 110
.. 2 u 3.

5. IlepeBepHyTh yCTPOHCTBO HNPOTHB YAaCOBOW CTpENKHU (puc. 2.1, B) U ONpelNeuTh MAHOMETPHUECKOE WIIM BAKyyMMETPUUYECKOE JIaBJICHUE B
3aaHHOH IpernoaaBarteneM Touke C depe3 IIOKa3aHUs Ibe30MeTpa 6, a 3aTeM ¢ IIeNIbI0 IPOBEPKU HAWTH €ro Yepe3 MOKa3aHHs 00paTHOTO Ibe30MeTpa
7 n ypoBHemepa 4.

B npouecce npoBeeHuUst ONBITOB U 00pabOTKU IKCIIEPUMEHTAIBHBIX JAHHBIX 3aMOJHUATH Tabmumy 2.1.

Ta6numa 2.1
Ne HaumenoBanue O6o3HaYeHHSs YcinoBus oneita
n/u BEJIMYMH (bopmyJb P,>P, P,<P,
1.
hn
2.
H
3. [Tbe30MeTpHtIecKast BEICOTa, M P
YpoBeHb KUAKOCTH B pe3epByape, "
4, M P
ManomeTpuyecKast BbICOTa, M ¢
5. BakyymMeTpudeckas BLICOTa, M
’ p=p.+pgh,

AGCOIOTHOE JTaBJIEHHE HA JTHE
pe3epByapa 1o MOKa3aHUIo
nbe3omerpa, [la

6. AOcomorHoe naBjaesues | _ . | | -

=p.+
pe3epByape HaJ KHIKOCTHIO, [1a Po=Patpgh.
AGCOIOTHOE JTaBJIEHHE HA JTHE T B
7 pn_pa'pgha
. pe3epByapa uepes IoKa3aHust
MaHOBaKyyMMeTpa U ypoBHEMepa, _
o Yy pa uyp P p*=p,+pgH

OTHOCHTENIBHAS TOTPEITHOCTh
pe3y/IbTaToOB OIpPEACTICHUS
8. JIaBJICHUS Ha JTHE pe3epByapa, %o

op=100(p-p*)/p

Ipumeuanue. [punsaTs armocdepHoe gaBnenue P,=101325 Ila, mwiotHocTs Boms! p=1000 Kkr/m’.

®Popma 0TYETHOCTH:
Oruer.

3amgaHus 11 caMOCTOSTEAbHOH pabOoThI:
OTBEeTUTH Ha KOHTPOJIBHBIE BOIIPOCHI TSI CAMOIIPOBEPKH.

OcHOBHas JTUTEpaTypa:
[1] u3 paznena 7.

JlomonHUTENbHAS IUTEpaTypa:

[4, 7, 8] u3 paznena 7.
KoHTpoIIbHbIE BOIPOCH! 15 CAMOINPOBEPKH
1.4 1o Takoe KHAKOCTH M HA KaK¥e KJIACChl OHa MOApa3IessieTcs?
2. IlonsiTHe: yIENBHBIN BEC, INIOTHOCTD, BA3KOCTh KUAKOCTU U UX €ANHHUIIBI H3MEPEHUSL.
3. IIpuGopbI 1715t OTIpEAENIeHHs YACIBFHOTO Beca (TUIOTHOCTH) U BA3KOCTH KUAKOCTH.

JlaGopaTopHnas paGora Ne 4

H3zydenne CTpyKTypbI NOTOKOB KUAKOCTH
lenb paboTel: HabmoneHe moTokoB )KUAKOCTH € Pa3INIHON CTPYKTYPOU M BBIABICHUE (haKTOPOB, BIHSIONINX HA CTPYKTYDY.

3aganue: onpenenuTsh HaKTOPhI, BIUIONINE Ha XKUIKOCTH C PA3IMYHON CTPYKTYPOH, HOATOTOBHTH IPOTOKOIIBI OTYECTOB.

Ilopsa0K BBIIOIHEHUS:

O0ue cBeJeHus

PaznuyaroT Ba OCHOBHBIX PEXHMMa TEYECHHS KUAKOCTHU: JaMUuHapHulll (CIOUCTBIN) U mypoynenmusbii (BUXpeBoid). [Ipu maMuHapHOM pexume
YACTUIIBI )KHIKOCTH ABIDKYTCS IO HapajUIelbHBIM TPAGKTOPHAM 0e3 MepeMeIIHNBaHus, II09TOMY IIOTOK UMEET CIOUCTYIO CTPYKTYpY, T.€. XKHUAKOCTH
JBIDKETCSl OTHENBHBIMH CJIOSIMH. TypOyJleHTHOE MABWKCHHE XapaKTepH3yeTcs IyNbCallield IaBJIeHHS W CKOPOCTeH YacTHI, YTO BBI3BIBACT
UHTEHCHUBHOE IIepEeMEIINBAaHNE )KUIKOCTH B IOTOKE, T.€. BUXPEBOE ABIDKCHHE.

IIpu pe3koM H3MEHEHHM MONEPEYHOrO CEYCHMs MM HAlpaBlIeHUS KaHala OT €ro CTeHKH OTPBIBACTCS MpPaH3umuds cmpys, a 'y CTCHKU
JKHAKOCTh HaUMHAET JIBUTAThCS B OOpaTHOM HAIPABJICHHH, HPHBOJIS K BPAICHHIO JKHIKOCTH MEXTY TPAH3UTHOU CTpyel M CTEHKOH. DTa 001acTh
Ha3bIBACTCS YUPKYIAYUOHHOU (BATIBLIOBOW) 30HOLI.

JInst BU3yanu3alyy TeUeHHH IPUMEHSIOT MedeHble YaCTHI! (HapuMep, YaCTUIB! aTIOMUHNS) MM OKpAIIeHHbIE (HaIpuMep, YepHIIAMU HIIN
TYIIBIO) CTPYHKH, KOTOpbIE TOKAa3bIBAIOT MpaeKmopuil IBUKEHUs MHOXECTBA YaCTHUL XUAKOCTH. OHH €llle Ha3bIBAIOTCS JUHUAMU MOKA, €CIH
TeueHHe ycTaHoBHBIIeecs. [lpu yemanogusutemcs (CTannoHapHOM) meyeHuy OCPETHEHHbBIEC 3HAUCHHUSI CKOPOCTH U JaBICHUS B Ka)KIOU TOUKE IIOTOKA
IIOCTOSTHHBI BO BpeMeHH. B 9ToM cityuae pacxof, T.e. KOTHYECTBO JKHIKOCTH, IIPOXOJIAIIee Yepe3 3alaHHOe CEUCHHE B €IMHUIly BPEMEHH, TakxkKe He
U3MEHSIETCS BO BPEMEHH.

Onucanne ycrpoiicta Ne 3

VYerpoiictBo Ne 3 mmeer npospaunsiit kopiyc (puc. 4.1, a), 6aku 1 1 2 ¢ yCIIOKOUTENbHONW CTEHKOU 3 I TaIlIeHHUs BO3MYIICHHH B SKHIKOCTH
OT NajieHus CTPYH M BCIUIBIBaHUA My3bIpeii Bo3ayxa. baku Mexnay coboii coequHeHbl KaHanaMu 4 U 5 ¢ ouHaKoBbIMU cedueHussMH. Koner xanara 4
CHa0XEeH MepPeropoKoil ¢ menbo 6, a MPOTHBOMOJIOXKHBINH KOHEI[ KaHaTa 5 — pelIeTKo! (MeperopoIkoil co MHOXKECTBOM OTBEPCTHIA) 7. YCTpOHCTBO
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3aII0JTHEHO BOJIOH, COAEpIKallell MUKPOCKONMYECKUE YACTHIIbl AIIOMHMHUS JUIS BU3YalH3allMM TCUCHHs. YPOBEHb BOABI B Oake 2 M3MepsieTcs IO
mkaie 8.

VYerpoiictBo padoraer cineayomuM oopazoM. B monoxenusix ycrpoiictsa (puc. 4.1, a, 6) moctynaromas uepe3 JICBbI KaHal B HIDKHUH Oak
BOJIa BHITECHACT BO3/yX B BUJIC ITy3bIpeii B BepXHuii 6ak. [ToaToMy JjaBeHus Ha BXOJe B KaHal (Ha JJHE BEPXHEro 6aka) M Hajl )KMAKOCTBIO B HHKHEM
0ake ypaBHHBAIOTCS M HCTEYEHHE IPOUCXOIUT IIOJ JSHCTBHEM IMOCTOSHHOro Harmopa H, co3maBaemoro cronbom >KHAKOCTH B JIeBOM KaHaie. Tax
o0ecreynBaeTcs YCTaHOBUBIIIEECs (C TIOCTOSIHHBIM BO BPEMEHH PAacX0/I0M) ABIDKEHHE XKUAKOCTHU. [IprueM B KaHaie 4 ycTaHAaBIMBACTCS JTAMUHAP HBIH
pexHUM Oiarofapsi HU3KUM CKOPOCTSAM TEUEHHs M3-3a OOJIBIIOTO CONMPOTUBIEHU Iueiu 6. B cBOrO odyepens Maoe ruipaBiInyecKoe COMPOTUBICHUE
pemieTky 7 o0ecreunBaeT MolydeHne TypOyIeHTHOrO TeUeHHsI B KaHaie 5 3a cueT OOoNbIINX cKopocTed (puc. 4.1, 6). Pacxox MOXHO yMeHbIIATh
HaKJIOHOM YCTPOWCTBa OT ceO0sl.

B ciydasix, yka3aHHbIX Ha puc. 4.1, B, T, 11 B KaHaJlaX 4 ¥ 5 BO3HMKAeT HEYyCTaHOBUBILEECS (IIPH MEPEMEHHOM HAIrope M pacxoie) JABUKEHUeE
JKHAKOCTH 3a CUeT HEMOCPEACTBEHHOTO COSANHEHNUS BO3AYIIHEIX MOJIOCTeH 6akoB. DTO IO3BOISECT IMPOCIEAUTH 32 N3MEHEHUEM CTPYKTYPHI IIOTOKOB

B IIPOLIECCE YMEHBILIEHHS X CKOPOCTH 10 HYJIs.
B)

Heconst

Puc. 4.1. Cxema ycTpoiicta Ne 3:
1, 2 — Gaku; 3 — meperopojka; 4, 5 — ONBITHBIC KAHAJIBI, 6 — mienp; 7 — penierka; 8 — ypoBHEMepHasl IIKaia

Iopsaok BHINOTHEHHS PAGOTHI

1. Co3naTs B KaHae 4 TaMUHAPHBIA PEXKUM JBIKSHUS KUAKOCTH. J[JIs1 9TOro Ipy 3anoJIHEHHOM BOIOH Oake | IOCTaBUTH YCTPOHCTBO OAaKOB 2
Ha cToJi (cM. puc. 4.1, a). HaGmoaaTh CTpyKTypy IOTOKA.

2. TloBepHYTh YCTPOMCTBO B BEPTHKAIBHOM IJIOCKOCTH IO 4acoBo crpenke Ha 180° (cMm. puc. 4.1, 6). Habmonare TypOyneHTHbBIH pexumM
TEUEeHHUs B KaHaje 5.

3. IIpu 3anomHeHHOM BOIOH Oake 2 MOCTaBHTh YCTPOHCTBO TakK, YTOOBI KaHANI 5 (C PeIIeTKol) 3aHsUI HIDKHEe TOPU30HTAIBHOE MOJIOKEHHUE (CM.
puc. 4.1, B). Habmronate B KaHajie mpouecc rnepexoja or TypOyJIeHTHOrO peKUMa JBHXKEHUS K JaMHUHapHOMY. OOpaTuTh BHHUMaHUE, YTO pelIeTKa
HPUBOIUT K TypOyIH3aluK IIOTOKA 32 HEeH.

4. TIpu 3anoHEHHOM BOZOH Oaxe 2 MOCTaBUTh YCTPOMCTBO TakK, YTOOBI KaHaN 4 (C IIENbI0) 3aHSI HIDKHEE TOPH3OHTAIBHOE IIOJIOJKEHHE (PHC.
4.1, r). Habmonath 3a CTpyKTypoOii HOTOKA B OaKe 2 IpH BHE3AITHOM CY)KEHHHU, BHE3AITHOM PACIIMPEHUH B KAHAJIE 32 ILEJIbIO U P BBIXO/IE ITOTOKA U3
kaHaja B Oak 1. OOpaTuTh BHHMaHHE Ha IUPKYJALHOHHbEIE (BalbIIOBBIC) 30HBI, TPAH3UTHYIO CTPYIO H CBSI3b CKOPOCTEH C IUIOIIAISIMH CEUCHHI
KaHaJIOB.

5. Ilpu 3anonHeHHOM Oake 1 HaOMOAATh CTPYKTYPY T€UEHHs IpU 00TeKaHUU neperoponaku 3 (puc. 4.1, ).

6. CrienaThb 3apHCOBKY CTPYKTYPHI IOTOKOB UL CIIy4aeB, yKa3aHHBIX B Ta0M. 4.1.

Tabmuma 4.1
JlamuHapHbIit TypOyneHTHbII Pacumpenue OOrekanue
peXRUM pexRUM MIOTOKA CTEHKH

.

dopma 0TUETHOCTHU:
Oruer.

3agaHus I8 caMOCTOATENEHOH paboThI:
OTBEeTUTH Ha KOHTPOJIBHBIE BOIIPOCHI IS CAMOIIPOBEPKH.
OcHOBHas UTeparypa:

[1] u3 paznena 7.

JlomonHUTENEHAS IUTEpaTypa:
[4, 7, 8] u3 paznena 7.
KoHTpoJIbHBIE BOIPOCHI JUTS CAMOTIPOBEPKH
1. OCHOBHBIE PEKUMBI TEUCHUS KUIKOCTH.

JlaGopaTopHnas paGora Ne S

Onpenenenue pexxuMa TedeHUs!
lenb paboTer: OcBOCHKE PACYETHOTO METOA OLPEACICHUS PEXKUMA TCUCHHUSL.

3ajaHue: paccunMTaTh YUCIO PeltHONBICA, CaEMaTh BEIBOJ O PEKUME TEUCHHUS, TOATOTOBUTH IIPOTOKOIIBI OTYETOB.

Ilopsa0K BBIIOIHEHUS:

OOmue cBeeHust

Kpurepuem pexuma TedeHus sBisieTcst uucio Peiinonvoca

Re=Vdlv, 4.1)

rae V — cpeHsist CKOPOCTh IOTOKa;

d — BHyTpeHHuiT [uamerp TpyOs! (kaHana);
V — KHHEMaTHYeCKUH K0 (UIHEHT BA3KOCTH XKUIKOCTH.

B HMHXCHEPHOW MpaKTHKE PEXHM ONPEICISIIOT IyTeM CpaBHeHHs uucia Peitnonmbiaca Re ¢ ero kpumuueckum 3Havenuem Re,
COOTBETCTBYIOIIIM CMEHE PEKUMOB IBIDKCHHS JKUIKOCTH. [l paBHOMEpHBIX MOTOKOB JKMAKOCTH B TpyOax (KaHajaxX) KPYIJIOrO CEYEHHs
npunnmMarotT Re=2300. Pexxum cuntaercst tamuHapHbiM, eciin Re<Re, u TypOynenTHbIM Ipu Re>RE,.

U3 Boipaxenus (4.1) creyer, 4ro umcna PefiHonbaca Majbl M, CIEOBATEIbHO, PEXKHM JIAMHHAPHBIN, NPU HU3KHX CKOPOCTSX TCYCHUS B
KaHaJaX HE3HAYUTEIBHOTO INOIEPEYHOro ceyeHus (B MOopax IPyHTa, KalMLIAPax) WIM NPH ABMKCHHU JKMAKOCTH ¢ GOJBIIOH BA3KOCTHIO (HEdTS,
Macio, OUTYMBI).

TypOyIeHTHBIH PeXUM B MPUPOJE M TEXHHKE BCTPEYaeTcs dHaiie. Ero 3aKOHOMEpPHOCTSM MOAYMHSCTCS JBHKCHHE BOABI B PEKaX, Pydbsix,
KaHaJaX, CHCTEMaX BOJIOCHA0KEHHs U BOJOOTBE/ICHUS, a TAK)XKE TedeHne OEH3MHA, KEPOCHHA M IPYTHX MAJIOBA3KMX XKUIKOCTEH B TpyOax.

Iopsaok BbINOIHEHUsI PAaGOThI

1. Co3nats B kaHane 4 TeUeHHUE KUAKOCTH (puc. 4.1, a) Ipu MPOU3BOIBHOM HAKJIOHE ycTpoiicTBa Ne 3 OT cels.
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2. V3meputh Bpemst t mepeMeleHus ypoBHs BOJbI B Oake Ha HEKOTOPOE PAcCTOSIHUE S M CHSATh IOKa3aHUs TepMoMerpa I, HaXoJsIierocs B
yerpoiicte Ne 1.

3. IMoncuurate uncio PeitHonbaca o nopsiaky, ykasaHHOMY B Ta0i. 5.1,

4. IToBepHYTH YCTPOUCTBO B ero miockocty Ha 180° (puc. 4.1, 6) U BBIIOTHATE ONEpPaL¥y M0 IL.IL. 2, 3.

5. CpaBHHTH NOTy4YeHHBIC 3HAUCHUS 4ncen PeliHombaca Mexmy co0oi U 3aTeM Ha OCHOBE CPaBHECHHS C KPUTHUECKHM 3HAUCHUEM CIeNaTh
BBIBOJ] O PEXKHME TCUCHHUS.

