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1. ”THOOPMALMSA O TUCHMUITJIMHE

1.1. IPEJUCJIOBHUE

VY4eOHO-MeTOAMUECKUI KOMIUIEKC ITPeIHa3HAueH JIJIsl CTYIEHTOB 3 Kypca OYHO-
3a04HOM U 3a04HOM dopm oOyueHus crennaibHocTeil 140101.65 — TerioBbie AIEKT-
pudeckue craHuuu U 140104.65 — npoMbInuieHHAs TEIJIOOHEPTEeTHKA U HAIIPABJIECHUS
noAroroBku O6akanaspa 140.100 — TeriosHepreTHKA.

OCHOBHBIE U3y4yaeMbl€ pa3eNbl JUCHUIUIMHBI — (PU3MUECKHE CBOMCTBA KHJIKO-
CT€H, TUAPOCTAaTUKA, THUIPABIMKA, THMIPABIMYECKHAE CONPOTUBICHUS M pacyer
TpyOOIIPOBOJIOB, THPOMAIINHBI, Ta30JUHAMHUKA, BOJIHbI JJABJICHUS B ra30BOM IOTOKE,
JTUHAMUKA HUJI€aTbHOM HECKUMAEMOM JKUJKOCTH, JUHAMUKA BSI3KOU KUJIKOCTH, TTOrpa-
HUYHBIA CJIOM, KPBUIO M JIONMATOYHAs PEUIETKAa B ra30BOM IIOTOKE, CIIEHHAJIbHBIE
3aJ1a4 TUJIPOTa30JUHAMUKH.

O6beM IUCIUIUIMHBI CcOTIacHO ['ocynapcTBEHHOMY OOpa3oBaTEIbHOMY
cranaapry 140 dacos. JJucuuiuinHa U3y4aeTcs B IIEPBOM CEMECTPE TPETHETO Kypca,
JUISl OYHO-3a04HOM QopMbl 00yueHus BkiIro4yaeT 16 dacoB nekuuid, 12 yacoB mabo-
PATOPHBIX 3aHATHI, 6 YacOB MPAKTUYECKUX 3aHATUMN, JJIA 3a04HOU (PopMbl 00yUueHus
— 8 uacoB nekiuii, 12 yacoB nabopaTopHbIX 3aHATHA. CTyAEHTHI BBINOJIHSAIOT OJIHY
KOHTpPOJIbHYI0 padboTy. KoHTposib 3HaHUH BKIIFOYAET TECTOBBIE 3aJaHUs U DK3aMEH.

I'mpporasonuHaMuKa SIBISETCS HAYYHOM OCHOBOM METOJOB pacyeTa, MpPOEK-
TUPOBAHUSA U IKCIUIyaTallMu TPyOOIIPOBOAOB, apMaTypbl, CUCTEM TEIJIOCHA0XKEHHUS,
TypOUH, HACOCOB U KOMIIPECCOPOB, MAPOTr€HEPATOPOB, CUCTEM IAPOCUIIOBOTO 000py-
JIOBaHUs, IBUTaTejell BHYTPEHHETO CTOPaHMs, CPEJACTB U3MEPEHUs U KOHTpoud. [Ipu
MOJIFOTOBKE CHEUAINCTOB B 00JIACTU TEIUIOAHEPIeTUKH TUAPOTa30JuHAMUKA SBIISS-
€TCsl OJTHOM M3 OCHOBHBIX 00IIEeNpo(ecCHOHATBHBIX TUCIUTIIINH.

Ilenw uzyuenusa oucyunaunsvt — IpuoOpPETEHUE CTYIEHTAMHU 3HAHUM B 001acTH
MEXaHUKHU KUJKOCTH U Ta3a, TUAPABINYECKUX PACUETOB TEIUIOTEXHUYECKOTO 000py-
JIOBaHUs, €ro 3allldThl OT TUAPOYyAapa, NPUHIIMIIOB YCTPOMCTBA M THIPOJIUHA-
MUYECKUX XapaKTEPUCTUK U3MEPUTEIIbHON TEXHUKHU, HACOCOB, TYpOUH, 1uddy30poB,
KEKTOPOB, YCTPOUCTB JIJIsl pACHIbUIMBAHUS KUIAKOCTH, OCHOBHBIX IIPOOJIEM Ta30/IMHA-
MHUKH, THAPABINYECKOTO U Fa30IMHAMUYECKOTO0 MOJICIUPOBAHHSL.

3aoauu uszyuenua Ooucyuniaunsvl. B pe3ynbraTe M3yd4eHUS IUCLMIUIMHBI CTY-
JIEHT JIOJKEH:

HNmers mpeacraBiieHMe: O NPUMEHEHUHM TUAPOTa30JAMHAMUKUA B Pa3IUYHBIX
OTpacisiXx HapOJHOIO XO3fAWCTBA; 00 OCHOBHBIX HAay4YHBIX LEHTpax, pa3padarbl-
BAIOIIMX OT/AENbHbIE TPOOIEMbI TUAPOra30AMHAMUKN; 00 OCHOBHBIX TEOPETUUECKUX U
HKCHEPUMEHTAIbHBIX METOAAX PELICHUS 3a4a4 THIPOra30IMHAMUKH.
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3HaTbh: OCHOBHBIC 3aKOHBI TUAPOCTATUKH M TUAPOJMHAMHKH; CIIOCOOBI pacuera
TUAPOCTATHYECKOTO JABJICHUSA, TUAPABINYECKUX CONPOTUBIICHUHN, TUAPABINYECKOIO
yaapa; TuApOANHAMUYECKHE OCHOBBI YCTPOUCTB ISl NU3MEPEHUS AaBJIEHUs, CKOPOCTH,
pacxona JKUAKOCTH; YCTPOMCTBO U OCHOBHBIE XAPAKTEPUCTUKU TMAPOMAIINH; OCHOB-
HbI€ 3aKOHBI T'a30JIMHAMHUKH; CIOCOOBI MOJIETUPOBAHMS B THAPOTa30IMHAMUKE; CIO-
coObl pacueTa MOTPAHUYHOTO CJIOS; OCHOBBI pacyeTa CHIJIOBOTO B3aUMOJCUCTBUS
IIOTOKA KUJKOCTH C KPBLJIOM U JIONIATOYHOU PELIETKOM.

YMerh: aHAIU3UPOBATh TMAPABIMYECKAE U THAPOJMHAMUYECKHUE XapaKTepH-
CTUKU CHCTEM TEIUIOTEXHUYECKOTO 000PY/IOBAaHUS; PACCUUTHIBATH JABJICHUE KUIKO-
CTH Ha CTEHKH 0aKOB M €MKOCTEH; pacCCUYMTHIBATh MOTEPH HATOPa B THIPABIUIECKUX
COIIPOTUBIICHUSAX TEIJIOTEXHUYECKUX CUCTEM; PACCUUTHIBATH ITOBBILICHUE JIABJICHUS
IpU THAPOYAApE; PaCCUUTHIBATh CUIY CONPOTHUBIICHUS MPU OOTEKAHUU Tell, CUIOBOE
B3aUMO/ICHCTBUE MOTOKA C JIOMATOYHBIM aIllapaToM TYpOOMAaIIUHBI.

Baagers: TepMUHOIOrHER B 00J1aCTH TMAPOTra30IMHAMUKN, OCHOBHBIMH HCTOY-
HUKaMU UHGOPMAIIMU U CTIPAaBOUYHBIMH JaHHBIMU MO THAPOTA30JMHAMHUKE.

Mecmo oOucyunnunvt ¢ yuedonom npouecce. Kypc «l'maporazogmHaMuKar»
O0asupyercs Ha nucuuiuinHax «Duszuka», «Beicmas maremaTtuka», «Teopernueckas
MexaHuka», «TexHuyeckas TepMOAMHAMHUKA». 3HAHHUS M YMEHHs, MPUOOPETCHHbIE
IpU HU3YYEHUU Kypca, UCIOJB3YIOTCA B AuciuIUinHax «KoTenbHble yCTaHOBKU H
naporenepatope», «Typouner TOC u ADCy», «TemnorexHUYecKne H3MEpeHus u
npuoopb», « OCHOBBI IIEHTPATU30BAHHOTO TEIJIOCHAOXKEHUsD», « TernoBbie U aTOMHbBIE
anekTpocTaHuumn», «[IpupomnooxpanHeie TEXHOJOTHH B TEIUIOAHEpreTuke», «Tero-
BBIC JIBUTATE]IN W HarHeTarenn», «TemromaccooOMeHHOe O0OpyAOBaHHE MPEATPH-
SATHID.

1.2. COJEP)KAHUE JUCHUILIMHBI U BUJIbl YYEEHOH PABOTbI

Conep:xanne qucuumauasl mo 'OC

BBonHbBIE CcBeneHUs; OCHOBHBIE (DM3MYECKHME CBOWCTBA JKHUJKOCTEH W Ta30B;
oO111e 3aKOHBI M YPAaBHEHUSI CTAaTUKU, KHHEMATHKU U TUHAMHUKU JKUIKOCTEH U Ta30B;
CWJIbI, IEUCTBYIOIME B >KMJAKOCTSX; 0oOlIasi MHTerpaibHas popMa ypaBHEHHI KOJU-
YeCcTBa JABMKEHUS U MOMEHTA KOJIMYECTBA JBM)KCHHS; MOJ00ME THIPOMEXaHUYECKHUX
IPOLIECCOB; OOIIee ypaBHEHUE HHEPrUM B HHTErpajbHON M Iud@epeHnnanbHON
dbopme; oTHOMEpHBIE TTOTOKH KUAKOCTEH M ra3oB; IJIOCKOE (IBYMEpPHOE) ABUKEHUE
UJCATbHON KUAKOCTH; YPABHEHHUE NBHWKCHUS IS BSI3KOM JKMIKOCTH; NMOTPAHUYHBIN
cioit; nudde-peHnnanbHoe ypaBHEHUE ISl TOTPAHUYHOTO CJIOS; COMTPOTUBIICHUE TEl,
00TeKaeMbIX BSI3KOU KUJKOCTBIO; COMPOTUBICHUE TIPU TEUCHUHU KUJKOCTEN B TpyOax,
MECTHBIE COI-POTUBJICHMS; TYypOyJIEHTHOCTb U €€ OCHOBHBIE CTaTHCTUYECKUE
XxapakTepucTuky; ypaBHeHus HaBbe-Ctokca u PeiiHob/ica; CBEpX3BYKOBBIE TEUECHUS;
CKaUK{ YIUIOT-HEHHH; OCOOEHHOCTH JABYXKOMIIOHEHTHBIX M JBYX(a3HBIX TEUCHHI];
TEYEHUE JKUIKOCTU MpHU (Ha30BOM pPABHOBECHH; TEIUIOBOM CKAYOK U CKayOK
KOHJICHCAIUU.

O6beM AUCUMIIITUHBI U BUABI y4eOHON pabOThHI MpeACTaBIEHBI B Ta0I. 1.



Tabnuya 1
Bceero gyacos
Bug yueGHol paboThl dopma o0ydeHus
ouHas -OYHO- | 3a0YHas
3a04Has

OO6mas Tpy10€MKOCTh JUCITUTUTHHBI 140
Pabora non pykoBoacTBOM 84
npenoaaBarens (Bkiatouas JJOT)
B T. 4. JICKI[UU 48 16 8
[IpakTHUeCKHE 3aHATUS 16 6 0
JlaGoparopHbie paboThI 12 12 8
CamocrosTenbHast paboTa CTyIeHTa 56 56 56
KonTponbHas pabota 0 1 1
Bug uToroBoro KOHTpost 9K3aMEH

IlepeyeHb BUIOB MPAKTHYECKUX 3AHATHI M KOHTPOJIA:

- TecT (OOIUi MO TUCITUIINHE);

- OJJTHa KOHTpOJbHas paboTa (111 OYHO-3a04HOM U 3a04HOU (popM 0OyueHMUs);

- mabopartopubie paboTel — 12 wacoB (1 Bcex hopm oOydeHwus);

- MpaKTU4YeCcKue 3aHATus — 16 yacoB (11t HEBHOM (HopMbI 00yUeHus), 6 4acoB
(1151 O4HO-3204HOM (hOPMBI 00YUEHUS);

- ak3aMeH (1 Bcex ¢hopm oOydeHus).

2. PABOYUE YYEBHBIE MATEPHUAJIbBI

2.1. PABOYASA NIPOI'PAMMA
(o0beM pucuuruinHbl — 140 yacoB)

Pasznen 1. BBenenne. 'mapocratuka
(16 gacoB)
[1],c.3...13; [2],c. 3.

IIpenMeTr ruapora3zoquHaMHUKN U €€ MECTO B ITOATOTOBKE CIIEIUATIUCTOB TEIUIO-
HHEPreTUYECKOro npoduiis. 3HaueHHue TUAPOra30qMHAMMKY JUIsl SHEPIrOMALIMHOCTPO-
€HMsI U JKCIUIyaTallMuM TEIUIOPHEPreTUYECKOro obopynoBaHus. VcTopuss MeXaHUKH
KUJKOCTH U ras3a, poJib PyCCKUX YUEHBIX.

CxnMaeMble U HEC)KMMAeMble KUAKOCTH. DU3NYECKHe CBOKCTBA KUIKOCTEH -
IUIOTHOCTh, C)KUMAEMOCTb, BSA3KOCTh. 3aKkOH HbroTOHA U1 BsI3koro TpeHus. Jlunamu-
YeCKUI M KUHEMAaTH4eCKU KOd3()PUIMEHTHI BA3KOCTH, UX 3aBUCUMOCTh OT TEMIIEpa-
Typsl. aeanbHas KuaKoCTh. 110BEpXHOCTHOE HATSKEHUE W TEILNIOBOE PACIIMPEHHE.
I'uppocrarnueckoe naBieHue. JlaBiieHWe B MOKOSIECHCS KUIKOCTH. AOCOJIOTHOE U
30BITOYHOE JIaBJICHHE, MaHOMETPUYECKOE JaBlieHHe, BakyyM. IIpuOoper s
MU3MEPEHNs TaBJIICHUS U BAKyyMa.
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I[aBJIeHI/Ie JKNAKOCTHU HA CTCHKY. Cuna JAaBJICHUS, HCHTP JaBJICHHA.

Paznen 2. I'mapaBiuka.
(54 gaca)

[1], c. 14...57; [2], c. 18..44 [6], c.8...19.

OCHOBHBIE TOHATUS KHUHEMATHKW KUIAKOCTH. Y CTAHOBHUBIIEECS M HEYyCTa-
HOBHUBIIIEECS ABHKEHUE. TpacKTOpHsl YaCTHULIbl, JIMHUSA TOKA, dJIEMEHTapHasl CTpyHKa.
IToTOK XUAKOCTH, )KUBOE CEYECHUE, PACXOA. Y PAaBHEHHUE HEPA3PBIBHOCTH IS DJIEMEH-
TapHOM CTpyHKM U 1enoro mnoroka. JuddepeHinuanbHble ypaBHEHUS IBUKEHUS
UJICAIIBHOM KUIKOCTH.

YpaBHeHue bepHyum U1 3JIEMEHTApPHOU CTPYNKHU UICAIBHOM KUJIKOCTH. ['e0-
METPUYECKUN U DHEPreTHUYECKUN CMBICH ypaBHeHUs bepnyiuu. lIpe3omerpuueckas
JUHUS, CKOPOCTHOM Hamop, TuIpoanHaMuueckas qunus. TpyOka [TuTo.

YpaBHeHue bepHyum Ui CTpyHMKH BSA3KOM kuakoctu. llorepu Hamopa, run-
paBIMYECKUN YKIOH. YpaBHeHue bepHymnm mis memoro motoka, koddduiueHt
HEPABHOMEPHOCTU CKOpocTH. [Ipumepsl npumeHeHus ypaBHeHus bepnymm. Hcte-
YEHHUE HEC)KUMAEMOM KUIAKOCTH 4Yepe3 OTBepCcTUs U Hacaaku. Pacxomomep Benrtypu,
BOJIOMEpHOE coruo, nuadparma. Kapuranms.

YpaBHeHHE KonuyecTBa ABWKECHUA. JlaBiieHue cTpyd Ha mperpany. Peakuus
BBI-TEKAIOLIEH CTPYU. Y paBHEHUE MOMEHTOB KOJIMYECTBA ABUKECHUS.

PexxuMbl nBHKEHUS BSI3KOM KUIAKOCTH, Yncio PerHonpaca. Ilynscamuu ckopo-
CTH U JaBJIEHUS B TYpOYJEHTHOM MOTOKE. 3aBUCUMOCTh MOTEPh HAMOpa OT CKOPOCTHU
TEUYCHUS TIPU JJAMUHAPHOM | TypOyJieHTHOM pexkumax. @opmynsl Beticbaxa u apcewu.
Pacnipenenenne ckopocteil W MOTEpPH HANOpa IMpU JIAMUHAPHOM U TYpOYJIEHTHOM
pexuMax. 3aBUCUMOCTb THAPABINYECKOro KO3 duiireHTa TpeHus ot yucia PeliHoub-
Jica U IIEpOXOBATOCTU CTEHOK TPYOBI.

Mectabie conporunenus. Ko duinent MecTHOro conpoTuBieHusi, €ro omnpe-
JIEJIEHUE 110 TUAPABINYECKUM CIIPABOYHHUKAM. Y CTAHOBUBILIEECS JBHKEHUE KUIKOCTH
B TPyOOIIPOBOaX, THAPABINYECKUI pacyeT pacxoa U MoTeph HAMOPA.

HeycranoBuBuieecsi IBMKEHHE XKUAKOCTH B TpyOax. ['mapaBnuueckuil yaap B
Tpybax. ®opmyna XKykoBckoro mns mpsmoro ruzapoynapa. CKOpocTh pacrpoct-
paHeHus yaapHou BoJHbL. Pa3pl ruapoyzpapa. Henpsmon ruapaBidyecKuil ynap.
[Ipenoxpanenue TpyOOIPOBOIOB OT TUAPABIMUECKOTO yaapa.

I'mppomammnsl. Hacockl. IIpon3BOANUTENBHOCTD, HANOp, MOIIHOCTH HAcoca.
Bricora BcaceiBanus um kaBurtauus. Hacocwl BeITeCHEHUs. JlomacTHele HAcoOChl, HUX
XapaKkTepUCTUKHU. PerynupoBaHue HAacOCOB M HMX COBMECTHas paboTa Ha CeTb.
I'mpponpuson, ero xapakrepuctuku. [ITHeBMOIPUBO/I.

Pa3nea 3. 'azoaunamuka
(20 gacog)
[1],c.57...90; [3],c.3...24; [5],c.9...24

OCHOBHBIE YpaBHEHUS OAHOMEPHOro JBUXEHHS. CKOPOCTh 3ByKa B Ta30BOM
noToke. Jl03ByKOBBIE M CBEPX3BYKOBBIC TeUeHHUs, yrciia M u A. YpaBHEHHE dHEPTUH,
KpUTHYECKasd M MaKCUMaJlbHasg CKOpOCTH. llapameTpbsl M303HTPONUKWHOTO TOPMO-
JKEHMS Ta3a. 3aBUCUMOCTb CKOPOCTH ras3a OT CEYE€HHUs IMOTOKa NPU JO3BYKOBBIX U



7

CBEPX3BYKOBBIX CKOpOCTsX, como JlaBans. ["azoguHamudeckue dyHkuun. Permenue
3a7a4 OJJHOMEPHOTO H303HTPONMUHOTO TeueHMs. lcredeHue raza u3 OTBEPCTUU U
conen. OQHOMEPHOE TEUYEHUE NPU HANMYMK TpeHMs. PacnpeneneHue naBieHUN U
CKOpOCTEH MO JIMHE TPpYOBI MpU pa3nuuHbix ynuciaax M. [lpuBeaenHas anvHa TpyOsbl.

Pacnipoctpanenue BO3MylleHUI B MOTOKE ra3a. IIoHATHE O XapaKTEpUCTHUKAX
CBEPX3BYKOBOr0 IIOTOKAa. BoisHbI paspexenus. M3MmeHeHue mapamMeTpoB ra30BOIO
IIOTOKA B BOJIHAX pa3pexeHus. [IpsAamMoi cKadyoK yIIOTHEHUS, U3MEHEHUE [IapaMeTPOB
NOTOKA NP Mepexofe uepe3 ckadyok. Hapacranuwe sHTpomnuu raza B ckauke. Kocble
CKa4yKM YIUIOTHEHUs, U3MEHEHHE IIapaMeTpoB rasa B Kocom ckauke. I[lorepu snepruun
B KOCBIX CKAUKax.

[Toctpoenune 1monss TeUeHUs M PACUYET CKOPOCTEM M JABJICHUW IMPU CBEPX-
3BYKOBOM OOTEKaHWUH IJIACTUHKH U KpbUTa. BOTHOBOE CONPOTHUBIICHHE.

Pasznen 4. lunamMuka uaeajbHOM KUJIKOCTH
(16 gacoB)
[1], c. 90...115; [3], c. 84...110.

KunemaTnueckuil aHanu3 ABMKEHUS >KUAKOW dacTuibl. CKOPOCTH IOCTYyIIa-
TEJIBHOI'0, BPAIIaTEIBHOTO U iehopMaiMoHHOTo JBMXKEHMS. BuxpeBoe n 6e3BuxpeBoe
TEUYCHHE.

@yHKIMA TOKAa M NOTEHLMANI CKOPOCTHU. lIpuMepsl MOTEHUHAIBHBIX TEYEHUM.
Merong OI'JIA u 3KCiepUMEHTAIbHOE M3YUYEHHE MOTECHIHAIbHBIX TEUEHUW HA AJIEK-
TPUYECKUX MOAEISIX. Buxpp ckopoctu n mupkyisauus. Ilone ckopocren, BbI3bIBaeMOE
Buxpsmu. Lupkymsmuonnoe tedenne. OOTeKkaHne KpyroBoro HUIMHApa 03 IHUPKY-
JSALUM U C TUPKYJSLHAEH, paclpelesleHHe CKOPOCTEN M JAaBJICHUN HA MOBEPXHOCTH
oO0TekaeMbIix Ten. Teopema XKykoBckoro st moabemMHou cuiibl. [losBienue nupky-
JSIUUU TpU 00TEKaHUM Kpblia, noctynat Yamieiruna — XXykoBckoro. MoaenupoBaHue
HUPKYJSIIIMOHHOTO 00TeKaHus Kpbuia Metogom DI JIA.

Pasznen 5. /luHaMuKka BA3KOM KUJAKOCTH.
(16 gacosn)
[1], c. 115...148; [3],c. 111...130, 140...150.

KacarenbHble HampsoKeHUST BHYTPEHHETO TPEHUS B BSI3KOW >KHAKOCTH. CBS3h
HaIpPsHKEHUH co ckopocTsmu aedopmanmu. Y paBaenus Hasre-CTokca.

MopenupoBaHue B THAPOra3oJuHaMUKE. Y CIIOBHS THAPOJIUHAMUYECKOTO MO0~
Ooust motokoB. OOUMIA 3aKOH JUHAMHUYecKoro moaoous Herorona. PacueT HaTypHBIX
TUAPOJMHAMUYECKUX CHJI 1O JaHHBIM OIbITA HAa JUHAMUYECKHU IMOJOOHOM MOJCIIH.
Aspoaunamuueckue TPyObl, kK03G(UIIMEHT conmpoTUBIeHUsA. MoaeIupoBaHUE MpU
MIPEUMYLIECTBEHHOM BIJIMSIHUU CUJI TSKECTH, BA3KOTO TPEHHUSI, CAKUMAEMOCTH CPEIBI.
Yucna nopodbus. [lonnoe u vactuunoe mojoOue. Pacder mapameTpoB Mojenu u
NEPECUYET AAHHBIX MOJIEIBHOIO SKCIIEPUMEHTA Ha HATYpY.

JIBUKeHue KUJIKOCTU B TOrpaHu4yHOM cioe. JuddepeHuanbibie ypaBHEHUS
[IpanaTns v rpaHUYHBIC YCJIOBHS JJis MOTPAHUYHOTO CiosA. VHTerpaibHbIE COOT-
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HOIIICHUA KapMaHa. VYcioBHBIE TOJIIIWHBI IMMOTPAHHUYHOI'O CJIOA: BBITCCHCHUSA, ITOTCPU
HMITYJIbCA, IOTCPU SHCPIUH.

[TorpanuuHbll CIIOW Ha IUIACTHHKE: PACIPENEIIEHUE CKOPOCTEW, HApaCTaHUE
TOJILLIMHBI CJI0sI, KacaTesbHble HANpsDKeHUs, KodppuuueHT conpotusienus. [lepexon
JaMUHApHOTO ciog B TypOyneHTHbIA. Pacuer TypOyneHTHoro cios. Ilorpanuunsiii
ciloil mpu OOTEeKaHHWU Tejla KOHEYHOH TONIIMHBL. OTpbIB MOTPAaHUYHOTO CIIOS U
COIIPOTUBJICHUE MPU OTPHIBHOM OOTEKaHUU, KpU3UC 00TeKaHus. DakTopsl, BAUSIOIINE
Ha TypOyJIM3alMIO U OTPHIB IOTPAHUYHOTO CJI0s. YTIPaBJIECHUE TIOIPAHUYHBIM CIIOEM.

Pa3gen 6. CiennajbHbIe 31291
(18 gacon)
[1], c. 148...178; [7], c. 45...63.

Kpbuio, ero reomerpuyeckue mnapameTpbl. A3pPOJUHAMUYECKHE XapaKTepu-
CTUKU KpbUla. BiusiHue c:kKMMaeMOCTH ra3a Ha aj’pOoAMHAMUYECKUE XapaKTEPUCTHKH,
Kputnyeckoe yncio Maxa. IHIyKTUBHOE CONPOTHUBIICHHUE, 3JIEMEHThHI TEOPUHU KphLia
KOHEYHOI'0 pa3maxa.

Teuenue raza uepes3 JONaTOYHbIE pPEUIETKH TypOomamuH. ['eomeTpuueckue
napaMmeTpbl pemerok. CHiloBoe B3aUMOJEHUCTBUE IOTOKAa € OJWHOYHON JIONATKOM
pemetku, Gopmynsl Dintepa. Cuina XXyKoBckoro u jo0aBouyHas oceBas cuia. [lorepu
SHEPIrUH B PEIIETKAX, BIMSIHUE TE€OMETPUUYECKHX U PEXUMHBIX IApaMeTpOB Ha
XapaKTEPUCTUKU PEIIETOK.

PacnbuinBanue sxkuakocTed. XapakTepUCTHKM pacnblia. [ 'mapaBinyeckue,
MHEBMATHYECKHE, MEXaHMYECKHUe pacmnbuiuTedn. Yucna mogolusi, OINpeaessionine
XapaKTepUCTHKU pacmblia. TedeHune NIBYX(a3HBIX >KUIKOCTEH, CIEKTPHI Karelb.
Oco0OEHHOCTH TEUYCHHsI HACHIIIICHHOTO M BIIAXXHOTO Tapa 4epe3 TYPOMHHBIC PEIICTKH.
Opo3usi AIIEMEHTOB SHEPreTUUYECKOr0 000pyAOBaHUS NPU JBUKEHUHU BIAXKHOTO Hapa.

OcHOBHBIE XapaKTepUCTUKH U pacueT quddy3opos. [lorepu snepruu B auddy-
30pe Kak CymMMa IOTeph Ha TPEHUE B MOTPAHUYHOM CJIO€ U MOTEPh paciiupenus. Biu-
SHUE yIJla pacTBOpa M CTENEHU paciuupenus B 1uddys3ope Ha norepu. CTyneHyaTse
1 KoOMOMHUpOBaHHBIE TUDPY30PHI.

Crynenp 2xekropa. BaussHue TypOyJIEHTHOCTH IMOTOKA U BOJHOBOM CTpPYK-
Typbl CBEPX3BYKOBOM CTpPyHM Ha MpOIECC CMelIeHHus B dxekrope. Pabora crynenu
KEKTOpa IpU NMEepeMEHHBIX pexuMax. Bribop reoMeTprueckux napaMmeTpoB CTYIEHU
KEKTOpa.

Ilepeuennb 1abopaTopHbIX pador (12 yacos)

1. Tloctpoenue nuarpamMmbl ypaBHEHUsT bepHyiM M ONpEenerIeHHEe MECTHBIX
noTeph Hamopa (2 yaca).

2. WccleloBaHUE UCTEUEHUS BO3lyXa uepe3 como (2 Jaca).

3. ITocTpoenue ruipoiuHaMHuecKoi ceTku Teuenus merogom DI JIA (2 yaca).

4. ViccnenoBanue pacrpeieieHus JaBICHU Ha TOBEPXHOCTH O0TEKAEMbIX TeJ
(2 gaca).

5. U3mepenne ckopocTeil B MOrpaHMYHOM CJ10€ Kpbuia (2 yaca).

6. Onpenenenue k03 GUITMEHTOB CONPOTUBIIECHUS Tel (2 Jaca).
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Temarnueckuii miaH TUCHUIUIMHBI «| MAPOTA30JMHAMHKAY JJII OYHO-3a09HOMN
(dhopmbl 00ydeHUs NpeacTaBiieH B Ta0I. 2.1.

Tabnuya 2.1
Ne HammenoBanue paznena (HacoB | Jlek- [la6. | JIOT [amoct. |IIpakt. [KonT-
n/m (TembI) JTHEB. | UM |pad. pabora pab. | poib
OO0uiast Tpy10€MKOCTh 140 16 | 12 56 56 6 | Oxks.
JTUCIIATIINHEI
1 Benenwme. 'mapocraTuka 16 1 4 4 0,5 frect 1
2 I'mapaBnuka 54 7 4 24 24 2,5
3 l'azognnamuka 20 3 2 8 8 1 [rect2
4 | luHaMHKa UaeaTbHOM 16 3 2 6 6 0,5
KUIKOCTHU
5 | JluHaMuKa BA3KOU 16 3 2 8 8 1 mrectr3
KHUIKOCTH
6 | ChneuuanbHBIC 3aa49U 18 3 2 6 6 0,5

TemaTnueckuii IUIaH JUCHMUILJIMHBI

(dhopmbl 00yUCHUS MPEICTaBIICH B Ta0I. 2.2.

«'maporazoguHaMUKa»

IS 3a04HOM

Tabnuya 2.2

No HanmvenoBanme paznena | YacoB [lek- [la6. | IOT [amoct. [KoHT-

n/m (Tembl) | AHEBH. |1uu |pad. paboTa | poib

OO6m1ast Tpy10€MKOCTh 140 8 | 12 56 56 | Okas.

JIACIUILTHHBIHBI

1 Brenenue. ['mapocraruka 16 1 4 4 rect 1
2 I'uapaBiuka 54 5 4 24 24

3 I'azonunamuka 20 2 2 8 8 rect 2
4 | JIuHamMuKa WACaTbHON KUA-TH 16 1 2 6 6

5 JlmHamMuka BsI3KOM KUJIKOCTH 16 2 2 8 8 [rect 3
6 CreuuananHbIe 3a/1a9U 18 1 2 6 6

2.3. CTPYKTYPHO - JIOTHYECKAS CXEMA JUCHUIIJINHBI

CTPYKTypHO-JIOFI/I‘{eCKaﬂ cxXeMa JUCHUIIIINHBI
ImpeacTraBjiICcHa Ha CTpP. 10. Cxema AacT MpPCACTABICHUC O COACPKAHNN AUCHUILIINHEBI,
IMOCJIICAOBATCIIBHOCTHU U3YUYCHUA U B3dAUMOCBA3U €C PA3ICIOB.

«FI/I,Z[pOF a30IMHaMHUKa»
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CprKTypHO-JIOFH‘leCKaﬂ cXeMa U CIUIIJIMHBI

rmaporasogfmHaMHuKa
v v v i
PA3JIEJI 1 PA3IEJI 2 PA3JIEJI 3 PA3/IEJI 4
I'mapocraruka I'mnpasinka [a3oMHAMKKa JlMHaMuKa
HacaIbHOM
JKUJIKOCTH
dusnyeckue v
CBOMCTBa » Tecr 1 » Tecr 2
JKUIIKOCTEN
Kunematuka OcHoBHbIE bessuxpesoe
TuapocTaTu- KUJIKOCTH. He- [« YPaBHCHUS |4 U BUXPEBOC |4
qecKoe — Pa3pbIBHOCTH JBUKEHUE
JTaBJICHHC
v YpaBHeHust Hcteuenue DyHKIUA TO-
JlaBiieHue ABWKCHUA 14— rasa ucpes i Ka, HOTCHIM- |¢—
JKMJIKOCTH Ha 4.-J coruia aJI CKOpOCTH
CTEHKH v
YpaBHeHne Bounsbl OOTekaHue
I'uapasiu- bepryum <] NaBJCHHS (& Tel, MOJIEH |4
YECKHe COIMpPOo- ) OI'IA
THUBJICHUS
¢ ['unpasiu- Tunpo-
Pacuer P YECKHU yIap |e > MaIlIHBI
TpyOO-
MIPOBOJIOB
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2.4. BPEMEHHOU I'PA®UK U3YUEHUSA JUCIHUTLINHBI

Bpemennoit rpaduk gucuurinHbel «l'MaporazoguHaMuKay IS CTYJIEHTOB,
3aHuMaronmxcs ¢ ucnonszoBanueM J1OT, npeacrasieH B Tadu. 2.2.

Tabnuya 2.2.
Ne pa3- HanmenoBanue pazgena (tembl) [IpoaoKuTenbHOCTh U3yUEHUS
Jena (u3 pacueta 4 yaca B JICHb)
1 Beenenue. ['mapocraruxa. 1 nn.
2 ['unpasnuka 5 IH.
3 I'azogumHamuka 1,5 oH.
4 JIlnHamMuka uaeabHON KUJAKOCTH 1,5 nH.
5  JluHamuKka BSA3KOM KHUJKOCTH 1,5 nmn.
6 CroeuuanpHbIe 3a/1a91 1,5 nH.
Konrtponwsnas pabota 2 OH.
nTOoI1ro 19 nH.

2.5. MPAKTUYECKHWH BJIOK

Ilpaxkmuueckue 3anamus (014 OHe6HOI (hopmbl 00yueHUs1)

Tembl W HaUMEHOBaHHME NPAKTHUECKUX paOOT ISl OYHO-3a0YHON (HOpMBI
oOy4eHHs MpeICTaBIeHbI B Ta0M. 2.3.

Tabnuya 2.3.

Ne pa3znena 1 HAMUMEHOBAHUE HaumenoBanue npaktuueckux Kon-Bo

TEMBI 3aHATUA ~ 4YacOB

1. Beenenue. I'mapocraruka Pacuer naBiieHUs KUIKOCTHA HA CTEHKU 1

2. M'mapaBnuka  ['mapaBnuueckuil pacyeT TPyOOIpPOBOIOB, 1
pacxoA0MepPOB, THAPOY AP

3. 'a3onnHamuka Pacuer ncredenus raza yepes coria 1

4. lnHamuKa uaeanbHON [locTpoeHne ruApOAMHAMUYECKON CETKU 1
KUJTKOCTH TEUYCHUS TIPU OOTEKAHUH JIOTIATKU

IuHamuka BA3KOM KUIAKOCTH Pacuer norpannunoro cios 1

6. CnierimanpHEIE 3a1aUU Pacuer criioBOTro B3anMoAeHCTBUS 1
MOTOKAa ¢ TypOMHHOM JIOMATKOM

NTOI'O 6

Jlabopamopnwie pabomut (6ce popmul 00yuenus)
Tembl 1 HAaMMEHOBaHKE JJA0OPATOPHBIX pa0dOT MPEACTABIECHBI B Ta0. 2.4.

Tabnuya 2.4
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Ne paznena u Hau Haunmenoanue naboparopnoit padotel  Koi-Bo
MEHOBAHUE TEMBI 4acoB
2. 'mppaBnuka IToctpoenue aquarpaMmmsl ypaBHeHUs: bepHyum 2
U OIIPEJIEJICHNE MECTHBIX IIOTEPh HANopa
3. 'azonnHamuka HccenenoBanne UCTEYEHUS BO3AYyXa YEPE3 COILIO 2
4. Jlnnamuka unea- [TocTpoenne ruApOAMHAMUYECKON CETKU TEUEHUS 2
JILHOM JKUJIKOCTH meTomoM DI'JIA
5. lunamuka Bs3- MccnegoBaHue pacnpeesieHusl 1aBJIeHNs Ha ITOBEp- 2
KOM KUJAKOCTH XHOCTH 00TEKaEMBbIX TEJ
5. [lunamuka Bsa3- M3MepeHue CKOpOCTEH B IOIPAHUYHOM CJIOE KpblIa 2
KOW JKUIKOCTH
6.Crennanbabie  Onpenenenue K03 OUITMEHTOB COMPOTUBIICHUS TEIl 2
3a/1a4n
NTOI'O 12

TeMaTnyecKkuil UIAH JIeKUUM 1JIA CTYI€HTOB 04YHO-3204HOH (POPMBI

00y4eHus
1. Beenenue. 'mapocratuka 2 yaca
2. I'mapasiuka 6 JacoB
3. I'azonuHamMuka 2 yaca
4. JluHaMHKa UCaTbHOM KHUJIKOCTH 2 yaca
5. JlnHaMuKa BSI3KOM KUIKOCTH 2 yaca
6. CrnenuanbHbIC 3aa49u 2 Jaca

3. ”IHOOPMALMNOHHBIE PECYPCbBI JUCHUIIJINHBI

3.1. BUBJIMOTPA®UYECKHWH CIIUCOK

Ocnoegnoii:

1. JIaGetim, B.I'. 'mnporazogunamuka / B.I'. Jla6eim - CII16.: C3TY, 2007.

2. Jla6enim, B.I'. 'maporazogunamuka. Merogudyeckue yka3zanus K j1abopaTop-
HbIM pabotam / B.I'. JIa6eiim — CII16.: C3TVY, 2004.

3. Heitu, M.E. I'mnporazonunamuka / M.E. [letiu, A.E. 3apsakun — M.: Duep-
roaromusaar, 1976.

Hononnumenvhotii:

4. Unenvuuk, N.E. CnpaBounuk mo ruapasindeckum comnpoTtusieHusm / ULE.
Unenbunk - M.: Mammnoctpoenue, 1993.

5. CrenmukoB, A.A. 3agaunuk no rugaporasooi quHamuke / A.A. CTenukoB —
M.: MammHocTtpoenue, 1986.

6. bamra, T.M. I'unpaBiuka, ruJpOMaIinHbl U TUAPONPUBOALI / Toa pen. T.M.
bamtel — M.: MammnocTtpoenue, 1982.
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7. utsaxun, 10.®. PacneummBanme xuakocredt / HO.®D. Jlurskua — M.:
Mamunnoctpoenue, 1977.
8. http://www.hydrodynamics/ru — maTepuansl o ruipora3oIiHaMHKe.

3.2. OIOPHBIM KOHCHEKT

Pa3nea 1. BBEJEHUE. TH/IPOCTATUKA
1.1. Duzuueckue ceoiicmea rcuoxkocmeit

XKuakocTssMu Ha3bIBAIOTCS Tea, Y KOTOPBIX CHIJIBI B3aUMHOUN CBSI3H MEKIY
JacTUIIAaMU HEBEIWKHA. byaydn TOMENICHBI B COCYJ, XHUAKOCTH TPUHUMAIOT €T0
dbopmy. Ilpu 3TOM XKHUAKOCTH MOTYT OBITh KaneivHuiMu (HEC)KUMAEMBIMU) U 2d30-
oopasuvimu (CxuMaeMbIiMU). KarenbHble )KUJIKOCTH MMOYTH HE MEHSAIOT o0beMa Ipu
W3MEHEHUM JaBJicHUs. B rasax w3MeHeHWE JaBJICHHS NPUBOIUT K 3HAYUTEIbHBIM
U3MEHEHUSIM 00beMa, HapuMep, IPU U30TEPMUICCKOM YBEIUUCHUH JTaBJICHUS BIBOC
00beM raza yMmMeHbIIaeTCs B JBa paza. B KamenbHBIX KUIKOCTIX UMEIOT MECTO CHIIBI
CHEIICHUS] MEXIy YaCTHUIIAMH, YTO IIPUBOIUT K IOSBIICHUIO ITOBEPXHOCTH YPOBHS; B
ra3zax CHJI CIEIICHUS] MEXIY MOJIEKYJIaMH HET.

B ruzaporazogmHaMuke UCTONIb3YETCs TOHATUE KOHMUHYYMA, U CILUIOITHOCTH.
[Ipennonaraercs, yro ar00as yacTUIlAa KUJIKOM Cpelibl, CKOJIb Obl MaJila OHA HU ObLiIa,
MMEEeT CBOMCTBA, OJIMHAKOBBIE CO CBOMCTBAMH OKPY’KAIOIIETO OOJBITIOT0 00BheMa HKHI-
KOCTH. B nelCTBUTEILHOCTH KOHTUHYYM B JKHJIKOCTH YacTo Hapymaercs. Hampumep,
B 30HC IMOHWXCHHOTO JABJICHUS B IOTOKE >KUJIKOCTH MOYKET BO3HUKHYTH SIBJICHHUE
Kasumayuu, T.e. oOpa3oBaHUE TOJIOCTEH (KaBepH), 3alOJIHEHHBIX MapaMy U ra3aMu,
BBIJICIIUBIIUMHUCS W3 KUAKOCTH. OIHAKO JIsg OOJBITMHCTBA MPAKTHYECKUX 3a]1a4
UCIIOJIb30BaHUE TIOHATHS CIUIOIIHOCTH SIBJSIETCS CIPABEJIMBLIM, UYTO TI03BOJISET
CYUTATh CKOPOCTh TEUCHHS, AABJICHUE U JIPYTHE NapaMeTphbl MOTOKA HENPEPhIBHBIMU
(GYHKITUSMH OT KOOPAUHAT.

PaccMoTpruM OCHOBHBIE CBOMCTBA KUJIKOCTH.

IL1oTHOCTH

DTO CBOMCTBO XapaKTEePU3yeT HHEPIIMOHHBIC KauecTBa KUAKOCTH. [[ITOTHOCTHIO
p HA3bIBAIOT MACCy €IMHUIBI 00beMa KUJIKOCTH. Eciu Macca )KUJIKOCTH m 3aHUMAaeT
00neM V, TO

p=m/V. (1.1)

Pa3zmepHocTh miiotHoct B cucteme CU - (KF/M3).

[TnoTHOCTH psina xkuakoctei npu temmneparype 20 °C npusenens B [1], [4].

Bszkocth

CBOICTBO BSI3KOCTH TMPOSIBISIETCS. B COMPOTUBJIECHUU, KOTOPOE OKa3bIBACT
JBIKYIIASICS )KUAKOCTh CIIBUTAIOIIUM YCUIUSIM. ECIM B MOTOKE CKOPOCTH OTAEIBHBIX
CJIO€B HEOJMHAKOBBI, TO MOJICKYJIbl UJIKOCTH B CBOEM XAaOTHYECKOM TEIJIOBOM
JBIDKCHUH MPOHUKAIOT U3 CJIOEB, UMEIOIIUX MalIyl CKOPOCThb, B CJIOU C OOJBIITUMU
CKOPOCTSAMHM W MOATOpMakMBatoT ux (Ha puc. 1.1 cHuzy BBepx). HaoOopor,
MOJIEKYJIbI, TIOCTYNAIOIIME B 30HY MAaJIbIX CKOPOCTEH, YBJIEKAIOT JKUJKOCTb. TaKuM
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0o0pa3oM, BCIEACTBHE TEIJIOBOTO IBMKCHHUS MOJEKYJI W CHJ CIEIUICHUS MEXITy
YacTUIAMU KUJKOCTH BO3HUKAET TEHACHLMS K BBIPABHUBAHUIO SIIOPHI CKOPOCTEH.
[ToaTropmakuBaHue CJIOEB C OOJIBIION CKOPOCTHIO MPU 3TOM AHAJIOTMYHO JIEWCTBHIO
TPEHUsI B MEXAHUKE TBEPAOro Tena. Mcrmonws3ys 3Ty aHaNoOruro, IEUCTBUE BA3KOCTH
Ha3bIBAIOT GHYMPEHHUM mpeHuem B XKHUIKOCTU. Tepsemas

i .| MexaHuueckas sHeprus MOTOKAa PACXOJyEeTCs Ha yBEIUYCHUE
tn BHYTPEHHEH SHEPTUM MOJIEKYI, T.€. MepexXoauT B Termioty. [lo
" runore3e HpIOTOHA, MOATBEPKACHHOW OSKCIEPUMEHTAMH,
/ F ; KacaTeJIbHOE YCWINE MEXAY CIOSAMH KUAKOCTH, UMEIOIIUMU
—_— pa3Hyl0 CKOpPOCTh (T. €. «Cuja BSI3KOTO TPEHHUS»), MPOIOp-
S [IMOHAJIBHO TUTONIAJAN CONMPUKOCHOBEHUS ClIOeB F  u rpaau-
€HTY CKOPOCTH B TIOTIEPEYHOM HAMpaBlIeHUUu dw/dn:
Puc. 1.1
f=-uFdwidn, H (1.2)

(3akoH HbroroHa o BsA3koM TpeHum). KacarenbHoe HampsiKeHUE 7, WIM cUjla TPEHUS
Ha AMHUILY IJIOIIA 1 COIMPUKOCHOBEHHUSI CIIOEB, BhIpaxkaeTcs (popmyioin

t=f/F = - udw/dn, HM. (1.2a)

Koadpdunment nponopruoHanbHOCTH u# B (popmyne Hwrorona — 310 Ouna-
Muueckuti kosgPuyuenm sészkocmu. Ero pasmeprocts - He/M”. B HEKOTOpBIX 3a1a4ax
THIPOMEXAHHUKH, KOTJIa BI3KOCTh MaJIO BIMAET HA TEUCHHUE, UCTIONB3YETCS MOHITHE O
(OUKTUBHOM JKMJIKOCTH, JIMIIICHHOW CBOMCTBA BSA3KOCTH - UOCANbHOU HCUOKOCMIU.

Hapsiny ¢ nunamuyeckuMm KO3(P(GUIMEHTOM BS3KOCTH [ B THIPOMEXAHHUKE
4acTO HCIIONB3YETCS TAKKe KUHeMamuueckuil Kosghguyuenm sa3xocmu v, IpeJICTaB-
JSOMUNA cOO0M OTHOIIEHUE 1 K TUIOTHOCTH XHUIAKOCTH p, T. €. vV = i/p. PazmepHOoCTh
KMHEMATHYECKOro Kod(hdHIIEHTa BI3KOCTH - M>/c. B MPaKTHKe 4acTo MPHMEHSIETCS
MIPOU3BOJIHASL €IMHHULIA - CMZ/C, npuyem 1 em’/c =10* mM*/c. Equnnia cm’/c HOCHT
HazBaHue cmoxc (Ctr). 3HayeHus KUHEMATHYEeCKOro Kodd@uimeHTa BA3KOCTH V B
CTOKCaX JIIsl HEKOTOPBIX KUIKOCTEH NPH Pa3InIHON TeMIIepaType MPUBEICHBI B TA0J.
1.1 ucrounuka [1].

Bsi3kocTh KanenbHbIX )KUAKOCTEH YMEHBIIAETCS C MOBBIIICHUEM TEMIEPaTyphl,
YTO CBSI3aHO C YMEHBIIICEHUEM CHJI CUEIUICHUS MEXAYy YacTUIlaMu. BS3KOCTh ra3os,
HA000POT, YBEJIMYMBAETCS C MOBBIIICHUEM TEMIIEpPaTyphl U3-32 YBEIUYEHHSI CKOPO-
CTell XaOTUYECKOTO NBIKEHHS MOJieKyJs. Jlyisi ompeneneHus BSI3KOCTH KamleIbHBIX
KUIKOCTEH MPUMEHSIOTCS TPUOOPHI - guckozumempswl. Yaie Apyrux HCIONb3YETCs
BHUCKO3UMETpP DHIJIEPa, B KOTOPOM BSI3-KOCTh OIPEAEISCTCS MO0 BPEMEHH HCTECYCHUS
OTIPEICTICHHOTO 00bheMa JKUJIKOCTU Yepe3 KaTMOPOBAHHOE OTBEPCTHE.

CxxnmaemocTb

YMmenbienne o0beMa P YBEITWYCHUH JTaBJICHHUSI HAa3bIBACTCS CKMMACMOCTHIO
xuakoctd. [lo 3akony I'yka, mpupaiienne o0bema KUAKOCTH dV, CBSI3aHHOE C TIpHUpa-
LIEHUEM JaBJICHUS dp, onipeaensercs: GopMynon

dv =-(1/E) V dp, (1.3)
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rae E - Moynb o0beMHOM cokumaeMoctu (Moynib FOHra) wuakoctu. 3Hauenus £ s
psana xxuakocred npu temieparype okosio 0°C u HOpMaabHOM JABJIEHUU IPHUBEACHBI
B[1].

Monynb 00bEMHOM CHKUMAEMOCTH Ta30B 3aBUCUT OT TEPMOAMHAMUYECKOTO
XapakTepa NpoLecca CKaTus; OObIYHO OH B THICSYHM Pa3 MEHbILIE, YeM JIJIsl KaleJIbHbIX
KUAKOCTEH (II03TOMY Ta3bl U Ha3BIBAIOTCS corcumaemvimu dcuokocmamu). Hapany c
moaynem FOura E aiig XapakTepUCTUKU C)KUMAEMOCTH MPUMEHSIOT Takke 00OpaTHYIO
eMy BeIMYMHY - KodpduumeHT cxxumaemoctu ff = 1/E. Kak yxe ylnoOMHUHAIIOCH,
KareJbHbIE, WU HEC)KMMAaeMble, )KHIKOCTH MPU HEOONBIINX U3MEHEHUSIX HaBICHUS
MPAKTUYECKUA HE MEHAIOT 00bhema.

IToBepXHOCTHOE HATSIZKEHHE

ITO MEXaHUYECKOE CBOMCTBO KaIlI€JILHOM JKUIKOCTH €CTh CJIEICTBHUE IEHUCTBUSI
B KHJIKOCTU CHJI IPUTSHKEHUSI MEXy MOJeKyJaMu. [[oBepXHOCTh KUIKOCTH KakK Obl
ITOKPBITA TOHKOM 3JIACTUYHOM IUIEHKOW, CTPEMSILEHCS YMEHBIIUTD IUIOMAAb TOBEPX-
HOCTU. MONEKyabl TMOBEPXHOCTHOTO CJOSI UMEKOT II0 CPAaBHEHHUIO C BHYTPEHHUMH
MOJIEKYJIaMU HEKOTOPBIA M30BITOK MOTEHUHUANbHON 3HEepruu AUp, KOTOPBIH, OYEBU-
JTHO, POITOPLMOHAJIEH ITIOIIAIHA IOBEPXHOCTU [

AUy = F. (1.4)

Koadhdumment o HazwiBaeTcs koa@@uyueHmom nogepxHocmuo2o Hamsoicenus (AIu
TIPOCTO «IIOBEPXHOCTHBIM HATSKCHHEM»); €r0 Pa3sMepHOCTb - J[k/M’, HIIH, 4TO TO XKe
camoe, H/m.

Ha rpanuie Mexmy KUIKOCTBIO M TBEPABIM TEJIOM BO3HHUKAIOT CHJIBI B3aMMO-
JICUCTBUS MEXAY MOJICKYJaMu 3TUX cpeid. [Ipu 3TOM B 3aBUCUMOCTH OT BEITHYHUHBI
KpaeBoro yria €, oOpa30BaHHOTO IOBEPXHOCTBIO JKUJKOCTH C TBEPAOM IMOBEPX-
HOCTBIO, Y JIMHMM pa3jiena MOXeT HaOmonarbes cmauusanue (6 < 90°, namnpumep,
KEPOCHH Ha CTaJIbHON MOBEPXHOCTH) WM Hecmauusanue (6 > 90°, Hanpumep, pTyTh
Ha CTEKJIe).

[Ipy ABMKEHUM XUIKOCTH B KANWJUISIPHO-TIOPUCTBHIX TedaX ITOBEPXHOCTHOE
HATSOKCHUE MTPaeT CYIIECTBEHHYIO poiib. B KPYMHBIX cOCylax M TpyOONpOBOJaX, C
KOTOPBIMU TPUXOJUTCS UMETh IO B TEIJIOIHEPTETHKE W YHEPTOMAITHHOCTPOCHUH,
CWJIBI TIOBEPXHOCTHOTO HATSHKCHHUSI HMCUE3ArOIIe Majbl MO0 CPaBHEHUIO C JAPYTUMU
cwiamu. BMmecTe ¢ TeM MOBEPXHOCTHOE HATSHKCHHE BEChbMa BAXKHO TPH PaCIbLIHU-
BaHHUH JKUJKOCTEH: YBEIMYCHHUE MMOBEPXHOCTH MPHU JAPOOJICHUN KUIKOCTH HA MEIIKUE
Karutya TpeOyeT 3aTpaT SHEPTHH.

TensioBoe pacuupeHue

TennoBoe paciupeHne KarejlbHOM XKUIAKOCTH M CBSI3aHHOE C HUM HW3MEHECHHE
IJIOTHOCTH MPU U3MEHEHUHU TEMIIEPATyPhl HE3HAUUTEIIbHBI U MPU IPYOBIX pacuerax He
MPUHAMAIOTCS. BO BHHMAHME. SHAYCHHS IUIOTHOCTH UHCTOH BOXBI p, KI/M°, B
3aBUCUMOCTH OT TeMIEPaTyphl U JaBJICHUS MPECTaBICHBI B Ta0. 1.1.

TenoBoe pacimimpeHHe W CKaTHe Ta30B HCCISTYETCS TEXHUYSCKOM TEePMOIH-
HAMMKOM.
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Tabnuya 1.1
IlnoTHOCTDH BO/JbI B 3AaBHCUMOCTH OT TEMIIEPATYPbI X J1aBJICHUSA

t,°C 0,1MIIa 2Mlla SMIla 10MIIa 15MIla 20MIIa
0 1000 1000,8 1002,3 1004,8 1007,1 1009,5
50 988,0 988,9 990,1 992,4 994,4 996.,4
100 958,2 959,3 960,7 963,0 965,1 967,4
150 - 917,8 919,4 922,1 924,7 927,3
200 - 865,0 867,1 870,7 874,1 877,5
250 - - 800,3 805,9 811,1 816,2
300 - - - 715,4 725,5 734,6

1.2 .I'uopocmamuka

Cuabl, 1eiicTBYOIIHE B KUJAKOCTH

MexaHuKka KUJIKOCTH M Ta3a paccMaTpUBAeT JIBE KAaTErOPUU CHUJ, JCHCTBY-
IOIIKX B )KUJIKOCTU: 00bEMHBIE U TOBEPXHOCTHBIE.

Obvemubie, NI MACCOB8ble, CUIBI JEUCTBYIOT HAa KaXKIYI0 YaCTHUILYy KUJIKOCTH
BHYTPU JTaHHOTO oO0bema. TakoBbl CHIIBI TSXKECTH W UHEPUUU (B TOM YHUCIE IIEHTPO-
0exxHast cuina). OObeMHbIE CUJTbI, OTHECEHHbIE K €UHUIIE MACChl KUJIKOCTH, UMEIOT
pa3MepHOCTh yCKOpeHUs. Tak, mpu AeUCTBUU CUJIBI TSKECTH 00bEMHAsl CUjla YUCIICH-
HO pPaBHA YCKOPEHHIO CUJIbI TSDKECTH g TIPU ICUCTBUH IIEHTPOOESKHOM CHIIBI MHEPITUU
00beMHas CHIIa paBHA W/ (31eCh W - OKPYXKHASI CKOPOCTh BPAILCHUS, 7 — PAINYC
TpaekTtopun). Pe3ynbrar neicTBus 00bEeMHOM CHIIBI Ha 3aJJaHHBIN 00BEM KUIKOCTU V
BBIPAXKAETCA €€ MPOU3BEACHUEM Ha MAacCy >XHIKOCTH BHYTPH JAHHOTO OO0BEMa,
KOTOpasi B CBOIO O4YEepe/lb paBHA MPOU3BEACHHUIO 00beMa V Ha MIOTHOCTH p. B mTore
JICHCTBUE CHJIBI TSDKECTH BBIPAXKACTCS BECOM 3aJlaHHOTO oO0bema gpl, meictBue
LEHTPOOEIKHOI CHIIBI PaBHO pVw’/r .

llosepxnocmuvie cunvl NEUCTBYIOT Ha TOBEPXHOCTSX, OTICISIOMIMX JAHHBIN
00bEM KHUJIKOCTH OT arMoc(ephl, CTEHOK COCyJa WIH COCETHUX 00bEMOB KUIKOCTH.
K moBepXHOCTHBIM CHJIaM OTHOCSITCS HOpMasibHbIe CHJIbI (aTMOC(epHOEe JaBlieHUE,
JaBJICHUE CO CTOPOHBI CTEHOK COCY/Ia) U KacaTeJIbHbIe CUJIbI, HAIPUMEpP KacaTellbHbIe
HANPsDKEHUS] TPEHUSI Y CTEHOK TPYObl WIM y TOBEPXHOCTH OOTEKaeMOro Tela,
BO3HUKAIOUIUE NIPU ABUKEHHUH JKUIKOCTH.

I'mapocraTuyeckoe AaBJieHUE B MOKOSIIECHCH KUAKOCTH

Cuia, neficTByromiasi o HOPMaJIM CO CTOPOHBI KUJKOCTU HA €IMHUILY IUIONIA-
1 TIOBEPXHOCTH TeJia, CONMPUKACAIOUIEIOCs C HEHM, Ha3bIBACTCS 2UOPOCMAMUYECKUM
oasnenuem. Ecau Ha miomans F 1edcTByeT cuiia P, To THAPOCTATUYECKOE J1aBICHUE

p=P/F. (1.5)

ECJ'II/I I101IIaAb F pacnonoxceHa B X KUAKOCTHU HE FOpI/I3OHTaJIBHO, TO B paBHBIX cc
TOUYKax FI/II[pOCTaTI/I‘IeCKOC JdAaBJICHUEC HEC OJAMHAKOBO - OHO 3aBHUCHUT OT FHY6I/IHBI. B
9TOM CJIydac JaBJICHHUC B TOUKE OIMPCACIIACTCA UCPEC3 HpCI[CJ'IBHBIﬁ nepexon:

p = lim (AP/AF). (1.5q)

AF >0
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BekTop cwibl maBieHHs HAa HEKOTOPYIO IUIONIAJIKY, BHIOpAHHYIO B JKHUIKOCTH,
HaIpaBJICH M0 BHYTPEHHEN HOPMAaJIM K HEW U HE 3aBUCUT OT OPUEHTALIUH TUIOIIAKH.

Enunnna m3Mepenus gasienns B cucreme CH - H/M® - HasbIBaeTcs nackanem
(I1a). B OTMEHEHHOH TEXHUYECKOH CHCTEeMe eIMHHIA aaBieHus - K'c/m”. JIo cux mop
HAa HPOM3BOJCTBE NPUMEHSETCS CIMHMIA AaBieHns KI'c/cM’, Ha3bIBacMast mexHi-
weckoii ammocghepoii (ar). OHa paBHa 10000 Krc/M” M COOTBETCTBYET IABIICHHIO
cTtosiba pTyTd BbICOTOM 735 MM miuu ctojiba Boxbl BeicoTod 10,00 M. Hazpanue
«armocdepa» i ATON eTUHULIBI TTOSIBUIIOCH TOTOMY, UTO OHA MO BEJIMYMHE OJIM3Ka K
cpeHeMy aTMOC(EPHOMY ABICHHIO Ha ypOBHe Mops, paBHomy 1,033 krc/cm’
(maBnenue croyba pTyTy BeicoTor 760 MM).

B cucreme CU wucnonb3yroTcsi NPOU3BOJHBIE €AUHULBI JABICHUS — Me2d-
nackane: 1 MITa = 10° ITa, u xunonackams: 1 xIla = 10° Tla. CBs3b co cTapbIMu
eIMHUIaMU: laT = O,98x105 IIa~= 0,1 MlIIa.

Cnenmyer OTMETUTb, UTO MPU COXPAHEHUHU CIUIONIHOCTHU KUJKOCTH JAaBJICHUE B
HEll HE MOXET OBbITh HIKE HEKOTOPOIO0 MUHUMYMA — Od6/leHUs] HACbIWEeHUs, T.C.
JABJICHUSI MApOB JAHHOW KHUJKOCTH, HACHIIAIOIMIMX MPOCTPAHCTBO MPHU JIAHHOU
temneparype. [lpu moONbITKE MOHU3UTH J[JABJICHUE HIXKE JABJICHHUS HACHIIIECHUS
KUJKOCTh BCKkuMaeT. B Tabi. 1.2 npuBeAeHbI TaHHBIC 110 JAABJICHUIO HACBIIICHUS IS
apoB BO/JIbI PU PA3IUYHON TEMIIepaType.

Tabnuya 1.2
JlaBJjieHHe HACBIIEHHsI TAPOB BO/IbI

t,°C 0 20 40 60 80 100 120 140 160

Py,xlla | 0,6 | 24 | 75 20,3 48,2 101,3 200 370 620

[Ipu gpyrux Temmeparypax BOJbl JIaBJIEHWE HACHIIICHUS MMAapOB HAXOMAT B
TabnuIax TermI0(QpU3NYECKUX CBONUCTB BOBI U BOASHOTO Mapa.

