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JIaGoparopras paGora Ne 1
Hpubopsi juis n3mMepenns 1aBNeHRs, CKOPOCTH NOTOKA H Pacxoaa

JI(KZIKOC‘"I' :

Liesns paGotsi ‘
Hsyunrs npuHomun gecTBUA H KOHCTPYKIHIO HanGoNee pacnpocTpaHes-
HbIX ApHOODPOB I H3MEPEHHA AABIEHMS, CKOPOCTH H Pacxoja >XKHAKO-
CTH. '
1.1, 3mepenne faBneHUS KHAAKOCTH

JlaBneHue XUIKOCTH H3MEPAETCS Nbe30METPaMH H MaHOMETpaMH,

ITbe3oMeTpbl TPHMEHAIOTCS  JUIS H3M%DCHH$I TIOJIOXKUTENHHOTO
HABTEHHS ¥ MPeACTaBIA0T co6oi CTeKJIKHM OTKPEITEIM B aTMOCQEpY
BepXHHMM KOHIoM. H¥DKHHA KOHEl MMhe3OMETPa COSNHHACTCS C MECTOM
mmepenns nasnenud (puc 1.1). Tlox peficTeHeM nasfesns MMAKOCTH B
Be30MeTPe TIOAHUMAETCS Ha BRICOTY h, H3MepAeMYIO M0 BEPTHKANEHOM

miKaje.

X npuo'ﬁpg
8ammocpepy

N macmy usuepewus

Puc. 1.1. [Ise3oMeTp u TpEXXONOBOH KpaH

H36rrrousoe pasnenme Py, B HpOM3RONLHOH TOYKe A. KMAKOCTH

paBHo:



P.s= v (hthy), D

rae: h — nokazanue MEE30MeETa;
h; - cMemeswe Hynd NEE30METPa OTHOCHTENRHO TOYKH A.
U ~ obpasbiii MaHoMetp (prc 1.2) npencraemser cobort U — 06-
PasHYIO CTEXNAHHYIO TPYOKY, 32llONHEHHYIO IO HEKOTOPOro YpOBHA pa-
6oueil xuakocTE0. KoBen ofHO# BeTBH MaHOMETPa COCIMHIETCH C Me-

CTOM M3MEPEHHA JaBAeHHA, KOHEIl Apyroi OTKPHIT B aTMOcdepy.

Prc. 1.2. U-o6pa3nblii MaHOMETp
i

Ja oTKMIo9eHHA NPUGOpa ¥ yjaneHHs W3 HEro BO3gyXa OTKPBIT
Tp€xxogoBoit kpar 2. Ecnn ManoMerp pryTHbiil, To n30HITOYHOS NaBle-

Hie B Todke. A Oyaer:

Pus=Ypr B~V "h;, (1.2)
A€ 7 pr— OGBEMHEILH BEC PTYTH;
¥ - OOBEMHBIH BEC WHAKOCTH B CHCTEME;

h , — paseocTs ypoBHeH Touku A u pabodeil KuaxocTH B

neBoi TpydKe,



4 ~ noxazaRme maHoMeTpa (PasHOCTH YpopHeR B TpyOkax

MaHOMETpa.

JuddepeHnanbHEA MAHOMETD NIPHMEHAETCA A1 H3YYERHMA pa3-
HOCTH JaBJICHHS.

Hé puc 1.3 usobpaxena cxema U — obpaznoro audeperuyansno-
Fo MaHOMeTpa, Kotopei cocTout u3 U-ofpasHoll crexnsunod tpy6kw,

TIPUMEPHO J0 CepeuHbl 3ali0IBEHHOM pabouel MAIKOCTHIO.

puc 1.3 Jupdepeanmarsasni MaHOMEID

Bersu Tpy6KH NpHCOSHMEMIOTC K MeCTaM H3MepeHus aasiedud. llog
AeHicTBHEM DPasHOCTH AapfleHuil, pabodas KUIKOCTh, HanpHUMeEp pTyTh,B
BETBAX NepeMeliaeTcs. PasHOCT: AaBleHH MOXHO BBHIPA3HTH 1O 3aBH-

CUMOCTH.
PPy =yp b~y (- b)), (1.3)

T1Ie ¥ 5 — OOBEMHBIH BEC PTYTH;

¥ x - OOBEMHBIH BeC XHAMKOCTH B CHCTEME;

3HaueHHA £, B ¥ b ;— noxasaHbl HA pECYHKe.

TIpyxudssilf MAHOMETP © OZHOBHTKOBOH TDYGYATOH IPYMHEOH.

(puc. 1.4). OcHoBHOM ReTaNbI0 MAHOMETPA ABMIETCT COTHYTad 1O Ayre
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OKPYXHOCTH Tofiad TPyOKa, MMeIou@s B Ce4eHUM OBajbHyio (GopMmy.
OmnH KoHen TpyOku 3anasy. MamMepseMoe fanende nepenaéres BHYTPh
Tpy6KU uepe3 BTOPOiH OTKPHITHIA eé xouen. [IpH yBenwueHun nasnedus
Tpy6Ka pasrubaercs. Ilpu aToM crpenka npubopa, CBA3aHHAR €O cBOGOA-
HEIM KOHLOM TPYOKH Yepe3 mepeaToYHBIA MEXaHW3M, HOBOPaYMBACTCHA

Ha HEKOTOPHIH yrod, IpoNOpIHOHANGHEL] H3MEPAEMOMY HaBICHHIO.

Puc. 1.4. TlpyxusHslf MaHOMETP

1.2 Mismepenne ckOpOCTH DOTOKA
J1st A3Mepenis MeCTHBIX CKOPOCTEH NOTOKOB NPUMEHAIOT MHIpo-
AuHAaMMgeckye TpyGKu (puc. 1.5). Onpesienerte CKOPOCTed ¢ OMONIBIO
THAPOANHAMUYCCKHX TPYOOK OCHOBAaHO Ha M3MEPEHHH HHHAMMIECKOro
JABNeHHs |/ /Zg, PaBHOTO pa3HOCTH 1onHoro P, =y h, u cratuieckoro
P, =7y b, napnenui B notoke. CTaTHyecKoe NapieHHe H3MepseTca Tpy6-

Koit nbezomeTpa 2 (cM. pHC.), a ONHOE JaBneHue TpyOKoi 1.



.‘l‘ 15, ;14'.

Puc. ;.5. Tpy6xu NONHOTO M CTATHYECKOTO HariopoB
[To u3MepenHO# Pa3HOCTH BHICOT XHAKOCTH B Tpybkax Ah = hy —

h, BEIMUCIIAIOT CKOPOCTH NIOTOKA B TOUKE A.

v=-2gA0, (14)

I'waposupaMuteckas TpyOka npencTaBnser cobol koMbHHALMIO B
oIHOM TpHGOpe TPYGOK IOMHOrO W CTaTHYecKoro Hamopos (prc. 1.6).
OcHOBHOM 9acThi0 THAPOAUHAMHYECKOH TPYOKH SBIIETCS HIMEPHTENb-
Hei munuaap 2. Hocox namuBapa uMeeT HoxyChepHIecKyo Wik KOHH-
yeckyio hopMy. [IpHEMHHKOM TIOJHOTO JaBieHHS P; ABASETCA OTBEPCTHE

1 ocesoro Kanana WHIMHADA.

" Tomd 8 psidy d,=0,128d ( >
T o
v ]

e 16¢ %24

Q6sa -

Tugpoguramiryeckas 1pyoKa

¥



r 2 I 2 |A
-‘,“"///47////:5/////////////,,!_'////,

M e e )

Pyc. 1.6a.

VeTaHOBKa THAPOAMHAMHIECKON TPYGKH

Jlns npuéma CTaTHYECKOro AaBieHns Ha OOKOBOH MOBEPXHOCTH LUMMH -
pa BHIIONHEHB! KAHABKH 7, 32KPHITHIE KOKYXOM 4, € MPOPE3AMHU B KOXKYXe
3. Oreepecrue | B xaHaBkH 7 COCAMHEHH co wTyiepamu 9 u 10, K xoto-
PHIM HOAKTIOUER NP hepEHIHANBHEH MAHOMETD UL H3MEPEHHA PasHo-

cTH Ak HOIHOTO B CTATHYECKOr0 Hanopa.