Tabuuma 5.1
Ne
Neo O6o3HaueHus1,
HaumMeHoBaHHe BETMYHH OIBITA
n/i bopmyiibt
1 2
1. V3meHeHre ypoBHs BOJIBI B 0aKe, CM S
2. Bpewmst HaOmo/1eHus 32 YPOBHEM, C t
3. Temmneparypa Bogsl, °C T
4 Kunemaruueckuii kospduruent Bszkoctn | v=17.9/(1000+34T+0.22T?
) BOJIBI, CM%/C )

O0ObeM BOIBI, IMOCTYINUBIICH B 0ak 3a
5. A T W=ABS

Bpems t, cM
6. Pacxox Bofbl, cM/c Q=Wit

CpenHsisi CKOPOCTb TEYCHHsI B KaHaJe
7. pea P > V=0/w

cMm/C
8. Yucio Peiinonsaca Re=Vd/v
9. Ha3BaHue pexxuma TeyeHust Re(<,>)Re,=2300

A=...cm; B=...cm; d=...cM; w=...cM>
IIpumeuanue. Pazmeps! nonepeynoro ceueHus 6aka (A, B), runpasnuueckuii muamerp d ¥ IUIOWIA/b HOMNEPEYHOrO CEYEHUS! ( OMBITHBIX

KaHaJIOB yKa3aHbl  Ha Kopiyce ycrpoiictBa Ne 3.
®dopMa OTYETHOCTH:
Oruer.
3aj1aHus JUIsl CAaMOCTOSTENbHON PabOThI:
OTBETUTH Ha KOHTPOJILHBIC BOIPOCHI JUISI CAMOIIPOBEPKH.
OcHOBHas JIUTEpaTypa:
[1] u3 paznena 7.
JlomoHUTENbHAS IUTEpaTypa:
[4, 7, 8] u3 paznena 7.
KoHTposbHbIE BOIPOCHI UL CAMOIIPOBEPKH
1. Yucno Peiinonbaca.

JlabopaTopHasi padora Ne 6

HNiunoctpanus ypaBuenust bepuyJuim

[enb paboTel: OnbITHOE MOATBEpIKIeHHE ypaBHeHHs [I. BepHyIuH, T.€. HOHMKeHHST MEXaHHIeCKOH SHEPIHH 110 TEUEHHUIO U Ilepexoza
MOTEHIMAIBbHON SHEPTHU B KWHETHYECKYIO 1 00paTHO (CBSI3U JABJIEHHS CO CKOPOCTHIO).
3ajaHue: BBIICHHTH COOTBETCTBHE M3MEHEHUH dHepruil ypaBHeHHIO bepHy M, MOATOTOBUTH MPOTOKOIIBI OTYETOB.
Tlopsinox BBITOTHEHWS:
OO0mmue cBereHust
VYpasuenue JI. bepHymnu BbIpa’kaeT 3aKOH COXPAHEHHUS DHEPrMUM U JUId JABYX CEUCHUH IOTOKA peaabHOM KHMIKOCTM B YIPOIIEHHOM BHIE
3aIICHIBAETCS TaK:

P/(pg)+V1*1(29)=Pal(pg) +V"1(2g) +hsr,
rae P — naBnenne; V — cpeHsis CKOPOCTh IIOTOKA B CEYEHHH; p — IUIOTHOCTD XHIKOCTH; § — YCKOpEHHe CBOOOIHOrO majeHus; hzp — cymmapHsie
MOTepU Haropa Ha NPEoAOJIeHHEe THIPABINYECKUX CHII TPEHUS MEXIYy cedeHMsIMH 1-1u 2-2; mHmekchl «1» U «2» yKa3pIBaloT HOMEp CEYeHUs, K
KOTOPOMY OTHOCHTCSI BEJIMYMHA.

Craraemble ypaBHEHHUs BBIPAXAIOT JHepeuu, NPUXOMSIINECS Ha €IUHMILy Beca (CHIIBI TSDKECTH) JKHUAKOCTH, KOTOPBIE B THPABIIHKE
HPUHATO Ha3bIBaTh Hanopamu: P/(pg)=H, — nvesomempuueckuii nanop (norennuansHas sueprus), VZ/(29)=H, — ckopocmmoii Harop (KuHeTHUECKAs
sueprus), P/(pg)+V?(29)=H — noansuii narop (onHas MexaHMUeCKas SHEPIHs KHAKOCTH), Nzp — ToTepy Hamopa (MeXaHUUIEeCKOi SHEPIHH 3a CUeT ee
npeoOpa3oBaHus B TEIUIOBYIO dHEPruio). Takie SHepruu U3MEPSIOTCS B €AUHUIAX [UTHHBL, T.K. Jorc/H=Hm/H=m.

W3 ypaBHeHHs cliefyeT, 4TO B CIydae OTCYTCTBHS TEIIIOOOMEHA IMOTOKA C BHEIIHEW Cpeloil noamas yoemvnas suepeus (BKIHOHAs
TEIUIOBYIO) HeusMeHHA 600/1b NOMOKA, ¥ TI0ITOMY U3MEHEHHE OJHOTO BH/ia YHEPTHHU HPUBOIMT K HPOTHBOIIOJI0KHOMY 10 3HAKY H3MEHEHHUIO JPYTOro.
TaxoB snepeemuueckuti cmuvicn ypaBHeHus: bepHyn. Hanpumep, npy paciIupeHHn MOTOKa CKOpocTh V |, CIIEOBATEIbHO, KUHETHYECKas SHEPTHs
V2/(2g) yMeHbIIAIOTCS, UTO B CHITy COXpAHEHHs OANaHCA BBI3BIBAET YBETHUEHHE TOTECHIMANBHON dHepruu P/(pg). JIpyrMMH CIIOBAMH, MOHIDKEHHE
CKOPOCTH MOTOKa V 110 TEYEHHUIO NMPUBOAUT K BO3PACTAHUIO AaBieHus P, 1 Hao00poT.

Onucanne ycrpoiictea Ne 4

VYerpoiictBo Ne 4 comepxut Oaku 1 U 2, coobniaeMble 4epe3 ONBITHBIE KaHAIBI IEPEMEHHOr0 3 U IOCTOSIHHOTO 4 cedenuid (puc. 6.1).
Kanassl coeanHeHbI MeXIy c000i paBHOMEPHO PAacIOIOKEHHBIMHU Tbe3oMeTpaMu |-V, ciyxaimmu uist i3MEpeHHUs Ibe30METPUYECKUX HAlOPOB B
XapaKTEPHBIX CEYCHHSX. Y CTPOICTBO 3aIMIOIHEHO MOJKPAIICHHON BOIOW. B 01HOM M3 6aKk0B npenycMOTpeHa MIKaia 5 Ui H3MEPEHHUsT YPOBHS BOJIBI.

Ilpy mepeBepTHIBAHMM YCTpOWCTBAa Onaromapsi MOCTOSHCTBY Hamopa HcTedeHus: Hp BO BpeMeHH, 00eCIeuMBaeTCsl yCTaHOBHBIIEECS

JBIDKEHUE BOABI B HIDKHEM KaHauie. [[pyroi KaHall B 3TO BpeMsi IPOITyCKaeT BO3IyX, BHITECHAEMBIH JKHIKOCTBIO U3 HIDKHETO 0aKa B BEPXHUIA.

1
—= — —

3
| —— Puc. 6.1. Cxema yerpoiictsa Ne 4:
1,2 — Gaku; 3,4 — onmiTHBIE
KaHQIbl  [EPEMEHHOr0 M
TIOCTOAHHOTO CeueHMsL;
5 - ypoBHeMepHas IIKaia;
1V — mbesomeTpel

Hy=onst

Iopsok BbINOIHEHUs PabOThI

1. TIpu 3anonHeHHOM BoJIoH Oake 2 (puc. 6.1) mepeBepHyTh YCTPOHCTBO JUIS TIOTy4eHHs TeUEHHs B KaHaJe IIePEMEHHOr0 CEUeHHs 3.

2. Cuath mokaszanus mbe3oMetpoB Hy=P/(pQg) mo HIDKHIM 4acTsIM MEHHUCKOB BOJIBI B HHX.

3. U3meputs Bpems t nepemenieHus ypoBHs B 6aKke Ha NPOM3BOJIBHO 33/IaHHYIO BEIMUHHY S.

4. Tlo pa3mepam A u B nonepeunoro cedenus 6aka, HepeMeIEHNIO YPOBHS S 1 BpeMeHH t onpesienuTs pacxoa Q BOzbI B KaHAIe, @ 3aTeM
cxopocTHbIe Hy 1 monabie H Hamope! B cedeHnsIX KaHana 110 TIOpAKY, yKa3aHHOMY B Tabmue 6.1.

Tabnuua 6.1
No HaumenoBanue O6o3HavyeHus, CeueHus KaHasia
/i BEJIUYUH (hopmyIBI | 1 11 \ \ VI
1. TTnomans CCUCHUS [0}
KaHaa, CcM
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2. CpenHsst CKOpocTb, CM/C V=0Q/w
IIbe3omMeTpuuecKkuii
3. Harop, M H=P/(pg)
CKOpOCTHOH Hamop, cM
4. Tonss1ii HAmop, cMm H=V?/(29)
5. H=P/(pg)+
V2/(29)

A=...cM; B=...cM; S=...cm; t=...c; Q=ABS/t=...cM’/c

5. Berueptuts B Macmtabe KaHad c mbe3omerpamu (puc. 6.2). CoefvHHB ypOBHU KHIKOCTH B IBE30METPAX M IICHTPOM BBIXOJHOTO

ceuenus VI, monydntb nwezomempuueckylo aunuio 1, MOKa3bIBAIOLIYI0 H3MEHEHHE MOTCHIHAIbHON SHEpPruu (JaBleHHs) BAOJb moToka. [l

HOJIY4YCHUS. HANOPHOU JuHuy 2 (JMHHW MOJIHON MEXaHMYECKOil HEPruM) OTIOKUTH OT OCH KaHaja MOJIHbIC HAIopbl H M COCAMHUTH MOIydYeHHbIE
TOYKH.

o o o ) o
6. [IpoaHaM3upoBaTh U3MEHEHKE TOJIHONW MexaHuueckoil H, norenumansaoit P/(pg) u kunernueckoii V/(2g) sHepruii suaKocTu BAOIb
[I0TOKA; BBISICHATH COOTBETCTBHE ITHX M3MEHEHHH ypaBHEHNIO BepHyiu.
| ]

Puc. 6.2. Nnmoctpauus ypaBueHus: beprysm:
1, 2 — mee30MeTpHUecKas U HaropHast Juaud; Hy, Hy — OJTHBIE HATIOPHI (MEXaHWYIECKHE YHEPTHHI) HA BXOJIE M BBIX0/€e U3 KaHauna; hrp, hy;,
hs2, hse, hp, he — notepu HAmopa: CyMMapHble, 1Mo jnHe Ha 1 1 2°" yuacTkax, Ha BHE3aMHOE Cy)KEHHUE, Ha [UIABHBIC PACIIUPEHUS U
CY)KEHUSL.

®dopMa OTYETHOCTH:
Oruer.

3amgaHus 1J1 caMOCTOATEAbHON pabOoThI:
OTBEeTUTH Ha KOHTPOJIBHBIE BOIIPOCHI TSI CAMOIIPOBEPKH.
OcHOBHas JUTeparypa:
[1] u3 paznena 7.
JlomonmHUTENbHAS IUTEpaTypa:
[4, 7, 8] u3 paznena 7.
KoHTpobHbIE BOIPOCH! JUIS CAMOIPOBEPKU
1. B ueM 3aKkimovaeTcsi FTeOMETPHUYECKHI U SHEPreTHUEeCKHUH ((U3MIECKHil) CMBICHT YpaBHEHUH BepHyIUTH U1 TOTOKOB HAEATBHOI U peaabHOH
JKMIKOCTEH?

JladopaTopHasi paGora Ne 7

OnpeeneHne MECTHBIX MOTEPh HANOPA
lens pabotsl: OnpesencHrue ONBITHBIM ITyTeM MOTEph HAMOpa Ha MPEOI0JICHUE MECTHBIX CONMPOTHUBIICHUH U CPaBHEHHE UX C PACCUMTAHHBIMH

10 HHXKEHEPHBIM (hOpMyIIam.

3ajaHue. HAaWTH pacyeTHbIE 3HAYCHUS MECTHBIX MOTEPh HAIOpa, CPaBHUTh MX C ONBITHBIMH M OOBSICHHTH PACXOXKIEHHUSA, IOATOTOBHTH
HPOTOKOJIBI OTYETOB.

IMopsAK0K BEIMOIHEHNMS:

OO0ue cBeeHus

Mecmuvie nomepu nanopa (SHEPTHH) KUAKOCTH BO3HMKAIOT HAa KOPOTKHMX Yy4acTKax TPYOONPOBOAA € MPEHATCTBUSIMU JUIS IIOTOKA,
Ha3bIBAEMBIMH MECTHBIMH COIPOTHBIICHHSAMH (BHE3aITHOE PAaCIIMpPEHHE M Cy)KeHHe TPyO, BEHTHIH, 3a/BIKKH, KJIAllaHbl, KoleHa). B Takux mecrax
00pa3yroTcsl NUPKYISAINOHHBIE 30HBI, Ha BPAIIEHWE JXUIKOCTH B KOTOPBIX 3aTPAvMBAETCS YacTh MEXaHMYECKOH SHEPTHH IOTOKA, Ha3bIBaeMast
MECTHBIMH TIOTEPSIMH Haropa. BenudnHa MECTHBIX IOTEPh HAoOpa SKCHEPHMEHTATIbHO ONMPE/IENseTCs Pa3HOCTBIO MOMHBIX HATIOPOB XKUIKOCTU 10 U
OCJIC MECTHOTO COTPOTHBIICHHUSL.

B MH)KEHEpHEIX PacdeTax Jyis OompeNeNeHus MECTHBIX ITOTeph Hamopa Hcromb3yercs hopmyma hy=CV?/(2g), Tae ¢ — kodddummenT MecTHOro
CONPOTHUBJICHUS (BBIOUPAETCS MO CIIPABOYHUKY); V — CPEIHSSI CKOPOCTh MTOTOKA 32 MECTHBIM CONPOTHUBIICHUEM.

Iopsaaok BEINOJIHEHHS PaGOThI

1. TleperecTn u3 Tabu. 6.1 3HAYEHNS MIIOIIAEH cedeHNH 1 cKkopocTei B Tabm. 7.1.

2. Onpe/IenuTh ONBITHBIE 3HaueHust MecTHBIX noTepk hy (e, hp) U3 rpaduka (cm. puc. 6.2).

3. Haiitu pacueTHbIe 3Ha4YCHHSI MECTHBIX IIOTEPb, CPABHUTH HX C ONBITHBIMU U OOBSICHUTD PACXOXKICHHUSL.

Ta6mnuma 7.1
Bun conporusnenus
CY)KCHHE pacipeHue
Ne HaumenoBanus O06o03HaueHws,
n/n BEIIMYHH (bopmybt = = < S
= S~ =1 &
1 2 3 4 5 6 7
1. ITmomans ceuenui, oM
CpenHHe CKOPOCTH 3a
2. COMPOTHBIICHHEM, CM/C V,
3. OIbITHBIE 3HAYEHUS hu(hse, hy)
MECTHBIX IOTE€Pb, CM | L e
Koadpunmentst
MECTHBIX
4, CONPOTHUBIICHUI (c=0.5(1-w2l 1)
Pacuernbie 3HAYEHHUS Qgp:(a)z/a)l—l)2 ——————————
MECTHBIX IIOTEPb, CM
5. hy=¢V2%(2g)

Ipumeuanue: (pc, (pp — KOIDQUIMEHTHI U1 BHE3AIHBIX CY)KCHHS U PACIIUPECHHUS.
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®DopMa OTUETHOCTH:
Oruer.

3agaHus 1 caMOCTOATEAbHOH paboThI:
OTBETUTH Ha KOHTPOJIBHBIC BOMIPOCHI IS CAMONIPOBEPKH.
OcHOBHas JUTEpaTypa:

[1] u3 paznena 7.

JlononHuTeNbHAS IUTEPATypa:
[4, 7, 8] u3 paznena 7.
KoHTpoJIbHBIC BONPOCHI JUTS CAMOIPOBEPKH
1. MecTHble moTepyu Hamopa.

JlaGopaTopHas padora Ne 8

Onpenenenne noTepb HANMOPA 110 AJTUHE
Ienb paborer: OcBOCHHE 3KCIIEPUMEHTAIBHOTO M PACYETHOTO CIIOCOO0B OIPE/IEIICH s TOTEPh HAMOpa Ha TPEHHUE 110 JUTHHE.
3ajiaHKe: 0OBSACHUTH PACXOXKACHHUE OIBITHOIO M PACYETHOrO 3HAYCHMIT IIOTEPh HATIOpa HA TPEHHUE I10 JUIMHE, IIOATOTOBUTH MPOTOKOJIBI OTYETOB.
IopsiI0K BBIIOIHECHHUS:
O0urue cBeaeHUst
Tlomepu nanopa no onune BbI3BaHbI TOPMO3SIINM ACHCTBUEM CTEHOK, IPUBOSLIMM K BI3KOCTHOMY TPEHHIO YaCTHUIl M CTPYEK KUIKOCTH
JpyT O Ipyra BIoib Tpydonposoaa. OHU onpesessores mo Gopmyse:
hy=2(1/d)V?/(2g),
rae A — xoabduuuenT rugpasimdeckoro tpenus; |, d — COOTBETCTBEHHO [UIMHA W BHYTPEHHMi auamerp TpyObl (kaHana); V — cpensss
CKOpOCTB. B ombITax morepy Haropa 1o AIHHE ONPEISISIIOTCS Pa3sHOCTHIO MTOKAa3aHHI TbE30METPOB, YCTAHOBJICHHBIX HA KOHIIAX OMBITHOTO y4acTKa
KaHaJIa, T.K. CKOPOCTHOH HAIop He U3MEHSETCS 110 ITyTH.
ITopsoK BHINOIHEHUsT PaGoThI
1. Ipu 3anonHeHHOM BO0M Oake 1 moctaButh ycTpoiicTBo Ne 4 Ha cton Oakom 2 (puc. 6.1).
2. CHsATh NOKa3aHWS Nbe30MeTpoB |-V, m3mepurs Bpems t M3MeHEHHs ypOBHs B 0ake Ha IPOM3BOJIBHO 3aJ@HHYIO BEIHYHHY S U
Temrieparypy T B IIOMEIIEHUH.
3. ITocTpouTh MO MOKa3aHUSIM NbE30METPOB MbE3OMETPHYECKYIO JIMHUIO. Ha 3TOi JMHMM BBIIEIUTH Y4aCTOK C HOCTOSHHBIM YKJIOHOM
(06prano yuactok I11-V), coorBercTBYIOMME paBHOMEpHOMY TedeHuto. Onpenenuts ero UHY | U onvimuoe 3HadeHue moteps h, Mo mokasaHusIM
KpalHHUX [Tbe30METPOB Ha HeM (puc. 6.1).
4. Haittu umcno PeitHOnmbaca M pacuemmoe 3HaueHHe HOTeph Hamopa h', Mo mopsaKy, ykasaHHoMy B TaGm. 8.1, M OTHOCHTENbHOE
PacXoJKICHUE OIBITHOIO M PACYETHOrO 3HAYCHHH OTeph Haropa. OOBSCHUTB 3TO PACXOXKICHHE.

