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BBEJIEHUE

[lepen Bamu, yBa)kaeMblil uyuTaTeNb, yieOHOE MOCOOUE, KOTOPOE MPU3BAHO MO-
MOYb BaM B U3YYEHUU IUCHUIUIMHBI « TexHUYeckas rupoMexaHuka» (TUIpaBivKa) U
BBITIOJTHEHUH KOHTPOJBHBIX paboOT.

Tuopomexanuka v3ydaer 3aKOHbBI, YCIOBUS PABHOBECHSI U JIBMXKCHUS KUIKOCTEH
U CIIOCOOBI MPUMEHHUS STUX 3aKOHOB ISl pEIICHUS TPAKTUYECKUX 3a]1a4.

3aKkonsl cudpomexanuKu Ha MPAKTUKE IPUMEHSIOTCS BE3/IEe, II€ B TEXHOJIOTUYE-
CKHX MPONECCaX UCIOIb3YETCS HEMOABUKHAS WIIN JIBHXKYILASACS KUIKOCTb.

3akonwvl cudpomexanuKu— 0CHO6a pacuemos ¢ Hejhmezazoeom oene.

OcHnoeHnasn yenp IpY N3YYECHUU THUIPOMEXAHUKHU — HAYUUMBCA PeUuiamsy 3a0aiu.

Umoo6vl nayuumsvca pewiams 3a0aiu, HEOOXO00UMO:

e I3yuuth u xopouo nounumare A3BYKY mexunuueckoii zuopomexanuku —
COJIEp’)KaHHE€ OCHOBHBIX TMOHSTHUM, TAKUX KakK JABICHUE B XKUIKOCTHU, CHIIA
JTABJICHUS KUJIKOCTU HA MOBEPXHOCTh, SHEPTHUS, PACXOJI, CPEIHSSI CKOPOCTh,
HaIop u Jp.

e 3HaTh M MOHUMATh 3aKOHbl MEXAaHWKHU, ONPEICISAIONINE YCI08UA PABHOGE-
cusa’ JcuoKocmu u meepoozo mena B KXUIKOCTH.

e 3HATh U IOHUMATh 3AKOHbI COXpaHeénusa MacChbl 1 SHCPTUHU.

3AIIOMHMUTE!

Pemats rumpoMexaHWYeCKHe 3aaddl IO AHAJIOTHH, WCIOJIb3Yysl HEKHl Habop
CTaHAAPTHBIX (POPMYII, He3 ROHUMAHUA CMBLCIIA MO20, YMO 6bl Oelaeme — CaMoe He-
OJilarolapHO€ 3aHSATHE U IIyCTasi TpaTa BPEMEHU JJIs Balllero 00pa3oBaHusl.

Oma KHuza He TOJBKO MOCOOME MO pelIeHUIo 3a7a4. B Hell mpuBeIeHbl Takxke
CBEJICHMUS, TIOSICHSIIOLIE CMBICII M COJICP’KaHUE OCHOBHBIX MOHSATHUNA M 3aKOHOB THJPO-
MexaHuKu.. Hampumep, Bo BTOpOM pa3zesie pacCKa3blBAE€TCS O MPOUCXOXKIACHUU Pas-

JIMUHBIX CHJI, PACKPBIBACTCA UX (1)1/131/1%01(2151 Impupozaa. Ha HepBLIﬁ B3IJIA 4, U3J1aracmas

1
HOI[ PAaBHOBCCHUECM B MCXAHUKC IMTOHUMAKOT HCIIOABUKHOCTD UJIM PABHOMCPHOC ABHUIKCHUC.
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31ech nH(pOpMalKsa HE UMEET HETOCPEICTBEHHOTO0 OTHOIIECHHUS K TeMme. B KoHIle KOH-
IIOB, MOKHO YCIEIIIHO pelaTh 3a7a4yd U He 3HaTh, YTO 3HAKOMAsi BCEM HaM /10 0OJH CH-
J1a TSKECTU €CTh CIIEICTBUE UCKPUBJIEHUS IPOCTPAHCTBA, B KOTOPOM MbI C BAMU KUBEM.
MoxHO, HO..... HeT Hy»X/1bl HAIOMUHATH BaM, YUTATENb, YTO HEYUYET AK€ OJHOU CHUIIBI
IpU PELICHNUH 3a/1a4il 3a4acTy0 CBOJUT Ha HET pe3yibTaT TPyI0eMKON paboTbl. YTOOBI
MPAaBUJIBHO PEIINTh 3a/1ady, HE0OX0AUMO “yBUAETH BCe 0€3 HCKIIOUEHUS CHIIBL. A 3TO
MOJKHO CJIelaTh TOJILKO B TOM CJy4ae, €Cil XOpOILO MOHUMAaTh, OTKY/Aa 3TH CHUJIbI Oe-
pyTcs.

Jma KHuca paccuyuTaHa Ha JIFOOO3HATENBHOIO YWTATENs, YMEIOIIEro IyMaTh,

niu, 110 KpaﬁHeﬁ MCpEC, KCIAIICTO HAYIYUTHCA AYMATh.

BHUMAHHUE!
Ilepeo evinonnenuem konmponwvuvix pavom HEOBXOAUMO uzyuumo memo-
OUKY peuieHus CIMaHoapmuslx 3a0ay.
B nomoip BaM, yBakaeMblil uMTaTellh, PEKOMEHIYIOTCS CIEAYIOIINE y4eOHbIC
nocoOusi U yueOHUKH:
1. Pozenbepr I'. [I. COopHUK 3amay MO THAPABIWKE W Ta30JMHAMHKE IS
HeTAHBIX By30B. —M: Henpa, 1990.
2. PaounoBuu E. 3., EBrenneB A. E. ['mapasnuka.- M: Henpa, 1987.



PA3JIEJ 1
OCHOBHOE COJIEPKAHUE
JTUCHUATLIIAHBI

Kypc cocrout n3 nByx yacted - THAPOCTATHKY U ruapoanHaMuku. Huxke nepe-
YUCJIEHbI OCHOBHBIE 3aJa4M, KOTOpbIE BbI, yBa)kaeMblil UMTATENb, JOJKHBI HAYYUTHCS

peuiaTh IIOCJIC N3YUCHUA KypCa THAPOMCXAHUKH.

I'MAPOCTATUYECKHUE PACUETHI -

OCHOBAaHbI HA YCJI0OBUSAX PAaBHOBECHS KUAKOCTH H TBEPAOTO Te€JIa B JKUIKOCTH

o Onpenenenre ruipoCTaTUYECKOTO JABIECHUS 0 OCHOBHOMY YPaBHEHUIO TU/I-
POCTaTHKH.
o [TpunHIUTIBEI AEWCTBUS PUOOPOB sl U3MEpeHUs naBiieHus. CBsI3b MEXIY TO-

Ka3aHUSIMU MaHOBaKyyMMETPOB U a0COIIOTHBIM JIaBJICHUEM.
o 3ajaun ¢ UCMOJIb30BAHUEM OCHOBHBIX 3aKOHOB THAPOCTATHKU: 3akoHa [lac-
KaJis, 3aKkoHa Apxumena, 3akoHa ['yka.
o Onpenenenve NaBIeHUS B )KUAKOCTU U CUJI IABJICHUS KUJKOCTH HA MOBEPX-
HOCTH TBEPJOTO TeJa JJIsl IBYX CIy4aeB:
1) PesepByap ¢ )KUJIKOCTHIO HEMOABUKEH (a0COJIIOTHBIN MOKOH);
2) PesepByap € )KHIKOCTBIO JBUKETCS IMOCTYNATENIbHO C YCKOPEHUEM WITU
BpallaeTCsl C MOCTOSIHHOW YIJIOBOM CKOPOCTHIO (OTHOCUTENBHBIA TO-
KOM).
o Perienrie MHKEHEPHBIX 3a/1a4 C UCIOJIL30BAHUEM YCIIOBHI paBHOBECHUS KU/I-
KOCTH U TBEPJIOIO TeJIa B )KUIKOCTH.

I'MAPOANHAMUNYECKHUE PACUYETHI -

OCHOBAHbI HA 3aKOHAX COXPAHCHHUHA MACCHI U JHECPIrun

° Onpenenenue norepb Hamopa Ha MPEOJOJICHUE THUIAPABIMYECKUX COMPOTHUB-
JICHUMH.
° Pacuer TpyOGOmpoBOMIOB MJis MEpPEeKAYKU JKUAKOCTEH W Ta30B— OINpeJeeHUe

pacxojia, 1aBJICHUs], TuaMeTpa TpyOooIpoBoia.
o Omnpenenenrue CKOPOCTH U pacxoja MpU UCTEYCHUH KUIAKOCTH Yepe3 OTBEp-
CTHUS U HACAJIKU Pa3JIMYHBIX TUIIOB.

® KaBI/ITaHI/IOHHBIe pPacCUYCTHhI.



OnpeneneHHe IMOBBIIICHUA JAaBJICHUA TP THAPABJINYCCKOM YyJaape.

Pacuer razonpoBo10B.

Bonpocsl 1i1s camonpoBepKu

9.

I'mapocraTuka

OO0psacHuTe (pU3NMUECKHl CMBICT TMOHATUN: a0CONIOTHOE THIPOCTATHYECKOE J1aB-
JIEHUE B JKUJIKOCTH, JaBJIEHUE CTOJI0A KUJKOCTH (BECOBOE JaBJICHUE), MAHOMET-
PUYECKOE U BAKYYMMETPUUYECKOE JIaBJICHHE, JaBICHUE HACHIIIEHHOTO Mapa >Kuj-
KOCTH, JIaBJICHHUE >KUJKOCTU B TOUKE TTOBEPXHOCTH TBEPJIOTO TEja, CUJia JaBICHUS
KHUIKOCTH, IIEHTP TSAKECTHU IIIOCKON (PUTYPBI, IIEHTP BECOBOTO JABJICHUS >KUKO-
CTH, CHJIa BHEILIHErO JAaBJIEHUS HAa IOBEPXHOCTh TBEPJOrO Te€Ja, MJIOTHOCTh KU
KOCTH, MOJ1yJIb OOBEMHOM YIIPYTOCTH.
OcHOBHBIE 3aKOHBI TUAPOCTATUKH: 3aKOH ['yka, 3akoH Ilackans, 3akoH coxpaHe-
HUS DHEPTUU (OCHOBHOE YpaBHEHHE TMIPOCTATUKH ), 3aKOH ApXuUMea.
ChopmynupyiiTe ycIoBUSI paBHOBECHUS KUIKOCTH.
ChopmynupyiiTe yciaoBus paBHOBECUSI TBEPJOTO TeJa, HAXOSAIIErocs MOJ JAei-
CTBUEM CHJIbl JIABJICHHSI CO CTOPOHBI >KMJIKOCTU U JIPYTUX CHUJI (CHUJIBI TSKECTH,
CWJIbl YIPYTOCTH TIPYKUHBI, CUJIBI TPEHUS MMOKOS, CUIIbI aTMOC(HEPHOTO JAaBICHUS
u ap.).

e B ciydae BO3MOXKHOIO MOCTYNATEIbHOTO IEPEMEILICHHUS.

e B ciydae BO3MOXKHOIO BpalaTeJbHOIO JBWKEHUS (IIPU HAIMYUU OCH T10-

BOPOTA).

[TpuHIUTIBI U3MEPEHUS AABICHUS B KUAKOCTH. DOPMYIIBI CBSI3U MEXKIY MOKa3a-
HUSIMU NTPUOOPOB U aOCOITIOTHBIM JIABICHHEM.
Kak omnpeaenuts cuity naBiieHHs] €TOJIOA JKUJIKOCTU Ha IJIOCKYH0 IMOBEPXHOCTh
TBEPAOTO Tea (MOJyJib. HAllPaBJIEHUE, TOUKY PUIIOKEHUS)?
Kak onpenenuts cuny naBieHUs ra3a Ha IJIOCKYIO TMOBEPXHOCTh TBEPJOTO Tela
(MOZyJIb. HAIlpaBIICHHUE, TOUKY MPUIIOXKEHUS)?
Teopema Bapunbona. Kak onpenenuts CyMapHyIO CUIYy JABJICHUS HA TUIOCKYIO
MOBEPXHOCTH TBEPAOIO Teia (MOYJb. HAIPaBICHUE, TOUKY MPUITIOKEHHUS)?

CdopmynupyiiTe ycaoBus IiaBaHus TEN.

10. KaBI/ITaHI/IH B KHIAKOCTH. CJIGI[CTBPIH KaBUTallUM Ha IPHUMCPC BCACBIBAIOIICTO

TpyOOmIpoOBOIa Hacoca.

11. Onpenenenune naBieHUS U CUI AABJICHUS IIPU MOCTYIIATEIIBHOM MIEPEMEIIEHUH C

YCKOPEHHEM U MPU BPALIEHUH pe3epByapa C )KUIKOCTbIO.

-6-



I'mapoaunamuka

1. O0bsicuuTe HU3NYECKUN CMBICH MOHATHUM: BA3KOCTh KUIAKOCTH, MECTHASI U Cpe-
HSI CKOPOCTb, pacxo]l (0ObeMHBIA. MAcCOBBIH M BECOBOM), CMOYEHHBIH IEpH-
METp, TUAPABIMYECKUI AUAMETp, SHEPrusl - MOJHAsA, yAelbHas, KUHeTHYecKas,
MOTEHIMAIbHASL SHEPTUs MOJIOKEHUS, TOTEHI[MAIbHAs YHEPrusl JaBleHus, pado-
Ta, pa3HUIIa MEXIY dHEpruerd u paboTod, KOdDPUIMEHT MOJIIE3HOro ACHCTBUA
MEXaHU3Ma, TUHAMUYECKUN U KUHEMATHYeCKH KOd(DPUIIMEHTHI BA3KOCTH, BSI3-
KOCTh TuiacTuyeckas u 3¢ (GeKTUBHAs, HbIOTOHOBCKUE U HEHBIOTOHOBCKHUE >KH]I-
KOCTH, BSI3KOTUIACTUYHAS AKUJKOCTb.

2. ChopmynupyiTe 3aKOH COXpAaHEHHs] MACChl MIPU JIBUKEHUU KUIKOCTU U rasza. B
KaKOM CJIy4yae 3aKOH COXpPaHEHHsI MacChl SKBUBAJICHTEH 3aKOHY COXPAaHEHHUS 00b-
€MHoro pacxoja?

3. Hanummure ypaBHeHHMe bepHyiun 11 naeaabHON U PEaIbHOM KUIKOCTH B BUJE:

e (ajaHca MOJHBIX YHEPTUK;
e (ajaHca dHEpruil Ha eIMHUIlY Beca (HarmopoB);
e (QayaHca SHEPruil Ha eIUHUILY O0BEMa.

4. Kakuve Tumbl THAPABINYECKUX CONPOTHUBICHUN BbI 3Haere? [lo kakoi mpuuuHe
MOSIBJISIFOTCSI CONPOTUBIICHUS 110 JuIMHE 1ToToka? Ha uro 3arpaunBaeTcsi 3HEprus
IPU MPOXOKACHUH KUJIKOCTHA YEPE3 MECTHBIE TUAPABIMYECKUE COTPOTUBIICHHMS ?

5. Kak omnpenenuts pexXxuM JBUKEHUSI HbIOTOHOBCKOM >KUAKOCTU? BszkormacTuy-
HOM XUAKOCTU?

6. Kakoilt ¢pusuueckuit cmpici yncna Re?

7. Ilouemy kpurHueckoe 4uciao PeinHonbaca Re,, B BI3KOIUIACTUYHOW KUIKOCTH
MEHBIIIE, YEM B HhIOTOHOBCKOM?

8. OT xakux (HakTOpOB 3aBUCUT KOIPPUIMEHT TUIPaBIMUYECKOTO TPEHHUS MpH Jia-
muHapHoM pexxume? Ilpu TypOyneHnTHOM pexume? UTO Takoe TruapaBIMYeCcKH
riagkas Tpy6a? ['mppaBnuyecku mepoxoaras Tpy6a? Kakum oOpazoM MOKHO
MPEBPATUTh TUAPABINYECKH TTAJKYIO TPYOy B THIPABINYECKHU MIEPOXOBATYIO?

9. Meronvka TpUMEHEHHs] YpaBHEHUs bepHy UM JUisl pellleHHs] MPAaKTUYECKUX 3a-
nad. [TpunHIun BeIOOpa CEYEHHI U TUIOCKOCTU CpaBHEHUs. UTO 03HA4YaeT Kaxmoe
cinaraemoe B ypaBHeHMHM bepuymin? B kakux ciaydasx MOXKHO MpeHeOperaTh
CKOPOCTBIO IBMXKEHHMS )KHJIKOCTH B CEYEHUSIX MIOTOKA?

10.Tpu ocHOBHBIE 3a7aud pacuera TpyOONpOBOAOB U NYTH UX pelieHus. MeTosl
pellleHus] TPAHCLUEHACHTHBIX YpaBHEHUH (TpauuecKuil U YHCICHHBIE).

11. KaBuTannoHHbIN pacyeT BCAaChIBAIOILIETO TPyOOIPOBO/Ia Hacoca.

12. OcHOBBI pacuera ra3onpBOIOB.

13. Onpenenenue pacxoja U CKOPOCTH MPU UCTEUYEHUHU KUAKOCTH. CpaBHEHUE HC-
TEUEHUS Yepe3 OTBEPCTUS M HACAJKU pa3IMYHBIX TUNOB. BeacwiBaromuii apdexr
Hacajka. KaBuTanus B Hacajke.

14. Ot xakux ($hakTOpOB 3aBUCHUT MOBBIIICHUE AaBiIeHUS Mpu ruapoyaape? CrocoOsl
O0pBOBI C THAPOYIAPOM.

Omeemul HA OCHOGHbBIE 80NPOCHL, HEOOXOAUMBIC NIl TOHUMAaHUSI Kypca, Jar0TCs
B ITOCOOWH TIPH PEIIEHUHN CTAaHAAPTHHIX 3a7a4.



PA3JIEJ 2
OCHOBBI TUJPOCTATUKU

2.1. CHJIBI

Cuna - kon1uuecmeeHHnasn mepa e3aumooeiicmeust deyx meée.i.
)_IBe KaTeropmu CuJI:

= MaccoBbl€ - IPOMOPLUUOHATIbHBI Macce Tejla B MexaHuKe 3To cuiia TSKECTH
G=m g v cuna unepuuu F,=m-a.

- HOBerHOCTHBIe cuiabl. OHU MOSIBISIOTCS HA KOHTAKTE ABYX TCJI 1 UMCIOT JJICK-
TPOMArHuTHOC MPOUCXOKICHHC. B mexanuke KHUIOKOCTH 3TO CHUJIbI AAaBJICHUS KU/ -
KOCTH Ha CTCHKHU, PCAKIIUU HOBerHOCTeﬁ, CWJIbI AAaBJICHUA ra3a v Ip.

IposiBieHus neliCTBUS CHJI:
= Tena neopMUpYIOTCS.
> [Ipu ABM)KEHUU U HAJTMYUW HEYPABHOBEIICHHOW CHUJIbI MOSIBIISIETCSI YCKOPEHUE.

Enununa cuiel - HptoToH (H) HeBenuka o yenopeyeckum mepkam. OTHUM MU3UHIIEM
MOYKHO MPUJIOKUTH CUITY B HECKOJIBKO HBIOTOHOB.

3axkonbl HboroTOHA

[lepBolii 3axkou: Eciu pagnooeticmgyrouas 6cex cul, 0eticmayiowux Ha meo,
PABHA HYJII0, MO MeJI0 HAX0OUMCs 8 COCMOSAHUU NOKOS UTIU OBUMCEMCS ¢ NOCMO-
SAHHOU CKOPOCMBIO.

Bropoii 3axon: /lpu nanuuuu neypagnoseuennoul cuvl F meno osudicecs ¢ yc-
kopenuem a. Ilpu smom F=ma.

Tpernii 3axou: [lpu 63aumoodeticmeuu cecoa ecmov 08e cuivl. OHU pagHbl HO Ge-
JUYUHE, NPOMUBONONONCHBL NO HANPABIEHUIO U NPUTLOHCEHBL K PAZHBIM MENaM.

2.1.1. CUJIbI TATI'OTEHUSA

Cwitbl TATOTEHUS UTPAOT OIPOMHYIO POJIb B )KM3HU HAIlIeW IUTaHEThI. be3 Tarore-
HUS HE CYILIECTBOBAJIM Obl HU OKEaHbI BOJIbI, HU BO3AYLIHBIN OKeaH. Bech kiumar muia-
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HETHI ONpEJIETACTCS B3aUMOACHCTBUEM JIBYX OCHOBHBIX (DAKTOPOB: COJIHEUHOM JIesi-
TEJIbHOCTU Y 36MHOTO MPUTSKECHMUS.

['paBuTanIKs HE TONBKO YJIEPKUBAET HA 3EMJIC JIFO/IEH, ’KUBOTHBIX, BOAY U BO3-
IyX, HO U COKUMAET UX. DTO CKATUE Y TIOBEPXHOCTU 3EMJIM HE CTOJIb YK BEJIMKO, HO
pOJIb €T0 HEMaJIOBaXkHA. BceM M3BECTHO, YTO YTOHYTh KOPAOJII0 MEIIaeT 3HaMEHUTAs
cwia Apxumesa. A Beib OHa MOSBIsIETCS Oy1arogaps TOMy, 4TO BOJa CKaTa TATOTEHUEM
C CHJIOH, YBEJIMUMBAIOIICHCS C pOCTOM I'TyOHHBI.
3aK0H BCEMUPHOIO TATOTEHUSA

OtkpeIT BenmukuM HetotoHOM B 1682 rony: Cuna 83aumnozo npumsdsicenus aio-
ObIX 08YX mel, pazmepsbl KOMOPbIX 20PA300 MeHbULe PACCIMOAHUS MeHCOY HUMU, NPO-
NOPYUOHATLHA NPOU3BEOCHUIO MACC IMUX Mel U 00pamHo NponopyYUOHAIbHA KAOPamy
PACCMOSHUS MeHCOY IMUMU MeNAMU.

Tak, cuna nputskeHus G MeXIy T€JIOM Maccoi m U 3eMJied paBHa:

G=g-m-M/F,
rae M - macca 3emiH, g - TpaBUTALMOHHAS IOCTOSIHHAS, ¥ - PACCTOSTHUE OT TOBEPXHO-
CTH 3eMJIu 70 ee 1eHTpa ( paanyc 3eMiH).
BeezeM o6o3Hadenue: g - M /¥’ =g - yckopenne cBoboxoro nagenus. Tora:
G=mg.

DTO ypaBHEHHE MMOATBEPKIAET HEOOBIKHOBEHHOE CBOMCTBO I'PABUTAIIMOHHBIX
CHWJI, YCTAHOBJICHHOE 3KCIIEPUMEHTANBHO: 2PAGUMAUUOHHBLIE CUIbL COOOUWAIOM 8ceM
menam 00UHAaK080€ YCKOPEeHue, Komopoe He 3a8UCUm Hu om cocmasa, Hu om cmpoe-
HUS, HU OM MACCbl CAMUX mel.

CdopmynrupoBaB CBOI 3HAMEHUTHIN 3aKOH BCEMUPHOTO TATOTeHUs, HpIOTOH T10-
CTaBWJI Mepe]l HayKoi riyOodaiiinidi BOIPOC: YTO TAKOE rpaBUTALUs, KAKOBA €€ MPUpPO-
114, KaK MepeaaeTcsl B3aMMOICCTBUE MEKY TATOTCIOIIUMU MACCAMMU?

Cam Hpl0TOH HE MOT OOBSICHUTH MPUPOJY TSITOTECHHUS BCIAEACTBUE COCTOSHUS TO-
rJalHed HayKu, U TOoJIbKO B 1916 rogy renuit AnbOepra DWHINTENHHA U CO3AaHHas UM
TEOpHUSI OTHOCUTEIBHOCTH MO3BOJIUIIN OTBETUTH HA 3TOT BOIPOC.

IpyHIMI SKBUBAJTEHTHOCTH

[IpencraBbTe cede, 4TO Bbl HAXOAUTECH B KaObuHE “miafatomero audra” (cM. pu-
CYHOK).

Ha teno maccoi m 1eicTByeT cuia TSKECTH, paBHAs M -g U
CUJIa UHEPUMH, HATTPABIICHHAS B CTOPOHY,
MIPOTHUBOMOJIOKHYIO YCKOPEHUIO U paBHAsl TOXKE m g (€Cu yc-
KOpeHue paBHoO g). [Ipu 3ToM pe3yabTHpYIOIIas CHJIA,
JNEUCTBYIOLIAsl HA TEJIO0, paBHA HYJH0. MIHave roBops,
TPaBUTALIMOHHBIE CUJIbI, IBCTBEHHO MPOSIBISIONINECS B CBSI3aH-
HOM ¢ 3eMJieil cucTemMe oTcueTa, MCYe3aloT, €CJIM EPEUTH B
CBOOOTHO ITa/IAFOIIYI0 CHCTEMY !

[IpyHUMI IKBUBAJIEHTHOCTH JUHIITEHHA 3aKIIFOYAETCS B
CIEAYIOLIEM:

Tscomenue 6 Kaxcoou mouke npoCmMpancmea IK6UBANEHMHO COOMEEMCMEYIOWUM 00-
PA30M no00OPAHHOMY YCKOPEHUIO CUCMeMbl Omcyema.
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OTOT NPUHIIMI ¢ HEM3OE)KHOCTHIO MPUBOJIUT K YCTAHOBIICHUIO TECHEHIIICH CBSI3U
MEXXIy TPaBUTaAllMEN U TEOMETPUEH.

HckpuBiieHue CBETOBBIX JIy4el

[TokaxxeM, 4TO CBETOBOM JIy4, KOTOPBIH SBIISIETCS 3TAJIOHOM MPSAMOM JIMHUH, OY-
JIET OTKJIOHATHCS B YCKOPEHHO ABMKYIIEHCS CHCTEME OTCUETA.

IIpencraBbre cede, 4TO BBI eeTe B moe3zae. Vet 10 ap, U Kaiu Ipo4epurBaroT
IOJIOCKH Ha cTekiax. Eciu noes3n ABmxeTcs paBHOMEPHO, TO MOJIOCKU OYIyT IPSIMBIMHU.
[Ipy yCKOpEHHOM JBM>)KEHUU MOE3/1a OHU U30THYTCA. [IpsMble TMHUY NpEeBPaTUIINCH B
KpuBble!

BeiBoa: YVckopenue cucmemvr omcuema mensiem ceomempuio npocmpancmed.
CBsi3b TATOTEHUS C FreOMeTpHel MPOCTPAHCTBA

A Tenepb BCIOMHHUM, YTO B COOTBETCTBUM C IIPUHLUAIIOM DWHIITEHHA YCKOPEHHE
DKBUBAJICHTHO HAINYHUIO TATOTeHUs. ClIe10BAaTEIbHO, OTKIIOHEHHE CBETOBBIX JIYUEH,
PABHO KaK M Jy4eld, 00pa30BaHHBIX OTOKAMM JIFOOBIX YACTHUL, 101 BIUSHUEM TATOTE-
HUSI HeM30€KHO. ACTPOHOMHUYECKHE HAOIIOICHUS TOITBEPKIAI0T, UYTO CBETOBBIC JTyUn
OTKJIOHSIFOTCS IO/ BIMSIHUEM TIATOTEHUS B CTOPOHY COJIHIIA.

B noscenHeBHOM KU3HU MBI I10JIb3yEMCs IIPUBBIYHON HAM reoMeTpuer EBkimna,
KOTOpas 0azupyeTcs Ha psJie MOCTYJIATOB, TAKUX, KaK: CyMMa yTJIOB TPEYroJbHUKA
paBHa 180° ; oTHOILIEHUE JJIMHBI OKPYKHOCTH K €€ TMAMETPY PABHO YUCIY T ; UEpE3
JB€ TOYKHA MOKHO IIPOBECTH TOJIBKO OJHY NPIMYIO JUHHUIO; YEPE3 TOUKY, JIEIKALLYIO BHE
IPSAIMOM, MOKHO IPOBECTH TOJIBKO OJIHY MPSAMYIO, HapAJLICIBHYIO TaHHOM. ..

['eomeTpuyecKkyro MOAEIb HALLIEro MPOCTPAHCTBA, 00JaJa0IEr0 EBKIMI0BBIMU
CBOMCTBaMH, MOKHO JIETKO BOOOPA3UTh, €CIIM MPEACTaBUThH ce0e Pe3MHOBYIO TUICHKY C
HAHECEHHOU Ha Hee CEeTKOM (HEBO3MYIIEHHOE MPOCTPAHCTBO).

Ho BoT MBI HataBuIM nanbLeM Ha KaKOM-TO
Y4acCTOK IJIEHKH DTOT y4aCTOK PACTSAHYJICH,
VU3MEHUJIUCH YIJIBI MEXKY JIMHUAMU, CYMMa
YIJIOB TPEYTOJIbHUKA CIea1ach OTIIMYHON
o~ f OT p , IPOU30LLIO HapylieHue EBkinaoBoi
reoMeTpun. OTMETHM, YTO, UeM OJIHKe
HaXOJMTCS y4aCTOK IUIEHKH K
OKa3bIBAIOLIEMY JIaBJIICHUE NAJIbILy, TEM
CUJIBHEE OH UCKPUBIISIETCS. Mex 1y AeCTBUEM Najblia U AEHCTBUEM Macc,
BBI3BIBAIOINX TATOTEHUE, MOXKHO IIPOBECTH aHAJIOTHUIO. Benb OT nelCcTBUSA IajabLa B
OJTHOM MECTE B IPYTUX MECTAX IIJICHKHU NOSBIAIOTCS YIPYTHE HATSKEHUSA, KOTOPBIE TaK
¥ XOUYETCSl CPABHUTD C TPABUTAI[MOHHBIMH cUJIaMH (OHH, KCTAaTH, YOBIBAIOT C paccTosi-
HUEM NIOYTHU TaK K€, KaK TATOTEHUE).

Takum 00pa3oM, MbI C IBYX pa3HbIX MO3ULUNA - ICKPUBIEHHOTO MPOCTPAHCTBA U HC-
KPUBJICHHBIX MPSAMBIX IPUIUIA K BBIBOJY O HEPA3PBIBHOM CBSA3U TATOTEHUS C TEOMETPU-
enl.

HEE O2MYLLEHHOE HCKOWENEHHDE
NROCTPAHCTED MPOETREHCTED

Ji1st TOro, 4TOOBI JTyUllle TOHITH 3TOT HEOKUJAHHBIN U OIIEIOMIISIONINNA BBIBO/,
NIEPEHECEMCS MBICIIEHHO Ha JPYTYIO IJIAHETY, IJ€ CUJIa TATOTEHUS B IECITKH MUJLIHO-
HOB pa3 OosbIe, yem Haira. Ha Takoi riaHeTe HampaBlIeHHBIN TOPU30HTAIBHO Y4
CBETa HE CMOJXKET MPEOJIOJIETh MPUTSHKEHUS U OyIeT oru0aTh IUIAaHETy MapalieIbHO ee
IMOBEPXHOCTH KaK CIyTHUK. ECIM Tako# J1yd cBeTa MOCIATh ¢ IOMOIIBIO IPOKEKTOPa
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Ha OJTHOM TIOJIFOCE, TO OH, 00OTHYB IIOBEPXHOCTb IJIAHETHI, TOMIET 1O BTOPOro MOJ0CaA
Y, MUHOBAB €r0, BEPHETCS B ATY € TOUKY - TOJIBKO C APYroi ctopoHsl. HemHoro mo-
BEPHYB MPOKEKTOP, MBI OJYUYUM JIPYTOH JIy4, APYTYIO NPSIMYI0, TAKKE MPOXOSUIYIO
yepe3 00a moJtroca.

BbIBOA: Ha smoti nianeme uepe3 08e MOUKU - 8 OAHHOM Clyuae yepe3 08a NOaCd -
MOJHCHO nposecmu 6ecHucIenHoe MHONCECMBO NPAMbIX TUHULL!

Kcratu, 3tn "npsimeie” OyAyT UMETh BUJT OKPYKHOCTEH U Ha ATON yIMBUTEIBLHOM TIJ1a-
HETE Ka)blil YeIOBEK 0€30 BCAKHUX 3epKasl MOXKET YBHIETh CBOW COOCTBEHHBIN 3aThl-
JIOK.

BepHeMmcst, ogHako, Ha 3eMIII0 U TOJABEAEM UTOTH. MBI )KMBEM HE B IJIOCKOM, a B
UCKpHUBJIIEHHOM Mupe. KpuBu3Ha 3TOro Mupa MOXET 1aTh UILTIO3UI0 CUJIbI IPUTSHKEHUS
1 3G GEKT CUITBI MPUTSHKEHUS €CTh IUHCTBEHHOE, B YEM TaKasi KpUBU3HA MOXKET MPOSIB-
JSATHCSL.

KpurBH3Ha npoctpaHcTBa (TOYHEE ClIe1yeT TOBOPUTH O KPUBU3HE IPOCTPAHCTBA -
BPEMEHH) Ha 3€MJIe HUYTOKHA, YTO TIO3BOJISIET IPUMEHSTh Ha MPAKTHUKE T€OMETPHIO
EBxinsia u mpyUBOAUT K MAJIOCTH T'PABUTALIMOHHBIX CUJI (CHJIa B3AaUMHOTO IPUTSKEHUS
JBYX JIIOJIEH CPEIHETO BECa MPU PACCTOSIHUU MEX1Yy HUMU B OJIMH METP HE MPEBBILLIAET
0,03 mumurpamMma). OgHaKO, HECMOTPS HA CBOIO MaJyl0 BEJIMYHMHY, TPABUTALIMOHHbIE
CWJIBl UTPAIOT OFPOMHYIO POJIb B HaIllEH KU3HHU.

2.1.2. JIEKTPOMATI'HUTHBIE CHJIbI

B npupose no coBpeMeHHbIM JJaHHBIM UMEETCSl He 00Jiee YeThIpeX TUIOB B3au-
MOJICUCTBUI: BCEMUPHOE TSATOTECHUE U SJIEKTPOMATHUTHBIE B3aUMOACHCTBUSA UMEIOT ME-
CTO B HBIOTOHOBCKOM MEXaHUKE, a sJIepHbIE U cl1a0ble B3aUMOICUCTBUS - B ATOMHBIX
A/ipax Mpyu B3aUMHOM IPEBPAILCHUHN SJIEMEHTAPHBIX YACTHUII.

Cwibl yIpyrocT, KOTOPbIE MO3BOJISIIOT TBEPIBIM TeJIaM COXPaHSTh CBOIO (hopMYy,
MPENSATCTBYIOT U3MEHEHHUIO 00beMa KUAKOCTEN U CKATUIO Ta30B; CHIIBI TPEHUS, TOPMO-
3SIIHUE JBUKCHUE TBEPJIBIX TEJI, )KUJIKOCTEN U ra30B - BCE 3TO 3JIEKTPOMATHUTHBIE CHUJIBI.
B ux ocHOBE JIEKUT B3aUMOAEHUCTBUE MEXKY JICKTPUUECKH 3aPSIKEHHBIMU YaCTHULIAMH.

B peanibHOM )XM3HU MBI BCTPEYAEMCS C SJIEKTPOMATHUTHBIMH B3aUMOJEUCTBUAMU
MEX]1y HEUTpaJIbHBIMU CUCTEMAMHM - aTOMaMM ¥ MOJIEKYJIaMU. DTOT THII dJIEKTpoMar-
HHUTHBIX CWJI HA3bIBAETCSl MOJIEKYJISIPHBIM Win criiamu BaH-nep-Baanbeca, no umMmenun
TOJIJIAHJICKOTO YUYE€HOTr'0, KOTOPBIN BIIEPBBIE BBEI UX B TEOPUIO I'a30B MPHU MOMBITKE 00b-
SICHUTh MIPEBPAILICHUE Ta3a B )KUIKOCTb.

Ha 3HaunTenbHbIX PaCCTOAHUSAX HU aTOMBI, HU MOJIEKYJIbl HE OTTaJIKUBAIOTCS, a
CTpPEMSTCS APYT K APYTry. MoJieKyJIsipHbIE CUJIbI Ha OOJBIIOM PACCTOSHUU - 3TO CUJIbI
MIPUTSHKECHMUS.

DJIEKTPUUECKOE MOJI€ CUCTEMBI AJIEKTPOH-SIPO HE UMEET MOJTHOM 1IaApOBOM CUM-

MeTpuu. [Ipu cOMmKeHnn ¢ IpyruM aTOMOM
ATO TOJIE€ BO3MYIIAET JIBUKEHUE DJIEKTPOHA
COCEJIHEr0 aToMa TaKUM 00pa3oM, 4To “IIEHTP
TSDKECTU OTPUIIATEIILHOTO 3apsijia OKa3blBa-
€TCsl CMEIICHHBIM OTHOCUTENBHO sifpa. Kax-
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Il aTOM (WIJIM MOJIEKYJIa) OJISIPU3YIOT CBOETO COCENa, M OH MPEBPAIIAETCs B AUIMOJb,
B KOTOPOM 3apsi/Ibl TPOTUBOMOJIOKHBIX 3HAKOB IPOCTPAHCTBEHHO Pa3/ICIICHBI.

Y MHOTHX BEIIECTB, HAITPUMEDP Y BOIBI, MOJIEKYJIbI IPU CBOEM POXKACHHUU CPa3y
e OKa3bIBAIOTCS MOOOHBIMU IIIEKTPUUIECKOMY JUIOINIO. Taknue MOJIEKYJIbl CBOUM
AIIEKTPUIECKUM TI0JIEM BBI3BIBAIOT MOJIIPU3ALINIO COCEICH U MOSBICHUE CHUIT TIPUTSIKE-
Hus. Cunvt Ban-oep-Baanvca - cnedcmesue HeKomopo2o npeooiadaniisi NPUmMsiCeHusl
HAO cyuwecmeyiouum 00HOBPEMEHHO OMMAIKUBAHUeM, OHU PE3KO YOBIBAIOT C yBeIINYe-
HUEM paccTOsTHUS (00paTHO MPOTOPIIMOHATBHBI CEIBMOM CTETICHN PacCTOSTHU!).

Cunsl Ban-gep-Baanbsca He criocoOHBI 00BSCHUTH 00pazoBaHue MoJeky. [lpu
COJIM>KEHNH aTOMOB HAYMHAIOT pab0TaTh XUMHUUYECKHE (OOMEHHBIE) CUJIbI, KOTOPHIE
IPUBOJAT K KOJIJICKTUBU3ALUY BHEITHHUX (BAJIEHTHBIX) 3JIEKTPOHOB JIBYX COEAMHSIO-
IIUXCS aTOMOB. DTH 3JEKTPOHBL, IPOXOS MEXKIY AIpaMH, KOMIECHCUPYIOT UX OTTaJIKH-
BaHHE U 00pa3yeTrcs yCTOMYMBOE COETMHEHHE (MOJIEKYIIA).

Hannune XuMU4YeCKuX U MOJIEKYJISIPHBIX CHJT TTO3BOJISIET OOBACHUTH U TMIOHSATH
CTPYKTYpY Ta30B, )KUJKOCTEH U TBEPABIX TEN U, B KOHEUHOM UTOTE, UX MOBEACHUE MO
JeCTBHEM BHEITHUX CHIL.

2.1.3. YIIPYTUE CHJIBI

B peanpHBIX Ta3ax v )KUIKOCTSAX U3 CUJI IPUTSDKCHUSI IEUCTBYIOT TOTHKO CHITBI
Ban-nep-Baannca, a B TBepibIX Tesax emie 1 00MeHHbIe (XUMUu4eckue) cuiibl. CHITbI
Ban-gep-Baannca yaepKuBaroT MOJIEKYJIBI JKUKOCTH IPYT BO3JIE APyTra Ha OMU3KUX
pPacCTOSHUAX MOPSIIKAa pa3Mepa caMUX MOJIEKyJ. Eciu monbeITaTbes KUAKOCTh CXKATh, TO
npu COMMKEHUN MOJIEKYJI MEX/1y HUMU HAYHYT OBICTPO HApaCTaTh CUJIbI OTTAJIKMBA-
Hus. BeneacTBue Toro, 4To MOJIEKYIIbl PACcofOKEeHbl OU€Hb TECHO, Y’KE TPU He3HAUH-
TEIHHOM COJMKEHUU CHJIbI OTTAJIKUBAHUS JOCTUTAIOT OYE€Hb OOJIBIION BETUYHHBI.

s ynpyeux men HanpsidxceHus (Cunvl, 0elicmeayroujue Ha eOUHUYHYI0 NI0WaA0b)
NPAMO NPONOPYUOHANbHBL Oedhopmayusim. ITo 3ak0oH ['yka, KOTOPBIHN AJis KUIAKOCTEH
UMEET BU/L:

p=E-AV/V,
i€ p - CKMMalollee HanpsbKkeHue (Tuipoctaruyeckoe aasieHue), AV - usmenenue o0b-
éma, a V' - mepBoHaYaIBbHBIA OOBEM.