N3 npuBeAeHHBIX JAaHHBIX CIEIyEeT, Hampumep, yto npu temmneparype 70°C
BOJla BCKHUIIA€T, €CIM JaBlieHHWE Ha ee mnoBepxHoctu craner meHee 31,7 klla.
JlaBneHUsI HACBIIIEHUSI HEKOTOPBIX APYrux kujakoctel mpu ¢ = 20 °C npuBelICHbI B
Tabm. 1.1 ucrounuka [1].

NuddepeHunanbHble yPABHEHNUSI PABHOBECHS KUKOCTH

BoiBong auddepeHnmaibHbiX ypaBHEHUN paBHOBECHS HAYHEM C YacTHOTO
cilyd4asi, KOTJla Ha KHJIKOCTb JIEUCTBYET TOJIbKO CHJIA TSKECTH M CHCTeMa KOOpAMHAT
BbIOpaHa TakMM 00pa3oM, YTO MJIOCKOCTh XY PACIIOJIOKEHA HA MOBEPXHOCTU KUIKO-
CTH, a OCh z (0Ch IITyOWH) HampaBjeHa BEPTUKAIbHO BHU3 (puc. 1.2).

PaccMmoTpum ycioBusi paBHOBECHS KUIKOCTH B Mapaujlesienunene ¢ pedpamu
dx, dy, dz, mapajmienbHBIMM KOOPJAMHATHBIM OCSM. ENMHCTBEHHOW OOBEMHOW CHIIOH,
JEHCTBYIOIIEH Ha XUJAKOCTh BHYTPU MapajuieNienuIea, sBIsSETCsS Cujla TSHKECTH g,
JEHCTBUE KOTOPOW BbIpakaeTcsl Mpou3BeAeHUEM pgdxdydz. Cuila TSKECTU HallpaB-
JIeHa BEPTHUKAJIbHO BHH3, U MPOCKIHUH OOBEMHOW CHUJIbI B HAIMPABICHUU OCEH X U )
paBHbBI HYJIO. B cuity TOro, 4To XKMAKOCTh HEMOABUYKHA, CHJIbI IaBJICHUS HA OOKOBBIC
IPaHU B3aUMHO YPaBHOBEIIUBAOTCS.
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PaccmoTpum mpoekuuu cui, ACHCTBYIOIIMX Ha Mapasulesienule]] B Hampas-
nenuu ocu z. [lycTh naBieHus: Ha BepXHEN U HIDKHEH IJIONIA/IKaX PaBHbl p U p + dp.
Ha BepxHio rpanp AEHCTBYET cwia JaBieHUs pdxdy, Ha HIXKHIOO — MPOTHBOIO-

JIO’)KHO HampaBJieHHasi cuja naBienus (p+dp) dxdy.

C—— y ey [IpocymmupoBaB anreOpanyecku CUJIbI JABJICHUS Ha
/ BEPXHIOI0O U HIDKHIOIO TPaHU M BEC KHUIKOCTH B
dy o0beMe mapajuleNienuIesia, IMOJIyYUM  YCIIOBHE
oz t\ ~padxdydz - paBHOBecHs
T pdxdy - (p+dp)dxdy+ pgdxdydz = 0, unu
L)

z (prapcixdy dp = pgd-. (1.6)

Puc. 1.2 [Ipu npoU3BOJIBHON OPUEHTALIMN KOOPIUHATHBIX

OCEH, a TAKXKE IIPU JECUCTBUU KPOME CHUJIbI TSHKECTU U
IpYTUX OOBEMHBIX CHJI TPHUXOAUTCS YYHUTHIBATH BCe WX mpoeknuu X, Y, Z Ha
KOOpJIMHATHbIE OCU. B 3TOM ciydae HY>KHO paccMaTpuBaTh W3MEHEHHUE JABJICHUS B
HaIlpaBJIEHUU BCEX KOOPAMHATHBIX OCEH, KOTOPOE OIKCHIBAETCS YACTHBIMU IMPOU3-
BOJIHBIMU Op/0x, Op/0y, Op/dz. Ilonb3ysiCh BBIBOJOM, AaHAJOTUYHBIM BBIIIEU3IIO
KEHHOMY, TOJIy4aeM JJisi 3TOro ciiydas cucremy JuddepeHunanbHbIX ypaBHEHUN
PABHOBECHS KUJKOCTH DUJepa:

op/ox =p X,
op/oy =p Y, (1.7)
op/dz =p Z.

[Honublit nuddepeHnuan ruApOCTaTUYECKOTO JIaBJICHUS MOXKET OBbITh ONpeje-
JIEH U3 ATOW CHUCTEMBI B pe3yJIbTaTe€ YMHOXKEHHUS MEPBOTO ypaBHEHMs Ha dx, BTOPOTO
Ha dy, TPEThETO Ha dz U UX CIOXKCHUS:

dp = p (Xdx + Ydy + Zdz). (1.7a)

HNurterpuposanne nuddepeHunanbHbIX YyPAaBHEHUH THAPOCTATUKHU
PaccMoTpum paBHOBECHE HECKMMAEMOM KUJIKOCTH IMOJ JCUCTBUEM CHIIbI
TsokecTu. UuaTerpupys ypaBuenue dp = pgdz, umMeem

p=pgz+C

[TocTostHHas nHTerprpoBanus C MOKET OBITh OINpEAeSiCeHa C YYeTOM YCIOBHS
HA MOBEPXHOCTH JKHAKOCTH: p | .-o= po, cremoBarensro, C = p,. B pesynbrare aas-
JIeHWE p Ha 000 TIyOuHE Z MOXKET OBITh ONMPEAENICHO M0 OCHOBHOMY YPABHEHUIO
2UOPOCMAMUKU:

p = potpgz. (1.8)

B uwacTtHOM ciydae, Korza KUAKOCTh HMEET CBOOOJHYIO MOBEPXHOCTH, JaBJie-
HUE p( PaBHO aTMOC(EpHOMY JIaBJIECHUIO p,. TakuMm 00pa3om, TaBj€HUE p HA MIyOuHE
z (abcontomnoe Oasnenue) CKIAIbIBACTCS W3 JABJICHUS Ha MOBEPXHOCTU py U JIaB-
JICHUS CTOJI0A KUIKOCTU PLZ - UBOLIMOYHO20 OABIEHUSL.
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N3 ypaBHEHMS TUAPOCTATUKU CIEAYET, YTO MAABICHUE MOXET HU3MEPATHCS
BBICOTOM CTOJI0A JKHUIKOCTH z. Ha 3TOM OCHOBAaHO MIMPOKOE NPUMEHEHHE IS
M3MEPEHUs JABJICHUS COOOMIAIOIIUXCA COCYAOB - MbE30METPOB, KUAKOCTHBIX Oapo-
METPOB U MAHOMETPOB, MUKPOMAaHOMETPOB. Tak, B nvezomempe HABICHUE BHYTPHU
cocyJla U3MepSETCS MO BHICOTE MOJAbEMA Z KUJKOCTH B OTKPBITOM TPyOKe; JaBICHUE
Ha TTOBEPXHOCTH >KMJIKOCTH B HEil paBHO atMochepHoMy. OUEBUIHO, UTO Z = Dyun/PE,
rI€ MaHoOMempuyeckoe NABIEHUE Dyay = P — Po €CTh INPEBBILICHUE JABICHUA HaJ
atMocepHbiM. JlaBiaeHue B cocyne ompenensiercs mno dopmyie p = p, + pgz.
Muxpomanomemp npecTaBisieT cO00M MbE30METp, B KOTOPOM U3MEpUTEIbHAs TPYO-
Ka HAKJIOHEHA TIOJ] HEOOJBIIUM YTJIOM K TOPU3OHTAJIbHOW IIockocTH. Hesznauu-
TeJIbHBIC U3MEHEHUS JIaBJICHUS MPUBOMAAT K 3aMETHBIM M3MEHEHUSM JUIMHBI CTOJIOMKA
KHUJAKOCTH B U3MEPUTEIHHON TPyOKE MUKPOMAHOMETpPA, Y€M MOBBIMIACTCS TOYHOCTH
U3MEPEHUN.

Ecnu B mbe3oMeTpe ypOBEHb KHIKOCTH PACIIOJIOKEH HUKE YPOBHSA B COCYIE,
ClaraéMoe€ pgz B OCHOBHOM YPAaBHEHWHM THJPOCTATUKH HMMEET 3HAK MHHYC U
Ha3bIBACTCA BAKYYMOM, WA HEJAOCTATKOM JaBlieHUs 10 aTMochepHoro. BenuuuHna,
uiu TyOrMHa, BakyyMa B COCyJle U3MepsieTcsl B JOJisIX aTMocdepbl WIM BBICOTaX
croyiba xuakocTu. [Ipu BakyyMme NaBji€HHUE p HE MOXKET ObITh MEHBIIE JaBJICHUS
HACBILLIEHUS p, TPU AaHHOW Temneparype (ang Boabl — cM. Tabdia. 1.2). I1se3omerp,
U3MEPSIOIINNA MTyOuHY BaKyyma, Ha3bIBa€TCs 8aK)yMMEMPOM.

[ToMuMO KUAKOCTHBIX MPUOOPOB, IJII U3MEPEHUsS JIaBIICHUS B TEXHUKE IIIU-
POKO HCHOJIB3YIOTCA TaKK€ MEXaHUYECKME MAHOMETPbI U BAKYYMMETPBI — IMPYKUH-
Hble U MeMmOpaHHbIe. J[aBieHHEe B HMX HM3MEPSETCS MO BEIUYMHE YIPYrux aedop-
MAalMi YyBCTBUTEJIBHOIO 3JIEMEHTA.

N3 ypaBHEHHS TUAPOCTATUKU HEMOCPEACTBEHHO ClIeNyeT 3akoH [lackans, cor-
JJACHO KOTOPOMY JIaBJIEHHE, OKA3bIBAEMOE HA MOBEPXHOCTh MOKOALICHCA KUIKOCTH,
nepeaaeTcsi BCeM ee JacThIlaM 0e3 M3MEHEHHs BeTMIMHbBL. J[eiCTBUTENBHO, TaBICHUE
Ha MOBEPXHOCTH po BXOAUT CIIATAEMBIM B OCHOBHOE YPaBHEHUE TMAPOCTATUKH, U C
€ro U3MEHEHHEM Ha TaKyI0 K€ BEJIMYMHY MEHSETCS [IaBJICHHUE BHYTPHU KUIAKOCTH p.
Ha npumenenun 3akona Ilackans OCHOBaHO YCTPOMCTBO TMJPOCTATHYECKUX MAILIWH:
TUJPABIMYECKUX MPECCOB, AKKYMYJISITOPOB U MYJIbTUILJIUKATOPOB.

IIpy yCKOpEHHOM JABMKEHHUH COCYAa B TEUEHHUE IOCTATOYHO JJIMTEIBLHOIO BpE-
MEHHU HaXOJAIIAsICs B HEM KUIKOCTb OKa3bIBAETCS B IOKOE OTHOCUTEIIBHO COCY/Ia, HO
NepeMeInaeTcs BMECTe ¢ HUM (OTHOCHUTENbHBIN MOKOM XKuAKocTh). B 3TOM ciyuae,
HapsAy C CHIION TSKECTH, Ha KUJIKOCTh JEHCTBYIOT TaKKe OOBEMHBIE CUJIbI HHEPIIUH.
B muddepennmansnom ypaBHeHHHM ruapoctatuku (1.8a) mpuXOAWTCS YYUTHIBATh
TOpU30HTAIBHBIC KOMIIOHEHTHI O00BEeMHBIX cuil X u Y . B wactHOCcTH, TIpu paBHO-
YCKOPEHHOM JBHKEHUU COCYy/1a OObEMHAs CHJIa B HAMPABICHUM JACHCTBUS YCKOPEHUS
paBHa 3TOMY yCKOpeHuto. [Ipu Bpamennn cocyaa OKOJIO BEPTUKAIBHOW OCH C YIJIO-
BOM CKOPOCTBIO (» HA YACTHUIy JKHUAKOCTH, PACHOJIOKEHHYIO HA PACCTOSIHUM 7' OT OCHU
BPAICHHS, KPOME CHJIBI TSIKECTH MACHCTBYET LIEHTPOOEKHAS CHIIa HHEPLHH 7.
JlelictBrEe DTOM CWIBl IIPUBOAUT K BO3PACTAHHUIO JABJICHUS C YIAJICHUEM OT OCHU
BpaieHus. IPpheKT yBeIudeHus 1aBJICHUs] y CTEHOK BPaIlalolerocs: Cocyaa HaXOoIUT
MIPUMEHEHUE B TEXHUKE, HAIPUMEP B LICHTPOOEKHOM JTUTHE.
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1.3. /lasnenue rsncuokocmu Ha CmeHKu

W3 ompeneneHusi TUAPOCTATUYECKOTO J1aB-
nenus (Beipaxxenue (1.5a) ciaexyer, 4yTo cuiia JaB-
JICHUS )KUJIKOCTH Ha CTCHKY MOXET OBITh Hai/IeHa
CYMMHUPOBAaHHEM MPOU3BEICHUNA THAPOCTATHYECC-
KOTO JIABJICHHSI HA BEJIMYMHY 3JIEMEHTApHOM IJI0-
MIAJIKK WA, B Tpenaesie, UHTETPUPOBAHUEM CHII
JaBJICHUS 1O TUIOIIAIA CTEHKH F.

Benuuuna cuiibl U130BITOYHOTO J1aBJICHUS Ha
Puc. 1.3 aJieMeHTapHyto momanky dF (puc.1.3) paBna:

dP = pusedF = pghdF.

Cunia naBiieHMsT Ha BCIO IUIOHMIAAKY F oOmNpenenseTcss MHTErPUPOBAHUEM DJIEMEH-
TApHOTO JIABJICHUS 110 TuTomaau F:

P==pg£hdF.

Ho pg I hdF ecThb cTaTM4eCKUil MOMEHT (DUrypbl F OTHOCUTEIBHO CBOOOIHOM
F

MOBEPXHOCTH >KUJKOCTH, PaBHBIMA, COIVIACHO BBIBOJAM TEOPETUYECKOW MEXAHHKH,
POU3BEACHUIO TJIOMAMU F Ha TTyOuHy /. IOTpy>KeHHs [IeHTpa TskecTu durypsl C:

IhdF=th.
F

Taxkum 06p8,30M, UMEECM
P :pghc F:pH36.CFa (19)

TJI€ Puss.c - THAPOCTATUYECKOE AaBICHUE B EHTpE TshkecTu purypsl. Hampumep, cuna
M30BITOYHOTO JIaBJICHUSI HA MPAMOYTOJbHBIM LIUT IUMPUHOW b, AIMHOU [, ycTaHO-
BJICHHBIU IOJ] YTJIOM G K IOBEPXHOCTH KUIAKOCTH, paBHA

P = pgh. F = (pgbl’/2) sin a. = 0,5 pgbl’ sin o.

Touka NPUIOKEHUS PABHOAECUCTBYIOLIEH CWIbl JABJICHHUs, Ha3blBaeMas YEHMpPOM
oasnenus, IEKUT HIDKE 1ieHTpa Tsokectu C Ha pacctosiHuu e = J. / (F 1), Ha3piBaeMOM
aKcyeHmpucumemom oasnenus. Harpumep, 171 TpsIMOYTOJIbHOTO IIUTA TOYKA MPUIIO-
YKEHUS PAaBHOJCHCTBYIOIICH CUJI JABJICHUs HA NPSAMOYTOJIbBHYIO CTEHKY JIE)KUT HUXKE
ee IieHTpa TsHKecTH Ha [/6.

PaBHonelicTByIOIIAsE CUIT AaBiICHUS HAa KPUBOJIMHEHHYIO CTEHKY MOXET OBbITh
ONpelelIeHa CYMMUPOBAHUEM CHJI IaBJICHUSA HA DJIEMEHTApHBIE ILIOLIAAKHA, KOTOpPbIE
MOJKHO CUMTaTh INIOCKUMHU. OOBIYHO 3a/1aya ONpeAesieHUs] PaBHOACHCTBYIOIIEH JaB-
JICHUs HAa KPUBOJIMHEHHYIO CTEHKY CBOAMUTCS K HAXOXKICHUIO €€ COCTABJIIOLIUX II0
KOOPAMHATHBIM OCSIM.
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Pa3nen 2. THIPABJIMKA

2.1.0npeoenenun kunemamuxu sxcuoxkocmu. Hepazpvienocmuw

3ajadeit TUAPOIMHAMUKH SBIISIETCS OMPEACIICHUE CKOPOCTEH U JaBICHUM KU/
KOCTH B Pa3WYHBIX TOUYKaX MOTOKa (KOOpAWHATAX X, ), Z) U B Pa3IUYHbIC MOMEHTHI
BpeMeHH 7. B 00111eM ciydae BEKTOp CKOPOCTH W U JaBJICHHUE p SABISAIOTCS (YHKITUSIMH

YEThIPEX NIEPEMEHHBIX: wr
1

w =W(x’ Y Z, T)) p =p(x’ y’ z, T)' a) “ i

Ecnu ckopocTh M naBiieHHe B JH000# QukcHupo-
BAaHHOW TOYKE MOTOKAa OCTAIOTCS HEM3MEHHBIMU BO BpE- w,
MeHH (T.€. SBISAIOTCS (PYHKIMSAMHU TOJBKO KOOPJWHAT X,
¥, Z), TO TeUEHHE Ha3bIBAE€TCs ycmanosuguiumcs. Ilpumep
YCTAaHOBUBLIETOCS TEYEHHUS] — UCTECYEHHUE JKUIKOCTU M3
0aka 1o MOCTOSHHBIM HanmopoM. Ecin ckopocTh 1 gaBiie- Puc. 2.1
HUE MEHSIOTCS CO BPEMEHEM, TO TEUEHUE — HEYCMAHHO-
gusuieecs. Hampumep, ecnmu mpu HUCTEYEHUH M3 Oaka YOBUIb KHMAKOCTH HE BOC-
MOJIHSIETCS, TO HAIoOp, CKOPOCTh M JABJIEHUE B JIOOON TOYKE MOCTENEHHO YMEHb-
HIaI0TCS, ITO TEYEHUE - HEYCTAaHOBUBILIECECH.

MrHOBeHHYI0 KapTHHY TE€UYEHUS HArISAHO MNPEACTaBISAIOT JuHuu moxa (puc.
2.1a). B kaxao0il TOUKE JIMHUU TOKA BEKTOpP CKOPOCTH HAMNPABJIEH IO KACATENBHOMN K
Hed. IIpu ycTaHOBMBLIEMCS TEUEHMHM JIMHUM TOKA COBMNAJAIOT C TPACKTOPHUSIMU
YacTULl, ITPU HEYCTAHOBHUBUIEMCS TEUEHHH OHM MOTYT HE COBIaJaaTh. Eciu npoBectH
JUHUU TOKa Yepe3 BCE TOUKHU AJIEMEHTapHO-MaJoro KOHTYpa, TO 00pa3oBaHHAs UMU
MOBEPXHOCTh OTPAHUYHT 3iemeHmapuyro cmpyuxy (puc. 2.160). B anementapHoi
CTpyHKe >KUIKOCTh TE€YET, HE CMEIMBAsICh C COCETHUMH O0bEeMaMHu, TaK Kak, IO
OIPEJEIICHUIO, BEKTOPbI CKOPOCTH HAIIpaBJIEHBI MO KAaCATEIbHOU K €€ MOBEPXHOCTH.
[Inomans ceueHust CTpyku dF BbIOMPAIOT JHOCTAaTOYHO MAJIOH, JUIsl TOTO YTOOBI
BEKTOp CKOPOCTH W OCTAaBaJICSl B ’TOM CEYEHUU HEU3MEHHBIM 10 BEJTUYMHE.

O0beM KHUAKOCTH, MPOTEKAIOUIEH uYepe3 CeueHUuEe CTPYHKH B EAMHUILY Bpe-
MEHH, HA3bIBAIOT 3eMeHmapHuim pacxooom dQ. OH paBeH MPOU3BEIEHUIO BEKTOpa
CKOPOCTH Ha IUIOLIAb CEUEHUSI CTPYIKHU:

dQ = wdF. 2.1)

Pa3MepHOCTh pacxoa — M /c.

PaccmarpuBasi IOTOK KHIKOCTH, TAKOM, HAIpUMEpP, KaKk B TpyOe WM KaHae,
JOMYCTUMO CYHTATh, YTO OH COCTOMT W3 OOJIBIIOTO YHCIA 3JIEMEHTAPHBIX CTpyek. B
ITOM CiIydae CEYCHHUE MOTOKA (B THIPABIMKE €ro HAa3bIBAIOT JHCUBLIM CeyeHlUeM) PAaBHO
CyMMe€ CeueHHI dJIeMEHTapHBIX CTpYyeK. Pacxox moroka ecTb cyMMa pacxoioB CTPYEK,
B MpeJIelie - MHTETPaJl Mo VIO CCYCHUS:

QZJdQZdeF. (2.2)

IIpu u3BectHOM pacxone () JIETKO ONPENEIUTh CPEAHIOI CKOPOCTh IOTOKAa W, B
JTAHHOM CEUYCHUH:
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wep = O/F = (1/F) [ war (2.3)

YpaBHeHHe HePa3PLIBHOCTH AJIs1 OAHOMEPHOI0 TeYCHUS

Eciin B motoke Mexay KakuMU-HUOYAb JByMSI €r0 CEUEHHUSIMH KOJUYECTBO
’KUJIKOCTU HE TIOTOJIHAETCS W3BHE M HE YOBIBAET (HET UCMOUYHUKO8 W CHIOKO8), TO
Macca MPOTEKAIOIEed Yepe3 dTU [1Ba CEUYECHMS KUIAKOCTU COXPAHAETCS HEM3MEHHOM.
MareMaTu4ecku 3TOT HPUHUUI BBIPAXKAETCS YpasHeHuem HepaszpwvleHocmu (3TO
Ha3BaHMWE NOJYEPKUBAET, YTO B PACCMATPUBAEMBIX CEYCHMSX IOTOK CIUIOIIHOW, HE
COJIEP>KUT MOJOCTEN U Pa3phIBOB).

Haubonee mpocTo 3amuchiBaeTCsi ypaBHEHHE HEPA3pPBIBHOCTH U YCTaHO-
BHUBLIETOCSI OAHOMEPHOTO TEUYEHHMs, B KOTOPOM CKOpPOCTb MEHSETCS TOJIBKO B Hall-
paBJICHUHA OJHOM MPOJOJBHOW KoOpauHaThl. [IpuMepamu OIHOMEPHOIO TEUYECHUSA
ABJISIIOTCSL JIEMEHTapHas CTpyiika, ABMXKeHUE B TpyOe u kanane. i snemeHTapHOU
CTPYMKH HECKHUMAEMOM JKUJIKOCTH NPUHIMUI COXPAHEHHsI MACChI BBIPAXKAETCSA 4eEpPeE3
MOCTOSTHCTBO 00beMHOTO pacxoja (2.1) B crpyiike (puc. 2.16):

dQ = wdF = const. (2.4)

OuyeBuaHO, YTO ISl OTOKA B TpyOe WM KaHaie HEOoOXOAMMO IMOCTOSTHCTBO
pacxo/ia, BEIYUCIEHHOTO IO CPEAHEN CKOPOCTH Wy, :

0O = w,,F' = const. (2.4a)

B ciiyyae olHOMEpHOro TEUEHHsI COKMMAEMOW >KMJIKOCTU MPUHLIMI HEPa3pbIBHOCTH
TpeOdyeT NOCTOSHCTBA Maccogoeo pacxoda (G, KOTOPBIM paBeH NPOU3BEACHUIO
00BEMHOTI0 pacxoja Ha IJIOTHOCTh p:

G =pQ = p w,I" = const. (2.46)

OnHOMEpHOE TEUEHHE HECKUMAEMOU JKHUIKOCTU SIBIISICTCS MPEAMETOM H3yde-
HUS euopasnuxu. B oTaudue ot Hee eudpoounamuxa paccMaTpuBaeT 00Jiee CI0KHBIC
IBYX- U TPEXMEPHBIE TMOTOKU, B KOTOPBIX CKOPOCTh MOXKET WU3MCHATHCS B Harmpa-
BJICHUU JBYX WJIU TPEX KOOPIUHATHBIX OCCH.

YpaBHeHNe HEPa3PbIBHOCTH /JIsl TPEXMEPHOI0 TeYeHusl

Bribepem B moToke (pUKCHpOBaHHBIM B MPOCTPAHCTBE DJIEMEHTAPHBIA 00BEM
HEC)KUMAEMOU KUJIKOCTH B (hopme mapauienenumneaa ¢ peopamu dx, dy, dz . YpaBHe-
HUE HEPa3pbIBHOCTU ISl HEC)KUMAeMOM >KMIKOCTH B auddepeHnuansHoi dopme
uMeeT BUJl (IpUBOIUTCA O€3 BHIBOJA):

(0w, 10x) + (0w, /19y) + (0w, /0z) = . (2.5)

2.2. Ypagnenusa osuircenusn uoeanvbHou HeuoKocmu

NneanbHOM XKUIKOCTH, JIMIIIEHHOW CBOMCTBA BSI3KOCTH, B MPHUPOJIE HE CyLIEC-
TByeT. ONBIT NOKa3bIBAET, OJIHAKO, YTO MPHU OOTEKaHUH HEKOTOPBIX TEJ MAaJOBSI3KOU
KUJKOCTBIO (TaKOW, KaK BOJIa, BO3/1yX) TOPMOKEHHE M3-32 BSA3KOTO TPEHUS OXBAaThI-
BAET JIMILIb TOHKWW IPUCTEHHBIN CJIOW. 3a MpeaeaaMu 3TOTO CJIOS BA3KOCTh OKA3bIBAET
MpeHeOpeKMMO MaJioe BIUSHHUE HA pacipeesieHue CKopocTeit u aaBineHuid. [loatomy
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JUI U3Y4YE€HUs BHEIIHErO IOTOKA MOXXHO HCIIOJIB30BaTh METOJBI JUHAMUKHU HUICallb-
HOM KHUJKOCTH, YTO CYLIECTBEHHO YNPOIIAET 3a4adyy IO CPABHEHHMIO C JTHUHAMUKOU
BS3KOM kuakocTH. [IpeHeOpekeHne BA3KOCTHIO MOMOTaeT TaKKe pellaTh B MEPBOM
NPUOJIMKEHUH 33]1a4U OJTHOMEPHOTO TEUEHUS.

YpaBHEHUS THAPOIUHAMUKHN Diiiepa BBIPAKAOT B IPUMEHEHUH K KUIKOW Yac-
TULe BTOpoH 3akOoH HproroHa: «lIpousBenenue Maccol 4aCTULBI HA YCKOPEHUE PABHO
JNEUCTBYIOIIEH CUIIEN, T.€.

mdw/dr=2f. (2.6)

3neck dw / dt - mpon3BOAHAS BEKTOPA CKOPOCTH MO BPEMEHH, WM yCKOpeHue; 2 f -
CyMMa CWJI, ACHCTBYIOIIMX Ha YacTUIly Macchl m. Ha dacTuily AefCTBYIOT CHIIBI
JaBJICHUS, a TaK)Ke BHEIIHUE O0BEMHBIC CHIIBI (HApUMep, CHIIBI TSDKECTH HIIH WHEp-
un). Eciau mpoekinio yCKOpeHHs, CO3/1aBaeéMOT0 BHEITHIMH CHJIaMU B HAIPaBICHUH
ocH x, 0603HaunTh uepes X, M/c’ (cM. m. 1.2), TO CHIa OKaXETCsS PAaBHOI HPOH3Be-
JICHUIO YCKOPEHUSI HA MAacCy 4acTuiibl, T.e. Xpdxdydz, nptotoHoB. [lonb3ysce aHano-
TUYHBIMU PACCYKICHUSIMH TSI TPOCKITUN YCKOPEHUI 1 CUJT Ha KOOPJUHATHBIE OCH Y
U z , IOJy4uM cucteMy auddepeHImaibHbIX YpaBHEHUH THAPOIMHAMUKY Dijepa:

dwy /dt = - (1/p) op/ox + X,
dwy /dt = - (1/p) op/oy + 7Y, 2.7)
dw,/dt = - (1/p) op/oz + Z.

3neck Y, Z - mpoeKIu yCKOpeHus 00beMHBIX CHJI HA OCH Y, Z.

Huddepennmanbubie ypaBHEHUs Diljiepa MOKa3bIBAIOT, YTO YCKOPEHHUE YACTHI]
(JIeBbIe YacTH 3aMMCAHHBIX YPaBHEHUN) 00YCIIOBIICHO MEPENaaoM JaBieHus (TIepBbie
YJIeHBI MPaBbIX YacTel) U ACHCTBHEM BHEIIHUX OOBEMHBIX CHI. B peasbHOM Kuako-
CTH, €CIIM CKOPOCTH paCIIpeleIeHbl HEPABHOMEPHO, BO3HMKAIOT €IlI€ KacaTeJbHbIC
HaIpsDKEHUST BCJICACTBUE BA3KOCTH, KOTOPBHIE Mbl HE YUHUTHIBAIM TIPU BBIBOJIEC
YPaBHEHUN NBUKEHUS UJICATIBHON KUIKOCTH.

VYpaBuenus Oiinepa (2.7) COBMECTHO € YpPaBHEHMEM HEPa3pbIBHOCTH IS
HEC)KMMaeMo# skuakoctu (2.5) 0o0pa3yroT CHUCTEMY YEThIpeX YpaBHEHUH, conep-
KAaIIyl0 YeThIpe HEU3BECTHBIX: Wy, Wy, W,, p. B cllydae c:xxrumaemoii )KuaKkocTu (Taza) K
ypaBHEHUsIM Diijiepa M HEPa3pbIBHOCTH HEOOXOAMMO [T00aBUTH €Il ypaBHEHUE,
JAIOIIEE CBA3b MEXK/Y JNABICHUEM U INIOTHOCTBIO KUIKOCTH:

p=f(D).

WNuTterpupysi MOJy4YEHHYIO 3aMKHYTYH0 CUCTEMY YpaBHEHUN NpH 3aJaHHBIX
IPaHUYHBIX U HAYaJbHBIX YCIOBUAX, MOXKHO B MPUHIIMIIEC ONPEIEIUTh BEKTOP CKOPO-
CTH U JIaBJIEHUE B JII000I TOYKE MOTOKA U B JIIOOOH MOMEHT BPEMEHHU.

I'pannyHble 1 HAYAJIbHBbIE YCIOBHS

['pannyHbIe ycioBUs NpU OOTEKAHMM TeJla 3aJal0T pacIpeiesieHue CKOpOCTEN
BJIaJIM OT T€JIa, I/Ie HE CKa3bIBAETCA €r0 MCKAXKAIOILee BIMUSHUE 11a IOTOK, U Ha MOBEp-
xHocTU Tena. CornacHo MPUHUUITY OTHOCHTEIBbHOCTH JBHXKEHHUS, MU3BECTHOMY H3
MEXaHUKH, 3ajja4a O JBM)KCHUU TeJla B HEMOJBMXKHOW >KMJIKOCTH (HampHUMep, camo-
jeta, Kopabisl) B JUHAMMUYECKOM OTHOILIEHUHM TOXJIECTBEHHA 3a7aue o0 OOTEKaHUU
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HETOJIB>KHOTO TeJla PaBHOMEPHBIM MOTOKOM. [lo3TOMy ruapoMexaHuka HIMPOKO
WCITOJIB3YET MPUHIIAI «OOpaIeHusl JBKEHU». | paHUIHBIC YCIOBHS I 0OpaIeH-
HOM 3aJaud O JBIDKCHUHU Tejda B HEMOJBI)XHOM >KUAKOCTH OOBIYHO 3aJar0TCS
CJeAYIOIIMM 00pa3om:

1. Vcnosus «na 6eckoneunocmuy. B ynanenun or o0TeKkaeMoro Tejia 3a/1atoTcs
JABJICHUE P.., HAIIPABJICHUE U CKOPOCTh W,, 00TEKAIOIIEro MOTOKA.

2. Vcnosue «nenponuyaemocmuy. Ilyctb n - HOpMaiab K MOBEPXHOCTH 00Te-
kaemoro tena. Ecinu XKHIKOCTh 4epe3 MOBEPXHOCTh HE MPOTEKAET, TO HOpMallbHas
COCTaBJISIFOIIAsl CKOPOCTH paBHA HYJIO: W, = 0 M1 CKOPOCTh TE€UEHUSI HA MMOBEPXHOCTU
TeJIa MOKET OBITh TOJIBKO KAacaTeIbHOU K HEH.

Hauanvhvie ycnoBUs XapaKTEPU3YIOT COCTOSIHUE MOTOKAa B HEKOTOPBIM KOHK-
peTHbIi MOMEHT. [Ipu ycTaHOBUBIIEMCS JIBUKEHHHU CKOPOCTh U JABJIICHUE B JTAHHOMU
TOYKE HE MEHSIIOTCSI BO BPEMEHU U HadaJlbHbIE YCIOBHS HE 3a]1al0TCH.

B obmem ciydae mpocTpaHCTBEHHOTO (TPEXMEPHOT0) MOTOKA, KOTAa CKOPOCTh
M3MEHSETCSl B HAIPABJICHUHU BCEX TPEX KOOPAMHATHBIX OCEH, HHTEIPUPOBAHUE CHUCTE-
Mbl YpPaBHEHHUM JBMXKEHUSI U HEPA3PHIBHOCTH BCTpPEYAET OOJIbIIME MaTeMaTHYECKUE
TpyaHoctu. [loaTomMy 3amaua pemiaeTcs mpu BBEACHUU PA3JIMUHBIX YIPOIIAIOIINX
npeanosioxkenuit. Hanbosnee monHo paspaboTaHa TeOpusi OJHOMEPHOTO JABUKEHUS.
JI71s1 HECKMMAEMOM JKUIKOCTH 3Ta TEOPHUSI COCTABISET OCHOBY THIPABIIUKHU.

[Ipu peumiennu 3aga4 OJHOMEPHOTO TEYEHUSI B KAUECTBE IPAHUYHBIX YCIOBHUI
3a/1aI0T BEJIMYMHBI CKOPOCTU U JABJICHUSI HA CEYEHUSX, OTPAHUYMBAIOIINX 3aIaHHBIN
Y4acCTOK CTPYHKH (IIOTOKA).

2.3. Ypaenenue bepuyanu

IlycTh pu yCTaHOBMBIIEMCSI IBW)KECHUM HUACAIBHOM JKUJIKOCTH W3 BHELIHUX
CUJI Ha JXUAKOCTb JEUCTBYET TOJIBKO CHJIA TSKECTU. Takoe NBUIKEHUE OIMCHIBACTCS
cucteMoil ypaBHeHnuid (2.7 a). IIpounTterpupyem 3Ty CUCTEMY JJisi HEKOTOPOU JIMHUU
Toka. Omyckas pOMeKyTOUYHbIE BBIKIAIKH, IOJTYUYUM ypasHeHue beprynnu:

w2 + p/p + gz = const. (2.8)

Pa3nenuB unensl ypaBHeHHMs (2.8) Ha g, MOJYYUM JPYryl0, 4Yalle HOpUME-HIEMYIO
dbopmy 3anvcu ypaBHeHus bepHysuim:

w?/(2g) + p/Apg) + z = const. (2.9)

N3 ypaBHeHunsa bepHyiun cienyer, 4to Mpy BO3PACTAHUU CKOPOCTH B CTPYHKE
YMEHBIIAETCS AaBJI€HUE, U HA00OPOT.

I'eomeTpuyecKkuii M SJHEPreTUYECKUA CMBICJI YpaBHeHus1 bepHyin
Unensl ypaBHeHHS (2.9) UMEIOT pa3MEpPHOCTh JJIMHBI, YTO MO3BOJISIET BBISICHUTH MX
T€OMETPUYECKUM CMBIC]I KaK HEKOTOPBIX BBICOT.

BennuuHbl z; U z, €CThb 2eomempuyecKkue 6blCOMbl PACTIOJIOKEHUSI CEUCHUH
CTpydku (puc. 2.3) HaJl HEKOTOPOl (UKCUPOBAHHON TOPU3OHTAIBHOM IIOCKOCTBHIO
cpaBHenus 0 - 0. Benuuunsl pi/(pg) u p./(pg) corimacHoO ypaBHEHHIO THAPOCTATHKU
(1.8) ecTb BBICOTHI CTOJIOOB KUIKOCTH, CO3AIONINX CBOMM BECOM JaBJICHUS p| U .
OHU Ha3BIBAIOTCS nbezomempuueckumu evicomamu. Jluaust P - P, npoBeneHHas Ha
BbICOTE z+p/(pg) HAJ MIIOCKOCTHIO CPABHEHUSI, HA3BIBACTCS Nbe30MempPUecKoll TUHU-
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eii. Haxouer, Benmmauusl wi/(2g) 1 w,” /(2g) HA3BIBAIOTCS CKOPOCHHBIMU HANOPAML.
IIpn nBWKEHUM MOCATBHOM XUIKOCTH CyMMa I'€OMETPUYECKOM, IbE30METPUUYECKOU
BBICOT U CKOPOCTHOTO HAamopa OCTAETCS, COIVIACHO YPAaBHEHHIO bepHyiuin, mocTosH-
HOM BEJIMYMHON BIOJb dJIeMEHTapHOU cTpyiiku. [ToaTomy eudpoournamuueckas aunus
E - E, nposejieHHast Ha BbicoTe W/(2g) + p/(pg) + z HaJ IUIOCKOCTBIO CPaBHEHHS,
pacIosoKeHa TOPU30HTAIIBHO.

VYpaBHeHue bepHyIIM MOKHO BBIBECTH TAKKE M3 DHEPreTUYECKUX COOTHOIIE-
Hui. CymMMmapHas MEXAaHUYECKas SHEPrUsi 4acTHULbI
KHUJKOCTHU C MAaccoil m paBHA

mw’/2 + mgp/(pg) + mgz.

VenabHas, T.e. OTHECEHHAs K YaCTHUIIE CIMHHU-
YHOTO BECa, MEXaHUYECKasi SHEPTUS MOXKET OBbITh I10-
JydeHa U3 MOCIETHEr0 BRIPAKCHHS JACIICHUEM Ha mg:
w2 + p/p + gz, JKOyIel HAa HBIOTOH Beca; IPH
JICJICHUY Ha g TI0JIy4aeM METPHI.

[Ipy ngBMXEHWM HICATBHOM KUIAKOCTH MEXAHU- Puc. 2.3

4gCCKas SHCPIrusd HC TCPACTCA — BA3KOC TPCHHC, KOTO-

po€ B peajbHOM JKUIKOCTU NEPEBOJAUT MEXAHUYECKYIO SHEPIUI0 B TEIUIOTY, OTCYT-
ctByeT. Ilo3TOMy yzenbHass MeXxaHWYecKas 3HEPrusi OCTAaeTCs IOCTOSHHOM BJOJb
AJIIEeMEHTApHOM CTPYMKH, YTO MPUBOIAUT CHOBA K ypaBHEHHUIO (2.9).

PaccMOTpeHHBIN BBIBOJ ITOKa3bIBACT, YTO YPaBHEHUE a) .. |
bepHyu BepakaeT coO0W 3aKOH COXpPaHEHUs! U B3aUMHOTO 5 F
npeoOpa3oBaHUs MEXaHUYECKOW HSHEPruu Mpu ABUKEHUU
U/1€aJIbHON JKUJIKOCTH. B 3TOM cMbIciie oHO umeeT (yHAa- w o]
MEHTAJILHOE 3HAYCHUE JUIs TUAPOMEXAHUKHU.

o
T

N3mepenne moanoro nanopa. Tpyoka Ilurto 0 0
CKOpOCTHOM HAIop HU3MEPSETCsl ¢ MOMOIIBIO TPYOKH
[Tuto (puc. 2.4a), xotopasi mpeAcTaBiseT coboi Tpyoxy /J, Ty |
M30THYTYIO OTKPBITBIM KOHIIOM HaBCTpedy IOTOKYy. Y OT-
KpBITOTO KOHIA TPyOKM oOTekaromas ero cTpyika paszfi- ﬁ*
BaMBaeTCs, CKOPOCTb 37eCh paBHa Hymo. KuHernueckas
SHEPIusl CTPYUKU B TOM CEYEHUU MOJIHOCTBIO NEPEXOJNUT B
OpUpalleHUE TOTEHUMAIbHOM »HEpruu naasieHus. IIpume- ) I
Hsis1 ypaBHeHue bepnysm (2.8) Kk IByM ceYeHUSIM CTPYHKH, _ﬁ\
OJIHO M3 KOTOPBIX OTHOCHUTCS K HEBO3MYILEHHOMY MOTOKY C
napaMeTpaMu w M p, a BTOpoe - K Bxoay B TpyOky [luro, }
uMeeM

w?/ (2g) +p/(pg) = po/ (p2), Puc. 2.4

OTCIOIa PA3HOCTb BBICOT CTOJIOOB >KHMJIKOCTH, YpaBHOBEIIMBAIOIAS Pa3HOCThH JaB-
JIEHUH py U p, paBHA

¥ mupmanonerpy
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(po—p)pg) = W/(2g). (2.10)

[IpeBbllieHre naBieHUs py HAJ cmamuyeckum JABJICHUEM p HA3bIBACTCS OUHA-
Muyeckum oasienuem nomoxa p,. OHO paBHO

DPa=po—p=pw /2. (2.10a)

Takum 00pa3oMm, CKOPOCTHON HAmop paBEeH pPa3HOCTU BBICOT KUAKOCTH B
TpyOke [IuTo 1 nmbe3omeTpe, yCTAaHOBICHHBIMU B OJTHOM U TOM K€ CEUYEHHUU (IIPU 3TOM
IPEeIoiaralT, YT0 BO3MYIICHHS, KOTOpPble BHOCUT B MOTOK TpyOKa IluTo, okasbl-
BaIOT NMPEHEOPEKUMO Majloe BIMSIHHUE HA JaBJEeHUE, U3MepsieMoe bezoMeTpom [7).

Tpy6Oxka [luTo mUpPOKO MpPUMEHSIETCS Il U3MEPEHUs CKOPOCTEeH B MOTOKE W,
HAoO0OpOT, AJIsl ONpENENeHHUsT CKOPOCTH Tena (Kopabiisi, caMoiieTa) OTHOCUTEIIBHO
HEIOABW)KHOM JKUJIKOCTU. Pa3HOCTh MOJHOTO M CTaTUYECKOTO JABJIEHUS HU3MEPSIOT
OOBIYHO C TIOMOIUIBIO JuppepenyuanbHo2o mMaHomempa, IPUCOSTUHEHHOTO K TpyOKe
[TuTo M TMBE30METPY M 3AMOTHEHHOTO >KUIKOCTHIO OOJbIIel MoTHOCTU (puc.2.40).
JUis u3MepeHus: TMHaMHUYECKOro JIaBJIEHHs, a CJIEJOBATEIbHO M CKOPOCTH IOTOKA
yacto ucnoibzyercs TpyOka ITuto-Ilpanarns (puc.2.46), npencrapisomas coOoi
KOMOMHAIMIO JTATYUKOB IOJHOTO JaBjieHUs (TpyOka /[) M CTaTUYECKOro AaBJEHUS
(otBepctus 11).

YpaBHenue bepHy/IM U1 OTOKA PeaIbHOM KUAKOCTH

[Ipumensia ypaBHeHure bepHyiu K cTpyiike peanbHOM KUAKOCTH, HEOOXOIUMO
Y4€CTb, YTO MOJIHAS MEXAHUYECKAsi SHEPTUsl HE OCTAETCS MOCTOSIHHOM BJOJIb CTPYUKHU:
OHA MOCTENEHHO MEPEBOAUTCS B TEIUIOTY MPOLECCAMU BSI3KOT0 TPEHHs. DTy MOTEPIO
MEXaHUYECKON SHEPruu HA yYaCTKE CTPYWKU MEXIY ABYMS CEUCHHUSIMH YUHUTHIBAIOT
BBEJICHUEM B MpaBYyl0 4acTh ypaBHeHus (2.126) cmaraemoro h, - nomepu Hanopa
(morepu ynenabHOM MexaHWuyeckodW »HHepruu). llpu Hamuuuu noTeps TUIPOIHU-
Hamuueckas JmHUS E -E Ha nuarpamme ypaBHeHuss bepnymwiu (puc. 2.3) He
TOPU30HTAJIbHA: OHA MOHM)XAETCA BHU3 MO TeueHuto. OTHOLIEHHE MOoTeph Hamopa /i,
K JUTMHE CTPYUKH [ Ha3bIBAETCS euopagiuieckum ykionom I, Tak uto I = hy/ L.

[lepexons K MOTOKY XHAKOCTH (TakoMmy, Kak B TpyOe WM KaHaje), eCTeCT-
BEHHO JIJIsl pacyeTa CKOPOCTHOrO HAropa KCIOJIb30BaTh CPEIHIOK CKOPOCTh Wy, [
ONPENENICHUS] CPEHENH CKOPOCTH IO CKOPOCTAM OTAENIbHBIX CTPYEK HCIIOJIb3YETCs
dopmyna (2.3). OgHako eciu CKOPOCTH CTPyeK B CEUYEHUH HEOJWHAKOBHI (HApUMep,
3aMEJISIIOTCSl Y CTEHOK TpyObl BCIEICTBUE TPEHMs), TO pacyeT KUHETUUYECKOH
SHEPruu MO CpEJHEH CKOPOCTH W, MPUBENET K 3aHMKEHHBIM pe3yJbTaTaM 10
CPABHEHUIO C paCYETOM CyMMAapHOM KMHETHYECKOW SHEPTUH OTAEIbHBIX CTpyeK. (D10
IPOUCXOJUT MOTOMY, YTO CKOPOCTh BXOIUT B WICH, YUYUTHIBAIOIINN KUHETHUYECKYIO
HHEPTHUI0, B CTETNIEHU BhIIlIE MepBoi). Takoe 3aTpyIHEHHE MTPEOI0JIEBAIOT BBEACHUEM B
KMHETUYECKYIO SHEPrUI0, BBIYMCIEHHYIO IO CpEOHEH CKOPOCTH, IOIMPABOYHOTO
kodpunuenta > 1. O4eBUAHO, UTO KOIDhuyuenm HepagHoOMeEpHOCMU CKOPOCIU &
YUCIICHHO PABEH OTHOUIEHUIO CYMMapHOM KMHETUYECKON SHEPIHH CTPYEK K SHEPTUH,
BBIUMCJICHHOM MO CPEIHENW CKOpPOCTH IMOTOKA. B mrore ypaBHeHue bepHymnu st
BSI3KOM KUAKOCTH MPUOOPETAET BUJL

oWepr” 1(28) + p1 Apg) + 21 = o Wepy” 1(22) + po / (pg) + 22 + hy, . 2.11)
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B nanpHelinem cpeaHIo0 CKOpOCcTh OyaeM 0003HavyaTh yepes3 w 06e3 MHIEKCOB.

Benuuuna kosdduimenta o Bo3pacTaeT ¢ pPOCTOM MONEPEYHOM HEpPaBHO-
MEPHOCTU CKOpoCTei B ceueHuu TpyOwl. st namunaproeo (cm. m. 2.3) TedyeHus B
Kpyrion Tpyoe a = 2. JInst mypoyrenmnozo, B KOTOPOM CKOPOCTh MaJI0 MEHSIETCS 10
CEUYEHUIO TPYOBI, MO ONBITHRIM AaHHBIM, & = 1,05...1,1.

Ceuenusi, K KOTOPbIM MOXXHO MPUMEHSATh ypaBHeHUE bepHysuiH, Heab3si BbIOU-
paTh B MeCTax pE3KOro MoBOPOTa MOTOKA, TaK KaK M3-3a JIEUCTBHS IEHTPOOESKHOU
CWJIbl MHEPLMU B TAaKOM CEYEHHHM JIaBJICHUS PACIIPEACIICHbBl HEPABHOMEPHO; B MbE30-
MeTpe, IPUCOEAMHEHHOM Y BOTHYTOW CTEHKHM MOBOPOTA, BHICOTA CTOI0A *KHUIKOCTH
OKakKeTcsl 0OJIbIlle, YEM Y BBINTYKIION CTEHKH. YpaBHeHHE bepHyiuM MOXXHO mpume-
HATHb TOJBKO K TEM CEUYEHHUSM IOTOKA, B KOTOPBIX JABICHUE MOJYMHAETCS 3aKOHY
ruapocratuku (1.8).

Henb3s npuMeHsaTh ypaBHeHUE bepHyIM U K CEYEHUsIM, B KOTOPBIX PE3KO BO3-
pacTaeT mnornepeyHas HEpaBHOMEPHOCTh CKOPOCTEN, HAIPUMEP, B 30HAX PACIIUPEHUS
noToka mnociyie auadparmsl (CM. puc. 2.72) WIM B MECTE COEIMHEHHs TPYyO pa3HBIX
JIMaMETPOB, I/i€ MOSBIAIOTCS NIPOTUBOTOKM M BUXpPEBbIE 00sIacTU. B Takux ceueHusx
HEBO3MOXHO JIOCTATOYHO TOYHO ONpPEneauTh KOIPPUIHUEHT HEpaBHOMEPHOCTH
CKOpPOCTH « .

2.4. I'uopasnuueckue conpomueieHus

Benuuuna nortepp Hamopa /A, B ypaBHeHuu bepHysim (2.11) He 3aBUCHUT OT
BbIOOpA MJIOCKOCTH CpaBHEHUS (T.€. OT aOCOJIIOTHOW BEJIMYMHBI YICHOB z). /laBneHue,
101 KOTOPBIM HAXOAMUTCS HEC)KMMAaeMas KUJAKOCTh, TAKKE MPAKTUYECKU HE BIMSIET Ha
NOTEpH HAIopa, TaK Kak BA3KOCTh MPU U3MEHEHUHU JIaBJIeHUs MOYTH He MeHsiercs. [1o-
TOMY aOCOJIOTHAs BEJIMYMHA WICHOB p/(pg) HECYIIEeCTBEHHA JUIsl ONpPEIeTIeHUs T0-
Tepb h,,. Ho CKOpOCTh MOTOKA W UMEET K MOTEPSIM CaMO€ HEMOCPEACTBEHHOE OTHOIIIE-
HUE; BO3pACTaHHE CKOPOCTHU 6ce20da MPUBOJIUT K POCTY MOTEPh HANOPA, TAK Kak MpH
ATOM YBEIUYUBAIOTCSA IPAAUEHTHI CKOPOCTH U CUJIbl BHYTPEHHETO TPEHUS Y CTEHOK.

[To3TOMy OPHUHATO U3MEPATH MOTEPH HAINOpAa B JOJSAX CKOPOCTHOIO Hamopa
w’/2g) o popmyne Beiic6axa:

2

hwzzglﬁ_, (2.12)
2g

rae (- 6e3pa3sMepHbIil Ko3gduyuenm conpomusieHus.
JUis kpyriibIx TpyO ¢ anmHO# [/ m auameTpoM D noTepu Ho JJIUHE /1, CBSI3aHHbIE
C TPEHUEM O CTEHKH TPYyObI, ONPEENIOT 10 ¢opmyne Hapcu:

2

po=al (2.13)

D 2g

rrae A - 6e3pa3mMepHsblil eudpasiuueckuti kodgpuyuenm mpenus. O4eBUIHO, YTO
dbopmyna Jlapcu mpencrasisieT coboit aeranu3anuto Gopmynel Belicbaxa; moTepu 1mo
JUTMHE MPEANOIaratoTcsi IpOMOPLHOHATIBHBIMU JJIMHE TPYOBl U OOPaTHO MPOMOPIIKO-
HaJIbLHBIMU JTUAMETPY.

HcTeyeHue ;KUAKOCTH Yepe3 OTBEPCTUA U HACAAKHU

PaccMoTpuM uncTedeHHE KUAKOCTH 4epe3 HEOOJIbIIOE OTBEPCTHE C OCTPHIMU
KkpoMmkamu (puc. 2.5). OnbIT MOKa3bIBAET, YTO CTPYS UMEET MEHbBIIUNA JTUAMETP, YEM
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OTBEPCTUE. DTO CKATUE CTPYU TPOUCXOAMT, IIIABHBIM 00pa3oM, BCIEICTBUE NEUCTBUS
HEHTPOOEKHBIX CHJI HA YacTUIBl, ABWXKYyIIHECS u3 0aka K OTBEPCTUIO IO
KPUBOJMHENHBIM TpaekTopusM. Ha paccTosHMM OT BBIXOJHOW KPOMKH, PaBHOM
npumepHo Dy/ 2, tae Dy - nuaMeTp OTBEpPCTHS, C)KAaThe NpeKpallaeTcss U jajee
ouaMeTp cTpyd D, MOXKHO CUMTATh HEM3MEHHBIM. OTHOIIEHHE IUIOLIAIEH CHKATOIO
ceueHus CTpyu I, u orBepcTus Iy Ha3bIBAIOT KO uyuenmom cocamus cmpyu €:

g=F../Fo =D/ Dy

Onpenenum CKOPOCTh CTpyH B cxkatom ceueHuu C - C. [[ns 3TOro npuMeHuM K
CTpyHKe, HAaUMHAIOIIEHCSI OT MOBEPXHOCTH XUAKOCTH B Oake (ceuenue 0 - (), ypas-
HeHue bepuymnu (2.11):

no Fe g PoApg) + H = we (28) + p Apg)-

— — (MBI IpeHeOperii CKOPOCTHBIM HAIopoM Wy /(2g)
- — BBHJly Majol CKOPOCTH NaJCHUs YpOBHSA B Oake 1o
- — CPAaBHEHHIO CO CKOPOCTBKO MCTEUECHUS; >KMIKOCTb

i W cunTaeM uaeansHoi). Ecu p = po, T0 we /(22)=H,
_ OTKyJla TEOpeTHYecKass CKOPOCTb CTPYH OIpene-

i E—:‘«% asiercs gpopmynou Topuyennu:
11
wr=+/2gH . (2.14)

Puc. 2.5 Kak BuauMm, CKOpOCTb HCTECUECHUS UIACATBHOU KU/~
KOCTH paBHa CKOPOCTH CBOOOJHOTO TAJCHUS Teiia B

D
il
1

IyCTOTE C BBICOTHI H.
Ecnu naBneHwe Hajg NOBEPXHOCThIO B 0ake M B IMPOCTPAHCTBE, B KOTOPOE
BBITEKAET CTPYsl, HEOAUHAKOBO, TO U3 ypaBHeHus (2.14) cienyer

w?/ (2g) = [(po+ pgH) — p] Apg) = 4p Apg), oTxyna
24p

yo,
rie Jp - pa3HOCTh JaBJICHHIA B 0aKke U CHAPY>KU HA YPOBHE OCH OTBEPCTHSL.
M3-3a BS3KOTO TpEHHsI CKOPOCTh CTPYH OKAa3bIBACTCSI HECKOIBKO MEHBIIE
TeopeTudyecKko. BiusiHue TpeHus y4uThIBAIOT BBeleHHEM B dopmyny (2.14) xoagh-
Guyuenma ckopocmu ucmeyerus ¢ < 1, Tak 4To

We=@~2gH = ¢ 2% (2.1406)

(2.14q)

Wer=

[To OonBITHBIM JTaHHBIM, B agmomodenbHot obnactu ucreuenus ¢ = 0,95, 1. e. Bs3Koe
TPEHUE CHUXKAET CKOPOCTh UCTeUEeHMs Ha 5 %o.

[Tpu manepix nepenagax naBieHus Ap (MOpsiiKa HECKOJIbKUX MPOLEHTOB OT
MCXOJTHOTO JNaBlieHUus p,) Gopmynoi (2.146) AOMyCTUMO TOJIB30BATHCSA TAKKE JJIS
pacdera CKOpPOCTH HMCTEYEHHs Ta3oB. B 3TOM ciyuyae HeydeT uUX CHKUMAEMOCTH HE
OPUBOJUT K CyIIECTBEHHBIM omuOkam. [Ipym 3HaYMTENbHBIX MEpemagax IaBICHUS
CKOPOCTh UCTEUCHHSI ONpEIeNsieTcs Mo popMyiaM ra3ouHaMuKH (pasaen 3).

Pacxon Q B ctpye paBeH
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Q=w.F, =¢spF,\/2gH . Ilpon3BeneHne Ko3QpPUIUEHTOB CKaTHsI CTPYU & U CKOPO-

CTH UCTEUYCHHS ¢ HA3BIBAIOT K02 duyuenmom pacxoda u = ep (He mMyTaTh C JUHA-
MUYECKUM KO3(PPHUIIMEHTOM BS3KOCTH!), U pPacXo CTPyH OnpeaenseTcs: GopMynon

Q= uF,\2gH = pk, %. (2.15)

B aBromozenbHON 00nactu uctedeHus: Ko3PQPUUUEHT
pacxo/ia Kpyrjioro OTBEPCTHUS C OCTPHIMU KPOMKaAMH [ =
0,61.

Hacaokamu na3piBaroTCsi KOPOTKUE NATpyOKu (JyIMHA
OT TpeX A0 MATH JAUAMETPOB), NMPUCOEAUHEHHBIE K OTBEP-
ctuto (puc. 2.6). JKuakocTh BBITEKAET Yepe3 BCE BBIXOHOE
CEUCHHE HacaJIKa.

PaccmoTpuMm  ucTeueHue uepe3 GHewHull  YUiuHO-
pudeckuil Hacagok (puc. 2.6a). Y Bxoaa B HacaJoK (CeuyeHHE
C-C) cTpyst UMEEeT MEHBIIUKA UAMETP, YEM HA BBIXOJE, M03-
TOMY CKOPOCTh W, 3/1eCh OOJbIIIE, YeM BBIXOJHAs CKOPOCTb
Wyex- B COOTBETCTBUU C ypaBHeHUEM bepHyiuu naBiieHue B
CKaTOM CEUYCHUHM OKa3bIBACTCS MEHbIIIE, YEM Ha BBIXOJE W3
Hacanka. [losiBlieHMe Bakyyma B C)KaTOM CEUYEHHUU PaBHO-
CUJIBLHO YBEJIMYEHUIO Hamopa H, 4TO MPUBOJUT K yBEJIHYE-
HHUIO Pacxo/ia 0 CPABHEHUIO C UICTEUEHHEM YEPE3 OTBEPCTHE

Puc. 2.6

Toro e auamerpa. [lo onmbITHBIM HaHHBIM, KOAD@UIMEHT pacxoda 4 B (opmyie
(2.15) nns BHEMIHETO MWJIMHAPUYECKOTO Hacaka paBeH nmpumepHo 0,82.

[Ipu ucTeyeHUU 4Yepe3 KOHUYECKUll PACXOOAUWUNC &)
Hacasok (puc. 2.66) 0cOOCHHO BEJIMKA Pa3HOCTb CKOPO-

-
o

[ 3

H

oo
v

EB

CTEH W, M Wpyyy, IO3TOMY BaKyyM B CKaTOM CEUYEHUU _J L

oKa3bIBaeTca Oojiee riayOOKUM, YeM B IMJIMHAPUYECKOM = 3 {;; r

Hacajnke. KoHuueckue pacxondiiuecs: Hacagku HCIO- N e R

JIB3YIOTCS U1l YMEHBIIEHUSA CKOPOCTU UCTEUYECHUS. : T2 T
Konuueckui cxoosuyuiicst (puc. 2.66) 1 KoHouoano- g

Holti (puc. 2.62) Hacagkd OOECIeYMBAIOT BO3PACTAHUE - L

CKOPOCTH HCTE€YeHHs (KOd()PHUIMEHT CKOPOCTH KOHOHU-
JATbHOTO Hacajka NpUOJIMKAETCS K €IUHUIIE) U YBe-
JUYUBAIOT KOMITAKTHOCTH M JTaJTbHOOOWHOCTH CTPYH.

Pacxoxomep

Oddext ymeHbIIEHUS AaBICHHUS TPU BO3pACTAHUU
CKOPOCTH TEUEHHUs MCHOJB3YyeTCA I HU3MEpPEHUs
CKOPOCTH M pacxoja Mmotoka. Paccmorpum pacxodomep
Beumypu, npeactaBnstonuii coboir TpyOy C IUTaBHBIM
CYy>)KEHHEM U TMOCIEAYIOIUM paciidpeHuem (puc. 2.7a).
Ilepen cyxenuem (ceueHue / - /) 1 B HAUMEHBILIEM Ce-
YEHUU TPYyObl 2-2 YCTaHOBJIEHBI IbE30METPHI.

Puc. 2.7
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[Tpumenum ypaBHenue bepHymm (2.12B) K BbIOpaHHBIM CEUYEHUSIM MOTOKA
HECKUMAEMOU KHUJKOCTH U MPEeHEOpeKeM NOHAYaly NOTEPSIMH Haropa MEKy HUMHU.
HNmeem

awi’/ (2g) + p1/ (pg) = oaws’/ (2g) + p2 / (pg).
VpaBHeHHE HEPA3PHIBHOCTH WF = const II03BOJISET BHIPA3UTh W UEPE3 W5
w1 = Wze/Fl = W2D22/D12 .

