FNTABA II. OCHOBbl TUAPOINMHAMHWKH

§ 9. OcHoBHbIE NOHATHA' THAPONUHAMHKH
W BH/IbI JIBHAKEHHS JKMIKOCTH

FupponunaMuka — pasfes  rHAPABANKE, H3YYAIOUMA
3aKOHBl JBHXXeHHs Xuikocrei. [lapamerpnl, xapakrepusyio-
mHe JBHKEHHE, — CKOPOCTh H AABJCHHC — H3MEHAOTCS B
NOTOKE JKHAKOCTH B MPOCTPAHCTBE ¥ BO BPEMEHH.

CropocTH  Onpeneasiioresi B OTAENBHBIX TOYKAY. NOTO-
Kd —B 3aBHCHMOCTH OT rayOuHBL u  jmaBJycuus. Jsuxe-
HHE XKHJKOCTH MOXeT GHIT,b ABYX BH/IOB: YCTAHOBHBIUIEECS
H HeyctanoBuBuicecs. I1pn ycranopuBmemcs aBu-
HKEHHH CKOPOCTb H JaBJeHHe B A10060# Touke
HOTOKAa OCTAITCA NOCTOSHHBLMH, T. €. He H3Me-
HSIOTCA BO BPeMEHH HH 10 BEeJHYHHE, HH N0 HaNpasJeHHIO
Ilpumepom ycTaHOBHBLIErOCS JBHIKEHHS MOMKET CITYKHTD
HCTEUEHHC XHJIKOCTH H3 OTBEPCTHH B CTEHKE COCYAa INPH
noctossHHoM  Hanope. Ilpu HeycTaHoOBHBmeMcCH
ABHXEHHH CKODOCTH WYacCTHIL H JlaBJeHHe B
Kaxoil TOYKE NOTOKA H3IMCHSIOTCS C TEUCHHEM
Bpemenu. Heycranosmpmcecs asuxenne naGiiopaercs,
HanpHMep, npH ONOPOXMHEHHH pe3epByapa, KOIja ypPOBeHb
HHIAKOCTH B HeM HENPEePLIBHO YMEHbIIAeTcs, CJeL0BaTe/b-
HO, uaMensercs Hamop. B mocaeayiommx pasjenax yue-
HHKa OyAyT paccMaTpHBaTbCs BONPOCH, OTHOCSILHECH B
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OCHOBHOM K YCTaHOBHBUIeMycs ABHXKEHHIO (HCKJIOueHHe
COCTaBAsieT sABJeHHEe THADPaBJHYECKOro yAapa).

Jnst obneruennss H3y4YeHHS 3aKOHOB THADOAHHAMHKH
JEHCTBHATEIbHOE JIBHIKEHHE KUJKOCTell 3aMeHSeTCs YCJOB-
HOH cxeMmofi, B KOTOPOil NOTOK MHAKOCTH DaccMaTpuHBaer-
Csl KaKk COBOKYNHOCTb OTACNBHHX YacTHll, 0o0pasyouux
sJeMeHTapune CTpyiku. B THapaBianke 3Ty CXeMy Hashl-
BAOT <«CTPYHYATOH MOJENbI ABHKCHHA KHIKOCTH?. Aae-
MeHTapHasi cTpyfika ob6Jajfaer cJaeiyOUHMH CBOACTBaMH.
[Tpun ycraHoBHBLIEMCH JIBHXKeHHH CTpyfiKa He MeHser
cBOeit GOPMB H ODHEHTAalHH B NPOCTPAHCTBE: B 3TOM CJY-
yae HH OAHA YACTHUA XKHAKOCTH He MOXKET HPOHHKHYTh
BHYTPL CTPYHKH WJM BHITH H3 Hee, T, €. 0OMeHa MeXuy
CTPYHKaMH HE NPOHCXOAHT. BeiezcTsue Manofi BeJHUHHbLI
ceueHHsl CTPYAKH CKODOCTH W JlaBJI€HHE BO BCeX TOUKaX
CCUCHHUSl SBJAIOTCA OAHHAKOBLIMH,

COBOKYIHOCTb 3JIEMEHTAPILIX  CTPYGK, NpeacTasislo-
mux coboil HenmpepuHIBHYI0 Maccy 4YacTHll, ABYIKYIIHXCH B
onpeAeNeNHOM Hampas/eHHy € pasJAHYHBIMH CKOPOCTSIMH,
Ha3uBaeTcs NOTOKom XuAkocTH. IHepaBHoMepHOCTH pac-
npejelenHs CKOpocTeli no NONepeyHoMy CEUeHHI0 MOTOKa
00bsiCHSIETCSl TeM, 4TO Ha CTPYiiKH, pacrnojoXeHHbie B/OJb
NOBEPXHOCTH TOTOKAa, CTEHKH pycCJa OKa3biBAIOT TOPMO3A-
mee jpedtsue. [MoTOKH NMO YCJAOBHAM JBHKEHHS KHIKOCTH
JNeasTed Ha TPH BHJA4: HanopHwele, OesHanopHbie M CTPYH.

HanopHuli MOTOK NOJHOCTHIO OrpaHHYEH IO BCEMY
nepuMerpy TBEpABMH CTeHKaMy. DB HanopHOM TOTOKe
JKHIKOCTh NIBHIKETCH NOJ AaBJeHHEM, KOTOpoe co3sjaercs
HacocoM (HamopHLIM pesepByapoM), HAIOpPHMEp, B BOJO-
npoBoakoil Tpyle, mnoxKapHOM pyKase.

Be3nanopHslii NMOTOK B OTJHYHE OT HANOPHOro orpa-
HHUeH TBepJIbiMH CTEHKaMH He 10 BCeéMy IIONepeuHoMy
ceuenyio, OH HMcer cBOGOAHYIO JIOBepXHOCTL (KaHand, pe-
ka). Kuakocts B Ge3HanopHOM TOTOKE Mepemeniaercs
TOJLKO HOJi HeHCTBHEM CHJBLI TSMECTH.

