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Размещенное изображение


1. Ilesin ocBOEHUSA TUCHUTLIMHBI

OCHOBHOM WeJbI0 OCBOCHMS JUCHHIUIMHBI  «['maporazonmHamMukar»
SABJISIETCSA:

— U3YYEHHE TEOPETUYECKUX METOJIOB pacueTa JIBHKCHUS KUIKOCTH U ras3a B
AJIIEMEHTAX TEIJIOOHEPreTUYECKUX YCTAHOBKAX, CUCTEMAaX U KOMILJIEKCAX.

K ocHOBHBIM 3agayamM OCBOEHUs AUCUUIUIMHBI «['maporazoanHamMuka»
OTHOCSITCSI:

— u3y4eHue (GU3NUEeCKON CYIIHOCTH SBJICHUN, BO3HUKAIOMIMX B MOKOSIIUXCS
U IBHOKYILUXCS CPEllax, YPaBHEHUAX, ONMCHIBAIOIINX ITH SIBJICHUS;

— BbIpabOTKa Y CTYICHTOB YMEHUS BBIIIOJIHATH OCHOBHBIE Ta30JUHAMHYECKHE
pacy€ThI B AJIEMEHTaX TEIUIOIHEPIETUYECKNUX YCTAHOBKAX, CUCTEMAX U KOMIUIEKCAX;

— IpUOOpeTeHHE CTYACHTaMU HABBIKOB BBIMOJIHEHUS SKCIIEPUMEHTATBHBIX
VCCIIEJOBAHUM TEUEHUS KUIKOCTEH U ra30B.

2. Mecto qucuunianHbl B cTtpykrype OOII 0akasiaBpuara

Juciuminzaa «'uaporazouHaMuKa» OTHOCUTCA K YUCITY IPO(heCCHOHATbHBIX
y4eOHBbIX JMCIUIUIMH 0a30BOr0 LMKJIA OCHOBHOW O0Opa3oBaTEIbHOW MPOrpaMMbl
OakanaBpuara.

Hucuummbaa  «l'maporasoguHaMuKay JOTUYECKH UM CONEPKATEIbHO -

METOJUYECKH B3aMMOCBS3aHA CO CICAYIONUMH JUCIHMIIIMHAMH W IIPAKTHKAMHU
OOlII:

— Maremaruka;

— @duzuka;

— Teopernueckass MEXaHUKa;

— ConpoTuBIEHUE MAaTEPHUAJIOB;

— TexHuveckas TepMOIUHAMHUKA,;

— TemomaccooOMeH;

— KorenbHbIE YCTaHOBKY U TAPOTEHEPATOPHI;

— CucTemMbl OTOTUICHHS, BEHTWISAIIMHA U KOHTUITMOHUPOBAHMSI BO3IYyXa;
— TennomaccooOMeHHOE 000pyA0BaHUE MPETPUATHH;

— TemmosHepreTHYECKUE CUCTEMBI TIPOMBIIIICHHBIX MTPEATPUSITHA.

3. IlepevyeHb MIIAHUPYEMBbIX Pe3YJIbTATOB 00yYEeHHS 10 AMCHUIIUHE
(MoayJ110), COOTHECEHHBbIE C IVIAHUPYEMbIMHU Pe3yJa1bTATAMH OCBOCHUS
00pa3oBaTe/IbHOI MPOrPaAMMBI

B pesynbraTre OCBOGHUS JUCHUIUIMHBI (MOIydsl) Yy OOydarouuxcs
bopMHUpYIOTCS  CIIEAYIONIME KOMIIETEHIMM M JOJKHBI OBITh  JIOCTUTHYTBI

CIICAYIOIINE pe3ybTaThl OOy4YeHUsI Kak 3Tanm (OPMHUPOBAHUS COOTBETCTBYIOIIUX
KOMIIETECHIIUI:



B pe3yabTare ocBOeHHs

YCTaHOBKaxX U CUCTEMAX

oOpa3oBaTe/IbHOM
Kon p— IlepeyeHb MIAHNPYEMBIX Pe3yJabTATOB
KOMIIETEeHI[MH N 00y4yeHHs MO AUCHUILINHE
00y4aoIIMIACH 10JI2KEeH
00J1a1aTh
OIIK-3 CIOCOOEH IEMOHCTPUPOBATH | 3HATh:
MIPUMEHEHUE OCHOBHBIX | (hU3UKO- MaTeMaTU4YeCKUI ammapar,
CII0c000B MOJTyYCHUsI, | UCTIONB3YEMBI MPH MMOCTAHOBKE M PEIICHUU
npeoOpa3oBaHusl, 3a/1a4, SMIIUPUUIECKHE 3aBUCUMOCTH U METO/IbI
TpaHCIopTa U | pacueTa MEXaHWKH OKUIKOCTH U  rasa
WCIIOJIb30BAaHUS TEIUIOTHI B | (TMIPOTa30lMHAMHUKH) TMPUMEHHUTEIBHO K
TCINNIOTECXHUNYCCKUX 3aavamM TGHJIOG)HCpI‘eTI/I‘-IeCKI/IX yCTaHOBOK,

CHCTEM M KOMIUIEKCOB
yMeTh:

pemaTb TEOPETHYECKUE M  IPaKTHYECKHUE
3aJlauM, HCIHOJb3ysl 3aKOHbl M pacyeTHBIC

METOJbI Tuapora3oauHaMuKu
MNPUMCHUTCIIBHO K PCIICHHUIO TCEXHHUYCCKUX
3aJa4 IMPUMCHUTCIIBHO K 3aJadyaM

TCIINIOOHCPICTUUCCKHUX YCTAHOBOK, CUCTCM U
KOMIIJICKCOB

BJIA/I€Th:

METOJJaMU MaTeMaTHYeCKOT 0
MOJCIIUPOBAHUSA,  MCHOJB3Ys  UX IS
MIPOBEICHUS aHaM3a MIPOLIECCOB,
MPOUCXOASAIIMX B TMOTOKAX IKHUAKOCTEH U
ras3os, pemiaTth TEOPETUUECKHE u
MpaKTUYECKHE 3aJa4M, MCIOJb3ys 3aKOHBI U
pacueTHble METOJbl (TUAPOTA30JMHAMUKH)
MIPUMEHHUTETBHO K 3a/1a4am

TCIIOOHCPICTUICCKHUX YCTAHOBOK, CUCTCEM H
KOMIIJICKCOB

4. CTpyKTYypa ¥ coaepkaHue TUCHUUILTUHbI

OO6mIast TpyI0EMKOCTh TUCIUTUINHBI COCTABIISACT 4 3a4eTHBIC CIMHHMIIBI, T.C.
144 axanemuueckux vaca (u3 Hux 130 yac — camocTosiTenbHas paboTa CTyI€HTOB).
Paznensr nucnummnabl «[ MaporazofMHaMHUKay H3ydarTcs Ha BTOPOM Kypce.

Tpernii cemecTp: nexkumm 4 dYaca, CEMHHAPCKUE 3aHATHS & 4YacoB,
nabopaTopHbie paboThI — 2 4acoB, popMa KOHTPOJIS — SK3aMEH.

CTpykTypa U coJiepKaHue TUCHUTLINHBI «[ Mapora3olMHaMHUKa M0 CpOKaM
U BUJaM paOOThI OTPAKEHBI B TIPHIIOKCHHH.




ConepxxaHnue pa3iesioB JUCHUILIHHbBI

Tema 1. OcHosHbie Ghusuueckue ceoticmaa sHcuoxocmeli u 2a3o8.

OCHOBHBIE CBOWCTBA Ta30B M KHUJIKOCTEWU: TEKYy4YECThb, CKHUMAECMOCTD,
JTUHAMAYECKUA W KUHEMATUICCKUN KOd(DPHUITMEHTHI BS3KOCTH. Mojenn TeueHus
KUAJIKOU CpPEJIbI.

Tema 2. Hanpsowcennoe cocmosinue #CuoKou cpeobl.

Cunbl, JEUCTBYIOIIME B KUIKOCTH. ['mapocratuueckoe JIaBJICHUE.
HuddepenunansHoe ypaBHEHHE MOKOSIIEWCS >KUIKOCTHU B ¢opme Iinepa.
OcCHOBHOE ypaBHEHHME THIPOCTATUKH. [[0BEpXHOCTH YPOBHS U €€ CBOMCTBA.

Tema 3. Tuopocmamuxa.

AOCOIIOTHOE, BaKyyMMETpPHUECKOe, U30bITOYHOE JaBJICHUS. OMIOPHI
naBieHusi. JKuakocTHeie MpUOOpHI AJid u3MepeHus: AaBieHus. OTHOCUTENbHBIN
MOKOW KUAKOCTU. Cuibl JaBI€HUS HA TBEPJblE IUIOCKHE W KPUBOJIUHEHHBIC
ITIOBEPXHOCTH.

Tema 4. Kunemamuxa srcuokocmu.

Metonpl OmucaHWs JABUXKEHUS SKUJIKOCTH (METoj OJiljiepa U  METOA
Jlarpanxka). YckopeHue XUAKONW yacTuilbl. KuHemaTHdyeckue XapaKTepUCTUKHU
MOTOKA: JIMHUU TOKa, TPYOKH TOKa, DJIIEMEHTapHas CTpyWKa, pacxoj] >KUIKOCTH,
ypaBHEHHE HEPa3pPBIBHOCTU g TPyOKHM ToKa. [loTeHIManbHBIE W BUXPEBbHIC
TeueHus. BuxpeBble JIUHMM W TpyOKu. be3BuxpeBoe IBHKEHHE, IMOTEHIIHAI
ckopoctu. [lnockoe TeueHne uaeanbHOM JKUIKOCTH, PYHKIUSA TOKA, €€ GU3nUecKuil
CMBICII.

Tema 5. Obwue 3akoHvl U ypasHeHus OUHAMUKU UOEANbHOU U GA3KOLU
aorcuokocmu. Jlamunapuwiil pescum mevenus. I uopasnuueckue conpomusieHus.

VYpaBHeHue Oiiniepa JBWXKEHUS UICATBHONM HEC)KMMAEMON KUJIKOCTH.
YpaBHenue bepHymm s MI€aTbHOM HEC)KUMAEMOW >KUJIKOCTH. Y PaBHECHHUE
Hepa3pbhIBHOCTH. Y paBHeHHE HaBbe — CTOKCa 15 BA3KOM KMAKOCTH HECKUMAEMOM
JKUJIKOCTHA. YpaBHEHUWE bepHyJIM I BSI3KOM HECKHUMAEMOW KUIKOCTH.
['uapaBnuueckoe comnpotusieHue: ¢opmyna [apcu — Beiicbaxa. Ciouctoie
TeueHUus: B Kpyryioi TpyOe (Teuenue Ilyaszeiinisa) u B maockoi TpyOe ¢ MOABUKHON
cteHkoii (Teuenue Kyatra).

Tema 6. Peowcumvl meuenus. Typoynenmusiii pesxcum medenust HCUOKOCmu.

Pexxumbl  TeueHust Kuinkoctu.  OcoOeHHOCTH TypOyJEHTHOIO IOTOKA
JKUJIKOCTA: MTHOBEHHAsl, CpPEIHSS U TNYyJbCAllMOHHAs CKOPOCTH. YpaBHEHHUS
Petinonbaca. JIByxcnoitHast monaens TypOynentHocTH [lpannris. Pacnpenenenue
CKOPOCTH MpHU TYPOYJICHTHOM PEKHMME TE€UCHUS B TPYOax ¢ rIaaKoi 1 MepoXoBaTOM
MOBEPXHOCTHIO. PacueT rumpaBiandeckoro conpotuBieHus, Gopmyinsl: brasuyca,
[udpuncona, [panarns, Kondpyka — Yaiira.

Tema 7. Ocnosvl 2udpoouHamuyecko2o noooousl.

['eomeTpuueckoe, KMHEMATHUUYECKOE W JUHAMUYECKOE IO0J00MEe MOTOKOB
XKUAKOCTH U Taza. Kpurepuu um umcina momobusi, UX poyib U (PU3NUECKUA CMBICIL.
MeTton Teopun pa3MEpHOCTH (7T TEOpeMa).

Tema 8. Mecmuvbie cuopasnuueckue conpomugnenus.

®opmyna Belicbaxa. [Torepu npu BHE3aMHOM paclIMPEHUH KPYTIIOil TPyOBl,
IIPY BHE3AITHOM CY>KEHUH, IIPU BXOJIE€ U BBIXOJIE U3 pe3epByapa notepu B quddysope



U KOH(}y3ope. Vcreuenune xuIKoCTH U3 OTBEPCTUI U HACAKOB MIPHU MOCTOSIHHOM U
IIEPEMEHHOM HaImope.

Tema 9. I uopasnuuecxuii pacuem mpyo60npo8ooos.

Pacuer mpocteix TpyOONpoBonoB. Pacuer BBICOTHI BcachlBaHHsS Hacoca.
Cudonnbi  TpybOompoBoa. Pacuer cimoxHbIX — TpyOomnpoBonoB. CuioBoe
B3aUMOJICMCTBUE TIOTOKA JKUIAKOCTA W TBEPAOM TOBEPXHOCTU. Bo3uencTBue
CBOOOJHOM CTpyHM Ha KPUBOJIMHEHHYIO U IUIOCKYIO mperpaay. ['mapaBiryeckuii
yaap B TpyoonpoBoaax. ['uapasnuueckuit yaap. opmyna XKXykoBckoro.

Tema. 10. Pasnosecue u ogudicenue 2asa.

OcHOBHBIE TEPMOIMHAMUYECKHUE COOTHOIIIEHUS. bapoMmerpuyeckas ¢popmyna.
VpaBHenue bepHymnum s uAeanbHOrO rasa MOpU:  HU30TEPMHYECKOM U
annabaTUYecKoM Tpolieccax. Y CTaHOBUBILEECS JIBUKEHUE BA3KOIO ra3a B TpyoOe
NOCTOSTHHOTO cedeHus. OCOOEHHOCTH Te4YeHHs raza B TpyOax NEpEeMEHHOTO
ceuenus. Vcreuenue raza u3 pesepByapa. ['azonunamuueckue ¢pynknuu. [Ipsmoit
CKa4yOK YIUIOTHEHUS. Y aapHas aguadara.

Tema 11. Ocnoswvl pacuema noepanuyno2o caosl.

[lorpannyHelii cn0M Ha I1IacThHE. JlaMWHApHBIA TOTPAHUYHBIMA  CIIOW.
WHTerpanpHble COOTHOLIEHUS Ul JIAMUHAPHOTO NOTpaHu4YHOro ciuos. llepexon
JaMUHApPHOTO TOTPAHUYHOIO CJ0s B TypOyJeHTHBIM. Kpuruueckoe wymcio
Pelinonbaca nns macTuHbl. MHTErpalibHble COOTHOIIEHHS IS TYpOYJIEHTHOTO
norpaHu4yHoro ciosi. CriocoObl yrpaBiaeHuUs: IOTPAaHUYHBIM CJIOEM.

Tema 12. I'uopoounamurxa 08yxgazHvix nOmMoKos.

CompoTuBiieHHe Tel, OOTEKAEMBIX BSI3KOM KHUAKOCThIO. CBOOOIHOE U
CTECHEHHOE OCaXJEeHHE (BCIUIBITHE) TBEPIbIX dYacTHIl (Ta30BbIX Iy3bIpeil) B
KUJIKOCTH.

[IpencraBneHne 0 METOAAX pacyeTa ABHKEHUSI TBEPJBIX YaCTHUIl B IOTOKE BSA3KOU
KUJKOCTH B TOPU3OHTAJIBHBIX U BEPTUKAIBHBIX TPyOax.

5. O0pa3oBaTre/ibHbIE TEXHOJIOT U

Mertonuka TIpeniofilaBaHusl  AWCHUIUIMHBI  «[ maporazoguHaMukay |
peanu3alys KOMIIETCHTHOCTHOTO MOIX0/1a B U3JI0’)KCHUH W BOCIIPUATHN MaTepHalia
IpeIyCMaTpPUBACT UCIIOJIb30BAaHUE CIICTYIONTUX aKTUBHBIX U UHTEPAKTUBHBIX (POpM
MIPOBEJICHUSI TPYIIITOBBIX, HHIUBUAYATbHBIX, Ay IMTOPHBIX 3aHATHN B COUYCTAHWUU C
BHEAYAUTOPHOM paboTOH C 11e7bI0 POpMUPOBAHUS U Pa3BUTHS MPO(HECCUOHATBHBIX
HaBBIKOB 00YYaIOIINXCS:

— 00Cy>XJIeHHUE TIPONICHHBIX TEM;

— o0cyxaeHue W 3ammra pedeparoB MO JAUCHUIUIMHE (TI0 >KEIIaHUIO
CTYJIETOB);

— OpraHm3aIvs W MPOBEICHUE TEKYIIETO KOHTPOJISI 3HAHUN CTYICHTOB B
dhopMe TeCTUPOBAHMUS.

VY nenbHbIN BEC 3aHATUN, POBOJMMBIX B MHTEPAKTUBHBIX (hOopMax, ONpeiesieH
TJIAaBHOW TIICJIBI0  00pa30BaTENbHOM MPOTPAMMBI, OCOOCHHOCTBHIO KOHTHHIEHTA
OOyYarOIIMXCS U COAEPIKAaHUEM TUCITUTUIMHBI «I Hapora3oquHaMuKa» U B IIEJIOM 10



aucuumuinie coctasisieT 50% ayAUTOPHBIX 3aHATUN. 3aHATUA JIEKIIMOHHOTO THUIIA
coctaBisioT 50% oT o0bemMa ay TUTOPHBIX 3aHATUH.

6. OueHo4HbIe cpeACTBA AJs TEKYLIEero KOHTPOJIsl YCIIeBaeMOCTH,
NPOMEKYTOYHOM aTTeCTAIMH 110 HTOraM OCBOCHUS JUCHUIJIMHBI U Y4eOHO-
MeToAu4YecKoe odecreyeHue caMOCTOATEIbHOM padoThl CTYAeHTOB

B mpomecce o0yueHHS HCHONB3YIOTCS CIEAYIONIUE OIICHOYHBIE (HOPMBI
CaMOCTOSTEILHON PabOThI CTYIEHTOB, OIICHOYHBIC CPEACTBA TEKYIIETO KOHTPOJIS
yCIIEBAeMOCTH M MIPOMEKYTOYHBIX aTTECTAIIHINA:

— 00CYXICHHE BOIIPOCOB 110 N3yYECHHBIM TEMaM;

— cobeceoBaHue / yCTHBIN OMPOC;

— pellIeHHBIE 3a]1a4H;

— TIOJITOTOBKA K TECTUPOBAHHIO U TECTHPOBAHUE.

OrneHOYHBIE CpENCTBAa TEKYIIETO KOHTPOJISI YCIEBAEMOCTH BKIIOUYAIOT
KOHTPOJIbHBIE BOMPOCHI W 3adaHusi B ¢GopMe OITaHKOBOTO TECTUPOBAHMS, IS
KOHTPOJISI OCBOCHUS 00YJArOIIUMHUCS, PAa3AETIOB TUCIUIUIMHEI, PEIICHUE 3a/ad.

OOpa3mpl  TECTOBBIX 3aJaHWM, KOHTPOJBHBIX BOMPOCOB W 3aJaHUN IS
MPOBEICHHUS TEKYIIETO KOHTPOJSI, DK3aMCHAIMOHHBIX OWJICTOB, TMPHUBEICHBI B
MIPYIOKCHUH.

6.1. ®oH/1 O1IEHOYHBIX CPEJICTB /JIs1 MPOBeIeHUs MPOMEKYTOUHON aTTecTalMu
00y4aIuxcs no JUCUUIJINHEe (MOTYJIIO)

6.1.1. IlepeyeHb KOMIETEHIUIA ¢ yKa3aHUEM I3TanoB UX GOpMHUPOBAHMS B
npoiecce 0OCBOCHUs1 00pa30BaTe/IbHON MPOrpaMMmBbl.

B pesynbrare ocBOeHUS TUCUMIUIMHBI (MOAYJIA) OPMUPYIOTCS CIAEAYIOLINE
KOMITIETCHITHH:

Kon B pe3ysabTare ocBOeHUs1 00pa30BaTeIbLHON MPOrpaMMbl 00y4aIOIIMACS
KOMIEeTeHI[HH J0JIKeH 00J1a1aTh
OIIK-3 CIIOCOOEH JEMOHCTPUPOBATh IPUMEHEHHE OCHOBHBIX CIIOCOOOB MOJIyYEHHUS,

Hp606p830BaHI/IH, TPpaHCIIOpTa n HUCIIOJIBb30BaHUA TCIJIIO0ThI B
TCIJIOTCXHUYCCKUX YCTAHOBKAX U CUCTCMAX

B mporuecce ocBoeHus 00pa3oBareabHON IpOrpaMMBbl JaHHbIE KOMIIETEHIINY,
B TOM YHUCJIE€ WX OTJCJIbHbIE KOMIIOHEHTHI, (POPMUPYIOTCS MOATAlHO B XOJ€
OCBOEHHUSI OOYyYaroIUMUCS AMCUUIUIMH (MOAYJEH), MPaKTUK B COOTBETCTBUU C
y4eOHBIM TJIAHOM U KaJICHJAPHBIM rpadukoM y4eOHOTO Iporiecca.



6.1.2. Onucanue noka3areJieil 1 KPpUTEPHEB OLICHUBAHNS KOMIIETEHIIHI,
(hopMHEpyeMBbIX 110 HTOraM OCBOCHHUSA THCHUIIMHBI (MOIYJIsl), ONMUCAHHE IIKAJ

OLlCHUBaHUMA

[ToxazaTenemM OIICHMBaHUS KOMIICTCHIIMM Ha pPa3IUYHBIX dTamax WX
(bOpMHUPOBAHUS SIBISAETCS JOCTIKCHUE 00yYarOIIUMHUCS TUTAHUPYEMBIX PE3YIbTaTOB
o0y4eHus MO JUCHHUIUIMHE (MOJYIIIO).

OIIK-3 cnoco0eH [eMOHCTPUPOBATHL NPHUMEHEHHE OCHOBHBLIX CIOCO0OOB MOJIyYeHMSs,

npeodpa3oBaHus,

TPpaHCIOpTa M MUCHOJb30BAaHUA TEIJIOTHI

YCTAHOBKAX U CUCTEMAX

B TEIJIOTCXHHUYCCKHUX

Moka3zartenn Kputepun onienuBanusi
2 3 4 5
3HATh: OOyuarommuiics Obyuatomuiics OOyuaromuiics Obyuatomuiics
(bu3HKo- JEMOHCTPUPYET JIEMOHCTPUPYET JIEMOHCTPUPYET JIEMOHCTPUPYET
MaTeMaTu4deCKHu IIOJTHOE HCIIOJITHOC YaCTUYHOC ITOJTHOC
i ammapar, | OTCYTCTBHE Ml COOTBETCTBHE COOTBETCTBHE COOTBETCTBHE
HCTIONb3yeMplii | HEAOCTATOUHOE CIIEAyIOMIX CIIEATYOIIX CIIEAyIOMIIX
IIPH TOCTaHOBKE COOTBCTCTBHUC 3HaHW: PUBUKO- | 3HAHWI: QU3MKO- | 3HAHMIL: PU3HUKO-
" peleHun CHCHYISMHX MaTE€MaTHYCCKOT | MATEMATHYCCKOT | MATEMaTHYCCKOT
3anay, 3HaHWIL: Qu3nKO- | o amrapara, 0 amrmapara, 0 ammapara,
NIMPHIEENIE. | g e, | mpm nooranonke. | mpn nocianoske. | Mo docranonke
3aBUCHUMOCTH H
MeTONIb! pacera ﬁ;ﬁog(fgjrs;;e h Do e b peen ! beuert
MEXAHUKHU ’ g ’
JKHIKOCTH 1 Ta3a 1 pEIICHNH OMIIUPUYECKUE OMIIMPUYECKHUE | DMIIUPUYECKUE
(TMApOTa30/MHA 3ajad, 3aBUCHMOCTH M | 3aBUCUMOCTH U | 3aBUCUMOCTH U
MHKH) SMIINPUICCKHE METO/bI pacyeTa | METOJBI pacyeTa | METOAbI pacuera
NPUMEHHTETBHO 3aBUCUMOCTH M | MEXaHUKHU MEXAHUKHA MEXaHUKU
K 3anauaM MCTOJBI PaCICTa | )KkUIKOCTU U KUOKOCTH U KMIKOCTH U
TernosHepreTHy MCXaHNKH rasa rasa Ho rasa.
ECKIX JKHAKOCTH 1 Homyckarorcs JIOITY CKAaroTCs
rasa. 3HAYHUTEIILHBIC HE3HAYUTEIIbHbIC

YCTaHOBOK,

OIKOKH, OIITNOKH,
cHcTeM 1 HPOSIBIIACTCS HETOYHOCTH,
KOMILJICKCOB HEJIOCTATOYHOCTh | 3aTPYAHCHHUS MPU

3HaHUM, 110 pALy AHAIMTHYECKUX

IoKasaresnen, ONEPALHUSIX.

oOyJaromuifcs

HUCIIBITBIBACT

3HAYUTCIbHBIC

3aTpyHEHHS TIPH

OTIEPUPOBAHHUU

SHaHUAMMU IIPU UX

nepeHoce Ha

HOBBIC CHTYAIIUH.
yMeTh: O6yuatomutics He | OOydaromuics OO0yJaromuics OO0yuaromuiics
peuiatsb YMEET U B JEMOHCTPHUPYET JEMOHCTPHUPYET JEMOHCTPHUPYET
TeopeTHYecKhe | HEIOCTaTOYHOMU HETIOJTHOE YaCTUYHOE HIOJTHOE
M mpakTHYecKue | CTCTICHH PeIiaTh | COOTBETCTBHE COOTBETCTBHE COOTBETCTBHE
3a1a4n, TEOPETHIECKUE | CHCAYIOHX CIIE/TYOIIHX CIIeYIOIIX
MICTIONB3Y U MPAKTUYECKUE | YMEHWH: PEIIaTh | yMEHWH PEIIaTh | yMEHWN: PEIIaTh
3AKOHBI i | 3amaum, TEOPETUYECKUE | TEOPETUUYECKUE | TEOPETUYECKUE U

pacyeTHbIC

UCIIONb3YS

" MMPAKTUYCCKUC

1 IPAKTUYCCKHUC

MMPAKTUYCCKUC




METOJIBI 3aKOHBI U 3a/1a4u, 3aJ1a4u, 3a/1a4u,
TUAPOTa30JuHAa | pacyeTHbIE HCIIOJIBb3YS HUCIIOJIb3YS HCIIOJIB3YS
MUKHAKHA METOJIBI 3aKOHBI U 3aKOHBI U 3aKOHBI U
NPUMEHUTENIBHO | TUAPOTA30JUHA | pacyETHBIE pacyeTHble pacueTHbIe
K PELIEHUI0 | MUKHUKH METO/IbI METOJIBI METO/IbI
TEXHUYECKUX TUAPOTA304uHa | TUAPOTA30AUHA | THAPOTa30JUHAM
3az1a4 MUKHUKHA MUKUKU YMEHUs | UKUKH. CBOOOIHO
MIPUMEHUTEIIBHO .JIOTTyCKarOTCA OCBOEHBI, HO ONepUpyeT
K 3aga4am 3HAYUTEIbHBIE JIOITyCKarOTCs MPUOOPETCHHBIMU
TEIUIOIHEPreTHY OIIIMOKH, HE3HAUUTEIbHBIC | YMEHUSIMH,
CCKHX NPOSIBIISAETCS OINOKH, MIPUMEHSET UX B
YCTaHOBOK, HEJI0CTaTOHOCTD HETOYHOCTH, CHTyaUnsX
J— - YMEHH, 110 pszty 3aTPYJHCHUS IPU | TIOBBIIIICHHOM

rokasarenef, AHATUTHYECKUX CJIO)KHOCTH.
KOMIUJIEKCOB oBysatomiics J—

HCIBITBIBAET MepeHoce yMeHu

3HAYUTEIbHBIC Ha HOBEIE,

3aTPyAHCHUS IPU HECTaHAAaPTHBIC

ONEePUPOBAHUH CUTYaIluH.