1.3 A3mepenne pacxo/ia jKHAKOCTH
1. O6bEMHBII croco6 M3MEpeHHs PacX04a 3aKITIOIAETCH B CHCHAYIOMEM:

a) NOTOK XH/KOCTH M3 CACTeMbl HOCTYaeT B MPOTAPHPOBAHHAIN mpen-

papuTenbHo 6ax. TakuM 06pasoM, onpenelsiior o6séM XuakocTH W kak
pa3sHOCTS KOHedHoro o6béMa W H nepBoHavansHoro 06béMa W),
W=W,-W,. (1.5)
Bpems tHanonsenHs o6néMa WonpeaenAoT no ceKyHaomepy.
Pacxozn x#axocTH Q BEMHCIMIOT HO 3aBHCHMOCTH:
= f_f_ (1.6)

239
<407

<qid
<0030

puc 1.7. MepH8s  puadparma

I3

2. C nomomipto MepHOH AuadparMsl, cotia wiu Tpy6s Bedrypa.

70T croco6 OCHOBAH Ha CO3ANMH B NOTOKE MEpeNajia CTaTHye-
CKHX HANOpOB, ITyTEM YMEHBIICHHA €TI0 CEYeHHUA ¢ HOMOIUBIO CIIeIIHAaMb-
HBIX YCTPOWCTB: MepHo#t muadparmel (puc. 1.7), conna (puc. 1.9) wan’
Tpy6st Benrypn (prc. 1.8). Mexay hepenanaMK CTAaTHYECKHX HaIlOPOB M
pacxofaM¥ KHAKOCTH HMeeTcs Onpefen&HHas (yHKUMOHANBHAS B3aH-

MOCBA3b.



Puc. 1.8. Tpyba Begrypu
VI3 npuBeIeHHBIX CXeM BUAHO, 4TO Hanbosee POCTHIM TIPHGOpOM
ABIIIETCS AuadparMa, OfHaKo 6Ha HAMeeT HaHbombiee MHAPABIHYECKOe
COITPOTHBIIEHHE M BHI3LIBACT 3HAYMTeNbHLle norepu Hamopa. Haubonee
COBEPUICHHOH B OTHOUICHHH I'APABIMYECKOr0 CONPOTHBNCHUS ABIAETCH

Tpyba Benrtypu.

Puc. 1.9. Conno

40



Jns H3mepenus nepenafos cratHueckux Hanopos AH cyxaromue
yerpoiicTsa 00buHO CHA0Xa0T THbdepeHIMaTEHEIMM MAHOMETPAMH.
3asucuMocTs Mexy nepenanom AH i pacxonom Q Moxuo npes-

CTaBHTh B BHIC:

Q= CVAH 1.7

rie : C — HOCTOsHHAS BOAOMEDa;
AH ~ nepenay cTaTHYecKuX Hanopds.
ITpu wcoonezoBasvy middepeHimansHBIX MaHOMETPOB, B KOTO-
peix pabogas }UAKOCTh HMEET [UIOTHOCTh OTNHYAIONIYIOCA OT IUIOTHOCTH

OCHOBHOI'O NMTOTOKA, BEJIMYHHA OIIPEACIACTCH O Q)OpMyJIEI

Pp=p
="~ h » 1.8
PR (1.8)

THe: p, ~ ONOTHOCTh paboyelt XHAKOCTH B AM(PepeHIHATEHOM
MaHOMETPE;
P — IWIOTHOCTh XKAXKOCTH B TpyGonposose;

h, — mepenan Ha AuddepentnansHOM MaHOMeTpE.
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Jlaboparopnas paGora Ne 2

Hsyuenue ypasnenus [. Bepuynnu u nocmpoenue nba;wnempuqeacoﬁ{

U HanopHoU NURUH
Lems paGoTit

[enpio paborsl sABSeTcs HM3YYECHHE TI'eOMETPHYECKOH
tbusuyeckofl  uWATepnperauun  (CMBICIA)  OCHOBHOTO ypaBHeHm
THAPOAHHAMUKE — YypaBHenus Jl. BepHynnH, a TakkKke MOCTPOSHH
NIEE30METPHYECKOH M HANOPHOM JIMHAM OPH JBHXEHHH JXHIOKOCTH

TpyOe nepeMeHHOro CeueHHs.
OcHoBHbIE HONOKEHHS

Hns AByX NpOM3BONBHBIX CEYEHHH TIOTOKA PEANBHOM XHIKOCT

ypasHenust JI. bepHym MOXHO 3amicaTs B BHE:

P, aV?
=Z +—L+-TLah, ()
2g ;2

B alVIQ
Tl el L

Z

Bee cocrasnmowide ypaBHemsa (2.1) HMET IuneiiHyo
pasMepHOCTb, 4TO MO3BOMNACT IPEACTaBHTh ypaBHenue [ Bepuymmu

BHAE CYMMBI 3 — X OTPE3KOB.

Z, u Z, — TeOMETpHYECKHE Hanopsl B ceueHHaxX 1-1 u 2-2 s

pAcCTOSHYUA OT HaYana KOOPAHHAT (NIOCKOCTH CPABHEHWS) 10 LICHTPO

TAKECTH cEYeHHH (M).
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P P.
: 0 -[ILE30METPHIECKUE HANophl B ceuennsx 1-1 u 2-2.

Pg 14
PasmepHocTs P = ;Ko - Jto BeicoTa MOABEMA

KHOKOCTH B Ibe30METpHYeckoil TpyOke, T. €. paccTosHHe OT UEHTpa

CCYCHUA A0 YPOBHA BOARI B ITE30METPE.

2 2
a,V, u a,Vy 29
22 2g CKOPOCTHBIE HANIOPHL B cedenusx 1-1 u 2-2.
Viu V,— cxopocTH B ceueHusax 1-1 u 2-2.
o’ (mlcy
2¢ M

=(M). 3o paccTodBrE OT YPOBHA XXKHAKOCTH B

[IEE30METPE JI0 YPOBHSA B CKOPOCTHOH TpyOXKe.

a = 1,054,1 s TypOyReHTHOTO peXuMa JBHKEHHS XKHUAKOCTH ~
Ko9ddvHeHT KuHeTHIECKOH Heprud (ko3ddunuent Kopnom&ca); a=
2,0 — 1151 TaMAHAPHOTO PeXuMa,

hy — norepn Hanopa MexKy ceveHusMu [-1 1 2-2, Ha npeosoneHue
CHIT TpeHMA (™).

CyMMa TIeoMeTpHYecKoro, MbE3OMETPUYECKOT0 M CKOPOCTHOTO

HanopoB ABIAETCS NOMHBIM IHAPOIMHAMAYECKHUM HaropoM H, 1. e.
P al?
Zt—+——=H (2.2)
g 2
T.e. ypaeHeHHe [l BepHynnn mis ABYX cedeHMit HOTOKa MOXHO

3anucarTh Tak:
H[ = Hz + hw N (23)

rae: H; — noissi ruapoansaMudeckuil Hanop B cegeHny 1-1.

13



H; — monHbIA rHAPOAHHAMMYECKHEA HAIOP B CEYeHHH 2-2.

Taxum 00pa3soM, ¢ IeoMETpHICCKOH TOUKM 3peHHs YDaBHEHHE
N Bepuynnd MOXHO COhOPMYyIHpOBATH TaK: BejMYMHA IIOJHOIO
I'HAPOAMHAMHYECKOrO Hallopa NPH [BIDKEHHM pealbHOH (BA3KOH)
KHIKOCTH YMEHBIIAETCA B HADABRICHHH JBMKEHHS Ha BCHYHHY NOTEPD
Hariopa Ha 1peoJoIeHUe CONMPOTHRIIEHNA TPEHMA. .

PaccMotpum ypasrnenme [ bBepHymmn ¢ dusuuecxoit Toukm
spedns. OnpemeluM  yIENbHYX0 HOTEHUMANBHYI0 M Y/EABHYIO
KMHETHICCKYIO anepmﬂ B CEUYCHHUM TOTOKAa. BCIOMHpM, YTO YASHBHOH
SHeprHell  HasblBAaeTCAd  JHEprds  eJMHHUM  Beca  KHMAKOCTH.
TloTennmansHas SHeprus HONOXEHHd Macchl Am, Haxojsmeiics Ha
BbICOTE Z OT Hayala KOOpIHHAaT,0yAeT:

Er = AmgZ; Bec G = Amg, ToTna yAenbHas MOTEHUMAILHASA
JHEPTHS TOSOKEHHA:

E, AmgZ
g = L= 2" = A
"G . Z. (2.4)

Te.,Z; u Z, npeacTaBmstor co00#l yNeNBHYIO TOTeHUHANLHYIO
3HEPrHIO NON0KEHHUA B ceueHuax 1-1  2-2.
AH2JIOTHYHO, €ClIY XHUIKOCTD 1107 JeHCTBHEM maBieuys TODHATA

P

Ha BBICOTY 08 » TO YHCHIbHAs TOTCHUMANPHAS DSHEPIHd JaBjeHus

Oynet:
Amg —
e =__pg_F
J A
T.e ,;Eu ;)g - YAERBHLIE NOTEHUHATbHbIE IHEPrHH ﬂ!aBHEHHﬂ B

cegennax 1-1 u 2-2.

