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BBEJAEHHUE

I'mapaBiyka — oTpaciab MEXaHUKH, N3y4arollias 3aKOHbl PAaBHOBECHSI M IBM)KEHUS KHUKO-

CTH.
Teopernueckoe U3ydeHHE JBMXKEHUS KUJIKOCTU U Ias3a, 3aKJIIOYAIOIIeecs] B COCTABIECHUU UG-
(depeHIanbHBIX YPAaBHEHUH IBIKEHHS M TOYHOM MX pPEUICHHH B OOIIEM BHE, BO3MOXKHO
TOJIKO B HEKOTOPBIX MPOCTEHIINX ciydasx. B ocTalbHBIX Cilydasx, MMEIOLIMX MPaKTHYECKOe
3Hau€HUE, MPU PELICHNH 3a7a4 JABMKEHUS KUJIKOCTH U ra3a MPUXOAUTCS WIM BHOCUTH pa3iny-
Hbl€ JIOMYIIEHUS, UM IPUHUMATh pabouue rurnoTessl (Kak Ha CTaJuu COCTABICHUS ypaBHEHUH
JBUKEHUS KUJIKOCTU WJIM Ta3a, TaK U Ha cTaauu ux peuieHus). CiieqoBaTeNIbHO, OJyYEHHbIE
peLIeHUs] TOJIKHBI OBITh WM MPOBEPEHBI, WM CKOPPEKTHUPOBAHBI THAPABIMYECKMMHU 3KCIIEPU-
MEHTaMHU. DKCIIEPUMEHTHI MO3BOJISIOT YTOUHUTH MOJYYCHHBIE pacueToM (OPMYIIbI, AT BO3-
MOKHOCTh BHOCUTb B HUX IONPABKH, Jienas 3TU (pOpMyJibl IPUTOAHBIMU JIJIs1 HA/IEKHBIX TEXHU-
YEeCKUX PACUYeTOB. 3JHAUCHHE SKCIIEPHUMEHTA B M3YYCHHH THAPABIUKA OCOOCHHO BEIIMKO, KOT/Ia
13-3a OOJIBIION CI0XKHOCTH ABMKEHHME XKMJKOCTU U ra3a BOOOIE HE MOJAeTCs TEOPETUYECKON
CXEeMaTH3alluH, U 33Ja4a pelIaeTcs YUCTO ONBITHBIM ITyTEM.

Bcest nctopust pa3BUTHS TMAPABIMKU OT INIyOOKOH IPEBHOCTHU JIO HAIIMX JAHEH TECHO CBS-
3aHa C AKCIIEPUMEHTAJIbHBIMU HCCIICOBAHUSAMU YaCTHBIX CIy4yaeB JIBM)KEHUS JKUJIKOCTH C HC-
MI0JIb30BAHMEM HMX PE3YyJIbTaTOB B IPAKTHKE (ApXHMMe] — IUIaBaHHE TeN B XKHUJIKOCTH, JleoHapao
na BuHun — rupaBianueckuil npecc, HeHTpOoOeKHbIM HacoC, HCTEUEHHUE KUAKOCTH Yepe3 OTBep-
CTUs U BojochuBbl, ['anuneo [Manuneit — u3ydeHune u UCoab30BaHUE BaKyyma | T.11.).

[Inpoko nu3BeCTHbIC B TUAPABIMUKE SBJICHUS OBUIM BIIEPBbIE OTKPHITHI 3KCIIEPUMEHTAIIb-
HO: JaMMHApHBIA U TypOyneHTHbIN pexumbl TeueHus (I'. Iaren, E. Ilyaszens, O. Pelinonbac),
oOpa3oBaHue BUXpeH Mpu oO0TekaHUU Tesl MOTOKOM >xuakoctu miu rasa (H.E. XKykoBckuid, T.
Kapwman, JI. [Tpanarins) u ap. B xonue XIX Beka Hayainu co3/1aBaThCsl CHELMAIbHBIE THIPABIIH-
4yecKHe JIabopaTopuu, B KOTOPBIX SKCHEPUMEHTAIbHO HCCIEIYIOT HE TOJIBKO OTAEIbHbIC 3Je-
MEHTBI, HO U 1I€JIbIE B3aUMOCBSI3aHHBIE T'MAPABIMYECKUE SIBJICHUS, NPEACTABIISIONINE UHTEPEC
JUIS THIPOTEXHUKH, CY0XO/ACTBA U TuapoMammrHocTpoeHus. C Tex mop oobeM paccMmarpHBae-
MBIX B HUX 3aJ1a4 PacTeT, a HaJIeXKHOCTh IIOJyUYEHHBIX PE3yIbTaTOB YBEINYUBACTCS.

OCHOBHOW METOJ| UCCIIEIOBaHUN B TMAPABIMKE COCTOMT B II€JIECOOOPAa3HOM COYETAaHUH
TEOPUHU U DKCIEPUMEHTA, YTO MO3BOJISIET U3y4aTh MPAKTUUYECKH JIOObIE CIydau ABMKCHUS KU -
KOCTH U MOJIy4aTh ¢ HEOOXOAMMON TOYHOCTBIO PEIICHUsSI MHOTOOOpa3HbIX TEXHUUYECKHUX 3ajay.

JlaGoparopHble paboThl Mo AucuMIinHe «[ HapaBirka B CTPOUTENBCTBE» IpeIHA3HAYe-
HBI JUUISl O3HAKOMJIEHUSI CTYJIEHTOB C METOIAUKOM MPOBEACHUS 3KCIEPUMEHTAIBHBIX HCCIEN0BA-
HUN pa3IUYHBIX THUAPABIMYECKUX SIBJICHUM U C METOAAMM ONPEIENICHUS SKCIEPUMEHTAIbHBIX
K03(PUIIMEHTOB, UCIIOJIb3YEMbIX B THAPABIMUYECKUX pacyeTax.

JIabopaTopHbIl MPaKTUKYM COCTABJIEH MPUMEHUTENBHO K 00OpYIOBaHHUIO TMIpaBiIuye-
ckoit madoparopun kadenpsl CTC Tynbckoro rocy1apcTBEHHOIO YHUBEPCUTETA U COOTBETCTBY-
eT JAelcTByromle paboueil mporpamMmme AUCHMILIMHBI «[ UpaBiiiKa B CTPOUTENbCTBE». Bee na-
O6opaTopHbIe pabOTHI, BHIIOIHIEMbIE CTYJICHTaMH, paclipeleNIeHbl [0 YeThIpEM pazeiam:

1. M3mepeHue XxapakTepHUCTUK XKUAKOCTU M UX MOTOKOB (M3MEpPEHHE NaBJICHUSI U MECTHOM
CKOPOCTH B pa3HbIX TOYKAaX MPOCTPAHCTBA, 3aHATOTO IMOKOSILEHCS WM IABMXKYIIEHCS
KHUJKOCTBIO, U pacxojia HallOpPHOTO WM OE3HANOpHOro MoToka). O3HAKOMUBILIHUCH C
KOHCTPYKLMSMHU U IPUHIUIIAMU JCHCTBUS PA3TUUHBIX TPUOOPOB, CTYICHT NPHOOpETaeT
HaBbIKU pabOThI ¢ HEKOTOPHIMU THIIAMU MPUOOPOB, YCTAHOBICHHBIMU B y4eOHOI J1abo-
paTopuu.

2. OmbITHas JEMOHCTpAIHS TOTOKOB JKUAKOCTEH W Ta30B (BH3yadbHOE HAOIIOJCOHWE U
M3yYeHHEe JJAMUHAPHOTO U TypOYJIIEHTHOTO PEKUMOB, ITOCTPOCHHUE MbE30METPUUECKON U
HaMoOpHOM JIMHUN MOTOKA >KUJIKOCTH B TpyOe mepeMeHHoro ceueHus). CTyJeHT 3HaKo-
MUTCSI C JBUKEHUEM OTHAEIbHBIX YACTHI] B IOTOKE HUAKOCTU WIM ra3a 1 3aKOHaMH U3-
MEHEHUS BAOJb OTOKA CPEAHEN CKOPOCTHU U JIaBJICHUS.

3. OmnbITHOE ompeneneHre K03()UIIMEHTOB, UCTIONB3YEMbIX B THAPABINYECKUX pacyeTax
(k03P PUIMEHTDI, YUUTHIBAIOIINE COMPOTUBIIEHUE CPEMIbI IBUKEHUS JKUIKOCTH . TUPAB-
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JIMYECKOTO TPEHUSI A, MECTHOTO COTIPOTHBIIEHHUS (, CKOPOCTH (), CXKATHE CTPYHU &, pac-

xoa M, dpuibTpanuu k). CTyIeHT 3HAKOMUTCSI ¢ METOJIMKOM M TEXHOJIIOTHEH NpoBene-
HUS DKCIIEPUMEHTOB JIJIS1 OTIPEICTICHUS YUCICHHOTO 3HAYCHHSI UCKOMOT0 Kod(durmenTa
nu I/I3y‘-I€HI/IeM HpI/I‘-II/IH, HpI/IBOILSIH_II/IX K IBMCHCHHIO €I'0 BCJIMYHNHEL.

B ydeOHOe mocoOue BKIIFOYCHBI OCHOBHBIC CBEACHHS O METOJax 0O0pabOTKH Pe3yJbTaToOB

SKCIICPUMCHTA U OLUCHKH JOCTOBCPHOCTH U HAIC)KHOCTHU MMOJTYUCHHBIX PC3YJILTATOB.

Hepez[ J'Ia60paT0pHBIMI/I 3aHATUSAMU CTYACHT 0053aH 03HAKOMUTHCA C HaCTOAIIIUM nmocoou-

€M, COOTBETCTBYIOIIMMU pa3jiejaMu JCKIUM U yueOHUKOB, YCBOUTH M3JI0KEHHBIN B HUX Mare-
pHall U 3arOTOBUTH OJaHK OTYETHOTO KypHaja K JiabopaTopHOi paboTe.

KonTponbsHble BONPOCH! pa3ziefeHbl Ha JABE TPYIIIBI: 001IMe — Ui BCeX JIAOOpaTOPHBIX pa-

00T U YacTHBIE, - OTHOCALINECS TOJIBKO K KOHKPETHOM 1abopaTtopHoii padore.

o

IlepBas rpyra KOHTPOJIbHBIX BOIIPOCOB CIIEAYIOLIAs:

Koneunas uenb nabopatopHoit paboThl 1 OCHOBHbBIE MTYTH JTOCTHXKEHUS €€.

Cxema OIBITHOW YCTAaHOBKM M Ha3HAUYEHHUE KaXI0TO Mpudopa, apMaTyphl UM SJIEMEHTA Jia-
00paToOpHON YCTaHOBKHU.

Bo3moxHOCTh (WM HEBO3MOXXHOCTBH) 3aMEHBI MPHOOpA, MMEIOMIETOCs Ha JIabopaTOPHOM
YCTaHOBKE, APYTUMHU.

[TocnenoBarenbHOCTh (MM OJHOBPEMEHHOCTH) pabOThl ¢ apMaTypoil YCTaHOBKH M IPOU3-
BOJICTBA OTCUETOB 10 IpUOOpam.

[TpaBua 3amomHEHHs KypHAIa PETUCTPAIIMH OTIBITHBIX JAHHBIX.

Pacuetnbie hopMyIbl, mpuMeHsieMble TP 00pabOTKe pe3ylbTaTOB U3MEPEHHI MO Mprudopam
1ab0paTOPHOM YCTAHOBKH.

CMBICIT U pa3MEpPHOCTH BCEX BEIIMYUH, BXOASIINUX B (DOPMYIIBI, HCIIOIB3YyeMble TpU 00paboT-
K€ pe3yJIbTaTOB HAOIIOACHUH.

JlononHuTeNbHBIE KOHTPOJIbHBIE BOMPOCHI, OTHOCAIINECS K KOHKPETHOW abopaTopHOi pa-

6OT6, IMPUBCACHBI B KOHIIC €€ OIMUCAaHUAA.

HpI/I 3al{UTe BHINOJIHECHHOMN J1a60paT0pH0171 pa6OTBI CTYACHT CHACT MMOJIHOCTBIO 3a0JIHCHHBIM

pe3yapTaTaMy U3MEPEHUN M PacueTOB M COOTBETCTBYIOIIMMHU CXeMaMH U rpadukamMu OJaHK OT-
YETHOTI'O KypHaJa.



1.3AKOHBI TMIPOMEXAHNYECKOI'O ITIOJOBUSA 1 ITPABUJIA
MOJAEJIUPOBAHUA ITOTOKOB.

[TpoBeneHMe TUAPOMEXAHUYECKOTO IKCIIEPUMEHTA TTO3BOJISIET U3yYUTh TUIPABINICCKOE SIB-
JeHue (Hampumep, Ui co3AaHus paboveil TUITOTE3bl), MOJYyYUTh 3HAYEHHE OMBITHOTO K03 du-
[UeHTa (715 KOPPEKTUPOBAHUS TEOPETUUYECKH MOYICHHOH (DOPMYIIBI) HIIH BBISIBUTH dMITHPUYEC-
ckyro (opmyny. Jlns Toro, 94TroObI MOKHO OBUIO HCIIOJIB30BATh MOJYYCHHBIC PE3YJIbTaThl JIJIS
pellleHus He TOJbKO KOHKPETHO MOCTABICHHOW WH)XCHEPHOU 3a71aud, HO U JIJIi MHOTHX JIPYTHX,
AQHAJIOTUYHBIX M MOTYIIUX TMOSBUTHCS BIOCIEICTBHU, HEOOXOIUMO, YTOOBI IKCIEPUMEHT ObLI
BBITIOJTHEH B CTPOTOM COOTBETCTBUU C 3aKOHAMH TUIPOMEXaHHUYECKOTO TOI00US IIOTOKOB, a MO-
Jieny OBLTH MIOCTPOCHBI COTIACHO TIPaBUIIaM MOJICIIMPOBAHUS HATYPHBIX O0BEKTOB.

1.1 Buabl nomo0ust MOTOKOB
['mapomexaHnyeckoe Mo00Ke BKII0YAeT TPU BUIA TTOA00HS:
1. Teomerpuueckoe momo0Ke — Bce CXOICTBEHHBIC JIMHEHHbBIC pa3Mepbl HATYpHOro o0bekTa |y, u
ero mojienu |, HaXomATCs B OJJMHAKOBOM COOTHOIICHUH:

II“—” =9, =idem, 1)
H
rJie 0, — TEOMETPUICCKII MacTad MOICTUPOBAHUS.
[Tpu reomerpuueckom noaoduu (puc. 1) obecrnieunBarorcs 6€3yclIOBHOE MOJ00ME TOBEPXHO-
CTCH, OrpaHUYMBAIOIINX MOTOKH, MOI00HME JTMHUA TOKA W TPACKTOPHH, OTHOIICHHUE CXOJCTBCH-

HBIX IUIOIIANEN 0= 53 U 00beMOB O, = 53 .

Harypa — «u» Monens — «Mm»

L

Pucynoxk 1

2. Kunemarunueckoe HO,Z[O6I/IC — BO BCCX CXOACTBCHHBIX TOYKaX CKOPOCTU Vu YCKOPCHUA a
HE TOJIBKO MMCIOT OAMHAKOBBIC K IMOTOKY HaIlpaBJICHUSA, HO U HAaXOAATCA B OJJUHAKOBOM COOT-
HOIICHHMU:

<

V_” =8, = idem; G o, = idem, (2

a

M M

7€ dy, 0, — MacIITabbl CKOPOCTU U YCKOPEHHUS.
3aMeTHM, 9YTO KHHEMATHYECKOE T10,100Me BO3MOXHO TOJIBKO MPU HAJTHYUNA F€OMETPHISCKOTO
moxo0us.
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Ecnu BBectn macmta® BpeMeHH Jy, , TO MOKHO IMOJYYUTh MacIITaObl KHHEMAaTHUECKUX Be-

JNYUH: oy = ge , 0, = ?2 : (3)
T T

3. lunamuueckoe moaooue — pe3yabTupyomue P Bcex ASHCTBYIOMIMX CHUJII HA CXOJCTBCH-
HBIE 3JIEMEHTHI HE TOJBKO MUMEIOT OJIMHAKOBBIE K MOTOKY HarpaBjieHUs (MHOTOYTOJIbHUKH JIEil-
CTBYIOIIIMX B HATYype U HA MOJICTU CUJI IMMOJJ0OOHBI), HO U HAXOIATCS B OJJMHAKOBOM OTHOIIICHHH:

P .
8p =—% =idem, (4)
PM
rae O, —MaciuTad cuil.

3aMeTHM, YTO JHHAMHUYECKOE IOJ00HE BO3MOKHO TOJBKO MPH HATMYHUH KHHEMATHYECKOIO
moxoous.

1.2 OcHOBHOI1 3aKOH TI0JJ00MsI TOTOKOB (3ak0H HproToHA)

Macurrabubie kodpbuuuentsr O, 6, 5, HE MOIYT ObITh IIPOM3BOJILHBIMH; CBA3b MEXKIY HHU-
MH OIIpeensieTcs: 3aKkoHoM HpIoTOHa, 3aIMCcCanHbIM JUIs 3JIeMEHTa:

B Hatype P, = p W, a,;

nuHamonemu P, =p W a,

(cuna paBHa IPOU3BEJIEHUIO MACChl HA YCKOPEHHUE).

Torna

S,
5y =0,0] =5 =58,506,

2 p—
T
U 3akoH HproTona HpH06peTaeT BHUA:

S
— =1 5
5,625, ©)
P
be3pa3MepHas Bequ4yrHa —— =Ne (6)
oV

noJlyunia Ha3BaHue kpurepus noaoous Hetotona (uncna HeroToHa).
3akoH noao6ust GpopMynupyercs Tak: Ba T€OMETPUYECKU MOJOOHBIX MOTOKA OyIyT U THUJ-
pOMEXaHWYEeCKH MOJ00HBI, €CIM KaXkJas Mapa CXOJACTBEHHBIX 3JIEMEHTOB MMEET OJMHAKOBBIE
yuciaa HeroToHa T.€.:
Ne, = Ne,,. (7)
3aMeTHM, YTO pa3Hble Mapbl CXOACTBEHHBIX AJIEMEHTOB (TOYEK, IUIoNaiel, 00bEMOB U T.II.)
MOT'YT UMETh pa3Hble unciaa HproToHa.

1.3 YacTHble KpUTEpUU OO0 TOTOKOB

BHenmHue cribl (TSDKECTH, BI3KOCTH, YIPYTOCTH, IIOBEPXHOCTHOTO HATSDKEHUS U T.I1.), JCH-
CTBYIOIIIME HAa CXOJCTBEHHBIE PJIEMEHTHI TIOTOKOB B HAType U Ha MOJIETH B CHIIy CBOEH (husmue-
CKOH MPHUPOIBI H3MEHSIFOTCS TIPH MOJISTHPOBAHUH B pa3HOe Yuciio pa3. CieoBaTeIbHO, MHOTO-
YTOJIbHUKH ATHX CUJI JJISI CXOJICTBEHHBIX 3JIEMEHTOB B IIPHUHIIUIIE HE MOTYT OBITH MOJOOHBIMH, a
UX PaBHOJICHCTBYIOIINE — OJIMHAKOBO OPHEHTUPOBAHHBIMH K ITOTOKY M HAXOJIUTHCS B OJIMHAKO-
BOM COOTHOIICHHH 10 CBOUM BEJIMUHHAM.

Takum 00pa3om, MOJTHOTO JUHAMUYECKOTO (CJIeI0BAaTEeNbHO, U THAPOMEXAaHUIECKOTO) MOI0-
Oust B 00111eM citydae ObITh HE MOXKET, U 3aKOH HbI0TOHA HE BHITIOTHUM.

OpHaKo CYIIECTBYET JIOBOJBHO OOJBIION KIIACC THAPABIMYCCKHUX ITOTOKOB, SIBJICHUN, XapakK-
Tep KOTOPBIX 3aBUCHUT TOJIBKO OT OJHOM CHIIbI (BIUSHUE JPYTHX CHJ MIU COBCEM OTCYTCTBYET,
WM HACTOJIBKO Majo, YTO UM MOKHO 0€3 CYIIECTBEHHOH MOorpeurHocty npenedpeys). B 3aBu-
CUMOCTH OT THIA JOMHUHHPYIOIIECH (OMpeensiomeil XxapakTep U3y4aeMoro sSBICHUS) CHIIbI H3-
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MEHMTCS BHJI 3aKOHA 1oo6us (5) u kputepus noaodus (6). OHU MOTyYHIIM Ha3BaHUE YaCTHBIX
3aKOHOB M KpuUTepueB moaoous. Kaxaplii TakoW Cirydail MOYKHO paccMaTpHBaTh Kak IMojolue
IpY PAaBEHCTBE COOTHOILICHU Mapbl TUIIOB (PU3UYECKUX CHJI, OJIHA U3 KOTOPBIX SBISETCS CHIION
MHEpLHH, a BTOpasi— JOMHHUPYIOLIEH CHUIION B JaHHOM YacTHOM Cilydae JBM)KEHUS KHUJIKOCTH
WM rasa:

1. lomunupyromas cuna — cuna tsokectn G = pgW i macrab cunel o =6 ,6, 5, m

TOI/Ia 3aKOH IPABUTALMOHHOTO M000Kst Oy et 3anucan npu o, =1 rak:

2
% 1 ®)
5,5
Be3paszmepHasl BeJIMYHHA
2
Vo E ©)
ol

Ha3bIBaCTCs KpUTEpUeM 1moaooust (uuciom) Opyna.