Beauuuny cui1 OTTAJIKUBAHUS U XapaKTEPU3yEeT MOAYJIb 00beMHOM YyNIPyro-
ctu E, KOTOpBIi, Hanpumep, st Bosl paser 2- 10° ITa. HetpyiHO NOHSTH, 4TO HIPH
C)KaTHUU TBEPJBIX TEJI CHIIBI OTTAIKUBAHUS e1lle 00JbIe (MOIyIb 00BEMHON yIPYTOCTH
JJIs1 CTaJIM paBeH 2+ 1 0" Ila).

Ynupyrue cuiabl BO3HUKAIOT B TBEPABIX TEIaX HE TOJNBKO MPH 0ObEMHOM, HO U TIPU
JTUHEWHOM ckaTtuu. Hampumep, eciyu moMecTuTh NpyXUHY B HEKOE THE3710, IpeaBapH-
TEJIbHO YMEHBIINB €€ TMHEHHBINA pa3Mep Ha BEIMYUHY X, B HEW BO3HUKAET yNpyras CH-
na F.

F = k-x, rae x- npensapu-
TEIHHOE MOHKATHE TPYKH-
HBI, X=X7-X2, a k - K03 Pu-
[IUEHT KECTKOCTH, 3aBUCS-
IIMI OT MaTepuana NpyxKu-

¥

HBI, €€ pa3Mepa 1 crocoda N3roTOBJICHUS.
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Taxk e mpocTo 0OBSICHUTH, TOUYEMY KHJIKOCTh TeKyda U HE CTIOCOOHA COXPAHSATh
cBoro Gopmy. [Toa geficTBHEM BHEIIHEH CUIIBbI MEPECKOKUA MOJIEKYJT KUJKOCTH MPOUC-
XOJISIT B HAIIPABJICHUM JIEUCTBUSI CUJIBI, U )KUAKOCTb B pe3yJibrate Teuer. O1HaKo HeoO-
XOJIUMO, YTOOBI BpeMsl ACHUCTBUS CUJIbI ObLIIO MHOTO OOJIbIIIE BPEMEHHU OCEIJION KU3HU
MOJIEKYJ1, B IPOTUBHOM CJIy4Yae CHJia BHI30OBET JIUIIb YIPYTYIO AedOopMalnio CBUTA U
KUJKOCTh MPH 3TOM OyAET TBepAa, KaK CTalb (BA3KO-yIPYTHe KUIKOCTH).

Mogekyiibl ra3za pacroiokKEHbI JAIeKO APYT OT APYra U MOJIEKYJISIPHOE MPUTSI-
YKEHUE HE BJIIACTHO HaJ HUMHU. ['a3000pa3HOE BEIECTBO HE MOXKET COXPAHATh HE TOJIBKO
dbopmy, HO 1 00beM. Kak ObI MBI HE pacIIUPSIIN COCY/I, COACPIKAIIUM Ta3, OH 3aIIOJTHUT
€ro IETNKOM 0€3 KaKuX-TU00 yCHIMKA ¢ Halllel CTOPOHBHI.

Hrak:

Teepablie Tesa. ATOMBI TBEPAOTO TEJIa 3aHUMAIOT ONPEJICTICHHOE MECTO B MPO-
CTpaHCTBE, 00pa3ysl KpUCTALINYECKYIO pemeTKy. OHU pacroiaokeHbl OJIU3KO0 APYT K
JIPYTY U, BCIAEACTBUE MOJIEKYJIAPHBIX M XUMUYECKUX CUJI, HE B CUJIaX pa30pBaTh “Iy-
THI, CBSI3BIBAIOIINE WX C Ommkaiimmmu coceasmu. [IpaBa, n3-3a TEMIOBOTO IBHKCHUS
OHHM MOTYT COBEpIIaTh KoJieOaHUsI OKOJIO MOJIOKEHHS paBHOBecHs. TBepaoe Teo co-
XpaHseT MOCTOSTHHBIMU 00BEM U hopMy. X TpyTHO UBMEHUTS, Jaxe MPUKIIAIbIBas K
HEMY 3HAUUTEIIbHYIO CUITY.

Kuakocru. XKuakocts - 6ecniopsiiouHas, TECHO ¢xKatasl ““Tojira’” MoJieKyJ, Oec-
MOKOMHO TOJIKyIIMXCA Ha MecTe. MoJieKyJia )KUIKOCTH, 3aXkKaTasi, KaK B KJIETKE MEXIY
JIPYTUMH MOJICKYJIaMH, KOJIEOJIETCSI OKOJIO TTOJIOKEHHS paBHOBECHsI. JIUIIIb BpeMs OT
BPEMEHHU OHA COBEPIIAET MPHIKOK, IPOPHIBASCH CKBO3b “TIPYThs KJIETKU ', HO TYT K€
MoTaaeT B HOBYIO KJIETKY, 00pa30BaHHYIO HOBBIMHU cOCesIMH. Bpems ocenion xu3Hu
MOJIEKYJIBI MPOJOJHKAETCSI OKOJIO AECATUMUITMOHHOM JI0JIM CEKYH/IbI.

Kuakoctu He IPOTUBOCTOAT HAMPSIKEHUSAM CIIBUTA U HE COXPAHSIOT OCTOSSHHOM
dopmbl. OHN puHUMaOM (HopMy cocyna, B KOTopoM Haxonatcs. Ho, kak u TBepibie
TeJa, )KUJAKOCTH MPAKTUYECKH HE MOTA0TCS CKATUIO U UX 00BEM MOYKHO U3MEHUTH
JINIIG C TIOMOIIBIO OYEHB OOJILIION CHIIBI.

I'a3bl. Monekyabl (MM aTOMBI) ra3a CTPEMUTENBHO, KaK OETyHbI CIIPUHTEPHI,
MIPOHOCSITCSI B MPOCTPAHCTBE, 3aMI0OJTHEHHOM Ta30M. PaccTosIHUS MEX 1y HUMH 3HAYU-
TEJBLHO MPEBBIIIAIOT UX COOCTBEHHBIC Pa3MEPhl, MOJEKYJISIPHBIE CUIIbI OTCYTCTBYIOT.
HenpepbiBHO cTankuBasch APYT C APYroM, MOJIEKYJIbI Ta3a PE3KUMHU 3UT3araMu Opoca-
IOTCSI U3 CTOPOHBI B CTOPOHY. bapabanHast 1poObs OECUMCICHHBIX MOJIEKYJ O CTEHKH CO-
cyaa (paBHO KakK U O TIOBEPXHOCTH KHUIKOCTH) CO3/IaeT JIaBJICHUE.

["a3w1 HE 00aat0T HU OMpeieNIeHHOM (POPMOM, HU OTIPEICIICHHBIM 00bEMOM -
OHU TOJHOCTHIO 3AIOJHSIIOT COCY/Ibl, B KOTOPBIX HAXOIATCS.

2.1.4. CWJIA JABJIEHUSA CTOJIBA KNJIKOCTHU

Cuna oaenenusn - mepa 63aumooetiCmeus Mexicoy HcuOKoCmovio U CIEHKOI.
OHa nosiBJsIeTCS TOTOMY, UTO JKMJIKOCTh Ha MPAKTUKE BCET/1a HAXOAUTCS B 1e(OpMUPO-
BaHHOM (CkaToM) cocTtosiHud. Ha He€ neicTBYIOT COOCTBEHHBIN BEC, PEaKIMU CTEHOK U
JpyTUe CKUMArOIIe CUIibl . B pesynbrare gedopMaiiu B 5KUIKOCTU MOSBIISIETCS CHKU-
MaroIIee HarpsHKEHUE, KOTOPOE Mbl Ha3bIBAEM a0COFOTHBIM JIABJICHUEM.
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Heo0xonumo onpeaennTs CUily AaBieHUS )KUJKOCTH Ha TOBEPXHOCTh, UMEIO-
I[yI0 OCb CHMMETPUHU U HAKJIIOHEHHYIO MOJI YTJIOM K TOpU30HTY. POopMa MOBEPXHOCTHU
3HaueHus He uMeeT. OHa MOXKET ObITh KPYTJIOW, TPEYroJbHOM, NPSAMOYTOJIBHOM, Tpare-
LEUJAJIbHOM.

AOCOIIOTHOE JJaBJICHHE Ha TTOBEPXHOCTH KOHTAKTa MEXIY KUJIKOCTBIO U CTCH-
KOW OIpEeNeIsieT CTENEHb CoKaTUs JKUAKOCTU B OKpecTHOCTH TOUKHU. [1o III-my 3akony
HproToHa cxaras )KUIKOCTh OKa3bIBA€T HA MOBEPXHOCTh TAKOE K€ JIaBJIIEHUE, HO C MPO-
THUBOIMOJIOKHBIM 3HAKOM (aHAJIOTHS CO CxKaToM npy>xkuHoit). CymMMa BO3IeHCTBUIM JKU/I-
KOCTH Ha IMOBEPXHOCTh BO BCEX €€ TOUKAX OIMpPEAENSIET CyMMapHOE AaBJICHUE HA I10-
BEPXHOCTb, WU CUJTY JABIICHUS.

PaccmoTpum npocTeimmii ciryvaii, Korja pe3epByap OTKPBITHIN, U Ha CBOOOIHYIO
MOBEPXHOCTH KHJIKOCTH JIEHCTBYET aTMOoCcepHOe AaBieHne. ATMoc(epHoe TaBIeHHE
nepenaeTcs 1no 3akony llackans yepes ®KUIKOCTh U IEUCTBYET HA CTEHKY U3HYTpHU. Tak
KaK CHapy> XM TakKe JIEUCTBYeT aTMOC(hepHOE JaBIECHUE, TO B PE3yJIbTAaTe OHO YPaBHO-
BCILIMBACTCS U HE BIUACT HA CTCHKY.

HNTak: B OTKPBITOM pE3EPBYyape CONMPUKACAIOIINE C KUJIKOCTHIO TOBEPXHOCTH HAXOISAT-
Cs TIOJ] BO3/ICUCTBUEM TOJIBKO BECOBOTO JaBJICHUS (JIaBJICHUS CTOJI0A KUJIKOCTH).
Cuia 1aBJieHus CT0J102 JKUIKOCTH - 3T0 BeKTOpP. Cuia JaBlIeHUS XapaKTepru3yeTcs
BEJTUYMHON (MOYJIEM), HANPABIEHUEM U TOUKOM MPHUITOKEHUS.

e HamnpasJjieHue cuJibl BCET1a IEPIEHIUKYISPHO TUIOAAN CTEHKH.

e BeauunHa cCWiIbl paBHA MIPOU3BEICHUIO TUIOIIAJAN CTEHKH HA JABJICHUE B LICHTPE

TSDKECTH 3TOW TUIOLIAIN.

di__ 7 F=pc-s=pghcs,rne hc-rnybuna
h f 7 JCE CUMMET FHW MOTPYKEHUS B KHUJKOCTb LIEHTpa
he Zye/ ~ ds TSOKCCTH IUIOIIAIH CTCHKY S. J{I1s

,’. JI0Ka3aTeIbCTBa pa300bEM CMOUYCHHYIO
' JKUIKOCTBIO IJIONIAAb § Ha IJIOMIagKHA

< . BEJINYMHOU dS§, KOTOPBIE BBULY MaJIOCTH

fﬁﬁ i
LLBHT P TAMEBCTH :l MOJKHO CYUTATh TOPU30HTALHBIMH. Bo
u. BCEX TOUKAX TAKOU IUIOIAJAKY TABJICHUE
HETT, cT0J10a JKUAKOCTH MOYKHO CUUTATH

OJIMHAKOBBIM U paBHbIM =p-g-h. Ha
LeHT p 43BN EHHA IUIOIIAAKY ds TIEHCTBYET CO CTOPOHBI
ﬁ;“nﬂlea”;fi : xunkoctu cwiia dF =p -s =p-g-h-ds. Ha
BCIO IJIOIIAb § OyIeT eiicTBOBATh
MHOYKECTBO MapaieabHbIX cuil dF
(YBEJIMYMBAKOIIUXCS € TITyOMHOM U3-3a pocTa h). PesynabTupyromas cuia F npencras-
JIsIeT cO00M areOpanyecKyto CyMMY COCTaBISIONMX cuil dF, TO eCTh UHTErpa:
F=[dF=[p-g-h-ds=p-g-Sina-|y-ds.
TJIC y - PACCTOSTHHE OT JF000H MJIOIIAIKK 10 TTOBEPXHOCTH JKUAKOCTH, OTCYUTHIBACMOE B
IUTOCKOCTH cTeHKH. [IponsBeneHue yds eCTh CTATHYECKU MOMEHT ILIOIIAIU dS OTHOCH-
TENIBHO OCH X (OCh X - JIHHHSI [TEPECEUECHHUS TTOBEPXHOCTH JKUIAKOCTH C IIIOCKOCTHIO
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CTEHKH - JIMHUS ype3a xkuakoctu). CymMma Takux Npou3BeAeHUN (MHTerpai) sl BCeX
IUIOIIAIOK paBHA CTATUYECKOMY MOMEHTY BCEH ILIOIIAAN OTHOCHUTEIBHO OCH X:

[y-ds=yc-s.

IZI€ ¢ - PACCTOSIHUE 10 LIEHTPA TSHKECTH IUIOLIAAU S, OTCYUTHIBAEMOE B INIOCKOCTH
CTEHKH.

OxonuarensHo nonyunM: . F = p-gSina yc s =p-g-hc -s. 3ameuas, 4ro p-g-hc ecTb nas-
JIeHUE B IIEHTPE TKeCTU cTeHKH (B Touke C), OKOHYATEIbHO MOIYYUM:

F=pcs.

e OnpeaesieHre TOYKH NMPUIOKEHUS CHJIbI 1aBJIeHHUs (LEHTPA JaBJICHNs)
Cuna F nepecekaer mioma b CTeHKH B Touke D, KoTopas Ha3pIBaeTCsl HEHTP AaBJie-
Hus. [{o10KeHNE TOUKHU Ha MIJIOCKOCTU ONPEAEISIETCS ABYMsI KOOpAnHAaTamu. [t cum-
METPUYHBIX CTEHOK TOUKa D 10JKHA JIe)KaTh HA OCH CUMMETPHHU.

‘-_’ IIpuHIMNMATBHBIA BONPOC: TI€ ke JA0HKHA ObITh PACIOIOKEHA TOUKa MPUIIO-
KEHUSI PaBHOJICMCTBYIOIIEH CHIIBI - BBIIIE WJIM HUKE LIEHTPA TAKECTHU ILIOMIAAN
CTEHKH?

OTBeT: HM:Ke, TOCKOJIbKY € TIIYOMHOM cuiibl faBiieHus dF yBeanuuBaiorcs, a
TOYKA MPUJI0KEHUS PABHOJACHCTBYIONIEHN MTapajuIeNIbHBIX CUJI BCETJA CABUTAETCS K
Oompiieit cuie (TeopeMa BapuHboHa - N3BECTHBIN (DaKT U3 TEOPETUUECKON MEXAHUKH).
Teopema BapunboHa
Momenm pagnooeticmsyroujeii cuibl OMHOCUMENbHO NPOU3ZBOILHOU MOYKU (OCU) pagen
CcyMMe MOMEHMO8 COCMABNIAIOUUX CUTL OMHOCUMENbHO MO MOYKU (OCU,).

YToOBI y3HATH, HACKOJBKO HUXKE LIEHTPA TSYKECTU CTEHKH MPUJIOKEHA PAaBHOACH-
CTBYIOLIas cuiia (ONpeleauTh BEIUYHHY € ), IPUMEHUM TeopeMy BapuHboHa OTHOCH-
TEJIbHO OCH X. 31ech F - pe3ynbTupyomas cuiia, €€ rmiedo paBHO yp, dF - cocTaBisito-
IIUE CUJIBIL, IJIEYO PABHO ),

F-yp=[dF-y=[pgh-y-ds=p-g-Sina|y®ds=p-g-Sina-1I,.
3neck Iy =/y’ds - MOMEHT HHEPLHH ILIOMANH § OTHOCHTEIBHO OCH X.
[MoacTaBss BeIpakeHHe ISt cuitbl I ¥ IIpe/IcTaBlisis MOMEHT HHEPIIUKM OTHOCHTENIBHO

OCH X KaK CyMMY MOMEHTA UHEPLIUA OTHOCUTEIIBHO LIEHTPAJIBbHON OCU U IIPOU3BENCHUSA
2
IUIOIIAIA HA KBAJpaAT PaCCTOSHUS MEXAY OCAMU Iy =I¢ +y¢ -5, TOIyYnuM:

1 C
= lC +
F co .
P8 hc*S S Yc
PaCCTOHHI/Ie oT ueHTpa TAXKECCTHU 10 TOUKHN HpI/IJIO)KeHI/IH CHJIbI €=yD'yC OHpe,ZLeJISIeTCSI
Tak.

_p-g-Sina-I, p-g-Sina-(Io+s-1¢)

7))

£= Ic .
§-Yc
rae I, - MOMEHT HHEPLMH TUIOLAAN CTEHKH OTHOCUTENBHO TOPU30HTAIIBHON LIEHTPAJIb-
HOH ocH. DTO CIIpaBOYHAs BEJIMUMHA, HAIPUMED JIJIsl Kpyra I=md"/64. Bennunna Yc
paBHA PacCTOSIHUIO OT LIEHTPA TSKECTH 10 CBOOOHOM MOBEPXHOCTH KUIAKOCTH (110 OCH
CUMMETPHUU CTEHKH).

OueHn BaxxHO!
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30eck AON¥HO AEITE
HLAENEHHME P B LEHTpE
TAMECTH (B Touke C)

F=pc-s.

[Tpu onpenenennn BETUYUHBI CHITBI B (hOPMYITY TTO-
CTaBJIsIETCS AaBJIeHUE B lIeHTpe TsokecTH (B Touke C), a
cama cuJia NMPUJI0KeHa B IIEHTPE JaBJICHUS (B TOUKE
D).

PacnpocTrpaHenHas cryaeH4yeckas ommoka: . F =pp-
s . Kaxercs, ¢ Touku 3peHus "31paBoro cmeicia', 4to
HY>KHO TIOJICTABIIATH B 3Ty (OpMYITy JaBIECHUE B TOU
K€ TOUKE, T/Ie MPUJIOKEHA CUJla. ITO HEBEPHO.
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PA3JIEJT 3
METOJIUKA PELHIEHUS 3AAY
T'HJIPOCTATUKH

Meronuky pemeHus 3aaad THAPOCTATUKU PACCMOTPUM Ha IIPUMEPE PEIICHUS

KOHKPETHOM 3aJja4H.

3.1. HOCTAHOBKA 3AJIAYHA

B pesepByape Ha KUIKOCTHIO IIOTHOCTBIO p HaxoAWTCs ra3. JlaBiaeHue rasa py
MOJKET OBITH OoJIbIlle, YeM aTMOc(hepHOe — TOTAa MOKa3aHWe MaHOBAKyyMMeETpa pPaBHO
Do - ECi maBieHue raza MeHsblle, 4eM aTMoc(epHOe - TToOKa3aHue Mpruodopa paBHO P,y.

B 6oxoBoI cTeHKE pe3epByapa UMEETCs MPSMOYTOJIbHOE OTBEPCTHE C pasMepaMu
k x m. LleHTp TSKECTH OTBEPCTUSI HAXOAUTCS HA TiyOuHe hy moJ ypoBHEM CBOOOJHOM
MOBEPXHOCTH KUJKOCTH (MIOBEPXHOCTU KOHTAKTA KUJKOCTU ¢ TrazoMm). OTBepcTue 3a-
KPBITO KPYIJION KPBIIKOW 1, KOTOpas MOKET MOBOPAYMBATHCA BOKPYT OcU A MPOTUB
YacOBOM CTPENKHU TMOJ JEHCTBUEM MOMEHTA OT CHJIBI JIaBJICHUS KUJIKOCTH. UTOOBI
KpHIIIKAa HE IMOBOpayMBaliach, K Hel mpritoxkeHa cuia R. Pasmepsr a u b dukcupyror
MOJIO’KEHHUE OCU BPACHUS U TOYKU MPUIIOKEHUS CUIIbl OTHOCUTENIBHO LIEHTPA TSHXKECTU
OTBEPCTHSI.

B nne pesepByapa, Ha rimyOune H pacnoyioxKeHO KPYTiioe OTBepCTHe auamerpa d.
OTBepcTHE 3aKPBITO KPBIMIKOW 2, KOTOpas KpenuTcsi 00JaTaMu K pe3epByapy. p,y — MO-
Ka3aHHE MaHOMETpPA, KOTOPbI YCTAHOBJIEH Ha YPOBHE JTHA PE3EpPBYapa.

Hano: p; puo (Pvo)s hos H; a; b; k; m.

Onpenenurs:

1. JlaBnenue py.

2. Ilokazanue p,.y.
3. Cuny R.
4

. Cuny F, oTpbIBatOUIyt0 OOJTHI KPBIIIKY.
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MaHOBAaKYYMMCTP @ Do (on) BHU 110 CITDCJ'IKG Y

o y =— !
Polm |o

~___—OCb BpaIlICHH
hy o
Kpbllka 1
H - - __ e i
.
d
<> PmH
KPBIIIKA 2 TOYKA IIPWIOKECHUS CWIIBI R~ M

Puc.1

CxeMma K 3aade

OTkyna OepyTesi CHJIBI, JIeiCTBYIOIIIME CO CTOPOHBI KUAKOCTH HA KPbIIII-
Ku?
Kuakocts HAXOOUTCA B HEIIOABUKHOM COCTOSIHUHU I10J] CUJIOBBIM BO3JIEHCTBU-

eM. JKuJIKOCTh CaTa CO BCEX CTOPOH CHJIAaMHU PEAaKIUK OKPY KAIOIIUX MOBEPXHOCTEH,
CUJION NTaBJICHUSI CO CTOPOHBI ra3a U COOCTBEHHBIM BecOM. B pesyinbrare B HEil BO3HHU-
KaIOT CKUMaronue Hanpsbkenus (Puc.2).

BeiienuM BHYTpH JKHIAKOCTH BOKPYT TOUKH

CBO0O/THAs! TOBEPXHOCTh
XHRKOCTI/I oJ IlaBHe?/IeM Do A nnomanky ds. Cuna dF; Xxapaktepusyer

JNEUCTBUE 4YACTHIl, HAXOJISIIUXCS BBEPXY
IUIOLIAJKU, a criia dF, - HaxoaaIuXcs BHHU-

3y IUIOUIA/IKH.

Bekrop HampskeHUs — Tpeaesl OTHOIICHUS
IUIONIAAb §
Puc.2

3JEMEHTAapHOM cwibl dF K ruiomany ds pu

CTPEMJIEHUHU IUIOWIAN ds K HYJIIO C coXpa-

Onpenenenue naBieHus
HEHUEM OPUEHTAIIMH TUTOIIAIKH

9

— . dF
p= lim —.
ds—0 ds
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Bektop HampspKeHUs 3aBUCUT OT OpUEHTAUUM IUomaaku. Mx yucino — Oecuuc-
JICHHO€ MHOECTBO. KaXablii BEKTOp MOXKET MMETh HOPMAJIbHYIO IO OTHOIICHHUIO K
IJIOMIAJIKE U KacaTeIbHYIO COCTABJISIONIYI0. B TOKOsIIEHCs )KUIKOCTH OTCYTCTBYIOT
KacaTeJIbHbIC HANPSHKEHUS, U PACCTOSAHUS MEXAY MOJIEKyJIaMy B TaHHOW TOYKE OJMHA-
KOBBI 10 BCEM HANpaBJICHUSM (TaK Kak B KMIKOCTH HET CTPYKTyphl). [ToaToMy Hamps-
JKEHHE B TOYKE BHYTPH >KHIKOCTH OTO HE BEKTOp, a CKaJspHas BelIWYMHA (HE 3aBUCS-
11ast OT HAIPaBJICHMUS).

ADCOJIIOTHOE THIPOCTATUYECKOE [IaBJIeHHe — MOAYJIb BEKTOpa CXKUMAIOIIEro Hampsi-
KEHUS B )XKUJIKOCTH., @ MOJYJH HOPMAJIbHBIX HAMPsDKEHUN Ha BCEX IUIOIIAIKaX, TPOXO-
JSIIIUX 4yepe3 TOUKY A, paBHBI MEXKy COOON M Ha3bIBAIOTCS aOCOIIOTHBIM THIPOCTATH-

YCCKHUM JaBJICHHUCM.

%
dF

%
p=\p = lim ——
ds—0 ds

I[aBJ'IGHI/IC — CKaJIpHasd BCIINYMHA, UMCIOIIasA pasMCPHOCTD HAIIPAKCHU .

cuia H
[p] WIOWAIb M’ 4

CBoiicTBa T'HAPOCTATHICCKOIO 1aBJICHUSA

CBO60,IIH3H IMOBCPXHOCTH
KNIKOCTHU, T'AC JaBJICHHUC
PaBHO OABJICHHUIO I'da3a Py

TOPU30HTAJIbHASL IIOCKOCTh
PaBHOTO JIABJICHUS P

Pnc.3

I/IJIJIIOCTpaHI/IH K CBOMCTBaM I'maApOCTAaTHYCCKOTO JaBJICHUA

1. Bo Bcex TOUKax ropru30HTAIBHON IIONIAIU, TPOBEICHHON Yepe3 OJHOPOAHYIO
KUJIKOCTb, JIABJICHUE OJIMHAKOBO.
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2. B 1aHHOM TOYKE BHYTPH KUAKOCTH JABJIICHUE IO BCEM HANPABIICHUSM OJWHA-
KOBO. DTO O3HAYaeT, UYTO Od61eHUEe 8 HCUOKOCHIU HA ONPeOeieHHOM YPOoBHe
MOIHCHO Onpedensims u céepxy, U CHU3y, u cieea, u cnpasa.

3. Ha BHemHel NMOBEPXHOCTU KUAKOCTH JABJICHHUE HANPABICHO IEPIICHIMKY-
JSIPHO K MOBEPXHOCTU. B MpPOTUBHOM ciyyae Ha KUJIKOCTh JE€HCTBOBAIU OBl
KacaTeJIbHbIE CUJIBI U OHA OBl ABUTajach.

4, HpI/I MEPCMCIICHUHU B )KUJAKOCTHU CBCPXY BHU3 NABJICHUC YBCIINUUBACTCA:

P3= P27 P1=Po-
MouieKyJibl )KUJKOCTH, CTPEMSACH OCBOOOIUTHCS OT CHKUMAIOIIUX HAMPSHKEHUH, B
CBOIO OYEpeb OKa3bIBAIOT CHJIOBOE BO3JCHCTBHE Ha OKpY»Karolue moBepxuoctd (3™
3akoH HproTOHA — A€iCTBHE paBHO MPOTUBOAECHCTBHIO!). B pe3ynbTaTe M BO3HUKAIOT
CHUJIbI JABJICHUS HA KPBILIKYU B HAIIEH 3a7a4e.

JlaBJjieHue B rase

B upeanbHOM raze OTCYTCTBYIOT CBSI3M MEXKAY MOJIEKYJaMH, TIO3TOMY JaBJICHUE
raza UMeeT COBCEM JIPYro PU3HUYECKUM CMBICII, YEM JIABJICHHUE B KUIKOCTU. MOJIEKYJIbI
raza COBEpIIalT XaoTuueckoe (OpoyHOBcKoe) aABuxkeHue. [Ipyu 3ToM OHUM yIapsroTcs O
NOBEPXHOCTh KUIAKOCTH U TEPSIOT CBOM MMIYJIbC. Kak M3BECTHO U3 TEOPETUUECKON Me-
XaHUKH, IPU U3MEHEHUHU UMITYJIbCa MOSIBISETCS CHIIA, B JAHHOM CIy4ae 3TO Cuja J1aB-
JIEHHUS Ta3a Ha IMOBEPXHOCTh XUIAKOCTU. Edunuunasa (na edunuuyy naowiaou) cuia
0aesjleHus u ecmsv 0aegjieHue 2aszd.

CocrostHue Ta3a onmpenemnsieTcs TpeMs mapaMmerpaMu — aOCOJIOTHBIM JIaBIICHUEM
P, WIOTHOCTBIO p U aOCONOTHOIN Temneparypoi T, KOTOpbI€ CBSI3aHbl YPaBHEHUEM CO-
ctostHus (ypaBHeHueM Knaneiipona).

pV=mRT,

rae R — ra3oBas nocrossaHas, R=287mx/kr-°K nis Bo3ayxa.

YpaBHEHHE COCTOSIHHSI MOYKHO 3aITiCaTh B BUJIC:

p/p=R-T.

[Ipu yBenu4eHHHN TEeMIEPaTyphl YCHINBAETCS OPOYHOBCKOE IBMIKEHHUE MOJIEKYI
¥ 9aCcTOTa X yAapOB O MOBEPXHOCTh. [Ipy ATOM maBieHne ra3a yBeIMInBaeTCs.

B manvix o6vémax oasenenue 2aza 00UHAKOBO 60 6cex MOUKAX 00véma. B
0o1buIUX 00BEMAX OasnieHue 2a3a YMEHbUIAEMC C 8bICOMOI NO IKCHOMEHUUAIbHO-
MY 3AaKOHY.

3.2. BBIMUCJIEHUE TNIPOCTATUYECKOI'O JABJEHUSA
AOGCOMIOTHOE JIaBlieHWE B JKUJKOCTA MOXHO BBIUMUCTUTH 1O dopmyde (1), koTo-
pasi Ha3bIBA€TCSd OCHOBHBIM YPaBHEHHEM TMAPOCTATUKHU, a TAKKE MOMXKHO HU3MEPUTH C
MTOMOIIBIO PUOOPOB - MAHOBAKYYMMETPOB.
pP=po +pgh (1)
Peec. = Pg°h, (2)
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TJI€ Pgoc — NABIICHUE 32 CUET BECa KUIKOCTU (BECOBOE JIABJICHUEC WIIA JTABJICHHE
cToba xugkocTH). [laBieHue raza py nepenaercs yepes >KMIKOCTh Ha TIIyOHHY A 10
3akony Ilackams.

OcHOBHOE ypaBHEHHE THAPOCTATHKH (1) CBA3BIBACT JaBJICHUS Ha JIBYX TOPH30H-
TaJIbHBIX TUIOCKOCTSX B KHUIKOCTH.
3axon Ilackans: /lasnenue py, cozoannoe Ha HUOKOCMb THOObIM nymem, nepeoaemcs
80 6ce MOYKU 00BEMA HCUOKOCMU O€3 U3MEHEHUS.

ManomeTp — nu3MepsieT U30BITOK a0CONFOTHOTO JaBJICHUS HAJ aTMOC(HEPHBIM.

Pn=D = Pam- (3)

BakyymmeTp - u3MepsieT HeI0CTATOK aOCOIFOTHOTO JABJIEHUS 0 aTMOC(HEPHOTO.
Py ="Dum —P. 4)

Hcnonp3ys mokazanus mpuOOpOB, MOKHO OMPEIEITUTh A0OCOIIOTHOE JIABJICHUE 110
dbopmymnam nepecueta (5) u (6).

P =Dam + Du; ()

P =Pam - Dv (6)
ATt™ochepHoe aBieHUE p,,, onpenensercs no dapomerpy. Eciau p,, He 3amaHo,
OHO HPUHUMAETCS PABHBIM: Pan=10"T1a=0,1MITa.

Bo3Bpamaemcsi K pellieHHI0 3a1a4M.
1. Onpenensiem abCOMIOTHOE JIaBJIEHUE ra3a Mo MOKa3aHUI0 MAaHOBAaKyyMMETpA:
P =Pam + Duo - €CTIU JaBICHUE Ta3a 00JbIlle aTMOC(PEPHOTO U TPUOOP MOKA3HI-
BaCT Puo;
P =Pam - Pw - €CIIY JIaBIICHUE Ta3a MEHbIIIe aTMOC(HEPHOTO U MPUOOP TOKA3HI-
BacT pP,y.
2. OnpenensieM aOCOJIIOTHOE JIaBJICHUE B KUJKOCTHU Ha riyouHe H no ypaBHe-
Huto (1):
pa=po + pgH=p,,+ pu+ pg-H- ecnu naBnenue raza 6ospie atmochep-
HOTO;
pu=po +pgH=p,,—pwt pg-H - eciu naBnenue raza 0onbiie arMmochep-
HOTO.
3. OnpenenseM NOKa3aHUE MAHOMETPA P,y
Pult =P = Pam =DPam T Pwo + PLH - pu = puo + p-g-H- ecnu naBienue raza
OombIie atMocepHOToO;
Puli =PH = Pam =Pam —Pvo + PLH - pam = - Py + p-g-H- eciiu naBnenue raza
MEHBIIIE aTMOC(EPHOTO.
?
Kak ompenensiercsi cujia, ¢ KOTOPOH KHJAKOCTh JaBHT HA CONMPHKA-
CAIOUIYIOCH C HEeH MOBEPXHOCTH?
[ToBepXHOCTH, C KOTOPHIMU COMPUKACAETCS KUAKOCTh, OBIBAIOT TJIOCKUE U

KPUBOJMHEHHBIC (B OOJBITMHCTBE CIy4YaeB IUIMHAPUYECKHE WU chepu-
YEeCKHe).
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Cuna oasnenus — eexmop. HeoOXoIuMo onpenenuTb MOAYJb CUJIbl, €€ Ha-
IpaBJICHUE U TOUYKY MPUIOKEHUA. MeTouKa onpeereHus] CUII 1aBJICHHUs] HA KPUBO-
JIMHENHBIE IOBEPXHOCTHU 3/IECh HE pacCMaTPHUBAETCSI.

/lna naockux nogepxnocmeit cuna 0a61eHUA 6cez0a NepneHOUKyIApHa no-
sepxnocmu (Puc.3, 3° CBOWCTBO JaBIeHNN).

3.3. OIIPEAEJEHUE CUJIbI JABJEHUA KUIKOCTHU
HA IIVIOCKYIO ITIOBEPXHOCTDb

PaccMmoTpum mpocreiimuii ciaydai, Korja cocyl OTKPBITBIM, B Ha CBOOOTHYIO
MOBEPXHOCTH )KHUJIKOCTH JIeUCTBYeT aTMoc(epHoe nasienue (Puc.4).

AOCOIJIFOTHOE 1aBJIEHHE B KUJKOCTH B JAHHOM CJIy4yae Ha MPOU3BOJIbHOM ITy-
oune h paBHO:

Prh=Pum +pgh

ATtMocdepHoe naBieHue mnepenaercs mo 3akoHy Ilackans yepes3 KMIKOCTb U
JEUCTBYET Ha KPBIMIKY M3HYTpHU. Tak Kak CHapYy»KW TakKe JNEeUCTByeT arMochepHoe
JABJICHHE, TO B PE3YJIbTaTE€ OHO YPABHOBEUIMBAETCS U HE BIIMSIET HA KPBIIIKY.

SIIIOpa JaBJICHUA / OChb CHUMMCTpPHHU

pam

EREE

CMOYEHHAas KUJIKOCTHIO
IJIOIIA/Ib KPBIIIKH (S)

m
LEHTP TSHKECTH IUIONAAu § (TOUKa ¢) UEHTP AaBiIEHUS miomaay s (Touka o)

Puc. 4

OHpeI[CJICHI/IG CUJIbI JAaBJICHUA XXUAKOCTH AJISI OTKPBITOI'O COCyaa

Takum 00pa3oM, B OTKPBHITOM COCYZE COMPHUKACAIONINE C )KUIKOCTHIO TIOBEPX-
HOCTH HaXOJISITCS TIOJT BO3/ICHCTBUEM TOJIHKO BECOBOTO JaBJICHHUS.

3.3.1. I'padoananuTnyecknii cnocod onpeaeeHus CUIbl U HEHTPA AaBJICHUSA
Ha Puc.4 noka3aHo pacrpeeneHue BeCOBOro JaBJI€HUS 10 KOHTYPY CTEHKH,
KOTOPOE Ha3bIBAETCA SMIOpor. M3 TeopeTnueckor MEXaHUKN U3BECTHA CBA3b MEKIY
pacnpeneneHHON Harpy3Koi U cocpeoToueHHOM critoil. Mtak, rpadoananutruaeckuit
crocoO:
lasnenue — pacnpeoenennasn nazcpyska Ha nogepxnocmo. Cuna 0asneHus pasua
00vEMY antopbl 0asnenus. Jlunus oelcmeus cuibl NPOXooum depe3 YeHmp maicecmu
06véma snwopul. Touka nepeceyeHus TUHUU OeUCMBUS CUNbL OABNeHU U NIOCKOCTU
CMeHKU — YeHmp 0aesiieHus (mouxa d).
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CymMmapHas cuiia JaBJICHHUS Ha CTCHKY B JJaHHOM CITydae paBHA CHJIC BECOBOTO
JABJICHUS KUJAKOCTH, TaK KaK CHIIBI aTMOC(EPHOTO JIaBJICHUS C 00EUX CTOPOH CTCHKH
yYPaBHOBEIIMBAIOTCS.

F >= F e -

Ha mpakTuke, eciii CTeHKa MepEeMEHHOW IMUPHHBI (HampuMep, Kpyrias Kak B
JaHHOM  Cllydae), ONpEeNeIUTh OO0BEM AIIOpPBl  3aTpyIHUTENbHO. [loaTomy
HCIIOJIb3YETCSl aHAIUTUYECKHH CT10C00.

3.3.2. AHAJIUTHYECKHUH CIOCO0 onpe/ie/ieHUsl CUJIbl U LEHTPA JaBJICHUS

OT1oT cnocob omnucad B pazaene 2.1.3 gaHHOro yueOHoro nocoous.
Monynb (BeMYrHa) CHIIBI BECOBOT'O JaBJICHUS ONpPEEsieTCs Tak:

F,.=p.s=pgh.s ; (7)

pe=pghe, (8)
7€ p.- JaBJICHUE B IIEHTPE TSKECTU IUIOMIAIM S, § -TUIOLIAAb CMOYEHHOW MMOBEPXHO-

CTH CTEHKU;

h, — rmyOvHa nOrpyXeHUs [IEHTpa TSHKECTU 0T YPOBEHb CBOOOIHON MOBEPXHO-

CTH (paccTOsIHUE IO BEPTUKAIA OT CBOOOJHON MOBEPXHOCTHU [0 LIEHTPA TSHKECTH).

BHUMAHUE!

[Inomanp KpeIKY M0 (GOpMe U IO BEIMYMHE OTIAMYAETCS OT IUIOLIAIN S, CMO-
YeHHOM XuAKOCThIO. [Ipu ompeneneHuu cuibl AaBieHUs B GOpMyiTy cieAyeT MoA-
CTaBJISITh CMOYEHHYIO ILIOIA/Ib, KOTOPAas paBHA IJIOIIAIA OTBEPCTHS.

Hanpaenenue cunwt: Bceraa NepueHANKYISIPHO TOBEPXHOCTH.

KoopauHate! TOUKH MPUITOKEHHs CHITBI (LIEHTpa AaBJICHHUS) — 3TO KOOPIMHATHI
TOYKH Ha IIOCKOCTH.

Ilonoscenue mouku na niockocmu onpeoenaemcs 06yma KOOPOUHAMaMu.

1. LlenTp naBneHus Touka d JIEKUT HA OCH CUMMETPUU CTEHKHU.

2. PaccTosiHME &€ 1O OCHM CHMMETPHUH OT LIEHTPA TSKECTH A0 IIEHTpa JaBICHUS
(Puc.4) onpenensiercs Tak:

I, )
s-l.’

e=cd=

rae I, —~MOMEHT MHEPIIUM TUIOLIAIN § OTHOCUTEIHLHO TOPU30HTAJIBHOM OCH (CIpaBOY-
Has BennunHa, [Ipunoxenue 1).