Crpyn npeacraBasiior cobofi Maccy MKHJIKOCTH, Orpa-
HHUMCHHYK €O BCeX CTOPOH JKHAKOH HJAH rasoo0pasHoii
cpenoit y JABMKYWLylocs TOJA JAeficTBHEM [AaBJIEHH: HJH
CHJIBI THIKECTH,

[ToToki XapakTepH3ylOTCH XKHBRIM  CeUCHHEM, CMOYeH-
HEIM TePHMETPOM, THAPABJIHYECKHM DajHyCOM, PacXoaoM
H CKOPOCTBIO. i

JKuBpiM cedeHMem NOTOKA HA3LIBAETCH €ro nomepeu-
Hoe CeyeHHe O, TEPHEHJHKY/SPHOE HaNpaBJCHHIO HBHXKe-
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Husl. Ilrowans XMBOro ceveHHs HanoOPHHIX NMOTOKOB B TpYy-
Gax u pykaBsax pacCuHThiBaercs no popmyJe

O=nr=nd*4=0,78542.

CMmoueHHbIM NEPHMETPOM y Ha3bIBAETCA JHHHH, €O
KOTOpOji JKHBOE CEUYEHHE NOTOKAa CONPHKACAETCs C TBep/Ibl-
MH, OrPaHHYHBAIOUIHMH €ro CTeHKaMH.

B Bomonposoanoit TpyGe om pasen:

Lt=2nr=nd.

OrHomenne NIOMWAAH MKHBOrO CEYEHHS ® K CMOYEHHO-
My T[epHMETPY % Ha3bBaerTcss THAPABAMYECKHM pajH-
ycom R: '

R=wa/y.

Heo6x01uM0 OTMETHTH, YTO HJS - KPYTJWX MKHBHIX Ce-

UeHHH THAPaBIHYECKHH pasuyc R He paBeH reoMerpHuec-
KOMY r, B 3TOM cJyuae

R=nr2nr=r/2=4d/4.

O6bem XHAKOCTH, NPOTEKAIOUIHf Yepes XKHBOE CeyeHHe
B CAHHHIY BpeMeHH, HasmiBaercsi pacxoaom Q. O pasen
cymMMe pacxonoB dQ sieMeHTapHHX CTpyeK, NepeceKalo-
HIHX 3TO CedeHHe.

Q:de: judm.

Te U-— CKOpOCTh ABHXMKEHHA CTPYHKH, do — XHBOE cedeHHe CTPYHKH,

OO6LIYHO pacxoj XHAKOCTH H3Mepsietcsi B M3/u, Mm3/c
i a/c. Orrowenne pacxoga Q K NJaOLIANH XKHBOrO CeYeHHS
® Ha3bIBAETCsi CPeAHell CKOPOCThIO MOTOKAa U, ee onpeje-
Jasiior no ¢dopmyae:

v=Q/o. (15)

CPEJIHHH CKOPOCTEH B CeYCHHH npeacTaBiseTr TakKylo
abcTpakTHYl (BooOparkaeMyl) OJHHAKOBYIO IJs BCeX
TOYeK CeYyeHHSl CKOPOCTb, IIPH KOTOPOH 4epe3 ceueHHe Mpo-
xonua OBl TOT JKe pacxoll, KAKOH HMeEeT MecTo NpH Hef-

CTBHTEJIbHBIX CKOPOCTAX, Pa3JHYHHX JJIA PAasHHX TO4YEK
ceyeHHs.

YcraHoBHBIIeeCs JBHIXKCGHHE JKHIKOCTH  pasjessieTcs
Ha JiBa BHJA4: PABHOMEDHOE, IPH KOTOPOM CpeaHsis
CKOpPOCTL B CCUEHHH H ero mJoulajgb mo Bceli JAJuHE IO-
TOKa HC H3MEHSIOTCH; HepaBHOMEDHOe, KOTAa HMeeT
MecTo XoTs OBl OJHO OTKJOHEHHE OT NPHHATHIX YCJIOBHIL.
[IpumepoM paBHOMEPHOrO ABHXKEHHS MOXET CJAYXKHTb IO-
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TOK BOAH B Tpyle NMOCTOAHHOrO JHaMeTpa NPH MNOCTOSH-
HOM pacxoje. B cayuae HepaBHOMEepPHOTOo JBH-
W eHHS MOXHO BHAGIHTb NMAGBHOUSMEHAOUWjCecs Osudce-
Hue, KOrfla YroJ pacxXoxKAeHHA MeKAYy CTpyHKaMH. H HX
KPHBH3HA BechbMa He3HAUHTEJbHB, YeM MOXKHO npeHebpeup
H CYHTATh JKHBHE CeYEHHs NJOCKHMH, a JBHXEHHe napaJ-
JeJbHOCTPYAHBEIM, H pe3Kousmensiowjeecs deudscerue, Kor-
Ja yroJ pacxox/eHHs MeXAy CTPYHKAMH H HX KPHBH3HA
HAacTOJNBKO 3HAUATENbHB, YTO HMH npeHeOperath HeJb3s,
danmpuMep, NpH [BHXKEHHH XHIKOCTH B Hacoce HJIH NPH
yaape CTPyH O nperpany.

§ 10. ¥YpasHeHHe HEPA3PLIBHOCTH NOTOKA

PaccMOTpHM  yCTAHOBHBILIEECS. ABHKEHHE JKHAKOCTH
B JKECTKOM pycJe TNepeMeHHOTO CeUeHHH MEeXIy AByMsd
NpoH3BoNbHO BHIGpasHMMH cevenusmu /—I u II—II, npo-
BelEHHHIMH  HOPMaJAbHO K  CcpedHeil JIHHHH IOTOKa
(puc. 12). Yepes ceuenue /—/ 3a enWHHLY BPEMEHH TMO-

Prc. 12. Cxema k BeBOAY ypas-
HEHHA  HECPA3PHBHOCTH NOTOKa

crynur obbem xuaxkocty Qi a wepes ceyenme I[—/I 3a
3TO Bpemsi BHjer o6bem xuaxkoctn Qb OGwem Qy mon-
KeH OnTb paBeH Q, TaK KaK JKHAKOCTb HeCXKHMaema, CTeH-
KH pycjia KeCcTKHe M YCTaHOBHBIIeecs [ABUIKEHHE CIIOLI-
HOTO NOTOKa NpOHCXOAHT Ge3 paspuiBoB. CiefoBaTesbHO,

Qy = Qg = const. (16)

310 ypaBHeHHe HA3bIBAIOT YPaBHEHHEM MNOCTOSHCTBA
pacxona. M3 Hero caenyer, uto TNPH yCTaHOBHBIIEMCS
ABHIKEHHH HECKHMaeMmoil KHJIKOCTH Pacxol ee B J000M
CeueHHH NOCTOSIHEH. K