— u —
2. JlomuHupyromas cuia — cujia BA3KoCTH P = pva)d— Wi Macrab cuisl o, =06,6,6,6, ,

n

Y 3aKOH BSI3KOCTHOTO 1MOJ00Ust OyIET BBIPAXKEH CIICIYIOIIUM 00pa3oM:

Sy 6,
=1 10
5 (10)
BeSpaSMepHaSI BCIIMYMHA
VI Re (11)
1%

Ha3bIBACTCS KpUTEpUEM 10A00us (duciom) PeitHonbaca.
3. loMuHUpyoas cuiia — CUja JaBieHust P = pouny MacmTad cuisl O, = 5p5e2, 1 3aKOH

1o100UsI 110 1aBJIEHUIO OY/AET TaKUM:

5.6;
£V 1. (12)
517
BeSpa3MepHa5{ BCJIIMYMHA
2
pV
——=FEu 13
- (13)

Ha3bIBAETCSI KpUTEPHEM NTOA00MS (Yuciiom) Ditnepa.
4. lomuHUpyoLIas cuila — cuiia ynpyroctu P=E _&o , a Ipu 0JUHAKOBOI OTHOCUTEIBHOM

nepopmaumnn Ha Mozenu U B Hatype (5, =1) macwrab cuisl 6, =0, O, ? M 3aKOH YHPYTOCTHO-

ro nmoao0ust OyieT npeACcTaBiIeH Tak:

5,62
-2 Y -1 (14)
5E
Be3pa3MepHa${ BCJIIMYHHA
2
VT _ c, (15)
E.?fc

Ha3bIBaeTCs KpuTepueM nojaodus (uuciom) Komrm.
5. JloMuHUpYyIOIIas CHila — CHJIa TOBEPXHOCTHOTO HaTshkeHus P = o, | wm macmrad cuitsl

0p = 0,0, , M 3aKOH MOI00MS 110 MTOBEPXHOCTHOMY HATSIKEHHUIO OyJIeT 3alucaH Kak
2
0,0,0y
adba
)

o

(16)

be3pa3zmepHas BennunHa



plV 2
o

=W (17)

Ha3bIBACTCs KpUTEpUEM 11oaoous (uuciom) Bebepa.
6. JlomuHupymomas cuia — BbITaNKUBaomas cwia P = (p.,p0,.)9W mm macmralb cuibl

6p(0, —0,.)9, ), M 3aKOH M0106MS 110 BHITANKUBAIONIEH cHile Oy/IeT 3amucan Tak:

2
o
O % 4 (18)
59 5' (5/37'3 N 5P )
be3pasmepHas BennumHa
2
Vi_p _ (19)
gl Prg — P

Ha3bIBACTCSI KPUTEPUEM 11OA00MS (YUCIIOM) ApXUMENa.
CylecTBYIOT U Jpyrue YacTHbIE KPUTEPUH 110100Us1, HAIIPUMED:

B
-Kapmana Ka = VV - JUIsl U3y4EeHUS MyNbCalluii TypOYIEHTHOIO TOTOKA;
| y
-Ctpyxans Sh = Vi JUISL U3y4EHHS] HEYCTaHOBUBILUXCS TEUEHU;

\Y
-Maxa M = — - mjisi MOJIETUPOBAHUS TEUCHUS Ia3a;
a

3

-I'pacroga Gr = % - JUIS U3YYEHHS] KOHBEKIIMOHHOI'O JBIDKEHUSA BO3IyXa.

YacTHBIH 3aKOH MOAO00US MOTOKOB MOXET OBITh CHOPMYITMPOBAH CIICIYIOIIMM 00pa3oM: JBa
TCOMETPUYCCKU MOMOOHBIX TOTOKA WJIM SIBJICHUS, MPOUCXOMASIINX IMOJ BO3IACHCTBUEM TOJIBKO
OIIHOI\/JI CHIJIBI, 6YIIYT U THAPOMCXAHUYCCKHN HOIIO6HI)I, CCJIN KaXKJad mnapa CXOACTBCHHBIX 2JICMCH-
TOB Oy/IeT UMETh OJJUHAKOBBIE COOTBETCTBYIOIINE KPUTEPUH (YKCIa) TOA00US.

1.4. OcHOBHBIE NTpaBUIIa MOJICTIMPOBAHUS TOTOKOB

[Tpy M3roTOBIEHUH MOJETM OCHOBHOW BEJIMYMHOM CTAaHOBUTCS I€OMETPHUYECKUI MaciiTad
MozenupoBaHusa J,. Yem Oonbie §, (4eM MEHbIIE pa3Mep MOJENHU 10 CPABHEHHIO C HATypoH),

TEM OIIBIT ACHICBIIC. Ho MMPOU3BOJIbBHO MAJTyI0 MOJCJIb U3IOTOBUTH HEJIB34, TaK KaK 00s3aTeabHO
JIOJKHBI OBITh BBITIOJTHEHBI CIIEYIOINE YCIOBHSL:

1.Pa3M€pI>I MOZCIIN HE OOJDKHBI CO34aBaTh YCJIOBUSA, IPHU KOTOPBIX BO3MOKHO HE TOJIBKO HU3-
MEHEHHE BUJA JOMUHUPYIOLIEH CHUJIbI, HO U 3aMeTHOe (BepHee, HeJO0MyCTUMOE) BIUSHUE JIBYX
HJIN HECKOJIBKUX JPYIrUX CHJIL.

2.IIpu u3y4eHnn rpaHUYHBIX YCIOBUI TEUEHHs OJKHO OBITh COOJIOJIEHO HE TOJIBKO PaBEH-
CTBO OTHOCHTEJBHBIX IIEPOXOBATOCTEH MOJIENM W HATYpPHI, HO M T€OMETPHUYECKOe IMomodue
HaATYpHOM IIEpPOXOBATOCTH.

3.IloTtoxn B HAaTYpPHBIX U MOJCJIBbHBIX YCIOBHAX B CXOACTBCHHBIX MCCTAaxX OOJIKHBI MMETH
OJIMHAKOBBIE PEXXHUMBI T€UEHUS (JJaMUHAPHBIN MM TypOYJIEHTHBIN), COCTOSIHUS MOTOKA >KUIKO-
cTH (0ypHOE MM CIIOKOITHOE), CKOPOCTH MOTOKA (J103BYKOBOE UJTU CBEPX3BYKOBOE).

4.1Ipu MoJenupOBaHHUM SIBICHUH, CBI3aHHBIX C KaBUTALMEH, JOJKHBI ObITh MPETyCMOTPEHBI
YCIIOBUS [T MOAETHPOBAHUS aTMOC(HEPHOTO TAaBICHHS HAa MOJICIH.

5.Pa3Mepbl U KOHCTPYKIMSI U3MEPUTENBHBIX MPUOOPOB M YCTPOMCTB, MPUMEHSEMBIX IPH
HN3YUCHUU MOJCIBHOI'O IIOTOKA, HE JOJIKHBI BHOCUTH 3aMCTHBIX H3MEHEHNH B €T0 XapakTep.



1.5.I1epecyer JaHHBIX OMBITA HA TaHHBIC HATYPHI.

[lpy BBITONHEHWH THIPOMEXAHHMUYECKUX OIBITHBIX HMCCICTOBAHUN HAa MOJEISAX 3aMEpsIOT
pa3IMYHbIE T€OMETPHUUECKUE, KMHEMATUYECKHE M JUHAMHYECKUE BEIMYMHBI U ONPEACISIOT
OIBITHBIE U TIONPaBOYHbIE KO3 HIHEeHTHI (B 00IIIEM ClTydae, BETHUUHBI K),).

3agaua 3aKII0YaeTCA B TOM, YTOOBI 110 M3BECTHOW BeMWYMHE K, BBIYUCIUTH COOTBETCTBYIO-
HIyI0 BeU4UHY K, B CXOJICTBEHHOH TOYKE Ha HATYPHOM IIOTOKE, TO €CTh

K,=K,5, (20)

riae o, - 6e3pa3MepHbIil MacIITaOHbIM MHOXKUTEIb HCKOMON BeTUYUHBI K.

Bennunna nepecuetHoro ko3¢uimeHTa J 3aBUCUT OT THUIA JOMUHUPYIOIIEH CHIIBI (4acT-

HOTO KPHUTEPHs U 3aKOHA MOA00Ks TIOTOKOB), POJa XKHUIKOCTU B HATYpe U Ha Moxemu (5, 6,
0, ) ¥ MacmrTaba MOJEIMPOBAHUS O,. 3aMETUM, YTO B OOILEM Cllydae IIpPU BCEX MPOYHMX PaB-

HBIX YCIIOBUSIX BEIMYHMHA IEPECYETHOro K03((UIMEHTa O, 3aBUCUT U OT BUJA NEPECUUTHIBAE-
MOW BeJIM4KHBI K.

Ilpumep. JluckoBslii 3aTBOp (pHUC.2) , yCTaHOBICHHBINA B BOA0BOAE nuaMeTpoM Dy=1500 mm,
UCTIBITBIBAETCSA Ha MojieH B Tpyoe D, =150 MM mmyTeM npoIyBKH €€ BO3TYXOM.

Pucynok2

[110THOCTH U BSI3KOCTH CPE/IBI :
- B HATYPHBIX YCIOBUAX (Boza) o, =1000k2/ m*; v, =0,01em’® /¢
- Ha Mozienu (Bo3ayx) p, =12ke/ M3 v, = 0,156cm? /¢
BoO3HHKAIOT JIBE MMOCIIEI0BATENBHO pENIaeMble 3a/1aH:
1. OnpenenuTh pacxoj Bo3ayxa Ha Mojaenu Q,, MOICTUPYIOIIEH MPOIyYCK B HATYpe pacxoja
BozbI Q,=2 e
Pewenue. B ciiydae HallOPHOTO JABHXKEHHUS JKUIAKOCTH WJIHM ra3a JOMHHUDPYIOUIMMHU CHJIAMH,
OIIPEIESIONMMH PACIIPEICICHHE CKOPOCTEH, OYepTaHUue TPACKTOPHU W T.II., SBJSFOTCS CHIIbI
BA3KOCTH JKUIAKOCTH WK Ta3a. [I03ToMy B paccMaTpHBaeMOM IPUMEPE MOICTUPOBAHUE CICTyET
IPOBOJIUTH 10 YaCTHOMY 3aKOHY BA3KOCTHOTO MOJOOHS MOTOKOB, TO €CTh 110 PABEHCTBY YHCEI
PeiiHonb/ica CXOCTBEHHBIX DJIEMEHTOB B HATYPHBIX M MOJICNIbHBIX yciaoBusix Re, =Re, .

Ilo YCJIOBUAM MOCTaBJICHHOM 3aJa4uH:

- MaciTad MOJEIUPOBAHUS O, = & = @ =10;
D,, 150
- MaciuTab BI3KOCTH &, = Yu 001 =0,0641;
v,, 0156
- MaciITad IIOTHOCTH O , = Pu _ @ =833;
Py 12
6,9

W3 3ax0Ha BA3KOCTHOI'O ITOI00UA =1 Haxoaum, 4TO MacImTad CKOPOCTH
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= O = 00641 =0,00641.
o) 10
Pacxon motoka Q MoxeT ObITh BRIYHCIICH IO (hOpMYyJIe
Q=Vo,

T.€. MacmTab pacxoja 5Q =0, 5,2 =0,00641-10% = 0,641.
OxoHYaTeIbHBINA HCKOMBIN PacXo/1 BO3AyXa Ha MOJIEIH JUCKOBOIO 3aTBOPA

Qu = ?-H -2 312480

o 0,641

2. 11 =312m"

. Ilpu npoxyBke Bo3ayXxoM ¢ pacxonoM Q,, =312 M°/c Mojenn AUCKOBOTO 3aTBOPA, PacIo-

JI03KEHHOT'0 K OCH TPYOBI I10J] YTJIOM ¢ , 9KCIIEPUMEHTAILHO 3aMEPEHBI CJIETYIOIIUE BEIUUUHBIL:

- CKOpOCTh OTOKA B Touke 4 U,, =207m/c ;

- motepu Hanopa (masnenus) h,,, =216 mm Box. CT.;

- paspsbkeHue B Touke B Py, =301la;

- CUJIa BO3I€HCTBYS IOTOKA Ha ock 3aTtBopa P,, =80 H;

- MOMEHT CHJIbI BO3JIEHCTBHS NIOTOKA Ha JUCK 3aTBOpa M ,, =2H-Mm.

OnpenenuTs 3HaYEHUE ITHUX K€ BEJIMYMH HA HATYPHOM BOJIOBOJE IPH TAKOM K€ YTJIE O TO0-
BOPOTa TUCKOBOT'O 3aTBOpa (0t = tty).

Pewenue. CKOpOCTh MMOTOKA BOJIBI B TOUKE 4 HATYPHOTO TPYOOIPOBO/Ia HAlAEM TaK:

u, =u,d, =207-0,00641=132m/c.

[Totepu Hanopa h,, MOryT OBITH BEIYHMCIIEHBI 11O (OpPMYIIe

1)
T.€. B MACIITaOHBIX MHOXKHTENSX O, =0, 5—" .
g

[lpu monemuposanuu 1o yncny PefiHonbiaca &, =1MeCTONONOKEHNE HATYPHI U MOJIEIH
TO3BOJISET NPUHATH &y =1.

CrnenoBarenbHo, O, = 0,00641% =0,41-107*.
[Totepu Hamopa, 3aMepeHHbIe Ha MOJIENIU, BRIPA3UM BBICOTO cTOJI0a BO3AyXA:

h,,, =216 MM Box.CT. P 0,216- @ =180m™ BO31.CT.

Pu 12
[Totepu Hamopa B HaType OyayT CIEeTyIOUUMU:
h,, =h,,, 6, =180-0,41-10"* = 0,007 m Bo.CT.
Cuna BS3KOCTHOTO TPEHUS

P:pvd—va)

dy

0,
2
T.€. B MaCIITaOHBIX MHOXKHTENSX Op =06 ,8, ;"5, WJIA OKOHYATEJIBHO
|

S, = 8,57 =833-(0,00641)° =3,42.

CJIC,Z[OB&TCJ'ILHO, CHJIa NaBJICHHUS IMMOTOKA BOABI HAa OChb 3aTBOpPA B HATYPHBIX YCIIOBHAX 6y,[[eT
COCTaBJIATH

P, =P,5, =80-342 = 274H
MoMeHT cunbl BO3HCﬁCTBHﬂ IIOTOKa



M =PI

T.€. B MAacCIITaOHBIX MHOXKUTEIAX O,, = 0,0, =3,42-10=34,2,

11

CJIEA0OBATCIIbHO, MOMCHT CHIJIbI BOS,I[GﬁCTBHH IIOTOKa BOJAbI HAa ,HHCKOBBIﬁ 34aTBOP B HATYPHbIX

YCIIOBHSX OyneT

M, =5,M, =342-2=684H -

ManoMeTpuiecKoe Wik BAKYYMMETPUUYECKOE JaBJICHUE

T.€. B MAaCIITAOHBIX MHOXHUTEIAX Op =

P
w

5 %42 o

52 10

Pa3p${)KeHI/Ie B Touke B motoka BOJIbl B HATYPHBIX YCJIOBUAX

P=5,P, =0,342-30=103/Ta.

PesynbTarhl pacyeToB npenctaBuM B TabauaHON Gopme (Tadu. 1).

Tabnuna 1.
Bemnunna Moneinnb MaciraOHbIA MHOXKHUTEND Harypa

JluneiiHbIe pa3Mephl - 10 -
Bun xxunkoctn Boznyx - Bona
IMnoTHOCT P, Kr/M° 1,2 833 1000
Kunernueckuii koaduimeHt Bsi3ko-
ctu v, eme 0,156 0,0164 0,01
Ckopoctb notoka V , M/c 207 0,00641 1,32
Paszpspxenue P, [1a 30 0,342 10,3
Pacxon moroxka Q, M/ 3,12 0,641 4 2,0
Iorepu namopa h,,, M BOJ.CT. 0,216 0,41-10 0,007

80 3,42 274
Cuna P, H > 34,2 68,4
MowmenT cunbsl M, H-m ' '

2.0HEHKA TOYHOCTH SKCIIEPUMEHTAJIBHO OIIPEJAEJTEHHBIX
BEJIMYUH.

B nponecce npoBeneHHsI ONbITa OCYIIECTBILIIOTCS MPSMBIE 3aMephl T€X WJIM WHBIX BEIUYMH
[0 PA3JIMYHBIM MTPUOOpaM, IPOrpaynpOBaHHBIM B COOTBETCTBYIOIIMX €IMHHUIIAX U3MEPEHHUSL.

JItoOble MHOTOKpaTHBIE U3MEPEHUS OJHOM U TOM )K€ BETUYMHBI OOBIYHO OTJIMYAIOTCS APYT OT
apyra. CiieoBaTeabHO, KaKJ0€ U3 U3MEPEHUN O HE COBIIAAAET C UCTUHHBIM 3HAYE€HUEM O, T.€.
COJIEPKUT aOCOIIOTHYIO OIIMOKY M3MepeHHsl (IOTPEIIHOCTh U3MEPEHNUs):

o, =a; —q

(21)

BeanHHy OIIHOKH IMPUHATO OLUCHUBATHL U B OTHOCUTCIIbHOM BH/JIC KaK OTHOLICHUC abco-
JIOTHOH OIIMOKHU 5,’ K UICTUHHOMY 3HAa4YCHHIO I/I3Mep$[eMOI>'I BCJIIMYHUHEI O, T.C.,

Qy

&= ii* 100%

(22)

CH0XHOCTh OIICHKHA OIIMOKHU HU3MCPCHUS 3aKIIIOYAOTCd B TOM, YTO OOBIYHO OKAa3bIBAOTCS

HEU3BECTHBEIMH HE TOJIbKO a0COJIFOTHAS 51’ NI OTHOCHUTCIIbHAsA 8i OH_II/I6KI/I, HO M CaMO HCTUHHOC

3HA4YCHUC H3MCpHCMOI>i BCIIMYUHBI 0.

2.1 Buapl ommboOK U3MepeHus.

PaznuuaroT crnemyrornue BUABI OMMUOOK W3MEPEHHS: TPyObIe, CUCTEMATHUYECKUE U CITy-

YJanHEIE.
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['pyObie ommbOKku (MpoMaxu) BOSHUKAIOT BCIEACTBHE HAPYIICHUS OCHOBHBIX YCIIOBHHM H3Me-
peHus (HarmpuMep, HEMpaBUJILHO OIICHEHA IIeHa JIeJICHUsI MpuOopa) Wik B PE3yJIbTaTe OLMTHOKH
HEJOCMOTpa JKCIEPUMEHTaTOpa (HAmpUMep, OTCYET 3amucaH B JPYryro rpady >KypHaia).
BHeuHuM npuszHakoM pe3ysbTara, CoJAepsKallero rpyoyro ommoKy, SBISETCS €ro pe3Koe OTIH-
YHe [0 BEIMYMHE OT PE3yJIbTaTOB OCTANBHBIX M3MepeHui. [Ipu oOHapyx)eHun rpyooi omuoKu
TaKOH pe3y/ibTaT U3MEPEHUS CIIEYeT cpasy ke OTOPOCUTb.

Cucrematnueckue OmMOKN BO3HUKAIOT BCIIEJCTBUE MPUYUH, OJIMHAKOBBIX MPHU KAXKIOM H3-
MEPEHUU OJHOM M TOH e BETUYMHBI (HAIpHUMep, HETOYHOCTh TPaJAyHpPOBKH IIKal1 MPUOOPOB,
BIIMSTHUE TEMIIEPaTyphl HA YIIPYTUE AIEMEHThI MPUOOPOB | T.11.). CUCTEMATHUECKUE OMIUOKH TIe-
pen u3MepeHueM JODKHBI ObITh 0053aTeNbHO BBISBICHBI U 110 BO3MOXKHOCTH HCKJIIOYEHBI WJIH,
Mo KpailHed Mepe, 3HAYUTENHHO YMEHBIICHO WX BIIHMSHHE Ha BEIMYMHY OTCUETa MO TpHOOpy
(mpoBepkoi MprOOPOB, COBEPIICHCTBOBAHUEM METOJIOB CHATUS OTCUETa, BHECEHHEM IOMPABOK B
pe3ynbTaThl U3SMEPEHUH U T.I1.).

Crnyuaiinple OMMOKH BBI3BIBAIOTCS CyMMAapHBIM BO3JE€UCTBHEM OOJBIIOrO KOJIMYECTBA OT-
JEeNbHBIX (PaKTOpOB, FG(PEKT NEHCTBHUS KaXKIOTO U3 KOTOPHIX HACTOJIBKO HE3HAYUTEJICH, YTO MX
HEJb3s BBIJCIUTh U YU€CTh B OT/eIbHOCTH. OHU HE UMEIOT KaKOH-1H00 OnpeaeNeHHON 3aKOHO-
MEPHOCTH M MOTYT OBITh C pa3HbIMHU 3HakamMu. CiydaiiHble OMIMOKH YacTO HA3BIBAIOT «IIYMOM
skcriepuMenTay. CiydailHble OIIMOKH SIBISIFOTCS HEYCTPAaHUMBIMHM, WX HENb3sl UCKIIOYUTH B
KaXKJIOM OTIEIHHOM W3MEPEHHH, HO, MPOBEAS CEPUI0 M3MEPEHHM, MOKHO, BOCIIOJIb30BaBIINCH
METOJAMH T€OPHUH BEPOSTHOCTH, YUECTh UX BIIMSIHUE HA OLICHKY MCTUHHOI'O 3HAYEHUsl U3Mepsie-
MOW BEJIMYMHBI. TakoW MpUEM MO3BOJUT ONPEACIUTh 3HAYEHUE U3MEPSAEMON BEJIMYUHBI CO 3HA-
YUTEIbHO MEHBIICH OMMOKON, YeM OIIMOKU OTJENbHBIX n3MepeHui. CiaydaiiHble OmMOKH, KaK
MPaBUJIO, TOMAYUHSIOTCS HOPMAJIBHOMY 3aKOHY pacIpeiesieHHs] CIydyalHbIX BEJIWYUH (3aKOHY
["aycca), T.e. Majble IO BeIMYMHE a0CONIOTHBIE MOTPEIIHOCTH MOSBISIOTCA 3HAUYUTEIBHO Yallle
OOJIBIIINX; TOJOKUTEIBHBIC K€ MOTPEIIHOCTH MOSABIISIIOTCA TaKXKE 4acTO, KaK U PaBHBIC UM I10
a0COIOTHOW BEJTMYMHE OTPUIATENIbHBIE TOTPEIIHOCTH.

2.2 OueHka TOYHOCTH U3MEPEHMI 1o mpubopam.

B cooTBeTCTBHHU ¢ 3aKOHAMU TCOpHUU BCPOATHOCTH OLCHKY TOUYHOCTU U JOCTOBCPHOCTHU IIPO-
BECACHHBIX I/I3M€p€HI/II\/’I HCKOMOM BEIMYMHEI MOKHO BEITIOJIHUTH CICAYIOIMMU IIpUECMaMU .

1. OHpe,I[CJ'II/ITB I[OBepI/ITeJ'ILHHﬁ HHTCPBAJI o 0B OTJ'II/I‘{aIOIJ_[I/II\/’I PE3YIbTAT 3KCIICPUMCHTA OT
HCTUHHOI'O 3HAYCHUA H3Mep${eM0ﬁ BCJIIMYWHBI.

2. Ompenenuth TpeOyeMoe KOTUYECTBO U3MepeHul N st obecredeHus 3aJaHHOW TOYHO-
CTHU DKCIIEpUMEHTA.
3. JlaTh BEpOSATHOCTHYIO OIICHKY TOYHOCTH M3MEPEHUH 3aJaHHON BEITMYNHBI.