B nannowm ciyuae 1. = mk’/12; 1. —pacCTOSAHUE MO KOHTYPY CTEHKHU OT LIEHTpa
TSDKECTH TUTOIIAH § 10 CBOOOTHOM MOBEPXHOCTH KUIKOCTH.

B nameii 3amaue [. = h,y.

BHUMAHMUE!

Ecnu crenka He sBisieTcs BepTUKAIbHOM, [. #hy ! B Haieil 3anaue:

mk’ K’
&= = .
12km -hy, 12-h,

YTOo U3MEHHUTCS, eCJIH pe3epByap 3aKpbIT U HA CBOOOIHOW MOBEPXHOCTH
JKUJIKOCTH JaBJIeHHe He paBHO aTMocepHomy (Kak B Hamei 3agade,
Puc.1)?
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Benuuuna cunbl gaBieHuss OyAeT onpeaensTbes mo Gopmyde :
F=p.-o; (10)
Pec=Po +Pgh —Pam (11)
TA€ p.— PEe3yAbTUPYIOLIEE AABICHUE B IIEHTPE TSHKECTU TUIOWIAIU § (C YUYETOM Mpo-
THUBOJICUCTBYIOIIETO aTMOC(HEPHOTO JIaBJIICHUS C APYTOil CTOPOHBI).
Ho B 3TOM ciiyuae BenmUUMHY & HENb3s ONpenesTh 1o ¢popmyse (9).

E=cd #

I. |
s-1,
®opmyia (9) BeIBeJieHA UL CIYYast Pg= Pam-
Touka mpunokeHns: paBHOJIEHCTBYIOILEH CHIIBI Ul 3aKPBITOrO COCYla OIpe-
AenseTcs 10 MPaBUIaM CIIOKEHUS NapaiedbHbIX CHIL.

3.3.3. OnpenesieHne CyMMApHO# CHJIbI JABJICHUS

KaK PaBHOACHCTBYIOLIEH CUCTEMbI MAPaJJIeJIbHBIX CHJI
Cuna naBieHHs >KMJIKOCTU Ha CTEHKY cieBa (u3nyTtpu) F,, pa3OuBaeTcs Ha
JIBE MApAJUICIIbHBIE CUJIBI — CHJIY BHEIIHETO JAaBiIeHUs Fy U CUIIy BECOBOIO JIaBJICHUS
Kuakoctu F,.
Fow.=p.-s=(@o +pgh) -s=py -s+pgh-s =Fy+F,,.
C BHENIHEW CTOPOHBI CTEHKH JACHCTBYET cuia arMochepHoro nasnenus. Omnpe-
JENSAIOTCS MO OTAEIBHOCTU 3THU CWJIBI U TOYKM WX IpuioxkeHus. Jlanee HaxoauTcs

CyMMapHasi cuiia Kak paBHOJIEHCTBYIOIIAs CUCTEMbI TapayienbHbIx cui (Puc. 7).

Q-
|_—0Cb CHMMETDHH OTBEPCTHSA
lpfpam | ! CMOYCHHAS KUIKOCTHIO IUIOIA b
' KPBILIKK § = k X m
hy F
vip. _2o k & - pacCTOsHHE M0 OCH CHMMET-
F.z pHH OT IIEHTpPa TSHKECTH 10 IICH-
[ —— T Tpa BECOBOI'O JaBJICHUSA
E— N\
HCHTP TSHKECTH IUIOIIAIN § - LICHTP BECOBOTO JIaBJICHHMS IIJIOMIAIH § -
TOuKa npuiokenus cui Fy u F,, TOYKA MPUIOKEHHS CUIbl F,
Puc. 7

Cxema K onpeieNIeHUI0 PAaBHOJECHCTBYIOLIEH CUCTEMBI MAPAIIIEIbHBIX CHII
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PaccmoTpum ciydaid, Koria AaBieHHE Ha CBOOOTHYIO MOBEPXHOCTh KUIKOCTH

OoJibliie, yeM aTMoc(epHoe.

Ntak, Mbl IMEEM CUCTEMY TPEX MapajuieIbHbIX CHUJL.

o Fy=py -5 -cuna enewinezo dasnenus, NIpuiaoKeHa B LICHTPE TIKECTH
CTEHKH, TaK KaK BHEIIHEE JIaBJICHUE TepeaaeTcsa no 3akony Ilackans ye-
pe3 JKHUAKOCTh U OJMHAKOBOE BO BCEX TOUKAX CTEHKH.

o F,= pgh-s -cunaeecoeozo oagienus KAIKOCTH, IPUIOKEHA HIKE
IIEHTpa TSHKECTH Ha BEIMYHMHY £ (€ onpeaesiercs 1mo gopmye (9)).

¢ Fow= DPum *S - cuna ammocgepnozo oagienusn , IpuI0KEHA B LICHTPE
TSOKECTU CTEHKH (aTMOC(hEpHOE NMaBlICHHE OJMHAKOBOE BO BCEX €€ TOod-
Kax).

IIpaBusI0 onpeesieHnsi PAaBHOEHCTBYIOIIEH CHCTEMBI MAPAJJIeIbHBIX CHJI
Moayib CHIIBI — paBeH alreOpanvyeckoi cyMMe MOy Iel COCTABIISIFOIITUX CHJT.
Touka pUIOKEHUS — ONPEEAETCS C MOMOIIBIO TeopeMbl BapuHboHa:

Teopema Bapunbona:

Momenm pagnoodelicmsyroujell Cuibl OMHOCUMENbHO NPOU3BOIbHOU MOYKU pa-
8EH CyMMe MOMEHMOE COCMABIAIOWUX CUL OMHOCUMETLHO IMOLL HCe MOUKU.
' IIpuMeHMM 3TO NPaBUJIO AJIA HALLIEH 3a1aun
*® B kadecTBe TOUKM [Jisi COCTaBJICHUS YPAaBHEHUS MOMEHTOB YJOOHO BbI-

OpaTh EHTP TSKECTH CTCHKHU, TaK KaK CHJIbI BHEITHETO AaBieHus Fyu F,, mpoxoast

gyepe3 3Ty TOUKY U He 00pa3yloT MOMEHTa (MX IJICYH PaBHbBI HYJIIO).

Ha Puc. 8 u Puc. 9 noka3zansl pacyeTHbIE CXEMBI ISl CIIy4aeB, KOTJa JIABJICHUE

ra3a Ha CBOOOJJHOM MOBEPXHOCTH COOTBETCTBEHHO OOJIbIIIE M MEHBIIIE aTMOC(HEPHOTO.

5.



Jaenenue py> pum Hasnenue py <pum

LIEHTP | \
TSOKECTH i HEHTP !
@ TAKECTH \ !
Fy | F, !
:—u—F‘—’”—x— ------ »:—-n F‘”” ---------
F,. ; N\ TOUYKa TMPUIOKCHUS Fo 5 v
i cuisl Fx Fs ﬂ
N I
TOYKA NPHIOKECHUS TOYKA MPHIOKEHUS
cuibl F,, cuibl Fy
Puc. 8 Puc. 9

le/l JaBJICHHUHU HA NMMOBECPXHOCTH KUAKOCTH 60.]1])1116, 4eM aTMOC(l)epHOe:

7]

FZ:F0+FM_Fam = Do 'S"‘,D'g'ho *S = Dam 's=(p0zn+pam+p'g'h0'pam)'
= (Pon T pghy-s;
M. (FZ):MC (Fafc)a

Fz-x:Fm'é‘,'
x_Fm.g_ p-g-hy-k* - km p-g-k?

Fs  12hy-(poy,+p-g-hy)km 12-(py, +p-g-hy)’
IIpu naBJjieHUN HA MOBEPXHOCTH KUAKOCTH MEHbIIIE, YeM aTMoc(epHoe:
Fs=Fy+ Fy—Fen=po -StpghoS-Pam S=Pum-Povt PLNo-Pam)s =
=(pghy -poy)-s;
M. (Fs)=M.(F,);

Fz-x:Fm'é‘,'
x_Fm.g_ -8 hy-k*-km p-g-k?

Fy  12hy-(-po,+p-g-hg)-km 12-(=po, +p-g-hy)’

! BepHemcsa k cxeme Hamei 3agauu (Puc. 1)
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3.4. PEHLIEHUE UH)XEHEPHOM 3ATAYH
BcnomHMM, 4TO HaAM HY’KHO OINPENENNTh HE CHIIy JABJICHHS Ha KPBILIKY 1, a
BHEIIHIOK CWIy R 13 yCIIOBHS, YTO KPBIIIKA HE IIOBOPAYUBACTCS BOKPYT OcH A4.
OtMmeTuM, 4TO MoJ AeCTBUEM CUJIbI 1aBiieHUs Iy Kpbllika OyAeT OTphIBaThCS

OT pe3epByapa M KUJIKOCTb OYJIET BbITEKATh. 3/1€Ch BO3HUKAET MIPAKTUYECKasl 3a7a4a:

"_’ Kakum 00pa3oM MOKHO 3aKpenuTh KPBIMIKY, YTOObI OHA ObLIAa He-
NOoABHKHA?
CymiecTBylOT JABa IIMPOKO PaCIpPOCTPAHEHHBIX CIIOCO0A pEIICHUS
JTOM 3aJa4u.

e Kpovuuka npukpennaemcsa K CHeHKe pe3epeyapa ¢ noMouibio 001mo-
6020 coedunenua uau ceapku. lIpu >TOM BO3HUKAaET CUJAa PEAKLIUU
00JITOB WJIM MaTepuana CBapHOIO IIBa U OHA OCTACTCSI HEMOJBHMKHOM.
KonuuectBo 605TOB, UX pa3Mepbl, TONIIMHA CBAPHOTO IIBa OMpEIes-
FOTCS 110 3aKOHAM TEOPUH CONPOTHUBIIEHUS MAaTEPUAIIOB.

e Kpovuuka npusicama K cmeHnke pe3epeyapa 6HeutHell Cunoil, Ho MOXET
B HYKHBII MOMEHT OTKPBIBATHCS, TOBOPAYUBASACH BOKPYT HEKOW OCH, U
IPOITYCKATh KUIAKOCTh (paboTaeT Kak ruApaBIMYECKUI 3aTBOP WU KJla-

TaH).
Kak cBsizaTh cuily JaBJ/IeHHs] HA KPBILIKY C CHJI0OH peakuuu 00JITOB
WIHN ¢ cuJIou R?
JI1s1 3TOr0 UCIIONB3YIOTCS YCIOBUS PABHOBECUS TBEPIOTO TEIA.

YcnoBusi papHOBecHusi TBEPOrO Tejia

e Eciu Teno, HaxoasIeecs Mo AEUCBUEM CHJI, MOKET IIEPEMEILATHCS MTOCTYyIIa-
TEJIBHO, HO HE MEPEMENIAETCS, 3TO O3HAYAET, YTO:

Aneebpauueckas cymma npoekyull CUl Ha 0Cb 803MONCHO20 Nepemeuerusl pagHa Hy-

Jio.

e Eciu Teno MOXeT MOBOPAYUBATHCSA BOKPYT HEKOM OCH, HO HE IIOBOPAYUBAETCH,

3TO O3HA4YacT, 4ToO.

CymmapHulil MOMEHm 8cex CU OMHOCUMENbHO OCU NOBOPOMA PABEH HYJIIO.
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Jns onpenenenus cuiibl R nenons3yem ycnosue 2. Ha Puc. 10 npencrasiienst
pacyEeTHBIE CXEMBI JUJIS IBYX CIy4aeB — CUCTEMA JICUCTBYIOIINX CHJI IPUBEAECHA K O-
HOM paBHOJEHicTBYIOIIEH Fy (cXeMa «a»), U cUcTeMa CHJI He TIPUBE/ICHa K paBHOICH-

CTByIOLIEH (cxeMa «0»). Pazymeercs, OTBET NOKEH MOTYYUTHCS OJMH U TOT Ke.

Onpenesienne cuiibl R

‘Ga” ‘Gb)’
- / OCb BpAIICHUS
A @{L BpaIllCHUs y E,
a a
F,
X am
U N I Fy o /S _
Euc & b
Fs b
R R
Puc. 10

K onpenenenuto cuiibl R AByMs criocobamu

YpaBHenue paBHOBecHs (HEMOABUKHOCTH) KPBILIKH JIJI1 CXEMBI «a:
Fx-x- R-(a+b)=0.
Otkyna:
R = Fyx-x/(a+b).
Benuuunsel Fy u x onpeneneHsl panee (Beipakenus (12) u (13).
YpaBuenue paBHoBecus (HEMOABIMKHOCTH ) KPBIIIKH JIJIsI CXEMBbI «by:
Fy-a+F,.,(a+tg - F,,-a- R(a+b)=0.
Otkyna:
R=(Fy-a+F,:(atg - F,, -a)/ (a+h).

Benwuunst Fy, F,,., F,, 1 £onpeneneHsl paHee.
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OnpenesieHue CHJIbI, OTPHIBAKOIIEH 00JITHI KPBIIIKH 2

o Fy+F,—F,,=F,-cymmapnas

CUJia, JEUCTBYIOIIAS HA KPBILIKY.

L Fo =Po - § -CHJIa BHCIIHCIO OABJIC-

HHUA, pyp HTCPCAACTCA HYCPC3 KHUI-

CMOYCHHas
KOCTb Ha KpBILIKY I10 3akoHy Ilac-
IUIOIIAAb
F, Kaus.
 —— L Fam= PamsS - CHJIA aTMOC(bepHOFO
aBJICHUSI.
R; A

e F, =pg-H s -cunaBecoBOro Jas-

R;-cuna peakiiun 001TOB JICHUA JKUKOCTH.

Puc. 11

Omnpenenenre CUIIbI peakluy 00JITOB

Bce cubl IMPUIO0KCHBI B ICHTPC TAXKCCTU - KPBIIIKA 'OPHU30HTAJIbHAA.

YcaoBue PaBHOBCCHA KPbIIIKH:
Rg = Fz .
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PA3JTEJT 4
KOHTPOJILHBIE 3AJIAYM
MO THJIPOCTATUKE

KoHTponbHOE 3a/1anue BKIOYaeT TpU 3a1auvd. Homep KOHTPOJIBHOrO 3aJaHus
BBIJIAETCS TIPETIOIaBaTeIeM H COCTOMT U3 ABYX IMdp. BeiOop BapmanTa mpou3BOIUT-
cs1 1O TocIIeIHeH 1udpe HoMepa, a YUCIASHHBIX JaHHBIX — IO MPEANOCIeaHeH nudpe
HOMEpa KOHTPOJBHOro 3aaaHus. Hampumep, BapuanT 6.8 O3Hayaer, 4yTo CTYJICHT
JOJKEH BBIMIOJTHUTD 3a/1auud 8, 18, 28 u B kax10il 3a7a4e BoIOpaTh U3 TaOIUIBI YKC-
JICHHBIE TAHHBIE 110 BAPUAHTY 6.

Tabauna BapuanToB
Bapuant Homepa 3anau

0 10, 20, 30
1, 11, 21
2, 12, 22
, 13, 23
14, 24
15, 25
16, 26
17, 27
18, 28
, 19, 29

»

)

»

)

O RIS N AW N -
NI o RIR=AN Y R S )

B ycnoBusix 3ama4 MOTyT OBITh HE yKa3aHbl (PU3UUECKUE CBOMCTBA KUIKOCTU
WM HEKOTOpBIE JAPYTUe MapaMeTpbl, KOTOpble BhIOMpatoTcst u3 Tabnuil B [Ipunoxe-
HUSX.

Memoouka peuwienus BCeX 3a1ad, 10 CYIIECTBY, CBOIUTCS K CICAYIOIMIEMY.
° 3anucaTh YpaBHEHHE WJIM CUCTEMY YPaBHEHUM, BhIPAKAIOIIUX YCIOBUSI PaBHO-
BECHUSI CaMOM >KUJKOCTH M TBEPHBIX TEJ, HAXOASAIIUXCS B KUIKOCTH IOJ| CHUIOBBIM
BO3JICHICTBUEM.
° Pemmnth mosiyd4eHHYI0 CUCTEMY YpaBHEHUW OTHOCUTEIHLHO HEU3BECTHOW BEJIU-
YUHBL

Bce 3a0auu pewaromcesn 00 konua ¢ oouiem eude. Jlanee noaCTaBIISIIOTCS UC-
xo/HbIe JaHHbIe B cucteMe CU U mMpou3BOASITCS BBIYUCICHUS C TOYHOCTBIO IO TPEX
3Havammx nudp. Pesynbrar 3anuceiBaeTcs B Buje crenenu uucia 10. Hampumep,
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BBIYMCIIAETCA AABJICHUE U HA KaJbKYJIATOPE MOJMy4eHo yucno: 124576 1la. Pesynbrar
HY’KHO 3aIlCaTh B BUJIE:
p =125-10"T1a =0,125MITa.
3agauya 1
JUts civBa JKUIKOCTH W3 XPAHWIMILA WMEETCS MPSAMOYTOJbHBIN MaTpyOoOK C

pasmepamu a x b, 3aKpbIThI KpbIIIKOW. KppIlllka ycTaHOBIIEHA MTOJ YIVIOM & K TOpH-
30HTY U MOXET ITOBOPAYMBATHCS BOKPYT OCH A. YPOBEHb KUAKOCTH paBeH H.
Hax moBepXHOCTBIO >KHIKOCTH HAXOAWUTCS Ta3, NaBIECHHE KOTOPOTO MOKET
ObITH OOJBIIIE aTMOC(EpHOTro (TOraa MoKa3aHWe MaHOBAKYYMMETPA PABHO P, ) WIH
MeHblIe aTMoc(epHoro (Torjga MmokazaHue MaHOBAaKYyMMETpa PaBHO P,y ). BHyTpu
naTpyOKa KUJIKOCTH HET M Ha KPBILIKY AEHCTBYyeT aTMOC(EepHOE AaBJICHHUE.
Onpenenuts cuny T HaTSKEHHUS] TPOCA, HEOOXOIUMYIO AJII OTKPBITUS KPBIII-

ku. Bec KpbIIKK He yYUTHIBaTh. TemiiepaTypa >KHAKOCTH paBHa £°.

Pnos (1’v0)
s Cxema IeiCTBYIOIIUX CHIT
S N
T OCb N
Y Bpameﬁ
A F.
n. | a T
A Fam
Vh Y

CMOYEHHAa 1uIoans s=a-b/Sinca

Pucynok k 3agavam 1, 2, 3

Ykazanus

1. WUcnons3ayiite [Ipunoxenue 1 aiist onpeneneHus IOTHOCTH KUJKOCTH, a
[Ipunoxxenue 2 —1js1 ONpeaesICHUs] MOMEHTA HHEPLIMU NIPSIMOYTOJIbHUKA.

2. Cunbl, neMcTByIOIIME Ha KpbIIKY: Fy -cuna BHemHero naBieHus; F,,.-
cuiia BecoBoro aasnenus; F,, —cuna atMocdepHoro napinenus. 7- Ha-
TSKEHHE Tpoca.

3. 2M, = 0 —yci0oBue paBHOBECHS KPBIIIKH, M3 KOTOPOTO OIMPEACIISIETCS
cuna T.

4. Ilpu ompeneneHUM BEIWYMHBI U TOYKH IPUIOKEHHS CUJIBI BECOBOTO
NaBJieHUs! )KUaKocTH F,. oOpaTuTe BHUMaHHE, 4yTo B hopmyie (7) Benu-
Ha h, — paccTOSIHUE 1O BEPTUKAJINA OT LIEHTPA TSHKECTH IUIOIIAAHN § 10
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MOBEPXHOCTH KUAKOCTH, a /. B hopmyie (9) nns onpeneiaeHus: BEITUIU-
HBI £- PACCTOSIHUE MO KOHTYPY CTeHKH. I, = h./ Sina.

Tabania NCXOIHBIX JaHHBIX

Bapu- | Temn-pa, | H,m | a,m | b,Mm | Vrona, | Puwo, | Pw, | Kunkocts
aHT ° C o klla | xIla

0 20 3,0 0,2 0,3 30 10 - HeDTH

1 25 2,0 0,1 0,2 45 - 15 | OeH3un

2 30 4,0 0,3 0,3 60 20 - KEPOCHH

3 10 2,5 0,15 |0,1 30 - 0 JIN3.TOIIJIUBO

4 15 3,5 0,2 0,2 60 25 - HeDTH

5 5 3,2 0,15 (0,2 45 - 20 | OeH3MH

6 20 3,5 0,25 (0,3 45 40 - KEPOCHUH

7 35 4.5 0,25 |0,1 30 - 30 | IM3.TOIIMBO

8 10 3,0 0,3 0,15 |60 10 - He(DTh

9 10 2.8 0,4 0,2 30 - 15 | Oensun

3agaua 2

Pemute 3amauy 1 npu yCJIOBUH, YTO KPbIILIKA UMEET BEC, paBHBIN G.
VYkazanus:
BBenute B ypaBHEHUE paBHOBECHS KPBIIIKKM MOMEHT OT CHIIbI G.

Bap-ut | 0 1 2 3 4 5 6 7 8 9
G, H 50 60 80 190 100 | 60 120 | 150 | 70 110
3agaua 3
Pemmre 3anauy 1 mpu yciioBuM, 4TO BHYTPH MAaTpyOKa HAXOAUTCS KHUIKOCTD.
Yka3zanus

1. 1oGaBbTE B ypaBHEHHE PAaBHOBECHS JOTIOJHUTEIbHBI MOMEHT OT CHIIBI Fyy. .

2.Cxema cuJl, JEWCTBYIOIIMX Ha KPBIIIKY B 3TOM ClIy4ae:

och
BpAIICHUS

Nupexc

(Y1)

H

Curna nmaBieHHS Ha KPBIIIKY CO CTOPOHBI
JKUJIKOCTH B TaTpyOKe paBHA:

Fo, =p.-s=pgb2xabSing

[Ipu ompenencHUM BEIUYHHBI &, MO (Hop-
myie (9)

l= b/2Sina (Tak KaKk MOBEPXHOCTH KUI-
KOCTH B TIaTPyOKE COBIIAJIaeT C €ro BEepX-

HEel TUIOCKOCTHIO).

€69

O3HA4aeT “HIKHSS, @ UHIEKC “B” — BEpXHSS CUJIA.
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3anava 4

OnpenenuTs CyYMMapHYIO CHITy AaBJ€HHUS Ha TOPLEBYI CTEHKY AB ropu3on-
TaJbHOM UWJIMHIPUYECKOW LHUCTEPHBI OUAMETPOM d , 3AMOJHEHHOM KUIKOCTHIO
IUIOTHOCTBIO P, €CIIA YPOBEHb XKUJAKOCTH B F'OPJIOBUHE HAXOAUTCS Ha paccTosiHuu H
OT JHA.

[{ucTrepHa repMETHYECKH 3aKpbITa U HaJl TOBEPXHOCTHIO KMJIKOCTH HAXOIUTCS
ra3. /laBienue ra3za MoxeT ObITh OoJbllie aTMOC(HEPHOTO (TOTa MOKa3aHHEe MaHOBA-
KyyMMepa paBHO P,y ) WIK MEHbIIIE aTMOC(hEepHOro (Toraa nmokazaHue MaHOBAaKyyM-
MeTpa PaBHO Pyyg ).

OnpenenuTs Takke KOOPAUHATHI TOYKH NMPUIIOKEHUS CUJTBI TABJICHUS.

TN b ——<:EE>JPM06PWQ
ropJIOBHHA OaBJICHUC 11APOB Py ‘ v

—_— d

creHka AB I—I I_I

Pucynok k 3anaue 4

Ykazanus
1. IInoTHOCTH KUAKOCTH ompeneaute ¢ nomoulpto I[lpunoxkenus 1, a MOMEHT

WHEepUnH Kpyra - o [Ipuinoxennro 2.

2. Cxema cuil, ICUCTBYIOIINX HA CTEHKY AB:
!

F, - cuna BHemHero aapieHus; I,
- CHJIa BECOBOTI'O JIaBJICHUS;
F,,, — cuna atMoc(epHOTro aBiIeHHUS,
Fy - cymmapHas (paBHOJIEHCTBYIO-
111as1) CWJIa JaBJICHUs HA CTEHKY LIUC-
TEPHBI.
Touka NpUIOKEHUSI CUJIbI JIABJICHHUS
Fy (BennuMHa X ONpEAENseTcs 0
Teopeme BaprHboHa)
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Tabania NCXOIHBIX JaHHBIX

OnpenenuTs CyMMapHylO CHIIy JIaBJICHUSI HA TOPLIEBYIO CTEHKY AB ropus3on-
TalbHOM UWIMHAPUYECKON LHUCTEPHBI auaMeTpoM D, 3amoJIHEHHOM >KUJIKOCTBIO
IUIOTHOCTBIO p, Haxondiehcsa npu temmeparype ¢° C. YpoBeHb KUJKOCTH B TOPIIO-

BHHC HaxXOoAUTCA Ha PaCCTOSAHHUU H ot JHaA. rOpJ'IOBI/IHa 3aKpbITa NOPIIHEM AWAMCT-

poM d, Ha KOTOpHI felicTByeT cuna R.

OHpe,HGHI/ITB TAKKC KOOPAWHATBI TOYKU IIPUIOKCHHUA CHIIBI OABJICHUA Ha

KpbIIKY AB.
2 R
TOPJIOBUHA CBOOO/IHAs TIOBEPXHOCTH
— JKUIKOCTHU
| R d
H
creuka AB
PucyHnoxk k 3agaue 5
Yka3zanua

1. Te xe, uTo U K 3ajgauc 4.

-34-

Bapu- | Temmn-pa, | H,m d, m Puos | Py, JKuakocThb
aHT ° C klla | klla

0 20 3,0 2,5 60 - HeDTH

1 25 2,0 1,7 - 55 OCH3UH

2 30 4,0 3,5 70 - KEPOCHUH

3 10 2,5 2,0 - 0 JIN3.TOILJIUBO

4 15 3,5 3,0 40 - He(DTh

5 5 3,2 2,8 - 60 OeH3MH

6 20 3.5 3,1 50 - KEPOCUH

7 35 4.5 4,0 - 40 JIN3.TOIIJINBO

8 10 3,0 2,6 30 - He(DTH

9 10 2.8 2,2 - 65 OeH3MH

3agaua 5




2. OTnnyusi: JaBjaeHUE Ha CBOOOJHON MOBEPXHOCTH XKUIAKOCTH B TOPIIOBUHE Py
OTIpe/IeTIsieTCs Kak CyMMa aTMOC(EpHOro AaBJICHUS U IaBICHUS OT CUIIHI R,

KOTOPOC paBHO YaCTHOMY OT ACJICHHA CHUJIbl Ha IUIOIIAAb I'OPJIOBHUHBEI.

SAITOMHUTE!

Jlaenenue om cunvl pasno cuna / naouwiaos.

Tabania NCXOIHBIX JaHHBIX

Bapu- | Temn-pa, | H,m d, M D,Mm | R H KujakocTb
aHTt ° C

0 20 3,0 0,2 2,7 50 He(ThH

1 25 2,0 0,1 1,6 30 OeH3UH

2 30 4,0 0,3 3,6 60 KEPOCUH

3 10 2,5 0,15 2,0 40 JIN3.TOIJIUBO

4 15 3,5 0,2 3,0 70 HEPTH

5 5 3,2 0,15 2,6 20 OeH3UH

6 20 3,5 0,25 3,1 65 KEPOCUH

7 35 4.5 0,25 4,1 80 JTN3.TOILTUBO

8 10 3,0 0,3 2,2 75 HePTh

9 10 2.8 0.4 2,0 95 OCH3UH

3agaua 6

[IuToBOI 3aTBOp MIMPHUHON Kk JOJKEH aBTOMATHYECKHM MOBOPAYMUBATHCA BO-
Kpyr ocu AB, oTKpbIBaThCA NpU YpOoBHE BOJBI H, U mpomyckaTts €€ B JIEBBIA OTCEK.
VYron HakioHA HIUTA paBeH @, Temiieparypa xuakoctu ¢ C. Cuiolt TpeHus Ha 1ar-
2
¢dax” mpu noBopoTe npeHeOpeus. Jnamerp nandsl paBeH d.
Omnpenenutpb, Ha KAKOM PAaCCTOSIHUU X JIOJDKHA OBITh pacioiioskeHa och AB mo-
BOPOTA IINTA, €CIU ITOJ HUM HAXOJMUTCS MOCTOSIHBIN YpOoBeHb Boabl H;.Onpenennurs

TaKX€E PE3yNbTUPYIOUIYIO CUITY TAaBJIECHUS KUJIKOCTH.

2
Handa (ot Hem. Zapfen)- onopHas 4acTh OCH WJIM Baja
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/

B sTOoM 00BéMe HaXoaUuTCs XKUJKOCTh

OCb ITIOBOPOTA IIUTA

Pucynok k 3agavam 6, 7, 8, 9
Ykazanusn

. ATMocdepHOe naBiieHHE ACHCTBYeT HAa HECMOYEHHBIE XUAKOCTHIO YaCTH HIUTA
HEIOCPEACTBEHHO, @ HA CMOYEHHBIE KUJKOCTBIO IIEpeaaeTcs no 3akony [lackans.
CrnenoBatenbHO, CUJIBI aTMOC(HEPHOTO JIaBJICHUSI ¢ 00EUX CTOPOH IIUTa YpaBHO-
BEILINBAIOTCS.

. Ha ot neicTBYrOT CHIIBI BECOBOIO JAaBJIEHUS XKUAKOCTH cBepxy (Fz) U cHU3Y
(F;). BennuuHbl 3THX CUJT ¥ JTUHUH UX JIEUCTBUS YIOOHO ONPEIETUTh C TOMOIIBIO

sntop AasieHus. [Ipu moBopore muTa Ha Handax BO3HUKAET napa cuii TpeHus 7.

AMIOPA JABJIECHUS CBEPXY
(TpeyronbHas mpu3Ma)

mieuo cuwisl  F,
OTH. TOYKU A

mieyo cuibl F;
OTH. TOYKHU A

Hy/3Sina

. H
AMIOpa AABJICHUS CHU3Y H,/3Sina P8I
(TpeyroJibHas IprU3Ma)
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IpaBuJo
Cuna naBieHUs paBHA 00bEMY SMIOPHI AaBieHUs. JIMHUS MEHCTBUS CHUITBI TIPO-

XOJIUT Yepe3 LIEHTP TSHKECTHU AIIOPHI.
Cnpaska
O0BEM MPU3MBI paBEH MPOU3BEIACHUIO TUJIOMAIN OCHOBAaHUS (TPEYTOJBHHK C
karetamu pgH v H/Sina) Ha BbICOTY (IIUPUHY CTEHKH k).
[leHTp TsA)KEeCTH TPEYTOJIbHUKA HAXOAUTCS Ha PACCTOSHUM OJJTHOM TPETH BBICO-
Thl OT OCHOBaHMS (B TOUKE MEPECEUCHUs] MEUaH ).
3. BenuuuHa x onpeaenseTcs U3 yClioBus paBHoBecus mura: S M4 = 0.
4. Cuibl JaBJICHUS] U TOYKUA UX MPUIIOKEHUS MOXKHO OMpPEACsaTh OOBIUHBIM CIIOCO-
OOM: cuiia JaBJeHUSI paBHA MIPOU3BEJCHUIO JABJICHUS B IEHTPE TXKECTH CMOYECH-
HOM MOBEPXHOCTU Ha €€ IUIOIIA/lb; CHJIA JAaBJICHUS MPUIIOKEHA HA PACCTOSIHUU &

OT ICHTPA TAKCCTHU.

Ta0mua HCXOMHBIX JaHHBIX

Bapu- | Temm-pa, | H, M dv |Hi,m| kkm | Yrona, ° JKUJIKOCTh
aHT ° C

0 20 6,0 0,2 2,7 5 30 KEpOCHH

1 25 7,0 0,1 3,6 3 45 OeH3UH

2 30 4,0 0,3 1,6 6 60 HePTH

3 10 6,5 0,15 2,0 4 30 JIN3.TOILINBO

4 15 3,5 0,2 2,0 7 60 KEPOCHH

5 5 7,2 0,15 3,6 2 45 OcH3MH

6 20 6,5 0,25 3,1 6 45 He(Th

7 35 4,5 0,25 2,1 8 30 JIN3.TOILIUBO

8 10 3,0 0,3 1,2 7 60 OcH3UH

9 10 4.8 0,4 2,0 6 30 HeDThH

3agaua 7

[Ipu ycnoBum 3agaun 6 onpeAenuTe BEIUYUHY X, €CIU JOMOJIHUTEIbHO HEOO-
XOJUMO Y4€CTb CUJTy TPEHUS CKOJIbKEHUS P MOBOpoTe muTa Ha nandax. Koaddu-

IMUCHT TPCHUS CKOJIbXKCHUSA paBer.
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Yka3zanus
1. IlpaBuno: Cuna TpeHUs paBHA MIPOU3BEACHUIO HOPMAIBHOUW CHUJIBI Ha KO3 UITH-
eHT Tpenus f. HopManbHas Kk ocu MOBOpOTa CUJia paBHA aireOpandyecko cymme
CHJI IaBJICHUS >KUJIKOCTH Ha IIHT.

2. H€O6XOI[I/IMO I[O6aBI/ITB B YPAaBHCHHC PAaBHOBCCHA IIUTA MOMCHT OT IIapbl CUJI TPC-

aust. M,,=T.
Bap-ut | 0 | 2 3 4 5 6 7 8 9
f 0,2 0,3 0,25 10,35 |0,2 0,15 0,28 (0,32 |0,25 |0,18

3agaua 8
[Ipu ycnoBuu 3amaun 6 ONPENEIUTE BEIUUUHY X, €CIU MOJ IIUTOM HET KUI-
KOCTHU U BenimuuHa H; paBHa HYIIIO.
Yka3zanus
B ypaBHeHuu paBHOBecHs muTa OyJIE€T MPUCYTCTBOBATh €IWHCTBEHHBIH MOMEHT OT
2 cunel gaBieHus Fj.
HNuTepecHslii Bonpoc:
Kak momxHa MpoXoJuTh OCh BPAIICHUS, YTOOBI MOMEHT OT CHUJIBI JIaBJICHUS
JKUJIKOCTH OBLT paBeH HYJIIO?

3agaua 9
IIpu ycinoBuu 3amadu 7 ONPENENIUTE BEJIMYUHY X, €CIU O] IIUTOM HET JKUM-
KOCTHU U BenmuuHa H; paBHa HYIIIO.
Ykazanus
B ypaBHeHun paBHOBecHs 1KTa OyIET NPUCYTCTBOBATH MOMEHT OT CHJIbI J1aB-
neHus F; 1 MOMEHT OT napsl cuil TpeHus 1.

3agaua 10
[IpsAMOYTOJIBHBIM TOBOPOTHBIN AT pazMepoM LxB 3akpbIBaeT BBITYCKHOE OT-

BEPCTHUE pe3epByapa C KUAKOCThI0. CripaBa OT muTa ypoBeHb kuakoctu Hy, ciea —
H,. 1lluT OTKpBIBAaETCs € NOMOIIBI0 TPOCA, NEPEKUMHYTOTO YEpe3 HEINOJBHKHBIN
omok. Temmiepatypa xuakoctu ¢ C.

Onpenenuts cuny T HaATSXKEHHS] TPOCa, HEOOXOAUMYIO JUIsl OTKPBITUSI ILUTA,
ecnu npeHedperatb TpeHUueM B 1andax (cM. CHOCKY 1).

-38-




Pucynok k 3agauam 10 u 11

Cxema JeiCTBYIOIUX CHIT

OCHTD TAXKCCTH IIMTA

L2

VYkazanus
1. Cuna T onpeziensieTcst U3 yCIOBUsSA paBHOBecHs tmuta: JM 4 = 0.
2. Cunbl gaBieHust cronba sxuakoctu F; u F,, a Takke TOYKUA UX TPHIOKCHUS
MOKHO OIpEENsATh OOBIUHBIM CIIOCOOOM: CHJia JaBJEHHUS paBHA MpPOU3BEIIEC-
HUIO JIaBJICHUSI B LIEHTPE TSIKECTU CMOUYEHHOU MOBEPXHOCTU Ha €€ MIOLIA/b;

Cuijia JaBJICHUA IMPHUIIOKCECHA Ha paCCTOAHHMHU & OT LCHTPA TAXKECCTHU CMOYCHHOM

TIOILAIH.
Tabnuiia NCXOIHBIX TAHHBIX
Bapu- | Temn-pa, | H;,m L,m |H,m| B,m | Vrona, ° Kugkoctsb
aHT ° C
0 20 6,0 3 2,7 4 30 KEpOCUH
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1 25 7,0 4 3,6 3 45 OeH3HH

2 30 4,0 3 1,6 6 60 He(Th

3 10 6,5 5 2,0 4 30 JIN3.TOILIABO

4 15 3,5 2 2,0 3 60 KEpOCUH

5 5 7,2 5 3,6 2 45 OcH3MH

6 20 6,5 4 3,1 6 45 HeDThH

7 35 4,5 3 2,1 8 30 JIN3.TOILIUBO

8 10 3,0 2 1,2 5 60 OeH3HH

9 10 4,8 3 2,0 5 30 HeDThH
3apaua 11

Pemmnre 3anauy 10 npu ycimoBuw, 4To cieBa KuIkocTd HeT u H, = 0.

Ykazauus

B YPaBHCHUH PABHOBCCHUA IIUTA OTCYTCTBYCT MOMCHT OT CHIJIbI Fg.

[IpsAMOYTOJIBHBINM TOBOPOTHBIN 3aTBOP pasMEpaMU m X n TIEPEKPBIBAET BBIXO
BOJIBI B aTMOC(epy U3 pe3epByapa, ypoBeHb B KOTOpoM paBeH H.

OnpenenuTh, HA KAKOM PAcCTOSIHUM X OT HM)KHEW KPOMKH 3aTBOpa CIELYET
PacoJIOKUTh €ro OCh MOBOPOTA, YTOOBI JIJISi OTKPBITHS 3aTBOpPa HY>KHO ObUIO Ipe-
0J10JIeBaTh TOJBKO MOMEHT TpeHus B mamde. HaliTu Takke MOMEHT TPEHHUS, €CIU

nuameTtp mand paseH d, a ko3 durmeHT TpeHust ckoiabxkenus f. [lpunsats f= 0,2

AJIs1 BCEX BAPUAHTOB.

3agaua 12

Pucynok k 3agauam 12, 13 u 14
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Yka3anus
1. BenuunHa X omnpeenseTcs U3 YCIOBHs paBHOBeCHs 3aTBopa : I M= 0.
2. lleHTp TsKECTH 3aTBOpa pacIoIoKeH Ha riyoune h.= H — m/2.
3. Uentp naBneHus — TOYKAa MPUIIOKEHMS CUJIbI JaBiieHUs] F, pacronoKeH HIXKE
[IEHTpa TSHKECTU HA BEIMUYUHY &
4. AtMocdepHoe aBlieHHE NEUCTBYET C 00EUX CTOPOH IIUTA M MO3TOMY ypaBHOBE-

MINBacTCA.

Cxema JeiCTBYIOIUX CHIT

T — cuna TpeHwus.