Tabuuna 8.1
=
= E
Ne HaumenoBanue 5B
Ob6o3HaueHue, GopmyJbt 5 E
n/i BEJIMYUH z B
= 0
n A
1 2 3 4
1. TTokasanus MbE30METPOB, CM
JlinHa ydacTka ¢ paBHOMEPHBIM Pi/(pg), ..., Psl(pg)
2. JIBHKEHUEM, CM

OrmbITHOE 3HAaYeHHE MOTeph HAropa |
110 JUTHHE, CM

3. Kunematuueckuii K03 b pUIHEHT
BA3KOCTH BOJIBI, CM%/C hy=P3/(pg)-Ps/(pg)
Yucno Peiinonbaca

4. Koaddunment tperns npu Re<2300

2300<Re<10d/A v=17.9/(1000+34T+0.22T?)
Re>10d/A

5. PacuerHoe 3HaYeHHE MOTEPh HAMOpa Re=Vd/iv

6. 10 JUIMHE, CM
OrHOCHTeNBHOE pacxoxJeHne A=64/Re
ONBITHOTO ¥ PACYETHOTO 3HAYCHUMH 1=0.316/Re"®
noteps 2=0.11(68/Re+A/d)**

7.

h*,=A(1/d) V*(2g)
8.

on=(hy-h*;)/h,

d=...cM; w=...cM% A=...cM; B=...cM; T=...°C; S=...cMm; t=...c; Q=ABS/t=...cm"/c; V=Q/w=...cm/c.
ITpumeuanne. AGCONIOTHYIO IIEPOXOBATOCTh CTEHOK KaHaIa MPHHATE paBHOi  A=0.001 mm.

dopma 0TIETHOCTH:

Oruer.

3a1anus Ul CaMOCTOSITEILHOM PaboThI:

OTBETUTH Ha KOHTPOJIBEHBIE BONIPOCHI IS CAMOIIPOBEPKH.

OcHOBHas UTEpaTypa:
[1] u3 paznena 7.
JlononHuTENbHAS INTEPATYpA:
[4, 7, 8] u3 paznena 7.
KoHTponbHbIE BOIPOCH! JUIS CAMOIPOBEPKU
1. IToTepu Hamopa o JUIMHE.
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IIpakTHyeckoe 3ansTHe Ne 1

praBJIeHl/Ie ycuniimeM Ha BBIXOAHOM 3B€HE MCIIOJTHUTECJIbHOI0 MEXaHU3MAa
Llenn [2a60TI>IZ TNPOBECTU PACYET OCHOBHBIX IIapaMETPOB Ir'MAPONIPHUBOIOB (paSBI/IBaCMLIX yCI/IJ'IPIﬁ u CKOpOCTeﬁ, MOIITHOCTHU NPUBOAHOI'O

I[BPIFaTeJ'I}I), a TaK¥Xe BLI6I/IpaTB THAPOUUINHAPEI CTAHAAPTHBIX Pa3MEPOB B COOTBETCTBUH C PACUCTHBIMU ITapaMETpaMu.
33.2 AHUEC U NOPSAJOK BBITIOJTHEHUSA

Pacuer ruapouniuHapoB:
Vceunre Ha IITOKE,
CKopocTh IepeMeLIeH s LITOKA;
MOIIIHOCTb IPUBOTHOTO JABUTATEIIS.
OOBeKT:
aBTOMOOWIIBHBIN HOxbeMHHK (3amaua Nel)
peuHoit Oykcup (3amaua Ne2)

3amaua Nel

TToctaHOBKa 33124,

- T'uppaBinyeckas cucTeMa aBTONObEMHUKA HCIBITHIBAET HATPY3Ky HA MITOKE TUIPOLMIMHIpA 10

V = 2cM—cek.

- CKOpoCTb MogbeMa - He MeHee

- Pabouwnii xon mTOKA UIMHAPA h = 800 MM
- JlaBiieHue NUTaHUs B TUAPOCETH P = 250 Eap .

- COOTHOLICHHE ILIOWAeH TOpIIHs 1 Toka ¥ — 2

3ananue:
e Omnpenenuth pasMepsl THAPOIMIHHAPA OIHEMHHUKA.
e Onpenenuts HEOOXOAUMYIO MOIIHOCTb DIIEKTPOABUIATENs, IPUBOJISIIETO B ACHCTBHE HACOC.

Ha 3aJIHeil KPBILIKE KOpITyca.
JlaHHbIE [UIs BBIIIOJHEHHUS 3a1aHMUsL.

10 ToHH

IMomo6pats cranaapTHBIH ArdbepeHIHaTbHbIN THAPOLIIMHAP IBYXCTOPOHHETO AeiicTBus. LIMITHHAD KPEMUTCS TOCPEACTBOM HIPOYILIHHBI

IIpunsTEIe 0003HAUEHHUS:

D JIaMeTp MOPIIHSI, M

d JIMAMETP IITOKA, M

An IUIONIA b HOPIIHS B MOPITHEBOH MOT0CTH, M

Anw IUIONIA (b MOPIIHS B IITOKOBOH MOJIOCTH, M2

h paboumnii X0 MTOKA IMINHAPA, M

n=0.9 KITJ] ruapouunmspa

Frip (axTHUuEeCcKoe ycHne, pa3BUBaeMoe THAPOLMIIMHIPOM IPH IpMoM Xoxe, H

FoGp TEOPETHYECKOE YCHITHE Pa3BUBAEMOE THAPOIMIHHAPOM MPH TpsiMoM Xoze, H
(hakTHUECKOE yCHITHE, Pa3BUBaeMOe THAPOLIIMHAPOM TIpH obpaTHOM xoxe, H
TEOPETHYECKOE YCHITHE pa3BUBAEMOE THAPOIMIHHAPOM MpH oOpatHoM xoae, H

P JlaBJicHUe UTaHus, [la

\% CKOPOCTB JIBHIKEHUSI IITOKA TOPIIHS, M/CEK

HpI/IMep 0003HaYCHUS TUJIPABINYCCKUX AJIUH/IPOB B KaTaJIOre.
CD 70 F 25 /16-200M U

U~ 6es aemnuposarms;

Bug umnuHapa K - RemMndHposaHHe Co CTOPOHbI NOPWHS;
- S - AeMNHPOBIHME CO CTOPOHBI LITOK3;
CG - C NPOXOAHBIM WTOKOM D- € ABYX CTOPOH.
YNNOTHEHUA
M - CTaHRapTHbIE (ANA MUHEPaNbHbIX Macen)
MOAUOUKALMA V*FPM - ynnotHenna (a1 ciTeTueckix macen)
70 - HOMUHANbHOE A3BNEHHE AR AAHHOO TUNA
THAPOLUMNMHADOB, Bap X0, & mm
BWUA KPEMNNEHUA JVUAMETP wroxa & mm
(TMIN KPOHLLITEAHA)

K- Landa y HUKHE# KDBDKKE;

H - dnanew Ha nepeaHei Kpbiuke;
£ - uanda & enpe Kopnca;

F - KDEMAEHWUA Ha HOKKAX.

ANAMETP nopurn & mm

Pemenne Nel
1.  Pacuer nuameTpa MOpPLIHS.
VYeunue, pa3BuBacMoe THAPOLIMIMHAPOM MPHU MPSIMOM XOJE,
- D3
A" = —3 ;

OTC}OZ[a HaxoauM THaMETP MOPIIHA.

55



m-p-

4-10°
J(314-250.10%-0,9)

Bri6upaeM cTaHIApTHBI AHAMETP TTOPIIHS
2. Pacuer nuamerpa mTOKAa.

D= = 0,068 H

Ag

2),
AI.'EIII TO UCXOAS U3 COOTHOLICHUS, OMPENACIIAEM NUaMETP IITOKa

w =
T.k. 3a1aHO COOTHOIIEHHE PAOOUHX IIIOMAASH TOPIIHS (

D* 0,07

d= —=—1=U,05M
2 =
22

Bri0upaeM craHIapTHBIA AHaMETp LITOKA d = 50 mm.

B pe3ynpTrare 1o KaTanory BeIOHpaeM THAPOIMIHHAD CD 250K 70150 — 800M 5 .

3Hast D , OIPEICIINM pacxon pa60qe171 JKHUJIKOCTH Q N HeO6XO[[HMbIﬁ T obecrieueHust 3aI[aHHOI>'I CKOPOCTHU BBIABMKECHHUSI HITOKA MOPIIHS

Q=Ap-V
D:
z;g:(”4 )+ v=0,003846-0,02 = - —

OmnpeznenM MOIHOCTD 3IeKTPOIBHIaTelIsl, HEOOXOIUMYIO s 0OecIIeueHu s 3a1aHHbIX TapaMeTPOB T'UAPOCHCTeMB! (IPHBOA HACOCHOIO

0,00007693m°> _ 46ln

3.
arperara).
FI/II[paBJ'[I/I‘{eCKaH MOIITHOCTh 1'1";. , IoABOANMAs K THAPOIWINHIAPY,
W, =p-QBT. R
GapmQ (—), Wr = 167-p-:
pibaphu Q {— ], 67-p-Q

WY, C YYETOM pa3MEpHOCTEN
%, TO MOIITHOCTB 3JIEKTPOJIBUTATENS

T.x. TIOTEPU B THAPOCUCTEME COCTABJIAIOT OT J0 a JOJDKHA OBITH YBEJIIMYECHA 110

CPaBHEHHIO C THAPABINYECKON H"';' Ha UCTOJIHUTENLHOM MeXaHu3Me (THAPOLMINHAPE) Ha 9Ty BEIUYUHY.

W, = 1,3-W,,
W, = 1,3 -1,67-250-4,61 = 6258Br = 2,5kBr
TaKHM 06pa30M, JUISL OGGCHe‘IeHI/IH HaI[e)KHOfI paGOTBI TUAPOIIPUBOAA JAHHOT'O aBTOIIOABEMHHUKA HeOGXOZ[I/IM DJIEKTPOABUI'ATEIIb C
MOIITHOCTBIO HE HHUXE 2-'5 KBT'

3amaya Ne2

ITocTanoBka 3a1aun:
I'mapocucTeMa pynieBOro ympaBleHHST peYHOro OykcHpa oOcHameHa Iu(QepeHIHaIbHBIMA THAPABIMYECKHUMH  IMIIHMHAPAMA

CD150 K 32=25—300M §

JIBYXCTOPOHHETO JIeHCTBUS
JlaBneHue MUTaHus B TUIPOCUCTEME 150 Eap-

B =
—A S
O )
) /)
‘ — S
= A
o

3amanue:
OmnpenenuTh HOJE3HYIO HArPY3KY, Pa3BHBAEMYIO KaXIbIM THIPOLMIHHAPOM IIPH IPSIMOM M 0OPAaTHOM XOJe

Paccunrath o61iee ycuinue ot  -X TUHAPOUMIIMHAPOB HA IPHUBOJAC KOpa6eJ’lBHOFO pyn.

IIpumeuanue.
KI1[ m)lpoumnnﬁgpaﬁ' = 0194
Perrenne Ne2
Ilo o0o3HaueHMIO THAPOUMIMHAPA ONpPEIEIIeM, YTO D =32m M, dm = 25 MM, pabounii xox
JeMI(pupoBaHKE CO CTOPOHBI LITOKA.
OtHouleHne paboyMX MIIOMIAACH MOPUIHS
VYcunue, pa3BuBaeMoe THAPOLMIHHAPOM P MPSIMOM XOJIE:

4 - D32
n=—g
Veunue, pa3sBUBaeMoe TUAPOLMIMHAPOM [PU 0OPATHOM XOJIE:

IIpoBepum:
w- [ D?—d?)
w = 4 :

CD150K32—25—-300M 5

Ipu  JIaBJICHUU

TakuMm 00pa3oM, THUIPOLMIUHID

Pa3BUBACT yCUIINC
TIpHU OPsIMOM X0

h = 300 MM

MUTaHUA B TUIAPOCHCTEME 150 dap
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p1 0OpaTHOM X0je

Oo6mee ycunne oT 2-X THAPOLMINHAPOB Ha MPUBOJIE KOPAOSIBHOTO PYIIs paBHO CyMMe YCHIIHH

Faps + Fogpz = 15750 H(1,57 T)

dopma OTYETHOCTH:
Oruer.

3ajaHus 17151 CaMOCTOSATENBHOM PaboThI:
OTBETHTH Ha KOHTPOJIBHBIC BOIIPOCHI JJIs CAMOIIPOBEPKH.
OcHOBHas UTEparTypa:

[1,2] u3 paznena 7.

JlonosHuTeIbHAS TUTEPATYpa:
[3, 5-8] u3 paznena 7.
KoHTpoIibHBIE BOIPOCK JUIsl CAMOIPOBEPKU
1. IlpocToii TpyOOIpPOBO HOCTOSIHHOTO CEYCHHSI.
2. CoearHEHUs IPOCTHIX TPYOOIPOBOJIOB.
3. CiioxHble TpyOOIPOBOJIBI.

[pakTuyeckoe 3anaTHe Ne 2

anas.ﬂeﬂne MOJIO’KCHHEM BBIXOJIHOI'0 3B€HA UCITIOJJHHUTEC/IBHOI'O MEXaHU3Ma

[enp pabotsl: [IpoaHanu3upoBaTh paboTy THAPOIPHBOIA.
CocraButh crieluduKanuio 31eMeHToB. OObICHUTH 0003HAUCHUS THIPOAIIIapaToB.

3ajaHue ¥ IOPSIIOK BBIIOJHEHHUS:
3amaua Nel

ITocraHoBKa 3aaum.

OOBEeMHBII THAPONPHUBOJ, NMOCPEICTBOM T'MAPOLMIMHAPA IMPUBOAUT B JEHCTBUE KPBINIKY JIIOKA BEHTHISLMOHHOTO CTBOJIA LIAXTHI.

MakcumalibHOE J1aBJIeHUE B CHCTEME COCTaBIISIET 5[] Eap .

JyOonupyromuM yCTpoicTBOM Ha Cily4aid IIPeKpalieHus 3JeKTPOIUTaH s HACOCHOH YCTaHOBKH CITYXKHT THIPOAKKYMYJIISTOP.
BceneacTBue TSOKENBIX YCIOBUI AKCIUTyaTallMd NPEyCMOTPEHO MEPUOANYECKOE B3ATHE NMPOOBI paboyeil UIKOCTU Ha aHAIMU3 B MEPHYIO

€MKOCTb. J—
'\ | ?‘ — ’;‘
b o7 2 —
7 il KA
3 |
f A
( | |
f‘ | B
& |
3ananue:
Ipoananu3upoBaTh paboOTy THIPONPUBOIA.
CocraBuTh cielU(pUKAIMIO 371eMEHTOB. OOBSICHUTH 0003HAUEHHUS THAPOATINAPATOB.
3an0JHATE IPUBEACHHBIA IPOTOKOI pabOTEl 00BEMHOTO THIPOIPHBOA COITTACHO YKa3aHHBIM IO3HIHSIM THIPOAIIapaToB.
OTMETUTH TIO3ULIUH, TIPH KOTOPBIX MPOMCXOIUT cpadaThIBaHUE aKKYMYJISITOpa U ero 3apsaka padoueii sxunkoctbio (PX), a Taxke ordop
poOs1 PK.
Cxema ynpasieHHs KPBILIKOH JIFOKa BEHTHILHH.
P [Zhe
10 P2
Ll §1s ¢ =
= — Pa(
123 #13 23 $24
P3O%1 §22 Nosuan
NepexkNtoveHna
‘ pacnpesenvrens
AL alob ]
1= | el W — —
Pl T
P11 lj‘ 1
Sty 03 \‘ 1
0.2 o )r'-' J—I 0.1 E |20
: W O= ™ i2s
T 1
IIpoTokos paboThI THAPONIPUBOAA.
I'mppoanmapar Ios. Tos. Ios. os. Ios. ITos. ITos. Ios. ITos.
Pacnpenenurens 1.1 B B B B 0 0 a a a
3anopHslii kpas 1.2 3akp. Otxkp. 3akp. 3akp. OTkp. Otxkp. Otxkp. 3akp. OTxkp.
3anopHsli kpaH 1.5 3akp. 3akp. OTKp. 3akp. 3akp. OTKp. 3akp. OTkp. OTKp.
3amnopHsIii kpaH 2.1 3akp. OTKp. 3akp. OTKp. OTKD. 3akp. OTKp. OTKp. 3akp.
3anopHsIii kpaH 2.2 3akp. Otxkp. 3akp. 3akp. 3akp. Otxkp. 3akp. Otxkp. OTxkp.
3anopHsIil kpaH 2.5 3akp. OTKp. OTKD. 3akp. 3akp. 3akp. 3akp. OTKp. 3akp.
T'upporumuap 1.0 Buusy Buuzy Bsepxy
MepHasi eMKOCTh 0
Manowmerp P1, 6ap 60
Manowmertp P2, 6ap ?
Manowmerp P3, 6ap
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Manowmetp P4, 6ap

Jluansa T

Jlunus T1

JTunawst T2

o|o|o|o|o

Jlunus T3

IIpumeyanus:

1) Kaxpas mo3uius paccMaTpUBaeTCs IPU yCIOBUH, YTO HACOC paboTaeT, akKyMyJISATOp 3apshKeH, THAPOAIIapaThl TePMETHYHEL,

2)  3uauok «O» 03HAYAET, YTO TEYEHHUS! B JIMHUHU HET; 3HAYOK «1» - TEUCHHE B JIMHUMU €CTh, 3HAUOK «?»- MO3ULIUS OJHO3HAYHO HE OIpE/IeiIeHa;
3) st MepHO# eMKOCTH 3Ha40K «O» 03HAYaeT OMOPOKHEHHE, 3HAYOK «1» -3amonHeHme.