[ToxcraBnsist 3HaueHUss w B ypaBHEeHHUE bepHyIutn, noiyyaem

[ow,?/ 2g)][1 — (F>/F1)’ 1= (p1—p2) / (pg) = H,

rae H - pa3HOCTb YPOBHEH JKHIKOCTH B Mbe3oMeTpax. OTCro1a pacxo/i, BBIYUCIISIEMbIH
10 CPEJIHE CKOPOCTH B CXKAaTOM CEYEHUH, PaBEH

2gH
F, ‘
“(" /@j
[Ipy mNpakTUYECKOM HCIOJIB30BAHUM PACXOJOMEPOB BEIMYMHY pacxona
OTPENEIIAIOT MO YNPOIIEHHOH hopmyie

Q=w,F, = uF,\2gH , (2.16a)

rae 4 - Ko3pPUIHeHT pacxona, Maao OTIMYAIOMINICS OT AUHUIBI U YUUTHIBAIOIIUT
COOTHOIIIEHHE AMAMETPOB M IMOTEPH HANopa OT IEpPBOrO J0 BTOPOTO CEYEHUHU.
Benuuuny koadduimenTa ¢ onpeaesitoT IKCIEPUMEHTAIBHO B 3aBOJICKHX YCIOBUSX,
€ro 3HaYEHUs COJAEPIKATCA B MACIopTe npudopa.

Pa3HocTh naBieHuil B ceyeHUsX pacxoaoMepa p ONpeneisioT OObIYHO C
nomoIisio nudmanomMerpa (puc. 2.66), npu 3TOM pacxo]l BIYUCsETCS Mo popmyrie

0 = uF, % (2.166)

AHanoruyeH pacxoioMepy BeHTypu mNpuHUHUIN JEHCTBUS pPACXO0O0OMEPHOEO
conna (puc. 2.76) u ouaghpaemur (puc. 2.72), rie CTpys IMOCJIE CXKATOTO0 CEYEHUS He
MMeEeT TBEPbIX TpaHull. Pacxon onpenensercs ¢ MOMOIIbIO ATHX YCTPOUCTB TAKXKE 110
dbopmyite (2.160), mpuueM B Ka4ecTBE [/, UCTIOIB3YIOT IUIOMIAb MPOXOHOTO CCUCHUS
coria win auadparmel. M3-3a mosBIeHHS BUXPEBBIX 00JIaCTE MOTEPH HAMOpa B HUX
Oomnpie, yeM B pacxomomepe BeHTypH, COOTBETCTBEHHO OTIMYAIOTCS M 3HAYCHUS
KodppuIueHTa K.

Kasuranus
[Ipu mocTaToyHO OOJIBIION CKOPOCTH TEUEHHS IMaJICHUE JABJICHUS B CKATOM CEYCHUU
pacxoloMepa MOXET O0Ka3aTbCs CTOJb 3HAYUTEIbHBIM, 4YTO JABJICHHE 3JI€ChH
OKa3bIBAa€TCAd HUXE JIaBJICHUS MapoOB, HACHIIIAIOIIUX MPOCTPAHCTBO NPU JAHHOU
TeMIiepatype (HEKOTOpbIe JaHHBIC JUIsl BOJbI mpuBeneHbl B Tabm. 1.2). Ilpu stom
HAYMHAETCS XOJOAHOE KHUIIEHUE KUAKOCTU, WU Kagumayusi (OT JATUHCKOTO CIIOBA
Kasumac — yriyolieHue, ToJOCTh). B ®KUIKOCTH 00pa3yroTcs My3bIpbKH, 3aMOJIHEH-
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Hble mapamu. l[lepememnasce BMecCTe C MOTOKOM, MYy3bIPbKU IPU €r0 PaCIIUPEHUU
MOTIAIAf0T B 00JIACTh MOBHIIIICHHOTO JAaBJICHUS. 3/1€Ch 3aMOTHSIIONNN UX Map KOHJICH-
CUpYETCs, MY3bIPbKU 3aXJIOMBIBAIOTCA - OKpY’)KawoIas KUJIKOCTb C OOJIBIION
CKOpPOCThIO WX 3amoyiHseT. B 3akmtountenbHOM (a3e 3axJionbIBaHUSI My3bIpbKa
KUHETUYEeCKasi PHEPTUsi YacTUIl >KUJIKOCTH MEPEXOIUT B MOTCHIUAIBbHYIO SHEPTHUIO
NABJICHUS, YTO NPUBOAUT K 3HAYUTEIBHOMY MECTHOMY IIOBBIIICHHUIO JaBJICHUS.
AHali3 TOKa3bIBA€T, YTO IpPU CTATMBAHWU I[APOBOTO IYy3bIPbKAa 0 MHKPOHHBIX
pa3MepoB (POKYCHpPOBKA yAAPHBIX BOJIH NPHUBOJUT K MECTHOMY IOBBIIICHHUIO
JaBJieHUs 10 coTeH U naxe Teicay MIla. Ecnu my3sipek 3axjonbiBacTcs Ha TBEPAOU
CTEHKE TpyObl, TaKOe IOBBIIICHUE IaBJICHUS MOXET BbI3BaTh APO3UI0 Marepuasa
cteHKkd. OCOOEHHO CHIIBHO TPOSIBIAECTCS IPO3HsI HA KECTKUX MaTepuaax (Hampumep,
YIJIEPOAUCTOM CTalM), B MEHbIIIEH CTeNeHU Ha miacTuyHbIX (ctanbe X18H10T).

KaBuranus HabmomaeTcss Takke B MPOTOYHBIX YaCTAX THIPOTYpOUH, LIEHTPO-
OCKHBIX HACOCOB, Ha CYJOBBIX TpeOHBIX BHHTaX. Bo3pacTtanume CKOpOCTH BpaIlieHus,
KeJaTeabHOE Ui YBEJIWYEHMS] MOIIHOCTH MAIMHBI, MPUBOJUT K CTOJb OOJBIIUM
CKOpPOCTSIM OOTEKaHMSs, YTO JABJICHHE B OTJEIbHBIX MECTax MOTOKa MaJaeT HUXKE
naBlieHUs] HachlmeHus. [[eHTpoOekHbIE HACOCHI MCIBITHIBAIOTCS B 3aBOJICKUX YCJIO-
BUSIX HAa BO3HMKHOBEHME KaBHUTAllUM, U B MAaCIOPTE HAcoca YKa3bIBACTCS KaABUMA-
YUOHHBLI 3anac — JaBICHHWE Ha Bcace Hacoca, KOTopoe oOecriedyuBaer Oec-
KaBUTALMOHHBIA PEXKUM SKCIUTyaTaIUU.

Kpome spo3un matepuana, KaBuTanusi MopoxaaeT HeKelaTeIbHble BUOPALINH,
IIyM W TaJieHHe MOIIHOCTU. B cuctemax BoasiHoro oxnaxzaeHus JIBC kaButamus
MOXXET HayaThCsi B PE3yJibTaTe BUOpAIIMU JIBUTATENsl, KOTJA MECTHBIC MOHMKCHUS
JABJICHUS OXJIAKIAIOMIEH J>KUIKOCTH [JI0 p,; BO3HHUKAIOT U3-32 BHOPAIMOHHBIX
YCKOPEHUU.

YpaBHeHHE KOJIMYECTBA IBUKEHUS

Ecnu ouepeemuueckue XapakTEpUCTHUKU IOTOKA HUCCIEAYIOTCS C TOMOIIbIO
ypaBHEHUsSI BepHyIHM, TO Uil ONPENENICHHS €r0 CUNO08bIX U BPEMEHHbIX XapaKTe-
PUCTHUK MCIOJIB3YETCA YpPaBHEHHE KOJIMYECTBA JBWKEHHUS. OHO BBIBOAUTCSA U3
TEOpEeMbl MEXaHUKU 00 U3MEHEHHH KOJWYECTBA JABMKEHHS, KOTOpas (GopMyIHpyeTCs
tak: «[Ipu n1BH>)KEHUU MacChl m U3BMEHEHUE BO BPEMEHH €€ KOJIMYECTBA JABUKEHUS MW
PABHO PE3YJbTUPYIOLIEH f BHEIIHHUX CUJI, ACHCTBYIOIIMX HA 3Ty MacCy»:

A (mw)/At=f. (2.17)

KonnuecTtBo ABWKEHMS, WU UMNYIbC, MW SIBISETCS BEK-
TopoM. [Ipu ycTaHOBUBIIEMCS IBUKEHUM HEKOTOPOU Mac-
Chbl JKUJIKOCTH KOJIMYECTBO JIBMKEHUS MOYKET U3MEHSATHCS
U3-3a MEepEeMEIEHHUs ee rpaHull. PaccMoTpuM o00beM Kuj-
KOCTH, 3aKJIIOUYEHHBIA MEXIY JIBYMS CEUYCHHUSIMHU CTPYUKHU
(puc. 2.8). TopiieBble MOBEPXHOCTU ATOr0 o0ObeMa mepe-
MELIAIOTCA BMECTE C KUAKOCTBIO M UYEpe3 IMPOMEXKYTOK
BpEMEHHU A7 3aHUMAIOT MOJI0KEHHUE, TTOKa3aHHOE Ha pUC. 2.8 Puc. 2.8
IITPUXOBBIMU JIMHUSMU. 3a BpeMs /7 BHYTPb BHIOPAaHHOTO
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o0beMa BTEKAaeT Macca KUIKOCTU pF w4t U M3 HETro BBITEKAeT Macca p,Fow,At,
COOTBETCTBEHHO TMOCTYMAIOIIEe KOJIUYECTBO ABWXKEHUS (mw), = pFywy wy At un
tepsemoe (mw), = pfow, wy Ar. CornacHo ypaBHeHuto (2.21), BEKTOpHOE Mpupa-
IICHUE 3TUX KOJIUYECTB JIBY)KCHHSI, OTHECEHHOE KO BPEMECHH, PAaBHO PE3yJIbTHPYIOIEH
BHEIITHUX CHJI, JCHCTBYIOIINX HA BBIJACICHHBIA 00bEM:

A (WZW) /At = p1F1W1 Wi -szsz Wy = G (W1 — W) ), (218)

rae G = pwl’ — MaccoBblil pacxo )KUIKOCTH B CTPYHKE.

Boipaxxenne (2.18) Ha3biBaeTcs ypaBHEHUEM KOJIMYECTBA JABUKEHUS B
rUApOAMHAMHUYECKON (opme; oHO mosydeHo JDinepoM IlockoyibKy BHELIHHE CHIIbI
YPAaBHOBEIIMBAIOTCA peaxyueli TOTOKA, 3TO YyPAaBHEHUE IIO3BOJIIET OIPENEIINUTh
YCUJIME, ¢ KOTOPBIM IOTOK JEHUCTBYET HAa OrPaHUYUBAIOLIUE €TI0 IIOBEPXHOCTH, €CIIU
KOJINYECTBO JBUIKEHMSI MEHSAETCS TOJIBKO 3@ CUET CKOPOCTH (m = const).

JlaBjieHHe CTPYHU HA mperpaay

PaccMmoTpuM 3aauy 0 HaTeKaHWW CTPYU MOJ YIJIOM ¢ Ha IJIOCKYIKO CTEHKY
(puc. 2.9). BpiOepem cedeHHs] TMOTOKA, TOKA3aHHbIE HA PUCYHKE MITPUXOBBIMU
TuHUSAMU. Pa3nokuM uieHbl ypaBHEHUS KOJIUYECTBA
nBikeHus: (2.18) Ha KOMIIOHEHTHI, KacaTelbHBbIE K
MMOBEPXHOCTH (MHAEKC f) U HOPMaJbHbIE K HEMl (1):

G (Wlt - W2t) :fz, G (Wln - W2n) :fn-

Ecnu npeneOpeub BSI3KMM TPEHHUEM, TO B Harpablie-

HUU KacaTeJIbHOM K IMOBEPXHOCTU ACHCTBYIOLIAs Ha

Puc. 2.9 CTpYIO0 CHJa paBHa HyJIO, T.e. f,= 0. B HampaBneHuu

HOpPMaJIM CUJjia BO3JCHCTBHUS CTEHKH Ha CTPYIO (paBHas

M0 BEJIMYMHE W TMPOTUBOIOJIOKHAS IO HAMPABICHUIO CHUJIE JaBJIICHUS CTPYd Ha
CTEHKY) paBHa

£ =G (Wi, —w) = piFywy (wi,— 0) = p,Fyw*sin a (2.19)
rae [ - miomaab UCXOAHOTO ceueHus cTpyu [-1.

Cuia 1aBjeHHs IOTOKA HA CTEHKH KPUBOJIMHEHOI0 KaHAaJIa

[Ipu ABMKEHUM MO KPUBOJMHEHHOMY KaHaly (pHcC. 2.8) Ha €ro CTEHKH JIEHUCT-
BYIOT CO CTOPOHBI KMJKOCTH CHUJIbI IABJIEHUS HA TOPLEBbIE ceueHus I} u [, u cuiia
MHEPIMU TIOTOKA, OMNpeiesieMas [0 YPaBHEHHIO KoiruecTBa JBkeHus (2.18).

VI3MeHeHHe KOTHUeCTBA IBMKEHHUS BO BXOIHOM ceueHHH | paBHO p1Fiw,’; OHO
YpaBHOBEIIMBAETCS CWJION JaBJIEHMsI CTEHOK KaHaja Ha MOTOK f;. B cBoro ouepensp,
3Ta CHJIa PAaBHA 10 BEJIUWYMHE U MPOTUBOIOJIOKHA 110 HAIIPABJICHUIO PEAKLUU ITOTOKA,
KOTOpasi BMECTE C CHJION CTaTUYECKOIO JIaBJICHUS Ja€T BEIUYUHY

R, = piF) + piFyw)’. (2.20)

HM3MeHeHue Koiau4decTBa ABUIKCHUA B BBIXOJHOM CCUYCHHH YPABHOBCHINBACTCA
v 2 )
CHJIOHN ﬁ = szsz . CHJIa pCaKIUMU IIOTOKAa COBMCCTHO C CHJIOHM CTATHUYCCKOI'O
JaBJICHHUA HAa CCUCHUC 2 COCTaBJIsICT BCIINUUHY
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R2 ZPZFZ + szszz. (2200)

[Tonnas cuna Ry BO3ACHUCTBHS NOTOKAa HAa CTEHKM KaHAlla paBHA T€OMET-
pudeckor cymme cuil Ry u R;:

Rz = Rl + Rz. (2206)
HpPIBCI[GHHBIfI BBIBO/JI COCTABJIAACT OCHOBY pas/icjia O CHJIOBOM B3aHMOJICHCTBUHU
IIOTOKA CO CTCHKAMHU KaHalla B TCOPHUH Typ6OMaI_HI/IH.

YpaBHeHHE MOMEHTOB KOJTHYECTBA ABUKCHUA

PaccmoTpum ABMXKEHHE KUAKOCTH B paboyeM KoJsiece LEHTPOOEKHOro Hacoca
(puc. 2.10). IlycTte BHYTpEeHHUI paauyc KoJjieca paBeH 7|, BHEIUHUU 7,. AOCONIIOTHAs
CKOPOCTbh KHJIKOCTH Ha BXOJI€ B MEXJONATOYHBIA KaHal paBHA Cj, HA BBIXOJE C;.
Oxpy>XHbIE CKOpPOCTH KOJIeca Ha BXOJE #; U Ha BbIX0J€ u;. OUEBUAHO, UTO U = Wr],
Uy = wry, TA€ @ - YIJoBas CKOpocTh Koseca. CKOpOCTh JBUKEHUS >KMJIKOCTH OTHO-
CUTEJIbHO KOJIeca paBHA BEKTOPHOM pa3HOCTHU a0COJIOTHOM CKOPOCTU € U OKPY>KHOM
u; 0003HAUMM €€ Ha BXOJI€ B KOJIECO 4Yepe3 w; W Ha BBIXOJIE uepe3 w,. Yroi,
o0pa30BaHHBIN BEKTOpaMU CKOPOCTEH ¢; U W, Ha BXOJle B KOJIECO, 0003HAUUM Yepes
¢ («yroja BXoAa»); MEXKIY BEKTOpaMHu C; U W, Ha BBIXOAE U3 KOJIECAa — YEpe3
(«yroma BeIxoaa»).

[IpumMeHnM K 4acTHIIE ¢ MACCOU m, IBUXKYIIEHCS Yepe3 KOJIECO BAOJIb JONATKH,
TEOpeMy MEXaHUKH 00 M3MEHEHUH MOMEHTOB KOJMYECTBA JBUKCHHS: H3MEHEHHE BO
BPEMEHU MOMEHTA KOJIMYECTBA JBUKEHHUSI OTHOCUTEIBHO OCH BpAlllCHUs KOJIeca mcer
PaBHO PE3yJIbTUPYIOUIEMY MOMEHTY BHEIlI-
Hux cui M.

A (me * r)ldr=M. 2.21)

Ha BpIXOZE M3 KoOJIeca MOMEHT KO-
JMYECTBA JBWXKEHUS paBeH IIPOU3BENe-
HUIO KOJIMYECTBA ABUKEHMS MC, HA TUIEYO,
PABHOE 7,COS, T. €. MC1COSM,; Ha BXOJIE
B KOJIECO 3TOT MOMEHT PaBEH McC71C0Sq.
IloncraBisAst 3T BENWYMHBI B YPaBHEHHUE Puc. 2.10
(2.200), monyuuMm ypasHeHue MOMEHMO8 KO-

Juyecmea 0sudicenus Jinepa.

[m (c3rycos ap -cirpcos o))/ At =M. (2.22)

VYpaBuenue (2.22) 0AMHAKOBO CIPABEAJIMBO KaK JJI JIOMACTHOTO HAacoca, Tak U
JUIsl TUApPABIMYECKOW TypOuHBL. B mociemHem ciiydae MOTOK BXOIUT B padouee
KOJIeCO uepe3 cedeHue /I W BBIXOOUT 4Yepe3 ceueHHe [, U3MEHsAsI CBOM MOMEHT
KOJINYECTBA JABWXKEHUS W MepefaBas KpyTAuid MoMeHT M jomarkam kosieca. s
TypOUHBI BEKTOPHI CKOPOCTEH ¢, U €| UMEIOT MPOTHUBOIIOJIOKHOE HAIMpPaBICHUE TI0
cpaBHeHuto ¢ puc. 2.10. OrHomenue m/At B ypaBHeHuu (2.22) npeacrasisieT coOoi
CEKYHIHBIA MaccoBbIi pacxoa G = pQ ¢ pa3MEepHOCTHIO KI/C.
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YMHOXkast ypaBHeHue (2.22) Ha yIJIOBYIO CKOPOCTh KoJjieca (, MOJYyYUM B
IIPaBOil 4aCTH MOJIE3HYIO MOIHOCTh Hacoca (WU TypOUHBI):

pOw (crycos ap -c1rycos a) =Mw = N. (2.23)

OuyeBHIHO, YTO MOIIHOCThH IEHTPOOESKHOTO HAacoca WM TUIPOTYpOUHBI OyaeT
HanOoubIen mpu cosa = 0, T. e. ipu a = 90° (1 IEeHTPOOESIKHOTO HAcOCa ITO PaJIv-
aNBHBINA BXOJI MIOTOKA B pabouee KoIeco, I TUAPOTYpOUHEI - paAualIbHBINA BbIX0ON). B
ATOM cily4dae

N = pQcyu, cos .

Yucuao Peitnoabaca. [lorepu Hanopa no ajimHe TPyObI

OnBIT TOKA3bIBAET, YTO MPHU JABMKCHUH BSI3KOU KMIKOCTH OTHOCHUTEIHLHO TBEP-
JI0 TIOBEPXHOCTH BO3MOJKHBI JIB€ KaUECTBEHHO pa3IMuHbIC (DOPMBI TECUCHHS. Y CIIO-
BUSI MX CYIIIECTBOBAHMS M B3aMMHOTO IepeXo/1a ObLIIN UCCIICIOBAaHbI PeliHOIBICOM.

B skcnepumentax PeitHonbca KHAKOCTh BBITEKaNda M3 0aka MO CTEKISTHHON
TpyOe (puc. 2.11), CKOpOCTh TE€UEHHUs peryiaupoBaiach KpaHoM. UToObl HaOII0aTh
NepeMeIleHHEe CI0EeB, KUAKOCTH, B TIOTOK BBOJIH-
Jack cTpyuika kpacurens Kp.

OnbITEl TTOKa3adu, YTO MPHU MaJbIX CKOPO-

CTSAX TEUYECHHUS W CTPYHMKa KpacUTEesd pacrpocT-

paHsieTcsi BJOJIb TpyObl B BUJIE HUTH, HE TEepeMe-

H MIMBAsICh C coceAHUMU oObemMaMu. JKHUAKOCTH

i JIBUKETCS CIIOSIMHM, CKOPOCTb TEUEHHS MONEPEK

Puc. 2.11 TpyObl u3MeHsieTcs iaBHo. Cuia TpeHus MEXIy

ciosimu onipeaensercs popmynoii Hetotona (1.4).

Takoi#t pexxum TeueHus: ObUT Ha3BaH JaAMUHAPHBLIM (OT JTATUHCKOTO JIAMUHA — CIIOH,

TJIACTUHKA).

Ecnu ckopocTh TeueHus fenaercsi 60bIne HEeKOTOPOH Kpumuieckol ckopocmu

Wyp, OKpAIlIEHHAs] CTpyMKa HauMHAeT KoJyieOaThCcsi U pa3MbIBaThcs. B momepeuHoit

AIIOPE CKOPOCTEH MOSBIIAIOTCSA Pa3pbIBbl, CKOPOCTU OTIEIbHBIX YaCTHUIl U3MEHSIOTCS

MpU UX MEpPEeMElICHUU; B (DPUKCUPOBAHHOM TOUYKE IMOTOKA MOSBISIOTCS MYIbCayuul

CKOpPOCTH W M JAaBieHHus p. Takoe TeueHue Has3bIBaeTcs mypoOyienmuvim (OypHBIM,

BO3MYIIEHHBIM). [Ipu TypOyJIeHTHOM TeUeHUH OOMEH KOJIMYECTBOM JIBUXKEHUS MEXKLY

CJIOSIMH, JBHKYLIMMHUCS APYT OTHOCUTEIBHO APYra, MPOUCXOJIUT 3a CUET B3aUMHOTO

NEPEMEILIEHUS YK€ HE OTHEIbHBIX MOJIEKYJ, KaK IpU JaMHUHApPHOM TEYEHUHU, a

3HAYUTEIHHO OOJBIIMX MO CPABHEHUIO C MOJIEKYJION yacTuil. PeitHoNbIC oKkasa, 4Tro

PEXUM JABUKEHUSI B TPyOeE ONpesenseTcsl BEIUYMHONW 0e3pa3MEepHOro COOTHOIIICHHUS,
Ha3BaHHOT'O BIIOCJIEICTBUH yucaiom Peiinonvoca Re:

Re = wD /v, (2.24)

rae D - auamerp TpyObl, Vv - KHHEMaTHYECKUN KOA(D(UITMEHT BSI3KOCTH >KH/I-
kocTH. CorjacHO ONBITHBIM JaHHBIM, Ipu Re < 2300 TedyeHue Bceraa JaMUHAPHOE; B
3TOM CJly4ae BO3MYILEHUSI, BHOCUMBIE B MOTOK JKMAKOCTH, 3aTyXalOT M3-3a JIEUCTBUS
Bsi3koro TpeHus. [Ipu OoipIuX 3HAYCHHSAX 4YKciIa PeliHOIbJCa BHOCHMBIE B ITOTOK
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BO3MYLLIEHUS IPUBOAAT K OTEPE YCTOMUMBOCTU TEUEHUS, HAUMHAETCS mYypOYIU3aYUs.
3nauenue Re, = 2300 Ha3bIBAalOT MOATOMY Kpumuueckum 4ducioMm PeiiHonbaca s
KpYyTJI0il TPYOBI.

BennuuHny Re MOXXHO TpakTOBaTh KaKk COOTHOILIEHUE MEXKAY CUJIOM MHEPLUH,
ONPOKUJBIBAIOIIECH YaCTUIly, U CHUJION BSA3KOIO TPEHMUs, IPENATCTBYIOLIEN TaKOMY
ONpoKuAbIBaHUI0. Bo3pacranue umcia PeiiHonbaca BieyeT 3a co0OWM yMEHBILICHHE
OTHOCHUTEJILHOT'O BJIMSHUS HAa MOTOK CTAOWIM3UPYIOUIEH CHUibl TpeHHs y cTeHkH. C
nocTHkeHneM Rey, Hapymaercs YCTOMYMBOCTb IIOTOKA, IOSBISIOTCS Pa3pbIBbI
HIOTIEPEYHOM JIIOPHI CKOPOCTH, BOZHUKAIOT ITyJIbCALIUH.

BnusiHue pasnuuHblX (AkTOpOB Ha MOTEPH HAmopa B TpyOOIpoBojax
UCCJIEIOBAJINCh OKCIIEPUMEHTAIbHO. bbul0 0OHapyeHO, 4YTO NpU JIAMHHAPHOM
peXUME MOTEPH HAIopa IPONOPLHOHAIBHBI CKOPOCTH B IIEPBOM CTENEHHU, a IPH
TypOyJIE€HTHOM - B cTeneHu ot 1,75 no 2. [lng pa3Butoro TypOyJI€HTHOTO TBHKEHUS
P OOJIBIIMX CKOPOCTSX MOTOKA XapaKTEPEH K8aOpAMUYHbIL 3aKOH COMPOTUBICHUS:
h~w’. COOTBETCTBEHHO HPH PA3THUHBIX PSKUMAX TEUCHHS THAPABIMUCCKHH KOAU-
LUEHT TPEHUs A, B Gopmyre Japcu (2.13) 3aBUCUT OT pa3HbIX (PaKTOpPOB.

B omnmwiTax uccienoBanack 3aBUCUMOCTh A, OT uuciia PeiiHonbaca Re u oTHO-
CUTEJIbHOW IIepOXOBATOCTU CTEHOK TpyObl D/A (3mecb D — BHyTpeHHMI quamerp
TpyOBbl, 4 — cpeaHsist BbIcOTa OyropkoB niepoxoBaToct). [1o M3MepeHHbIM B OIBITaX
h,; 1 W BBIYMCIATIACh BEIMYMHA A, llomyueHHas B skcnepuMeHTax Ha TpyOax ¢
€CTECTBEHHO! IIEPOXOBATOCTHIO 3aBUCUMOCTh

Jww=7f (Re, D /A)

npejacTaBieHa rpaguuecku Ha puc. 2.12. Bennunna Re oTioxkena mo ocu abcuucc B
JorapupMUUEecKoM MaciiTaoe.

AHanu3 HKCIEPUMEHTAJIbHBIX JaHHBIX TOKA3bIBAET, YTO NPHU MAJBIX YHCIAX
Peitnonbnca (Re < 2300, naMuHapHBIA pexuM) KOIDPUIIUEHT TPEHUsI HE 3aBUCUT OT
pa3MepoB OYTrOpKOB HIEPOXOBATOCTU. JTO MPOUCXOTUT MIOTOMY, UTO MPH JIAMUHAPHOM
TEYEHUU CKOPOCTh y CTEHKH PaBHA HYJIO, BBICTYMHBI IIEPOXOBATOCTH HAXOIATCA B
3aCTOMHOU 30HE.

[Tpu TypOyneHTHOM TEYEHHH TaK)K€ €CTh 00JIACTh CONMPOTUBIICHUS, B KOTOPOU
TpyOBl Pa3IMYHON IIEPOXOBATOCTH HMMEIOT OJWHAKOBBIE KOAI(DPHUIMEHTHI A, , 3TO
00nacTh eudpasiuvecku enaokux mpyo. B aTom ciydae Mexmay TypOyJIeHTHBIM s20poM
MOTOKA, 3aHUMAIOUIUM OOJIBIITYI0 YacTh CEUEHHUs] TPYObl, U CTEHKOH JICKHUT TOHKUH
JAMUHAPHBLU NOOCOLL.

C Bo3pactanueMm ckopocTH (yBenuueHueMm Re) nmamMuHapHbBIA MOACIION yTOHS-
€TCsl, OTHENbHBIE BBICTYIBl HIEPOXOBATOCTH BTOPTalOTCS B TypOYyJIEHTHOE SApPO
notoka. [Ipu 3TOM MeHsieTcs: cama nmpupojaa conpoTuiieHus. Eciu npu naMuHapHOM
TEYEHUU U B OO0JIACTH TJIAJKOTO COMPOTHUBJICHUS IMOTEPH HAmopa ObUIM CBSI3aHBI C
BHYTPEHHUM TPEHHEM B KUJKOCTH, TO MPU BBIABIXKEHHH OYTOPKOB IIEPOXOBATOCTHU
U3 JJaMUHap-HOTO MOACIO0S TOTOK O0TEKaeT UX ¢ 00pa30BaHUEM 32 THIJIOBBIM CKJIOHOM
BUXPEBBIX 00J1aCTEN.

Haxonen, npu nanpHeneM yBenuyeHu Re JJaMuHapHBIN TOACIO0N TOJTHOCTHIO
CpBIBaeTCS, Ay, CTAHOBUTCSA (DYHKIIMEH TOJBKO OTHOCHTEIBHOW BBICOTHI BBICTYTIOB
HIEPOXOBATOCTU. DTO - 0O1acmeb Kaopamuuno2o conpomusienus. Ilepexos oT o1HON
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o0acT COMPOTUBIEHUS K APYyroil ompenensercs BenuunHamu Re m D/A. Ha puc.
2.12 o6nacTh KBaJpaTUYHOTO CONMPOTUBIICHHUS JICXKUT MIpaBee ITPUXOBOU JTUHUM Re;.
B TexHuyeckux ycCIIOBUSIX CPEIHsSSI BHICOTA BBICTYIIOB LIEPOXOBATOCTU A paBHA s

HEIbHOTSHYThIX cTaidbHbIX TpyO 0,02...0,1 MM, mig ObIBIIMX B YNOTpeOJeHUH,
HE3HAUYUTENBHO KoppoaupoBaHHbix 0,1...0,4mm.
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Puc. 2.12

MecTHBIE CONIPOTUBJICHUS

Ha yyacTke pe3koro m3sMeHEHUs F€OMETPHUM MOTOKA, TaM, I'/I€ OH CKUMAETCH,
pacuiupsieTcsi, U3MEHSIET HallpaBlICHHE, OOTEKaeT MPENATCTBUE, MOSBISIOTCS O0paT-
Hble TeUeHUs. VX MOsIBIICHUE MPUBOJAUT K PE3KOMY BO3PACTAHUIO TPAJUEHTOB CKOPO-
CTH TE€YEHHS] BHYTPHU BUXPEBBIX 00pa30BaHUil, U B COOTBETCTBUU C 3aKOHOM HbroToHa
JUISL BSI3KOTO TPEHHUS K POCTY CHJI TpeHHs, 0ojiee MHTEHCUBHOMY IPEBPAIICHUIO
MEXaHUYECKOU SHEPTUU MMOTOKA B TEIIOTY.

[ToTepu sHEprun MOTOKA HA MOJIEPKAHUE JIBIXKCHHS B TAKUX 00JIACTAX Ha3bl-
BAIOTCS MeCmHbIMU nomepamu Hanopa h, OHU CKOHIIEHTPUPOBAHBI HA HEOONIBIINX (B

CpaBHEHUU C JUIMHOW TpyObl /) ydacTkax. MecTHble TOTEpU OIPEACIAIOTCS IO
gopmyne Beticoaxa:

he=Caw?1(2g), (2.25)

rae , — 6e3pa3MepHsbIil Koahpuyuenm mecmuoco CoOnpOMuUBLEeHUS.

Bennuunbl {, I pa3iUYHBIX BUIAOB MECTHBIX COIMPOTUBIICHHI ONpPENEIICHBI
sKcIepuMeHTanbHo. CBefeHus Mo K03 GUIIMEHTaM MECTHBIX COTMPOTUBICHUHN COAep-



37

KaTCsl B THUIPABIMYECKUX CIpPaBOYHWUKAX WM Tabmumax (Hampumep, B [4]). B Tom
cilydae, Korja rmoTok, MpoXo/is 4epe3 MECTHbIC CONPOTUBIICHUS, MEHSAET CEUCHUE, (
OOBIYHO ONpPEAEIAIOT AJII CKOPOCTHOTO Hamopa B TpyOe mocie conpoTuBiieHus. B
YaCTHOCTH, JJISl PE3KOr0 PaCIIUPEHUS:

o = Cop W22/ (2g), roe (o = [(F2 / Fy)— 1]2-
Hﬂﬂ PE3KOro C:xaTtus 1oToKa:

hoe = Goe woo 1 (22), THE Coo = 0,5 [1-(F>/ FY).

KoadduumeHrt conporuBienus npu Bxoae B TpyOy (u = 0,5, mpu BeIXOJE U3
TPyOBI B 0aK (yx = | (B MOCIIEIHEM CiTy4yae BCS KUHETHUYECKasl SHEPTHUs BHITEKAIOIICH
CTPYH TaCHUTCSI BUXPEBBIMU TEYCHUSIMU B 0aKe).

2.5. I'uopasnuueckuit pacuem mpyoonpoeooos

IIpu pacuere TpyOONPOBOAOB PEMIAIOTCS CIEAYIOIINE OCHOBHBIE 3a/1aUu:

1. Omnpenenenve Hamopa H, HEOOXOAMMOTO sl OOECTIEYEHHS 3aJaHHOTO
pacxona @ B TpyOOIpoBoJE.

2. Ompenenenue pacxoaa O B JaHHOM TPyOONpPOBOJIe MPU U3BECTHOM HAMope
H.

3. Onpenenenue auameTpoB TpyO, oOecrneunBaromMX 3aJaHHBIA PAacXoj MpU
MU3BECTHOM Harope.

TpyOonpoBoAbI AT HA eudpasiuyecku ONuHHble, B KOTOPBIX MECTHBIE TOTEPU
Hanopa MpeHeOPeKMMO MaJibl 0 CPABHEHHUIO C TIOTEPSIMU HA JITTUHE, U 2UOPABIUYECKU
KOpomKue, B KOTOPBIX 3TH BUJBI TOTEPh CPaBHUMBI 10 Benuuuue. [loTepu Hamopa B
MOCJIE0BATENbHO PA3MEIICHHBIX Ha TPyOONpPOBOAE MECTHBIX CONPOTUBICHHUSIX U
COIPOTHUBJICHUSX M0 AJUHE TpyO cymmupytoTcs. Beck pacnonaraemblii Hanop paBeH
CymMMe MOTeph (B ciaydae HUCTeUueHHsi B arMocepy K Hel A00aBisIeTCs €lie CKO-
POCTHOI HAMop BBITEKAIOUIEH CTPYH).

ITpu pewennu 3agaun 1 (onpenenaeHue Hanopa Mnpu 3aJaHHOM Pacxo/ie) BHIYHC-
nstoTes ckopoctu B TpyOax. Ilo popmyie Beilicbaxa onpeaenstoTcss MECTHBIE TOTEPH.
Boeruncnstorces uncna PeitHonbiaca, mo Re u oTHOCUTENBHOM MIEpOXOBATOCTH TPYO
ONpEeNeNstoTcss 00JaCTU CONPOTHUBICHUS, ISl KOTOPBIX HAXOIAT TUIpaBIMYECKUE
ko3 puienTsl TpeHus A.,. Ilo dopmyne [lapcu HaxoasT morepu NO AJUHE U
OTPEJEIISIOT MOJIHBIN HANOoP:

H=2h+2h, (2.26)

Pemenue 3amaum 2 (ompejaesieHHe pacxoja MpH 3aJaHHOM HANope) OCIIOXK-
HSIETCS HEOMPEJEICHHOCThIO BhIOOpa Ay,. ECnu mpu KBagpaTUuHOM CONPOTUBICHUU
TUAPABINYECKUN KOIPOUIMEHT TPEHUSI HE 3aBUCUT OT CKOPOCTH, TO B OCTaJIbHBIX
00JacTsIX COMPOTHUBICHUS Ay, = f (Re), T.e. 3aBUCUT OT HCKOMOM CKOPOCTH TEUYCHHUSI.
[ToaTOMy TIpUXOIUTCS pemiaTh 3a7a4y CIocoOOM MOCIEN0BATEIbHBIX MPUOIMKEHUN.
MoKeT HCTOJIb30BaThCs, B YACTHOCTH, TaKOM rpadoaHAIMTHYECKUA METOJ. 3ajaBa-
SCh Pa3IMYHBIMU 3HAYEHUSMHU CKOPOCTH, OMPEACIISIIOT COOTBETCTBYIOIINE BEIUYUHBI
pacxona (1o cyTu naena, pemias 3aaady 1) u ctposar rpaduk 3aBucumoctd H = f(Q).
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[lo wucxonHoW BenuuuHe K ONpEAENSIOT M3 3TOro rpaduka COOTBETCTBYHOLIUHI
pacxon. Q.

[Tpu pacuere ruapaBIMuYecKd IJIMHHBIX TPYOONPOBOAOB, KOTJa HET HEOOXOIU-
MOCTH YYMTBIBATh MECTHBIE IOTEPU U €CTh YBEPEHHOCTb, YTO uucia PelHoibaca
JOCTaTOYHO BEJIUKU JUIsl OOecredyeHHs] KBaJpaTHYHOI'O COMPOTUBIIEHUS, peUIeHUE
CYLIECTBEHHO ympoiaercs. [J[eCTBUTENBbHO, B 3TOM CIy4ae Ay, 3aBUCUT TOJIBKO OT
IIEPOXOBATOCTU TPYObl U SBISAETCS ISl TaHHOM TpyObl MOCTOSSHHOM BenuuuHO. B
ATOM CIIy4ae pacxoj ONpPENeIIsoT 110 popmyJie

0=KI, (2.27)

rae I=h;/ [ - TtugpaBiInyecKuil yKIOH (OTHOIICHHE MOTEPh HAMOpa K JyiuHE TpyObI), K
- MOOYIb pacxooa, WIN pacxOOHAs Xapakmepucmuka - BEIUYUHA C Pa3MEPHOCTHIO
pacxoga. 3Hauenus K pgna 1py0 nmo I'OCTy coxepxarcss B T'MAPABINYECKHX
cripaBoYHUKax (Hampumep B [4]).

VYpaBHenue (2.27) mNO3BOJSIET JIETKO HAaXOAWTh BEJIUWYMHY pacxoja Mpu
3aJlaHHOM MaJICHUM HaIopa B TpyOONpoOBOJAE WM, HA0OOPOT, HANOp, HEOOXOIUMBII
11 00ecreYeHnsl 3a1aHHOTO pacxoja.

I'mppaBianyeckuii yaap B Tpydoax
[Ipu HeycTaHOBUBILIEMCS JBUXKEHUU XKUAKOCTH B TpyOax M3MEHEHHE CKOPOCTU
TEYEHUSI BO BPEMEHU MNPUBOJIUT K KOJIEOAHUSIM JaBJICHMS, KOTOpPbHIE HAa3bIBAIOTCS
euopasiuveckum yoapom. Teopus storo ssieHust paspadorana H.E. XKykoBckum.
[IpocreiimuM citydaeM TUIPABIMYECKOTO Yyaapa SBISETCS npsamou yoap, HAOIIO-
JAEMBII IPU MTHOBEHHOM TEPEKPBITHHU TPYOBI.
a) Paccmorpum TpyOGompoBon ¢ anmuHON [ M
CEYEeHHEM F, IO KOTOPOMY CO CKOPOCTBIO W T€YET
KUIKOCTh, HAXOASILIASACS MO JaBJIEHUEM p, (pHC.
2.13a). Ilpu pe3koM (MTHOBEHHOM) 3aKpbITUU
3alOpHOr0 OpraHa Oymkaiiliue B HEMY YacCTHUIIbI
XKUJKOCTU OCTaHaBiMBaroTcs. VX kuHeTtnueckas
HHEPruUs MEepexo/IUT B paboTy CKATHUS )KUAKOCTH U
x jgedopMalMu CTEHOK TpyOnl. ['panuia pazzgena
C)KaTOro OCTaHOBHUBIIETOCS OOBbEeMa KHUAKOCTH -
yoapuas 60iHA - PACIPOCTPAHSAETCS HAaBCTpEUy
BTEKAIOIIEW HEBO3MYILIEHHOMN KUJKOCTH.
Puc. 2.13 ITyctb 3a BpeMst A7 yaapHasi BOJIHA IPOXOJUT
nyTh Al. CKOpOCTh U JaBJIICHHE IO JJIMHE TPYObI B
MOMEHT BPEMEHHM, OTIEJECHHBIM MHTEpPBAJIOM AT OT MOMEHTA 3aKpBITHs 3allOPHOTO
oprasa, peJcTaBieHbl rpadudecku Ha puc. 2.136, 6. 13 pucyHnka sicHo, 4TO yaapHas
BOJIHA SIBJISIETCS] IOBEPXHOCTBIO pa3phiBa JJIsl CKOPOCTH U JaBJICHUS.
OnpenenuM BEIIMYUHY YOapHo2o O0aénenusi Ap, T. €. NPEBBIILICHUE TaBICHUS B
C)KaToM 00beMe HaJl HEBO3MYILIEHHBIM JaBJICHUEM p,. {1151 3TOro npuMeHumM K o0bemMy
OCTAHOBJIEHHOM >KMJIKOCTU T€OpeMy 00 U3MEHEHUU KoruecTBa JBxkeHus (2.17):

A (mw)/ At =f.

|H
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‘||||H

6)

|
g 2 |
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BcnenctBue Manod CoKMMaeMOCTH KallebHBIX JKHMIKOCTEH M OOJIBIION JKECTKOCTHU
CTEHOK TPYObl MOXHO CUMUTATh, YTO Macca >KUJKOCTH 3a BpeMs /A7 BHYTPU OCTAHO-
BUBIIIErocsi 00beMa HE U3MEHWJIAch, OoHa paBHa m = pFAl. VI3MeHeHue CKOpoCTH
paBHO Aw = wy - 0 = wy. Cuia f, BbI3BaHHasi U3MEHEHHEM KOJUYECTBA JIBUKEHUS, €CTh
Pa3HOCTh CHJI JIAaBJICHUS Ha TOPIIEBBIX TOBEPXHOCTIX BRIOPAHHOTO 00BeMa:

J=@o+4p) F-poF'=4pF.
[ToxcTapsisist 3T BEJIMYMHBI B YPABHCHHE KOJIMUYECTBA JIBYKCHUS, HMEEM
Ap = pwodl / Az.

YuureiBas, uto Al / At = ¢ €cTb cKOpOCMb pACKPOCMPAHEHUS YOAPHOU BOJIHbL,
nonydaem gopmyny Kykoeckozo:

Ap = pwyc . (2.28)

OTtmeTuM, YTO BEIMYMHA YJIapHOrO JABJIEHUS MPU MPSIMOM yJape HE 3aBUCUT
OT JUTUHBI TPYOBI /.

CKopocCTh yAapHOH BOJIHBI ¢ B TpyO€ ¢ a0COIIOTHO KECTKUMH CTEHKAMH paBHA
CKOPOCTH 3BYKa @ B IAaHHOM >KUJIKOCTH U ONPEJIESAETCS BBIPAXKEHUEM

a=(E./p)”, (2.29)

rae Ex - moaynb FOnra skuakoctu (cm. tadin.1.1). CkopocTs 3Byka B Bojie paBHa 1450
M/c, B MEHEpaIbHOM Macie mpumepHo 1350 M/c, B 6ensune okono 1200 m/c.

B peanbHoil TpyOe u3 marepuana, umeroniero moayib FOura E.. , CKOpOCTh
yAapHOM BOJIHBI HECKOJBKO MEHBIIE M3-3a MOAATIMBOCTU TpyObl. OHa ompenensercs

dhopmyon

C =

(2.30)

I+

E

rae D - nuamerp TpyObl, 0 - TOJIIMHA CTEHKH. B BOJONPOBOAHBIX TpyOax CKOPOCTh

yaapHoi BoJHBI ¢ coctaBisgeT oT 1000 mo 1400 M/c (MeHbIIME CKOPOCTH B TpyOax
00JIBIIOTO TMaMeTpa, OHU 0oJiee MOAATIMBBI HA PACIIUPEHUE).

[lepemeniasich cO CKOPOCTBIO ¢ HABCTPEUy BTEKAIOIIEH >KUIKOCTH, BOJIHA
MOBBINICHUS] JaBICHUS Yepe3 MPOMEXYTOK BPEMEHH [/ ¢ TOCTUTaeT BXojJa B TPyoOy.
Ha sTom 3aBepiaercs nepgas ¢pasza ynapa - Bo Bcell TpyOe KUIAKOCTh HEMOJABUKHA U
HaXOAMTCA MO/ JaBJICHUEM pg + Ap.

B 0ake, rae KUAKOCTh UMEET CBOOOJHYIO MOBEPXHOCTD, MOBBILICHUE JABICHUS
HEBO3MOXKHO: Y BXOJia B TpyOy OHO OCTaeTcsi paBHBIM p, . [loatomy emopas ¢asza
yAapa HAUMHAETCS C OmpadiceHus yIapHou BONHbL. JKHIKOCTh HAUMHAET BBHITEKATh U3
TpyObI B 0aK CO CKOPOCTBbIO W,. BosHA MOBBINLIEHUS JaBIEHUS, OTAESISIOMAs HEMOI-
BIDKHYIO C)KAaTyIO0 >KHMJIKOCTb OT BBITEKAIOLIEH, OTCTYNMaeT MO TpyOe B CTOPOHY
3alOpPHOr0 OpraHa co CKOpocThio c. Uepe3 mpomeKyTOK BpeMeHu T7,, = 2 I/ ¢ mocne
3aKpBITUS 3allOPHOTO OpraHa yJapHas BOJIHA BO3Bpamiaercs K Hemy. JKHIKOCTh IO
Bcell TpyOe MMeeT IaBJIeHHE Py U TEYET B CTOPOHY Oaka.

a
E, D
o

cm
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Tpemvs ¢paza ynapa HauMHAETCA C PE3KOro MaJCHMs IABJICHHS Yy 3allOPHOTO
oprana. TeopeTuuecku AaBI€HHE CTAHOBHUTCS pPaBHBIM po-Ap. Bonana paspedrcenus,
KOTOpasi OTIENSET HEMOABMXKHYIO >KHIKOCTb, HAXOASIIYIOCS TOJ TMOHUKEHHBIM
JaBJICHUEM, OT BBITEKAIOIIEH M3 TpyObl KUIKOCTH, JABJICHHE B KOTOPOM paBHO py,
JIBUXKETCS B CTOPOHY Oaka co ckopocTbio c. Ilo moctmxenuu Bxoaa B TpyOy oOHa
CHOBA OTPaXKaeTcCHl.

B Teuenue uemeepmoii ¢hazvl BoHA pa3peKeHUs] OTCTYHAET B CTOPOHY 3arop-
Horo opraHa. JKugkocte BTekaeT B TpyOy. K KoHiy weTBepToil (pa3bl BoccTa-
HABJIMBAETCA KapTUHA TEUYCHHMs, KOTOpas HMeEJIa MECTO A0 3aKpbITHUS 3allOpHOTO
oprana: Bcsl TpyOa 3allOoJIHEHa IOTOKOM CO CKOPOCTBIO Wy, JaBleHHE paBHO pg. C
ATOTO MOMEHTA CHOBa HauMHAETCs niepBas dasza yaapa.

Teopernyeckoe U3MEHEHUE JABJICHUS y 3a-
IIOPHOT'O OpraHa BO BPEMEHH MPH MPSMOM THIPO-
yaape mpeacTaBieHo rpadudecku Ha puc. 2.14a. B
JENUCTBUTEIBLHOCTH, BCIEACTBUE MTOTEPH YHEPTUU B
TUAPABINYECKUX CONPOTHUBICHUSIX U IUIACTUY-
HOCTH MaTepHalla CTEHOK TpyObl, KoyeOaTeabHbIi
npouecc B TpyOe OKa3bIBACTCS 3amyxaroujum, 1aB-
JICHUSI M CKOPOCTHU CO BPEMEHEM YOBIBAIOT.

OObIYHO yllapHOE€ NaBlieHHE Ap TPEBBILIAET
Do, IOATOMY B TpeThel (ase najieHrue JaBjIeHUs 3a
BOJIHOW pPa3pekeHusi, Ka3zajaoch Obl, TOJKHO MpPHU-

Puc. 2.14 BOJIUTh K MAJCHUIO AaBJIeHUs 10 Hys1. OIHAKO B

NEHUCTBUTENBHOCTU TPU PA3PEKEHUN 10 BEITUYH-

HBI JJaBJICHUSI MapooOpa3oBaHMsI HAYMHAETCS KABUTAIMSI, KOTOpas PACCEHBAET YaCTh

sHepruu yaapa. Haumnas ¢ tpetbeit ¢asbl, amMIumuTya KoieOanuii 1aBieHUus YMEHb-
naeTcsl.

Henpsimoii ynap

[Ipu nocmenennom W3MEHEHUM CKOPOCTH T€UYEHUs (MPU IUIABHOM 3aKPBITUU
3aJIBHJKKM) BO3MYLUEHUS JIaBJIEHUS, KOTOPbIE OHAa BHOCUT B IOTOK, PaclpOCTpPaHs-
I0TCS B TpyO€ TaKXe CO CKOpPOCThbIO c. J/laBmeHue M CKOpOCTh B KaXKJIOM CEYEHUU
TpyObI U3MEHSIOTCS TIaBHO.

Ecnu npooimKUTEeNbHOCTh 3aKPBITUS 3aBUKKH Ty, MEHBILIE BPEMEHU, MOTpE-
OHOro J1s mpodera NepBbhIX BO3MYIICHHUI aBleHus 10 BXojaa B TpyOy u oOpaTHO, T.
€. Tsaxp < 2/ / ¢, TO CyMMa BO3MYILIEHUH JaBJICHUS MPUBOJIUT XOTS U K IJIABHOMY, HO
[0 BEJIMYMHE K TAKOMY K€ MOBBIIICHUIO JABJICHHS Y 3aBUKKHU, KaK U TIPU €€ MIHO-
BEHHOM 3akpbITuH [(popmyna XKykosckoro (2.28)].

Ecmu 7,,>7y; , TO NaBI€HUE Y 3aJBUKKH HENPEPHIBHO PACTET TOIBKO O
MOMEHTA BO3BpAILICHUS] K HEW MEPBBIX BOJIH MOBBIIECHUS AaBieHus. VX mepexon B
TpeThIO (pa3y MPUBOJUT K MOSBICHUIO Y 3aJBUKKUA BO3MYIIIEHUN pa3peKeHus, U Jallb-
HEHIIMI pOCT JAaBJIEHUS NPUOCTAHABIMBACTCA. OJTO — HENpAMOU 2UOPAGIUYEeCKUl
yOap. Ecnu NPUHATH, UTO CKOPOCTh TEUEHUS Y 3aJABUKKHU MPU €€ 3aKPBITUA MEHSAETCS
JUHENHO, TO yAApHOE NaBlieHUuEe Ap, ABISIIOUIEECS PE3yJbTaTOM CIOKEHHS BO3MY-
HIEHUI U ONpeAeIaeTCs Il HEnpsIMOro yapa npuoimkeHHon Gpopmyioi

a] P

0 T va 2T va 3Tym t
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AP = pWC Tyn /Tsaxp- (2.31)

YBennuenue BPCMCHH 3aKPbLITUA 3aABUKXKH - 3TO HpOCTCfIIHHfI CII0c00 YMCHb-
MCHUA BCIWYUHBI YIAPHOTO HOABJICHUA OO 0e30macHBIX JJIA Tp}I6OHp0BOI[0B
IMpCaciioB.

2.6. I'uopomawiunul

Hacocbl

B ruapaBnrueckux MamMHax dHEPTUs MEePEHOCUTCS KHAKOCTHIO. Pazmmuuaror
Pa3HOBHUIHOCTH THUAPOMAIIUH - HACOCHI W THIpojBurareiau. Hacocel mpeoOpa3yror
MEXaHUYECCKYIO0 SHEPTHI0 BHENTHETO MCTOYHUKA B DHEPTHIO JKUIKOCTH; B THIPOJIBU-
raTensx, Ha000pOT, MPOUCXOAUT ITPeoOpa3oBaHNE YHEPTUHU MMOTOKA KUIAKOCTH B MeXa-
HUYECKYI0 DHEPruio, IepelaBaeMyl0 HCIOJHUTEIbHOMY MexaHu3My. OObeMHbIe
MalldHbl Pa0dOTaOT MO MPUHIIUIY BBHITECHEHHS; B JIOMACTHBIX MaIlMHAX IPOIECC
npeoOpa3oBaHUs SHEPTUU TMPOUCXOJMUT 3a CYET JAMHAMHUYECKOTO B3aWMOJICHCTBUS
MEXIy MMOTOKOM >KHUJIKOCTHU U JIONIACTAMH pabouero Kojeca.

Ilpoussooumenvrocms, UMW Tonaya Hacoca, () - 3TO OOBEMHBIM PacXo/
JKUIKOCTH, IEpPeKadHBacMOi HAcOCOM; H3MepsieTcsi B M'/C. IIOpIIHEBBbIe HACOCHI
MMEIOT HEPABHOMEPHYIO MOJauy H3-3a HEPABHOMEPHOU CKOPOCTH BO3BPATHO-IOCTY-
MaTeIpbHOTO TepeMenieHus: mopinHs. JlomacTHele W pOTOpPHBIE OOBEMHBIE HACOCHI
(HampuMmep, NIECTEpEHHBIE, IUIACTUHYATHIC) MMEIOT 0oJjiee PaBHOMEPHYIO IO7ady.
BcenenctBue yreuek B KiiamaHax, 3a30pax, YIDIOTHEHUSX pealibHas mojada Hacoca QO
MEHBIIIE TeopeTudecKor ;. YMEHBIICHUE TPOU3BOIUTCILHOCTH YUYUTHIBACTCS
oowemubIM KII/] Hacoca 7,, mpuuem

no=0Q /0. (2.32)

3HavyeHusl 7, HACOCOB Pa3HBbIX KOHCTPYKIIUI Jiexat B npenenax 80...98 %.

Hanop nacoca H = H,, - Hy. - 3TO pa3HOCTh MOJIHBIX (TUAPOAMHAMUYECKUX )
HANOpOB B HAINIOPHOW JIMHUM HA BBIXOJI€ U3 Hacoca [1; M BCachIBaIOILIEH JMHUU Ha
BXOJle B Hacoc My, npuueM H,;, Hy, ONPENENsoTCS CYMMOU TPEX WIECHOB YPaBHEHUSA
bepuynmu (2.12a) (cMm. puc. 2.3). Takum obOpa3om, Hamop Hacoca - 3TO yJeabHas
AHEPruUd, coolIIaeMasi HAaCOCOM €IMHUIIE MACCHI KUJIKOCTH.

[Totepu sueprum (Hamopa) AH B nepekaunBaeMou >KUIKOCTH, BO3HUKAIOUIUE
BCJIEJICTBUE TPEHUS U MECTHBIX CONPOTUBIICHUI BHYTPU HACOCA, YUUTHIBAIOTCS BBEJIE-
HueM ruapasinueckoro KII/I nacoca

n-=H/(H+ AH). (2.33)

B Hacocax pa3HbpIX KOHCTPYKIUH #; cocTaBistoT 80...95 %.
[Tone3nast MOIIHOCTh, pa3BUBaeMasi HACOCOM, PaBHA

N = pgOH (2.34)

U U3MCPACTCA B BaTTax. BHYTpeHHHﬂ, HJIM MHAWKATOPHAA, MOITHOCTh HACOCa ]Vl Ipc-
BhIIIaCT N BCJICACTBUC THAPABINYCCKUX ITOTCPb U YTCUCK U OIIPCACIIACTCA q)OpMYHOﬁ

Ni= pgOH /(11 11,) - (2.35)
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D¢ dexTrBHAsT MOIHOCTH N,, TOJBOANMAS K Bally Hacoca, O0Jbllie BHyTpEeHHEH
MOIITHOCTH HA BEJIMYMHY MEXaHWYECKUX NOTEPh AN BCIEACTBUE TPEHHUs B MOALIMII-
HUKaX, YIUIOTHEHHUSX U T. J. MexaHW4ecKue MOTEpPU YUUTBHIBAIOTCS MEXaHUYECKUM
KIIA 7y, npuuem

7= Ni /Ne. (2.36)

[IpousBenenne Tpex dYacTHbIX Kod(hduumeHToB HazbiBaeTcss moiaHbIM KIIJ]
Hacoca 7]:

7= oM - (237)

ITonnerit KIIZI HacocoB pa3nuuHbIX KOHCTPYKUMMI, IPUMEHSAEMBIX B TETIOIHEP-
retuke, umeet Beanuuny 60...92 %.

BbicoTa BcachIBaHMA M KABUTALMS B HACOCax

W3 OTKpBITOrO pe3epByapa JKUIKOCTh MOJHUMAETCs K Hacocy (puc. 2.15) 3a
CUeT Pa3HOCTH JaBJIEHUN: aTMOC(EPHOTO p, U AABJIEHUS HAa BXOJAE B HACOC pPgyc. DTOT
Tmepernaj JaBIEHHS PAacXodyeTcs Ha CO3JaHHE CKOPOCTHOro Hamopa aw’/(2g) u
IPEOIOJICHHAE THAPABINIECKUX COMPOTHUBICHUN BO BCACBIBAIOIIECH TpyOe 2/, Kak

cienyeT u3 ypaBHeHus: bepuyiu (2.126), BicoTa BcachblBaHUs /1, paBHA:
2

b D - w
. 4:[‘_1: h, =Pa" Lo Yo _yp (2.38)
= L rg 2g
Errrr) HaBHeHHe Ha BXOA€ B HACOC ch JOJI2KHO 6I>ITI> BCCriaa
hBC 60HBIH€ JABJICHHUA HACBIIIICHUA HepeKan/IBaeMoﬁ KUIKOCTHU

IpU JaHHOM TeMmriepaTtype (1 Boabsl — cM. Tabm. 1.3). B mpo-
TUBHOM CITy4yae Ha BXOJI€ B HACOC HAUYMHAETCSl KaBUTaIUs: 00-
— = Pa3yIOTCsl TAPOBBIE MY3bIPU, KOTOPHIE 3aTEM CXJIOMBIBAIOTCS B
o0JlacTi TOBBIIIEHHOTO JIaBJIeHUs B Hacoce. BereacTeue mec-
Puc. 2.15 THBIX TUJIPABIMYECKUX YJIapOB B LIEHTPE MapOBOr0 My3bIpbKa
IpU CXJIONBbIBAaHUU (KOHJEHCAIMU TMapa), JOKAJIbHbIE IOBbI-
IMICHHs JaBlieHUsl JocTUraroT Toicasdy Mlla, 4TOo NMpHUBOAUT K 3PO3UOHHOMY HU3HOCY
OPOTOYHOM YacTH Hacoca. B mopiiHeBbix Hacocax B dopmyny (2.38) mng pacuera
MpEeAEIbHON BBICOTHI BCACBIBAHUS MPUXOAUTCS
BBOJIUTh TOMNPABKY, YYHUTHIBAIOLIYIO HHEPIIUIO
cTtosba KUIKOCTH BO BcachIBawINei TpyoOe
BCJIEJICTBHE TOTO, YTO ABUYKEHHE — HEYCTaHO-
7] @D BHUBIIEECS; B IIEHTPOOEKHBIX HAacocax — MOI-
pPaBKy Ha MECTHOE YBEJIUYEHHE CKOPOCTH MpPHU
BXOJI€ B pabouee Kosieco Hacoca. PeanbHas
&E ? BBICOTA BCAaChIBaHUSI BOJbI M3 OTKPBITOTO
OacceliHa cocTaBisieT B TMOPIIHEBBIX HACOCAX

6...7 METpOB, B IEGHTPOOESKHBIX 6...8 METPOB.
Puc. 2.16 Ha TennorexHudeckux npeAnpusTUsIX Hau-
OoJbIIee pacrpocTpaHEHWE UMEIOT JIOMAacTHBIE
Hacochl. B JomacTHBIX Hacocax TNOJBENCHHAs K Baly MeEXaHUYecKas DSHEprus
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nepesaeTcsl KUAKOCTU 3a CUYET CHIIOBOTO B3aWMOJACWMCTBUSA C JIOMATKaMU pabodvero
kojeca. Tak, B meHTpoOexkHoM Hacoce (puc. 2.10, 2.16) mpu BpamieHuu pabodero
Kojeca | >KMIKOCTb, 3aKJIFOUEHHAs B KaHAJIaX MEXIY JIOMATKaMH 2, BbIOpachIBaeTCs
LIEHTPOOCKHBIMU CHJIAMU B CHUPAIbHYIO Kamepy 3 U Jajee B HAloOpHYI TpyoOy.
[IpuTOK )XKMAKOCTH K pabouyeMy KOJecy OCYIIECTBISIETCA YePe3 BCAChIBAIOILYIO TPYOy.

Hanop nentpo6exxnoro Hacoca H MOeT ObITh ONPEENICH U3 YPAaBHEHHUS MOMe-
HTOB KOJIMYECTBa ABMXeHUs (1. 2.5, puc. 2.10). [IpupaBHUBas BbIpakeHUs AJI1 MOIII-
HOCTH, pa3BUBaeMoil HacocoM, (2.24) u (2.35), umeeM

H=w(c;rycoso,-ciricosay)/g. (2.39)

Takum o0pa3om, Hamop BO3pacTaeT C YBEIMYEHHWEM YTJIOBOM CKOpOCTH pabodero
KoJieCa @ W CKOPOCTH JKUJIKOCTH Ha BBIXOJIE M3 MEXKJIOMATOYHBIX KaHAJIOB.