T=F-. |

ITiievo mapset cunn T !

paBHo d/2, a mieuo k ! LEHTP TSKECTH 3aTBOpPa

cwibl F paBHO: il

k=x-(m/2- &) :

iT
m/2 X KV 9'(
o LEHTpP JaBJICHUS 3aTBOpa
Tabmuia NCXOTHBIX JaHHBIX
Bapu- | Temmn-pa, | H,m m, M n, M d, MM JKUIKOCTh
aHT ° C
0 10 5,0 3 4.5 150 KEpOCHH
1 15 6,0 4 3,5 180 OCH3UH
2 35 7,0 3 6,5 140 HePTH
3 15 8,5 5 4,5 120 JIN3.TOILINBO
4 18 4,5 2 3.5 150 KEpPOCHH
5 5 6,2 3 2,5 160 OcH3MH
6 20 6,5 3 6,5 200 He(Th
7 5 4,5 2 8,5 130 JIN3. TOIJINBO
8 12 4,0 2 5,5 110 OcH3UH
9 14 4,2 3 5.5 100 HeDThH
3agauva 13

Pemmnre 3amauy 12 npu ycioBuu, 4TO CHIa TPEHMS], BOSHUKAIOLIAS IPH Bpallle-
HUU BaJIa, HE YUYUTHIBACTCS.
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Ykazanue
Ha mur B 3TOM Cciydae neucTByeT €IMHCTBEHHas cuia — cwia F BecoBoro
JABJICHUS JKUJIKOCTH, U B ypaBHEHUM paBHOBECHUs LIUTa OyAeT MPHUCYTCTBOBATH
TOJ'IBI;O MOMEHT OT 3TOM CHUJIBI.
HNHuTepecHblil Bonpoc:
Kak nomxHa npoxoauTh OCh BpaIlleHHsl, YTOObI MOMEHT OT CUJIbI OBLI paBeH
HYJI0?
3anaua 14
Pemmre 3amauy 12 npu ycnoBum, 4To ciieBa OT IIATA HAXOAMTCS KUIKOCTb HA
BBICOTE h = y-m, T€ BEIUYNHA y 3aBUCHUT OT BAPUAHTA.
Yka3zanue
B ypaBHeHUM paBHOBECUS IIUTA MOABUTCSA AONOJIHUTEIBHBIA MOMEHT OT CHUJIBI
NABJICHUS KUAKOCTH € JEBOM CTOpOHBI mmTa. Cuity P, M TOUKY €€ NPUIIOKECHHUS
yZI0OHO B IaHHOM CITy4dae ONpeAeTUTh C IOMOIIBIO SIIOPHI JaBJICHUS.

Bap-ut | 0 1 2 3 4 5 6 7 8 9
y 0,6 0,8 0.4 0,7 0,9 0,5 0,85 (0,75 |0,3 0,2
3agaua 15

OnpenenuTs MUHUMaNIbHOE HaTsDKeHUe T kaHaTa, HEOOXOaUMOe IS ylieprKa-
HUSA IIATA, 3aKPBIBAIOIIETO TPEYTrOJbHOE OTBEPCTHE B CTEHKE pe3epByapa. Lllut mo-
KET TOBOPAUYMBATHCS BOKPYT ocu 0. 3agaHbl nuHelHble pa3mepsl H, b, m, n u yribl
;= o) — 60°.

CB06onHa$€>BerHOCTL KUIKOCTH

OCh TOBOPOTA IUTA

Pucynok k 3agadam 15 u 16
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Ykazanus

1. Cuna T omnpezensieTcst U3 yCIOBHs paBHOBecHs muta : JMy= 0.

2. AtMmocdepHoe aBieHHEe AEUCTBYET C 00EUX CTOPOH IUTA U HE OKA3bIBAET BIIMSI-

HHA Ha €T0 PaBHOBCCHUC.

3. Ilpu onpeneneHUn BETUYUHBI & MOMEHT MHEPUUU TPEYTOJIbHUKA ONPEIEIUTE MO

[Tpunoxenuto 1, a BenuuuHa I, OTCUUTHIBACTCS OT CBOOOTHON MOBEPXHOCTHU KU1~

KOCTH JI0 LIEHTpPAa TSHKECTH TPEYToJbHUKA MO HallpaBleHuto muTa. I, = h./ Sina.

4. Cxema JeMCTBYIOIINX CHJI:

T,.,= T-Cos(90°- a;) —ipoeKIus CUJIbI HATSKEHUS [IUTA HA HalpaBjieHue, L mury.

Tabania NCXOMHBIX JaHHBIX

VYcioBue paBHOBECHS LINATA:

-T,.,-b + F(m/3-¢ = 0.

Cuna F paBHa mpouU3BEICHUIO IaB-
JICHUsS B IEHTpPE TSIKECTU IIUTa Ha

€ro miomanib.

Bapu- | Temm-pa, | H, ™M m, M n, M b, m KugkocThb
aHT ° C

0 10 5,0 3 4,5 2,8 KEpOCHH

1 15 6,0 4 3,5 3,5 OEH3UH

2 35 7,0 3 6,5 2,5 HePTH

3 15 8,5 5 4,5 4,5 JIN3.TOILIUBO

4 18 4.5 2 3,5 1,6 KEpPOCHH

5 5 6,2 3 2,5 2.4 OeH3HUH

6 20 6,5 3 6,5 2,3 He(Th

7 5 4.5 2 8,5 1,7 JIN3.TOILIUBO
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8 12 4,0 2 5,5 1,5 OCH3UH
9 14 4,2 3 5,5 2,9 He(Th

3agaua 16
Pemmmre 3agauy 15 npu ycrmoBum, 4TO pe3epByap 3aKpbIT U HAJ KUIKOCTBIO
HAXOJUTCS BO3AYX MPHU a0COIIOTHOM AaBJICHUH py. ATMOC(epHOe TaBlieHUE OIpee-
JSIeTCS 0 PTYTHOMY O0apoMeTpy, MOKa3aHUE €ro PaBHO .
Ykazanus
B nomonHenne K MOMEHTY CHJIBI JIaBJIEHUS CTOJ0A >KUJIKOCTU B ypaBHEHHE
pPaBHOBECHS LIUTA JOOABUTh MOMEHT OT CHJI BHEIITHETO JIABJICHMUSI.
Pe3ynbTupyronias cuia BHEIIHETO JABJICHUS paBHA!
anem. =F0'Fam°
Fy =py-s -cuna naBiieHUs BO3[yXa Ha IIUT CBEpXY. JlaBiieHue py nepegaercs Ha IIUT
yepes XKUIAKOCTh 1o 3aKoHy [lackans.
F o =pams -cvna atMoc(epHOTO JaBICHUS BO3TyXa HA IITUT CHU3Y.
Pam= Pom 8 Mame Pom = 13600KT/M’.

Cua BHEIIIHETO AaBJICHUSA IIPUJIOKCHA B ICHTPC TSKCCTU TPCYTOJIbHUKA.

Bap-uTr |0 1 2 3 4 5 6 7 8 9

po, MIla | 0,16 | 0,18 0,04 |0,07 |0,09 (0,15 |0,25 |0,18 |0,03 |0,2

hyw, mm | 720 | 740 | 760 | 710 |[750 780 |760 |750 |720 |730

3amaua 17
I'epmeTnyeckn 3aKpbITBIM COCYJT pa3/elieH NMEeperopoakod Ha JBa oTceka. B
MEPEropoaKe CACIAHO TPEYTrOJIbHOE OTBEPCTHUE, 3aKPHITOE KphIIKON. Kphimika kpe-
IUTCS K Ieperopojike 6onramu. Haj )KUIKOCTBIO B OTCEKAaX HAXOJMUTCS ra3 O]l pas-
HBIM JIaBJICHHEM, U3MEPSEMbIM C TIOMOIIbI0 MaHOBaKyyMMeTpoB. [lokazanus maHo-
BAKYYMMETPOB PaBHBI P, U P,2, PA3HOCTh YPOBHEH KUIKOCTU B OTCEKAaX paBHA hy.
OnpenenuTs pe3yJbTUPYIOLIYIO CHITY JIaBJICHUSI Ha KPBIIIKY U TOYKY €€ MPUIIOKE-

HHA.
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-——/Lra:; TI0/1 IaBJIEHUEM P,

ra3 1oJji JaBJC€HUEM p;

Pucynok k 3agauam 17, 18 u 19
Ykazanus
1. JlokaxxuTe, 4TO CymMMapHas CWJIa BECOBOIO JABJICHMS >KHJIKOCTH PpaBHA:
Fs,oi=p-g-hyks/2 u npuiioxkeHa B LIEHTPE TSHKECTH CMOYEHHOW IUIOLIAIM.
Jnis 3TOoro 0003Ha4YbTE PacCTOSHUE OT BEPIUMHBI TPEYTOJbHHUKA /10 LIEHTpa
€ro TsbKecTu uepe3 H, onpenenure CUIbl BECOBOTO JABIICHUS CIIPABa U ClIe-
Ba U UX PAaBHOJECHCTBYIOIIYIO (BerurHa H Ipy 3TOM COKPAaTHUTCS).

2. CxeMa IEUCTBYIOLIUX CUII:

F,; u F,; — cunel naBinenus rasa, Fy,. —
CHJIa BECOBOTO [aBJICHHUS KUIKOCTH.
Bce cuiibl nepneHAuKyJISIpHBl CMOYEH-

HOW IUIOILIAJIA, MapaJuieNIbHbI APYT JIpY-

Iy W IPWIOKEHBI B LEHTPE TKECTH

TpeyroibHuka., OmnpenereHue paBHO-

JEUCTBYIOIIEN CHIJIBI HE IPEICTABIISIET

3aTPyAHCHUN.

3. Ecau moka3aHue MaHOBAaKyyMMETpa 3aJaHO CO 3HAKOM MHUHYC, 3TO O3Hay4a-
€T BAKYyMMETPUUYECKOE JIaBJICHUE, TO €CTh JABJIICHHUE T'a3a B JAHHOM CJIy4dae
MEHbIIIE aTMOC(HEPHOTO.
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TaGJ'H/II_[a HCXOAHBIX JaHHBIX

Bapu- | Temn-pa, | hy, M k, M SsM | DPuts | Pu2 Kunkocts
aHT ° C klla | klla

0 20 1,0 2,5 1,5 60 -20 HeTH

1 25 2,0 1,7 1,3 -50 55 OcH3MH

2 30 3,0 3,5 1,0 70 -30 KEpOCHH

3 10 1,5 2,0 1,8 -30 0 JIN3.TOILIUBO

4 15 2,5 3,0 1,9 40 -10 HePTH

5 5 2,2 2.8 2,0 -90 60 OEH3UH

6 20 1,5 3,1 2,1 50 30 KEPOCHH

7 35 2,5 4,0 3,0 -20 40 JIN3.TOILIUBO

8 10 1,0 2,6 1,5 30 70 He(Th

9 10 1,8 2,2 1,2 -40 65 OCH3UH

HNuTepecHblil BOMpoc:
Ecnu pesynpTupylomas cuia HalpaBlIeHa CJIEBa HAMPaBO, KaK B 3TOM CIIy-
yae J0JKHa ObITh pacrosioxkeHa Kpbliiika? [louemy KphIlika HE OTPHIBACTCS

OT MEPETOPOJIKU MO IEUCTBUEM CYMMapHOU CHUJIbI JaBICHUS?

3anaua 18

Pemmte 3amauy 17 npu yciioBuu, 4To CripaBa >XKUIKOCTH HET WM ra3 3aloJIHSET

BECh OTCEK.
Yka3anus

B sTom ciydae cwita qaBiaeHust cTosI0a )KUAKOCTH clieBa OyIeT MPUIIOKEHA
HUKE LIEHTPA TSHKECTH Ha BenuuuHy & OnpeaennTe MOayab U TOUKY IPUIOKEHHS
PaBHOAEHCTBYIOIIECH CHJIBI IO MTPABUILY CJIIOKEHUS TPEX MAPAIUICIIBHBIX CUII: CIEBA
JEeUCTBYET CHJIa JIaBJICHUS Ta3a U CTOJI0a )KUAKOCTH, a CIIpaBa TOJIbKO CHUJIa JTaBJICHUS

rasa.

3amaua 19
Pemmre 3amauy 17 nipu ycinoBUH, U4TO clieBa KUJIKOCTU HET U Ta3 3aMOJHIET BECh OT-
CEK.

Ykazanus
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B sTom ciydae cwiia naBineHust cTosI0a )KUAKOCTH CIIpaBa OyaeT MPUIIOKEHa
HUKE LIEHTPA TSHKECTH Ha BeNUUYUHY & OnpeaennuTe MOAyab U TOUKY IPUIOKEHHS
PaBHOAEHCTBYIOIIECH CHJIBI IO ITPABUILY CJIIOKEHUS TPEX MAPAIUICIIBHBIX CUII: CIIEBA
JEHUCTBYET TOJBKO CUJIa JIaBJICHUS rasa, a CIpaBa CUJa JaBJIEHUs ra3a U CToJI0a KK/~

KOCTH.

3agaua 20
ITokosmumiics Ha HEMOABUYKHOM IIOPIIHE U OTKPBITBIM CBEPXY U CHU3Y COCY]
MacCcOW m COCTOWUT W3 JBYX LMJIMHIPUYECKUX YACTEW, BHYTPEHHHUE TUAMETPHI KOTO-
peix d u D.
Onpenenutp, KAKO MUHUMAIIbHBINA 00BEM KUIKOCTU W OIKEH COAepKaThCs

B BEPXHEU YaCcTH COCYJa, YTOOBI OH BCIUTBUT HaJ MOpITHEM. TeMiepaTypa >KHUIKOCTH

°C. "/,/';
O06BEM %
BOIBI W d .7
7 | h
7
J7RI777
Ha »Ty noBepxHOCTH
cocyla,  UMEKNIYI0
é ¢\' dopMy KombLA, XUI-
é é KOCTh OKa3bIBaeT JaB-
% D f nenne. Cuna maBje-
% % HUS JEUCTBYET CHU3Y
% 72
7 é BBEPX U BBITAJIKUBAECT
A
COCY..
Pucynok k 3agaue 20
Yka3zanue

Ha cocyn neiicTBYIOT ABE BepTHKAJIbHbBIE CUJIBI — COOCTBEHHBIN BEC U BBITAJ-
KHUBAIOIasi CUJIa CO CTOPOHBI KUIKOCTU Fj,,, , paBHas MIPOU3BEJICHUIO BECOBOT'O J1aB-
JeHUs Ha TIIyOuHe A u Tiomaan Konubla. M3 yciioBus paBeHCTBa 3TUX CUJI ONIPEes-
eTcsi BenuurHa h u, naiee, 00bEM xxunkoctu W.

Tabauia UCXOIHBIX JAHHBIX

Bapu- | Temmn-pa, | D, M d, ™M m, KT JKUJKOCTh

aHT t° C
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0 20 3,0 0,2 160 BOJA
1 25 2,0 0,1 200 OCH3UH
2 30 4,0 0,3 250 KEPOCUH
3 10 2,5 0,15 180 BOJA
4 15 3,5 0,2 220 BOJA
5 5 3,2 0,15 280 OCH3UH
6 20 3,5 0,25 200 KEPOCUH
7 35 4,5 0,25 120 BOJIA
8 10 3,0 0,3 180 He(DTH
9 10 2,8 0,4 230 OCH3UH
3agaua 21

Ha pucynke m3o0pakeHa cxema IMApPaBINYECKOr0 MyJbTUILIMKaTopa. Ormnpe-
JeJINTh BBICOTY A moabéMa KHUAKOCTH, eciu AaHo: R, dy, d;, d,, TemnepaTypa BOJibI
20°C, a Temnepatypa KUIKOCTH - £°C.

Mynemunauxamop (0T JaTUHCKOTO multiplico —yMHOXal0, yBEIUYUBAID) —
YyCmpoucmeo 0711 NnoévluieHus 0aegieHus 6 ycuokocmu. 1Ipy paBHOBECHM CHIIBI
JaBJICHUs Ha TOPIIEHb MYJIbTUIUIMKATOpa paBHBI ciieBa U crnpaBa. Cuia paBHa npo-

HU3BCACHHUIO OAaBJICHHUA Ha IIJIOIIAAb. TaM, rac MCHbIIC IIJIOIIAaab, 0obIIIe JaBJICHUC.

R
~ \
d aTMocepHoe h
H' 0 TIHR/TI‘J—IT/IP,
dl o0/ o \L
/ T d 2
A KUJKOCTh

BOJa
IIOPHICHb MYJIbTHUITIIIMKATOPA

Pucynok k 3agauam 21, 22, 23
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Ykazanus

1. CocraBbTe ypaBHEHHE PAaBHOBECHS MOPIIHS MYJIbTUILIUKAaTOpa: P; = P;.

Fi=pcisi; F>=p.;s.
Pec1 Y P2 — MAHOMETPUUYECKUE
— ~—
F F, (M30BITOYHBIC HAJ] aTMOC(EPHBIM) JTaBIIC-
1
\L’ HUS B IICHTPaX TSHKECTH IUIOMIANICH §; U S

2. AtMocdepHoe naBieHUe MepenaeTcs yepe3 BOAY U KUIKOCTh Mo 3aKkoHy Ilac-
KaJIsl U ICMCTBYET M0 IUIOWIAAN Kpyra auaMerpa D ciieBa u 1o iomaan Kpyra
nuametpa d cnpaBa. KpoMe 3Toro, OHO I€MCTBYET CIipaBa I10 IUIOMIAIA KOJbIa
B TIOJIOCTH A HEMOCPEACTBEHHO. B pe3ynbrare criibl aTMOC()EPHOTO TaBIICHHUS
YPaBHOBECIIIMBAIOTCS, TaK Kak aTMocdepHOe JaBJIECHHUE JCUCTBYET CIpaBa H
CJIEBA HA OJMHAKOBYIO IIJIOMIAb.

3. HewusBecTHas BenuuuHa i BOWUJIET B IaBICHUE P,2.

Tabauiia UCXOIHBIX JaHHBIX

Bapu- | Temn-pa, | dyp, M d;, M d;, M RH | Hwm Kugkocts
aHT ° C
0 20 0,3 0,2 0,1 200 1 BOJA
1 25 0,2 0,1 0,05 300 1,2 OCH3UH
2 30 0,25 0,3 0,15 400 1,5 KEPOCUH
3 10 0,35 0,15 0,05 350 0,9 BOJA
4 15 0,2 0,2 0,07 450 0,8 BOJA
5 5 0,4 0,15 0,06 500 0,7 OeH3UH
6 20 0,6 0,25 0,1 250 1,4 KEPOCHUH
7 35 0,65 0,25 0,05 320 1,1 BOJA
8 10 0,5 0,3 0,2 420 1,5 HeTH
9 10 0,3 0,4 0,2 380 1,6 OcH3MH
3agaua 22

Pemmnre 3amauy 21 npu ycinoBuH, 4TO B MOJOCTH A JABICHHE Ta3a HE PABHO
atMochepHoMy. B ycroBum 3amaun 3agaeTcst u30BITOK (p,, ) WK HEIOCTATOK (p,) ITO-
ro JaBJeHUs 10 aTMOC(hEpHOro.

Yka3zaHus:

BBeaute B ypaBHEeHHE paBHOBECHS MOPIIHS MYJIbTUIUIMKATOPA JIOMOJIHUTEIh-
HYIO CHJIy OT JaBJIeHHs ra3a. YToObl He OMMOUTHCS B HANPABICHUU CHJIBI JIaBIICHUS
rasa, OIpejessiiTe BCe CHIIbI 4yepe3 aOCONIOTHBIE NaBieHHUs. B sToMm cimyuae cuia
JIaBJICHUS BCETJa HAmpaBJieHa MO BHYTPEHHEH HOPMAIHM — KHUAKOCTh WJIH Ta3 JaBsT
Ha ITOBEPXHOCTB!
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F,+ F,— F;=0 - ypaBHECHUE paBHOBECHS ITOPIIHS
Cxema nelCTBYIOIIUX CHJL:
CWJIa JaBiieHus rasa F,, eMCTBYET MO IUIOMAAN KOJIbLA ’

W
F Fz P2 Sk (pam +pm) '(dlz_ dZZ) -4 - (pz>pam)
1 — 2 P
F.=p.5= (Pam —py) (A" — dy’) - W4 - (p:< Pam)
Jp— F1=p1Si= (Pum +R/-0y + p,g-H) di° -w/4;
Fy =persr= (Pan +pgh) A7’ -m4;
Bap-ut |0 1 2 3 4 5 6 7 8 9
Puw, Klla |10 |- 20 - 30 - 40 - 35 -
P, xlla |- 10 - 20 - 30 - 40 - 35
3apava 23
Pemmre 3amauy 21 npu ycnoBuu, 4to nopuieHs | oTcyTcTByeT, U cuina R paBHa
HYJIIO.

Yka3zanue
JlaBiieHME B LEHTPE TSHKECTH IUIOIIAAN §; PABHO: Pei= Pum T Po8-H
3anava 24
Onpenenuts cuily npeccoBanus F, pa3BUBaEMyI0 I'HIpaBIMYECKUM mpeccoM. (namerp
OonbIIoro TuryHxepa paBeH D, a manoro d. bonpmiol MmiyH)Kep pacroioKEH BbIIIE
MEHBIIETO HAa BenuunHy H, ycuiie, IpUioKEeHHOE K PYKOATKE, paBHO R. Temmeparypa

skuakoctu 20°C.

L a b 1

Z 7 Z Z JR
~I Q U ppryar
SR il
F H
{ ’ IIOCKOCTH PABHOT'O
d naBieHus. Bo Bcex Tou-
D KaxX ATOU INIOCKOCTHU
JIABJICHUE OJIMHAKOBO

Pucynok k 3agauam 24, 25, 26
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Ykazanusn

1. Hens — npu AeicTBUU MaJlol CHIIbl R MOJYyYHUTh BO3MOXHO OOJIBIIYIO CHITY
npeccoBanus F. BeIMrphll B cuile UIMEET MECTO:
e 3a cuyer ppluara
e 3a cyeT pa3HMIIbI IUTOIIAAECH OPIIHEN.
Cuna F paBHa NpOU3BEACHUIO JaBJICHUA HA ypOBHE 2-2 U IUIOLIAAN ITOPIIHS THAMET-
pom D.

2. ATMocdepHoe JaBieHre JeHCTBYET Ha MOPILIHU CBEPXY U CHU3Y (IlepenaeT-
sl 4epe3 KHUJKOCTD 10 3akoHy [lackaisd). B cBsi3u ¢ 3TUM €ro MOXHO HE YUUTHIBATH U
MO/l 1aBJICHUEM MOHHUMATh M30BITOYHOE HaJ aTMOC(EPHBIM, TO €CTh MAHOMETpUYE-
CKoO€.

3. i ompeneneHus CUIIbIL, IEHCTBYIOIIEH Ha MOPIIEHb uamMeTpoM d, HEoO-
XOIUMO PacCMOTPETh paBHOBecue peraara: 2 My = . VI3 3TOro ypaBHEHUsI OTpeIesi-

erca cuna Fy,,

Fpu R F,,.- cuna, ¢ XOTOpOW MOpILEHb JEHCTBYET Ha
I peuar. Ilo 3-emy 3akony HbproTOHa ¢ Takon ke

CWJIOH, TOJIBKO HAIPABJIEHHOW B NPOTHBOIOJIOXK-
NI |

HYIO CTOPOHY, pblYyar AeHCTBYET Ha MOPIICHb.
4. Jlamee MOXHO ONPEAECIUTH JABJIECHUE I0J MajbIM MOPIIHEM, TO €CTh Ha

IJI0CKOCTU I-1. 3aTeM 10 OCHOBHOMY YPAaBHEHHIO TMAPOCTATHUKU MEPEUTH K JaBJie-
HUIO Ha IUIOCKOCTHU 2-2 M onpeaenuTs cuiy F.

Tabania UCXOIHBIX JAaHHBIX

Bap-t | D,m | d,m R, u bvvm | amm | H)m KUJIKOCTh
0 0,3 0,1 100 700 70 1 BOJA
1 0,2 | 0,05 200 800 80 1,2 Macio uHA. 12
2 0,25 | 0,06 150 500 50 1,5 BOJA
3 0,35 | 0,08 120 1000 100 0,9 Macio uua. 20
4 0,2 | 0,05 90 900 90 0,8 BOJA
5 0,4 0,1 110 850 80 0,7 Macio usg. 30
6 0,6 | 0,15 140 900 95 1,4 BOJa
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0,65 0,2 130 1100 100 1,1 MacJjio uHj. 50

0,5 0,12 80 1200 110 1,5 BOJA

0,3 0,04 100 1000 90 1,6 Macjio TYpOUHHOE
3agaua 25

Pemute 3amauy 24 npu ycinoBuu, 4To Bbicota H paBHA HYJIIO, TO €CTh MOPIIHU

PacCIIOJIOKCHBI HA OJJTHOM YPOBHC.

3amaua 26
Pemmute 3amauy 24 npu yCaoBUM, YTO phlYar OTCyTCTBYET, U cUja R mpuioxe-

Ha HECMMOCPCACTBECHHO K ITOPIIHIO MAJIOTO JUaMCETpaA.

3agaua 27
B naume pesepByapa ¢ BOOOM UMEETCS KPYIJIO€ CIIyCKHOE OTBEPCTHUE, 3aKPbI-
TO€ IUIOCKUM KJIanaHoM. OmnpeaenuTh, Tpu KakoMm AuaMmeTpe D HMUuIuHIpUYECKOro
MOIJIABKA KJIAMAaH aBTOMATUYECKH OTKPOETCS MPHU JOCTHKEHHUH BBICOTHI YpPOBHSA
KUJIKOCTH B pe3epByape paBHoW H? J[nuHa 1ENOYKH, CBS3BIBAIOLICH IOIJIABOK C
KJIalTaHOM, paBHa /, BeC MOJIBIXKHBIX YacTell ycTpoiicTBa G, naBieHuEe Ha CBOOOHOM
ITIOBEPXHOCTH KUIAKOCTH U3MEPSETCS MAHOBAKYYMMETPOM, €T0 MOKA3aHUE PABHO P,

Temrneparypa Boasl ¢ T.

o, o O| 0

Ha 5Ty moBepXHOCTB JEHUCTBYET CUIIA

BECOBOTO JIABJICHUS KHUIKOCTU F4py,
KOTOpasi BBITAIKMBAET KJamaH. JTa
l CHJIa Ha3bIBAE€TCS CWIIONH ApXHUMena.

Ha »Ty noBepxHOCTb IeCTBYET cuila
BECOBOT'O JIaBJICHUS KUIKOCTH U CH-
Ja JABJIEHUs Ta3a, KOTOPbIE MPHKU-
MaloT KJamaH K CIYCKHOMY OTBep-
CTHIO.

|
|
|
|
|
|
H E
i
|
|
|
|
|

d
! !
Pucynok k 3agauam 27, 28 u 29
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Yka3zanus
1. JlmameTp momsaBka BXOIUT B Uy F 4, ¥ onpeenseTcs U3 ycaoBUs paBHOBE-
CHs KJIalaHa: ajaredpanyeckas CyMMa BCEeX BEPTUKAJIBbHBIX CHII, IEHUCTBYIOIIUX
Ha KJ1allaH, paBHa HYJIIO.

2. Cxema JeUCTBYIONIUX CHUJI:

I I F.,.=pg(H-) w-D’/4. —Cuma Apxumena ecTh He

YTO MHOE KaK BBITAJIKUBAIOIAs CHJIa JaBICHHUS KUI-
| Fopx KOCTH Ha morpyxeHHoe B He€ Teno. C npyroﬁ CTO-
POHBI, OHA paBHa BECY YKUJKOCTH B 00BEME MOTrpy-
l G YKEHHOM JacTH Tea)l
F=p, &/4; P-a0COJIIOTHOE JaBJIECHUE ra3a.
l F, Fo=paom 7 d2/4; F,=pgH d’ /4.

Tabauia UCXOIHBIX JaHHBIX

Bapu- | I,m d,m G, H Pw Klla | H,m | Temmeparypa, °C
aHT
0 0,9 0,1 30 20 2,1 20
1 0,8 0,05 20 30 1,6 30
2 0,95 | 0,06 40 30 1,9 10
3 0,85 | 0,08 25 15 1,9 40
4 1,2 0,05 40 35 1,95 35
5 1,1 0,1 35 20 2,2 25
6 1,05 | 0,15 45 10 2.4 5
7 1,2 0,2 30 20 2,1 10
8 0,9 0,12 35 20 1,7 15
9 0,8 0,04 25 15 2,0 30
3anaua 28

Pemmnre 3amauy 27 nnd cimydasi, KOrja BECOM MOABUKHBIX YacTel yCTpoHCTBa
MO>KHO ITpeHeOpeyb

Ykazanua
Cumna G =0.

3agaua 29
Pemmre 3anauy 27 quis ciiydas, Koria JaBJICHHE Ta3a MEHbIIIE aTMOC(HEPHOTO U

Py = D
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3agaua 30

Ilepen moi3eMHBIM PEMOHTOM Ia30BYI0 CKBAXHUHY “3aJaBUIM”, 3aJIUB €€ CTBOJI 10
yCThs (10 moBepxHOCTH 3eMiin) Bogoi (£=20°C). 3aTeM B CKBaXXUHY JIEOEAKOMN CIycC-
THUJIM HACOCHO-KOMIIPECCOPHBIE TPYOBI, 0 KOTOPBIM IPH IKCILTyaTallMd CKBAYKUHBI
nocTymnaer M3 riacta ra3. JnuHa cnymeHHbx TpyO paBHa /, BHemHUN auametp D,
TOJIILIMHA CTEHKHU &, BEC OJTHOTO METpa JJIHUHHI ¢.

Onpenenuts MakKCUMaJIbHOE YCUIINE Ha KPIOKE JIEOSAKH /IS IBYX CITy4Yaes:
1) HWKHUN KOHEIl TPYO OTKPHIT — YETHBIC BAPUAHTHI;
2) HWXKHHU KOHell TpyO 3ariaylieH — HEYETHhIE BAPUAHTBHI.

AN\
\\\\\\\\\\\\\\1

2

\\\\\\\\\\\\q

Pucynok k 3agaue 30

Yka3zanus
1. Cuna Ha kproke JieOeIKu paBHa anreo-
panyvecKkor CymMMe CHII, IEMCTBYIOLIUX

Ha TPYOHI.

2. Ha T1pyOBl HelcTByeT COOCTBEHHBIM

BeC M noabEMHas cwia (cuwia Apxu-

Menaa).

3. Ha pucynke wuzoOpaxkeHa cuTyauus,

KOT'/1a HIDKHHUM KOHell TpyO 3ariyiieH
U IUIOWIAJb JEWCTBUSL BHITAJIKHBAIO-
IIEro JIaBJICHUS KUJKOCTH paBHA

IUIOIIAIU Kpyra nuaMmetpoM D.

Tabnuia BapuaHTOB

Bap-ut |0 1 2 3 4 5 6 7 8 9
D, mm 73 114 146 168 194 1245 273 1299 |73 146
I, xm 1,0 | 1,4 1,1 1,5 1,6 0,9 1,0 0,8 1,3 1,7
6, MM 55 |4 5 6 7 9 10 10 4 5
q, H/M 94 |96 130 150 165 195 198 (200 |94 125
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PA3JIEJ 5
METOJIMKA PEIIEHUS 3AJIAY
T'MAPOJIMHAMUKH

Meronuka pemieHust Bcex 3a1ad T’HIPOJIMHAMUKH, 10 CYLIECTBY, CBOJUTCS K ClIe-
OYHOLIEMY:
1. 3amucate B 001IEM BUI€ YPABHEHHUSI, BBIPAXKAIOIIME 3aKOHbI COXPAHEHUSI MACChl U

SHEPIruy NPH ABUKECHUH KUJIKOCTH WM rasa.

OnpenenuTs caaraéMble 3TUX YPABHEHUMN, COTJIACHO UCXOAHBIM JTaHHBIM.
3. PemmmTh Mogy4eHHYIO CUCTEMY YPAaBHEHUN OTHOCUTEIHHO HEU3BECTHOM BEIUYH-

HBI.

3AKOHBbI COXPAHEHUS - ¢dynnamenTanbHble (GU3HUECKHME COOTHOLIEHUS,
Ha OCHOBAHMM KOTOPBIX BBIBOJASTCS YaCTHBIC 3aKOHBI. B COBpEMEHHOI HAayKe U3BECT-
HO OoJiee JEeCSATH 3aKOHOB COXpaHEHUsl, OOJIBIIMHCTBO U3 HUX OTHOCUTCA K SJIEPHOU
¢usuke. [lpu pemeHUN TUAPOAMHAMUYECKUX 3a7ad LIMPOKO HCHOJIb3YIOTCS Clle-
NyIOIIHE:

e 3aKOH COXpPaHEHHS MacCCHI.

e 3aKOH COXpaHEHHS YHEPTUH.

OTH ABa 3aKOHA SBISIOTCS CIEACTBUEM TOTO OYEBHUIHOTO (pakTa, 4To BpPEMS H

MECTO JICMCTBUSL HE MOTYT CaMu 10 ce0e UBMEHUTh X0 (pu3nyeckoro mnpoiecca (mpu
OJIMHAKOBBIX HAYaJbHBIX YCJIOBHSIX JKCIEPUMEHT OyAeT MNPOXOJUTh COBEPIIEHHO

OJIMHAKOBO B YXTe U B JIOH/IOHE, CETO/IHS ¥ MECSII Ha3ax).

5.1. MEXAHUYECKAS DOHEPI'USA
JHeprus - 3amac paboThbl, KOTOPYIO MOKET COBEPUIUTH TEJI0, U3MEHSSI CBOE COCTOSI-
HUE.
Pabora - ckansipHOe NPOU3BEIAEHUE CUIIBI Ha IEPEMENIEHUE MO]1 IEUCTBUEM 3TOU CH-
nel. Ha mpakTuke BennunHa pabOThl UCTIONB3YETCS I XapaKTepUCTUKUA MEXaHHU3Ma
WJIA TEXHUYECKOTO YCTPOMCTBA.
JHeprus - ITO HEBOCTpPeOOBaHHAsE padoTa, MaTeMaTH4yeckas adbcTpakuus, ¢gop-

MYyJIa, IO KOTOPOH MOKHO BBIYUCINTH MAKCMMAJIbHYI0 padoTy. B peanbHbIX yc-
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JOBUSX (DYHKIITMOHMPOBAHUS KOHKPETHOTO MEXAaHHW3Ma YacTh JHEPTUHM TEPSIETCS H
MEPEXOJIUT B TEILIO.

OmHnowenue noyueHHol padoomosl K 3ampavyeHHoil IHepeuu ecmv Koihpu-
UUEHM NO1e3HO20 0elCM U MEXAHUZMA.

DHeprus MposIBIISIETCS BO MHOXECTBE pa3NuyHbIX popM. OHA MOXKET OBITH OTI-
peneneHa TaKuM CIocoOOM, YTO TMpH JIF0OOM MPEBpAICHUH CUCTEMBbI TMOJIHAsl HEp-
rusi coxpansiercs. OgHaKoO JJisi CUCTEMBI, KOTOpasi He MpeTeprieBaeT HUKAKUX HU3Me-
HEHUH, pa3roBop o0 sHepruu OecnpeamereH. Toabko mpu nepexojie u3 oaHou dop-
MBI B IPYTYIO WJIM U3 OJJHOTO MECTa B JPYroe Mpe/icTaBlieHne 00 SHEPTUH CTaHOBUT-
Cs1 OUEHB MOJIE3HBIM KaK CPEJCTBO ISl PEIICHUS TPAKTUYECKUX 3a/1a4.

Mexanuueckan Inepecusn pa3ienseTcd HA KUHEMUUECKYI0 U HOMEHUNAb-
HYIO:

E=Ext+ Ep (14)

KuHeTnuyeckas 3Heprus
Kunemuueckas snepzus - 370 ¢GopMa dHEPTUH, CBI3aHHASI C MEXaHHMYECKUM
JBIDKCHHUCM.
Kunerndeckas sHeprus Ex 4UCICHHO paBHA pabOTe, KOTOpas COBEPIIACTCS
IIPU YMEHBIIIEHUH CKOPOCTH TEJIa OT U J0 HYJIA.
Ex=mu’/2. (15)

IHoTeHuuanbLHas JHEPIrus

Iomenyuanvnvimu Ha3bIBAIOT HENOJBUKHBIE (POPMBI SHEPTUHU, KOTOPHIE IO-
TEHI[MAIBHO MOXXHO MPEBPATUTH B SHEPruio ABmkeHus. K Takum gopmam OTHOCST
SHEPrHIo, 3aMaCCHHYIO B 1e()OPMHUPOBAHHOM TEJ€ WU B PE3yJIbTaTe CMEICHUS Tell B
HEKOTOPOM CHJIOBOM IT0JIE (3JIEKTPUYECKOM, MAarHUTHOM WJIM TpaBUTAIMOHHOM). [1o-
TEHLMAJIbHAs DHEPIUs KUAKOCTH WIIM ra3a pa3AeisieTCs Ha Ba BUA:
* IMOTEHUHAJbHAsSA YJHePIrus MOJI0KeHNS;

¢ JIOTCHHMAJbHafA IHECPIrus 1aBJICHHUS.

IloTeHUMAIBLHAS YJHEPTUSA TOJIOKEHU S
TBEpaoe, KUAKOE WK ra3000pa3HOE TEJI0 MACCOW M 3aHUMAIOT ONPEEIEHHOE
MOJIO’KEHUE B TIoJie cuiibl TskecTH (Puc.12).
['opuzoHTaNbHAS TIOCKOCTh OTCUETA Ejgu0x BBIOMpPAETCS MPOU3BOJBHO. DTO
CBS3aHO C T€M, YTO HAC MHTEPECYIOT TOJIbKO U3MEHEHHUs MOTEHIIMAIbHONU YHEPTUH, a
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He e€ aOcontoTHas BenmuuHa. [Ipu nepexone Tena U3 nojoxeHus: 1 B monoxeHue 2

U3MEHEHUE NOTEeHINAIBbHON 3HEPTUU AE 1504 OyIET PaBHO:

AE 00— Mg T~ MG 5= MEA32-21) =mg-Az -IIOCKOCTE oTcueTa -0

AE yonox=M g (-22) - Mg (-2 )=m gz, - 2,)=m-g-A;  -TUIOCKOCTb OTCYETA 0-0
Hzmenenue nomenyuanvuou uepeuu AE,,,,,. He 3asucum om evibopa

njaockocmu omcuema.

N 0 A=Gz=m-g7 - paboTa CUIbI

& TSDKECTH,

E onon=m g7 - IOTCHIHAJIb-

{1 Az

Had 3Hepr1/151 HOJ'IO)KCHI/ISI, qUC-
" G=mg

JICHHO paBHa paboTe, KOTOPYIO
22
COBEpIIIACT CUJIA TSKECTH MIPH

_ {1
G=mg MaJeHUHU TeJla C BBICOTHI Z. Ec-

0 0 JIM TEJIO PACHOJIOKEHO BhILIe
IUIOCKOCTH OTCYETA, BBICOTA T

0-0,0-0 - mockocTr orcuera Epgnon- OepeTcs co 3HaKoM (+), eciu

Puc.12 HIEKE - CO 3HAKOM (-).
MmmrocTparus K BEIBOLY (OPMYIIBI

HOTGHHI/IaJ'ILHOﬁ OHCPIUU IOJIOKCHHUA

Wrak, moTeHInagbpHasi SHEPTUs MOJ0KEHUS KUIKOCTH Eg 04 PABHA:

Eonon = m g% (1 6)

IToTeHnuabHAsI JHEPTHUA JABJICHUS

Jpyroii BUJI NOTEHIIMAIBHON YHEPTUU CBA3aH c Aedopmanuen ten. s Tep-
JIOTO TeJla TaKOW BUJ JHEPTMHU 3aIlacacTCs B CKATOW NPYKUHE, JUIA TEKYYUX Tell
(KuIKOoCTeW W ra3oB) TakOW BHUJ SHEPrUU HA3bIBAECTCS MOTEHUMAIbHOM 3HEpruen
JIABJICHMUS.