Tak kak Q=vw, To ypasuenue (16) MoXHO 3amucaTh
B TaKoM BHJE:

U; @ = Uy 04 = const, (17

Ypaeuenne (17) Ha3wiBaloT ypPaBHEHHEM HEPa3pPbIBHO-
¢t noroka. OHO ycTaHaB/HBaeT CJeAYIOLLYI0 3aKOHOMEp-
HOCTh NPH YCTAHOBHBLIEMCS JBHJKEHHH HeCKHMaeMoH
KHAKOCTH: NPOH3BEICHHE CpPejlHeHl CKOPOCTH B J1000M
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CEYeHHH MOTOKA HA IVIOWIafb STOrO JKHBOTO CEYeHHs §B-
JSAETCH TMOCTOSHHONH BeJHYHHOI.
Has ypapnenusa (17) Haxomaum

U1/Ur = g/ g,

T. €. CpeJlHHe CKOPOCTH NOTOKa 06paTHO MPONOPHHOHAIb-
HBI NJONIaJH COOTBETCTBYIOIIMX KHBHIX CeYeHHil,

§ 11. Jlamuuapuniit u TypOyaenTHb
PEXKHMBI IBHIKEHHSA JKHAKOCTH

IIpeanonokeHnne 0 CyleCTBOBaANKME ABYX NPHHIHIHAILHO
PasHbIX pPeXHMOB ABHXKEHHA JKHAKOCTH OLLIO BEICKA3aHO
BeJUKHM pycckuM yuennMm JI. M. Menjgeneesniy B 1880 r.
@u3nyecKast CyNHOCTh PEXKHMOB ABHXKEHHS JKHIKOCTH
Gbia HauboJiee NOJHO HccJefoBaHa B 1883 r. aHramiickuM
dusnxom Peilinoabucom.

OnbiTHas ycranoBka Pefinoabaca (puc. 13,a) cocro-
HT H3 COCyAa c BOROM I, OT KOTOpOro OTXOAHT NMpo3pau-
Has CTeKAsiHHasg 7TPyba ¢ KpaHoM 2, H COCyja ¢ BORHBIM
pacTBOpoM - Kpacku 8, Koropasi mo Tpybouke 4 BBOAHTCS
TOHKOf CTPYHKOR BHYTPhL CTeKJsHHOi TPYOH. OnmuTh mpo-
BOJHJIHCb TIPH NMOCTOSSHHOM Hamope, cPejiHsigs CKOPOCTh U B
CTEKJsIHHOM TpyGe cedcHHWeM © ompelensiack no o6bemMy
Boanl W, nocrtynamouiemy B MepHbiii 6ak 3a Bpems f. i

B pesyabrate onnToB GOBJIO YCTAaHOBJACHO:

1. IIpu cxopoctsix v B TpyGe, MEHBIIHX HEKOTOPOIl
KPHTHYECKOH CKODOCTH Uxp, CTPYHKA OKpalleHHOH XHJI-
KOCTH He InepeMelIHBaeTcs C BOAOI H OTYETNHBO BHAHA
No BCeHl  JNHHE CTeKJSHHOH TPYOH, YTO YyKaswBaer Ha
CJIOHCTBI  XapaKTep TeueHHsi JXHAKOCTH 0e3 myJibCalHu
cKkopocTell y AaBaennsn (puc. 13,6). 3To ABHKEHHE XKHA-
KOCTH HA3BLIBACTCH JNaMHHAPHBIM (Napaj/eJbHOCTPYHHBIM).

2. Ilpu cropoctaix v B TpyGe, GOJBIINX Uxp, OKpamlen-
Hasi cTPyHKa CHavajJa NPHHHMaer BOJHOBYIO (oOpMy, Teps-
CT CIJIOIIHOCTb, 4 3aTeM NepeMeLIHBaeTcs Co BCeH Maccod
notoka. Ilpu sTom 3amerHsl BHXpeoGpasoBaHHS W Bpallle-
HHA NOTOKa, OGYCAOBJEHHBE myJbcauHedl CKopocTefi H
nasncuuit (puc. 13,8). JIBHXKeHHE JKHAKOCTH, NPH KOTO-
pOM NPOHCXOOWT HHTEHCHBHOE TepeMelIMBaHHE YacTHIL
JKHKOCTH, HasbiBalOT TypPOyAeHTHBIM (GecrnopsimiouHbiM).

PeftnonpacoM GhiI0  yCTAHOBJNEHO, YTO KPHTEPHEM
peXXHMa TeueHHss JKHAKOCTH siBJdeTcs Ge3pa3MepHHI
napaMeTp, nNpeAcTapiAloUHH coO0H OTHOUEHHE NpoM3Bele-
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Puc. 13. Cxema ycTanoBkH AAS JEMOHCTPAlUHH DPEXHMOB [ABHXXEUHA
HHJKOCTH

@ —cxXeMa YCTAHOBKN; § — naMMHAPHBIA peMHUM JBUMEHHR; & yP H
pexEM ABMKeHHs; | — cocyd ¢ Boloil; 2 — cTexasEHam TpyGa; I — Kpay;
Tpy6ra; 5 — cocyl, C BOAHBM DACTBOPOM KDAacKy
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Puc. 14. Dmopu CKOpocTeAi MOTOKA XHAKOCTH B TPyGe
@ — xaMuHapHoe ABHMenHe; 6 — TYPOYAeHTHOC ABHMKeHHe

HES cpednefi CKOPOCTH MOTOKA U M ;uamerpa tpy6m d K
KHHEMATHYECKOH BSI3KOCTH JKHJAKOCTH v. ITOT KpPHTEpHi
peXHMa TeueHHst JKHAKOCTH HasmiBaercs uHciaom Peii-
Hoabaca (Re)

Re=ud][v.

DKCIepHMEHTAJbHO YCTAHOBJAEHO, 4YTO KPHTHYECKOe
upcsno Pefinoasica, npu KOTOPOM IPOHCXOJRHT CMeHa pe--
KHMa  JIBHXKEHHH, A5 KPYrJabix Tpy6 TNOCTOSHHOrO AMa-
MeTpa NpHOAH3HTEALHO paBHO Rep=2300. Takam o6Gpa-
30M, pH Re<Rey, ABHKEHHE XHAKOCTH IHPOHCXOAHT IIPH
AaMEHAapHOM pexume, a npa Re>Rexy—npn  TypOy-
JIEHTHOM. .