YMEHHSMHU TPU UX

TepeHoce Ha

HOBBIC CHTYaIIHH.
BJIA/I€Th: OO6yuaromuiics He | OOyuyaromuiics OO0yyaromuiics OO6yuaromuiics B
METOIaMH BIIQJICET WU B BJIa/IeeT YaCTUYHO BJIAJICET | ITOJIHOM 00BbeMe
MaTeMaTHYeCKOr | HEI0CTaTOYHOM METOoJaMu MeTOodaMu BJIAZICET
0 CTCIICHHM BIaZICCT MaTeMaTUYECKOr | MAaTEMAaTUYCCKOI' | METOAaMU
MojenupoBanus, | MCTOAAMH 0 0 MaTeMaTH4ecKor
UCTIONB3YS UX MaTeMaTU4ICCKOr MOJICJIUPOBAHUS, MOJEIUPOBAHUSA, | O
st iposeienust | © HCTOJIb3YS UX HCIIOJIB3YS UX MOJICTMPOBAHUSA,
aHaJIM3a MOJCIIMPOBAHUA, | nig npoBeAeHUs1 | A1 IPOBEACHUS | UCIIONb3YS UX

MPOIECCOB,
MIPOUCXOASAIINX
B MOTOKax
KUAJIKOCTEN U
rasoB, peliaTh
TEOPETUYECKUE
Y TIPaKTUYECKUE
3a/1a4u,
HCTOJIb3YS
3aKOHBI U
pacyeTHbIC
METObI
(runmporasouHa
MHKH)
MIPUMEHUTETEHO
K
TETUIOPHEPTreTHY
€CKHX
YCTaHOBOK,
CUCTEM U
KOMIIJIEKCOB

HCIIOJIb3YS UX
JUUISL IPOBEICHUS
aHaim3a
MPOLECCOB,
MIPOUCXOISIINX
B ITOTOKaX
JKUJKOCTEN U
ra3oB, pellaTh
TEOPETUYECKUE
Y NIPAKTUYECKUE
3ajJauM,

a”aimm3a
IIPOLIECCOB,
MPOUCXOSAITUX
B IIOTOKaX
JKUOKOCTEN U
ras3oB, pelarb
TEOPETUYECKHUE
Y MIPAKTUYECKUE
3aJ1a4u,
OO0yuaromuiics
UCIIBITHIBAET
3HAYUTCIIBHBIC
3aTpyAHEHUs [IPU
PUMEHEHUH
HABBIKOB B HOBBIX
CI/ITyaHI/IHX.

aHaInu3a
MPOLECCOB,
MPOUCXOAAITUX
B ITOTOKAaX
JKUOKOCTEN U
ra3oB, pelIaTh
TEOpEeTUYECKUe
Y MIPAKTUYECKUE
3aJ1a4u,, HO
JIOTTYCKAfOTCS
HE3HAUYMTEIbHbIE
OIINOKH,
HETOYHOCTH,
3aTpyIHCHUS TIPU
AHATUTHYECKUX
orepanusix,
HIEPEHOCE YMEHUI
Ha HOBEIE,
HECTaHIAPTHEIE
CUTYaLlUH.

JUIS TIPOBEJICHUS
aHaJin3a
MPOLECCOB,
MIPOUCXOJIAINX B
MOTOKax
JKUJIKOCTEH U
ra3oB, peliaTh
TEOPETUYECKUE U
MPAKTUUYECKUE
3a7a4H,,
¢BOOOIHO
MIPUMEHSIET
MOJTyYCHHBIC
HAaBBIKU B
CUTYaIHsIX
MMOBBIILICHHOM
CIIO)KHOCTH.




dopma arTecTalmu: IK3aMeH.

ATtTectanus o0yyaromuxcs B popMe 3K3aMeHa MPOBOJUTCS 1O pe3yJsibTaTaM
BBITMIOJTHEHHSI BCEX BUAOB y4eOHOUM pabOThI, MPEIyCMOTPEHHBIX yU€OHBIM IUIAHOM
10 JAHHOM TUCUUILTMHE (MOJYJIO), TPU 3TOM YUUTBIBAIOTCS PE3YIbTaThl TEKYLIETO
KOHTpOJISI YCIIEBAEMOCTH B TedueHHe ceMecTtpa. OLeHKa CTENEeHW JOCTHKECHUS
OOy4YarOIIMMHUCS MJIAHUPYEMbIX PE3yJIbTATOB OOYUEHHS MO JUCHUIUIMHE (MOIYIIO)
IPOBOJUTCS MpErnojaBareieM, BEAYLIUM 3aHATHS M0 AUCHMIUIMHE (MOIYIIO)
METOJIOM JKCHEPTHOM OLEeHKU. Ilo uroraM npoMeXKyTOYHOM arTecTalud I10
JUCUUIUIMHE  (MOAYJIIO)  BBICTABISIETCA  OLEHKA  «OTIUYHO»,  «XOPOILIOY,
«YZOBJIETBOPUTEIBHO» WM «HEYIOBIECTBOPUTEIILHO.

K arrecranuu IONyCKarOTCs TOJIBKO CTYIEHTHI, BBIIIOJIHMBIIME BCE BHIIBI
yueOHOW paloThl, MpeayCMOTpEHHbIE pabouel HporpaMMoil MO JHUCUUIUIMHE
«'maporazofuHaAMHUKA».

IxaJsa oneHUBaAHUA Onucanue

BoinonHens! Bce BUbI yueOHOM pabOThl, IPEyCMOTPEHHBIE
yueOHbIM M1aHOM. CTyIeHT JEMOHCTPUPYET COOTBETCTBUE 3HAHUH,
YMEHHM, HaBbIKOB MPUBEICHHBIM B TaOJIUIaX [TOKa3aTesei,
onepupyeT NPpUOOPETCHHBIMU 3HAHUSMH, YMEHUSMH, HaBbIKAMU,
MIPUMEHSIET UX B CUTYyalUsIX MOBBIIIEHHOHN Ci10XKHOCTH. [Ipu 3TOM
MOTYT OBbITh JOITYIIEHbl HE3HAYUTEIbHBIC OIINOKH, HETOYHOCTH,
3aTpyIHEHUS NPU aHAIUTUYECKUX ONEepalUsiX, IEpeHOCe 3HaHUN 1
YMEHUH Ha HOBbIE, HECTaHAAPTHbBIC CUTYAIUH.

BoinonHens! Bce BUBI yueOHOM pabOThl, IPeyCMOTPEHHBIE
y4eOHbIM M1aHOM. CTyJIEHT JEMOHCTPUPYET HETOJIHOE, IPAaBUIbHOE
Xopoio COOTBETCTBUE 3HAHMI, YMEHHI, HABBIKOB MPUBEICHHBIM B TaOIUIAX
nokasatesieil, 1100 ecliu Mpu 3TOM ObUIH AOMYIIEHbI 2-3
HECYIIECTBEHHBIE OITUOKH.

BrinonHeHs! Bee BUIbI yUeOHOH paboThl, TpelyCMOTPEHHbIE
y4eOHBIM M1aHOM. CTYJIEHT IEMOHCTPUPYET COOTBETCTBUE 3HAHUH,
VY 10BIE€TBOPUTENHHO | B KOTOPOM OCBEIlI€HA OCHOBHAs, HanOoJjee BaXKHasl 4acTh
MaTtepuaina, Ho Ipy 3TOM JOMYIeHa OJJHa 3HAUUTeIbHasl OIIOKa
WU HETOYHOCTb.

He Beimonnen oaux uian 0osiee BUAOB yueOHOM paboThl,
MPEYyCMOTPEHHBIX Y4eOHBIM TIaHOM. CTYJIeHT AEMOHCTPHUPYET
HEMOJIHOE COOTBETCTBUE 3HAHUM, YMEHUH, HABBIKOB IIPUBE/ICHHBIM B
TabJIMIax MoKa3aTenel, JOMyCcKaloTCs 3HaUUTEeIbHbIE OITHOKH,
MIPOSBIIIETCS OTCYTCTBHE 3HAHUM, YMEHHI, HABBIKOB I10 PSLy
MoKa3aTesiei, CTYJACHT HCTIBIThIBAECT 3HAUUTEIbHbIE 3aTPYAHEHUS
MIpY ONEPUPOBAHUM 3HAHUSIMHU U YMEHHUSIMH IIPU UX NIEPEHOCE Ha
HOBBIE CUTYALIHH.

OTJIINYHO

HeynosnerBopurensHo

@DOH/IbI OLIEHOYHBIX CPEJNICTB, MPEACTABJICHBI B MPHIOKEHUAX K paboueit
porpaMme.



7. YueOHO-MeTOANYecKOe U HHPOPMAIMOHHOE o0ecniedeHue TUCHUIIIMHBI
a) OCHOBHasl JIUTEpaTypa:
1. Jlotitaackuii JI.I'. Mexanuka )KUIKOCTH U Ta3a. Yuebd mis By30B. — M. [Ipoda.
2003.
2. EmneB b.T. Texuuueckas rugpomexanuka. Yued s By30B. — M. : MammuHocT.
1987.
3. lleinak A.A. I'mapaBnuka u ruaponHeBmonpuBoa. Y.1. OCHOBBI MEXaHHUKHU
KUJIKOCTH U raza. — M.: [Ipoda. 2017.
0) TONOJIHUTENIbHAS JTUTEpaTypa:
1. I'unpaBnuka, ruipaBlInuecKue MalllMHbl U THpaBindeckue npusoja. [lox pen.
T.M. bamra.
2. Camoitnouu I'.C. I'maporazonunamuka. M. : Mamunoct. 1990
3. Tennosnepreruka u Terorexuuka. CrnpaBoyHuk B 4 kH. KH. 2 Teoperuueckue
OCHOBBI TEIUIOTEXHUKH. TermorexHudeckuit skcrepument. Ilom pen. A.B.
Kinmenko u B.M. 3opuna.M. MOU. 2007
4. 3agayHuK O TWAPABIMKE, THApoMammHaMm u ruaponpusony. Ilox pen b.B.
HekpacoBa. — M. Beic mk. 1989.
B) HUHTEPHET-PECYPCHI:
1. www.books.rosteplo.ru

8. MaTepI/Ia.HLHO-TeXHI/I‘leCKOG o0ecrneyeHue AUCHUITIIMHbI

HpOBe,ZICHl/Ie BCCX BHIAOB aAYAUTOPHBIX 3aHITUMN OCYHICCTBIICTCA C

HCIIO0JIb30BaHUEM MaTepUabHO-TEXHUYECKOM 0a3bl YHUBEPCUTETA,
COOTBETCTBYIOIIEH JICHUCTBYIOIIUM CAaHUTAPHBIM U TPOTHUBOIIOKAPHBIM MPaBUIIaM U
HOpMaM.

Heobxomumpbiii  ana  peanuszammu  OOIl  GakanaBpuata  nepeveHb
MaTepHAIbHO-TEXHUUECKOr0 olecreueHus BKIOYaeT B cebs  jabopaTtopuw,
KOMITBIOTEPHBIE KIIACCHI, CTICIIMAILHO 000PY0BaHHBIC KAOMHETHI U ayTUTOPHH.

JIns  WCmoNIb30BaHMST BJIEKTPOHHBIX M3JIAHUM KaXkAbld  00yYaromuiics
oOecreuynBaeTCs BO BpEMs CaMOCTOSATEIBHON IMOATOTOBKH PabOYMM MECTOM B
KOMITBIOTEPHOM KJIacC€ C BBIXOJAOM B HHTEpPHET B COOTBETCTBHH C OOBEMOM
M3y4aeMOM JTUCUUIIHBI.


http://www.books.rosteplo.ru/

9. MeToanuyeckne peKOMEHAALMHU JJI CAMOCTOATEIbHOI Pad0Thl CTYACHTOB

Pa3znen Bun camocrositenbHOM paboTh dopma Heobxonnmas
JTUCLUIT TEKYILEro auTeparypa
JIUHBI KOHTPOJIA
(Tema)
Tema 1 | CamocrositensHoe ~ u3yueHue.  CpaBHUTENbHBIN | Y CTHBIN [1-5]
KAueCTBEHHBIM aHaJu3 OCHOBHBIX CBOMCTBA ra3oB U | OIIPOC
JKUJIKOCTEHR U MOJIeIel UX TeUCHUHU
Tema 1 | CamocTositenbHOe n3ydyeHue. Cuibl IEMCTBYIOMIME B | Y CTHBIN [1-5]
MOKOSIIIENCS JKUJIKOCTH. OITpOC
Tema 3 | CamocTosiTenbHOE H3y4YeHHE. OMOpa JaBICHUS | Y CTHBIN [1-5]
BHYTPH IIWJIMHIPHUIECKON TPYyOBI. orpoc
Tema 4 | CamocrosTensHoe nsydenne. OTaMYHE B IOJTHOM U YceTHBIHI [1-5]
JIOKAJIbHOM YCKOPEHUHU JKUJIKOCTH . O1IpOC
Tema 5 | CamocrosrensHoe nzyueHue Kakas cuia Bo3HUKaeT | YCTHBIN [1-5]
B peajbHOM KUJKOCTU B CPABHEHHUHU C UJI€ATbHOM onpoc
KHUIKOCTBIO.
Tema 6 | CamocrosrensHoe nzyueHue CoBMeCTHOE AecTBUE | Y CTHBIN [1-5]
KaKMX CHJI XapaKTepu3yeT Kputepuil PeliHosbca?. onpoc
Tema 7 | CamocrostensHoe uzyuenue. Kakosa pasMepHOCTs T | Y CTHBIN [1-5]
ypaBHEHUM? onpoc
Tema 8 | CamocrosTensHoe H3ydeHue. MOXKHO JiU, YCKOPUTh | Y CTHBIN [1-5]
OIOPOKHEHHUE COCYAA C KUJIKOCThIO? onpoc
Tema 9 | CamocrosTenbHOE U3YUEHHE, 3a CUET YEr0 MOKHO YcrHbIi [1-5]
YBEJIMYUTh CHJIY BO3JEHCTBHSI CTPYH Ha mperpaay?. | ompoc
Tema CamocrosTensHoe n3ydenne. Kak namensiercs YcTHbBIN [1-5]
10 TeMIleparypa ra3a npu aanadaTu4eckoM onpoc
pacuIMpeHun?
Tema CamocrosiTenbHOEe H3yueHue. Moxer au YcTHBIN [1-5]
11 TypOyJI€HTHBIN IOTPAHUYHBIN CIION BO3HUKHYTH B OIpoc
caMOM HayvaJie IJIOCKOM MJIACTUHBI U ToYeMy?
Tema CamocrosTenbHoe u3ydeHue. Hanpasnenue aeiictBus | Y CTHBIH [1-5]
12 CUJ1, ACMCTBYIOUIUX HA TBEP/IbIE YACTULIBI U y3bIPbKHU | OIPOC
rasa.
10. MeToanyeckue peKOMEHIALMHU JIsl IIPenoAaBaTe/Is
Tema Bunsr CpenctBa 00yueHus MeTtob1 00yUeHUs DopMBbI
3aHATUN y4eOHBIX TEKYIEro
3aHATHI KOHTPOJIA
Tema 1 | Jleknuu Pa3pgaTounsie YreHue NeKIUM, MeTod | YCTHBIN
MaTepuaibl. 3aMucu Ha OTBETOB Ha BOTIPOCHI. ompoc.
JIOCKE.
Tema 1 | [Ipaktuueckoe | Pazmatounble Merton ynpaxHEHU, VYcrHblid
3aHATHE MaTepuaibl. OTBETOB HA BOIPOCHI ompoc.
PI'P
Tema 2 | Jlekuuu Pa3naTounnie YreHue ek, MeTod | YCTHBIHA
Marepuaibl. 3aKiCH Ha OTBETOB HA BOMPOCHI omnpoc.
JTIOCKE




Tema 2 | IIpaktuueckoe | Pa3marounsie Meron ynpaxHeHUH, YcerHbii
3aHATHE MaTepHuaibl. OTBETOB HA BOIPOCHI omnpoc.
PT'P
Tema 3 | Jlekuuu Pa3pgaTounsie YUreHue AeKIUM, MeTOZ, | YCTHBIM
MaTepuasbl. 3alucy Ha OTBETOB Ha BONPOCHI, orpoc.
JIOCKE. Oecenpl.
Tema 3 | [Ipaktnueckoe | Pazmarounsie Meron ynpaxHeHUH, VYcerubii
3aHATHE MaTEpUAJIBL. OTBETOB Ha BOIIPOCHI orpoc.
PI'P.
Tema 4 | Jlekuuu Pa3pgaTounsie YreHue NeKIUM, MeTod | YCTHBIN
MaTepuasbl. 3alucu Ha OTBETOB Ha BOIPOCHI, ornpoc.
JIOCKE. Oecenpl.
Tema 4 | [Ipaktuueckoe | Pa3marounsie Meron ynpaxHeHUH, VYcerubii
3aHATHE MaTEpUAJIbL. OTBETOB Ha BOIIPOCHI orpoc.
PTP
Tema 4 | JlaGopatopnass | Pazgarounsie matepuainsl | Kontpons Beinonnenus | [Ipuem
pabora MynbTUME THITHBIC a/p
cpencTBa
Tema 5 | Jleknuu Pa3ngaTounsie Yrenne aeKuMid, MeTON | YCTHBIA
MaTepuasbl. 3alucy Ha OTBETOB HA BOIIPOCHI orpoc.
JIOCKE
Tema 5 | IIpaktnueckoe | Pazmarounsie Meropn ynpaxHeHuUH, VYcerHbii
3aHATHE MaTepuaibl. OTBETOB HA BOIPOCHI ornpoc.
PT'P
Tema 5 | JlaGopatopnass | Pazgarounsie matepuainsl | Kontposns BeinonHenus | [Ipuem
pabota MynsTuMeuiHbIE a/p
CpelcTBa
Tema 6 | Jleknuu Pa3ngaTounnie Yrenne aeKIuid, METOA | Y CTHBEIA
MaTepuabl. 3alucy Ha OTBETOB Ha BOIIPOCHI orpoc.
JTOCKE.
Tema 6 | IIpaktnueckoe | Pa3marounsie Meron ynpaxHeHUH, YcerHbii
3aHATHE MaTepUabl. OTBETOB HA BOIPOCHI omnpoc.
PT'P
Tema 6 | JlaGoparopnas | Pazmarounsie matepuansl | Kontposns Beinonnenus | [lpuem
pabota MyneTuMeIUHbIE a/p
CpencTBa
Tema 7 | Jlexkuuu Pa3zgatounsie YUreHue JeKUMi, METON | YCTHBIN
Marepuaibl. 3aiCH Ha OTBETOB HA BONPOCHI omnpoc.
JIOCKE.
Tema 7 | [Ipaktuueckoe | Pazmatounble Merton ynpakxHEHUH, YcrHblit
3aHATHE MaTepUaJIbl. OTBETOB Ha BOIIPOCHI. Omnpoc.
PT'P
Tema 7 | JlaGopatopnass | Pazgarounsie matepuansl | Kontpons Beinonnenus | [Ipuem
pabora MynbTUME THITHBIC a/p
CpelcTBa
Tema 8 | Jleknuu Pa3pgaTounsie YreHue AeKIUM, MeTOZ, | YCTHBIM
MaTepuasbl. 3alucy Ha OTBETOB HA BOIIPOCHI orpoc.
JIOCKE.
Tema 8 | [Ipaktuueckoe | Pazmatounble Merton ynpaxHEHUH, YcrHbIi
3aHATHE MaTEpUAJIBbL. OTBETOB Ha BOIIPOCHI Omnpoc.

PI'P




Tema 8 | JlaGopatopnass | Pazgarounsie matepuansl | Kontpons Beinonnenus | [Ipuem
pabora MynbTUMe THITHBIC a/p
CpencTBa
Tema 9 | Jlekuuu Pa3pgaTounsie YUreHue AeKIUM, MeTOZ, | YCTHBIM
MaTtepuaibl. 3aMucu Ha OTBETOB HA BOIPOCHI orpoc.
JIOCKE.
Tema 9 | [Ipaktuueckoe | Pa3marounsie Meron ynpaxHeHUH, VYcerHbIi
3aHATHE MaTepuabl. OTBETOB Ha BOIIPOCHI Omnpoc.
PTP
Tema 9 | Jlaboparopnas | Pazmarounsie marepuansl | Kontpons Beinonnenust | [lpuem
pabota MynbsTrMeuiiHbIE a/p
CpelncTBa
Tema Jlexnun Pa3naTounnie Yrenne JeKIUi, METON, | Y CTHBIA
10 Marepuaibl. 3aMucH Ha OTBETOB Ha BOIIPOCHI ompoc.
JTOCKE.
Tema IIpaktnueckoe | Pazmarounsie Meron ynpaxHeHuUH, YcerHbii
10 3aHATHE MaTepuaibl. OTBETOB HA BOIPOCHI ornpoc.
PT'P
Tema Jlexnun Pa3ngaTounsie Yrenne aeKuMid, MeTON | YCTHBIA
11 Marepuaibl. 3aMucu Ha OTBETOB Ha BOIIPOCHI onpoc.
JIOCKE.
Tema IIpaktnueckoe | Pazmarounsie Meropn ynpaxHeHuUH, VYcerHbii
11 3aHSTHE MaTepUaIbl. OTBETOB Ha BOIIPOCHI Ompoc.
PT'P
Tema Jlexuu Pa3pgaTounsie YreHue NeKIUM, MeTod | YCTHBIN
12 MaTtepuaibl. 3aMucu Ha OTBETOB HAa BOIIPOCHI ompoc.
JIOCKE.
Tema [Ipaktnueckoe | Pazmarounsie Meron ynpaxHeHUH, YcrHbIi
12 3aHATHE MaTepuabl. OTBETOB Ha BOIIPOCHI orpoc.

PI'P




[Iporpamma coctaBieHa B coorBercTBuU C¢ TpeboBanusamu OI'OC BO ¢
yuyetoM pekomeHmauuii [I[pOOII BO 1o HampaBieHWIO TOATOTOBKH
13.03.01 «TennosHepreTvka U TEINIOTEXHUKa» U MPOPHIII0 « IHEproodecreueHmne
IPEANPUATUI
ABTOpBI
Cr.npenogaBareinb

kadenpsl «[IpombllIeHHAs TEMI0IHEPTETUKAY A.N. I'putiia

[Iporpamma  oOcyxneHna Ha  3acemanud  Kadeapbl  «lIpomblnieHHas
TerosHepreTuka». [Ipotokon ot 26 mas 2022 r. Ne 11.

CornacoBaHo:
3aBenytomuii kadenpoit «IIpombliiyieHHAs! TETIOIHEPTreTUKAY

K.T.H., JOIICHT JILA. Maproux

PykoBoaurens OOIT E.A. Yyraes



CTpykTypa U coiep:KaHue IMCHUIINHBI «['MaporazoqauHaMUKa
no HanpasJieHn1o NoaAroToBku 13.03.01 «TemsioaHepreTuka v TEMI0TEXHHUKA))

[Ipunoxenue 1

(0axanasp)
Paznen < Buubel yaeOHol paboThl, BKIOYAs Buzsl camocTosTensHON paboThI ®opmbl
§ = § CaMOCTOSITENIbHYIO paboTy CTYJCHTOB aTTecTaluu
S g g| CTYNCHTOB, M TPYIOEMKOCTB B Yacax
S| =28 1 | /C | a6 |CPC | KCP |K.P.|KIL | PTP | Pedepar | K/p | D 3
Tewma | Jlekuust. OcHOBHBIE (pU3HUYECKHE 1-2 10,2
1 CBOMCTBA XKHUJIKOCTH M Ta3a 10
Cemunap 1-2 1 +
Tema | Jlexuns. HanpskeHHOE cocTosiHUE 2-3 10,2
2 KUJKOHU CpeJibl. 10
JlabopaTopHas pabota 2-3 1
Tema | Jlexkuums. 'mapocraTtuka 4-5 | 0,1 10
3 Cemunap 4-5 1 +
Tema | Jlexknua. KnuneMaTuka >KUJIKOCTH 5-6 | 0,5
4 JlabopaTopHnas pabota 5-6 1 10
Jlexius. O01IMe 3aKOHBI 1 7-8 | 0.5
Tema | YPaBHEHUS TUHAMUKH UJCABHON U
5 BSI3KOM KUIKOCTH. JlaMUHApHBII 10
PEXHUM IBHKEHUS JKUTKOCTH.
['unpaBnryeckue CONpOTUBIICHUS
CemuHap 7-8 +
Tema | Jlexkuus. Pexxumbl TeueHU. 89 | 0,5
6 TypOyleHTHBIN PEKUM TEUCHUS 10
KUJKOCTH
JlaGopaTopHas pabota 8-9 1
Tema | Jlexusa. OCHOBEI 10- | 0,5
7 THAPOANHAMUYECKOTO MOA00HS. 11




CemuHap 10- 10
11
Tema | Jlekuus. MecTHbIE THAPABINYECKHE 11- | 0,5
8 COIIPOTUBJICHHSI. 12 10
JlaGopaTtopHnas pabota 11-
12
Tema | Jlekuus. ['mapaBauyeckuii pacyeT 13- | 0,5 10
9 | TpyOOmpoBOIOB. 14
CemuHap 13-
14
Tema | Jleknus. PaBHoBecHe U IBUKEHUE 14- | 0,1
10 | rasos. 15 10
JIaGopartopHas paboTa. 14-
15
Tema | Jlekuus OcHOBBI pacueTa 16- | 0,2
11 | morpanu4HOro Cos. 17 10
CemMuHap 16-
17
Tema | Jlekuus. 'mapoannamuka 17- | 0,2
12 | aByX(a3HbIX IOTOKOB 18 18
JlabopaTtopHnas pabota 17-
18
®dopma aTTecTauu
Bcero yacoB nmo JucumnJInHe 144 | 4 128




ITpunoxxenue 2

MUHUCTEPCTBO HAYKHU U BBICIIEIO OBPA3OBAHMS POCCUICKOM OENEPAIIVN
OEJIEPAJIBHOE 'OCYJAPCTBEHHOE ABTOHOMHOE OBPA3OBATEJIbHOE YUPEXX/IEHME BBICIIET'O OBPA30BAHIIA
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1. ITacnmopTt poHIa OLIEHOYHBIX CPEACTB

I'maporasogunamuka

OI'OC BO 13.03.01 «Tenno3HepreTuka u TenJ0TeXHUKA)

B npouiecce ocBoeHus JAHHOM TUCHUIUIMHBI CTYACHT (GOPMHUPYET U AEMOHCTPUPYET Clieayrolne NpohecCnoHalbHbIe KOMIETEHITNH:

KOMIIETEHIIUH IlepeyeHb KOMIIOHEHTOB TexHoJsiorust dopma CTtenenu ypoBHe
NHIAEKC®OPMYJIUNPOBKA ¢opmMupoBaHMs OLEHOYHOIO |OCBOCHUS KOMIIETCHLUM
KOMIIETEHIIMI  [cpeacTBa
3Hath (PU3UKO- MATEMATHYECKUE ammapar, ba3oBblii ypoBeHb: Biajeer
MCIIOJIb3YEMBIN MIPU IMOCTAHOBKE U PEILICHUU METOJIaMU MaTeMaTUYECKOTO
3aj1a4, YMIUPUUECKUE 3aBUCUMOCTH U METO/IbI MOJCIIMPOBAHUS, UCTIONB3YS UX
jpacueTa MEXaHUKH KUJKOCTU U Taza TSI IPOBE/ICHHUS aHAIN3a
(TMapora30IMHAMUKHN ) TPUMEHUTEIBHO K MPOIIECCOB, MPOUCXOSAIINX B
TETUIODHEPTETUIECKUM YCTAaHOBKAM, CHCTEM H MOTOKaX JKUJIKOCTEH U Ta30B,
CIIocoOeH KOMILJIEKCOB. peraTh TEOPETUUECKUE U
TEMOHCTPHPOBATH VMeTh peniaTh TEOPETUUECKHUE H Borpocs! K MpaKTUYECKHE 3a]]a4H, B
MPUMEHEHNE MPaKTUYECKHUE 3aJ]a4M, UCTIONb3Ys 3aKOHbl 1 Jlekuuu BK3aMCEHY CTaHJAPTHBIX
OCHOBHBIX CITOCOOOB  [pacUeTHBIE METOJbI THIPOTa30{uHaMUKUKH  [[IpakTHdeckue  [Bamaun MPOU3BOJICTBEHHBIX CUTYaITHAX
MOJIy4eHUs, MPUMEHUTETBHO K PEIICHUIO TEXHUUYECKUX BaHATHUS OTBeTHI IloBbIlICHHBIN YPOBEHb: B
OTIK - 3 npeoOpa3oBaHus, 3a/1a4 MPUMEHUTENBHO K 3aJa4aM UlabGopatopHble  [cTyneHTa Ha 0JIHOM 00bEME Briageer
TpaHCIOpTa U TETIOHEPTETUYECKUX YCTAHOBOK, CHCTEM U BaHSTHUS JIOTIOJIHUTENILHBIE METOJAMU MAaTEMATUYECKOTO
HCIIOJIE30BaHUsA KOMILIEKCOB. CobecenoBanue [BOTIPOCHI MOJIEIMPOBAHUA, UCIIOIB3YS UX
TEIJIOTHI B Bnagets MeTogaMu MaTeMaTU4IECKOTIO CPC BoImoHeHHBIH 711 IPOBE/ICHUS aHAJIN3a
TEIUIOTEXHUYECKUX MOJICTTUPOBAHUS, UCTIONB3YS UX IS Pemenune 3amay [TECT MPOIIECCOB, MPOUCXOIAIINX B
YCTAaHOBKAX U MPOBEACHUS aHAIN3a MTPOLIECCOB, MOTOKaX >KUJKOCTEN U Ta30B,
CUCTEMax MPOUCXOAIINX B TOTOKAX KUIKOCTEH U Ta30B, pelaTh TeOpeTHYECKue u
[peraTh TEOPETUYECKHUE U MPAKTUUECKUE MpaKTUYECKHE 3a7a4l B
3a/1a4yM, UCIIOJIb3Ysl 3aKOHBI U pacueTHBIC HECTaHIapTHBIX
METObI (TUAPOTa30IMHAMUKH ) MPOU3BOJACTBEHHBIX CUTYaAIUAX
MPUMEHHUTETHHO K 3a/1a4aM C MX MOCIEAYIOLUM aHATU30M.
TETUIOHEPTETUYECKUX YCTAHOBOK, CUCTEM U
KOMILJIEKCOB




2. OueHo4YHbIE CpeacTBA

HaumenoBanue [IpencraBnenue
Ne OLICHOYHOTO Kpartkas xapakTepucTuka OlleHOYHOTO OLICHOYHOTO CPEJICTBA B
OoC CpencTBa CpeacTsa ®0C
PaznuuaroT 3a7aum 1 3aJaHK:
Pa3HprOBHeBLIC a) PECIIPOAYKTUBHOI'O YPOBHA, ITO3BOJIAIONIUC
1 3aga4unu OLCHMBATh MW JUArHOCTUPOBATH 3HAHUC PagHoypo]gHeBHe 3aJ1a4u
(P3) (haKTHIECKOTO Marepuana (6a3oBbIE
MOHATHUS, AITOPUTMBI, (AaKThl) U YMCHHE
CpencTBO KOHTPOJISl, OPraHU30BaHHOE Kak
crienajbHas ~ Oecela  IE€JAarOrM4ecKOro
YcTHbIH onipoc  [pabOTHHKA ¢ OOydyarolMMCS Ha  TEMBl, Bomnpocsi no
2 cobecel0BaHUE, [CBSI3aHHBIC C HM3y4aeMOH JUCIUILUIMHON, | TeMam/paszzaenam
(YO) PAacCUMTaHHOE Ha BBLIACHEHHE 00beMa 3HAHHUM JMCIMIUTHHBI
00yyJarolerocs 1no OonpeeJIeHHOMY pa3Jieny,
TeMe, mpobaemMe U T.11.
Cucrema CTaHIApTU3UPOBAHHBIX 3a/JaHUI,
3 Tect MO3BOJISIONIAS aBTOMaTI/IBI/IpOBVaTB npouenypz/ DO TeCTOBIX 3a1aHHil
(T) M3MEPEHHUs] YpPOBHS 3HAHUW U yMEHHUU

00ydJaromerocs.