Kunnergaeckas sHeprus Macchl Am GynerT:

14



E, = 5
VY mensuas KMHETHIECKaA SHEPTHAL:
E._ AMmy? vV’
‘*’kzz;"ngg- (2.6)
a i a by
Te, 5 U T yhRenbHas  KWHETHYECKas OHEprus B

2¢g  2¢g
cevenmax 1-1 m 2-2. CnenoBarensno, ypasnenve J.Beprynmm moxHO

3aiiicaTh B BHAEC:

€= € + hw > (27)
B, ol
tae e =2, +;g—+ 22 ~UlonHas yACMpHAK IHCPTHA B CEUCHHH
Pl
- &= L t—+ THONHas yAelbHAs OHepruA B
g 2g
ceueHnH 2-2; h,, — NIOTEPH yRenbHOH SHEPTHH Ha MpeOONeHUE CAI

TPEHHS.

Takum 0OpaszoM, C GH3HYECKOH TOYKH 3peHHS YDaBHEHKE
Jl. BepHynnn sBnfeTcsd 3aKOHOM COXpaHEHHS 3HCPIHH Ui TOTOKa
peansHoO¥M (BA3K0#) xuakocTh. Hin (w3 ypasrenus 2.7) MOXKHO cenath
BBIBOJI, YTO BEJNHYMHA IONHOH yneNnbHOH JHEPrHM NOTOKA pPeaibHOH
KWUAKOCTH YMEHbIIAETCS NPH JRIDKEHHM HA BENWYMHY [OTeph Ha
HpeORONCHAE COMPOTHBACHHA TPEHHUA.

B omelte 7erko UOpPOASMOHCTPHPOBATh MNeEPexoi OXHOro BHAR
SHepru B JApyrod. Tak, HA cyxeHHOM yvacTke TpyOml CKOpOCTB

IDBHXKEHAA XXHUAKOCTH YBEIHWYUBACTCA. CJ'IC].IOB&TSJIBHO, YBCIH{HBAETCA

2

yAenbHas KWHETUYecKas sHeprus (ckopoctHOH Hanop) H

15



YMeHBIUAeTCs yAeNpHad TOTEHIWANbHAs OHEPrUA JaBNCHHA

(rime30MeTpUdecKuil HATIOP).

IKcnepumenmansras ycmanosKa

Ha puc.2.l npuaBenesa cxema OSKCHEepWMEHTANBHOM yCTaHOB
VcTaHoBKa COCTOMT H3 HamopHoro 6aka 1, K KOTOPOMY NOACOEHHHE
Tpy0a nepeMenHoro cedenus 2.

C noMompio  TEpeNHBHOTO NpHcmocoOneHHss B Oake
NOANEP)KABAETCS NOCTOAHHEIN yposens. Hanomsercs 6ak OTKpsITH
BeHtwa B. Tpyba mepemMeHHOro cedenus 2 00Opy/OBaHA BEHTHIEM
[UId perymHpOBaHHs pacxoja JKUAKOCTH. IlepexuiHOe yCTpOMCTBO
HarpaBisfer NOTOK nubo Ha cOpoc B CHMBHYIO cHcTeMy, JmGo
NpOTAPHPOBAHHBIN MEpHbIH Gak 4.

Ilo mmpe Tpy6el 2 YCTAaHOBIEHEI [THe30METPHL, MpH MOMOIL
KOTOPBIX, MOXHO H3MEDHTH IIbe30METPHYECKHH Hamop B CEYeHHAX
MpOCHEANTE 32 H3MEHCHUWEM UBe30METPUYECKOW IHHUE B0
TpyGOnpoBOAa IIpH U3MEHEHHHM Pacxo/a. y

- |
h. - — 1 h: - hs
- LY 1. 0

a,

Puc 2.1.CxeMa 3KCTiepuMenTansHo#l yeTaHOBKH

16



Ha mnieso#t cTOpoHe CTEHOA HAHECEHN HpOESKIMH OCH TpYOHI,
IIOCKOCTh cpaBHeHms (Hadalo KOODAHHAT), YKa3ahbi BeJM4HHEI
cMeIneHus Hyidel mhe3oMeTpoB Ha Tpybe nmepeMeHHOro cevenns B u

cMemmenns A, mxambl Ihesometpa Gaka 1. YxasaHsl TaKKe BeNHUHHE!
I€OMETPHIECKHX HAllOPOB 21, Z; 1 Z; (Uit paHHOK YCTaHOBKH BEMWTHHET

nocTosrnbie) K AHaMeTpst TpyOrr dy, d, 1 ds.

ITopadox esinonanenusn pabomoi
1. YcTaHOBHTH HEpeKHIHOE YCTPOHCTBO B MOJOKEHHE (CIHBY.
2. OtxpwiTs BeHTUIHM B 11 By B ycTaHOBUTE Tako# pexuM, IPH KOTOPOM

GyIeT MOAAEPXHUBATHCS HOCTOSHHBIA YPOBEHD XUIKOCTH B Gake 1.

(%]

Tlps yCTaHOB/EHHOM DeXUME 3amMcaTh B Tabmmuy 2.1 mokasamums

nbezomerpoB hg; hy; by mbs .

4. TlepeBecTH mNepexUIHOE YCTPOHCTBO B MONOXeHHE “3aMep” H c
HOMOLIBIO CEKYHIOMEpA OIpe/eNnTh BpeMd t 3amonHeHus oObéma
AW,

5. 3amucaTh B IPOTOKOJ 3Ha4YE€HHA NOCTOSHHBIX Beiwant A; B; Z); Z, u
Zs.

Tabmuna 2.1

he {hy [hy |hy [W; W, | t {AWIA |B IZ, |Z, |Z3

MM | MM MM MM | o | M0 | cex | M M | My | MM MM | v

O6patomka daHHelx onsima
1. Onpepenuts 06BEM KHTKOCTH AW =W, — W, pacxoji Bogs! B
Tpy6e 1o 3amepaM 06bEMa AW 1 BpeMmenn t:

AW
Q=—t*M3/C. (2.8)
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2. Onpegenurs CKOPOCTh IOBEDKCHHS KHIKOCTH B KaXJIOM H3 CeyeH
Tpy6n1 V; V2 u V3!

@, 7zdi2 M/C,, (2_9)

rze d; — BHyTpEeHRHE JHAMETPH! TPYOEI B CEYeHAIX.

3. Omnpenemuts MOTHBIA HATIOP B CHCTEME!

Ho=A+hy. (2.10)
4. OrnpenenvTh THe30METPUTECKIE HATIOPH B CEYEHHAX:
P
h o=t =Bih-Z
pi ! i, (2.11
e (211
Tabmuma 2.2
CeYeHHUA
Pacuérnas Homepa
| BemuupHa CEYEHH
1-1 2-2 3-3

Pacxoa Q (m'/c)
Cropocts V (M/c)
Ilonnenit wHanop B
cacreme Hp (M)
TeomeTpugeckal
Hanop Z (M)
Tise3oMeTpryeckuit
uamop P/pg (M)
CkopocTHOH - Hanmop
a Vg (M)

Hom{mﬁ Halop B

ceveunsx H{Mm)

18



5. OnpenenaTh CKOPOCTHBIE HATIOPE! B CEUECHAAX:
A%
2g

rae o; = 1.054.1 — xo>hHIMEHT KHHETHYECKOH PHEPTHH.

. (2.12)

<}
6. Onpenenuts NONHLIE HAIOP B CEYEHHAX TIO 3aBACHMOCTH:
B oV
H=Z+—+—— _ (213)
”’ 2

PesyabTaTel pac4€ToB 3aHECTH B TaOAUEY 2.2

Mo nanneiM Tabauues 2.2 HOCTPOMTL B MaciTale HBE30METPHYECKYIO K

HANOPHY1O THHHH.

Puc. 2.2. TlocTpoeHHe nbe30METPUYECKOH M HAMOPHOM JNHHMH
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JIaGopaTopuasn pabora Ne 3
Onpejgenende PeXHMOB ABHKCHHS KHAKOCTH

Hens paboTst
OnpefieneHie  OKCIICDHMEHTANBHEIM — NyTéM ~ amuHapord

TYp6YIEHTHOro PEXKHMOB IBHXKCHHS KUIKOCTH.