Perrenune Nel

Crenndukanys ruapoanmiapaTos.

Ne no3uuun HaumenoBanue

0.1 ['uapaBiudeckuii arperat
0.2 IepenuBHoii kiaanad (60 6ap)
0.3 OOpaTHbli KIanaxn
1.0 T'uApOLUMIMHIP OTHOCTOPOHHETO ACHCTBHUS
11 I'mapopacnpenenutens 4/3 ¢ pydHBIM YIPaBICHHEM
1.2 3anopHsIii [apoBoii KpaH
1.3 OOpaTHbIi KIanaxn
14 I'uapoakkyMynsTop
15 3anopHsIii apoBoii KpaH
2.0 MepHast eMKOCTb A1 0TOOpa IpoOBI
2.1 3anopHsIii ApOBOit KpaH
2.2 3arnopHbIil HIapoBOil KpaH
2.3 OOpaTHbIii KJIamaH
24 OOpaTHbIii KJIamaH
2.5 3anopHEIil mapoBoii KpaH

P1-P4 Masnowmerp (4 wrT.)

KomMeHTapuii k ceruuKanum:

1)  Bce ruapoanmaparsl, OTHOCSIIHECS K THAPOArperary, IMEoT 0003HaueH#e rpymisl «O»;

2) T'uapoakkyMysIsTOp ¢ NMPHHAUISKALIAM €My KPaHOM

15

(rpymma «1»), Ho3TOMy HMeeT 0003HaYeHHEe 14 ;

3) Tuapoanmapartsl, pacloIOKEeHHbIE Ha THAPABINYECKUX JIMHUSX, CIyXKALIUX 1JIs 0TOOpa Mpod, UMEHT 0003HAYEHHE TPYIIIbL «25;

4)  ManoMmeTpsl 0003HAYEHBI KaK HE3aBUCHMBIE TIPHOOPHI KOHTPOJISL.

pacmosaraercs Ha TMAPaBIMYECKON JIMHUM, BeAylled K THAPOLMIUHIPY

ITpoToKoII paboThI THAPOIPUBOJIA.

Ne mo3ummm 1 2 3 4 5 6 7 8 9
T'unpoanmnapar Ios. Ilo3. Ilo3. Ilo3. Tos. Tos. ITos. ITo3. ITo3.
Pacnpenenurens 1.1 B B B B 0 0 a a a
3anopHsli kpaH 1.2 3akp. OTKp. 3akp. 3akp. OTKp. OTKp. OTKp. 3akp. OTKp.
3anopHsli kpaH 1.5 3akp. 3akp. OTKp. 3akp. 3akp. OTKp. 3akp.
3anopHslif kpaH 2.1 3akp. OTKp. 3akp. OTKp. OTkp. 3akp. OTKp. OTkp. 3akp.
3anopHsIii kpaH 2.2 3akp. Ortxp. 3akp. 3akp. 3akp. OTkp. 3akp. Otxkp. Otxkp.
3anopHslif kpaH 2.5 3akp. OTKp. OTKp. 3akp. 3akp. 3akp. 3akp. OTkp. 3akp.
ABapwuiin ABapuiin
BIit BIi
peXKUM pexKUM
T'uppouumnap 1.0 Brusy Buusy Baepxy Buusy Beepxy Beepxy Baepxy Baepxy Baepxy
MepHast eMKOCTb 0 ? ? 1 1 0 0 0
Manowmertp P1, 6ap 60 10 60 0 60 60 60
Manometp P2, 6ap ? 0 60 0 0 60 60 60 60
Manometp P3, 6ap 0 5 0 0 0 0 0 0 0
Manometp P4, 6ap 0 0 0 0 0 0 0 0 0
JIvaus T 0 0 0 0 1 1 0 0 0
JInuns T1 0 0 0 0 0 0 0 0 0
JInaus T2 0 1 0 1 0 0 0 0 0
JInnus T3 0 1 1 0 0 0 0 0 0

JIrok 3aKkpbIT I

1. TTo3umust Ne3 u Ne6

2. To3ummst Ne8 1 Ne9
3. IMo3unums Ned

- OTKPBITHE KPBILIKH H 3apsi/ika akkyMmyisitopa PXK.
- otOop mpobsr PXK.

ﬁ @ JIfOK OTKPBIT
- OTKPBITUE KPBIIIKH C ITIOMOII] YMYyJaTOpa.
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HpI/I BBIINIOJIHEHUH 3aJaHUSA PEKOMEHAYETCS 3alI0JIHEHUE TaOJHIBI NPOBOJAUTH B IOArpynmnax. 3atem TNPOBEpPKa, 3aIll0OJHAA BMECTC
SIMEUKH Ha TJICHKE C KOJJOCKOTIA.

Z[OHOJ'IHHTCHLHO PaccMOTpPETh CUTYALMIO, IIPU KOTOpOﬁ B Io3uLIUU No TPOUCXOAUT OTKIHOYCHUE DJIICKTPOIHEPIUH, T.C. IPUBOJIA HACOCA.

...OYEBHIIHO, YTO KPBIIIKA JIIOKA OCTAHETCS OTKPHITOH, T.K. YTEUKH 4epe3 Hacoc He OyzmeT Onmaromapsi oOpaTHOMY KIIaIaHy 0.3 ,a
JIaBJIeHUE B THAPOLMIHHPE OyeT HOIAePKHBATh aKKYMYJIISATOP.
®dopma OTYETHOCTH:
Oryer.
3agaHus 11 caMOCTOSTEIbHOH pabOoThI:
OTBETUTh Ha KOHTPOJILHBIE BOMPOCHI JJIsi CAMOIIPOBEPKH.
OcHOBHas MTeparypa:
[1,2] u3 pa3pmemna 7.
JlononHuTeNbHAS JINTEPATYpA!
[3-5] u3 pasnena 7.
KoHTpoIbHBIE BOIPOCH! JUIS CAMOIPOBEPKU
1. TpyGompoBobl ¢ HACOCHO# HoxaYeit KUIKOCTEH.
2. 'mpapaBnuueckuit ynap.
3. I3meHeHHe IPOIYCKHOH CIIOCOOHOCTH TPpyOOIIPOBOJOB B IIPOLECCE HX IKCIITyaTaIuH.

IIpakTuyeckoe 3ansTHe Ne 3

praBJIeHl/Ie MOJOKCHHUEM BBIXO/JTHOI'0 3B€HA UCITOJIHUTC/JIBHOTO MEXaHU3MA
lenb _paGotbl: O3HAKOMJIGHHE C YIPaBICHUEM MOJOXKEHHEM BBIXOJHOIO 3BCHA HCIIOJIHHUTENIBHBIX MEXaHH3MOB M OCOOCHHOCTSIMH
UCIIONB30BAaHMS B THIPOCHCTEME THAPO3aMKOB.
3aaHye ¥ NOPSIOK BEITOJHEHHS:
3anopHbIe U HANPaBJIIOIINE IHAPOAIIIapaTHI.
Pacnpenenurens 4/3. T'naposamok
OOBeKT — BIWJIOUHBIH morpy3unk (3agada Nel + TpeHaxep)
3amaya Nel

IMocTaHoBKa 3a1a4H.

BuiiouHbI  aBTOMOrPY3YMK CHA0XEH THIPOIPHBOIAOM. BEICOTa moapeMa oOmpeensercs IIOJNOKCHHEM MITOKA THAPOLMIMHIpA
JIByXCTOPOHHETO JICHCTBUSL.

4

B cXeMe yIpaB/IeHHs THAPOIPUBOAOM HCIIONB3YeTCS 3 -PACIPee/HTENb, OOECICIHBAIONIH (UKCALMIO ITOKA THIPOLIIMEADA B TO60M
HPOMEXYTOUHOM IIOJIOKEHHH.
BusiouHslii aBTONOrpy34nK

3amanue:
1) PaspaboraTh NPHHIHUINATIBHYIO THIPABIMIECKYIO CXEMY CHCTEMBI YIIPABICHHUSI BHICOTOM I10/bEMa BHJI aBTOIIOTPY34HKa.
2) C uenbio o0ecreueH s IIUTENLHOTO YIEPXKaHus rpy3a 0€3 «IpOoca Ky IITOKA MUAPOIMINHIPA IPUMEHUTH OJHOCTOPOHHUI THIPO3aMOK.
3) CMopenupoBaTh CHCTEMY Ha TpeHaXkepe, 3a()MKCUPOBAB JAABJIEHHs Iepe] [UIMHIPOM B HAINIOPHOW U CIMBHOW MAardcTpaisix, a TaKKe

BpeMsI TIPSIMOro W obpaTHOro xoxa. PaccumtaTs ycioBHs pabGOTHI THApO3aMKa HPH OIyCKaHWH Ipy3a Maccoi 2T, JlaBneHue B rujgpocucreme
150 Eap' JlnameTp nopuIHs 56 Mm.

Pemrenne Nel.
T'uppasmdeckast MpUHIMIIHATIBHAS CXEMa aBTONOTPY3IHKA.

IMocne cOopku U NPOBEPKH TUAPABIMYECKOH CHUCTEMBI CleIyeT YMEHBIIUTh O MUHHMYyMa MHOKATHE DEryIHPOBOYHOU IIPYXKUHBI
NIEPETMBHOIO KjanaHa ([:I2 ). 3aTeM BKJIIOYUTH THIPOCTAHIMIO M, TEPEKIIOUNB pacnpenenurens (1.1) B mosummio «By», HaCTpouTh NepenuBHON
KJIaIaH 0 MAaHOMETPY B 0 Ha 1aBIeHHE 50 Eap'

TTocne TICPEKIIIOUCHUS PACIPEACIITUTENA (1'1 ) B HeﬁTpaHLHy}O TTO3UITHU IO Kﬂ‘ TIOKa3aHUE MaHOMETpa PD Cpasy K€ IOHMKACTCA

HOPUMEPHO 10 7 Eap , TAK KaK 3 - pacmpenenuTenb B CpeHel MO3UIUH pa3rpykaeT Hacoc, OTBOAS MOTOK Macnia B Oak. ITyreM Bo3geHCTBHA Ha
phIUar yIpaBlICHUs PacIpeieluTeNs INTOK THAPOIMINHApA IepeMelaeTcss B Joboe xenaemoe monoxenue. IIpum Bo3BpaTe pacmpenenuTens B

CPCIHIOIO IMMO3UIIMIO HITOK Cpa3dy K€ OCTaHaBJIMBACTCA. HpI/I TICPCKIIOYCHUN PACTIPEACTUTEIA q)HKCI/Ipy}OTCH 3Ha4yeHus T @4 ir  kak TIpy OpsIMOM, TaK
U 1pu 06paTHOM XOJ¢€ MOPIIHA, a TAKKE BpEMs IPAMOI'o U 06paTHOrO Xonaa. Z[J'Iﬂ yZ[OGCTBa aHaJIn3a BCC 3HAYCHU 3aHOCATCA B Ta6nnuy.

O6o3HaYeHHSs Po,6ap Py,6ap P,,0ap t,cex
[psimoii xon 15 5 4 1,8
OO0partHbIii X011 44 15 39 1,2
HeiitpanpHas nosumms 7 0 0 -
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Kaxk 6bUT0 MOKa3aHO paHee, MOXKHO (PMKCHPOBATH MOJOXKEHHE IITOKA THAPOLMINHAPA U 0e3 rHApOo3aMKa, OJHAKO B ITOM Ciiydae OyaeT
HaOI0AThCS «IIPOCA/IKay IITOKA BCICACTBUE YTEUKU MEXIY 30JI0THUKOM M KOPITYCOM pacrpenenutens. [ uapo3aMok ke NpeloTBpallacT IpocaiKy
IITOKA O[] AeHCTBHEM Harpy)Karollel CUIIBI CKOJIb YTOJHO JOJIT0e BPEMsl.

3ameuaHue:

4

HpI/I UCIOJIB30BaHUN THUAPO3aMKa CIEAYET NPUMEHATH 3- pacnpeaeinTeiib, y KOTOpPOro B cpe}JHeﬁ MMO3UIHUN KaHaJIbI A n B

COC/IMHEHBI C KaHAJIOM T , @ KaHall P 3aKPBIT (1'3 ). DTO O4Y€Hb BAKHO OTMETHTb, T.K. TaKasi KOMMYTALMs KaHAJIOB 00CCIICUMBACT «PA3rPy3Ky OT
JaBIEHUS» KaK JIMHUM YIPABJICHUS, TaK W HAIIOPHOM JIMHHU THAPO3aMKa, a 3HAYUT HANEKHOE 3aKPHITHE THApPO3aMKa JABICHHEM OT BHEIIHEH
HarpysKH.

IIpumep.

Ilorpy34uk aepKHUT Ha BUIAX TPy3 Maccoi 27 .
I'uaponuIuHIp UMeEeT JUaMeTp 56 MM ,  IJIOLIA b LITOKA BJBOE MEHBIIE IJIOILAAU ITOPLIHS.

IlepenuBHOM KI1anaH HaCTPOEH Ha 150 Eap
Omnpenenuts AaBlIeHHE, KOTOPHIM OyAeT OTKPBIT THAPO3aMOK JUIS OIyCKaHHUS Ipy3a.
ITnomans nopruHs.

A= 12,3 cHi.

Il1o1a/1b IOPLIHS CO CTOPOHBI ToKa *  LLI¥
B HanopHo#i 1uHUH, Ille yCTAaHOBJIEH THAPO3aMOK, [JaBlIeHUE OT Beca Ipy3a
F 2000
= = 81,3 6ap

P=4, ~ 246

I[J'IH OITyCKaHUs I'py3a BOAUTENb IEPEKITIOYACT PACIIPEACIIUTEIID B TIO3UIIUIO «B». I[aBJ'IeHI/Ie Ha IITOKOBYIO ITOJIOCTH ITOPIIHSA 15[] Eap .

ITocne npeoOpa3zoBaHusl HA MOPLIHE B HAIIOPHYIO JIMHUIO NEpEaeTCs 75 Eap . Takum 00pa3oM Ha 3aNOPHBII OpraH rUApO3aMKa C Y4E€TOM Beca

rpy3a JIeiCTBYeT AaBJICHHE 156.3 Eap (81'3 +7 5:'

Otkpoercst 1M ruapo3aMok? Benb napieHue ympaBieHUs, OTKphIBAalollee TMIPO3aMOK M PaBHOE JABJICHUIO HA IEpPEeIMBHOM KIaIlaHe,

scero 1 50 Bap

KoHeuHo, T.K. JaBlieHHE yNPAaBICHUsS IEHCTBYET HA YIPABISIOLIMIA IOPIICHEK THApo3aMKa (cM. KOHCTpykuuio - ¢osust Fol-Hyd-8.02),

IUIOIAb KOTOPOrO B pa3a MPEBOCXOAMT ILIOIIAAb €ro 3allOPHOTO OpraHa. A 3HAYMT, yCHIHME OTKPBITHS TaloKe B pa3a MPEBOCXOIUT yCHIME,
MPEMSTCTBYIOLIEE OTKPBITUIO THIPO3aMKa.

IIpu paboTe ¢ ruaPO3aMKOM Ha CTEHIAX-TPEHAXKEPaX MOMKET TAK)KE HCIIOJIb30BATHCS MMEIOLIMHCS B KOMIUIEKTE 00OPYIOBAaHMS 3-
pacrpeeuTelb ¢ Pa3rpys3Koil Hacoca B Cpe/IHEH MO3UINH, T.K. H3-3a BHYTPEHHHUX MIEpeTedeK Macia B JaHHOM pacIpe/ieNnuTee, 00yCIOBICHHOM ero
KOHCTPYKIIHEH, THAP03aMOK TaKXKe 3aKphIBaeTCs.

dopma OTUETHOCTHU:
Oruer.

3agaHus 11 caMOCTOATENLHOH paboThI:
OTBETUTH Ha KOHTPOJIBHBIC BOMPOCHI /IS CAMOIIPOBEPKH.
OcHOBHas UTeparypa:

[1,2] u3 paznena 7.

JlomonHUTENbHAS IUTEpaTypa:
[3-5] u3 pasnena 7.
KOoHTpOJIbHBIE BOIPOCH! JUIS CAMOIPOBEPKH
1. JlomacTHBIC HACOCEHL
2. TlopurHeBbIe HACOCHI.
3. MnnukaTopHast AparpamMMa HOPIITHEBBIX HACOCOB.