3. CnuCoK 3K3aMeHAIMOHHBIX BONPOCOB MO AW CIUIIHHE

1. Onpenenennie XUAKOCTH. [ITOTHOCTD, YJENbHBIN BEC, BA3ZKOCTh KUJIKOCTEH U
ra3os.

2. CxaTue 1 pacuIMpeHue KUJIKOCTEN U ra3os.

3. Cunbl, ACUCTBYIOIIHME B JKUIKOCTSX: BHEIIHUE W BHYTPEHHHUE, MACCOBBIE U
IIOBEPXHOCTHBIE. [ MapocTaTuyecKoe JaBICHUE U KaCaTeIbHOE TPEHUE.

4. JlaBrieHus1 B HETMIOJABMYKHOM )KUJKOCTU. 3akoH Ilackars.

5. BakyyMMeTpU4YECKOE 1 MAHOMETPUUYECKOE JABIICHUE.

6. [TpubopsI 1711 U3MEPEHUS JaBIICHHS.

7. YcnoBue paBHOBECHS )KUJIKOCTH. [ MAPOCTaTHUECKOTO NABIEHUS B HENTOABUKHON
AKUIKOCTH.

8. NuddepennmanbHoe ypaBHEHHE TUIPOCTATUKH Djiepa.

9. IIpuMepsl HHTETPUPOBAHUS YpaBHEHUS Diliiepa.

10. CpoiicTBa aaBiIeHHs B HEMOABWXHOM JKHAKOCTH. [loBEpXHOCTH paBHOrO
naBieHusi. CBOOOIHAS TOBEPXHOCTD KUIKOCTH.

11. OTHOCUTENBHBIN MOKOW KUIKOCTH IIPU OPSIMOJIMHEHHOM YCKOPEHUU

12. OTHOCHUTENBHBIN MOKOM KUIKOCTH BO BPAIIAKOLIEMCS HUITUHIPUIECKOM COCY/IE.
13.  OnpeneneHue CUilbl, TEUCTBYIOLIEH HA IUIOCKYKD CTEHKY B IOKOSAIIEHUCS
HKUIKOCTH.

14. IlenTp naBnenus. opmyJia g pacyeTa MOJIO0KEHUS LIEHTPA AaBIEHUS IIIIOCKUX
3aTBOPOB.

15. Cunta BO3aeicTBUSA KUIKOCTH HA KPUBOJIMHENHYIO IOBEPXHOCTb.

16. Pacuer cuibl naBieHUs HAa HWIMHIPUYECKYIO NMOBEPXHOCTh C BEPTUKAIBHOU
OCbI0 CHMMETPHH.

17. 3akoH Apxumena. YciaoBus IUIaBaHUS W OCTOMYMBOCTH Tel. MeTaueHrp,
METAllCHTPUYECKass BBICOTA, METALUECHTPUYECKUN pPaauyC, METALUECHTPUUYECKUI
panuyc, SKCHEHTPUCUTET, METALICHTPUYECKUI MOMEHT.

18.. Bunpl aBuxeHus xugakocteil. J[Ba crocoda onucaHust JBHKEHUS KUIKOCTH:
Jlarpanxa u Dinepa.

19. OcHOBHbIE MOHATUS KUHEMATUKU UJIKOCTH: CKOPOCTb, YCKOPEHHUE, JIMHUU
TOKa, )KUBOE CEYEHUE, PACXO/l, 3aBUXPEHHOCTD, IUPKYJIALMSA CKOPOCTH, TOTEHIIAAI
CKOpOCTH, QyHKIIHS TOKA.

20. Monens HeBs3KOM (WmeanbHOU) KuakocTu. Juddepermnunanpapie ypaBHECHUS
Ditiepa NIBMKEHUS HEBI3KOM KUKOCTH.

21. [Ipumep HHTETPUPOBAHUS YPABHEHUN THAPOINHAMUKH HEBA3ZKOW KUJKOCTH.
22. 3aKOH COXpaHEHUs MACChl. Y paBHEHUE HEPA3PBIBHOCTH.

23. YpaBHeHus bepHynu 1Jist HEBA3KOM TSHKEIOM )KUAKOCTH U €0 MHTEPIPETALINH.
24 I'paprueckure UHTEPIIpETAMU YPAaBHEHUS] bepHYJIUIN 17151 HEBS3KOM KUAKOCTH.
25. Hcnonb30oBaHKWe ypaBHEHHUs bepHyuM 1 pacuera mapameTpoB U3MEPEHUS
CKOpOCTH ToTOKa (TpyOka IIuto) m 06beMHOro pacxojaa *KUIKOCTH (pacxojgomep
Bentypn).

26. YpaBHenue bepHyInu i1 yCTAaHOBUBIIETOCS TEUYEHHUS BSI3KOM, TSKEION
XKUIKOCTH.



27. T'paduyeckas uHTEpHpeTanus ypaBHEHUS bepHyJIM 17 MOTOKa peaibHO
XKUIKOCTH.

28. Yder moteppb sHeprun. OO0ImuMe cBeleHUsI 0 THAPABIMYECKUX MoTepsx. Bumbl
TUAPABINYECKUX TOTEPb.

29 Mogenb Bsizkoil xxunkoctu. uddepenunansupie ypapuenuss HaBbe — CTokca
JIBUYKEHUS BSI3KOU KUIAKOCTH.

30. JlamuHapHBIN U TYpOYJIECHTHBIM PEKUMBI T€UEHUS BSI3KOU HKUIAKOCTH.

31. YpaBHeHue bepHyum AJis IJIaBHO U3MEHSIOIIETOCS TEUEHUS BA3KOM KUIKOCTH.
®uznyeckuil cMmbicn kodhdunrenta Kopuonuca ais KOPpeKIUU CKOPOCTHOTO
Haropa. [lotepu Hanopa Ha TpeHue.

32. Ilotepu Hamopa npu JaMUHAPHOM PEKUME TEUCHUS TEUCHUU BA3KOU KUIKOCTH.
®opmyia [lyasens.

33. TypOyneHTHBIN peKUM TCUCHUS KUIKOCTH. Y paBHeHUs PeitHonbaca.

34. Tlonysmnupuyeckue Teopun TypOyaeHTHocTH. [loTepu Hamopa Ha TpeHHe.

35. Pexumbl T€UEHUS KUAKOCTH C YIETOM IEPOXOBATOCTA CTEHOK TPYOBI.

36. MecTHbIE THAPABINYECKHUE CONPOTUBIICHHUS.

37. IloTepu Hamopa Npu BHE3AITHOM pacIIMpEeHUu MoToka, hopmyna bopaa.

38. Ilorepu Hamopa npu BHE3AIMHOM CY>KEHUH MOTOKA

39. IloTepu Hamopa Npy NOCTENEHHOM PACIIUPEHUU U CY>KEHUU MTOTOKA.

40. Ucteuenue xxuakocred u3 orsepctuil. Knaccudukanusa oTBepcTil U yciioBuid
ucreueHnii. ®opmyna Topuuemn nns pacdeTta CKOPOCTH HCTEUYEHUS HEBS3KOU
KUJKOCTH U3 MaJIOTO OTBEPCTHSI B TOHKOM CTEHKE.

41. Onpenenenue (pakTUIECKUX ApaMETPOB UCTECUCHHS Yepe3 OTBEPCTHUS TIPH
noctossHHOM Harope. Koadduimentsr ckopocTH, cxxatus u pacxoja.

42 .McreueHune )KUAKOCTH YEpPE3 OTBEPCTHS IPH NIEPEMEHHOM Harope.
JubdepennmansHoe ypaBHEHUE UCTCUCHUS.

43. OnpeneneHne BpPEMEHH UCTEUEHUS KUAKOCTH U3 OTBEPCTHS IPU IEPEMEHHOM
Harope. 28. 44. UcteueHne U3 OTBEPCTUI B 3aTOIJIEHHOE TPOCTPAHCTBO.
45.Vcredenus uyepe3 Hacaaku. TUIbI HACAIOK.

46. Koadduimenta cOnpoTUBICHUS BHEIIHETO IUJIMHIPUYECKOrO Hacajka.
BakyyMm B Hacankax. BeauuuHa npeaenpHOro Bakyyma B HacaJIKax.

47. HamopHo - pacxojHas XapakTepUCTHMKa TpyOompoBoja MpH JaMHUHAPHOM
pexKUME TEUESHHUS )KUJIKOCTU B KPYTJIOH TpyoOe.

48. ®opmyna apcu s pacdyera NOTEPH HAmopa IO CPEAHEH CKOPOCTH TpHU
JAMUHAPHOM PEKUME TEUSHUSI )KUJIKOCTU B KPYTIION TpyoOe.

49. Tlepexon IIaMMHAPHOTO PEXKHUMA TEUYEHUS KHUAKOCTH B TYpOYJICHTHBIM.
Kpurnueckoe YUCJIO0 Peitnonbca. Kosddumuenr  rumpaBImdeckoro
COIPOTHUBJIEHUS B IEPEXOAHON 30HE.

50. ®opmyna Ille3m mig pacuera moTepp Hamopa IO CPEAHEH CKOPOCTH IIPHU
TypOYJICHTHOM PEeXUME TEUCHHS )KUIKOCTH B Kpyrioi Tpyoe. Koapdunment le3n.
51. BopomnpoBoanas popmyia [lromron.

52. Kakue TpyOONpoBO/bI HA3bIBAIOTCS KOPOTKUMU M JJIMHHBIMH, TMPOCTHIMH U
CJIO’)KHBIMU?

53. KakoBel 0COOCHHOCTH pacyeTa TpPyOONpPOBOJOB C TOCJEA0BATEIHHBIM
COEJIMHEHUEM TPYOOIIPOBOJIOB?



54. KaxoBbl 0COOEHHOCTM pacuera TpyOOIpOBOAOB IMpH MapaJlIeIbBHOM
COEJIMHEHHEM TpyOorpoBogax?

55. Uro Takoe cuoH 1 KaKOBBl OCOOCHHOCTH €T0 THAPABINYECKOr0 pacuera?

56. KakoBbl 0COOEHHOCTH T€UEHUS Ta30B B TpyOompoBogax?

57. Bo3neicTBue MOTOKA HA CTEHKY KaHala.

58. Bo3aencTBre CTpyH )KUJIKOCTH Ha TUIOCKYIO IIpErpamy.

59. BozaeicTBrEe CTPpyH KUIKOCTH Ha MOTYCHEPUUECKYIO TOBEPXHOCTb.

60. I'mnpaBnuueckuii yaap B TpyoonpoBogax d@opmyna KykoBCKoro ajis pacyera
UMITyJIbCa JIaBJIEHUs TMpU TrujpaBindeckoMm yaape. CrnocoObl yMeHBIIEHHS
TUAPABINYECKOTO yaapa.

61. MoaenupoBaHue TUIPABINYECKUX TOTOKOB. YCIIOBHS T€OMETPUYECKOTO,
KMHEMAaTHYECKOT0 ¥ IMHAMUYECKOT0 MOJ00uS.

62. Kpurepun ruapoamHaAMHAYECKOro IOA00Ms, 4uciaa moaoous: PeliHombica,
Opyna, Ditnepa, Ctpyxans u uxX GU3NIECKUNA CMBICIL.

63. HMcnonb3oBaHuEe METOJOB TEOPUHM Pa3MEPHOCTEH TpH 0O0pabOTKE OMBITHBIX
JAHHBIX.

64. BuxpeBbie 1 0e3BUXpEBbIC IBHKEHUS )XKUAKOCTU. Teopema Komu-I'enbmrombia.
65. [1nockoe nBHKEHUE UACAIbHOM KUAKOCTU. Teopema Jlarpanxa.

66. [1nockoe MOTEHIHAIBHOE IBU)KEHUE NTAPAJIEIBHOE OCU X WIIH Y.
67.Mctounnku u cTOKU. L{IUPKYIALIMOHHOE IBUKEHUE.

68. CiioxkeHune IByX IJIOCKONApaIEIbHBIX JBUKECHHM.

69. Buxpenbie nBuxkenus. Teopema JKyKoBCKOTO 0O MOBEMHOM CHUJIE.

70. TepmoaAMHAMUYECKUE MTPOIIECCHI COKMMAEMOM KUJIKOCTH (rasa).

71. CkOpOoCTh paclpOCTpaHEHNs MAJIBIX BO3MYILEHUI B HEMTOABUKHOM Tase.

71. OcHOBHBIE 3aKOHBI JBUKEHHUS ra3za (Macchl, KOJWYECTBA JABUKECHUS, TOTHOM
SHEPTHH).

72. CxopocTb 3ByKa. Hucno Maxa.

73. XapakTepUCTUKH OJJTHOMEPHOIO MOTOKA rasa. ['a3onnHamuueckue QyHKIUU.
74. JIBUyKEHNE UICAIBHOTO Ta3a B KaHAJIE IEPEMEHHOTO CEYEHUS.

75. JIBmkeHue raza B coruie JlaBams.

76. Cxauku yruiotHeHus. uznueckas npupoaa.

7°7. Pacyer npsAMOro CKaudka yIjaOTHECHHUS.

78. PacueT KOCOro ckauka yrjiOTHEHUS.

79. JlamuHapHBIA TOTPAaHUYHBIN CclIOW Ha mockod minactuHe. Koadduuument
COIPOTHUBJICHMUS.

80. KoaddurimeHT conpoTuBIeHUU

81. TypOyneHTHBIN MOrpaHUYHBIN ClIOM Ha TuiockoW mactuHe. Koaddunuent
COIPOTHUBJICHMUS.

82. CrtocoObI BO3ACHCTBUS HA TOTPAaHUYHBIN cioid. D¢ ekt Tomricona.



4. IlpuMepHBbIi IepeYeHb BONPOCOB IS POMEKYTOYHOI0 TECTUPOBAHUS

KoHTpouabHbIe TecThl (BapuaHT A).

BHUMAHME! [lpu npogedenuu eviuucienuti pexomeHOyemcs NpuHuMams
yekopenue c60600H020 nadenus g = 10 m/c?, a nnomnocmo scuoxocmu p = 1000
Ke/m’.

1. Uemy paBusiercs naBinenue B CU, ecnu manomeTtp nokaseiBaer 100 ar
(xr/cm?)?

I. p=10 MIla. II. p =1 Mlla. III. p =100 kITa. IV. p =10 kIIa.
2. Yemy paBHsETCS U30BITOYHOE JaBJICHUE, €CIIM MaHOMETp moka3biBaeT 0,1
MIlIa?

L. pase= 0,2 MI1a. II. p=0MIlla. IIL p=-0,1 MIIa. IV.p=0,1 MIlIa.
3. Kakoe 3Hauenue mpuHuMaeTr kodddunmeHnt Kapuonuca nmpu JiaMuHaApHOM
TeUCHUU?

I. 5300. I1. 2. III. 1. IV. 2300.
4. Yemy paBeH KO3PHUIIMEHT CKATUS CTPYHU TTPU O€30TPHIBHOM UCTEUEHUU
qyepe3 MUIMHIPUISCKUN HacaaoK?

I. €=0. II. ¢=2. II. e=1. IV. €=0,62.

5. ITpu kakoM MoAyJie YIPYTOCTH KUIKOCTH BEJIMYMHA yIAPHOTO AABJICHUS MPU
npsIMOM ruapoyaape Oy1eT HauboabIIei?

I. K=1000 MITa. II. K=2000 II. K=2800 IV. K=1500
MITIa. MIlIa. MITa.
6. Kakoll sHepreTuueckuii CMbICI MMEET WieH ypaBHEeHUs bepHymim z?
I. YaenpHas II. YnaenbHas III. YnpenbHas IV. VYnaenpnas
SHEprus SHEprus MMOTCHIMAJIbHAS KUHETHYECKast
MIOJIOKEHHS. JTaBJICHUA. DHEPrus. DHEPrus.

7. Kak sKcriepuMEHTaNbHO OMPENEseTCs BEIMYMHA CKOPOCTHOIO Hamopa?

I. Ilo pasHoctn II. Ilo III. Tlo pasHoctu IV. Ilo
MOKa3aHWil TpyOKM  TOKa3aHWIO  Moka3zaHuil TpyOok [luto B mokaszaHuto
[TuTo n IbE30METpA. HAa4aJIbHOM U KOHeYHOM  TpyOkm [luTo.
IbE30METpA. CEUCHMSX ITOTOKA.

8. Vkaxute nuama3oH uncen PeliHonbaca, mpu KOTOPBIX B TPyOE KPYyTIoro
CEUYEHHS CYIIECTBYET YCTOMYMBOE JIAMUHAPHOE TEYEHHUE.

I. Re <2300. II. Re > 2300. ITI. Re <4000. IV. Re >4000.

9. OmpenenuTh pacxoid XKHAKOCTH (), €ClOu €€ CpPedaHss CKOPOCTh B TpyOe
IIOCTOSIHHOTO CE€YEHHMS IIOIAAbI0 2 cm? coctasuseT 10 m/c.

I. O=10un/c. II. 9=5n/c. III. Q=4 n/c. IV. O9=2n/c.



10. Ilpm wauamsHOM ckopoctn Vi = 4 wm/c 1 g U 2
aCHIUPSIONIETOCS  MOTOKA  ONpeleNuTh  ero _| P!

p pstro1I] pen 0 m |

KOHEYHYIO CKOPOCTb V2, €CIIH IMaMeTp MEHsIeTCsi ¢ Ay, LZ

d =20 mm 10 D = 40 mm. N :

IL 1 1L Iv. S T~

Vao=2wm/c. Va=8wm/c. Va=1wm/c. Va=4wm/c.
11. KakoMy NOTOKY HJI€alIbHON KUIKOCTH COOTBETCTBYET HEPABEHCTBO V1> V27?7

I. II. I11.
— : : T ——
14 i A 14 lh
A /92:_" A I /5’1:_"
N } } _l_’___.—-—’_|-

12. Kak 3aBucuT kod3pdummeHT moTeph Ha TpPEeHHE A OT uucia Re Tpu
TypOyJIEHTHOM TEYEHWH B TpeThel objacTu compoTuBieHUs (006JacTh
KBaJIPAaTHYHOTO CONTPOTUBJICHHS UM aBTOMOJICITFHOCTH)?

I. He 3aBucur ot II. 3aBucur He nL. 1=% V. 1 =22
yucia Re. TOJIBKO OT Re, HO U VRe
OT LIEPOXOBATOCTH
CTEHOK.

13. Omnpenenuth AaBJICHHE B KOHEUYHOM CEUYCHHH TOPHU30HTAIBHOM TpPYyOBI
MMOCTOSTHHOT'O JUaMeTpa, €ClIi B Ha4aJlbHOM ceueHHH oHO Obuto p1 = 0,6 MIla, a
MOoTeps Haropa MpHU JBUKEHUH KUJKOCTH OT HAaYaJIbHOTO CEUYCHUS 10 KOHEYHOTO
coctaBmio 30 M.

I. po=400kIla. 1II. p>=200klla. III. p>=300«klla. IV. p>=100 klla.

14. Omnpenenuth TOTEPO HAMopa fuor B
TOPU3OHTAIBHOM Cy»Karomieiicss TpyOe, eciu
CKOpPOCTh M JABJICHHE B HA4YaJbHOM CEUYEHUU
COCTaBUJIM COOTBETCTBEHHO V1 =4 M/c u p1 = 0,4
MTIla, a naBieHUe B KOHEYHOM ceueHuu — p2 = 80 Lo
klla. [Ipu pemenun npuusate D/d = 2. Teuenue

I
CUUTATh TypOYJICHTHBIM. | 1[/_

/
I

L. I1. I11. IV. 10 21
huor =40 hnor =30M.  hnor =20 Ainor = 10 M.
M. M.

15. Ha pucyHke npuBeneHbl HEKOTOPBIE SIIOPBI PACIPENEIECHUS CKOPOCTEN MO
CEUCHHMIO TMOTOKOB. YKaXHUTE PHUCYHOK, KOTOPBIA COOTBETCTBYET OOBIYHOMY
JaMUHAPHOMY TEUEHUIO KHUIKOCTU B KPYIJIOH TpyOe.

I. II. I11. 1A%



16. YUemy paBeHn koddduiment apcu A ans Kpyriiod TpyObl HpuU TEYEHUU
JKUJIKOCTH ¢ 4ucioM Peinonbiaca Re = 10%? TpyOy cumTaTh THAPaBIMYECKHU
TJIAIKOM.

I. A=0,022. II. A=0,0316. III. A =0,05. IV. A=0,011.

17. Yxaxure HauboJiee BOZMOXKHOE YUCIICHHOE 3HaueHne kodpdunnenta lapcu
A 1ipu TypOYJIEHTHOM TEUEHUHU KUIKOCTH B KPYyTrioi Tpyoe.

I. 0,5. II. 1. 1.  0,8. Iv. 0,03.

18. Bo CKOJBKO pa3 yMEHbIIATCS MOTEPU HAMOpPAa B MECTHOM CONPOTHUBIICHUH,
ecnu pacxol yMeHbmMTCd B 2 paza? Cuurarb, 4YTO NOTEPU  BBI3BAHBI
BUXPEOOpa30BaHUEM. .

I. B 4 pa3za. II. B 2 pa3a. III. B 0,5 paza. [V. B ~3,5 pa3za.

19. Ytro yuutsiBaeT xoddduiuent (?

I. CooTHomieHue II. Ilorepu II. Tlorepun IV.
CUJI MHEPIIMU U CUJI SHEPIUMU B MECTHBIX SHEpPruu Ha TpeHue Pacnpenenenue
TpEHUsI. COMPOTUBJICHUSIX. IO JITUHE TPYOBHI. CKOPOCTEH 10

CCUYCHHIO ITIOTOKA.

20. Yemy paBHO W30BITOYHOE NaBJIEHWE TIEpe]l BXOJIOM B TpyOKy Bentypu?

I. [Toxazanuro I1. Paznoctu III. Cymme IV. Ilokazanuto
MAHOMETpA. aTMoC(epHOro aTMOoC(EepHOro BaKyyMMeETpa C
JIABJICHUA U JABJICHUSA M TOKa3aHMsS MPOTUBOIOJI0XKHBIM
MOKa3aHus MaHOMETpa. 3HAKOM.
BaKyyMMETpa.

21. OnpenenuTs NOTEPIO JaBIECHUS Ap MPU ABUKEHUH KUJKOCTHU C pacxoaoMm
= 0,8 1/c uepe3s apoccenupyrolee oTBepcTre miomansio d = (1/0,7) em?. IIpunaTs
koa¢dunreHT pacxona orseperus pL = 0,7.

I. Ap = 24 kI]a. II. Ap = 8 klla. III. Ap =32 klla. 1IV.Ap=16klla.

22. IIpu KakOM yCJIOBHH B TpyO€ BOSHUKAET MPSMOIl THApaBiINYeCcKUil yap?

I. Ecn I1. Eciiu Bpems II1. Ecnn IV. Eciin Bpems
TpyOOTIPOBOT 3aKpBITHS KpaHa TPyOOTIPOBOJ 3aKPBITHUS KpaHa OOJIbIIe
MPSMOJIMHENHBI MeHbIIIe (a3bl MMEET (da3bl rTUIPABINYECKOTO
H. TUJPABIMYECKOTO ITIOBOPOTBL. yaapa.

ynaapa.



23. Kak 3aBHUCAT MOTEpH HAmopa OT pacxojia NpU TypOyJIEHTHOM TEUYEHHH
BO BTOPO#l 00JaCTH COMPOTUBIICHUS?

I. II. I11. IV.
[Iponopunonansn  IIponopunonansn  IIponopunonansn  [IponoprmonansH
bl KBaIpaTy bl pacxony B 0 pacxony. Bl pacxony B

pacxoja. creneHu 1,75+2. crenenu 1,75.

24. Yemy paBeH K03 GUIMEHT pacxo/ia IPU UCTCUECHUHN UCATBHON KUIKOCTH?

I. Koapdummenty II. Koappuuuenty  IIl. Enunune. IV. Hymo.
CKOPOCTH. CKaThsl CTPYH.



KonrtpoJsbHblie TecThl (BapuaHT b).

BHUMAHME! Ilpu npogedenuu @viuucienuii pexomeHOyemcs NpUHUMams
yckopenue c60600n020 nadenus g = 10 m/c’, a nnomnocme scuokocmu p = 1000
Ke/m>.