OnbiTH NMOKA3BBAIOT, 4TO ¢ TepexojoM JaMHHAapHOro
JIBHXKenHsg B TYpOyJeHTHOe H3MeEHseTCs Xapakrep 3aBH-
CHMOCTH CHJI TPEHHS OT CKODOCTH JABHIKEHHSI H KapTdia
pacnpee/iieHis CKOpPOCTel Nno KHBOMY CEYEHHIO TNOTOKa.
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ITpn namuHapHOM TeYEHHWH pacnpeleselHe ckopocTefi mo
ceyeHuio TPyGm HMeer napaboJHUYECKHA XapakTep: cko-
POCTH HenocpelICTBEHHO Ha CTEHKaX pPapBHB HYJIO, a NpH
YAaleHHH OT CTEHOK HeINpPephiBHO W IJIaBHO BO3pacralor,
JIOCTHrasi MakcuMyMa Ha ocu Tpy6uw (puc. 14, a). Cpen-
Hfi CKOPOCTh U B JIaMHHapHOM TMOTOKe B KpyrJjofi TpyGe
paBHa TOJOBHHE MAKCHMAJbHOH CKOPOCTH Umaxc, T. €.

e v=Q/o=0,5p

MAKC*

[Ipn TypGynenTHOM TeYeHHH BCJAENCTBHE Mpoluecca
epeMellHBauusl CJI0eB JKHAKOCTH OoJbpllasfi 9acTh NOTOKA
B TpyOe 3ansira TypOyJeHTHHM SAPOM, a Yy CTEHOK TpPYOH
obpasyercsi oOueHb TOHKHH, TAK HA3BBaeMHH MOrpaHHyY-
Hblil caofi ¢ namuHapHHIM mnojacnoeM (pHc. 14,6). B mpe-
Jlenax 3TOro JaMHHApHOro TOACAOS CKOPOCTh PEe3Ko Ha-
pacraer oT HyJs Ha cTenke TPyOH O HEKOTOPON KOHeu-
HOH BeJHYHHH Un HAa ero rpaHuue. TommmuHa JaMHHApPHO-
HOro ciof 85 OYeHb Maja M HAXOZHTCA B 3aBHCHMOCTH
oT cKOpocTH moToka. C yBesMyeHHeM CKOPOCTH TOJIIMHA
6x ymenbmaercs u npm 6GOJBIIHX WHCJAAaX Re JaMHHApHBIA
NOACNON NPAaKTHYECKH HCYe3aeT. YacTHIB MHJAKOCTH, JBH-
KyUlHecs B siipe TeUEHHsS B OCEBOM HampaBJeHHH, OJHO-
BPeMEHHO Toj JAefiCTBHEM NYJbCALHH COBEPINAIOT nepe-
MEUICHHA H B NONEPeYHOM HAaNpaBJEHHH, BCJAEACTBHE Yero
NPOHCXOAHT MEPeMelMBaHue XHAKOCTH M BHIPABHHBAaHHE
CKODOCTEH B siipe TOTOKa. B peayiabTaTte amiopa ckopocref
B IIONEPEYHOM CeYeHHH TYPOYJEHTHOro mOTOKa CyIlecT-
BEHHO OTJIHYAeTCs OT mapaboJibl, XapakTepHOH MJsi JaMH-
HapHOro ABH)KeHWs. B cHcTeMax mNpOTHBOMOXapHOro BO-

IocHabXeHus YCJIOBHA JBHXKCHHA DOTOKA 0OLITTHO TaKOBbI,_

4TO 4HCcaAa Re 3uauHTenbHO 6oJblle YNOMSHYTOLO. KPHTH-
YeCKOro 3HAaUeHHS.

§-12. Ypasnenne Bepuyann

PaccMOTpHM yCTaHOBHBILESCH [ABHXEHHE W ONpeJeNHM
YIeNbHYIO SHEPrHio, KOTOpo# objajaer sjeMeHTapHas
cTpyfika HAeanbHON XXuakocTH. Hamomuum, uro yaensHas
3HEeprisi ecTh 3SHEPrHsi, OTHEeCeHHasi K eJHHHLE CHJABl Ts-
JecTH XuakocTH. Jlwo6as vacTHHa IKHAKOCTH Maccofi m
o6nasaer 3amacoM MoJjHON yjaeabHofi sHepruu E, kotopas
CKJAajHBaeTcs M3 YZAEeAbHOHR TNOTEHNHAaJbHOR
sHepruuy En m yreabpHOH KHHeTHYeCKOH sHep-
rub Ex, 1. e. E=Eg+E;g
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3amac yaenpHO#l NMOTEHIHAJbHOM SHEPrHH YaCTHILH XKH]-
KOCTH COCTOHT H3 YAEJbHBHIX TOTEHUHAJbHHX SHEpri
nosoxenua Enox W gaBjaeHHs Ej.
YuurniBasl Qopmyny (7), MOXHO 3amucaTh

En=z+rplog,
rie 2 — yhenbHasl MOTeHIHANbHAs SHEPrHs MOJOMKEHHA, p/pg — yAenb-
Hafd noTeHIHaJNbHAA SHEPTHA AJ4BJEHHA.

UacTHila XHIKOCTH Maccoif m, OBHXyIascd CO CKO-
pocTeio v, o6aasaeT KHHETHUYECKOH sHepruefi mo%/2, npu
3TOM yAejbHast KHHeTHUeCKas sHeprus: Ey Gyjer paBHa:

Ex=muv'/2m g = v?/2g,
rje g-— ycKkopeHHe cBoOOJAHOro TajeHHs.

Takum o6GpasoM, mosHas yAeNbHAass SHEPTHA YaCTHIH
Kuakoctyu B ceuenun [—/ (puc. 15) 6yaer papua:

Ey=2z+pi/pg+ vi/2.