I[IpakTuyeckoe 3ansaTne Ne 4

YHpaB.]'[e]-ll/le MOJIO0KECHHUEM BBIXO/THOI'O 3B€HA UCITOJIHUTEC/IBHOTO MEXaHU3Ma
[enb paGoThl: O3HAKOMIIEHHE C OCHOBHBIMH CIIOCOOaMH yIPaBIECHUs MOJI0KEHHEM BBIXOIHOTO 3BeHa HCIOIHUTEILHOTO MEXaHU3Ma.
N3yyenune ocoOeHHOCTEH HCIONb30BaHMS B THIPOCUCTEMAX PACTIPEACIUTENEH Pa3HbIX THIIOB.
3akperuieHye 3HaHUs TUIIOB ¥ HAUMEHOBAaHUI 3allOpHOM U HaNpaBJIsIIONIel rupoanmnapaTypsl.
3agaHye U NOPSIOK BHIMOIHEHHUS:
3anopHbIe U HAIPABIAIONIHE THAPOAMIIAPATEL.
Pacnipenenurenu 2/2, 3/2, 412, 4/3.

OOBEKTHI
- MOOWIBHBIH Tpan (3amaga Nel)
- mpecc st TohpUPOBaHHMS JIHCTA (3amaga Ne2) + Tpenaxxep
- MydenpHas nevb (3amaua Ne3) + Tpenaxep

3amaya Nel
TTocTaHoBKka 3a1auu.
Tparm camornera ycTaHOBJIEH Ha aBTOMOOMIIE. BricoTa Tpama peryaupyeTcs oCpeIcTBOM THAPOIPUBO/IA, HCIIOTHUTEIEHBIM MEXaHH3MOM
KOTOPOTO SBIISIETCS] MITHH/IP OJHOCTOPOHHETO AeiCTBUS. [IpH TPAHCTIOPTHOM MOJIOKEHUH TPATI I0JDKEH ObITh OIMYIIEH.
2

B nepBbIX cXxeMax ynpasJieHHs: THAPOIPHBOOM UCIIONb30BAIICS 2 - PACTIpeenuTeNb. JUis OIyCKaHus Tpara Hacoc, a 3HAYUT, U ABUraTellb
aBTOMOOWIIS IPUXOUIIOCH BBIKITIOUATS.
MoOuIbHBII Tpamn camoriera.
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3ananue:
HauepTuTth NpUHIUNHATBHYO THAPABINYECKYIO CXEMY CUCTEMBI YIIPaBJICHHS BHICOTOM MOAbEMa MOOMIIBHOTO Tpara.

Hanectn LII/I(prBLIe " 6yKBCHHI>IC 0003HaYeHHs DJIEMEHTOB U KaHAJIOB Ha CXEMax.
Z[OHOJ'IHHTCJ‘ILHBIC ycjaoBus:
2 3

PaccMoTpeTh BO3MOJKHOCTb 3aMEHBI IIPH CPOYHOM PEMOHTE 2 - PaCIpeJIeUTEs, CHITOrO ¢ IPOU3BOJCTBA, Ha 2 - PACIPENEIUTENb C

TNIPYKUHHBIM BO3BpPaTOM U 6e3 HECTO, a TAK)XKC Ha 2 - pacripeaeianuTeilb.
O60CHOBATH TIPUHATOE PEIICHUE U TTOACHUTH pa60Ty TUAPOCXEMBI.
yﬂDaBJ’leHl/le TUAPOUUTIUHAPOM OAHOCTOPOHHETO ﬂCﬁCTBHﬂZ
a) FHZ[paBJ'IPI‘IeCKaH TIpUHIUAIIHAIBHAA CXeMa «I10 MOZ[I/I(l)I/IKaHI/II/I)) Ha6npaeTcsI AMMIAKaQHOHHBIMHA MOICIIAMUA

212 32

Bomnpoc: Bo3moxHa 51 hukcaius nopIHs B IPOMEKYTOYHBIX MOJIOKEHUIX ?

60) I'mapanuueckas NPUHLMIIHAIBHAS CXEMa I10CIIe Mouu%mcauuu»:
|

i3 “ -

Pemenne Nel
a) T'mapaBnnyeckas NPUHIMIHAIBHAS CXeMa «10 MOTU(DUKAILIMN:

1. Bo3morxknHa (bl/IKCaLII/IH TIOpHIHS B IPOMEKYTOYHBIX ITOJIOKEHUAX IIPU BBIKIIFOYEHHOM Hacoce. HpI/I pa60TanmeM HacoCC BO3MOXKHBI TOJIBKO

KpaﬁHHe HIKHEE U BEPXHEE I10JIOKEHUA.

2 3

2. OcoBeHHOCTh 3aMeHEl 2 Ha 2 - pacrpenenuTeb ¢ IPYKMHHBIM BO3BPATOM:
JUISL yIep KaHUs [ITOKA IIMIMHAPA B BEPXHEM ITOJOKEHHUH TPEOYeTCs JepKaTh paclpeeuTeNb IOCTOSIHHO BKITIOUYSHHBIM.

6) r"}lpaBJ'ﬂ/lquKaﬂ TIpUHIMITHAJIBHAA CXEMa «I10CJIe MO}IHq}HKaHI/H/I»Z

10|| =
Al B
® o] 11
- ] }x
8 P J
02 £ & 02
03 AY 03 My A
0.1 Lt 0.1
LT
[ A 5 ®
| M == U

3 4

3amMena 2 TUAPOPACHpPEACIIUTEIS Ha 2 pacnpencimTeb ¢ OHUM 3arilylICHHBIM KaHAJIOM IPUMEHSCTCA B THAPOCUCTEMAX U3 COOﬁpa)KeHI/Iﬁ

3

YHU(HUKALUK HCTIONB3YEMO# 2IEMEHTHOI 0a3bl, a TAaK)Ke NPH MPOBEIACHUH KCTPEHHBIX PEMOHTHBIX pa0bOT MPU OTCYTCTBHU PACIIPEACITHTENS 2.
3amaua No2

ITocraHoBKa 3a1au.
CHabauth TIpecc g MTaMIIOBKH FO(I)pI/lpOBaHHOI‘O METANTUIECKOI'0 JINCTA THAPABINIECKUM IIPUBOJOM.
HpI/I Ha)XXaTHHU Ha pbi4ar pacupeacianTeIsa 0 CTPEIIKE ((HyCK)) LITOK HWJIMHAPA BBIABUTACTCA U, OIyCKas IyaHCOH, IIPOU3BOAUT ONEpaLiIO

IITaMIIOBKH.
TTocne OTIIyCKaHUs pbldara HITOK BO3BPAIACTCA B UCXOAHYIO TIO3UITUIO.

61



I'uaponpuBoAHON Npecc Ui ToGppUPOBAHIS METAINIHYECKOTO JICTA.

3aanue:

Pa3paboTaTh NPUHUMIHAIBHYIO THIPABIMYECKYI0 CXEMY CHCTEMbl YIpaBJCHHs Mpecca Ha 6a3e THAPOLMIMHIPA JBYXCTOPOHHETO
JeUcTBUA.

OOpaTuTh TakKe BHUMaHHE Ha H(POBBIC i OyKBEHHbIE 0003HAYEHMUS JIEMEHTOB H KaHAJIOB Ha CXeMaX.

OmnpenenuTs pacyeTHOE BpeMs BBEIABIDKCHUS INTOKA MPU JHAMETPE HMOPIIHS D=32mm , JNIMHE X0fia 5 =200 rmm U mojade
Hacoca
Cobpath cxeMy Ha TpeHaxepe. 3aMepuTh BpeMst X0/1a LITOKA.
Pemenne No2

4

ITockonbKy HNPUMEHEH T'MAPOLMIMHAD ABYXCTOPOHHErO JEHCTBHS, UCIOJIb3YEM 2 pacrpeznenuTens (1-I ) C PY4YHBIM YIpaBJICHUEM OT
pblyara. A Tak Kak TpedyeTcs o0ecreduTh BO3BPATHBIN X0 MOPILIHS B UCXOAHOE TTOJIOKEHHUE I0CIIE OTITYCKAHUS IITOKA, BO3bMEM PACIPENIEIUTENb C
BO3BPATHOM MPYXMHOW — MOHOCTAOMIIbHBIH.

Cxema rHIpONpuBoa mpecca isi ToQPUPOBAHHS METAILTHYECKOTO JIHCTA.

1.0

B

AL
u,‘gijl‘vﬂ'f‘v LA
o

0.2
‘ I 0.1

g

L

*)  Ilpumevanue:
OGpaTiTh BHUMAHKE, YTO TOPIIEH THAPOUMINHIPA MOXKET OBITh BO3BPAIEH B HCXOAHYIO MO3ULIHIO U3 JIIOGOTO TPOMEKYTOUHOTO MOJIOKEHHUS,
CTOUT TONIbKO OTITYCTHTH PHIYAr PaCTpeIeIUTENs.

TeopeTndecKy CKOPOCTh BBIIBHIKEHUS vV OIPEEIUM JIETIEHHEM MoJaun Q Hacoca Ha riomap nopiss = M :

0 3600 S
MHH CM CM

v=—"-=——_ _MHH o a4y —746—;

A (:1,14 -3,22 )C", MHH c

4

Bpewms BoiaBrKeHUS

5 20 97

=—=—= [
vV 746 !

3anaua Ne3
ITocTanoBKa 3a1aum.
B my¢enpHOI neun Beps JOJDKHA IPUBOIUTHCS B ABIDKEHHE THAPOIPHBOIOM Ha 6a3e THAPOLIINH/PA ABYCTOPOHHErO ACHCTBHUS.
JIBepb TOJDKHA HIMETh BO3MOXKHOCTE OCTAHOBKH B JTIOOOM IPOM3BOJIEHO BEIOPAHHOM OIIEPATOPOM HOJIOKESHHH.
ybenpHas neyb ¢ THAPOIPHUBOTHOH JIBEPBIO.

1 s
4 y—————F

I

3ananue:
PaspaboTaTh MPUHIMIHAIBHYIO THAPABIMYIECKYIO CXEMy CHCTEMBI YIIPABICHUS JBEPbI0 My(QenpHOW meun Ha 6a3e THAPOIMIHHAPA

JIBYCTOPOHHETO JEHCTBHS C HCTIONB30BAHAEM 3 -DACTIPEISITHTEIIS.
CpaBHHTB MOTPEOIIAEMYIO 3JIEKTPOIBUTATEIEM MOIIHOCTB TP paboTe Hacoca:
1) c pacmpenenuTeneM, y KOTOPOro B CPEAHEM MOJIOKEHUH HATIOPHAs JIHHUS 3aepTa;

2) C pacrmpezenuTeneM, y KOTOPOro B CPEIHEM ITONOKEHHN KaHall TINTaHusI p COOOIIIEH CO CITMBOM — KaHAJIOM T , T.€. HACOC «Pa3rPyXeH»
OT JJaBJICHUSL.
CMozenupoBaTh THAPOIPUBOJ Ha TPEHAKEPE.
[Ipumeuanue:
4

Ha CTECHAC-TPCHAKEPE NCIIOIB30BaTh 3 - pacnpenennTeib, y KOTOPOro B CpEAHEM MUTAHUA P COO6IlIeH CO CIINBOM - KaHAJIOM T
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KIlOd wacoca n = 0,73
Pemenne Ne3
Z[J'I}I TOrO ‘IT06I)I JABEPH My(l)eJ'IBHOi/‘I JIe4dn ocCTtaBajlaCb B J'I}O60M TIPOU3BOJIBHO BI)I6paHHOM onepaTopoM IIOJIOKEHUH, HUCIIOIB3YEM

MOHOCTAGHIIbHBIA 3 pacrpenenuTeNb ¢ IPYKMHHBIM BO3BPAaTOM B CPEJIHEE NOJI0XKEHUE.

Vrpasnenue IBepbio My(enbHON eun
10||F—~

Pacuer u cpaBHeHHE NOTPEOIIEMOI MOITHOCTH:
- HoTpedisieMast MOIIHOCTE, BT

r - naBnenne, H/M*2 (1 6ap=10 H/m"2)
Q - 00BbeMHBII pacxom, M"3/cex
- mostHbId KITJ]
4

1) TIlpu ucnonb3oBaHUU 3- pacrpeaenuTens ¢ 3anepToid HaOPHOM JIMHUEH B

CpelHell TO3MINM JaBJIE€HHE B CHCTEME COCTABISET . IlpeneGperast mepereuykaMy BHYTPH HAacoca, MOXKHO CUHMTaTh, YTO BCS
HojjaBaeMast IOCJIEAHNUM JKUAKOCTh B KOJIMYECTBE CIIMBAETCS Yepes HepeInBHOM KIIamaH.

Taxum 00pazoM, royyaem:

T.K.

4

2) Ilpu KCHONB30BAaHHH 3aJaHHOTO 3 -pacnpenenuresns NaJeHHe JaBICHHUSA Ha paclpelenuTele B CpeJHeil MO3ULHUM COCTaBJIAeT OKOJIO

B sTOM ciydae, qaxe npu HeOOINBIIOH 00BEMHOI Mojaue Hacoca SKOHOMUTCS MHOTO SHEPTUH.
BoiBoa: C 11e1b10 3KOHOMUM SHEPIHHU CIEAYET 110 BO3MOXKHOCTH CTPEMUTHCS K OpraHu3aluu Oe3HArnopHO# paboThl Hacoca B XOJIOCTOM
pexume.

4

3- paclpenenuTenb ¢ pasrpy3koi Hacoca B CpefHel IMO3UINH IMPUMEHSETCs TTTaBHBIM 00pa3oM B THAPONPUBOJAX, MCIIONB3YIONIMX HACOC C
MOCTOSIHHBIM pabo4uM 00BbEMOM. OTO MO3BOISET B MOMEHT OCTAaHOBKH HCIIOJHUTEIBHOTO MEXaHW3Ma HampaBisATh Macio oOpaTHO B 0ak
TIPaKTUYECKH 0€3 CONPOTUBIICHHS. B pe3ynbTaTe HarpeB Maciia OKa3bIBacTCs HE3HAUNTEILHBIM.

Ipu mcrons30BaHUM pacHpeieNMTeNe ¢ 3aNepThIM KaHAJIOM p Hacoc BBIHYXJEH paboTaTh MPHM MAaKCHMallbHOM JIABICHWH B CHCTEME,
neperycKasl BCIO oJjauy uepes3 IepeIMBHON KIalaH, 4To IPHBOJUT K CHIIBHOMY HarpeBy Macia U OONBIIOi IoTepe SHeprUn.

Harpes mMacna oTpuLaTeIbHO CKa3bIBAETCS Ha €r0 CBOWCTBAX:

- BS3KOCTb NaJaer (a 3HAYMT, PacTyT NOTEPU B TPYOONpPOBOAAX);

- CMa3bIBAIOIIHE CBOICTBA yXy/IIAIOTCS;

- Maclo OKHCIIeTCs H CTapeer.

CobpaTth NpeIOKEHHYIO CXeMy Ha TPEeHaXKepe.

0.3

IlepenuBHOI Ki1anan HaCTPOUTH Ha W3meputs peanbHyIo Mo1a4y Hacoca, PU 3TOM JIaBJICHUH, COSJMHUB CIIMBHOI MaTpyOoK

KJiarraHa []'3 C MepHOﬁ €MKOCTBIO.

3amMepuTh aBICHHUS P1, P2 WBpeMsi  Kak IpH XOJe MOPIIHS BIIEpe, TaK U IPH X0 HA3a i 3aHeCTH B Ta0uIy 1.
Tabmuma 1.
Xon Briepen JlaBnenne (IPOTHBOJABIICHUE) t
JlaBneHue (HarHeTaHue) Bpems ¥ , ¢
0,4 0,4 2,8
Xoj Hazan t
JlaBnenue JlaBnenue (HarHeTaHue) Bpems ¥ ,c
(IIPOTHBOJIABIICHHUE)
0,6 1,1 2,1

ﬂaBJ’IeHI/Ie HarHeTaHusi ONPEACIACTCS TUAPABIMYCCKUM COIIPOTUBJICHUEM HA BXOAC B MOUWIMHAP, TPECHUEM IMOPHIHA O CTCHKH U
TNPOTUBOJAABICHUEM.

HpOTHBO)IaBHeHI/Ie B 000HX clryqasax 06ycn013neH0 TUAPABINYCCKUM COIPOTUBJICHUEM IIOTOKY BBITCKAIOLIEI0 Macia.

IToBbIIeHNE TIPOTUBOJABJICHUA IIPU XO/JI€ HA3a[, KaK U MOBBIIICHHOC NaBJICHUC HATHCTAHUS, BBI3BAHO YBCINYCHHBIM PacX0q0M U3 nopumeBoﬁ

TIOJIOCTH, T.K. UCHOJIB3YETCs LIIIMH/IP C COOTHOLIEHHUEM ILTOIIa el 112 k1 .
Popma OTYETHOCTHU:
Oruer.
3a1anus Ul CaMOCTOSITEILHOM PaboThI:
OTBETUTH Ha KOHTPOJIBEHBIE BONIPOCHI IS CAMOIIPOBEPKH.