1. Yemy paBusiercs nasienue B CH, ecniu MmanomeTp nokasbiBaer 10 ar (kr/cm?)?
I. p=10 Mlla. II. p=1MIla. IIL. p =100 xIla.  IV. p=10«lla.
2. UeMy paBHsETCS aOCOJIFOTHOE AaBJICHUE, €CIIM MaHOMETp IMoka3biBaeT 0,1
MIIa?
I. pase= 0,2 MI]a. II.p=0MIla. Il p=-0,1 MIla. IV.p=0,1 MIla.

3. Kakoe MNpCaAcJIbHOC 3HAUCHUC IIPHUHHUMACT YHUCIIO PCfIHOJILI[C& IIpu
JJaMHHapHOM TEYCHUU?

I. 5300. II. 2. III. 1. IV. 2300.

4. Yemy paBeH KO3(DPUIIMEHT CHKATUSI CTPYH MPU UCTEUECHUH Yepe3 HACAIOK C
OOJILIINMH uHciaaMu PeliHonbaca Re?

I. €e=0. II. e=1. II1. £=2. IV. £€=0,62.
5. IIpu kakOoM MOJTyJie YIIPYTOCTH KUJIKOCTH BEJIMYMHA YAAPHOTO AaBJICHUS MPU
MPSIMOM TUApOyaape Oy1eT HauMEHbIIEH?
I. K=1000MIla. II. K=2000 MIIa. III. K= 800 MIla IV. K=1500
l. MIla.

6. Kakoit sHepreTrueckuii CMBICT MMEET WieH ypaBHeHUs bepuymmu p/p
g?

I. YaenpHas II. YnenbHas III. Ynpenbuas IV. VaenpHas
SHEPTUS SHEPTUS MMOTCHIUAJIbHAS KHHETHYEeCKas
MOJIOKCHUS. JIaBJICHUS. SHEPTHUSL. SHEPTHUSL.

7. Kak 3KCIIepMMEHTAIBHO OINpEAEsAeTCa BEIMYMHA TIOJIHOTO Haropa?

I. Ilo pasHoctu II. Ilo II1. Ilo pasHoctu IV. Ilo
MOKa3aHWM TpyOKM  MOKa3aHWI0  Toka3zaHuil TpyOok [Iuto B mokazaHuio
[Tuto n NbE30METpPa.  HAvyaJbHOM M KOHEYHOM  TpyOku I[luTo.
IIbE30METpA. CEYCHUSAX ITOTOKA.

8. Ykaxure (HanboJsee moaHo) auanazoH yucen PeiHombca, pu KOTOPHIX B
TpyOe KpyTJIOTO CEYECHHS HE MOXKET CYIIECTBOBATh YCTOMYMBOTO JIAMUHAPHOTO
TEUCHMUS.

I. Re <2300. II. Re>2300. III. Re <4000. IV. Re >4000.

9. Ompenenuth pacxoid >XKHAKOCTH (), €Clau ee CpedHsis CKOpOCTb B TpyOe
MMOCTOSTHHOT'O CEUCHHMS TUTOMAIbio 4 cMm? coctapisieT 10 m/c.

I. O=10u/c. II. 9=5n/c. 1. Q=4 n/c. IV. O9=2n/c.



10. IIpu wusBectHOM ckopoctu Vi = 8 wm/c ]
pacIIUpPSIONIEroCsl  TOTOKa  ONPEICIIUTh  €ro |
Ty 1
KOHEYHYIO CKOPOCTh V2, €ClTi TuaMeTp MEHSETCS C A,
d =20 mm 10 D =40 MmM. 1
I IL 0L Iv. |
Va=2wm/c. Va=8wm/c. Va=1mM/c. V2=4w/c.

T
M v,
|
|
e N
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11. Kakomy OTOKY HI€QIBHOM XKUJIKOCTA COOTBETCTBYET HEPABEHCTBO p1 > p2?

I. I1. I11.

e 1 : : e ——
1% 1Y Z 1z i 1%
17 /92:_" ar )2 51:_’ 12

-|_\—|— } } Jf_

12. Kak 3aBucut KO3(QPUIMEHT NOTeph HAa TpPEHHE A OT uucia Re mnpu
JAMUHAPHOM PEXHME TeUeHUs?

I. He 3aBucut ot II. 3aBucur He . 1=% v. 1 =25
yucnaa Re. TOJBKO OT Re, HO U R VRe
OT IIEPOXOBATOCTH
CTCHOK.

13. OmpenenuTh naBlieHHE B KOHEYHOM CEUEHUH TOPU3OHTAIBLHOU TpPyOBI
MOCTOSTHHOT'O JMaMeTpa, €ClId B HaYalIbHOM cedeHHH oHO Obuo p1 = 0,6 Mlla, a
MOTEPS HAIOpa MpU ABUKEHUHU KUJIKOCTH OT HAYAJIbHOT'O CEYEHUS JJO KOHEYHOTO
coctaBuiio 20 M.

I. p»=400xIla. 1II. p»=200«klla. III. p>=300klla. IV. p>=100 klla.

14. Onpenenuth MOTEPIO HAmopa /Auor B
TOPU3OHTAIBHON  CyXKaromiencs Tpyde, eciam 1 2|
CKOPOCTh M JABJICHHE B HA4YaJIbHOM CEUYECHUH |
COCTaBHJIM COOTBETCTBEHHO V1 =2 M/cu p1 =0,2 J—|7
MIla, a naBieHME B KOHEUHOM C€UeHUU — p2 = 70 |ﬁ> Lz
klla. [Ipu pemenuun npunars D/d = 2. Teuenue |
CUUTATh TypOYJICHTHBIM. 1!/_ _'_I
I. I1. I11. IVv. 10 2|

Moot =40 huor =30M.  huor =20 Anor = 10 M.
M. M.

U g

—

15. Ha pucyHKe NnpuBEAEHBI HEKOTOPBIE SIIOPHI PACIPEACIICHUSI CKOPOCTEMN IO
CEYEHUIO TTOTOKOB. YKa)XUTE PUCYHOK, KOTOPBII COOTBETCTBYIOT JaMUHAPHOMY
TEUYEHHUIO KUIAKOCTU B KPYTJIOH TpyOe MpH OXJIaXkKIEHNUHU €€ CTEHOK.

I. II. I11. vV

16. Uemy paBen koapdumment apcu A nuas Kpyriod TpyObl IpuU TEUEHHUU
KUAKOCTU ¢ umciaoMm Peiinonbaca Re = 10°? Cuurarh, uro Tpyba HMeeT
AKBUBAJIEHTHYIO 1epoxoBatocTh 0,092 MM u auametp 100 Mm.

I. =0,022. II. A=0,0316. III. A =0,05. IV. A=0,011.



17. Ykaxute BO3MOKHOE 3HAaUeHHE KOI(PPHUIMEHTa pacxoda |l MPU UCTECUCHUU
BOJBl 4Ye€pe3 BHEIIHUN LWIUHAPUYECKUN HACANOK C 3aKPYIVIEHHOW BXOJIHOWU
KPOMKOHM.

I. 0,)5. II. 1. 1.  0,8. Iv. 0,03.



18. Bo ckolbKO pa3 yBeauyaTcs IMOTEpPU HAopa MHpH JIAMUHAPHOM TEYEHUU
KUJIKOCTH B KPYTJION TpyOe MOCTOSIHHOTO AMAMETPa, €CIIU PaCXO]] YBEIUUUTCS B

2 pa3a.

I. B 4 paza. II. B 2 pa3a. III. B 0,5 paza. [V. B ~3,5 paza.
19. Yto yuurtsiBaer koddduiment Kapuomuca o?
I. CooTHomieHUE II. Ilorepu III. ITorepu IV.
CHUJI MHEPIUU U CUJI SHEPrUu B SHEpruu Ha TpeHue Pacnpenenenue
TPEHUS. MECTHBIX O JITUHE TPYOBI. CKOpOCTEH 10
CONPOTHUBJICHUSX. CEUYEHUIO MOTOKA.

20. Yemy paBHO aOCOJIIOTHOE JABJICHHE Iepea BXOAOM B TpyOKy Bentypu?

I. [Tokazanuto I1. Paznoctu II1. Cymme IV. ITokazanuro
MaHOMETpa. aTMoc(epHOro aTMOC(EepHOTO BaKyyMMETpa C
JABJICHUS U JaBJICHUS M TOKa3aHUs MPOTUBOIOIOKHBIM
MOKa3aHMs MaHOMETpA. 3HAKOM.
BaKyyMMeTpa.

21. OmpenenuTh NOTEPIO JABJICHHUS Ap NpPU JBHKEHUHU JKUJIKOCTH B KPYIJIOW
npsiMoit TpyOe mumuHoM [ =20 M u tuameTpom d =2 ¢Mm ¢ pacxoaoM O = 0,314 ii/c.
[Tpunsate kordumment Japcu A = 0,032. a TedeHne cuutaTh TypOYyJICHTHBIM.

I. Ap =24 kl1a. II. Ap = 8 klla. II. Ap =32 klla. IV.Ap=16«lla.

22. Ilpu kakoM yCJIOBUH B TpyO€ BOSHUKAET HEMPSIMOI TUIpaBINIEeCKuil yiap?

I. Eciin I1. Ecu Bpems III. Ecin IV. Ecnu Bpems
TpyOOIPOBOI 3aKpBITHS KpaHa TpyOONPOBOJ 3aKPBITHS KpaHa OOJIbIIe
IPSMOJIMHENHBI MeHb1IE (a3bl UMeEET (ba3bl THIPABINYECKOTO
. TUJPABIMYECKOTO IIOBOPOTBL. yzaapa.
yzaapa.

23. Kak 3aBHCST NOTEPHU HAmopa OT pacxoja Npu TypOyJIE€HTHOM T€YEHUU B
TpeThei 00JIaCTH CONMPOTUBIICHUS (007aCTh aBTOMO/IETLHOCTH)?

I. I1. I11. IVv.
[Iponopuronansn  IIponopumonansn  [Iponopunonansn  IIponopuuoHanbH
bl KBaJIpatTy bl paCX0O1y B 0 pacxonuy. bl Pacxoy B

pacxopa. crenenu 1,75+2. crenenu 1,75.

24. Yemy paBeH K03 GUIIMEHT pacxoja npu 0€30TPHIBHOM NCTEYECHUN
JKUJIKOCTH?

I. Kosppuuuenty II. Koadpduumenty  III. Enunune. IV. Hymo.
CKOPOCTH. CKaTUs CTPYH.



KonTpoabHblie TecThl (BapuaHT B).

BHUMAHME! [lpu nposedenuu eviuucienuti pexomeHOyemcs NpUHuUMams
yckopenue c60600n020 nadenus g = 10 m/c?, a nnomnocme scuokocmu p = 1000
Ke/m’.

1. Yemy pasusercs gasnenue B CH, eciiu maHomeTp nokaseiBaer 1 ar (kr/cm?)?

I. p=10 MlIla. II. p=1 MllIa. III. p =100 klla. IV. p=10klla.
2. Yemy paBHsAeTCsS aOCOJIIOTHOE JABJIEHUE, €CIIM BaKyyMMeTp nokasbiBaetr 0,1
MIIa?
I. pase= 0,2 MI]a. I1. p = 0 MIIa. III. p =-0,1 MIla. IV.p=0,1 MlIla.
3. Kakoe 3HaueHne MOKET NPUHUMATh YKciio PeliHobica pu TypOyJI€HTHOM
TE€YEHUHN?

I. 5300. II. 2. III. 1. IV. 2300.

4. Yemy paBeH KOdDPUITMEHT CKATUS CTPYH MPU UCTCUCHHUH YepE3
MAJTHHIPUICCKAN HACA0K ¢ OOJIBIIMMH YrciamMu PeiitHombaca?

I. £=0,62. II. e=2. III. e=1. IV. ¢=0.

5. I1pu kako# TOJNIIMHE CTEHKU TPYObI BEJIMUMHA yIAPHOTO AABJICHUS MPU
MPSIMOM TUIPABINYECKOM yaape OyaeT Haubobiien?

I. =2 mm. II. 0=3 mm. III. 0 =4 mMm. IV. 6 =5 mmMm.

6. Kakoii sHepreTH4ecKkuil CMBICI HUMEET 4jieH ypaBHeHus bepuymmuz +p/p
gl1?

I. YaenpHas II. YnaenbHas III. YnpenbHas IV. VYnaenpnas
SHEPTUs SHEPTUs MOTCHIINAILHASA KHHETHYECKas
MIOJIOKCHUS. JTaBJICHUS. SHEPTUA. SHEPIHUS.

7. Kak OKCIICPUMCHTAJIBHO OMNPCACIICTCA BCIMYHNHA THAPABIMYCCKUX ITIOTCPb
Xh?

I. Tlo pasHoctu II. Ilo III. Ilo pazHocTn noka3zaHuu IV. Ilo
[IOKa3aHUU nokazanuto  TpyOok [IuTo B HAaUaIbHOM U MOKa3aHUIO
TpyOku [IuTo 1  mpe3oMerpa. KOHEYHOM CE€YEHMSIX MOTOKa. TpyOku I[luTo.

IIbE30METpA.

8. Ykaxure (HanboJsee NoaHo) auana3oH yucen PeiiHombca, pu KOTOPBIX B
TpyOe KpyTJIOTO CEUEHUSI HE MOXKET CyIIeCTBOBATh YCTOMUNBOTO TYpPOYICHTHOTO
TEUYCHUS.

I. Re <2300. II. Re>2300. III. Re <4000. IV. Re >4000.

9. Omnpenenuth pacxoi XKUAKOCTH (), €clu ee CpeAHsis CKOpOCTb B TpyOe
MMOCTOSTHHOT'O CeUeHUS TIOMAIbI0 5 cM? cocTasiser 10 m/c.

I. O=10n/c. II. Q=5 n/c. 1. Q=4 n/c. IV. O=2n/c.



10. Ilpm w3BectHOM ckopoct Vi = 1 w/c
CY’KaIOLIErocsi HOTOKAa ONPEENIUTh €ro KOHEUHYIO
CKOPOCTb V2, ecu nnametp mensercs ¢ D = 40 mm
10 d =20 mm.

IL. IL. I11. IV.
Vao=2w/c. Va=8wm/c. Va=1wm/c. Va=4wm/c.

1
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11. KakoMy NOTOKY H€aIbHOM KUIAKOCTA COOTBETCTBYET HEPABEHCTBO Vi < V>
(?

1. 11.
— : !
1% 1 14 1%

NI
12. Kak 3aBucutr Ko3(DPUIIMEHT MOTEeph Ha TpeHHe A OT uucia Re mnpu
TypOyJIEHTHOM TEUEHHMHM B TEpBOM o00JacTH comnmpoTuBieHHS (00JacTh
THUAPABIMYECKU TIIAJKUX TpPyO)?

A ﬁzl A 1z,

I. He 3aBucut ot II. 3aBucwur He nL. 1=% V. 1 =22
yucia Re. TOJIBKO OT Re, HO K OT Re VRe
IIEPOXOBATOCTH
CTEHOK.

13. OmpenenuTs JaBlIcHHE B KOHEYHOM CEUCHUU TOPU3OHTAIBHOM TPYOBI
MOCTOSTHHOT'O JMaMETpa, €ClI B HaYaJIbHOM ceYeHUH OHO ObLIo p1 = 0,4 MIla, a
MOTEPS HAIlOpa IPH ABUKEHUH KUJIKOCTH OT HAYaJIbHOT'O CEUCHHS JJO KOHEYHOTO
coctaBuiao 30 M.

I p»=400kIa. IL p»=200«Ma. IIL p»=300xla. IV. ps=100 kIla.

14. Omnpenenuth TOTEPIO Hamopa /Agor B

TOPU30HTAIBHON pacHIMpSIONIeiics Tpyoe, eciu 1| p /7 2
CKOPOCTh M JAaBJIEHUE B HA4aJbHOM CEYEHHHU

COCTaBWJIM COOTBETCTBEHHO V1 = 16 m/c u p1 = —% Y
0,3 MlIa, a naBjicHHE B KOHEYHOM CEUYECHUH — P2 L |_2.
= 20 xlla. Ilpu pemenun npussITsh D/d = 2. | \ |
TeueHnue cuutaTh TypOYJIECHTHBIM. | I

L L. 1L Iv. l >
hH()T = 40 hno'[ - 30 M. hr[()"[ - 20 hHOT = 10 M.
M. M.

15. Ha pucyHke npuBeneHbl HEKOTOPbBIE SIMIOPhI PACMpEEICHUs] CKOPOCTE MO
CEUYCHHIO MMOTOKOB. YKAKHUTE PUCYHOK, KOTOPBIA COOTBETCTBYIOT TYpOYJIEHTHOMY
TEUYEHUIO KUIKOCTH B KPYTJI0il TpyOe.

I. II. I11. 1A%

16. YUemy paBen ko3dpduument apcu A ans Kpyriiod TpyObl mpu TEYEHUU
KUIKOCTH ¢ OoibIIUMHU yuciiaMu PeliHonbaca Re — «? Cuurarh, 910 TpydOa
MMeEET dKBUBAJIEHTHYIO mepoxoBatocTs 0,005 mm u nuamerp 50 M.

I. A =0,022. II. A=0,0316. III. A =0,05. IV. A=0,011.



17. YkaxuTe BO3MOXHOE 3HaueHue Kod((PuienTa MeCTHOrO COMPOTHUBIICHUS §
B Cy4yae BeChMa CYIIECTBEHHOTO CYXXEHHs TypOyJIEHTHOTO MOTOKa, HampuMmep,
IIPH BBIXO/i€ TPYObI N3 Oaka OOJIBIINX pa3MEPOB.

I. 05. II. 1. 1. 0.8. Iv. 0,03.



18. Bo ckoyibko pa3 yBenuyarcs MOTepu Hamopa Ipu TypOyJIEHTHOM TEYCHUH
KUJIKOCTH B KPYTJION TpyOe MOCTOSIHHOTO AMAMETPa, €CIIU PaCXO]] YBEIUUUTCS B
2 paza, a Te4eHUE IPOUCXOUT MpHU OoJbIIKUX yuciax PeitHonbaca Re — oo.

I. B 4 paza. I1. B 2 pa3a. III. B 0,5 paza. [V. B ~3,5 paza.
19. Yto yuutsiBaer koddduiment apcu A ?
I. Cootnomenue II. Ilorepu sHEeprum III. TTorepu IVv.
CUJI UHEPLUU U B MECTHBIX DHEPI'uM Ha Pacnpenenenne
CUJI TPEHHSL. CONPOTUBIICHUSAX.  TPEHUE IO JJIMHE CKOpOCTEH 1O
TpYOBI. CEUYEHUIO MOTOKA.

20. YeMy paBHO aOCOJIIOTHOE JABJIEHHE B y3KOM ce€deHUM TpyOku BeHtypu?

I. I1. PazHoctu III. Cymme IV. Ilokazanuto
[Tokazanuto  arMochepHOTO aTMoC(EepHOTO BAKyyMMETpa C
MAHOMETpa. JABIICHUS U JABJICHUSI W TOKa3aHUSl MPOTUBOIOIOKHBIM

MOKa3aHUs MaHOMETpA. 3HAKOM.
BaKyyMMeETpa.

21. OmpenenuTh NOTEPIO JABJICHHUS Ap NpPU JBHKEHUHU JKUJIKOCTH B KPYIJIOW
npsMoit TpyOe mmuHoM [ = 10 M u nuameTpom d =2 ¢Mm ¢ pacxoaom Q = 0,314 ii/c.
[TpunsaTe Ba3kocTh KUAKOCTH vV = 0,1 CT, a TeUeHHE CYNTATh JIAMUHAPHBIM.

I. Ap = 24 «I1a. II. Ap = 8 kl1a. III. Ap =32 klla. IV.Ap=16«l]la.

22. IIpu KakoM yCJIOBUH B TPyO€ BOZHUKAET MPSAMOI rUpaBiIndecKuil yap?

I. Eciin Bpems II. Econ II1. Eciiu Bpems IV. Ecnun
3aKpbITHS KpaHa TPyOOTIPOBOT 3aKpBITHS KpaHa TpyOOIpPOBOJ
MeHbIEe Ga3bl  TPSIMOJTUHEHHBIH. OombIme ¢asbl MMEET ITOBOPOTHI.
TUJPABIMYECKOTO TUJPABINYECKOTO
yaapa. yaapa.

23. Kak 3aBHCAT OTEPHU HANIOpPaA OT Pacxo/ia Mpu JaMUHAPHOM T€UECHUH?

I. II. I11. IVv.
[Iponnopunonans  IIponopuuonansHel  IIponopruonans  IIponopruonansH
HBI KBaJpaTry pacxoay B CTEIICHU HO pacxony. Bl pacXonay B

pacxona. 1,75+2. crenenu 1,75.

24. Yemy paBeH KO3(P(ULHMEHT pacxo]a IpH UCTEUYEHUHU UCATbHON KUIKOCTH?

I. Koadbdummenty II. Kosddumnuenty I11. Hymto. IV Enunune.
CKaTHsI CTPYH. CKOPOCTH.



KonTposabhblie TecTnl (BapuanT I').

BHUMAHME! [lpu nposedenuu eviuucienuti pexomeHOyemcs NpUHuUMams
yckopenue c60600n020 nadenus g = 10 m/c?, a nnomnocme scuokocmu p = 1000
Ke/m’.

1. Yemy pasusercs nasnenue B CH, ecan manometp nokaseisaer 0,1 at (kr/cm?)?
I. p=10 MlIla. II. p=1 Mlla. III. p =100 kI[la. IV. p=10klla.
2. Yemy paBHs€TCS U30BITOYHOE JaBJICHUE, €CIIM BaKyyMMeTp nokasbiBaer 0,1
MIIa?
L. pase= 0,2 MIIa. IL. p = 0 MIla. II. p =-0,1 MIla. IV.p=0,1 MIIa.
3. Kakoe 3HaueHue moxet npuHuMaTh kodpduurent Kapuonuca npu
TypOyJIEHTHOM T€YEHUU?
I. 5300. II. 2. III. 1. IV. 2300.
4. Yemy paBeH KO3(PGUIIMCHT CKATUS CTPYH IIPH O€30TPHIBHOM UCTECUCHUN
yepes [MUIMHIPUYECKUM Haca10K?
I. e=0. II. e=1. III. e=2. IV. €=0,62.
5. B xakom TpyOomnpoBO/ie BEIMUYUHA YIAPHOTO JABJICHUS TIPH MPSIMOM
THAPABIMYCCKOM yAape OyaeT HauOoabIei?
I. Crameuoni. II. dropanesoir. III. PesuHoBOM. IVv.
[TonmXxJIOpBUHMIIOBOM.

6. Kakoll »HepreTnueckuil CMBICII UMEET 4iIeH ypaBHeHus bepmymmm V?/ 2 g?

I. Vaenvuas II. YVaenbuas IIl. VYnaenbuas IV. VYnenbHas
SHEprus SHEprus MMOTECHINAJILHAS KHUHETUYECKas
MOJIOKCHUS. JIaBJICHUS. SHEPTHUS. SHEPIHUSL.

7. Kak SKCHEpUMEHTAIIBHO ONPEAENSIETCS BEJIWYMHA MbE30METPUUYECKOTO
Hamopa?

I. Ilo pasHoctu II. Ilo II1. Ilo pasHoctu IV. Ilo
NOKa3aHUM TpyOKM TMOKa3aHWIO0  TMoKazaHuil Tpyook [Iuto B mokaszaHuio
[Tuto n MIbE30METPA. Ha4YaJIbHOM U KOHeuyHOM  TpyOku [luro.
IIbE30METpa. CEYEHUSX MOTOKA.

8. Ykaxure auana3oH uncen PeliHonbaca, pu KOTOPBIX B TPyOe KPyTIIOTO
CEUEHHMsI CYHIECTBYET YCTOMYMBOE TypOYJICHTHOE TEUCHHE.

I. Re <2300. II. Re>2300. III. Re <4000. IV. Re >4000.

9. Ompenenuth pacxoj] >KUIKOCTH (J, €CIM €€ CpeAHssi CKOpPOCTh B TpyOe
IIOCTOSIHHOTO CeueHus IIomanbo 20 cM? cocTaBiseT 5 M/c.

I. 0=10n/c. II. O=5n/c. III. Q=4 n/c. IV. O=2n/c.



10. Ilpu HawanpHOUM ckopocTH Vi = 2 M/c
CY’KaIOLIerocsi MOTOKa ONPEENIUTh €ro KOHEUHYIO
CKOpOCTB V2, ecinu quametp menserca ¢ D =40 mm
10 d =20 mm.

IL. IL. I11. IV.
Vao=2wm/c. Va=8wm/c. Va=1wm/c. V2=4w/c.

I' h,
|
|

R

i

S

21



11. Kakomy OTOKY UI€IbHOM KUJIKOCTH COOTBETCTBYET HEPABEHCTBO p1 < p2 ?

I. I1.
14 II g 14 1%
Al ﬁzl | Iz

12. Kak 3aBucuT kK03QGUIMEHT NOTeph Ha TpeHUEe A OT yucia Re mpu
TypOYJIEHTHOM pEeXUME TE€YEHHUsI BO BTOPOIl 00JIaCTU CONPOTUBIICHUS?

I. He 3aBucut ot II. 3aBucur ne . 1=% Iv. 1 =21
ypcia Re. TOJIBKO OT Re, HO U OT Re VRe
IIEPOXOBATOCTH
CTEHOK.

13. OmpenenuTh JaBi€HUE B KOHEYHOM CEUEHUU TOPU3OHTAIBHOU TPYyObI
IOCTOSTHHOTO IMaMETpa, €CJIM B Ha4aJIbHOM ceueHuu oHo Obuio p1 = 0,6 MIla, a
NoTeps Haropa Mpu JABUKEHUU KUJIKOCTH OT Ha4aJbHOI'O CEYEHMsI 1O KOHEYHOTO
coctaBwio 40 m.

I. po=400kxIla. 1II. po=200klla. III. p>=300klla. IV. p>=100 kIla.

14. OnpenenuTh TMOTEpI0 Hamopa /Apor B
TOPU3OHTAIBHOM pacIIupsIomeics Tpyoe, eciu 1| y /7 2
CKOpPOCTh M [IaBJICHWE B HA4yaJbHOM CEUYEHUU
COCTaBHWJIM COOTBETCTBEHHO Vi =8 m/c u p1 = 0,3 —%
MTIla, a naBjeHrue B KOHEYHOM ce4eHUH — p2 = 30 —Lp
klla. [Ipu pemenun npunsats D/d = 2. Teuenue | \
CUHMTATh TYPOYICHTHBIM. |

I. IL 1L Iv. 1l 2
huor =40 huor =30 M. inor = 20 M. finor = 10 M.

M.

RN

R

15. Ha pucyHke npuBeneHbl HEKOTOPBIE SIMIOPbI PACIPEEICHUS] CKOPOCTEH IO
CEYCHHIO IIOTOKOB. YKAXKUTE PHUCYHOK, KOTOPBIA COOTBETCTBYKOT TEUYEHUIO
WJIeaJIbHOM KUJKOCTH B KPYTJION TpyoOe.

I. II. I11. v

16. YUemy paBeH ko3dpduiment apcu A ans Kpyriiod TpyObl mpu TEUEHUU
YKUIKOCTHU ¢ ynuciaoM PenHonbpaca Re = 1280.

I. 2 =0,022. II. A=0,0316. III. A =0,05. IV. A=0,011.



17. VYkaxuTe BO3MOXHOE YHCICHHOE 3HA4Y€HHE KOIPPUIMEHTa MECTHOIO
CONPOTHUBJIEHUS ( B Cllydae BECbMa CYLIECTBEHHOI'O PACIIUPEHUS TYPOYJIEHTHOT O
MOTOKAa, HAPUMEP, MPHU MOABOJIE KUIAKOCTH K OaKy OOIBIIMX Pa3MepoB.

I. 0,5. II. 1. 1. 0.8. Iv. 0,03.



18. Bo ckoIbKO pa3 yBeau4aTcs MOTEPH MPU TypOYJICHTHOM TCUCHHUH JKHIKOCTH,
€CJIM PacxoJi YBEIMYHUTCS B 2 pasza, a TpyOy MOKHO CUMTATh THIPABINYCCKHU
TJIAJKOM.