[lokosimasics ¥ JBHXKYIIAsICS JKUJIKOCTh HAXOOUTCA B J1€(OpPMUPOBAHHOM
(c’xaToM) COCTOSTHUM MOJI IEMCTBUEM MOBEPXHOCTHBIX M MACCOBBIX CHJI, IIPU 3TOM B
KUIKOCTH TOSBIIAECTCS SHEPTUs yOpyroi aedopmariu, NpornopuruoHaibHas BeIUYu-
HE HANpsOKEHUH cykaTus (IaBiaeHui) B )kuaKocTy. [Ipu pacimmpeHun sxuIKkoCTH dHeEp-

rus ynpyrou aedopmanuu rnpespaiiaercs B padoty (Puc.13).
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P —130BITOYHOE JaBJIECHUE F=p-s - cuna, NeWCTBYIOIIass Ha IMOp-

ICHb CO CTOPOHBI c)KaTou KHNIKOCTHU,

|
=] o |
| i 2
F— ] : s=m-D°/4 - nnomaab CCUYCHUs MOPIITHS;
|
——- p=0 | | D | .
il Lo i P - 1aBIICHUE B KUJKOCTH;
L !
— L ! A =Fx =p-sx =p-V=p-m/p - pabora no
1
! MEPEMEIICHUIO TTOPUIHS, cOBepLIacMas 3a
X CYET HAJIMYMS B KUJKOCTU JIABIICHUS .
Puc. 13

V - usmeHnenune o0bEMaA KUIKOCTH B pe-

Wnmoctpanus K BeIBOY QOPMYIBI 1O-  gynprate pacluMpeHnst NPH  ABHKEHHH

TCHHH&HBHOﬁ OHCPI'UU OAaBJICHUA IMOPILHSA

I/ITaK, MOTCHIUAJIbHAA SHEPTUA JaBJICHUA JKUIKOCTHU Eﬂam paBHa:
EIIaBII: P 'm/P (1 7)

5.2. 3AKOH COXPAHEHMSA SHEPT' UM JJIsI HIEAJTBHOM )KUJIKOCTH

NneanbHasi JKUAKOCThL - XKUJKOCTh 0€3 BSI3KOCTH M aOCOJIFOTHO HECKUMae-
Mas. B Tako¥l rUMOTETUYECKON KUIKOCTH OTCYTCTBYIOT CUJIbI TPEHUS U HE TPATUTCS
SHEPrus Ha paboTy MO UX MPEOJOJICHUIO, a TAKKE TUNIOTHOCTH JKUJIKOCTH €CTh BEJH-
YiHA TIOCTOSIHHAS B JIIOOOM C€UeHUH MOTOoKa. Takoe mpuOImKeHe XOpoIio padboTaer
MIPU PAaCCMOTPEHUU JIBUKEHUS KUJIKOCTU B MEJIJICHHBIX MOTOKAX WJIU JJIMHHBIX TPY-
0ax (10 Tex Mmop, MOKa HE UHTEPECYIOTCA TEM, YTO MPOUCXOAUT y CTEHOK) U MO3BOJIS-
€T B IIEPBOM NMPHUOIMKEHUH PEIaTh MPAKTUUYECKUE 3aJauH.

Urak, moaublii 3anac 3Hepruu o0bEMa KUJIKOCTH MAacCO m OTHOCUTEIHHO
HYJIEBOI'O YPOBHS (IUTOCKOCTH cpaBHeHUS 0-0) paBeH:

E=m-gz+m-p/pt+ mu’/2. (18)

JIns uaeanbHOM (HEBA3KOM) KUJKOCTH, B KOTOPOW HE MPOUCXOAUT MOTEPh
SHEPTUM TIPU JIBMKCHUH, B MPOM3BOJBHBIX ceYeHUsIX I-1 u 2-2 sHEeprum JOJKHBI
OBITh PaBHBI:

E,=E,
m-gz; +m-p/pt mu/2 =mgz, +mp /ot muy/2. (19)

VYpaBuenue (19) MOKHO NpeICTaBUTh KAK 3aKOH COXPAHEHUS yAEIbHBIX YHEP-
TH.

TepmuH yaenabHasi JHeprusi MpeArnoiaracT OTHOIIEHUE MOJHON JHEPrum K

HECKOTOpOMY KOJIHYECTBY BelleCTBa - Oﬁ'béMHOMy, MacCcCOBOMY MJIH BECOBOMY.

-58-



JHeprusi, OTHECEHHAs] K BeCy KUIKOCTH, Ha3bIBaeTcs Hanmopom. Hamop us-
Mepsiercst B MeTpax. [locrie neneHust Bcex 4aeHOB ypaBHEHHUs (22) HA BEC KUJIKOCTH

G=mg, OHO IPUHUMAET BU/I:

u u
g+ Dot P2

p-g 28 p-g 28

VYpasuenue (20) HazbiBaeTcs ypaBHenuem bepuyssiu. OHO OBLJIO OMYyYEHO B

(20)

. 3
1738 rony mBeHIapCKUM MaTeMaTUKOM M MeXaHUKOM Jlannmiom bepryim.

[Ipu pacuere rugponpuBOAOB, ra3o- U HePTENpoBOAOB ypaBHeHHE (20) uc-
HOJIB3YIOT OOBIYHO B BHJE OajaHca SHEPruil, OTHECEHHBIX HE K BeCy, a K 00beMy

npoTeKarouie Kuakoctu V=m/p:

2
Py P
=p-g-7o+ + .
2 P8 TP 2 (21)

Bce craraembie ypaBaenus (21) uMeroT pa3sMepHOCTh JABIEHUS U HA3bIBAIOTCS

P8 utpt

COOTBETCTBEHHO:
PEZ1, P72 - BECOBBIC JABJICHUS B ICHTPAX TsKECTH ceueHuil I-1 u 2-2;
P1s P2 - CTAaTUYECKUE AABJICHUS B LEHTPAX TSKECTH ceueHuit I-1 u 2-2;
pu 12 /2, p-uzz /2 - TMHAMUYEeCKue JaBJICHUsI B IIEHTpax TsSxKecTu ceueHut 1-1 u 2-2.
CraTtudeckoe JaBjeHUE - 3TO HANIPSKEHUE CHKATUS B KUIKOCTHU, KOTOPOE IO-
SIBJISIETCS B pe3yJIbTaTe ACUCTBUS HA )KUAKOCTh CKUMAIOIIUX CHII.
JInnamu4yeckoe gaBJIeHUE - JITABJICHUE KUJKOCTU Ha Mperpaay npu e€ ocra-

HOBKC U IIPCBPAICHUN KUHETUYECKOMN OHCPI'MHU B OHCPIUIO JaBJICHHUA.

5.3. 3AKOH COXPAHEHMS SHEPI'UM 1JIs1 PEAJIBHOM ) KUJKOCTHU
[Ipu nepexone OT uaeaIbHON KUAKOCTH K pealibHON HEOOXOIMMO yUeCTh
HaJIM4YUe BSI3KOCTH (CHJI MEXKMOJIEKYISIPHOTO B3aUMOJICUCTBUS MPU CIIBUTE) KaK Me-
Ky KUJAKOCTBIO M CTEHKOM, TaK U MEXIY OTIACIbHBIMU CIOSIMU KUIKOCTH. Bernen-
CTBHE OTOTO JIIOPa CKOPOCTEM B CEUYCHUHM TMOTOKA TMOJY4YaeTCs HEPaBHOMEPHOM

(amtopa 2, Puc.14).

3 Jlannun Bepuynnu (1700-1782) -mBelnapckuil yueHbsld, pa3padbaTbiBai 3aKOHbl MEXaHUKH KUJ-

KOCTEMN.
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U - MCCTHas CKOpPOCTb B CCUHCHUUA ds »ne-

smmona |1 Smmiopa 2 MEHTAPHOM CTPYUKH;
Ip | 3 - cpellHss CKOPOCTh B CEUCHHUU TOTOKA
V] YKUJKOCTH WIIA CKOPOCTh JIBHYKEHHS BCEX
CTpYyeK HJIeaabHOM xuakocTu (3mropa 1).
R e __“7“; _____ ) O=/uds =9-s - 0GBEMHBII Pacxoj B cede-
7" HUU § TTOTOKA JKUJIKOCTH.
9 9

Puc. 14

Dnropa CKOPOCTENW B CEYEHUH MTOTOKA )KUIKOCTH

OHpCI[GJII/IM I[GﬁCTBI/IT@J'IBHYI'O KHHCTUYCCKYIO SHCPTHUIO IIOTOKA KaK CYMMY KH-

HETHUYECKHUX DHEPTUN OTACIbHBIX CTPYEK:
2 2 2 3
Ex=fdm ’/2=[p-dQ’/2=pfuds u*/2==pt[ds u’/2. (22)
Ha mpakTtuke ymo0HO onpeaensTh KHHETHUYECKYIO SHEPTHIO MOTOKA IO CPe-
HEW CKopocTH. JloKakem, 4TO JNEUCTBUTENbHAsI KMHETHYECKAs SHeprus moroka Eg
GoJIbIlle KHHETUYECKO# SHeprun m$F /2, onpeensieMoit o cpeaneii ckopoctu S s
ATOTO MPEJACTAaBUM MECTHYIO CKOPOCTh ¥ KaK CyMMY CpPEHEH CKOPOCTH ¢ U HEKOTO-

PO 3HAKOMIEPEMEHHOUN TOOABKH & U =S+& M BBIYUCIUM OTHOIICHUEC KHHETHICCKUX
DHEPTUU:

E. p-tj(8+8)3ds J(33+332-8+3-8-82+83)d8

m-92/2  p-t-Q- 92 Q-9
3.¢?
j(93+3-9-82)ds_f(1+ gz 1% +j3"°’2'ds—a>1-
9 s s s-9° ’

3/1ech YYTEHO, YTO MPH CyMMHPOBAHUM TE€ CllaraeMble, KyJa BXOAHUT 3HaKOIIe-
pemMeHHast 100aBKa & B HEUETHOM CTENEHU, PaBHbI HYJIIO.

KoppekTuB kuHeTH4eckoi sHepruu a HaszbiBaeTcs koddduunentom Kopuomnn-
ca.

Urak:

Yem o60onbuie HepagHOMEPHOCHIL MECHIHBIX CKOPOCTEHl B CEUCHWUHU IOTOKA
(GombInie &), mem Ho1buLe KOPPEKTUB KHHETUUECKOW SHEPTUH ..

[Ipu namunapnom pesrrcume HEpaBHOMEPHOCTb MECTHBIX CKOPOCTEH MaKCH-
MalbHasg W pacueTHoe 3HaueHwe a=2. [lpu mypoéyrenmmnom pescume BciencTaue
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NEpEMEINBAHUS YaCTUL] CKOPOCTU B CEYEHHMM BbIpaBHHMBarTCI U a=I1,1 -1,2..]Ina
IPaKTUYECKUX pacyeTOB PU TypOYJEHTHOM peKuMe npuHuMaercss o=1.

Hanuuue BS3KOCTH MPUBOJUT K MOSIBJICHUIO B IMOTOKE KUAKOCTH MU €€ JBU-
KEHUU CUJI TPEHMS, KOTOpPbIE HaIlpaBJEHbl NPOTUB JBMKEeHUS. Ha ux npeononenue
3aTpayMBaETCs SHEPT Ul JKUJKOCTH.

[ToTepsiHHast 3HEprusi, OTHECEHHAs K BECY *KUIKOCTH, HA3bIBAETCS MOTEPAMHU
Haropa 1o JjguHe u o0o3HavaeTcs M,

Kpome TOro, moTok >KMIKOCTH HPHU CBOEM JBW)XEHHH IpeTepreBaeT aedop-
MaIl1I0, KOTOpasi BhI3bIBAETCS YCTAHOBKOM TPYOONPOBOIHOM apMaTyphl (KpaHbl, BEH-
TUJIN, My(QThI, IAKOBI U Jp.), @ TAK)KE TOBOPOTAMU MOTOKA, BHE3AITHBIM PACIIUPEHU-
€M B CYXKEHHEM.

[ToTepu 3HEPrUM B TAKOrO poja MPEMSITCTBUSAX HA3BIBAIOTCS MECTHBIMU U 000-
3Hayarorcs h,, .

CymMmmapHsbie OTepU YAEIbHON YHEPTHUH A ; paBHBI:

h1-2 = ht)ﬂ+ hM. (23)
C yueroMm BSI3KOCTH U JedopMallii MOTOKa ypaBHeHUE bepHymu ans peans-

HOH KUAKOCTU MPUHUMACT BU/I:

2

a9 a9’
P1+1-1 P2+2-2

3+ =7,+ +h,_, -
Y'pg 2 T pg 2 (24)

Takum oOpazoMm, ypaBHeHHe bepHym npeactaBisieT coO0M 3aKOH COXpaHe-
HHUS DHEPTUU IS IBUKYIIEHCS )KUIKOCTH:

Cymmapunasa nepzua dncuokocmu 6 HA4AIbHOM cedenuu (NOTCHUUAIBHASL
IUTEOC KUHETUYECKAS) PAGHA CYMMAPHOU IHEPZUU HCUOKOCU 6 KOHEUHOM CeYeHUU
nJjac nomepu IHEPUU.

Jpyrumu ciioBamu:

HauanpHas sHEprus Bceraa paBHa CyMMe SHEPIUH, YTO €IIe 0CTalach, U SHEP-
TUH, YTO IO MyTH MOTEPSIIACH.

Ecium mexny ceuenusmu notoka I-1 u 2-2 uMeeTcs MCTOYHUK SHEpPruu (Ha-
npUMep, HacoC), IHEPIrusl KUJAKOCTH B MECTE YCTAHOBKM HAacoca CKAYKOM BO3pac-

TA€T U 3aKOH COXPAHCHUA DHCPTHUH IPUHUMACT BU.

2
H, P,

P2 0!2.:922
ae. T F——+ =g +——+ +h (25)
pg 28 pg 28
rae H,,. - yaenbHas sHeprus, KOTOPY Hacoc 3a0UpaeT y MPUBOAHOIO JABUTATENS U
MepeacT KUAKOCTH (HAIOp Hacoca).

CymMmapHasi JHeprusi *KUJIKOCTH B HAYAJbHOM ce4eHMH (TOTEeHUHUaIbHas
IUTIOC KUHETUYECKas) MJII0C TAa JHEePrusi, 4To 100aBUJIACh B HACOCEe, PABHA CYM-
MAPHO# YHEPIHHU KUIKOCTH B KOHEYHOM CeYeHHMH (TOM, 4YTO OCTANIACh) IJIIOC MO-
TepPH IHEPIrUMm.

VYpaHenue beprynau B 11000# popMme cripaBeUIMBO JUIsl TEX CEUEHUH MOTOKA,
IJIe CTPYWKHU HE UCKPUBJIISAIOTCS U HE BOSHUKAET CUJI HHEPLIUU.
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IIpaBuiia Bp1OOpa cevyeHuUit
- CeueHusi BBIOMpAIOTCA BCerja MEPHEHIUKYJISIPHO HAMPABICHUIO JBHXKCHUS
KUJIKOCTH;
- CedeHusi BEIOMpAIOTCS TaM, IJi€ U3BECTHO MAKCUMAJIbHOE YUCIIO CllaraeMbIX
ypaBHEHHUS bepHy UM WA TaM, TA€ HY>KHO YTO-TO ONPEAECIUTE;
- B ceueHusix CTpyWKHM >KMJIKOCTU JOJKHBI OBITh MapajulesibHbI APYT JIPYTY,
VMEHHO ITPY TAKOM YCJIOBHH CIIPABEJIMBO YpaBHEHHE bepHyILIn.
BHUMAHMHE!
e Henw3s BEIOWpATh ceueHUs HA TOBOPOTE TPYOBI, MpU BXoAe B TpyOy u T.1.,
TO €CTh TaM, IJI€ CKOPOCTh JIBHXEHHS PE3KO MEHSETCS MO BEIWYHUHE WIIH
10 HAIMPABJIEHUIO U CTPYUKHA UCKPUBJIISFOTCA.
e B 1eBoi yacTu ypaBHEHHS CTOUT HEPTHs TOTO CEYEHUs, OT KOTOPOrO Ha-
YUHAETCS IBUKEHUE.

5.4. 3AKOH COXPAHEHMUS MACCBI
KonudecTBo BemiecTBa, MPOXOIAIIee Yepe3 IONEPEUYHOE CEYCHUE IOTOKa,
MOKHO U3MEPHUTHh B €IMHUIIAX MACChl, 00BbEMA WM Beca. DTO KOJIUYECTBO 3aBUCHT,
OYCBHJIHO, OT CKOPOCTH JIBIKCHHUS, BEIMYMHBI CCUCHUS U BpEMEHU HAOIFOACHUS.
Cornacno Puc.15, uepe3 ceuenue I-1 3a Bpems ¢ mpoiieT 00ObEM KUIKOCTH,
paBHBIM 00BEMY 1mmuHapa I-1-1-1% 1o ectb Vi=9;§;7, U1 Macca >XUIAKOCTH

m;=p; ':91 ;.

’

2 2
o |
AMIOpa CKOPOCTEH B B ‘ ‘

|
MEPBOM CEUYCHUU i
1 L
—ﬂ Onropa CKOPOCTEH BO
™\ BTOPOM CEYEHUH
I ] ........... I _ Ao Syl -

|
’ i
i

9,1

Puc. 15

NnmrocTpanys K BBIBOLY 3aKOHA COXPAHEHUs MACChl
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Ha myTn nBmkeHUs OT HA4aabHOTO CEYCHHS K KOHEUHOMY (popMa MOTIEPEUHBIX
CEUYEHUN MOTOKA MOXET MEHSTHCS CaMbIM MPUUYUTUBBIM 00pa3oM, OJHAKO TO Mac-
COBOE€ KOJIMYECTBO KHUAKOCTH, KOTOPOE MPOILIO 3a BpeMs f uepe3 Jro0oe ceUeHue,
JOJKHO OCTaThCS HEU3MEHHBIM. JTO CIEAYET U3 3AKOHA COXPAHEHUS MACCHI.

Hns Puc. 15:
p1'191 Syt = p2'192'S2't . (26)

[TockoJsibKy BpeMsi MO>KHO BbIOMpaTh MPOU3BOJIBHO, YAOOHO CpPaBHUBATH KO-
JTUYECTBA )XKUIKOCTH, TPOXOoasiimue 3a enuuauity Bpemenu (1 ¢, 1 mun, 1 gac u 1.71.).

Kosan4ecTBo KNAKOCTH, MPOXOsiliee Yepe3 ceueHne 3a eJUHUIY BpeMeHH,

Ha3bIBaACTCH pacxodom.

0=29s - 00BEMHBIN PaCXo]I (27)
Qm = p.&.s:p-Q:m/t - MAacCCOBBIM pacxon (28)
Q¢ = pg-9s=pg-0=G/t - BECOBOM pacxoj (29)

JIns KUOKOCTH IJIOTHOCTh O MOYKHO CUMTAaTh MOCTOSHHOW BEIWYUMHON. DTO
cienyer u3 3akoHa I'yka.

3akon I'yka omnpenensieT CBsI3b MEXIy HaIpsiKEHUEM U 00beMHOU aedopma-
LIMEH NP BCECTOPOHHEM C)KaTUU KUJKOCTHU:

Ap=-E¢

3necs E - Moaysib 00bEMHON yIPYTOCTH KUJIKOCTH, & =AV/V -OTHOCUTEIIBHOE
u3MeHeHue 00béMa, V - nepBoHavyanbHbI 00beM. 3HAK MUHYC IOKa3bIBA€T, YTO MpHU
YBEJIMYEHUH JTaBJICHUS 00bEM KUAKOCTU YMEHBIIACTCS.

Monyns ynpyroctd cramn E., =2-10''Tla, a Momyab yHOPYrocTH BOMBI
E=2-10"TIa. BcreacTBie BBHICOKOTO MOAYJIS YIPYTOCTH KHIKOCTH CKHMAIOTCS He-
3HAUUTENbHO. Tak, npu noBeimieHun gaBieHus Ha 10MIla, usmenenue oo0néMa pas-

HO:
AV 4p 10-10°
V. E 2.0

HOBTOMY qJame BCCTO B THMAPABIMYCCKHUX paCUYCTaAX KHUAKOCTH CUUTAKOT HC-

=05-10" =0,5%.

C)KMMAEMOH M IIOTHOCTh KUIAKOCTU O =m/V MMPUHUMACTCA BEJIMYMHOM IOCTOSIHHOM
)51 HGS&BHCHIHC?I OT JaBJICHHUA:

[Ipunumas p =const, BMecTO (26) MOTyUUM:
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9151 = $8=eee.. =0 = coORSL. (30)
VYpasuenue (30) BbIpakaeT 3aKOH TIOCTOSHCTBA 0OBEMHOTO pacxo/aa Mo JTHHE
MOTOKA.
5.5. 3AKOHbI COXPAHEHUSA MACCBHI U DHEPTUHA
IMPU IBUKEHHWU I'A3A
[Ipu nBwkeHuu raza (pacuer ra3onpoBOJOB) HYXHO yUHUTHIBATH, YTO IIJIOT-
HOCTb ra3a 3aBUCUT OT JIaBJICHUS U TEMITEPATyPHhI:
~p/RT. (1)
DT0 ypaBHeHUE cocTosiHuA ra3a (ypaBHeHue Kiaitnepona). 3necs R — razoBas
MOCTOSTHHAS, paBHas s Bo3myxa 287 mx/kr-°K.
B passpIx cedeHusx TPyOOTpPOBOIHOW CHCTEMBI JTABJICHUE MOXET OTIUYATHCS
Ha JIECATKU atMocdep. DTO MPUBOJIUT K CYIIECTBEHHOMY Pa3IUYHUIO MJIOTHOCTEH B
CEYEHHSIX Ta30BOI0 MMOTOKA U, KaK CIEACTBUE, K Pa3Indri0 OObEMHBIX PACXO/I0B.

[Ipu nBU>KEHUM Ta3a B CEUCHUSX IOTOKA COXPaHsSeTCsl MACCOBBIN pacxo!

On = P1-9151=02-%87=......=p;-F;s;/=const (32)
Kak u3BecTHO, KanmeJbHasl JKHAKOCTL B CEYEHUH 00JIaNaeT nomeHyuaibHoll

U KUHemuuecKkou Inepzuen.
I"'a3b1 005a210T nOMEHYUATbHOIL, KUHEMUYECKOUl U 6HYmMPEeHH el IHePIuell.
BHyTpeHHsIs1 JHepIrusi ra3a 3aBUCUT OT TEMIIEPATYPHI.
Jlnst camoro oO01Iiero MOJUTPONMHOrO MPOIEcca 3aKOH COXPaHEHUS SHEPruu

JUIs eAMHULBI Beca (1H) ra3a uMeeT BU/I;

2 2
4 1 4 +a1.91 =, + P2 1 P2 +a2.92

Z1+ + . .
p1-g8 n-1p-g 2g p2-8 n-1p,-g 2g

+h_3,

r7ie g — yAelibHasi MOTEHIMAJIbHASI YHEPTUS TOJOXKEHHUS; p/pg - yAelbHas T0-
TEHLIMAJIbHAsl dHeprus nasieHust; p/(pg-(n-1))=R-T/(g«(n-1)) - BHyTpEHHSS DHEPTHUS;
a¥ /2g —ynenbHasi KHHETUYeCKasi SHepTUsi; ;.- IOTEpU SHEPTUU; K —TI0Ka3aTelb Io-
JUTPOTIBI.

Ecnu npu nBuxeHuu raza mno Tpyodam BCIEACTBUE TEIIOOOMEHA C OKpYXKaro-
el cpefoil Temmeparypa mno JJuHE HEe U3MEHSIETCS, TO UMEET MECTO M30TepMuYe-
ckuii npouecc (T=const). [Ipy 3TOM BHYTpEHHSISI DHEPTUSI B CEYEHUIX TPYyOOIpPOBOIa

OCTaeTCs MOCTOIHHOM.
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YpaBHeHue bepHyuM npu M30TEPMUYECKOM TEUEHUH ra3a UMEET TAKOW KE

BU/I, KaK U JIJIsl HEC)KUMAEMOM XKUAKOCTH (TJIOTHOCTH ra3a B CEUEHUSIX pa3Hbie!):

2
a9 a,9
7+ + S =t Py | %

p-g 2g P8 2g

2

+h_;. (33)

5.6. PACYET TPYBOIIPOBOJIOB. IIPUMEPBI PEHIEHUA 3AJTAY

BONBIIMHCTBO THAPOAMHAMUYECKUX 3a/1ay HEPTEra30BOM MPaKTUKHU CBSI3aHO C
JBMYKEHUEM JKUJIKOCTU MO Pa3IMYHOTO pojia TPyOONpOBOAHBIM cucteMmam. [Ipu sTom
HEOOXOMMO 3HAaTh KOJIUYecHmEo TIPOTEKAIoIeH >KUIKOCTH WU rasza (pacxod) u
IHEepzemuuecKue XapaKmepucmuKku, 3aBUCSIINE OT O0d61eHUs W TOJIO0XKECHUS KU-
KOCTH B TIOJIE CHJIBI TSDKECTH (8blcom 7). YacTo BO3HHMKAET U oOpaTHas 3ajada — IpH
U3BECTHOM pAacXOJI€ U SHEPreTUYECKHX XapaKTEPUCTHKAX ONPENCIUTh Ouamemp
mpyoonpoeooda. [lanee Ha KOHKPETHBIX MPUMEPAX PACCMOTPEHBI CIIOCOOBI PEIICHUs
ATUX U HEKOTOPBIX JPYTUX 3a/1au.

5.6.1. OITPEJAEJIEHUE CINJIbI NJIU JABJIEHUS
Onpenenuts cuily R, KOTOPYIO HY»KHO IIPHJIOKHUTH K TIOPUIHIO HACOCa TUaMET-
poM D=65MM, 4TOGbI TOABATH B GaKk GEH3UH (INIOTHOCTH P = 765KI/M°, KMHEMATH-
yeckuid kodpdunuent Bsizkoctd v = 0,4cCT) ¢ MOCTOSHHBIM pacxonoMm @ = 2,57/c.
Bricota moabéma sxkunkoctu B yctaHoBke Hy = 10M, mMoka3zaHue MaHOMETPA Py
=0,15MlIIa. Pasmepsn! TpybompoBona I =60M, d =30MM; ero SKBUBaJEHTHAs IIEPOXO-
BaTocTh 4,=0,03MMm; k03 uiment conporusnenus Bentmia & =5,5.

ra3 o/ JaBJICHUEM Py \o o o 0O -@ Do
2 0

02 o’ o

BEHTWIb C KO3 PHUIHeHTOM
COIIPOTUBIICHHUSI
p & H,

HATIOPHBIN O6aK

Puc. 16

Cxema Kk 3agaue
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Pemenne
1. BeiOupaem nBa ceuenusi I-1 u 2-2, a TakXe MIOCKOCTh cpaBHeHUs -0 1 3anucChl-

BaeM B 00111eM BHjIe ypaBHeHUEe bepHyu:

2 2
7+ 14 +0‘1'91 =2, + P2 +0‘2'92 +hy_,
P8 28 P8 28

3nech p; v p, — aOCOMIOTHBIC TaBJICHHS B IIEHTPaX TSHKECTU CeUeHUl; Jy u 9, —
CpEIHUE CKOPOCTH B CEYEHMUSIX; Z; U Z2 — BBICOTHI LICHTPOB TSIKECTHU CEYEHUN OTHOCH-
TEIBHO IUIOCKOCTU oTcuera 0-0; h;., —oTepu Haropa Npu JBHKEHUU JKUJIKOCTU OT
IIOPBOTO 0 BTOPOT'O CEUYCHMUSI.

IIpaBuiia Bb10OpA ceveHUI:

e (CeueHus BBIOMpAIOTCS BCErJa IMEPICHIUKYJISIPHO HANPABICHUIO IBMIKCHHS
YKUAJIKOCTHU U JIOJKHBI PACIIONAraTbCsl Ha MPSIMOJIMHEMHBIX YU4aCTKAX MOTOKA.

e OHO M3 pacUETHBIX CEYEHUU HEOOXoauMO OpaTh Tam, Ie HYKHO OIpee-
JIUTH JTaBJICHUE P, BHICOTY Z WIIM CKOPOCTH &, BTOPOE, T/I€ BEJIMYMHBI p, 7, U 3
W3BECTHBI.

e HywmepoBaTh pacdeTHbIE CEUCHHS CIIEAyeT TaK, YTOOBI KUJIKOCTh JIBUTAIACH
oT ceuenus I-1 x ceuenuto 2-2.

B nameit 3amaue ceuenne I-1, OTKyaa HaAYMHACTCS JABUKCHUE KUIKOCTH, BbI-
OpaHO MO MOBEPXHOCTH MOPIIHS, TAK KaK UIMEHHO B LIEHTPE TSHKECTH ITOTO CEUCHUS
HEOOXO0MMO ONpPEAC/INTh JaBJCHUE XKUIKOCTH. Jlanee, U3 yCIOBUS PaBHOMEPHOIO
JBUKECHUS TTOPIIHS, MOYKHO ONPEACIUTD CHTy R.

Ceuenue 2-2 BBIOpaHO 1O MMOBEPXHOCTHU KUIKOCTH B HAITOPHOM OaKe, TaK Kak
TaM U3BECTHBI BCE CJIAraeMble, COCTABIISIIONINE YACTBbHYIO YHEPTHUIO )KUJIKOCTH.

JIns onpeesnieHus: BEIUYUH Z HYKHO BBIOpaTh MOJOKEHUE IUIOCKOCTH CpaB-
HeHus (uu otcueta) 0-0.

IIpaBuiia BbI0OOpa uiockocTH orcuera (-0 1 onpenesieHUs BeJIMYUH
e [Inockocts 0-0 Bcerga npoxoauT TOPU3OHTAIBHO.
e Jlnsa ynoOcTBa €€ mpoBOIAT Yepe3 IEHTP TSKECTH OJHOTO U3 CCUCHUI.
e BpIcOTa MOJOXKEHUS LIEHTPA TIKECTH CEUCHUS Z BBIIIE MIIOCKOCTH OT-
CYEeTa CUUTAETCS MOJIOKUTEINBLHOM, & HUKE — OTPUIATEIIBHOM.
B Hameit 3agaue npoBoguM MIOCKOCTh (-0 TOPU3OHTAILHO Yepe3 LEHTP TshKe-

CTU BTOpOTro ceueHusi. OHa coBmagaeT ¢ ceueHuem 2-2.
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Uraxk:

HewusBecTHas BeuunHa — JIaBJICHUE p; BEIYUCIISETCA U3 YpaBHEHUs bepHyuin.
Bce ocranbHble BEeTMUMHBI, BXOSIIME B YPaBHEHUE, WIM U3BECTHBI IO YCIOBUIO, UIH
OTIPEEIISIOTCA.

2. OnpenensieM ciaraemble ypaBHeHUs bepHymu B o0mem Buje (HE BBIYHUC-
nsis). Jlanee mojcrapisieM ux B ypaBHeHUE bepHyIu, mpuBOAUM MOAOOHBIE YICHBI,
MPOU3BOJIUM ajreOpanveckrue mpeoOpa3oBaHUsl U OMPENEIIIeM U3 3TOr0 YpPaBHEHUS
HEU3BECTHYIO BelMUnHY (cuiny R) B 001eM Bu/Ie.

e BbICOTHI LICHTPOB TKECTU ceueHui: g; = - Hy; 7, =0;

e CpexHue CKOPOCTH B ceueHmsix: & = Q/s=4-Q/w/D’ ;

3 = O/s;. Tak xak s,>>/s7, T0 $, <<I; ¥ MOXKHO NPUHATH I, =0.

IIpaBuia onpenesieHusi ckopocreid 9 u 9,
o Cpennsisa CKOPOCTh B CEUCHUU pPaBHA pacxoj / MIOMAIb:
9= Q5. (34)

e Ecau momaas oHOro U3 CEYEHU MHOrO OOJbIIe TUIOHIAAN APYTOro CEYEHUs,
TO CKOPOCTb B 3TOM CE€YEHUU OyIeT MHOTO MEHbIIIE CKOPOCTH B JIPYTOM CEYEHUU
1 €€ MOXHO IIPUHSATH PAaBHOM HYIIO. DTO CIEAYET U3 3aKOHA MTOCTOSTHCTBA PacXo-
1A KUJKOCTHU:

9151 = % 8=0eee.=Q = conSt.

e Kodppuuuentor Kopuonuca o 1 o, 3aBUCAT OT pEKUMA JIBHKCHUS KUIKO-
ctu. [Ipu namuHapHOM pexume a=2, a npu TypOyJIeHTHOM o.=1.

e A0CO0JII0OTHOE JaBJieHHEe B NMEPBOM CE€YE€HUM P; = Pry T Pums Pin — U30BITOU-
HOe (MAaHOMETPUYECKOE) NIaBJIC€HUE B TNEPBOM CEUCHHHM, OHO HEU3BECTHO U
NOJJICKUT ompesesieHuto. [laBnenue p;, MOXHO CBsI3aTh ¢ cujoi R uepes yc-

JIOBHC PAaBHOMCPHOI'O ABHIKCHHUA ITOPIITHA.

F,,+ R — F; = 0 —1ipy paBHOMEPHOM ABUKEHHH pe-
F,, R F, 3yJIbTUPYIOIAs CHJIa paBHA HYJIIO. DTO CJIEICTBUE BTO-
— poro 3akoHa Hetotona: F =ma; 9=const; a=0.

R :Fl 'Fam = (pl _pam)'SD :PIM *Sp.

Pin=R/sp = 4-R/(n-D).
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Taxum o0pa3oM, mpu U3BECTHOW cuiie R MOXHO ONpEAeNuTh MaHOMETpHUYe-
CKO€ JaBJeHUE U, HA000POT, 3Hasi MAHOMETPUUYECKOE JaBJIECHUE, MOKHO BBIYMCIHUTD
CHUITy.
e AOGCONIOTHOE JaBJIC€HHUE BO BTOPOM CEUCHUHU P2 = Py + Pume
[Tocne moncTaHOBKHM aOCONIOTHBIX JaBJICHUN B ypaBHeHHE bepHyIim aTtmo-
chepHOE JaBIEHUE COKPATUTCS.
IIpaBuJia onpeneseHust
a0COJIIOTHBIX JABJIEHUH p; U P, B IEHTPAX THAKECTH CeYeHU I
e AOCOJIIOTHOE JAaBJICHHE B LICHTPE TSHKECTH CEUEHMS ONpEeNeNsieTcs yepe3 nokasa-
HUS p,, WU p, IpUOOpPOB (MAHOBAKYyMMETPOB):
P = Pwu T Pam, CCIAP > P,
P = -Pyt Pam, CCTIAP < Dup.
[Ipu sTOM aTmMocepHOE AaBlieHUuE BXOAUT B JIEBYIO M MIPABYIO YacTh ypaBHEHUs
bepHynm u cokpamaerca. 9T0 HEYJIUBUTENBHO.
ITapameTpbl THAPOAMHAMHUYECKOT0 NMPOLECCa He TOJKHbI 3aBHCETh OT aTMO-
cepHoro naBsenus!
e FEciu u3BeCTHa BHEILIHAS CUJIA, IEWCTBYIOIIAs HA MOPUIEHb, JABIECHUE MOYKHO
ONPENEIUTh U3 YCIOBUSA : anreOpandeckas CyMMa BCEX CHII paBHA HYJIIO.

N naob6opoT, 3Has 1aBieHre, MOKHO OTPEICTUTh BHEIITHIOIO CHITY.

e IloTrepu Hamopa h;, CKJIaABIBAIOTCS U3 MOTEPh HAMOpA HA TPEHHUE MO JJTMHE
OTOKA Ay, ¥ IOTEPh HA MECTHBIE THPABIMYECKHAE CONPOTUBIICHUS J h,,:
hi2=ho, +2'h,,.
Omnpenenenue norepsb No AJuHe TpyOonposoaa h,,

2 2
h, =,1.l.‘9_ 0

a0t
d 2g d s'2g

- ¢dopmyna Jlapcu-Beticbaxa (35)

e [, d, s - niHa, TUaMeTp | IUIOIIA b MONIEPEUHOr0 CeYEHUs TpyOOnpoBOAa;
e 3 0 — cpennssi CKOPOCTh U PACcX0Jl B CEYCHUU TPyOOIIPOBO/IA;

e A - ko3hUHEHT TUAPABINIECKOTO TPEHHUSL.
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IMocienoBaTEILHOCTD BhIUKMCIeHHS KO3 PuumeHTa TpeHus A
U KO3 duumeHTa KOPUOJIUCA O

L4 OHpeI[eJISIeTCSI PCXKHUM ABUKCHUA KUIKOCTH, IJI YCTO BBIYHUCIIACTCA 6e3pa3Mep-

Hoe uuncio PenHonnaca:

ke S dp _Q4d-p Q-4p Q-4
n zr-d*n rm-dn m-d-v

,(36)

TA€ 77 U V= 1/p - COOTBETCTBEHHO AMHAMUYECKUN U KMHEMaTuueckuit koddu-
IHEHTHI BA3KOCTH NpUBOJATCS B cripaBouHOi nuteparype (IIpunoxenue 1).
e Bpruncnennoe 3HaueHue yucna PeinHosbaca Re cpaBHHMBAeTCs C KpUTHYECKUM
3HaYeHUEM Re,,,.
Ecmu Re < Re,, — umeeT MecTO JTAMUHAPHBI PEKHM.
Ecmu Re > Re,, — umeeT MecTo Typ6yneHTHbH7I6 PEKUM.
Kpurtnueckoe uucio PeliHonbaca 3aBUCUT OT (POPMBI IONEPEYHOTO CEUEHUS Ka-
Haiya. J{ns xpyrioro ceuenus Re,, =2300.
[Tpu namunapuom pexume (Re < 2300):
A=64/ Re, a=2 (37)
[Tpu TypOynentHoM pexume (Re >2300):
A=0,11(68Re + A/d)">, o=1 (38)
rae A, — SKBUBAJIEHTHAs IIEPOXOBATOCTh MOBEPXHOCTU TPYOONpOBOa, 3aBUCUT
OT MaTepuala MOBEPXHOCTHU U crocoba e€ o0paboTKH, MPUBOJUTCS B CIPABOYHU-

kax (IIpunoxenue 5).

* Bazkocme — CBOWCTBO Ta30B U KHIKOCTEH, XapaKTEPU3YIOIIEEe COMPOTUBIICHUE IEUCTBUIO BHEIII-
HUX CHJI, BBI3BIBAIOLINX UX TEUCHHE.

> JTamunapnoe meuenue (0t naT. lamina — IIACTHHKA, [ONOCKA), TEYCHHUE, IPH KOTOPOM XKHIKOCTD
WM Ta3 MePEeMEIIaeTCs CIoIMHU 0e3 MepeMeInBaHusl.

STypoynenmnoe meuenue (or nar. turbulentus-GypHsiii, GeCIIOPSIOUHEII), TEUCHIE, IPH KOTOPOM
YaCTHIIBI JKUJKOCTH COBEPILAIOT HEYMOPSIAOYHbIC, XAOTUYECKUE ABMXKEHUS IO CIOKHBIM TPAEKTO-

pUAM U OTIINYACTCS OT JIAMHUHAPHOI'O TCUCHUSA MHTCHCUBHBIM IICPEMCIINBAHHUEM CJIOCB.
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B Hameli 3ajaye norepu 1o J1iaMHe HEOOXOIMMO 3aIUCATh TaK:

Jlanee HEOOXOMUMO OTPEACIIUTD MeCTHBIE TUAPABINYECKUE CONMPOTUBIICHUSA,
BO3HUKAIOIIUE MPU ABWKEHHUM XKUJIKOCTH OT ceueHust I-1 x ceueHuto 2-2. OObIUHO
30Ha AedopMallii OTOKa B palloHE MECTHOTO CONIPOTUBJICHUS HEBEJIMKA 110 CpaBHE-
HUIO ¢ JIIUHOK TpyO. [ToATOMY CUMTAIOT, YTO MECTHBIE MOTEPU UMEIOT MECTO KaK OBl
B OJTHOM CEYEHHUH, a4 HE HA YYACTKE, UMEIOIIEM HEKOTOPYIO JIJIUHY.