MHOFOKpaTHO (n paB)HOBTOpeHHOC HU3MCPCHUC JIAaHHOM BEIIMYHHBI a; TO3BOJIICT IIOJIYYUTDH

€€ Cp€aHEC apI/I(i)MeTI/I‘IeCKOG 3HA4YCHHC acp 13 BCCX PC3YJIbTATOB.

n
Z“i
_ =l
Cp n
KOTOpOG B COOTBCTCTBHUH C TeOpI/IeI‘/’I BepOfITHOCTI/I CJ'Iy‘-IaI\/’IHI)IX BCIIMYUH XOTA U HE ABIISAIOTCA
TOYHBIM 3HAUYCHHUECM HSMCPHCMOﬁ BCIINMYHMHBI CZO, HO MOXCT CUHUTATHCA HaI/I6OJ'ICC BepOHTHLIM

o ! (23)

3HAYCHUEM €€.
Kax npaBuso, nmpu oleHke TOUHOCTH W3MEpPEHUN 3aJaHHON BEIMYMHBI TpedyeTcs ompe-
JIeTUTh HE OIIMOKH OTAEIbHBIX U3MEPEHUHN O; WIN &,, @ OTKIOHEHHUE CPEIHEr0 apu(pMeTHIeCcKOo-

IO Pe3yJIbTaToB U3MEPEHHH ¢, OT UCTHHHOTO 3HAYEHHS U3MEPSEMON BENMYMHBI (TaK Ha3bIBa-
€MYIO MTOTPEIIHOCTh Pe3yibTaTa):
o, =a, —a, (24)

cp cp
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OLIGHKa CTCIICHHU HpI/I6J'II/DK€HI/I$I C(Cp n o, MOXCT OBITH BBLITIOJHEHUH C IMOMOIIBIO SMITUPU-

YECKOI'o CTaHAapTa INOTrpPEeIIHOCTH:

1< 2
o= —Z a —a, (25)
n—-143
OH HCIONB3yeTCsS BMECTO CPEIHEH KBaIpaTHUCCKON OIMMOKHM B TE€X CIIydasx, KOTJa HEW3-
BECTHO MCTUHHOE 3HAYCHUE M3MEPSIEMON BEIUYUHBI, & OMPEACIICHO JIHIIb CPEeIHEee apuMeTHY e-

CKOC e¢ 3HaYCHHE «,,, .
B coorBeTcTBHH € 3aKOHAMHU TEOPHH BEPOSTHOCTH JOBEPUTEIBHBIA HHTEPBAT (OT @, — 0 08
10 &, + 08 5), C KOTOPOH 3a]aAHHOK BEPOSTHOCTBIO P IONAIAET UCTHHHOE 3HAYEHUE U3MEPsI-

eMOH BENMYUHBI & (T.€. &, =8 ;5 Sy S &, + 0 5y ), YOBIETBOPSIET YCIOBHIO
O
‘5MB‘St(PJ0:ﬁT (26)

raet(P;n)— Oe3pa3MepHBIi MHOXHTEIb, 3aBHCALIMA OT JOBEPUTEIBHOW BeposSTHOCTH P
(HaIe>)KHOCTH OIICHKU) M OT YMCJIa U3MEPEHUN N ¥ ONpeessieMbIi 0 TaOIrIlaM, COCTaBIIEHHBIM
¢ moMoI1bio pacupenenenus CTbroJeHTa.

VYBenuuuB KOJUYECTBO U3MEPEHUH J1a)Ke TPU HEU3MEHEHHON MX TOYHOCTH, MOXKHO WJIM TO-

BBICUTb HAIEKHOCTh P, , WM Cy3UTh JIOBEPUTENbHBIH UHTEPBAN J ), MCTHHHOTO 3HAYCHHUS

u3MepseMoil BeanuuHbl. KomnmuecTBO M3MepeHui, KOTOpoe JOKHO OBITh BBIIOJHEHO C TEM,
4TOOBI ¢ TPeOYEMOI HANEKHOCTLIO P TapaHTUPOBATh JOBEPUTEIBHBIA UHTEPBAT O ;)5 , MOKET

OBITH OIIPEJEIIEHO TOJBKO B TOM CIIy4ae, €CIU XOTs Obl 10 HECKOJBKHUM H3MepeHusM N, < n

Oyzer HaiiieHa BenuunHa 61 . Torna
2

ns MR 27)
16 108

N3 dhopmynsi(27) crieayeT MUAPOKO UCIOIB3yEeMOe MIPABUIIO: I TOTO, YTOOBI YMEHbB-
IIMTH JOBEPUTENLHBIA UHTEPBAN O, B K pa3, HEOOXOAMMO yBEIUYUTE YUCIIO U3MEPEHUI B

k 2 pas. I[J'IH BepO}ITHOCTHOﬁ OLCHKH TOYHOCTH HSMCpeHI/Iﬁ MOTYT OBITh UCIOJIB30BAHbI
CICAYIOIIUE MOHATUS TCOPUH BEPOSATHOCTH .
- BEpOATHAA omuoOKa N3MCPCHUA

0,=*t2/30 (28)

- MaKCUMaAJIbHas )IOBCpI/ITeJ'II)HaSI OHH/I6Ka I/ISMepeHI/IS{
5=+ (29)

n

Taxum 006pazoM, SMIUPUUECKUN CTaHIAPT MOTPEIIHOCTU O SBJSETCSI OCHOBHON BEJINYH-
HOM, UCII0JIb3yeMOi BO BCeX Croco0ax OLIEHKH TOYHOCTH U3MEPEHHsI CIydyaifHOM BEIUYUHBI, KO-
I7la €€ UICTUHHOE 3HAYE€HUE HEU3BECTHO.

[Ipu BbIMOTHEHUH TPSIMBIX U3MEPEHUH Pa3IMYHBIX BEIMUYMH BaKHO YCTaHOBUTH, KaK pa-
3YMHYIO TOYHOCTb HMCIIOJIb3YEMbIX MPUOOPOB, TaK U pa3yMHOE YMCIIO U3MEPEHUHN KaXKIoH Belu-
YUHBI, TaK KaK U3JIMIIHHE TOYHOCTh MPUOOPOB U KOJIWYECTBO U3MEPEHUN YAOPOKAIOT SKCIEPHU-
MEHT, CTOMMOCTb KOTOPOI'O JOJIKHA COOTBETCTBOBATH CTOMMOCTH ITOJIY4EHHOI'O HKCIIEPUMEH-
TaJbHOIO PE3yJIbTATA.
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2.3 OneHka TOYHOCTH 3KCIIEPUMEHTAIBHO ONPeIeIeHHON (DyHKITHH.
Ecnu skcniepuMeHTaIbHO omnpezesnsieMas BEeIUUYMHA 6 HEMIOCPEICTBEHHO B ONBITE HE W3-
MEpsIeTCsI, a JIUIIb BBIYUCISACTCS MO (YHKIMOHAIBLHON 3aBHCUMOCTH, COJEpIKAIe B KayecTBe
apryMEHTOB apyrue HKCIEPUMEHTAIBHO u3MepseMbIe BEJIMYMHBI a,

T.e6 = T (g, Agy Aggseens Apy ) y TO ITO OYZIET KOCBEHHOE N3MEPEHNE BETMYMHBL. B 3TOM citydae B
Ka4eCTBE Mepbl OLIMOKU BBIYMCICHUS HUCKOMOW BEIMYHMHBI 6 HCIIONB3YIOT TaK HAa3bIBAEMbIC
npesenbHble OMNOKY (a0CONIOTHYIO MM OTHOCUTENIBHYIO), ONpeesieMble Yepe3 COOTBETCTBY-
IOIHE OIIMOKH U3MEPEHUS OTIENBHBIX BETUYUH Omaxi-

[penenbuas abconoTHas omunbka Ag, , BbIMUCICHUS. QYHKIMH 6 HECKOJIBKUX HE3aBHCH-

MBIX JKCIICPUMCHTAJIBHO U3MCPACMBIX IICPEMCHHBIX «; OIPCACIISACTCA CYMMOfI aOCOJIFOTHBIX Be-

JMYUH BCEX YACTHBIX AU (HepeHInaNoB 3TOH (HyHKIUU:

i=1 0i

S sos.i (30)

I7I€ B KaUeCTBE INMPHUPALICHUH U3MEPSAEMbIX apryMEHTOB HCIIOJIb3YIOTCS aOCOJIOTHBIE OBEPU-
TENbHBIE OMUOKN U3MEPEHUS COOTBETCTBYIOIIMX BEIUIUH O ;) -

HpenenLHaﬂ OTHOCHUTEJIbHAs OIIHOKa Eg_npe() BBIYHCIISIEMOM q)YHKI_II/II/I 6 HECKOJIbKUX HeE-

3aBUCHMBIX 3KCIEPHUMCHTAJIIBHO HM3MCPSICMbIX IICPEMCHHBIX &, pPaBHaA I[I/I(I)(i)epeHL[I/IaJ'Iy HaTy-

pasibHOTO JIorapudMa 3Toi PYHKIINH:

A
Bupeo =4d [|I’l f(aolaaomaosv--y%n)] (31)

CP
Anam3 ¢opmyn (30) u (31) moka3bsIBaeT, 4YTO paBHBIC 10 TOYHOCTH H3MEPECHUS PA3THUHBIC

BCJIMYMHBI &; HWMCIOT PA3JINMYHBLIC BECa B IPOLECCEC OLICHKHW TOYHOCTH BBIYUCJIICHUS HCKOMOM

& ==

élnpeo

¢ynkuuu. CienoBareibHO, TOJIBKO MPEABAPUTEIBHBIN aHAIN3 TPEOYEMOH TOYHOCTH M3MEPEHUS
Mo KaXXaomMy Hu3 HpI/I60p0B, HCIIOJIB3YEMbBIX B JKCIICPUMCHTC, IMO3BOJIMT IMPAaBUJIIbBHO HAMCTHUTH
COCTaB W METOJIUKY WCCIICJOBAHHA, BHIOPATh THUIIBI MPHUOOPOB U METOJBI M3MEPEHHI 10 HUM.
Bce 3T0 MO3BOJIUT MOMYyYUTh SKCIEPUMEHTAIBHO ONpEAesieMy0 GYHKIIMIO 6 C 3aJaHHOM CTe-
MEHBIO TOYHOCTH IPpHW HAUMCHBIIUX 3aTpaTax Ha NPOBCACHUC OKCIICPUMCHTA.

Ilpumep 1. JlaBneHue P u3MepseTcs ¢ MOMOIIBIO Mbe30METPa, IIKaxa KOTOPOro UMEET IEHY
nenenust B 1 mm. [Iposeaeno 20 3amepos (N = 20) nokazanuii mbe3omerpa. OHU OKa3aJIUCH Clie-
nyroumu (B mm): 1147, 1146, 1146, 1147, 1148, 1149, 1145, 1147, 1145, 1146, 1148, 1148,
1146, 1146, 1147, 1148, 1150, 1149, 1149, 1147.

Onpenenuth pe3ynbTaT K3MEPEHHSI U OLIEHUTD €r0 TOYHOCTD ¢ BeposTHOCTHIO P = 0,99,

Pewenue. OnpenenuM BeMHMYUHY CTaHIApTa MOTPEIIHOCTH o . PacueT BeleM B TaOJIMYHOU
dopwme (Tabdmn.1).

Tabmuma 2
Homep Orcuer p_p (P- P, )2 Homep Orcuer P—_P (P-P @ ) ?
oTcUeTa P vMm p oTCYEeTa P vMm o
1. 1147 -0,25 0,0625 11. 1148 +0,75 0,5625
2. 1146 -1,25 1,5625 12. 1148 + 0,75 0,5625
3. 1146 -1,25 1,5625 13. 1146 -1,25 1,5625
4, 1147 -0,25 0,0625 14. 1146 -1,25 1,5625
5. 1148 + 0,75 0,5625 15. 1147 -0,25 0,0625
6. 1149 + 1,75 3,0326 16. 1148 + 0,75 0,5625
7. 1145 -2,25 5,0625 17. 1150 + 2,75 7,5625
8. 1147 -0,25 0,0625 18. 1149 +1,75 3,0625
9. 1146 -1,25 1,5625 19. 1149 + 1,75 3,0625
10. 1148 -1,25 1,5625 20. 1147 -0,25 0,0625

> P, =22945 > (P-P,)=0,>(P-P,)* =3375
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Cpenuee apudmeTrueckoe 3HA4YCHHE oTcUeTa o bE30METPY
20
2P 22945

P, = izo = =1147,25mm

:‘)MHI/IpI/I‘{CCKI/Iﬁ CTaHAApPT IMOIrpCIIHOCTU OTCUETA I10 IIBE3OMETPY

/ P-P )?
o= z( ) = 33,75 =1,3328mm
n-1 20-1

[TpucTynum K BEpOATHOCTHON OLIEHKE PE3yJIbTaTOB U3MEPEHUSI.
1. Omnpenenum 1oBepUTEIbHBIA UHTEPBAIL.
Mo Tabmune «Pacnpenenenne Crerogentay npu P =0,99u k = n -1=20- 1= 19 nHaxo-

UM
t(P,n) =2,878 - 2878-2845 -1=2,862
Torna moBepUTENbHBIN UHTEPBAI
S o5 = (PN~ = 1286213328 _ 10,8520, 1n

Jn V20

C BeposTHOCTBIO 99 % HCTHMHHOE 3HAa4YeHHWE JaBlIeHHA P HaXOJQWTCA B MHTEpBAJie IOKAa3aHUH
nbe3omerpa ot P, — 0, = 1147,25-0,8529=1146,397 mm

nmo P, =8 ,,,=1147,25+0,8529=1148,103 mm, T.e. 1146,397 mm < P <1148,103 mm

2. OmpenenuM KOJUYECTBO U3MEPEHUN 1M , PU KOTOPOM C TOH K€ BEPOSATHOCTHIO J10-
BEPUTENBHBIA MHTEPBAT O 1, = £ 0,7MM:

. 2 2
nl{t(P’n)oz} ={—2§$2-1,3328} =30,2

5LIOB ’
[Tpumem TpeGyemoe koaudecTBO oTcueToB N, = 31 pas.

3. IIponsBeneM BEPOATHOCTHYIO OLIEHKY PE3YJIbTaTOB U3MEPEHHUS:
- BEpOsITHas OMMOKA U3MepeHuil naBineHus: P

o, = i%a = % -1,3328 = 0,888mn:;

- MaKCUMaJibHasA JOBCPUTCIIbHAA oIIMoKa H3MepeHHI>i naBieHus P

G =22 2313328 _ 68001000
Jno V20

- OTHOCHTEIIbHAS OIINOKa H3MepeHHfI JaBieHus P

=+ 1000 =+ 2588
P, 1147,28

IIpumep 2. Ilpn onpeneneHnu ko3(p(GUIHEHTa MECTHOTO CONPOTUBIIEHUS G TPOXOJHOIO BEH-

-100% = £0,077%

TUJIS Ha TPyOe THMaMeTpoM d Mbe30MeTpruUecKre Hamopsl 10 Hpy u mocne Hy, mpoxomHoro BeH-
THJISL H3MEPSUIN 110 Ibe3oMeTpam, a Bpems Hanoinenus W o6bwema 1o cexyngomepy .
BbraucnuTh npeienbHble a0COMOTHYIO O ¢ U OTHOCHTENBHYIO € OMIMOKA ONPENENEHNUs KO-

B(I)(I)I/II_II/ICHTa G, €CIIM IIpHU IPOBCACHUU OIIbITA ObLIH IMOJIYYCHBI ITOKAa3aHUSA HpI/I60pOB, a0CoIOT-

HBIC U OTHOCHUTEIIbHBIC OIMIMOKY M3MEPEHHSI TI0 HUM Ka)K[I0W BEIMYHMHBI, KOTOPbIC TIPUBE/ICHBI B
Tab1.3.
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Tabmuma 3
BrrunciieHHBIE OITNOKH
PacueTHas
Bennunna En. n3m. AOGcomoTHas OTtHOocHTeNnBEHAS
BEJIMYMHA
Oi &, %
JHuamerp TpyOsI d MM 50 +0,06 +0,12
IToxa3aHus epBOro NbE30- MM 1360 0.8 £0,059
metrpa Hpz
IToxazaHus BTOPOro Mbe30- M 1280 0.8 10,062
Mmetpa Hpz
O0vem Boasr W b 30 +0,001 +0,0033
theMSI HAIoJHEHUs! 00beMa . 18 10,07 10,39

Pewenue. OnpiTHOE 3HaYeHHE KO3(PPHUIIEHTa MECTHOTO COMPOTUBJICHHSI MOXKET OBbITh BBI-
YHCIIEHO B COOTBETCTBUU C opMyioit Beiicbaxa

gz’ t*d*
=g 2 (Hnl_HnZ)'
8 W

[ToncranoBka B pOpMyITy OIBITHBIX JAHHBIX JAA€T Cenyromlee 3HaueHne KodpdumreHTta

MECTHOT'O COTIPOTHBIICHHUS IIPOXOAHOTO BEHTHIIS:
~9,81-314% 18%-0,05

Ty 003

JIns BBIYMCIICHNS IPE/ICTBHOM a0COIIOTHOM OMMOKY 3KCIIEPUMEHTAIBHO ONPEAEICHHOTO
K03((UIMEHTa MECTHOTO CONpPOTUBIEHUS G HaineM nuddepeHman HUCXOTHOM pacueTHOH
(GyHKIMH, B KOTOPOM B KaueCTBE NMPUPALICHUN apTyMEHTOB NMPHUMEM H3BECTHBIE aOCOIIOTHBIE

-(1,36-1,28) = 2,15

OIIINOKHU COOTBCTCTBYIOIIHUX BCJINYUH 5i .

2[ 44 2
grn”| d t 3 2.4 2
Scunpen =g {WZ (Hnl—Hn2)2t5t+W2 (Hn1 —Hnp)4d34 +t°d (Hnl—an)(—W3)5w

t24

2.4
ted
— (-8H2)
WZ

+78H1+
WZ

}_

IloacTaBuM 4McIeHHBIE 3HAYE€HUS BEJIUYHH:

2 4 2
8 _981-3147 1005 )35 128).2.185, + 0. (136-1,28)-4.0,05%5 +182 -0,05% -
SHPER 8 0,032 *7 0032 d
2 4 2 4
-(1,36—1,28)-0533-8W+1800(;25 5H1+%5H2 ]=12,09-(0,02-5; +14,4-54 +12,0-8,, +

+ 2,256[_[1 + 2,256H 2).

W3 »TOrO ypaBHEHHS MOJy4aeM Beca aOCOTIOTHBIX OMIMOOK M3MEPEHUs KaXI0i BeTudu-
HBI ¥ 3HAYEHUS OIIHOKH MCKOMOM BEJINUHMHEI.
5g117PEzz =12,09- [0,02 -0,07+(14,4-0,06 +12,0- 0,001+ 2,25- 0,8+ 2,25-0,8) -10_3]= 0,0071

Hctunnoe 3HavyeHne kodhuIeHTa MECTHOTO COMPOTHUBICHHS { MCIIBITHIBAEMOTO TIPSi-
MOTOYHOTO BeHTWIs quamerpom d=50mMmM Haxoautcs B mHTepBajie ot 2,15 — 0,0071 = 2,1429 no
2,15+0,0071 =2,1571, T.e. 2,1429 < (< 2,1571.

Jl5is BBIYMCTICHUS TPEAeIbHON OTHOCUTENBHON OIMIMOKHU SKCIIEPUMEHTAIBHO OIpe/iesIeH-
Horo ko3 duuuenta  npojgorapudmMupyem HCXOJHOE pacueTHOE ypaBHEHUE:!

2
|ng=|n(g%]+2lnt+4|nd|—2|nw|+|n(Hn1—an)

BoseMmem nuddepennunan or nonyueHHOH gorapugmuueckoi pyHKIMH, 3aMeHss, KaK U B
MpeNbIAYILIEM CiIydae, IPUPAIICHNUs apryMEHTOB a0COIIOTHBIMU OIIMOKaMHU:
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d 0 0 Oy OH1+0O
26 _ 90 1%, 9%w  OH1%OH2
C t d W Hpy—Hp
Orcrona npeaenbHas OTHOCUTENbHAS OITNOKA
5Hl + 5H 2
H n - H n2
[IpencraBisieM YMCIEHHbIE 3HAYEHUS OTHOCUTENIBHBIX OIIMOOK 3aMEpPSEeMbIX B OIBITE Be-
JINYUH:

Eqppey = 26, HAEy + 26, +

0,8+0,8
156 -1,28
Ecnu momyueHHOE 3HAu€HUE OMIMOKH SIBIISIETCS HEIOMYCTUMBIM, TO CIEAYET MOBBICHTH
TOYHOCTB 3amMepa 1o mprudopam (MOKET OBbITh, YaCTh U3 HUX 3aMEHHUTHh Ha 00JIee TOYHBIE).

=2-0,0039+4-0,0012 +2-0,000033 + =0,0327=327%.

€ rnpen

3.0ObPABOTKA PE3YJIBTATOB OKCIIEPUMEHTA.

Pe3ynbTarhl SKCIIepUMEHTa 10 ONPEISIICHUI0 TIEPEMEHHON BEIMYMHBI MOTYT OBITH MPE/I-
CTaBJICHBI B BUJIE Ipaduka, TAOIHI] WIIK SMIUPUUECKUX (OPMYII, OMUCHIBAIOIINX TEM WM HHBIM
CIIoCcoOOM BBISIBIICHHYIO 3aBUCHMOCTh HCKOMOUM (DYHKITUU OT OJIHOTO MJIM HECKOJIBKUX apryMeH-
TOB.

3.1.I'padmueckoe n3o0pakeHUE pe3yabTaTOB SKCIIEPHUMEHTA.

B nenom psize ciiydaeB pe3yabTaThl U3MEPEHUN U BBIYUCICHUN B MPOLIECCE IKCIIEPUMEH-
TaJIbHBIX MCCIICAOBAHUN MEPEMECHHBIX BEJIMYUH yIOOHO WM HEOOXOAMMO IMPEICTABUTH B BHJIC
rpaduka. Kak npaBuio, 3To rpaduk 3aBUCHMOCTU SKCIIEPUMEHTAIBLHO M3y4aeMOi (YHKIIUU OT
OJIHOTO U3 apTyMEHTOB WJIH OT KOMILJIEKCA UX.

Pa3mep rpaduka oOBIYHO 3aBHCHT OT IIEJIEH €ro MOCTPOCHHS W JaIbHEHIIEro MpuMeHe-
HUS1, HO BO BCEX CIIYYasiX CJIEIYeT CTPEMHTBCS K TOMY, 9YTOOBI (hopMa rpaduka Obliia KBaIpaTHON
WU OJIM3KOM K HEH.

Macmtabsl rpaduka 1Mo ero ocsM 3aBUCST OT JUANa30Ha U3MEHEHHs BETUYMH apryMEHTa
u pyHKuMu B mpenenax rpaduka. B Hauane koopauHaT rpaduka cienyeT mpuHUMAaTh He 00s13a-
TEJLHO HYJIEBbIE 3HAUCHHUS a JIMIIIb HECKOJIBKO MEHBIIINE CAaMBIX MAJIBIX BEJIMYMH apryMeHTa WIH
GYHKINH; B KOHIIE KOOPAWHATHBIX OCEH MOMKHBI OBITh YKa3aHbl BETUYWHBI JIHIIb HECKOIBKO
OombIIMe caMbIX OOJIBIINX 3HAUEHUN aprymeHTa win pyHkuuu. Takoil cioco6 BeIOOpa MaciiTa-
00B rpaduka Mo3BoOJISET 3aNOTHUTH Pe3yIbTaTaMu IKCIIEPUMEHTa BCe MoJje rpaduka.