OcrosHbte RONONCEHUA
PexxiM  JABAXKCHHS, I[PH KOTOPOM CTPYHKH O KMAKOCTH JBH]

napajuiejibHO U He NEepEMCHIMBAIOTCA, Ha3biBacTCA HaMHHapHHMl

peXuM BO3HHKAeT NPH HEGONBIIMX CKOPOCTAX ABIDKCHHA KMIKO
yBEJIHHICHHEM CKOpOCTH TEYeHMS  OKUAKOCTH  Hap
HNapainelbHOCTPYHHOCTE M JIAMHHADHBIH DEXHM  Iepexo,
TypOyJIeHTHEIH, IPH KOTOPOM CTPYHKHE MepeMellliBAIOTCS MKy
IMpu ruApaBnHYECKMX pacy&TaX BCErFa UPHXOAMTCH Y4
PeXHM JIBIDKEHHs HUIKOCTH, TaKk KaK OH CYMIECTBEHHO BIH
BEJMHHHY [IOTEPh HANOPa 110 PEOOAEHMIO CHIT TPCHHS.
PeuM JBIDKCHHSA KUAKOCTH MOXHO OIpENeNHTh, CPaBHUB
Peiironnca ¢ ero KpHTHIECKHM 3HAYEHHEM.,
Ilpn HamopHOM ABWXCHWM XUIKOCTH B Xpyriolt Tpybe
PeitHome/ca onpeaengercs no popmye:
vd ' '
Re=—-, G.1)
rae : V — CKOpOCTh ABMXKEHUS WHAKOCTH B TpyGe;
d — muamerp TpyOni;
V — KHHEMATHYECKas BA3IKOCTE XHAKOCTH.
Hns pycen APYTHX GOpM (OTKDHITHIX HAH 3aKPHITHIX) i

PeitHonb/ca onpeenseTcs 1o GopMyrne:
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VR
Re= —
o=, (3.2)

re R= E;j ~ ruApaBIHYECKHH panyyc;
6 — MIOWAIB HKHBOTO CeYEHHS;
4 — CMOYEHHBIHA IIepuMeTp.
OubiTaMY YCTAHOBNEHO, 9TO IIPH ABIDKSHHH XHIKOCTH B KPYIIIBIX
py6ONPOBOAaX KPHTHYECKOE 3HaUeHHe YHcha PeifHombaca:
Rep= 2320 ... 4000, (BepxHuk 1 HIKHAH TPEIEIEL).
Tlpd ABUXEHUM B pyciax JAPyTHX GopM:
Re = 580 .... 1000.

Tak xak B popmynax (3.1) u (3.2) semuymnst d, R ¥ v nocTOSHHSI
MIS T@HHOTO Pycila M JKHAKOCTH, TO BefMyuHa Re 3aBHCHT TONBKO OT
ckopoctd V. C yBeNHYSHHEM CKOPOCTH YBEJHIMBACTCA H HTHCIO
PeiiHonsaca.

s xpyrnoit TpyOsL:

ecnu Re < Re , = 2320 ~ pexxuM ycToH4MBO JIaMHHAPHbIH;

ecan Re> Re o, = 4000 ~ pexxum ycroiquBo TypOyIeHTHbIIH;

npr 2320 < Re < 4000 ~ nepexon pexuMa OT JaMHHApPHOFO K
1ypOyneHTHOMY (MWIH HaoGopoT).

3Kcnepwnenmaﬂbnax ycmanoeKka

CxeMa KCHepHMEHTILHOH YCTaHOBKY NPEICTaBIeHa Ha PHCYHKe
3.1.

OHa COCTOMT K3 Hanoproro 6aka |, 060pyIOBaHHOO IIEpENMBHBIM
YCTPOACTBOM JUiA HOAKEPKAHHA [IOCTOSHHOro ypoBHA (Haropa) 8 Haxe.

Bona nogma€rcs u3  BOJOHpOBOAa, H  BeJIMYEHA  TIOJAYU

peryupyeTcs KpasoM B.
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B 6ax 1 BmourtHpoBama crexuamnad Tpyba 2, c BHyTpel
AMaMeTPOM d, B KOTOPOil M HCCIIENYIOTCA PEXHAMbI HBHKEHHS KUK
His perynvipoBanss pacxoa i CKOPOCTH JABHKEHHS XHIKOCTH B Tp]

ycTaHoBIeH ilanan C.

!
'H'l

g

i
L
N

T
[

.

I
i
[ [
-l—s—r--'+r'-4-l—l-- "
T
N

I
'

)
1
= 1)‘

Puc.3.1 Cxema 1abopaTopHoit yCTaHOBKH

Jins BusyamsHOro HAGmIOneHMA 3a peXHMaMH  JABUKEH
CTEKIAHHYIO TpyDy NMONBOAMICS NMONKpAlleHHAd KHIKOCTh M3 Oa
Kpanom K perynupyercs nogada nofKpaueHHOM XUAKOCTH.

B cn}qae JaMHHAPHOTO  pPeXHMa  JBMKEHHA  CT])
NOJKPAILEHHOR  XHAKOCTH HE [EepPeMelIMBaeTCi C  OCTajl
XHAKOCTLIO. Tlpu TYpOYIeHTHOM pexyMe OHA pa3sMBIBAETCAL

Ilpun nomoum nepeKUAHOro yCTpoHCTB2 4 BOJa HAOpaBi

nu6o Ha cnus, 160 B MEPHRIH Oak 5 s uaMepeHus o0béMa )Kmuco{
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ITopadok evinonuenun pabomst

JlaGopatopHasi pabota BHIMOAHAETCS B clexyroueH

10CIIe qoBATEABHOCTH

1.

(9]

A

3anonAseTcd BOHOH Hanopuuﬁrﬁaqox 1 o Hauana nepenusa
TMyTéM OTKPBITHA KpaHa B.

Orxpoias KnamaH C, yCTaHAaBJIMBAOT PacXol H CKOPOCTH B
Tpybe 2, COOTBETCTBYIOIIHE  JaMUHapHOMY HITH
TypOyIeHTHOMY pexuMy. PexmM OLEeHMBaeTCA BH3yaLHBIMH
HaOmoneHMsAMH 33 COCTOSHHEM MNOIKPAaLIeHHOH cTpyiky,

KOTODas IMyCcKaeTCH B CTEKISHAYIO TpYOy OTKpBITHEM xpaHa K.

. TlepexuaHniM yCTpoHCTBOM 4 HOTOK HAlIPaBAAETCS B MEpHBIH

Gauox 5. Msmepserca o0péM Bomsi AW N0 TapUpOBOUYHOM
11Kane ¥ BpeMs 3anonHeHns 6auka no ceKyHIoMepy.

PesynsTaTsl 3aMepoB 3aHocATCH B Tabmuigy 3.1.

. YpenwaupaerTcs OTkpsitve knanmama C, W ycTaHapiuBaercs

HOBBIM pEKMM JRWKEHHS XHUAKOCTH. 3amepel AW # t

TOBTOPSIOTICA MIPH HOBOM DEXHUME.

. CuoBa yBenuunBaercsa oTKpsITHe knanaga C u nposogutes 3-#

OIIRIT.

. Tlo pesylibTaram Hzmepenuﬁ TIPOBOIATCA BBMMHCICHHS YUCEN

PefiHonbaca (0OpaboTKa ONBITOB), pE3YNBTATH TaKKe

3aHocATcs B Tabmuiyy 3.1.



Tabawira 3.1

O6paborKa NAHHLIX ONLITOB

x
&
. 3
061»eM3 Bpema % 02 Q v v d | Re P
AW cm Leex =
H en'le em/c | emPlc | em s
=~ nu

ObpaGomka oannsix usmeperuii

PacxoR BomL! ONpeAensorT no hopmyne:

AW
0= TCMB/C ) (3.3)

Cxopocts B cTeKIHHOI Tpy6e:

, 0 40
Vex= u/
o e (34)

3

r'Ae @~ IUIoWafb HONEPEYHOTo CeYeHHA TpYOs (e,

d - BHyTpexHul nuametp TpYOE {cM).
Yucno Peiinonnnca Re ompenensierca mo  Qopmyne (.
KuneMaTuiecKas BS3KOCTh ONpEAeNiercy 0O CIPAaBOYHEIM HAHHb

3dBHCHMOCTH OT POJA XHIKOCTH U TEMIEPaTYpsl.

CpaBHHB noONydYeHHble B oOmbITax 4dcaa PefiHompnca ¢

oTpeNeNseM PeXHM ABIKEHHS KUIKOCTH B TpYOGe.
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JlaGoparopuas paGora Ned
Onpeaeaenne xo3QPANHEHTOR MECTHLIX CONPOTHBIIEHRA
Hens pabornt

OnpenenuTs Ko>HPUIEHTE MECTHBIX CONPOTHBICHHMHA ONBITHBIM MY TEM
¥ CpaBHHTH [OHYYCHHBIE pe3yAbTaThl C BHIYHCAEHHLIMA [0

SMIMpHYECKHM dopMynaM.

OCHOGHBIE NONOHCEHUA
Tlpy IBMDKEHPH XHAKOCTH 1o TPyOONpPOBORY, HAa KOTOPOM YCTaHOBAEHA
pasnpvAad BOJONPOBONHAN apMaTypa (3aJBHXKH, KONEHa, DACHIHDEHHS,
Cy®eHus A T. A.),9aCTh HANOPa PacXoAyeTcd Ha HPECAONEHHE MECTHBIX
rEAPaBAHYECKHX COTPOTHBICHHUH.