[Tpu u3menennn ymcia 000pOTOB IEHTPOOESIKHOTO HACOCa U3MEHSIOTCS €T0
nogaya Q u "Hamop H. Ilpm ycrnoBum momoOus pe:KMMOB pabOThI Hacoca (MoJo0us
TPEYTOJIBLHUKOB ckopocTeit (cM. puc. 2.10) u mocrosHcTBe BHyTpenHero KITJ[ mpouns-
BOJMTEIIBHOCTh HacOCa MPOIOPIIMOHATIEHA YUCITy 000pOTOB: O ~ €, 7, 1 COS 0; HATIOp
TIPOMOPIMOHAICH KBaApaTy d4ucia 060poToB: H ~ n’; MOIIHOCTb, pa3BHBAacMas
HACOCOM, IPHOIH3UTEIHHO IPOMOPIMOHATbHA KyOy 4HciIa 060poToB: N ~ 1 .

Bce wMHOrOOOpaswe pa3iauvHBIX THIIOB JIOMACTHBIX HACOCOB MOYKHO
pa3ienuTh Ha HECKOJBKO TPYMI MO BEJIUYUHE KOIDduyueHma obicmpoxooHoCmu n,
KOTOPBIi ompezensercs no Gopmyre

n,=3,65n0% /H"", (2.40)

rae QO - NpoOU3BOAUTEIHHOCTD, m/c; H - Harop, M; n — uuciao obopotos, 1/mun. Ilo
YUCJICHHOMY 3HAYEHUIO K YEeHmMpOoOedCHble HACOCHl NIENAT Ha TUXOXOJHbIE (1, =
50...80), cpenneit ObicTpoxogHocTH (1, = 80...150) u OpicTpoxoaubie (1,= 150...300).
TuxoxoaHble HACOCHI CO3/AI0T BHICOKHE HAIMOPbI, OHU HMMEIOT OOJBIION JuaMeTp
KoJjieca (OTHOIICHUE PaIuyCOB HAPYKHOTO U BHYTPEHHEr0, CM. PHUC. 2. , COCTABJISET
ry/r; = 2,5). BBICTpOXOJHBIE HACOCHI HMMEIOT OOJBIIYI0 MPOU3BOAUTEIBLHOCTh MPH
HEBBICOKOM Hamope, uisi Hux 7, /ry = 1,8...1,4. Juaconanvnvie, o 1moJyoCeBbIC,
Hacockl umerotr ng = 300...500, y Hux rp/r; = 1,2...1,1. Hakonen, ocegvle HACOCHI
UMEIT 7,/r; = 1, ux xoaddunuent o6sictpoxoanoctu ny = 500...1000. Takue Hacock
MIPUMEHSIIOTCS JJTS TIEPEKAuKU OOJIBIIMX PAcXO0B IPH MAJIOM HArlope, HalpuMep JJIs
MoJa4M OXJIaXKAaroleld BOJIbI U3 BOJIOEMA B KOHJEHCATOP NapOoTypOMHHON yCTaHOBKH.

B otnuune oT 00BEMHBIX HACOCOB IMOJlaya JOMACTHBIX HACOCOB () MPU MOCTO-
SHHOM 4Hciie 000pOTOB n M3MeHsieTca ¢ u3MeHeHueM Hamopa H. Kpusas Q = f (H)
Mpu n = const Ha3BIBACTCS HANOPHOU XAPAKMEepUCmuKol Hacoca. XapaKTepHUCTHKA
CTPOUTCS MO JIaHHBIM UCTIBITAHUI HAcoca B 3aBOJICKUX YycClIOBHsX. BeieacTBue nzme-
HEHUS TPOU3BOIUTEILHOCTU MPU U3MEHEHUU HAIOpa MEHSIIOTCS TaK»Ke MoTpeodsisieMast
HacocoM mMoutHocTh N, u KIIJ #. Kpussie H = f(Q), Ne =f(Q), n = fQ) crpostcs
Ha OJIHOM TpaduKe, KOTOPBIN mpuiiaraeTcsl K macnopty Hacoca. [lomoOHbii rpaduk
npeacTaBieH Ha puc. 2.17.

MorntHocTh, moTpebiasieMas HaCOCOM, PacTeT C YBEIMUYCHUEM ITPOU3BOIUTEIb-
HOCTH. MUHHUMAJIPHYIO MOIIHOCTh JIOMACTHBIH HAcOC TOTpeOseT IPH HYJICBOM
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nojave, T. €. MpH 3aKpbITON 3aaBUkKe Ha HanmopHoul TpyOe. KIIJ[ Hacoca ¢ poctom
MIPOU3BOJIUTEIIBHOCTH CHayajga yBEJIMYUBACTCS, JOCTUTaeT MaKCMMyMa, a 3aTeM
yMmenbInaetcsi. Makcumym KIIJ[ cooTBeTCTBYyeT ONTHUMANbHBIM YCIOBHUSIM PaOOTHI
Hacoca. Hacoc cienyer skcrulyatupoBaTh B peKUMax, OJU3KUX K MaKCUMaJIbHOMY
3HaueHuro KIIJI.

[Ipu paboTe 1EeHTPOOEKHOIO HAcOCa HAa CETh OH JIOJDKEH CO3/1aBaTh MOJIE3HBIN
Hanop H,;, CKIAIBIBAIOUTUICS U3 TEOMETPUUYECKON BBHICOTHI MObEMA KUAKOCTH A U
Pa3HOCTH JIaBJICHUI B HAIIOPHOM M MPUEMHOM pe3epByapax. Kpome Toro, Hamop 3at-
payMBaETCs Ha MPEOIOJICHUE THAPABINYECKUX MTOTEPh
B CETU; B YACTHOCTH, NpPHU KBAJPATUYHOM COIPO-
THBIeHMH Tpy6 mortepu Hamopa AH ~ Q. Kpupas
H. = H.,, + AH Ha3bIBaeTCs 2UOPABIUYECKOU XAPAK-

NE—== ""="‘--...\ = ’ o
o . /I >< mepucmukou cemu; Ha puc. 2.17 oHa moOKa3zaHa
| ] HITPUXOBOU JMHUEH. Touka nmepeceueHus STON JIMHUH
20[=100% o o
F—— L ——— C HamopHOW XapakTepucTukoil Hacoca H=f(() Ha3bI-
e —— — | -—"—--_-ﬂ e o
: / " BAETCsl paboueli moYKoU Xapakmepucmuxu;, OHa IM03-

I z BOJISIET ONpeAeNuTh Haop H W pacxop xxuakoctu O
| npu paboTe JAHHOIO HAacoca Ha JaHHylo ceTb. CooT-
% Q1 I BETCTBEHHO OMPEENSAIOTCS MOTpedisieMas MOUTHOCTh

40
/
i‘ Hc/

e kBT

0 0,005 0,01 0,015 02 gacoca Ne 1 €ro KHI[ 7.
Puc. 2.17 IIpu perynupoBaHuy HACOCOB U3MEHAIOTCS HAIIOP

H v nonaya (mpou3BOAUTENBHOCTE) (), a TAKXKE B TOU
unu uHou creneHu momHocTh N u KIIJ[ #. Yaiie Bcero peryampoBaHUE JIOMMACTHBIX
HAaCOCOB OCYIIECTBIISIETCS APOCCEIMPOBAHUEM C MOMOIIBIO 3alIOPHO-PETYIUPYIOLIEH
apMaTyphsl Ha HAIOPHOW JIMHUU. DTOT CMOCO0 — HamboJee PacIpOCTPAHCHHBIN, HO
SKOHOMHMYECKHM HAaMMEHEE BBITOAHBIN, TaK Kak IO MEpPE 3aKpbITUS APOCCEs BO3pa-
CTalOT MOTEPU HA MECTHOE COINMpPOTUBIEHUE. Eciin pacxoll peryiupyercs 3aJIBUKKON
WJIM BEHTUJIEM, UX YIUTOTHSIONINE DJIEMEHTHI OBICTPO M3HAIIMBAIOTCS KaBUTAIIUCH.

N3MeHeHne XapakTepUCTUKUA IEHTPOOEIKHOTO HACOCAa MOKET OCYIIECTBISATHCS
M3MEHEHHEM YacTOThl BpalleHusi padbouero kojeca. s 3TOro B TEMIOIHEPreTHKE
MPUMEHSIOTCSI TTAPOBbIE TYpPOWHBI, TUAPOMY(DTHI, SJIEKTPOJBUTATEIN TOCTOSHHOTO
ToKa. B cucTemMax HUPKYJISIMOHHOTO BOJOCHAOXKEHUS NI OXJIaXKJACHUS KOHJCHCa-
TOPOB TYpOWH MPUMEHSIOTCSI TOBOPOTHO-JIOMACTHBIE OCEBBIE HACOCHI.

[Ipu mocnenoBaTeIbHOM BKJIIOYEHHUM JIOMACTHBIX HACOCOB MX HAMOPHI
CKJIJBIBAIOTCS U OOI[asi HAMOPHAsl XapaKTePUCTUKA CTPOUTCS CYMMHUPOBAHUEM Xapa-
KTEPUCTHUK OTAENBbHBIX HacOCOB. [Ipy nmociie10BaTeIbHOM BKIIFOUEHUU HACOCOB HYKHO
YUUTHIBATH MIPOYHOCTHh UX KOPITYCOB M HAJIEKHOCTh KOHIIEBBIX yIUIOTHEHUH. DddexT
CYMMHUPOBAHHSI HAMIOPOB JOCTUTAETCS M B MHOTOCTYNEHYATHIX IIEHTPOOEKHBIX HACO-
cax, KOTJia KUJIKOCTh, BBIXOJIA M3 pabouero Koyieca MpebIAyIIeil CTyleHH, HalpaB-
JSIETCS Ha Bcac Clieayromiero padbouero kosneca. Tak, nurarenbHbiii Hacoc st ADC
[IDA1650-75 mMeeT Tpu CTyNeHH, mepekadmBaeT Bogy ¢ Temmeparypoit 170°C.
Hasnenue Ha Bxoje B Hacoc 0,9 MIla, narmop 830 M, gactora Bpamienus 3000 o6/mMuH,
notpebiasemas morHOocTh 5000 kBT, Macca 10,2 T.

[TapannenbHass paboTa OAHOTHIIHBIX HACOCOB MPUMEHSIETCS JIsl YBEJIMYCHHS
pacxoja mepekaurBaeMon kuAKocTh. CyMMapHas XapaKTepUCTHKa B 3TOM CJydae
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CTPOUTCS CYyMMHUPOBAHHEM a0CHUCC XAPAKTEPUCTUK OTAENIBHBIX HACOCOB. 3a4acTyIo
napajuielbHOE BKIFOUEHHUE MPUMEHSIETCS JUIsl pe3epBa Ha cllydail aBapuiiHOr0 BBIXOJa
U3 CTPOs OJJHOTO M3 HACOCOB. TaK, B KAXKAYI0 HE3ABUCHUMYIO HUPKYJSLMOHHYIO METIIO
KOHTYpa MHOTOKPATHOW NMPUHYAUTENBHON IUPKysinuu peakropa PBMK-1000 Bxiro-
YeHbI 4 TJIaBHBIX [IUPKYJISAIMOHHBIX Hacoca (3 — B pabote, 1 — B pe3epse).

I'maponHeBMONIPUBO

[TpuBoapl, wnM mnepemauu, ciyXaT uid COOOLIEHMsI JBUKEHUS HCIOJIHU-
TEJIbHBIM OpraHaM MalllMH WM MEXaHU3MOB. B ruapaBindeckux MpUBOAAX HOCHTEIb
SHEPruM - paboyas KUAKOCThb. JlOCTOMHCTBA ruponepeaay: 0ECCTyneHYaToe peryJiu-
pPOBaHUE CKOPOCTH NEPEMEIICHHS HCIIOJHUTEIBHOIO OpPraHa, Majas WHEPLUOHHOCTh
Y BBICOKAs YyBCTBUTEIBHOCTh; IIPM BBICOKMX JABJIEHUAX CHUCTEMbI T'MJIPONPHUBOJIA
UMEIOT MaJible rabapuThl U Maccy. B To ke BpeMsi, HeJoCTaTKU THIPOIIPUBOJIa — OTHO-
CUTEJIbHO BBICOKAasi CTOMMOCTh, CBSI3aHHAs C HEOOXOJUMOCTBIO BBICOKOM TOYHOCTH
W3TOTOBJICHHUSI IETAJIEU Il YMEHBIIEHUS yTEYEK, U OTHOCUTENbHO HeBbICOKUM KII/I.

B nHeBMonpuBomax padbouei cpeaoid (HOCUTENEM DHEPIUu) SABIIAETCS CKAThbIN
ra3 (oObruHO BO3ayX). Ilo cpaBHEHMIO C THUIPONPUBOJAMU OHHM HMMEIOT HU3KYIO
CTOMMOCTb, TaK KaK HE TPEOYIOT BBICOKOW TOYHOCTH W3TOTOBJICHMS Y3JIOB, OJHAKO
YCTYNMAaIOT UM MO MAaccOrabapUTHBIM IMOKa3aTeNsiIM U HE O0ECHEeYMBAIOT KECTKOCTU
PEryJIMpOBaHHUS.

Pasznen 3. T”ASOAMHAMMUKA

3.1. Hcxoonvie coomnoutenusn

[Iporecchl B ra30BbIX MOTOKaX MPHU OOJBIIMX CKOPOCTSX TEUEHHUs, CPABHUMBIX
CO CKOpPOCTBIO 3BYKa, NPHUBOAAT K M3MEHEHMIO IUIOTHOCTH rasa. /I[BmykeHue rasa ¢
OOJBIIMMU CKOPOCTSIMH U3y4YaeTCsl Ta30BOM THHAMUKOI.

Kak wm3BecTHO M3 Kypca TEpMOIMHAMHMKH, OCHOBHBIE IApaMETPbl COCTOSHMS
UJICAIbHOTO Ta3a - IaBJIEHUE p, TUIOTHOCTH p U a0CONIOTHAs TemiiepaTypa 1 - CBsI3aHbI
ypaeHeHuem cOCmosHUs

p/o=RT, 3.1)

rjae R - razoBas noctosiHHas. s Bozayxa R = 287,1 JIx/(kr-K).

B GonpmmHCTBE 3a/1a4, paccMaTpUBAEMBbIX Ta30JMHAMUKOMN, MMPOIECCHI U3MEHE-
HUSl COCTOSIHMSI Ta3a MOKHO CUUTaTh aouabamHuviMu; W3-3a UX OBICTPOTEYHOCTU OHU
OCYIIECTBISIOTCH 0e3 TeruooOMeHa ¢ okpykaromumu Tenamu. [lpu amnadaTtHOM

IIpOoLCCCC NAaBJICHUC U INIOTHOCTDL CBA3aHbl COOTHOIICHUCM

k
i = const , Ul1n i -| £ ) (3.2)

,Ok By \po
rie Kk = c,/c, - MoKa3aTenb aauadaThl; ¢, U ¢, - TEIUIOEMKOCTH TMPU TOCTOSHHOM
JIaBJICHUU W TOCTOSTHHOM oObeMe. [ BO3MyXa W JIPYrux JBYXaTOMHBIX Ta3oB k =
1,4, nnst meperpeToro BoAssHOTO mapa k= 1,33.

Ucnonp3ys ypaBHeHHE cocTosiHus (3.1), momydnm i1 aquabdaTHOTO Tporecca

(opMyIIBI CBSI3U MEXy JABJICHHEM, IUIOTHOCTHIO U TEMIIEPATYPOil:
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i (k-1) 1 k

k k-1 (k1)
r_|»r _| P : p_| T ; [T )_ (3.3)

Ty Po Po Lo Ty Po T,

B 3amade o mBWKeHMHM rasa B JUIMHHON TpyOe Oe€3 TEIIOM3OJSIUU CTEHOK
Hpouecc N3MCHCHUA COCTOAHUA HpI/IHI/IMaeTCﬂ usomepmudecKkum - I[J'II/ITGJIBHHﬁ
KOHTAKT CO CTCHKaAMH pr6BI HpI/IBOILI/IT K TOMy, qyTO TeMnepaTypa ra3a HC OTJINYACTCA
OT TeMIepaTypbl CTEHKH. J[Ji1 ©30TEpMUYECKOTro mpoliecca

P _ const. (3.4)

Yo,

Cxopoctb 3Byka. Uuciio Maxa (M)

B 1pybe ¢ abconoTHO KECTKMMHU CTEHKaMHU CKOPOCTh BOJIHBI JaBJICHUS paBHA
CKOPOCTHU pacipoCTpaHeHUs yNpyTux Kojaebanuii (3Byka). Ee BenuunHa cocTaBisieT

a= |2 (3.5)
dp

Kak BUIUM, CKOPOCTh 3BYKa 3aBHCUT OT OTHOILEHUS BO3MYILEHUIN TaBICHUS U
wiotHoctu. OHa omnpenensercd (U3NMUECKUMHU CBONCTBAMHU JKUIAKOCTH. JlJis BOABI,
HaIMpuMep, CKOPOCTh 3ByKa paBHa nmpumepHo 1450 m/c, s HedTu - okono 1200 m/c.
B cnyuae TpyObl ¢ nedpopmMHupyeMbIMU CTEHKAMU CKOPOCTh YIapHON BOJHBI Hec-
KOJIBKO MEHBIIIE CKOpocTH 3Byka. Ona ompenensercs dopmynoit (2.30), mpume-
HsBILICHCS B moapasaene «[ uapaBnuyeckuit yaap B TpyO6ax».

[Ipouiecc n3MeHeHHsI mapaMeTPOB ra3a B 3BYKOBOM BOJIHE, KOTOpas MPECTaB-
JsieT co00# pacnpocTpaHsIONMecs B ra3e ciadble BO3MYILIECHUS JaBICHUS U IUIOTHO-
CTH, siBisieTcs aaunadatHbM. 13 ypaBHenus (5.2) umeem:

p=Cp*: dp=kCp"dp; L ket =i L
dp p
[Toncranss nmocneaHee paBeHCTBO B opmyity (3.5), MOTydYUM CKOPOCTh 3BYKa
I Ta3a:

a= k2. (3.6)
Yo,
Ucnonb3ys ypaBHenue coctosiHus (5.1), BBeaem B hopmymy s a
temueparypy 7:

a=~kRT (3.7)

B vactHOCTH, 17151 BO3/AyXa, OACTABIISASA BEJIMUUHBI kU R, uMeeM a = 20,]\/7 .
[Tpu Temneparype 15°C nocnequsis hopmyna gaet a = 340 wu/c.

CkopocTh 3ByKa a - OJHA U3 BaXKHEHIINX MEXAaHUYECKUX XAPaKTEPUCTHUK rasa.
3aKOHBI €ro ABMKEHHUS PE3KO OTINYAIOTCS B 3aBUCUMOCTU OT COOTHOIIEHUSI CKOPOCTH
raza w u CKOpoCTH 3Byka a. OTHOIlIEHUE

M _w (3.8)
a

Ha3bIBaeTCA uuciom Maxa. Tedenus, B KOTOppIXx w<a U M < 1, Ha3bIBaroTCA
0o38ykosbimu. Eciiu w>a u M > 1, TeueHue ceepx3gykosoe.
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3.2. Ypaenenue snepecuu. Kpumuuecxkana u MakcumaibHas cCKOpocmu 2a3a

PaccmoTpuM ycTaHoBUBIIIEECS OJTHOMEpPHOE JBIKEHHE ra3a. Cunraem, 4To ra3
He OOMEHHMBAETCS TEIUIOTOM W paboTON C OKPYKAIOIIMMHU TelaMu, TPEHUE OTCYT-
cTByeT. B cTpyiike ognomMepHoro teueHus (puc. 3.1) CKOpoCTh W U MapaMeTphl Ta3a
p, P, T MOTYT MEHATbCS MO €€ JJIMHE, OCTABasCh HEU3MEHHBIMHU IO CEUCHUIO F.
BcenenctBue Manoil mIOTHOCTH ra3a JOMYCTUMO MPEHEOpeub W3MEHEHUEM BBICOTHI
CTPYMKHM HaJ| TJIOCKOCTHIO CPaBHEHHUS, TaK Kak s
YJacTHUIIBl Ta3a BIWSHHUE CHWJIBl TSDKECTH TpeHeOpe-
’KMMO MaJIo 10 CPaBHEHHUIO C CHJIAMU WHEPIIUU U AaB-
neHus. Torga yckopeHHE 3JE€MEHTApHOW YaCTHIIBI C

oovemoM dV =Fdx u maccoit dM = pFdx Oyner P;, ' ﬁf&r 5 :‘5?_
7
CO3/71aBaThCsl MPOJOJIBHBIM TPAJUCHTOM JaBJICHUS aFra
%)
d—p. Omyckasi TpOMEXYTOYHBIE BBIKIAIKH, 3aMUIIEM Puc. 3.1
X
VpaeHeHue 3Hepeuu A1 OTHOMEPHOTO TeUeHHs ra3a B auddepeHuaibsHoin Gopme:
2
w %)
d X1+ Py, (3.9)
2 p

Cuuras TeueHue aanabaTHBIM, BBIPA3UM B MOCJIEIHEM ypaBHEHUHU quddepeH-
1[MaJl JaBJICHUS Yepe3 U3MEHEHHE TJIOTHOCTH C TTIOMOIIBIO YpaBHEHUs aanabdatsl (3.2):

_ ) _
dp = kak ! dp; P _ kak ? dp . Iloacrapisist 3TO BeIpakeHue B ypaBHeHue (3.9) u
P

UHTETPUPYS BIIOJIb CTPYHKH, MOJYyUYUM YPaBHEHHUE DHEPTHUU B MHTETpAIbHOU (GopMme,

unu ypaBHenue bepnynnu - Cen-Benana :

w? kp

+
2 plk-1)
HOCHeﬂHee YPaBHCHUC MOKHO IIPCACTABHTHL TAKKC ITIO-MHOMY. Pa3I[eHI/IB €ro

YJICHBI Ha g, IIOJIYYHUM

w? kp

+
2g  ylk-1)
CpaBuuBas BblpakeHue (3.10a) ¢ ypaBHeHueM bepHymm mng uzaeanbHON

= const . (3.10)

= const . (3.10a)

HEC)KUMaeMoU kuakoctd (2.12a), BUIuM, 4TO OTIAUYUE COCTOUT B MHOMKHUTEIIE Py

IIpu HI)GBOMGTpI/ILIeCKOI\/II BBICOTC £ [lossBieHHE >TOrO MHOXHUTCIIA, JId BO3YyXa

/4
k14
k-1 14-1
BXOJUT €II€ M €ro BHYTPEHHss SHeprus. MHorga roBopsAT, 4yTo B cilydyae rasza K

EE30METPUUECKOMY HAMOPY J00aBIISIETCS «TeMIIepaTypHBIN HAIOp».

paBHOTO = 3,5, CBA3aHO C TE€M, YTO B MOTEHUHUAJIBHYIO SHEPIHIO rasa
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Bripaxkas B ypaBHeHuu »sHepruu (13) oTHoOIIeHUHE P yepe3 ypaBHEHHUE
coctosiHus (3.1), nomyduum
2
w kRT
— +——=const. 3.10
2 k-1 (3.100)

[TocnenHee paBeHCTBO MOKA3bIBAET, YTO MPU OTCYTCTBHH TEINIOOOMEHA C BHEIII-
HEU CPeloN yBEIUYEHUE CKOPOCTH BIOJb CTPYWKHU NMPUBOJMT K MAJCHUIO TEMIIEPATy-
pBI Ta3a, U Hao00poT. Temmeparypa MakcuMaiabHa B moKosimemMcs raze (mpu w = 0);
€€ Ha3bIBAOT memnepamypou mopmodxcenus 1. lloncrapnsas temmeparypy TOPMO-
*eHus B ypaBHeHue (3.106), monyyaem:

w?  KRT _KkRT*
2 k-1 k-1
Ucnionb3yst Gopmyny nmnsi ckopoctu 3Byka (3.7), ypaBHenue sHepruu (5.10)
MOXHO TaKK€ MPEJICTAaBUTh B BUIE
w?  a?
2 k-1
OTKYJia SICHO, YTO CKOPOCTb JIBUYKEHHS ra3a U CKOPOCTh 3ByKa B3aUMOCBSI3aHbl: YBEIH-
YeHUE CKOPOCTHU TEUEHHUS MPUBOJIUT K YMEHBIICHHIO CKOPOCTH 3ByKa. BcneactBue
annabaTHOTrO OXJIAXJACHHUS OHAa MEHbIIIE CKOPOCTH 3BYKa, COOTBETCTBYIOIICH Hauasb-
HOMY COCTOSIHHUIO Ta3a, KOT/Ia CKOPOCTh paBHA HYJIIO U TeMIIEpaTypa HanOobIasl.
Bripaxenune (3.102) mo3Bois€T BBIICHUTH CMBICH MOCTOSHHOW B IIPaBOM 4acTH

ypaBHEHUS SHepruu. JleicTBUTENbHO, B MOKOAIIEMcs raze w = () U CKOpOCTh 3ByKa
2

(3.106)

= const, (3.102)

o o a
JOCTUTACT 34€Ch CBOCHU HaI/I60.]'II>HIeI/I BCIIMYUHBI A. CJIGI[OBaTeJ'IBHO, const = k 0 1 , U
ypaBHEHUE YHEPTUU MOKET OBITh MPEJICTABICHO B BUJIC
WZ a2 a 2
0 (3.100)

+ = :

2 k-1 k-1

[Ipu yckopeHuu ra3oBOr0 MOTOKAa M OJHOBPEMEHHOM YMEHBIIIEHUH CKOPOCTHU

3ByKa @ HACTyMaeT MOMEHT, KOTJla OHHM CpPaBHHBAIOTCS, MPU STOM JIOCTUTACTCS

KpUMUYeckasi cKOpOCMb dy,, BEIMUYUHY KOTOPOM MOXKHO BBIPA3HTh, MOJACTABISS B
ypaBuenue (3.100) w =a = ay,:

2 2kRT *
— — ) 3.11
Dip a()\/k+1 \/ k+1 G-11)

C IOCTHXKEHHEM KPHUTHYECKOM CKOPOCTHU JI03BYKOBOW IOTOK NEPEXOJIUT B
CBEPX3BYKOBOU. Kputnueckass CKOpOCTh dyp, B OTIIMUKE OT JOKAIBHOM CKOPOCTH 3BYKa
a OCTaeTcs TOCTOSHHOW BAONb CTpyHWKH. [lodTOMy ymoOHO H3MEpPSITh CKOPOCTH
TEUYEHUS B JIOJISAX ITOW BEIMYMHBI, TaK BBOJAUTCS Oe3pa3MepHasi CKOPOCTh rasa

1= (3.12)

Cle

MHOT]Ia Ha3bIBaeMasl TAKKE K02PPuyueHmom ckopocmu.
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3nameHnarenb Gopmynbl aia 6e3pazmepHoit ckopoctu (3.12) ay, — BeaM4MHA
MOCTOSIHHAS BJIOJIb CTPYMKH, TOTJIa KaK B BBIPAXXEHUU JUIsl uhciia Maxa 3HaMeHaTelb -
nepeMeHHbId. [lpn w=a,, nmeem A =M =1.

IIpn ucreyennn rasza B mycrToTy, Korga p—> 0, ero nmoreHuuanbHas dHEPIUs
IIOJTHOCTBIO NEPEXOAUT B KMHETHUYECKYI0. B aTtom ciydyae 7—0, cKOpOCTb CTaHO-
BUTCA MakcuMalibHOH. Ee BennunHy MOXHO onpenenuTs u3 BelpaxeHus (3.106) npu

T=0:
2kRT 2
Wi = | = | —— . 3.13
N -1 Nk—1 G.15)

B uvactHOCTH, €ciu B MyCTOTY BBITEKAeT BO3ayX mpu Temmeparype 15°C, to

W= 760 M/c. IIpu cTedeHnn B IMyCTOTY U3 PAKETHOIO JBUTaTelNs MPOLYyKTOB CrO-

paHusi, UIMEIOIIUX B Kamepe cropanus temmepatypy 1* = 3000 u Ta30BYyIO MOCTOSH-
Hyto R = 330 JIx/(xrK), noxygaem w, .= 2640 m/c. [loBbilienne 7* B kamepe cropa-

HUA IIPUBOAUT K POCTY CKOPOCTHU UCTCUCHUA I'a30B U YBCIIMUCHHIO TATW ABUTATCIIA.
HaKOHCI_I, CCJIM MCIIOJB30BATH IIOHATUC OSHmdAbnuu, VI TCIIOCOACPKAHUA

kRT
rasa /i, paccMaTpuBacMoe B TEPMOAMHAMUKE Kak h=c T = Pk Ile C, —TEIIOEM-

KOCTb T'a3a MpU MOCTOSHHOM JaBJ€HUH, TO ypaBHeHue sHepruu (3.106) npuodbperaer

BH/JI, N3BECTHBIN U3 Kypca TEPMOJUHAMUKH:

2
w

—+h=const=h*
(3necy h* - sHTanpnus raza npu w = 0).

Takum oOpa3zoM, MOTEHIMATIBHAS YHEPTHUS ra3a BhIPaKaeTCa pa3IMUHbIMU Qop-
Mamu B ypaBHeHusix sHepruu (3.10) - (3.100) ¢ mOMOIIBI0 pPa3IMYHBIX B3aHMO-
CBSI3aHHBIX ITAPAMETPOB - AABJICHUS, TEMIIEPATYPhl, CKOPOCTH 3BYKa, SHTAJIBITUU.

CBs3b cKOpoOCTH ra3a ¢ ceueHueM noroka. Comio Jlapans

BbisicHUM 3aBUCUMOCTH CKOPOCTH TE€YEHUs OT Iuiomaau F monepeyHoro
cedyeHus notoka. [ raza ypaBHEHHUE HEPa3PBIBHOCTH, WIIM YPAaBHEHHUE MOCTOSIHCTBA
MacCOBOT'0 pacxojia MPU yCTAaHOBUBIIIEMCSI TCUEHUU, UMEET BUI: p wF = const.

Jlorapudmupys u nuddepeHIupys 3To paBeHCTBO, TOTYYUM

d—p+@+d—F:0. (3.14)
p w F
OHYCKEIH HCKOTOPBIC ITPOMCIKYTOYHBIC BBIKJIAJIKH, U3 9TOI'O YPABHCHHA CIICAYCT
2
A _dwiw =D (yr2 ), (3.15)
F wl g2 2

N3 ypaBuenus (3.15) sicHO, YTO U3MEHEHHE CKOPOCTU MPU U3MEHEHHH CEUCHUS
dF TpoucxoauT mO-pa3HOMY I JO3BYKOBOIO M CBEPX3BYKOBOrO TeueHus. B
n03BYyKOBOM ToTOokKe (w<a, M<l, puc. 3.2a) 3Haku dw wu dF B (3.15)
MPOTHUBOIIONOXKHBI: YMEHBIICHHE CEUECHHs] B CYXKAIOMIEMCS KaHalle MPUBOAUT K
BO3pacTaHuio ckopoctu. Haobopot, B pacmupsiomeMcs KaHaie CKOPOCTbh BHHU3 IO
MOTOKY yMeHbIlaercsa. [lpu cBepx3BykoBoM TeueHuu (w>a, M>1, puc. 3.26) B
CY’KarolIeMcsl KaHaJle TOTOK 3aMeJISIETCS, B PACILIUPSIIOIIEMCS - YCKOPSIETCSL.
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a) M<1 3Haku dp u dw Bcerja MPOTHUBOIOIOXKHBI: POCT

dF<0;dw >0 dF>0;dw<0
% CKOPOCTH MPHUBOJIUT K YMEHBIIEHUIO IUIOTHOCTH. Ho mpm
JI03BYKOBOM TEUEHHH, Kor ja M* < 1, CKopoCTh H3MEHSIeTCs

dw d

/77777777 0osee OBICTPO, YEM IIOTHOCTD: v ap. [Ipu cBepx3By-
M>1 wop

)dF-fO dw<0 dF>0;dw>0 KOBOM TE€UEHHMH, HA0OOPOT, OBICTPEE YMEHBINAETCS ILIOT-

% M HOCTb.

s —— JIns momy4yeHus CBEPX3BYKOBBIX CKOPOCTEW ras3a B
W /7777777/777_ TEXHUKE UCIOIB3YETCS conio Jlasans , NpUHIUIT TEUCTBUS
KOTOPOTO SICEH U3 IPUBEICHHBIX pacCyxaeacHui. B 1o3By-
Puc. 3.2 KOBOM ITOTOKE, IMOCTYIIAIOIIEM B CYKAIOLIYIOCS YaCTh COILUIA
JlaBans, ckopocTh yBenuuuBaercs. Eciv B HaWMEHbIIEM
CEUCHHMM COIUIa HE JIOCTUTAETCAd CKOPOCTh, paBHas CKOPOCTH 3BYKa, TO B paCIIH-
PAIOIIENCS YacTU MPOUCXOIUT €€ YMEHBIIEHUE; CKOPOCTh
0 JUIMHE COIUIa M3MEHAETCs Mo KpuBou / Ha puc. 3.3.
Ecnu nepenaa naBiaeHus: 10CTaTOYHO BEJUK, YTOOBI B HaW-
MEHBIIEM CEYEHUHM CKOPOCTh TEYEHHMS CPaBHSIIACh CO CKO-
POCTBIO 3BYKa, TO MNPU JAJBHEUIIEM PACIIMPEHUH ITOTOK
IIEPEXOUT B CBEPX3BYKOBOM, CKOPOCTh €r0 U3MEHSETCS I10
KpuBou /1.
Cormo JlaBans umeeT MUPOKOE MPUMEHEHUE, SIBIISS-
SICb COCTAaBHOM 4YaCThK) PEAKTUBHBIX JBUTATEIEH, COILIO-
BBIX aIlllapaToOB HEKOTOPHIX TypOWH (B KOTOPHIX paboune
JonaTKu OOTEKAIOTCS CBEPX3BYKOBBIM MOTOKOM), CBEpX-
3BYKOBBIX a’pOJIMHAMUYECKUX TpyO U T.A. bosee mosHas
Puc. 3.3 TEOpHUsI COIUIa YYHWTHIBAECT BJIIMSHHUE TPEHUS HA CTECHKAX U
BOJIHOBBIX SIBJIEHUI HA BBIXOJE MOTOKA.

——— - T

3.3. Ilapamempol uzoanmponuueckozo mopmoycenus zaza. Iazoounamu-
yeckue pynkyuu

[Ipu TOopMOKEHUU Ta3a €ro KHHETUYECKass SHEPTHs TMEPEXOJAUT B TOTCHIIHAIb-
HYI0, TIPH 3TOM JIaBJICHHE, IJIOTHOCTh U TEMIIEpaTypa BO3pacTaroT. B ciydae moaHOTO
TOPMOKEHHUs (OCTAaHOBKM) IIOTOKA, HAIPUMEpP B TOYKE pa3JABOCHHS CTPYHKH Ha
MEePETHEH TOBEPXHOCTH OOTEKAeMOTro Tella, mapamMeTpsl p, p, 1 JTOCTHTAIOT MaKCH-
MaJIbHBIX ISl JAHHOTO MOTOKA BEJIUYUH - napamempos mopmodicenuss p*, p*, T*. Otu
BEITMYMHBI ISl aanabaTHOTO W30 HTPOIMYECKOTO IpoIecca TOPMOKCHHUS, TIPH
KOTOPOM JaBJICHHE U TUIOTHOCTH T'a3a CBsI3aHbI COOTHOIIEHHEM (3.2).

[Ipumensist ypaBHeHue sHepruu (3.12) K CEUeHUSIM CTPYHWKH «Ha OCECKOHE-
YHOCTH», T.€. TaM, TJIe Ha TIOTOK HE OKAa3bIBACT MCKAKAIOIIETO BIUSHUS 00TeKaeMoe
TE€JI0, ¥ B TOUYKE TOPMOKECHHUSI, TOTYUUM:

k 1
T I+(k-0M2 p* |I+(k=0)M2 |1 p* | I+(k—1)M2 |1
= , — = , —— = (3.16)
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[loBbllIEHHE TeMmepaTypbl ra3a y IOBEPXHOCTH Tella, OOTEKAaeMOro IpHu
OonpIuxX yucinax Maxa, Ha3bIBaCTCA adpoouHamuyeckum Hacpesom. OTMETUM, UTO
HETIOJBWKHBI TEPMOMETp, NMOMEIICHHBIM B MOTOK ra3a, IOKa3bIBAET TEMIIEPATYPY,
OJIM3KYIO K TEeMIIepaType TOPMOKEHUS. 15 - )

3aBUCHUMOCTb TEMIIEPATYPHI, AABJIEHUS U IIOTHOCTH
TOPMOXKEHUS OT umcia M, 1 BO3AyXa IpEeCTaBIICHA

rpaduuecku Ha puc. 3.4.

Pacuer no dopmynam (3.16) nokassiBaer, 4to npu M
= 0,2 (mns Bo3ayxa npu 15°C 3T0 COOTBETCTBYET CKOPOCTH 7
68 M/C) CKMMaeMOCTh ra3a MPUBOJUT K TMONMpPaBKaM B _pE-?H F A
IJIOTHOCTH W JABJICHUHM TOPMOXKCHHS mpuMepHO Ha 2%, B .

TeMIiepatype - okojio 1%. BBuay manocTu 3TUX MONpaBoOK _ L/
| Too |

7

UMHU TPEHEeOperarT, CYUTas ra3 MpU MajbIX CKOPOCTSIX
HECKUMAEMOM >KHIKOCThbIO. B 3amauax, He TpeOyromux ; -
BBICOKOM TOYHOCTH PEIICHHS, MOXHO CYUTaTh Ta3 o8
HeC)KMMaeMBIM M TIpH ele Oompmmx yucnax M (10 0,3). B ¢ £ 4
YaCTHOCTHU, IIPU paACUYETE CUCTEM BEHTHIISIIIUU JOITYCTUMO HC- Puc. 3.4
M0JIb30BaTh COOTHOILIEHHUS THAPABIUKH JJIs1 HEC)KMMAEMOM
KUJIKOCTH.

Bripaxkenus (3.16) sBistoTCA 1O CYTH €lle OJHOM (OpMOM 3amucu ypaBHEHUS
suepruu (3.10). Ilepexoas B popmynax ansg nmapameTpoB TopMoxeHus rasza (3.16) or
yucia M K A, TOTYy4YUM COOTHOIICHUSI:

k

T 1-2k-1 21 _1) ] 2 D

)= Lo =A kD) oy e [ AE0 oy e [ AT
T* k+1 p* k+1 p* k+1

OTu GopMyIIBl JAIOT U3MEHEHHE MapaMeTpPOB ra3a BAOJIb CTPYUKH B 3aBUCHMOCTH OT

ckopocTtr. OHU HOCSIT Ha3BaHUE 2a300uHamudeckux ¢yuxyuil. IX 9ucieHHbIe 3Ha4e-

HUS JJIS pa3audHbIX k U A (uau M) cBeneHbl B TaOnuIel U rpaduku. B yactHOoCTH, B

ucTtoyHuke [ 1] nmpuBeaeHa TadauIa ra30JMHaMUYeCKUX (PYHKIIUM 171 BO3AyXa.

Hcreyenue rasa
Hccnenyem HCTEUEHHE Ta3a 4yepe3 CyKaroleecs COIUIo o*
3 0Oaka, rje OH HaxOIWJICA MOJ JaBJIEHHEM p*, B cpeny C 4
pPOTHUBOJABIEHUEM p < p* (puc. 3.5). Ilpumenss Kk cedyeHusIM T
p‘l‘

pep*

CTpyHMKH rasza B 0ake, rae w=0, 1 B CKaTOM CEUEHHUH YpaBHEHUE
sHepruu B popme (3.10), umeem

w o kp kp * w=0
+ = . BLIpa)KaH OTHOLICHUC ur

2 (k=Dp (k=I)p* S
TIOTHOCTEH p/p  depe3 OTHOMICHHE TABICHUN p/p C MOMOIIBIO 3

ypaBHeHUs aauadatsl (3.2) nomyuum dhopmyny Cen-Benarna
U Banyens niis CKOpOCTU aiiabaTHOrO UCTEUCHUS ra3a: Puc. 3.5
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k-1

* 2
we |ZRRT* (P2 | (3.17)
k-1 D+

[Ipy MOCTeIEHHOM YMEHBIIICHUM JaBJIEHUS B Cpele, B KOTOPYIO BBITEKAeT Tas,
HayuHasg OoT p = p*, cornacHo dopmyne (3.17), pacTeT CKOpOCTh UCTEUCHHS (pHUC.
3.6). Bo3pacTanue CKOpoCTH B COOTBETCTBHH C YpaBHeHHEM >Hepruu B popme (3.102)
MPUBOJNUT K YMEHBIICHUIO MECTHOM CKOPOCTH 3BYyKa a. HakoHell, mpu A0CTaTOYHO

MaJIOM JIaBJICHUU CPEbI
k

2 k-1
_ — %k
P=Pgp=P% —— , (3.18)
k+1
Ha3bIBAECMOM KpumuquKuM anﬂeﬂuem, CKOpOCTB HUCTCUCHHA JOCTUTACT MaKCI/IMyMa,
p IR OHA CPAaBHMBAETCSI C MECTHOM CKOPOCTBIO 3BYKa; yCTaHa-

'%’;.; BIIMBACTCS KPpUMU4eCKas CKOpoCcny TIOTOKA dy,, BETHIHHA
KOTOpoM ompenensiercss cootHomieHuem (3.14).  ns
BO3/yXa Ty, = (p/p™)xp = 0,528. IIn0THOCTH M TeMIeparypa

I
I
|

|

85 | rasa IIpru 3TOM TAKXKC NOCTHUI'alOT KPUTHYCCKUX 3H3‘I€HI/II>1,

i ;
|
[

ornpenensieMbix GopMyaaMu
1

2 k-1 2T *
Pep P = p* S 3.18a
¢ G5p0 Ps Prp =F (k+]j ookt 1 ( )
Puc. 3.5 BennunHa KpUTHYECKONW CKOPOCTHU OIPENEIISETCS BHY-

TpeHHEH dHeprueil rasza, T.e. TeMreparypoi B 6ake 7*. B
JaCTHOCTH, IS BO3ayxa, umeromero remmneparypy 15°C, a, = 0,91a,= 310 m/c. [Ipu
JaTbHEUIIIEM YMEHBIIICHUH MPOTHBOIABIICHUS p CKOPOCTh MCTEUCHUS HAa CpPe3e COoILia
OCTaeTCsl HEM3MEHHOU U paBHOM ay, (puc. 3.5).

[TocTosiHCTBO ckopocTU (M pacxofa) MPU p < Py, MOXKHO OOBICHUCH CIIETY-
omuM obpaszom. IlpencraBum cede , 4TO ra3 BBITEKAET U3 pe3epByapa / B BAKYYMHYIO
Kamepy depe3 TpyOy, IaBJICHUE B KOTOPOU PEryUpyeTcs KpaHOM, YCTAaHOBJICHHBIM B
KoH1e TpyObl. IIpu p > p, cKOpocTb W < @y, U NPU OTKPHITHH KpaHA BOJIHBI
pa3pexXeHusi OT HEro, pacHpoCTPAHsSICh HABCTPEUy CTPYye, COOTBETCTBEHHO YBEIIU-
YUBAIOT CKOPOCTh MCTEeUEHHUA. ECiM MOCTUTHYyTa 3BYKOBasi CKOPOCTh UCTEUYEHHS, TO
BOJIHBI Pa3peKEHUs OT KpaHa y>Ke€ He MOTYT paclpOCTPaHATHCS HABCTPEUy CTpPye U
MOHKEHHE JIaBIICHUS p HE MEHSIET CKOPOCTh UCTCUCHUS W = dy.

Takum oOpazoM, Mpu NPOTUBOAABICHUH P > Py, CKOPOCTh UCTEUCHUS — JIO3BY-
KoBast (W < ay,). Takoe ucTedeHWe Ha3bIBaeTCs Ookpumuyeckum. llpu p < py,
HaAOJI0IaeTCsl KPUTUYECKOE UCTEUCHHE, CKOPOCTh Ha Cpe3e COoIyia — KPUTHUECKAs.

BcenencTue moteph 3HEpruu Ha TPEHHE pealibHAas CKOPOCTh MUCTEYCHHS Tas3a
HemHoro Mensniie (Ha 1..3%), yem TeopeTtudeckas. MaccoBblii pacxoj raza yepes
COILIO OIPEAEIISIETCS] COOTHOILIEHUEM

G = ypwkF’, (3.19)
rae u - xodddunument pacxona. Ims cyxkaromerocs comma p = 0,92..0,98. C
MCIIOJIb30BaHUEM Ta30uHaMHuecKuX QyHKImi Gpopmyna (3.19) npuBoauTcs K BUAY:
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mp* Fg(2)
G=—-—"-
T %05
rae aus Bozayxa m = 0,0405 (ecnum BenuuuHbl BhIpakeHbl B cucteme CU).

[Nazonunamuueckas GyHkuusa ¢(A) Ha3bIBA€TCS MPUBEACHHOW IUIOTHOCTBIO TOKA. IS
BO3/lyXa €€ 3HauyeHus JaHbl B Tal0iauuax rasoJMHaMuueckux QyHkuui. Ilpu
KPUTHUYECKOM HCTEUECHHHM YEpe3 CyXkarlleecs COIUI0 NPUHUMAKT ¢ = 1, mpu
JOKPUTUYECKOM BBIOMPAIOT 110 3HAUCHUIO T = p/p*.

B cnydae pacueTHOTrO McTeueHus yepe3 corio JlaBans, Korjga Ha cpe3e paciuu-
pAIOLIEHCS YacTU COIUIA JIABJICHHWE BBITEKAIOIIEN CTPyHM PaBHO NPOTUBOAABICHUIO
Cpelbl p, CKOPOCTh M MapaMeTphl ra3a B CTPyE OMPENEISIOT 10 3HAUeHUI0 7@ = p/p*
u3 Tabmuil razoguHamudeckux (ynkiuil. Pacxon raza depes comino JlaBans paBeH
pacxoy 4epe3 Cy>KaroLIEeCs COILIO C BBIXOJHBIM CEYEHUEM, PABHBIM KPUTHUECKOMY
ceuenmto I, corna Jlapass.

3.4. OoHomepHoe meuenue 2aza c mpeHUeM u IHEP200OMeHOM

HN3oTepMuyeckoe TeueHue B Tpydax

DTOT BOMPOC BaKEH JUIsl pacyeTa JUIMHHBIX T'a30IPOBOJIOB, B KOTOPBIX TEMIIe-
paTypa InepekauymBaeMoro rasa Oju3Ka K TeMIlepaType OKpy»Karoliel cpenbl. Boosb
TpyOOIPOBO/Ia TABJICHHE U IJIOTHOCTh YMEHBIIAIOTCS, CKOPOCTh BO3PACTAET.

bynem yuuThIBaTH MOTEpPH AABJCHUS HAa TPEHHUE BIOJL TPYOBI 1o Qopmyre
Hapcu (2.16), Torna moTepu Ha y4acTKe TPyObl JUTMHONW dX COCTaBAT

rae Ay, - TUApaBIdYecKuil koadduieHT Tpenus. Mcnonb3ys ypaBHEHUE SHEPTUH B
muddepennmansaon popme (3.12), coctaBum nuddepeHnnaibHOe ypaBHEHHE OallaH-
ca KHHETHUYECKOHN U MOTEHIIMAJIBbHOW SHEPTUU C YUETOM MOTEPh HA YYacTKe dx:

®° dx w’

d
d |+ Py, EY g (3.20)
2 ) p D 2

W3 storo ypaBHEHHs BBITEKaeT (Gopmysa I Maccoeozo pacxoda 2asa NpH
uzomepmud4eCKom meyeHuu (BBIBOI[ OHYH_ICH):

2 2
G=F lpll P (3.21)
RT ™™ y2m P
D P,

AHanu3 MOKa3bIBaeT, YTO €CIM BO BXOJHOM CEUEHUHU TPYObl CKOPOCTh rasza
no3BykoBast (M; < 1), To B BBIXOJHOM CEUYEHHHM YUCIO M, BO3pacTaeT M MOXKET
JIOCTUTHYTh eAUHMLBL. Ecnu annHa TpyObl paBHA KPUTHUECKOW, TO MPU MOHMKEHUU
JAaBJICHUS B KOHIIE TPYOBI pacXoj] HE yBEIMYUBACTCS.

['uapaBnuyeckuit KO3PPUIUEHT TPEHUST Ay, BOOOIIE TOBOPS, ABISAETCS (PyHK-
nuen yucen Re, M m OTHOCUTENBHOU 1IepoxoBaTOCTU TpyObl. Ho uncio PeitHomnbca
IpH W30TEPMHUECKOM TEUEHUHU BAOJIb TPYObl HE MEHSETCS; NEUCTBUTENBHO, €CIU

wD D
MPEJICTABUTH €r0 B BUJIE Re=——= P

v.oou
KOCTH, TO BUAHO, UTO U YHUCIUTCIIb, U 3HAMCHATCIIb - ITIOCTOSAHHBIC BCIINYNHbI (pW =

, T { - NTUHAMUYEeCKUI KO3 PPUIECHT BsI3-
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const 0 ypaBHEHHUIO HEPA3PBIBHOCTHU; 4 Fa30B 3aBUCUT TOJIBKO OT TEMIIEPATYphI; IPU
MIOCTOSIHHOM TeMIEpaType H30TEpMUYECKOro TeueHus u = const). Kak nokazamu
onbITel Opéccens, ruapaBirueckuil KOAGOUIMEHT TPEHUS A, AU Ta30B PU HEOOIb-
KX yuciiax Maxa nmpakTuyecku He 3aBUCHT OT M. I1oaTomy Iiid M30TEpMUUYECKOTO
TEYEHUS! Ta30B A, HE MEHSEeTCS MO JJIMHE TPYObl U MOXKET ONPEEeHsIThCSA IO
dbopmyram ruIpaBIUKU.

AnmnabdaTHoe TeuyeHne B Tpydax

B ciyyae xopoTkoro Tpy0oIpoBojia, Korja ra3 He ycreBaeT OOMEHSThCS Tell-
JIOTOM CO CTEHKAMU, WIH MPU HATUYHUHU TETUIOBOW M30JIALIMM MOJHAs SHEPrus ra3a mno
JUIMHE TPyOBbl OCTaeTcsl MOCTOSIHHOM; padoTa, pacxoayemas Ha TPEHHE, MOJHOCTHIO
NEPEeXOIUT B TEIUIOTY, UAYIIYIO HAa HAarpeB rasa. 3/1ech yA100HO IPUMEHUTh ypaBHEHUE
sHepruu B popme (3.1 ). [IpuHumMasi BO BHUMaHUE, YTO SHTANBIUSA A = cpT, 3anuiiemM

€Iro B BUAC:
2

o
——+c¢, T =const.
2 p

Kak moxkaspIBaeT 3TO PaBE€HCTBO, MOHIKECHHUE TEMIIEPATYpPhl IO CPABHEHUIO C
Ha4YaJbHBIM CEYCHHUEM 3aBHUCUT TOJIBKO OT CKOPOCTH B TAHHOM CEYEHUHU, U HE 3aBUCUT
OT CONPOTHUBIICHUS. Temrieparypa TOPMOXKEHHUS BIOJb pr651 He MeHsercda. 1* =
const.

B 103ByKOBOM TOTOKE HarpeBaHWe rasa
BRI | BcieacTBHE TPEHUS NPUBOAUT K YMEHBIICHUIO
IUJIOTHOCTH; H3-32 IIOCTOSHCTBA MacCOBOTO

:ﬁ pacxo/ia CKOpPOCTh HpPHU ATOM BO3pACTAET. ITO
BO3pacTaHUE BO3MOKHO BIUIOTh 1O BEIHMYHUHBI

< CKOpPOCTH 3BYKa dy,, KOTOpas MOMKET HMETh
: MECTO B BBIXOAHOM CEUYEHUM TpPYyObl MpHU

f JOCTAaTOYHO OOJIBIIION HAYaJIbHOM CKOPOCTU W) U

42 J 20 0 — gp MOCTAaTOYHO Majoii auue TpyOsI /. IIpu 5TOM B
KOHIIE TpyObl HaOJIOJAETCS PE3Koe NaJcHUe

Puc. 3.7 napieHud. Ha puc. 3.7 noka3aHbl KpuBbIE U3Me-

HEHUS JaBJI€HUS B 3aBUCUMOCTH OT JUIMHBI

TpyOBl, osryueHHble PpécceneM 3KCnepuMeHTaNbHO. J[i1uHa TpyObl OTJI0XKEHA Ha OCU
abcmucc B gonsx x/D (B «kanmuOpax»). Uucna, mMpocTaBieHHbIE y KPHUBBIX, MOKa-
3BIBAIOT PACX0J B JOJIAX MAaKCHMAJIBHOIO PAaCcX0/a, KOTOPBI MOXHO IOJIYYUThb MPU
TOM JK€ INEepenaje IaBJICHHs B CIydyae UCTEYEHUS 4Yepe3 KOPOTKUNA HAaCaJOK C JTHaMe-
TPOM, PaBHBIM IUAMETPY TPYOBI.

Teuenne raza ¢c IJHeproodMeHoM

Bo MHOrux ciydasx Te4eHHE ra3a CONpPOBOXKIAETCS OOMEHOM MEXaHU4ECKOU
DHEPIUEN U TEIUIOTOM C OKPYXAKIIMMHU TenaMd. Hanpumep, npu mogade Bo3nyxa B
ra3oTypOMHHBIA JBUTATENh K HEMY IMOABOIUTCS TEXHUYEcKass pabora cxartus [, B
KOMIIPECCOPE W TEIUIOTa CropaHusi TOIUIMBa ¢ B Kamepe cropanusi Kpome Toro,
BBIJICNIIETCS TeIUIoTa TpeHus /r,. [Ipu sHeprooOMene raza ypaBuenue sueprui (3.20),
BBIBEJICHHOE JIJISl DHEPTeTUUYECKU U30JIMPOBAHHOTO TEUYEHUSI, HEOOXOAUMO JOMOIHUTh
COOTBETCTBYIOIIUMH YJI€HAMHU.
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[Ipn moxBomE TEIUIOTHI K JO3BYKOBOMY IOTOKY Ta3a B TpyOe €ro CKOpOCTh
YBEJIMYUBACTCA BIUIOTH A0 M = 1. JlanpHelee yBeJIHYEHUE CKOPOCTH 3a CYET
MIOABOJA TEIUIOTHI HEBO3MOXHO. OJTHaKO CBEPX3BYKOBOW IOTOK YCKOPSETCS 34 CUET
OTBOJA TEIJIOTHL. [loaTOMY eciau B TpyOe 3a KpUTHUYECKUM CEYEHUEM, TJi€ CKOPOCTh
TEUECHUsI 3BYKOBAs, OPraHU30BaTh OTBOJl TEIUIOTHI, TO MOHO TIOJYYUTh CBEPX-
3BYKOBYIO CKOPOCTb. Ha 3TOM mpHHIIMIIE OCHOBAHO YCTPOMCTBO «TETIOBOTO COTLIA.

J103ByKOBO#M MOTOK YCKOPSIETCA MPU COBEPILIEHUH Ta30M paboThl (Hanpumep, Ha
pabouem koisiece TypOuHsl). [Ipy M >1 ckopocTh Bo3pacTaer, €cid Ta3 MoJaydyaeT
MEXaHUYECKYK) SHEpPruI0 HM3BHE, HampuMep OT Kommpeccopa. Ha stom npuniume
paboTaeT MEXaHMYECKOE COIIO, B KOTOPOM JO KPUTHYECKOTO ceueHus padora
OTBOJUTCS OT I'a3a, a HUKE KPUTUUYECKOTO CEUEHUS OJABOIUTCS K HEMY.

Bo3MokHO Takke MoaydeHne CBEPX3BYKOBBIX CKOPOCTEH B KOMOMHUPOBAHHBIX
comax. Hampumep, B MOTyTEIUIOBOM COILUIE JO3BYKOBOM YUYacTKE a3 Pa3TOHSIETCS 3a
CYET MOJABOJAA TEIUIOTHI, 4 HUKE KPUTUYECKOTO CEYEHHS - 32 CHET T€OMETPHUYECKOTO
paclMpeHus KaHaia.

3.5. Boanwt 0asnenusn 6 2a3060m nomoke

Boanbl paspexenus

B HenmoaBm>KHOM rasze Malible BO3MYLIEHHUS JABJICHHS PACIPOCTPAHSIOTCS CO
CKOpPOCTBIO 3BYKa. B mOTOKE CKOpOCTh BO3MYILUEHHUS HABICHUS OMHOCUMENLHO
JHCUOKOCMU TAKKe paBHA CKOPOCTH 3Byka. Cepruueckre BOJIHBI JaBICHUS CHOCSTCS
MOTOKOM OT HMCTOYHHMKA BO3MYIIEHWHA. OTHOCUTEIHHO HEMOJIBIIKHOTO OOTEKAEMOTO
Tella BO3MYIIEHHUS paCIpPOCTPAHSIOTCS BHU3 0 MOTOKY CO CKOPOCThIO a + W, a BBEpX
- CO CKOPOCTBIO @ - W.

PaccmoTpuMm  pacnpocTpaHeHWE B TOTOKE BO3MYLIEHHUM OT TOYEYHOIO
UCTOYHUKA 4 (HampuMmep, oT HeOOoJbIIOro ooTekaemMoro Tena). [Ipu 103ByKOBOM CKO-
poctu notoka w < a (puc. 3.8a) BO3MYIIIEHUS OT MPENATCTBUS PACHPOCTPAHIIOTCS BO
BCE CTOPOHBI, B TOM YHMCJIE€ U BBEPX IO MOTOKY. Bomuel map- ¢
JIeHUs, UyIIHe BBEPX MO TEUEHHUIO, HECYT MOTOKY HHGOP- &

Maluoo 00 HMCTOYHUKE BO3MYIICHHUH, «MOJATOTaBIMBAIOTY we<a i

€ro K IpeACTOsIIEN BCTpede ¢ mpensaTcTBueM. JInHum Toka B
I03BYKOBOM TEYEHUU OTKIIOHSIOTCS €HIe JO0 BCTPEUU C
00TEeKaeMBbIM TEJIOM.

B cBepx3BykoBOM notoke (w > a, puc. 3.86) BO3My-
LICHUA JIaBJIEHUS BBEPX 10 TEUECHUIO HE PACIPOCTPAHSIIOTCA.
[TocnenoBaTenpHbIE BO3MYILIEHHUSI OT UCTOYHUKA A CHOCS-
TCA BHU3 IO TOTOKY; cepuyueckre BOJIHBI BO3MYIICHUMN
3aIO0JIHAIOT KOHYC C BEPUIMHOM B TOYKE A, PaCXOMSIIUICS
BHU3 MO TE€YEHUIO. /[0 BCTpeUH ¢ 3TUM KOHYCOM 803Myuje-
HUlli TIOTOK HE TOJy4aeT HWH(POPMAIMH O TIPEISITCTBUH,
JIMHAM TOKA HE UCKPUBJIEHBI. YTOJI ¢ NP BEPIINHE KOHYCA, Puc. 3.8
HA3bIBAEMBIN YoM 803MyujeHul Wia yearom Maxa, MOXKHO
ompenenuth u3 TpeyroibHuka ABC. Ecmm cdepuyeckas BoJHA BO3MYIICHUHN
npoberaer 3a Bpems At nyth CB, paBHBIM a7, TO €€ IEHTP CHOCHUTCS ITOTOKOM Ha
paccrosinne AC (paBHOE wAT), OTKyAa
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SinazB—Czﬁzi, (3.22)
AC o M
rne M = w/a - yucno Maxa.

[Tpu cBepX3BYKOBOM TEUEHHUHU raza BAOJb CTCHKH OYTrOpKHM M BIAJAMHBI IIEPO-
XOBAaTOCTH SIBJISIFOTCSI MCTOYHUKAMU BOJH JABJICHUS, KOTOpPBIE CHOCATCS BHH3 IIO
TeYeHHI0 ToJ yriaoMm Maxa. [Ipu m3MeHeHUHM TUIOTHOCTH Tra3a B BOJHAX JaBIICHUS
MEHAETCs ero Ko3(PPUUUEHT MpeOMIICHHS 1JIsl CBETOBBIX Jyuyel. Ha 3ToM ocHOBaHO
INPUMEHEHHUE ONTUYECKUX METOOB JUIsl HCCIEA0BAaHUS CBEPX3BYKOBBIX NOTOKOB. C ux
MIOMOIIIBIO YJIAa€TCsl CAeNIaTh BUAUMON KApTUHY BOJIH JaBJIECHUS y OOTEKAaeMOro Tea.