Ha rpaduk HanocsTcs Bce MONydEeHHBIE B PE3YJIbTATE€ SKCIEPUMEHTA TOUKH, 3a UCKITIO-
YEHHEM TeX, YTO COJepKaT rpyOble OMHMOKH (OHU JOJKHBI OBITh BBIYEPKHYTHI €II€ B OTYETHOM
JKypHajie ¥ B 00pa0oTKe HE y4acTBOBaTh). Eciu skcriepuMeHTanbHO n3ydaeMas (yHKIIHS 3aBU-
CUT HE TOJBKO OT MapaMmerpa ocu abcuuce, HO U OT APYTUX MapaMeTpoB, TO BCE DKCIEPUMEH-
TaJbHBIE TOYKM MOKHO pacrojiaraTh Ha OAHOM rpaduke, HO MPU ITOM 00s13aTeTLHO MapKUPO-
BaTh UX (TOYKaMH, KPYKOUYKaMHU, KPECTUKAMH U T.II.) TIO KOKIOMY apaMeTpy B OTAEIbHOCTH.

Hanmume crmydaifHBIX OMIMOOK B AIKCIIEPUMEHTE («IITymMa JKCIEPUMEHTA») HEHU30€KHO
MPUBOJIUT K TaK HA3bIBAEMOMY pPa30pOCy TOYEK: JTUHUS, COSIAUHSIONIAs BCE OMBITHBIE TOYKH,
OKa)KETCSl IOMAaHOW M HEMPABUIHLHOU (POPMBI, HUYETO 0OIIEro He MMEIOIIEH ¢ IJIAaBHBIM W3MEH €-
HUEM H3y4aeMol (pyHKIMU MpU MJIaBHOM M3MEHEHUHU aprymenTta. [loaToMy pe3ynbTHpYHOIUM
rpaduk dKCIEepUMEHTa CHaJdayla BBIMOJTHSAIOT Ha TJa3 («OT PYKH») B BUJE IJIABHON JMHUM Tak,
YTOOBI OMBITHBIE TOYKU PACIONATAINCh HE TOJIBKO MO 00€ CTOPOHBI OT HEe, HO U BO3MOXKHO
ommke k Hell. OKOHYATENhHO TpaduK IKCIEPUMEHTa BBHIMPABISIIOT C MOMOIIBI0 Habopa JeKa
WJIM U3ru0aeMoi JIMHEHKH.

3.2 Tlog6op smnupuueckux Gopmyi

YcranoBnenue (yHKIIMOHATHHONW 3aBUCHMOCTH, OMUCHIBAIOIICH B aHATUTHYECKOM BHJIE
pe3ynbTaThl MPOBEIEHHOTO KCIIEPUMEHTA, HAYNHAIOT C aHalin3a (PU3UIECKOM CYIIHOCTH H3yda-
€MOro SIBICHUS U BUAA rpaduka, MOCTPOSHHOIO MO pe3ylbTaraM dKcrepuMeHTa. Llenbro Takoro
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aHaJu3a SBJISAETCS BHIOOD alPOKCUMHUPYIONIEH (YHKIIUHM IyTeM CpaBHEHUS ee rpaduka ¢ 3Kc-
NEepUMEHTAIBHON KPUBOH U TOCTIKEHHS HANOOJBIIEr0 CXOACTBA IBYX KPHUBBIX.
CHauana BbIOMparOT (HYHKIIMOHAEHYIO 3aBUCHMOCTh U3 YMCIIa HanOoJiee MPOCThIX:

-npsimast Y =a+bx ; (32)
-mapabona Y =a+bx+c® umm y=+vJa-+ex ; (33)
-mapabona n=a+bx", roe n>1 ; (34)
a, +b,x
-paBHOCTOPOHHsS Tunepbona Yy =2 um =1 (35)
X a, +b,x
-KpUBas rUNEPOOIHYECKOro THIIA Y= — ; (36)
X
-rioKasarenbHas kpuBasi Y = a,b* wim y =a+be®™ ; (37)
-norapudmuka y=a+In X wm y=a+b g x ; (38)
-cunycoma y=a+bsin cx ; (39)
-kocuHyconga y=a+bcoscx ; (40)
-TaHreHcougaa y=a+btgcx ; (41)

WK JIPYTUE «KIACCHYECKHE» TUIIbl KPUBBIX, rPadMKH KOTOPBIX HPU Pa3HBIX 3HAYCHUSIX KOI(-
¢uireHToB a, b, ¢ u N U3BeCTHBI.

Ecnu HY ollHA U3 «KITACCHMYECKUX» KPUBBIX HE MOJIXOIUT JJISl YCTAHOBJICHHS ()YHKIIHO-
HaJIbHOM 3aBUCHMOCTH, TO CJIEIYET HCIOIb30BaTh MHOTOWIEH THUIIA

y =a+bx+cx® +...+mx" (42)
Bo Bcex BbllenpuBeIeHHBIX hopMysiax KaxIbli mapamerp (&, b, ...,N) MOXeT npuHUMATh JIt0-
0oe 3HaueHHe, BKII0Yas HOJIb U CIHHUILY.

I'pacduk, HOCTPOCHHBIH MO pe3ysbTaTaM IKCIIEPUMEHTa, BU3yaIbHO CPABHUBAIOT C rpa-
¢uxoMm Kiaccudeckoil KpuBoil. Ilpu 3TOM cieayeT MMeTh B BHIY, YTO IKCIIEPUMEHTAILHOMY
rpaguKy MOKET COOTBETCTBOBATh HE BCS KJIaCCHYECKas KpUBas, a JIMIIb €¢ KOHKPETHAs 4acTh,
T.€. BEIOpaHHAast (QYHKIMS MOXKET ONMHCHIBATh PE3yIbTAaThl SKCIIEPUMEHTA TOJIBKO B CTPOTO OIIpe-
JICTICHHOM WHTEpBaJie U3MEHEHHsI CBOCTO apryMeHTa. ECii ONBITHBINA rpaguK MMEET KPHBOJIH-
HeliHyo GopMy, To BeiOMpaeMast iist ero onucanus GyHkiws Y = f(X) gomkHa ObITh HENIWHEH-
HOM. B 3THX ciydasx cpaBHeHUeE IByX IpauKoB (OMBITHOTO U BbIOpaHHON HEIMHEWHON (QYyHK-
II1H), TIPOBEICHHOE TPY0O M Ha T1a3 MOXKET OKa3aThcsi 0OMaH4YMBBIM. Tora COOTBETCTBHE ABYX
rpaMKOB TMPOBEPSIOT METOJOM JIMHEAPU3aIMU, CYIIHOCTh KOTOPOrO COCTOUT B TOM YTO BBI-
OpanHyo Ui Oyayeit sMmupudeckor Gopmyiibl HenuHEHHY0 QyHKImoo Y = f(X) Tamos (32)
— (42) npeBpaInaroT B ypaBHEHHE IPSMOU THTIA

Y =A=BX (43)

MyTeM, HarpuMep Jorapu(GMUpOBaHUS WK 3aMEHBI IEPEMEHHBIX, MM KaKUM-JIH00 Apy-

MM UCKYCCTBEHHBIM IPHEMOM, BBIOMPAEMBIM OTAEIBHO ISl K&KJAO0T0 KOHKPETHOTO BHIA (PYHK-

i Y = f(X). Hanpumep Gynkumio y = ax” 3amenstor dpynkumeit Y =lga+bX ,rme Y =lgy,

a X =Ig X wm, Hanpumep, GYHKIIHIO Y = X 3amensioT ¢pynknueit Y =b+aX ,rme Y = 1
a -+ bx y
1
u X = % u T.1. Mcrionb3ys ONbITHBIE JaHHBIE X U ) BBIYUCISAIOT 3HAYCHHUS HOBBIX IEPEMEHHBIX
X u Y u HaHocAT ux Ha rpaduk B koopauHartax X u Y . Ecnu BeiOpannas ¢pyukims Yy = f(X)
MOAXOIUT JJI TOJYYEeHUs SMIUPUYECKOr (popmynbl, To Ha rpadpuke X u Y IMepecuuTaHHbIE
OTBITHBIE TOYKH OKa)XyTCS Ha OJHOM MpPSAMOM WIM JOCTAaTO4YHO OJMM3KO OT Hee. B mpoTuBHOM
cITydae JUTsi OTIMCAaHUs Pe3yIbTaTOB OIBITA CIEAYEeT UCKATh PYHKITUIO IPYTOro THIIA.
[Tocse BBIMOMHEHMS IMHEAPU3AIUU IPUCTYNAIOT K CIEAYIOIIEH ONepalul — «onpeerne-
HHUE MapaMeTPOB», CMBICI KOTOPOH 3aKIIF0YAETCsl B ONPEACTICHIH TaKUX YHCICHHBIX 3HAYCHHUN
napaMeTpoB &, b, ...,n B QyHKUMU, BEIOPAaHHOH UIS TIOYYSHUS IMITUPUYECKON (POPMYIIBI, TIPH
KOTOPBIX aHAJTUTHYECKasi KpUBasi CIIOCOOHA C 3aIaHHON TOYHOCTBIO OIHCATh PE3YJIbTATHI OIBITA.
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Onpenenenue nmapaMeTpoB MOXKHO IMPOBOIUTH WM TIO METOAY «CPEAHHMX» (Kak Haubosee
MIPOCTOMY), HJIM 110 METOy «HaUMEHBIIIMX KBaIpaToB» (Kak Hanbosee TOUHOMY), XOTSI BO3MOX-
HBI U JIpyrHe MEHEe PaclpOCTPaHEHHBIE CIIOCOOBI: METOJ PAaBHOMEPHOTO MPUOIMKEHUS (YHK-
UH f(x) K SMIIUPUYECKON KpHBOil B MHTepBalie & < X <D c HCroib30BaHHEM METOJIOB XOPI

WIN KacaTeJIbHBIX U METOJ NPUOIMKEHHs B OTJEIbHBIX TOUKaX, KOrjaa Tpedyercs, 4ToObl SIMIH-
puueckas popMyIa ONMChIBajla KPUBYIO, MPOXOISIIYIO Yepe3 ONpeaesieHHbIE 3apaHee BHIOpaH-
HBIC TOYKH, YHUCIIO KOTOPBIX, KaK IPABHIO, PABHO YHCIY IApaMeTpoB a,b, ...,N, BXOASIIUX B HC-
XOJHYIO (PYHKIHIO.

[To mMerony «cpemHuX» UCXoaHas HenuHelHas pyHkus Y = f (X) npeoOpasyercs, Kak u
B OIEpALINU WIMHEapU3alus», B JIMHEWHOE ypaBHEeHUe Tuna (23), rae HoBble napameTpsl A u B
MOTYT COJEpKaTh HE TOIBKO OauH (a) niu a8a (a u 8), HO U 6oiee (a, b,C..., N) mapamerpos. Ec-
mu ucxoxnas ¢pynkuus Y = f (X)comepxut He Goee ABYX mapamerpoB, TO konmndecTBO N Bcex
OMBITHBIX TOYEK B KoopAuHaTax X u Y JIeIUTCS Ha JBE paBHbIE WM IOYTH PaBHbIE YaCTH N1 U Ny
(Hampumep, Ni- KOJIMYECTBO NMEPBOM CEPUM ONIBITOB, a Np- BTOpOM, u Ni+N2=N). Jlnsa xaxnon
OTIBITHOW TOYKH B KoopanHaTax X U Y MOXET ObITh 3alMCaHo JIMHEHHOE ypaBHEHUE THMa (43),
CyMMa KOTOPBIX 10 N1 B Nz TOYKAM MPHUBENET K CUCTEME U3 JABYX JIMHEHHBIX YpaBHEHHIA:

JUIS TOYEK, BXOIAHX B N1: (XY)n1=n1A+B(ZX)n1; (44)

JUTSE TOYEK, BXOAINX B No: (XY)n2=N2A+B(ZX)n2; (45)

B cucreme ypaBHenuit (44) u (45) Hen3BeCTHBIMU SIBJISIIOTCS apaMeTpsl A u B, koTtopsie
U ONIPEJIEIISIOTCS IIYTEM €€ PEeIICHHS.

Ecnu ucxonnas pynkuus y = f(X)comepxut Gonee nByx mapameTpoB (He TOJBKO a u b,
HO H C, ...,M), TO CJEIyeT, 00s3aTeIbHO UCIIOIB30BaB JApyrue GopMysbl U MPUEMbI JIMHEApU3a-
LIUH, OJY4YUTh JINHEITHOE YpaBHEHHUE TUIIa

Y1:C+DX1 (46)

[ToBTOpUB pacueTsl B KoopauHaTtax Xi U Y1, HaxoAaT 3HayeHus napametpoB C u D, u
TaK J0 TeX MOp, TOKa KOJIMYECTBO HOBBIX napametpoB A, B, C, ...,M He okakeTcst paBHBIM KOJIH-
YeCTBY MapaMeTpoB a, b, C,...,m, Bxomsamux B ucxoauyio ¢pyukuuio Yy = f(X)(32)-(42). Camu xe
napameTpsl a, b, C,...,m onpenenstor u3 GOpMyIl, UCIIOIB30BAHHBIX MPH JIMHEAPU3AIIUH (YHK-
m Y= f(X).

[To mMeromy «cpemHUX» mapaMeTpbl SMIUPUIECKON (HOPMYIIBI ONPEACITSIOTCS C YI4EeTOM
BCEX OMBITHBIX TOYEK, IOJIyYEHHBIX B HSKCIEPUMEHTE, M MMEIOT Kak Obl cpejHee 3Haue-
HUe(OTCI0]a U Ha3BaHUE METO/1A).

Bonee TOUHBIM, Y€M METOJT «CPEIHMX», SIBISETCS METOJl «HAaUMEHBIUINX KBAJpPaTOBY»; OH
Ooiee ynoOeH B TeX CIyYasix, KOT/Ia KOJHUYECTBO OIPENENIIEMBIX ITapaMeTPOB AMITUPHUECKON
bopmyibl Oosee TBYX.

Ecnu aiig smnupuyeckoit popmysisl BbIOpaHa QyHKIUS

y = f(x,a,b,...,m) , (47)
TO Ka)kJast OKCIIEpUMEHTaIbHas Touka K o3BoIIsSeT 3amucarh yelioBrue
y, = f(x.,a,b,..,m) (48)

rae a, b, C,...,m- moka Hem3BeCTHbIE MapaMeTpbl SMIHPHUYECKON (HOPMYIBL. 3HAK MPUMEPHOTO
paBeHCTBa (<) yKa3blBaeT, YTO KaXKAasl OMbITHAS TOYKA HE 00s3aTeIbHO OYIET Jexarh (TeM 00-
Jee «TOYHO») Ha KPUBOHM, OMUCAHHOW OyAyIIed SMIUPHUECKON (OpMyIOi, MOITOMY JeBas
YacTh YPaBHEHMS

y, — f(x,a,b,...m)=0o (49)

IpeJCTaBisieT COO0N OTKIOHEHHE U3MEPEHHBIX 3HAUEHUH Y, OT PacUEeTHBIX Y MO OIpeesseMon
AMIOUPUYECKON PopMysie (OHO MOKET OBITh U MOJOKHUTEIbHBIM U OTPULIATENLHBIM).

3arem JJIA BCEX N ombITOB HaxoJdaT CYMMY KBaJpPaTOB BCEX OTKJIOHCHMI:
2

2@ =2 [y~ (x.ab.c...m] =4, (50)

B KOTOPOM HEU3BECTHBIMH OY/AYT TOJBKO MapaMeTpsl &, b, C, ...,m.
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CymHoCTh METOJJa «<HauMEHBIIUX KBAZPAaTOB» COCTOUT B TOM, YTO MCKOMBIM pEIIEHUEM
OyIyT Takue 3HA4YEHHs MmapameTpoB a, b, C, ...,M, mpu KOTOPhIX cymma /4 OyaeT HauMEHbIIEH
(oTcroza ¥ Ha3BaHHME METOJIA), @ CIIEOBATEIBHO, IIPOU3BOIHBIE OT CYMMBI 4 1O JIFOOOMY U3 Ta-
paMeTpoB paBHbI HYIIIO, T.€.
a—Azo,a—A:O,a—AzQ...,a—A=O (51)
oa ob oc om
[To meTony «HaMMEHBIINX KBaApaToOB» ypaBHeHue (50) mpeBpaliaercs B CUCTEMY anred-
panueckux ypaBHeHUH (51), 4MCiI0 KOTOPBIX PaBHO YHUCIY HCKOMBIX [1apaMETPOB SMIIMPUUYECKON
dbopmynel. Pemennie (51) v MO3BOJIUT ONpeNeTUTh YUCICHHbBIE 3HAUEHUSI HCKOMBIX MapaMeTpoB
a,b,c ...m
EcrecTBenHo, uTo ecnu B GyHKUMIO (47), BEBIOpAaHHYIO JUISl TTOJIYYEHHUS SMITAPUUICCKON
dopmynbl, mapamerpsl &, b, C, ...,M BXOIAT JIMHEWHO, TO U cucTeMa ypaBHeHui (51) Takke Oy-
JIET JJUHEHHOM, YTO OOJICTYHT €€ PEIICHHUE 0 CPAaBHEHUIO C CHCTEMOM, COJICpIKalliel U HeJTMHEe -
HBbIC ypaBHEHUS. B mpoTUBHOM citydae win BeiOMpaemyro GyHKIHUIO (47) cleayeT cHavasa mpe-
o0pa3oBaTh K TaKOMY BHUAY, YTOOBI BCE MapaMeTphl BXOAWIN B Hee JTUHEWHO, UM peuiaTh CH-
CTEMY YpaBHEHUH, COAEPIKAILYIO HEJIMHEHHbIE YpaBHEHUS (0JITHO, HECKOJIBKO HJIN BCE).
Ilpumep. DKCIIEPUMEHTAIBHO HCCIEIOBANTACh CXEMa BBIYCKAa OYMILIEHHOW BOJIBI B BO-
JI0€M, JUTsl 4ero Ha (PUKCHPOBAHHBIX paccTOSHUX L oT Topua TpyOs! 3amepsiiack ckopocTs V Ha
ocH cTpyu. Pe3ynbTaThl 3aMepoB 1 BBIYHCICHUN NPUBEIEHBI B Tabnule 4.
Tabnuna 4

Homep 1 2 3 4 5 6 7 8 9 10 11

OIIbITa

L, m 0,2 0,4 0,6 0,8 1,0 1,2 14 1,6 1,8 2,0 2,2

V,m/e | 106 | 0,69 | 051 | 046 | 035 | 0,34 | 0,29 | 0,26 | 0,22 | 0,21 | 0,20

Tpebyercs nomobpate smmupuueckyto hopmyny V = f(L).
Pewenue. Tlo pesynbraram onbiTa (Tabn.4) cTpouM ONBITHBIA Tpaduk (QyHKIUU
V = f (L) (puc.1). Bun rpaduka u GuU3NUECKUl CMBICI IKCIICPUMEHTA MOKA3bIBAIOT, YTO MCKO-
Mas (QYHKIUS HETMHEHHas M TpaguK ee aCHUMNTOTHYECKH IPHONMKaeTcs K OCH alcumce
(V||_:oo — 0). IMostomy B kadecTBe 0a3z0BOil GyHKIMH U3 (32)-(42) MOXKET OBITH B35Ta PaBHO-
cropoHnHsis runepboda (35) npu b1=0; a;=1, T.e. smmupuyeckyro hopmyiy OyJaeM UCKAaTh B BUIC

V.u/c A

e v=_2 (52)
1+ bx

1.0
0.91 1
0.87

0.7 1 X — ONBITHBIE TOUKH; | — sMIupudeckuit rpaduk;
o— [0 METOY «CPEAHUX»; - IO METOLY

0.67 «HAaUMCHBIINX KBAAPaTOB»

0.5
0.4
0.31 X

0.2 T

0.11

O | | > I
1.0 20 ! Pucynox 3
3ametum, uTo (opmyna (52) TiMeeT TONBKO JaBa mapamerpa. [IpoBeaeM IHHeapU3aIuio
¢bynkun (52). [ns 3Toro Bocnoiib3yeMcsl MpUEMOM «3aMeHa rnepeMeHHbIX». Ero nposenem no

dopmyse:
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1
X=1LY==. 53
v (53)
Torna ypaBaenue (52) npumert Bun (43), rae
A= 1, B= b (54)
a a
1 1D a
IIposepka: — = —+ —I|, omxyoaV = ——
(Hposep V a a 4 1+Dbl )
[TogcuntsiBaeM HOBBIE AaHHBIE (TA0II.S) Tabmuma 5.
Homep 1 2 3 4 5 6 7 8 9 10 11

OIIbITa
X 0,2 0,4 0,6 0,8 1,0 1,2 1,4 1,6 1,8 2,0 2,2
Y 10,9434 |1,4493 | 1,9608 | 2,1739 | 2,8571 | 2,9412 | 3,4483 | 3,8461 | 4,5454 | 4,7619 | 5,0000

[To manHBIM nep, Ecqua (Tab6n.4) moctpoum rpaduk B koopauHatax X u Y (puc. 4).
Y

5.0-
4.0
3.07

2.07

1.07

Pucynok 4 0 ' ' > X
1.0 2.0

Touku wu3MepeHuil ¢ JAOCTATOUYHOW TOYHOCTBIO JIOXKATCA Ha MPSIMYK JIMHHUIO,
T.e.Tunepoonnueckas kpusas Tumna (35) MokeT ObITh MPUHSTA 32 OCHOBY IS TIOJIYYCHHS dMITH-
pudeckoit popmynbl B JaHHO# 3aade. Onpenenim 3HadeHuHs KodpduieHToB a u b ¢ momorsio
METO/Ia «CPETHUX» M METOJa «HAaWMEHBIIUX KBaApPaTOB», MPUYEM B 000OMX ciydasx Oyaem
H0JIb30BaThCsl He popmyinoii (52), B koTopoil koadduumentsl A, B cBs3aHbl ¢ HCKOMBIMU & U D
o (54).

JU1s BBIUMCIIEHUS IO METOy «CpeHuX» ol1iee yucio onbiToB (11) moaenum Ha iBe ya-
CTH TaK:

N=6 — HavaibHBIC HOMEpa OMBITOB (/< K<6);

N-n=5 — xoneuHbie HOMepa omnbITOB (7<K<I1).