OcHOBHas UTEpaTypa:
[1,2] u3 paznena 7.
JlononHuTenbHAs INTEPATYpA:
[3-5] u3 pasnena 7.
KoHTpoIbHBIE BOIPOCHI 115 CAMOIPOBEPKH
1. banaHc 3Heprum B Hacocax.
2. O003Ha4YeHNE DIEMEHTOB THAPO- H ITHEBMOCHCTEM.
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IIpakTuyeckoe 3ansTHe Ne 5

CTpyKTypa ruiponpuBsojaa
[enib paboTel: HayunThest aHaIM3UpOBATh CTPYKTYPY THAPOIPHBO/A, 1ATh MOHSTHE O COCTABE M HA3HAYCHHUHU €ro MOJCHUCTEM.
OBHHKOMI/ITB C MCKAYHAPOAHBIMHU CTaHAAPTaMU BbIIIOJIHCHUS IPUHIUITHAJIBHBIX CXEM T'HAPOIIPUBOIOB.
Hay‘II/ITB COCTaBJIAITh cneundmkaumo, IIOHUMAThb O603Ha‘{eHI/IH ruapoarniapaTos.
3aga}me 1 NOPAJOK BBINOJIHCHUA:
O603Ha‘ICHHSI TIIOACHUCTEM H DJICMCHTOB. HOpSIZ[OK I/I306pa)l(eHI/I$I THAPOCXEM.
3amaua Nel
TTocraHoBKa 3a1a4m.
HpCZ[CTaBJ'IeHa yhopoieHHas MpuHIUAInaIbHast FHL[paBEIQ‘{eCKaH CXeMa IIoABEMHOTI'O yCTpOi//ICTBa.
I T

3aganue:
ITepepucoBath cxeMy B pabodyto TETPajib, COSAUHUB €€ HJIEMEHThI HEOCTAIOIIIMH JIMHUSIMH.
BblienuTh rOpU30HTANIBHBIMU JIMHUSMU OCHOBHBIE ITOACUCTEMBI THAPOIPHUBO/IA.
HanecTn Ha cxeMy 0003Ha4€HUS DJIEMEHTOB KaXIOH U3 ITOJCUCTEM. 3allONHHUTh CIICHU(UKAIHIO JJIEMEHTOB THIPOIPHBOA.
Hanectu Ha cxemy 0003HaueHHs1 paOOYMX JTMHHUH KaXK10r0 THIPABINYECKOr0 dJIEMEHTa.
O6cymuTh 0cO6EHHOCTH 0603HAUEHHH DIIEMEHTOB TIPH HAIIMYMH B THPOIIPUBOJIE IBYX KOHTYPOB YIPABJICHHS.

W (e
W == G

Crenmdukanys ruapoanmapaTos.

Ne mosunun HaumenoBanue

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

Perrenne Nel
1. IlepepucoBath cxeMy B pabouyio TETPab.
a) Ha BrImonHeHNe 3a1aHus DaeTcsl 5 MUHYT, 0OpaTHB BHUMAaHHE Ha aKKypPaTHOCTH BBITOJHEHUS PUCYHKA.
6) OpnuH U3 yYanmxcst ¢ TOMOIIBI0 MATHUTHBIX AMUTHKAIHOHHBIX MO/IENIei IPOBOIHUT «COOPKY» CXEMBI Ha ayTUTOPHOI T0CKe,
KOMMEHTHPYSI CBOH JICUCTBHS BCIIYX.

2. BbluenuTh ropu30HTAIBHBIME JMHUSMH OCHOBHBIE I10JICHCTEMbI THIPOIPHBOJIA.
Vuammecst 00CyKIaI0T HA3HAYCHHE W COCTAB MOJICHCTEM:

DHepreTnyeckas MOACHCTEMa («ceplie» THUAPONPHBONA) — MpeodpasyeT MEXaHWYeCKYI SHEPrHI0 BpalleHUs Bajla Hacoca B
THAPABINYECKYIO YHEPTHIO padoueil )HUAKOCTH;
OCHOBHBIE 3JIEMEHTBHI — THApoOak (XpaHeHWe 3amaca JKUAKOCTH), JBHTaTeNs ¢ My(dToi (TpUBOX Hacoca), OOBEMHBIH HAcoC

(npeoOpa3zoBaHKe SHEPTUH ), TPEAOXPAHUTEIBHBIN KJIanaH (3aliTa Hacoca OT pa3pyIIeHHUs), IEPETUBHOM KilanaH (3a/1aeT MAaKCUMAJIbHOE JIaBICHUE B
THAPOCHCTEME), OOpaTHBIM KiamaH (3allMIIaeT HAacoC OT NUKOBBIX JABJICHHH B CHCTEMe, a TakKe NPENOTBpaIlaeT YTEUKH uepe3 HAacoC IpU
OTKITIOUEHHOM 3JIEKTPO/IBUTATEIIE).
PacnpenenurensHas MOJCHCTEMA («TOIOBa» THAPOIPHUBO/A) — 3aacT BEIHYUHY PACXOAa U JAaBJICHUS B JIMHUSX THAPOCHUCTEMSI, @ TAKKE
olpeJieNsieT HAPaBJICHHE IBHKEHNUS )KUIKOCTH B HHX;
OCHOBHBIE JJIEMEHTBI — PACIpe/IelIUTENbHAS U 3allOpHast apMaTtypa (HampaBJeHHE ABVDKCHHS JKMAKOCTH), KJIaNaHbl JaBJICHHS (BETUYHHA
JIABJICHUS B OLIPE/ICIICHHOM MECTe B Hy)KHOE BPEMsi), allapathl peryIHpoOBaHHUs pacxo/a.
VcronHuTenpHas MoAcHcTeMa («MBIIIIBD THAPONPHBOAA) — PEAH3yeT 3aJaHHBIC PAacXol M JaBJICHHE B BHJE CKOPOCTH ¥ HaIlpaBICHHUS
JIBHDKEHUSI BBIXOJHOTO 3BeHA (IITOKA THAPOLMIMHAPA WK Bajla THAPOMOTOPA), & TAKXKE YCUIIHS HA HEM.
OCHOBHBIE JIEMEHTHI — THIPOLIINHAPH! U THIPOMOTOPEL.
3. Hanectu Ha cxeMy 0003HAaUYEHUS DIEMEHTOB KaX/I0H U3 TIOJICUCTEM U 3aIOJHUTH CHEIH(HUKALHIO.
(cm. cxemy pewenus)
4. HanecTu Ha cxeMy 0003Ha4YeHHUs PAOOYNX AUHUI KaXKIOTr0 THAPABINIECKOrO DIEMEHTA .
(cm. cxemy peutenus)
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UcnonHutensHas

nogcucrema
PacnpepenutensHas
noacucrena
0.8 ( [ -
0.7 :I_M‘.
JHeprutTuyeckan
noacuctena
Crenudukaiys ruapoannapaTos.
Ne mozunun HanmenoBanue

0.1 ['uapaBnuyeckuit 6ax 50 1
0.2 IpenoxpanuTenpHblil kiiamnat (60 6ap)
0.3 Hacoc BI'12-41 331
0.4 JlBurarei» camocBaja
0.5 Mydra
0.6 O6patnbiii kanan KO 0,2 6ap
0.7 TlepenuBHoii knanas (50 6ap)
0.8 Manometp
1.0 T'uApOLUMIMHIP JBYXCTOPOHHETO ICHCTBHS 100/70*500
1.1 T" mapopacnpenenureinb 4/3 ¢ py4HbIM yIIpaBICHHEM BMM6*yxn
1.2 Jpoccenb
1.3 O6parnblii kitanan KOM6

Pemenne Nel*

*) BapuaHT ¢ [ByMs LersiMU (KOHTYpaMi) yIpaBIeHHs.

1.0
UcnonuutenoHas ”:
noacucrema al 8
12 )(- £13
o
PacnpegenutensHan A
noacucrena ey 2.1
PlLT
0.8 ()1 2
P
07 [
SHepruTuyeckan
noacucrena
CrienpuKanys THApOoaIIapaTos.

Ne mosunuu HaumenoBanue
0.1 I'mapasiaeckuii 6ax 501
0.2 IpenoxpanuTtensHblil kinamad (60 6ap)
0.3 Hacoc bI'12-41 331
0.4 JIBurarenp caMmocBaia
0.5 Mydra
0.6 O6parnbiii kranas KO 0,2 6ap
0.7 IepenuBHoii kiaana# (50 6ap)
0.8 MaHometp
1.0 I'uaponMIMHAp IBYXCTOPOHHETO JICHCTBUS 100/70*500
1.1 I" mapopacnpenenutens 4/3 ¢ pydHbIM yIpaBIeHHEM BMM6*yxn
1.2 Hpoccenb
1.3 O6partnsiii kaman KOM6
2.0 T UAPOIIHHIP OHOCTOPOHHETO JCHCTBHSI C TIPYKUHOM 32/18-100
2.1 I'napopacnpenenutens 3/2 ¢ pydHbBIM ypaBIeHUEM BMM-573A

B cnydae, ecnm oT oxHONM HACOCHON YCTaHOBKHM NPHUBOIUTCS B JAEHCTBHE BTOPOIl KOHTYpP YNpaBJIEHHS, TO €ro HMCHOIHUTEILHOMY

MeXaHH3My TIPUCBAMBACTCSl CICAYIONINI TTOPSIKOBBIA HOMEp — «2'[' », @ BCE THPOAIaparhl, 00CIy)KHBAIOLIUE €ro, UMEIT TepBy0 Py,
0003HaYaOIIYI0 HOMEp 3TOr0 HCIOTHUTEIBHOTO MEXaHU3Ma, a 3aTeM Yepe3 TOUKY HyMEpYyITCs IIOC/IeA0BATENBHO 110 BO3PACTAIONIEH 10 aHaJIOTUH C
HEPBBIM KOHTYPOM.

dopma 0TIETHOCTH:
Oruer.

3amgaHus 118 caMOCTOSTEIbHOH pabOoThI:
OTBETUTH Ha KOHTPOJIBHBIE BONIPOCHI IS CAMOIIPOBEPKH.
OcHOBHas TUTEpaTypa:

[1,2] u3 paznena 7.

JlononHuTenbHAs INTEPATYpA:
[3-5] u3 pasnena 7.
KoHTponmbHbIE BOIPOCHL UL CAMOIPOBEPKU
1. CTpykTypHas cXema rHApOIpPUBOJIA.
2. Knaccuduxarus 1 mpuHIMI pabOTHI THIPOIPHBOIOB.
3. 'uppaBnudeckue TMHAM.
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9.2. MeToan4yeckne yKa3aHusl 10 BBINOJHEHUI0 KYPCOBOI0 NMpoekTa (KypcoBoil padoThl),

KOHTPOJIbHON padotsl, PI'P, pedepara.

VY4eOHbIM [JITaHOM HE IPEIYyCMOTPEHO.

10. IEPEUEHb TH®OPMAIIMOHHBLIX TEXHOJIOT Ui, UCIIOJIb3YEMbBIX ITPHA
OCYHECTBJEHUU OBPA30OBATEJIBHOI'O TPOLECCA 11O JUCHUITVIMHE

Nudopmannonno-kommyHukatupabie TexHosoruu (MKT) ucnons3yrorest mis:
- MIOJIy4eHUs UH(OPMALIUU TTPU MOATOTOBKE K 3aHATHSIM;

- CO3/IaHMsI IPE3EHTAIMOHHOTO COIIPOBOK/ICHUS 3aHATUH;

- paboThI B AJIEKTPOHHOU UH(GOPMAIIMOHHOM Cpejie.

CTaH,I[apTHOC JIMOCH3WOHHOC ITPOTPAMMHOC o0ecrieyeHue:

1. Microsoft Imagine Premium: Microsoft Windows Professional 7.
2. Microsoft Office 2007 Russian Academic OPEN No Level.

3. AnTHBHpYCHOE porpammuoe obecrieuenune Kaspersky Security.
4. Adobe Reader.

11. OIACAHUE MATEPHUAJBHO-TEXHUUYECKOM BA3bl, HEOBXOJIUMOM
JJIs1 OCYIIECTBJIEHUSA OBPA3OBATEJIBHOI'O ITPOLHECCA ITO AMCIAIIJIMHE

Buo
3auamus

Haumenosanue
ayoumopuu

Ilepeuens ocnoenozo o6opyoosanus

Ne JIk, JIP,
113

JIeKIMOHHAS Ay TUTOPHUS
(MyabTHMEIMIHBIN KIacc)

VYuebnas mebens; [IpoexTop
MynbTUMeAnHBIA «CASIO» XJ-
UT310WN c HacTeHHBIM KpeIUICHHEM
CASIOYM-88; NHTepakTHBHAS TOCKA
Promethean 88 ActivBoardTouchDryErase
6 xacaHuii C HACTEHHBIM KPEIUICHUEM U
NpOrpaMMHBIM O0eCTIeYeHUEM
PrometheanActivinspire; Mouutop 17"'LG
L1753-SF (silver-blek); Cucremusiii 6110k
(AMD 690G,mANX,HDD Seagate
250Gb,DIMM DDR//2*512Mb,
DVDRV,FDD

JIk 1.1...8.7

JIP

JlaGopartopus oOrieit
TUApaBINKHA

VYueOHast Mebenb; HTepakTHBHAS JOCKA
SMARTBoard 6801 co BCTpoeHHbIM
npoekTopom Unifi 35 (auar.77"/195,6 cm);
Tenesuzop LCD 42" Phlips 42 PFL3605;
HacronpHas nabopaTopus TUAPABIHUKH;
Jlaboparopusrii crena «PaboTta Hacocos
pa3INYHBIX THIIOBY.

JP1...8

I13

Jlaboparopus Tuapo-
ITHEBMOIIPUBOIA

Vuebnas mebenb; YuebHo-1a00paToOpHbIN
CTEH/ JUTSl N3yYEHHS THPABIMUECKUX
npuBOJI0B «I UapaBInvecKrue NPUBOJBI C
IIJIK»; I'mppaBaudeckue u
ITHEBMAaTUYECKUE CUCTEMBI U CPEACTBA
aBToMaTHkK; HacTonbHas nabopatopus
TUJIPaBIMKH.

I31...5

CP

YuraneHbii 3a1 Ne 1

Vuebnas mebens; 10-TTK i5-2500/H67/4Gb
(monutop TFT19 Samsung); npunrep HP
LaserJet P2055D

66




IMpunoxenne 1
®OHJ ONEHOYHBIX CPEACTB LISl IPOBEJAEHMUS
MNPOMEXKYTOUYHOU ATTECTALIUN OBYUYAIOLIIUXCS MO JUCHUIIJINHE

1. Onucanue GoHIA OLIEHOYHBIX CPeCTB (MACTOPT)

Ne
KoMIIe- Jaement Pazgen Tema DOC
KOMIIeTeHIUU
TeHIUH
1. Beenenue. [Ipenmer | 1.1. KpaTkas ucropus pa3BUTHS THAPABIUKY. Bomnpocsr k
TUIPaBIMKU U KpaTkas | 1.2. XKuakocTs U cHIiIbI JeHiCTBYIOIINE Ha HEe. 3ayery 1.1-
ucropws ee pazButus | 1.3. MexaHHueckue XapaKTepPUCTUKH M OCHOBHEIE 13
CBONCTBA )KUAKOCTEN
2. OcHOBBI 2.1. 'mppocTaTuyecKkoe JaBlICHHUE. Bomnpocs! k
TUIPOCTATHKH 2.2. OCHOBHOE ypaBHEHHE THAPOCTATUKH. 3agery 2.1 -
2.3. JlaBneHue )HUIKOCTH Ha [UIOCKYIO HAKIOHHYIO 2.6
CTEHKY.
2.4. laBneHue )XUAKOCTH HA HWITHHIPUIECKYIO
MOBEPXHOCTb.
2.5. 3akoH ApxuMme/ia U ero IpuIoKeHHe.
2.6. IToBepXHOCTH paBHOTO JaBJICHUSI.
3. OcHOBBI 3.1. OCHOBHBIE OHSATHSA O ABWKEHUH YKAIAKOCTH. BOTIPOCHI K
TUIPOANHAMUKHI 3.2. YpaBuenue bepHymm 11 naeanbHON KUIKOCTH. 3agery 3.1 —
3.3. VpaBuenue bepHymm 1is peansHOH KUIKOCTH. 34
3.4. M3mepenHne cKOpOCTH MOTOKA U pacxoa
JKHJKOCTH.
4. TunpaBiuveckue 4.1. PexxuiMbl IBHOKEHUS KHAKOCTH. 4.2, KaBuTamus. BOIIPOCHI K
CONPOTHUBIICHUS 4.3. [lorepu Hanlopa pu JJaMUHAPHOM T€UEHHU 3agery 4.1 —
s)kunkocty. 4.4. [lotepu Hamopa npu TypOYJICHTHOM 4.5
TEUEHHUH )KUAKOCTH. 4.5. MecTHBIE THIPaBINIECKIE
CONPOTHBIICHHS.
CIIOCOOHOCTH 5. Ucreuenne 5.1. McreueHue yepe3 Majble OTBEPCTHS B TOHKOU BOIIPOCHI K
HCIIOTb30BATh JKUJKOCTH U3 CTEHKE IIPH IIOCTOSTHHOM Harope. 3avery 5.1 —
OCHOBHBIC 3aKOHBI oTBepCTHil, HacankoB | 5.2. McreueHue Npu HECOBEPILIEHHOM CXKAaTHH. 5.7
€CTECTBECHHOHAYYHBIX U U3-110]] 3aTBOPOB 5.3. HcreueHue nos ypoBeHb.
TK-25 JVCIHIUTIH B 5.4. UcreueHune yepe3 HaCaAKU MPH IIOCTOSTHHOM
npodecCHOHANBHOI Harmope.
JIESITEIBHOCTU U METOJIbI 5.5. UcTeuenus uepes3 OTBEPCTUS U HACAKU TIPU
TEOPETUYECKOTO U MEpEMEHHOM Harope (OTIOpOKHEHHE COCY/IOB).
IKCIIEPUMEHTATLHOTO 5.6. Mcteuenue m3-110f 3aTBOpPa B TOPU3OHTATEHOM
HCCIIeI0BaHMs JOTKE.
5.7. aBneHue CTpyH KUAKOCTH HA OTPaXKIAIOIINe
MOBEPXHOCTH.
6. l'mppapnmyeckuit 6.1. [IpocToii TpyOOIPOBOI IIOCTOSITHHOTO CEYCHUSL. BOTIPOCHI K
pacyer mpoCThIX 6.2. CoeqrHEHHS IPOCTHIX TPYOOIIPOBOIOB. 3agery 6.1 —
TpyOOIIPOBOIOB 6.3. Ci0>xHBIE TPYOOTIPOBO/IBL. 6.6
6.4. TpyOOonpOBOABI C HACOCHOH MOTaueH KHUIKOCTEH.
6.5. 'uppaBnnyeckuii ynap.
6.6. I3MeHeHne NpoIyCKHON CIIOCOOHOCTH
TpyOOIPOBOJIOB B IPOIECCE MX IKCILUTyaTAIHH.
7. l'mppaBnmueckue 7.1. JlomacTHBIE HACOCHI. Bomnpocsr k
MaIIMHbI 7.2. TlopurHeBble HACOCHI. 3auery 7.1 —
7.3. InaukaTopHas quarpaMmMa MOpIIHEBBIX HACOCOB. 75
7.4. banaHc sHEpruM B HacOcax.
7.5. O603HaYeHNE HIEMEHTOB THAPO- ¥ THEBMOCUCTEM.
8. O6uias 8.1. CtpykTypHas cxema rHIpOIPUBO/IA. BOIPOCHI K
XapaKkTepUCTHKA 8.2. Kiraccndukarys v IpHHIMI paboThI 3ayery 8.1 —
TUAPONPUBOJA. TUAPOTIIPUBOJIOB. 8.7
Paboune xumkocti 8.3. [IpenmyiecTBa ¥ HEAOCTATKH TUIPONIPUBOJIA.
JUTSI THAPOCUCTEM. 8.4. XapakrepucTtruka pabouux KUAKOCTEH.
TUApaBINYECKUe 8.5. Br10op ¥ dKCIITyaTaIus pabovymx KHIKOCTEH.
JINHUA 8.6. 'unpaBnmyeckne muHUA. COCTMHEHMS.
8.7. Pacuer rupponuHui.
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2. JK3aMeHaUMOHHbIEe BONMPOCHI