Torna nonnas yaeabHas sHeprus B ceuenuu [/—II co-
OTBETCTBEHHO paccYnThiBaeTcss mo Qopmyae:

Ey=2z3+pa/p'g - v 12¢7

Ilpu nBHMeHWNM HAeaNbHOH JKHIKOCTH HE BO3HHKAET CHJ
COMpOTHBJEHHs (TPeHHsi), NMOITOMY HAa OCHOBE 3aKOHOB
COXpaHEeHHs JHEPrHH MOXHO Hanucath E;=E, Hiu

71+ pilpg + 03128 =2+ palpg -+ v3/2¢ . (18)

TTockonbky ceuenns [—I u [T—II Guau B3SATH NPOH3-
BOJBHO, TO BROJb Bceff NJAHHE CTPYHKH

z+4 p/pg + v?/2g = const, (19)

[Monyuennoe ypaBHenHe HashiBaerTCs ypasHenuem bep-
Hyaan. OHo nokaseiBaer, 4TO AN SJE€MEHTapHOH
CTPYHKH HA€AaNbHOH MHAKOCTH MNOJHAA
yAeabHAass HEPrHHA, T. €. CyMMa yHelbHHX 3SHEpPrui
MOJIOXKEHHs, AaBJeHHT H KHHETHYECKOH, eCTb BeJHYH-
Ha NOCTOSAHHAA BO BCEX CEYeHHAX.

Ecin BMecTo HaeasbHOH  XKHJAKOCTM  PaccMaTpHBATh
JKHAKOCTH peasbHylo, 00J1afalonlyio BA3KOCThIO, TO TIO MJIH-
He NMOTOKA NOJHAf yjejlbHas SHeprus OyaeT yMeHblIaThCs,
TaK KaK 4acTh SHEPTHH 3aTpayHBaeTcs Ha npeojioJieHHe
CONPOTHBIEHHs ABHIKeHHIO, OOYCJOBJIEHHOrO BHYTPEHHHM
TPeHHEM B JKHJAKOCTH. B ¢BA3W ¢ 3THM nojHas yJleabHad
sHeprusl B ceuennu /—I[ Gyjer Bceraa Goabule, ueM B cJae-
AylolieM 3a HuM cedeHHH /[—/I, Ha BeJiH4YHHY yKa3aHHBIX
notepr sHepruit A. Toraa B COOTBETCTBHH C 33aKOHOM COX-
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Puc. 15. Cxema x suBoRy ypas-
uennst Bepuyanu

—

Puc. 16. Uamocrpauns "ypasue- 2§ Vi
uus Beprysim :

PaHCHHsl SHepruu MOXHO 3amucate Ey=E;+h, u ypasue-

HHe Bepny.nmi I NOTOKA peanbHoji XKHAKOCTH TOJIYUHT
BHA: ’

20+ pilp g+ 012 = 2+ palp g + 032 + h. ©(20)

Beanunna h rtakxke uaMepsercs B CAMHHLAX JJIHHB |
ia3BIBACTCS NOTEPSHHBIM HANOPOM.

Ypasuenne (20) noayyeno Bepuyaam B 1838 r. u sib-
JISETCS OTHHM H3 OCHOBHBIX YpaBHEHHH THADABJIHKH.

Pusnueckuii cMbica ypasHenws BepHyaaw, kak caeayer
M3 JIOKA3aTeJbCTBA, 3aKJI0YACTCH B TOM, Y4TO OHO BBIPAXKa-
€T 3aKOH COXPaHEeHHs! 9HEPTHH H ONpEeAEJSeT 3aBHCHMOCTh
MEXLYy INOJOKEHHEM, JABJEHHEM M CKODOCTBIO JNBHIKEHHS
KHAKOCTH.

Bee wienn ypaBhenns BepHyJan HMEOT pasMepHOCTB
AJIHHBI, II0O3TOMY €ro MOXHO MNpeACTaBHTh rpadHUCCKH
(puc. 16). CoennnuB ypoBHM KHAKOCTH B Nbe3OMETpaXx,
ITOJIYYHM JIHHHIO Y/eJbHO{i TOTEHIHAaJbHOH SHEPrHH  WJM
JIHHHIO NbE30MEeTPHYCCKOro Hanopa, OHa HAXOAHTCS Ha pac-
CTOSIHHH 2--p/pg OT NJIOCKOCTH OTCYeTa.

Beauuuny ynenbHOfi KHHeTHUECKOR 3Hepruu v2/2g MOX-
HO H3MEpPHTb, eCJIH TIOMECTHTL B JIBHKYILYIOCS MHIKOCTB,
Kak 3TO BHAHO M3 puc. 16, TpyOKy, H30THYTYI0O B Hanpas-
JIEEHH, NMPOTHBOMOJOXHOM JABHIKEeHHIO. TOrAa ypoBeHb Xui-
KOCTH B TPyOKe MOAHHMAECTCS Bhillle YPOBHS B NbEe3OMETpe
Ha BeJHYHRY v2/2g, TaK KaK KHAKOCTb NPH ABHXXEHHH OKa-
3bIBaeT JOMOJHUTENBLHOE [AABJEHHe, paBHOe
cronba MAKOCTH BHicorofi v2/2g. Takas Tpy6ka HasuBa-
eTCAd CKOpOCTHOH TpyOko#, nam Tpybkoit Iluto (1695—
1771 rr.), npeANOXHBILIEro €e AN H3MEDEHHs CKOPOCTH
IBHMKEHHS] KHAKOCTH, a Beéauuuna v%/2g — CKOPOCTHLIM
Hanopom.
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JaBJICHHIO

?

Or/10uB BBEPX OT NHE3OMETPHUECKON JHHHH JJIA BCex
CeueHHil COOTBETCTBYIOLIHH CKOpOCTHOH Hanop v%/2g H co-
CAHHHB OTMeYeHHbBe TOYKH NJIaBHOH JHHHEH, MOJYyYHM JIH-
HAIO IIOJIHOf YAEJbHOM 3HCPrHH HJIH JHHHIO NOJHOTO (HJH
THAPOAHHAMHYECKOro) Hamopa, paBHoro H=z-p/pg+
+-v?/2g.

M3 ypaBuenuss Depuyniu chaelyer, 4ro ¢ H3MEHEHHEM
JKHBOTO CEUEHHSI MOTOKAa H3MEHSeTCs CKOPOCTHOH Hamop
0%/2g, 4TO MPYBOAMT K H3MEHEHHIO NMbe30MeTPHYECKOro Ha-
nopa pfpg. B oTAeNsHBIX CAyuasx BO3MOXKEH NOJHBIN nepe-
XOJlL OAHOro BHJAa 3Hepru (Hanopa) B apyro#i. Hanpumep,
npy HCTEUEHHH MXHAKOCTH H3 OTBEPCTHH H HacaJKoB Mpo-
Hexoaut npeoGpas’oBaiHe NLE3OMETPHYECKOro Hamopa B
CKOPOCTHOIA.