3anucaB ypaBHeHHe (23) Ayt KaxI0i U K OMBITHBIX TOYEK, a 3aT€M CI0XKHUB UX IO JBYM
YacTsM, IMOJIYYUM CHCTEMY M3 JIBYX YpaBHEHHU:

6 6
DY, =nA+BY X, ; (55)
k=1 k=1
11 k=11
DY, =(N-n)A+B> X,. (56)
k=7 k=7

Wcnonp3ys manabie Ta0I.5, onpeaensiem:

6
>»X=0,2+0,4+0,6+08+10+12=4,2
k=1

6
ZY =0,9434+1,4493+1,9608+2,1739+2,8571+2,9412 =12,3257,

k=1
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11
>X=14+16+18+20+2,2=9,0;
k=7

11

> Y =3,4483+ 3,8461+ 4,5454 + 4,7619 + 5,00 = 21,6017.
k=7
Pacuernas cucrema ypaBHeHU Oyer:

6A4+4,2B =12,3257

54+9,0B =21,6017,

peleHne KOTOpor Takoe:

12,3257 4,2‘
21,6017 9,0 x9,0 - X
" 42 =12’3252x2’,8—2264(,);7 =osu
‘5 9,0‘
6 12,3257
‘5 216017|  6x 21,6017 —5x12,3257

=2,06

33 33

[TapameTpsl SKCIIEPUMEHTATBHON (POPMYJIBIL:

a= i1 _ 1,6337;6 = aB =1,6337 x 2,06 = 3,3654.
A 06121
Hckomas smmmupudeckas popmyna
_ 16337 . (57)
1+ 3,36541

BrrancnuM 3HaueHHsS mapamMeTpoB SMIUPUYECKON (HOPMYIIBI MO METOAY «HAUMEHBIINX
KBaJpaToB». B KauecTBe MCXOJHOrO YpaBHEHMsI BOCIIOJIb3yeMCs, KaKk U B METO/E «CPETHHXY,
ypaBHeHUEeM (43), B koTopoM Kod(duiuenTsl 4 U B cBsi3aHbl C KCKOMBIMU TTapaMeTpamMu a U 8
1o (54). B atom ciydae ypasaenue (50) npuMeT BUI

N
A:Z[Yk_(A+Bxk)]2 (58)
=]
[TpousBoanbie OT A BenuunH B (58) M0 HCKOMBIM TTapamMeTpam OYAYT CIEAYIOIIUMH:

OA 3 :
5, = 22—+ B )

on & )
B ZKZ:;[YK -(A+BX)|-x,).

IIprpaBHAB MX K HYIIO, MOJYYUM CUCTEMY JIBYX JIMHEHWHBIX YPaBHEHUMN C JABYMs HEU3-
BeCcTHBIMU A U B:

NA+(ZN:XK)B :ZN:YK;
k=1 k=1

(60)
N N N
(Zxk)A"‘(ZXkZ)B:Z(XkYk),
k=1 k=1 k=1
roe N=11;
N 6 11
Xk =2 X+ 22X =42+9,0=132;
k=1 k=1 k=7

N 6 11
ZYk = ZYk + ZYk =12,3257 + 21,6017 = 33,9274:

k=1 k=1 k=7
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N
> X2 =0,2%+04%+0,6%+08% +1,0% +122 +14% +1,6° +1,82 +2,0%2,22 = 20,24;
k=1

N (XkYy)=0,2x0,9434 +0,4x1,4493+ 0,6 x1,9608 + 0,8 x 21739 +1,0x 2,8571 +

k=1+12x29412+14x3,4483+1,6 x 3,8461+1,8x4,5454 + 2x 4,7619 + 2,2 x 5,00 = 49,7574.
Pacuernas cuctema ypaBHEHHI OyI€T TaKOM:

{11A +13,2B = 33,9274 61)
13,24+ 20,24B = 49,7574
Penrenue ee maeT pe3ysbTar:
33,9274 132
4o 49,7574 20,24‘ _ 33,9274 — 49,7574 x13,2 _0,618:
11 132 11x 20,24 -13,2x13,2
‘13,2 20,24‘
11 33,9274
_ ‘13,2 49,7574‘ _ 11x 49,7574 -13,2x 33,9274 — 2056
48,40 48,40
[TapameTpsbl SKCIIEpUMEHTAIbHON GOPMYJIBI BeaucisieM 1o (34):
a= 1 = 1 6 =aB =1618x2,056 = 3,327
A 0,618
Toraa uckomast sMnupuyeckas Gopmyia OyaeT UMETh BUJI
_ 1618 . (62)
1+3,3271

3ameTuM, 4TO B UCXOAHOU Qopmyre (52) He coOmroaeHa pa3MepHOCTh, TOATOMY (opMYy-
aamu (57) u (62) MOXHO TMOJIB30BaThCs TOJIBKO MOJICTAaBIISAS paccTosinue | B MeTpax, a CKOpOCTh
HOJYYUTCS B METPAxX B CEKYHY.

CormocraBieHue pe3ynbTaToB dkcnepumenTa (popmyna(57), puc.3) ¢ pe3yiabTaTaMu M-
nupudeckoro rpaduka (popmyna(62), puc.4) nokaszaHo B Ta01.6.

Tabnuua 6
I,m CkopocTtb cTpyn,V m/c Pasunna ckopocreit AV=V,,.,— | OTHOCHTENbHAS Pa3HOCTh
Von AV
0,=——x100%
g Von
é u3 1o o no ¢op- | Mo OmeITH. | MO 1o Me- 0 OMBITH. | O 1o Me-
= ombel | omeIT.rpa | dop- | Myne rpaguky | mMero- | TOxy rpaguky | MeTo- | TOmy
-Ta -puky myne | (11) Iy «HAUMCH Iy «HAaUMEH
(6) «pen- | . kBaup.» «epen | . KBaup.»
HUX» -HUX»
1102106 1,06 0,976 | 0,972 0 -0,084 -0,092 0 -8,68 -8,68
2 1041069 0,69 0,696 | 0,694 0 +0,006 | +0,004 0 +0,53 +0,58
3 106|051 0,53 0,541 | 0,540 +0,02 +0,031 | +0,300 +3,92 +6,08 +5,88
4 |1 08 | 0,46 0,44 0,442 | 0,442 -0,02 -0,018 -0,018 -4,35 -3,91 -3,91
5 [ 10]035 0,38 0,374 | 0,374 +0,03 +0,024 | +0,024 +8,57 +6,86 +6,86
6 | 1,2 1034 0,33 0,324 | 0,324 -0,01 -0,016 -0,016 -2,94 -4,71 -4,71
7 1141029 0,28 0,236 | 0,286 -0,01 -0,004 -0,004 -3,45 -1,38 -1,38
8 | 16 | 0,26 0,24 0,256 | 0,256 -0,02 -0,004 -0,004 -7,69 -1,54 -1,54
9 18 ]022 0,22 0,231 | 0,232 0 +0,011 | +0,012 0 +5,0 +5,45
10| 20 | 0,21 0,21 0,211 | 0,211 0 +0,001 | +0,001 0 +0,48 +0,48
11| 2,2 | 0,20 0,19 0,194 | 0,194 -0,01 -0,006 -0,006 -5,0 -3,0 -3,00
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4. UBMEPEHUE XAPAKTEPUCTUK XKUIKOCTHU, I'A3A U UX
IHOTOKOB.

JIABOPATOPHA PABOTA Nel

HN3mepenue qaBjaeHUs B )KUAKOCTH U ra3e
1. Heau u 3axa4u padoThl.
1. M3yuyeHue pa3nu4HbIX KOHCTPYKTHBHBIX OCOOCHHOCTEH MPUOOPOB ISl U3MEPEHUN 1aBICHHUS
B JKHJKOCTH H rase.
O3HaKOMHeHI/Ie C cAnHUIamMu I/I3MepeHI/I$I JaBJICHUS.
3. H3mepenwue naBieHUs B )KUJIKOCTH U Ta3e, HAXOAIINUXCS B COCTOSTHUHM TIOKOSI, Pa3JINYHBIMHU
npuOopamMu.

N

2. OCHOBBI TEOpPHH.
2.1. JlaBlieHUE B *KUJKOCTH M T'a3€ U €r0 BHUBI
JlaBnieHue B )KMIKOCTH WU Ta3e NPEeACTaBIsIeT COOON XapaKTEpUCTUKY, OIPEAETISIEMYIO
KaK IpeJIeNl OTHOIICHHS CKUMaromien cuiibl AP K mormany ee 1eicTBus AS MpH yCIOBHHU, YTO
IIOCJIETHAS] CTPEMHUTCS K HYJIIO, T.€.

5 (63)

pP= lim
AS—0

Ecny )KuaKOCTh UM ra3 HAXOIUTCS B COCTOSIHUU ITOKOSI, TO AaBJIEHUE HA3bIBAETCS cUOpO-
cmamuyveckum. OHO 00naaeT AByMs CBOMCTBaMHU:

1. T'mapocraTuueckoe AaBie€HHE BHYTPU KHUJIKOCTH WK T'a3a AEWCTBYET HOPMAJIbHO K
IUIOINAAKE, BOCIIPUHUMAIOLIEH €ro.

2. T'uapocraruyeckoe JaBiieHUE B JIH000H TOUKE KHUIKOCTH WM Ta3a HE 3aBUCUT OT OPUEHTH-
POBKH IUIOLIA/IKH, HA KOTOPYIO OHO AEUCTBYET, T.€. THAPOCTATUUECKOE JIaBJICHUE JIEHCTBYET
OJIMHAKOBO 10 BCEM HaNpaBJICHUSM.

[Ton neiicTBHEM BHEUIHUX CUJI IaBJICHUE B KUIKOCTU WIIM ra3e MOXKET U3MEHSTHCS 10

HalpaBJICHUIO OJJHON MM HECKOJIBKUX KOOPJMHATHBIX OCEH.

JlaBneHue P B )KUAKOCTH WM OAHOPOJHOM (P=CONSt) ra3e, HaXOAAUINXCSA B PABHOBECUU

O[] IeHCTBHEM TOJIBKO CHIIBI TSKECTH ONpeeNsieTcs Mo TaKk Ha3bIBaeMOMY OCHOBHOMY YpaBHe-

HUIO THJIPOCTATUKHU:

p=po+p9(z—2o) (64)

I/l€ Z - BepTUKaJbHas KOOpAUHATA (alIUIMKaTa) pacCMaTpUBAaeMON TOUKHM BHYTPH JKUIKOCTH WIH
rasza, Zp - anmimKaTta TOYKW C M3BECTHBIM JIaBJICHUEM po, P - INIOTHOCTh KUJAKOCTU WUJIN OJHO-
POZHOTrO rasa; g - yCKopeHue CBOOOTHOTO Ha/IeHHs.

Jliist 00'beMa TIOKOSIIEHCS )KUKOCTH, UMEIOIIEH CBOOOTHYIO IIOBEPXHOCTh, YPABHCHHE
(64) moxHO 3amucath CISIYIOIIM 00pa3oM:

p = po +pgh, (65)

/1€ po- AaBJIEHUE TIAPOB )KUJIKOCTH (Ha CBOOOIHOI MOBEPXHOCTH);
h - rmyOuHa norpyeHust paccMaTpiuBaeMO TOYKHU TIOJ YPOBEHb CBOOOIHOM MOBEPXHOCTH KU~
KOCTH (M3MepseTCs TI0 BEPTUKAIIH).
B 3aBucumocTy 0T TOro, 4TO NPUHATO 32 TOYKY OTCUETA AABJICHUS, PA3JINYAIOT CIEY-

IOIIUE €TO BUJIBIL:
1. abconrommuoe Pys. - NaBIEHUE, OTCUUTHIBAEMOE OT A0COIIOTHOTO HYJIS;
2. manomempuyeckoe P, U 6aKyyMMempuyeckoe p,, - TaBJIeHNE, OTCINTHIBAEMOE OT aTMO-

cdepHoro (puc. 5).
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Bemmunna MaHOMCTPHUYCCKOI'O JaBJICHUA OI'paHUYCHA C O,HHOﬁ CTOpPOHBI, T.C.

wo>p >0.

Ecnu abcontoTHOE AaBlieHHEe MEHbIIIE aTMOC(EPHOro, TO HEJOCTATOK €ro 10 aTMOC(hepHO-
IO Ha3bIBAIOT 8AKYYMMEMPULeCcKUM NABICHUEM (MHOTIA - pA3PANCEHUEM, 8AKYYMOM, OMPUYa-
mebHbIM 0asieHueM, IS BO3IyXa - msotl).

peak = pamM - pa6c' (67)

Benuunna BaKYYMMCTPHYICCKOI'O JaBJICHUS OI'paHUYCHA C IBYX CTOPOH:

psaK < pamM'

B OTKPBITBHIX COCYyJax C JKHUJIKOCTBIO, I'/IC JAaBJICHHUEC HA CBO6OZIHyIO NOBEPXHOCTD Po=Pamu
dopmyna (65) umeet BuA

pa6c = pam +pgh'

OTKyJa

pa6c - pam = pM = pgh = pu! (68)

T.€. B 3TOM CJIy4yae MAaHOMETPUUYECKOE JJaBJICHHE BHYTPHU KHUIKOCTH BOZHUKAET TOJIBKO OT Beca
cTos10a JXUAKOCTH, PAcIooKEHHOT0 HaJl paccMaTpuBaeMoi Toukoil. Takoe 1aBieHre Ha3bIBAIOT
6eCco6bIM WU U30bIMOYHBIM Py, (AHOTJA U30BITOUHBIM HAa3bIBAOT 1 MAHOMETPUYECKOE JIaBJIe-
HUE).

2.2. EnuHuIbl n3MepeHust JaBIeHHUsL.

Cornactao opmyiie (63) maBieHHe BBIPAXKAETCS OTHOIICHUEM CUJIBI K TIUIOMIAIH: T.€. €I1-
HUIA U3MEPEHHUS B Pa3JIMUHBIX CUCTEMAaxX OYAeT:

p|= _cuna (17 ;KZ% e j
naowaos w2 en? M
npudem [ KZC/M2:9,8]H/M2 uiu IH/M2=0,0] 02x2c/m°.
Kpowme Toro, Benu4rHa JaBiICHUS OMPEIEsieTCs U BO BHECHCTEMHBIX SAMHHIIAX U3MEpe-
HUS:
1H/Mm*=11Ta (Iackanw);
10°H/m*=16ap (6ap);
10° H/m?=111 (ITvesza);
Ikec/cm®=10%zec/mP=1am (mexnuueckan ammocgepa),
npraem [ am=9,81 10*I1a=0,9816ap.

P N
U3 popmyasl (68) cienyer, uto — = h, T.e. KaXK10# BelnnvuHe qaBieHus P coot-
p
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BETCTBYET OMpe/ieieHHas BeicoTa h cTosnba sxuakoct miotHocThio . [P]=[ h cm. arcuok.].
B sToM citydae equHUICH H3MEpEHUs JaBJICHUS OYACT BBICOTA CTOJ0A XKUAKOCTH. Yalre Bcero
JUTSL XapaKTEPUCTUKHU JTABIICHUS UCTIONB3YETCS CTOJIO BOIBI (M. 800. CM.; MM 800. CM.) W PTYTH
(mm pm. cm.) u T.10..

U3 hopmymnel (68) ciemyer, 4ToO AaBlIeHUE B 3aBUCUMOCTH OT POJIa KHUIKOCTH MOXKET OBITH
CO3/IaHO €€ CTOJIOOM pa3IMYHOM BBICOTHI. Tak, HapuMep, TaBjcHUE, paBHOE / am, CO3/1aeTCs
CcTOJI00OM BOAKI BEICOTOM 10 M, Tak Kak

p 98110

- =——" =10MBOA.CT.
pg 1000-9,81

WJIM CTOJIOOM PTYTH BBICOTOM 735,6 MM, Tak Kak

p _ 981.10%

=—=———=0,7356 M pT.cT. = 735,6 MM PT.CT.
pg 13600-9,81

B okoHYaTeIbHOM BHJIE CBS3b MY €AMHUIIAMH U3MEPEHHS MOXKHO BBIPA3UTh CIIEAYIO-
oM 00pasom (Tabi.7).

Tabmuia 7
Benmnunna Enununna nsmepenns
U3MepEeH- H/™® | kre/em® | ITa ‘ aT | 6ap [ mmpr.cr. | MmBog. cr.
HOTO J1aB- [TepecuerHbie K03 PULIHEHTHI
JICHUS
1 H/v? 1 1,02.10° 1 1,02.10° 107 7,5-10° | 1,02.10"
1 kre/em’ 98,1.10° 1 08,1.10° 1 0,981 735,6 10
1 a 1 1,02-10” 1 1,02.10” 10” 7,510° | 1,02.10*
1 ar 98,1-10° 1 98,1-10° 1 0,981 735,6 10
1 Gap 10° 1,02 10° 1,02 1 750 10,2
Immpr.cr. | 1333 1,36-10° | 1333 1,36:10° | 1,33.10° 1 13,6-10°°
1 MBom. cT. | 98,1.10° 0,1 98,1-10° 0,1 9,81-10° | 73,56 1

2.3. ITpubopsl A5 U3MEpPEHUs JaBICHHUS.

CoBpeMeHHas HayKa ¥ TeXHUKA MPEIBABISAIOT K UCTIOIb3YEMbIM JIJISl U3MEPEHHUS 1aBICHUS
npubopaM caMble pa3HOOOpa3HbIe TPeOOBAHUSA KaK MO BETMYMHE U3MEPSEMOTO JAaBiIeHUs (OT
MUJUTHOHHBIX JoJieit [Tackans coTeH Thicsid aTMoc(ep), Tak U IO TOYHOCTH €ro U3MepeHus (Be-
JUYMHA OTHOCUTEIHHOM MOTPEITHOCTH MOXKET JOCTUTaTh THICSYHBIX J0JIeH TpolieHTa). MHoro-
oOpa3ue yciaoBHii MPUMEHEHHsI TPUOOPOB U TPeOOBAHMM K HUM I10 BEIMYMHE U TOUHOCTU U3Me-
pEeHUs TaBJICHUS TIPUBEJIO K CO3/IaHUI0 OTPOMHOTO KOJMYECTBA TPUOOPOB, PA3IMYHBIX 10 TPHUH-
Uy JEHUCTBUS, TOYHOCTH U3MEPEHHUS U KOHCTPYKTUBHOMY O(DOPMIICHHUIO.

VYcnoBHO BCE THITBI MPUOOPOB, MPETHA3HAYCHHBIX JIJII U3MEPECHHUS JTABJICHHS B )KHIKOCTH U
ra3e, MOXHO KJIaCCU(PUITUPOBATH IO CIEIYIONINM MIPU3HAKAM:

. ITo poxy u3zmMepsemMoil BETUYNHBI:
bapomempwi - 1151 N3MEPEHHSI aTMOCPEPHOTO TaBIICHUS;
MaHomempyl - 151 U3BMEPEHUS MAHOMETPUUYECKOTO JaBICHUS;
8aKyyMMempbl - 151 U3BMEPEHUSI BaKYYMMETPHUUECKOTO JIaBJICHHUS ;
MAHOBAKYyMMempbl - 11 U3MEPEHUS] MAHOMETPUUYECKOTO U BAKYYMMETPUUECKOTO
JIaBJICHNS,

® Ougpmarnomempsi - 11 UIMEPEHUS Tiepenaia (Pa3HOCTH) JaBICHUA B IBYX TOUKaX .

st u3mepenust abCONMIOTHOTO AaBJIeHUs HE0OXOUMBI JiBa Mpubopa: 6apoMeTp U MaHO-
METP, €CIHU Puse=>Pamy WA OAPOMETP U BAKYYMMETP, €CITH Puge<Pam-

—
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. Ilo mpuHIMITY AENCTBUSA:
HCUOKOCMHbIE - PAOOYUM OPTaHOM SIBIISIETCS KUAKOCTD;
Mexanuyeckue - padOYUM OPTAHOM SIBIISICTCS YIIPYTHIA AJIEMEHT;
2py3onopuiHeguvle - padOYUM OPTaHOM SIBJISIETCSI IOPIIEHB C TPY30M;
anekmpuieckue - pabodrM OpraHOM SIBIISICTCS TaTYHK.
. ITo kmaccy TouHOCTH (U1 MEXaHUYECKUX MPHOOPOB):
pabouue(mexnuyeckue, 1abopamopibie) ¢ KiraccoM TouHoctd K=0,35...6;
e oobpasyosvie ¢ knaccoMm TouHoctr K=0,005...0,30.
Knacc Tounoctu K BbIpaskaeT HauOOJBIIYIO TOMYCTUMYIO OCHOBHYIO MOTPEUIHOCTh Amax
(kaKk TIpaBUIIO, IIEHA JACTICHUS IIKAIBI MPUOOpa) B MPOIEHTAX BEIMYMUHBI, COOTBETCTBYIOIICH

npeaebHOMY 3HadeHuto mKkabl mpubdopa N: K = A% -100% .

e W e e o o |

Kuokocmuuvie npubopwi

B sKuaKoCTHBIX TPUOOpPAX ISt U3MEPESHUSI JABJICHUS UCIIOJIb3YETCsl BEIMYMHA CTOJI0a
YKUJKOCTU WM pa3HUIA YPOBHEH KHUAKOCTU B TpyOkax (Kak MpaBMIiO, CTEKIISIHHBIX) pubopa.

BriepBbie njiest npuMeHEHUs KUIKOCTHBIX TPUOOPOB IS H3MEPEHHUS TAaBICHUS ObLIA BhI-
ckazaHa B 1640 r. utanbssHCKUM y4eHbIM O. Topuyenu u ocylecTBieHa UTAIbSIHCKUM MeXa-
HukoMm B. Busmanu (1642 1.) u ¢ppany3ckum yuensiM b. [Tackanem (1646 r.).

OHU HECIIOKHBI B U3TOTOBIIEHUU M BMECTE C TEM TOYHBI U HaJeXKHbI. [[l03TOMY UMEIOT 1Iu-
pOKOe IpUMEHEHHUE J0 HACTOSIIETO BPEMEHHU.

[TpuHIMI OEHCTBUS KUIKOCTHBIX MPHUOOPOB MPOCT. OTCYETHI MO KUAKOCTHOMY IpUOOpY
HEOOXO0IUMO JIeJIaTh IO HUKHEH MOBEPXHOCTH BOTHYTOT'O MEHUCKA (IJIs1 BOJBI) HITM TI0 BEpXHEH
MOBEPXHOCTH BBIIMYKIJIOT0 MEHUCKA (A1 pTyTH). [loo)keHrne MeHICKa BU3yallbHO MOYKHO OIIpe-
JIEJIATH C TOYHOCTHIO Topsiaka [ mm. s nmoBeimeHus: TouHoctu orcdera a0 0,1-0,01 mm, a Tak-
e JITIS1 U3MEPEHUSI MaJIbIX JIaBIICHUI HCIIONb3YIOTCS MIPUOOPHI, IIKala KOTOPBIX CHa0XeHa HO-
HUYCOM M ONTHYECKUM MPUCTIOCOOTICHUEM (JTYTIOH ).