I moTepH onpeaeoTes no dopmyne Beiicbaxa:

VZ
P = ‘fmz‘; , @.1)
rge h, ~ [OOTepd HAmOpa HA MPEOAONEHHE MECTHEIX

CONpOTARICHMH (M);
&u — KoohOUUREHT MECTHOTO CONPOTURBICHIUS,
V — cpegassi cKOpoCTh MOTOKa (M/C).
B 6onsminHCTSE CllydacB BENHYHHA & o ~ ONPEAEAETCH OTIHITHBIM

TIyTEM.

Onsimuan yemarnoexa.
OnbITHas ycTaHoBKa (puc. 4.1) coctout U3 LeHTpobexHOro Hacoca

!, nomatomero monmy B TpyGomposon 2, Ha KOTOPOM YCTaHOBJEHA
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pasHooOpasHasi apMaTypa: nnaBEB mosopor, nuddy3op, KoHQY30P,
3MeeBHK, BHE3AITHOE paclikpeHHe ¥ BHE3aHOe CyXeHHe TpyGonpoBosa,
sagpwkka ¥ T. 1. Pacxom macoca perymmpyercs samsixkodl 3/-2 u
ompenesseTcs IpH NOMOUIM MEPHOR nna(ppémm 3. Jlnx nuTaHus Bacoca
yCTaHOBJIEH MepHEil Gak 4. Benwuuna moTeps Hamopa hy Ha MECTHBIX
CONPOTHBICHHAX OIpEXENIeTCs MO MNOKA3aHHIM AH(PEpEeHUHaNbHEIX

M2HOMETPOB 5, HONIUNOYEHHBIX K KOXKIOMY H3 CONpPOTHBIEHHHA.

Puc 1.4.Cxema OIBITHOH YCTAHOBKA

Hopadok evinonnerun paboms
3anycK Hacoca NPOW3BOAMTCA [PH OTKPHITOM 3aJBHXKE 30-1 u
3aKpPBITOA 3]1-2. IIpu ycTaHOBKBIEMCS PacXoje B Tabuuily 3aMepos (4.1)
3AMMCHIBAIOT MHOKasanma h; M h, ma MeprOil jpwadparMe ¥ Ha BCex

MECTHBIX COTIPOTHBACHHAX.
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Tabsuua 4.1

Iporokon ucnbITanunit

Ne MectHble d; d h h, Ah,,
n/a COMMPOTHRIICHHA MM MM MM MM MM
1. | TltaBHslil TOBOPOT 52 -
2. | Nuddysop 52 103 -
3. | Kondysop 103 52
" 4. | 3meenux 52 -
5 | Bresannoe 52 103
paciuupenue -
6. | BaesamHoe cyxeHue 103 52
7. | 3amBmKKa 52 -
8. | Mepnas muadparma - - AhF

O6paboTKa pe3yNETaToOB H3MEPEHHUIA.
Mo nokasanuaM ughepeHIatEHoro MaHOMETpa MepHOH aHadparme (6)
ofipeenaeM pacxol 1o GopMye: ,
0=CJM (4.2)

re Q — pacxon (M3/ c).

Ahyhy — hy - nepernaz naBneHus Ha MepHOH nuadparme (m).

C=8.274-10" — mocrosuHnas MepHoll Auathparms.
Tlepenan naenenna (Ah,) Ha MECTHBRIX COTMpPOTHBIEHUSK OMpefelNserca Mo
NOKa3aHHAM COOTBETCTBYIOIMX TH((PepeHIHANTEHIIX MAHOMETPOR:

A, =h—h, 43)
Pesynprarbl noxazauii Au(QOEpeHNWAIBHEIX MAHOMETPOB H  BLIMHCACHHEIE
neperas gasiaeuns (Ah,,) u (Ah, ) 3anocsTea B Tabnuuy 4.1.
Onpeaemnsnorca ckopoctd (V) H (V) Ha KaXIOM U3 MECTHBIX CONPOTHBACHHI TIO

dopmyne:

40
P (44




KosppuumeHTsl  MECTHBIX  CONPOTHBAEHHH

3aBHCHMOCTAM:

BRYHC,

IJisL IJIABHOTO MOBOPOTA 3MECBHKA B 3aBIDKKH H3 GopmyIs: Be

Ah, -2
Sn = “‘7’}?2 4.5)
Ana grggy3opa H BHE3AIHOTO PACIHAPEHAL:
£ = -Ah, -2q+(1 df)
Mt I/l 2 d 24 (46$
IR KOHdY30pa ¥ BHE3AIHOrO CYXeHHA:
Ah, -2q d; '
S —“‘,;;2“*—(1‘217 @.7§
Hatnbie pacuéToB BHOCATCA B Tabmanty 4.2,
Tabnnua 4.2
PesynpTaTl ONBITOB
[ Ne MecTHble Q Ah, | Yy \z3 Eu
/n CONPOTHUBJICHAS (M*/c) (m) | (m/c) | (w/c) | (ommiT)
1. | IInasHsiil nopopot -
2. | Muddysop
3. | Koudysop
4. | 3meesux -
}_75. Bresannoe
_pacmypeHue
6. | Bhesansoe cyxenue
b .| 3anpmxxa R
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]9 CpaBHeHMsi, BRIMHCAOTCA & ,, 10 GopMymam:

JUIA BHE3aHOro pacuiupesys (o Teopeme Bopaa)
1 \2
Eonr=(1-73)",  (6)
2

Ans audpysopa
2
¢ o = K(1 - ?z-)z, @7
2
rae d; — irameTp BXOAA NIOTOKA;
d, — IMaMeTp BHIXO/A TTOTOKA.
K = 0,145 — cpenguee 3Hagenue xod>(pPHIMEHTa CMATYeHHS
vAapa Jjis YTIOB KOHYCHOCTR 0T 10°-20° (rio I'ubcony),

J115 BHE3AIHOIO CY)KeH s

2

d
Sone = Eax(l- d22 ), (4.8)

1
rae & &= 0,5 ~ xoaddunment Bxona (no U.E. Unenpuuky);

s koudysopa.

1
Exon = KOH(;‘DZ , (49

rae € =0,64...0,70 — k03 PUIHEHT CIKATUA CTPYH;

Kiow = 0,2 — k03puiieHT cMAMYEHHA NPH KOHYCHOCTH OT 10%m0
20° (mo ALL. ANBTIIYIIO).

MonyyenHple 3Havenna &, no (bopMynaM 4.6,...4.9 BHOCATCS B

Tabimuy 4.2.
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JIaGopaTopran paGora NeS
Ounpeaenenne xoodhpunmenta ruAPaBIKIECKOro

Tpenus (kooddunnenra Japen)
Llens pabotst
@Jmo paboTsl  ABAACTCA ONPEACICHHE ONBITHBIM
xo3(duIMERTa THAPABIHYECKOTO TPEHHA IO mmﬁe TpyGonpo.

(xoo¢duumenta [apcn) DpH HAUOPDHOM JBHKEHHMH OKHIKOCT)

CPaBHEHHE ero ¢ BRIYHCICHHLIMY N0 (hopMynaM.

OcnogHble nOONCERUR
[pr ABWKEHHM XKANKOCTH B Tpybax, KaHamax u Jhp
BOJOTOKAax [POMCXONAT 3aTpaTsl SHEPruM MOTOK2 Ha [PEOAOT
CONpPOTHBIEHWH IBIDKEHMIO (NOTepH Hanopa). PasmuwaiorT jBa
NIOTephb HANOpPA: HOTEPH HAMMOpa [0 JUIHHE ¥ MCCTHbIE TOTEPH. ]
{lorepu Hanopa 110 JIHHE 00YCHaRAMBAOTCS THOPABIHYEC
COUPOTHBICHAAMH 10 JUIHHE MOTOKA BCIEACTBHE paboTwl CHI
Tlotepr Hapopa 1O ARHHE pacupenensiorcd paBHomepnb Ha yya
IPAMOIMHEHHOTO H PaBHOMEPHOIO ABIOKEHHA KHIKOCTH.
St rotepn B obimeM Bude MoryT OHITh HOMYIEHS! U3 YPaB

BepHy Iy AJs IOTOKA BA3KOH XUJKOCTH:

p af p, , aly
h =(z+2 4+ L) —(z,+ 72+ ]
= (7 » 2)(2 » 2g) (5.1)

Jins ropH30HTanGHOH TpYGs! OCTOSHHOTO CeUEHAA Z; = 23
V, . Toraa seipaxenue 5.1 npaHUMaeT CleXyIOuMH BAX:
=B P2 (5.2)
Yy v
M3 solpaxenns 5.2 cnegyer, dTto MOXKHO SKCIEpHME
orpenesaTh NOTEPH Hanopa N0 MIMHE TONBKO [0 TOK
[Ib630METPOB, YCTAHOBIEHBIX B €r0 KOHEHHbIX CedeHwsX (

NI0Xa3aHHIO ZH(G)EPeHIHANEHOI0 MAHOMETPA).
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[ Hns BHUACEHNS noTeps Hanopa NO MANMHE [OPH IBYKEHUH
munxvo/cﬁ o Tpy6am noms3ytores dopmynoit Japeu-BeiicOaxa:
hoyy = 24 ‘1“ "Vi >
d 2g
rae A — K03 PHUHEHT IAAPABINIECKOr0 TPSHHS;
d — auamertp TpyOsI (M),

| - nauAa yaactka TpyGbi (M);

(5:3)

V - cpenssst ckopocTh (M/c);
g — yCKOpeHHeE CHIBL TRKeCTH (M/c). |

Dta PpopMyna AeHCTBHTENsHA KaK i TAMUHAPHOTO, TaK H K
TypOYICHTHOTO PEKHMOB JBHIKEHUS XKUIKOCTH.