CnaOble BOJHBI BO3MYILEHHUS HA3bIBAIOT Xapaxkmepu-
CMUKaMu C8epx38yKo68020 nomoka. B paBHOMEpPHOM IOTOKe
XapaKTePUCTUKH MPSAMOJIMHEHHBI, YroJl HMX HaKJIOHA TeM
MEHbIIIe, 4eM OO0JIbIlIe CKOPOCTh; €r0 BEITUYMHA OIpeneseTCs
mo ¢opmyne (3.22). Ecniu B moToke HMMeEETCs MOIepeyHast
HEPAaBHOMEPHOCTh CKOPOCTEH, TO XapaKTEPUCTHKH HCKPUB-

7 L s\\ IA0TCA. Bo3pactaHme CKOpOCTM NPUBOAUT K YBEIWYEHHIO
2 ; ym1a Maxa 1 HakJi0Ha XapaKTEPUCTUKH.
g we PaccmMoTpuM  CBEpX3BYKOBOE OOTEKaHHME  IUIOCKOM

CTEHKM C BHEHIHUM TymlbIM yriom (puc. 3.9a). ¥V Touku A

MOTOK pacIIUpsIeTCs, TOBOpaYnBasch Ha yroia 6. B cootBer-

Puc. 3.9 CTBUHU C BBIBOJIAMHU II. 3.4 CKOPOCTh €TI0 YBEJIMYUBAETCS, J1aB-
JIeHHUEe, TUIOTHOCTh, TeMIleparypa mnaaaroT. JIMHusS BO3Mylile-

HUA (XapaKTepUCTUKa) AB nisg Haberaromiero moToka pacroyioyKeHa MoJl YIJIOM  d,

. : 1
npuyeM B COOTBETCTBUM ¢ (opmynon (3.22) sina; :M—. [ns yckopeHHoro u
1

ITOBEPHYTOTO Ha yrojsl (@ moToka JIMHUS BO3MYIIEHUS OT BEPIIMHBI yriaa A - 3TO

, 1
XapakTepucTuKa AB, , IpudeM Sina, = —.

2

Buytpu yrna BiAB, pacnonoxeHa BOJIHA pa3pekeHus, B KOTOPOU JIMHUS TOKa
C,C, nnaBHO moBopauuBaeT Ha yron O. Ilapamerpsl MOTOKa HENPEPHIBHO H3MeE-
HSIOTCSI BHYTPU BOJIHBI pa3pekeHus. Baonps mro00i xapakTepucTuku AB B mydke,
pa3MEIIEHHOM MeXAy JuHusIMU AB; u AB,, nmapameTpbl ra3a OCTAKOTCA IOCTO-
SIHHBIMH, HE3aBUCHUMBIMHU OT PACCTOSIHUS 1O BepuiuHbl yria A. Ha xapakrtepucTtuke
OJIMHAKOBBI TAK)XE€ BEJIMYMHA M HampaBieHHE CKOpocTH. CocTaBisrolias CKOPOCTH,
HOpMaJIbHas K XapaKTepUCTUKE, paBHA CKOPOCTH 3BYKa, COOTBETCTBYIOIIEH COCTO-
SHUIO Ta3a B 3TOM MECTE.

[TogoOHast BonHA pa3pekeHUs: 00pa3yeTcs W MPU CBEPX3BYKOBOM HCTECYCHUU
rasza B Cpe/ly C IOHWKEHHBIM JABIECHUEM p, < p; B 3TOM ciydae mOTOK BHYTPHU BOJIHBI
pPa3peKEHUs] TAKXKE OTKJIOHSeTCa Ha yron ©. llpum ucredeHHH B ITyCTOTY MOTOK
BO3/lyXa HOPMAaJbHBIX NAapaMETPOB MOYKET OTKJIOHUTHCA HAa MAaKCUMAJIBHO BO3MO-
AKHBIA yroiyi, paBHbIM 129°; mpu 3TOM TOCTUTAETCd MAaKCUMAJIbHAs CKOPOCTb Wpax,
onpenensiemast hpopmyroit (3.13).

[Ipornecc pacuivpeHus ra3a B BOJIHE pa3pekKEHUs SIBIAECTCS U309HTPOINUUECKUM,
MeXaHU4ecKas YHEprusi MOTOKa HEe TEPsIETCs, TOITOMY JIaBJIEHUE TOPMOXKEHUS p,* 3a
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BOJIHOM paBHO HUCXOAHOMY p;*. M3MeHeHHe NapaMeTpoB MOTOKa TOCJIE BOJIHBI
pa3peXeHusi 3aBHCHT OT BeJMYUMH M) u @; JUisl NPAKTHYECKUX PAcCUYE€TOB HCIOJIb-
3ytoTcsl rpadMKU U TaOIUIBI (CoepkKAIIMECs, B YaCTHOCTH, B [5]).

CkavkM yIUIOTHEHU S

[Ipyn nocTatoyHO CUIBHOM (KOHEYHOM) MOBBIIIEHWU JABJICHHUS B T'a30BOM IIO-
TOKE BO3HUKAKOT NPEPHIBUCTHIE BOJHBI JABJICHUS, HAa3bIBAEMbIE CKayKaMU YILIOT-
HEHUsSI WIM YJIapHbIMU BOJIHAMHM, B KOTOPBIX IApaMETpPbl ra3a MEHSIOTCA OYEHb
OBICTPO HAa PACCTOSHUU MOPSIKA JJIMHBI CBOOOAHOTO IMpolera MOJEKYbl, T. €. MPHU
HOPMAaJIbHBIX YCJIOBUSX - MOPSAAKAa MUKpOMETpa. Y AapHas BOJHA JBUKETCSA B ra3e co
CKOPOCTBIO, PEBBIIAIONIEN CKOPOCTh 3BYKa d.

[IpeppiBHOE M3MEHEHHE MapaMeTpPoOB raza M CKOPOCTH TeUeHUs HaOmrojaercs
TakK€ UM NpU OOTEKaHUM HETOABM)KHOIO Tejla CBEPX3BYKOBBIM IMOTOKOM. Ecim,
HampuMep, O0TEKaeMoe TEJI0 UMEET CIepean 3aTYIUICHHYI0 (opMy, TO TOPMOKEHHUE
rasa B JOOOBOW YacTH MPUBOAUT K MOSBICHHUIO 37€Ch 00JacTH JA03BYKOBBIX CKOPO-
cTeil. BoJHBI MOBBINIEHUS TABJICHHS OT TeJla PACHPOCTPAHSIOTCA B 3TOM 00J1acTh A0-
3BYKOBBIX CKOPOCTEW HABCTpEdy IIOTOKY, HO Ha CpPaBHUTEIHLHO HEOOJBIIOE pac-
CTOSIHME - IO CKayKa YIUIOTHEHHUS, PacloJIOKEHHOTO mepes TeloM. B ckauke ymior-
HEHHUS CBEpPX3BYKOBasi CKOPOCTh IMOTOKA MNPEPHIBHO IEPEBOJUTCS B JO3BYKOBYIO.
[IpeppiBHOE YIJIOTHEHHE CXKATHSI, KOTOPOE PACIOJIOKEHO MO HOPMAJIA K BEKTOPY
CKOPOCTH, Ha3bIBAETCS MPSAMBIM CKa4YKOM YIUIOTHEHHsS. B mpsAMOM CKauke yIuioT-
HEHUS CBEPX3BYKOBOM moTok (M > 1) Bcera nepexoauT B 103ByKoBoi (M < 1).

Kak u3BeCTHO M3 TEPMOJUMHAMUKH, MPU TEILUIOOOMEHE MEXAY TEeIaMH, COCTa-
BIIFOMMHA TE€PMOAMHAMHYECKYIO CHUCTEMY, DHTPOMNUSI CUCTEMbI Bo3pactaeT. [lpu
TEYEHUU raza 0e3 CKauYKOB TEIJIOOOMEH MEX]y YacTUIaMU MPEeHEOPEeKUMO Mall,
JBIKEHUE W303HTpOIMYEecKoe. B To ke Bpems mpouecc CxaTusl rasa B CKadke
VIUIOTHEHUS - HE U30IHMPONuUYecKul, SHTPOIHUS B CKAuKe HapacTaeT. IJTO IMPOUC-
XOIUT BCJIEJACTBUE NEpeJauyd TEIJIOThl OT YIUIOTHEHHOTO U HarpeToro oobema rasza K
HEBO3MYILIEHHOMY Tra3y MpOLEeccCaMu TEIUIONPOBOAHOCTH; TEMIEparypa B CKauke
pPE3KO MEHSeTCd Ha OYEeHb MajOM  PAacCTOSIHUM (TOpsAKa MHUKpPOHOB). YacThb
KMHETHYECKOW SHEPIHH ra3za NepexoJuT B TEIUIOBYIO SHEPIHIO.

[TapameTpsl Ta3a 3a NOpSAMBIM CKAUYKOM MPUBOAATCS B TaOiaUIaX MPSMBIX
ckaukoB. Takue TabauIlbl JaHbI, HAaTpUMEDP, B [S].

Uccnenyem Teneph OOTEKaHUE CBEPX3BYKOBBIM MOTOKOM (wi> a, Mi> 1)
octporo kiauHa. I[Ipu mamom yrie pactBopa kiauHa O (puc. 3.9a) Bo3MyleHUE
YIUIOTHEHUSI, BHOCUMOE KJIMHOM B MOTOK, TaK)K€ HEBEIUKO. B 3TOM cilyyae auHUA
BO3MYLIEHUSI AB COBMANaeT C XapaKTEpUCTUKOW CBEPX3BYKOBOI'O IIOTOKA, Yrojl

_ 1
MOKET OBITh OTIPECNICH 10 GOpMyTIe Sina = — .
1
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[Ipn oOTekaHWM KJIMHA ¢ KOHEYHOW BEIWYMHON yria pactBopa O (puc. 3.96)
BO3MYIIIEHUE CXKaTHUs, KOTOPOE OH BHOCHUT B TOTOK, TaKXe HMEET KOHEUHYIO
BeMMuMHYy. BonHa ymimoTHEHHs pacmonaraeTcsl 1Mo JIMHUM AB W HOCUT Ha3BaHHE
Koco2o ckauka ynaomuenus. llpu mnepexone uepe3 KOCOW CKadoOK BO3pacTaroT
JaBJICHNE, TUIOTHOCTh M TEMIIEpaTypa ra3a U YMEHBIIAETCS CKOPOCTh TeUEHHUS (W, <
wy). Yros Kkocoro ckaduka S OoJbIle yria cjiaboi BOJHBI BO3MYIICHUS, Ha0II0/1aeMOM
opu TOW K€ BenuuyuHe uucia Maxa HaOeraroliero
notoka M,. [Ipu Bo3pacTaHuM CKOPOCTH HAOETAIONIETO
noToka w; (WU, 4TO TO XKe, yucia M;) yroa f yMeHb-
IaeTcs, MpU YBEJIMYEHUU yIJia MmoBopoTa € OH, HAO-
OOpOT, pacTer.

Kpome ciryuast oOTekanus KIJIMHA, KOCOH CKadOK
YIUIOTHEHUs HaOII0JaeTcsl Takke Mpu OOTEKaHWU BHY-
TpeHHero Tynoro yria (puc.3.96), korma cBepX3BY-
KOBOW IOTOK, TEKYIIUA BIOJb IUIOCKOM CTEHKH, IOBO-
pauuBaeT BMeCTe C Hell Ha yron 6. Hakonen, xocou
CKa4OK TOSBISIETCS TPH CBEPX3BYKOBOM HCTCUCHHUH
ra3a B cpefly ¢ 0oiiee BHICOKUM JiaBiieHueM (puc. 3.9r).
B »srom ciywae yrom OTKJIOHEHHUS TMOTOoka 6

onpeaAciiCTCa COOTHOICHUCM I[aBJICHI/Iﬁ & . HapaMeT-

Pi
pBI Ta3a Ha KOCOM CKAaukKe, Kak U B Cllydyae MpPSIMOIo
CKayKa YIUIOTHEHUS, MEHSIOTCA CKauykooOpa3zHo. Ot1iu-
9yre OT MPSAMOTO CKadka yIIOTHEHHS COCTOUT B TOM,
YTO HAa KOCOM CKauKe BEKTOpP CKOPOCTH M3MEHSETCS He
TOJILKO TI0 BEJTMYHHE, HO U TI0 HAIIPABIICHUIO.

O6o03HauMM HOpPMaJibHBIE K IIJIOCKOCTH CKayka
COCTaBJISIFOIIME CKOPOCTH MOTOKAa UHAEKCOM 1 U Kacca-
TeJbHbIE - HHACKCOM ¢ (puc. 3.96). KacarenbHas cocra-
BISIFOIIAS CKOPOCTHM HE MPETEpHEBAET pa3pbiBa IPHU
MEepEeXoie Yepe3 KOCOM CKauoK. MI3MEeHEeHrne CKOPOCTH U
napaMeTpoB ra3a B KOCBIX CKAauKaxX pPacCUUTHIBAIOT C
UCIIOJIb30BAaHUEM HOMOTPAMM U TaOJHI] KOChIX CKa4KOB,
MPUBEJICHHBIX, B YACTHOCTH, B [5].

Kak u B cimydae mpsiMOro ckadka, B KOCOM CKadyKe MPOUCXOJUT BO3pacTaHUE
SHTPONUU, MEXaHWYECKasl PHEPIUsl TMpeTepreBaeT HeoOpatumele mnortepu. [lpu

Puc. 3.9 ATOM KOA(PPUIIMEHT BOCCTAHOBJICHUSI 1aBJICHUS 3aBUCUT

TOJILKO OT MapameTpa M, sin /3, Tae f - yroji ckauka (CM.

puc. 5.96). C Bo3pacranueM M, sinB KOd(PPUIHMEHT G yOBIBA€T U COOTBETCTBEHHO
BO3pACTAlOT IIOTEPH MeEXaHWYeCKoW »dHepruu. HanOonbineir BeTWYUHBI OHH
ngocturaioT mpu S = 90°, 1. e. B mpsiMoM ckauke. [losToMy 1751 yMEHBIIEHHUS TTOTEPh
BCErjla CTpPEMATCS 3aMEHUTh TMpsIMble CKauykd KocbiMHU. Hampumep, KpbUibs
CBEPX3BYKOBBIX CAMOJIETOB JIEJAI0T TOHKUMHM W 3a0CTPEHHBIMU criepenu. BxonHble
KPOMKH TYpPOWHHBIX JIOMATOK, OOTEKAEMBIX CBEPX3BYKOBBIM ITOTOKOM, TaKXKe
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3a0CTpAIOT. B 3TOM ciydae npsMble CKayKU 3aMEHSIOTCS KOCBIMU U ITIOTEPU YHEPTHUU
YMEHBIIIAOTCA.

PaccMoTpum cBepx3ByKOBO€ OOTE€KaHME MPOCTEHIIEro Tena - TOHKOM Iuiac-
TUHKH, YCTAaHOBJICHHOW B MOTOKE MOJ yriioM aTtaku a (puc. 3.10). «Yriom atakm» B
JAHHOM CJIy4ae Ha3bIBalOT yroJyi, 00pa30BaHHBINA MJIACTUHKON C HampaBJIeHHEM Hale-
raroller0 HEBO3MYUIEHHOIO MOTOKAa. Y BXOJHOM KPOMKM HAa HWKHEW MOBEPXHOCTH
IUIACTUHKK 00pa3yeTcsi KOCOM CKadoK VYIUIOTHEHUS AB, mpu mnepexone depes
KOTOPBIM JABJICHHE TOBBIIIAETCS 0 BEIWYUHBI py > p;. Ha BepxHel moBepxXHOCTH
MOSIBJISIETCS] BOJIHA pa3pexeHus B;AB,, B KOTOPOM
JABJIEHUE TIOHUKAETCS O BEIMYUHBI Py < Pj.

3a BBIXOJIHOW KPOMKOM IIJJACTUHKHU JaBJIe-
HUE BBIPABHMBACTCS; HA BEPXHEH IOBEPXHOCTH

oOpa3zyeTcsi KOCOM CKayoK YIUIOTHCHHS ab, Ha
HUOKHEH - BOJHaA paspexenus bab,. ITlotepu
MEXaHMYECKON HHEPruM B CKauyKax yIUIOTHEHUS
AB v ab npuBOAAT K TOMY, YTO CKOPOCTb IIOTOKA Puc. 3.10

3a MJIACTUHKOW HE BOCCTAHABIIMBAETCS 1O BEIUYNU-

Hbl W - 32 00TeKaeMbIM TEJIOM HaOIoAaeTcsl cnymuulti nomok. TemmnepaTypa rasa
3/1€Ch BBILIE, YEM B HaOErarouieM noToKe.

N3-3a pa3HOCTU JaBJIEHUM HA HIDKHEH M BEPXHEW CTOpOHAaX IUIACTUHKU Ha Hee
NEHCTBYET cuia R, KOTOpast MOXKET OBbITh Pa3jioKeHa Ha nooveMHyto cuiny R, u cuny
710606020 conpomusnenus R, JIoOboBoe compoTuBiieHHe R,, TOSBISIONIECECS H3-3a
NOTEPh MEXAHMYECKON PHEPrUU B CKAUYKax YIUIOTHEHUS, HOCUT Ha3BAaHHUE BOJIHOB020
conpomusnenus. Pabora cuinsl R, Ha HEKOTOPOM IyTH MPUBOAUT K MPUPAILICHHUIO
SHTPOIUHU Ta3a Ha ATOM IyTH. [Ipu cCBEpX3ByKOBOM OOTEKAHHUH APYTUX TEJI, UMEIOIIHNX
3a0CTPEHHYI0 TEPEAHIO KPOMKY, IOJI€ TE€YEHUS TAKKE BKIIOYAET KOChIE CKayKH
YIUIOTHEHUS U BOJIHBI Pa3pEKEHUS.

Pasnen 4. TMHAMMKA UJIEAJBLHOM )KAJIKOCTH

4.1. KunemamuuecKkuii GHaAnu3 08UNHCEHUSA HCUOKOU YACMUUbL

Kunemartnka >kuakoil cpepl CYIIECTBEHHO OTJIMYACTCS OT KUHEMAaTUKH CHC-
TeMbl MATEPUAIBHBIX TOYEK WJIM KUHEMATHUKHU TBEPAOro Tena. J[BUKeHHE TBEPAOro
Tela B OOIIEM cilydae CKJIaAbIBACTCA W3 IMOCTYMATEIHHOTO IMEPEMEIICHHUS BMECTE C
MOJIFOCOM (MTHOBEHHBIM IIEHTPOM BpallleHHs) U BPAIIeHUS OTHOCUTEIBHO MTHOBEH-
HOM OCH, MPOXOJAIICH uepe3 Mojtoc. [[BrkKeHue *KUIKOCTU 3HAYUTEIBHO CIIOXKHEE,
MTOCKOJIbKY YacTHIla KpOME YKa3aHHBIX IEPEMEIICHHN MOXET aAehOpPMUPOBATHCS.
IlepemelniieHne 4acTUIlbl CKJIAJBIBACTCS W3 CICAYIOIIMX COCTABJISIONIMX: a) Iepe-
MeIIeHuE ToJtoca; 0) BpalleHHe OKOJIO0 MOI0ca; B) AedhopMaliusl YaCTUIIBI.

CkopoCTh MOCTYMATENbHOrO JIBMXKEHUSI TMOJIOCA, KaK M B Cily4yae JABUKCHHS
TBEPJIOTO TeJa, ONPEACIISIETCSI KOMIOHEHTAMU BEKTOPa CKOPOCTH Wy, Wy.

BpamarenbHoe ABWXKEHHE KUJIKOW YaCTUIbBI CYHIECTBEHHO OTJIMYAETCS OT
BpalllCHUsI TBEPAOrO Tejia. 3a YIIOBYIO CKOPOCTh JKUJIKOW YaCTHIbI MPUHUMAETCS
cpeaHsis anredpandeckas BeJIMYMHA U3 YIJIOBBIX CKOPOCTEH CTOPOH MPSAMOYTOJIbHUKA:
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I(dw, dw,

; (4.1)

W, =—| ——
2\ dx dy
UHJCKC Z B BhIpaxkeHUU (4.1) mokas3pIBaeT, 4TO OMPEEIAETCS COCTABIAIOIAs BEKTOpa
YIJIOBOM CKOPOCTH OTHOCHUTENBHO OCH zZ, HOPMAJIbHOM K IUIOCKOCTH Xy. YTJOBas
CKOPOCTh CUMTAETCS TOJIOKUTEIBbHOM, €CIIU BpPAaIllEHHE MPOUCXOIUT MPOTUB YaCOBOU
ctpenku. CKOpOCTh XKUJIKOW YaCTULBI CKIAJbIBAETCS U3 CKOPOCTH IMOII0CA, CKOPOCTU
BpAILIATEIBHOTO JABUKEHUS OKOJIO OCH, MPOXOASALIECH 4Yepe3 IOJC, U CKOPOCTU Je-
(OpPMAIIMOHHOTO JBWKEHUS, COCTOSIIETO, B CBOIO OYepenb, W3 JTUHEHHOU medop-
Malliy PacTsHKCHUSI-COKATHSI M YTIIOBOH Je(opMaIiiy CKalmmBaHus pedep 4acTHIIbI.

Ecnu mpu nBMXKEHMM KUJKOCTU €€ YaCTUIhl BpallaloTCsl M COCTABISIONINE
YIJIOBOW CKOPOCTH @, (), (», HE PABHBI HYJIO, JBUKCHHUE HA3BIBACTCS BUXPDEGLIM.
Hanuuue BpamaTenbHBIX ABUXKEHUM B JIBYXMEPHOM IIOTOKE MOXKET OBbITh YycCTa-
HOBJICHO TaKWM TPOCTEHIIIUM 3SKCIIEPUMEHTOM: B IIOTOK BBOJAT TOIUIABOK CO
CTPENKON-UHAMKATOPOM, IPUYEM €ro pasMep Majl MO CpPaBHEHUIO C PAJAYyCOM
KPUBU3HBI JIMHUM TOKa. Ecnu mpu [BMKEHUM TMOIJIABKA CTPEIKA-UHANKATOP HE
ocTaeTcs mapajijiesibHOW camoill cebe, a U3MEHSET CBOE HAlpaBJIICHHE C HEKOTOPOH
YIJIOBOM CKOPOCTBIO (@, TO ABWIKEHHE - BHUXPEBOE U YTJIOBAsI CKOPOCTh IOILUIABKa
COBIIAJAET C YIJIOBOM CKOPOCTBIO )KUIAKOW YaCTULIBI.

HeobxoammMo OTMETUTH, YTO BUXPEBBIM MOXKET OBITh TCUCHHE U MPHU MPSIMO-
JUHEHHBIX TPACKTOPHSIX YACTHUIl. TedeHue BA3KOH KUIAKOCTH B TPyOax MOCTOSHHOTO
CEUYEHHUs - BHUXPEBOE, MPUYEM YIJIOBasi CKOPOCTh BPAICHUS YaCTHUI] HApPACTAET C
MPUOIMKEHUEM K CTEHKE TPYOBI.

[Ipu oOTekanwnu Tena ¢ TIABHBIMU OOBOJAMU BpAIICHHUE YaCTUIl HAOIIOAAeTCs
TOJIbKO B TOHKOM NMPUCTEHHON 00JacTH W 3a KOpMmoil. Bo BceM ocTaibHOM MOTOKE
JBIDKEHUE OCYIIECTBIISICTCS MpakTUuecku 0e3 BpaieHust yactuil. [losToMy Oe3BuX-
peBOe IBUKEHHUE UMEET 0c000e 3HAUEHUE NI TEOPUH yI00000TeKaeMbIX Tel (TaKux,
KaK COBPEMEHHBIE CaMOJIEThI, PAKEThl, KOPAOJIM, MPOTOUYHBIE YACTU TYypOOMAIINH).
Oco0eHHO 00JBII0E 3HAUCHUE UMEET TeopUs OE3BUXPEBOI0 JBMIKEHUS UIsSl pEIICHUS
3aJlayy O pacIpeesieHu JaBiIeHUI Ha MOBEPXHOCTH 0OTEKAaeMOro Tena.

Be3BuxpeBoe MUPKYJIANMOHHOE TeYeHHE

[IpakTryecku BaXKHBIM MIPUMEPOM OE3BUXPEBOTO JIBIIKCHHUS SIBISIETCSI KPYTOBOE
TEYEHUE, B KOTOPOM CKOPOCTh OOpPAaTHO MPOIMOPIIMOHAIbHA PACCTOSIHUIO OT OCHU
BpaieHus yactuil (puc. 4.1):

w= oL 4.2)
r

XOTS TMHUYU TOKA 3TOTO TEUCHUS KPUBOJIMHEIHBI, HO MOTOK SIBJISIETCS] O€3BUXPEBBIM -
JacTHIIBI Je(hOPMHUPYIOTCS, HO HE BPAIIAIOTCS, U, ClIeIoBaTeIbHO, ® = (), T.€. TEUCHHE -
0e3BuxpeBoe. TedueHne, B KOTOPOM CKOPOCTh MOAYHMHSICTCS 3aKOHY (4.2), HAa3BIBAIOT
Oe38uxpesvlM YUPKYIAYUOHHBIM TIOTOKOM (MHOT/AA - MEHEee TOYHO - TUIOCKUM BUXPEM).

PaccmoTpum Oe3BUXpEBOE IUPKYISIMOHHOE TEYEHUE C HEMPEPHIBHO YObIBa-
oImKUM pagnycoM. CKOpOCTb T€UEHUS U €€ TPaJUeHT BOJIM3U OCHU BPAILCHUS JTOKHBI
HEMPEPhIBHO HapacTaTb W B Tpejesie CTaTh OSCKOHEUYHO OoybIMMU. B peanibHOM

KHUAKOCTH J5TO HCBO3MOXHO H3-3a I[CﬁCTBHSI BA3KOCTH, OIIBIT IIOKA3bIBACT, YTO
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HEHTpajIbHas 00JacTh BUXPS MPUXOJUT BO BpallleHUE U BpallaeTcsl Kak TBEPIOE TEIO
C YIJIOBOM CKOpOCThiO o (puc. 4.1). 3a mpenenamu 3TOro A0pa 6uxpsi CKOPOCThb
U3MeHsieTcs 1o 3akoHy (4.2). IIpumepamu mogo00HBIX
MOTOKOB SIBJIAIOTCSI KPYTOBBIE TEUCHHS y OTBEPCTHS
CTOKa BOJbI B BaHHE, aTMOc(epHBIE cMepud U T. 1.
Bo3pacranue ckopocth ¢ TpUOTMKEHUEM K OCH
NOTOKa  MPUBOAUT K TIOHMXKCHHMIO JIABJICHMUS,

N
OATOMY Puc. 4.1 ‘Illl&"&\\\
CBOOO/IHAS TIOBEPXHOCTh JKUJKOCTH IPUHUMAET .
BOPOH-

KooOpazHyro ¢opmy. B cBorwo ouepenb, MecTHOE 2

MOHI)KCHUE JABJICHUS B JKUJIKOCTU MPUBOIUT Yepes

HEKOTOpOoe BpeMsi K (OPMHUPOBAHUIO TAKOTO IO

CKOPOCTEH, KOTO-pO€ MPUOIIIKAETCS K 0€3BUXPEBOMY UPKYISIITUOHHOMY TEUCHHIO.
BaxxHbBIM TIpEMEpOM HCTIOIB30BaHUS B TEXHUKE OC3BUXPEBOTO ITUPKYJISIIHOH-

HOTO TEUYCHUS SBIBICTCS IBIIKEHHE Ta30B B CIIUPATHHOW KaMepe ¢ TaHTCHIIUATbHBIM

nmoABoA0oM Ta3a (puc. 4.2). ['a30Bblil MOTOK BpalaeTcs B KaMepe; BHIXOJ ra30B OCYIIIe-

CTBJISIETCSI YEPE3 OKHA, MPOPE3aHHBIC B TOPIIEBBIX CTEHKAX KaMephbl BOJIU3H OT €€ OCH.

XOTSl IMHUU TOKA SIBJISIOTCA CIUPAISIMU, HO PaglyChl UX KPUBHU3HBI NMPUOIMKEHHO

MOKHO CUUTaTh PAaBHBIMU PAJUyCy COOTBETCTBYIOLIEH OKPYKHOCTHU F, MPOBEICH-

HOMY U3 OCU Kamepbl. PacripeenieHre ckopocTeil oka3bIiBaeTcs OJM3KUM K 3aIaHHOMY

dhopmyoii (4.2). CKOpoCcTh CHIIBHO BO3pacTaeT ¢ MPUOIMKEHUEM K OCH KaMEpHhl.
Bo3pacranue ckopoctd ¢ OpUOTMKEHHEM K OCH

CIUpPAIILHON Kamepbl MO3BOJISIET UCIIOJIb30BATh €€ B Kade-

CTBE YUKIOHHOU YCMAHOBKU ISl CEeNapalii TBEP/IbIX dac-

THUIl U3 Ta30BOr0 MOTOKa. [{eHTpoOexxkHbIe CHIIbI, AEHCTBY-

IOIE HAa YACTHUIIHI TIPU JIBIXKCHUH C OOJBIION CKOPOCTHIO r

M0 KPUBOJIMHEWHBIM TPACKTOPHUSAM, OTOPACHIBAIOT UX K

CTEHKaM Kamepsl. [[pyroe npumeHenue cnupainbHon Kame-

PBI - TaK Ha3bIBaGMbIE PECIUPKYIISAINOHHBIC TTEYHU, UCTIOb-

3yeMble MpU TEPMUYECKON 00pabOTKe KPYIHBIX MOKOBOK Puc. 4.2

win oTMBOK. OOpabarpiBaeMoe u3jaenue (caaka) pasme-

IIaeTCsl y OCU Kamephbl. 3a cYeT OOJIBIION CKOPOCTH Ta30B, 00TEKAIOUUX TOBEPXHOCTh

CaJIKv, POUCXOJUT MUHTCHCUBHBIN TEMIOOOMEH MEX]y MOTOKOM M MOBEPXHOCTHIO,

YTO MO3BOJISET COKPATUThH JJIUTECIBHOCTh TEPMOOOPAOOTKH.

4.4. @ynkyua moka u NOMEHYUA1 CKOpocmu

PaccmoTpum nByxmepHoe (IJIOCKOE) T€UeHHUE, JIMHUS TOKAa KOTOporo S IoKa-
3aHa Ha puc. 4.3. BBegeM Takyw @yHkyuro moka 1y, NPOU3BOAHBIE KOTOPOM MO
KOOPAMHATHBIM OCSIM OTPEACIISIIOTCS 3aBUCUMOCTSIMU

oy oy

—=w,, —=—W,_.

ox 7 oy g
DyYHKIMS TOKA ¥ COXpaHSET BIOJIb JIUHUU TOKa S TOCTOSHHOE 3HaueHue. [lomHbIi
auddepennnan QyHKINA TOKa Y UMEET BUJ

(4.3)
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0 0
dy =Y ax+YVay.
0x 0y
HYCTB, HaIllpUMCpP, COCTABJIAIOMINEC CKOPOCTHU TCUCHUA 3a1aHbl YPABHCHUAMU

w, =kx, w, =—ky.

OnpenenuMm Buna nuHuid Toka. [loacTammnsis 3HaueHus w,, w, B auddepeHnnansHoe
ypaBHEHHE JIMHUU TOKa, uMeeM kydx + kxdy = (0, wnm nocne pa3aeneHus nepeMeHHbIX

dx dy
U cokpamieHus — +—=0. HWHTerpupys TOCICAHEEC pPaBEHCTBO, HMEEM

Xy
Inx+Iny=const, wiu xy = C. [locnennee ypaBHEHUE TPEICTABIAECT CEMEHCTBO

runepOosi ¢ aCUMITOTAMH - OCSIMH KOOPAMHAT (CIUIONIHBbIE JMHUKM Ha puc. 4.3).
[Tono6Hyr0 KapTUHY MMEIOT JUHUU TOKA MPU HATEKAaHWW PaBHOMEPHOTO TMOTOKA Ha
MIOINEPEYHYIO IIOCKYIO IPETpay.
= const KoHnTtyp moBepxHocTu Tena, 00TekaeMoro moTo-
KOM HJICUIbHOM >XUAKOCTH, CaM SIBJISICTCS JIMHUEH
TOKa: B HEKOTOPOU «KPUTUYECKOI» TOUKe Haberaro-
Ml TOTOK pasaBauBaeTcs U orudaer teno. Crueno-
BaTeIbHO, HA OOTEKaeMOW MOBEPXHOCTU (DYHKITHS
TOoKa mocTosiHHa. Ho MokHO, HA0OOpOT, paccMmart-
pUBaTh JIIOOYIO0 JIMHUIO TOKa KaK KOHTYp CEUYCHUSs
TBEpAOro Temna. JlelCTBUTENbHO, €CIM 3aMEHUTh 00-
Puc. 4.3 JACTh, OTPAHUYECHHYIO JUHUEW TOKA, TBEPABIM TEIIOM,
TO OCTajJbHbIE JIMHUM TOKAa HE HM3MEHATCS (TaK Kak
KUAKOCTh Mbl CUMTAEM HACAIBbHOM, TpeHue OTCyTCTBYeT). OHU [aloT KapTUHY
oOTeKaHMs TaKoro Tejia. B 3TOM COCTOUT MPUHITUT omeepOeHus TIMHANA TOKa, IIIUPOKO
NPUMEHSIEMbIA B TUIPOJUHAMHUKE UJCATBHOW KUJIKOCTH. Eciu, Hanpumep, CUUTaTh
OTBEPACBLUIMMHU JIMHUU TOKA, TPOXOASALIMEe Ha puc. 4.3 10 KOOPJUHATHBIM OCSAM X, V),
TO MOJYYUTCA KapTHUHA TEYECHHS BHYTPU MPSMOTO yTJIA.
[HoTeHumnaa ckopocTu
DyHKIMEN CKOPOCTHOrO IMOTEHIMANa WIHA - COKPALEHHO - HOMEHYUANIOM CKO-
pocmu (p(x, ¥, z) Ha3bIBaeTCA Takas (PYHKIUS, YACTHBIE MPOU3BOJIHbIE KOTOPOH PaBHBI

COCTABJIAIOIIUM BCKTOPA CKOPOCTHU 11O COOTBCTCTBYIOIIUM KOOPANHATHBIM OCSAM!

o0, d0_ 0w
0x oy 770z

[Tonueril nuddepennran pyHKIUU ¢ paBeH do = %P dx + o9 dy + L dz , umm
0x oy 0z
dp=w,dx+w,dy+w.dz. (4.5)

Cama GyHKOHS CKOPOCTHOTO TMOTEHIMANA OMNPENEseTCs HHTETPUPOBAHUEM
BbIpakeHus (4.5).

BBenenue noreHnuaza CKOPOCTH MO3BOJSET 3aMEHUTD 8eKMOpHOe TI0JIe CKOPO-
CTH TEUEHUS, I U3YYCHHUS KOTOPOTO HYXKHO 3HATh mpu KOMIOHEHTHI TI0 KOOPIHU-
HATHBIM OCSIM, pacIpelieICeHUEM B MPOCTPAHCTBE 0OHOU CKANApHOU QYHKIUH ¢, YTO
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3HAQUUTENIBHO YOPOILAeT UCCIAeqOoBaHHEe. B MexaHuke TBEpPAOro Tela BBOJIUTCS
AHAJIOTUYHOE TOHSTHE «IIOTEHIIUANIA CHJIBDY; 3TO CKaJApHas (DYHKITUS, TIPOU3BOIHBIE
OT KOTOPOM paBHBI COCTABJISIFOLIMM CHUJIbI IO KOOPAMHATHBIM OCSM. Takyro ke Mpu-
pPOAY MMEET B JICKTPOTEXHUKE MOHATUE MOTEHIMAIA JICKTPUUECKOTO TOJISI: BMECTO
3aIaHUsl B TMPOCTPAHCTBE BEKTOPHOW BEJIIMUMUHBI HAMPSHKEHHOCTH TIOJISI BBOJIUTCS
cCKaJisipHast (PyHKIUSI MOTEHIMana V, Mpou3BOJIHBIE OT KOTOPOH IO KOOPIWHATHBIM
OCSIM PaBHbBI COOTBETCTBYIOIIUM KOMIIOHEHTAM BEKTOPa HAIIPSKEHHOCTH.

[IpupaBast GpyHKIMH @ ONpeeNieHHbIE 3HAUCHHUS, MOJy4yaeM ypaBHEHUS MOBEP-
XHOCTEW pPaBHOIO MOTEHLHMANA, WIH 3KEUNOMEHYUAIbHbIX nosepxHocmeti (B ciydae
JIBYXMEPHOTO T€UEHUS - JTUHUNU PABHOTO MOTEHIMAJA, WM SKBUIIOTECHIIMATIEN ).

OnpenenuM, Hanmpumep, Kakoll BUJ UMEIOT JIMHUM PaBHOIO MOTEHIMAa IS

PacCMOTPEHHOTO BbILIE TeYeHUs (w, =kx, w, =— ) Juddepenunansuoe ypaBHe-

HUE (PYHKIUM MOTEHIMAIa UMEET B 9TOM ClIydae BUJ]

do =w,dx +w,dy = kxdx — kydy .

Ha nunHusx paBHOro moreHimaia de = k(xdx — ydy): 0. Unrerpupys, noiy-
yaeMm

(p=x2 —y2 = const.

OT0 - ypaBHEHHE ceMeHCTBAa runepOoi ¢ aCHMOTOTaMU, HAKIIOHEHHBIMH O[T
yriaom 45° K KoopAMHATHBIM 0CSIM (IITPHXOBbIC INHUK Ha puc. 4.3.

@OyHKIUSA TOKA Y U IMOTEHUUAI CKOPOCTU () 83AUMHO OPMO2OHAIbHYL, TUHUN
TOKAa M DKBUIIOTEHIHAIA MEPECEKAIOTCA BCErAa MO NPSAMBIM YIJIOM. JTO IMO3BOJISIET
[0 M3BECTHBIM JKBUIIOTCHLMAISAM CTPOUTH JIMHUU TOKa U Haobopor. CemeiicTBa
JIUHUN 1//(x, y) = const u (p(x, y) = const , HAHECCHHBIC HA OIVH YEPTEK, Ha3bIBAKOTCS

2uopoounamuyeckou cemrkou mevernus. llpumep Takol ceTku npuBeAeH Ha puc. 4.4.
Jlis uccnenoBanust GYHKIHMN ¥ U ¢ TIPUMEHSIETCSI MAaTEMaTHYCCKUI ammapaT TEOpUu
GyHKIUI KOMIUIEKCHOH MepeMEHHOM.

[ToTeHmanbHOE T€UEHUE - OE3BUXPEBOE, T. €. BPALLEHUE YACTHUI] B HEM OTCYT-
ctByeT. Kak Oyner moka3zaHo B JanbHEHIIEeM, Y TBEPAbIX MOBEPXHOCTEH, OrpaHUYU-
BAIOIIMX IOTOK, BCIEICTBUE BSI3KOCTHU BCEraa (OPMHUPYIOTCS 30HBI BpallaTeIbHBIX
JIBUKEHUHN, MOSTOMY BOJIM3U CTEHOK TEOPHUSI MOTEHLMUAIBLHOTO OOTEKAHHs HETpUMe-
HUMa. OJHAaKO JJIsl U3YUYEHHUs BHEIIHETO MOTOKA TEOPHS MOTEHIMAIa UCIOJIb3YETCS C
YCIIEXOM.

JInst pelleHWsT KOHKPETHOW 3a/laud IO MCCIEJIOBAaHUIO IMOTEHIHAIBHOTO
TEUYEHUSI JOJDKHBI OBITH 3aj[aHbl JIOMOJIHUTENbHBIE (TpaHu4HbIe) ycioBus. K Takum
YCIOBHSIM OTHOCSITCSI 3a/laHM€ CKOPOCTHM B yAQJIEHUH OT OOTEKaeMmMoro Teina w, u

YCIIOBHE PABEHCTBA HYJIO HAa MOBEPXHOCTH TeJla HOPMAJbHOW COCTaBISIONIEH CKOPO-
ctu. [Ipu »TOM mpexamomaraeTcsi, 4TO >KHIKOCTh OOTEKaeT Teno 0e3 OTPHIBOB. Y
TIOBEPXHOCTH TeJla CKOPOCTh HAIpaBlieHA MO KacaTeNbHON (MMEeT MECTO «CKOJb-
KCHHE» KUJIKOCTH).

MopenupoBaHue MOTEHIMAJIbHBIX T€YEHUN
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HccnenoBanue o0TekaHus peajbHBIX TNl aHAIUTUISCKUMHU METOJaMH MpPeJCcTa-
BJISIET B OOIIEM cilydae OOJBIIYI0 MaTeMaTHYECKYI0 CIOKHOCTh. OThicKaHHe (yHK-
MM CKOPOCTHOIO MOTEHUHWanda Wi (YHKIUU TOKa, HAmpumep, Uisl TYpOMHHBIX
JOMATOK Harepesa 3aJaHHOW (OpMbl OKa3bIBa€TCS BECbMa TPYIHBIM. JTa 3amaya
CYILIECTBEHHO YIPOIIAETCA C MCHOJIb30BaHMEM MeToaa aHainoruil. HaumOomnbiiee
Pa3BUTHE K HACTOSIEMY BPEMEHH ITOIYYUIIO UCCIEA0BAHUE IOTEHIIMAIIBHBIX IIOTOKOB
METOJOM 3JeKTporuapoauHamuueckor anamoruu (3I'/IA). O Ga3upyercs Ha TOM,
YTO JJIEKTPUYECKUN IMOTEHIMAN } aHaJIOrM4eH MOTEHLIHANY CKOPOCTH ¢, YIEIbHas

l
INIOTHOCTBb J3JICKTPHUYCCKOI'O TOKa E aHaJIOTH9YHa CKOPOCTU TCUYCHHA W. HOE)TOMy,

ecnu 00JacTh PACHpOCTPAHEHHUs DJIEKTPUYECKOTO0 TOKa TIE€OMETPUYECKH T0J100Ha
00JaCTH TEYEHUsS >KUIKOCTH, a TpaHWUYHbIC YCIOBHUS Ui V W ¢ aHAJIOTHUYHBI,
pEIICHHs] YpaBHEHU JJIS MOJISl CKOPOCTEH M DJIEKTPUUECKOTO MOl OyAyT OTINYATHCS
JUIIb TPOU3BOJIBHBIMU MOCTOSSHHBIMA. DKBUIOTEHIMAJIbHBIE TOBEPXHOCTH B DJIEKT-
PUUYECKOM I0JIE V(x, y,z):const B OTOM CJIy4ae COOTBETCTBYIOT JKBUIIOTCHUHUAIIb-

HBIM ITOBCPXHOCTAM B ITOTOKC JKUAKOCTHU (D(X, y, Z) = const, a CWJIOBBIC IMHUU B DJIEKT-

PHAYECKOM IT10JIE COOTBETCTBYIOT JIMHUAM TOKA B KUJIKOCTHU. IIpakTHueckoe ucnomnp3o-
BAaHME OTOM AHAJIOTHHM COCTOMT B TOM, 4YTO ypaBHeHHE Jlarmuaca pemaercss Ha
yctaHoBke DI'JIA, a pe3yabpTaThl pEICHHs EPEHOCATCSA Ha MTOTOK KHJIKOCTH.

Jlis pemienusi 3amad TUIOCKOTO TMOTEHITMAIBHOTO OOTEKAHUS HCIOJIB3YIOTCS
MOJIENIA, B KOTOPBIX B KA4ECTBE SJIEKTPOIPOBO/I- 2SN
HOTO MaTepuajia mpumeHsiercs Oymara c¢ rpadu- —
TOBBIM MOKPBITHEM. J[JIs1 U3MEPEHUST TOTECHIIMATIOB
B pAa3IMYHBIX TOYKAX MOJEIN H3MEpPUTEIIbHAS
Ierb coOupaeTcs Mo MOCTOBOM cxeme (puc. 4.4).
ITocTOSIHHBIN Wi NIEPEMEHHBIM TOK OT UCTOYHUKA |
TOKa TMoABOAUTCS K 1muHaMm [II1 w I112. Tlapan-
JEIBHO IIMHAM TMOJAKJIIOYEH MOTEHIMOMETP R, Ha
CKOJIB34I1IEM KOHTakTe K KOTOPOrO MOXKHO 3aja- K
BaTh JIIOObIE MPOMEKYTOUHbBIE 3HAUCHUSI DIICKTPHU-
YECKOT0 MOTEHUUAIA MEXIAY NOTECHIMAIaMH IINH Puic. 4.4
Il w [I]2. VYka3areiem paBHOBECHS MOCTa
SABJISIETCS TAIbBAHOMETP [, BKIIFOUEHHBIN B 1ens myna [/]. I[pukacasce mynom /] x
Kakou-1100 Touke rpadPutupoBaHHON Oymaru, Mbl MOJaeM Ha YN JIEKTPUUYCCKUM
MOTEHIMAJ JAHHOW TOUYKHU.

['pannyHbIC YCIOBUS B MOACIUPYEMOM MOTOKE KUJKOCTU TAKOBBI:

1. Bpanu ot oOTexkaeMoro Teja Ha JMHUAX, NEPIEHAUKYJSIPHBIX BEKTOPY
CKOPOCTU (MM COOTBETCTBYIOT JMHUU YCTAHOBKHM LIMH Ha MOAeNH, puc. 4.4), moreH-
[MaJl CKOPOCTH ¢ COXPAHSIET OCTOSIHHOE 3HAYECHHE: (@ = COnst.

2. Ha moBepxHOCTH 00TeKaeMoro teina (€ COOTBETCTBYET BBIPE3aHHBIN ydac-

0
TOK Ha AJICKTPOIPOBOIHON Oymare) 0_(p =0.
n

BaI[aBaH Ha ITIOTCHIHHUOMCTPC PA3JINYHBIC 3HAUCHUS JICKTPUICCKOI'O ITIOTCHIIMAIa
V, C IIOMOIIBIO IIYyITa HAXOIAT HAa MOJICIIM TOYKH, IIPHUHAIICKAINNC JTUHUAM PaBHOI'O



65

IIOTEHIHANIA. B 3THX TOYKaxX TOK B LIENH ILIyIla PAaBEH HYJIO, CTPEJIKA TaJIbBAHOMETPA
HE OTKJIOHAETCSA. B 3TOM cocTOUT «aHanorus 4», Mo3BOJISIONIAs OCTPOUTH SKBUIIO-
TEHIMAJIN TUIOCKOTO MTOTOKA.

B cuiny B3auMHONM OpTOrOHaJbHOCTH (PYHKIIMH CKOPOCTHOTO MOTEHIHMANa ¢ U
TOKa Y, Ha yctaHOBKe OI'J[A MOXKHO Tak:ke CMOJEIMPOBATh TEUEHHUE TAKUM 00pa3oM,
YTOOBI JIMHUM PABHOI'O MOTEHLMANA IEKTPUUYECKOTO MOl COOTBETCTBOBAIM JIMHUSAM
TOKA B JKUJIKOCTH, CWJIOBBIEC JIUHUU - SKBUIIOTCHIMAIAM B IIOTOKE KUIKOCTU. B 3TOM
cllydae Ha y4acTOK MOJEJIM, COOTBETCTBYIOIIMA OOTEKaeMOMY Telly, HaKJIEHBAETCS
JJIEKTPOIIPOBOJHBIM KJIEEM MOJE/Ib CEUEHMs Tella, BBIPE3aHHas W3 MarTepuala,
AIEKTPOIIPOBOJAHOCTh KOTOPOIO BO MHOTO pa3 IIPEBOCXOAUT JJIEKTPOIPOBOJHOCTH
Oymaru (Hampumep u3 ¢oinbru). [lIuHbl pa3meniaoTcs MO0 CTOpOHAM MOJENIU BAOJIb
noToka. [IocTpouB ¢ MOMOIIBIO Iylla SKBUIIOTEHUMAIM 3JIEKTPUYECKOrO IIOJIS, MBI
MOJIYYMM KapTHUHY JIMHUN TOKA B MOTOKE KMJIKOCTH. DTOT COCOO MOITYYU Ha3BaHUE
«aHanoruu B».

[TocTpoeHnue ruapoarHaAMUYECKO ceTkn TeueHuss merogoMm OI'JIA ocymect-
BJIsIeTCS OBICTPO, HE TPeOyeT BHICOKOM KBATM(PHUKALIMK UCTIOJHUTENIEH WIIA CIOKHOTO
000OpyI0BaHUsl U B TO K€ BpeMsi 00ECIIEYMBAET BBICOKYIO TOYHOCTh PELICHUSA. DTUM
0OBSCHSAETCS €ro MHUPOKOE NPUMEHEHHE.

4.4. Buxpeesoe 0guiicenue Hcuoxkocmu

Kak mnokazano B mnopgpaszgene 4.1, yrioBas CKOpPOCTb BpAIICHUS KUIKOTO
AJIEMEHTa BBIpaXKaeTcs 4epe3 MPOU3BOAHBIE CKOpOCTH TedeHus (opmynamu (7.2).
VYTII0BOM CKOPOCTH @ INPU 3TOM IPUIMUCHIBAETCS BEKTOPHBIA CMBICI: 3TO - BEKTOD,
HOPMAJIBHBIN K IJIOCKOCTH BPAILEHHs YaCTHUIbl 1 OPUEHTUPOBAHHBIN TaKUM 00pa3oM,
YTO U3 €ro KOHIA BPAIllEHHE Ka)KeTCs MPOUCXOAIIUM IMPOTUB 4acoBOil cTpenku. Kak
U BCSAKHUI BEKTOpP, BEKTOP YIVIOBOM CKOPOCTH MMEET HEKOTOpPOE paclpesesieHue B
IIPOCTPAHCTBE - «BUXPEBOE TOJIEN.

TouHo Tak ’xe, kak ObUIa ONpeZeNieHa JIMHUS TOKAa, MOKHO BBECTH IMOHSTHE
6UXpeBOU NUHUY - ITO TaKas JIMHUSA, B KAKIOM TOUKE KOTOPOM BEKTOpP YIVIOBOM
CKOPOCTH HaIlpaBJIeH II0 KacaTeabHOW K Hed. O4eBHIHO, BUXpEBas JIMHUS TNpE.-
CTaBJIAET COOOW MTHOBEHHYIO OCh BpAlllEHUs YaCTHUI] XKUAKOCTHU, Paclojararoiuxcs
Ha HEH.

BuxpeBble nUMHUM, NPOBEAEHHBIE YEpE3 BCE
TOYKM 3aMKHYTOT'O 3JIEMEHTApHOTO KOHTYpa, B3f-
TOro B MOTOKe (puc. 4.5), 00pa3ymoT Guxpesywo
mpy6Ky (aHaJIOr 3JIEMEHTAapHON CTPYWKH, MOBEPX-
HOCTh KOTOpPOW COCTaBJiCHa W3 JIMHUH TOKA). Puc. 4.5
O6o3HauuM  TUIOLIaJb  HOPMAJIBHOTO  CEYCHHS
BUXpEBOl TpyOku uepe3 dF u OyneMm cUHUTaThb YIJIOBYIO CKOPOCTh BpAIIEHHS
IIOCTOSIHHOU I10 €€ CEYEHHUIO.

Humencuenocmoio dJ 3neMeHTapHON BUXPEBON TPYOKH HA3bIBAETCS yABOCHHOE
IIPOU3BEICHUE YITIOBOW CKOPOCTH BPAILEHUs HA IIOMIAb CCUCHMUS:

dJ = 20dF . (4.6)
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NHTEHCHBHOCTh BUXPEBOW TPYOKHM KOHEYHBIX Pa3MEpOB, ULl KOTOPOW HEINb3s
peHeOperaTh K3MEHEHUEM YIJIOBOM CKOPOCTH I10 CEYEHHIO, paBHA

J=[dJ =2|wdF =20,,F,
F F

TJI€ W, - CPEIIHSSI YTJIOBAst CKOPOCTH TI0 CEUEHUI0 F' BUXPEBOU TPYOKH.

IupKyIsiuus CKOpOCTH

Boigenum B IBHIKYIICHCS KUIKOCTH MPOU3BOJIBHBIA KOHTYP /, B HEKOTOpPOUH
TOYKE KOTOPOIO BEKTOP CKOPOCTH pPaBeH W, a €ro IMPOEKIMs Ha KacaTelbHYyI0 K
KOHTYpy paBHa w;. lIpouw3BeneHue 3TOM MPOEKIMU HA UIMHY 3JIEMEHTa KOHTYypa
Ha3bIBACTCS 21eMeHmapHou yupkyiayueu dl .

dl" = wdl = wcos(w,1)-dl.
Hupkynsuueit /' o BceMy KOHTYpPY / Ha3bIBaeTCsl HHTETpal

r=¢dr=§wdl. (4.7)
I I

3HaK UUPKYISALMH, BBIYUCICHHON 1O 3aMKHYTOMY KOHTYpPY, 3aBUCUT OT Halpa-
BIIeHUsT ero o6xoma. [loloXUTENbHBIM HaIpaBiIeHUEM 00X0/1a KOHTypa CUYHUTAIOT
TaKoe, Korja OrpaHHYeHHas UM 00JIaCTh OCTaeTcs cieBa. Pa3aMepHOCTh NUPKYISALNH -
M/c.

[TonaTtre TUPKYISUUM B THUAPOMEXAHHKE AHAJIOTMYHO MOHITUIO PaOOThl B
MEXaHHKE, TOJbKO BMECTO BEKTOPA CKOPOCTH B pabOTYy BXOAMUT BEKTOP CHUIIBI. JleicT-
BUTEJIbHO, paboTa cuibl f Ha DdJEeMEHTapHOM NyTH dl paBHa TPOU3BEIACHUIO
KacaTeJbHOM COCTABIISIIOLIEH CWIIbI Ha NyTh: fidl. PaboTa Ha HEKOTOPOM KOHEYHOM
NyTH TIOJIy4aeTCs HMHTETpUpOBaHHMEM, Kak u st dopmyinbl (4.7). B Ge3BuxpeBoM
(moTeHIMaILHOM) TEUCHHH UPKYJIALHS CKOPOCTH 10 JTH000MY KOHTYPY paBHA HYIIIO.
TonbKO MpH MOSIBJICHUU BPAIIATEILHOTO JABMKEHUS B )KUAKOCTH IUPKYJISIIIUA CTaHO-
BUTCS OTJIMYHOU OT HYJIA.

B psine npuMmeHeHH TUAPOMEXAHUKH NPUXOIUTCSA CTAJKUBATBhCA C 3aJayei
OMPEICJICHUS] CKOPOCTEH JIBMIKEHUS JKUIAKOCTH, BBI3BAHHOTO 3aJIAHHOW CHCTEMOU
BUXped. Bennunny mupkyasiuuu /' B INIOCKOM HUPKYJISAIIMOHHOM T€YEHUU (MU OKOJIO
OJIMHOYHOW BHUXPEBON TPYyOKH) MOYKHO OIPEAENINTh, €CIH 3aJaHa CKOpPOCTb W; Ha
OJIHOM W3 KOHLICHTPUYECKUX JIMHUM TOKA:

I =§wdl = w§dl = 2mw, .

Pacnpenesnenue 1aBjieHHs 10 MOBEPXHOCTH 00TEKAEMOI0 TeJia

Hccnemyem oOTekaHue Tella MPOU3BOJIBHOW (OpMBI PaBHOMEPHBIM ITOTOKOM
WJICaTbHOM HECKUMAEMOU KUIKOCTH. IlyCcTh Bamu oT Tela, TA€ MOTOK MOXHO CUH-
TaTh HEBO3MYIIIEHHBIM, CKOPOCTh T€YEHHUS paBHA W, , IaBJICHUE p . byjaem paccmar-

pUBATh MJIOCKUM TOPU3OHTAIBHBIN MOTOK (B MJIOCKOCTU X-)). [IpuMeHUM ypaBHEHUE
bepuymnu k crpyiike, mpoxosiiel mo MmoBepXHOCTU oOTekaeMoro Tena (puc. 4.6).
BriGepem ceueHust 3ToM CTpyHKH «Ha OECKOHEYHOCTHU», TJIe€ HE CKa3bIBAaeTCS MCKa-
JKarolee BIUSHUE Ha MOTOK O00TEKaeMoro Tejla, U B HEKOTOPOH TOYKE Ha MOBEPX-
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020 2
+ Do :7 + p. U3 ypaBHe-

HOCTH TCJIa, I'’I€ CKOPOCTh paBHAa W, JaBJICHUC p:

HUs bepHyIUIM HEMOCPEICTBEHHO CIEAYET

2 2
PW w
PP = I=—. (4.7)
2 w’
2
Bennunna *- Ha3BIBACTCS OUHAMUYECKUM Odaslenuem TOoToKa. MBI BeTpeya-

JUCh C HUM B pazjielie 2, paccMaTpuBasi MPpUHLMUI AecTBUS TpyOku IIuTto (hopmyrs

2.13 u 2.13a). be3pa3zmepHoe OTHOIIICHHE
2

p=— ==~
pWOO WOO
2

HOCHUT Ha3BaHUE KO3 uyuenma 0asieHusl.

Ha noBepxHocTH 00TekaeMOro Tena BeJMurMHa KO3 (GUIIMEHTa AaBICHUS OIpe-
NENSAETCA CKOPOCThIO TEYEHUS B TAHHOW TOYKE, T.€. TEM BO3MYIIAIOIINM JICUCTBUEM,
KOTOpOE OKa3blBa€T Ha IOTOK IOMEIIEHHOEe B Hero TBepaoe Tteno (puc.4.6). B
MepPEeTHEN «KPUTHUUECKOI» TOUKE A, T/Ie pa3BauBaeTCs HAOETAIMINI MOTOK, CKOOCTh

paBHa HYJIIO U BCA KHMHCTHYCCKASA OHCPIHA IMOTOKA HMACT HaA ITOBBINICHHUC JABJICHMA.
2

0

I[aBJ'IeHI/Ie 3ACCh IPEBLIIACT P, HAa BEJIMYMHY JMHAMUYCCKOI'O JaBJICHUA

B oGnactu yrosniienus o0TekaeMoro Tena
(y «Mumensi»), Tae CKOpPOCTh BCIICJICTBHE IIO/I- p

KaThsg TIOTOKA MPEBBILACT W, , KOIPPHUIHEHT 'T 5|

JABJICHUSI OTpUIIATEICH U p< p,. B caydae
0COOEHHO PE3KOro MajJieHus JaBjeHUsi B TOUke B
MOTYT Jla)k€ BO3HUKHYTh pa3pbIBbl MOTOKa. B
HEC)KUMAEMON JKMIKOCTH NpPU MAJACHUU p 10
JaBJICHUS TapooOpa3OBaHHUS MOXKET HaYaThCs
MPOILECC KaBUTALIUU. Puc. 4.6

Bo3spacranue naBieHust B KOpMOBOM 00J1a-
CTH, CBSI3aHHOE€ C YMEHBIICHHEM CKOPOCTH TEUEHHS, MOJHOCTHIO KOMIIEHCUPYET
M30BITOK JaBJICHHS B HOCOBOWM 4acTh. [losTomMy mpu OoOTEKaHMM Tella UOeanbHOl
AKUJKOCThIO PABHOJICUCTBYIONIAS CHJI JIaBJICHUSI B HAIIPaBJICHUU MOTOKA paBHA HYJIIO
(mapagokc JlanambOepa). B BsSI3KOU KMAKOCTH HMEET MECTO CHJIa CONPOTHUBIICHUA,
00yCOBJIEHHAs KacaTeIbHBIMU HAMPSKEHUSIMU TI0 TTOBEPXHOCTH 00TEKaeMoro Teja u
HEJIOCTATOYHBIM BO3PACTaHUEM JIaBJICHUS B KOPMOBOW 00JlacTU BCIEJACTBHE 00pa3o-
BaHMS TaM BUXPEBOU 30HBI.

[Ipyn oOTekaHuu Tella WACATBHOM JKUJKOCTBIO CHJIA COMPOTUBIICHUS, HANPaB-
JIEHHAs TI0 MOTOKY, paBHa HyJ10. OJHAKO B ATOM CIIy4yae BO3MOXHO CYIIECTBOBAHHE
CWJI, IEPIEHNKYJIApHBIX HanpasieHuto TeueHus. H.E. JKykoBckuii mokasai, 4ro npu

G
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HUPKYJIAIHMOHHOM OOTEKaHUM Tejla CJIOE€M KUIAKOCTU €AMHUYHON TOJILHUHBI CHIIA,
AeicTByIoIIas Ha TeJo, OyJeT paBHa

R, =pw, I’ (4.8)

Teopema H.E. Kyxoeckozco (GopMynupyeTcsi Tak:: MOIEpedyHas Cuiia, JCHCT-
BYIOIIIAsl HA TEJO, MPOMOPIMOHATIbHA TUIOTHOCTH, CKOPOCTH HAOEraroimero moToka u
MUPKYJISIIUN TI0 KOHTYPY, OXBaTbiBaloIieMy teno. @opmyina (4.8) BeIBeIeHA IS CIOS
€AMHUYHOM TOJIILIMHBI W OIpEeIeNsieT CUIy, JICUCTBYIOLIYI0O HA DJJIEMEHT IS
o0TekaemMoro Tesa, MOMepeYHbId pa3Mep KOTOPOTO paBeH €IWHUIIC JUTMHBL. B ciydae
oOTekaHMs Tella 3aJJaHHOM NJIWHBI BEIMYMHA ITOW CHIIBI (B HHIOTOHAX) OMPEEISIETCS
BBIPAKCHUEM

R, =pw,Il, (4.9)

rae [ - pasmep Tela B HANpaBiICHUM, NEPIEHIUKYJISIPHOM IUIOCKOCTH KOHTypa (B
cilydae 00TeKaHMs Kpblla 3TO JAJIMHA KPbLia).