PaccMOTpuM HEKOTOPBIE THUITBI JKUIKOCTHBIX MTPHOOPOB.

bapomemp (prc.6) cOCTONT W3 3aMTOTHEHHBIX JKUAKOCTBIO TNIOTHOCTHIO 0 Yaliku 1 i TpyoO-
KU 2, BEpXHHIA KOHEI] KOTOPOU 3arasiH, a HIPKHUN  OMYIIEeH MO/ YPOBEHB )KUAKOCTH. ATMO-
chepHOe TABICHUE Py, TCUCTBYS HA MOBEPXHOCTH KUIAKOCTH B YAIIKe, TTOTHUMAET JKUIKOCTH B
TpyOKe Ha BeicOTy h.Bennunna atMocdepHOro naBiaeHus

P = PN, (70)

rie N OTCYMTHIBAETCS OT MOBEPXHOCTH YPOBHS JKUIKOCTH B
Yalike. _—— P, =0

Jl1s yMeHbIlIeHUs BBICOTHI TPUOOpa 0OBIYHO IpHMe-
HSIOT CaMyI0 TSKENYyI0 KUAKOCTh - PTYTh (pPTYTHBIN Oapo-
METp).

daKkTHUYECKH Ha IOBEPXHOCTh KUAKOCTH B 3arasH- e,
HOM TpyOKe TOXe IeUCTBYET NaBjeHHEe, paBHOE JABICHUIO
HACBHIILIEHHBIX M1APOB p,,, IPU JAHHOM TemIeparype.
Hanpumep, mst pryti npu 20°C p,,=2*10° ar. Iroii Be-
JMYUHON WK PEeHeOperaoT, WK TpalyupyroT mKaily Oa-
pOMeTpa He B JIMHEHHBIX €INHUIIAX, & C YIETOM MOTPaBKU
Ha Dy

IIvezomemp (puc. 7) peaCcTaBiIseT COO0M CTEKIISH-
Hy!0 TpyOKky 1 nuamerpom 10-15MM, HUKHHI KOHEI KOTO-
PO mojicoeIMHSETCA K pe3epByapy 2 ¢ )KUIKOCTBIO, @ BEPXHUH - OTKPHIT. B nbe3omerpe Haxo-
JITCS Ta YKe KUJKOCTh, UYTO U B pe3epByape (IIbe30METPOM HENb3s1 H3MEPSTh AaBJICHUE B ra3ax).
[Tokazanue nbe3omerpa N, OTCYUTHIBAETCS IO LIKAJIE OT YPOBHS TOYKH IOIKIIOUEHHS €ro K pe-
3epByapy (T. A). CorinacHO OCHOBHOMY 3aKOHY THIPOCTATHKH a0COJIIOTHOE JaBJICHUE

PueyHox 6
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Puse = Pamy +PINy (71)

-
= i |
F- E 2
— ] -~
Po> Rm - E Rec < amm
P ] - [
= = = - k. < ﬁ 1
— - _//,0 \\_’ é = /
2. =] 1 3~3 P
111 |3
1 1

l

!

|

|

|

I

0 4

‘,:'
T

!

l

U

I
!__

o

Pucynox 7

Pucynok 8

rne h, - BeicoTa cT0J10a )KUAKOCTH B CTEKIISIHHON TPYyOKe, Ha3bIBaeMasl nbe30Mempuieckoll BbICO-

TO.

Ecnu B pe3epByape aOCOIOTHOE JaBJI€HUE HAJl TOBEPXHOCTHIO KUIKOCTH OYIET paBHO at-
Moc(epHOMY, TO YPOBEHb B ITbE30METPUUECKON TPYOKE YCTAHOBUTCS HA TOM K€ BBICOTE, YTO U B
pe3epByape, U Ibe30MeTpHUYecKast BHICOTAa B TOUKe A Oy/JeT paBHa riyOuHe morpykenus h, nau-
HOW TOYKH.

[Tee30MeTpPBI HCTIONB3YIOTCS ISl H3MEPEHUS JaBJICHUS, TIPU KOTOPOM Tpedyemasi BBICOTa
nbe3omerpa h, e 6onee 1,5-2,0 m.

Baxyymmemp (puc. 8) npencrasisier co00# CTEKISIHHYIO TPYOKY 1, OJJMH KOHEIl KOTOPOM
COEIMHEH C 00JIaCThIO BaKyyMa 2, a IPYToi OMyCKaeTCs B COCY/I C JKUIKOCTBIO 3 ¢ aTMochep-
HBIM JIaBJICHHEM Ha TIOBEPXHOCTH. Belle/ICTBUE TOTO, UTO JABJICHHUE B COCYEC 2 MEHBIIIE aTMO-
cepHOoro, )KUIKOCTh B TpyOKe 1 mogHUMAETCsI Ha HEKOTOPYIO BHICOTY HA3bIBAEMYIO 8AKYYM-

Mempu4eckoli BEICOTOM:
h _ Pamm — Pabe _ Peax (72)

6AK — -

PsY Pe9

Taxoil BakyyMMeTp WHOTJa Ha3bIBAIOT OOPATHBIM ITbE30METPOM.

U-o6pasnbiii manosaxyymmemp (puc. 9) COCTOUT U3 CTEKISIHHOW TpyOKHu 1, corHyTO#
Hanoto6ue OykBbl "U", HIDKHSIA 9acTh KOTOPOU 3aIOTHEHA KUAKOCTHIO MIIOTHOCTBIO p,,. OnuH
KOHEI[ TPYOKH COSTMHSETCS C TOYKOW U3MEPEHHUS JaBJICHUS B 00beMe 2 )KHUIKOCTH WM Ta3a, a
BTOPOil OTKPHIT B atMochepy. [Ipu p>p 4, YPOBEHD KUIAKOCTH B JIEBOM KOJIEHE MOHU3UTCS, a B
MIEPBOM TOBBICUTCSI (MMPUOOP HA3BIBAIOT MAHOMETPOM); TIPH P <Py, YPOBEHD KUIKOCTH B JICBOM
KOJICHE TTOJTHUMETCS, a B IPAaBOM - TOHU3UTCS (MIPUOOP HA3BIBAIOT BAKYYMMETPOM).

AOGCONIOTHOE TaBJICHHE B TOUKE MPUCOCTUHEHHSI MAaHOBAKYyMMETpa
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Pase = Pamm ingzhipg(a+ h) (73)

(mepen BTOPBIM ci1araeéMbIM MMPUHUMAETCS 3HaK "+" miis
MaHoMeTpa U "-" 11 BakyyMMeETpa; 3HaK Iepe]l TPETbUM
CJIaraeMbIM 3aBHCUT OT B3aMMHOT'O BHICOTHOTO pacIio-
JIO)KEHUSI TOYKHU 3aMepa JIaBJICHS | HOJIS [IKaJIbl Ipubopa:
"+" - Ho;b IpuOOpa BhIIIIE; "-" - HUXKE.

Yaweunviti manosaxyymmemp (puc.10) - mpeacras-
nsieT coboit yamky 1 nuamerpom D ¢ paGodeit KUAKOCTHIO
IJIOTHOCTBIO p,,. C yalko coeAMHEHa CTEKIISIHHAS TPyOKa
2 nuametpom d. Homb mikansl mpubopa 3 ycraHaBIHBAETCS
Ha YpOBHE MOBEPXHOCTH Paboyell KUIKOCTU B YaIIKe 0
U3MEpEHUS J1aBJICHUSI.

P<p

amw
l .2
BT
— Pucynok 9
ﬁ
-1 n N
pP>p PUMEHSIETCS YaIllCYHbI MAHOBAKYYM-
amm = METp JUTS K3MEPEHHUS IaBIICHUS B Ta3ax: MpH
, R Pa6e>Pamy K TOUKE H3MEPCHUS IABICHUS TTO]T-
1 _ COCIMHSCTCS YaNIKa, a TIPH Puse<Pamy — TPYO-
] Ka.
0—FF&0 MaHOMETPUYECKOE WM BaKyyMMETpPH-
W v
e Y YecKoe JaBICHHE Ha YpPOBHE HOJS IIKAIBI
- T 1 3 npubdopa
'?/l L— |——‘—— - 2
M d
D Pearc = P00 1+ B
e ~ (74)
Pucynox 10

bamapeiinwviii (MHOTOKONEHYATHIN) Manomemp (puc.1l) mpeacraBisieT co00i HECKOIBKO
(He MeHee JIBYX) MOCcNeA0BaTeIbHO coenHEeHHBIX U-00pa3HbIX MAaHOMETPOB.

AOCOTIOTHOE 3HAUCHUE JIABJICHUS B TOUKE TIOJICOCTUHEHUS IPUOOpa K 00beMY KHIKOCTH
WM Ta3a

Pase = Pamu + 9P 1i3(25 = 24)+ P2 (24 — 23)+ p (23— 22)+ p(z, — 21)] (75)

Heyxorcuoxocmupiii manosaxyymmemp (puc. 12) cocrout u3 yamku 1 guamerpom ds, 3a-
MIOJTHEHHOM KHIKOCTBIO TUIOTHOCTBIO 0p, M TPYOKH 2 MepeMeHHbBIX quaMeTpoB di u 0o, 4acTHYHO
3aITOJTHEHHOM JKUKOCTBIO TNIOTHOCTBIO o1 (TIpHYeM 01<p,) ¥ ONYIIEHHOW HIKHUM KOHIIOM 10T
YPOBEHB KHJIKOCTH B Yalike. BepxHuil KoHEI TPyOKH 2 MOJABOJUTCS K CHCTEME C U3MEPSICMBIM
MaHOMETPHUYECKUM UM BAaKYyMMETPHUECKUM JaBieHueM. [Ipu 5ToM monokeHne MEHUCKa KH/I-
KOCTH B TpyOKe d; M3MeHHTCS Ha BennuuHy h(mokasanue mpuodopa).

Benmuunna HU3MCPACMOTr'0 JaBJICHUA:
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Pucynok 11 Pucynok 12

o Hauana u3MepeHus JaBiIeHUs KAy MpuOopa yCTaHABIUBAIOT TaK, YTOOBI €€ HOJIb
COBIIAJIaJl C YpOBHEM XKHJIKOCTH p1, B TpyOKe 2.

Yaweynoii_muxpomanosaxyymmemp (puc. 13) npeacrarisier coO0i yarieuyHblii MaHOBA-
KyyMMeTp (cM.puc. 6) ¢ HAaKIIOHHO pacHoI0KEHHOW CTEKJIIHHOM TpyOKOH.

[To mIkane HaKJIIOHHOTO MUKPOMaHOBaKyyMMETpa BMECTO MaJlol BBICOTHI N OTcUMThIBaET-

cs1 Gospas BenuuuHa | = %ln o’ 4TO MO3BOJIACT YMCHLIINTHL OTHOCUTCIIbHYIO OHII/I6Ky, BO3-

MOKHYIO ITPU U3MEPCHUU MAJIbIX JnaBieHuil. BennunHa HU3MEPACMOT'0 JaBJICHUA

2
pej‘ZK :ng|SinO(, 1+(%j . (77)

P=L L
e

IO 7 /DG’”/‘/
Yron HakJIOHa MAaHOMETPUYECKOU
I l o TPYOKH MOKET U3MEHAThCS. [Ipn aTOM
YMEHBIIIEHUE YTJIa HAaKJIOHA CIOCOOCTBYET
YBEJIIMYCHUIO YYBCTBUTEIHBHOCTH TIpHOOpa.
Hugpepenyuanvuviii manomemp
(nudmanomerp) npeacrasisger codoit U-
L o0Opa3HbIii MaHOMeTp (cM. puc. 9), B KOTO-
/0 ~ poM 00a KOHIIA CTEKJISTHHON TpYyOKH MO/I-
D COCJTMHEHBI K TOYKaM M3MEPEHUS JaBlie-
_ : o Hul (puc.14):

Pucynox 13
p1— P2 =4p=p,92h—pg(zq — 2, +2h). (78)
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TJ€ Z1 U Zp — IPEBBIIICHHUE (B TOM YHCII€ BO3MOXKHO M OTPULIATEIBHOE) TOUEK U3MEPEHUS JIaBlie-
HUS HaJl «HYJIeM» IIKaJIbl mpudopa.

Hsyxoicudxocmuwlil mukpoougpmarnomemp (puc .15) npencrasisier coboil criapeHHbIC pa3-

HOBHWIHOCTH YallIEYHOTO MaHOBaKyyMMeTpa (CM. puc. 6), 00€ Jallki KOTOPHIX 3all0JHEHBI pa3-

HBIMH HECMEIIUBAOIIUMUCS KUIKOCTAMHE (0,,7>0,,2) U TIOJICOCMHEHBI K TOYKAM U3MEPCHUS

nasiieHnil. Honbs mpubopa ycranaBiauBaeTcsi Ha IUIOCKOCTHU Pa3IeIEHUs )KUAKOCTEH 10 OICO-

eAMHECHUS TTPHoopa. ‘ [7) | A
PR

] |

Pucynoxk 14 Pucynoxk 15
[TpumensieTcs MUKpoarpMaHoOMETp AJI U3MEPEHHS MAJIbIX [IEPENaioB 1aBJIEHUN B rase:

42
p1—p2=4p=9h(p,1 —P2) +7(PM1 +P2) (79)

Uewm Onvrke 3HAUCHUS TUIOTHOCTEH JKUJIKOCTEH 0,7 U Py,2, TEM TOUHEE U3MEPEHUE TIepenaaa
naBieHu# (npu naHHOM Ap Oombine BenuyuHa h).

Heyxorcuokocmuwiii Mukpoougnvezomemp (puc. 16) mpeacrapisieT co00i ciapeHHbIE B

BEpXHEH 4acTH JBa Mbe30MeTpa (CM. puc./); BEpXHssl YacTh NpUOOpa 3amoIHEHA KUIKOCTHIO
IVIOTHOCTEIO 0, <p.

[Tpumensiercs MUKpOAUDIIBE3OMETP JUISl U3MEPEHUS MaJIbIX MEePenaoB JaBIeHUHN B KHJI-
KOCTSIX

pL— P, =Ap=(p—p, Joh. (80)
Yem Osinrke 3HaUEHUS IJIOTHOCTEH KUAKOCTEN P U O, TEM BbIIIE TOYHOCTH MPUOOpA.
Ecnu BepxHaAs yacTh nprbopa 3amnoiaHeHa Bo3ryxoM (p,, =0) To mpubop, Ha3pIBaeMBbIii
TU(GIHE30METPOM, TIPUMEHSIIOT [T U3MEPEHUS Pa3HUIIBI THE30METPUUYECKUX HAIIOPOB B HKHJIKO-
CTSAX!

a2+ (81)

o8}
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Pucynok 16 Pucynok 17

Konokonvuwiii ougpmanomemp (puc.17), npuMeHsieMsblil 1711 U3MEPEHUsI pa3HUIIBI 1aBIie-
HUI B ra3e, COCTOUT U3 JIByX TOHKOCTEHHBIX KOJIO0K0JIOB 1 nuamerpom D, nmoaBenieHHbIX Ha
KOHIIaX KOPOMBICIIA 2 C TUIeYaMH, pPaBHBIMH |; KOJIOKOJIA IIepeBEepHYTHI U HWKHUMH KOHILIAMH
OIIYLICHBI B )KUIKOCTh. CHUCTEMA C U3MEPSAEMBIMU JABJICHUAMH p1 U P2 NOICOCIUHAETCS BHYTPb
MIOJTKOJIOKOJIb-HBIX 00bEMOB TpyOKaMu 3, M3MEHSS MOTPYKEHNE MX B )KUIKOCTh. K KopoMbIcTy
MOJICOEIMHEH CTEpKeHb 4 TMHOI a, Ha KOTOPOM 3aKperuieH rpy3 5 Maccoit M. [lon aelicTBuem
Pa3HULBI aBIeHUM (P12, P1>P2) KOJIOKOJIA MOTPYKAKOTCS HAa Pa3HYIO TIIyOUHY U CTEPKEHb C
IPY30M IIOBOPAYMUBAETCS Ha YroJl O

W3mepsiemblii Iiepenaz NaBICHUN B ra3e

4Mgasina
nD?|
Konvyesou ougpmanomemp (puc. 18) coctout u3 Tpyoku auameTpom d, COrHYTO#l B KOJIb-
110 mamerpoM D, HYKHSIS 4acTh KOJbIIeBOM TpyOkH Ha Beicoty "b™ (mpuuem 0<b<0,5D) 3amnomn-
HEHa HJIKOCTBIO IJIOTHOCTBIO p,,; K HUM Ha PACCTOSHUM ¢ IPUKPEIJIEH I'py3 Maccoi M u
ctpenka. [lon nelictBueM pasHUIlb! AaBieHUN (P1#02) B Ta3e YpOBHHU KHUAKOCTU B KOJIEHAX TPyO-
KU OyIyT pa3HbBIMH U OTIHYAThCs Ha BenuuuHy (4p/(0,)), 4TO BBI30BET MOBOPOT KOJIbIIA MPH-
6opa Ha yroi «. [IpuMeHsieTcst KonbleBOi TupMaHOMETp JUIs H3MEPEHHUS Pa3HUIIBI JaBIICHUH B

rase.
N3mepsemblil nepenaj JaBJICHHI B raze

P1—P2=4p= (82)

_ M, asino
Ap=p,,gD (b-d sin 2”2 . (83)
D (ndD) Jb(D-d)
P2 ) 180D |

OCHOBHBIE TIPaBUIIa TIOJIH30BAHUS KHUIKOCTHBIMU TIPUOOPAMU JIJISI K3MEPEHHUSI JTABJICHUS
CIIeAYIOIIHE:
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1. TIpubGop nomxeH ObITh yCTaHOBJIEH BEPTUKAIBHO.

2. Jlo Havayia u3MEpEeHUI HOJIb IITKAJIBI MPUOOpa TOJDKEH
COBIIAJATh C YPOBHEM KUAKOCTH B HEM. P Y

3. llepen usmepenueM AaBlieHUs B KHUIKOCTU HEOOXOAH- ! \ \// 2
MO yJQJIUTh U3 TPYOOK Ipubopa u TpyOOK, COSTHHSIIO-
HIMX TpUOOp C MECTOM M3MEPEHHUS JaBJICHUS, CIydaii- o
HBIE ITy3BIPHKU BO3lyXa (IIPOU3BECTH "IPOIUBKY" TPY-
0ok prbopa), a mepea U3MEPEHUEM JIaBJICHHS B Ta3e - D
YIAIUTh CITy4ailHbIe BKIIIOUCHHS KHUJIKOCTH (TIpOU3BeE- T———— Nk -
¢ty "mpoayBKy" TpyOOK mpubopa).

4. Jlng yMEHBIICHUS BIMSHUS KaWUIAPHOCTH Ha TIOKa3a- £
HUE Mpudopa 1Mo ypOBHIO )KUJIKOCTH B TPYOKax II€JIeCO-ty 2 ! 7 1
00pa3HO NPUMEHSATH /1S BOJbI TpYOKU AuameTrpom 10- = -~ =,
15 MM, a 11 pTyTH - 6-9 MM. JO"’

5. TIpoBepky U TpagyHpOBKy MPHUOOPOB CIEAYET MPOH3- M
BOJUTH MPUMEPHO MPHU TOH ke Temmeparype, MpH Ko-
TOPOW OYZET BBIOIHATHCS SKCIIEPUMEHT (B TPOTHBHOM
CIIy4ae 3TO CJIeyeT YUYUTHIBaTh KaK CUCTEMATHUECKYIO
OIINOKY).

[

Pucynoxk 18

Mexanuueckue npubopoi

Mexanunueckue npuOopsl (MAaHOMETPbI, BAKYYMMETPbI U MaHOBAKYYMMETPhI) IPUMEHSIOT-
Csl JUTsl U3MEPEHHUS AaBIICHUSI U Pa3psHKEHUS TIIaBHBIM 00pa30M B TEXHUYECKUX LEISIX U UMEIOT
IPAaKTUYECKH HEOIPaHUUEHHBIN 1Mana30H U3MEPEHUs], HAUWHAas OT COTBIX J0JEH A0 ThICSY aT-
Mocdep.

Mexanunueckue npuOOpsl MOI'YT IPUMEHSATHCS ISl U3MEPEHHsI aTMOC(HEPHOTo JaBiieHus (B
ITOM CIIy4ae UX Ha3bIBAIOT OAPOMEMPAMU-aHePOUOAMU).

[TpuHIMn neicTBrs MeXaHMYECKUX pHUOOpOB
JUISL U3MEPEHUs AaBJIEHUSI COCTOUT B TOM, YTO MOJ AeH-
CTBHEM JaBJICHHsI IPOUCXOAUT JiehopMaltsl yIpyroro
AJIEMEHTA, PONOPIIOHATbHAS BEIUYMHE U3MEPIEMOT0
nasiieHus. Jlepopmarus ynpyroro neMeHTa yepes3 cH-
CTEMY PbIYaroB U IIECTEPEH OBOPAUNBAIOT CTPEIIKY
npubopa, OTMEYAIOLIYIO Ha IIKajie Npubopa BeIHUUHY
U3MepsieMoro JaBieHus uinu paspsokenus. [llkana rpa-
JyNPOBaHa M0 OJHOW U3 €AVHMII U3MEPEHUS 1aBIICHUS
(at, [Ta, MM pT. CT., MM BOJI. CT., Kre/om® ) )

Wnes npuMeHeHHs: MeXaHUYeCcKOoro mpubopa Juis
U3MEpEHUs 1aBJICHUs OblIa BhICKa3aHa BIepBbie B 1846

I'. HeMeUKUM yueHbIM P.I1{uHI0M.

[To Tumy ynpyrux 3J€MEHTOB MEXaHUYECKHE g,v_
npuOOpEI, MPUMEHSIEMbIE IJI1 U3MEPEHUS 1aBIICHUS, 4{ 4
MOAPa3ICIAIOTCS Ha IPYKUHHBIC, MEMOpaHHBIE U Prcynok 19
CHIIb()OHHBIE.

LIpyoicunnvie npubopbl UMEIOT OCHOBHYIO JI€Tallb B BUJIE COTHYTOM IO AYT€ OKPY’KHOCTH
NoJION TPYOKH C MOMEepEeuHbIM CeueHHEM B (hopMe OBalla MIIM 3JUIMIICA (TaK Ha3bIBaeMas TpyOka
bypnona, npennoxennas B 1848 r.).