Ne Komnerenuun Ne u HamMeHOBaHUE
9K3AMEHAIIMOHHBIE BOITPOCHI
n/n Kon Onpenenenue pasaenaa
1.1. Kpartkast uCTOpHsi pa3BUTHUS THIPABIUKH. 1. Beenenue. IIpenmer
1.2. "KuaKoCTh M CHJIBI ISHCTBYIOIIIE HA Hee. THJIPABIHKH U KPaTKast
1.3. MexaHnn4eckue XapakTepHCTHKNA 1 OCHOBHBIE HCTOPHS €€ Pa3BUTHS
CBOMCTBA XKHUAKOCTEHN
2.1. TuapocTaTuveckoe AaBJeHHUE. 2. OcHOBBI
2.2. OCHOBHOE ypaBHEHHE TUIPOCTATHKY. THIPOCTATHKH
2.3. JlaBieHue ®KHUIKOCTH Ha TUIOCKYIO HAKJIOHHYIO
CTCHKY.
2.4. JlaBieHue KHUIKOCTH Ha IIMIHHIPUIECKYIO
MTOBEPXHOCTb.
2.5. 3akoH ApxuMena U ero IpUIIoKEHHE.
2.6. TToBepXHOCTH PaBHOTO JABJICHUS
3.1. OCcHOBHBIC MOHATHS O IBIKCHUH KUIKOCTH. 3. OcHOBBI
3.2. Vpasuenue bepHyum s uaeanbHOR TUAPOIUHAMHUKHI
KHUIKOCTH.
3.3. VpaBuenue bepHyum 115 peabHOMN KUAKOCTH.
3.4. 3mMepeHne CKOPOCTH IOTOKA U pacxoza
KHUIKOCTH.
4.1, PexxXuMbl IBHKCHUS KUJKOCTH. 4. Tunpasnuyeckue
4.2. Kasuranus. COIIPOTHBIICHUS
4.3. Tlotepu Hamopa NpH JaMHHAPHOM TEUCHUU
KHUIKOCTH.
4.4. Tlorepu Hanopa npH TypOyJIEHTHOM T€UE€HUU
KHUIKOCTH.
4.5. MecTHbIe THAPABINYECKHE COMPOTHBIICHHS
5.1. Ucrevenue yepe3 Maible OTBEPCTUS B TOHKOM 5. Ucreuenue
CHOCOOHOCTB MCIOIB30BaTh
CTEHKE MPH MOCTOSIHHOM Harope. JKUIKOCTH M3
OCHOBHBIC 3aKOHBI "
5.2. Hcrevenue npyu HECOBEPIICHHOM CXKATHH. OTBEPCTHil, HACAIKOB
€CTECTBEHHOHAYYHBIX
5.3. Hcredenue noj ypoBEHb. ¥ U3-TI0JT 3aTBOPOB
JMCIMIUTAH B
. 5.4. VcreveHue yepe3 HACAAKU TIPH MOCTOSIHHOM
1. IIK-25 | mpodeccrnoHanbHOM

JCATCIbHOCTU U METOAbI

TEOPETUICCKOr'o U

OKCIIEPUMCHTAJIbHOI'O

HUCCIICA0BaHUA

Harope.
5.5. Hcreuenus uepe3 OTBEPCTHS U HACAKU IPU
HEepPEeMEHHOM Harope (OIOPOKHEHHE COCYIOB).
5.6. Vcreuenue u3-1mozx 3aTBOPa B TOPU30HTAILHOM
JIOTKe.

5.7. JlaBneHHe CTPYH >KUIKOCTH Ha OTpakAaloInue
HOBEPXHOCTH

6.1. IIpoctoii Tpy6ONPOBOS IOCTOSHHOIO CEYEHHUS.

6.2. CoeauHEHHS POCTHIX TPYOOIPOBOIOB.
6.3. CroxxHble TPyOOIPOBOIBI.

6.4. TpyOompoBObI C HACOCHO# MoMaueH
JKUAKOCTEH.

6.5. TuapaBnuueckuii yuap.

6.6. M3meHeHue MpoIyCKHOH COCOOHOCTH
TpyOOIPOBOJIOB B MPOIIECCE HX IKCIUTYaTAIlHU

6. F'mapaBmuueckuii
pacuer mpocThIX
TpyOOIpOBOJIOB

7.1. JlomacTHBIC HACOCHI.

7.2. TlopuiHeBble HACOCHL.

7.3. HMupguxaropHas quarpaMma IHOPIIHEBBIX
HAacOCOB.

7.4. baynaHc SHEpPruM B HAacOCaX.

7.5. OO6o3HaYeHHUE 3JTEMEHTOB THAPO- U
ITHEBMOCHCTEM

7. T'uapaBnuueckne
MaIIAHEI

8.1. CrpykrypHas cxema I’HAPONPUBOAA.

8.2. Kiaccubpukanus v mpuHIUT pabOTHI
THIPOTPUBO/IOB.

8.3. IIpemmymiecTBa u HEAOCTATKH TUAPOIPHBO/IA.
8.4. XapaxrepucTHKa paboUUX KHIKOCTEH.

8.5. BrIOOp ¥ 3KCIUTyaTanus pabovnX >KUAKOCTEH.
8.6. T'mppasnuueckue muHUH. COeTUHEHUS.

8.7. Pacuer ruapoIUHUI

8. O0mas
XapaKTEPUCTHKA
THAPOTIPUBOJIA.
PaGoune XuaKoCTH
JUISL TUIPOCUCTEM.
IHAPABIAYECKUE
JIMHUN
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3. Onucanue nokasareJieil 1 KpUTepUeB OLEHUBAHUS KOMIIETEHIIUI
IMoka3arenn OuneHka Kpurtepuu

«OTIU4HO»  3aclyKMBaeT OOYYaIONIUICS, KOTOPBIH
3HaeT OCHOBHBIC (DU3MYECKHE CBOWCTBA JKHIKOCTEH M
ra3oB, 3aKOHbl UX KHHEMATUKH, CTATUKU U ITUHAMHUKH,
CHJIBI, EHCTBYIOIIUE B KHIKOCTSIX, THIPOMEXaHHICCKUE
MPOLIECChI, TUAPABIMYECKOe O00OpYAOBaHUE, yMeEeT
OTJINYHO HCIIONb30BaTh [UISl PEIICHUsS] THUIOBBIX 3a1ad 3aKOHbBI
THJIPaBIIUKH, TIPOESKTHPOBATh TUIPABINYECKUE CHCTEMBI,
BJaJ€eT  HAaBBIKAMH  BBINIOJHEHHS  pacyeToB U
o0ocHOBaHMI mpu  BbeIOOpEe (GOPM W METOHOB
OpraHM3aliyd MPOM3BOJCTBA, BBHIOJHEHHS IJIAHOBBIX
pacyeToB, OpraHU3aluy yIPaBJICHUsL.

«X0poIIoy 3aciaykuBaeT 00y4alomuiicsl, KOTOPBIH 3HAaET
OCHOBHbIE ()M3UUECKHE CBOWMCTBA JKUAKOCTEH W ra3oB,
3aKOHbl MX KHHEMAaTHUKH, CTATUKA U JAWHAMUKH, CHUJIBI,
JCUCTBYIOI[E B IKUAKOCTSAX, THIPOMEXaHHYECKUE
MPOLIECChI, TUAPABIMYECKOe O00OpyAOBaHUE, YyMEeT
UCIONb30BaTh Uil PEIICHUS THIOBBIX 3a1a4 3aKOHBI

3HATh:
TIK-25

- OCHOBHBIC  (pU3UYUCCKHUE
CBOMCTBA XUAKOCTEH U ra3os,
3aKOHBI HMX  KHHEMAaTHKH,
CTATUKW M JTUHAMHKH, CHJIBI,
JEUCTBYIOIIUE B JKUIKOCTSIX,

THAPOMEXaHUUECKUE
THAPABJINKH, TPOECKTHPOBATH THIPABIMIECKHE CHCTEMEI,
TPOIIECCHI,  THAPABIMYECKOE XOpoI1o
BajeeT  HaBBIKAMH  BBINIOJHEHHS  pacuyeToB W
00opyIoBaHuE; .
METE: obocHOBaHWiI mpu  BeIOOpe (GOPM U METOAOB
?YK 25 OopraHu3anuu TIMpOU3BOJACTBA, BBINOJHCHUSA IIJIAHOBBIX

pacueToB, opraHu3anuy yrnpasienus. Ho oOyuaromuiics
JomycTun He Oojee ABYX-TpeX HEAOYETOB M MOXKET
UCIPAaBUTh HX CAMOCTOSTEILHO WM C HeOOJbIIOH
MIOMOIIBIO NIPEeNnoJaBaTesl.

Bocnpusitue MOJyYEHHBIX TEOPETHIECKHUX u
MIPAKTUYECKUX MaTEpUaOB MO AWUCUUILIMHE. Pemenue
3ajad ¢ gomycTuMbIMH  omuOkamu.  KadectBo
YAOBJIETBOPUTEJIbHO | BBIIOJHEHUS paboTsI JIOJDKHO OBITH
YIOBIETBOPUTENBHBIM. ['pyOble MOrpenHocTr, KOTOphIe
CTYJICHT JONMYCTWI B padOTe Haj 3aJaHMSAMH, JOJIKHBI
OBITh HCTIPABIEHBL.

«HeynoBneTBOpUTENbHO» 3aCITyXKHBaeT O00yJarouuiics,
KOTOPBI HE 3HAeT OCHOBHBIE (hHM3WYECKHE CBOICTBa
JKUJKOCTEH U I'a30B, 3aKOHbl UX KUHEMATUKU, CTATUKU U
JUHAMMKHW, CHJIbl, JEHCTBYIOIIME B  JKUIKOCTIX,
TUIPOMEXaHUUECKUE IIPOLIECCHI, TU/IPABIMYECKOE
o0opyJIOBaHHE, HE yMEeT HCIOJB30BATH IS PEUICHUS
TUIOBBIX 3a7ad 3aKOHBl THIPABIMKH, MPOEKTUPOBATH
THJIPAaBIMYECKUE CUCTEMBI, HE BIAJAEET HABBIKAMH
BBINIOJIHEHUS pacdeToB M OOOCHOBaHMH NpH BBHIOOpE
dbopM HM  METONOB OpraHW3allid  IPOU3BOJICTBA,
BBIMOJIHEHUSI  IUIAHOBBIX ~ PACyeTOB,  OpPraHU3alMH
yIpaBJECHUSL.

- MCIOJIB30BaTh Ul PEIICHUS
TUTOBBIX ~ 3aJad  3aKOHBI
THJIPaBIIUKH, ITPOEKTHPOBAThH
THAPABINYECKUE CHCTEMBI;
BJIAJETh:

1IK-25

- HABBIKAMU BBIIIOJTHEHUS
pacdeToB ¥ 000CHOBAHUI PH
BEIOOpE (OPM U METOJIOB
OpraHu3aliy pOU3BOJICTBA,
BBINOJTHEHHS TUIAHOBBIX
pacyeToB, OpraHU3aluK
yIIpaBJICHUsL.

HEYI0BJIeTBOPHTEIBLHO

4. MeToauyeckue MaTepHaJibl, OMNpede/siiOllde NPOUeAYPbl OLEHUBAHUS 3HAHUIA,
YMEHM, HABBIKOB H ONBITA 1eATEJbHOCTH

Jucuunnuua ['MapaBivka HampaBieHA Ha BBISIBICHUE €CTECTBEHHOHAYYHOH CYIIHOCTH MpoOIieM,
BO3HUKAIOMIUX B XO0J€ MPO(ecCHOHANBHON MHEATENBHOCTH C TPUBJICUYCHHEM ISl WX PEUICHHUS
COOTBETCTBYIOLIETO (PU3MKO-MATEMAaTHUYECKOTO ammapara; Ha MOJIy4YeHHE TEOPETHYECKUX 3HAHUN U
MPAaKTUYECKUX HABBIKOB JUIS UX JATFHEHINETO NCIIOIh30BAHUS B TIPAKTUIECKOH e TEITLHOCTH.

N3yuenne qucuuiuinbel ['uapasimka npeaycMaTpuBaeT:

- TICKITNH;

- nabopaTopHble padoThI,

- MPAKTUYECKHE 3aHATHS;

- CaMOCTOSITENIbHYIO PaboTYy;

- JK3aMEH.
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B xone ocBoenus pasnena 1. BBenenue. IlpeamMer rupaBuKu U KPaTKas HCTOPHS ee
Pa3BUTHSA: CTYICHTHI JOJIKHBI YSICHUTD: KPAaTKYIO UCTOPUSI pa3BUTHUS THAPABIUKH, IOHATHUE KUJKOCTU
U CUJIBI, JEUCTBYIOUIUE HA HEE, MEXAHMYECKUE XAPAKTEPUCTUKU U OCHOBHBIE CBOMCTBA KUAKOCTEM.

B xone ocoenust pasgena 2. OCHOBBI I'MAPOCTATHKH: CTYICHTHI JOJDKHBI YSICHUTH TOHSTHE
TUAPOCTATUYECKOTO JABJICHHS, OCHOBHOE YPaBHEHUE T'MAPOCTATUKHU, TABICHUE KUJIKOCTH Ha IUIOCKYIO
HAKJIOHHYIO CTEHKY, JaBJICHHUE JKUJIKOCTH Ha LUIMHIPHUYECKYIO TOBEPXHOCTb, 3aKOH ApXMMEJA U €ro
MIPUIIOKEHNE, TOBEPXHOCTU PABHOT'O JABJICHMUS.

B xone ocBoenus pazznena 3. OCHOBbI I'MIAPOAMHAMHUKM: CTYJICHTHI IOJKHBI YSICHUTh OCHOBHBIC
MOHATUSA O JBWKEHUU >KMJIKOCTH, ypaBHEHUE DbepHyum Ui H1eaJbHON JKUIKOCTH, YpPaBHEHHE
bepnynnu 1uist peajibHOM KUKOCTH, U3MEPEHUE CKOPOCTH ITOTOKA U PACX0J1a )KUJIKOCTH.

B xome ocBoenus pazaena 4. I'mapaBianuyeckue CONPOTHBJIEHHS: CTYACHTHI JOKHBI YSACHUTH
PEXKUMBI JIBIDKCHHS KHIKOCTH, IOHSATHE KaBUTAIMK, MOTEPH HAmopa NpH JIAMUHAPHOM TEYEHHUH
KHUJKOCTH, TOTEPH HAmopa Mpu TYpOYJIEHTHOM TEUEHUU >KUJKOCTH, MECTHBIE THUIPABINYECKUE
COIIPOTHBIICHUS.

B xone ocBoeHus paszmena 5. McredyeHme SKMAKOCTH M3 OTBEPCTHH, HACAIKOB W W3-TOJ
3aTBOPOB: CTY/EHTHI JOJIKHBI YSICHUTh HCTEUEHUE KUAKOCTH Yepe3 Majlble OTBEPCTHS B TOHKOM CTEHKE
IIpU TMOCTOSIHHOM HArope, HCTEYEHUE IPU HECOBEPILICHHOM C)KaTUU, WCTEUEHUE 0] YpPOBEHb,
HCTEUYEHUE 4Yepe3 HacaJKHU IPH I[OCTOSHHOM HaIlope, MCTEUEHUS 4Yepe3 OTBEPCTHUsl U HACaJIKHU IpU
MIEPEeMEHHOM Harope (OMOPOXKHEHHE COCY/IOB), UCTEUEHHE U3-TI0f] 3aTBOpPA B TOPU30HTAIBHOM JIOTKE,
HaIpaBJIEHUE CTPYU KUAKOCTU HA OTPaXKAAr0IINe NOBEPXHOCTH.