I. B 4 paza. II. B 2 pa3a. III. B 0,5 paza. IV. B ~3,5 paza.
19. Uto yuwutsiBaetr uucio PeiiHonbaca Re?
I. Coornomenune II. Ilorepu sHEprun II1. Ilorepun IV.
CUJI UHEPIUU U B MECTHBIX SHEpruu Ha TpeHue Pacrnpenenenue
CHUJI TPEHHSL. CONPOTHUBJICHUAX. IO JITMHE TPYOBI. CKOpOCTEH I10

CCUYCHHIO IIOTOKA.

20. Yemy paBHO W30BITOYHOE JaBJieHWE B Y3KOM cedueHuu TpyOku Bentypu?

I. I1. Pa3noctu II1. Cymme IV. ITokazanuto
[Tokazanuto aTMOC(hepHOro aTMoc(epHOro BaKyyMMeETpa C
MAHOMETDA. JABJICHUST U JABJICHUS M TOKa3aHUs MPOTUBOIOIOKHBIM

MOKa3aHUSI MaHOMETpA. 3HAKOM.
BaKyyMMeTpa.

21. Onpenenuts NMOTEPIO JaBICHUS Ap NPU ABMKEHUH KUIAKOCTH C pacxoaom
= 0,314 n/c yepe3 MECTHOE CONPOTHUBIICHHE, YCTAHOBICHHOE B TpyOe JuamMeTpoM
d =2 cm. IIpunsATh K03 OUITMEHT MECTHOTO CONPOTUBIICHUS C = 48.

I. Ap =24 klI1a. II. Ap = 8 kl1a. II. Ap =32 xlTa. 1IV.Ap=16klla.

22. IIpu kakoM yCJIOBUH B TpyO€ BOSHUKAET HEMPSMOM rupaBiIndecKuil yap?

I. Eciin Bpems II. Ecnun II1. Ecniu Bpems IV. Ecnun
3aKpBITHS KpaHa TpyOOTIPOBOJ,  3aKPBITUS KpaHa 0oJibIie TPyOOTPOBOT
MeHbIIe hasbl MPSIMOJIMHEWHBIN. (ha3bl TUAPABINYECKOTO MMEET
TUJPABIMYECKOTO yaapa. ITOBOPOTBL.
yaapa.

23. Kak 3aBHCST MOTEPHU HANopa OT pacxo/ia Mpu TypOyJICHTHOM TEYEHUU BO
BTOpOW 00JacTH COmpOTUBIICHUS (00JACTh THIPABINYECKH TIIATKUX TPYO)?

I. II. I11. IV.
[Iponopunonans IIponopunonaneusl IIponoprumonansn [IponopuronansH
HbI KBaIpary pacxony B CTEICHU 0 pacxony. Bl pacxony B

pacxoja. 1,75+2. crenenu 1,75.

24. Yemy paBeH kod3(ppuniueHT pacxoaa npu 6€30TPbIBHOM UCTCUECHUN
JKUJIKOCTH?

I. Kooppummenry IlI. Koapdpummenty I1I. . Hymo. IV Enunnue.
COKaTus CTPYyH. CKOPOCTH.



OTBeTHI HA TECTHI

Ne A b B r
1 I II I v
2 1AY I II III
3 II 1A I III
4 I1I 1A% I II
5 II III v I
6 | II III 1A
7 I v I II
8 I II III 1A%
9 1AY III II I

10 I1I I v II

11 | III III I

12 | III v II

13 III I v II

14 III v I II

15 II 1A I1I I

16 II I v III

17 1AY III I II

18 III II I v

19 II v I I

20 I III II v

21 I1I 1A II I

22 II 1AY II 1AY

23 II I I1I 1AY

24 III I v II




5. IlpuMepsl 32124 NJI NPAKTHYECKUX 3aHATHH

3agaum 1 1 2 cBA3aHBI ¢ OCHOBHBLIMH CBOWCTBAMH KHIKOCTH.

3agaua 1. Kanucrtpa, 3anonHeHHas OCH3MHOM U HE COJEpiKailias BO3AyXa,
Harpenach Ha COJHIE A0 TeMreparypsl fx = 50°C. Ha CKOJBKO MOBBICHIOCH OBI
naBjeHue OCH3MHA BHYTPH KaHUCTPHI, €clu Obl OHA ObLTa aOCOJIOTHO JKECTKOU?
HavanbHas Ttemmeparypa OcmsuHa t, = 20°C Monyns OOBEMHON YIPYrocTH
oensuna E,. = 1300 Mlla, xo3ddunuent temnepaTypHoro pacmmpenus ;= 8 10
* 1/2pao.

3apaua 2. OnpeaenuTb 00bEMHBIN MOYJIb YIPYTOCTH KUJKOCTH, €CIIHU O]
nencTBueM rpysa A Maccoid m = 25() ke IOPILIEHb OMMYCTUJICA Ha paccTosinue Ah = 5
mm. HauanbHas BblcOTa moJiokeHUs nopiuHsa (0e3 rpy3a) H = 1,5 m, nuamerp
nopiHs d = 80mm, a pezepyapa D = 300 mm, BbicoTa pe3epByapa £ = 1,3 m. Becom
nopiuHs npeHedpeys. PezepByap cuntaTh aOCOMIOTHO KecTKUM. Puc. 1.

Puc. 1

3anayu 3 u 4 cBsI3aHbI ¢ ONPeeICHUEM IHAPOCTATHYECKOIO
AABJICHHUS B KHIKOCTH.

3agaya 3. Onpenenuth aOCONIOTHOE U BaKyyMMETPHUYECKOE JIaBIICHUE
BO3/lyXa B COCY/JI€, €CJIM MMOKa3aHUuEe PTYTHOTO Npudopa i = 368 mm, a BBICOTA BOJbI
H = 1 m. AtmochepHoe naBiaeHue paBHO /g, = 736 mm. pm. cm. [I10THOCT PTYTH
pp = 13600 xe/m°, mnotHoCcTs BoIBI ps = 1000 x2/m>. Puc. 2.



BO3IIVX

»
>

BOIIa

w PTYTh
Puc. 2.

3anava 4. Onpenenuts gaBineHne P KUIKOCTH, KOTOPOE HYKHO MTOJABECTH K
TUAPOIWIMHIIPY, YTOOBI IPEO0JIETh YCUIINE, HAllPpaBJIEHHOE BAOJb ITOKa F = ]
kH. Tnametpsol: mununapa D = 50 mm, mutoka d = 25 mm. JlaBnenue B 0ake Py = 50
klla, BeicoTa Hy = 5 m. Cuny TpeHus He yuuTbiBaTh. [lToTHOCTE )xuaxoctu p = 1000
kr/m. Puc. 3.

p1 p2

Puc. 3



3anaum 5 u 6 cBAI3aHBI ¢ ONpeeIeHUEeM CHJIIbI 1ABJICHUSA
KMJIKOCTH HA IJIOCKYI0 M KPUBOJIUHEHHYI0 CTEHKH.

3agaya 5. Omnpenenuth MHUHHMAJIBHYIO MacCy m Tpy3a, CIOCOOHOTO
YAEPKUBATh MPSIMOYTOJILHBIM IIUT pazMepoM 74 = 3 m u b = 2 m B 3aKpBITOM
MOJIOKEHWH, TIPU YPOBHE BOJIBI B KaHane H = 5 m. JlnuHa pelyara, Ha KOTOPOM
yKperuieH rpy3, L = 3m. [IluT MoXkeT moBOpaunBaThCs B MOAIIMITHUKAX BOKPYT OCH
O. Bplllie ocu pacnoioKeHbl HEMOABUKHBIC 0allki, KOHIIBI KOTOPBIX 3aJieJIaHbl B
OOKOBbIE CTEHKH KaHana. Puc. 4.

A A
. L |-
E— m
A
ha @)
0| —
A\ 4 > h
L I
A \ 4
Puc. 4

3agaua 6. Onpenenuts cuiy AaBieHus HeTH P Ha MIMHIPUIECKYIO CTCHKY
pe3epByapa M yroj HAKJIOHA ¢ JIMHUM JACUCTBUS 3TOU CHJIBI K TOPHU30HTY, €CIIH
paauyc cteHKH R = 800 mm, minpuHa CTEHKU B = 3 m, BbICOTa HEQTHU B pe3epByape
H = 2 m, mnotrocTs HeQTH p = 900 k2/M3. Puc. 5.



Puc. 5
3amaum 7 u 8 cBAA3aHBI ¢ ONpeaeIeHUEM M0JI0KEHUS PABHOBECHUS
MOBEPXHOCTH KMJAKOCTH, NIPH J1eiiCTBUU MOCTOSIHHOTO YCKOPEHHUSI.

3apava 7. TorumBHBIN 6aK aBTOMOOWIIS JyTMHOM L =0, 6 m, mupuHOi 6 = 0,5
M 1 BbICOTOM H = (0,2 M IBWKETCS C MOCTOSHHBIM yCKOpeHueM a = 3,27 m /c?.
OnpenenuTs MUHIMAIBHOE KOJMYECTBO TOIUTMBA B Oake, 00ECTICUMBAIOIIETO €T0
nojavy 0e3 mnojcoca Bo3ayxa. Cuurarh, 4TO OEH30IIPOBOJ YCTAHOBIIEH B LIEHTPE
TOPU30HTAJIBHON MPOEKINU Oaka, ero AuaMeTp Majl Mo CPaBHEHHIO C IJTMHON 0aka,
a paccTostHuE OT cpe3a OeH30MpoBoa A0 nHuIa 6aka 2 = 10 mm. Puc. 6.

A

A 4

v

Puc. 6



3agaua 8. B cocyn BeicoToit H = (),3 m 3anuTa >KUJIKOCTb 10 YpoBHS /1 = 0,2
M. OnpenennTs, 10 KaKod YIJIOBOM CKOPOCTH (0 MOKHO PAaCKpPyTHTh COCYI, C TEM,
YTOOBI JKUJKOCTh HE BBIIIJIECHYJIACh U3 HETO, €ciu ero guametp D = [00mm. Puc. 7.

7\
O
v

Puc. 7
3anaun 9 u 10 cBsA3aHbI ¢ HCNOJIb30BAHHEM YpaBHeHUs1 bepHysuin.

3agaya 9. Bona neperekaet U3 HalopHOro 0aka, rje u30bITOYHOE JaBICHHE
Bo3yxa Pu:s = 0,3 MIla, B OTKpBITHINA pe3epByap Mo KOpoTkout Tpyode d = 50 mm, Ha
KOTOpOH ycTaHOBJIEH KpaH. YeMmy nomkeH ObITh paBeH Kod(hduuueHt
CONPOTHUBJIEHUS KpaHa ¢ xp IS TOro, YTOOBI pacxo] Bojbl coctaBuil O = 8,7 1 /c.
BoicoTsl ypoBHelt H; = 1 mu H> = 3 m. YuecTb notepu Hamopa Ha BXoJie B TpyOy
(¢ &x = 0,5) 1 Ha BbIXOJI€ U3 TPYOHI (BHE3amHOE paciuperue) & qux = 1. Puc. 8.

Pa

p1

Puc. 8

3agaua 10. OnpenenuTs pacxoj XKUAKOCTH, BBITEKAIOMIEHW H3 TpyObl
nuameTpoM d = 16 mm depes maBHoe pacuupenue (muddyzop) u ganee mo tpyoe



auamerpoM D = 20 mm B 6ak. Koapdumuent conporupierus nudpdysopa & ougp =
0,2 (OTHECEH K CKOPOCTU B TpyOe aumameTpom d), mokazanue manomerpa P, = 20
klla; Beicota h = 0,5 m, H = 5 m; mI0oTHOCTL XuAKOCTH p = 1000 xe/m*. Yuects
MOTepU Ha BHE3AITHOE PACHIMPEHUE ¢ poc = [, MOTEPSMU HA TPEHHE MPEHEOpEUb,
PEXHUM TEUEHHUs CUUTATh TypOyJeHTHbIM. Puc. 9.

pmvh
Pa
A A
d —
h
H —
7Y
v D
> \ 4 \ 4
Puc. 9.

3agaum 11u 12 cBA3aHBI ¢ HCTEYEHHUEM KHAKOCTH 4Yepe3 OTBePCTUSI M HACAIKH.

3agaya 11. OnpenenuTs CKOPOCTh NMEPEMEIICHHS MOPIIHS BHU3, €CIM K IITOKY
npunoxena cwia F' = 10 xH. llopmwens nuamerpom D = 50 mm umeeT NATh
OTBEPCTUI TUAMETPOM dy = 2 mm Kaxaoe. OTBEpCTHs pacCMaTpUBATh KaK BHEIIIHHUE
LMIMHAPUYECKUE HACaKH ¢ KoddduuuenTom pacxona i =0,82; p= 900 xe/m>. Puc.
10.

7\
o
v

Puc.10



3apaua 12. [IpaBas u neBas NOJIOCTH UUIMHIPA THIPOTOPMO3a, UMEIOIIETO
muametp nopurHs D = 140 mm v quameTp mroka d = 60 mm, COOOIAIOTCS MEKTY
co0Oi 4epe3 ApocceNb ¢ IUIOMIAALI MPOXOMHOIO cedeHust Sy = 20 mm’ u ¢
kodhummenTom pacxoma u = 0,65. OnpenenuTb BpeMs, 3a KOTOPOE MOPIIEHb
MIEPEMECTUTCS HA BENWUYMHY Xoja L = 350 mm nion neurctBuem cuibl F' = 15 kH,
IJIOTHOCTD JKUAKOCTH p= 900 ke/m>. Puc. 11.

< L |
F
—>
;é
7

Puc. 11
3agaum 13 - 15 cBs3aHbI ¢ THAPABJIMYECKHM Pac4eTOM TPYOONIPOBOAOB.

3agaua 13. Onpenenuts TOTPEOHBIN HATIOP, KOTOPHIA HEOOXOIUMO CO31aTh
B ceyeHuu 0 — 0 nst momauu B 6aK BoAbI € BA3KOCThIO v = 0,008 Cm, ecnu nnvHa
TpyOonpoBoaa L = 80 m, ero nuametp d = 50 mm, pacxon xxunkoctu Q = 15 a/c,
BbicoTa Hy = 30 m, naBnenue B 6axe P> = 0,2 MIla. KoadduiimeHT conpoTuBieHUs
KpaHa {; = 5, xonena (> = 0,8, mepoxoBatocTh TpyOsl 4 = 0,04 mm. Puc. 12.

p2

Ho

Puc. 12



3anaua 14. Kakoe naBienue J0JKEH co3aBaTh HACOC Mpu nogave macina O
= (),4 1/c v IpU TaBJICHUH BO3/yXa B ITHEBMOTUIPABINYECKOM aKKyMyJsitope P2 =
2 Mlla, ecnu xK03(QPUINEHT THAPABIMYECKOTO COMPOTUBICHHS KBAAPATUIHOTO
npoccenst ¢ op = 100; nuHa TpyOonpoBoga OT Hacoca /10 akkymyaropa L = 4 m;
nnametp d = 10 mm? CsoiictBa macna: p= 900 ke/m’; v = 0,5 Cm. Koopduuumenr
ap OTHECEH K TpyOe ¢ d = 10 mm. Puc. 13.

P2

P1

Puc. 13

3agaua 15. Bona neperekaet u3 6aka 4 B pe3epByap b 1o Tpyde quamerpom
d =25 mm, nmuaout L = 10 m. Onpenenuts pacxo O, eciu n30bITOYHOE JaBJICHUE
B Oake P; = 200 klla; BbicoThl ypoBHEN H; = [ M, H> = 5 m. PeXUM T€UeHUS CUUTATH
TypOyneHTHbIM. KOs pumueHTs TuapaBIndecKoro COMPOTUBIICHUS: CYKEHUS - {
ame = 0,5; KpaHa - { «p = 4; KoneHa - ¢ xo = 0,2; paciupenus - { pac = 15 Am = 0,025.
Puc. 14.



Puc. 14

3anauyu 16, 17 cBsi3aHbI ¢ pac4yeToM ruapoyaapa.

3agaua 16. Hacoc , 000pynoBaHHbIN BO3IYIIHBIM KOJITAKOM, MEPEKAYUBAET
OeH3uH 1o TpyOompoBoay JiuHON L = 5 xm, nuamerpoM d = 75 mm. TonmuHa
CTEHKHU TPYOBI 0 = 5 mm. OObeMHBIN pacxon 6ensuna Q = 9*107y’/c. [InoTHOCTS
Oensuna p = 740 xe/m°. Monyns ynpyroctu 6ensuna E,. = 1,1*10° Ila, Tpy6s1 E, =
2*10" I1a.

OnpenenuTh 3a Kakoe BpeMsi HAJ0 MEPEKPHITh 3aBUKKY, YTOOBI yJIapHOE
MIOBBIIICHUE JIaBJIeHUs HE TTpeBocxoauiio AP = 1 MIIa?

3agaua 17. Ilo TpyOonpoBony muHoit L = 29 m, nmametpoM d = 0,,05 m

C TOJIIIMHON CTEHKH TPYOBI 0 = 3,5 Mm, cOeUHEHHOMY ¢ OakoM 101 HaropoM H =
2,5 m, Teuer Bopa Ey = 2*10° [la. B HEKOTOPBI MOMEHT BPEMEHH MPOUCXOIUT
MTHOBEHHOE TMEPEKPhITUE TMOTOKa Ha TpyOompoBoae. Haiitu ckopocTh
pacnpocTpaHeHHUs! YAapHOU BOJIHBI TMAPABIMYECKOTO yJapa, €Ciu TpyOa crajabHas
En = 2*10" ITa. Ko>GUIUUEHT ruapaBInyecKoro CONPOTHBIEHUS NPU TEYEHUH
KUAKOCTH B TpyOe 4 = 0,03. Kak usMeHHUTCs yJ1lapHO€E MOBBIIIICHUE JAABJICHHUS, €CIIU
CTaJbHYIO TPyOy 3aMEHUTH HAa YyT'YHHYIO C Ey = 0,98%10" [Ta?

3anaumn 18, 19 cBsi3aHbI ¢ pac4yeTOM JABHKEHHS ra3a mo TpyOOnpoBoay.
3agaua 18. Bo3gyx mocTymaer B TOPU3OHTAIBHYIO TPYOy C BHYTPEHHHUM

nuamerpoM d = 152 mm nox nasinenueMm p; = 2,86 MIla npu temneparype ¢ = 227
C co ckopocteto v; = 58 m/c. llpeamomnaras Ta3 WACAIBHBIM, a TEUYCHHE



U30TEPMUYECKUM, HAUTU CKOPOCTh U PACCTOSTHUE OT BXOJa JI0 TOTO CEUeHUs, IIe
nasnenue  p» = 1,07 Mlla. llpuasath, 4TO BenWYuMHA KOAI(PPUIIMECHTA
TUAPABINYECKOTIO CONPOTUBIIEHUS TOCTOSHHA U paBHa A = (), 16.

3agaua 19. Haiftu pacnpeneneHue temmeparypbl U JIaBJICHUS IO JIJTUHE
ra3onpoBojia MPU YCTAHOBUBILIEMCS H30TEPMUYECKOM B IOMNEPEYHOM CEYCHUHU
TEYCHUH UJCATHHOTO Ta3a (MeTaHa), €Clii 00BEMHBIN pacxo/1 ra3a MPUBEACHHBINA K
HOPMAIBHBIM yCIOBUAM Qun = 10 man m’/cym, TIOTHOCTL pan = 0,714 xe/m?,
TeMIiepaTypa rasa npu nojgade B Tpyodomnposon 7, = 323 K, naBnenue p, = 5,4
Mlla. Inuna razonpoBona L = 220 km, nuametp d = 720 mm. TemrepaTypa rpyHTa
T. = 275 K, xoodduuuent temtonepenaun a = 1,5 Bm/m’ 2pao; xoddpdumuenTt
ruapasinyeckoro comnpotusienus A = 0,01. ['a3oBas mocrosiHHas MeTaHa R. =
519,625 /xc/ke epao, TeMIIOEMKOCTh ¢, = 2,31 K/[orc/ke epao.

3anaum 20, 21, 22 cBsi3aHbI ¢ pac4eToOM JABUKEHHS ra3a no comiay JlaBaJs.

3agaua 20.

Bo3ayx aBuxercs mo Tpyoe nepemMeHHoro cedeHus. Yucino Maxa B nepBoM
cedeHuu TpyOsl M; =1, Bo BTopoM ceuenuu M> =2.

KakoBbl COOTHOIIEHHS MEXYy CKOPOCTSIMU B IEPBOM U BTOPOM CEUCHUSIX?

3agaua 21. Ha Bxoze B comio JlaBans Bo3ayx umeet temmneparypy 1= 1000
K, naBnenue p; = 1 MIla v ckopocts V;=300 m/c. JlaBieHune B OKpyKarolen cpee
Ha cpese comna p, = 0,04 Mlla.

Tpebyercs onpenenuTs: MapaMeTpbl U CKOPOCTH BO3/yXa B MHUHUMAaJIbHOM
(KpUTHYECKOM) Y BBIXOJTHOM (Ha Cpe3e) CEUCHHSIX COIIa.

HeoOxoaumbie nsi  pemieHust 3aqaddl  Ta30JAMHAMHYECKHE  (DYHKIHH
npuBeneHsl B Tabmune ['azoqnHamMudeckux QyHKINAN

3agaua 22. Camoner, netsauuil y nopepxHoctu 3emu (p = 0,1 MIla, T =288
K) umeer M = 0,7. Onpenenuth NOBBIIICHUE TEMIIEPATYPBI, TNIOTHOCTH U TaBIICHUS
B HOCOBOI TouKe (he3tonsika (JioboBoii Touke). HaliTu ommbky, KoTopas moiayyuTcs,
€CJIU OIpENETATh JaBJIeHHE 03 yueTa CAKMMAeMOCTH BO3/1yXa, TO €CTh IO (popmyIie
Apo = pU?/2.

3anaum 23, 24 cBsi3aHbI ¢ PACYETOM CKAYKOB YIVIOTHECHUSA

3anpaua 23. Ctpys Boznyxa umeeT ckopocth U; = 520 m/c, naBnenue p; = 0,1
MIIA, T; = 323 K. OnpeeuT CKOpOCTh U TapaMeTPhI BO3AyXa 3a MPSAMBIM CKauKOM
YIUIOTHEHUSL.

\ 3agaua 24. CkopocTh BO3[ayXxa mocie npsMoro ckauka U, = 280 wm/c, a
Temreparypa Topmoxkenus 7= =350 K.
Haitrtu Temnieparypy Bo3ayxa B IOTOKE 10 CKayka 7.



I'azopunamMuveckue pyHKuuu
OYyHKIUM ONPESAIONINEe 3aBUCUMOCTh MapaMeTpoB Motoka (p, p, T) oT
yucina Maxa M (wim xo3puuueHTa CKOpOCTH 4) OT MapaMeTpOB TOPMOMKEHUS
noTtoka (po, po, To), HA3BIBAIOTCS TUPOAMHAMUYECKUMU (DYHKIIUSIMU.
A=V/Vie={(x + DM*/[2 + (y - )M?]}'”? — k03dPULHEHT CKOPOCTH;
t=T/Tp = [1 + (x — 1)M?/2]! — npuBenennas Temmeparypa;
w=p/po=[1+ (y— 1)M?/2]*%V — ipuBeneHnHoe naBICHUE;

e=p/lpo=[1+ (y—1)M?/2]"*- 1 _ ipuBeieHHAs IIIOTHOCTE;

q = (V) (ppVip) = M{(x + D/[2 + (y— 1)M?] )%+ 2/~ 1) _ hynxums npuBeIeHHOTO
pacxoza.

3aBUCUMOCTH MEXIy KPUTHYECKMMM DIapaMeTpaMH M IapaMeTpaMHu
TOPMOKEHUS, CIEAYIOIIUE

T =2To/(1 + ) ; P xp. = Po [2/(1 + )%V,
p = popo[2/(1 + )]s Vi IV = Vo [2/(1 + ]/

A 1 T € q M
0,00 1,0000 1,0000 1,0000 0,0000 0,0000
0,05 0,9996 0,9986 0,9990 0,0788 0,0457

0,1 0,9983 0,9942 0,9959 0,1571 0,0914
0,15 0,9963 0,9870 0,9907 0,2344 0,1372
0,2 0,9933 0,9768 0,9834 0,3102 0,1830
0,25 0,9896 0,9640 0,9742 0,3842 0,2290
0,3 0,9850 0,9475 0,9630 0,4557 0,2760
0,35 0,9796 0,9303 0,9497 0,5243 0,3228
0,4 0.9733 0,9097 0,9346 0,5897 0,3701
0,45 0,9663 0,8868 0,9178 0,6515 0,4179
0,5 0,9583 0,8616 0,8991 0,7091 0,4663
0,55 0,9496 0.8344 0,8787 0,7623 0,5252
0,6 0,9400 0,8053 0,8567 0,8109 0,5649
0,65 0,9296 0,7745 0,8332 0,8543 0,6154
0,7 0,9183 0,7422 0,8082 0,8924 0,6668
0,75 0,9063 0,7086 0,7819 0,9250 0,7192
0,8 0,8933 0,6738 0,7543 0,9518 0,7727
0,85 0,8796 0,6382 0,7256 0,9729 0,8274
0,9 0,8650 0,6019 0,6959 0,9879 0,8833
0,95 0,8496 0,5653 0,6653 0,9970 0,9409




1,0 0,8333 0,5283 0,6340 1,0000 1,0000
1,1 0,7983 0,4546 0,5694 0,9880 1,1239
1,2 0,7600 0,3827 0,5035 0,9531 1,2566
1,3 0,7173 0,3142 0,4374 0,8969 1,4002
1,4 0,6733 0,2505 0,3720 0,8216 1,5575
1,5 0,6250 0,1930 0,3088 0,7397 1,7321
1,6 0,5733 0,1427 0,2489 0,6282 1,9290
1,7 0,5183 0,10003 0,1934 0,5187 2,1555
1,8 0,4600 0,0660 0,1435 0,4075 2,4227
1,9 0,3983 0,0399 0,1002 0,3002 2,7481
2 0,3333 0,0214 0,0642 0,2240 3,1622
2,1 0,2650 0,0096 0,0361 0,1198 3,7240
2,2 0,1933 0,0032 0,0164 0,0570 4,5674
2,3 0,1183 0,00057 0,00482 0,0175 6,1033
2,4 0,0400 1,28*%10* 0,00032 0,0012 10,9570
2,449 0 0 0 0 00




6. THIAPOMEXAHUKA

1. NPEAUCJIOBHUE

HacTtosmiee MeTonnueckoe mocoOue CONEP:KUT KPaTKoe U3J0KEHUE Kypca,
«'mapoMexaHuKn», KOTOpbIE HEOOXOJUMO U3YYUTh IMPU MOATOTOBKE K
sK3amMeHy/3a4yeTy. [IpuBeneH CIMCOK OCHOBHOW W JOTIOJHUTEIBHON JUTEPATYPHI,
KOTOPBIH CJIeTyeT UCTOIb30BATh MPU U3YUYECHUU AUCIUILIUHBI.

2. COAEPKAHME KYPCA

Kparkas uctopus pasBUTHUS TUAPOMEXAHUKU U €€ POJIb B COBPEMEHHON HAayKe
U TexHUKe. ['mapoMexaHMKa XUIAKOCTH M Tra3a — HayKa, M3y4arollas 3aKOHbI
PaBHOBECHS U IBUKEHUS )KUJIKOCTEN U T'a30B, NAOIIAsl CIIOCOOBI IPUMEHEHUS ITUX
3aKOHOB K PELICHUIO 33/1a4 WHXEHEPHOM NESATENbHOCTH. [ MapomexaHuka MOXKET
ObITh MOApAa3/elieHa Ha TPAJAUIMOHHBIE: THAPOCTATHKY, B KOTOPOW H3Yy4aroTcCs
3aKOHBI IIOKOS M PABHOBECUSA KUAKOCTEW M Tra30B, KMHEMATHKy, B KOTOpPOM
U3YyYaloTCsd MyTH MEepeMELIEeHUs] XUAKOCTH M ra3za 0e3 CBA3M C CHJIaMu, U
KUHEMAaTUKY, U3YUYarOTCs 3aKOHBI JABUKCHUS )KUAKOCTEN U ra30B B 3aBUCUMOCTHU OT
CHWJI M JaBJICHUH KaK MPUYUH, BbI3bIBAIOIINX JIBHIKEHUS, M (DU3UKY KUJKOCTH U rasa,
NOJIYYMBIIYIO HauOonbliee pa3BUTHE B XX BEKe, a HMMEHHO HCCIEI0OBaHUE
TypOYJIEHTHBIX PEKMMOB TE€UEHHUS KUAKOCTU U 00pa3oBaHHE IMOIPAHUYHOIO CIIOS
Ha Tejax, IEepPEeMEIlaUXCsl B JKUJIKOCTH MM Trasze, 4YTO ObLJIO BBI3BAHO
HOTPEOHOCTSIMU HOBBIX TPOMBIIIIEHHBIX TEXHOIOT .