Teopema H.E. JKykOBCKOTO MMEET OCHOBOIIOJIATAIONIEE 3HAYCHUE ISl TEOPUHU
Kpbuta. OTMETHM, YTO KPBUIOM B TMAPOMEXAHUKE HA3BIBAIOT HE TOJBKO HECYILYIO
IJIOCKOCTh CaMOJIETa WM CyJIHA HA MOJABOJHBIX KPBUIbSX, HO Y JIONACTH MPOIEIepa
WIM CYJOBOTO BHHTA, JIONATKY TYpOUHBI, KOMIIpECCOpPA WJIM HAacoca U BOOOUIE TEJO ¢
IUIaBHBIMM OOBOJAMU M 3a0CTPEHHOM 3aJHENl KPOMKOI, 00TEKaeMoe MPOJIOJIbHO WU
1oJ HEeOONBIIMMHU «yriamMu ataku». [Ipm oOTekaHUM Kpblaa C 3a0CTPEHHOM 3aHEN
KpOMKOH (hopMa ero ceueHus TAKOBa, YTO HEOOXOIMMBIH JIs MOSBJIECHUS LUPKYISUU
BUXpPh BO3HHMKAET 3/I€Ch CAMONPOU3BOJIBHO. B 3TOM COCTOMT CyTh nocmynama,
chopmynupoanHoro C.A. YamnsiruasiM 1 H.E. JKykoBckum: npu 0e30TpbIBHOM
00TEeKaHUU Kpblia OKOJIO HEro opMHUpYyeTCs Takas UUpKyJsiuus [, kKoTopas obecne-
YUBAET CXOJ CTPYEK € 3aJHEW KPOMKH BJOJIb CPEIHEN JIMHUU KPbLIA.

[MupkyasanOHHOE OOTEKAaHUE KPbUIa MOKET MCCIEA0BAThCS Ha DJIEKTPUUECKUX
Mozensax. Takue HccieqoBaHus MO3BOJISIIOT IOCTPOUTH JIMHUM TOKa Y =const WU

JIMHUM PaBHOTO NMOTEHLMANA ¢ = const W ONPEHAEIUTh UIUPKYIAUNUIO [’y Kpblia IIpu

pa3IMUHBIX YIJIaX aTakd, OMPENeTUTh CKOPOCTh M JaBJEHHUE B JIIOOOM TOUKe Ha
MMOBEPXHOCTH KphLia.

Paznen 5. IMHAMMUKA BSI3KOM JKNJIKOCTH

Hcxonnbie ypaBHEHUS U TPAHUYHBIC YCJIOBUA

[Ipu oOTexkanwu Tena peasbHOW (BS3KOM) JKHIKOCTHIO HA €r0 MOBEPXHOCTHU
MOSABJISIFOTCA KacaTEIbHbIC HAIIPSKEHUS, CBA3aHHBIE C JEUCTBUEM BSI3KOCTH. Takue xe
HaNpsKEHUS UMEIOT MECTO U MPU OTHOCUTEIIBHOM JBWKEHUU CJIOEB XKUJKOCTHU. [0
3aKoHy HbproTOHA 71 BSI3KOTO TPEHMS, KacaTelbHas cuia f, NEeUCTBYIOIIAs MEXTY
CJIOSIMU KUJKOCTU MPU UX OTHOCUTEIHLHOM JABUKEHUH, oripeensiercs popmyoii (1.4)

dw
f——/lFE-

JleiicTBUE BSI3KOCTH YUYWTBHIBAETCS BBeJeHUEM B AuddepeHuranbHble ypaBHEHUS
JBUKEHUSI YJICHOB, ONMMCHIBAIOIIMX BHYTpEHHEE TpeHue. B utore ypaBHeHUs! OKa3bl-
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BalOTCS 0o0Jiee CIIOKHBIMHM, YEM YPAaBHEHMS T'MAPOJAMHAMHUKUA HJICATBHON KUIKOCTHU
Diinepa (2.9). D10 - muddepeHnMaTbHBIE YpaBHEHUS IBIKCHUS BS3KOW HECKHMa-
eMol xuakoctu (ypasrnenus Hasve — Cmoxca).

I'pannunble ycioBus s pemieHns ypasHeHnid HaBbe - CTOKCa OTIMYAKOTCS OT
YCJIOBHM 17151 MACANbHON KUJIKOCTU. B TuHAMUKe uaealbHON KUIAKOCTH JOIYCKAaeTCs,
YTO JKMJIKOCTb CKOJIB3UT MO MOBEPXHOCTH 00TEKAEMOTro Teja ¢ KOHEUHOM CKOPOCTHIO.
[Ipu oOTekaHuM Tena BA3KOM JKUJIKOCThIO, KaK MOKAa3bIBAIOT OIBITHBIEC IAHHBIE, YaCTU-
1Bl JKUJIKOCTU npuiunarom K moBepxHocTH Tena. ClieoBaTelbHO, 316Ch OKa3bIBAIOTCS
PaBHBIMU HYJIIO HE TOJBKO HOPpMAbHble W,, HO U KacamelbHble W, COCTABJISIONINE
ckopoctu Teuenus. [locnennee rpannuHoe ycioBue (w; = () BecbMa YCIOXKHSET
pELIeHNE 3a/1a4, OTHOCSIIMXCS K ABUKEHUIO BA3KOM KUIKOCTU. Benencreue Mmarema-
TUYECKUX TPYAHOCTEH, CBSI3aHHBIX C HMHTETPUPOBAHHEM HEJIMHEWHBIX YpPaBHEHUU
Hagbe - CTokca npu 3TUX TPaHUYHBIX YCIOBHSX, O CHX IMOP MOJYYEHO OYEHb MaJO
TOYHBIX pelieHuil. [lo3ToMy /Uil peleHnsl KOHKPETHBIX 3aJa4 NPUOErarT K YIpolle-
HUIo ypaBHeHui HaBbe - CTokca, 4TOOBI c1e/1aTh BO3MOKHBIM UX HHTETPUPOBAHHUE.

OauH 13 crnoco0OB TaKOro YHIPOUIEHUS COCTOUT B MPEHEOPEKEHUU WHEPLUU-
OHHBIMU (KOHBEKTHMBHBIMH) UJIEHAMHU B YPaBHEHUSX JIBWKEHUS OTO NPHUOIMKEHUE
OMpAaB/IaHO TOJIBKO B Clly4ae JOMHUHHUPYIOUIETO BIMSHHUS BSI3KOCTU WM NMPU OYEHb

. wL . . .
MajblX yuciaax PeliHonbaca Re=— (31ech L - XapakTepHBIN JIMHEHHBIN pa3Mep
v

JUISl pacCMaTpUBAEMOM 3a/1auu, HAIpUMEpP AUAMETp TPYObl WM MOIMEPEUYHbIA pa3Mep
obtrekaemoro Tena). [pyroi cmoco6 ympomieHus ypaBHeHuii Habe - Ctokca,
npeasioxkeHHblid [IpaHaTiaeM, OCHOBBIBAETCS HA MPEAIONIO0KEHUH, YTO TIPU IBUKEHUU
MAaJIOBSI3KOM KUIKOCTH BJOJIb TIOBEPXHOCTH YI00000TEKAEMOTO TeJla YaCTHIIbI 3aTOP-
Ma)KMBAKOTCSI TOJIBKO B TOHKOM MPUCTEHHOM CJIO€, TJE€ BEJIUKHU ITONEPEUHbIE IPaly-
€HTBl CKOPOCTH U MPOIIOPLUHUOHAIBHBIE UM CHUJIbI BA3KOro TpeHus. [Ipenens mpume-
HUMOCTH 3THX CHOCOOOB YTPOIICHHS YPAaBHEHHM JBUKEHUS MOTYT OBITh YCTaHOB-
JIEHBI TOJIBKO IKCIIEPUMEHTAILHO. bosee cloxkHble 3a7auu (HampuMmep, onpeiesieHue
CUJIOBOTO B3aUMOJECHCTBHS TMOTOKA C TEJIOM MPOU3BOJIBHOW (DOPMBI) MPUXOAUTCS
pelIaTh ONBITHBIM ITyTEM.

5.2. Mooenuposanue 6 2udpozazoounamuxe

IpyHIMNIBI ATUHAMUYECKOT0 MO100UA

HarypHble 00BEKTBI, ¢ KOTOPHIMH HMMEIOT IO THAPOMEXaHMKAa M Ta30]I1-
HaMHKa, - THAPOMAIINHBI, KOpaOJu, THAPOTEXHUUECKHUE COOPYKEHUS JIIT HEeC)KHUMa-
e€MOH JKMJIKOCTH, a TaK)Ke MapOBbIC M Ta30BbIe TYPOMHBI, KOMIIPECCOPHI, CaMOJICTHI,
PAKEThI - CIIUIIKOM BEJUKH 0 pa3MepaM, CIIOKHBI U JOPOTH, YTOOBI UX MOKHO OBLIO
UCIIBITHIBATh TOJILKO B HATYPAJIbHBIX YCIOBUSAX. MOJIEIN pa3iMuHbIX BAPUAHTOB 3TUX
00BEKTOB HCTIBITHIBAIOTCS OOBIYHO B CTAJANH MX MMPOCKTUPOBAHUS U pacueTa. [loaTtomy
00JBITIIOE 3HAYEHUE MPUOOPETIa meopusi MoOeIuposars, pazpadbaTeBaoIIas mpaBuiIa
W YCJIOBUS TPOBEACHUS IKCICPUMEHTOB U TNEPEHOCA PE3YyJbTATOB IKCIIEPUMEHTA C
MOJIEJIN Ha HATYpY.

JIBIDKEHUEM KUJKOCTH YIPABISIIOT CHWJIBl TSXKECTH, WHEPIUU, JaBICHUS U
Tpenusi. OHM pa3IUYHBI 110 CBOEMY MPOUCXOXKACHUIO U MPUPOJES, U Kakaas U3 HUX
U3MEHSETCS MPU W3MEHEHHHM CKOPOCTEH, pa3MepoB IMOTOKAa U JIPYTUX YCIOBHUM IO
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CBOMM OCOOBIM 3akoHaM. OJIHaKO BO MHOTHX 3a/lauyax MPUXOAUTCS PacCMaTpUBaTh
COBMECTHOE JICMCTBHUE 3TUX CUJI U OMPEACIISITh BEJIMUMHY OTHOLICHUSI OJTHOM U3 HUX K
npyroit. McciaenoBanueM 3THX BOMPOCOB 3aHUMACTCS meopus N000OUs TIOTOKOB.

[Ipu MopenupoBaHWM B THUIPOMEXAHUKE M Ta30JIMHAMUKE HEAOCTATOYHO
JTOOUTHCSI TEOMETPUYECKOr0 MOA00US MOJIETU U HATYpPHI, T. €. MPOMOPLHHUOHATIBHOCTH
UX CXOJACTBEHHBIX pa3MepoB. JIOKHO OBITH OOECIEUeHO eIlle TUHAMHUYECKOEe IO0JI0-
oue. OCHOBHBIC TPEOOBAHUS OUHAMUYECKO20 TIOJJOOUS TAKOBBI:

1. B HaTypHOM ¥ MOJIEJIBHOM MTOTOKaX JOJI>KHBI JICCTBOBATh CHJIbI OJJTUHAKOBOM
(bU3UYECKOM MPUPOIBI.

2. B CXOACTBEHHBIX TOYKAaX HATYpPHOTO M MOJEIBLHOIO MOTOKA JCUCTBYIOIIUE
CUJIbI JIOJDKHBI HaXOJUTHCA B MOCTOSSHHOM COOTHOIIEHUHU. Tak, €Ciau Ha HEKOTOPOM
MMOBEPXHOCTH HAaTypHOro 0ObeKTa ACHCTBYeT cuiia naBiieHus P u cwia Tpenust 7, a
Ha MOJIETIU 3T € CUJIbI paBHBI COOTBETCTBEHHO P, u T, TO yCI0BUE TUHAMUYECKOTO
OA00MS I DTUX CHJI 3aIIMCHIBACTCS B BUJIE

P PM P T
—=—— WJIU — = —— = CONst.
T TM PM M

3. I'paHMuYHbIE Y HaYyaJbHbBIE YCIOBUA AJISI HATYPHOTO U MOJEIBHOTO MOTOKOB
JOJIKHBI COBIIA/IaTh.

[lonobue Ha3bIBAE€TCS NOAHBLIM, €CIIM B HATYpPHOM W MOJEIBHOM IOTOKax
OJIMHAKOBBI OTHOIICHUS JIOOBIX NEHCTBYIOIIUX CUJI, HAIPUMEP: CHJIbI TPEHUS K CUJIe
WHEPLHH, CUJIbI JIaBICHUSI K CHUJI€ WHEPIUHU, CUIbl TSHKECTH K CHIIE WHEPLHH.
BcenenctBue pasHoil mMpUpOIbl 3THUX CHJI OHHM IO-pPAa3HOMY 3aBUCAT OT CKOPOCTH U
pa3MepoB MOTOKA, MOATOMY Ha YMEHBIIEHHOM MOJIENM YacTO HE YJaeTcsl AOOUThCS
MOJIHOTO JMHAMHUYECKOro mojolus. B 3ToM ciyyae TOBOJIBCTBYIOTCS COONIOACHUEM
yacmuyHoeo NoAoOus, T. €. TOXKAECTBEHHOCTH IJisi HATypbl U MOJENU JHIIb OTHO-
IIEHUSI KAKUX-TO JBYX CHJI, KOTOPBIE MPEANOIAratoTCs OMPEAESIOMNMU ISl JAHHOTO
notoka. [1o ocTtagbHBIM cHJlaM B 3TOM cilydae Mojo0ue He COOI0aeTcs, U T0ITOMY
JaHHBIE MOJEIBHOTO PKCIEPUMEHTA MIPU YaCTUYHOM MOJI0OMH HE MOTYT B TOUHOCTH
COOTBETCTBOBaTh Harype. Ho B psje ciiydaeB AEWCTBHE 3TUX CHJI MPEHEOPEKUMO
Majio JIMOO0 MOXKET OBITh PACCUYMTAHO TEOPETUUYECKU; MOITOMY MOJEIUPOBAHUE NPU
YaCTUYHOM IOI00MH MOJTYUHUIIO HIMPOKOE PACIPOCTPAHEHUE.

HpioTOHOM BBIBEZICH 3aKOH TWHAMUYECKOTO MOA0OMS, KOTOPBIM MOXKET OBITh
MIPE/ICTABIIEH YPABHEHUEM

S S = Ne = const , (5.1)

pl’w?  pLws

rae [ — cuia B3aMMOJICUCTBHS MOTOKAa C OOTEKAEMBIM TEJIOM, p - TIOTHOCTH JKH]I-
KOCTH, [ — XapaKTepHBIM pazmep oO0TekaeMoro Teia, w - CKOpoCcTh oOTekaHus. UH-
JIEKCOM M 0003HAYEHBI TAPAMETPhI, OTHOCAIITUECS K MOJIEIIH.

Ecnu B pesynpTaTe a’dpoIMHAMHUYECKOTO AKCIIEPUMEHTa (HarmpuMep, TpH Mpo-
AyBKE MOJICNIA B a’pOJAMHAMUYECKON TpyOe) ompe/enena HeKoTopas cuia f,, (Hampu-
Mep, cuiia T000BOTO COMPOTHUBIICHUS ), TO TIPU MU3BECTHBIX MapameTpax MOJCIH 0, L,

S

2. 2
leMWM

W,, JICTKO BBIYHUCJIINTDH YHCJIO Herorona: Ne = . Ecin 9KCIICPUMCHT BBIIIOJIHCH
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C COOJIFOICHHEM TTOJTHOTO JHHAMHYECKOTO MOJ00Ms, TO HaTypHasi adpoAMHAMHYCCKas
cwia f MOXeT ObITh ompenaenieHa u3 Beipaxkenus (5.1): f = Nep [ ?w? . O6o3Hauas

[°’=F, rne F - «XapakTepHas IUIOWIA/b» IOTOKA, U NPUHMMAasi BO BHUMAHHUE, YTO

o’

5 - JUHAMHUYCCKOC IOAaBJICHUC ITIOTOKA, IMPUBEACM IIOCIICAHCC PABCHCTBO K BUIY:

2
f =2NeF 'OWT, i, 0003HaunB 2Ne = C, IOTy4YUM

2
f= CF'DWT. (5.2)
3nech C — 3TO aspoouHamuueckuti Ko3gguyuenm st TAaHHOTO MOTOKA!
2R,
C=2Ne=—"—.

B wactHOCTH, mpW OIpeneNeHnu IOJAbEMHOW CHWJIBI KpbuUla R, a’poauHa-
Muueckuit ko3 duieHT obo3Havarot uepe3 C,, B KaueCTBE XapaKTEPHOMU ILIOIIAAN
F Oepyt muioniaaps HauboJbLIeH mpoekuuu kpbuia. [Ipu onpeneneHuu cuisl 1060BOro
COMPOTHUBJICHUSI HEKOTOPOTO Tena R, a3poauHaMHUecKuil KodpPuimeHT 0603Hava0T
yepe3 C,, B Ka4eCTBE XapaKTEpHOW IUIOWAAM OepyT IUIou[aJb MUAENIEBOro (Hau-
OOJIBIIETO TIOTIEPEYHOr0) CEUEHUs Tena.

OO6mmii 3aKkOH JUHAMUYEcKoro moaobus HpioToHa Mo3BOJSET HA OCHOBaHUU
HKCIIEPUMEHTOB, TOCTABJICHHBIX HAa JMHAMHYECKU TOJOOHOW MOENH, ONpPEIETUTh
napaMeTpbl HaTypHOro mnotroka. Ho OH He AaeT yka3aHUM: KaK IMOCTaBUThb JKCIIE-
PUMEHT, 4TOOBI MOJIENbh ObllIa JMHAMHUYECKHU 1Moj00Ha HaType. OTBET Ha ATOT BOIPOC
MOJIYYar0T, pACCMATPUBasl Pa3IMUHbIC CITy9ar YACTUIHOTO OO0,

IKCNEePUMEHTAIbHbIE YCTAHOBKH B THAPOra30iuHAMHKeE

UccnenoBanne JBUXKEHUS Tella OTHOCUTENBHO TOKOSIIEHCS  KUIKOCTH
BO3MOXHO JIByMs CIIOCOOaMH:

1) mpoTackuBaHUEM MOJIEJIH B HEMOJIBUKHOM KUIKOCTH;

2) oOTeKaHWeM HETOABUKHOW MOJIEITH PABHOMEPHBIM MOTOKOM KHJIKOCTH.

[lepBbIil cioco6 mpuUMEHsIETCs], TIaBHBIM 00pa3oM, MPU WCIBITAHUU Mojeei
CyIIOB B CHEIHAIbHBIX OacceitHax. Mojenb cyaHa, BHIIOJHEHHAsS B HEKOTOPOM Mac-
mTabe TeOMEeTPUUYECKH MOJO0OHON HATYPHOMY CYIHY, MTPOTACKUBACTCS CIICIIHMATLHBIM
YCTPOWUCTBOM C OIPEACIICHHONW CKOPOCTBIO BJOJL KaHaJIa, MPUYEM TUHAMOMETPHI
(«ruapOAMTHAMUYECKHE BECHD») M3MEPSIOT CHITy compoTuBieHus. [Ipucoenunss nat-
YUKW JAaBJICHUS K JPEHAXHBIM OTBEPCTHUSM, BBIMIOJHEHHBIM 3aIMOJJIUII0 C TOBEPX-
HOCTBIO MOJIEJIA, MOKHO BBISSBUTH TaK)Ke paclpe/ieiiCHUE IaBIICHUS 10 00TEKaeMOMY
JTHUITY ¥ OOpTaM.

B aspoamHaMu4eCcKHUX HCCICTOBAHMIX MPUMEHSICTCS MPEUMYIIECTBEHHO BTO-
poit croco6: Mojenb OO0TEeKaeTCs MOTOKOM BO31yXa B a3poO0uHamudeckou mpyoe.
[ToTok BO3MyXa, HMPKYJIUPYIOIIUA B TpyOe, MOJydaeT SHEPrHi0 OT BEHTUJISTOPA.
CyxeHue noToka B KOHGY30pHOM KOJUIEKTOPE MO3BOJISET MOJYyUYUTh B paboueil YacTu
TpyOBbI, IJIe YCTaHABIUBAIOTCS MOJCIIU UCCIEAYEMbIX Tell, 00Jiee BEICOKYIO CKOPOCTD U
OOJIBIIYI0 PAaBHOMEPHOCTh MOTOKA, Y€M B OCTAJbHBIX yudacTkax. [Ipoiias pabouyio
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9acTh TPyObl, BO3AYX BO3BpaIaeTcsi K KoHPY30py MO 00paTHOMY KaHay. A3poInHa-
MHUYECKHE CWJIBI TPH MPOJIYBKE ONPEICISIFOTCS C IMOMOIIBIO adpOJMHAMHYCCKUAX
BECOB, paclpe/ieiCHHe JaBJICHUS IO IMOBEPXHOCTH TEJ - C MOMOIIBIO MbE30METPOB
WIH MHUKPOMaHOMETPOB, MPUCOCIUHAECMBIX K JPEHAKHBIM OTBEPCTHSAM. B ra3onnHa-
MHUYECKUX TpyOax, MPUMEHIEMBIX U1 MCCIIeOBaHUS OOTeKaHUs MpH 4Yuciax Maxa
OoJIbIlIe CIMHHUIIBI, CBEPX3BYKOBOW IMOTOK IOJY4YarOT C MOMOIII0 coria JlaBais. B
STHX OMbBITaX HIUPOKO MPUMEHSIOTCS ONTHYECKHUE METOJIbI MCCIICIOBAHUS, TIO3BOJISS-
IOIIHE CJCIAaTh BUIUMOM CUCTEMY CKaYKOB U BOJIH Pa3peKCeHH y Tela.

B Takux 3amadax, Kak, HampuMmep, HCCIEIOBaHHE OCOOCHHOCTEH IMOTOKOB B
paboyeM IPOCTPAHCTBE METAILUTYPTrUYCCKUX HIIM TEXHOJOTHYCCKHUX IICUYCH, TCUCHUS B
THIPOY3JIaX, HCKOMBIM SIBJIICTCS HE CHJIOBOE B3aMMOJICHCTBHE MTOTOKA C TEJIOM, a €0
CKOPOCTHOE I10JI€ - BEJIMUMHBI M T'PAJUCHTHI CKOPOCTH, PACIOI0KCHHE BHXPEBBIX U
3aCTOMHBIX 30H U T. A. [Iog00HBIE CiTydaW HCCISAYIOTCS MPEUMYIICCTBCHHO Ha TH/I-
PaBIIMYECKAX MOJECIIAX, MO3BOJISIOMINX HAUOOJIEe MPOCTO BHISIBUTH KMHEMATHYCCKUE
0COOEHHOCTH TE€UEHHUS.

6.3. Ilooooue nomoxoe npu oelicmeuu paznudHvlxX Cul
I'paBuTanmonHoe nmogodue
[IycTh B IOTOKE OCHOBHOM JEHCTBYIONIIEH CHIION siBisieTcs cuia Tskectu G. Ee

MOXKHO TIPEJICTaBUTD JIJIS1 YaCTHUIIBI Macchl m Kak G =mg = pl 3 g, Tle g - YCKOPEHHUE

CWJIBI TSKECTH; [ - XapakTepHbIi pazMep oO0beMa. CoriacHO 3aKOHY JMHAMHYECKOTO
nono6uss HproToOHa OTHOIIEHHE CHIJI TSXKECTH, JEHCTBYIOIIMX HAa CXOJCTBEHHbIE
YaCTHIIbI HATYPbl U MOJIETH, MOYUHSETCS paBeHCTBY (5.1):

3 2.2 2 2
G _ e Pl Y = = Fr=const. (5.2)
G, p,lg, p.l.w, lg 1,g,

2
be3pazmepHoe uucio Y — Fr mocur nassamue wucia ®@pyoa. Takum obpa-
lg
30M, €CJTH B paCCMAaTPHUBAEMOM ITOTOKE OTIPEIEISAIONIEH SBIISICTCS CHJIA TSKECTH, TO Ha
TUHAMUYECKH TMOJ00HOW Mojenn W B Harype uyucina @Opyaa AOMKHBI OBITh
ToXIecTBeHHbIMA. COOJIIOICHHE TIOCTOSHCTBA 4HCNIa F7 OTBEYaeT YaCTUYHOMY
MOJIOOHUIO MO IEUCTBUIO CUJIBI TSIKECTH.

['paBUTAIIMOHHOE MOJICIMPOBAHHUE IIUPOKO MPUMEHSETCS MJIsi WCCIICTOBAHMS
SIBIICHUH, CBSI3aHHBIX C JABM)KCHHEM HEC)KHUMAEMBbIX JKHJIKOCTEH MO/ JCHCTBHEM CHIIBI
TSOKECTH. B YacTHOCTH, TIpH JBWKEHWHW Cy/HA HA MOBEPXHOCTH BOABI 00pa3yroTCs
BOJIHBI, JIaBJICHWE KOTOPBIX COCTABISET 3HAYUTENIbHYIO YacTh JIOOOBOTO COMPOTHB-
JeHusl. DKCIEPUMEHTHI TI0 OMPEICIICHUIO CUIIBI COMTPOTUBIICHUSI CYJIHA TIPOBOSTCS B
cnenuanbHbIX OacceiiHax. [lockonbky B 1a00paTOPHBIX YCIOBHUSX OOBIYHO g = g, TO

[
u3 ypaBHeHus (5.2) ciaenyer, 4to w,, =w TM , T. €. TIpY TPAaBUTAIMOHHOM TOJ100UHU

MacmTad CKOpoCTeW MPOIMOPLMOHANIEH KBaJIpaTHOMY KOPHIO M3 MaciiTtada JIvH.
Hampumep, ecniu mMojens cynHa BhIMOJIHEHA B Maciitade 1/16 HatypaibHOW Beld-
YUHBI, TO CKOPOCTh €€ MPOTACKUBAHUS B OacceiiHe JOHKHA COCTaBIATh 1/4 ckopocTu
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HAaTypHOTO CyaHA. B ombITax Ha MOIENSX HACOCOB, THAPOTYPOWH, TUIOTUH THIPO-
Y3JI0B TaKXKe JODKHBI OBITh OAMHAKOBEIMU unciia Opyna.

BazkocTHOE MOg00HE

[TycTh B MOTOKE OCHOBHYIO POJIb MTPAIOT CHJIBI BS3KOTO TpeHus 1. DTo crpa-
BEITMBO JUTSI TEX CIIydaeB, KOTJa OTHOCHUTEIbHAS POJIh CHJIBI Beca Majia 10 CpaBHE-
HUIO C CHJIAMH BSI3KOTO TPCHUS, HAIPUMEP TPH OCEJaHWN MEJIKMX YaCTHIl B BS3KOH
KUJAKOCTH WM TIPU BCIUIBIBAHWM Kareiab HeprenmpoaykToB B Bojae. CHIIBI BS3KOTO
TpeHust omnpenenstorcs Gopmynoii Hetorona (1.4). Beipaxas 1iomanbs COMPUKOC-
HOBCHUS CJIOCB F depe3 KBajpaT XapakKTEpHOro pa3Mepa 4YacTHUIBI /, a TPagucHT

W .
CKOPOCTH —— Yepe3 OTHOIIECHUE XapaKTePHOM CKOPOCTH K XapaKTepHOMY pazMepy
dn

w/l, 3anumeM BeipakeHue (1.4) B Bune: 7 = plw. C uCNoabp30BaHUEM 3aKOHA JIMHA-

Muueckoro nogooust Hetotona (5.1) nonyvyaem

T l 12 w? ! 1w
__HE _ p2w2’ a2 Pl po_ const .
TM /uMlMgM IOMZMWM H Hy
Tak Kak - =v , TIIE V - KHHEMaTHYECKUI KOd(D(MUIIHEHT BI3KOCTH, HMEEM
Yo,
[ w,l
W _Pulw _ pe— const ; (5.3)
% %

M

wl .
oTHomIeHue — = Re, 3T0 yucno Peiinonvoca.
v

Taxkum oOpaszom, eciii B paccMaTpPUBAeMOM ITIOTOKE OIpeISsoNias cuia - 3T0
BSI3KOE TPEHHUE, TO MOJIEIb OyAeT JUHAMHYECKHU MOI00HA HAType, €I BBIUUCIICHHBIC
U1t HUX yncia PeiiHonpaca oanuHakoBel. CoOI0OneHE TIOCTOSTHCTBA YKciia Re OTBe-
YaeT YaCTUYHOMY MOJI00UIO MO JEUCTBUIO CUIIBI BSI3KOTO TPEHUSI.

BsizkocTHOE MoOmenMpoBaHre MPUMEHSETCS TJIABHBIM 00pa3oM MpU Ompesere-

HHUHU COIIPOTUBJIICHUSA KUIAKOCTH. B YaCTHOCTHU, U3 THUAPABIUKU HU3BCCTHO BIIMAHUC

wD
gyucia Re=—— Ha THAPABINYECKOE COMPOTUBICHUE TPYObI NpHU JIAMUHAPHOM U
\%

TypOyJIEHTHOM peXuMax (B 3TOM Clydae B Ka4eCTBE XapaKTEPHOTO pa3Mepa MOTOKa
MCIIOJB30BaNICs AuameTp TpyOnl D). B kauecTBe npyroro npumepa Ha puc. 5.1 npen-
CTaBJICHA TOJY4Y€HHAs B OMBITaX 3aBUCUMOCTh KO3 (UIIMEHTA JTOOOBOTO COMPOTUB-

w
JIeHUs 11apa oT uncia Re =— (37ech d - TUaMeTp 1apa).
%

Kak mokazano B pazzgene 2, uucino PeliHonbaca BbeIpakaeT B 0e3pazMepHOM
BHUJIC COOTHOIIICHNE MKy CHJIAaMU MHEPIIMU U BA3KOCTU. Ecin  Re Majo, TO B MOTOKE
npeoOIagaroT CUIIBI BS3KOTO TpeHus. Ecnmu  Re BenHWKO, TO TJIABHYIO POJIb HTPAIOT
cuiibl wHepuuu. JlJis 3TUX ABYX CIy4dacB 3aKOHBI COMPOTHUBICHUS OYEHb CHIBLHO
OTIWMYAIOTCSA APYT OT JApYra, B 4eM Mbl YK€ yOeTuIucCh MpU PacCMOTPEHUU MOTEPh
Harmopa 1o JuiMHe TpyObnl. Macmrad ckopocTed mpu BA3KOCTHOM MOJAOOHMU MOMKET
OBITH OompeiesieH u3 ypaBHeHUs (5.3):
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[ v,
w w = WI—T, (5 4)
M
. G T.€. OTHOIIIEHUE CKOPOCTEH 0OpaTHO MPOTO-
N AL PIMOHAIBHO MacIITaly JJIMH U MPOMOPIIN-
2 =\ =
\\<@ OHAJIbHO MaciTady Kod(hGHUIIMEHTOB BA3KO-
’ - ctu. Ecnm onbIThl (Hampumep, B adpouHa-

)

5

\\\ @

N

<

- MUYECKOU TpyOe) MpOBOAATCA C TOH XKe
-1 . "y cpenoi (BO3QyXOM), 4TO M JJI HATYPHOIO
. 0o0bekTa, To cornacHo popmyre (5.4) yme-
o 0. 0 1 0° p’  HbIIeHHe macitadba moxenu [, / [ JOmKHO
Puc. 5.1 BBI3BIBATH IIPOIOPLIMOHAIBHOE YBEJINYECHUE
CKOpPOCTH NpoayBku Mozaenu. Eciau HaTyp-
HbIE€ CKOPOCTH JOCTATOYHO BEJIUKH, TO COOTBETCTBYIOIIME MOJEIbHBIE OYIyT, BO-
NEPBBIX, TPYAHOJOCTHKUMBI, @ BO-BTOPBIX, MX OCYIIECTBJICHHE IpPHUBEIO ObI B
00J1aCTh C)KMMAEMBbIX TIOTOKOB, B KOTOPBIX KpUTEpU moao0usi coBceM uHOMU. [1oato-
My TpU TNPOJIYyBKax B a’dpOJMHAMHUYECKOM TpyOe 4acTO MPUXOJIUTCS MUPHUTHCS C
HECOOII0ICHUEM TOYHOTO MOA00US CUIT TPEHUSI.
Ioxo0ue nBUKEHHUS CKMMAaEeMbIX Cpel
[Tpy ABMKEHUU CKUMAEMBIX KXUIKOCTEH (Ta30B) B 00JACTH MalbIX CKOPOCTEH
UX MOXKHO paccMaTpuBaTh Kak Heckumaemble. [lo mepe Bo3pacTaHHsl CKOPOCTH
MOTOKa BJIMSHHE CHUJI YINPYTOCTH BCE BO3PACTaeT M MPH CKOPOCTAX, ONM3KUX K
CKOPOCTH 3BYKa U MPEBBIIAIOIINX CKOPOCTh 3ByKa, CTAHOBUTCS MPE00IIaIaloIIUM 110
CPaBHEHUIO C BIIMSHUEM BS3KOCTM M BECOMOCTH. B 3TOM ciiyyae Ha Mojaenu W B
HaType JOJIKHBI ObITh OJJMHAKOBBIMU wucia Maxa
K:W—M:M = const . (5.5)
a a

3 3 3 3 3 3

-1 0 4

0 0

M

ITopoOue KoJ1€0aTEIBLHBIX IBHKEHUH B JKHAKOCTH

[Tpu 3KCIEpUMEHTAIIBHOM HUCCIEA0BAHUH NEPUOANYECKH TOBTOPSIOIIUXCS MTPO-
LIECCOB, TAKUX, KaK CPBIB BUXPEW, KOJICOAHU JIONATKU WU KPbLa, HA MOJIETU U B Ha-
Type JOJKHBI 00eceunBaThCs OAMHAKOBBIE 3HaUeHUs yucia Cmpyxans Sh:

wl/L=w,T,/L,==Sh, (5.6)

rI€ W -CKOPOCTh OOTEKaroIIero moToka, L - pasmep oOTekaeMmoro temna, 7' - mepuo
KOJIeOaHMIA.

IHosHOE M YacTHUYHOE 1M0A00He

W3moskeHHBIC YCIOBUS TUHAMUYECKOTO MOI00US SBJSIOTCS OCHOBOMW IS TIpa-
BUJIBHOW TIOCTAHOBKH MOJICIIBHOTO 3KcrepuMeHTa. OJHAKO B HATYpe OOBIYHO CHIIBI
JICUCTBYIOT HE MOPO3Hb, a COBMECTHO. [I03TOMY OCHOBHBIE XapaKTEPUCTUKH IOTOKA
OKa3bIBAIOTCS 3aBUCAIIUMH HE OT KaKOTO-IM00 OJTHOTO KpUTepus noaodus - Fr, Re, M
wi Sh, a oT ux coderanus. B gactHOoCTH, KO3 UIIMEHT JIOOOBOTO COMPOTUBICHUS
o0TekaemMoro Tena ecTh (YHKIHS HECKOJIBKUX MEPEMEHHBIX:

C, =f(Fr, Re, M, Sh),
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M K TOMY K€ OH 3aBHCHUT OT ()OpPMBI M PACIIOJIOKCHHUS TeJia B MIOTOKE, CTEIICHU TYpOy-
JICHTHOCTH TOTOKA M, BO3MOXKHO, APYTHX (DaKTOPOB.

Ocy11ecTBUTH MOJIHOE MO/100MEe BCEX JCHCTBYIOMIMX CHJI HA MOJIEIN OOBIYHO HE
ynaetcs [loaTomy B psizie ciiydaeB 11eeco00pa3HO CTPEMUTHCS K TIOCTAHOBKE Hamyp-
HO20 JKCnepumeHma, T.€. K TPOBEJCHUIO OMbITAa B YCJIOBUSAX HATYpHOTO OOBEKTa
(TypOuHBI, camoJieTa  Jp.).

5.4. Ilocpanuunstii caoi

IlonsiTHEe MOrPAHUYHOTO CJIOA

[Ipu nBH>KEHHH € OOJBIIONW CKOPOCTBIO B MAJIOBA3KHUX >KHJIKOCTSX WIM ra3zax
y100000TeKaeMbIX TeNl JIEHCTBUE BA3KOCTH COCPENOTOYCHO B TOHKOM IMPUCTEHHOM
cioe - nocpanuyHom ciaoe. ONBIT MOKA3bIBAET, YTO TOJIIHMHA MOTPAHUYHOTO CIIOS
BECbMa Majia 10 CPABHEHUIO C pa3MepaMmu oOTekaeMoro tena. Tak, Hampumep, Npu
MPOJOJILHOM OOTEKaHWM IUIACTUHKM MOTOKOM BO3AyXa co ckopocthio 100 m/c Ha
paccTostHUM 1 M OT BXOJIHOM KPOMKH CKOPOCTh Ha MOBEPXHOCTH IJIACTUHKHU paBHA
HYJIIO, @ Ha pacCTOSTHUU 15 MM OT MOBEPXHOCTU OHA MpakTuyecku paBHa 100 m/c u He
U3MEHSETCS NpU AalbHEHIEeM yhaneHuu. M3-3a MalblX TpaJMeHTOB CKOPOCTH BO
BHEIIHEM TIOTOKE CHJIbl BA3KOCTH TaM MPEHEOPEKUMO Malbl; ABUKEHUE B ITOU
00JIaCTH MOTYMHSAETCS 3aKOHAM JTUHAMUKU UCATbHOM KUKOCTH.

Hcxons u3 3TX cooOpakeHU, Mpu 00TEKaHUH TeJ MAJIOBSI3KOM KUJIKOCTHIO U
npu OOJIBIION CKOPOCTH MOTOKA W MPOCTPAHCTBO, 3aHATOE MOTOKOM, MOKHO YCJIOBHO
pa30ouTh Ha TpU OOJNACTH, KOTOPHIE MBI PAaCCMOTPUM MPUMEHHUTEIBHO K OOTEKaHUIO
Kpbu1a (puc. 5.2).

riomeHyuaribHb L

V
IbepaHuHHBL criot
Puc. 5.2

IlepByto 001acTh 3aHMMAET MOTPAHUYHBINA CJIOM, B KOTOPOM CKOPOCTh TEUCHUS
MEHSIETCS OT HYJISI Ha TOBEPXHOCTH Teja JI0 CKOPOCTU HEBO3MYIICHHOTO MOTOKAa Ha
rpanuie ciod. Jlyig HarIaHOCTU Ha pUc. 5.2 MacmTad Uil MONEPEYHbIX pa3MepoB
BbIOpaH 0oJiee KPYMHBIM, Ye€M JIJIsl TIPOJAOJBHBIX; B JIEUCTBUTEILHOCTH MOTPAHUYHBIN
CJIOM MMEEeT MEHBIIYI0 TOJIIMHY. BTopas o0nacTh - a’dpoauHaMUYECKUi Clel, WU
CIyTHAsl CTPys, - COACPKUT YaCTHUIbl MOTPAHUYHOTO CJIOS, YHECEHHBIE MOTOKOM.
Tpetbst 00macTb - 3TO OCTajJbHOE MPOCTPAHCTBO, 3AHATOE IMOTOKOM, B KOTOPOM
KHUJIKOCTh MOYKHO CUUTATh UJCANTBHOMN, a JABM)KCHHUE - TPOUCXOAIINM O3 BpalieHUs
YacTHll, T.€. HOTCHIUAJIbHBIM.

B cuny mMamnoif TonieHsl MOrpaHUYHOTO CJIOS 0 TI0 CPaBHEHHUIO C pa3Mepamu
o0TekaeMoro Teina MOXKHO MpeHeOpedbh KPUBU3HOW TMOBEPXHOCTH W paccMaTPHUBATh
BBIOPAHHYIO CHCTEMY KOOPJIMHAT KaK OOBIYHYIO JAeKapToBY. B aToM ciydae cuctema
ypaBHenuii HaBbe - Ctokca (6.1) cymiecTBeHHO yrpoiiaercs. JlaBieHre BHELIHErOo
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MOTOKA TIEPEIaeTCs Yepe3 MOTPaHuYHBIN ClIol 0e3 m3meHeHui. [Ipu ycranoBHBIIEMCS
JIBIKCHUU CUCTEMa YPaBHEHUM B MOTPAHUYHOM CJIO€ MOXKET OBbITh MPEACTaBlICHA B
BUJIE cucmembl ypasHenuii [Ipanomius

dw, dw, lop ow,
YT T dy :—;$+v oy’ ;
3 (5.7)
o w w
* Y-y,
0x 0y

1 dp
[IpogonbHOE M3MEHEHUE NaBJIEHUS (YJIEH ——d—) B ypaBHeHusX lIpannrisa
X

MOKET OBITh BBIPAXKEHO YEpe3 pacIpe/iesieHne CKOPOCTEH BO BHELIHEM HEHCKaXeH-
HOM TIOTOKE, KOTOPOE MOKHO MOJIYYUTh B PE3YJIbTaTe PelIeHUs 3aaun 00 00TeKaHuu
TejJa MOTOKOM HJIealbHOM kuakocTH, Hanpumep MeroaoMm Ol JIA. Takum oOpazom
OCYILIECTBIISIETCSI «CTBIKOBKA» JIByX OCHOBHBIX TEOPETHUECKUX Pa3/IENIOB THIPOA’PO-
MEXaHHUKH - TUHAMUKU UACAITbHON U BA3KOM KUIKOCTH.

I'panuynble ycjioBus

OnHO W3 TpaHWYHBIX YCIOBUU pemieHust cuctembl (5.7) TpeOyeTr paBeHCTBa
HYJII0 BEKTOPa CKOPOCTH Ha TOBEPXHOCTH OOTEKAEMOTro TeJia

Wl oo =w,[ 20 =0. (5.8)

X

Bropoe ycnoBue npeaycmMaTpuBaeT OTCYTCTBUE TOPMOKEHHUS HA BHEIIHEH Irpa-
HUIIE [TOTPAaHUYHOTO ciosl. [I[pMHMMAlOT, YTO MOJIHOE U3MEHEHUE CKOPOCTU IPOUCXO-
IUT Ha PacCTOSSHUU KOHEYHOM TONIIMHBI IOTPAHUYHOIO CJIOSL O, OT HYJIsl HA CTEHKE
710 CKOPOCTU HEBO3MYIIIEHHOTO ITOTOKA Ha BHELIHEHN I'PaHUIE, T. €. BTOPOE I'PaHUYHOE
yCIIOBUE UMEET BUJI:

v, M s =0, (5.9)

oy

TypOyau3anusi NOrpaHUYHOrO CJIOS

OnbIT NMOKAa3bIBAET, YTO CIOUCTOE, JAMUHAPHOE TEUEHUE >KUJKOCTH B IOTpa-
HUYHOM CJI0€ HaOIrofaeTcs JIMIIb Ha HA4aJbHOM Yy4YacTKe 00TeKaeMOW IOBEPXHOCTH.
IIpu moctatoyHO OOJIBIIMX pa3Mepax OOTEKAeMOro Tejla Ha HEKOTOPOM PacCTOSHUU
OT MepeiHel KPUTHUECKON TOUKU Ha0JII01aeTCsl NEPECTPOCHUE JIAMUHAPHOTO TEUCHMUS
B mypOyieHmuoe, B KOTOPOM JIBU’KEHUE HOCUT HEYCTAHOBHUBIIMUKCS MYyJIbCALlMOHHBIN
xapakrep. Kpurnyeckast Touka Ha MOBEPXHOCTHU TeJa, IJI€ HAUMHAETCS Mepexo/] JIaMu-
HApHOTO TEUEHHUSl BHYTPHU MOTPAHUYHOTO CJIOS B TYpOYJIEHTHOE, HAa3bIBACTCS MOUKOU
nepexooa. CxemMa 00TEKaHMS KpbUIa C JBYMsSI BUAAMH MOTPAHUYHOTO CJIOS HAa HEM
npencrtaBieHa Ha puc. 5.3. O06xactb / COOTBETCTBYET JIAMUHAPHOMY MOTPAaHUIHOMY
CII010, 0071acTh 2 - TypOyJIeHTHOMY; TOUKU I, 1 7, COOTBETCTBYIOT Ha4ally mepexoja
JAMUHAPHOTO TOTPAHUYHOTO CJIOS B TypOYJIGHTHBIM Ha BEpXHEH M HUKHEH MOBEp-
XHOCTAX KpbLIa, B TOYKE S MPOUCXOIUT OTPBIB MOrpaHuyHoro ciod. Obmacte 3 -
a’POJIMHAMUYECKHM ClIe]T 3a TEJIOM, 00JIaCTh 4 - BHEIITHUN HEBO3MYIIIEHHBIN MOTOK.

OOBIYHO TpPEanoaramT, 4YTO B HEMOCPEACTBEHHON OnM30CTH OT 00TEKaeMOM
MIOBEPXHOCTH IyJIbCALIUU CKOPOCTH CAEPKUBAIOTCS 3TOM MOBEPXHOCTBIO U IBUKECHHE

Wy y=5 —
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3/1eCh JIAMMHApHOE. DTO - TaK Ha3blBAEMbIM JIAMUHAPHBIA MOJCIONW, aHAJIOTMYHbBINA
MOJICJION0 TIPYU JBH)KEHHUH XKUAKOCTH B TpyOax B OOJACTH TMIPABIMYECKHU TIAIKOTO
conporusieHus (pasznen 2). Ho TommuHa 3TOro moAcios HacTOJIBKO Malla, 4TO Ha
puc. 5.3 OoH He moka3aH. B ciaydae mOCTaTOYHO KPYIHBIX BBICTYIIOB IIEPOXOBATOCTH
Ha 00TeKaeMoi MOBEPXHOCTH JJAMUHAPHBIN MMOACION BOOOLIE pa3pyLIaeTcs.

Puc. 5.3
IlepecTpoeHue pexxuma TEYEHUS B IIOTPAHUYHOM CJIO€ 3aBUCUT OT BEIWYUHBI
o wx .
MECTHOro uyucna Pennombaca Re, =——, TOe X - pPacCTOSHME OT IEpeaHEN
v

KpHTH‘-IGCKOﬁ TOuku. B YaCTHOCTHU, COIJIACHO OKCIICPUMCHTAJIIbHBIM IOdHHBIM IIpH
IMPOJ0JIBbHOM 00TEKaHUU IUIACTUHKHM TOYKa nepexona JICXKHUT IPH 3HAYCHUAX Xy,

Weo X

— ~ . 5
p = ~5-10". Ilpn

COOTBETCTBYIOIIUX KPUTHUECKOMY unciay PeitHonbaca Re,
v

TypOYJIEHTHOM TE€YEHUU OOMEH KOJMYECTBOM JBUKEHUSI MEXKY CIOSIMH IMPOUCXOIUT
3a CUET B3aMMHOI0 IPOHUKHOBEHMS BUXPEBBIX YAaCTHUIL], Pa3MEPbl KOTOPBIX HAMHOTO
MPEBBIMIAIOT pa3Mepbl MoJieKyJl. [103ToMy 0OMEH KOTMYEeCTBOM JBMXKCHHS PE3KO BO3-
pacTaeT U COOTBETCTBEHHO YBEIUYHMBAETCS CUJia TpEHUsA. MexaHu3M TpeHHs B TypOy-
JICHTHOM TIOTPAHUYHOM CJIO€, KaK U B CIydae THAPABINYECKOTO COMMPOTUBIICHUS TPYO,
3aBHCHUT OT BEJIMYMHBI 4ncia PeiiHONIbACA U IEPOXOBATOCTH ITOBEPXHOCTH.

Pacuyer morpaHu4Horo cjaos

IIpu pacuere npenanonaracTcss U3BECTHBIM PACIPEACIECHUE CKOPOCTEN BO BHEIII-
HEM MOTOKE, KOTOPBIE MOT'YT OBITh ONPEAEICHbl METOIAMH TUAPOJIUHAMUKH UI€ATbON
KUJKOCTH WIH OIBITHBIM IIyTEM B PE3yJIbTAaTE WU3MEPEHUs PACHPENCIICHHS AaBICHUS
Ha MOBEPXHOCTU O0Tekaemoro Tena. HemsBecTHbIE BEIMUYUHBI - 3TO Wy, 0 U CHJA
TPEHHUs 7, a B ClIy4ae COKUMAEMOMU JKUJIKOCTH €IIE U p.

[Tpu npomonbHOM 00TEKAaHUH TOHKOM IUIOCKOH IUTACTUHKU CKOPOCTh BHEIIHETO

dUu
NOTOKA HE MEHSIETCS 10 JuHE X; wieHbl U e B ypaBHeHUsX [Ipannris (5.7) paBHbI
X

Hyt0. [103TOMYy OCHOBHBIE IMapamMeTpbl MOTPAHUYHOIO CJIOS HA IJIOCKOW IIACTUHKE
OTIpENIeNISIIOTCA HauboJiee MpOCTo. Pe3ynbTaThl 3TOr0 pacyeTa 4acTo MCIOJIb3YIOTCS
JUISE IPUOJU3UTENLHOTO ONpPEIeTeHUsI MapaMeTpOB MOTPAHUYHOTO CJIOS PA3IMYHBIX
yA00000TEKaeMBbIX TEJ - TOHKUX KPBUIBEB U JIp. PereHus it JaMHHApHOTO MOrpa-
HHUYHOTO CJIOSl UMEOT BUI:
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O=——=;T=—"—=pW,, (5.10)
\J Re, Re, "
Wy X .
rie Re, = - MecTHOE yncio PeliHonbaca.
1%

Pemenue /i IIIaCTUHKY MOKA3bIBAET, YTO B JAMUHAPHOM IIOIPAHUYHOM CIIO€
ero TOJIIMHA 0 HapacTaeT IO JUIMHE IUIACTUHKY IO NMapaboIMuecKoMy 3aKOHY, a Hall-
pSOKEHUE TPEeHUs 00paTHO MPONOPLUUOHAIBHO Jx (puc. 5.4). Orot 3akoH pu x = 0
JaeT 7 =o0. B NelCTBUTENBHOCTH HANIPSKEHNUE TPEHUS Y BXOJIHOM KPOMKH HE MOYKET
BO3pacTaTh 0€3rpaHUYHO, TaK KaK y PEAIbHOM IUIACTUHKHU (2 HE OECKOHEYHO TOHKOIN)
IIPOUCXOAUT TOPMOXKEHHME Yy BXOIHOM KPOMKHM U3-3a €€ KOHEYHOH TOJIIUHBI U
wx‘ =0 = 0. CnenoBarenbHo, B IepeIHEN KPUTUYECKOU TOUKE U r‘ <=0 = 0. IlosToMy
JNEHUCTBUTEIBHOE PACIPENCICHAE KACATEIbHBIX HAINPSOKEHUN HA IOBEPXHOCTH ILIAC-
TUHKM OyJeT TakuM, KaK MOKa3aHo Ha puc. 5.4 mTpuxoBoi iuHuel. BennunHa yda-
CTKa, K KOTOpOMYy HempumeHuMma ¢opmyna (9.10), 3aBUCUT OT CTENEHH 3a0CTPEH-
HOCTHU BXOJHOW KPOMKH IIJIACTUHKHU.

[TonHas cuna TpeHHs Ha MOBEPXHOCTH IJIACTUHKY JJIUHOW / M mMpuHOH b npu
JaMUHApHOM OOTEKaHUM Ha OJITHOM U3 CTOPOH IUIACTUHKU PaBHA:

) l
dx
3 3
R,,, =b[wdx=0.332b:] upwy | Nl 0.664b\ upw?1 .
0 0
O6mas hbopMyna I THAPOMHAMUYECKUX CHII 3aITMCHIBACTCS B BHUJIC
_1.328 ow’

e ﬂRel 2

rae Re, =

R

- MecTHOE 4yuciio PerHonbaca mid x = [.
v

CnenoBatensHo, ko3(G¢uuueHT conporusieHus C,, Ui
JIAMUHAPHO20 TIOTPAHUYHOTO CJIOS Ha TUIACTHHKE MOXET
OTpeeNAThCs 10 hopmyJie

1,328
Cops =— . (5.11)
Puc. 5.4 st mypbynrenmno2o NOTPAaHUYHOTO CIIOS Ha TIJIOCKOM

INIACTUHKC TOJIMIKWHA CJIOA WM KaCaTCJIIbHOC HAIIPAKCHUC
TPEHUS T ONpPEACNIIOTCs GopMyIaMu
5= 0.37x  0.0578 pw.

“ifRe, iR, 2

Bripaxxenue (5.12) mokasbiBaet, 4To B TYpOYJICHTHOM cjioe 7 YOBIBAaeT ¢ yja-
1

(5.12)

JICHHUECM OT BXOI[HOﬁ KPOMKH HIPOIMOPHHUOHAJIBHO X 5 , T.C. MCHCC HHTCHCHUBHO, Y€CM B
1

Cydae JJAMHUHAPHOTO CJIOsL, TAe 7~ Xx 2. PacmpeserneHue KacaTeabHBIX HAMPSKECHUH
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[0 JUIMHE IUIACTMHKH, HA KOTOPOM JAMHUHAPHBIA IOTPAHWYHBINA CIIOM IEPEXOIUT B

TypOyJICHTHBIN TIPH X = X » IPEJCTABIICHO Ha PHC. 5.5.

OnpenenuM TMOJHYIO CUJIy TPEHHUS IS TUIACTUHKHU JUIMHOW [ M IIUpUHOU b.
Koadhdumument C nns ompeneneHuss CUIbI TPEHUS HA OJHON CTOPOHE IUTACTHHKHU
paBeH

C, === (5.13)

JUIs MIIACTUHKW JJIMHOM /[ M WMPHHOW b TOJIHAsg CHII
TPEHUS HA OJIHOM CTOPOHE IJIACTUHKH paBHA

N

Rypy=Cop Fp W /2, (5.14)
X X
rone F = bl — mwiomans NIacTUHKH, b — ee
UpPUHA, [ — TIUHA, p W’/ 2 — IMHAMUYECKOE IaBJICHHUE TIO-
TOKA. Puc 5.5

DaKTOophl, BIUAOIINE HA TYPOYJIH3aAUMIO IOTPAHUYHOIO CJIOA

PaccmoTpum siBneHue TypOyiIM3aiiuu MOTPAHUYHOTO CJIOS B aHAJIOTHH C Tepe-
XOJIOM TEYeHHs B TpyOe U3 JaMHMHapHOro B TypOyieHTHoe. Ilpu paBHOMEpHOM
TE€YEHUHU B TpyOe B €€ MONEPEYHOM CEYEHHUH, KaK U B IIOIPAaHUYHOM CJIO€, IPOUCXOIUT
HapacTaHWE CKOPOCTH OT CTEHKH K OcH. [I03TOMy TONIMHY IOIpaHUYHOIO CIIOA

. D
MOJXHO CUHTAThb aHAJIOTHUYHOU PAINYCY TPY6I>I r 23 N MOKHO BBIYHUCIIATH 4YUCIIO

Woo

PeliHonbACa 1O TOJIIMHE MOIPAHUYHOTO CIOSL Reys; = . OIBIT ITOKa3BIBAET, YTO

v
Kputndeckoe 4ucio PenHonbaca Res, HAa IUIACTUHKE OKa3bIBAETCA B CpPEIHEM

wr
Onn3KuM K Re,,, =—— Juis TpyObl. ITO OOCTOSTEILCTBO TOBOPUT O TOM, YTO HOTEPSI
1%

BHYTPEHHEH YCTOWYMBOCTH JIAMUHAPHOTO ABM)KEHUA B TpyOe M B OTPAHUYHOM CJIOE
MMEET OJJMHAKOBYIO IIPUPOLY.

NwmeroTes, 0MHAKO, U CYHIECTBEHHBIE PA3TUYMSA MEKIY dTUMU SBICHUSAMH.

B tpy0e BennunHa Re, TPaKTUYECKU HE 3aBUCHUT OT HayaJbHBIX BO3MYILIEHUH,
BHOCUMBIX B TOTOK Ha BXOJHOM Yy4YacTKe TpYyObl; 3TH BO3MYIICHHS 3aTyXaloT B
JJAMUHApPHOM TE€UYEHUH, U TOJIBKO IOTEPs] BHYTPEHHEW YCTOMYMBOCTH IpU Re > Rey,
IOPUBOJUT K IOSBICHUIO MIyJbcaluil. B morpaHu4yHoM ciioe, Ha00OPOT, MOJOKEHHUE
TOYKH IE€PEXO/A CYIIECTBEHHO 3aBUCUT OT MHTEHCUBHOCTH TYpOYJEHTHBIX ITyJIbCa-
nuil B HaOeramolieM HOTOKE. DTO CBA3aHO C TEM, YTO Yepe3 BHELIHIOI TIPAaHHULLY
IIOTPAHUYHOI'O CJIOSI B HEr0 HENPEPBIBHO IOCTYINAIOT BO3MYIUEHUS M3 BHELIHETO
noToka. [Ipy MoBBIIIEHNH CTENEHU BO3MYIIEHHOCTH 3TOT0 NOTOKA BEJIMYMHA KPUTH-
4ecKoro yucna PeiHoybIca ymMeHBIIAETCs, TOYKA IEPEX0oJa CMEIIAECTCS HABCTPEUY
TeyeHuto. TakuMm 00pa3oM, yBEIMYEHHUE WHTEHCUBHOCTH IyJIbCALIMl BO BHEIIHEM
MOTOKE CIIOCOOCTBYET paHHEH TypOyIH3aIii MOrPAaHUYHOTO CIIOSI.

B TpyOe BennunHa Rey, NPaKTUUYECKU HE 3aBUCUT OT CTEIEHU IIEPOXOBATOCTH
CTEHOK: IIPH JIAMMHAPHOM TE€YEHHH CKOPOCTh BOJIM3U CTEHKH paBHA HYJIO, U BBICTYIIbI
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IIEPOXOBATOCTHU JIEKAT B 3aCTOMHON 00siacTH. B ciiyyae morpaHu4YHOro CjIosi y BXOJ-
HOM KPOMKHM TOTPAaHUYHBIA CIIOM TOJBKO HAYMHAET pPa3BUBATHCS (5‘ =0 = 0), U

OYropKH II€pOXOBAaTOCTH BBICOBBIBAIOTCS M3 TOTPAaHUYHOIO CJIOSl, BHOCS B HETO
BOo3MyIleHus. [103TOMy MOBBILIEHHE CTENEHU IIEPOXOBATOCTU CHOCOOCTBYET paHHEH
TypOyIHM3allid TOTPAHUYHOTO CJOS W YBEJIMYEHUIO COMPOTUBICHUSA TPEHHUS. ITO
SBJICHHE OCOOCHHO CHJIBHO CKa3bIBACTCS MPH OOJBIINX CKOPOCTAX 0O0TEKaHUs, TOITO-
My YyBEJIMYEHHE CKOpocTed (B aBHAlUU, TYpOUHOCTPOCHHHM W T.H.) MPEIbSABISCT
MOBBILICHHBIE TPEOOBAaHUSA K YMCTOTE 00pabOTKU 00TEKaeMOil MOBEPXHOCTH, OCOOEH-
HO BOJIM3H BXOJIHOM KPOMKH.

Bennunna xputmyeckoro umcia PeiiHosbaca U CcBsi3aHHAs ¢ HEUM KOOpAMHATA
TOYKU TEPEXOAA X, 3aBUCHUT TAKXKE OT TOTO, ABISETCS JIM T€YEHUE KOH(Y30PHBIM.
[ToBbIlIEHHE CKOPOCTH BHHU3 MO TEUEHHUIO B KOHPY30pHOM KaHAJle YTHETAET pa3BUTHUE
MOTPAHUYHOIO CJIOS U CIOCOOCTBYET €ro JIaMHUHM3allMW, BEIUYMHA KPUTHYECKOTO
yucina PeitHonpaca Bospactaer. HaoGopot, mepexoa k auddy30pHOMY TEUEHHIO
CIIOCOOCTBYET paHHEW TypOyiu3anuu mnorpaHu4Horo ciosi. Hampumep, Ha crnimuHke
KpblJIa caMoJjieTa WM JIONAaTKHM TypOOMAallMHBI HMMEETCs] BXOJHOW KOH(Y30pHBIN
Y4acCTOK, IJIe CKOPOCTh BO3PACTAET ¢ KOOPAMHATON X; 3[1€Ch IIOTPAHUYHBIN CIIOW, KaK
MpaBuJIo, JIAMUHAPHBIN. B 3amHel yactu kpbuia moTOK UGG Y30pHBINA U MOTPaHUHBIN

. U
cioit TypOynenTeH. Touka nmepexoia 00bIYHO OJIM3Ka K CEUCHHIO, B KOTOPOM 2 =0.
X

6.6. Ompbvie NOZPAHUUHO20 COA U CONPOMUGTICHUE NPU OMPLIGHOM
oomexanuu

PaccMoTpum 0OTekaHWe BBITYKIIOW MOBEPXHOCTH MOTOKOM BSI3KOW YKHUIKOCTH
(puc. 9.7). 3a TOukOH MHHMMyMa JIaBJICHHS B KOPMOBOW YacTH OOTEKAaeMOTO Teja

7) .
CKOpPOCTb BHU3 110 TCUCHUIO ITaAACT, JABJICHHUC HAPACTACT ( P >0 . >KI/II[KOCTB B OTOU

dx

Puc. 5.6

o0JacTd JBIKETCS TPOTHUB MOJITOPMAXKHUBAIOIIETO JCHCTBHS TMepenajga IaBICHHUS.
Ecnu Ob1 oHa Obla M€aNbHOM, TO 3amaca €€ KHHETUYECKON SHEPTUH, HAaKOIUICHHOTO

. )
B PE3yJIbTaT€ BO3PACTAHMS CKOPOCTH y BBIYKJION CTEHKH (y4acTOK d_p < () Ha puc.
RS
5.6), XBaTUIIO AJI MPEOAOJIECHUS 3TOT0 TOPMOKEHUS U MOTOK COMKHYJICS OBl Y 3a/HEH
KPUTHUYECKOM TOUYKU. B ciyuae, Korja >KUJIKOCTh BS3Kas, OHA TEPSIET B MOIPAHUYHOM
CJIOE CBOKO MEXAHHWYECKYH0 DHEpPrui0 Ha TpeHue. lloaTomy BceTpeuHblil mepenan

HaBJICHUS BBI3bIBACT CHAYAJId OCTAHOBKY, a 3aTCM U nonsAmHoe IBUKCHUC JKUAKOCTU B
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NOTPAaHUYHOM cjio€ (IIOTPAaHUYHBIM CJIOW Kak OBl BBIJABIMBACTCS HABCTpEUy
OCHOBHOMY MOTOKY). [Ipu BCcTpeue npssMoro u nomsiTHOro TeyeHus (Touka S Ha puc.
5.6) TMHUM TOKAa OTTECHSIIOTCSA OT MOBEPXHOCTU TE€Ja, TOJIIMHA MOTPAHUYHOTO CIOS
PE3KO YBEINYMBAETCS, & 3aTEM IPOUCXOAUT ETO OMPblg OT IOBEPXHOCTHU TEIA.