KosbuiimenT ruapaBiyeckoro TpeHus A sBisercs ONHOH u3
RAKHEHMINX  BEIUYMR TpM  ONpeNENeHHA [OTeps Hanopa.
TTosTomMy uzyuenue Gu3MueckHx HaKTOpoB, BIMAIOIIHNX Ha €70 3HAYCHHE,
paBHO KaK M YCTAHOBNEHME METOAOBR ero monicyéra, OBUIO IPEIMETOM
CaMbIX HIHPOKUAX HCCHC}IOB&HYI?I.’J

Pacuéraple QOpMYRBl A8 A [OKa3LIBAIOT 3aBHCUMOCTH 3TOrO
xooQduimenTa (8 06meM cyyae) OT MEepPOXOBATOCTH CTEHOK Pycna U OT
gyucna PeitHospaca, T.€;

3= f(ReS2),

rre K, — S5KBUBaneHTHAA HIEPOXOBATOCT, MM. B 3aBHCHMOCTH OT
PEKHMOB IBHXEHHSA JKHIAKOCTH B Tpy0ax pasnudaroT obNacTH K 30HBI
COTIPOTHBIIEHMH, OTIHYAIOIHMEC JPYT OT APYTa XapakTepoM H3MeHEeHus
ko3bdunHenTa A 7

Ilpn naMuUHApHOM peXUME HBHXEHHA XHIKOCTH KOIQQHUHEHT A
He 3ABHCHT OT IIEPOXOBATOCTH, a 38BHCHT TONBKO OT 4yucia PedHombica

U onpejenseTcs 1o dopMyne:
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1=
Re
I'pasmust 30851: 0<Re<2320.

(54)

[Ipn TypOynenTHOM peX®ME NBHKECHE XKHAAKOCTH DPa3l
06acTH  FIaAKOCTEHHOrO  COMPOTHBIEHAS,  HOKBaApPATHIHOIO
KBapaTRIHOTO.

B ofnacTH IMaAKOCTEHHOrO COIPOTHBIEHHS Koddounide
onpegensiercs no popmyne brasuyca:

1= 0,3164

RIE - (55)

d
I'pansupi 06nactu 4000<Re<10 "'I'(‘;— .
B obnact pmokBajgparTHOTO  CONPOTUBIEHHS xoa(b(bm'

K:
A =f(Re, —di) H onpefeteTcs no GopMyite ATBTIOyns:

K3 68 4,25
A=011(=+—)" '
(d +Re) y (5.6

d
aretiel oOnactu 10— <Re<500 - -
® K> K
B ofnactd xBajpaTHyHOTO CONpPOTHBACHHSA KO3QQMUHEHT
3aBHCHT OT YKCAa PelfHonbAca 0 onpeaciterca o gopmyie:
LENYE

A= 0,1,1(~d—) , 3.7

rpaauis obnactu Re >500 .Ig;
JKcnepumenmansHan yemanosKa
YcraHoBka st IKCTepHMEHTANbHOTO onpendl
xo3QduMenta runpasmmyeckoro tpewns A (puc. 5.1) cocr

ranopporo Oaka 1, nentpobexuoro Hacoca 2, H ABYX mapamn
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y4acTKOB NpAMONMHEHHBIX TPYG. Pacxox B MarucTpans peryiupyercs
saaBiKKo#t 3/1-1, ycTaHOBICHHON HA HaOpHOM TPYBOMPOBOLE HACOCE M
V3MEpAETCS ¢ TOMOUIBIO MEPHOH AnadparMel 3 i HOMIUIOYEHHONO K Helf
nuddeperumansaoro ManoMetpa 4. OTnoneHue Tpy6OnpoBOIOB 5 HIH
: 6 ocymecTensercs sagpwkKamu 3M-2 mnm 3]-3. Jlns onpepenenms
norepb Hamopa 1o amwee h,, KOHUB TPyGOmpoBONOB COCNHHEHEI ¢

gudbepeHIHaNLHBIME MAaHOMETPaMK 7 | 8.

p—

Puc 5.1.Cxema nabopatopHo#l ycTanoBxu
) Hopadox esinonnenus pabomt
Tlepes, BxmOdYeHHeM YCTAHOBKH [POBEPHTH 3AKPHITHE 3ANBHKEK
37-1,300-2, n 3113.
OtkphiTs 3ansuxky 30-2 umu 310-3.
Tiposeputs ypoBHH BOAM B AM(QEpeHUMANBHOM MaHOMETpE,
ofcoeMHEHHOM K KOHUAM TpyOml. BxmouwTs Hacoc ¥ , OTKpHIsas

safsuwkky 3[-1, no meperafly yposHed Ha guddmaHOMETpe MepHOH



nuadparMsl, YCTaHOBHTE B Tpybonmposose Ttpebyembii pJ
Toxazaams aadQepeHIHANEHLEIX MaHOMeTpOB MepHOR nmadpard
TpyGOTIPOBOAA 3AIHUCATh B IPOTOKOR MCTLTaHA# (Tabmuma 5.1).

Hiamensis orkpeTie 3amBEXkH 3Ji-1 ONBIT mOBTOpPHTE TPT

LQ6pa6mm<a pe3ynsmamog usmepetiuii

Pacxon Bonst B Tpy6ONpOBOAE BEMHUACIKTE N0 GopMyne:
0=0262/AR, (nc) (5.7)

rae Ah = h; — h; — mepenax Hanopa Ha MepHo# A@adparme,

CxopocTh ABIKEHUA BOAB! B Tpy6e:

0

40
o md: (m/c) (5.8
re ® — NIOMa/b CeueH s TpyOompoBoAa.

[Morepu nariopa Ha IPeORONEHHE TPEHHUS: -

Pog = b5~y . (5.9)
Koapdumment maﬁ‘e‘tsnmecxoro Tperus u3 GopMyns: 5.3
1= h,-d-2g
TRZER (5.10)

OrmpenenuTs aicn0 Pefironbaca no ¢opmyne 5.4, 5.5, 5.6 u
COOTBETCTBYIOUIEH AAaHHOH 0ONACTH COHPOTHBIIEHHH, OMpeneny
CPaBHHMTb €r0 € ONBLITHEIM 3HAYEHHEM.

Tabmuua 5.1.

ITporoxon ucHbITaHMI.

Ne | Mepuas anadparma Hcnmr. tpyba

omet | M h; |Ah ] Q | hy | hy hy, | V A Oba.

sos | MM | MM | MM | Jl/c | MM | MM | M | M/c | omHiT | Re conp
Hoe oTHE

34



JiaGopaTopuau paGora Ne6
Onpedenenne xo3pdanuenmos cxopecnu u pacxooa npu
UCMEYEHIN NCUOKOCTIL YePes OMEEPCMILE 8 HACAOKH
Hesns pabora:

OnpefleATs  OOBITHRM OYYEM KOX(xpBIHERT CKOpOCTA. @ H
o()pIIHEHT PaCXOMia JL UPH HCTEICHHH MWAKOCTH H3 OTBEPCTHH M
cadokK. :

OCHOSHME NOAONCERUS
Cropocts HCTCIEHHS xmxxoc'm "3 (m;epcmi P HacazioK

enserca no (opmyne:
V=pJ2gH , (61)
rae V — CKOPOCTh HCTEIEHHA KHOKOCTH,M/C;

H - nanop m;

P — K03(pHIHEHT CKOPOCTH.