2. ®u3nvecKre OCHOBbI IT'HJIPOMEXAHUKH HbIOTOHOBCKOM KMIKOCTH

2.1. OcHOBHBIE CBOIICTBA KUAKOCTEH U ra3oB

CxxnMaeMoCTh, peosiorndeckre cBoiicTBa. Cuilbl, IEUCTBYIOUINE B )KUJIKOCTSIX
n ra3zax. ['mapocraThueckoe MAaBIICHUME B HEIMOJBUKHOW KHUJKOCTA W Tase.
YpaBHeHue Jitnepa.

[Ton TepMUHOM KUIKOCTh MBI OyZieM MOHUMATh KaK KaneJlbHYIO KUIKOCTb,
TaKk W ra3bl B YCJIOBUSIX, KOTJa WX MOXHO paccMarpuMBaTh Kak CIUIONIHYIO
JIETKOTIOABMIKHYIO U OJHOPOJIHYIO cpeny. KUAKOCThIO Ha3bIBAIOTCS (PU3HUYECKHE
TeJa, JITKO U3MEHSIOIINE CBOIO (OpMY IMOJ JACHCTBUEM CaMOW HE3HAYUTEIbHOU
BEJTMYHMHBI CUJIBL. ['a30M HaA3BIBAIOTCS Tela, JETKo MeHstomue u Gopmy u oobem. B
IIPOTUBOIOJIO)KHOCTh I'a3aM KalleJIbHbIE KUIAKOCTH IOYTH HE U3MEHSIOT CBOETO
o0beMa MpH W3MCHEHUH JaBJIEHUS W B IpeoOiiaaromieM OOJBITMHCTBE CITy4yaeB
OCTAIOTCSI MPAKTUYECKHU HECKUMaeMbIMU. CKUMAEMOCTh )XKUAKOCTEN U ra3oB. Eciu
Ha T[EpPBOHAYAIbHBIM O0BEM >KUAKOCTU Wi, HAIUTOM B COCYI, MPOU3BECTU C
MMOMOIIBI0 TOPIIHS YBEJIWYEHHUE IABJICHUS HA BEIWYHUHY Ap, TO MOJ BIUSHUEM

3TOIro YBGJ_H/ILICHI/UI AAaBJICHUA 06T)GM KNUAKOCTU Wl YMeHB]_HI/ITCH N CTAHCT paBHbIM
Wi-W,
ApWy
KHUAKOCTHU Ha eI[I/IHI/IHy N3MCHCHHS JTAaBJICHHS Ap U HA3bIBACTCIA KOB(b(bI/IHI/IeHTOM

W>. OtHomieHue fw= XapakTepu3yeT OTHOCUTEIIbHOE U3MEHEHHE o0bema

1
o0BeMHOTO0 cxkatusi. Bennunna, ooparHas KoahPuimeHTy 00beMHOTO CKaTUs B



E, HaspiBaeTcs MoOyJieM OOBEMHOW YNPYrocTu. Monynb yHOPYrocTd BOJIBI
IIPUHUMAIOT PaBHBIM B cpeaaeM E = 2 - 10°Tla. CsxMMaeMoCTh Ta30B OIUCHIBAETCS
YPaBHEHHEM COCTOSIHMS HIealbHbIX ra3oB pV = RT, rne p — nasinenue; V —
yIEIbHBIN 00beM, SIBIIAIOIANACS 00paTHOM BEIMYMHOM K tutotHocTH V = 1/p, R —
WHIUBUyallbHAsl Ta30Bas MOCTOsIHHAs, 7- aOCONIOTHAs TeMmreparypa B Ipajaycax
KenbBuHa.

TemneparypHoe pacmupeHue skuakocted U razoB.  Koaddumument

. . AW
TEMIIEpaTypPHOTO paCIIMPEHUS KUJKOCTEN B BBOAUTCS hopMyont B, = apThe w

— HayalmbHBIM 00BbeM kuakoctu; AW - mpupaieHue o0beMa >KHIKOCTH TOCIe
HarpeBaHusi Ha At rpaaycoB. Bce XKUIKOCTHM NpU HArpeBaHUU PaCIIUPSIOTCA.
Wcknrouenue coctaBisieT Boja B uHTepBaje Temmeparyp oT 0 go +4°C. Ona
ckumaetcs. [lpu Temmeparype +4°C Boma uMeeT HauWOOJBIIYIO IUIOTHOCTb.
TemnepaTypHO€ pacIIMPEHUE Ta30B OMNPEACISIETCd YPAaBHEHUEM COCTOSIHUA
WJICATbHBIX Ta30B, IPUBEICHHBIM BBIIIEC. BSI3KOCTh 3TO CBOWCTBO JBHKYILEHCS
JKUIKOCTU OKa3bIBATh COINPOTUBIICHUE MEPEMELICHUIO €€ YacCTUL OTHOCUTEIBHO
npyr apyra. Ilo HeroToHy cuna BHyTpeHHEro TpeHust 7 He 3aBUCUT OT JaBJICHUS B
JKUJIKOCTH, a MPOINOPLUHOHAIBHA IUIOIIAAN TOBEPXHOCTU COPUKOCHOBEHUS CIIOEB

o du
S, IMpoIropuruoHaIbHa OTHOCUTCIbHON CKOPOCTHU TPYHIHUXCA CIIOCB E (u — CKOpOCTb

B TOYKE, Y- KOOpJIMHATA B HAIIPABJIECHUU MEPIIEHIUKYIIPHOM K CKOPOCTH) U 3aBUCUT
OT poja XKUAKOCTHU, XapaKTepU3yeMoil TuHAMUYECKUM KO3((OULIMEHTOM BSI3KOCTH
u. Kpome nuHamumyeckoro ko3d@uumeHta BS3KOCTH, BBOJUTCS IOHATHE

KHMHCMAaTHYCCKOI'O KOS(i)(l)HI.[I/IGHTa BA3KOCTH V, CBA3aHHOI'O C U Kak VvV = %

PeanbHble W wuaeanbHble XUAKOCTH. HMaeanbHas >KHUAKOCTh XapaKTEpU3YETCA
a0COJIFOTHON TOABUXKHOCTBIO, TO €CTh OTCYTCTBHEM B KHUIKOCTU KacCaTEIbHBIX
HalpsDKeHUH U a0COJIIOTHOM HEM3MEHSEMOCThI0O B O0BEME NpPU HM3MEHEHUHU
TEeMIIEPATyPhl WK O JEUCTBUEM KaKUX-JTHOO CUJI, T.€. OTCYTCTBUEM AchopMaluii
CKaTusl U pacTsOKeHHs. PeanbHble WM BSI3KME KUJIKOCTH TaKXe 00J1alaroT
JIOCTAaTOYHOM  ITOJBWIKHOCTBIO. OTJIMYUTEILHBIM CBOHMCTBOM  OOJBIIMHCTBA
pEabHBIX KUJKOCTEH ABIACTCS BO3ZHUKHOBEHUE IPU UX JIBUKCHUM KacCaTEIbHBIX
HANPSDKEHUM, BEJIWYMHA KOTOPBIX MPONOPIHOHAIbHA CKOPOCTH CABHUTA OJHOTO
CJ10S1 KUJKOCTH OTHOCHUTENIBHO APYTrOro CMEKHOTO CIIOSI.

2.2. Cujbl, AelCTBYIOLINE HA XKUAKOCTh. ['mapocraTuka.

Ha »xunakuit o0beM MOXKET JeHCTBOBATh ABA BHJIA CHJI: TIOBEPXHOCTHBIC CHITBI
U o0beMHBIE (WM MaccoBble) cuJbl. [IOBEpXHOCTHBIE CHJIBI HEMPEPHIBHO
pacmpenesieHbl MO MOBEPXHOCTH KUAKOIO TEla W MO3TOMY MPONOPIUOHAIBHBI
IJIONIA MOBEPXHOCTU ACUCTBUA. BaXKHEUIIMMU U OCHOBHBIMU JJISI TUJPABINKH
MOBEPXHOCTHBIMU CHJIAMH SIBJISIFOTCSI CHJIBI TPEHHSI U JABJICHHUS, & TAKKE  CHJIbI
YOPYTrOCTH M TOBEPXHOCTHOTrO HaTsDKeHHs. OObeMHBIE CUIIbI (MJIM MacCOBBIC)
JNEUCTBYIOT Ha KaXIyI0 YacTHUIly >KHJIKOCTH B paccMmarpuBaeMoMm oObeme. Cuia
TSDKECTH — OCHOBHAsl 00bEMHAs CUJjia, CTPEMSAIIASCS BbI3BAThH ABUKEHHUE JKUIKOCTH.
Cuna nHepIuy MPOSIBISIETCS B OOJIBIIMHCTBE TUIPABINYECKUX siBIeHUH. [laBneHue.
[Io ompeneneHU0 TUAPOCTATUYECKOE [ABJICHHE B TOUKE BBIPAXKACTCS KaK p =



. [F .
lim [E] , tne F - cuna HOpManabHOrO BO3JEHCTBUS Ha IUIOIIAAKY S.
5-0

['mapocTaTrueckoe NaBiIE€HUE BCETIa MEPIEHAUKYIISIPHO K IJIOMIAAKE, HA KOTOPYIO
OHO JeucTByeT. ['MapocTaTHYeCcKOoe [aBJICHUE B JIAHHOW TOYKE II0 BCEM
HAIpaBJICHHUSM OJIMHAKOBO.

Jludbdepennuanbaple ypaBHEHHsST OJiiiepa IS CTaTHYECKOTO COCTOSIHUS
JKUJKOCTEH U ra30B

10
x--2L=0
p 0x
10p
Yy —-2=0
p oy ’
10
2% _
p 0z

COCTaBJISAOIIME MAaCCOBBIX CHJI ITO OCSIM KOOPAMHAT X, v, z - X, Y, Z. IIoBepXHOCTh B
KUJKOCTH, Ha KOTOPOU JABJICHHE OJMHAKOBO, HA3BIBAETCS OBEPXHOCTHIO PABHOTO
nasiieHus. 1loBepXHOCTB, OTHEAONIas KUAKOCTh OT Fa30BOM CpEllbl, HA3bIBAETCS
CBOOOJTHOM MOBEPXHOCTHIO JKUJIKOCTU. Bo Bcex Toukax cBOOOIHOM MOBEPXHOCTH
JABJICHHE TaKXE€ OJMHAKOBO: B OTKPBITBIX COCYJax »dTO JaBJICHUE PABHO
atMoc(epHoMy. Mrak, cBOOOJIHAs NOBEPXHOCTh ATO IOBEPXHOCTb PABHOTO
JIaBJICHUSL.

Tax kak 1711 IOBEPXHOCTH paBHOTO AaBieHus p =const, To dp=0. IlnoTHOCTH
HEe MOKET OBITh paBHA HYJIIIO, ClleJoBaTelbHO, ypaBHeHue dp = p(Xdx + Ydy +
Zdz) MOXHO 3amucaTh Kak

Xdx+Ydy+2Zdz =0

Oro muddepeHIanTbHOe YpaBHEHHE TOBEPXHOCTH PABHOTO JABJICHUS B
KHUJIKOCTH.

W3 ypaBHenus Ditiepa ciaeayeT OCHOBHOE YPaBHEHHE THIPOCTATHKH,p =
po + pgh, p, - naBneHre Ha CBOOOIHON MTOBEPXHOCTH JKHUIKOCTH, pgh - BECOBOE
JaBlieHHWe, p - aOCOJIOTHOE THIAPOCTAaTHYECKOoe naBiieHue. [ 'padudeckoe
U300paKeHKEe pactpeieTICHUs THAPOCTATHYCCKOTO TABJICHHUS HA CTCHKE Ha3bIBACTCS
AMIOPOH THIPOCTATHYECKOTO JTaBIICHUSI.

2.3. PaBHoBecHe nmokosIencs ;KHIKOCTH.

JKuakocTh MaBUT Ha IMOBEPXHOCTh, C KOTOPOW OHa compukacaercs. B
MOKOSIIEHCS BSI3KOM KMIKOCTH JaBJICHHME B TOYKE HE 3aBHCUT OT HaIlpaBJICHUSA
NepeMeEIleHHs B JaHHYIO TOUKY. DTO )K€ UMEET MECTO U B ABMXKYIICHCS UJIealIbHON
xuakoctd. [lokosimascs KUJIKOCTh MOJBEPIKEHA JEUCTBUIO JIBYX BUJIOB BHEIIHUX
CWJI: MAacCOBBIX M TMOBEpXHOCTHbIX. Haubonee oOmUMU  ypaBHEHUAMH
TUJPOCTATUKU SIBJISIOTCSL YpaBHEHHS Diljiepa, YCTAaHABJIMBAIOIINE CBSI3b MEXKIY
MaCCOBBIMH U TTOBEPXHOCTHBIMU CHJIAMH, JICUCTBYIOIUMU B HKUJKOCTH:

Fe— (0p/ox) =0, Fy— (0p/dy) =0, F.— (3p/dz) =0

F; — wmaccoBble CuWiIbl, JCHCTBYIOIIHUE BJIOJb KOOPAWHATHBIX OCEM X, y U Z,
COOTBETCTBCHHO.



B cnywae pedctBHS Ha KMJAKOCTh OJHOM JIMINb CHJIBI  TSKECTH
MHTETPUPOBAHUE YPAaBHEHMI Diliepa Ja€T OCHOBHOE YpaBHEHUE TUIPOCTATUKU:

p2=pirtpgh,

rae p; M p> — naBieHus B Toukax | u 2; h — romyOuMHa NOrpy>KeHUs TOUKH 2
OTHOCHTENILHO TOUKH 1; p — IIOTHOCTB KUIAKOCTH; g = 9,81 M/’ — yCKOpEHUE CUIIbI
TSKECTH.

Ecnu z BepTukanbHas KOOpAMHATA pacCMaTPUBAEMOT0 CEUECHHUS B )KUJKOCTH,
Ha3blBacMasi TEOMETPUYECKOM BBICOTOM, BEIWMYMHA p/(g p) Ha3bIBaeTCA
IIbE30METPUYECKON BBICOTOM, TO HMX CyMMa Ha3bIBAa€TCA TI'MAPOCTATHYECKUM
HanopoM. Hew = p/(g p) + z. IloBepXHOCTb, BO BCEX TOUKaX KOTOPOU JaBieHUE
OJIMHAKOBO, HA3bIBAIOTCS IIOBEPXHOCTSIMU PABHOI'O YPOBHSI.

B 3aBucuMmoctHm OT cmocoba oOTcYeTa pa3IuYaroT aOCOTIOTHOE as,
U30BITOUHOE (MAHOMETPUUYECKOE) Py U BAKyYMMETPUUECKOE ps AABJICHUE, MEXKIY
KOTOPBIMU CYIIECTBYIOT CIEAYIOIINE 3aBUCUMOCTH:

Pm = Pa6 = Pam,  Pe = Pam = Pa6;,  Pe = = Pu.
TJI€ Pam — aTMOC(HEpPHOE JaBIICHUE.

2.4. AGCOJIIOTHOE 1 OTHOCUTEJIbHOE PABHOBECHE KUAKOCTEN U ra3oB.

IIpu ompeneneHuu CUIbl TUAPOCTATHYECKOTO JIaBJICHUS, KaK MPaBUJIO,
OTIEPHUPYIOT MAHOMETPHUYECKHUM JIABICHHEM HIIM BaKyyMOM, TaK Kak aTMochepHoe
JIaBJICHUE JICMCTBYET Ha PACCUMTHIBAEMYIO KOHCTPYKIHMIO CO BCEX CTOPOH, H
MOATOMY €ro MOXHO HE€ MPUHUMATh BO BHUMaHue. [Ipu omnpeneneHun CHIIbI
TUAPOCTATUYECKOTO JIaBJICHUSI HCIOJB3YeTCsl IMOHATHE - IbE30METPUYECKast
IJIOCKOCTD WJIM TUIOCKOCTH aTMOC(HEPHOTO JaBJICHHS — TOPU30HTAIbHAS IIJIOCKOCTb,
MPOXOIAIIAsl YepPEe3 YPOBEHb JKUIKOCTHU B MMbE30METPE, MPUCOETUHEHHOM K COCYY.
[ToBepXHOCTh KUJIKOCTH Ha YPOBHE MbE30METPUUECKOUN TIOCKOCTU MOABEPracTcs
JIUIIL BO3JIEUCTBUIO aTMOC(HEPHOTO JIaBJICHMUS.

Cwia naBiieHHs Ha TIJIOCKYIO MIOBEPXHOCTH BhIpaykaeTcsi hopMyJIon:

F= Pe A,
I7ie pe — TUAPOCTATUYECKOE JABJICHUE B LIEHTPE TKECTU TUIOCKOW (GUTyphl, 4 —
JI01a1b (PUTYPHI.

PaBHOzelCTBYIOIIAs CHJIBI  JABJICHUS JKUJKOCTH Ha KPHUBOJIWHEHHYIO
MOBEPXHOCTh OOBIYHO BBIPAKAETCA TpPEeMsl B3aUMHO TEPICHAMKYJISPHBIMU
cocrapisirommmu:  Fy,  F,, F.. lopusoHTanmbHble cocraBiusomue Fr u  F)
BBIYHCIISIIOTCSL KAK CUJIbI IABJICHUS HA IUIOCKYIO MOBEPXHOCTh, PABHYIO MPOCKIUH
JaHHOM KPHBOJIMHEWMHON IOBEPXHOCTH HA COOTBETCTBYIOIIYK) BEPTUKAIBHYIO
IJIOCKOCTh. [l ompenesieHuss BEPTUKAIbHOW COCTABILIOLIEN [ CTPOAT TEo
napieHud. [Ilpyu 3TOM KpUBOJIMHENHAS TOBEPXHOCTh MPOEKTUPYETCS BEPTUKAIBHO
Ha MbE30METPUUYECKYIO TUIOCKOCTh. T€I0M JTaBJIIEHUSI HA3bIBAETCS TEJO, C OJJHOTO
KOHIIA OrPaHUYEHHOE  KPUBOJIMHEMHOM  NOBEPXHOCTBIO, C€  APYroro —



MbE30METPUYCCKON IIJIOCKOCTBhIO, a ¢ OOKOBBIX CTOPOH — BEpPTHKaJIbHOMU
MPOEKTUpPYIolIe moBepXHOCThI0. Crita F-. paBHa BeCy JKMAKOCTH, 3aHUMAIOIIEH
o0beM V Tena naBieHUs

F.=pgl.

[Toxo#t KUAKOCTH OTHOCHUTEIBHO CTEHOK COCYZa, JBIIKYIIETOCS BMECTE C
KUIKOCTBIO, HA3bIBACTCS OTHOCUTEIIBHBIM €€ TTIOKOEM HIIH paBHOBecrueM. [1pu aTom
OTJICJIBHBIC YaCTHUIIBI KUJIKOCTH HE CMEMIAIOTCS OJHA OTHOCUTEILHO JAPYTOM, U BCS
Macca JKUJIKOCTH JIBIDKETCS Kak OJHO TBepAoe Telo. B maHHOM ciydae K cuiie
TSOKECTH JTOOABIISIETCS eIle OJJHA CHJIa — CHJIa HHEepIuH. [Ipy BpalieHun KUIKOCTH
BMECTE C IIWIMHIPHYECKAM COCYJIOM paauyca R OTHOCUTENEHO €ro BepTHKAIbHON
OCH CHUMMETPUU C TIOCTOSHHOH YTJIOBOM CKOPOCTBIO ® €€ IOBEPXHOCTHh IO
JIEUCTBUEM IICHTPOOCKHBIX CHUJI MpUHHUMAaeT ¢GopMmy mapadoyionsa BpalieHus,
BbicoTa H KOoTOpOTO Ompenensercs no ¢popmyre:

H=o’R/2g).

3.0CHOBBI KHHEMATUKH KUIKOCTH U rasa.
3.1. OcHOBHBIE MOHATHSA W METO/IbI
Meronel Jlarpanxka wu Ounepa. YpaBHEHHE HEPa3pbIBHOCTU. Y pPaBHEHUE
JBIDKCHUS ICTbHOM KUJIKOCTU. BuxpeBbie u 0€3BUXPEBbIC IBUKEHUS KUIKOCTH.
Teopema Kommu-I'enbmronsia. KoMnoHeHTBl BUXpA U CKOPOCTH Jedopmaruu.
NHTerpupoBanre ypaBHEHHs JIBHKECHMS MACANbHOW KuIKOoCcTU. llnmockoe
JIBYMEPHOE JIBUKECHUE UICATBHOU KUIKOCTH. Teopema JKyKOBCKOro 0 MogbEMHOMN
cujie. YpaBHEHHE MOMEHTA KOJIMYECTBA IBUKCHUS. Y PABHEHHUE YHEPIUU.
JIBM>KEHHE KUIKOCTU OIPENEISIETCI CKOPOCTSAMHU JIBUKCHHUS YacTULl B
OTJICTTBHBIX TOYKAX TOTOKA J>KHJKOCTH, NABIECHUSMH, a Takxke oOmeh (opmoit
notoka. [Ipy 3TOM BENMYMHBI, XapAKTEPU3YIOIIUE NBUKECHUE KUIKOCTH, MOTYT
U3MEHATHCS BO BPEMEHHU, SBISSACH Takxke (PyHKIMer BpemeHu t. B cBsizu ¢ 3TuM
pa3IMyaroT JBa BHUJA JBWKCHUS:  YCTAaHOBUBIIEECS; HEyCTaHOBHUBIIeecA. B
OJTHOMEPHOM CJIy4ae MOTOK KUIKOCTH, CKOPOCTh JBUKEHHUS YACTULIBIUY JIABICHUE
P KOTOpPOTO SBISIOTCA (PYHKIHMSIMU KOOPJMHAT MPOCTPAHCTBA M BPEMEHH U =
f(x,y,21) p=0¢(x7y,21t) Ha3bIBAETCS HEYCTAHOBHBIIIMMCS. [Tpu
YCTaHOBHUBIIEMCSI IOTOKE CKOPOCTh U JIaBJIEHUE P BO BCEX TOUYKAX MPOCTPAHCTBA C
TEUEHUEM BPEMEHU OCTAIOTCS MOCTOSIHHBIMU. PaznnuaroT HanmopHoe v 0e3HaOpHOE
nBkeHue. HamopHoe nABMW)XEHHE HTO JABMXKEHHE KHUAKOCTH 0€3 CBOOOJHOU
MOBEPXHOCTH, TAKUM 00Pa30M, KHUIKOCTh MOJTHOCTHIO 3AIMOJHSIET BCE MOMEPEUHOE
CEUYCHHME, OTpaHMYMBAEMOE€ CTEHKaMH TpyObl. JIBHKeHHME, KOrja IMOTOK HMEeT
CBOOOTHYIO TTIOBEPXHOCTH, HA3bIBAETCSI OC3HATIOPHBIM.
YpaBHEHHE HEPaA3PBIBHOCTH CIUIOMIHOW CpeAbl B HMHTETPAIbHOM BHJIE
OTPAXXAaeT 3aKOH COXPAHEHHS MATEpUM KaK 3aKOH COXPaHEHUS MacChl B
MIPOCTPAHCTBE

fw (% + pdivl7)6r =0.



[IpuBnekas GpopmyIibl BEKTOPHOTO aHATM3a, MOXKHO TIEpenucaTh ypaBHEHUE
HEPa3pbIBHOCTH B JICKAPTOBOM CUCTEME KOOPJMHAT B BUJE

o0, 0 2 LS
ac T3z (P + 55 (pv) + 52 (pw) = 0.

JuddepenunanbHple ypaBHEHUS IBUKEHUS HEBSI3KOM KUJIKOCTH Diinepa

dux _ o, _10p
dt p 0x
duy, 1dp
dt pay
du, 10dp
dt p 0z

B cnydae cxumaeMolt >kuakocTu (Tra3a) IJIOTHOCTh O BBIYMCIACTCS U3
ypaBHeHUs1 coctosiHudA. llonHas mnpou3BoAgHAs MO BPEMEHHM B JIEBBIX YaCTAX
YPaBHEHUH B MPOEKLMIX HA OCH JEKAPTOBBIX KOOPJIMHAT MOXET OBITh pacKpbITa
TaK:

duy _ Ouy ouy ou, ou, _ 10p
at  or | Yx ax+uyay+uzaz_x pox’
du ou ou ou ou 10p
Y Yy X Y Z
—=—4u,—+u,—+u =Y —-—-—
dt 6t+xax+y6y+zaz poy’
du, _ 0u, Ouy ou, ou, 10p
dt_6t+ux 6x+uy6y+uzaz_ poz’

Jns peumieHuss ypaBHEHUW Oujepa 3aJar0TCsl TPAHUYHBIE W HayajbHbIC
YCIOBHUSL.

3.2. Illnockoe IByXMepHOe IBHKEHHE U/1€ATbHOM JKUIKOCTH.

Peuienne ypaBHEHUN JBWKEHUS KUIAKOCTH B YACTHBIX IPOU3BOJHBIX
NpPEACTABISAECT 3HAYMTEIbHBIE MaTEMAaTHYEeCKUEe TpPyAHOCTH. bapotpornHoi
Ha3bIBACTCS KHUIKOCT, ITIOTHOCTH KOTOPOM 3aBUCHT TOJIBKO OT JAaBiicHus p = p(p).
bapokinHHOW  Ha3bIBaeTCS KUAKOCTh, IUJIOTHOCTH KOTOPOW 3aBUCHUT  OT
TEMIIEPATypPhl U JaBlieHus. BechMa NpoyKTUBHBIM 0Ka3aJ0Ch MPENOIOKEeHHE 00
OTCYTCTBUHU B MOTOKE 3aBUXpPEHHOCTU. CyIllleCTBOBAHUE OE3BUXPEBOTO JABUIKECHUS
OTIpeJIeIIsieTCsl IByMsI TEOpeMaMu.

Teopema KenbBuna: Ilpu 6apoTponmHOM JIBMXEHUU UACATBHON JKHIKOCTH

N
LUPKYJISALMSA CKOPOCTH 10 3aMKHYTOMY JKHAKOMY KOHTYpy  $V -8r He
U3MEHSETCS. DTO O3HAYaeT, YTO dJIEMEHTapHBIE O0BEMBI KUIKOCTH COBEPIIAIOT
NoCTynaTeabHOe U JIePopMaIlMOHHOE IBUKEHUE, a BpallaTeIbHOTO JBUKCHUS HE
UMEIOT.



Teopema Jlarpamxka: Eciu BO Bcex To4kax OapOTpOMHON HICAITbHOU
XKUJIKOCTH BUXPb CKOPOCTH B HaYaJIbHBIM MOMEHT BpeMEHHU ObUT PaBEH HYIIO, TO
JBIKEHUE OyJeT Oe3BUXPEBBIM BO BCE MOCIEAYIOIIME MOMEHTHl BpeMenu. U3
ATOTO CIIEAYET TAKKE TMOJOKECHHE, YTO €CITU JBMKEHUE B Hadase ObIJIO BUXPEBBIM,
TO OHO OCTaHETCAd BHUXPEBBIM M B MOCIEAYIOIIHNE MOMEHTH BpeMeHU. B
JCUCTBUTEILHOCTA 3aBUXPEHHOCTh B TIOTOKE BO3HUKAET M pa3pylIaeTCs 3a CYET
MPOSIBJICHUSI CUJI BA3KOCTU. Ha BeTMUMHY 3aBUXPEHHOCTH BIUSAET TAKXKE OTIMYME
B [IOBEJICHUU T'a3a OT OApOTPOIHOTO.