W3 npuBeneHHBIX COOOPaKEHH SICHO, YTO OCHOBHAs MPUYMHA OTPbIBA MOIpa-
HUYHOTO CJIOSl - BO3pAaCTaHHUE AAaBJICHUSA BHU3 IO Te4eHUIO. [losBIeHNE OTphIBA PE3KO
MEHSET KapTHMHY OOTEKaHMs Teja IO CpPaBHEHHIO C OOTEKaHUEM HCabHOM
KUAKOCTBIO. 32 TOYKOM OTpPHIBA JIMHWM TOKA Kak B IIOIPAHMYHOM CJIO€, TaK U BO
BHEIIHEM IIOTOKE YXE HE CIEAYIOT BJOJIb KOHTypa oOTekaemoro tena. YacTulel
IIOTPAHUYHOIO CJIOSI B PE3yJbTaT€ OTPbIBA M 3aKPYYMBAHMS 3HAYUTEIbHBIMU
rpaleHTaMyd CKOPOCTH, CBOMCTBEHHBIMU TE€UEHHIO B MOTPAHUYHOM CJIO€, 00pa3yroT
BHUXPH, KOTOPBIE IIOOYEPEIHO OTXOMAT OT IMOBEPXHOCTH TE€Ja M YHOCSTCS MOTOKOM,
bopMHpyst 3a TEIOM adpoouHaMuyecKull, WIA KuibeamepHulii, cied (0b6mactb 3 Ha
puc. 5.6). Ecnmu B 1000BO yacTu 00TeKaeMoro Teja pacmpeleieHue CKOpOCTed u
JaBJICHUN BO BHEIIHEM IMOTOKE OYE€Hb OJU3KO K COOTBETCTBYIOLIEMY PaCIpeICICHHIO
npyu OOTEKaHWM Tella WIEaTbHOM >KMIKOCTBbIO, TO B KOPMOBOW YacTH BCJEACTBUE
OTpbIBAa MOTPAHUYHOIO CJIOSA U OOpa3oBaHUs BUXPEBOro cilefa KapTHHA TEYEHUS
OKa3bIBAE€TCS COBEPIIEHHO OTJIWYHOM OT JABW)XEHHUS HWICalbHOM XHUIKOCTH. B
YACTHOCTH, KapTHHA TEYEHHs] IpPHU IONEpPEeYHOM OOTEKaHWH KPYrOBOTO LMJIMHpA
npeacTaBieHa Ha (oTorpadusix pasivyHbIX IOCIENOBATEIbHBIX CTaJUld OOTEKaHMS
(puc. 5.7).

2) - : 6) : : e B) RN S

el

Puc. 5.7

Ha puc. 5.7a, coorBeTcTBYIOIMEM HA4albHOMY MOMEHTY JBWKCHUS, MOrpa-
HUYHBIA CJIOW elle He ycmen o0pa3oBaThCsl W JMHUM TOKA TaKWe K€, Kak IpHU
MOTEHIUAIBHOM OOTEeKaHUM IUIuHApa (uaeanbHas >kuakocTh). Ha puc. 5.76 norpa-
HUYHBIN CJIOM, 00pa30BaBIIMICS y MOBEPXHOCTU LUIUHJPA, OTPHIBACTCS U HAUYMHA-
eTcsi BuxpeoobpazoBanue. Puc. 5.7¢ 1eMOHCTpUPYET OKOHUYATEIbHYIO CTaIMI0 00pa30-
BaHUS BUXPEBOTO CJiela 3a UWJIUHIPOM, CUMMETPHUSI BUXPEH HapylleHa, BUXPHU
NOOYEPETHO OTXOIAT OT IMOBEPXHOCTH LWIMHAPA M CHOCATCS MOTOKOM, BbI3bIBAs
yJIbCAllMU CKOPOCTHU U JABJICHHS B a9POIMHAMUYECKOM CIIEJIE.

OTpbIB MOTPAHUYHOTO CJIOSI U O0Opa3oBaHWE 30HBI MOHM)KEHHOI'O JIaBJICHUS B
BUXPEBOM CJI€Ie 32 KOPMOBOW YacThbIO MPUBOAUT K TOSIBJICHHUIO CHIIBI JJOOOBOTO
CONPOTHUBIICHUS, BEJIMYMHA KOTOPOU OMNpEAeNsaeTcsl IHUPUHON a3pOAMHAMUYECKOTO
cliella U CTETICHBIO MOHMKEHUS TaBIICHUsI B HEM. DTHU (PaKTOPHI CYIIECTBEHHO 3aBHUCST
oT (opmMbl 00TEeKaeMoro Teja, MOATOMY CONPOTUBICHWE OT PA3HOCTU IaBICHUUN
WHOT/Ia Ha3bIBAIOT conpomusienuem gopmwl. I mioxo o0TeKaeMbIX Tell (TaKuX, Kak
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map, MAIWHIP, MUIACTUHKA, TOCTABJICHHAS MOMEPEYHO K MOTOKY) COMPOTUBIICHUE OT
Pa3HOCTH JAaBJCHUS OOBIYHO HAMHOTO TPEBBINIAET CHUIY COMPOTHBICHHS, 00YCIIOB-
JICHHYIO TpEHUEM B morpaHndHoM cioe. CompoTtusieHue GopMbl R, BBIYUCISIIOT TIO
oO1eit popmyrie 11t onpeieNIeHNs adPOIUHAMUYECKUX CHJIT

2
szchpVZV“’,

1€ B KAYCCTBC xapaKTepHoi/’I Iiomaauv F IMPUHUMAIOT INIOIIadb MHUACICBOI'O CCUCHUA

tena. Koaddumment conporuBnennss Cy, MOKa3bIBAIONINHN, KaKylO OO0 THHAMHYC-
2

CKOI'0O JaBJICHUA ITOTOKA COCTABJIACT PA3HOCTH I[aBJ'ICHI/Iﬁ Ha 1iomanab MHUICIIA

F , OIpCaAcCACTCA OIIBITHBIM IIYTCM, HpOI[YBKOﬁ MOI[GJ'ICﬁ TCJI B A3POANHAMHUYCCKUX

. w
TpyOax. 3aBucumoctb Cy mapa ot uucna PeliHonbaca Re =——, Moy4yeHHasi Ha OC-
1%

HOBAaHMM MHOTOYMCJIEHHBIX OIBITHBIX NPOIYBOK, mHpenacraBieHa Ha puc. S5.1. Ilpum
OUYEHb MaJIbIX 3HauUeHUsIX Re (mpumepHo 10 Re = 10) conpoTtuBieHue 00ycIOBIEHO
BIIUSTHUEM BSI3KOCTH. [lorpaHnuHoOro ciaos B 0OOBIYHOM MOHMMAHUU 3TOTO SIBICHUS Ha
nrape HeT. CKOpOCTh MEAJIEHHO HapacTaeT ¢ yAaJIeHUeM OT MOBEPXHOCTU; OOTEKaHue
0e30TpbiBHOE. B 3THX ycnoBusix Kodh(UIIMEHT CONPOTHUBIICHHS YOBIBAET C POCTOM
Re.

[Ipu nocraTouHo OoJbIIUX 3HAUYCHUSX unciia PeitHonbaca (mopsiaka Re = 103)
y TMOBEPXHOCTH IlIapa pa3BUBAETCS JIAMMUHAPHBINA IOIPAaHUYHBIN CJIOW, B 00JIacTh
BCTPEYHOIr0 Iepenaja JaBjeHUs HaOMIOJaeTCsl OTPBIB CJIOS, 32 KOPMOBOW YacThIO
dhopmupyetcst BuxpeBoit cien. ConpoTUBICHUE OT Pa3HOCTU JIaBJICHUN Mpeobiianaet
HaJl CWIOMN BA3KOro TpeHus. JlanpHelliee yBelu4eHUEe Re NMPUBOAUT K TOMY, YTO
CONPOTHUBIICHUE TPEHUSI CTAHOBUTCS MCUE3AIOIIE MAJIBIM 10 CPABHEHUIO C COMPOTHUB-

neHueM GopMbl; ITOT ydacTok 3aBucuMoctu Cy = f (Re), BIIOTh 10 Re~ 5 -1 0’,
Ha3BIBAIOT 00.1acmblo asmomoodenvHo2o conpomusnenusi (3gecy Cy =~ 0,45 u He
MEHSIETCS C UBMEHEHHEM Re).

IIpu Bo3pacTtanum umcna PeiliHONbACA 10 BEIUYUHBI IPUMEPHO 5.10° Habutro-
JaeTcsl pe3koe mnajieHue KodhduimeHTa COMpOTUBICHUS, 3TO SBJICHHE MOIYYUIO
Ha3BaHue Kpusuca conpomusieHus. OHO OOBICHSIETCS TEM, YTO TPH JOCTATOYHO
OONBIINX 3HAYEHUAX Re JTaMUHAPHBIM MOTPAHUYHBIN CIOM Ha TOBEPXHOCTH Iapa
NepexoauT B TypOyJseHTHbIN. [losiBnenue TypOylIeHTHBIX MyJibCalliii B CIO€ MPUBO-
TUT K PE3KOMY YBEJIMYECHHI0O OOMEHa KOJWYECTBOM JIBHXKCHHUSI MEXKIY BHEUIHUM
IMOTOKOM W TMOTPAHUYHBIM CJIOEM, B MTOT€ BHEIIHUN MOTOK CXHUMAET a’pOJvHAa-
MHYECKUHN CJIEJl, CEYCHHE OTPhIBA CMENIACTCS BHU3 IO MOTOKY; IIAP CTAHOBUTCS
«J1y41ie o0TeKaeMbIM.

Biausinue pasjiu4yHbIX (PAKTOPOB HA AABJIEHHE OTPbIBA. YIIpaBJIeHHE NOrpa-
HUYHBIM CJI0€M

CuJibl, IPUIIOKEHHBIE K TIOBEPXHOCTH 00TEKaeMOro Tejla, MOKHO Pa3JIoKUTh Ha
KacaTelbHble W HOpMalibHbIC. [IpOeKkuns TIJIaBHOTO BEKTOpa KacaTelbHBIX CHJI HA
HaIpaBJIECHUE HEBO3MYILECHHOIO IIOTOKA HA3bIBACTCS CONPOMUGIEHUEM MPeHus; OHa
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OTIpEIEISIETCS XapaKTEPUCTHKAMU MOTPAHUIHOTO CJIosi. COOTBETCTBYIOMIAS TIPOSKITHS
IJIABHOTO BEKTOPA CHJI JaBJICHUS HAa3bIBACTCS CONPOMUBIEHUEM OABIeHUS.

Kak moxaszaHo BbIIIE, COMPOTHBIICHUE JABJICHHUS W3-32 PA3HOCTH JaBJICHUN B
7000BOM M KOPMOBOW YACTSAX TMOSBISACTCS BCIACACTBHE OTPHIBA, T. €. OMATh-TaKH
OTIpE/ICTISICTCS XapaKTePUCTUKAMH MOTPaHUYHOTO ciosi. [losromy mpoGnema ynpas-
nenus noeparuunvim croem (YIIC) sBisieTcss OTHOW U3 OCHOBHBIX MPOOJIEM B TEOPUU
CHJIOBOTO B3aMMOJICHCTBHSI TOTOKA ¢ 00TeKaeMbIM TesloM. Hanbosee mepcreKTHBHBIHI
MyTh PENICHUS 3a7a4l YMEHBIICHHUS TTOJTHOTO TOOOBOTO COMPOTUBIICHUS - 3TO YMEHbB-
IICHWE COMPOTUBJICHHS MaBJICHUA. 3ajada pemiaeTcss MNpHIAHUEM TelIy )000o-
obmexaemoti GOPMBI, TIPU KOTOPOU OTPHIBA MOTPAHUYHOTO CJIOS HET WM B KpailHEM
CJIy4ae CEYeHHE OTPhIBA CMEIIIEHO MO0 BO3MOKHOCTH HIKE 110 TTOTOKY.

OcHOBHOI (pakTOp, CIOCOOCTBYIONIMN TPEIOTBPAIICHUIO OTPHIBA B IIUPOKOM
nuana3zoHe yucen PeliHombiaca, - 3TO YMEHBIIIEHWE BCTPEYHOTO Tepernajga JaBICHUS.
N3BecTHO, 9TO MPOIOIFHOE OOTEKAaHNE TOHKOW TUTACTUHKU PaBHOMEPHBIM TMOTOKOM,

d,
Korja d_p =(, ocymecTBisieTcss 0€3 OTpbIBA. OKCIEPUMEHT II0KA3bIBAET, YTO
X
0€30TPBIBHO MOTYT OOTEKAThCS TAKXKE Tella CHrapooOpa3Hoil (OpMBI ¢ 3a0CTPEHHOMN

KOpMOBOfI JaCTbIO WJIM KPbUIbA MaJiou TOJIIOUHBI IIPpH HE3HAYUTEIIbHOM BEIUYHUHE

MPOJOJIBHOTO TPAJINCHTA JABJICHUS Z—p y UX 3aJIHEH KPOMKH.
X

B ciyuasx 3HaUMTENBHBIX MPOJOJIBHBIX MEpenagoB AaBiieHus B nuddy3opHoi
YacTH NOTOKA 32 MUJEJIEM 00TEKaeMOro Tejla CEUEHHE OTPhIBA MOKET OBITh CMEIIEHO
BHH3 [0 MOTOKY, €CJIM MOHMXKAaTh JABJIICHHE y CTEHKH 3a CYET OTCOCAa HEKOTOPOTO
KOJIMYECTBA KUJKOCTU BHYTPh OOTEKaeMOro Tena.

Bo3MmoxHO ympaBiieHHE MOrpaHUYHBIM CJIOEM M ApyruM cnocobom. Tak kak
MIpUYMHA OTPbIBA - HApacTaHUE JABJIEHUS BHU3 IO MOTOKY, JJis MPEOJI0JCHUSI KOTO-
pOro0 HEIOCTAET KUHETHUYECKOW HSHEPrUHU 3aTOPMOKEHHBIX YACTULl HOTPAHUYHOIO
CJ0sl, TO UCKYCCTBEHHOE YBEIWYEHHE CKOPOCTU (T.€. YBEJIMYECHUE KHUHETUYECKOU

OHCPIUHU I‘IElCTI/IH) IMPUBCACT K CMCIICHNUIO CCUCHUS OTPbIBA BHU3 I10 IIOTOKY.

Pasznen 6. CIIELIUAJIBHBIE 3ATAYU T'HIPOT'A3OANMHAMUKHAU

6.1. Kpolno u nonamounan peuiemka 6 2a3060m nOmoKe

I'eomeTpuyeckue mapamMeTpbl Kpbljia

Tena ngoctatoyHO OONBIIOTO YUIMHEHUS C 3a0CTPEHHOM 3aJHEN KPOMKOIA,
oOTeKkaeMble POAOIbHO WU MO/ HEOONbIIMMU yIJIaMU aTaky, Ha3bIBalOTCS B TUAPO-
ra30AMHAMUKE KPbLIbAMU.

Kpeuio xapakrepusyercs npoguiem u gopmou B tnane. Ilpopunem kpbiia
Ha3bIBAETCS €ro IOMNEPEYHOE CEYEHUE IUIOCKOCTBhIO, MapajIeIbHONW HaIpaBICHUIO
Haberaroniero NoToka. B 3aBUCUMOCTH OT Ha3HaYEHUS Kpblia popma IpopuiIst MOKET
ObITh paznuuHoil. Ha puc. 6.1 mokazanbl TUNIHMYHBIE TPOGUIH: U KpbLJIa U MPOIIe-
Jepa J03BYKOBOTO CaMoJieTa, a TakXKe JJii KOMIIPECCOPHOM jomaTtku (a), Uil Kpbluia
CBEPX3BYKOBOI'O caMoseTa (6), sl peaKTUBHOM JIONATKKU MapOBON TYpOUHBI (8), IS
aKTUBHOM JomaTKH (2).
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Xopno#t mpoduiis ¢ (puc.10 0) Ha3BIBAIOT OTPE30K, COSAUHSIONMIUN JIBE HAW-
Oonee ynaneHHble TOYKU. Tomyuna mpoduiass ¢ - 3TO AJTUHA OTpe3Ka, MEpIeH-
TUKYJSIPHOTO K XOpZe, MEXKIYy BEpXHUM M HIDKHUM KOHTypamu Tipodwrs. [TyHKTH-
pOM TOKa3zaHa cpedwss JuHus npoghuns, MPEACTaBIAIONIas COO0NH reoMeTpuuecKoe

MECTO TOUYCK, paBHOYJAICHHBIX OT BEPXHETO W HIKHero KoHTy-

@) (e POB; X. - PACCTOSIHME OT MepeqHeNd KPOMKH /10 CEYEHUs MAKCH-
& > MaJbHOM TOJIIIUHBI, @ - YroJ aTaku. B Teopuu kpblia «Oecko-
| HEYHOro pa3Maxa» He NPUHUMAKOTCS BO BHUMAHHME MCKaKECHHS

@%Q:\ KapTUHBI TEYEHHS y KOHLOB Kpblia DQPGEKThl, CBSI3aHHBIE C
4 BJIUSHAEM KOHIIOB KpbUIAa Ha TMOTOK, YYUTBHIBAIOTCA TEOpHUEH

KpbllIa KOHEYHO20 pa3Maxa.

¢ ' AjdpoaMHaAMHUYeCKHEe XapAKTEPUCTHKH KpPbLiIa
[lonepeuynas cuna, AEUCTBYIOIIAs Ha KPbUIO, COTJIACHO
8} N TEOPUU UJICANBHOMN KUIKOCTH, ornpeaensercs Gpopmymoii XKyko-
...ffir —“‘%_ BCKOIO: R, =pw, [1. BXxoxdmas B Hee LUUPKYIALUUSA [ MOXKET
W I ’ .
- 4 ObITh OmpeleneHa i HACaJbHOW >KMJIKOCTH C HUCIOJIb30Ba-

HHCM IIOCTYyJIaTa I‘IEHUH;IFPIH&-)K}’KOBCKOFO AHAJIMTHYCCKHUMHU MC-

Puc. 6.1 ToAaMHU Wiu 3KcriepuMeHTanbHo (Metogom OI'JIA). B cnydae

peaNbHOM JKUJIKOCTH MOTEHIHUAIbHBIA IOTOK HWCIHBITHIBAET

oOpaTHOE BJIHMSHHE MOTPAHUYHOTO CJIOSI (B YaCTHOCTH, OTTECHEHHE JHMHHM TOKa 3a

CU4eT TOPMOXKEHHUS B TOTPAHUYHOM CJO€). OTO BIMSHHE MOXKET OBITh YUYTEHO

pacyeToM TOJILMHBI BBITECHEHUS 0* M COOTBETCTBYIOUIUM YBEIMYEHHEM TOJIIMHBI

npoduiist. Teopust TOrpaHUYHOTO CJIOS MO3BOJISIET TAKXKE ONMPEACIIUTD CHIIy TPEHHS Ha
MOBEPXHOCTH KPbLIA, YBIECKAIOIIYIO €r0 B HAllPaBJIE€HUHU MOTOKA.

Takol pacyeT AOCTATOYHO CJIOKEH U TPYAOEMOK; B TO K€ BpPEMs, IPU OTPHIBE
CTpyH OT KpblIa OH HE MO3BOJISIET C TPeOyeMOil TOUHOCTBIO YUECTh UCKa)KEHHE BHEII-
HEero noTtoka. B ciyyae oTphIBHOTO 0OTEKaHUSI HEBO3MOXHO OIpPEACIUTh U3MEHEHUE
UMPKYJSALMA Y BEJIUMYUHBI JABJICHUA Ha IMOBEPXHOCTU KpbUIa 3a TOYKOW OTPHIBA,
KOTOpBIE O0YCJIOBIMBAIOT BEJIUYUHY MOJBEMHON CHJIBI U JIOOOBOTO CONPOTHUBIICHUS.
[ToaTOMy TpakTHYEeCKHE pacueThl MOIBEMHON CHIIBI Ry, ¥ CHIIBI JIOOOBOTO COIPO-
TUBJCHUS Ry Kpblia OOBIYHO BEIyT C HCIOJIb30BaHHEM oO0mux (opmyn (6.1) ams
OIPEJEIICHHS CUIIOBOI'O B3aUMOJICHCTBUS IOTOKA C 0OTEKAEMBIM TEJIOM:

R, = C,Fpw*/2, Ry=CFpw'/2, (6.1)

rae I - momaap HanOonbllIed MPOeKIMK KPbLia, Ha3blBaeMasi nioujasio Kpolia. Jns
npsMoyroyibHOro Kpbuta F = bl. Koapduurents: nogbemMuon cuibl Cy U 1000BOTO
conpoTuBieHus: Cy ONPEAENSIOTCS OMNBITHBIM IyTEM B pe3yjbTaTe H3MEPEHUS
MOIEMHOM CHJIBI U CHJIBI JOOOBOTO COMPOTUBIICHUS IPH MPOAYBKE MOJIeNIeH KPbLIbEB
B a9POJMHAMUYECKUX TPyOax.

Asponunamuueckue kodpduimentol C, U Cy 3aBUCAT OT HOPMBI U TOJIIIUHBI
npodusis ¥ B 0O4eHb 3HAUUTEIBHOM CTENEHU OT yria aTaku a. KpuBble 3aBUCMMOCTEN
Cy(a) u Cy(o) ana kpbia JaHHOW (GOpMBI M TONIIUHBI HA3BIBAIOTCS Xapakme-
pucmukamu KpbuUla. TUNWYHBIE XAPAaKTEPUCTUKU TOHKOTO MaJOM30THYTOrO KpbLia
MpEACTABIICHBI Ha puc. 6.2.
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14 _ Ananmus kpuBbix Cy(a) u Cy(0) MOKa3bIBAET, YTO C

H o
2 o P YBEIMYCHUEM YTIJIa aTaku KOIPQPUIIMEHT TMOAbEMHON
) " o)
e cunbl  Cy (a cIeoBaTENbHO, MPU MOCTOSTHHOW CKOPOCTH
| 40 fyy. | Y i
S / t MOTOKA W MOJhEMHAs CUjla TaHHOTO KpbUla R,) cHadasa
| _ & ! HapacTaeT IMOYTH IO JUHCHHOMY 3aKOHY M TIPU HEKO-
% , )
sl /] [ / TOPOM 3HAYEHUH O = 04, C, JOCTUTraeT MaKCUMyMa.
24 Z r 14 JlanbHeilliee yBeNMYEHHE @ TPUBOAUT K PE3KOMY
/f T A yMEHbIIIeHUI0 Kod(hduimenta noabemMHoi cuibl. Koad-
2
4 } - ¢uuuent nobGoBoro comportuBieHus Cy cHadalna Me.-
) — = “?";‘-‘ff JICHHO YBEIUYHMBACTCSA C POCTOM a W MIPH @ > 04, PE3KO
! £
/ -42 | Il" 7| Bospacraer.
Takoit BuA XapakTEPUCTHUK OOBSCHAETCS SIBICHH-
Puc. 6.2 MU B IOTPAaHUYHOM cJioe Kpbuia. [Ipu kputrudeckom yriie

aTaku, korga Au¢@dy30pHOCTh MOTOKA Y CIIMHKU CO3JAeT
JOCTaTOYHO OOJBIION BCTPEUHBIN Mepenaj JaBjIeHUs, B 3aIHEH YaCTU CIIMHKU KpbLIa
MIOTOK OTPBIBAETCA, YTO Cpa3y NMPUBOJUT K BO3PACTAHUIO JTOOOBOTO CONPOTHUBIIEHUS U
YMEHBUIEHUIO MOABEMHON Ccuibl. ONBIT MOKa3bIBa€T, YTO MPU OTCOCE WIH CIyBE
ITIOIPAHUYHOTO CJIOSI Ol YBEITMUYHMBACTCS.

[Ipu Manoii ckopoctu razooro noroka (uucia M < 0,3) c:xuMaeMOCThb raza He
OKa3bIBAET 3aMETHOI0 BIUSHHUS HA PaCIpeAcIICHUE JAaBICHUN 110 MOBEPXHOCTH KPbLIA,
Ha BEJIMYMHY MOABEMHOW CHUJIBI U CONMPOTUBIIEHUS. B 31Ol 0oOnactu uncen Maxa ra3
MOKHO CUUTATh HEC)KUMAEMOU KUIKOCTBIO.

IIpn yBenMYEHMHM CKOPOCTH ra3a HAYMHAET CKa3bIBATHCS BIIMUSHUE CKUMAae-
MOCTH. BBHIy CIIOKHOCTH NPOUCXOIAIIUX NPHU OTOM SBICHUN, UX TOYHBIM aHAJIN3
BCTpEYaET HEIPEOAOINMbIE MATEMATUYECKUE TPYIHOCTH. [loaTOMY monmy4dninu pa3Bu-
THE MPUOIKEHHBIE CIIOCOOBI PEIIeHHs MPOoOJIeMbl, pa3BuThie B padorax [Ipanaris,
C.A. Yammeiruna, C.A. Xpuctnanosuya. Ilpm mansix uyucnax M, monpaBKu Ha
C)KMMAeMOCTh OJIM3KH K HYIIIO.

[Ipu nBUKEHUU ras3a BJIOJIb TOBEPXHOCTU OOTEKAEMOI0 Tejla CKOPOCTh U3MEHS-
ercsa. B Mecrax momkatusi IMOTOKa CKOPOCTh T'a3a JOCTUTaeT MakKCMMyMa, & MECTHas
CKOPOCTb 3BYKa B COOTBETCTBHM C YPAaBHEHHEM DJSHEPIrUHA TIa30BOr0 IOTOKA -
MuHUMyMa. C yBEIMUYEHHEM CKOPOCTH HAOErarolero noToka npu HEKOTOPOM 3Haue-
o M, =M, Ha NOBEPXHOCTH KpbUIA JIOCTUTAeTCs CKOPOCTb, paBHAs MECTHOH

CKOPOCTH 3BYKa, T.€. KpUTUYECKAsT CKOPOCTb dy,. Bennunna M,, Ha3bIBaeTCA Kpumiu-
yeckum uuciom Maxa; oHa MEHbIIE €IMHULIBI U 3aBUCUT OT TOJILIMHBI OOTEKAeMOTo
Tena W yria araky. [Ipun nanbHEHIIeM YBEMIMYCHHH W., korma M, < M, <1,y

MOBEPXHOCTU KpblIa 00pa3zyroTcsi 00JacTH CBEPX3BYKOBOTO ABMXKEHUS. Tak mpowuc-
XOJIUT MEPEX0]l T03BYKOBOTO T€UEHUsSI B CBEpX3BYKoBoe OOpaTHBIN Mepexoj] CBEpX-
3ByKOBOI'O TEUYEHMS B JJO3BYKOBOE B XBOCTOBOM YAaCTU KpbLJa OCYILECTBIISIETCS YEPE3
IPSIMOM CKa4OK YIUIOTHEHHS.

HosiBnenue ckaukoB yriorHenus npu M, < M, <1 oueHb yCIOXHSICT aHHA-

U3 TedeHus. PacnpeneneHue NaBiieHHs Ha MOBEPXHOCTU KpbLia M MOAbEMHAs CHUJia
CTaHOBSITCSL COBCEM JIPYTMMH, YeM MpPHU JOKPUTHUYECKOM oOTekanuu. Cuia J000BOro
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COIIPOTHUBIICHUSI KPbUIa YBEIMYUBACTCS 332 CUET BOJHOBBIX MOTEPh B CKayKax yIUIOT-
HeHus. KpoMe Toro, B3anMoAeiCTBUE CKAYKOB C OTPAHUYHBIM CIIOEM MOXET MPHUBO-
JIUTh K OTpbhIBaM U BuxpeoOpaszoBanuto. C npuOmmkeHueMm uucina M, K eJUHUIE

CBEPX3BYKOBBIE O0JIACTU PACHIMPSIOTCA, CKAYKU YIIJIOTHEHUS CIBMTalOTCSA K 3aJHEH
Kpomke. CONpOTUBIIEHUE KPYTO PACTET.
I[Ipu M _>1 umeeM cBepX3ByKOBOE€ OOTekaHuE€ Kpblaa. Jljiss ymMeHbIIEHHUS

MIOTEPDh CBEPX3BYKOBBIE KPbLIbs M3rOTABIMBAIOT C OCTPOM MepenHerl KpoMkor. OcHO-
BHOM BKJIQJ B CHJIy CONPOTUBIICHUS MPHU CBEPX3BYKOBOM OOTEKAHHWU KpbLIa BHOCST
BOJIHOBBIE IIOTEPH.

6.2. JlonarouHasi pemerka

I'eomeTpuyeckne napamMeTpsbl JONATOYHBIX PelIETOK

B Typ6omamivne npeoOpa3oBaHUE SHEPTUU ABMXKYLIETOCS ra3a MPOUCXOJUT B
pe3yibTaTe CUIOBOTO B3aMMOJCHCTBUS MOTOKA C HEMOJBM)KHBIMU JIONIATKaMHU Harmpa-
BIISIFOIIIETO ammapaTa W BpallaloIIMMHUCS JIOMaTkaMu poTtopa. Pemerka TypOomanHbl
- 3TO cHUCTE€Ma JIOMATOK OJUHAKOBOM (OPMbI, PABHOMEPHO pa3MELIEHHBIX IO
HEKOTOpOW MOBEpXHOCTH BparieHus (puc. 6.3a). B cnydae, ecnu anuna nonatku [
Majia M0 CPaBHEHHUIO C JUAMETPOM d, MOXKHO MpeHeOpeub BEEPHOCTHIO PEIICTKH U
paccMaTpuBaTh JIOMATOYHBIM BEHEL, WM NPSIMYK PEHIETKY JIONaTokK (puc. 6.30).
[Ipodwnp nmonaTku MO JUIMHE MOXKET OBITh TMEPEMEHHBIM; MPHU OOJBIIONW IJTUHE
JIOTIaTKK [ IPUMEHSETCS €€ «3aKPyTKay.

Cedenne nMpsMou penieTKH JOMaTOK MIOCKOCThI0, HOPMAJIbHON K 00pasyromieit
JIOTIATKU, AAET MAOCKYI0 peuiemk)y npoguieti. TakuMm 00pa3oM, MIOCKON pelIeTKON
npodusielt Ha3zpIBaeTCs OECKOHEUHBIN Psil OJAMHAKOBBIX MPOQuUiIeH, pacroioKeHHBIX
Ha PaBHBIX PACCTOSIHUSX JAPYT OT JIpyra U 00pa3yrolMX OJWHAKOBBIC YTJIbI C MPSIMOMN
JUHUEH, COENUHSIONIEH CXOJCTBEHHbIE TOUKM Tpoduiied. DTa JIMHUS Ha3bIBAETCS
@pormom pemieTku (och u Ha puc.6.36), a MepreHIUKYISIpHAs K HEl TpsiMasi eCTh 0Chb
pemeTku (0cb a Ha puc.6.386).

BaxneiimMu nmapaMmeTpamMu pemieTKy sBISIOTCS: IJWHA JIONATKU [; 11ar perie-
TKH ¢, XapaKTepU3YIOIIUNA €€ TYCTOTY; XopAa nmpoduiis b; yCTaHOBOUYHBIN yroi fy,
BXOJIHOW ¥ BBIXOJHOW YTIIBI JIOMATKU f1; U fp,. CMBICT 3THX BETUYHH SICCH U3 PHC.
6.3. OTHOCUTETBHBIM IIArOM PEIIeTKH ¢ = ¢/ b Ha3pIBaeTCS OTHOLICHHE I1ara K Xope
JOMaTKU. YToJ, 00pa30BaHHBIM KacaTeIbHBIMM K OCEBOW JIMHUM HPOPUIL y €ro
BXOJIHOM M BBIXOJTHOM KPOMOK, Ha3bIBA€TCsl YIII0M U3ruba nmpodurs.

VYTael BXOa M BBIXOJa TIOTOKAa MOTYT, BOOOIIIE TOBOPSI, HE COBMAAATh C COOT-
BETCTBYIOIIMMHU YTJIaMU BXOJHOM U BBIXOJHOU KpoMOK mpodwisi. Eciau moTok BXOauT
B MEXKJIOTIATOYHBIA KaHa MO KacaTeJbHOW K CpelHel JMHUU Jonatku (S, = i), TO
TakoW BXOJl Ha3bpIBaeTcsi Oe3ynapHbiM. [Ipu Oe3ymapHOM BXOJE MOTOKAa BXOIHBIC
NOTEpPU SHEPIUH CBOAATCSI K MUHUMYMY. B ciyuae f; = [, uMeeM BXOJ MOJ «yTJIOM
ataku» i = Py - Pi. DTOT Yroj CUMTAIOT MOJOKUTEIBHBIM, €CJIM TOTOK Ha BXOJIC B
pEIIeTKY HaIpaBJjeH Ha BOTHYTYIO YacThb JIOMATKH, U OTPHUIATEIILHBIM - B IPOTUBHOM
clrydae.

[To BIUSHMIO HA TOTOK PEIIETKH JETAT Ha KOH(PY30pHBIe, aKTUBHBIE U TUDPY-
30pHBIE.
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Puc. 6.3

B kongy3zopnoii pemieTke CKOpOCTh MOTOKA Ha BbIXOJI€ OOJbIIIE, YEM HA BXOJE:
CTaTUYECKOE /aBJICHHE B Hel yMeHblaeTrcd. KoHpy30pHbIe peleTky UCIOIb3YIOTCs
KaK COIUIOBBIE B HAIPABJISIIOLIEM anmnapare TypOUHBI.

B axkmusenoti penietke u3MeHsE€TCA TOJBKO HANpPABJICHHE CKOPOCTH, a €€ BEJU-
YiHa OCTaeTcsi Hen3MeHHOM. CTaThuyeckoe aBJIeHHE TOTOKAa B aKTUBHOW pelleTKe He
MEHsIeTCA. AKTHUBHBIE PEIIETKH MPUMEHSIOTCS B MEPBBIX CTYINEHSIX POTOpa TypOUHBI.
Ha BhImyKkI10M MOBEpXHOCTH JIOMATKH CKOPOCTh raza B cpelHeM OOoJIbIlle, YeM Ha BOT-
HyToH. [loaToMy pe3ynpTupylolias cuja JaBlI€HUs Ha JIONATKy HalpaBjieHa B CTOPO-
HY CIIMHKH JIOTIATKU. JTa CHJIa U CO3/1aeT MOJIE3HbIM MOMEHT, BpAIalOIIUN POTOpP.

B ouggyzopnou pemerke NpouUCXOAUT TOPMOXKEHHE TMOTOKA, CTATUYECKOE
nasieHue pacreT. JuddyzopHbie pereTku UConb3yTCs B KOMIIPECcopax.

COBOKYITHOCTh COIUIOBOM M pa0odeil pemIeTOK Ha3BIBACTCS CMYNEHb0 MypoOo-
mawunsl. CTyTIeHb TYpOUHBI Ha3bIBAIOT aKTUBHOM, €CIIM pacIIMpEeHUe MOTOKA MPOUC-
XOJUT TOJBKO B COTUIOBBIX HETIOABM)KHBIX PEIETKaX, a Ha pabouyux JOMaTKax JaB-
JIEHUE OCTAETCs MOCTOSIHHBIM. B peakTHUBHOI CTyNeHH nap paciiupseTcs He TOJIbKO B
COIUTIOBOM, HO TakKe U B paboyeil pemeTke.

CujioBoe B3amMOJeHCTBHE MOTOKA € OXMHOYHOM JIONMATKOHM pelleTKH.
DopmyJbl Jiljiepa
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[Ipu 00TEeKaHUH PELIETKH BEKTOP CKOPOCTH MEHSETCS KaK 0 BEIMYMHE, TaK U
1o HanpasieHuro. [loaToMy cwiIOBO€ B3aMMOIEHCTBHUE IOTOKA C PEIIETKOM HUMEET
cnenupuyeckre 0COOEHHOCTH.

[lycts f1 u f, - yribl, cOCTaBiIsA€MblE HAMPABICHUEM BXOJHON M BBIXOJIHON
CKOPOCTEH MOTOKA C HampaBiieHneM (ppoHTa pemeTku (puc. 6.36). BoigeauM B moToke
00J1aCcTh, BKJIIOYAIOLLYIO OJIHY U3 JIONATOK pPeleTKU. bokoBble KOHTYpBI ATON 00J1aCTH
BO3bMEM B BUJE JUHUM TOKa ajd, U Db, pacloNOKEHHBIX JAPYr OT Apyra Ha
paccTosiHuM, paBHOM MLIary pemieTku. OpoHTanbHbBIE TpaHUIBl 00JAaCTH BbIOEpEM Ha
JOCTaTOYHOM YAAJIEHUM OT PELIETKH, TJ€ CKOPOCTh TEUYEHHsS U JABICHHUE MOKHO
CUMTATh HEM3MEHHbIMM MO Mmary. Tak Kak BO BCEX KaHajaxX pEUIETKH TEYECHHE
OJIMHAKOBOE, TO CKOPOCTb W JaBJICHHWE B TOUKAX JUHUN aja; u bib,, nexammx Ha
OJINHAaKOBOM PACCTOSIHUM OT OCH PEIIETKH U, TaKKe OJUHAKOBBI. IlycTh CKOpOCTH
TEUCHHUsS Ha BXOJE B BBHIOpaHHYIO 0OJacTb paBHa W), Ha BbIXoAe w,. [lapameTpsl
MIOTOKa Ha (DpOHTAIBHOW T'paHulie 00NacTu a;b; paBHBl p; U p;, HA TpaHULE ayb; -
COOTBETCTBEHHO P, U py.

Jlis ompenenieHrs CHUJIOBOTO B3aMMOJICUCTBHSI MOTOKA U PEHIETKHM BOCIOJIb-
3yeMcs ypaBHEHHEM KOJMYEeCTBa ABMXEHUs (2. ), IpUMEHUB €ro K Macce rasa,
HaxoJsIIerocss B mpejaeiax oOnactu abib,a,. Vicciaenays u3MeHEHHE BO BPEMEHHU
KOJINYECTBA BUKEHUS MW MAacChl XKHUIKOCTH, 3aKJIOYEHHON B BBIOpaHHOH 00JacTy,
noayyuM (GopMyJibl Disiepa Al COCTABISAIOIMUX CUJ, JEHCTBYIOIUX HA OAMHOYHYIO
JIOTIATKY:

Pu = plwlat(wlu — Wy ): pZWZat(WZu ~ Wi )’.
Pa = :OIW]at(WIa — Wi, )+ t(pl - p2): p2w2at(wla - W2a)+ t(pl — D> )
Ecmn COCTAaBJIAIOIMUC CKOPOCTU Wiy U Wy, HAIIPABJIICHBI IIPOTUBOIIOJIOXKHO (KaK

Ha puc. 6.3), TO OHU UMEIOT MTPOTUBOIIOIOKHBIE 3HAKH, B (hopmyne st P, pa3HOCTb,
CTOsIIas B CKOOKax, MPEeBPaIIaeTcs B CYMMY.

(6.2)

6.3. Ilomepu 3nepeuu 6 peuwiemkax. XapaxmepucmuKku peuiemox

[Ipu nBrxeHMH ra3a yepe3 JOMaTOYHBIC PEIICTKH TYypOOMAaITuH MEXaHHIeCKas
SHEPrus MOTOKA TEpAETCs: BCIEACTBUE BSI3KOCTH (@ B CIy4yae IMOSBICHUS CBEpX-
3BYKOBBIX 00JIaCTEH €Ille U BCJIEICTBUE YAAPHOIO CXKATHUs B CKauKaxX YIJIOTHEHHMSI) OHA
YaCTUYHO TepexoauT B Termiory. KoadduimeHToM nmorepp peieTku Ha3bIBalOT 0e3-
pa3MepHOE OTHOLIEHUE

—— (63)

0

rie AE - morepu MeXaHWYEeCKOW SHepruu; K, - MonHas MeXaHW4YecKas SHEeprus
IIOTOKa Ha BXOJE€ B PEIIETKY. 3aJada MPOCKTUPOBAHHUS PEIIETOK COCTOUT B TOM,
9TOOBI CBECTH K MUHUMYMY TIOT€pU DHEPTUU U, B TO K€ BpeMsl, TOOUTHCS MaKCH-
MaJIbHOTO OTKJIOHEHHS MOTOKA, T. €. MOJYYUTh MO BO3MOKHOCTH MaJiblii BBIXOJHOM
yroJj noroka pf,.

[ToTepu sHEprum B pemieTkax KIacCUGUIMPYIOTCS CASAYIOIUM 00pa3oM:

1. Ilpogunvnvie nomepu, aHATIOTUYHBIE TTOTEPSIM NPU OOTEKAHUU OAMHOYHOTO
KpblJla OeCKOHEUHOro pazmaxa. OHU CKJIaAbIBAIOTCS M3 MOTEPh Ha TPEHHUE B MOTpa-
HUYHOM CJIO€, BUXPEBBIX TIOTEPH B CIIy4ae OTPHIBHOIO OOTEKAHUS JIONATKU, TOTEPh Ha
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BUXpe0oOpa3oBaHUE 3a BBIXOJHOM KPOMKOW M BOJHOBBIX MOTEPh MPU HAJMYMU CKay-
KOB YIUIOTHEHHSI.

2. Konyesvle nomepu, BO3HUKAIOIIWE BCJIEACTBUE TOSBICHUS BTOPUYHBIX
TEUEHUM y KOHIIOB JIOMATKU. B yacTHOCTH, Y CBOOOJIHOTO KOHIIA JIOMATKU (pelieTka
0e3 0aH/a)ka) KOHIEBbIE MOTEPH AHAIOTMYHBI UHAYKTUBHOMY CONPOTUBIIEHUIO MPHU
00TEeKaHUU Kpblja KOHEYHOTO pa3Maxa.

Teopernuecku MOryT OBITh ONpEAEIEHBI TOJIBKO MTOTEPU HA TPEHUE MPU OE30T-
PBIBHOM OOTEKaHUU (C MOMOILBIO TEOPUU ITOTPAHUYHOTO CJIOS1) U BOJIHOBBIE IIOTEPH (C
IIOMOIIIbIO TEOPUM CKAUKOB YIUIOTHEHMs). OCTajbHbIE BHUJIbI NOTEPh ONPEIEIISAIOTCS
DKCIEPUMEHTAIIBHO, MPOAYBKON PELIETOK B CIELUAIBHBIX A3POJUHAMMYECKUX TPY-
0ax. B 3Tux skcmepuMmMeHTax NOJHOE W CTAaTUYECKOE [aBJICHHE B IOTOKE U Ha
MOBEPXHOCTHU JIONMATKU U3MepsieTcsl mocpeAcTBoM TpyOok Iluto u npen, mosie mior-
HOCTHU TIOTOKA - ONTUYECKUMH METOJIaMH, MPOQUIN CKOPOCTH B MOTPAHUYHOM CIIOE -
MUKpOTpYyOKO# ITuTo Mim anekTpuyeckumMu MeTogaMu. B pesynbraTte onpenensroTcs
BCE BHUJIBI MOTEPb U CTPOATCS XapaKTEPUCTUKU PEIIETKH, T. €. 3aBUCUMOCTH K03 u-
LAEHTA MOTEPH U yIJIa MOBOPOTA OT PA3JIUYHBIX ITAPAMETPOB

C=f(t_,ﬂy,ﬂl,Re,M,A,gbopma)_
w,b

3nece Re - uncno PeitHonpca, BEIUUCIEMOE I PEMIETOK 10 hopmyne Re, = ——,
)
rae © - KHHeMaTudeckuil koddduimeHT Bs3koctH; M - uyucio Maxa, nmpuuem

M, = &, A - TOJIIMHA BBIXOJIHOW KPOMKH JIONIATKU. B 4acTHOCTH, CTPOST HopMab-

a,

HYI0 Xapakmepucmuky PeleTKd, KOTOPOH Ha3bIBalOT 3aBUCUMOCTb KO3(QuuueHTta
NOoTeph W yrja MOBOpOTa MOTOKa OT yria araku. [lo kosdduimenty norepp (
ONpENeNstoT KOI(P(GUIUEHT TOJIE3HOrO0 JCHCTBUS PEIIETKH U3 COOTHOIICHUS
n=I1-¢.

[Torepu Ha TpeHHe U BUXpeoOpazoBaHue (IIpU OTPHIBHOM OOTEKaHHMM) OIpese-
JSFOTCSI CBOMCTBAMH MOTPAHUYHOTO CJI0sI Ha JionaTke. ToNIMHA TOTPaHUYHOTO CIOA,
pacupenesneHue CKOpPOCTEd M KacaTeNbHBIX HANPSIKEHUHW TPEHHs OO0YCIOBJIEHBI
MPOJIOJIBHBIM W3MEHEHUEM JaBiieHHWs (M CKOPOCTH) B TIOTOKe, T. €. (opMoi
MEXKJIOMATOYHOro KaHana. BOnu3um y3koro cedeHwsi KaHama, IJI€ JaBJICHUE BIOJb
MOTOKA MaJaeT, & CKOPOCTh BO3pacTaeT (KOH(PY30PHBIM y4aCTOK), TOTPAHUYHBIA CIOM
YTHETAETCsl, €ro TOJIIMHA MOXKET JaKe YMEHbIIAThCA BHU3 MO MOTOKY. B KocoM cpese
Ha CIUHKE JaBieHue pacter (qud@dy30pHBIM ydacTOK), YTO MPUBOAUT K OBICTPOMY
YBEJIMYEHHUIO TOJIIMHBI TOTPAHUYHOTO CJIOSA, & UHOTAA U K OoTphIBY. [loTepu Ha TpeHue
pPacCUMTBHIBAIOTCA C TMOMOIIBKD TEOPUH MOTPAHUYHOIO CIOS  OTHEIBbHO  JUIA
JAMUHAPHOTO U TYpOYJIEHTHOTO YYacTKOB (OMBIT MMOKa3bIBAET, YTO TOUYKA MEPEX0/ia Ha
CHUHKE NPOGUIIS ISKUT BOIU3U TOUYKM MUHUMYMa JaBJICHNUS).

CornacHo 3KCIepUMEHTANIbHBIM JIaHHBIM, BIMSIHUE YUCTOTHI 00pabOTKHU MOBEP-
XHOCTH JIONATKM Ha NpPOQUIbHBIE MOTEPH OKAa3bIBAECTCA AaHAJIOTMYHBIM BIIMSHUIO
IIEpOXOBATOCTU HAa THApABIMYECKOE compoTuBieHue TpyO. [losTomy s ymeHb-
HIEHUS] TOTEPh B TYPOYJEHTHOM NOTPAaHUYHOM CJIO€ MOBBIIIAOT KJIACC YACTOTHI 00pa-
OOTKH JIONIATOK.
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BaxxHOM COCTaBHOW YacTbi0 MNPOQUIBHBIX TMOTEPh SBISIOTCA KPOMOUHbBIE
nomepu, KOTOPBIE CBSI3aHBI C OTPBIBHBIM OOTEKAaHHEM 3aTyIUICHHOW BBIXOJIHOMN
KpOMKH. BuxpeBoii ciieq1 3a BBIXOJHOM KPOMKOHM, KaK M B cilyyae OOTEKaHUs Teja C
3aTYIUICHHOM KOPMOBOW 4YacThlO, II€PEBOJUT YacTh KHHETUYECKOM DHEPTUH
TPAH3UTHOTO IOTOKA B TEIIOTY. OMNBIT MOKAa3bIBAET, YTO BEJIWYMHA KPOMOYHBIX
[IOTEPb BO3PACTACT C YBEIMYECHUEM TOJIIIUHBI BBIXOJHON KPOMKHU U C YMEHBIICHUEM
1ara peuerku f.

OKCNepUMEHTAJIBHBIE IIPOYBKH JIOMATOYHBIX PEIIETOK ITO3BOJISIOT OIIPEAEINTD
BJIMSIHME 11ara, yCTAaHOBOYHOTO yIjla, BXOJHOTO yIJla IOTOKa HAa (U fs.

[Ipu 3HauUMTENHHONW BEEPHOCTH pPELIeTKH (KOrja JJMHA JIonaTKu [ cpaBHUMA
[0 BEJIMYUHE C PaJInyCOM POTOpaA ¥) 3JIEMEHTHI JIONATKU y €€ KOPHS M KOHIa 00Te-
KaloTCs O] pa3HbIMM YTJIaMU BXOJa MOTOKa. [[/1si yMEeHbIIEHUsS TOTeph NMPUOETAI0T K
3aKpyTKE JTOMATKH, CTPEMSICh K 0€3yJapHOMY BXOJly OTOKA IO BCEH €€ JJIUHE.

6.2. Pacnvlnueanue sncudkocmu

XapakTepuCTHKH pacnbuia. PacnbuiiBanue - 3To npoiiecc IpoOIeHus: CTpyu
WIM TUICHKH >KMJIKOCTH Ha OOJIBIIIOE KOJIMYECTBO Kamelsb. CucTema Karesb, Wik Gakesn
pacmblia, pacipeaesieTcss B HEKOTOpOM o0beMe.

IIpu pacnbie Kamiyd UMEIOT HEOJUHAKOBBIE pa3-
Mepbl. PaBHOMEPHOCTH pacmbliia OIEHUBAIOT IO Juche-
pcubim xapakrtepuctukaM. Ha puc. 6.4 xpuBas N - 310
muddepennnanbias (4acToTHas) XapaKTepHCTHUKAa pac-
IpeaeseHns ynucia Kanenb no auamerpam. C moMonibro
ATOM KPHUBOU MOKHO OIPEIAEIUTh OTHOCUTEIBHOE YUCIIO
Karenb JaHHOTO pa3mepa B (pakene pacnbuia: N = N, Ad,
rae N, - CpelHee 3HaYCHHE OTHOCUTEIHbHOW YaCTOTHI
Karejab B MHTEepBaje auamMeTpoB oT d 1o d + Ad. Tak,
st (pakena, 4YacTOTHAs XapaKTEPUCTUKA KOTOPOIO Sfaive
MpeJcTaBiIeHa Ha puc. 6.4a, B Juana3oHE IHAMETPOB Puc. 6.4
karnenb oT 20 10 30 MKM CpeliHsIs OTHOCUTEIbHAS 4acTo-
ta N, = 0,022 1/MKM, OTHOCUTENBHOE YMCIIO Kamenab ¢ pasmepamu d =20...30 MkMm
B (pakene pacmbuia coctaBisieT N = N, Ad = 0,22, wiu 22 %.

Ha puc.6.4a npeacraBieHa Takke UHTETrpajbHas (CyMMapHas) KpuBas pacrpe-
nenennst G. KpuBas G moka3bIBaeT OTHOCUTENIBHOE YHCIIO Kalelb, JUaMETPbl KOTO-
pPBIX MeHbINE 3amanHoro. Jluamerp d,, , KOTOPBIN NETUT IUIONMIAb MO CyMMapHOU
KpUBOW momnoJyiaM, T. €. A koroporo G = 0,5, Ha3bIBalOT meduanHvim. Tak, s
(akeia, XapaKTEpUCTUKH paciiblia KOTOPOTo MpeCTaBIeHbl HA puc. 6.a, d,, = 28 MKM.

CpenneapupmeTnyecKkuil JUaMeTp ONpeAesaeTCs U3 COOTHOIICHHUS

dap = Zdl n; / Zl’li ) (64)

rae i - HoMmepa Qppakiuid, Ha KOTOphIe pa30uTa COBOKYITHOCTh KaIleb.

Kpome cpenneapudmeTndeckoro, mpu aHajiu3e IMPOIIECCOB TOPEHUS PaCIibl-
JICHHOTO KUJIKOTO TOIUTMBA MPUMEHSETCS TIOHATHE CPETHEOOBEMHOTO TuamMerpa KA-
TeJb, KOTOPBIA PACCYUTHIBACTCS 1O (hopMyJie
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dos=[2d’ n; / (Zn)>>, (6.5)

a TpU aHaIM3e MPOIIECCOB TeruioMaccooOMeHa (Qakenia pachblia C OKPY KoM
ra3oM — 3ayTepOBCKU (00bEMHO—TIOBEPXHOCTHBIN) CPETHUM TUAMETP

d,=2d’n; /(2 d’n). (6.6)

JlucnepcHble XapakTEPUCTHKU paclblia JUIsl JAHHOW KOHCTPYKLHH PaCIbUIN-
Tens (POpCyHKH) ONPENeNstoT HIKCIIEPUMEHTAIbHO, MOACYUTHIBAs YUCIIO Karellb pa3-
HBIX JTMaMETPOB, YJIOBJIECHHBIX B CIELMAIbHbIE BaHHOUYKU. B mocnenHee BpeMs Uist
ONpEaENIeHUs] JUCIIEPCHBIX XapaKTEPUCTHK MPUMEHSIOT rojorpadupoBaHue (axena
pacnbuia, IOJCYET YKUCIIa Kanelb U ONpeAeSCHUEe UX JUaMeTpa aBTOMaTU3UPOBAHBI €
UCIOJIb30BaHUEM TeneBUAeHUS U OBM. DxcnepruMeHTanbHblE JaHHbIE 0000IIArOT
YPaBHEHUSIMU B KpUTEPUATILHON (popMe, TPUUEM HUCIIOJIB3YIOTCS Oe3pa3MepHbIE Ynucia
(xpuTepun) NMoa00HUs, YUUTHIBAIOLIME COOTHOIIEHUE CUJI MOBEPXHOCTHOTO HATsIKe-
HUSI, UHEPLUU U TPEHUS. DTH KPUTEPUU:

ancio Bebepa We = p,w'd. /o,
yucno Perinonbnca Re=wd./ v,
ancno Jlammaca Lp = od./ (px V),

IZl€ O - IUNIOTHOCTh rasa, Oy, O, V - INIOTHOCTh, IOBEPXHOCTHOE HATSDKEHHE U KHUHE-
MaTHYECKHUI KO3()PHUIIMEHT BSI3KOCTH PaCIbUINBAEMOM )XKUIIKOCTH, d,. - TUAMETP CTPYHU
(coma), w- CKOPOCTh UCTEUECHUSI.

Baxxnas xapakrtepuctuka (akena pacmblia - pachpeleieHne MIOTHOCTU Opo-
IIEHNs PAaCIIBLINBAEMOil JKUIKOCTH ¢, Kr/(M°C) Mo mupHHe dakena. DKCIEPUMEHThI
MOKAa3bIBAIOT, YTO AJIA CTPYHHON (POPCYHKHM pacrpeiesieHue MIOTHOCTH OpPOIICHUS
0JIN3KO K HOPMAJIbHOMY (IayCCOBY) 3aKOHY.

ITogBoguMast K paclbLIMTENIO SHEPrUusl £ pacxoayercs Ha yBEIWYEHUE MOBEP-
XHOCTHOM JHEpPruu >KUJIKOCTU TpPHU paclaje CTpyd Ha Kamim E,; Ha cooOuieHue
KaIUISIM KWHETHYECKOM SHEPTrUM IMOCTYyNATEIbHOIO IBWKEHUS FE,; Ha NPEOOJEHUE
THJIPaBIMYECKUX MOTEPh B pacnbuintene. OtHomenue E,/ E = 1, Ha3bIBaeTCs KO3(-
(GUIMEHTOM TOJIE3HOTO AeHcTBUS pachbuinTens. OOBIYHO OH HE MPEBBIIIAET JOJeH
npoueHTa. Otnomenue E,/ E = 1, - at0 ruapaBiaudeckuii KI1J[, xapakrepusyronui
IIOTEPU B PaCIbUINTEINE.

I'mppaBianyeckoe pacnblIMBaHHE

[Ipu rugpaBINYECKOM pacCTbUIMBAHUU KUIKOCTb, MOJIaBaeMas MoJl JaBICHHEM
K pacHbUIUTEN0, BBITEKAET C BBICOKOM CKOPOCTHIO B (pOpME CTPYH WJIHM IUICHKH C
MOCJIEYIOIMM pacnaJoM Ha Kamud. ['mapaBiumdeckoe paclnbUIMBaHUE - Haubosee
MPOCTON W AKOHOMHUYHBIA CHOCO0, OJHAKO OH JaeT JTOBOJIBHO TPYOBId M HEOMHO-
POIHBIA pacmbUl; 3aTPYJHEHO pacClbUIMBAaHUE 3THM CIOCOOOM BBICOKOBA3KHX
KUIKOCTEU.

[Ipu ucreyeHnu yepes NpOCTEHIINI pacbUIMTENb - UUJIUHAPUYECKOE COIUIO - €
MaJIOM CKOPOCTBIO CTPYs paclafacTcs Ha Kalulu U3-3a JACUCTBUS MEPEKUMAOIINX €€
KamWUISIPHBIX CUJT (PAJIEEBCKUI pacmaa) U U3-3a BOJHOOOpa3HbIX UCKpuBiIeHUH. [1pu
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OOJBITION CKOPOCTH CTPYH OTHOCUTENIHHO Ta30BOM Cpebl OCHOBHAS MPUYMHA pacraja
CTPYH - 3TO TYpOYJICHTHBIE MyJbCAllMM CKOPOCTH M JABJICHUS Ha TpaHULle pa3ielia
(GKUJIKOCTh — Ta3», NPUBOAAINIME K TMOSBICHUIO TpeOHEW BOJH MU CPHIBY C HHUX
BTOPUYHBIX CTpyeK W Kamenb. [[1ockue MiaeHKH, UCTEKAIoUe U3 COTeNl HEKPYTJIOro
CEUYEHHs, pachaJaloTcsl Ha OT/ACJIbHBIC CTPYUKMU W 3aT€M Ha KaIlld M3-3a MOSBJICHUS
BOJIH Ha UX TIOBEPXHOCTH.

CKOpOCTh HCTEUEHHUS 4epe3 CTPYyHHYI (OpPCYHKY OIpeeNsieTcss B COOTBET-
cTBUM ¢ maHHBIME 1. 2.4 dopmymoit w = @ (24p / py ). Ipu cpaBHHTEIBHO
HEOONBIION CckopocTh wucteueHus (mo 20 M/C), COTJIaCHO JKCIEPUMEHTAIBLHBIM
JTaHHBIM, CPEAHEOOBEMHBIN TUAMETP Karelb ONPEIeseTCs BEIPAKCHUEM

ds /! d. = 6 Re "% , rnme d. - nuametp comia. I[lpu Oonpmiux mepenagax
JaBJICHUS peKOMeHAyeTcs Gopmyiia

dos! de=3,01 Lp =" (Wey pr 1 pi) 2. (6.7)

K ruapaBmuyeckuM pachbUIATENSIM OTHOCSITCS TakkKe IEeHTpoOexHbIe ¢Hop-
CYHKH, B KOTOPBIX KUJKOCTh Mepe] UICTCUCHUEM 3aKpYyYHBAETCS BCIEICTBHUE MOIBOIA
0 KacaTelbHON K KaMepe WU IMTHEKOM (BUHTOBBIM 3aBuxpuTenem). [llupoko mprume-
HSIOTCSI TaKXKe IEHTPOOCIKHO-CTpYyHHBIE (POPCYHKH, B KOTOPBIX pacHbUIBaeMast
KHUIAKOCTh YaCTUYHO MPOXOJUT Yepe3 BUHTOBBIC KAHAIBI M YACTUYHO - YE€PE3 OCEBOE
OTBepCTHE. 3aBUXPEHHUE MTOTOKA CIIOCOOCTBYET €ro TypOyIn3aluu U IPOOJICHUIO.