[TpyxxunHbIe MaHOMETPHI (pHc. 19) paboTtatoT no creayromeMy npuHuUmy. XXuIkocTs nin
ra3 MmocTymnaroT yepe3 mrynep 1 B npyxuny - Tpyoky bypmona 2 . Ilpu naBnenun BHyTpH TPyO-
KM, TIpeBBILIAIONIEM aTMoc(hepHoe, TpyOKa-IpykKMHa HEMHOTO pacnpsmisercs. Pacnpsamienue
NPYKAHBI IPY TIOMOIIH TJIACTUHKY 3 TIepeaaeTcs Ha 3y04aTKy 4, MPUBOSIIYIO B TBHKCHUE
cTpenky 5. Homp mikansl MaHOMETpa COOTBETCTBYET aTMOC(epHOMY JaBIECHUIO, U TIOITOMY OT-
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KJIOHEHHE CTPEJIKH 5 IMOKa3bIBAET MO IIKaJe TOJbKO MaHOMETpUUYECcKoe (M30BITOUHOE) IaBJICHHUE.
[TpyXMHHBIE MAHOMETPBI IPUMEHSIOTCS ISl U3MEPEHUs AaBJICHUS OT 1 aT 1o coTeH aTMocdep.
[TpyxuHHBIE BAKYYMMETPBI 1 MAaHOBAKYYMMETPHI 110 YCTPOHUCTBY aHAIOTUYHBI TIPYKHIH-
HBIM MaHOMeTpaM. ¥ MaHOBaKyyMMETPOB OJIHA YacTh LIKaJIbl TOKA3bIBAET MAHOMETPUYECKOE
JIaBJICHUE, a JIpyras - BAKYyMMETPUYECKOE (pa3psyKEeHUE).
Membpannvie npubopwt (puc. 20) B kKauecTBe
YIOPYToro 3jJeMeHTa UMEIOT MeMOpany 1 uinu MeM-
OpaHHYIO0 KOPOOKY, 110 BeTMYnHE AePOpMaIIH KOTO-
PBIX CYIST O BEIMUMHE U3MEPSAEMOro JaBieHus. J{o
M3BECTHOT'O Mpefeia nporud MeMOpaH JIMHEHHO 3aBH-
CHT OT JJaBJIeHUs, OJiarofapsi 4eMy OHU HAllUIW IIHAPO-
KOe MpUMEHEHUE B MaHOMETpax, 0apoMeTpax U BaKy-
ymmeTpax. OOBIYHO MEMOpPaHHBIE MAHOMETPHI UCTIOJb-
3yI0T 11t uaMepeHus nasienust ot 0,2 no 30 at unu
MIPH U3MEPEHUU JIaBIICHUS B XUMUYECKU aKTUBHBIX
cpenax, B MOCIEIHEM CIy4Yae HIKHAS CTOPOHA MEM-
OpaHbl TOKPBHIBACTCS 3AIIUTHBIM CIOEM.
MembOpanHubie TprOOPHI MPEJIOKEHBI BIEPBbIE B il it
1847 r. aurnmuiicknM MexaHukoMm B. Baiigu. i 4
B cunvghonnwvix npubopax (puc. 21) B kauecte
YIPYToro 3JeMeHTa UCIIO0Nb3YIOTCs cUb(oHBI 1, npe-
CTaBJISIIOIIKNE cO00I roppUpPOBAHHYIO KOPOOKY, BbI-
MOJTHEHHYIO B BUJIE IWJIMHPA C PABHOMEPHBIMHU ]
ckiagkamu (roppamu). [Tog neiicTBueM pa3HUIIBI aT- j i

MOC(EpPHOTO ¥ U3MEPSIEMOTO JIaBIICHUH CHIIb()OH HITH ‘\iﬂ—

Pucynok 20
pactaruBaercs (P>Pumy), WK CKAMACTCA (P<Pam),

U3MEHSIS CBOIO JUTHHY | IPOMOPIIMOHANIBEHO BEINYNHE

u3MepseMoro nasieHus. Cuib(OHHbIE MAHOMETPHI

MIPUMEHSIOTCS I U3MepeHus aasienus ot 0,5 mo S at.

[TpocroTa ycTpoiicTBa 1 IpUMEHEHHUs, TOPTATHB-

HOCTb U OOJIBILION Mana3oH U3MEPSIEMOTO 1aBJIECHUS SB-

JSIFOTCS LEHHBIMU TOCTOMHCTBAMH MEXaHUYECKUX MPH-

060poB, 00YCIIOBUBIIUMH UX HIMPOKOE IPUMEHEHHE.

[TpaBuia noab30BaHMUs MEXaHUYECKUMU NpHOOpa-

MU J1JIs1 U3MEPEHMSI 1aBJICHUS TAKOBBI:

1. Pabouee nonoxeHue MEXaHUYECKOTO MPUOOPA, KaK 1
MIPABUJIO, SIBJIIETCS BEPTUKAIBHBIM C HAIlPaBJIEHHBIM
BHHU3 IITYLEPOM. yan \

2. CoenuHUTENBHBIE TPYOKH (OT MECTa U3MEPEHUS
JIaBJICHUS 10 TpuOopa) JOIKHBI ObITH LIEIUKOM 3a-

HOJ‘IHeHBI) HJIM TOJIBKO JXUJAKOCTBIO, MJIU TOJIBKO  Pucynok 21
BO3yXOM, JJIs1 4YETO NEPUOINYECKH IIPOBOIUTCS
WIH «TIPOJIUBKAY, WIN «IIPOJYBKa» HX. ,D

3. Ilepen HayamoMm M MOCJIe OKOHYAHUS U3MEPEHH JOKHA TPOBEPSTHCS YCTAHOBKA CTPEIIKH. -
npubopa Ha "HOJNB", TaKk KaK paboyue opraHbl MPUOOPOB C TEUEHUEM BPEMEHH MOTYT I10-
CTETIEHHO U3MEHSATh CBOM YIPYyTHe CBOMCTBA MIIM UMETh OCTaTOYHbIE JAedopmariuy, a nepe-
JATOYHBIA MEXaHU3M IOABEPKEH €CTECTBEHHOMY U3HOCY.

4. Tlpu u3MepeHuu JaBJeHUs IPYKUHHBIMU U CHIIb(OHHBIMH TPUOOpPAMH B arpPECCUBHBIX Cpe-
JaxX JOJKHO OBITh MPETYCMOTPEHO YCTPOICTBO B COEIMHUTENBHBIX TPYOKax rUpaBInye-
CKHUX 3aTBOPOB, 3aLUIIAIOIINX PHOOP OT MOpUH (Hanpumep, pTYTHO-MACISHBIN 3aTBOP).

5. Tlpu u3MepeHun MaBJICHUS B TOPSIUX CPeNax, CIIOCOOHBIX HAPYIIUTh CIIAHKN BHYTPH TIPH-

”vﬁpfkr
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60pa, HeOOXOIMMO TPEAYCMOTPETh CHUYKEHHE TEMIIEPAaTyphl CPEIbl B COCAMHUTEIBHBIX
TpyOKax.

I'pyzonopunesvie npubopol

[TpunIMn aeicTBUS TPY30NOPIIHEBBIX MPHOOPOB 3aKIIIOYACTCS B YPABHOBEIIMBAHUY CHITBI
(Kak mpaBmIIO, Beca) CHIION, CO3/1aBacMOi M3MepseMbIM aaBjieHueM (puc. 22). [Tpubop cocTout
u3 mwmHapa 1, mrymxkepa 2 auamerpom d u rpy30Boit Tapenku 3. Mi3mepsiemoe aBieHue noja-
€TCs BHYTPh HWJIMHIPA T IUTYH)XEP, 8 YPABHOBEIINBAETCSI OHO Tpy30oM G, ycTaHaBIMBAEMbIM
Ha TapeJke.

Benuunnaa nuzMepsieMoro JaBJieHUsS

_ 4G
nd?

I'pysomopiiHeBbie TpUOOPHI ABISIOTCS Hanboee
TOYHBIMH NIPUOOPaMHU JUIsl U3MEPEHUs OOJIbIINX J1aBiie-
HUl. YacTo UX NPUMEHSIIOT KaK 00pa310BbIe Ui IPOBEP-
KW TOYHOCTH JPYTrUX IPUOOPOB.

OcHOBHBIE IpaBUJIa OJIb30BAHUS I'PY30IOpPIIIHE-
BBIMU IPUOOpPaMHU TaKOBBI:

1. Macna, ucnonb3yemsle B 3TUX MPUOOpax JOJIKHbI
OBITh OECKUCIIOTHBIMU U MTPO(UIBTPOBAHHBIMU (KaK
IPaBUJIO, NPpH JaBieHuu 10 250 aT - TpaHchopmarop-
HOE, CBBIIIE - KACTOPOBOE).

2. Ilepen n3mepeHueM aBieHUs BO3AYX U3 BHYTPEHHUX
noJioctel mpudopa A0IKEH ObITh yJalIEH, a IJI0C-
KOCTb I'Py30IIPUEMHOMN TapesIKU yCTaHOBJIEHA TOPHU-
30HTAJIBHO.

3. Bo uzbexaHue nosBICHUS CyXOTro TPEHUs ITYHXEp
NIPY U3MEPEHUSIX AaBIICHHUS JJOJDKEH MPUBOTUTHCS BO
BpalaTeabHOe JIBUKEHNE BOKPYT CBOEH MPOI0JIbHON
OCH.

OTnu4UTeNbHBIMU XapaKTePUCTUKAMU MeXaHHYe-
CKUX U TPY30TOPITHEBBIX MTPHOOPOB SBISIOTCS MOPOT YYBCTBUTEIBHOCTH U BapHAIIHSL.

Ilopozom uyecmeumenvrocmu Ha3bIBae€TCsl HAMMEHbIIIEE U3MEHEHUE 3HAYCHUS N3Mepsie-
MOTO JAaBJICHHsI, CIOCOOHOE BBI3BATh N3MEHEHHE MOKA3aHUs IPUOOpa, 3aMETHOE MPH BU3Yallb-
HOM HaOroieHuu. OH 00yCIIOBJIEH TPEHHEM B MeXaHU3Me NPUOOpa 1 HECOBIAJCHUEM 3allerlyie-
HUI B €r0 KHHEMaTHYEeCKOM MEXaHN3Me OT pab0overo opraHa mpudopa 0 CTPEIKU IIKAJIbI.

Bapuayueii Ha3pIBaeTCsl HAUOOJbIIAst PA3HOCTh MEX/1y MOBTOPHBIMU MTOKa3aHUSIMU TIPUOO-
pa Ipy OTHOM U TOM K€ 3HAYEHUH N3MEPSIEeMOTO JIaBJICHUS, HO CHavaja MpH MPsIMOM XO0/1e U3-
MepeHUs (BO3pacTarollie BeTMUMHBI JaBlIE€HHs), a 3aTeM - IpU 00paTHOM (yObIBaHHE BEIMUUHBI
nasieHust). OHa BBI3BIBAETCS YIIPYTUM MOCIEIeHCTBUEM U THCTEPE3UCOM paboyero oprasa, a
TaKXe U TEMU IPUYMHAMH, OT KOTOPBIX 3aBUCUT BEJIMUMHA ITOPOTa UYyBCTBUTEIBHOCTH.

(84)

Pucynok 22

Onekmpuueckue npubopul

DnekTpudeckre NpuOOpbl BOCIPUHUMAIOT H3MEPSIeMOe IaBJIeHHE aTYUKOM (puc.23),
npeoOpa3yIoMM BEIMYUHY J1aBJICHUS B JIEKTPUUECKYIO BEIMUUHY, KOTOpask MOKET HETIPEephIB-
HO U3MEHSTHCS BCJE] 32 U3BMEHEHHEM U3MEPSAEMOI0 JaBJIEHUS; 110 MIEKTPUUECKON LETTH CUTHAI
HepeaaeTcsl Ha PeruCTPUPYIOLINHI UM AIEKTPOU3MEPUTENBHBIA IPUOOD.

Ecnu coOcTBEHHBIN MEKTPpUYECKUI BBIXOIHOM CUTHAI MaJl, TO B JIEKTPUYECKYIO
LeMb BKJIKOYAKOT YCUJIUTEIIb.
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3neKmpuweCKaﬂ uerb

Peaucmpupyrowuli

Hamyuk npuGop

UemouHuk
anekmpuy4eckol aHepau,

Pucynok 24

Pucynok 23

Bcs n3mepurenbHas Lenb NUTAETCS OT UCTOYHHKA DJIEKTPUUECKOM dHepruu. Bo3aelcreue
JABJICHUS KUAKOCTH WJIM ra3a Ha JATYMK MPUBOINT JHMO0 K BOZHUKHOBEHUIO AJIEKTPOIBIKYIIEH
CUJIBI (TaKM€ JaTUYUKU Ha3bIBAIOTCS 2eHepamopHbiMu), 1100 K U3MEHEHUIO HEKOTOPBIX 3JIEKTPU-
YECKUX XapaKTEPUCTUK (TaKUE TaTYUKU HA3BIBAIOTCS NAPAMEMPUUCCKUMLL).

K ocHOBHBIM THIIAM reHEPAaTOPHBIX AATYMKOB AaBJICHUS (MHOI/Ia X HA3bIBAIOT npeoopa-
308amensimu) OTHOCSTCS:

® unOyKyuonuvle (puc.24), B KOTOPHIX BO3/ICHCTBUE NAaBIICHUS P BBI3bIBACT H3MCHCHHE OTHOCH-
TEJILHOTO TTOJIOKEHHSI 0OMOTOK TepBUYHOI (1) 1 BTopn4HOii (2) 1ienelt J, 4To IPUBOAUT K
u3MmeHenuto DJ]C B3aUMOUHIYKIIMH BO BTOPUYHON (M3MEPHUTENBHOM) 1eMH;

o nveszoanexmpuyeckue (puc.25), B KOTOPBIX UCTIOIB3yeTCs OTKphITOE emie B 1880 r. siBieHue
IBE30METPUUYECKOT0 2P PeKTa, 3aKITF0YA0IIeecs B CIOCOOHOCTH HEKOTOPBIX KPUCTALTHIE-
CKHUX Tel (KBapliia, TypMaJllHa, CATHETOBOW COJIU, TUTAHUTA Oapusi, cynbdara JIUTUS U JP.)
00pa30BbIBATh HAa IPOTUBOIOIOKHBIX CTOPOHAX CBOMX KpucTaiiioB K 1o AeiicTBUEM Mexa-
HUYECKOM neopManuu (HanpuMmep, CKaTHs) SJIEKTPUUYECKHE 3apsi/ibl pa3HbIX 3HAKOB.

K oCHOBHBIM THIIaM MapaMeTPUUECKHUX JaTUUKOB JaBIECHUS OTHOCATCS:
unoykmuenvie (puc. 26), B KOTOPHIX UCIIOJIB3YEeTCS CIOCOOHOCTh MHIYKTUBHOM KaTyIIKK
N.K.(1poBosI0uHOI! crivpaiv ¢ CepAeUHUKOM U3 (peppOMarHUTHBIX MaTepUaIoB UM 0e3 Hero)
U3MEHSATh CBOI MHIYKTUBHOCTb IPU U3MEHEHUH €€ OTAEIbHBIX TapaMeTpoB (MarHUTHOT'O CO-
MPOTUBJICHMS], YMCIIa BUTKOB, MOJOKEHUS CEpJCYHNKA O U T.I1.) MO JEHCTBHEM U3MEPIEMOTO
JABJICHUSI » )KUIIKOCTH WJIU Ta3a:

P
p

A
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Pucynox 23 Pucynok 26
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emkocmHule (puc. 27), B KOTOPBIX HCIIOJIB3YETCSI CBOWCTBO KOH/IEHCATOPOB U3MEHAThH CBOIO €M-
KOCTb MPU U3MEHEHUH PACCTOSHUS MEXIy ero o0KIaakamMu (HampuMep, ImyTeM nporuda ogHon
U3 IJIACTUH KOHACHCATOPA, BHITOJHEHHOHN B BHIE MEMOPAHBI) TIOJT ICHUCTBHEM U3MEPSIEMOTO
JABJICHUS P )KUJIKOCTH WJIU Ta3a;
conpomusnenus (puc. 28), B KOTOPBIX UCTIONB3YETCS SABICHHE U3MEHEHHUS IIEKTPUYECKOTO CO-
IIPOTUBJICHUS] HEKOTOPBIX MaTepraioB (KOHCTaHTaH, MAaHTAHWH, HUXPOM, T€pPMaHUi U Ap.), BbI-
MOJIHEHHBIX B BUjIE MpoBosioku uiu ¢onsru [1.C.,B pesynbrare aedopmanuu moja 1eicTBUEM
U3MEPSEMOT0 JaBJICHUs P )KUIKOCTH WJIU Ta3a.

JlaTunKy aBIEHUS XapaKTEPU3YIOTCS paspeuiaroweli cnocoonocmoio_(pabounM auarnaso-
HOM U3MEPSAEMOTO UM JIaBJICHUS) U 4y8CmMEUmeabHocmoio (OTHOIICHUE 3JIEKTPUUYECKON BEIHYU-
HbI Ha BBIXO/I€ JIATYMKA K JIaBJICHUIO HA BXOJI€ JATYHUKA). e

M-______‘o
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Pucynok 27
DnexTpudeckre NpuoOpbl HAXOAAT HIMPOKOE MPUMEHe- 19
HHUE B CUCTEMaX aBTOMaTUYECCKOI'0 KOHTPOJIA, PETYIHUPOBAHUS
HJIN YIIPpABJICHUA ABUXKCHUCM KUJIKOCTHU U ra3sa. Hezamennmbl h
OHH IIPU U3MEPECHUU JaBJICHUS B HECTAIlHOHAPHEIX U ITYJILCH-
pyromuXx MmoToKax XUJAKOCTH U Ira3a (HpI/I 6LICTpOM HN3MCHCHHHU
BEJTUYMHBI JIABJICHUS ). p

PMANY

3. O0BbeKTBI U CPeACTBA UCCIEI0BAHUS

OmnbITHast ycTaHoBKa (puc. 29) COCTOUT U3
3aKpbITON €EMKOCTH 1, K KOTOPOM MOJCOETUHEH
psi npuOOpoB (HarpuMep, NbE30METp 2, BOAS-
HOU MaHOMETp 3, pTYTHBIH MaHOMETp 4 U Tpy-
KUHHBIM MaHOMeTp 5). EMKOCTH 3amosiHeHa Bo-
JIOH, ypOBEHb KOTOPOH 3aMEPSIOT 110 BOJIOMEP-
HOMY CTEKILy 7.

[Tre30MeTp 2 3amepsieT JaBlieHHE B BOJIE,
a maroMeTp 3, 4 u 5 — naBieHue ee napos. J{aB-
JICHHE MapoB BOJbl B EMKOCTH MOXKET OBITh Ye-
pe3 mTynep 6 n3MEeHEHO, YTO MPUBEET K U3Me-
HEHUIO MMOKa3aHUI BCeX MPUOOPOB.

Pucynok 28

Pucynok 29
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4. IloaroroBka K padote U mporpaMmMa padoTsbl
1. O3HakOMHTBCSA C ONBITHON YCTaHOBKOM.
2. C moMomIbpI pydyHOTO Hacoca uepe3 mTyiep 6 B 3aKphITOH eMKOCTH 1 co3/1aTh 3alaHHOE TIpe-
nojaBaTeseM JaBlieHUe, OTIMYHOE OT aTMOC(EPHOTO.
3. CHATH OTCYETHI IO HIKAJIaM MPUOOPOB U BOJOMEPHOMY CTEKITY

&

CHSTH OTCUETHI IO OAHOMY U3 MPUOOPOB C IENBIO OIEHKA TOYHOCTU U3MEPCHHUS IaBICHUS.
5. OOpaboTarh pe3yNibTaThl U3MEPEHUN B COOTBETCTBUH € ()OPMOIT OTYETHOTO KypHaJa.

5. @opMa 0TYETHOI0 *KypHaJia
JIABOPATOPHAS PABOTA Nel
N3Mepenne 1aBJieHUs B :KMIKOCTH U rase

1.CxeMa OnbITHOM YCTaHOBKHU

2.Peructparnivis ONbITHBIX TaHHBIX

2.1.01cueT no BOAOMEPHOMY CTEKITY Z,=

2.2.01cyeT no nbe3oMeTpy Z,=

2.3.0t1cuet no npubopam, U3MEPSIIOIINM JIaBJICHHE MapOB KUIAKOCTH.

Tabmua 1
Ne Hazpanue npubopa | PazmepHocTh Ilena MaxkcuMaibHbIN Kiace Otcuer
ILII. IIKaJIbI JIEJIEHUsl | OTCYET IO IIKa- | TOYHOCTH | IO HIKa-
ae ne
1
2
3
4
5
6
3.00paboTka pe3yabTaToOB OIbITA:
3.1./laBneHne napoB KUAKOCTH IO IbE3OMETPY
Po :pg(Zn _28):
3.2.Ilepecuer 0TCYETOB IO MPUOOPaM B IpyrHe eqUHULBI n3MepeHus (Tabi. 2)
Tabmuma 2
Ne | HaummeHnoBanue BennunHa n3MepeHHOro JaBiIeHus MapoB )KUIKOCTH
TLII. npubopa H/m? Kkre/cm? ITa ar. oop MM PT. | M BOJ.
CT. CT.

AR E N R R
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4.01eHKa TOYHOCTH U3MEPEHUS 1aBICHUA.

4.1. Ha3BaHUE TIPHOOPA. . ...vvieieneereeeieeaaieeneenaennnes
4.2 . ENVHULA U3MEPEHUS HABIICHHUS . .. uvvveeneeeeennneeannneeennnanns
4.3.Pe3ynbTaThl OTCUETOB IO MIKaJIEe MpruOopa u ux oopadotka (Tad. 3)

Tabmuna 3
Homep p P-Pep (p'p6p)2
oTcyeTa
1
2
3
4
3)
6
7
8
9
10
> pic > (P~ Pep) = > (P~ Pep)? =
4.4.Cpennee apudMeTHuecKoe 3HAUCHUE OTCUETA Pep = Z‘,p % =
4.5.9Mnupu4ecKuil CTaHAapT MOrPEIIHOCTH
\/ >(p i~ pcp )2
O=4|—mm ——— =
n—-1
4.6. JloBepurenbHas BEpOsTHOCTh P=
4.7 bespa3mepHsbiit MHOXuUTENb (P, n)=
4.8.JloBepUTENbHBIN HHTEPBAI
8906 = (P, n)i =
4.9. Untepsan pa Q o3k /e NS HCTHHHOTO 3HAYEHNS TaBIEHHS
DPep —Bg0g = eveen: < Puem < Pep1Bdog = oveeees
4.10.Bep02}ITHOCTHa$I omrOKa U3MEPEHUs 1aBICHUS
0y =t—0c=
4.11 .MaI%CCI;IMaJ'IBHaSI JIOBEPUTEIIbHAS OIMMOKA U3MEPEHHUS JTaBICHHS
Omax = ==
4.12.0 H&I/IT@HBHaH ommOKa U3MEpPEHUs JaBICHUS
e=1—%100% =
Pep
[Tonnuce crynenTa “ ” 200 r.

Paboty npunsin




10.

11.

12.

13.

14.
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6. KoHTpoJIbHBIE BONIPOCHI

Onpenenenue u Gopmylia BBIYMCICHHUS THIPOCTATUYECKOTO 1aBIE€HUs, A0COIIOTHOIO J1aBie-
HUS1, MAHOMETPUYECKOT'0 JIaBJICHUS, BAKYYMMETPUUYECKOIO 1aBJIeHUs, U30BITOYHOIO 1aBie-
HUS, BaKyyMa, pa3psKeHus, TSrU.

dopma 3aIucH, CMBICI U Pa3MEPHOCTh OTAEIBHBIX YWICHOB CIEAYIOINUX YPABHEHUM: OCHOB-
HOE€ YPaBHEHHE T'MIPOCTAaTUKHU, IbE30METPUYECKUE BBICOTA U HAIIOP, TUAPOCTATHYECKUN
Hanop, 3akoH [lackais, BakyyMMeTpudeckas BbICOTA.

EnuHuLbl M3MEpEeHUs JaBlIeHNs U COOTHOLIEHUS MEXKIY HUMMU.

Bun nasnenus, u3sMepsieMoro CleayromuMu npudbopaMu: 6apoMeTpoM, MaHOMETPOM, BaKy-
YMMETPOM, MaHOBAKYYMMETPOM, JU(PMAHOMETPOM, TUPIBE3OMETPOM.