[posons na paccrosnmm H; or naockocth oryera 0—
0 rOpH3OHTAJLHYIO NMPAMYIO mn (BEJHYHHA MOJHOrO Haro-
pa B ceuenuu [—I), COOTBETCTBYIOULYIO JIHHHK TNOJHOrO
Hanopa Ads HAeaJbHON JXKHAKOCTH, NMOJYYHM IJIf CedYeHHd
II—II Mexay JHHHSAMH NOJHBIX HANOPOB AJS HAEaJLHON H
peanbHOM KHAKOCTEM OTPe3oK h, KOTOpHIH mpeicTaBlisier
co6olf MoTepio Hanopa HA OYTH MEXAY NEPBBIM H BTOPHIM
ceuenusMu; h=H,—H,, rie Hy — reapoanHaMHYecKHi Ha-
nop B ceucnuyu [I—II. Ymenblenne NOJHON yAeJIbHON 3HEP-
THH JKHAKOCTH BAOJb IIOTOKA, TpHXOAflleecs Ha €JHUHHILY
ero JAauHb i==h/l, HaszpiBaeTCs rHAPABIHYECKMM YKJIOHOM.

§ 13. IpakTHyeckoe mnpHMeHcHHe YypasHenns bepuyaau

[Ipu wucnonvzoBanuu ypasuenus bepnmynmu (20) ana
pellienuss NPAKTHYECKHX 3ajay HEOOXOAHMO YYHTHIBAThH DS
YCJAOBHIA.

Ypasnenne DBepHYJJIH MOXHO NPHMEHATH TOJBKO JJIA
TeX JKHBLIX CEUeHHH TOTOKA, B KOTOPHX HabaloLaercst nJiaBe-
Houamensomueecs asHxenne. Ha yvyacTke mexay BuiGpan-
HBIMH CEYEHHAMH JBHIKeHHe MOXKeT ObTh H HelJaBHOH3MeE-
usoimupmes. Tak kak Npy NJA2BHOH3MEHSIOIEMCH JABHXCHHH
AN JI000H TOUKH sKHBOro Ced4eHus NOTOKa [ByujeH z--
+plpg ecTb BeaMYHHA TOCTOSHHAS, TO 3Ta 3aBHCHMOCTDL
cnpapepinBa AJs Jio6of ToukH ceyenus, O6bYHO AAS yII-
pollelHsi YPABHEHHA STOT ABYYJeH OTHOCAT K. TOUKAM Ha
cB06GOAHON NMOBEPXHOCTH WJH Ha OCH TIOTOKA.

[Tpumensin ypapnenue BepHyanu, BuIGHpPAIOT TakHe ce-
YeHHs, AJs KOTOPHX H3BECTHO HamboJblIee YHCAO THAPO-
AMHamMuueckAx napamerpos, Ecau Ttpebvercs nalTH KakoH-
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4k HEID MAKOMEME
Puc. 17. Cxema Bopomepa Ben- Puc. 18. Cxema cTBOJIA-BOJIOMEpPa
TYPH 1 — kopnye; 2 — MaHoMeTp; J—Ha-

cagok

au60 mapaMmeTp B JAaHHOM CEUCHHM HOTOKA, TO 5TO ceueHHe
HOJKHO OBITH BHIOPaHO B KayecTBE OXHOrO H3 JBYX ceue-
HHil, 1 KOTOPBHIX 3aNMHCHIBaeTcs YypaBHenne Depryasan.
TopH30HTANBHYI0 IUIOCKOCTb OTCHETa CJeAyeT Ha3HauyaThb
TaK, yroGBl KOOPAHMHATH 2Z; M 29 (HAH, XoTd OBl OAHA u3
HHX) 06paTHJHCh B HYJIb.

Ha ocnoBanuu ypaBHeHHs BepHyJaJaH CKOHCTPYHPOBaHH
npHGOPH, KOTOPHE IIHPOKO HCIIONB3YIOTCH B TEXHHKE IJA
H3MepeHns: pacxojia, CKOPOCTH W JaBJIeHHsi XKHAKOCTH. K
UX UHCJAY OTHOCATCS: Bojomep BeHTypH, BojocTpyHHEIN Ha-
coc¢, CTBOJ-BOJIOMED H JApPYyrHe CTPyHHLIe anmaparhl.

Bogomep Benrypu, npeanoxennsii B xayecTBe npuGopa
Jg u3MepeHHs pacxoaa XKuAKocTH B 1887 r., oramuaercs
NPOCTOTOl M HaJeXHOCThIO B 3KclayartauaH (pue. 17).
OH COCTOHT H3 ABYX Y9YacTKOB: MepBH — IIaBHO CyXalo-
muiics (conno), BTOPOH — NOCTENCHHO PACHIMPAIOUIHACS
(nubdysop). B cyxennoMm Mecre pacxojoMepa CKOPOCTb

IOTOKa BO3pacTaer, a AaBJE€HHE, B COOTBETCTBHH C ypaBHe- .

nuem Bepmyanu, napaer. Msmepsas passocTs jnaBjieHHH me-
pell CyXEHHEM H B CaMOM CYXXEHHH, MOXHO ONpPeIeJHTb
CKOPOCTb — H pPacXof XHAKOCTH. PasHocTh jaBjeHHii B
ceyeHHsX OOBIYHO H3Mepsercs ¢ nomoliblo aubhepenuy-
aabHoro maunomerpa. Ilpuuem uem Goable pPasHOCTb AaB-
JeHHs, TeM OOJblle pacXoj] XHAKOCTH, MpPOTeKalollei no
Tpybe. =
Cocrapsisifi ypaBnenue Bepuyann ans ceuenuii /—I u
I]—II ropu3oHTaJbHO PACNOJOKEHHOro BOAOMEpa, NPHHAB
MJIOCKOCTh OTCYeTa 1o OCH TPyOnl M mpenebperas H3-3a
MaJOCTH -MOTEPAMH Hamopa, NOJy4YHM

Pilp g + vi/2e = pa/pg + va/28.
32

BuipasuM pasHocTh NbE30OMETPHYECKHX HAIOPOB B ceye-
HHsSX Yepe3 PasHoCTh YPOBHeH KHAKOCTH B TPyOkax aud-
(Qepenunanbioro matomerpa Ah. Torpa u3® HanucaHHOTO
YPaBHEHHS TOJYUHM:

Ah=pilpg—pslpg=rvi2¢ —vi/2g.