ITHeBMaTHYeCKOE pacbLINBAHNE

[Ipy THEBMAaTHYECKOM paCHbUIMBAHUM JKUIKOCTh IIOJAETCS C HEOOJBIION
CKOPOCTBIO; DHEPrus Il paclbula MOABOJUTCA K HEH B pe3yjbTaTe IWHAMHUYe-
CKOT'O B3aMMOJICHCTBUSI C BBICOKOCKOPOCTHBIM T'a30BBIM MOTOKOM, KOTOpBIN (popmu-
pPYET BOJIHBI Ha MIOBEPXHOCTH pa3felia >KUJIKOCTh - T'a3, paccilauBaeT €€ Ha OTIC/IbHbIC
cTpydku u karu. [IHeBMaTudeckue (OPCYHKH NAlOT MEJIKOIUCIIEPCHBIM PacCIbL,
OJIHAKO WX HEIOCTaTOK II0 CPAaBHEHHIO C THAPABIMYECKUMH - Oojiee CJIO0KHOE
o0opynoBaHue (BKIIOYAIOIIEE HMCTOYHUK CXKATOTO Ta3a) W MOBBIIMICHHBIA PacXo/y
SHEPTrUU Ha pacmublIuBaHue. J(UCTIEpCHOCTH pacmhbiia (MEIUAHHBIN TUaMETp Karellb)
py TMMHEBMATHYECKOM DACTIBIIMBAHUU OIPEACISICTCS, TPEXKIE BCETO, CKOPOCTHIO
ra30’KUIKOCTHOTO TIOTOKA W.

Jpyrue cnoco0bl pacnblIMBAHUSA

[Ipy MexaHWYEeCKOM pACTIBUIMBAHUN >KHAKOCTH ITOAACTCS Ha TOBEPXHOCTH
OBICTPOBPAIIAIONIETOCS TUCKA, YBJIEKAETCS UM M CpbIBaeTcs ¢ mepudepun B BUIC
IUIEHOK WJIM CTPYH, IpoOsCh Ha Karuid. DTOT CIOCOO0 00ECIeurnBaeT OTHOCUTENIBHO
BBICOKYIO PaBHOMEPHOCTh PAaclblia, 1aeT BO3MOXHOCTh PACIbUIMBATh BHICOKOBSI3KUE
U 3arpsi3HEHHBIE )KUJIKOCTU. ETo HEeZJ0CTaTKM - BHICOKAst CTOUMOCTh M 9HEPTOEMKOCTb.

[Ipu akycTHUeCKOM pacHbUIMBAHUM, KaK U MPU MTHEBMATUYECKOM, SHEPIHsS IS
pachbUIMBAHUS COOOINAETCS >KUIKOCTH TOTOKOM Ta3a, NMpUYeM K Ta30BOM CTpye
MOIBOJIATCS KOJIEOAHUs YIbTPa3ByKOBOM YacTOTHI, UTO 0OeCIedyuBaeT 0ojiee TOHKOE U
OJIHOPOJHOE JIPOOJICHHE.

[TynbcarimoHHOe pacnbUIMBaHUE MPEICTABIAECT CO00 Pa3HOBUIHOCTH THIPAB-
JUYECKOTO, KOT/Ia Ha TIOTOK PACTIBUIMBAEMON KUIAKOCTH HAKIIAIBIBAIOTCS KOJICOAHUS
AaBieHus. DTo olecrmeurBaeT OONBIIYI0 OAHOPOJHOCTh M TOHKOCTH pacIblia MpHU
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HE3HAYNUTEITLHOM YCJIOKHCHUHM KOHCTPYKIIMU. HOBBIM BHIOM TMyJIbCAIIHOHHOTO
SBJISICTCSI DJICKTPOTHIPABINYCCKOE PACIBUIMBAHUE, KOT/Ia HWMITYJIbCHl JTaBJICHUS B
KHUIKOCTH CO3JAFOTCS BBHICOKOBOJIBTHBIMHU JJICKTPUUYCCKUMHU pa3psgaMu B TOJIOCTH
pacubpUTATENSA. Y IapHbBIE BOJIHBI C TIOBBIICHWEM JABJIEHUS 0 COTCH Meramackaien
MPUBOMIT K BBIOPOCY Kamelb C OYEHb BBICOKOW CKOPOCTHIO; OHU JIOTOHSIOT U
JOTIOJIHUTENBHO APOOSAT YaCTHIIBI, TOKUHYBIIME PACTIBLIUTENh B TPOMEKYTKAX MEXKITY
UMITYJTbCaMHU.

[TpuMeHSIOTCS TakKe KOMOMHHPOBAHHBIC METOMBI PACTIBUIMBAHMS, B KOTOPBIX
COYETAIOTCS OTCIIbHBIC U3 TIEPEUNCICHHBIX (HampuMep, THEBMOTUIPABINIECKOE pac-
MBUITMBAHUE).

6.3. Jugpghyzopoi
I'eomeTpHYecKkHe U razoquHAMUYecKHe mapamMeTpsl auddy3opos

Jnddy30pbl HCTIONB3YIOTCS ISl TOCTENEHHOTO YMEHBIIIEHUSI CKOPOCTH MOTOKA;
KMHETUYECKasi PHEPIrusi MpU 3TOM mpeolpa3yercs B MOTEHIHMANbHYI0. OHU HCIOIb-
3yI0TCSl B KOMIIpEccopax, TpyOOnpoBoiax, a’poAMHAMUYECKUX TPyOaX, BBIXJIOMHBIX
naTpyOKax MapoBBIX U T'a30BbIX TYpOMH, B BEHTWISLMOHHBIX YCTAaHOBKax U JPYTUX
mamrHax. OCHOBHOE HazHaueHue Iu(p@dy30poB - BOCCTaHABIMBATh JABJICHHUE IPU
HAaUMEHBIINX MOTEPSX IHEPIHH.

[Tpu H03BYKOBBIX CKOPOCTSIX TOPMOKEHHE IOTOKAa OCYLIECTBIISIETCS B pac-
mupstomeics Tpyoe (puc. 6.5). IloaTomy no3BykoBbie Aub(Py30psl UMEIOT (OpMY
paCIIUPSIONINXCS MAaTPyOKOB C IUIOCKUMH, KOHMYECKUMHU WM KPUBOJMHEHHBIMU
cTeHkamu. B xommpeccopHbix MamuHax AudQy30pHbie KaHaIbl 00pa3yroTCs J0MaTo-
YHBIM ammaparoM. BaxHenmuMm reomerpu-
yeckuM mapaMerpoM nuddysopa sBiseTcs
ero cmenenv yuwiupenus n, paBHas OTHOILIE-
HUIO TUIONIAIM ceueHuss Ha BeIxoge Fp k

BXOJHOM mjomamu Fi: n :Q. 3amaHHas
1

CTENEHb YIIUPEHUS 71 MOXKET JOCTUraThCs

3a CUeT HaJIeXkKAIEeTro moa0opa yria pacTBopa Puc. 6.5

muddy3opa a unu ero anuHel L (puc. 6.5).

Hapacranue naBieHusi BHU3 MO TMOTOKY NMPUBOAUT K OBICTPOMY YBEITUUYECHUIO
TOJILIMHBI IOIPAHUYHOTO CJI0SI, @ MPU TOCTATOYHO OOJIBILIOM I'PAUEHTE JABJICHHUS - U
K ero oTpbIBy. [loaToMy notepu 3nepruu B nudpy3opax 3HAUUTETBHO OOJBIIE, YEM B
UMIMHAPUYECKUX U KOH(Y30pHBIX TpyOax Toil ke JuiuHbl. [Ipyu OTphIBHOM TEUEHHUU B
b dy3ope 3aJaHHOE MOBBILIEHUE AABICHUS HE o0ecrieunBaeTcs, 3p(HEKTUBHOCTh €ro
nanaer. OCHOBHas 3a/1aya MPOEKTUPOBaHUA AUPQy30pa - ONpeereHue ero Hauinyd-
meld GopMel, pU KOTOPOM TeUeHHE OE30TPBHIBHO U MOTEPHU DHEPIHM IPU 3aJaHHBIX
CKOPOCTSAX MUHUMAJIbHBI.

[Tycts Ha Bxoze B nuddy3op cpeaHssi CKOPOCTh TEUEHUS ra3a paBHa Wwj, €ro

yAenbHasd KUHETUYECKash YHEPTHs wf /2. Ecnu HeoOpaTtuMble TOTEPH YJEIHHOM
sHepruu B nuddy3ope BCiaeacTBUE TPEHUSI U BUXpeoOpa3oBaHus COCTaBIAIOT AE, TO
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0e3pasMepHbIM  Koagpuyuenmom euympenHux nomepsv ¢ (Wi kodhuimeHToM
THJIPABIMYECKOTO COMPOTUBICHMS) TU((Hy30pa HA3bIBAIOT OTHOIICHUE

C=24E/w’. (6.8)
Ecnu kuHeTnyeckas sHeprusi BbIxojsmiero u3 auddysopa moroka wg /2 B

JTaNbHEWIIEeM HE Huchoib3yercs (T. €. mocie auddy3opa TOTOK PacHIUpsIeTCs C
MIOJTHBIM TOPMOXKEHHEM CTPYH), TO IEIeCOO00pa3HO BBECTU KOIPPuYueHm noiHbIX

nomeps nuddysopa (;:
¢, =248 +wl/2)/wi. (6.9)

Koagpgpuyuenmom noneznoeo oeticmeus oughghysopa 1, Ha3bIBa€TCs OTHOILIICHUE
JNEHUCTBUTENBHOTO MPHUPOCTAa MOTEHIUAIBHON YHEPTUH K MAKCUMAJIBHO BO3MOKHOMY
MpU M303HTPONUNWHOM CXKATUM U 3aJIaHHOM CTeneHu ymupeHus B auddysope. s
HecxumaeMon xkuakoctu KIIJI nuddyzopa onpenensiercss yepe3 OTHOIIEHUE Pa3HO-
CTH JABJICHWM Ha BBIXOJIE p, U HA BXOJE p; U TEOPETUUYECKON PA3HOCTH JABJICHUU,

P>~ P
Pom — P

Kaptuna nmotoka B muddysope - cnoxnas. [Ipodunu ckopoctu HempepbIBHO
aepopMupyrorcs mno ero juimHe. [loatomy Teoperndyeckuil pacyeT NoTeph ¢ UCHOJb-
30BaHUEM TEOPHUU MMOTPAHUYHOTO CJIOSI 3aTPYAHUTENEH; XOTSI OH U COBEPILIEHCTBYETCA,
HO JI0 CHX MOp He obecreunBaeT HeoOxoaumon TouHoctu. Hanbonee moctoBepHbIe
JTaHHBIE O TOTEpsiX B Auddy30opax MOTyUEHBl SKCIEPUMEHTAIBHBIM myTeM. OHu
MPEJCTABIICHbI, B YACTHOCTH, B CIIpaBOYHUKE [4].

OnwIT MOKa3bIBAaCT, YTO TMPU OE30TPHIBHOM OOTEKaHWHM CTEHOK nuddy3opa
BEJINYMHA MaKCUMAJIbHOTO YIJIa PACKPBITUSI @ 3aBUCHUT OT CTENEHU yimupeHus: x. [lpu
n=2 ., =24, mpu n=5 a,, =9

KOTOpasi HAXOAUTCS U3 ypaBHEeHUs bepryiu: 77, =

BuyTpennue norepu B nud@y3ope NpuHATO BbIpaxaTb B JOJAX NOTEPh, UMEIO-
IIMX MECTO B MECTHOM COIPOTHBIIEHUH IPHU PE3KOM pACHIMPEHUU TPYObI C TOH ke
CTeneHbl0 ymupeHnus n. [lorepn Hamopa Ipu pe3KOM pPacCUIMPEHUN OINPEIEISIOTCS

(w; —w, )2
5 :

[lotepu naBnenuss B aud@dys3ope C IMIABHO pPACHIUPSIOMIUMUCS CTEHKAMU
MEHBbIIIE, YEM IIPpU PE3KOM pacHIUpeHHH nortoka. [Ipu Manblx yriax pacTtBopa
BHYTpEeHHHE noTepH AU dy30pa HEBEIUKU: OHH COCTABIISIOT BeJIMUMHY 0KoJio 0,15 oT
notepb crynenyatoro auddyszopa. C poctoM a TOTepU YBEIUYUBAIOTCS U TPU
pactBope 0K0J10 40° cpaBHUBAIOTCA C MOTEPSMH HPHU PE3KOM PACIIUPEHUH.

OnbIT MOKa3bIBAET, YTO MPHU OOJNBIINUX yTIAX PACTBOPA BHYTPEHHUE MTOTEPU MO-
r'yT ObITh YMEHBIIICHBI, €CIM 00pa3yrollyto cTeHKH Auddy3opa BHIIOJIHUTh HE TMPS-
MO, a KpuBoiHMHEHOW. B wactHOcTH, muddy3op, CTEHKH KOTOpPOro crpoduiInpo-
BaHbI TaK, YTOOBI MPOJOJIbHBIM IPaAUEHT AaBICHHUS ObUT MO €ro JJWHE MOCTOSHHBIM,
JaeT YMEHBIICHHE NOTeph NpUMEpHO Ha 25% 1O CpaBHEHUID C KOHMYECKUM
muddy3opom, yroa pactBopa kotoporo paseH 40°. Ilpu manoi mmHEe U OONBIION
CTETICHU YIIUPEHHS 7 OKa3biBaeTcsa A(h()EKTUBHBIM KOMOMHUPOBAHHBIA AU dy30p:

(opmynoit bopna Ap, , = p
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BHayaje JAaBJICHUE MOBBIIIAETCS B OOBIYHOM ILJIABHO PACIIMPSIOIIEMCS KaHale, a
3aTeM UMEETCS pe3Koe (CTYNEHYATOE) pACIIMPEHUE CEUEHUSI.

Ha Benmuuuny noteps B nud@y3ope oka3pIBalOT BIUSHUE PEKUMHbBIC TapaMeT-
pbl: uncna PeitHonbaca, Maxa, crerneHb TypOyJlEHTHOCTH IMOTOKa, a Takxke ¢opma
AMIIOPBI CKOPOCTEN HA BXOJI€ B C€UEHHE [7). YBEIUYEHHE CKOPOCTU Y CTEHKH CMEIAET
CEUYEeHHE OTpPbIBA CTPYH BHHU3 MO MOTOKY. [lo3TOMY nmisi ynmydineHus: XapaKTepUCTUK
g dy3opa okazbiBatoTCs 3PHEKTUBHBIMU OTCOC WIIA CAYB MOTPAHUYHOTO CIIOSL.

6.3. Docexmopot

['a30BBIM 3)KEKTOPOM HAa3bIBAETCS YCTPOWCTBO, B KOTOPOM HHEPIUSl «IKEK-
TUPYEMOI'0» Ta30BOT0 MOTOKA YBEIUYUBAETCS CTPYEH NIPYyroro MOTOKA, WUMEIOIIETO
6onpmmii Hanop. [IpocToTa KOHCTPYKIIMK M yIOOCTBO PETYIMPOBAHUS pabodero mpo-
1ecca KeKTopa oO0yCIOBIMBAIOT €ro MMUPOKOE MPUMEHEHHE B PA3JIMUHBIX 00JIaCTSIX
TEXHUKU. B YacTHOCTH, B KOHJICHCAIIMOHHBIX CHUCTEMAaX MNapOCHIIOBBIX YCTaHOBOK
KEKTOP HCIOJIB3YETCs JJIsl TOHWKEHHUS JIaBJICHUS B KOHJEHCATOPE: HEOOXOIUMBIM
BAKyyM CO3/1a€TCS B KOHJIGHCATOpPE 3a CUET YBJICUCHHMS M YHOCAa YaCTHI[ Tapa u
BO3/lyXa BBICOKOHAMOPHOW CTpyel mapa. B BakyyMHOW TEXHHMKE aHAJIOTUYHBIC
KEKTOPBI, padoTalolMe Ha Mapax MXUJIKOCTEM C MayibiIM JIaBJICHHUEM HACBIIICHUS,
MO3BOJISIIOT JIOCTUTaTh TIyOOKHX paspexkeHuid [lpu skcrutyataniud ra3oBbIX MECTO-
POKJIEHUN HU3KOHANIOPHBIE CKBAKUHBI MOJKIIOYAIOT B Ta30COOPHYIO CETh C MOMO-
IIbI0 KEKTOPA, B KOTOPOM JABJICHHE HU3KOHAIOPHOTO Ta3a IMOBBIIIAETCS 3a CYET
SHEPIUU FKEKTUPYIOIIETO ra3a U3 BBICOKOHAIIOPHBIX CKBAXXUH. TakuM MyTeM yJaaeTcs
OJTHOBPEMEHHO YBEIWYUTh MPOU3BOJUTEILHOCTh HU3KOHATIOPHBIX CKBAKUH U TOBbI-
CUTh JIaBJIICHUE T'a3a B CETU. DKEKTOPBI UCIOJIb3YIOTCS TAK)KE BMECTO BEHTUJISITOPOB B
a’pOJIMHAMUYECKHUX TPyOax U T. 1.

Ha puc. 6.6 noka3aHbl OCHOBHBIE 3JIEMEHTBI KEKTOpPA: COIUIO BBICOKOHAIOP-
HOTO (3)KekTupyrouiero) raza C;, COMIO HU3KOHATIOPHOTO (3KEKTUpyeMoro) raza C,,
cMecurenbHas kamepa K u quddyszop /.

Hasnauenue comen - moJIBOJI Ta30B K CMECUTEIIBHOM KaMepe ¢ MUHUMAaIbHBIMU
norepsMu. BaxkHBIM reoMeTpUYecKUM MapaMeTpoM HKEKTOpa SIBISETCS OTHOIICHUE
IUIOIaAe BBIXOOHEIX ceuennii comen F,/F,. Ecan nmagenue pasienus B comie C;
MPEBBIIIAECT KPUTUUECKOE, TO JJIsI IKEKTUPYIOIIETO ra3a I1ejiecoo0pa3HO MPUMEHSTh
coruio JlaBans. Ho u mpu CBEpXKPUTUUECKUX OTHOILICHUSX JABJICHHUS YaCTO HCIOJb-
3YIOT 9KEKTOpP C OOBIUHBIM (CY>KAIOIIKUMCS) COIUIOM. TakoW 3KEKTOp Ha3bIBaCTCS
38YKOBbIM.

B kxamepe cmemieHuss MpPOUCXOAUT OOMEH HJHE-prueil Mexay IOTOKaMH B
TypOyJICHTHOM TIOTPAaHU-YHOM cJioe, pazjaensamonieM w#x. Kamepa MoxeT ObITh
NWIMHIPUYECKON WM MMETh NEPEMEHHOE MO JJIMHE CeYeHWe. B muimmHapudeckoun
Kamepe JaBJICHHE HapacTaeT BHU3 M0 MOTOKY, B TO BpEeMsI KaK JaBIECHUE TOPMOKEHUS
(T. e. moNHAs MeEXaHWYECKash PHEPrusi) YMEHbIIAETCS 3a CUeT NoTepb. V3MmeHeHue
CTaTUYECKOTO NABJICHUS p W NABIICHUS TOPMOXKEHUS p* MO JJIWHE JTO03BYKOBOTO
MKEKTOpa TMOKa3aHO rpaduuecku B HIKHEH dactu puc. 6.6. Ilpu mpaBMIIbHO
BBIOpaHHOM JUIMHE KaMepPhbl Y €€ BBIXOJHOTO CEUYEHHUS IMPOILECC CMEIICHUsI MOTOKOB
3aKaHYMBAETCS, OHIIOpa CKopocTed (MOKa3aHHAass B BepXHEH dacTu puc. 6.6)
BBIPABHUBACTCS.
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Hasnauenne nuddy3opa, ycTaHaBIMBaEMOTO Ha BBIXOJIC W3 KaMephl CMEIICHHUS,
- TIOBBINICHUE CTATUYECKOTO JIABIICHUS BBIXOJAIICH W3 2KEKTOpA CMECH T'a30B WM
MOHIDKEHUE JIaBJICHUS B KamMepe CMCIICHHUsA. B HEKOTOPBIX Ciy4asx BMeCTO Tud-
¢dy30pa Ha BBIXOAE W3 MKEKTOPA YCTAHABIUBACTCS CYXKAIOIIEECS COIUIO HMJIM COILIO
JlaBajisi, eciii CTaBHUTCS 3aja4a IMOJIYYUTh Ha BBIXOJIE BBICOKHE CKOPOCTH CMECH.

Cratnueckoe naBicHHe p; Ha cpe3e comia C), MOHMKCHHOE M3-32 YCKOPEHUS
MOTOKA KEKTUPYIOIIETO Ta3a, HUXKE MOJHOTO JIABJICHUS YKCKTHPYEMOTO raza po*,
KOTOPBIM TIOJ] JACUCTBUEM JTOH PA3HOCTH JABJICHHNA TEYET B KaMepy CMEIICHHUS.

4 O0603HaYMM MacCCOBBII pacxoj] KEKTUPYIOIIETO
Y -—F3F : raza yepe3 Gj, axekTupyemoro — uepe3 G,. OTHO-

P :r" menue G,/G, = n Ha3bIBaCTCA K0IDduyuenmom
0 Ll 2oicekyuu. Ero BenudWHA 3aBUCUT OT IUIOIIAACH
ﬂ}w\ comen U gaBieHuid p* u p,*. CmemmuBaemble B

KEKTOPE ra3bl MOTYT IIEPBOHAYAIBHO Pa3IudaThCs
I 0 TEMIIepaType U XUuMH4YeckoMy coctaBy. [lonepe-
YHbIE MyJbCAIIMOHHBIE KOMIIOHEHThl CKOpPOCTH B
MOTPAHUYHOM CJIO€ HA TPAaHHULE MOTOKOB MPUBOIAT
. K B3aMMHOMY BHEJPEHHMIO YaCTHI]; Ha BBIXOAE W3
P3 pAJ|  KaMepbl CMEIIECHUs COCTOSSHUE CMecH OJIM3KO K

/F OJTHOPOJHOMY.
Py 1 [Ipomecc cMemieHUsT TOTOKOB  COINPOBOXK-

‘\f-'-—"-—-r naeTcsi morepsMu dHepruu. [lomumo moTepp Ha

TPEHUE Y CTEHOK KaMephbl CMEIICHHS, UMEIOT MECTO

Puc. 6.6 IIOTEPH, CBA3AHHBIE C BUXPEBOU CTPYKTYPOH IOTO-

KOB B TYpOYJIGHTHOM CJIO€ Ha rpaHuile ctpyid. OHu

MOTYT OBITh ONPEEICHBI TI0 PA3HOCTH KWHETUYECKUX DHEPTUi: CYMMapHOW YHEPTrUU

MKEKTUPYIOIIETO U HKEKTUPYEMOTO TOTOKOB BO BXOJHOM CEUEHHWH W DHEPTUH Ha

Bbixojie. [loTepu yBeamumMBaIOTCS C BO3PACTaHHEM PA3HOCTH CKOPOCTEH CMeIInBa-
IOIIIAXCS TIOTOKOB.

[Ipu pacuere KeKTOpa MPUMEHSIOTCS YPaBHCHUS HEPa3pHIBHOCTH, DHEPTUU U
KOJIMYeCTBa NBWKCHHS. [Ipy 3alaHHBIX YCIOBHSAX HA BXOJE OTHU TPH YPaBHEHUS I03-
BOJISIFOT OTNPEIEIUTh TPU MapamMeTpa raza Ha BbIXOJIe, HAIIPUMED: TeMIeparypy, AaB-
JeHue U cKopocTh. [lomydeHHble penieHus JalT BO3MOXKHOCTh BBIOpATh ONTUMAJIb-
HBI peXUM pabOThl MKEKTOpa (HampUMep, TaKoM, KOTOPhIA oOecreurBaeT Moiayye-
HUE 33JIaHHOTO KOA(PUITMEHTa 2>KEKITUU TIPU HAUBBICIIIEM TTOJIHOM JaBICHUU CMECH).

Ecnu a5xexTop paboTaer mpu pa3iMyHbIX COOTHOIICHUSX HUCXOIHBIX MapameT-
POB Ta3oB, TO €ro pacxoa U kKoddduimeHT 3»kekuu n = (G/G; MOTYT MEHSTHCA.
3aBUCUMOCTH MEXIy MEPEMEHHBIMU MapaMeTpamMu MKEKTOpa HA3bIBAIOTCS €r0 Xapak-
TepucTukamu. Ha pwuc. 6.7 mpencraBiieHa CETKa IMOTYYEHHBIX SKCIEPUMEHTAIBHO
XapaKTEPUCTHK KCKTOPA C CYKAIOMUMCT g4

AW

KEKTHUPYIOIUM COIIJIOM 51 P4 -—-._%Ej. =307 ]
UWINHIPUYECKON KaMEpPOW CMELICHUs, IJIs L8 E —— {3 =0 728
KOTOpOiH OTHOIIEHWe momaaein F/F, = T 268
0,725 wm  Temmeparypel  TOPMOXKEHUS B e
CMEILIMBACMBbIX IMOTOKOB OJJMHAKOBHI. §4 422 -
§
) 1! '?r-gf

"fT a2 Q4 a6 a8
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Xapak-TepUCTUKU TMOKA3bIBAIOT 3aBUCHUMOCTh CTEIIEHU CXKaTHUSl IKEKTUPYEMOTO rasa
p4¥/py* orT kod(pduimenTa IKEKIUH 7 TPU HECKOJBKUX 3HAYEHUSX OTHOIICHUN
p1*/p,*. OnbITHBIE TOYKH, IO KOTOPBIM MOCTPOEHBI XapaKTEPUCTHKH, MOTYYSHBI TIPU
MOCTOSTHHBIX JaBIEHUSX p* u p,* mocnenoBaTenbHBIM MOHIKEHUEM CTATHYECKOTO
JaBJIeHUs Ha BhIxone w3 Auddysopa p,. [lpm 5TOM yMeHbIIAETCs CTaTHYECKOE
JaBJICHUE BO BXOJHOM CEUEHUU KaMepbl CMEIICHHsS M BO3pPAcTalOT CKOPOCTh U pac-
XOJ] 2KEKTUPYEMOro rasa, TOI/la KaK pacxoj] KEKTHPYIOIIEro raza H3MEHSeTCs
HE3HAUM-TEIbHO WJIM BOBCE HE MeHseTcs. B pesyib-Tare yBenuuuBaeTcs
KOA(DPUIIUECHT KEK-ITUU 7.

[Tpu KpUTHUECKOM peXHME, KOTJa CKOPOCTh 3KEKTHPYEMOI'O raza B CEYCHHUH
3aMypaHusi JOCTUTAET CKOPOCTH 3BYKa, KOO(PPUIMEHT HKEKIUH CTAHOBUTCS MaKCH-
MaJbHBIM (7151 JAHHOTO OTHOIICHUS p;*/p,*) Puc. 6.7
U HE U3MEHSIeTCs ¢ JaJIbHEHIITNM TOHUKEHU-
€M JIaBJICHUS Ha BBIXOJIE U3 3KeKTopa. [IyHkTHpHas auHMs Ha pHC. 6.7, cOequHsIIOIas
npenenbHbIe TOYKH KPUBBIX p1*/p,* = const. CETKM XapaKTEPUCTHK, OTPAHUYUBACT
00J1acTh peasbHBIX PEKUMOB KekTopa. C yBelIMUeHUEM MONHBIX JaBieHU p;*/p,*
OHa TMpUOIMKAETCI K OCH OpAMHAT M TPHU HEKOTOPOM 3HaueHUU  (P1™/pr*)max
nepecekaeTcsa ¢ Hell. Touka nepecedeHusi, B KOTOPOW CTENEHb NOBBIIICHUS JTaBICHUS
P4*/py* nocTUraer MHUHMMYMa JJisi JAHHOTO KEKTOpa, a KOd(PPUIUEHT KEeKUUu
paBeH HYJI0, COOTBETCTBYET PEXKUMY 3alMPAHHSI IKEKTOpA.

4. BJIOK KOHTPOJISAA OCBOEHUSA TUCHUIIJIMHBI

KOHTPOJIBHAA PABOTA

[Ipy BBINOJIHEHUU KOHTPOJIBHOM pPabOThl PEKOMEHIYETCS MPHUIAEPKUBATHCS
CIEYIOIINX YKA3aHUN:

1. TlepenucaTh NONMHOCTHIO TEKCT KAXKIOW 3aJayd JJisi CBOETO BapHAHTA,
KOTOPBIN BBIOMpAeTCs 1o nociiennen nudpe mudpa.

2. Ilpu pemieHUM KakIOW 3a/layd HEOOXOAMMO TMOSCHHUTH CJIOBAMH BBIUKC-
JSIEMYI0 BEJIMYMHY, MPUBECTH COOTBETCTBYIONIYIO (HOpMYJy, HAWTH HEU3BECTHYIO
BEJIUYHMHY (B OyKBEHHOM BBIPAKEHUH ), 3aTEM TMOJICTABUTH B MPABYIO YaCTh ypaBHEHUS
YHUCJIOBBIC 3HAYEHUS U HATU OTBET.

3. Jus KaxkaoW HalIeHHOW BEIMYMHBI HAJ0 YKa3bIBaTh Pa3MEPHOCTH (HEBBI-
MOJIHEHHE ATOTO TPeOOBaHUS PABHOCUIIHLHO OIIHOKE).

4. BblYuCi€HUSA HYXHO MPOU3BOJUTH C MUKPOKAIBKYJISATOPOM C TOUYHOCTHIO
0,1%. I'padux nomxeH ObITh BEIYEPUEH B MacilTade, xKeaaTeaIbHO Ha MUJIJTUMETPOBOM
Oymare.

5. B orBeTtax Hamo NpuUAEpPKUBATHCA TEPMUHOB U 000O3HAUEHUMN, TPUHATHIX B
yueOHuKe. Pe3ynbTaThl penieHus J0JKHBI OBbITh MpeicTaBieHbl B equHuiiax CHU.

6. HeoOxoaumblie CIpaBOYHbBIE JTaHHBIE COJIEPIKATCS B PEKOMEHIOBAHHOM
muteparype [1, 4, 5]. Ecnu nipu pemenuun kakas-nu6o BennyuHa OepeTcst U3 Apyroro
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CIIPaBOYHMKA, HAJO0 HA3BaTh WCTOYHUK C YKA3aHUEM aBTOpPA, rOJla W3JAHUS U CTpa-
HUIIBI.

7. Pemenus ciemyer mucath paz0OpuMBO, OCTABJISIL TOJISL JJISI 3aMEUaHUI
pelleH3eHTa, CTpaHullbl HyMepoBaTh. Ha TuTyse ykaspiBatoTcst haMuivsl, HHUIAATIBI,
CIIEUAIBHOCTD U MU (P.

[To cornmacoBaHuIoO ¢ MpernojaBaTeiaeM, BeAyIUM YU4eOHbIe 3aHATHUS 110 KYpCy, B
KayecTBE KOHTPOJIHHOW pabOThl WM €€ YaCTHU MOXKET OBbITh MPEACTABICHO pElICHUE
KOHKPETHOM TEXHUYECKOW 3aJaud, CTOSIIEN Mepell CTYJIEHTOM Ha IPOU3BOACTBE.
KoHncynbranuu no pazpaboTke v BHEAPEHUIO pe3yIbTaToB o0ecneunBaeT kadeapa.

3agaua 1. B tpyOe nuamerpom D; = 50 mm, nojiaro1iei Boy B OTKPBIThIN O0ak
C MOCTOSTHHBIM HamopoMm H (tabn.4.1), yctanoBnena tpyba BeHntypu ¢ nuamerpom
ropaa D, =25 mwm (puc. 1). Atmocheproe nasnenue p, = 100 xIla.

Onpenenuth, Kakol HauOONBIIMN pacxo] MOXHO MOJlaBaTh B Oak 110 MOSB-
JICHUS KaBUTAllMM B PACXOJIOMEpEe, €ciium Temmeparypa Bojasl /. KakoBo Oymer mpu
ATOM IOKa3aHue PTyTHOTO AudManomerpa Ah ?

[1],c.9,26-28.
Tabnuya 4.1
[Tapamerp Howmep BapraHTa 1 HCXOJIHBIE TAHHBIE
bl | 2 3 4 5 6 7 8 9 0
H, m 0, 0, 0, 0, I, 1, I, 1, 1, 2,
t,°C 0 20 40 60 80 0 20 40 60 80

3agaua 2. M3 orkpeiToro 0aka BojAa BBITEKaeT B aTMocepy MO TOPHU30H-
TaJbHOMY TPYOOMPOBOAY, COCTaBICHHOMY M3 TpyO nuamerpom Dy u D, (puc. 4.2,
Tabn. 4.2), nmuuel Kotopbix /; = 20 M, [, = 40 M. TpyObI cTanbHble HOBBIE, BHICOTA
BBICTYIIOB 1epoxoBatoct 0,1 Mm, TonmmHa creHku 3 MM. Pacxon Boabl Q
KO3(PUIIMEHTBI MECTHOIO CONpOTUBIEHUS: BXxoAa Cux = 0,5, pe3koro pacmupeHus
Cop = [(Dy/D,)* - 177, kpaua Cp = 1,0. Onpenenuts Hamop B Oake /1 U BEIUYUHY
YAApHOTO AaBieHUs] A p MpU MTHOBEHHOM 3aKpbITUU KpaHa. [locTpouts quarpamMmmy
ypaBHeHus: bepnymmu. T'mapaBnuueckuit KodQ@PUIIMEHT TpeHUS ONPEAETUTh IO
rpaduKy NpUIOKEHHUS.

[1], c. 36...39, 41...44.
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Puc. 4.1 Puc. 4.2
Tabnuya 4.2

[Tapametp Howmep BapuaHTa M HCXOJHBIE JAHHBIE

bl 1 2 3 4 ) 6 7 8 9 0

0 *10~, 3 3 4 4 5 5 6 6 7 7
M/c

Dy, Mm 2 2 3 3 3 3 4 4 5 5

D,, MM 4 5 4 5 5 6 6 7 7 8

3agaua 3. B koHaeHcaTtope mapoTypOMHHOW yCTaHOBKH (puc. 4.3) oXiax-
Jaroniasi BoJia MPOXOIUT MO JBYM IOCJIENOBATENbHBIM XOJaM, KaXKJIbId U3 KOTOPBIX
coepxkuT 250 mapaienbHbIX JATYHHbIX TPYOOK /UIMHOW L = 5 M U BHYTPEHHUM
auameTpoM D = 14 mm (puc. 4.3); pazmep BbICTynoB mepoxoBaTtocT 0,05 MM.

OnpenenuTh MOTEpU HaAmopa B KOHAEHCATOPE, €CIU pacxoll paBeH (), Temiie-
patypa Bofsl ¢ (Tabu. 4.3). YUuThIBaTh MOTEPU HANIOpA HA TPEHHUE B TPyOKax, HA BXOJ
(Cex = 0,5) m Ha BBIXOA (Coux = 1,0). Mcmons3oBath Tpaduk MPUIOKEHUS IS
OTIpEJIEICHHUS A.

[1], c. 36...41.
Tabnuya 4.3
[Tapamer Homep BapraHTa U UCXOJIHBIC IAHHBIC
pbI 1 2 3 4 5 6 7 8 9 0

0, M/u 62 61 60 59 58 57 56 55 54 53

t,°C 20 10 20 30 20 10 20 30 20 10
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Puc. 4.3 Puc. 4.4

3agaua 4. Bo3myx BhITekaeT M3 OalyIoOHA Yepe3 Cy’Kaloleecs COIUIO JHa-
metpoMm D B atmocdepy, armocheproe nasnenue 100 klla. Temmepatypa B 6amioHe
400 K, u30bITOYHOE NABICHUE Py (Ta0d. 4.4). OnpenenuTh CKOPOCTh WCTEUYCHUS,
MacCOBBIM pacxoj W TMapamMeTpbl BoO3Ayxa Ha cpese cormia. OnpeaenuTb TakxKe
CKOPOCTb W TMapaMeTphl BO3/lyXa HA BBIXOJE W JUAMETP BBIXOJHOTO CEUYEHUS COILIa
JlaBasis, kKoTOpo€e 0OecreynBaeT pacueTHOE UCTEYCHUE U UMEET quameTp ropiua D.

[1], c. 67..71.
Tabnuya 4.4
[Tapametpsl Howmep BapranTa 1 HCXOIHBIEC TaHHBIE
1 2 3 4 5 6 7 8 9 0
D, Mmm 5 10 15 5 10 15 5 10 15
Puss>» MIla 4 5 6 7 8 9 10 11 12 13

3apaua 5. [lnockas ToHKas KBajpaTHas TUIACTMHKA C Pa3MEpPOM CTOPOHBI b
oOTekaeTcsi MPOMOIHHO TOTOKOM BO3ayXa HOPMAaJbHBIX mapaMmeTpoB (puc. 4.4).
Cxopocth notoka w (Tabu. 4.5).

Berauciuth TONMIMHY MOTPAHUYHOTO CJIOS Y BBIXOJHOW KPOMKH TUIACTUHKH U
OTIPEICTUTh CHITY COTPOTHBIICHHUS.

[1], c. 134...137.

Tabnuya 4.5
[Tapametp Howmep BapruanTa 1 HCXOJIHBIE TAHHBIE
Bl 1 2 3 4 5 6 7 8
b, m 0, 0, 0, 0, 0, I, 1, 1, 1, 1,4

w, M/c 55 60 65 70 75 80 85 90 95 10

3agaua 6. AKTHUBHAs penieTka NpsIMbIX TYPOMHHBIX JIOMATOK OOTEKaeTCs Io-
TOKOM Bo3ayxa (puc. 4.5). Yroa Bxoaa motoka ;= 19,5° yrox Beixoma 3, = 20,6°,
xopnaa jonatku b = 25,7 MM, OTHOCUTEINbHBIN 1Iar pemetku ¢ = t/b = 0,6. UcxonaHbie
JTaHHBIE TIPUBEICHBI B Ta0JI. 6.

OnpenenuTs mapaMeTpbl MOTOKA 3a PEIICTKOM, CHJIbI, JCHUCTBYIOIIME HA OJU-
HOYHYIO JIOTIATKY, U OCTPOUTH JUArpaMMy CHIIL.

[1], c. 14...18, 51...55.

Tabnuya 4.6
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ITapame Homep BapunanTa 1 uCX01HbIE TaHHBIE

TPBI 1 2 3 4 5 6 7 8 9 0

pi, MIla | 2, 2, 2, 2, 2, 2, 2, 2, 2, 2,

P2, MIla | 2, 2, 2, 2, 2, 2, 2, 2, 2, 2,

wi, M/C 24 23 23 22 22 21 21 20 20 19

T, K 62 62 63 63 64 64 65 65 66 66

Puc. 4.5

4.2. TECTOBBIE 3AIAHUA

TECT 1
1. Kak usmensercs BI3KOCTh ra3oB IMIpH ITOBBIICHUN TCMHGpaTypBI?
1.He n3mensiercs
2.YBenuunuBaeTcs
3.YMmeHbIIaeTCs
4.ITpubnmxaeTcst K HYJTIO
2. Kak wu3MeHsAETCA BS3KOCTh HEC)KUMAEMOM JKUJIKOCTU MPH TOBBIILICHUHU

TEMIIEPATYPHI?
1.He uzmensercs
2.YBennuuBaercs
3.YMeHbaercs
4.ITpubnwmxaeTcst K HYJIO
3. Kak nepeBecTu eMHUIIBI JaBICHUS — aTMOCc(hephl B mackainu? 1 aT paBHa:
1.11Ia
2.1 MIIa
3.IIpumepno 0,1 MIla
4.760 MM pT.CT.
4. Yemy paBHO abCOIOTHOE /1aBlieHHE?
1.Manomerpuyeckomy
2.AtmochepHomy
3.MaHOoMeTpHYECKOMY ILTIOC aTMOC(HEPHOE
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4.JIlunamMmu4ecKkoMy

5. Kakoii 3aKkOH coXpaHeHUs BbIpakaeT ypaBHeHUE bepHynn?
1.Maccsl

2.OHepruu

3. KonuuecTBa OABMKEHUS

4.MoMeHTa KOJIMYECTBA JIBMKECHUS

6. [{ns gero npumensiercs Tpyoka [1uto?

1. 1511 u3MepeHus CTaTHYECKOTO AaBICHHS

2. JInst u3mepenust atMocepHOTo JaBIeHUS

3.l u3MepeHust HalpaBJeHUs TeUSHHS

4.J1511 M3MEpEHUs] CKOPOCTH TEUCHUS

7. B xakom ClIy4dac UCTCUCHUA NMCCT MCCTO HanOOJIBIIHI pacxon 1nmpu

OJIMHAaKOBOM HaWMEHBILIEM CEYECHUU ?

1.Yepe3 kpyriioe 0TBEpCTHE

2.Yepe3 NUIMHIPUYECKUN HACAIOK

3.Uepe3 cykaromuiicss Hacagok

4.Yepes pacIMpsIOMIMIICS Hacaa0K

8. Ha xakom npuHIuie padboraer pacxogoMepHoe corio Bentypu?

1.Ha cBsi3u nepenazia 1aBJIeHHUs CO CKOPOCTBIO TCUCHUS

2.Ha nomepoBckom 3¢ dexte

3.Ha u3amepeHnn 31eKTPOABHKYIICH CHIIBI

4.Ha moka3aHusIX MEXaHUIECKOTO U3MEPHUTEIIS (BEPTYIIKH)

9. Yto Takoe KaBUTAIUA?

1.Beinenenune my3bIpbKOB PAaCTBOPEHHOIO BO3/1yXa

2.Beinenenue my3sIpbKOB mapa

3. TypOynu3zanus TeueHus

4. BeineneHre My3bIpKOB TMapa B 0ONAacTH IOHM)KEHHOTO JIABJIICHWS W CXJIONBIBAHHE
(xoHIeHCaIMs) B 00JIACTH MOBBIIICHUS JaBICHUS

10. IIpu kakoM TeueHuu OOJbIIIE TOTEPU HAmopa?

1.Ilpu namuHapHOM

2.ITpu TypOyneHTHOM

3.IIpu nepexoaHoM

4 ITotepu HaMOpa HE 3aBUCST OT PEKUMA TCUCHHUS

11. Ot yero 3aBUCUT TUAPABINYECKUN KOIPHUIIMEHT TpeHUsT A B GpopmyJie
Hapcu?

1.0T 1yuHBI TPYOBI

2.0t yncna PeitHonpaca

3.0T OTHOCHUTENBHOU IIEPOXOBATOCTH

4.0t yncna PeliHonbCa 1 OTHOCUTENBHOM 1IEPOXOBATOCTH

12. Kakue motepu SHEprum y4duThiBaeT KOIPOHUIIMEHT MECTHOTO COIMPOTHB-

nenus G ?
1.13-3a BuXpeoOpa3oBaHus B MECTaX H3MEHEHHSI TEOMETPUU MTOTOKA
2.13-3a yBeJIMUYEHHS BI3KOCTH KUIKOCTH
3.13-3a yBennueHus: NOBEPXHOCTH, II€ IEHCTBYET CUJla BSI3KOTO TPEHUS
4.13-3a UI3MEHEHMS HAINPABJICHUS MTOTOKA
13. Kak 3aBUCHT cuiia 1aBJl€HUsI CTPYH Ha IPErpajly OT CKOPOCTH CTPyHU?
1.He 3aBucur
2.ITponopuroHanbHa CKOPOCTH
3.IIponopuroHagbHa KBaApaTy CKOPOCTU
4.IIponopuroHanbHa KOPHIO KBaIPAaTHOMY U3 CKOPOCTH
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14. Yto Takoe rujipaBIuyeCcKuil yaap B Tpyoax?

1.Pe3koe n3meHeHnne qaBiaeHus Ipyu U3MEHEHUH CKOPOCTH TEUYECHHUS

2.3anonHeHue TpyoonpoBoaa JKUAKOCTHIO

3.Beinenenue u3 )KUIKOCTH PACTBOPEHHOTO BO3IyXa

4.XOJ'IOI[HOC KHUIICHUEC XXUAKOCTHU

15. Kakoii mopsiA0K UIMEET CKOPOCTh YIapHOU BOJIHBI B CTAJIBHBIX TPyOax?
1.1 m/c

2.10 m/c

3.100 m/c

4.1000 m/c

16. Kakoii cioco0 3auiuTsl TpyOOIpoOBOAOB OT THAPOYAapa CIEIyeT U3 TEeOpUn

H.E. XKykoBckoro?
1.YcTaHoBKa NMPEeOXPAHUTENBHBIX KIallaHOB
2.YcraHOBKa BO3IYIIHBIX KOJIIIAKOB
3.I1naBHOE, MEIJIECHHOE PETYJIMPOBAHUE CKOPOCTH TECUCHUS
4.IlpuMeHeHe ypaBHUTEIbHBIX OacceitHOB

TECT 2

1. YUto Takoe cCKkOopoCTh 3ByKa?

1.CxopocTh pacipOCTpaHEHUs CUIIbHBIX BOJIH JaBJICHUS
2.CKOpOCTh pacrpOCTpaHEeHHs CJIa0bIX BOJH JaBICHUS
3.CkopocTh TeueHus raza

4.CkopoCTh M3MEHEHHUSI TapaMETPOB raza

2. Yto Takoe KpUTHYECKas CKOPOCTh raza’?
1.CxopocTb raza Ha cpese coruia

2.CkopocThb raza, paBHasi CKOPOCTH 3ByKa B HEM
3.J103ByKOBast CKOPOCTb Ta3a

4.CBepXx3BYKOBasi CKOPOCTh Ta3za

3. UTo mpOUCXOIUT CO CBEPX3BYKOBOM CKOPOCTHIO raza MpHu pacliupeHun

ka"ana? Ona:

1.YMmeHnbiaercs

2.He n3mensercs

3.YBenuuuBaeTcs

4.CtpeMuTcsi K 0ECKOHEYHOCTH

4. Yto Takoe napameTpbl TOPMOKEHHS Ia30BOr0 MOTOKa?

1.ITapameTpsbl ra3a B MECTax MOTOKA, TJIe CKOPOCTh OOpamaeTcs B HyJIb

2.ITapaMeTphbl ra3a npu MeJICHHOM YMEHBIIIEHHH CKOPOCTH

3.ITapameTpsl ra3a 3a NpsIMbIM CKQYKOM YIUIOTHEHUS

4.ITapameTphbl raza 3a KOChIM CKauKOM YTUTOTHEHUS

5. OT yero 3aBUCUT MAacCOBBII pacxo]] raza Mpu UCTEYCHUH U3 Oaka B
atMocdepy?

1.0t maBneHus B 0ake U IUIOIIAAN CEUEHUS COIUIa

2.01 naBieHus ¥ TeMIepaTypsl B Oake

3.0t naBneHuii B Oake u B atMocdepe, OT TeMIlepaTypbl B 0ake W OT TUIOMIAJN CEUCHUS
coruia

4.0t naBieHus B 0ake U OT JIaBJICHUS M TeMIIepaTypbl B atmochepe

6. UTO MpOMCXOAUT NPH PACIIUPEHUH CBEPX3BYKOBOTO MTOTOKA?

1. ITapameTpsl raza He U3MEHSIOTCSI.

2. IInoTHOCTH M TEMIIEpATypa yBEINUHUBAIOTCS.
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. IInoTHOCTE M TemIepaTypa yMEHbIIAOTCSL.
OHTpomnus BO3pacTaer.
7. B KxakoM cKauke yIUIOTHEHUSI CUJIbHEE U3MEHSIOTCS TapaMeTphl raza’?
B npsamom
B xocom
B xoHnueckom
B cucreme cnabbIx ckaukoB
8. Kakoe Teuenme Ha3bIBaeTCsl OE3BUXPEBBIM?
1.Koraa 1vHUYM TOKa — napasiebHbIe TPsMbIe
2.Koraa nuHUM TOKa — pacXoAsIIIuecs IpsMbie
3.Korna nuHuM TOKa HE UCKPUBIISIOTCS.
4.Korna yrioBasi CKOpOCTb BpallleHHsI paBHA HYJIO
9. Yrto Takoe HUPKYJIALMS CKOPOCTH?
1.YrnoBas CKOpOCTb BpallleHUs TEa B )KUJIKOCTH
2.0xpy>kHast CKOPOCTh BpalIeHUs TeNa B )KUJIKOCTU
3.1nTerpan ot Npou3BECHUIN KacaTeIbHON CKOPOCTH Ha JIEMEHT IyTM KOHTypa
4.MaTerpan oT NpOU3BEEHUI CKOPOCTH HA 3JIEMEHT JIyTH JIMHUU TOKa
10. YUto Takoe moTEeHIMAaNI CKOPOCTH?
1. ®yHKUMS, NPOU3BOIHBIE KOTOPOU MO OCSIM PaBHBI COCTABIISIIOIIAM CKOPOCTH
DyHKIHA, KOTOPAsi 0CTAeTCs IIOCTOSTHHOM BJOJIb JIMHUU TOKA
YrioBast CKOPOCTh BpallleHUs! KUIKOW YACTULIBI
[upkynsanaus cKopocTr
11. Yo Takoe metoa DI'JIA?
HccnenoBanue 31€KTPONPOBOAHOCTH KUIKOCTH
HccnenoBanue nosst TeUEHHS Ha DJIEKTPUYECKON MOAEITN
DIIEKTPOJIN3 BOJIbI
HccnenoBanue ruipo3neKTpocTaHIUN
12. Yto Takoe HUPKYISAIHU CKOPOCTH [ TI0 KOHTYpY [?
VYrioBasi CKOPOCTh BpalleHHs YaCTHUI] BHYTPH KOHTYpa
CKopOoCTb 4acTHI] HA KOHTYpE W,
Pa3HocTh ckopocTeil w;Ha BEpXHEN U HI>KHEN 4acTAX KOHTypa
Cymma nipousBenieHuit widl mpu 00Xxoae KOHTypa
13. ITouemy ipu OOTEKaHUM KpblUla HIUPKYJISLKSA HE paBHA HYJIIO?
[ToTomMy 4TO CKOPOCTH Ha CIIMHKE Kpblia O0JbIIe, YeM Ha HIKHEN MOBEPXHOCTH
[ToToMy uTO KpBLIO — 3TO Y100000TEKAEMOE TETIO
[ToToMy YTO KpBUIO HUMEET MAILYyIO CHILy CONIPOTUBIICHUS
[ToTroMy 9TO KPBUTBSIMHU MAIIYT

W

el S

D= D= oD

b s

14. Kaxoit Bugy umeer ¢dopmymna H.E.KykoBckoro mis moabeMHON CHIIBI

Kpbu1a?
L.R,= pwolL
2.R,= pwal
3R, = wolL
4.R,= pI'L

TECT 3
1. Kakoii (hopmyInoit orpenensieTcsi cuiia COPOTUBIICHH TPU OOTEKaHUU Tesa?
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1.R, = CFpw’/2

2.R, = Cprw2

3.R. = pw'/2

4R, = Copw’/2

2. Yto Takoe ToJIMHA HOTPAaHUYHOTO CII0s?

1. TonmmuHa cios, rae CKOPOCTh HE MEHSAETCS

2.TommuHa cosi, TIe CKOPOCTh MEHSIETCS TI0 JIMHEHHOMY 3aKOHY

3. TommmHa ciosi, Tie CKOPOCTh MEHSIETCS OT HyJIsl HA CTEHKE JI0 CKOPOCTH BHEIITHETO TIOTOKA
4. TommuuHa cios, TJe JaMHUHAPHOE TEUCHUE MIEPEXOTUT B TYPOYJICHTHOE

3. Kakue (hakTopsl BIUSIOT HA TYPOYIU3AIMIO IOTPAHUIHOTO CIIOS?
1.Marepuan cTeHKn

2.1l1epox0BaTOCTh CTEHKH M YPOBEHD TYPOYJICHTHOCTH MTOTOKA

3.1llepoxoBaTOCTh CTEHKHU

4.YpoBeHb TypOyJIEHTHOCTH TOTOKA

4. Tlouemy NPOUCXOAUT OTPHIB MOTPAHUYHOTO CJIOS HA MI0X000TEKAEMbIX

Tenax?
1.13-3a miepoXoBaToCTH CTEHKHU
2.13-3a OBICTPOTO pOCTa JaBJICHHUS B KOPMOBOM 4acTH 00TEKaeMOTo Tela
3.M3-3a TypOyJIE€HTHOCTH MTOTOKA
4.13-3a mepexo/1a JJaMUHApHOTO MTOTPAHUYHOTO CJI0S B TYPOYJICHTHBIN
5. Ilouemy pe3KO yMEHBIIAETCs OABEMHAS CUJIa KPbUIA IPU 3aKPUTHUUECKUX

yIJIax aTtaku?
1.13-3a OTpbIBA ITIOTPAHUYHOT'O CJIOS Ha CIIMHKE
2.13-3a TypOynu3amnuu noToka
3.13-3a mepexo/ia JIaMUHAPHOTO TIOTPAHUYHOTO CJIOS B TYpOYJI€HTHBIH
4.113-3a 11epOX0BATOCTH MMOBEPXHOCTH Kpblila
6. Ilo kakoii popMysie HYy>KHO ONPEEsATh MOJBEMHYIO CHITY Kpblja IIPU

OOJIBIIIUX yTJIaX aTaKu?
1.R, = C,Fpw’/2

2.R, = pwl'L
3.ITo o6enm BbIIIETTPUBEICHHBIM
4.R, = pw’/2

7. Kako#t kputepuili mooous SBISETCS ONPEACISIONUM MPU MOACIUPO-BaHUU

BOJIHOBOT'O COITPOTHUBJICHUA cyz[Ha?
1. Yucno Peifinoabaca
2. Yucno ®pyna
3. Yucno Maxa
4. Yucno Crpyxans

8. UTo Takoe mar JOmaToOYHOM pemeTku TypOOMaTnHbI?

1.JlnuHa onaTku

2.Xopaa JIonaTku

3.Hanmenbliee paccTOsIHUE MEXK/TYy JIOIATKAMH

4 .PaccTosiHuE MEXK/Ty CXOJCTBCHHBIMH TOUYKAMHU COCEIHHX JIOITATOK

9. Ot yero 3aBUCHUT CHUJIa, ACHCTBYIONIAS HA OJIMHOYHYIO JIONATKY PEIIETKU?

1.0t naBieHus Ha BXOJE B PELIETKY

2.01 naBiieHHS HA BBIXOJAE U3 PEIIECTKU

3.01 pa3HOCTH AaBJIEHUH Ha BXOJE U BBIXOJIE U3 PEIIETKU

4.0T MaccoBOro pacxoja B MEXJIONMAaTOYHOM KaHajle M Pa3HOCTU (pPOHTAIBHBIX KOMIIOHEHT
CKOPOCTH HAa BXOAC 1 BBIXOAC U3 PCUHICTKU
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10. Yto Takoe XapaKTepUCTUKH PaCIbLIa KUIKOCTH?

1. 3aBHCHMOCTH YHCIIa Kalelb U ITIOTHOCTH OPOILICHUS OT pa3MepoB Kareib
2. 3arpaTsl PHEPrHH Ha PACIBUINBAHHE

3. CpaBHEHHE Pa3IMUHBIX CIIOCOOOB PaCIbUIMBAHUS

4. Yucna nonobus Bebepa u Jlannaca

11. Yrto takoe crenensp ymuperus auddyzopa?
OTHomIeHNE TMaMeTpa BXOHOU YacTH auddy3opa K ero JJIMHE
OTHoIIEeHHUE MJIOIIAIU BEIXOAHOM YacTu auddy3opa K ero ATuHe
OTHomIeHNE BRIXOAHOU Tomanu Auddy3opa K BXOHON TIJI0MATH
OTHoOIIEHNE CKOPOCTH ra3a Ha BXoze B U Py30p K CKOPOCTH Ha BBIXOJIE
12. Jlsg yero npuMeHst0TCS 35KEKTOPBI B MAPOTYPOMHHBIX YCTAHOBKAX?
Jist yMeHBIIIEHUS BIIAYKHOCTH Tapa
I[J'I}I MMOHMWKCHHUA NAaBJICHUS B KOHACHCATOPEC U YAAJICHUA HCKOHACHCUPYIOIIIUXCS Ta30B
J111st IpOMBIBKH 000PYIOBaHUS
Jlna npenoxpaHeHus: TYpOUHBI OT EPETPY30K

el S

halb o

I'JIOCCAPUM
(CJIOBAPb TEPMUHOB)

bepuynnu ypaBHeHUE — ypaBHEHUE, BBIPAYKAIOIIEE 3aKOH COXPAHEHUSI SHEPTUH
B TEKYILIEN )KUIAKOCTH.

Benmypu pacxogomMep - yCTPOMCTBO TSI UBMEPEHHUS PACX01a )KUIKOCTH.

Boana paspescenun — 1naBHOE MMOHM)XEHUE TABICHUS MPU YBEIIMYECHUU CKOPO-
CTH B Ta30BOM MOTOKE

Bazkocmb — CBOWCTBO XUJIKOCTEH OKa3bIBATh COMPOTHUBIICHHUE CIBUTAIOIIUM
ycunusaM. PazaMepHOCTh KHHEMATHYECKOT0 KO PUIMeHTa BI3KOCTH — M/c.

T'uopasenuueckuii yoap B Tpyoe — pe3koe MOBBIINICHUE JaBJICHUS MPHU CHIKE-
HUM CKOPOCTH TEUYEHUS )KUIKOCTH.

T'uopomawunst (Hacocwl, TUAPOTYPOUHBI) — MAIIUHBI, B KOTOPBIX SHEPIUs
MEPEHOCUTCSA )KUJIKOCTBIO.

Jugpghyzop — pacmmpsiromascss 4acTb TPyObl, B KOTOPOM yMEHBIIIACTCS CKO-
POCTh TEUECHUSI U PACTET JAaBJICHUE.

Kasumayua — o0Opa3oBaHHWe Iy3bIPHKOB, 3alOJHEHHBIX TapamMu W Ta3aMu,
BBIJICJIMBIIMMUCS U3 TEKYIIEN KUIKOCTH.

Kanenvnovie (Hec)kuMaeMble) KUJIKOCTH — JKUJAKOCTHU, MOYTH HE MEHSIOIINE
o0beMa pu U3MEHEHUU JIaBJICHUS.

Jlasana conno NO3BONSET MOMYyYaTh HA BBIXOJE CBEPX3BYKOBYIO CKOPOCTH rasa.

Junusa moxa — MUHUA, B KaXJIOW TOYKE KOTOPON BEKTOP CKOPOCTH TEUEHHUS
HAIpPaBJIEH 110 KACATEIILHOU K HEM.

Jlonamounasa pewemka TypOOMaIIMHBI — CUCTEMa KaHAJIOB, MPOXOJs uepes
KOTOPYIO IOTOK MEHSET HAIlpaBJICHUE, CKOPOCTh U JIaBJICHUE.

Maxa 9ucio — KpUuTepuii moo0us 1J1si TCUCHUH rasa.

ITumo TpyOKa — yCTPOUCTBO JJIsI U3MEPEHUS CKOPOCTH TCUCHHS.

Ilnomunocms — Macca )XUJIKOCTH B eIMHUIIC 00beMa. PazMepHOCTh KT/M.
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Iloeepxnocmuoe namsadicenue — cuna, JEUCTBYIONIAS HA €AUHUILY JJIMHBI TO-
BEPXHOCTH pa3zjieia ®KUJKOU U ra3000pa3Hoi (pa3. DTa cuiia CTpEeMUTCSE COKPATUTD 3TY
MOBEPXHOCTh A0 MUHUMYMa. PasmepHocts H/Mm.

Ilomenyuan ckopocmu — GyHKIMS, YaCTHBIC TPOU3BOIHBIE KOTOPOM MO KOOP-
JTWHATHBIM OCSM PaBHbI COOTBETCTBYIOIINM COCTABJISIOIIUM CKOPOCTH.

Pacxo0 scudkocmu - 00bEM KUJIKOCTH, MIPOTEKAIOILIEH Yepe3 HEKOTOPOe ceve-
HHE 32 OJHY CeKyHIy. PasmMepHOCTb M'/C.

Peiinonvoca uucio — kputepuit mogo0ust 11 TCUSHUM BA3KON KUKOCTH.

Corcumaemocms — yMeHbIIEHUE 00bEMa KUAKOCTH MPU YBEIUUYCHUH JTABJICHUS.

Ckauek ynnomuenusa — pe3Koe yBEINUEHUE JaBICHUS B TA30BOM ITOTOKE

Cmpyxans 9vcio — KpUTCPUH 000U I IEPUOIUUCCKUX IBIKCHUHN B JKHI-
KOCTH.

Tennosoe pacuwiupenue KVAJIKOCTEW — U3MEHEHUE TIOTHOCTH IMIPU U3MEHECHUU
TEMIIEpaTypHl.

Ycemanoeueweeca meuenue — nBUKEHUE KUJIKOCTH, B KOTOPOM CKOPOCTh U
JaBJICHUE B JIIOOOM TOUKE HE U3MEHSIOTCSI BO BpEMEHHU.

@pyoa 4ucio — KpUTEpUH NOAOOUS A TEUEHUH KUAKOCTH B TIOJIE CHUIIBI
TSKECTH.

@yukyusa moka — GyHKUUS OT KOOPAMHAT, COXpAHSIONIAs MOCTOSHHOE
3HA4YEHUE BIIOJIb JINHUU TOKA.

Ilenmp O0asnenusn — TOUKa NPUIOKEHUS PABHOACHCTBYIOIIEH CUJI TaBJICHUS.

Iacekmop — CTPyIHBIN anmnapar JJisl OTCAChIBAaHUS Fa30B.

Inemenmapuas cmpyiika — CTpyika >XHJIKOCTH, TIOBEPXHOCTh KOTOPO 00pa-
30BaHa JIMHUSAMH TOKA, TPOXOASIIMMHU Y€PE3 MaJbId KOHTYP.
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