MecTHbIE TUIPABIMYECKUE COMMPOTUBIIEHUS BCETIa BOSHUKAIOT B TEX CEUEHUAX
MOTOKAa, TJ€ CKOPOCTh [JIBUKECHHUS PE3KO MEHSETCAd [0 BEJIUYMHE WIM 10
HanpaBiennto. CorjacHo 3TomMy, B Hamed 3amade (Puc.16) wumeror wmecto
CONIPOTUBJICHUE TMPH BHE3AMHOM CY)KCHUH TII0TOKa (BBIXOJ W3 LWIMHApPA B
TpyOOIPOBON) - Mgy, cyme, IPU MPOXOKICHUU KUAKOCTU YEPE3 BEHTUIb — M, B OBYX
pe3kux nosoporax Ha yroa 90° - 2h,,,, 1 IpU pEe3KOM pACIIMPEHHH NOTOKA IpHU
BBIXOJIE U3 TPYOBI B 0aK - /14y

Sl = Rovcye, + o+ 2oy, + B

Orlpez[e.JIeHne MECTHBIX I'MIPaBIHYCCKUX COHpOTI/IBJIeHI/Iﬁ

[ToTepu Hamopa B MECTHBIX COMPOTUBIICHUSIX OMpEAesioT mo ¢opmye Beiic-
2 2
Oaxa: hM=§-9 =£. 2Q , (39)
2g s°.2g

e r1re & - 6e3pa3mepHblil KO3 ULIMEHT, 3aBUCUT OT BUJA U KOHCTPYKTHUBHOTO
BBIITOJIHEHUSI MECTHOT'O CONIPOTHUBIIEHUS, COCTOSIHHUSI BHYTPEHHEN IMOBEPXHOCTHU
u Re, onpenensiercs no cupaBoyHbIM faHHbIM (IIpunoxenue 6, 7).

e & CKOpPOCTb JBUKEHHUS KUJKOCTH B TPYOONPOBOJIE, IJI€ YCTAHOBIEHO MECTHOE
CONIPOTHBIICHUE.

Ecnu mexny cedenusimu 1-1 u 2-2 noToKa pacroiaokK€HO MHOI'O MECTHBIX COIPO-
TUBJIEHUN U PACCTOSTHUE MEKIYy HUMHU OOJIbLIE JUIMHBI UX B3aUMHOTO BIUsAHUS (=6d),
TO MECTHBIE [TIOTEPU HANOPAa CYMMHUPYIOTCA. B OOJNBIIMHCTBE CilydaeB Tak M MPeIo-
JlaraeTcst py PeIIeHnH 3a1ad.

Sh, i«f‘g

e B Hamieil 3a1aue MECTHBIE IOTEPU HAIOPA PABHBI:

2 i Q2
i=1 2g

7
Mecmmnuie zudpa(muqecmte conpomueiieHusn — NPCIATCTBUA HA IIYTU ABUXKCHUA XKHUJIKOCTHU, TAC
IpoOUCXoauT He(bOpMaHHH IIOTOKa, O6p8.3y}OTC$I BUXPU U 3aTPAUUBACTCA SHCPIUA. K UM oTHOCHTCSA

TpyOONPOBOIHAS apMaTypa U pe3Kue U3MEHEHHsI (POPMBI MOTIEPEUHBIX CEUCHUH.
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ZhM: hen.cyofc. + he + 2hnm'z. + hsbtx = (fen.cym. + fs + anue. + é:ebzx)'Qz/(SZ '2!,’),'

EhM: 25' QZ/(SZ '2g); rac Z‘§=§8H.cym. + ‘fe + 2§noe. + §8blx

B Hameil 3agaue cyMMapHbI€ IOTEPU HAIIOpa PABHBI:
his= (AVd+ZE) - O/ 2g.
Onpenesienune ko3(ppuuueHTa MECTHOTO CONPOTUBIICHUS

[Ipu pa3zBuTOoM TYypOyJIEHTHOM ABUKEHUM B MECTHOM COMNPOTUBJICHUU (Re >
10%) mmeer Mecto TypOyJIeHTHAS ABTOMOJEIBHOCTD - IIOTEPH HATIOPa IIPOIIOp-
[IMOHAJIBHBI CKOPOCTH BO BTOPOM CTeNeHH, U KOA(P(HUIIUEHT CONTPOTUBIICHUS HE
3aBUCHUT OT umclia Re (KBaapaTWyHas 30HA JIJI1 MECTHBIX COIPOTHBIICHHM).
[Tpu sToM &, =const n onpenensieTcs mo cnpaBouHbIM HaHHBIM ([Ipunoxxenue
6).
B 0onbIIMHCTBE MPaKTHUYECKUX 3a]a4 MUMEET MECTO TypOyJIEHTHasi aBTOMO-
JENbHOCTh U KO3(PHUIMEHT MECTHOTO COMPOTUBIICHUS - MOCTOSIHHAS BETUYH-
Ha.
[Tpu namunapaom pexume & = &,-@, e @ -pynkuus uncna Re (Ilpun. 7).
[Tpu BHE3amMHOM pacmIUpeHUn TPyOOIpoBoaa KOdD(PHUIIMEHT BHE3AITHOTO pac-
LIIMPEHUS ONIPEAEIAETCS TaK:

Eon. pacn = (1-81/52)" = (1-d,*/d5")? (40)
Koraa s, >>s;, 4TO COOTBETCTBYET BBIXOJY JKUJIKOCTU U3 TPyOONpoBOAa B pe-
3epByap , & =1.
[Ipu BHE3amHOM CyXEHUU TPYyOONPOBOAa KOIDPHUITMEHT BHE3AMHOTO CYKEHUS

Eon. cyx. PABEH:

2
=0,5-(1—s—2)=0,5.(1—”li2 , 41)
§1 d,

§BH. CYyX.

r7e §; -TUIOIIA/b MUPOKOTO (BXOIHOT0) CEUCHHS, a §; -IJIOIIA/lb Y3KOTO (BBIXOIHOTO)

CCUCHMHI.

3.

Korna s; >>s;, 4TO COOTBETCTBYET BXOJy >KUIKOCTH M3 pe3epByapa B TpyOo-
npoBo, & =0,5 (mpu oCcTpOi BXOTHON KPOMKE).

Koaddutment comporuBieHuss BeHTWIS & 3aBUCUT OT CTETIEHU OTKPBITHS
kpaHa (ITpuioxenue 6).

[ToacraBisiem onpeAeeHHbIE BBIIIE BEIMUUHBI B ypaBHEHUE bepHyuu:
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R

—+ paT
W1

2 2
+a1 Q -0+ Puo t paT+0+(2‘ +Z§) Q
P8 2g P8 2g

CoxkpaiiaeM craraeMble ¢ aTMOC(EPHBIM JaBICHUEM, YOUpaeM HYJIU U TIPUBO-
JIMM TOA00HBIC WIEHBI. B pe3ynbrate moayyum:

—~Hy+

R ) R 2
SN 7 A TRy L 3 =) 2Q : (42)
S1°P8& P8 d $1 s°-28
910 pPaCcdC€THOC YPABHCHHUC IJIs1 OIIPCACIICHUA BCINMYUHBI R — cunpl Ha mIToke

MTOPIIHSL.

4. BeruucnisieM BEIUYUHBI, BXOASIINE B ypaBHeHUE (42). MicxonHble TaHHBIE TIO-
craBisieM B cucreme CU.
e momans ceyeHus 1-1 s1 = md; /4 =3,14-0,065"/4 = 3,32:1070".
e UIOmaznb cedeHus TpyGonpoBona s = z-d*/4 =3,14-0,03%/4 = 0,71-10"m",
e cymma KO3()PUIIUEHTOB MECTHBIX COMPOTUBIICHUIN
2 E=b e + &+ 2E006 T oy =0,39+5,5 +2:1,32+1=9,53.
e KkOd(DPUIMEHT BHE3ATHOTO CYKEHUS

s 0,71-1072
=05-(1-"2)=0,5-(1- >——
S 3,32-1073

e ko3 ¢unment pesxoro moBopora Ha 90° &, = 1,32 ([Ipunoxenue 6);
e KOd(DPUITUEHT COMPOTUBICHUS TIPH BBIX0JI€ U3 TPYOBI &y = 1 (hopmyna 40);
e K03(pGUIUEHT TPEHUS A

gBH.CY)K. )= 0’39

-3
z-d-v 314.0,03-0,4-10"
68 A 0.95 68 0,03-1072 05 L
A= 011( 9025 —011.¢ + )%2° =21.1072;
T 265-10° 30.1073

Tax kak uncino PeHHoan{ca Re >Re,, (2,65-10>>2300), To K0>)DUIHEHT Tpe-
HUA paccuuThiBalics o Gopmyre (38).
[To ycnoBuio kuHeMaTH4eCKui KO3(PPUIUEHT BI3KOCTH 3aJ]aH B CAHTUCTOKCAX
(cCr). 1cCt = 10°Mm%/c.
o Konaddumuent Kopuonuca o, B ceuenuu 1-1
40 4.2,5-107
7-D-v 3,14.0,065-0,4-107°
Tax xak pexxuM JBUKEeHUs B ceueHun I-1 TypOyJIeHTHbIN, TO @ =1.
e (Cuja Ha IITOKE

Re, = =1,22-10°;
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0,15-10°

R=3,32-10"2.765-9,8- (10 + =———— +
765-9,8
-3 ,2 -3 2
(00212 4953 (P9 ), (2519 )7 ) 4568y
0,03 (3,32-107%)2” (0,71-1072)%.2.9,8

5.6.2. OIPEJAEJIEHUE PACXOJA ’KNAKOCTH

TommBo (p=819kr/M’, JAMHAMHYECKHIA

7 © % O"@ P4 ko3bdument Bsskoctd 7=1,5-10"Tla-c)
H BBITEKAET B arMoc(epy U3 pesepByapa ¢

MOCTOSTHHBIM ypoBHeM H=5,6M u u30bI-

0 _ ‘ 0 2 TOYHBIM JABJICHUEM Ha [OBEPXHOCTHU
B T — - T xkunkoctu p,=10klla mo ropuszoHTANIb-
l,{ 2 HOMYy TpyOompoBoay (/I=30Mm, d=80mwm,

TpyObI CBapHbIe, ObIBIIME B yHoTpeoiie-
Puc. 17 Huu, 2&=3).

CxeMa K 3a1ade Onpenenuts pacxos.

BHUMAHUE!

[TockonbKy Bce HEOOXOIMMBIE MOSACHEHHS U TEOPETHYECKHE OCHOBBI MpUME-
HEHUs1 ypaBHeHUs! bepHyiu OblIM MOAPOOHO CAENaHbl IPU pelIeHuu 3a1adu 1, 3a-
KOH COXpaHEHUsl PHEPTUH JUIsl TaHHOM 3aJlauil BBIBOJUTCA 0€3 MOAPOOHBIX TOSICHE-
HUM.

Pewenue
1. Boibupaem nBa ceuenust I-1 u 2-2, a Takke MIOCKOCTh cpaBHEeHMs (-0 W 3amucChl-

BaeM B 0011IeM BU/JI€ ypaBHEeHHE bepHyiu:

2 2

7+ D) +a1'91 L+ D> +a2'92
p-g 2g p-g 2g

31ech p; U p, — aOCOJIIOTHBIE JaBJIEHUS B LICHTPAX TSHKECTH CEUCHUMN; F U ) —

+h_,.

CpPEIHUE CKOPOCTHU B CEUEHUSIX; Z; U Z; — BBICOTHI LICHTPOB TSHKECTU CEYEHHUI OTHOCH-
TEJIbHO TIOCKOCTH oTcuera 0-0; h;, —moTepu Hamopa MpU ABUKEHUHU KUIAKOCTH OT
MIEPBOTrO JI0 BTOPOTO CEUCHUS.
2. OmnpenensieM cliaraeMble ypaBHEHUs bepHyJiy B 1aHHOM 3a7ay4e.

e BbICOTHI IEHTPOB TSKECTU ceueHui: g; = H; 7, =0.

-73-



e CpelHue CKOPOCTH B ceueHmsIX: I = Q/s,=4-Q/w/d’ ;
9; = Q/s;. Tak xak s;>>/s;, T0 $; <<$, 1 MOkHO IPUHATH F; =0.

o Konadpoumuentst Kopruomnuca o 1 o, 3aBUCAT OT peKUMa JABIKEHUS KUAKOCTH.
[Ipu namMmuHapHOM pexUMe a=2, a IpU TypOyIeHTHOM o=1.

e AOCOJIIOTHOE [1aBJICHHE B NIEPBOM CEUECHHH P; = Pp + Dums Pn — W30BITOUHOE
(MaHOMETPUYECKOE) JaBJICHUE B IEPBOM CEUEHUU, OHO U3BECTHO.

e AOCOJIOTHOE AaBJICHUE B CEYEHUU 2-2 PaBHO aTMOCHEPHOMY Pum, TaK Kak
KUJKOCTH BBITEKAET B aTMOChEpY.

e [lorepu Hamopa h;.; CKIAIBIBAIOTCA M3 MOTEPh HANOpA HAa TPEHHUE MO JIJIMHE
1oTOKa My, W MOTEPh HAa MECTHBIE THAPABINICCKUAEC COMPOTUBIICHUS 2 I,

hi2=hy, +2 R,
e [lorepu 1o [IMHE paBHbI
Q2

l
h Ny :
o d 52'2g

=A =1

| 9
e MecTHbIE IOTEPU HALIOPA PABHBI
Sh,=3E F/g) =X & QN 28); rae 2’ & 3a1aHo 1Mo yCIOBHIO
e (CyMMapHbI€ IOTEPU HANIOPa PaBHBI
hio= (AVA+3%) - O/’ 2g);
3. WUTak, nmoacrasisieM OINPEIEICHHBIE BBIIIE BEJIMYMHBI B ypaBHEHHE bepHyii-

JIM 1 IOJIy4YaeM 3aKOH COXPAaHCHUA SHCPTHUH JIA HaIIeu 3adadu.

2 2
H+PnPa g_gy Pur +a22Q +(ﬂ°L+Z§)°2Q—-
p-g pP-g So .2g d S '2g

CokpaiiaeM craraeMble ¢ aTMOC(EPHBIM JaBICHUEM, YOUpaeM HYJIU U TIPUBO-
JUM TOA00HbBIE WieHBl. B pe3ynbraTe moayyum:
P ! 0?
H+ " =(A-—+Y¢+ay) - ——. (43)
pg d s?-2g
DTO pacdyeTHOE ypaBHEHHUE JJIs ONpeeNieHnus pacxoaa >kuakoctu. OHO mpen-
CTaBIIsieT cOOOM 3aKOH COXpaHEHHMs SHEPrHM Ui JaHHOM 3amauu. Pacxon BXoauT B
MpaByIO YacTh YPaBHEHUS HEMOCPEACTBEHHO, a Takke B KO PuiueHT Tpenust A ye-
pe3 uuciio Re (Re = 4Q/(nd-v)!
He 3Has pacxof, HEBO3MOXKHO ONPEACTUTh PEXKUM JBHKEHUS KHUJIKOCTH U BbI-
opate dopmyny mist A Kpome storo, mpu TypOyJIeHTHOM pexuMe KOIPPHUIUCHT

TPEHUS 3aBUCUT OT pacxojia ClIokHbIM 00pazoM (cMm. Gopmyny (38)). Ecnu moacra-
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BUTH BeIpakeHnue (38) B ¢hopmymny (43), To MoTydeHHOE ypaBHEHUE HE PEIIaeTCs a-
reGpanueckuMn CrocoOaMu, TO eCTh SIBISETCS TPAHCLECHACHTHBIM' . Takue ypaBHe-
HUSl pemaroTcs rpaduyeckuM CHocoOOM WJIM YMCIEHHO ¢ nomoinbio DBM (uamie
BCEr0 METOJIOM UTEpaluid).
YucjieHHbIH cIOC00 pereHust

3agada pemraercss METOJOM IMOCIEAOBATENbHBIX MNPUOIMKEHUI - METOIOM
umepayuii’. Kax W3BeCTHO U3 MaTeMATHKH, JUI PUMEHEHHS 3TOr0 MeToj1a Heo0Xo-

JTUMO TIPpEJICTaBUTh ypaBHeHHE (54) B BUIE: apzymMeHm paeeH (hyHKuyuu om apzy-

menma - Q =¢(Q).

(H+ﬁ)-s2-2g
0=

] =4(Q); (44)
Z(Q)-5+Z§+az(Q)

Iopsizok pacuera

e 3amaeMcsi HEKOTOPHIM HauajdbHBIM 3HAYCHHEM A, KO3(PPHUIMEHTa TpeHUs U
3HaueHueM kosdduimenta Kopuonuca @, Ecnu B pedynbrare aHamuza uc-
XOJIHBIX JaHHBIX MOKHO TNPEINOJIOKHUTH JAMUHAPHBIM PeXXUM (BBICOKas BSI3-
KOCTb XKHJKOCTH), TO A, =64/Reyp, U a@,=2; eciu TypOyJIeHTHbII (Mayast Bs3-
KOCTh ¥ 3HAYMTENbHAs IIEPOXOBATOCTH TPYO), T0 A,=0,11-(4,/d)"” n a, =1
(mpenmosiaraeTcsl peKUM KBAJPATUUHBIX CONTPOTUBIICHUN).

e OmpenaensieTcst paBasi 4acTh ypaBHeHUs (44) - dbynkuus ¢Q), TO ecTh Ha-
YJaJIbHOE 3HAYEHUE PacXo/a >KUIKOCTH Q,.

e Omnpenensercs unucno Re,=4-Q,-p/(7-d-n, yrouHseTcs peXKuM ABUKECHHS U OIl-
penensieTcs 3HaueHue A; ko3 puirenTa TpeHus o yTOYHEHHBIM (GopMyJIaM:

8d-p 0,-4-d-p 0Q,-4-p

Re, 3
n w-d° g w-d-n
Re, <2300 A1=64 / Re,, a;=2.
Re, > 2300 A1 =0,11468/Re, + A/d)"?, a=1.

e Ormpepensiercs npaBasg 4acTb ypaBHeHus (44) - dyukuus ¢(Q), To ectb noce-

IyIolee 3HaYeHUE Pacxo/ia KUJIKoCcTH Q.

8 N
Tpancuendenmmuwlii IPOUCXONUT OT JIaT. transcendo —BBIXOXKY 3a MPEIEIIbL.
9 . . .
Hmepayusa (OT TaTUHCKOTO iteratio - MOBTOPEHHUE) - TOBTOPHOE MPUMEHEHUE KaKoi-Tubo maTte-
MAaTHYECKOW OIepaLyu.
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e (CpaBHuBarotca pacxoasl @; u Q,. Ecin oHM OTIMYAIOTCS HA 33JaHHYK TOY-
HOCTbh, pacueT npekpamaerca. Eciu HeT, ToO MOBTOPSIOTCS IMMYHKTHI 3+5 110 TeX
1op, MoKa MocieayIolee U mMpeablIyliee 3HaYeHUEe pacxoa He COBNAAYT C 3a-
JAHHOM TOYHOCTBIO.

[IpuHuMaeM N5l CTaIbHBIX YMEPEHHO 3apKaBiieHHBIX TpyO A4, = 0,2mm. Cyns
0 MCXOAHBIM JIaHHBIM — KUAKOCTh MAJOBs3Kask U MOXHO MPEIIOJIOKUTh TypOy-
JIEHTHBIN PEXUM JBUKECHHUSI.

B mameit 3amaue A4,=0,11-(4,/d)"* =0,11-(0,2/80)"*=0,025; 0,=0,0159;
Re=1,38-10°; A; = 0,11468/1,38-10° +0,2/80)*% = 0,026; 0,=0,0157. Re;=1,36-10°;
A, =0,11468/1,36-10° +0,2/80)*% = 0,026; 0,=0,0157
0;=0,= 0=0,0157’/c - pacdeTHOE 3HAYCHHE PACKOA.

B namem npumepe mocie BTOpOro MpUOIMKEHUS PacYeT MOXKHO 3aKOHYHUTh.

Meronx utepanuii - oauH W3 HauOOJee PacIpPOCTPAHEHHBIX METOJIOB YHCIICH-
HOTO PELIEHNs YPAaBHEHUH, JIETKO peann3yeTcs Ha OBM.

B cnydae namuHapHOTo pexuma JBUKCHUS:

A=64/Re =64 -zd-1/(4-Q-p)
U ypaBHeHHe (43) nmpeBpaliaercs B KBaJ[paTHOE YpaBHEHUE OTHOCUTEIBHO Pacxo/ia.

2
. -8 128- -n-1
H+ P 4 (Zf 4Q77 45
pg 7’ d nd-gp (45)

Kopnu ypaBHenus (45) nerko onpeaensroTcs.

I'padmyecknii cnocod peumreHust

Pemuth n1060€ ypaBHEHHE - 3TO 3HAYUT HAUTH TO 3HAUEHUE HEH3BECTHOU Be-
JMYMHBI, IPU KOTOPOM JIEBas YacTh YpPAaBHEHUS paBHA MPABOM.

I'paduueckuit cnocod ocHOBaH Ha MOCTPOCHUU TpaPuKoB (QYHKIUN JIEBOU U
npaBoil yacTeil ypaBHeHUs (43) W HaXOXKJACHUHM TOYKH UX mepecedeHust. [lpu atom
[IOCJIEOBATENBHO 3aJAK0TCSA PSAAOM 3HAYEHUM pacxoja (), BBIYMCISIS IPH KaXIOM
3HaueHuu Q uyucio Re, A, f(Q), F(Q). B nannom cnyudae F(Q) oGo3HaueHa JieBas
4yacTh ypaBHEeHHUS (43).

[TocnenoBarenbHOCTh BHIYMCICHUS KO3 duUlineHTa TpeHus A u kosdduimenTa
Kopuonuca a Ha kax0M 11are ocraercs MpexxHei, a UMEHHO:

IMocenoBaTeJbHOCTH BHIYUCICHUA A U Q.
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n r-d*-n z-d-n
Re <2300 A=64/ Re, a.=2.
Re > 2300 A=0,1168/Re + A/d)"*, a.=1.

Pacuetsl u moctpoenue rpadukoB o4eHb yAOOHO BHITIONHATH HA DBM c mo-
MOIIBIO AIEKTPOHHBIX Ta0mui (Microsoft Excel). Huxe nipencrtaBieHa pacdeTHas

Tabnuua u rpaguku.

0, /c | 0,0001 10 20 30 40 50
Re 0,869 86943 2E+05 3E+05 3E+05 4E+05
A 0,327 0,026 0,026 0,025 0,025 0,025

Q) 2,6E-09 2,801 10,96 24,45 43,29 67,47

F(Q) 6,84 6,84 6,84 6,84 6,84 6,84

20,0
16,0 -
SO
12,0 -
8,0 | /Fo
4,0 . Q=16./c
0,0 T T \i T T T T T T T
0 5 10 15 20 25 30 35 40 45 50 55
Pacxogp, n/c

5.6.3. ONPEJAEJEHUE IUAMETPA TPYBOIIPOBO/JA
U KABUTAIIMOHHBIA PACUET
I[To cudonnomy cmuBy (I = 50M, d= ?, mepoxoBaToCcTh TpPyOOIpoBOAA
A,=0,06MM) ofaercs TommBo (p=840kr/M’, ¥=5,5-10°M°/c) ¢ pacxozom
0 = 0,01M’/c IpH pa3sHOCTH OTMETOK YpOBHeii B pesepByapax H=1,38M.
Ha crnuBe numeercs GuabTp I CBETIBIX HEPTEIPOIYKTOB, 1BA KOJICHA U BEH-
TUJIb, KOTOPBIN MOJTHOCTBIO OTKPBIT. JlaHbI Takke BbICOTHI hy=3M U b=2M., naBieHue

HACBIILICHHBIX AapOB MPU TEMIIEPATYpE NMEPEKAUKH p,, .= 3KlIa, pam=105Ha.
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Onpenenute nuaMerp TpyOONpoOBOJa U MPOBEPUTH YCIOBHE HOPMAaJbHOM pa-

00TbI cudoHa.

)‘/ OTacHoe
_'?7_'_'_'_'5'_'_;_ "~ ceueHue 3-3

hy OCTOpOKHO -
01 19 KaBuTanus!
H \
2 2 $ b

OmnacHoe cedeHHe TO, TJAE JaBJICHHE MEHBIIE aTMO-
chepHOr0 1 MUHUMAJILHO

Puc. 19 bep
CxeMa K 3az1aue

[TockonbKy Bce HEOOXOIMMBIE MOSACHEHHS U TEOPETHUYECKHE OCHOBBI MpUME-
HEHUs1 ypaBHeHUs bepHyiu OblM mOAPOOHO CAENaHbl IPU pelIeHUu 3a1adu 1, 3a-
KOH COXpaHEHUsl PHEPruu JUIsl TaHHOM 3aJjayl BBIBOJUTCA 0€3 MOAPOOHBIX TOSICHE-
Hui. CHayana onpeaenuM JuaMeTp TpyoorpoBoia.

Omnpeaesienne 1uaMeTpa TpyoonpoBoaa

1. BoiOupaem nBa ceuenust I-1 u 2-2, a Takxke MIOCKOCTh cpaBHeHUs 0-0 u 3a-

MUChIBAaEM B 0011IeM BHJIe ypaBHeHUE bepHym:

2
a,d a,$
z1+l’1+11 P2+22

pg 28  pg 2
rjie p; U p, — aOCONIOTHBIE JIaBJICHUS B LIEHTPAX TSDKECTH ceueHui; 3 u 9, —
CpeaHUE CKOPOCTU B CEUEHUSIX; Z; U Z; — BBICOTHI LICHTPOB TSAKECTU CEUEHUN OTHOCH-
TEJIBHO IJIOCKOCTU oTcuera 0-0; h; , —moTepu Hamopa NpH ABUKEHUH KUAKOCTU OT
IIEPBOIO /10 BTOPOI'O CEYEHUSI.
2. OnpegensieM ciiaraeMble ypaBHeHUs bepHy UM B TaHHOH 3a1aye.
e BbICOTHI IEHTPOB TKECTU ceueHuud: g; =0; z, =- H;
e Cpennue ckopocTy B ceueHUAX: & = Q/fs;; 9= O/s2; p = O/5.
Tak kak §,>>/5, us;>>/s, 10 8 <<G,, 1 $ <<Y,;p ; MOKHO IPUHSATH
$; =% =0 1o cpaBHEHUIO CO CKOPOCTHIO JIBUKEHUS B TPYOOIIPOBO/IE.
Hpyrumu cioBamy, cinaraemoe hj.,, KOTOpO€ MPONOPLUOHANBHO &y, MHOTO
Gosblle cIaraeMeixX oS /28 1 @95 /28 U MU MOKHO TPEHEOPeUb.
e AOCOJIIOTHOE JaBJICHUE B IEPBOM CEUEHHH PABHO aTMOC(EPHOMY,
P1~= Pam,
e AOCOJIIOTHOE IaBJICHUE B CEUCHUH 2-2 paBHO aTMOCHEPHOMY, P2 = Pum-

2

+h_,,
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e [Ilorepu Hamopa h;, CKIaAbIBAIOTCS U3 MOTEPh HAMOpa HAa TPEHUE IO
JUTMHE TIOTOKa h,, W MOTEeph Ha MECTHBIC THAPABINYECKHUE COTIPOTHUBIIC-
uusa 3 h,,
hiz=hy, +2'h,.
e [lorepu o qyirHE paBHbI
2 2
on =" L g——ﬂLQ— (mpuHUMaeM §,, = 9.
d 2 g d 52'2 g
e MecTHBIC IOTEPH HAIOpPa PaBHBL:
Zh=X & 38 =X E QN 2); e X'E= &yt 2800+t S
Ep=1.7; &uos = 0,23; £~ 0,15; &, = 1 (Ilpunoxenue 6).
2 E=17+0,46+0,15+1=331.
e CyMMapHbIe TOTepH HAIlOpa PaBHEI:
his=AVd+38 - QA5 2g).
3. IloacraBisieM ompeelIcHHBIC BBIIIC BEIMYMHBI B ypaBHeHUE bepHymu u
pelliaeM ero OTHOCUTENIbHO THaMeTpa.
B Hamel 3a1a4e 3aK0H COXpaHEHUSI SHEPTUU UMEET BHU/I:

2
H=(3-y+ 3830 - (46)
?.2g

DTO pacyeTHOE ypaBHEHHUE JUIS OIpeAeseHHus AuaMerpa Tpyoomposoaa.. OHO
MIPEACTABIISIET COO0M 3aKOH COXPAHEHUs SHEPIUH Ul JaHHOW 3a7aud. J(namerp BXo-
JUT B MPaBYIO 4acTh YPaBHEHUS HEMIOCPEIACTBEHHO, a TaKKe B KOA(D(DUIIMEHT TPEHUS
A yepes uncio Re (Re = 4Q/(n-d-v)!

He 3nas nuamerp, HEBO3MOXXHO ONPENETUTh PEKUM JBUIKEHUS KUIKOCTH H
BbIOpaTh hopmyny s A Kpome storo, koahGuireHT TpeHus 3aBUCUT OT TUaMeTpa
CIOXHBIM 00pa3zoM (cM. popmydiel (37) u (38)). Ecau moacTaBUTH 3TH BIpaOXXEHUST B
dbopmyiy (46), TO MOTYUYEHHOE YpPaBHEHUE HE PEIIAeTCs alreOpandyecKuMu Crocooda-
MU (SIBISIETCS TpaHCUEHACHTHBIM). Takue ypaBHEHUs pelIaroTcsl rpaduueckum cro-
coOOM WJIM YUCIIEHHO ¢ noMolibio 9BM (yarie Bcero MeTo oM AeJIeHHs OTpe3Ka Mo-
noJyiam).

I'padpuyeckuii cnocod pemenust

Pewiumsb n1woboe ypasuenue - 3mo 3Hauum HAumMu mo 3HA4eHUe Heu3zeecm-
HOIl 6eTUYUHDBL, NPU KOMOPOM J1€8as YACMb YPAGHEHUA PAGHA NPABOIL.

['padmyeckuit crmocod OCHOBaH HAa MOCTPOEHUHU TpaduKOB (HYHKUUN JIEBOM U
npaBoi vacteil ypaBHeHUs (46) M HaXOXACHUU TOUKU MX mepeceueHus. [Ipu rTom
MOCTICIOBATENBHO 33/aI0TCS PSIIOM 3HAUYCHUN nuameTpa d, BBIYUCISS MPH KaKIOM
sHaueHuu d uucio Re, A, f(d), F(d). B nanaom cinydae F(d) o603HaveHa JieBas 4acTh
ypaBHeHuUs (46).

[TocnenoBarenbHOCTH BRIYHMCICHUS KOA(hPHIIeHTa TpeHUS A Ha KaKIOM IIare
OCTaeTCs MPEKHEN, & UMEHHO:

ITocsienoBaTEILHOCTH BHIYMCICHUS A :

$.d-p 0Q-4-d-p 0-4.
Re = = 3 =
n r-d”-n zT-d-v
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Re <2300
Re> 2300

Hwxe npencraBnena pacdeTHas tadnuia u rpadukyu, BBHIMOTHEHHBIE HA DBM

A=64/ Re
A=0,1168/Re + A/d)"*’

C IOMOIIIBIO 3EKTPOHHbIX Tabuull (Microsoft Excel).

d 0,05 0,075 0,10 0,13 0,15
Re 4,63E+04 3,09E+04 2,32E+04 1,85E+04 1,54E+04
A 2,50E-02 2,57E-02 2,68E-02 2,79E-02 2,90E-02
f(d) 37,4644 5,35238 1,38307 0,49048 0,21179
F(d) 1,38 1,38 1,38 1,38 1,38
0,20
OuameTtp, m

KaBurannonubsii pacuyer cudoHa

SBNeHUE KUTNIEHUS KUJIKOCTH MPHU JABICHUAX MEHBIIUX aTMOC(HEpPHOIO U paB-
HbIX [IaBJICHUIO HACBIIIEHHOIO Tapa, NpW HOpMalibHBIX Temmeparypax (10°,
20°,30°,.....), COMPOBOXK/IAIOIICECS CXJIOMbIBAHUEM ITy3bIPHKOB Mapa B 00JACTAX TO-
BBIIIIEHHOTO JIABJICHUS1, HA3bIBACTCA Kagumayueil.

JlaBieHue HACBIIIEHHOTO Mapa 3aBUCUT OT POJA >KHIKOCTH M TeMIEpaTyphl

(ITpunosxenue §).

p, MNa
12000

10000
8000
6000
4000
2000

0 ‘ ‘
20 30 40

t,C

Puc. 21. 3aBucuMocTh JaBJICHUA HACBIIMICHHOI'O ITapa BOABI OT TCMIICPATYPhI
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Ha Puc.21 noka3ana 3aBUCMMOCTb HACBILIEHHOTO Tapa BOAbI OT TEMIIEPATYPHI.
[IpumepHO Takou K€ BUJ HMMEET Takas 3aBUCUMOCTb IS APYTUX KUIAKOCTEH. [lid
TorO0, YT0OBI Boja 3akumnena mpu 20°C, He00X0IMMO CO3/1aTh OUCHb HU3KOE JTaBJICHUE
—2300ITa.

KaButanus - BpeaHoe aBiaeHue. PaccCMOTpUM ClIEACTBUS KaBUTALIMU HA TIPUMeE-
pe paboTsl cudoHa.

[Ty3pippku mapa, BBIACHSAIOIIMECS NPU KABUTALMU, Pa3pbIBAIOT MEXKMOJIEKY-
JISIPHBIC CBSI3H, TTOTOK KUIKOCTHU MPHU 3TOM TEPSET CILUIONIHOCTh, CTOIO KUIKOCTH Ha
BOCXOJIsIIIIeH JIMHUU cU(OHA U MpoliecC BcachbiBaHUS Mpekpaiaercs. Kpome Toro, my-
3BIPbKH T1apa, MPOJIBUTAACh BMECTE C KUJKOCTHIO JTAJIbIIIE HA HUCXOJAIIYIO JIMHUIO
cudoHa, rae gaBjaeHUe OOJIBIIIE TaBICHUS HACHIIIIEHHOTO Mapa, JOMalTCs.

[Ipu cxnonbiBaHUU My3bIpbKa HA TBEPJOM MOBEPXHOCTH TPYOBI JKUIKOCTh, YCT-
pEeMUBIIAsCS B OCBOOOIMBITICECS] MPOCTPAHCTBO, OcTaHaBimuBaeTcs. [Ipu 3ToM ee Ku-
HETHYECKAsl YHEPIUsl MPEBPAIIAETCS B MOTCHIUAIBHYIO U MIPOUCXOIAT MECTHBIE TH/I-
paBJIMYECKUE yAapbl. ITO ABJIECHUE COMPOBOXKAAETCS CYIIECTBEHHBIM POCTOM JIaBJie-
HUS ¥ TEMIIEPATYPhI U PUBOJUT K Pa3pyLICHUIO MaTepHraja MOBEPXHOCTH.

ITockoNbKy JaBJICHHME HACBIIMICHHOTO Iapa IIPH OOBIYHBIX TeMIIepaTypax
MEHBIIIE aTMOC(EPHOro, CeUSHHs, T/Ie JaBJICHHE MEHbBIIIE aTMOC(EPHOro, CYNTAIOTCS
OTNACHBIMU C TOYKH 3PECHUSI BOSHUKHOBEHUS KABUTAILUU.

B unxeHepHOH MpaKTUKE CYHIECTBYET MPABUIIO:

HE JOIIYCKATb KABUTAILINN!

Jlsist 5TOr0 HE0OXOAMMO, YTOOBI B CEUYECHHSIX IMOTOKA, TJE JaBICHUE MEHBIIE
aTMocgepHoro, ObUIO BBIJIEP’KAHO YCIIOBUE: daBJIeHUE B JKUJAKOCTH 0oJiblie 1aB-
JICHUS1 HACBINIEHHOT0 Mapa.

P > Pun (47)
3TO YCJIOBHUC OTCYTCTBHA KaBUTAIIUU.

IIpoBepsieM yci10BHEe HOPMAJIbHOM padoThI CU(OHA

st 3TOr0 HEOOXOAMMO ONPENETUTh JABJICHHE B OMNACHOM ceYeHuu 3-3 U
CPaBHUTH €T0 C 33JJaHHBIM 10 YCJIOBHIO JABICHUEM HACBIIIEHHOTO Napa KUJIKOCTH.

1. Onpenernsiem naBlieHUE B c€UeHUU 3-3 U3 ypaBHEHUs] bepHyIuIM, COCTaBIEHHO-
ro s ceuenuit 1-1 n 3-3.
2 2
7+ P a9 _ 7+ Py | ;9 +hy_;.
p-g& 28 p-g& 28

rue:
e p; U p3— abCONOTHBIE JaBJICHHS B IICHTPaX TSHKECTH CEUCHUN;
e 9;u 9;— cpeaHUe CKOPOCTH B CCUCHUSX;
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® 7; Y Z3 — BBICOTHI IICHTPOB TSHKECTH CEUCHUN OTHOCUTEIHHO IUIOCKOCTH
orcuera 0-0;
® hj;; —TOTEepU HAMoOpa MPHU JBUKEHUU KUJIKOCTU OT MEPBOTO 10 BTOPOTO
CEUYCHMUS.
2. OmpenensieM ciaraeMble ypaBHeHUsI bepHyIuin B TaHHOM 3a/1aye.
e BBICOTHI IEHTPOB TSKECTH ceueHUl: z; = 0; 7, =hy;
e CpelHue CKOPOCTH B ceucHmsIx: I = Q/s=4-Q/w/d’ ;
9, = O/s;. Tak kak §;>>83, T0 ¢; <<$; ¥ MOKHO TIPUHATH %; =0.
o Konpounuentsl Kopronmuca @; u @, 3aBUCAT OT peKuMa ABWKECHUS JKUI-
koctu. [Ipu namuHapHOM pexume a=2, a pu TypOyJIeHTHOM a=1.
e AOCOJIIOTHOE J1aBJICHUE B IIEPBOM CEUCHUH P; = Pums
e AOCOJIOTHOE JaBJI€HUE B CEYECHUU 3-3 HEU3BECTHO U MOJJICKUT ONpeese-
HUIO..
o [lorepu Hamopa h;; CKIAIBIBAIOTCA U3 TIOTEPH HANOpPA HA TPEHHE TIO JJIH-
He MOTOKa My, ¥ IOTEPh HA MECTHBIC THAPABIUYECKUE CONPOTHBICHHUS S
h,:
his=ho, +2'h,,.
e [lorepu no nuHE paBHBL:
Iy 9° _, (I=(H+hy+b) 02
d 2g d s22g’
riae lp — nmHa TpyOonpoBoaa oT Hadana a0 cedeHus 3-3. [y = 50-(1,38+3+2) = 43,62;
® MECTHBIC TIOTEPH HAIIOpPa PABHBI:
2h=X & F/2g) =X & QN 2g); rae X'&=Ept Ens.
Ep=1.7; Euos = 0,23; (IIpunoxenue 6).
2 &=1,7+0,23=193.
e CyMMapHbIE TOTEpU HAIMIOPA PaBHEI:
i, = (Adyd+3E) - O/ 28).
Wrak, noacrasisieM onpe/eieHHbIE BbIIIE BEJIMUYMHBI B ypaBHeHHEe bepHyuim.
B nameli 3a1aue 3aK0H COXpaHEHUS SHEPTUH UMEET BUIL:

2 2
a - l
Par L o=py+ B3 5 ¢ +(A-L24+3&)- 2Q .
P8 P8 s°-2g d s°-2g
Y6upaem HyH, NPUBOJUM NOI0OHBIEC YIEHBI U BhIPAXKAaE€M JaBJICHUE P3.
B pesynbrare nonyuum:

h0ﬂ=/1°

I
Ps _ Pu _p 2Q (A2 E+a). (48)
p-g p-g s<-2g d

N3 ypaBuenus (48) ompezensieM IaBlieHUE p;. 3HaueHHE KoddduIeHTa Tpe-

HuUs omnpeneneHo panee u paBHo 0,0268 (cM. Tabmuibl), @ = 1 (pexxum TypOyIeHT-
HbIi), w=md’/4 = 3,14-0,1°/4=7,85-10"m".
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5 2
10 3 0,01 .(0,0268 43,62

p,=840.98. (—— _3_
° 840-9,8 = (7,85.1073)%2.2.9,8 0,1

+2,93) =65300 Ila

JlaBneHue HachileHHOro napa pasHo 2 klla. Tak kak 65,3 >> 2, To cudon

Oynet paboTaTh.

5.7. PACUET I'A30ITPOBO/J10B

[Ipu permrennu 3aiad Ha pacyeT ra3omnpoBOJIOB HY>KHO YUYUTHIBATh, YTO IUIOT-
HOCTB COBEpIIICHHOr0 '’ ra3a 3aBUCHT OT IABICHHS U TeMIIepaTypst: p=p /RT

DT0 ypaBHeHUe cocTosiHUA Tra3a (ypaBHeHue Kiaitnepona). 3nech R — razosas
MOCTOSIHHASI, paBHas JJIs Bo3yxa 287 mx/kr-°K.