Buipasum Teneps ckopocTs vy yepes vs. M3 ypasuenus
HEPa3pPHIBHOCTH HMEeM:
(«‘]_‘:U-g,ﬁh__f(l]l.

IloncTaBus 370 3HayeHue B BbilIEyKa3aHHOe ypaBHe-
HHE H DEIUHB €ro OTHOCHTEJLHO Up, MOJYYHM:

e %A 2¢Ah
S I— (@a/0})® 4 uf‘f—-—m% ’
Pacxon Q, nporekaioliuii uepes BojoMmep, ompeneseM
U3 BHIparKeHus:

Q=130 = o) 0y 'l// 25‘“—‘;,—.

o] — o}

OG6Go3HayuM NOCTOSHHYIO JJIsi AAHHOrO BOZOMEpa BeJH-
YHHY, He 3aBHCAILLYI0 OT pacXoja, yepes C:

2g
€ = Wy anm «

IMoayuum dopmyay: !
Q =k vﬁ:

rje ¢-— nOCTOAHHAA BOLOMEDA, YCTAHOBJACHHAA B X0Ji¢ ONHTOB oyTeM
TAPHPOBKH BOJMOMEDaE. )

Ha npaxkrthke pacxoj KXHIKOCTH 4YacTo ONpeAensioT He
no ¢opmyae, a Mo TAaPHPOBOYHBEIM KPHBBIM, MNOJYYeHHBIM
ONBITHLIM TIYyTEM H BHPaXKaloWuM JJs AaHHOrO BOJOMEepa
lenocpeCTBEHHY0 3aBHCHMOCTL MEXJIy Pa3HOCThIO flaBJe-
Huit Ah § M3MepsieMBIM PAacXoAOM KHAKOCTH Q.

CrBos-BOAOMEp CAYXKHT AJisi M3MEPEHHsi pacxofa Moja-
BaeMoji uepe3 Hero BOALI H COCTOHT H3 IHJWHAPHYECKOTO
KOPTyca ¢ MaHOMeTPoM M Hacajaxa (puc. 18).

CocraBuM - ypaBHenue DBepuyanu aas ceuennit /—I w
Il—I11, yuaTHiBas, YTO NJOCKOCTb OTCYETa NMPOXOAHMT MO OCH
cTBONIA ,

pilp g+ vi/2g = palp g + v3/2¢
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(ioTepn Hamopa Ha yYacTKe MEXKAY CEUCHHAMH MOXHO He

NpHHHMAaTh B pacuer).
Onpejennm NOKa3aHHs MaHOMETPA Huy=p\/pg, YUHTH-

Basi, uTO H36GHITOYHOe AaBJieHHE NPH BHXOAE CTPyH B aT-
Mocepy pasHO HymoO (pg/pg==0), TaK KaK HPOHCXOAHT
nosnoe npeo6padoBaHHe NOTEEUHA/LHON SHEPTHA B KHHE-
THYECKYIO: ;

pulp g = Hy = 1312 — v}/22.

B mno/syueHHOM BBIP2XKEHHH CKOPOCTHOH Hamop vt (28
MOXKHO He YYHTHIBAaTb, TAK KaK OH COCTaBJseT O4YeHb Ma-
JYIO BeAHYHHY NO CPAaBHEHHIO CO 3HAYEHHSMM APYTHX rapa-
merpoB. C yueToM NMPHHATHX AONYIUIEHHH ONPEAEHHM CKO-
pocTb U Ha BHIXOAe CTPYH H3 Hacaaka:

va=V2gHu.

Pacxol XWIAKOCTH, NpoTekawoomeil yepes CTBOJ-BOJO-

MEep, ONpeje/sioT M3 BLIPAXKEHHS:
Q=o,wg=o)g'|/2gh’.. .

Tpy6ka Iuto, MoaHOHIEPOBAHHAS BHHI_/II'IO, CAYIKHT
AAs H3MepeHHs PACXOAa BOAbI, MOCTYNAlOLleH H3 MOXKAPHHIX
crBostos (puc. 19). Ipurunn AefcTBHSA TpyOKH TOT XKe€,
9TO ¥ TPYOKH [JS H3MEPEHHsi CKOPOCTHOro Hamopa. OpHako
CKOPOCTHOH Halop H3MepsioT He B MeTpax, a B NacKamiX
uan armocdepax. TpyGKy BBOAAT B CTPYI0 Ha PaCCTOAHHH,
PaBHOM TPHMEpHO NOJOBHHE AHAMETPa Hacalka, TAK 4TO-
6 cpe3 KoHua TPYOKH OBl NEPUEHARKYJASPEH OCH CTPYH.
[MockonbKy H3OHITOUHOE AaBjeHHe B CTPye Ha BHIXONE ;}3
CTBOJIAa PAaBHO HYJIO, NOKAa3aHHA MaHOMETpA Tpy6KE Hu
6yAyT COOTBETCTBOBATh .CKOPOCTHOMY Hamnopy B ceueHHH
CTpyH NpH BHXOJE H3 Hacajlka, T. €.

0}/2g = Hy.
Pacxoj onpeaenurtcs no Gopmye:
Q=vo=0V2gH.,
r 3 Hacajka; o — NJouajnb OTBEP-
g.:sv :;g;g;crﬁ,@guz%n r?: x:?:a:anuau Riéuoue-rpa Ha TpyOxe
ITuro.