PaccMoTpum  1uiockoe — O€3BUXpEBOE  CTAllMOHAPHOE  JIBMJKEHHE
HEC)KMMAEMOH JKUAKOCTH. BBeaeM mMmoTeHIMan cKopoctd — QyHKIHI ¢(X,y),

0 0
TaKylo, 4T0 U = ﬁ; V= £. B 3TOM Cityuae yciaoBue OTCyTCTBHS 3aBUXPEHHOCTH
ov ou
x oy 0 BBIONHSAETCS ABTOMATHUYECKH, a YPAaBHEHUE HEPA3PBIBHOCTH

02 92
npeoOpa3yercsi B ypaBHenue Jlarmiaca a_xf + ﬁ = 0. 'panuyHbIC yCIOBUS IS

3agaduu 0o0TeKaHUs HCIIOABHUIKHOI'O TBEPAOro TCjIa IMOTOKOM CO CKOPOCTBIO Ha

7 0¢ 0¢
OecKOHEYHO O0JBIIOM paccTosiHUU V., OyJayT Ha MOBEPXHOCTU Teja P O’E =

— 0 —
Voo COS(VOO, x) % = Vy COS(VOO, y). ITepBo€ U3 ATUX PABEHCTB 03HAYAET HYJIEBYIO

CKOPOCTh Ha MOBEPXHOCTU OOTEKAEMOro Tejia B HAMPAaBICHUH HOPMAJIM N K HEW.
JIBa mocieayomux paBeHCTBa YKa3bIBalOT BETMYMHBI COCTABIIAIONIUX CKOPOCTH Ha

OECKOHEYHO OO0JIBIIIOM PACCTOSTHUU OT Teja. AHAJIOTUYHO MOKHO BBECTH (PYHKITUIO
oY oY

Toka YP(X,y), u = 9y V= T 5> KOTOPAS TOXKE yNIOBJICTBOPSIOLIYIO YPABHEHHUIO
02 0%y
I —+-—=0.
Jlannaca —— + 377 0

JInsi  HEBSI3KUX TEYCHUN TPAHUYHBIM YCIOBUEM Ha TOBEPXHOCTH
o0TeKaeMoro Teja SBISIETCS YCIOBHE HENPOHUIAEMOCTH CTEHKH, U, = 0.
KacarenbHass cKOpOCTh MOKET OBITH OTJIMYHA OT HyJs. [Ipununanus sKUAKOCTH K
CTeHKE (KaK B ypaBHEHHSX JUIsl BSI3KOW KHUAKOCTH) HE TpeOyercs. B kadectse
HAYaJILHOTO YCIIOBHUSI MOKET OBITh 3a/IaHO TOJI€ CKOPOCTH B HAYaJbHBI MOMEHT
BPEMEHH.

3.3. YpaBHenue bepHyJuiu.

J71st aeMeHTapHOM CTPYWKU UIeaIbHOM (HEBS3KOM) KUJKOCTU YPABHEHUE,
YCTAHABIMBAIOLICE CBA3b MEXKAY CKOPOCTBIO JBMJKCHUSA, JABICHUEM U
FeOMETPUYECKUM IIOJIOKEHUEM YacTULl B IOJIE CHUJIbI TSKECTH, JKUAKOCTH,
HAaXOJSUIEUCS B IBYX PA3HBIX CEYCHUAX HA OJHOU JIMHUU TOKA

up 2 Uy?
zi+ 2+ =2, + 22 4 22 = const.
pg 29 pg 29

[IpuBenenHoe Bhillle ypaBHeHHE bepHyIu 3anucano st HanopoB (BBICOT):
r€OMETPUYECKON z, MbE30METPHYECKON (p/pg) M ckopoctHOro (u’/2g). Ecnn
MOCJIEIHEE BBIPAKEHUE YMHOXKUTh HAa g, TO 3alUCh ypaBHEHUs bepHyinu
HAa3bIBAETCS IHEPTreTUUYECKOM, TO €CTh BBIPAXKAET 3aKOH COXPAHEHUS SHEPTUU IS



€AUHULBI Macchl JKUIAKOCTH. Ecnmm ke ypaBHeHHE bepHyuM yMHOXHTH Ha
IIPOU3BEACHUE pg, TO ypaBHEHHME bepHyJuIM 3amuchIiBacTCsl B Pa3sMEpPHOCTH
JTABJICHMUSL.
YpaBHeHue bepHyuM 11 2J1IEMEHTapHOU CTPYHKU PEATBHOU KHJIKOCTH
2 2
P1 U Pz U '
1+ =+ ==z, + 2+ 2+ h,,

pg 24 pg 24

rne h, - moTeps HaIopa WiId NOJHOW yAeTbHOW SHEPTUH 110 AJIMHE, CBSI3aHHAs C

TPEHHUEM.

VYpaBuenue bepHyiu i MOTOKa pealbHON KUAKOCTH

azvzz

2g

a,v?
29

A2 =g, 4 B2 T2

rg pg
rie a - KoO3(p(UIMEHT, YYHUTHIBAIOIIUN HEPAaBHOMEPHOCTh paCHpeesICHUs
CKOpPOCTEH TI0 >XKMBOMY Ce4eHHMIO MoToka. OH HasbiBaeTca Ko3(huIimeHToM
Kopuonuca. KoadduimeHT a MoXeT OBITh paccuMTaH I TEYEHUN MPOCTOU
reoMeTpuyeckoi ¢Gopmbl (TeueHus B Kpyrioil Tpyoe u T.m.). Koaddbumment o
u3Mensiercss B mpeaenax ot 1,05 (TypOyJeHTHBI pexuM TedeHus) A0 2

(JTaMUHApHBIN peXUM TCUECHHUS)

3.4. OcHOBHBIE YPAaBHEHHSI AMHAMHUKH BSA3KOM KUIKOCTH.

VpaBuenusi HaBbe - CTOKca ABMIKEHUS BSA3KUX KUJIKOCTEH. YpaBHEHUE
JIBUYKECHUS BSI3KOT'O Ta3a M BA3KOM KUJIKOCTH IMOJYUYECHBI ITyTEM BBEIICHUS B MPABYIO
4acTh ypaBHEHUA Diliiepa JOMOJIHUTEIbHBIX YWICHOB, YUYUTHIBAIOIINX BSI3KUE CUJIBI,
JEUCTBYIONME HA AJIEMEHTApHBIH 00beM cpeapl. YpaBHeHuss HaBwe - Crokca
JIBUKCHUSI BSI3KOM HECKUMAEMOW HW30TEPMHUYECKOW KHUJKOCTH B JEKApTOBOM
CHUCTEME KOOPJIMHAT

ou ou ou ou op (62u 0%u azu)
—tu—+v— — ) = — =
p (at + Ox t dy t Waz) phy ax T H\ 5 + 9y2 t 9z2)’
v ov v 617) . op ( 2y 0%v 6217)
p(6t+uax+v6y+waz = phy dy H ax2+ay2+az2’

ow ow ow ow\ op (62w 0°w azw)
p(at tug, +v6y +Waz) = pE 0z TH Gz T 92 1 on

371ech X,Y, Z - 1eKapTOBbl KOOPAUHATHI; U, U, W - COCTABJISIOIINE CKOPOCTH BIOJIb
HUX; t - BpeMsi, p - IUIOTHOCTh; Fy, Fy, F, - COCTaBIISIONINE BEKTOpA BHEUIHUX
MAaCCOBBIX CHUJI, JCHCTBYIOIIMX HA €UHUILY MacChl cpenbl; P — naBneHue.

3.5. JIaMUHAPHBII peKUM TeUeHUS.

Teuenwne xuaKocTeit B Tpydax. [lorepu Hamopa cKiiapIBalOTCs U3: OTEPh Ha
TPEHHUE, MPOMOPIUOHAIBHBIX [IMHE YYacCTKOB TPYyOOINpPOBOJAa W HA3bIBAEMBIX
NOTEPAMM 10 JUIMHE H;, MECTHBIX IIOTEPh /1, BBI3EIBAEMBIX MECTHBIMU
COTIPOTHUBJICHUAMU (IIOBOPOTOM TPYOBI, 3aABMXXKKOM 1 /1p.). OOIIyI0 MOTEPIO HAamopa



paccMaTpuBalOT KaK CYMMY IOTEPb, BBI3BIBAEMBIX KaXKJIBIM COIMPOTHUBICHUEM B
otnensHOCTH: h=h, + Xh,,

[Torepu Hamopa 1o iWHE TPYOBI MpPU JIAMHHAPHOM TEUCHHUU. 3aKOH
pacmpeniesieHdss CKOPOCTH 10 pPaauycy TpyObl TIpH JIAMUHAPHOM PEKHUME

. i
BhIpaskaeTcss GopMyJIoi u = % (r¢ —r?), a cpeaHsis CKOPOCTb V OHpeAeNseTcs

4 id? u o
v= % = mfz P 52# ";“x. W3 mocnemHedt 3aBUCHMOCTH ToiydaeM (HopMyIry

. . h, .
3akoHa ['arena-llyazeins i = 3nech i = = - THJPAaBIUYECKUH YKIIOH, h, -

pgd2
IIOTEPH HAMOPA 110 JUIMHE TPYObI; / - mmmHa TpyObl. Cornacuo Gopmyne Hapeu h, =

1 v?
A 129 1€ A - xo3hdUIMEHT cOnTPOTUBIICHUS WA KOADPHUITUEHT THIPABIUIECKOTO

o 64 o
TpeHUs, paBHBIM A = o JlaMUHAapHBIA pEXHUM TEYEHUs COXPAHSETCA 10
e

KpUTHYeCKoro uncia PeliHonbaca, pasaoro 2320.

3.6. YpaBHeHue PeiiHo/bAca TYpOYJIEHTHOTO IBUKEHUS JKUAKOCTH 1
rasa.

PeliHonbAC NOpenCcTaBU BEJIMYMHBI, BXOIAIIME B YPAaBHEHHE JBHKCHUS
HaBbe-Crokca, pa30UTBIMM Ha JIBE€ COCTABIIIOIINE: OCPEIHEHHYIO, 0003HAUEHHYIO
YEepTOM CHM3Y, U MYJbCAIMOHHYIO0, 0003HAYEHHYIO IITPUXOM, HallpuMep U = U +
U 118 CKOPOCTH U MOMYYHI ypaBHEHHsS TypOyJeHTHOTo aBuskeHus. [IpuBenem
ypaBHeHUs1 PeltHonb/ica 11 HEC)KMMAEMOM KUJKOCTH B MPSMOYTOJIBHOW CUCTEME
KOOpJMHAT.

ou ou ou ou 0%u 0%u | 0%u ”
(E+u?+va—y+wa) pF, — L “(axz o2 ) p(Au/ox +
Ou'v'/dy
+8Lw’/62),

) d 92 9%y 9% ,
p(a—z+u%+ Ziw ) pE, — P u(a:2 +a—y:+a ) p(Ouv'/ox +
ov”/0y
+8M'/82),

) 92 FE FE ,
p(a—V:+ EJF ay+ -~ ) pE, ——Z u( 61”2 + ayv2v+ W) p(Ou'w'/ox +
ov'w'/0y
+ow'/0z) .

JloronHuTENbHBIE WIEHB B NPaBbIX 4YacTIX ypaBHEHMM PeliHosbica, B
cpaBHeHMM ¢ YypaBHeHusiMu HaBbe — CTokca, ONpeneysioT MPOU3BOAHBIC
KOMITIOHEHT TYypOYyJIEeHTHOTO TpeHus. Yeprouka CHHM3Yy 0003HAYaeT OIepaIuio
OCPEIHEHHS] TPOU3BEACHUS COOTBETCTBYIOIIMX MYJIbCAIMOHHBIX BEJIMYHH.
[IpuBenenHasi BbllllE CHCTEMA ypaBHEHHH JJisi €€ pelieHuss TpedyeT
MIPUCOCINHEHUS JTOMIOJHUTENIBHBIX COOTHOLICHHWM, 3aMBIKAIOIMIUX 3a7ady. OJTH



COOTHOIIICHUS OMPENEISIIOT B 0a3UCHBIX OSKCHEPUMEHTAX MO TYpOYJIECHTHOMY
TEYCHUIO B TpyOe WM B MOTPAHUYHOM CII0O€ OOTEKaeMoro Teja, 3aTeM OHH
o00o0mIaroTcsT W NOPUMEHAIOTCA TMpU  pacyeTe OoJjiee CIOXHBIX (MHOTAA
MIPOCTPAHCTBEHHBIX TPEXMEPHBIX) TCUCHHH.

3.7. llpeacraBjieHHe 0 CTPYKTYpe TypOy/JI€HTHOIO MOTOKA.

B TypOyneHTHOM MOTOKE CKOPOCTH B KaXK0M TOUKE U3MEHSIIOTCS C TCYCHUEM
BPEMEHHU I10 BEJIMYMHE U HANPABICHUIO. [[€MICTBUTENBHBIE CKOPOCTH ABUKECHUSA
JKAJIKAX YacCTUIl B JAaHHOW TOYKE B JaHHBIA MOMEHT BPEMEHH Ha3bIBaIOT
MTHOBEHHBIMM MECTHBIMH CKOpocTsiMU. Konebanue BO BpeMEHH MIHOBEHHOM
MECTHOM CKOPOCTH HA3bIBAIOT MyJIbCALIMEN CKOPOCTU B JAHHOU TOYKE mOoTOKA. Kak
MOKa3bIBAET OMBIT, MYJIHCALIMU CKOPOCTEN COMPOBOXKAAIOTCS MyIbCAIIUEN TaBICHUSA
p, @ B ra3e U IyJbCallMell IUIOTHOCTU. PacnpeneneHne CKOPOCTH IO CEYEHUIO
MOTOKa MpU TypOYJIEHTHOM YCTAaHOBHUBIIEMCSI paBHOMEpPHOM JBIKeHUHU. [Ipu
TypOyJICHTHOM PEeXHME 3HAYUTENbHAS YacTh SHEPIHH 3aTPauuBaeTCs Ha MPOIECC
MEPEMEILINBAHUSA, BBI3BIBAIOIIMNA B JKUJIKOCTH JONOJHUTEIbHBIE KacaTEIbHbIE
HanpsbkeHus. O01ee KacaTebHOE HANPsHDKEHHE MPU TYPOYJICHTHOM PEKUME PaBHO
T = u(z—;) + pl 2 (Z—;)Z. IIpu pe3ko BBIPAKEHHOM IEPEMEIIMBAHUM Macc
KUJIKOCTH B TypOYJICHTHOM MOTOKE BTOPOI WJIEH 10 CPAaBHEHUIO C TIEPBBIM UTPAET
0ojiee BaXXHYIO POJIb TaK, YTO BS3KOCTHOM YacCThIO HAMPSDKEHHUS 4YaCTO MOYKHO
npeHeOpedsb (MCKIIOYEHUE COCTABIISIET 30HA B HETMOCPEJCTBEHHON ONHM30CTH K

2

d .
crenxe). Torma 7 = pl 2 (d—;) . Benmmunna [ = yy, na3sana [lpanarnem anuHOM
nyTd nepeMmemnBanus, rae y = 0,36-0,435x - yHuBepcaibHas MOCTOSIHHAS.

[lonarasi, 4TO0 TpEeHHE MOCTOSIHHO MOMEPEK TPYyObl, MOIYUEHO paclpeeicHue
CKOpPOCTH

u= 1 \/Elny +C = &lny +C. 3pecy u, = \/E - JMHAMHYECKass CKOPOCTb.

XA P X p

TypOyneHTHBIN MOTrpaHUYHBIN CIOM U JTaMUHApHBIA Mojaciol. [IpUHITO cUUTaTh,
YTO BOJIM3U CTEHOK HMMEETCS TOHKHH CIIOW JKMAKOCTH - JIaMHUHAPHBIM MOACION
TOJNIIHHOM &, TJIe CKOPOCTH M MECTHBIC unciia PeiiHobaca Re CTOIb Mallbl, YTO B
npejenax dTOro CJIos JBMXKEHUE KUIKOCTH ONM3KO K JiamMuHapHomy. Kpome
JMaMeTpa TEOMETPUYECKON XapaKTEPUCTUKON HMWIMHAPUUECKON TPYOBI SBISETCS
CpeIHMI pa3Mep BhICTyna 4 1mepoxoBaToCTH 00TeKkaeMol MoBepXHOCTH. BennunHa

. A
A HazpBaeTcs abCOMIOTHON MIEPOXOBATOCTHIO CTEHKH TpyObl. OTHOIICHHE "

Ha3bIBACTCS OTHOCHTEIBHOW MIEPOXOBATOCTHIO. [IOTepH Hamopa o JUIMHE MpH
TYpOyJCHTHOM DPaBHOMEPHOM JBIKEHHU KHUIKOCTH B IMIMHAPUYECKOU TpyOe
onpenensorcs mo Gopmyie Japcu

l v2

h, = 1-—,
d2g

A

B KOTOpPOW KOX(PPUIMEHT COMPOTHBICHUS A OMpeneisieTcss B 3aBHCHUMOCTH OT
niepoxoBatocTd U yucia Pelinonbaca. U3 dopmyner lapcu cienyer, 4yto v =



\/% /RT"A um v = CVRi, rae C - kooddurment lesu C = \/8;‘9. Dopmyna v =

CVRi wnaseBaercs ¢opmymnoii Ilesn. Ha npakruke BenmuamHy C HPUHSATO
onpenensath mo ¢opmysiaMm, O00O0OIIAOIUM SKCIEPUMEHTAIIBHBIE PEe3yJIbTaThl
(bopmyner  H.H.ITaBmoBckoro u MaHHUHTA). YCIOBHO pEXKHUMBI TEUYCHUS
pa3neNsoTCs Ha TATh 30H: | 30HA - TaMUHAPHOTO (BS3KOCTHOT'O) COMPOTUBICHUS
COOTBETCTBYET OTHOCUTEJILHO MajibiM unciaM Pelinonbaca Re; <2300 A= 64/Re;
IT 30Ha XapakTepu3yeT mepexo/i OT JIAMUHAPHOTO PeXUMa K TYpOYJIECHTHOMY TIPH
uncnax PeitHonbaca Rey = Rey, =2320< Re <Re; =4000 A= 0,000154Re"%

;  1II 30Ha — 30Ha TIAJKOCTEHHOTO TYpPOYJIEHTHOTO CONPOTUBICHUS WU

Ai A = 0,3164/Re"*: TV 30ma —

30HA JIOKBAJAPATHYHOTO COMPOTUBIICHUS B TypOYJICHTHOM PEKHUME WIIM HE BIIOJHE
d d Ay | 68

nrepoxoBaThix Tpyo 20— < Re; <500—,1 = 0,11 (i +— ()0'25); V-30Ha —
Agye Ao d ' Re

30Ha KBaIPAaTHYHOI'O CONPOTHMBICHHS WM 30HA IIEPOXOBATHIX TPYO OTBEYAET

pasBUTOMY TypOyJIeHTHOMY ABIKCHHMIO. CONPOTUBIIEHHE ONPEAEISCTCS JIUIIb

ruapaBiaudecku raaakux pyo 4000 < Rey; < 20

0,25
o A ’
BEJIMYMHON BBICTYNOB 1epoxoBaroctu 4 = 0,11 (%) .

3.8. Pacuer kaHaj0B

Kananel JUis Iiefieii  BOJHOTO TPAHCIIOPTA, CHPSIMIICHHSA pycel peK |

OpOHleHI/IH crain CTpOI/ITB AJ0CTATOYHO AOaBHO. HOTepI/I HaHOpa 10 JJINHCE
=2t el A

BBIMUCIIIOTCS 110 hopmyne Japen hy = A — 2g» TA¢ 1 — umia, v — ckopocts, 4 -

KO3 (PUIIMEHT CONMpPOTUBJIEHUS, B KOTOPYKO B KauecTBe d TOJACTaBIAETCS
Y4EeTBEpEeHHbIH THlpaBiaudeckuil pamuyc R d = 4R, omnpenenstoumuiics depes
IIJIOIIA/Ib ITOTIEPEYHOI0 CEYEHHS (W ¥ CMOYEHHBIN IEPUMETP Y 10 IPUBOAUBILEHUCS

w o
Bbiie  (opmyne R = 7 Hpyras ¢opma 3amMcu 3TUX COOTHOLIEHUH C
. hy 8g 7
MCTIONB30BAHMEM THPABIMYECKOTO YKIOHA [ = —°, IMECT BHJ UV = 7\/ Ri. Ot1o0

. . ,8
dbopmyna Ilesu v =cVRi, B Heil kodpdunment Illesu ¢ = 79 MOXET
1
BbIuKCIATbCs 1o (opmyne H.H. IlaBmoBckoro ¢ = ;Ry wii no Qopmyie

1.1
MaunnuHra ¢ = - Rs, rae n - koaddurmenT mepoxoBaroctu. DopmMa MONEPEIHOTO
CEUCHMsI KaHaja MpUBEIECHA Ha puUC.8.2 M Xapakrepuszyercs Kod(huimeHTom
oTkoca T, = ctgf, napamerpoM B = B + 2Th. 3aech h — rnyOuHa, 6 — MIKUpPUHA
nua. ITnomans momnepedsoro ceueHus w = (B + Th)h, cMOYEHHBII IIEPUMETD Y =
B+ 2hV1 + m?. TIo 3TUM 3aBUCHMOCTSM MOYXHO BBIYMCJIMTH T'HIPABIMYECKUI

w 8
paauyc R = 7 OTHocHTeNbHAS IIUPUHA KaHAaJIa ornpeesnsercs o gopmyie ff = -

Heob6xoIuMo CHpoeKTUpPOBATH KMBOE CEUEHUE KaHalda TaK, 4YTOOBI CpEeaHss



CKOPOCTh Vv OblJa MaKCUMajJbHOH TPH MHHUMAJIBLHOW ILIOIIAJH ITONEPEUYHOTO
ceueHusd. Takoe CEYCHUE HA3bIBACTCS THUJIPABIWYECKU HAWMBBITOAHEWIINUM. [l
HETOo

Bow. = (E)e.y. =2(N1+m2—m) .

h

4. MecTHbIe THAPABJIMYECKHE CONPOTUBJIEHUSA
4.1. O01ee BpIpa:keHue AJIsl MOTEPb HAMOPA

MecTHbIC THAPABIMYECKHE IOTEPH HAIoOpa OMPEACSIoTCS 1o (Gopmyie
BeticOaxa

hy=CU?/(2 g); umu  Apu = p U? /2,

rae  — ko3 puireHT MecTHOro conpotuBiieHus; U — CpeliHsAsl CKOPOCTh B CEUEHUH,
KaK [TPaBUJjIO, 32 MECTHBIM conpoTuBiieHneM. Koadpuuuent C npu 00abuX Yrciiax
PeliHonb/aca 3aBUCUT TOJBKO OT BUAA MECTHOTO conpoTuBieHHs. OJHAKO MpHU
JAMUHAPHOM PEKMME TEUEHUS OH 3aBUCUT HE TOJBKO OT BHJIa CONPOTUBIICHUS, HO
u or uyuciaa Peinonbaca. IIpocroe cymMmMupoBaHHE TIOTEPL B MECTHBIX
CONPOTHUBIICHUSAX BO3MOYKHO, €CIIM PACCTOSHHE MEXAYy HUMH cocTtaBisieT 20 —30
JMaMeTpoB TpyObl. B MpoTHUBHOM cilyyae cyMMapHOE 3HAY€HHE CONPOTUBIICHUE
HEOOXOJMMO U3MEPUTH OIBITHBIM ITYTEM.

4.2. UcTeyeHue ;KUAKOCTH Yepe3 OTBEPCTUA U HACAAKHU

Pacxom >KMIKOCTH TIPU €€ UCTSUSHUH Yepe3 OTBEPCTHE MIIM HACaI0K
onpenensercs no Gopmyre:

Q=US = uS (2gHo)'"? um1 Q = puS (2Ap/ p)'?,
rjae L — Ko3(pPpuuueHT pacxoa; S — mioiab NonepeyHoro CEYeHus: OTBEPCTHUS WU
Hacaaka; Ho — 1eMCcTBYOLINI HAIIOP, paBHBIN
Ho=H+ ((po—p)/ (p &) + a0 Us* /(2 g),

rae H — paccrosiHue OT LieHTpa TSHKECTH TUIOMIAAN OTBEPCTHUS WIIM CEYEHUS HacaakKa
JI0 TIOBEPXHOCTH JKUJKOCTH B pPeE3epByape; po — JAABJICHHE HA IOBEPXHOCTU
KUJKOCTH B PE3EPBYape; p — AaBJIEHUE B CPEAE, B KOTOPYIO IPOUCXOIUT UCTEUEHUE
xuakoctd; Uyp — CKOPOCTh MOAXO0Aa XHMAKOCTH B pesepByape; oo Uo® /(2 g) —
BEJINYMHA Majasi, U €€ MOXKHO MPUHATh PAaBHOM HYJI0; Ap — MOTEpHU J1aBICHUS MPU
UCTEYEHUM  JKMJIIKOCTH  YE€pe3  MECTHOE  CONpOTHBIECHHE  (IpOCCEb,
TUAPOpACIIPEETUTEND WIN APYTYIO THAPABINYECKYIO alnaparypy).

KoadpummenT pacxo/a |L MaJIoro OTBEPCTHS 3aBUCHT OT Yucia PeliHombaca.
C yBenuuenueMm uucia Re xkodpuuueHT | cHayajga yBEJIMYMBAETCS, JOCTHUTast
MAaKCHUMaJbHOTO 3HAYEHUS vae = 0,69 mpu Re = 350, a 3arem HaunHaer
YMEHBIIATHCS U CTaOMIN3UpPYyETCs Ha 3HayeHuU paBHOM 0,6. T0 00CTOATENHCTBO
MO3BOJISIET MPUMEHATHh OTBEPCTHS U HACAAKW MpU OoJbIIMX yrciax PeitHonbaca B
KauyecTBE MPUOOPOB JJIsI U3MEPEHUSI PACX0]1a HKUIAKOCTH.



ITpu ncreyeHnn KUIKOCTU YEPE3 3aTOINIEHHOE OTBEPCTUE WIIM HACAJOK JUIS
OIpeIeTICHUS pacXo/a UCIOJIB3YIOTCS T€ ke (POpMyJIbl, HO B 3TOM cityuyae Harop Ho
OepeTcst Kak pa3HOCTh THIPOCTATHUECKUX HAIOPOB IO 00€ CTOPOHBI CTEHKHU.

B cnydae ucredeHus KMAKOCTH 4Yepe3 HacaloK (He Maliblii) oOpa3yercs
BAaKyyM, KOTOpBI YBEJIMYMBAET €ro IMPOMYCKHYI0 CIOCOOHOCTh a BEJIMYMHA
BaKyyMa NpsmMo nponopuuoHanbHbeiM Hanopy Ho. Koadduument pacxona Hacaaka
3aBUCUT OT €ro Thna u yucia PertHonpaca. [1o cBoeMy 3Ha4YE€HUIO OH IPEBBIIIACT
korddurenT pacxoga Maioro orBepctus. Hampumep, s BHEIIHEro
HWIHHAPUYECKOro Hacaaka | = 0,8, mig koHouaanpHOro Hacaaka p= 0,96 + 0,98.