B pa3nbix cedueHusx TpyOONPOBOIHONW CUCTEMBI JIaBJICHUE MOXKET OTJIMYAThCS
Ha JIeCATKH atMocdep. DTO MPUBOJUT K CYLIECTBEHHOMY Pa3iMYHIO MJIOTHOCTEH B
CEYEHHSIX Ta30BOT0 MOTOKA U, KaK CIEACTBUE, K Pa3INIhi0 OOBEMHBIX PACXO/IOB.

HpI/I ABHKCHHM ra3a B CCUHCHUAX IIOTOKA COXPAHACTCH MAacCCOBBIi pacxon!
Qm = P '191 '0)1=p2'192'0)2: ...... =p,~-19,~-a)i=const (49)
Kaxk HN3BECTHO, KaleJbHas KHAKOCTbh B CCUCHUU 06Haz[aeT NOTEeHIMAJILHOM

U KHHETHYeCKOU IHEepPruei.
I'a3bl 00727210T MOTEHNUAJILHOM, KHHETHYECKOI U BHYTPEeHHel JHepruei.
BHyTpeHHsIsA JHEeprusi ra3a 3aBUCUT OT TeMIIEpaTypbl M BHJA IpoLECcCa, IO
KOTOPOMY U3MEHEHSIETCS €r0 COCTOSIHUE.
Ecnu npu ABM>XeHUH rasza 1o TpyoamM BCIIEIACTBUE TEINIOOOMEHA C OKpY KAOILEH cpe-
JOM TeMmIleparypa IO JUIMHE HE U3MEHAETCsS, TO MUMEET MECTO H30TepMUYeCKHM
npouecc (T=const). IIpu 3TOM BHYTpEeHHSsI SHEPIUs B CEUEHHSIX TPyOOIpoBoa OcC-
TaeTCsl NOCTOSIHHOM. YpaBHEHUE bepHyYIM Mpy H30TEPMUYECKOM TEUEHUU ra3a uMe-
€T TAKOM K€ BHUJI, KaK U JUIsl HEC)KMMAEMOU KUAKOCTH, 38 UCKIFOUEHUEM TOTO, YTO B

CCUCHHAX ITOTOKA pa3Hasd IJNIOTHOCTD:

D a1'912 D> a2'922
7+ + =z, + + +h_, . (50)
P& 2g P, & 28

10

['a3 Ha3bIBaETCA COBEPUIEHHBIM, €CITU €TO NaBliEHUE, MJIOTHOCTh U a0CONIOTHAs TemIepaTypa
YAOBIIETBOPSIIOT ypaBHEeHUIO KianelipoHa U ynenbHYI0 BHYTPEHHIOIO SHEPTUIO Ta3a MOXHO OIpe-
nemuts B Bune: U=c, - T
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OcHoBHbIE 321244 NIPU pacyeTe ra3onpoBoi0B

1. OnpenenuTs pacxoj rasa, €Clivd U3BECTHBI JABJICHHS B Hayajie U KOHIIE ra30-
IPOBO/IA.

2. OnpenenuTh JaBICHUE B CEYEHUU ra30MpoBO/JIa, €CJIM U3BECTEH pacxo/ rasa
Y JIABJICHUE B KAKOM —HUOY/Ib APYTOM CEUCHUH.

3. OnpenenuTe AMAMETP Ta30MpPOBOJAA, €CIIM M3BECTHBI JIABJICHUS B HAYalle U
KOHIIE Ta30IpOBOJIa U PACXO/I.

Jlns perieHus 3TUX 3a/1a4d MOJTYYUM 3aBUCUMOCThB MEXIY MacCOBBIM PacxoJ0M

rasza v JaBJieHUsIMU B ceueHusix 1-1 u 2-2 (Puc. 22 ).

5.7.1. BBIBOJI, PACUETHBIX 3ABUCUMOCTEN
JJIA N3OTEPMUYECKOI'O TEYEHUA

[Tpu aBMKEeHUM Ta3a B TPyOOMPOBOJE MOCTOSIHHOTO JTUAMETpPa OJTHOBPEMEHHO
U3MEHSIOTCS 1aBJI€HUE, INIOTHOCTh U CKOPOCTh JBUXeHUS. Tak, naBjieHUE YMEHbIIIa-
eTcsl M3-3a HEOOXOJUMOCTH COBEpIaTh pabOTy MO MPEOJOJICHUIO CUJIbI TPEHHS,
IUIOTHOCTh TaK)K€ YMEHbIIAeTCs (MPU M30TEPMUUYECKOM TEUEHHUU OHA IMPOTOPIUO-
HaJbHa JaBiieHHI0). CpeqHsis CKOPOCTh JBH)KEHUS ra3a yBEIUYUBAETCS MO XOAY €ro
JBI)KEHUS, TaK KaK MACCOBBIM Pacxo]l OCTAETCS MOCTOSIHHBIM, a IJIOTHOCTH MaJlaeT.
Takum o0pa3oM, UCIIOJIB30BATh B IBHOM BHje ypaBHeHue bepuymnu (50) pist pacue-
Ta HEJb34.

[TIpumenum ypaBHenue (50) K 37eMEHTY ra3onpoBoja JIUHOW dl, Ha KOTOpOM

MOJKHO CUHHUTAThb ITIOCTOSHHBIMU CKOPOCTH M INIOTHOCTH I'a3ad.

| dl |
| 1 2 |
__:__p_> ........... <p—+qp__:__
| |
| |
i 7 P |
' |
L

Puc. 22

Cxema K BBIBOJly PaCUETHBIX 3aBUCUMOCTEN IIPU IBUKEHUHU raza

YpaBHeHHe BCpHYJIJII/I JJI1 BBIACJIICHHOI'O 3JICMCHTA.
p/pg = (p+dp)/pg + dh,y, (51)
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[Torepu Ha TpeHHE ONpEneNsIOTCA MO TeM ke (hopMysiaMm, UYTO U ISl HECHKH-
Maemoit xuakoctu. Koapoumuent tpenus A=f(Re, A,/d).

JlokaxkeM, 4TO MpHU U30TEPMHUUECKOM T€UEHHUHU, KOTa IOCTOSIHHA BA3KOCTb, 110
JUTMHE TpYOb! uncio Re He u3MeHseTcs.

Re-2dp_40Qp_40,
n w-d-n w-d-n

= const

CnenoBatenbHO, KO3(QOUIMEHT TPEHHUs TaKXKe MOCTOSHEH IO JJIMHE TpyOo-

IPOBOJA.
Bripazum B ypaBHeHuu (51) cKOpOCTh M IJIOTHOCTh Y€pe3 mapameTphl B Ha-
YaJbHOM CEYEHUH U MACCOBBIM PACXOL.
p-F=pQu’/ P’ = Qu”/ 5" = Qu’ P/ P15
3/1ech YUTEHO, YTO M0 YPaBHEHUIO COCTOsIHUA p/ p = py/ p1 =RT=const.
A d 0,% p
d 2 d 2.p,-p-s*

2
Paznensem nepemMeHHbIE, YUUTBIBAEM, UTO § =7-d /4, ATHTETPUPYEM U NIOIYyUaEM

CJIeIyIOIMe pacueTHbIE (OPMYJIbI:
Onpenesienue JaBjieHus MPU U3BECTHOM pacxojie

2
2 2 L 0, - p-16
_plo1. = . Xn
pl p2 d5 pl.ﬂ_z

; (52)

Or[pez[eﬂeHne MacCCOBOI'o pacxoaa nmpu M3BCCTHLIX JaBJCHUAX P; U P2

0, = (n =ps ) prtd’ (53)
L-2-p 16
Koaddutment tpenus onpeznensercs mo teM xe GopMysiaM, 4TO U JJIs HBIO-
TOHOBCKOM KHMJIKOCTH:
A=64/Re - TaMUHAPHBIN PeXUM
A=0,11(68/Re+A/d)"> - TypOYJIEHTHBIN PEKUM
Tak kak koadduimeHT Tpenust A 3aBUCHUT OT unciia Re U, clieoBaTeNIbHO, OT

pacxoja, Mpu OIpeAesIeHHd MaccoBOro pacxoja mo dopmyie (53) cHavana Hy»KHO
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3amaThcs BenmuuuHoM A (Hampumep, 4=0,02), onmpenenutb pacxoa B MEPBOM IPH-
OmmKeHWW, W 3aTeM YTOYHUThL 3Hauenne A u Q,. Kak 310 nemaercs,
IPOWLTIOCTPUPOBAHO HA MPUMEPE pacyeTa.

5.7.2. HPUMEP PACUYETA
Boznyx npu t=2°C aBmxercs no Tpyoornposoay nuamerpom d=0,1m u qnmunHoi
15xMm. [laBnenue B Hayane TpyborpoBoaa 4,41Mma, a B konue 0,29 Mma. Onpee-

JIUTHh MaccoBbI pacxon. TpyOompoBOA HM3rOTOBIEH M3 HOBBIX CTaJlbHBIX CBapHBIX
TpyO.
Pemenue 3amaun.
Ucnonszyem dopmyiy (53).
31echr HEM3BECTHBI IUIOTHOCTh Ta3a B Hadaje TpyoompoBoaa p; U Koadduiu-

€HT TPEHU.

e OrmpezensieM MIOTHOCTH ra3a B Havaje TpyoomnpoBoa.
p1 =p/RT =4,41-10°/287/275=56,6xr/™m’.
3necy R=287 — ra3oBasi MOCTOsIHHAS 1751 Bo3ayxa, 1=273+2=275 —abcontoTHas TeM-

neparypa.

e [Ipeanonaraem TypOYyJIEHTHBIN pexXUM ABUKEHUS, 33]Ja€MCS BEIMYUHOM

A =0,02 1 BbIYMCIIIEM B IEPBOM MPUOIMKEHUHA MAaCCOBBIN pacXo:

2 2 102 . 22 015
0 - (4,417 -0,29°)10 56,6672' 0,1 —1,04K2/ ¢;
15000-0,02-4,41-10" -16
e OrnpegensieM uncio Re v pexuM JBUKEHUS ras3a.
Re=3-d~p=4-Q-p= 4-0, 4-1,04 ~7,5.10%;

7 z-d-n m-dn 7£-01-17,6-10°
Koadduiment nunamuyeckoi BA3KOCTH ompenernsieM ¢ nomoinsto [punoxe-
Hud 3.
[Tpu p=98xlla u =2°C - 1=13.9-10°m%/c, WIOTHOCTS p=1,271<r/M3, cJieoBa-
TEIbHO:

n=vp=13,910°.127=17,6-10°TIa-c.
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e VYTouHsieM 3HaUeHUE Kod(umenTa Tperus. [Ipu TypOyneHTHOM pexuMe:
A=0,11(68/Re+A,/d)"* = 0,11(68/7,5-10° +0,1-10°/0,1)"* = 0.0199=0,02.

JUJ1s HOBBIX CTaJbHBIX CBapHBIX TPYO A, =0,1MM.
Takum o6pazom, 3HaueHue KOd(p(UIIMEHTa TPEHUS MPAKTHUECKU HE U3MEHU-

JIOCh ¥ MaCCOBBII pacxoa ra3a OornpeacyiCH IIpaBUIIbHO.

5.8. OTPEAEJEHUE CKOPOCTHU U PACXOJA IIPU UICTEYEHUU
KUAKOCTU YEPE3 OTBEPCTUSA U HACAJAKH

Ha MMPAKTUKC KUIAKOCTb MOKCT BBITCKATb U3 E€MKOCTEM qcpe3 OTBEPCTUA U HA-

CaaKH1 Pa3JIMYHBbIX TUIIOB.

o ° o
o % 0© I ° o °
0 |
|
— ! H
ortBepctie _ —1 ..  4I | !
:! I I‘ ......
= %_:—3—:—::’ Hacanxu PUMEHSIOTCS
U30BITOYHOE ’ }i E_E-::I; | f JUIA YyBEIMYEHHUS pacxola
JABJICHHE ra3a 2 SKIIKOCTH!
D=7 !
|
| H;
L e > : P I_
BHEIIHUN UWJKH- E
JPUYECKHii Haca———hi;‘%— CXKaToe CeYeHUe CTPyHU
JOK o \ )
! 00J1aCcTh, 3aII0JTHEHHAs
' BDAITAFOTITUMUCS BUXDIMU

Puc.23

CxeMa ucTeueHus 4gcpe3 OTBEPCTHUC N HACATOK

BoxoBbie yacTuilbl (MyHKTUPHBIE CTPEJIKU) MO WHEPUUU JBUXKYTCS TOPU30H-
TadbHO M CXKUMAOT SApO cTpyu. Ha HEKOTOpOM paccTOSTHUM OT BXOJla B OTBEPCTHE
(HacaJoK) MOJIy4aeTcs CKATOe CEUCHHE.

S./ s = &- K0OdPDUIIUEHT CKATHSI. £=0,64 pu Re > 10",
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B cxatom cedeHue cTpyW B HAcajJKe JABJICHHE MEHBINE, 4eM aTMochepHoe
Pam- JKAIIKOCTD IBWKETCS B CTOPOHY OOJIBIIIETO MaBiIcHUSA. YaCTHIIBI )KUIKOCTH C Ma-
JIOM CKOPOCTHIO (Y CTEHKH) MOBOpAaYMBarOT 00patHo. OOpa3yroTCs BUXPHU.

[Ipy yMeHbBIIEHWH NaBIECHUS B CXKATOM CEYCHHU YBEIMYHBACTCS CKOPOCTH
JBIDKCHUS, CJIEIOBATENIbHO, U pacxoa. Eciau Obl He ObLIO Hacagka (OTBEPCTHE), JTaB-
JICHUE B CTPye PaBHO aTMOC(HEpHOMY, CKOPOCTh MEHBIIIE U PACXO]T MEHBIIIE.

OCHOBBI TeOpPUH MPOLIECCA UCTEYEHUS

[Ipu permennn 3ama4 Ha UCTEYCHHUE KUAKOCTU MPUMEHSIIOTCS CICIYIOIINE 3a-
KOHBI:

® 3aKOH COXpaHEeHHS pacxojaa: @ = const B TIOOOM CEUEHUU MTOTOKA.

Jlist cxeMbl Puc.23 pacxom uepe3 OTBEpCTHE PaBEeH pacxoiy 4yepe3 HacaloK W

pPaBeH TOMY pacxojy, KOTOPBIH MOCTYIAaeT B OakK.

® 3aKOH COXpaHEHUs SHEPTHM: PAa3HOCTh MOTEHIUAIBHBIX DHEPTHil HA BXOJIE

U BBIXOJIE U3 OTBEPCTHUA (HAcaKa) MPEeBpaIIaeTcs ¢ HEKOTOPHIMU MTOTEPSIMU
B KHHCTHYCCKYIO SHEPTHIO BBITEKAIOIICH CTPYH JKUIKOCTH.

[ToTenmanbpHast SHEPTUs )KUJIKOCTU paBHA M -g-Z +m- p/p. IlocKOIIbKY BBICOTA

OTBEpCTHS (HacaJKa) HE3HAUUTEIbHA, ZRCONSt U PA3HOCTh MOTCHIIMATBHBIX YHEPTHA

Ha BXOJI€ M BBIXOJIC U3 OTBEPCTHS (Hacajaka) paBHa:
AE,om = M-Po/Pp - M- Porx/ P =M A Pox = Poux)/ P
KuHeTHaeckast SHEprusi CTPyH paBHa m /2.
3aKOH COXpaHEHUsI SHEPTUU:
@1 A Pax— PasV/p = mF/2.

3nech @< I — «K.I.A.» Opoliecca, OH YUYUTHIBAET, YTO HE BCS MOTEHIHAIbHAsS
JHEprus IMpeBpaIlacTCs B KMHETUYECKYI0, YacTh €€ pacXOodyeTcsi Ha IPEOJOJICHUE

THAPABIMYCCKHUX COHpOTHBJ’ICHHﬁ H IICPCXOIUT B TCILIIO.

19=¢. 2(pex_pebtx) (54)
p

®opmyna (54) onpenensieT CKOPOCTh B CKATOM CEYEHUU CTPYHU JJI1 OTBEPCTHUS

1 BBIXOJHYIO CKOPOCTH AJIAA HAaCaJlKa.
HpH HCTCYCHHUU YCPEC3 OTBCPCTUC MMCCIHOT MCCTO IIOTCPU HA BXOIAC, a IIPHU HC-
TCUCHUU YCPEC3 HACAIOK — TC KC IMOTCPHU HA BXOAC INIFOC ITIOTCPU HA BPIXpeO6paSOBa-

HUE BHYTPHU HACaJKa.
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Guac. < Pome! Ouac. = 0,82; @ome = 0,97 — nipakTuecku npu Re >105, KOrja Ha-
CTYMAeT aBTOMOJEJIBHOCTh (HE3aBUCUMOCTb OT uKciia Re).

HpI/I OMpPCACICHHUU paCX0Jd HYKHO YMHOKUTHb CKOPOCTDH HA IIOHIa/Ib CCUCHU .

2 - 2 —
Qomezg.wczg.g.a)=¢.g.a). (pgx pﬁblx)zlu.a). (pex psblx);

P P
3nech u = @-€ - koaddunuent pacxoaa. s orepcrus H Homs =0,97-0,64 =0,6.

Jlist Hacazika B BRIXOAHOM ceueHuu HeT cxarus (Puc.23), €=1u y 4= @uac = 0,82.

2(p3x - prlx) (55)
P

Q=p-w-

Hrak:
Pacxoa npu ucreyeHHH Yepe3 OTBEPCTHE M HACAJAOK ompeneasercsd 1o oa-
HOIl U TOi ke popmyJie (55). Pazuuua — B 3HaYeHUU KOIPPUIHEHTA pacxoja.
Koadduuuenr pacxona Hacagka 0osbuie Ko3GpGUIMEHTA Pacxoaa 0TBEpPCTHs.
BHUMAHMHE!
B 3anauax Berumcisercs uncio Re. Eciu Re > 10° , IPUHUMAETCA e = 0,65
Hiae = 0,82, @pme = 0,97, @0 = 0,82. B mpoTuBHOM citydae Kod()PHUITUEHTHI yTOUHS-

totcs o rpaduky (Ilpwnoxenne 9).

IIpumep pacuera

Bona u3 BepxHeit cekiuu 3aMkHyTOoro Oaka (Puc.23) meperekaeT B HUKHIOIO
yepe3 oTBepcTue auameTpom d; = 30Mm, a 3aTeM depe3 UUIUHAPUYECKUN HACaJl0K
muametpoM d, = 20mm BeITekaeT B atmocdepy. Temmneparypa Boast 20°C.

OnpenenuTh BBIXOAHYIO CKOPOCTh U PACXOJ MKUAKOCTH Yepe3 HAca/lOK, €CIH
nokazanue manomerpa p,, = SO0klla, a ypoBHu B BogoMepHbIx cTéknax H; = 2m u H,
=3Mm.

Yemy mipu 3TOM OyaeT paBHO M30BITOYHOE NTABIICHUE P, HAJl YPOBHEM BOJIBI B
HWDKHEH cexuuu 0aka?

Pemenne
1. Ompenensiem pacxoxa uepe3 orBepctue mo dopmyne (55). [lockomapky B
dbopMyiTy BXOIUT Pa3HOCTh JIaBJIICHU, MOXHO TMOJICTaBISATh M30BITOUHBIE

JaBJICHUA.

1
Peun Be3ne uIET 0 «Ma1oM» OTBEPCTUH, Pa3MEP KOTOPOI'O MaJl [0 CPABHEHUIO C HATIOPOM (Pex —

Pebtx)/ PS
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2(p8x_p8blx) 3914d2 2(pm+ng —Px
Qome::u'a)'\/ =Home * LI 1 .
P 4 p
2. Onpenensem pacxo]l yepe3 Hacalok o Gopmyie (55).
2(Pox ~ Pour ) 314-d,” [2-(p,+p-g-H, -0
Quac:,u'a)'\/ =My 2. 2 .
P 4 p

3. HpI/IpaBHI/IBaCM 9TH pPacCXodbl U OIIPCACIIACM M3 ITOJIYUYCHHOI'O YPAaBHCHUA
U30BITOYHOE HaBJICHUC p, B O6IHCM BUAC.
2 4 2 4
:/‘loms .dl (pM +p'g'H1)_/‘lnac 'd2 ng2
2 4 2 4 *
:uome ) dl + :uuuc ) d2

Py

4. HOI[CTaBJISIeM HUCXOOHBIC JAHHBIC U BHIYUCIISIEM JABJICHUC px.
0,67 -0,03* - (50000 +1000-9,8-2) — 0,82% - 0,02* -1000- 9,8 - 3
0,62 -0,03* +0,82%.0,02*

=4296011a.

Py

5. Beruucisem pacxon uepes3 HacaJok.
3,140,022 .\/2-(42960+1000-9,8-3) M

=3,1-107 —.
1000 c

Qnac = 0’82 ’

6. Beruucnsem uucio Re .

Re,u. = 4-Q/(md-v) =4-3,1.10°/3,14/0,03/1-10° = 1,32:10°. Rewae < Reoms.

Tax kax Re > 10°, 3HaueHns ko> dULHEHTOB PacX01a BHIOPAHbBI BEPHO.
3nech v=1-10°m*/c — kunematHaeckuii koodduupment Bsskoct Bogs! (ITpu-

noxeHue 1).
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PA3JIEJI 6
KOHTPOJILHBIE 3AJIAYU
MO TUJIPOANHAMUKE

KoHTposibHOE 3ajaHue BKIIIOYAET TpU 3aj1auyu. HoMep KOHTPOJIBHOIO 3a/laHus
BBIJIA€TCS IPENOJaBATEIEM U COCTOUT U3 ABYX LUPp. BriOop BapuaHnTa mpou3BOAUT-
cs 1o mocienHed uudpe HoMepa, a YMCIECHHBIX JaHHBIX — 110 MPearocieaHel nudpe
HOMEpPA KOHTPOJIBHOTO 3a/I1aHHS.

Ta0uuua BapuaHToB

Hocnennsas uugpa mudpa Homepa 3axa4
10, 20, 30
1, 11, 21
12, 22
13, 23
16, 24
17. 25
14, 26
15, 27
18, 28
19, 29

»

»

)

.

)

O R QA Q| N A W=D

»

B ycnoBusix 3agau MoryT ObITh HE yKa3zaHbl (PU3HMUECKHE CBOMCTBA KHUAKOCTH,
[IEPOXOBATOCTh MOBEPXHOCTH TPYyOOIPOBOAA WM HEKOTOPHIE APYTrHe MapaMeTphl,
KOTOpBIE€ BBIOUparOTCs U3 Tabnuil B [IpunokeHusx.
Meronuka pemeHus Beex 3a1ay, 10 CyIIECTBY, CBOAUTCS K CIEAYIOLIEMY.
e 3anucaTh ypaBHEHUE WM CUCTEMY YPABHEHMI, BbIpAXKarOLIUX 3aKOHBI CO-
XPAaHEHUSI MACCHI U DHEPTUU.

e 3anucaTb YpPaBHEHHE, BBIPAJKAIOIIECE YCIOBHE DPABHOMEPHOIO JBHKEHUS
TBEPAOrO TeJla, HAXOIAIIETOCS B KUIAKOCTH T10]1 CUIOBBIM BO3/ICUCTBUEM.

e PemmTh NOMy4eHHYI0 CUCTEMY YPAaBHEHUN OTHOCHTEJIBHO HEU3BECTHOU Be-

JIJMYHNHBI.
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BaumarenpHO unTaiiTe ycrnoBue 3amaun. lHOTIAa B 0/THO# TabIuIle TPUBEICHBI
WCXOJIHBIC JIAaHHBIC ISl HECKOJIBKUX 3a7a4y. B 0HOM 3a/1aue HYKHO ONpeeNnuTh 1aB-
JIHUE TMPU MPUBEJIEHHOM pacxojie. B npyroii - pacxoa npu U3BeCTHOM AaBjieHUH ( B
ATOM CITy4ae pacxo]l B TAOJIUIIE CUUTAETCS HEU3BECTHBIM).

Bce 3amaum pemarorcs 10 KoHI@ B 00meM Buje. Jlanee mojcTaBisioTCS HUC-
xo/HbIe JaHHbIe B cucteMe CU U npou3BOASTCS BBIYUCIEHUS C TOYHOCTBIO IO TPEX
3Havamux uudp. Pesynbrar 3anucsiBaercs B BUe creneHu uucia 10.

Hanpumep, BbIYMCHSETCA pacXol, W Ha KaJbKYyJATOPE MOJY4YEHO YHUCIO:
0,00678954. PesyibTaT HyXHO 3amucath B Buae: Q = 6,79-10 ° m’/c.

BHUMAHMUE!

Ilepen BbITIOTHEHNEM KOHTPOJBHOTO 3a/JaHUS] U3YYUTE METOIUKY PELICHUS 3a-

Ja4 TUAPOJMHAMUKH Ha 0A30BBIX MPUMEpax.

3agaua 1

Hacoc mopaer »kuakocTh U3 MOJI3EMHOM EMKOCTH C MU30BITOYHBIM JIaBIICHUEM
ra3a Ha MOBEPXHOCTH XuAKOCTH. Ha BcacwiBaromie nunuu (anuHa I, nuametp d,
TpyObI CBapHbIC, OBIBIIKME B IKCILIYaTAllMH ) UMEIOTCS MECTHBIE COMPOTUBJICHUS: MIPU-
€MHasi KOpoOKa ¢ KJalaHOM M CETKOM, KOJICHO M KpaH ¢ KO (PUIIMEHTOM CONPOTUB-
nenus &, IlokaszaHue BakyyMMeTpa Ha BXOZAE B HACOC PABHO p,, PACXOJ KUIKOCTU
0, remneparypa t C.

Omnpenenuth padbo4yo0 BICOTY BCAaChIBaHUs HAacoca Mg, U MPEACIIbHYIO BBICOTY
U3 YCJIOBHSI OTCYTCTBUS KaBUTAIIMU Ha BX0Jie B Hacoc. OOBIACHUTH TAKXKE, TOYEMY
P KaBUTAIIUH HACOC HE BCACBHIBAET JKUJIKOCTh U paboyee KOJIeCO HAcOCa BBIXOIUT
U3 CTPOSl.

|
|
|
i h, ~ Hacoc
i
|
|
|

31ech M30BITOYHOE
JaBJICHUE PABHO p,

Pucynok k 3agauam 1, 2, 3,4, 5
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HaWUTE aHAJIOTHIO MEeXay paboToil cudoHa U Hacoca.

Ykazanusn
1. Onpenenure h,. n3 ypaBaenust bepnyinu aiia ceuenuit 1-1 u 2-2.
2. OrpuuarenbHoe U30BITOYHOE AaBICHUE B TAOIUIE AAHHBIX — 3TO BAKYyMMET-
pHYECKOE AABJICHHUE.
3. Ilpu omnpeneneHMM MakCHUMaJIbHOM BBICOTHI BCACHIBAHUS MPUMUTE JABJICHHUE B
CEUEHUU 2-2 paBHBIM JIaBJICHUIO HACBHIIIEHHOTO Napa p, . (IIpunoxenue 8).
4. Ilpu oTBeTe Ha BONPOC IO KaBUTALMK MCIONb3yTEe MaTepual pasaena 4.6.3. u

Tabmuiia NCXOIHBIX JaHHBIX

Bapu- [, d, D Eop. DPus 0, t, Kugkoctb
aHT M M klla klla a/c C
0 8 0,1 50 7 10 20 20 |Boga
1 9 0,05 20 8 -20 5 30 | OeH3HH
2 12 0,06 40 5 20 8 35 |Boxa
3 14 0,08 20 1,5 30 10 25 | macmo mHI. 20
4 18 0,05 30 2 -40 4 15 | kepocun
5 12 0,1 10 3 15 15 10 | OeH3HMH
6 15 0,15 35 6 -25 18 15 |Bonma
7 20 0,2 55 4 10 25 25 | macno unn. 50
8 25 0,12 80 2,6 35 15 20 | gu3. TOILIMBO
9 10 0,04 25 3,5 20 3 30 | macno TypOuHHOE
3agaua 2

Pemute 3agady 1 npu ycnoBuu, 4TO BBICOTA MOABEMA KUAKOCTH M, 3a/1aHA, a
pacxo Q HY>KHO OTPEJEIHTD.

Yka3anus
Onpenenute pacxon Q rpabuyeckuM criocoobom (pazaen 4.6.2.).
Bap-ar | 0 1 2 3 4 5 6 7 8 9
h,., m 3 4 3,5 2,8 5 4,6 3,6 5,3 4,1 2,5
3agaua 3

Pemmre 3amady 1 mpu ycloBUM, 4TO BBICOTA MOABbEMA XKUIKOCTH M, 3a/1aHA, a
auaMeTp TpyObl d HY)KHO ONIPEICIHTh.
Yka3anus
Omnpenenure auametp TpyOb! d rpadguueckum criocodom (pasnaen 4.6.2.).

Bap-ar | 0 1 2 3 4 5 6 7 8 9
heeo M 3 4 3,5 2,8 5 4,6 3,6 5,3 4,1 2,5
3agaua 4

Pemmnre 3agauy 1 mpu ycnoBuH, 4TO BBICOTA MOIBEMA KUIAKOCTH Mg 3a7aHA, A
HY>KHO OTIPEJIETUTh MaKCUMAJIbHBIA pacXxo/l B TPyOOIPOBOIE U3 YCIOBHS OTCYTCTBHUS
KaBUTALWH.
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Yka3anus
[Ipu onpenenenny MaKCUMAILHOTO PAcXo/1a MPUMHUTE JaBICHUE B CEUCHUH 2-2
PaBHBIM JaBJICHUIO HACBIILIEHHOTO Napa p, . (IIpunoxenue 8). Jlanee onpenenure u3
ypaBHeHus bepHyium pacxon rpadudeckum cnocobom ((pazaen 4.6.2.).

Bap-ut |0 1 2 3 4 5 6 7 8 9

hye, M 32 |51 3,2 4,2 4,6 3,9 4,7 5,1 3,7 4,8

3agaua 5
Pemmnre 3amauy 1 mpu ycnoBuH, 4TO BBICOTA MOABEMA KUIAKOCTH Mg 3a7aHA, A
HY’KHO ONPEJEIUTh MUHUMAIbHBIM TUaMeTp TPyOOIpOBOAa U3 YCIOBHUS OTCYTCTBHUS
KABUTALIAH.
Ykazanus
IIpu onpeneneHMM MUHUMAJIBHOTO AMAMETpa TpyOOIIpoBOAa MPUMUTE JaBiie-
HUE B CEYEHMM 2-2 PaBHBIM JABJICHMIO HACBIILIEHHOTO napa p,., (IIpunoxenue ).
Hanee onpenenure u3 ypaBHeHust bepHyum nuamerp rpaguueckum cnocodom (pas-
nen 4.6.3.).

Bap-ur |0 |1 2 3 4 5 6 7 8 9

hye, M 32 [5.1 3,2 4,2 4,6 3,9 4,7 5,1 3,7 4,8

3amaya 6
Jlyist mojaepKaHus MIacTOBOTO JaBJICHUS MPU J00bYe HePTH B HarHeTaTesb-
HYI0 CKBaXXUHY TJIyOnMHOM H 110 HACOCHO-KOMIIPECCOPHBIM TpyOam (nuamerp d, 1iu-
Ha [, mepoxoBatocTh A4,) 3akaunBaercss @ M’ BOABI B CYTKU. 3a00ifHOE M3GBITOUHOE
TaBJICHUE PABHO P,,s. 1eMmepatypa Bojbl ¢ T.
OnpenenuTh MOKa3aHUE YCTHEBOTO MAaHOMETPA P,, U MOJIE3HYIO0 MOIIHOCTE [V,
3aTpaymBaeMyIo MPHU 3aKavKe.

é
7,

HEPTH

Pucynok k 3agauam 6, 7, 8
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Ykazanus

1. Ilpumennte ypaBHenue bepnymmm g cedenuit I-1 u 2-2 OTHOCUTEIBHO

IJIOCKOCTH cpaBHEHUs 0-0.

2. Ilpu pacuere moTepb y4TUTE TOJIBKO MOTEPU MO JIMHE. MECTHBIMU MOTEPSMU

npeHeopeyb.

3. Tlone3Hast MOIHOCTH onpenensiercs no popmyne: N, =p, -0

4. TlpunsaTh nnuHY TpyOOIpoBoaa paBHOM H.

Ta6J'II/II_[a HCXOAHBbIX JaHHBIX

Bapu- | Hom | d,mm | Py MIla | A, mm | O, M3/CyTKH t°C
aHT
0 2000 62 25 0,5 300 20
1 2500 76 30 0,4 250 30
2 1200 80 20 0,3 200 35
3 1400 90 22 0,5 300 25
4 1800 70 24 0,8 280 15
5 2600 86 32 0,4 150 10
6 2200 | 104 28 0,3 280 15
7 2050 60 30 0,7 190 25
8 2500 72 34 1,0 350 20
3agaua 7

[Ipu ycnoBum 3amaun 6 U U3BECTHOM JIABJIICHUHM HA YCThE OMPEACIUTh PACXOJ]

BOJIBI.

Yka3zanue
3amayy pemuTh METOJOM WTepaluid, Mpearnojaras TypOYyJEHTHBIH pPEeXUM
nBIKeHus (pazaen 4.6.2.).

Bap-ut |0 1 3 4 5 6 7 8 9
pw,MIla |62 |59 10 11 8 9 8 11 12 14
3agaua 8

HpI/I YCJIO0BUM 3a1a49U 6 U U3BECTHOM JaBJICHUU Ha YCTHC OIIPCACIIUTDL ANAMCTP

TpyOOIpoBOIA.

Yka3zanue
3anauy pemuTh rpadpudeckum crocooom ((pazaen 4.6.3).

Bap-HT

0

1

3

4

5

6

P, Mlla

6,2

5,9

10

11

8

9

8
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3agaua 9
ITo Tpy6omnpoBoay (muHa I, nuameTp d, TpyOBI CTajbHbIC, CBAPHBIC, YMEPEHHO
3apykaBieHHble, & = Y &) Boma npu ¢ C mogaercst K MoKapHOMY GPaHICIIONTY '~ ¢
pacxonom Q. IpeBbiiieHre 00pe3a coria Hajl OChI0 TPYOOIPOBOa PaBHO A.
OmnpeenuTh HEOOXOUMBIH AUaMeTp corula d. ¥ W30BITOYHOE JaBJICHHE B Ha-
YJaJbHOM CEYEHUH TPYOOIPOBOMA p,, UCXOSA U3 YCIOBHUS, YTO CTPYs BOJBI JOJKHA

nocturath BeicoThl H. ConpoTHBIIEHHEM BO3/yXa MpeHeOpedb.

3___ 3
COILIO — KOHMYECKAs 2 'i- —
TpyOKa, BBIXOTHOM i
nuameto d.= 2 :
i
| h
|
1 |
|
|
] |
Pu Vi
0-—- T -/, Y -0
1
Pucynok k 3agauam 9, 10 u 11
Ykazanus

1. Ilpumennre ypaBHeHue bepnyinu mist ceuenuit 2-2 u 3-3 ¥ ONPENEIINTE U3 He-
ro ckopocth 9. B ceuerunu 2-2. ($%=0, p2 = p3 = Pum)-
7t-df/4 = /8. — orcroa onpeaenuTe TMaMmeTp d. BEIXOTHOTO CEUCHHS COILIA.
2. Iloka3zaHue MaHOMETpa B Hauyaje TpyOONpoBOAa ONpPEAENAEeTCS U3 YpaBHEHUS
bepnynnu, 3anucannoro s cedyenuid 1-1 u 2-2.

3. ®dusznueckue cBOWCTBA BOBI onpeaenute u3 [punoxenus 1.

12 - . . .
Bpanocnoum (ronn. Brandspuit) — MeTauinyeckuii HAKOHEYHUK MMOKOTO IUTAHTa; EPEHOCHOM

PYYHOH HACcOC Il MBIThS TATy0, TYIICHUS OXKApOB U TIP.

-96-



Ta6J'H/II_[a HCXOAHBbIX JaHHBIX

Bapu- | h,m | d, mm 2& I, m 0, 1v/c | Hym t°C
aHT
0 2 60 25 300 30 15 20
1 2,5 70 30 250 20 20 30
2 3 80 20 200 24 14 35
3 4 90 22 320 35 12 25
4 1,8 70 24 350 28 18 15
5 2,6 90 32 280 15 25 10
6 2,2 100 18 240 28 28 15
7 2,6 65 20 340 19 14 25
8 2,5 75 24 180 35 22 20
9 3,2 95 10 220 26 16 30
3agaua 10

1. Tlpu ycnoBuu 3aauu 9 v U3BECTHOM JaBJICHUU HA BXOJI€ B TPyOONPOBOJ OIpe-

JICITUTH PACXO/T BOJIBI.
2. OnpenenuTth AMaMETP BBIXOJIHOT'O CEUCHHS COTLIA.

Ykazanus

1. IlpumenuTe ypaBHeHue bepHyinu s cedeHud 2-2 U 3-3 U ONpeaeanuTe U3 HETro
ckopocThb &, B ceueHuu 2-2. ($=0, p» = pP3 = Pum).
2. Pacxon onpenenurte rpaduueckuM crocodboM u3 ypaBHeHUs: bepHysu, 3anucaH-
Horo Jist ceuenuid I-1 u 2-2 (pazaen 4.6.2.).

Bap-ut |0 1 2 3 4 5 6 7 8 9

Puw,KlIa [ 550 [600 700 [500 [650 [800 [900 850 |[750 3580

3agaua 11

1. Tlpu ycnoBum 3agauu 9 M U3BECTHOM M30BITOUHOM JaBJICHUM Ha BXOJE p,, OIpe-
JEUTh TMaMETP TpyOOoNpoBoaa .

2. OmnpenenuTb IUaMeTp BBIXOJHOTO CEUEHHUS COILIa.

Ykazanus
1. Ilpumenute ypaBHenune bepHymn s cedyeHuil 2-2 u 3-3 U ONpPEAEIIUTE U3 HETO
ckopocThb &, B ceueHun 2-2. ($=0, p» = p3 = Pum).
2. Jluametp ompenenute rpaduueckum crnocoOom u3 ypaBHeHus bepHysum, 3anu-
caHHoro jyist ceuenuit I-1 u 2-2 (paznen 4.6.2.).

Bap-ut |0 1 2 3 4 5 6 7 8 9

DPu, KIIa | 550 | 600 |700 |500 [650 [800 |900 |850 |750 |580

3axaua 12
[Topuiens quametpom D, nBUTasCh PaBHOMEPHO, BCACHIBAET KUIKOCThH M3 OT-

KPBITOro 0aka ¢ aTMOC(HEPHBIM JABICHUEM p,,, Ha MOBEPXHOCTHU XKUJIKOCTU. BricoTa
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BCaChIBaHUS paBHA Zy. BcacwiBaromas Tpy0a - mymna I, auametp d, craibHas, HOBasl,
cBapHas. ['mapaBiauyeckue CONMPOTHBIIEHUS TOKa3aHbl Ha pUCYyHKe. Temmeparypa
xuakoct ¢ T. Atmocheproe nasnenue pasao 100 xl1a.

OnpenenuTs MaKCUMAJIbHO BO3MOXKHYIO CKOPOCTh §, nmopuiHs u cuny F, npu-

JIOXKCHHYIO K HCMY, I10 YCJIOBUIO KaBUTAllMU B HUJIMHAPC.

2
_______ [ N F Fu
<20 3n
Pa
I I ) V2
Pucynok k 3agauam 12, 13, 14 u 15
Yka3zanus

1. ITpumuTe naBiaeHUe B ceYeHUM 2-2 PaBHBIM JIaBJIICHUIO HACKHIIICH-HOTO Tapa
(ITpunoxenue 8).

2.0mpenenute pacxon u3 ypaBHe-uus bepuymnu (pasnen 4.6.2) u nanee cko-
pocTh B ceueHun 2-2. % = 9,.