B xonme ocBoenus pasnena 6. I'mapaBiumyecKkuii pacyer NMpoCThIX TPYOONPOBOAOB: CTYICHTHI
JOJDKHBI ~ YACHUTh  IPOCTOM  TpyOONpOBOJA  IOCTOSHHOTO  CEUYEHMs, COEIMHEHUS IPOCTBIX
TpyOONPOBOJOB, CJOXHBIE TPYOONPOBOABI, TPYOONMPOBOABI C HACOCHOW TOJa4el KHUAKOCTEH,
TUJIpaBIMYECKUN yaap, W3MEHEHHE IPONYCKHOM CIIOCOOHOCTH TpyOONpOBOJOB B IPOLECCE HX
JKCILTyaTaluu.

B xone ocBoenus pazaena /. 'mapaBimyeckue MaIIUHbI. CTYJIEHTHI JOJKHBI YSICHUTD JIOMACTHBIE
HACOCHI, MOPIIHEBbIE HACOCHI, MHJIMKATOpHAs IHarpamMma IMOPUIHEBBIX HACOCOB, OallaHC PHEPrHH B
Hacocax, 0003HaueHue 3JIEMEHTOB THJIPO- U ITHEBMOCUCTEM.

B xone ocBoenus pazzaena 8. O0mas xapakTepucTuka ruaponpusojaa. Pagoune xxuakocru s
TUAPOCUCTEM. THApPaBJIMYecKHe JIMHUM. CTYJIEHTHl JOJDKHBI YSACHUTH OOUIYI0 XapaKTePUCTHKY
THIPOTIPUBO/IA, pabOUue KUIKOCTH ISl TUAPOCUCTEM, THIPABINYECKUE INHUN

Heo6xoauMo oBniafieTh HaBBIKAMH U YMEHUSMH NMPUMEHEHUSI U3yUYE€HHBIX METOJIOB JIJIsi MPOEKTHO-
KOHCTPYKTOPCKOTO MPUMEHEHUS U peallu3alluy TEX UM UHBIX MPOEKTOB B KOHKPETHBIX CUTYalUAX.

B nponecce u3ydeHus NUCHUIUIMHBI PEKOMEHJIyeTCS Ha IEpBOM 3Tane oOpaTUTh BHMMAHHE Ha
0COOCHHOCTH HAYYHON TEPMUHOIIOTUU IO THAPABIHKE.

OBnazneHre KIIOYEBBIMU TMOHSTUSIMM: TOHSTHE >KUAKOCTH M CHJIbI, JIEHCTBYIOIIME Ha HeEe,
MEXaHUYECKUE XapPaKTEPUCTUKH M OCHOBHBIE CBOMCTBA KUJKOCTEH, THAPOCTATUYECKOE IABICHUE,
OCHOBHO€ YypaBHEHHE THMJIPOCTAaTHUKH, 3aKOH Apxumena, KaBUTalMs, JJAMUHApHOE U TypOyJIeHTHOE
TEUEHUE KUAKOCTH, TUIPABINYECKUH yap.

[Tpu MoAroToBKE K 3K3aMEHY pEeKOMEHAYeTCsl 0c000e BHUMAaHUE YACIUThH CIIEIYIOIIMM BOIPOCaM:
(OpMyIMPOBKE OCHOBHBIX TMOJOXEHUH U ypaBHEHUH; yMEHUE NPUMEHSATh TEOPHIO IJIS PEIICHUS
TUIIOBBIX 3a7au.

B npouecce mnpoBedeHUss MPaKTUYECKUX 3aHATUM MPOUCXOAMUT  3aKpEIJICHUE 3HAHUM,
(dbopMHpOBaHNE YMEHUI U HABBIKOB pean3alliy MMPEACTaBICHHS O PELIEHUH 3a1a4 0 pa3zeiam.

CamocrosTenbHyl0 paboTy HEOOXOJUMO HAUYMHATh C O3HAKOMIIEHHS TEOPETHYECKOH ydeOHOo-
Hay4yHOU HH(popManuel B yueOHOU IuTeparype.

B mporecce koHCynbTalMKM ¢ IpenojaBareieM pa3o0paThCs ¢ Haubosiee CIOXKHBIMH BOIPOCAMHU
TEOPUHU U METOJMKON pelIeHns TUIIOBBIX 3a/a4.

Pabora ¢ nurteparypoil sBIsSETCS Ba)XXHEHIIUM 3JEMEHTOM B MOJYYSHHH 3HAHUU MO JUCHUIUINHE.
[Ipexxne Bcero, HEOOXOJUMO BOCIIOJIB30BATHCA CIIMCKOM PEKOMEHAYeMOW M0 JAaHHON AMCLHUILIMHE
nuTepaTypoil. JlomoaHUTENbHBIE CBEJCHUS MO HM3y4aeMbIM Te€MaM MOKHO HAlTH B MEPUOIUYECKOM
neyatu u MaTepHere.

[IpenycMoTpeHo MpoBeAeHNE ayAUTOPHBIX 3aHATUH B COUETAHUU C BHEAYIUTOPHOI paboTOM.
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IIpuioxkenue 2

AHHOTAILIAS
paboyeii MporpaMMbl 1M CHUIITTHHbBI
I'mppaBiuka

1. leanb 1 320294 AUCHUILIHHBI
[lenpro W3y4eHUs] NUCHUIUIMHBI SIBISICTCS — cO3/aHue 0asbl JJsl JajbHEiIneld WHXXEHEepHOU
MOATOTOBKU 0akajlaBpoB; 00€CIIeueHUe YMEHHUS PaCYeTOB TUAPOCHUCTEM PA3IMYHOTO HA3HAYCHUSI.

3amayamMu U3y4YeHHs! TUCHUTUIMHBI SIBIISIETCS:

- 1aTh OOIIKE MPEICTABICHUS O COBPEMEHHBIX SKCIIEPUMEHTAIBHBIX U TEOPETUYECKUX JaHHBIX
B 00J1aCTH MEXaHUKH >KUJIKOCTEH U ra30B;

- U3yYEHUE CYIIHOCTU HAy4YHOIO MOJX0/1a K PEHICHUIO 33/1a4 MEXaHUKH CIUIOIIHBIX CPE/I;

- IpUOOpeTEeHNE TEOPETUUECKUX 3HAHUN U MPAKTUYECKOTO OIMbITA M0 PacueTy TUAPaBINYECKUX
YCTPOMCTB, CUCTEM, 0OOPYAOBAHHUS.

2. CTpyKTYypa QM CHUIITHHBI

2.1. PacnpeneneHue TPYJOEMKOCTH II0 OTAEIBHBIM BHJIaM YYEOHBIX 3aHATHH, BKIIOYAS
CaMOCTOSITENbHYIO padoTy: Jekiuu — 17 daco, nabopatopHbie paboTsl — 34 yaca, MpakTHYECKUe
3ansTHs — 17 9acoB, caMocTosiTenbHas padoTa — 76 4acos.

OO01mmas TpyI0eMKOCTh TUCIUIUTHHEI cocTaBisieT 180 wacoB, 5 3a4eTHBIX eTUHUIL.

2.2. OcHOBHBIE pa3/ieibl TUCIHUILIUHBL:

. Beenenue. [Ipeamer runpaBiavky U KpaTkasi HCTOPUS €€ pa3BUTHSL.

. OCHOBBI TUPOCTATHKH.

. OCHOBBI THIPOAVHAMUKM.

. 'mapaBnnyeckue cOnpoTUBICHHUS.

. cTeuenne )xUIKOCTH U3 OTBEPCTHUI, HACAIKOB U U3-T10J 3aTBOPOB.

. 'napaBnnyeckuil pacder MpocThIX TPyOOIIPOBOIOB.

. 'uppaBnuyeckre MallvHBbI.

OO6mrast xapakTepucThka TuUaponpuBoja. Paboune IKUIKOCTH UISI  TUIPOCHUCTEM.
['unpaBnuyeckue JIMHUM.

O~NOUTA WN

3. Ilmanupyemblie pe3ybTaThbl 00yueHHUs1 (MepeyeHb KOMIeTeHIHii)

[Tponiecc n3yyeHus QUCUUIUIMHBI HallpaBjeH Ha (OpMUPOBaHHUE CIIETYIONNX KOMITETEHIIUHI:

[1K-25 — crmocoOHOCTh HCIONIB30BaTh OCHOBHBIE 3aKOHBI €CTECTBEHHOHAYYHBIX IUCIHMILINH B
npodeCcCHOHATBHON  JESITEIbHOCTM M METOAbl TEOPETHYECKOT0 U HKCHEPUMEHTAIbHOTO
HCCJIEIOBAHMUS.

4. Bua npoMeKyTOYHOM aTTecTaluu . JK3aMeH.
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Ipuioxenne 3
IlIpomokon o 0ononneHuAX u u3MeHEHUAX 8 pabdoueil npozpamme

na 20__ -20__ yuebHuwlii 200

1. B pabouyto nporpammy 1o AUCHUIUIMHE BHOCSTCS CIEAYIOLIUE TOMOIHEHMS:

2. B pabGouyto mporpaMMy 1o AMCUUILTMHE BHOCATCS CIEAYIOINE U3MEHEHUS:

[TpoTtokon 3acenmanust kadenpor Ne OT «__ » 20 T.,
(paspabomuux)

3aBeayronuit kadeapoit

(noonucs) (®.1.0.)
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IIpunoxenue 4

®OHJI OLEHOYHBIX CPEJCTB JJ5 TEKYILEIO
KOHTPO.JIS1 YCIEBAEMOCTH IO JUCHUILJIMHE

1. Onucanue (poH/Ia OLEHOYHBIX CPEACTB (MACOPT)

Ne
KOMIIETEH
102071

1eMeHT
KOMIIETeHIIMH

Pa3nen

Tema

®OC

IK-25

CHOCOOHOCTH
HCIIOJIb30BATh
OCHOBHBIE 3aKOHBI
€CTECTBEHHOHAYYHBIX
JMCIIMIUIAH B
npodecCHOHATTBHOM
JESTENBHOCTH U
METOIbI
TEOPETHIECKOTO U
IKCIIEPUMEHTATBHOTO
HCCIIeI0OBaHHUS

1. Beenenue. Ilpeamer
THAPABIMKU U KpaTKas
HCTOPHS €€ Pa3BUTHS

1.1. Kpatkas uctopus pa3BUTHA THAPABIUKH.
1.2. XXuaxocTh U CUIBI JEUCTBYIOIIKE HA HEe.
1.3. MexaHn4eckue XapaKTepUCTUKH 1
OCHOBHBIE CBOICTBA KUAKOCTEH.

Ortuer 1o
JIP Ne 1

2. OCHOBBI
THIPOCTATHKA

2.1. T'mapocraTuyeckoe JaBieHUE.

2.2. OCHOBHOE ypaBHEHUE TUIAPOCTATUKHU.

2.3. laBieHHe KUIKOCTH Ha IUIOCKYIO
HaKJIOHHYIO CTEHKY.

2.4. laBieHue KUIKOCTH Ha LINHIPUIECKYIO
MOBEPXHOCTb.

2.5. 3akoH ApxuMesia U ero MpUI0KEHUE.

2.6. IToBepXHOCTHU paBHOT'O JaBJICHUS

Ortuyer 1o
JIP Ne 2

3. OcHOBBI
THAPOMHAMUKH

3.1. OCHOBHBIEC NOHSTHS O ABVKCHUH KUIKOCTH.
3.2. Ypasuenue bepuynmm 11 uneanbHOH
HKUJIKOCTH.

3.3. YpaBuenue bepuysmm 1 peansHOM
KUJIKOCTH.

3.4. I3mMepeHne CKOpOCTH MTOTOKA M pacxoja
JKHUIKOCTH.

OTyeT o
JIP Ne 3

4. 'mppaBiueckue
CONPOTHBIIECHHS

4.1. Pe:XuMBbI IBMOKEHUS KUJIKOCTH.

4.2. KaBuTanus.

4.3. [lorepu Hanlopa IpH JTAMUHAPHOM TCUCHHH
SKAIKOCTH.

4.4. llorepu Haniopa 1pHu TypOyJICHTHOM TEYCHUH
SKAIKOCTH.

4.5. MecTHbIe THAPaBIMYECKUE CONPOTUBIICHUS

OTyeT o
JIP Ne 4

5. Ucreuenne
KUIKOCTH W3
OTBEPCTHIA, HACAIKOB 1
U3-TI0/1 3aTBOPOB

5.1. UcreueHue uepe3 Malble OTBEPCTUS B
TOHKOW CTEHKE IIPU NMOCTOSIHHOM Harope.

5.2. UcreueHue npu HECOBEPILIEHHOM COKATHH.
5.3. credenne nox ypoBeHb.

5.4. UcreueHne uepe3 HACAKU TP MTOCTOSTHHOM
Harope.

5.5. Ucredenus uepe3 OTBEPCTUS U HACAAKH ITPU
MEepeMEHHOM Harope (OMOpoKHEHUE COCYIOB).
5.6. Ucreuenue u3-mnoJ 3aTBopa B
TOPU30HTAIBEHOM JIOTKE.

5.7. JlaBneHue cTpyu *HUJIKOCTH Ha
OTPAXKIAIOIIIE TIOBEPXHOCTH

Oruer 1o
JIP Ne 5

6. l'mppapnmyeckuit
pacHeT npoCThIX
TpyOOTIPOBOIOB

6.1. IIpocToii TpyOOTIPOBO TOCTOSTHHOTO
CCUCHUS.

6.2. CoeiMHEHNSI IPOCTHIX TPYOOTIPOBOIOB.
6.3. Cno>xHbIe TPYOOIIPOBO/IBL.

6.4. TpybonpoBoibl C HACOCHOM Moauei
JKUJIKOCTEH.

6.5. l'unpaBnuueckuit ynap.

6.6. lI3MeHeHHe POITYCKHOHN CITOCOOHOCTH
TpyOOIPOBOIOB B MPOIIECCE MX AKCILTyaTAIHN

Oruer 1o

JIP Ne 6;

Oruer 1o
I3 Nel..2

7. l'mppaBnmueckue
MaIlIMHBI

7.1. JlormacTHBIE HACOCHL.

7.2. [lopurHeBble HACOCHI.

7.3. UnaukatopHas AuarpaMma MopIIHEeBbIX
HAaCOCOB.

7.4. banaHc sHepruM B Hacocax

7.5. O603HaYCHUE IIEMEHTOB TUAPO- U
ITHEBMOCHCTEM

Oruer 1o

JIP Ne 7,

Oruer 1o
M3 Ne3...4

8. Obmas
XapaKTePUCTHKA
TUAPOTIPUBOIA.

Pabouue )XKUAKOCTH I

THIPOCUCTEM.

TUAPABIMYCCKUC JINHUU

8.1. CtpykTypHas cxeMa rHApOIPUBO/A.
8.2. Knaccugukanus v IpHHIHI paboThI
THIPOTIPUBOJIOB.

8.3. IlpenmMy1miecTBa U HEOCTATKU
THAPONPHUBOJIA.

8.4. Xapaxrepuctuka pabodnx )KUIKOCTEH.
8.5. Beibop u skcruryatarus pabodnx
KHUJIKOCTEH.

8.6. I'mnpasnuueckue muHUU. COETUHEHHUS.
8.7. Pacuer ruaponuHuii.

OTyeT 1o
JIP Ne 8;
OT4yeT o
TI3 Ne 5
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2. Onucanmne nmokasarejieil 1 KpUTepreB OLEHNBAHUSA KOMIIETEHIUI

Tokasaren Onenka Kpurepun

3HATh: - TaHBI UCYEPIBIBAIOIINEC U
1IK-25 000CHOBaHHEBIE OTBETHI HA BCE
- OCHOBHBIE (PU3UUYECKUE CBOWCTBA MOCTaBIICHHBIC BOTIPOCHI;
JKHUJIKOCTEN U Ia30B, 3aKOHBI X - OTBETHI U3JI0KEHBI TPAMOTHO,
KMHEMATUKH, CTATUKYA U JTUHAMUKH, sauTeHo YBEPEHHO, JIOTUYHO, TIOCIIEIOBATEIILHO;
CHJIBI, ICHCTBYIOIINE B )KHJIKOCTSX, - OIUPASCh HA YCBOCHHBIC 3HAHUS, YETKO
THJIPOMEXAaHUYECKHE MPOIIECCHI, VBSI3BIBACT HAYYHBIC TIOJIOKEHUS C
THJIpaBIMYECKOE 000PYI0BaHHE; MIPAKTUIECKOM JESITEeIbHOCTHIO;
yMeThb: - cBOOOIHO  BJIAJEET  OCHOBHBIMH
1IK-25 [MOHSTUAMHU TUCLIUTUIAHEL.
- HCIIOJIB30BATh IS PEIICHUS TUTIOBBIX

- IOIYCKAaeT CYIICCTBEHHBIC OIIUOKH 1
3aJ1a4 3aKOHBI THIPABIIUKH,

HETOYHOCTHU NIPHU OTBETE HA
MIPOEKTUPOBATH THAPABIHNYCCKHC

MIOCTaBJICHHBIC BOIIPOCHI;
CHCTEMBI;

- HCTIBITBIBAET TPYIHOCTH B
BAACTE: MIPAKTUYECKOM IIPUMEHEHUN
TIK-25 HeE 324TEeHO0 p P

- HABBIKAMH BBITIOJIHCHUSI PACUETOB U
000CHOBaHUH P BBIOOPE (HOPM H
METO/IOB OpraHH3aI[1K IPOM3BOICTBA,
BBIITOJIHCHHS IIJIAHOBBIX pacy€TOB,
OpraHu3alUH yIPaBICHUSL.

MOJTYYECHHBIX 3HAHMI;

- HE MOXET apryMEHTUPOBaTh HAyYHbIE
MOJIOKECHUS,

- HE BIAJCET CHUCTEMOW OCHOBHBIX
MOHATUN JUCUUTUINHBI.
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