Pacxop XHAKOCTH IIPH HCTCICHHH H3 OTBEPCTHH M HAcal0x

pegensercs o opMyne:
0=po2gH, (62)
rae: Q — pacxof XAIKOCTH, on’fc;
© ~ WIOMAX, CCUCHHS OTBEPCTHA FIH HACATKA CM’,
1 — xoaddEimenT pacxoza.

Ceazs wMexny koddbdHnmesTaME CKODOCTE H  Pacxoha
HIPEAENACTCH 3aBACAMOCTEIO.
H=EQ 63)

rae & —xoaddamAesT cxKarag CIpyH.
IKcnepumenmansnas ycmanoska
OknepaMeRTabHA YoTaHoBKa (pHC. 6.1) COCTOHT M3 HaNOPHOTO

aka 1 060pyoBaHHOTO HEpenuBHOH TPyOoli 2, kKOTOpad mpH HOMOMIH
TeiMansnoro yCTpoMCTBA MOKET NOMHHAMATECE HIH  OHYCKAThCH,
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memnpnmunanopmmmouonepcxmBe:mmana:ﬂ
ONpefenseTcs N0 NBC3OMEIPY 3, moxcoenmHENEOMY K Gaxy.
3ANONEAETCA BOAOH ¢ NOMONEO 3a/BHXEkR 3/[-1. B crenxe Gaka AMes
OTBEpCTHE 5, KOTOPOE CHYANT A YCTAROBKH HCIEITHIBACMBIX uoneH
orseperail Wi Hacazox. Jng GuCTpol CMEHM Monenel. npeaycMoT
Knanad 6, nepeKpHBalonHE NPH CMCHE MORENHH OTBEPCTHE 5. |

Pacxox mimepserca o0BEMBRIM cmocofOM C  noOMO

_ mpotapuposansoro G6axa 7. kana nsesomerpa 6axa nporapapos
" IHTPax.
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Prc. 6.1 Cxema naboparopoit ycTaHOBKH
Hapxdox'cumanam paboms
Vcranosurs B oTBeperme 5 Gaka omRy M3 HCHRITEIBA
mogeneit. Orxpurrs zapsmsxy 3/1-1 B 3anomsmTs 6ax 1. OTKpHTS KT
6 B, IpE HCTCICHHH XHIAKOCTH A3 OTBEPCTHA BIM HacCa/Ka,yCTaHOB
noMompio 3azsmkiy 3/I-1 mocTosmmmii yposen: B Gaxe 1.
sanemxky 3/1-2 ® mpomssecrm 3aMmep 00bEM2 XHAKOCTH B BpE

sanonmenus baxa 7.
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Tlocne oxomvuanHs ONHTA BHOYCTUTS: BOAy H3 Gaka 7, CMEHHTS
MOZIENb B HOBTOPHTH OBHT. ONBITH HOBTOPAIOTCH I KAKHOH MOMENH.
OubrThbie faAnke 3aHecTd B Tabmany 6.1.

O6pabomxa pe3ynvmamos usmepeniii

Onpepgendrs pacxoj HCTCICHAA YEPE3 OTBEPCTHE WM HACAJOK:
w
Q= s ole,  (6.4)

rae: W — o6séM Bogst B Bake 7, o’
t — Bpema 3amoymenEn 0axa, (cex.),

KosdubmmenT pacxo/ia i Ofpesensem 13 3aBHCHMOCTH (6.2):

H= P 2gH— , (6.5)

T'lie © - IWIOMAAb OTBEPCTAA MM HACAJKA, CM.

{pasMepsl nprBeneHH B Talimue 6.1)

H — nanop Hax nenrpoM oteepeTan B Baxe 1, oM.

g = 980 cm/c” — ycropeHHe CBOGOAHOrO NAACHNA.
M3 3aprCAMOCTH (6.3) onpesenterca koodunmenT CKOPOCTH ¢

H
Q= ; ., (6.6

3Havenus £ APHHEMAIOTCA N0 CHPAROTHBIM JaHHHM. Bee

BHIMHCNICHAS 3aHOCHTCA B Tabmmty 6.1

3%



Tabsmma 6.1 .
Onpeaenense x03(pdAMHEATOB PacX0/ia H CKOPOCTH HpH
HCTCYeHHH H3 OTBCPCTHH A HaCAJKOB

e O065-
n | Buxorscpcrux | Kood | Pasme-| ITao-| &u | Bpe~ | Han-| Pacxon m 0
{ WM BACANOK Cxar-| pu |mo| W |mat jopR Q
x e () | o | cex |cm | kMire
Kpyraoe &=20
| OTBEPCTHC 0,64 |
Keamparsoe 20520
2 OTBCpCTHE 0,68 | mu
NpaMoyrommoe 14x30
3 QrBepCTHR 0,681 wu
Baeomai &=20
4 | rmmperecx | 1,0 -
BACANOK
Komrsecx: d=26
5 cxoasmHiics 1,0 MY
HACANOK
Konowgamauk =23
6 HACAAOK 1,0 | wu

ITpameqanse: kooddmmenT ckarhd € JUi1 HACAAKOB OHPE/

0O BHXOAHOMY CCUCHHIO.
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JIaGopaTopuasi paGora Ne 7

Hcenedosanue ucmeuenus ycudkocmu 6 ammocepy npu
nepemennom Hanope
1lens pabotst
Onpenenurs ONLITHBIM IYyTEM BpeMS H3MEHEHMS YPOBHA
KugxocTH ot H; no H, npu HcTeyeHHH 93 OTBEpCTHA B aTMOCQepy H
CPaBHHTE €0 C Teopemqécmmu pacyéTamu.
OcHOGHbLe RONOHCERUA
BpeMs u3MeHeHMs YPOBHA OKHJKOCTH B npk3marmecxom
pesepeyape ot Hanopa H; Haj ueHTpoM oTsepcTus o Hanopa Hp npu

OTCYTCTBHH ﬂpmoxa OHPCI(CJI}ICTCH 1O 3aBUCHMOCTH:
(JH, -JH, ), 7.1
# > r"* 7.5

e p=0,62 - xoaq)cimunem pacxo/ia OTBEpCTHA YCTAHOBKY,
® — nyoIaAL OTBEPCTHA; (CMZ);
F — nnomane cegenus pesepeyapa (CMZ);
H, ~ ramop B Hagane HCTedeHUs (CM);
H, — Hanop B KoHIe HCTedeHH (CM).
Onpesenerne BpeMeHU TIONHOTO onopokHerus Oyzer npu H, =0
2T,
= ——*‘-Z—g* . (7.2)
Ikcnepumenmaibnan ycmanoexka
OxcnepHMeHTalbHas YCTAaHOBKA Ta K¢, 4T0 W B naboparopHoit
pabote Ne 6.
Hopadox esinonnenus pabomess
Ortkpoith 3aABIKKY 3i-1, 3anoneHTs HAanOpHEH 6ak 1 Bogof.

3amepuTs neppoHa4anbHb# 00BEM BOoant W; B Gake 7. lismepurs

39



nepsonauanbRpii Hanop H; . OTkpeis knaman 6 # onHospe
BKIIIOYMB CeKyHAOMED, HAa4aTh BHITYCK BOXGL 13 Gaka 1.

Koraa ypoBeBb NOHM3HTCS A0 BenwuaHel H; BeIK)
CeKyHAOMEp H 3aMepHTh 00%HEM Boxsl W, B bake 7.

OrbrT NOBTOPHTE TPWXKIH TIPH OfHHUX W TEX e 3HAYCHHT
H,.

Obpabomxka pe3ytbmamoe usmepenu

Wsmepennnie Besmuunsr W,, W, Hy, H, # t, 114 Beex o
3adecTH B Tabmuiry 7.1.

Onpesenuts 06BEM KHUAKOCTH B KAKAOM ONbITE:

W=W-W, (7.3)

Onpenenuts BpeMs MOHIKEHWS YDOBHA ty JAg TpEX on

Onpenendrs TeOPETHYECKOE BPEMS trgp 110 3aBHCHMOCTAM 7.1 un

(opu H, = 0). BurmciuTs TPONEHT OTKROHEHUS oy OT treap-

Tabmuua 7.1
[ Hanopst O6bém Bpems %
CTUH [ H | Wi ] W | Wt ] tp | b | O
1

2.

3

4o



JlaGopaTtopnas paGota Ne 8

Hsydenne yerpoiicrea # MPAHUHANA AelcTBHA 06bEMHbIX

i HacocoB

Lens paboTs!

X [lonesysce MakeTamu, IUIaKaTaAMM M METOJAMHECKEM TOCOGHeM,
M3YYHTb YCTPOMCTBO H OPUHHMIO JEHCTBMA IIECTEPEHHOTO H
IITACTHHYATOrO HaCOCOB. »

o Hopsnok Bemonnenus pabors

1. M3yante y4eOHYyl0 H METORMYECKYK) JHTEparypy @O
PaccMaTPHBAEMOMY BOIPOCY.

2. CocraButs oT4ér 0 nabopaTopHo#i paboTe ¢ upHBEACHHEM
KOHCTPYKTHBHBIX CX€M, OIIMCAHHEM KOHCTPYKIMH M NpUHIMIA
paboThl HAaCOCOB.