3. Onpenenure cuiy F U3 ycioBHUs paBHOMEPHOTO JBMKEHUS MOPIIHS (CHIIbI
MOKa3aHbl HA PUCYHKE).

Ta6HI/II_[a HCXOAHBIX JaHHBIX

Bapu- | zp,m | D, MM d, mm Lm t°C | KuakocTb
aHT

0 2 60 25 8 20 | Bogma

1 2.5 70 30 9 30 OeH3HUH
2 3 80 20 7 35 KEPOCHH
3 4 90 22 10 25 BOJIa

4 1,8 70 24 9 15 OCH3UH
5 2,6 90 32 16 10 | kepocuH
6 2,2 100 18 20 15 BOJIA

7 2,6 65 20 13 25 OeH3HUH
8 2,5 75 24 10 20 | kepocHH
9 3,2 95 20 8 30 BOJIa
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3agaua 13
[Ipn ycnoBum 3amaun 12 1 U3BECTHOM PaCXOJ€ KUIKOCTH ONPEIEITUTE MUHH-
MaJIbHBIN THaMeTp TPyOONpoOBOAA MO YCIOBUIO KaBUTALIUH.
Ykazanus
Juametp onpenenute rpadpuyeckuM crnocoOoM u3 ypaBHeHUs bepHyiuu, 3a-
nvucaHHoro mist ceueHuit I-1 u 2-2 (pazgen 4.6.3.). JlaBneHue B cedyeHUU 2-2 paBHO
JABJICHUIO HACBIILIEHHOIO 11apa KUJIKOCTH.

Bap-ut |0 1 2 3 4 5 6 7 8 9

0, n/c 1,1 |12 1,5 0,5 1,8 0,7 0,6 1,0 1,1 0,8

3agaua 14
[Ipu ycnoBuu 3agaun 12 1 U3BECTHOM PAacXo/I€ JKUIKOCTH ONPEACIIUTE BBICOTY
Z9 110 YCJIIOBUIO KaBUTAIUU.
Ykazanus
BricoTy zy onpenenute aHAIUTUYECKUM CIIOCOOOM W3 ypaBHEHUs bepHysuu,
3anucaHHoro Juisi ceuenuit I-1 u 2-2 (pasnen 4.6.1). JlaBnenue B ceueHuu 2-2 paBHO
JABJICHUIO HACBHIIIIEHHOTO Mapa KUJKOCTH.

Bap-utr | 0 1 2 3 4 5 6 7 8 9
0, n/c 1,1 1,2 1,5 2 1,15 |0,7 0,5 1,0 0,9 0,8
3agaua 15

[Ipu ycnoBum 3anaun 12 u u3BecTHOM cuie F onpenenute BbICOTY Zy . LIpo-
BEpbTE, UMEET JIU MECTO SIBJICHHE KaBUTALIMU B ceueHuu 2-2. Pacxoj 3a/iaH B 3a7ayue
14.

Yka3anus

1. BricoTy zy onpenenuTe aHAIUTUYECKUM CTIOCOOOM U3 ypaBHeHUs bepHyiuu,
3anucaHHoro ajs ceuenuit 1-1 u 2-2 ((pazgen 4.6.1).

2. CpaBHUTE JaBJI€HUE B CEYEHUH 2-2 C NABJICHHEM HACBIIICHHOTO Mapa K-
KOCTH.

Bap-ut |0 1 2 3 4 5 6 7 8 9
F,un 225 1200 180 150 1240 250 210 ]300 140 190
3agaua 16

[Topmiens guameTrpoM D, NBHUTrasch paBHOMEPHO CO CKOPOCTHIO %,, TOAAET
KUIAKOCTh B 3aKPBITHIM 0aK ¢ M30BITOUHBIM JABJICHUEM p, Ha MOBEPXHOCTH >KUIKO-
ctu. Pa3HOCTh ypoBHEH KUAKOCTH B IIMIIMHIPE U OaKe paBHA Zy.

Haruerarenbnas tpyOa - nnuHa I, nuametrp d, cTanbHas, HOBas, CBapHasl.
I'mapaBnnueckre COMPOTHUBIICHUS IMOKAa3aHbl Ha pUCYHKE. TemmepaTypa KUIAKOCTH

t<.
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Onpenenuts cuiny F, IPUI0KEHHYIO K MOPILHIO.

1

F,, F F,,

@ zo 1 19’1

Pucynok k 3agauam 16, 17, 18 u 19

Ykazanusn
1. Onpenenute naBinenue B cedeHuu I-1 w3 ypaBHenus bepnymmm (cm. Ilpu-
mep 1).
2. Omnpenenure cuny F 13 yCIOBUS paBHOMEPHOTO JABUKEHUS TOPIIHS (CHUITbI
MOKa3aHbl HA PUCYHKE).
Tabauia uCX0JHBIX JaHHBIX

Ba- | p,,MIla | zo,m | D,vm | dyvm | Lm, | 9, cm/c | t9C | Kumkoctsb
pu-
aHT
0 0,1 2 60 25 18 10 20 | Boma
| 0,2 2,5 70 30 19 20 30 | 6eH3uH
2 0,3 3 80 20 17 13 35 | kepocuH
3 0,25 4 90 22 10 14 25 | Boma
4 0,35 1,8 70 24 12 20 15 | 6eH3uH
5 0,15 2,6 90 32 16 16 10 KEPOCUH
6 0,12 2,2 100 18 20 15 15 | Boma
7 0,08 2,6 65 20 18 12 25 | 6eH3uH
8 0,27 2,5 75 24 25 22 20 | kepocuH
9 0,23 3,2 95 20 30 18 30 |Bojma
3apaua 17
[Ipu ycnoBuu 3amaun 16 u u3BectHoO cuie F onpeaenuTe BbICOTY Zg .
Yka3anus

1. aBnenue B ceuenuu 1-1 ompenensiercs U3 ycaoBUsS paBHOMEPHOIO JIBHXKeE-
HUS IOPLIHSL.
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2. BricoTy zy ompenenuTe aHATMTUYECKUM CTIOCOO0M M3 ypaBHEeHHs bepHym,
3anucaHHoro ais ceuenuit 1-1 u 2-2 (paznen 4.6.1.).

Bap-ur | 0 1 2 3 4 5 6 7 8 9
F,H 300 [350 400 380 [330 [320 370 [310 340 390
3agaua 18
IIpu ycnoBum 3aaum 16 u uzBectHoit cuie F onpeaennre pacxos »KHIKOCTH.

Ykazanusn

1. JaBnenue B ceueHnu 1-1 ompenensieTcs u3 yciaoBUsS PaBHOMEPHOIO JIBHKE-
HUS TTOPIITHS.
3. Pacxon ompenenurte rpadpuueckuM crocooom u3 ypaBHeHus bepHysiu, 3a-
nycaHHoro s ceuenuit 1-1 u 2-2 (pasnen 5.6.2.).

Bap-ut |0 1 2 3 4 5 6 7 8 9
F,u 300 |350 [400 |380 [330 [320 |[370 |310 [340 |390
3agaua 19

[Ipu ycnoBuu 3agaum 16 u uzBecTHOM cuiie F onpeaenute auamerp Tpyoorpo-
BOJA.
Ykazanus
1. JaBnenue B ceueHuu 1-1 ompenensiercs u3 yciaoBUs PaBHOMEPHOIO JIBHKE-
HUS MOPUIHS.
2. Jluametp ompenenure rpaduyecKUM CHOCOOOM M3 ypaBHEHHUs bepHysm,
3amucaHHoro s ceuenuit 1-1 u 2-2 (pazgen 5.6.3).

Bap-ut |0 | 2 3 4 5 6 7 8 9

F,H 300 [350 400 380 [330 [320 370 [310 340 390

3apaua 20

lMunpaBnuyeckuii nemmndep (racurens KojeOaHUMN) MPEACTABISICT UINHAD, B
KOTOPOM O] IECTBUEM BHEIIHEN cuiibl R mepemMeraercs nopueHb. OH nporoHser
Macjo0 TUIOTHOCTBIO O W3 OJHOW TOJIOCTH MHWJIWHIpA B JIPYTyH dYepe3 OOBOIHYIO
TPYOKY U pEryaupyeMmblii ,7:[p0(:cem>13 . Huametp nopmHst D;, mroka D, 00BOIHOM
TpyOku d. Koapdunuent conporusnenus apoccens &, CKOPOCTb HOPUHSA P,..

1. Onpenenuth HEM3BECTHYIO BEIMUUHY.

2. [TonyunTh ypaBHEHUE CTATHYECKON XapaKTEPUCTUKHU AemIiepa, MpeICTaB-
JISIOMIEH 3aBUCUMOCTh CKOPOCTH PAaBHOMEPHOTO JBMIKEHUS MTOPIIHS 3, OT TPUIIO-
YKEHHOU K Hemy Harpy3ku R. [loctpouts rpaduk 3Toil 3aBUCUMOCTH.

Jlnana3oH u3MeHeHus CHIIbl R — OT HyJId 10 3HAYE€HUS B JAHHOW 3a7aye.

13
ﬂpocceﬂupotmuue (OT HeM. drosseln — ,ZLYH_II/ITB), MOHMKCHUC NABJICHUA IIPU MMPOXOKACHUUN KU -

KOCTH 4epe3 CyKeHHue B Tpyoe.
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[Ipumeuanue: B TpyOe YUUTHIBATh TOJIBKO MECTHBIE THIPABIMYECKHUE COIPO-
TUBJICHUS. Y T€UKaMH U TPEHUEM B LWJIMHJIPE MPEHEOpEeUb.

J

m / d, l
perynvmpyemblii Apoccernb, 4
nnoLuaab ero NPoOxXoaHOro F, R

ce4vyeHnAa MOXeT NUSMEHATbLCA

JaBJICHUE ITOAIUTKHU

Pucynok k 3agaue 20, 21

Ykazauust

1. 3anumure ypaBHeHue bepuymnu s ceuenuit I-1 u 2-2 v yclioBUE paBHO-
MEPHOTO JIBH>KEHMSI MOPIIHS (CUJIbI TOKa3aHbl Ha YEPTEXKE).

2. Onpenienure U3 CUCTEMbl YPABHEHUI HEU3BECTHYIO BenunHy U Q = f(R).

3, =0/s.

3. B ypaBuenuu bepunymnu p; —p, = (F;— F3)/s = R/s, T1e s -IUIOA0b JEUCT-

BUSI TaBJICHUM KUJKOCTH (KOJIBIIO).
Tabnuiia UCXOTHBIX JaHHBIX

Ba- P dvv | Di,mm | Dyvm | &), | 9, cM/c R, xH

pu- | kr/m

aHT
0 900 5 60 25 18 30 ?
1 850 6 70 30 19 ? 80
2 920 ? 80 20 17 45 70
3 870 8 90 22 ? 25 60
4 830 9 70 24 12 20 ?
5 910 10 90 32 16 36 ?
6 860 6,5 100 18 20 ? 50
7 940 5,6 65 20 18 ? 65
8 910 7,2 75 24 ? 40 90
9 880 ? 95 20 30 38 75

3agaua 21

I'unpasnmuueckuit gemndep (Puc.20) npeacrasnser UUAUHAP, B KOTOPOM MO
NENUCTBUEM BHEIIHEW cuibl R nepeMemaercs nopmeHb. OH IPOroHseT Macio IIOT-
HOCTBIO 0 U3 OJJHOU NOJIOCTH ILWJIMHJIpPA B APYTyIO uepe3 00BOJHYIO TpyOKy M pery-
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TupyeMblil apoccenb. Junamerp mopmHsa D;, mtoka D,, 00BogHON TpyOKH d, niwHa
Tpy6ku I Koadduunent conporusnenus apoccens &, CKOPOCTb HOPUIHA ..

1. Onpenenurts CUTy Ha LITOKE.

2. IlonyuuTh ypaBHEHUE CTATHUECKONM XapaKTEPUCTUKHU AemIidepa, MpecTaB-
JSIOIEeH 3aBUCUMOCTh CKOPOCTH PAaBHOMEPHOTO JIBHKEHUS OPIIHA &, OT MPHUIIO-
XKEHHOU K Hemy Harpy3ku R. [Toctpouts rpaduk 31oil 3aBUcUMOCTH. J{Mana3zoH u3-
MEHEHHUS CUJIbI R — OT HyJIsl 10 3HAYE€HMSI B TAHHOMW 3a/1aye.

[Ipumeuanue: B TpyOe YyUUTHIBATh MECTHBIE THAPABINYECKUE COMPOTUBIICHHUS
U TIOTepU Ha TpEeHHE B OOBOJHOM TpyOke. YTeUuKamMu UM TPEHUEM B IIMIUHJPE Tpe-
HEOpeUb.

Ykazanust

1. B ypaBHenue bepHy/IM BBeaWTe IMOTEPU HA TPEHUE MO JUIMHE:
2

h, =2 7 2—; 311eCh 3 - CKOPOCTh JBMIKEHUS Maciia B TPyOOTIpoOBOIE.
8

2. B ypaBHenuu bepnyiun

p1—p2= (F;—F3)/s = R/s, Tie s -tuiomaap 1eMCTBUS JaBICHUM KUIKOCTH.

3. Jlmg BcexX BapuMaHTOB KHUHEMATHYECKHH KOA(PPUIMEHT BS3KOCTH Macja
4. 2

»=1-10"m"/c.

Tabauia UCXOIHBIX JAaHHBIX

Bapu- | p, | dmm | Di,mm | Dymm | &, | G, em/c | Lm
auT | kr/m’
0 900 5 60 25 18 30 3
1 850 6 70 30 19 20 4
2 920 7 80 20 17 45 2,5
3 870 8 90 22 18 25 5
4 830 9 70 24 12 20 3,8
5 910 10 90 32 16 36 3,5
6 860 | 6,5 100 18 20 25 4,5
7 940 | 5.6 65 20 18 32 4
8 910 | 7,2 75 24 10 40 4,2
9 880 | 8,2 95 20 30 38 2,8
3apava 22

Uepes oTBepcTe quaMeTpoM d B TIOPITHE THAPABIUYECKOTO Aemidepa Macio
IJIOTHOCTBIO PO TMEPENMBAECTCS U3 HUKHEW IMOJOCTH B BEPXHIOK MOJIOCTH THUIPOIIU-

-103-



JMHJpA MOJ IeWCTBMEM BHEIIHeN Harpy3ku R. /lnamerp runpouumnunapa D, BeicoTa
nopwHsA /, 5KeCTKOCTh MPYKUHBI €, €€ MOKATHE X.

OnpenenuTs HEN3BECTHYIO BEJINYUHY .
R
3/1€Ch JABJICHUE PABHO l

atMoc(hepHOMY d

oOpaTHBIN KJIamaH, 4e-
pe3 HEro KHUIKOCTh
nepesmBaeTcsi 00paTHO
B HIDKHIOIO TIOJIOCTh

/

Pucynok k 3agauam 22 u 23

Ykazanus
1. 3anumurre cuctemMy ypaBHECHUM:

\/z(pex — Peux )

O=u-s- - pacxop uepe3 orBepctue (paszzaen 4.8).
Pox — Poux = Fo/S; Fye + Fyy - R=0 - ycioBue paBHOBECHS ITOPIIHS,
rae § -Iomanp nopus, F,, — cuiaa u30bITOYHOTO NAaBICHUS KUAKOCTH, F,, = cx —
CHUJIa TIO/KATHS TIPY>KUHBI.
2. Ilpu ompenenenun kodpduiMeHTa pacxoja g Haiaute otHouieHue ld u
CHEJIalTE BBIBOJIBI.
Tabnuiia MCXOIHBIX TAHHBIX

Bapu P, dvvm | D,mm | L mm | ¢, /MM | Q, /¢ | X, MM R, xu
aHT | kr/m’
0 900 15 100 25 500 1,5 5 ?
1 850 6 120 30 550 ? 6 20
2 920 ? 130 20 600 2,5 7 15
3 870 8 140 22 400 ? 9 30
4 830 9 110 24 650 2 8 ?
5 910 10 115 32 700 1,6 7 ?
6 860 0,5 125 18 680 ? 4 25
7 940 5,6 135 20 560 ? 5 35
8 910 7,2 105 24 600 1,8 6 ?
9 880 ? 120 20 620 2,6 7 32
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3agaua 23
Pemute 3anauy 22 npu yCJIOBUH, YTO MPY>KMHA OTCYTCTBYET.

Yka3zanue
B ypaBHeHuur paBHOBECHS MOPIIHS NPUCYTCTBYIOT TOJABKO ABE CHibl U F,,. = R
3agaua 24
KuakocTh MIOTHOCTHIO P MO U30BITOYHBIM AABICHUEM P, TIOJIAETCA TIO TPY-
0e ¢ TwIoIaabpI0 TIOTIEPEYHOTo ceueHus § K Oaymony. Ha tpybe mepen 6amwtoHoM yc-
TAaHOBJIEH KpaH ¢ KordduirenTom conportuiienus & M3 OamioHa )KUIKOCTh BbITE-
KaeT B aTMoc(epy uepe3 0TBEpPCTHE IIOMIAAbIO0 Sy ¢ pacxoaoM Q.

OrnpenenuTe HEN3BECTHYIO BEJINYUHY .

m0

Pucynok k 3amauam 24 u 25
Yxkazanus

1. 3anumure cuctemMy ypaBHECHUM:

2 Do —
e O=p-55- (P2~ Pam) _ Pacxoj Yyepes OTBEPCTHE

e ypaBHeHue bepnyinm s ceuenuit 1-1 u 2-2.
351ech 1Ba HEU3BECTHBIX — pacxo Q WM JIaBIICHUE P,,9 U JABJICHUE P,.
2. YuTuTe TOJIBKO MECTHBIE TOTepH B KpaHe. Ckopocth %, = 0.

3. PexxuM qBUKEHUS IPU UCTEUEHUH — PAa3BUTHIN TYpOYJIECHTHBIM.
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Ta6J'H/II_[a HCXOAHBbIX JaHHBIX

Bapuanr | p, s,cM” | g, cM” | Q, /e £ Doy
KT/M MIIa
0 900 5 1 1,5 5 ?
1 850 6 1,2 ? 6 0,3
2 920 7 1,30 2,5 7 ?
3 870 8 1,40 ? 9 0,6
4 830 9 1,10 2 8 ?
5 910 10 1,15 1,6 7 ?
6 860 6,5 1,25 ? 4 0,4
7 940 5,6 1,35 ? 5 0,7
8 910 7,2 1,05 1,8 6 ?
9 880 8,2 1,20 ? 7 0,54

3agaua 25
Pemre 3amauy 24 npu ycloBUM, YTO K OTBEPCTUIO MPHUCOCIUHEH BHEIIHUMA
HWIMHIPUYECKUN HACAIOK.
Yka3zanue
N3menuncs koapuuuent pacxona g Jng nacanka g = 0,82, a 115 orBepcTUs
4= 0,6 (mpu Re>10%). IIpu Re<10’ ko>pPUIMEHT 4 crenyeT yTOuHUTb 1o ITpuio-

KEHUTIO 9.

3amaua 26
KuakocTh TUIOTHOCTHIO P MEPETEKAET U3 JICBOTO OTCEKa 0aka B IIPaBBIM Yepes
OTBEpCTUE B neperopojike nuamerpoM d. Hajn sxkuakoctbio Haxonutes ras. [lokasa-
HHE PTYTHOIO MaHOMETPA PABHO M, @ TIOKA3aHUE NIPYKMHHOIO BAKYyMMETPA PaBHO
Py PaccTosiHKsS OT TOBEPXHOCTH KUJKOCTH B OTCEKAX J0 LIEHTPA TAKECTH OTBEPCTHUS
paBubl H; u H,.

OrnpenenuTs HEN3BECTHYIO BEJINYUHY .
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Pucynok k 3agauam 26 u 27

1. Pacxox uepe3 oTBepcTHE Onpeaensercs mno hopmyrie:

© © o 7 o
O
O O
H; H,
d —ITTT-
Yka3zanus
2( ex ebtx)
O=u-s- \/ Pox =P
P

2. AOCOIIOTHOE JaBJIEHUE Ha BXOJIE B OTBEPCTHE PABHO
Iomw'Fl%nnﬁfJ%m1*793?Jq}°
3. AGCoIOTHOE JaBJICHUE Ha BBIXOJIE U3 OTBEPCTHUS PABHO
Pam =Py TP gH,.
4. KoadduuueHt pacxoja NpuHITh paBHbIM 4 = 0,6 1J11 OTBEPCTHSL.

Ta0mauiia NCXOIHBIX JaHHBIX

Ba- D, hpw,M |dvm | H;,m | Q,0/c | Hy,m | p,, MIla
pMaHT | kr/m°
0 900 0,5 5 1 0,5 1,8 ?
1 850 0,4 6 1,2 ? 1,9 0,03
2 920 0,3 7 1,30 1,5 2,2 ?
3 870 0,55 8 1,40 ? 2,1 0,06
4 830 0,45 9 1,10 0,8 1,7 ?
5 910 0,25 10 1,15 0,6 1,95 ?
6 860 0,36 6,5 1,25 ? 2,05 0,04
7 940 0,28 5,6 1,35 ? 2,4 0,07
8 910 0,2 7,2 1,05 0,9 1,65 ?
9 880 0,3 8,2 1,20 ? 1,82 0,05
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3agaua 27
Pemmte 3agauy 26 npu ycliOBUHM, YTO K OTBEPCTHIO NMPUCOCIWHEH BHENIHUN
UUJIMHAPUYECKUN HACATOK.
Yka3zanue

N3menuncs koaddunuent pacxoga g Jns nacagka g = 0,82, a st orBepcTHs
4= 0,6 (mpu Re>10%). TIpu Re<10’ xo3ddHLHEHT 4 cieayeT YyToYHUTh 1o Ilpuio-
KEHUIO 9.

3anaua 28

KuakocTh TJIOTHOCTBIO O MEPETeKaeT U3 LUJIMHJpaA 4Yepe3 OTBEPCTHE B JIHE
nuametpoM d B pesepByap. B muwimMHApe HaxoAWTCs MHOpILIEHb guameTpoM D, Ha
MOpIIEHb AEUCTBYET cuia R. PaccTosgHuSA OT MOBEPXHOCTH KUAKOCTH O JHA LUAJIH-
npa pasHo H. /IHo nuianHApa pacnoyiokKeHo Ha TiyOuHe A 1o ypOBHEM KUIKOCTHU B

pesepByape.
OnpenennTs HEU3BECTHYIO BETUYUHY.

R
S - Nnowanb OTBEpPCTUS;
£2 - nnowaab NOpLLHA
H D
d
h Ng

Pucynok k 3agauam 28 u 29

Ykazauusa
1. Pacxon uepe3 oTBepcTHE onpeensercs no Ggopmyre:

Q=,u°0) .\/2(pex _pebtx) '
Yo,
2. AGCOIIIOTHOE JJaBJICHUE Ha BXOJI€ B OTBEPCTHE PABHO
Pam + R/Q2+pg-H.
3. AGCOMIOTHOE JaBJICHUE HAa BBIXOJIE U3 OTBEPCTHUS PABHO
Pam + pgh.
4. KoaddunmeHnt pacxoaa npuHATh paBHbIM i = 0,6 17151 OTBEPCTHSI.
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Ta6J'H/II_[a HCXOAHBbIX JaHHBIX

Bapu- | p, hm |dvvm| Hp,m | Q,1/c | D,mMm R, u
aut | xr/m’
0 900 0,5 5 1 0,5 40 ?
1 850 0,4 6 1,2 ? 50 100
2 920 0,3 7 1,30 1,5 60 ?
3 870 0,55 8 1,40 ? 70 120
4 830 0,45 9 1,10 0,8 80 ?
5 910 0,25 10 1,15 0,6 90 ?
6 860 0,36 6,5 1,25 ? 55 150
7 940 0,28 5,6 1,35 ? 65 140
8 910 0,2 7,2 1,05 0,9 76 ?
9 880 0,3 8,2 1,20 ? 82 110
3agava 29

Pemnre 3amauy 28 mpu ycloBHUM, YTO K OTBEPCTHUIO MPHUCOEIUHEH BHELIHUMA
HWIMHIPUYECCKUNA HACAIOK.
Yka3zanue
N3menuncs koapuuuent pacxona g g nacagka g = 0,82, a 115 orBepcTUs
4= 0,6 (mpu Re>10%). TIpu Re<10’ xo3ddHLHEHT 4 cleayeT YTOYHUTh 1o Ilpuio-
KEHUI0 9 .
3agaua 30
I"a3 Teuet no TpybomnpoBoxy muHoU I 1 nuamerpom d nipu Temnepartype ¢ °C.
JIBkeHue yCcTaHOBUBIIIEECS U M30TepMudeckoe. /[aBnenue B Havase TpyOompoBoaa
PaBHO p;, B KOHIIE TPyOONPOBOIA P2, MACCOBBIN pacxo raza paBeH Q,,.
OnpenenuTs HEM3BECTHYIO BEIMYMHY, a TakKKe OOBEMHBIN pacxoj rasza, ImpH-
BEJICHHBIN K aTMOC(HEPHOMY JaBJICHUIO.
Tabnuiia NCXOTHBIX TAHHBIX

Ba- u t |dvm | p;, Mna | p;, O, I, xm ra3
puant | xr/xkmons | °,C Mna Kr/C

0 29 15| 200 ? 3,2 5,2 100 Bo3ayx

1 32 15 | 300 3,7 2,5 ? 120 Kucnopon
2 2,02 15 | 250 4,2 ? 4,5 140 Bopopon
3 44 15 | 400 2.9 1,8 ? 150 Vriek. a3
4 29 20 ? 3,8 2,5 6,3 250 Bozayx
5 29 0 | 280 ? 3,2 4,6 280 Bozmyx
6 29 10 | 320 5,2 4,0 ? 290 Bo3ayx
7 29 20 | 430 3,5 2,4 ? 300 Bozayx
8 29 30 | 380 3,2 ? 4,9 350 Bozayx

14 I - MOJIEKYJIIpHad Macca ra3a, To €CTb MacCca OIHOI'0 KHJIOMOJIA.
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9 | 20 J40]410] 45 | 32 | 2 | 180 | Bosmyx
Yka3anus
1. IIpu HEM3BECTHOM pacXo/e WU AUaMETPEe 3a/1aTh B IEPBOM MPUOIIKEHUN

koaddunment rugpasiuueckoro Tpenus 4 =0,02.

2. lanee HeoOXoauMoO pemuTh ypaBHeHue (52) unu (53) OTHOCUTENBHO HEU3-
BECTHOM BEJIUYHMHBI, ONIPE/ICTUTh YUCIIO Re, yTOUHUTDH 3HAUCHUE A U Jajiee 3HAaUCHHE
pacxojia Wil JuaMeTpa.

3. [lpu onpeneneHuu MIOTHOCTH U BSI3KOCTH ra3a UCMOJb30BaTh [Ipunoxkenus

3ud.

-110-



HPUJTOKEHUA

[Tpunoxenue 1
3aBHCHMOCTD IVIOTHOCTH P M KHHEMATHY€CKOro KO3(p(PUIMEHTA BAZKOCTH V
HEKOTOPBIX KMJAKOCTEH 0T TeMIlepaTyphbl

p, kr/M° mipu ¢°C v, 10™ v°/c ipu £°C
JKunkocts 20 50 20 40 60 80
Bona 998 - 0,010 0,0065 10,0047 [0,0036
HedTh nerkas 884 - 0,25 0,15 - -
HedTp TsKena5 924 - 1,4 1,2 - -
bensun 745 - 0,0073 10,0059 10,0049 |-
Kepocun T-1 808 - 0,025 0,018 0,012 0,010
JIM3TOIIMBO 846 - 0,38 0,12 - -
I muuepun 1245 - 9,7 8,3 0,88 0,25
PtyTh 13550 - 0,0016 10,0014 10,0010 |-
Macaa:
KaCTOPOBOE 960 - 15 3,5 0,88 0,25
tpanchopmaropHoe | 884 880 0,28 0,13 0,078 0,048
AMI'-10 - 850 0,17 0,11 0,085 0,65
BepeTeHHoe AY - 892 0,48 0,19 0,098 0,059
UHyCTpUanbHoe 12 |- 883 0,48 0,19 0,098 0,059
nHaycrpuansHoe 20 |- 891 0,85 0,33 0,14 0,08
uHaycrpuansHoe 30 |- 901 1,8 0,56 0,21 0,11
uHaycTpuanbHoe S50 |- 910 5,3 1,1 0,38 0,16
TypOUHHOE - 900 0,97 0,38 0,16 0,088
Ykazanus
e [InOTHOCTH XHUIIKOCTH TPU APYTON TEMIIEpaType MOKHO OMPENeauTh 1Mo (op-
Mye: o= po/ (I+a-4y),

I7I€ Py - INIOTHOCTD JKUJKOCTH MPU TeMIepaTtype =ty +At; At - u3smeHeHne Temiepa-
TYPBI; ¢y - TEMIIEPATYpPA, IPU KOTOPOU IJIOTHOCTH KUIAKOCTH PaBHA Oy;
o - K03(hPUIMEHT TEMIIEPATypHOTO paclIMpeHus (B CPEAHEM JUIsl MUHEPAJIbHBIX
maces u HepTu MoxHO npuHATh @=0,0007 1/° C, nns Boxapl. 6eH3MHA. KEPOCUHA
a=0,0003 1/°C) .

e BsskocTh npu 1000i1 TeMIiepatype onpeaensercs mno Gopmyre:
Vio
Va

«(t-20
Vt =V20°eﬁ( ); ﬂ= .
Lt
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[Tpunoxenue 2

MoMeHTHI HHEPUUH OTHOCUTEIBbHO TOPU30HTAJBHOM HEHTPAJIbHOM 0CH, KOOP-

AUHATBI HEHTPA THKECTH U IJI0IHAIN HEKOTOPLIX IJIOCKUX ([)Hryp

Bupa ¢purypsi, 0003HaueHUs I, Ze s
<n : zc
| b-h Ze =29 +h/2 b-h
| AN 12
T
b
0 | z
! b-K 2.=20+2h/3 | b-h2
36
<n Z
— w-d* 2. =29 +d/2 7-d?
64 4
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OkoHYaHuE NPUIOKEHUS 2

an

Se

| (97[2—64)r4 e =20 37w | P’
— 727 2
e =———g.__V._ _
r !! I ‘J
b.
h'(a*+4a-b+b*) . L h(a+2b)| hfat
0
3(a+b
36(a+b) ( ) b2

[Tpunoxenue 3

ILJIOTHOCTH U KHHEMATH4YeCKas BA3ZKOCTh CyX0ro sosayxa (p=98xklla)

t°C P,KI/M Vv, 10°/c t°C P KI/M Vv, 10°%/c
-50 1,26 9,54 70 1,02 20,45
-20 1,29 11,93 80 0,99 21,7

0 1,28 13,7 90 0,96 22.9

10 1,23 14,7 100 0,935 23,8

20 1,185 15,7 200 0,74 32,82
30 1,15 16,6 300 0,61 49,9

40 1,11 17,6 400 0,52 64,9

50 1,08 18,6 500 0,46 80,4

60 1,045 19,6 1000 0,274 185
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[Tpunoxenue 4

I110THOCTH M KHHEMATHYECKAsi BA3KOCTH HekoTophix razos (p=100kIIa)

I'a3 t°C P,KT/M v, 10°u%/c
Bozayx 15 1,21 14,5
Bonopon 15 0,085 94,5
Kucnopon 15 1,34 1.4
Yrinekucnbiii ra3 15 1,84 7,2

[Ipunoxenue 5

3HavyeHNs YKBUBAJIEHTHOM HIepoxXoBaTOCTH Ag, MM JJIs1 pa3/indIHbIX prﬁ

Bug tpy0sr CocrosiHue TpyOBI A,, Mmm
TsaHyTas W3 CTEKJa W UBET- | HOBAs, TCXHUYECKHU IajKas 0,001-+0,01
HBIX METAJJIOB
becmoBHas cranpHas HOBas 0,02+0,05
CranibHast cBapHas HOBas 0,03+0,1
CranbpHas cBapHas C HE3HAUYUTEIBLHON KOPPO3UEH 0,1+0,2
CranbHas cBapHas YMEPEHHO 3apKaBJICHHAs 0,3+0,7
CranibHast cBapHas CHJIBHO 3apKaBJICHHAS 0,8+1,5
CranbHas cBapHas ¢ OOJBIIMMH OTI0KESHUSIMU 2,0+4,0
CranbHas OIMHKOBAHHAs HOBas 0,1+0,2
CranpHas OIMHKOBaHHAS IIOCJIE HECK. JIET IKCIUTyaTalluu 0,4+0,7
UyryHHas HOBas 0,2+0,5
ObIBIIIAs B yHOTPEOJICHUH 0,5+1,5
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[Tpunoxenue 6

3HavYeHHs ycpeAHEHHBIX KO3 GUIIMEHTOB MECTHBIX CONPOTUBJIEHUH &

(kBazpaTuyHas 30Ha)

ConpoTtuBiieHue KoHcTpyKTHUBHBIE TapaMeTphI &
Bxon B TpyOy C OCTPBIMH KPOMKaMH 0,5
BBICTYIIAIOIINI BHYTPb 1,0
pe3epByapa
Brixoa u3 TpyOsl 1,0
YToapHHK € yIJII0M TIOBOPOTa 45° 0,44
90° 1,32
Koneno nimaBHoe 90° 0,23
[ITapoBoii kanax 45,0
BenTniis 0OBIMHBIN 4,0
40 12
[Ipuemnas kopoOka TpyOsI ¢ kna-|70 8,5
IMIAHOM M CETKOU 100 7,0
npu d,p, , MM 150 6,0
200 5,2
300 3,7
3a7BYOKKA TIPU M ;49,=a/d 1 0,15
—_ 0,75 0,2
0,5 2,0
| ﬁt—w Jd ] 0,4 4,6
0,3 10,0
0,2 35,0
Kpan nmpoOkoBbIi 0,4
OubTphI 17151 He(PTENPOAYKTOB | CBETIIBIM 1,7
TEMHBIN 2,2
0,4 7
Huadparma ¢ octpeiMu kpomka-|0,5 4
MH IPU N=0¢ s/ Orp 0,6 2
0,7 0,97

[Ipunoxenue 7

IonpaBounasi pynkuus @ 1as &, B popmyne £= @-&,, Npu JJaMUHAPHOM U Tie-

PEXOIHOM PEKUMAX NBUKCHUS

Re | 200 | 600

1000

1400

1800

2200

2600

2800

3,51

) 4,2

3,32

3,01

2,9

2,48

2,12

1,98
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[Ipunoxenue 8

3aBHCHMMOCTD JaBJEHHUS HACBILIEHHBIX NMAPOB p, ;. (I1a) HEeKOTOPBIX KUAKOCTENH

OT TeEMIIEPaTypPhbl

Kunkocts Temmeparypa, t, °C

0 10 20 30 40 50 60 70 80
Bona 633 1225 2332 4214 |7350 [12348 19694 |32164 |47334
Jlerkas 3430 |- 7640 |- 13720 |- 37240 |- 85280
He(PTh
bensun 5488 |7936 |10682 |16562 (22536 |31946 |- - -
I'muaUCTHIN |- 1762 3136 |5390 |8320 |13720 |- - -
pacTBop
Macino - - - - 200 (300 400 |600 |800
Kepocun T1 |- - 3500 |- 5800 |- 7500 |- 12000

[Ipunoxenue 9

3aBucumocTh KO3 PpuuueHTa pacxoaa ot yuciaa Re

(111 Manoro OTBEPCTHUS M BHEIITHETO [IUJIMHIPUYECKOTO HACAIKA)

0,2

—e— OTBepcCTHne —=— HacagokK

10

100 1000 10000 100000

Yucno Re

1000000
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Pa3zoen 1.
Pa3zoen 2.
2.1.

2.1.1.
2.1.2.
2.1.3.
2.14.
Pazoen 3.
3.1.

3.2.

3.3.

3.3.1.

3.3.2.

3.3.3.

34.
Pa3zoen 4.
Pa3zoen 5.

5.1.
5.2.
5.3.
5.4.

OI'JIABJIEHUE

BBEJAEHUE

OCHOBHOE COAEP KXAHUE JUCHUIIINHbI
OCHOBBI THAPOCTATUKHA

Cuuibt

Cunbl TITOTEHUA

DNIEKTPOMArHUTHBIE CHUJIbI

Yrupyrue cuibl

Cuna naBieHus cToJ10a )KUIKOCTH

METOAUKA PEHIEHUSA 3AJAY THAPOCTATHUKHA
ITocranoBka 3agaun

Brrurcnenne ruipocTaTUYECKOrO TaBICHUS
Ornpenenenue Cuibl 1aBIEHUS KUIKOCTH

Ha IIJIOCKYIO ITOBEPXHOCTDH

I'padpoananutuyeckuii cocoO ornpeaesieHust CUIbl U IIEHTpa JaB-

JIEHUS

AHaTUTHYECKUI CITOCOO OTMPEIETICHUS CUITBI

Y LEHTpa JaBJICHUS

Onpenenenne CyMMapHOW CHUJIbI IaBJICHUS

KaK PaBHOJECHUCTBYIOIIEH CUCTEMBI MTAPAIIICITbHBIX CHII
Pemenne nnxeHepHou 3a1aun

KOHTPOJIBHBIE 3ATAYH 11O THAPOCTATHUKE
METOAUKA PEHIEHUA 3AJAY THAPOANHAMUKHAN
MexaHnnueckast SHEprus

3aKOH COXpaHEHUSI SHEPTUU JJISl UICATHbHOU KUIKOCTH
3aKOH COXpAHEHUSI SHEPTUU ISl pEATbHOU KUIKOCTH
3aKOH COXPAHEHUS MACCHI
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23

24

25
28
31
56
56
59
60
63



5.5.
5.6.
5.6.1.
5.6.2.
5.6.3.
5.7.
5.7.1.
5.7.2.
5.8.

Pa3zoen 6.

ITpua. 1.

ITpun. 2.

[Tpwa.

[Tpni.
[pwi.

S

[Tpwa.

[Tpun. 7.

[Ipua. 8.

[Tpwu. 9.

3aKOHBI COXPAHEHUSI MACChl U SHEPTUU NIPU IBUKEHUHU raza
Pacuer tpy6onpoBo10oB. [IpuMeps! pemieHus 3aaad

Onpenenenre CUIIbI WK TaBICHUS

Onpenenenure pacxojia )KUJIKOCTH

Ornpenenenue quaMeTpa TpyoOonpoBo/ia U KaBUTAIIMOHHBIA pacueT
Pacuer razonpoBoios

Br1BO1 pacyeTHBIX 3aBUCUMOCTEN IJIsI COBEPIICHHOTO T'a3a
IIpumep pacuera

Ornpenenenne CKOpOCTU U Pacxo/ia MpU UCTEUCHHUH KUIKOCTH

4ycpe3 OTBEPCTHA N HACAAKHU

KOHTPOJIBHBIE 3ATAYH 11O THAPOAUHAMMUMKE
HNPUIIOXKEHUSA

3aBUCUMOCTb IUIOTHOCTH U KHHEMATHYECKOro KO3 uiueHTa Bs3-
KOCTH HEKOTOPBIX KUIKOCTEN OT TEMIIEpaTyphl

MoMeHThl UHEPLUHA OTHOCUTENIbHO TOPU30HTAIBHOM LIEHTPAIbHOU
OCH, KOOpAMHATHI LIEHTPA TSHKECTU M IUIOIIAJA HEKOTOPBIX ILIO-
ckux Guryp

[110THOCTP M KHHEMAaTHUYECKas BA3KOCTh CyXOTO BO3/lyXa
[110THOCTP M KNHEMATHYECKAS BA3KOCTh HEKOTOPBIX I'a30B
3HaueHUs SKBUBAJICHTHOM IIEPOXOBATOCTH JJiA TPYO

3HauYeHUs YCPEAHEHHBIX KO (DUIIMEHTOB

MECTHBIX COIPOTHUBJICHUN (KBaApaTU4HAS 30HA)

[lonpaBounas ¢yHkuus s &, OIpU JAMUHAPHOM M MEPEXOJTHOM
peKUMax JIBUKECHUS

3aBUCUMOCTh JABJICHUS] HACBIIICHHBIX MAapOB HEKOTOPBIX KHUAKO-
CTEH OT TEMIIepaTyphl

3aBUCUMOCTh KO3 uilMeHTa pacxoja ot uyncia Re
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66
74
78
84
85
87
88

92
112

112

113

114
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116
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YyeOHOE U31aHue

Paunkuna Jlapuca Hukonaesna

I'MIAPOMEXAHHUKA

YyebHoe mocobue (2-oe u3nanue)
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