CrpyiiHble annaparhbi (Hacocw) mnpejHa3HaYeHH JAS
BeachHBaHWg JHJAKOCTH, rasa, mopomka H T, I. PaGora BO-
HOCTPYIHOrO HACOCA BOSMOXHA TOJNLKO MMPH HATHUHH BTOF;
poro Hacoca (LUEHTPOGENHOTo HIH NOpUIHEBOro), KOTOPH
nonaer pabouri pacxon @, no TpyG6onpoBOLy 4Y€pe3 cOnao
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Prc. 19. Cxema Tpy6kn Ilato
I — xopnyc TpyOxu; 2 — maHomerp; § — noxapuwfl crBosa;, 4 — pelpo KecTKOCTH
TPYGKH

Pauc. 20. Cxema BopocTpyfinoro macoca

! — nanoprsifl pesepayap; 2 — moamomuft TpyGonpopoa; 3 — pafiovas kamepa; 4 —
nanopanfl TpyGonpomof; § — scacupaounfl TpyGonpoBoa; 6 — BOAOEM

B CMeCHTeJbHYI0 (Bakyymuyio) kamepy (puc. 20). Ha Bu-
Xo/le M3 conja, 6Jaroflapsi 3HAYATCJALHOMY YBEJHYEHHIO
CKOPOCTH, HaBJEHHEe B CTPYe W KaMepPe najaer HHXe ar-
mocdeproro. 3a cueT co3AaHHOr0 TakeM 06pasoM BakyyMa
no BcacuBalouiefi Tpy6e sabupaercss H3 BOJOEMa JONOJHH-
TeJbHBIH pacxos xHAKocTH Q. B cmecuressHoii TpyGe
06a NOTOKa XXHAKOCTH COCAHHSIOTCS W, MPOHAS FOPJOBHHY,
noctynaior B AH(pPy3op. 3nech 3HaYHTENbHAs YacTh KHHe-
THYECKOfi SHEPTHH NOTOKA B PE3yJbTaTe yMEHblIeHHs CKO-
POCTH MEPexOAHT B NOTEHIHAJHHYIO SHEPTHIO AaBJeHHs,
Gaaropapsi KOTOPO#H OCyLIECTBASiIeTCS CyMMapHas mnojada
xunkoern Q=0Q,+Q,. [laBaenne, passusaemoe BoJOCTPYil-
HBIM HacocoM, MeHblle JaBJEHHS, CO34aBaeMOro paGodnM
HACOCOM, HO NMPOH3BOJMTEJNbHOCTh (pacxon) Gosbire. Bea-
cwBawouni pacxon Q; moxer GuTh pasen paloyemy pac-
xony Q; uam npesBocxonuts ero B 1,5—2 pasa. ITpu mpoek-
THPOBAaHHH BOJOCTPYHAHBIX HACOCOB AOJIKHO OGeCNeyHBATH-
Csi ycaoBHe — 06pa30oBaHHE BAKyyMa B CMECHTEJbHOM KaMe-
pe.
Has onpeaenenus JaBJeHHs B CMECHTeJAbHOH KaMmepe
cocraBuM ypaBHeHHe Beprysau aas ceuennit /—I ua pabo-
yem TpyGonposoae u //—I/] — Ha BBIXOAE CTPYH H3 COmJA.
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IMpunumasn 8 pacyer abconloTHOE AaBneHHe W CunTas, 4TO
TJIOCKOCThL OTCYeTa MPOXOAMT uepe3 TOPH3OHTAJLHYIO Cpel-
HI010 JHHHIO pabouedt TpyOu u anddysopa, noayuHMm

Pace.1 P&+ 03128 = pug. ol & + v3I22,
OTKyZa
Pai6e.o/P &= P61 /P8 + 9?;23 e Ugﬂg-

CKOpPOCTH v; ¥ Uy ONPEAE/IHM H3 ypaBHEHHS HEpPasphiB-
HOCTH, 3Has TpeGyemblji J)aﬁoqnﬁ pacxop Q; H AHAMETPH
pa6ouero Tpybonposoaa d; i conna dy:

vy =Q1/ 0y B vg=Q;/ 0y,

rie @1=0.785d2 n @2=0,785 d% — II0mMajgy paccMaTpHBACMHX Ce-
yennH.

Beanuynny Bakyyma H, B cMecHTeJBHOR Kamepe onpene-
ASIOT Kag PasHOCTh MeXAy atmocdeprbM H alcoMIOTHHIM
AaBJEHUsIMHA, T. €. )

Hy = palp & — Paselp & = 10— pase/P &

_ Drta BesHUMHA ¢ yYeTOM MOTEpPh Halopa BO BCacHBAalo-
utem TpyGonpoBoge OyAeT onpeiessarh MPOHIBOAHTENBHOCTD
BOLOCTPYHHOro Hacoca.

IIpu Tymenun moXapos cTPyHIBIE anmaparthl NPHMCHA-
IOT B KaucCcTBe BOAOCTPYHHEIX HACOCOE (3XKEeKTOPOB), Ine-
HOCMecHTeell H NeHOTCHEePaTopOB AJS NOJYYeHHs BO3AYII-
HO-MeXaBHYecKo#l NeHH, a TaKXe B KavyeCTBE rasoCcTpyi-
HBIX anpaparoB-—— AJis BCACHBAHHS BOJAB B LEHTPOOEKHBIE
Hacochl Tepej Hx TYCKOM.

OtHouenne o6beMa moaaum CTpyiinoro Hacoca @ K
pacxony paloueii xuakoetd Q) HasbiBaercs Koo U HeH-
TOM 2MKEKUHH o

a=0Q/Q.

OTHOlIeHHe BHICOTH MOABEMA TNEPEKaYHBAEMOll JKHIAKO-
ctu H x paGouemy nanopy H, HaspiBaercs Ko pHuHEHTOM
Hanmopa B cTpyiHHOro Hacoca. -

B=H/H;.
Kosdduunenr nonesnoro geficTBHS CTPYH-
HOTO Hacoca 1 paBed .
1 =QH/Q Hi.
VuuTHBas BHIIeyKaszaHusie GOpPMyJabl, MOXKHO 3anHcaTth
n=a ﬂ

Bonoctpyituble Hacochl MPOCTH MO  KOHCTPYKUMH, HE
TpebyloT MexaHHYeCKOro NMpHBojaa. B HHX OTCYTCTBYIOT Tpy-
uiHecs JeTallH, YIUVIOTHEHHS, CaJlbHHKOBLIE YCTPOICTBA, KO-
TOphie OObIYHO TpeXje Bcero BHXOAAT M3 crposi, OjsHako
BOJIOCTPYHHBIE HACOCOCH OTAHYAIOTCA HH3KHM KoadhHIH-
eHTOM MoJe3Horo pefictBus, cocraBasiomnm 0,15—0,25.