3. Tlpusecta 3aBACHMOCTH s onpejeneHus

NPOU3BOAVTE/ILHOCTHA HACOCORB,

5. |
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JlaGoparopuas paGora Ne 9
Hsysenme ycrposicTsa M NPHALEEA AeHcTBHA 00BEMALIX
HacoCoB
Llens pabotel
MMonp3ysch MakeTamHd, NIAKATAMA H METOAHYECKMM IOCOGHeM,
H3YdHTh YCTPOHCTBO H OPHHUMI HeHCTBHS DPAAMANBHO-TIOPUIHEBOIO H
aKCHATIEHO-TIOPIIIHEBOTO HACOCOB,
Hopazox srimonuenns paGoTs!
[. Mayguts  ydebHYHO M METOHMHECKYH  JMTepaTypy  ndl
paccMaTpEBaeMOMY BOTIPOCY.
2. CocraButh - ordéT © naboparopHoif pabote ¢ upuBeseune
KOHCTPYKTHBHBIX CXEM, OIIHCAHHUEM xorxcmyximﬁ H OpPAHIH

paboThl HACOCOB.

Lo

HpHBeC'I‘H 3aBHCHMOCTH AN OHPERCACHHA MPOHU3BOAHTETEHOC

HACcOCOB. 4

{45 b
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JIaGoparoprasu paGora Na 10
Haygenme 3nemenron THAPOANNAPATYDLL,
Ilens paboru:
Hayauts,  masnavenme, YCTPOHCTBO, HpHHWEN JeficTBES, Mecto
YCTaHOBKH B rEmpocECTEMaX M 00O3HAYEHHs Ha CXeMaX OCHOBHEIX

meuemonmnpoannapa'zypm.
1. Hanopﬂnﬁrmpoxnananrmar-ﬁ.,;, . T L
: 10 .. Y
' j ™ T _3
.. it j
8- . 4
- R 1 5
RN Ly 45 9
a) . d)

2. PenyxumoHmmii kianay I-57.
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3. Perynsrop pacxoza EKEAKOCTH THOA [-55-2,
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JlaGopaTopuas paGora Ne 11

H3yvyenue 3/1eMeHTOR MHAPOANNAPATYPhI
Llens pabGorn
V3yduTh Ha3zHaueHwe, YCTPOHACTBO, HpPHHUIMN AEHCTBHA, MECTO
YCT4HOBKM B  THApOCHCTeMax H  ofo3BadeHHs Ha  cxeMmax
ruJpopacnpelenuTene.
1. I'mapopacnpeaenarens Tina 2-1'74-1.

Tuapopacnpenemrens nﬁezmasua%um JAs YyOPaBAECHHUA MYCKOM,
OCTaHOBKOM W HalpaBleHHEM IIOTOKOB XHAKOCTH B THIADPOIMBUAK B '
33BUCHMOCTH OT HaIYmMs BHEINHEro yNpaBigiomero Bosgelicteus. B
oOBEMHEIX [HMAPONPHBOJAX, B KOTOPEIX B KadyecTBe JBurarenei
HCNONB3YIOTCH MOPIIHEBHIE LAAMHIDHL, C MOMOINGI0 paclpenenureneil
OCYIIECTBIACTICA MX IYCK, OCTAHOBKA, PEBEPC JBMKEHUS K M3MEHEHHE
PEXHUMOB IBIKCHHUS .

KoucTpyKnuH pacrpejendreael paznoobpasHsl. Onn

pa3nH4aroTeA [0 BHIY YIPABACHHSA [0 YMCHY QHKCHPOBAHHBIX I103MIMH
pacnpefelUTebHOrO  JEMEHTAa, HO THUY  PaclpejenHTeNbHOTO
37/€MEHTAa, MO KONMYECTBY pacHpelelsieMBIX JMHHM , IO NPOIyCKHOH
CITOCOOHOCTH.

I'vapopacnipenenuresns (2r74-1),  npeacrasaser  coGof]
TPEXIO3HITHOHHBIH, geTBipex NUHEHHBIH, 30N0THUKOBEIH]

pacrpefieiuTels ¢ PYYHEIM YIPABNeHHEM B MeXaHWYecKkod durcaimes

NEPEKITIOYaEMBIX [IO3HLIHH. 4 ' 5
. o : A
4‘ , . /G N : R
WAL Y - ===
X e
4
- L
9 5 -4




PacnipenienurensHbiM  3AEMEHTOM  SBHSETCS  HUWIHHAPHYECCKHH
30M0THHK C OBYMS HPOTOYKAMH YCTAHOBJEHHBIH B KOpfAyce, B KOTOPOM
pactodessl, mATe Kamep. KpaliHue Kamepsl CBA3aHbI MeXay CoGoi
nmanuelt (3) W uMeror o6wmE BHXOA (BHEMHMNA) ANS UPUCOCAMHBEHMS
chmBHOM MarucTpann (1). llenTpansHas xaMepa CAyXHT ans
MOAKMIO4EHNS HanopHoR sunud (2). Bexoast (4 u 5) ABYX xamep
TONKIMIOUAOTCY K 00BeKTy ynpasieHHs (CHJIOBOMY TMAPOUWIIHHIDY).
3onOTHUK TOKa3aH B cpepHei nosummu. [Ipu 3tom BeXomel (4 U 5)
CBA3aHBl C HAMDOPHOW NuHyMel, a CNHAB 3akpuT. [lpW nepemenienus
30JI0THHKR BIEBO, BHIXOA (4) OTCEKAETCA OT KaMephl [OJBONG H Uepes
TIPOTOUKY 304OTHHKA coobIaercs ¢ JieBol Kpaiine# kamepoi u mumMel
cmuBa. Beixost (5) B 3TOM ITONOKEHMH 30J0THHKA CBA3aH C HAIlOpHOH
nuHuell. TlepekmodyeHHWeM 30J0THMKA BOPABO M3 CPeAHEH [O3HILMH
HoToKU pabouell KUAKOCTH Ha BHXoAax (4 u 5) pesepcupyiorcs, 1. .
BbIx04 (4) coobumaeTcs ¢ HanOpHOH JiKHWeH, 2 BBIXOA (5) co ciHBOM.
(uKcalsa 30JI0THHKA B KKA0H [O3HIMHA OCYIIECTBAAETCS IIAPHKOBEIM
¢uxcatopom (6). B 0603HAYEHMH T'HAPOpAcIpedeNHTEdL Ha CXeMax,
OTpakaeTcs YMCHO TIO3HLMH DPACTIPENENUTENEHOTO NEMEHTA),KaKIad
nosulMs  u300paXkaeTcs OTNSNRHBIM  KBAJPATOM), CBAM  MEXIy
OPHCOENHHAESMBIMH BHEIUHMMH [HHWIMH B KQXKHOH [O3MIMH, BHJ
ynpasnenus (pyqHOE, JIEKIPOMATHHTHOE, THAPaBIMYECKOE), HalHg9He
¢nkcammy. Tlogkmoyenne BHemﬁHx JIMHAH TIOKa3BIBAETCS B ONHOH W3

TO3MLMH, IPUMHHMAaeMOH 33 HCXOIHYIO.
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JlaﬁopaTopnaﬂ paGora Nel2
H3yyeHHe THAPOCXEMBI HANIOCTPHPYIOLIEH IpUMenenne
H3yUaeMblX IeMEHTOB rHAPOANAApaTypshl
ens pabotsi
W3yduTs, Mecto YCTaHOBKH B rumpocxeMax u QOO3HaueHHS Ha

CXEMaX OCHOBHEIX YIEMEHTOB THAPOANIIapaTyphl.
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JlaGopaTopras paGora Nel3
Perynpposanne cKopOCTH HOCTYNATEALHONY JBIGKCHHH
pafiouero opraga.
Tens paGorst:
Tloss3ysch MAaKeTaMy, MIAKATAMA H MECTORHUCCKAMH pocotHIMH,
H3yuHTs 00LEMHOE PETYIHPOBIHAE cxopocm pabouero oprasa.

TlopAnox BLmoAHEHHA pabOTHL:

1. Voyuurs yueOHyso #  METOAHMHECKYIO  JHTCparypy IO

paccMaTpaBaeMOMy BORPOCY.
7. Cocraurs OT96T © naGoparopEod palore, ¢ UPHBEACHHEM

THAPOCKEM.
3. [lpmeectu npmsmmn paloTsl THEPOCXEMbl 0P  MAITHHHOM

perynapoBasus cKopocTa pabogero oprasa.