4.3. Pacyer norepb Hamopa B Tpy0oonpoBoaax.

[Ipu pacuere HamOpPHBIX TPYOONPOBOJOB HCIOJIB3YIOTCA YypaBHEHUS
bepHyun, mocTosHCTBa pacxoja U (GOpMyJibl, ONpeAesiomne THIPaBInYECKUue
notep. [lo OTHOIIEHHIO MECTHBIX MOTEPh M MOTEPh Ha TPEHHUE TPyOOIPOBOIBI
NOJIPa3JIETAI0TCS HA KOPOTKUE U JUIMHHBIE. K KOPOTKUM, OTHOCATCS BCACBIBAIOIIIHE
TpyOONpPOBOABI ~ HAcOCOB, CHU(OHHBIE TpPyObl, HEKOTOpbIE THIPOJUHUU
TUAPONPHUBOIOB U 11p. [Ipn ux pacuere onpeaesnsaroT NOTEpU Ha TPEHUE U MECTHbBIE
notepu. Pacyer JIMHHBIX TPyOOIPOBOJIOB BEAETCS MO YNPOIIEHHOMY YPaBHEHHUIO
bepunymnu. B maHHOM ciyyae CKOPOCTHBIE HAmopbl MO CPaBHEHUIO C APYTUMU
yjieHaMHd ypaBHeHUs bepHysu maibl 1 uMU OOBIYHO TNpeHeOperaroT. MecTHbie
noTepu JIMOO COBCEM HE OMPENENSIOT, JIMO0 0e3 TOYHOro pacyeTa MPUHUMAIOT UX
paBHbIiMU 10+15 % ot moteps no myuHe. PacyeT mpocThIX TpyOOIPOBOIOB CBOIUTCS
K TpPEM THUIIOBBIM 33/lauaM IO ONPEACIICHUI0 HAalopa, pacxoja WA AuameTrpa
TpyOomnpoBoaa. [lpu pacdere CIOXHBIX TPyOONPOBOJOB COCTABJISIETCS CHUCTEMA
ypaBHEHUH, KOTOpasi yCTAHABJIHMBAECT CBS3h MEXIY pazMepamu TpyO, pacxojamMu
KUJKOCTH U HalopaMu. DTa CUCTEMA COCTOUT U3 YPAaBHEHMI OaJlaHCa pacXo/10B IS
KKJIOTO y3JIa U ypaBHEHUH OaslaHca HarmopoB (ypaBHEHUN bepHyIn) s Kak o
BETBH TPyOOIpPOBOJIA.

Pacuer xectkoro TpyOompoBoja NpH HEYCTAHOBUBLIEMCS JABUKEHUU
HECKUMAEMOM KUAKOCTH BEJETCS MO YpaBHEHUIO BepHyIn ¢ IOMOIHUTENbHBIM
WHEPIIMOHHBIM YJIEHOM, KOTOPBIA YUYUTHIBAET IOTEPHU HAMOPa Ha MPEOJI0JICHUE CUITbI
JoKanbHOW uWHepuuu. Eciu yckopeHHss B TOTOKE JOCTaTOYHO BEJIUKH, TO
HEO0OXO0IMMO YUYUTHIBATh YIIPYTOCTh KUJKOCTH U CTEHOK TPyOOIpOBOIa.

5. I'mapaBauyveckuii ynap B Tpy0onpoBogax.

['unpaBnudeckuil yaap BbI3BIBACTCS U3MEHEHHUEM BO BPEMEHHU (B HEKOTOPOM
cedueHnH TPyOOIPOBO/Ia) BETMUUHBI CKOPOCTH ABUKECHUS YKUIKOCTH, TPUBOISIIECTO
K TIOBBIIICHUIO WM TMOHM)XEHUIO JaBJICHHUS B HAMOPHOM TPyOOHpPOBOJIE.
['mnpaBauveckuii ynap BO3HUKAECT B CIIy4ae OBICTPOTO 3aKPHITHS WU OTKPBITHS
3aTBOpA, YIMPABIISIIOLIETO MOTOKOM KHUIKOCTU B TpyOompoBoze. Ilpu mpsimom
TUAPABIMYECKOM yJape BpeMs 3aKpbITHSL 3aJIBUKKU MEHbIIIE BpeMEHHU mpodera
yAapHOU BOJHBI OT 3aTBOpa K pe3epByapy u oopatHo (dha3sl yaapa). [Ipu Henpsimom



yaape BpeMsi 3aKpbhITHS 3aJBMXKKHA OoJblne (a3l TUAPABIMYECKOTO yaapa.
®opmyna H.E. XKykosckoro:

py=pCU

OTIpeJeNsieT 3aBUCHUMOCTb BEJIMYMHBI YAAPHOTO TMOBBIIMICHUS AABJICHHUS Pry OT
IUIOTHOCTH KUJAKOCTH, CKOPOCTH pacipocTpaHeHus yaapHoH BoiHbI C U CKOPOCTH
JBIKEHUS KUIKOCTH B TpyOompoBoie mepen ero 3akpbitheM. CKOpOCTb
pacIpoOCTpaHEHUS YIAPHOM BOJIHBI

C = [p/Ex + dp/(8Exwp)] ™%

rae Ex u Erp — Moayau ynpyrocTu >KHIKOCTH M MaTepHajga CTCHKH TPYOBI, O —
TOJIIIMHA CTCHKH TPYOBI.

6. Bo3aeiicTBHE NOTOKA HA MPeNsITCTBHE.

Bo3znelicTBre cBOOOIHOM CTPYH KUIKOCTH Ha TBEP/bIE MIPErpaibl BaKHO JIJIS
NOHUMAaHUsl TpPUHIMNA JACUCTBUS TUIPABIMYECKUX MAIlUH, ONpEIeICHUU
COTPOTHUBJICHUS TBEPABIX TN, ABIXKYLIUXCS B KUAKOCTU. OmpenesneHue CHUIIbI
BO3JICHCTBUS TIPOBOJUTCS C MOMOIIBIO 3aKOHA KOJMYECTBA JABMXeHUs. Bennunna
CHUJIbI paBHa

F=piSi +p2S2+6 + Q p(Ui — Uz);

rae piS1 U p2S2 — BEKTOPHI CHIT JABJICHUS B HA4YaJIbHOM U KOHEYHOM CE€UCHHMSIX; G -
BEC )KUJKOCTH, HaxoasIencss Mexay cedueHusiMu; Uy u Uz — BEKTOPBI CKOPOCTEH B
HayaJIbHOM U KOHEYHOM ceueHusAX; Q — 00beMHBIN pacxo.

7. OCHOBHBbIE 3AKOHbI CTATUKHU M IMHAMUKHU CKMMAEMOM KUAKOCTH (ras3a).
7.1. Biusinue c;KMMaeMOCTH Cpeabl

®dusnueckue cBoMcTBa ra3zoB. ['a3ml XaApPaKTCPHU3YIOTCA OOIBIIUMU
3HAYCHUAMHU CXKHUMACMOCTH U KOB(b(bI/IIII/ICHTaMI/I TCMIICPATYPHOTO paCIIUPCHUS.
3aBUCHUMOCTL IUIOTHOCTH Ta30B OT JaBJICHUSA MW TEMIICPATYpPhl OIIPCACIISACTCA
YPaBHCHHUCM COCTOSHUA. I[J'IH HUACAJIBHBIX TI'a30B IINIOTHOCTH OIIPCACIICTCA 110

ypaBHeHuro Kitanenpona p = R%, rjae p — abconroTHOe naBieHue; R - ynenpHas

ra3oBad IIOCTOJAHHAA, pa3JIMYHAsA I PAa3HbIX TI'a30B, HO HC 3aBHCAIIAA oT

TCMIICPATYypbl MW OAaBJICHHA. YPaBHeHI/IG 1 UBMCHCHMA IINIOTHOCTH TIa3a B

M30TEPMHUUYECKOM IMpolLiecce % = const, B annabaTnyeckoM mporecce (6e3 moaBoaa

TerIa) % = const.



Jlist Ta30B mpHU OTCYTCTBUHU TEIUIOOOMEHA CBS3b MEXAY IUIOTHOCTBIO M
JIABJICHUEM BBIPAXKAETCsl YPaBHCHUEM az[Ha6aTLIp% = C;. [ns ra3oB CKOpPOCTH

3ByKa paBHa @ = VKkRT.

Pacripenenenue 1uOTHOCTH W JaBiieHus B armocdepe. [lpu mzorepmuueckom

3aKOHE JaBJICHUEC W3MCHCHHUE JaBJICHUS TPU H3MEHEHUH BBICOTHI CIEIyeT
_gh
HKCIIOHEHIIMATBbHOMY 3aKOHYP = pPp€ RT, TI€ Py - [JaBICHHE Yy 3EMHOU

IMOBCPXHOCTH, h — BBICOTA HaJl YPOBHCM MOPA.

7.2. PacueTt TpyOONPOBO/I0OB /ISl TA30B.
VYpasuenue bepHysum s ra3zoB. [Ipu n3orepmMuyeckoM mporecce, z, g +
RT Inp, + u712 = 2,9 + RT Inp, + uTZZ + ghy1-, Tne uepe3 hy,,_, 0003HAYCHBI
TIOTEPH HAIOPA MEXKIY CeHCHIAMY 1 u 2. TIpu moauTponuyeckoM nporecce, z; g +

n py n P1 D2
+——Z +——+—+ h , e—=RT,, —=RT,.
=1 py 29 Inwi-2, TA o Lo 2

I'ne, B coorBeTcTBUM ¢ ypaBHeHUeM Kianeitpona, p; /p; = RTiu pa/p> = RT>.
[Ipu manpix mepenagax AaBiEHUS MOTEPH JABJICHHUS HA TPEHHUE MO JJIMHE

2
TPyObl M MECTHBIX HOTEPh 3aNUCHIBAIOTCA KakAdp, = pgh, = Aép v?, Ap, =
2
pgh, = ép v? Ap=Ap, + Ap,. 3neck Ap,, Ap,, - TOTEPH JABIECHUS HA TPEHHUE IO

JUIMHE TPYObl M Ha MECTHBIX CONPOTUBIICHUSX;0 - CPEOHSS IUIOTHOCTH Tasa,

Pat pz, PP, - IABJICHUS

Pep
onpesieneMas U3 ypaBHEHUs COCTOAHUAY = -, T/IC Pep =

B HayaJie ¥ B KOHIIE TpyOOnpoBoa.

Pacuer TpyOompoBOAOB AJid ra3oB IpH OOJBIIMX Mepenagax AaBiICHUS.
[Ipu pacuere NJIMHHBIX Ta30MPOBOIOB HY>KHO YUYHUTHIBATh 3HAUUTEIILHBIC TIEPEIa b
z[aBneHHﬂ Memny HA4YaJIoM H KOHIIOM TpyOompoBoaa. I[lotepu maBieHus

13aBHpr1 Pi_ )Ll rae G maccoBblii G = p;Q
2 d szpl’ 1%

I[Ipy HEU30TEpPMHUYECKOM TEUEHUHM HJCATBbHOTO Ta3a C TPEHUEM B
TpyOONPOBOJE MOCTOSIHHOTO CEYEHHUS! pacIpeesieHne TEeMIEepaTypbl MO JJIMHE
razonpoBoja onpenensercs no ¢popmyJie [llyxosa

I(x) = To + (T - T2) exp[- (amd)/(cp Qu)X];

rne 7, m T. — TeMmmeparypa rasa Ha BXojae B TpyOy M TemmepaTypa TpyHTa,
COOTBETCTBEHHO; o — KOX(QQUIUEHT Temonepeaadyn OT Ta3a B TPYyHT;, ¢p —
TEIUIOEMKOCTh ra3a; (Jy — MacCOBBIM pacxoj ra3a; X — paccTOsHUE OT Hayaia
TpyOONpoOBOJa, a pacipeesieHue AaBISHHs 0 IIIMHE TPYOOIpOBOia ONpeesieTcs
no gopmyiie



px) = {pi — (164 O.F R)/(7°d)[ xT. + (T, - T.) ¢, Ou/(ard)(1 - exp[- (and)/(c,
Owx])}'?.

N3MeHeHne CKOpOCTH IBUKEHU T'a3a BAOJIb KAHAIA IEPEMEHHOTO CEYEHUS
IIPU JO3BYKOBBIX U CBEPX3BYKOBBIX CKOPOCTSIX.

[Ipn ABWXXKEHHMM Ta3a TakOE€ COOTHOIICHHE MOXKET M HE COXPaHUTHCS.
PaccMoTrpuM, ciaydall yCTaHOBHUBLIEIOCS JBUKEHUS HEBA3KOro rasa. [lo ycnosuro
MOCTOSTHCTBA MAacCOBOTO pacxojia BIOJb TpyOompoBoaa duddepenuupys 1o
ypaBHeHUE G = pwV = const u pa3JenuB €ro Ha MPOU3BEACHUE PWV,, TOIYIUM

dw dp dv dv dp v
—=————=—|————1). llonw3ysck ypaBHeHUEM bepHyJUH, TOTy4YUM
w p v v p dv
dv dp v dv [ v?
0 = dv. OTKYI[EI o = > ——p—dp -1)= > \ 7@y —1). Tk CKOPOCTb
P P (%) (a5)

o dp dw dv
3ByKa a ompezensercs popmynoi a = ap TorAa ~ - =C ; — 1). Bennunna
v

OTHOWIEHUIM = — Ha3bIBAIOT 4HMCIIOM Maxa. 13 3T0r0 ypaBHEHHs CleayeT JBa
BBIBO/JIA!

ecau v < @, TO €CTh CKOPOCTh Ta3a MEHbIIE CKOPOCTH 3ByKa, To M < 1 u M? —
1 < 0, BeIpaxkeHue B ckoOKax OyJIeT OTpHUIaTeNIbHbIM, a Toraa npu dw > 0 umeem
dv < 0; mpu yBEIMYEHUHU IUIOMAAN CEYEHHUS ) CKOPOCTbh IBM)KEHMS Tasza Vv
YMEHBIIAETCs, KaK JUIsl HEC)KUMAEMOW KHUIKOCTH);

ecnu v >a M >1uM?—1>0, To ecTh IIpU CKOPOCTAX OONBIINX CKOPOCTH
3Byka nipu dw > 0 umeem dv > 0. CnenoBaTenbHO, TIPU YBEIMUYCHUU TUIONIATN
CEUYEHHsI CKOPOCTh JBM)KEHHS Ira3a OyJeT BO3pacTarh.

7.3. UcTeyeHnue ra3oB u3 OTBEpPCTHH.

CkopocTb ucteuenus raza onpenensercsa popmyinoit Cen-Benana

k-1

= k 14 1_(&)T
2 (k_l)P1 p1

[Ipn agmabaTUYECKOM HCTEYEHUHW Tra3a MacCOBBIM pPacxo]l BHITEKAIOIIETO
rasa paBeH

E k+1
— _k P2k
G =wu Z(k_l)plpl ( )

ko
) (p—z) , TJI€ W - TUIOIalb CEYEHUS OTBEPCTHS, a
1

P1
1~ koddurmenta pacxoma. MakcCuMyM pacxona JOCTHTAETCs MPHU yCIOBUHU, YTO
k

" ﬁ =0, Bip = (—) = (L)E [TonoxuB nnst 1ByXaTOMHbIX Ta3oB k = 1,4,

MONYYHM  fy, = (—)0_4 = 0,528 ~ 0,53unu (p;),, = 0,53p;.



Takum oOpa3om, /Uis JBYXaTOMHBIX Ta30B KPUTHUECKOE JABIICHUE PAaBHO
IIPUMEPHO IIOJIOBUHE JABJIEHUS B PE3E€pBYyape.

CKOpOCTh  HCTEYEHUs, COOTBETCTBYIOLIAs MAKCUMAaJIbHOMY pacxonay
Ha3bIBAETCS KPUTUYECKON CKOPOCTBIO:

k+1 k+1

2 k-1 2 \k—-1
] el
KPy

o pwp, P2 p2? P2

kp1p1

_Gmax_

I
(N
\)

'€ d, - CKOPOCTH 3BYKa, COOTBCTCTBYIOIIA]A YCIIOBUAM Ha BBIXOAC U3 OTBECPCTHAI.
2 s
7.4. I/ICTequHe N3 COoILJIa JIaBaﬂﬂ.

OYHKIUKU ONpPENESIONINe 3aBUCUMOCTh MapaMeTpoB motoka (p, p, T) or
yucina Maxa M (i ko3 puuueHTa CKOPOCTH A) OT MapaMeTpOB TOPMOKEHUS
noToka (po, po, To), HA3BIBAIOTCSA TUAPOAUHAMUYECKUMU (DYHKIASIMHU.
A=V/Vy={(x+ DM?Y[2 + (3 - HM?]}'"> — x0>pPHULEEHT CKOPOCTH;
t=T/To=[1+ (x— 1)M?2]"! — npuBenennas remneparypa;
nt=p/po=[1+ (x— 1)M?2]%%*-D _ npupenennoe naBIeHuE;
£=p/po=[1+ (x— 1)M?2]V&-D _ npuBenennas MIOTHOCTS;
q=(pV)/(ppVip) = M{(y + 1)/[2 + () — 1)M?]} &+ D20=D _ hynkums npuBeJeHHOTO
pacxona.

3aBUCHUMOCTH MEXIY KPUTHUYECKHMMH TMapaMmeTrpamMu (C HHAEKCOM Kp) U
napameTpaMu TopMokeHus (¢ uaaexcom 0), cienyromme
Tip = 2To/(1 +30) ; Pro. = Po [2/(1 + )14,

p =po [2/(1 +]"* Y, Vip IV = Vo [2/(1 + 0]

Vo = (R To)l/z;



I'azogunamMmuveckue pyHkuuu

A T T € q M
0,00 1,0000 1,0000 1,0000 0,0000 0,0000
0,05 0,9996 0,9986 0,9990 0,0788 0,0457

0,1 0,9983 0,9942 0,9959 0,1571 0,0914
0,15 0,9963 0,9870 0,9907 0,2344 0,1372
0,2 0,9933 0,9768 0,9834 0,3102 0,1830
0,25 0,9896 0,9640 0,9742 0,3842 0,2290
0,3 0,9850 0,9475 0,9630 0,4557 0,2760
0,35 0,9796 0,9303 0,9497 0,5243 0,3228
0,4 0.9733 0,9097 0,9346 0,5897 0,3701
0,45 0,9663 0,8868 0,9178 0,6515 0,4179
0,5 0,9583 0,8616 0,8991 0,7091 0,4663
0,55 0,9496 0.8344 0,8787 0,7623 0,5252
0,6 0,9400 0,8053 0,8567 0,8109 0,5649
0,65 0,9296 0,7745 0,8332 0,8543 0,6154
0,7 0,9183 0,7422 0,8082 0,8924 0,6668
0,75 0,9063 0,7086 0,7819 0,9250 0,7192
0,8 0,8933 0,6738 0,7543 0,9518 0,7727
0,85 0,8796 0,6382 0,7256 0,9729 0,8274
0,9 0,8650 0,6019 0,6959 0,9879 0,8833
0,95 0,8496 0,5653 0,6653 0,9970 0,9409
1,0 0,8333 0,5283 0,6340 1,0000 1,0000
1,1 0,7983 0,4546 0,5694 0,9880 1,1239
1,2 0,7600 0,3827 0,5035 0,9531 1,2566
1,3 0,7173 0,3142 0,4374 0,8969 1,4002
1,4 0,6733 0,2505 0,3720 0,8216 1,5575
1,5 0,6250 0,1930 0,3088 0,7397 1,7321
1,6 0,5733 0,1427 0,2489 0,6282 1,9290
1,7 0,5183 0,10003 0,1934 0,5187 2,1555
1,8 0,4600 0,0660 0,1435 0,4075 2,4227
1,9 0,3983 0,0399 0,1002 0,3002 2,7481
2 0,3333 0,0214 0,0642 0,2240 3,1622
2,1 0,2650 0,0096 0,0361 0,1198 3,7240
2,2 0,1933 0,0032 0,0164 0,0570 4,5674
2,3 0,1183 0,00057 0,00482 0,0175 6,1033
2,4 0,0400 1,28*%10* 0,00032 0,0012 10,9570
2,449 0 0 0 0 o0




8. IlogoOme ruIpoMexaHUYECKUX NMPOLECCOB.

Cucrema ypaBHEHHWI JBUKEHHS BSI3KOM HEC)KUMAEMOM KUJIKOCTH MOXKET
ObITh IIpHBENEHA K Oe3pa3MepHOMY BHAY BBEIECHHEM B Hee psAnga Oe3pa3MepHBIX
guceNn moaoOus (Wi KpUTepueB momooOus). BBemem Oe3pasmepHbIe 3HAUYCHHS
BPEMEHHU, KOOpPJMHAT, CKOPOCTEH, AaBICHUS M OOBEMHBIX CHUJI OTHECEHHEM
pa3MEPHBIX BEJIMYMH K XapaKTEpHOMY JUIS 3aJlauyd BpeMeHHU T, K XapakKTepHOMY
pasMmepy TeueHus L, Kk XapakTepHOU CKOPOCTH V, K XapaKTEPHOMY JaBIIEHUIO P, K
xapakTepHo MmaccoBoi cune F coorBerctBeHHo. Ilomeuass Oe3pazmepHbie
TIepeMeHHbIe ITPHXOM, TonydunuM t = Tt, x = Lx', y =Ly, z=Lz, u = Vu',
v=Vv',w=Vw,p=Pp,F =FFF,=FF/',F, =FF,.

VYpaBuenust HaBbe-CTokca B Oe3pa3MepHBIX IEPEMEHHBIX IPUMYT BU

ou’ cou’ ou’ ou 1 v ap’ 1
Sh—+u — UV — w—=—F —FEu— 7
ot + ox + dy + 0z Fr % 0x R 9%u Iazu’,azu' ’
e 12 1 ay'z |azy2
ov’ oV’ v v 1 ap’ 1
Sh_, u e v — w i _F - Eu_, 7 7 7
a0 TU S T dy TW o TRy oy Re<62v 62_v+62v)’
ax2  9y2 9z2
ow' row’ row’ row’ 1 ., ap’ 1
Sh—+u—+v—+w — =—F, —Eu—p+
at Ox dy 0z Fr

' 2w’ 2w’ 2w\ ?
o T R
rae Sh, Eu, Fr, Re — 6e3pa3mMepHsbie uncna nonodus. ta popma ypaBHEHUH BaxkHa
JUISl IOHUMaHUsl BO3MOKHOCTH MOJICIMPOBAHUSI HATYPHOT'O TEUEHUS HA MOIEIH.
OOBIYHO TEOMETPUYECKUM pa3Mep MOJIEIM BO MHOI'O pa3 MEHbBIIE pPa3MepoB
HaTypHOTO o0BbekTa (Hampumep, camosneta). Yucno PeliHonbiaca Re — oTHomeHue
MPOU3BECHUSI CKOPOCTH V, XapaKTepHOIo pazmepa TeueHus: L u mioTHoCcTH p K
koddummenty Bszkoctu y. Yucno PeitHonbaca Re oTpakaer mepy OTHOIICHUS

VLp o
CUJI MHEPIIMU K cujiaM BsI3Koro TpeHus Re =—. Yucno Diinepa Eu — oTHO1IEHHE
u

JIaBJICHUS P K yIBOGHHOMY CKOPOCTHOMY Haropy pv?; Eu = #. Yucno Opyna Fr

- OTHOIIECHHUE KBaJpaTa CKOPOCTM K MaccoBOM cuie F, yMHOXEHHOW  Ha
2

o 4 o o
XapakTepHbli pazmep L teuenus Fr = R IIpn maccoBoil cuie, co31aBaeMOU
cuIoM TspkecTH, uuciio Dpyna mpeacTaBisieT co00OM  Mepy OTHOLIEHHUS CHII
WHEPLUU K CWIE TSHKECTH. B HEKOTOPBIX KHUTax yucio @pyna BBOIAT Kak Fr =

4
T Yucno Crpyxans Sh — oTHOmIEHHE XapaKTepHOTO pa3mepa TeueHus L k
L

IPOU3BENICHUIO CKOPOCTH V U XapaKTepHOro BpeMeHH 3aaauu T Sh = o

9. O0rexanue Teja MOTOKOM KHIKOCTH.

Pacuer JABHIKCHHUA TBCPAOro TCjla B JKUAKOCTH W Tra3c HIH oOTekaHue
KUAKOCTBIO WM ra3oM TBEPAOro HCIMOABMIKHOIO TCJda - OYCHb BaXXHaA 3ajJavda
TMAPOMEXaHHUKH. HpI/I 00TEeKaHUHU ITOTOKOM KHUAKOCTH IIJIAaCTHUHBI, YCTaHOBHCHHOﬁ



NEPIEHNKYJIAPHO IOTOKY, JKMIKOCTh JAaBUT HA IUIACTMHY C HEKOTOPOW CHIIOH,
KOTOpasi paBHa CUJIE COINPOTHBIIEHUS CO CTOPOHBI IUIACTUHBI HA JKUJIKOCTh. DTy
CUJIy HA3bIBAIOT CONIPOTHUBIICHUEM JABJICHUS F),,, 1 OHA ONPENEIACTCS PA3HOCTHIO
JABJICHUH, BO3HMKAIOIIMX HA HABETPEHHOM U IIOJABETPEHHOW IOBEPXHOCTIX
oOtekaemoro Tena. OHa 3aBUCUT Takxke OT QopMbl oOTekaemoro Tena. Ilpu
pAaCIIONOKEHUU IUIACTUHBI BJOJIb II0TOKA, OKAa3bIBAEMOE €I COINPOTUBIICHUE
IPOUCXOAUT OT CHJI TPEHHUS, BOZHUKAIOIIKX Ha OOKOBBIX OBEPXHOCTAX IJIACTHHBI.
OTy 4acTh CONMPOTHBICHHS HA3BIBAIOT CONPOTUBICHUCM TpPCHHS Fyy ey OUCHB

4acTO CONPOTHBIICHHS JABJICHUS U TPEHUS CYIIECTBYIOT OJHOBPEMEHHO, U TOTJa
TMIOJTHOE COMPOTHUBIICHUE F €CTh CyMMa 3THX COMPOTUBICHUN F = Fyu0, + Fyporin-
2
u
ComnpotuBnenue F omnpenensiercss no ¢opmyie HoiotonaF = cwp %, rae ¢ —
KO3 (DUIIMEHT CONMPOTHUBICHUS; @ - IJIOMIAh CEYCHHUS Tela B CaMOM IIMPOKOM
MECTe — IUIONIaab MUJENIS; P - TUIOTHOCTh JKHJIKOCTH WJIH Ta3a; Uy, - CKOPOCTh
HEBO3MYIIEHHOTO HAOeralpIiero MoToka B MECTe, HaXOASAIIeMCs JaJIeKO Tepe

00TEKaeMBIM TEJIOM. COI'[pOTI/IBJ'IGHI/Ie HaBJICHUA OIIPCACIIACTCA II0 3aBUCHUMOCTH
2

u
Fyger = Crwp %, 7€ C;7 - KOOPUIHMEHT COMPOTHBICHUA aBienus. Koodduument

CONPOTHUBJICHUS JABJICHUS 3aBUCUT Kak OT (POpMBbI, Tak U OT uuciia PeliHonbaca
Ugol o o
Re =T’°, rae / — xapakTepHbId NONMEpPEeYHBbIM pa3Mep Tena; V - KO3(PQPUUIUEHT

KUHEMATUYECKOU BA3ZKOCTH V = %.

[Ipountoctpupyem MaTepual perieHuemM 3a/layu pacuera
a’POAMHAMHUYECKOTO COMPOTUBIECHUS TPY30BOTO aBTOMOOWJSL TMPU CKOPOCTH

Km M
NBUXKEHUs U, = 90 — = 25-. KoapduuueHT conpoTUBICHUS] TPUMEM PaBHBIM
) C
Ke
Cp = 0,9, womanps MuAeas w = 4m?, TIOTHOCTH Bo3ayxa p = 1,25—. Cuna
M
a’pOJIMHAMUYECKOTO COMPOTUBIICHUS BBIYHUCISETCS O (opMyJie

2
25 ()
Foaen = cqop——== 0,9 42 - 1,25 ———

YacTb  MOIIHOCTM  JBWUraTess, 3arpauydBaeMasi Ha  IPEOJIOJICHUE
a’pPOIMHAMHUYECKOTO COMPOTUBIIEHHUS], PaBHA MPOU3BEACHUIO CKOPOCTH JBUKEHUS
Ha CHIIy COINPOTHUBIICHUS

= 1406,25H

M
Ny = Foggth, = 25— - 1406,25H = 35156,25Bm ~ 35xBm
C

= 35kBm - 1,36 ——— = 48c
xkBm
Ecnu monHas MOIIIHOCTH ABUTATENS TPY30BOT0 aBTOMOOMIIS cocTaBisieT 210
JI.C., TO MPUMEPHO OJIHA YETBEPTh MOITHOCTH IIPY ITOM CKOPOCTH 3aTPAUYNBAETCS HA
MPEOJOJIEHNE A3POAUHAMUYECKOTO COMPOTUBIICHUS. J[0JI1 MOIITHOCTH ABUTATEIS,
3aTpayuMBaeMasl Ha a’pOAUHAMUYECKOE COMPOTHUBIICHUE, BO3PACTAET KaK TPEThS

crenenb ckopoctr Ny = ¢w (2) U3,
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