Knacc Tounoctu npubopa [uis u3MepeHus 1aBaeHuUs.

Cxema 1 IpUHIIKIT ASHCTBHS )KUAKOCTHBIX TPUOOPOB: OapoMeTpa, Mhe30MeTpa, BAKYyMMeET-
pa, U-o00pa3zHoro MaHOBaKyyMMeETpa, YaIIEYHOTO MAaHOBaKyyMMETpa, OaTapeiiHOro MaHO-
MeTpa, JBYX>KUJKOCTHOTO MaHOBAaKyyMMeETpa, TU(PIbE30METPA, ABYXKHUIKOCTHOTO MUKPO-
T(rbe30MeTpa, KOJIOKOJIBHOTO JU(PMaHOMETPA, KOJIBLEBOrO JU(PMaHOMETPA.

[IpaBuia ycTaHOBKH KUAKOCTHBIX IPUOOPOB JIJISl U3MEPECHUS JaBIICHHS.

Cxema ¥ NpUHIMIN JEeHCTBUS MEXaHUYECKUX MTPUOOPOB: MPYKUHHBIX, MEMOPAHHBIX U CHJIb-
(OHHBIX MAHOMETPOB, BAKYYMMETPOB 1 MAHOBAKYYMMETPOB.

[TpaBuia ycTaHOBKM MEXaHWYECKUX MPUOOPOB JUIsl U3MEPEHUS JaBICHHS.

Cxema ¥ IpUHIMI JEHCTBUS TPY30IIOPUIHEBBIX IPUOOPOB /1711 U3MEPEHUS JaBICHHUS.
UyBCTBUTEIBHOCTD U BapHUallisd MEXaHUUECKUX MPUOOPOB JIsl U3MEPEHUS JABJICHUS.
Cxema u NpUHIKI AeHCTBHSI TeHEPATOPHBIX 1aTYMKOB (IIpeodpa3oBarteseil) 1aBiIeHus:
WHAYKIIMOHHBIX U NIbE30METPUUECKUX.

Cxema ¥ IpUHIUI JEHCTBUS NapaMETPUUECKUX JTaTYUKOB JIABJICHMS: MHYKTUBHBIE, EM-
KOCTHBIE, COITPOTUBIICHHUS.

LIYBCTBI/ITCJ'IBHOCTI) " paspcuiaromias CIIOCOOHOCTH OJICKTPUYCCKUX OATYHUKOB.
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JIABOPATOPHAA PABOTA Ne2

N3mepenne MeCTHBIX CKOPOCTEN B IMOTOKE KUJAKOCTH WJIU ra3a.
1. Ilesn u 3aga4n padoThI.

1. OsnakomieHue ¢ npudopamMu U ciocodamMu U3MEPEHUs: CKOPOCTeH B GPUKCUPOBAHHOM TOUKE
IIOTOKA HUJIKOCTH U rasa.

2. M3MepeHune oCpeHEHHBIX CKOPOCTEH B HECKOJIBKUX TOYKAX OJHON BEPTUKAIN WIN TOPU30H-
TaJIM OTKPBITOrO oToKa Tpyokoi ITuro-IIpanntis.

3. TloctpoeHue 3m0pbl OCPEAHEHHBIX CKOPOCTEH.

2. OCHOBBI TEOpPHH.

B ycranoBuBmiemcs TypOyJ€HTHOM ITOTOKE >KUJKOCTH WJIU ra3a pa3iudyaroT TpU BUJA
MECTHOM CKOPOCTU (CKOPOCTH B IAaHHOW TOUKE):
® ycmunHyIo U - HEIPEPHIBHO M XaOTHYHO M3MEHSIOIIYIOCS BO BPEMEHH 110 BEJIMYHHE U

HaIlpaBJIEHHUIO, YTO IPOMCXOJUT O] AEHCTBHEM TypOYyJIECHTHBIX BO3MYIIIEHUH B BUJIE BUXpEH
pa3IMYHbIX Pa3MEPOB U YACTOTHI,

e menosenHylo (IyJIbCUPYIOILYIO) Uy - IPEICTABIISAIONIYI0 COO0M MPOEKIINI0 UCTUHHON CKOPO-
CTH Ha HaIlpaBJICHUE JBM)KEHUS KUAKOCTH WM r'a3a B JAHHOM CEYEHUH; OHA U3MEHSIETCS BO
BPEMEHHU TOJIBKO I10 BEJINYMHE;

® ocpeonennyio Ug - COOTBETCTBYIOLIYIO CpeJHEMY apu(METUUECKOMY 3HaUYEHHIO MITHOBEHHBIX
MECTHBIX CKOPOCTEH 3a JOCTATOYHO JUIUTENbHBINA, HO KOHEUHBIH NPOMEXYTOK BPEMEHH.

B TexHn4eckux 3aa4ax v UCCIEIOBAHHUIX TYpOYJICHTHOTO PEKUMA TEUCHUS )KUKOCTH
WJIY Ta3a UCHOJIb3YIOTCS JIBE MECTHBIE CKOPOCTU: MTHOBEHHAs! U OCPE/IHEHHAsl, IPUYEM, IepBast
OIPEEIAETCS TOIbKO OIBITHBIM IIYTEM, a BTOPAs - ONBITHBIM ITyTEM WJIM 110 SMIIUPUUYECKUM U
HOJY3IMIMPUUECKUM (OpMyJiaM, ITOJIyYEHHBIM Ha OCHOBE OIBITHBIX 3aMEPOB.

2.1. I3mepeHne MrHOBEHHOM (ITyJILCUPYIOIICH ) MECTHOM CKOPOCTH.

JUis m3MepeHus MyJbCUPYIOIEH CKOPOCTH MPHUMEHSIOTCS Oe3bIHEpPLMOHHbIE MPHOOPHI,
CIOCOOHBIE HE TOJIBKO MTHOBEHHO PEarupoBaTh Ha BEJIMYMHY MECTHOW CKOPOCTH, HO U HeEIpe-
PBIBHO 3amKChIBATh e¢ xpoMorpammy (puc.30), T.e. rpadiik H3MEHEHHUSI CKOPOCTU BO BPEMEHH.

[To KOHCTPYKIIMU W NPUHIUIY JEHCTBUS pearupyrollero Ha CKOpoCTh yCTpoicTBa (CKo-
POCTHOTO JIaT4YMKA) pa3IHyaloT CIeAyIoIIre BU/IbI TPHOOPOB.
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Pucynok 30 Pucynoxk 31

Tepmoanemomempul - N3MEPSIOT CKOPOCTH 110 KOJIMYECTBY TEIJIa, TEPSEMOrO HarpeBae-
MBIM TE€JIOM, IIOMELIEHHBIM B IIOTOK (1aT4YMK, 30H] U T.I1.). OHU OCHOBaHBI HA CBOWCTBE ITPOBOI-
HUKOB U3MEHSAThH CONPOTHUBIIEHUE C N3MEHEHUEM CBOEH TeMIepaTyphl.

Crnogo "anemometp" 66110 BBesieHO M. B. JlomoHOCOBBIM 117151 0603HaUeHus Mpudopa, 13-
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MEpSIOILEr0 CKOPOCTh BeTpa (aNernos - rpedeckoe CIoBO, B IIEPEBOJIE - BETEP).

Jarurkom (30H10M) cayxHuT (prc.31) mpoBosoka 1 (BoashpaMoBast, IUTATHHOBAS U T.11.),
MOMEIIEHHAs B MMOTOK KMIKOCTH WJIM Ta3a ¥ pa3orpeBaeMasi 3JeKTPUIECKUM TOKOM.

B 3aBHCUMOCTH OT CKOPOCTH MTOTOKA MPOUCXOIUT
CHOC TEIUTA, YTO MPUBOINT K CHIKEHUIO TEMIIEPATyPhI
MIPOBOJIOKH, a CJICIOBATEIBHO, U K U3MEHECHHUIO €€ CO-
nportusnenus. [locnennee umm pukcupyeTcs mpudopom
(0amuuxom nocmosinHo20 MoKka) WK BbI3bIBACT U3ME-
HEHUE TOKA MMUTAHUS TaTYUKA JIJIS1 COXPAHEHUS TEMITe-
paTypbl IPOBOJIOKHU (damuuxa nocmosHHou memnepa-
mypol).

Tenzoanemomenmpsl N3MEPSIOT CKOPOCTH T10 U~
HAMHYECKOMY JIaBJICHHIO, OKa3bIBAEMOMY Ha TEH30-
JATYUK TTOTOKOM HJIKOCTH WM Ta3a (Tak Ha3bIBacMble
TEH30METPUUYECKHE JATYUKU CKOPOCTH).

HaOeraromuii co CKOPOCTBIO Uy TIOTOK KHJIKOCTH
wi ras3a (puc.32) co3maeT Ha MPUEMHOM Jucke 1 cuty
.\ JIaBJICHUS, BBI3BIBAIOIIYIO JIe()OpMAIMI0 THOKOTO 3Je-
*« « .} MeHTa 2, Ha KOTOPBIN HAKJIEEH TEH304aTYHK 3 (CM. J1ad.

paboty Nel).
Pucynok 32 Kpome mpubopoB, st M3MEpeHUs: MyIbCHPYIO-
IIeH CKOPOCTH HCIIOJIB3YIOTCS:

® KUHeMAMu4ecKutli Memoa - OTPEEISIETCS CKOPOCTh MIEPEHOCA NOHU3UPOBAHHBIX HITH
HarpeThIX YaCTHIl CPE/Ibl, OCBEIIEHHBIX WM CBETAIIUXCSA YaCTHUI] U T.IT., B TOM YHCJIE U C IOMO-
HIBIO J1a3epa;
®  axycmuyeckuil Memoo - OTPENENISIETCS CKOPOCTh PAaCIPOCTPAHEHHSI 3BYKa B TIOTOKE KHJIKO-

CTH WJIH Ta3a.

R

2.2. I3mepenune oCpeIHeHHOH CKOPOCTH
[Tpu n3MepeHun MyabCUPYOLIEH CKOPOCTH € 3aIHChI0 XPOMOIPaMMbI OCPEIHEHHYIO CKO-
POCTB BBIYHCIISIIOT B pe3yJIbTaTe 00paOOTKM XPOMOTPaMMBI C BEIYHCIIEHUEM €€ CPEHETr0 3Haue-
HUS 110 popmyrie

:
Ug :Tl Tu,dt. (85)
0

Ecnu nenpro sxcnepuMeHTa sIBISETCS ONPEICIICHUE CaMOM OCPEHEHHON CKOPOCTH, TO
npoiie, yrooHee u JenIeBie UCI0JIb30BaTh HHEPIIMOHHBIE TPUOOPHI, CTOCOOHBIE U3MEPHUTH Be-
JUYUHY JUIIb OCPEAHEHHON CKOPOCTH.

Haubonee pacipoctpaHeHHBIMU TPUOOpaMU JJIsi U3MEPEHHS OCPETHEHHOM CKOPOCTH B
I[aHHOI\/JI TOYKE IIOTOKA KUAKOCTHU UJIN I'a3a ABJISAFOTCA:
® THUIPOMETPUUECKHUE BEPTYIIKH;
® TUAPOMETPUYECKUE TPYOKH, HACAAKHU U 30H]IBL.

Luopomempuueckas éepmyuika IpeACTaBIsIeT COOOW Bpalaromieecst yCTPOWCTBO (JI0MmacT-
HOE, YallleyHOe, KPhUIHYaTOe | T.II.), TOMEIIAEMOE B IMTOTOK JKHJIKOCTH WIIU T'a3a M MPUBOIMMOE
uM Bo BpaieHre. CKOpOCTh MOTOKA Uy B TOUKE YCTAHOBKH BEPTYIIKHU CBS3aHA C YIIIOBOIM CKOPO-
CTBIO @ (C YMCIIOM 0OOOPOTOB B MUHYTY N) CIEAYIOIIMM COOTHOIICHHEM:

Up =an+b, (86)

rJie a - MOCTOSHHAS PUOOopa, 3aBUCAIIAs OT €r0 KOHCTPYKIIMU U pa3MepoB; b - 4yBCTBU-
TEJIbHOCTb PUOOpa, 3aBUCHILAS OT TPEHHS B Iiepeadax npuodopa.
I'mppomeTrpuueckas BepTyLIKa peaBapuTeNnbHO Tapupyercs. [1o pe3ynbratam TapupoBKH
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OIIpeIeTISIFOTCs 3HaueHus a u b B popmyne (86) u cocraBisitoT TapupoBouHsiid rpaduk u=f(n). B
Hporecce U3MEPEHHsT OCPETHEHHOI CKOPOCTH 3aMEPSIIOT YHCIO 000POTOB N BpaIarONIerocs

YCTPOMCTBA B MUHYTY.
. co. w
- Ue

. I[ °o)y— Jﬂ__ ) A ~‘]“_"

Pucynoxk 33

Pucynox 34

Bpamaromieecst ycTpoicTBO BEPTYIIIKH MOXKET HMETh OCh BPAIICHUS, COBIAIAIOIYIO
(puc.33) ¢ HampaBlICHUEM U3MEPSIEMOI CKOPOCTH (BEpTYIIIKA CHCTeMbl BoJibTMaHa) WK 1iep-
neHAuKyspHyto (puc.34) x Heil (BepTyuika cuctemsl [Ipaiica). BepTymiku, ¢ TOMOIIbIO KOTO-
PBIX H3MEPSIIOT CKOPOCTH B TOTOKE ra3a, Ha3bIBAIOT aHEMOMETPAMH.

T'uopomempuueckue mpyoKuy MO3BOJISIOT BEIYUCIUTH OCPEIHEHHYIO MECTHYIO CKOPOCTH 10
BEJIMYMHE NIepena/ia 1aBJIeHU B HEKOTOPBIX TOUKaX MOBEPXHOCTH YCTaHABIMBAEMbIX B IOTOK
npuOOpPOB, T.€. HCIOJIB3YIOT CBSA3b MEXKITy CKOPOCTBIO U IaBJICHUEM B JKUIKOCTH WJIH rase-

Wnest neficTBUS TUIPOMETPUUECKUX TPYOOK ObLIa npeanoxkena B 1732 r. ¢paHiy3ckum
y4eHbIM A. [I1TO, KOTOPBIN 11 U3MEPEHHS CKOPOCTH OTKPBITOTO ITOTOKA MCIOJIb30BAJI CTEK-
JSTHHYIO TPYOKY, COTHYTYIO MOJI IPSIMBIM YTJIOM U OOPALIIEHHYIO CBOMM OTKPBITHIM KOHIIOM
HaBcTpedy MoToky (puc.35). Takas TpyOka MoIydnia Ha3BaHUE cUOPOOUHAMULECKOU MPYOKU
(TpyOKH MOJIHOTO HAMopa). Y POBEHb JKUAKOCTH B HEM MOAHUMAETCS BhIIIE YPOBHS CBOOOHOI
MIOBEPXHOCTHU Ha BBICOTY AN, 3aBUCSIIYIO OT OCPEIHEHHOM CKOPOCTH Ug. 3aTeM I'HIpoIuHaAMHUYe-
CKYIO TPYOKY CTaJli IPUMEHSTh JUI U3MEPEHUSI CKOPOCTH HAlIOPHOT'O MOTOKA )KUJIKOCTH; B 3TOM
clly4ae pojb CBOOOIHOM MOBEPXHOCTH MOTOKA BBIMOJIHSI MbE30METP (TpyOKa CTaTUYECKOTO
Haropa, cM. puc.36). KomOuHauus rujpoanHaMuyeckoi TpyOKH € Mbe30METPOM HOTyUHiIa
Ha3BaHUE cuopomempuyiecko mpyoxu ITumo. 3amepus pazuuity Ah nmokazanwuii B TpyOKax,
MOYKHO BBIYMCIUTH BEJTMUUHY OCPETHEHHOH CKOPOCTH IO (hopmyIie

Ug =k+/2g4h, (87)

rae g - yCKopeHue CBOOOHOTO majieHus; K - momnpaBovHbIi KOG GHUIINEHT, 3aBUCAIIUI OT
KOHCTPYKLIMHU WJIM TUTIA THAPOMETPUYECKON TPYOKH (CM. HUXKE); YNCIEHHOE 3HAYEHUE €ro U3-
mensiercst om 1 0o 1,05 u onpenensiercst crienuabHON TapuPOBKOW TPYOKH.

Jiis u3MepeHust OCPEHEHHOM CKOPOCTHU B MOTOKE I'a3a IJIOTHOCTBIO P, Mb€30METP U TU/I-
POAMHAMUYECKYIO TPYOKY COCTUHSIOT C OJJTHUM U3 THUIOB Au(MaHOMETpoB (cM. J1al. paboTy
Nel), Ho Torma B popmyite (87)

dh= P (88)
pP-9

rae Ap - mepenaj JaBiIeHUH, 3aMepseMbIil Tu(hMaHOMETPOM.
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Pucynoxk 38

KoHcTpykTuBHOE 00BETMHEHNE TPYOOK MOTHOTO ¥ CTATHYECKOTO HAIOPOB B BUJIE CIIa-
PEHHOI MIMHAPUYECcKOil TpyOku (prc.37) ¢ IByMsi THaMETPAIbHO PACIOIOKEHHBIMH OTBEp-
CTHSIMU Ha ee OOKOBOM MOBEPXHOCTH (A4 - HABCTPEeUy MOTOKY, B- C ThUILHOU CTOPOHBI) OBLIIO
ocyuecTBieHo Brepsbie B 1918 r. amepukanckum rujporexHukoM JI. 'omGeprepom. Takoit
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puOOp NMOTyUnII Ha3BaHUE cUOpoOMempu-
yeckou Hacaoxku_ (W BO3AYIIHON Haca-

KM - TIPU U3MEPEHUH OCPETHEHHOW CKOPO-
CTH B IIOTOKE rasa).

HanbHeitmee pazsutue uaes [Iurto
nostyunia B npeanoxkenuu A. 1. Jlocues-
CKOT'O TIOJTHOCTBIO 3aIOJIHUTD KUAKOCTHIO
TMIPOAMHAMHUECKYIO 1 M cTaTndeckyo 2

A

wod
7

Pucynok 39

TpyOKH (prc.38), 4TO MPHUBEIIO K JBHKE-
HUIO XKHUJIKOCTH 10 TpyOKam mpudopa co
ckopocThio C, 3aBUCAILEH OT CKOPOCTHOTO
Haropa, co3/1aBaéMOro OCPeTHEHHOU CKO-
pocThIO TOTOKA Ug. Ciie1oBaTesbHo, U3-
Mepsisi ckopocTh C Ha MEpHOM ydacTke mpubopa Au-
HO |, MOKHO OTIpeieTuTh HCKOMYIO CKOPOCTH U.
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B 1930 r. memenkum ruapomexanukom JI. [Ipanariem Obl1o MpemioKeHo 00 bEAUHUTD
CTaTMYECKYIO ¥ TUIPOAMHAMUYECKYIO TPYOKH B €IMHYIO TPYOKY - MYHAIITYK, HApPaBiIseMbIi
HaBCcTpeuy MoToky (puc. 39), Tak HassiBaeMasi mpyoxa [lumo-Ilpanomas. IlpueMHOE OTBEpCTHE
TUAPOIMHAMUYECKON TPYOKU A HaXOAUTCS Ha TOPLE MYHAIITYKA, a cTaTHueckoi B - Ha ero 60-
KOBOM NOBEpXHOCTH, TpyOKa [IuTto-IIpanaTis momyunia mupokoe pacpocTpaHeHHe i U3Me-
PEHUS OCPETHEHHOM CKOPOCTH JKUIKOCTH U ra3a. PazpaboTaHbl ee pa3HOBUIHOCTH, OTIMYAIO-
IIMEeCs He IPUHITUIIOM JICHCTBHS, @ KOHCTPYKTHBHBIM odopmiieHreM (Tpyoku bpade, [IAT'A,
PeGoxka u ap.)

Jiis u3MepeHus He TOIBKO BEJIMYMHBI, HO U HAIIPABJICHHS OCPETHEHHON CKOPOCTH B 3a-
JAHHOW TOYKE IMJIOCKOT0 OTOKA UCHIOIB3YIOT MPUOOPHL, Ha OOKOBOM MOBEPXHOCTU KOTOPBIX
pacronioskeHo Tpu otBepetus (puc. 40). OnHo U3 HUX (a) COSMUHEHO C TPYOKOU MOJHOTO Harmopa
U CIIY)KUT JUTsl K3MEPEHUS CKOPOCTH, a JiBa Apyrux (D u C) pacmoyioskeHbl CHMMETPHUYHO OTHOCH-
TEJIHO OTBEpCTHA "a" W CITy>KaT [ YCTAHOBKH €0 110 HAIpPaBJICHUIO CKOPOCTH Ug (MUKPOIH]-
MaHOMET, IMOICOeTUHEHHBIH K TpyOkam "b" u "¢" mo/keH moKa3bIBaTh OTCYTCTBHUE Mepenaia
naByieHuit - "noaw"). TpyOa d, coeHeHHast ¢ YIIIOMEPHBIM HHCTPYMEHTOM, TIO3BOJISIET 3aMe-
PUTH YTOJI MEXKAY HalpaBlIeHUSIMU TIOTOKa U mpubopa. Takue rugpoMerpudeckrue npudopsl mo-

T I
hfa 4

/]

4

Pucynoxk 40 Pucynok 41

JYYHITH Ha3BaHUE yurunopuieckux 301006 (30u1p1 ['yue, BUT'Ma u np.)

Jnist u3MepeHus BETUYMHBI U HAIIPABIICHHUSI OCPEHEHHON CKOPOCTH B MPOCTPAHCTBEHHBIX
MOTOKaX KUJKOCTHU U ra3a UCHOJIb3YIOT waposvie 30n0vl_(Luitnena, BUI'Ma u nip.), nprueMHbIi
DIIEMEHT KOTOPHIX BHIMOJIHEH B BUJIE IIapa, UMEIOIIETO Ha CBOCH TOBEPXHOCTH TISITh IPUEMHBIX
otBepcTHi (puc. 41); yeThipe U3 HUX pacroiokeHsl monapHo (2 u 3; 4 u 5) cUMMETpHYHO 110
OokaM cpemHero 1, IMEIEero och, MEPIEHANKYISIPHYIO K ocu mTaHry 6. K kaxmomy oTBep-
CTHIO MOJICOETUHEHA CBOsI TpyOKa 7 BeAyIas K Nbe30MeTpy WK K tudmanomerpy. [llranra ma-
POBOTO 30H/a COCIMHEHA K YTIIOMEPHBIMH WHCTPYMEHTAMH, TIO3BOJISIIOIIMMH 3aMEPUTH YTITBI
MEXy LEHTpalbHOU TpyOKoil 1 1 0Cchbio MOTOKA. 3aMephl YIIIOB MPOU3BOIAT B TOM MOJIOKEHUU
rapa 30H/1a, KOT/1a TIOMapHO paBHBI TIOKAa3aHUS TThE30METPOB, MOJICOCTUHEHHBIX K OTBEPCTHUSIM 2
u 3 (p2=p3) u x orBepcTusiM 4 u 5 (P4=pPs). B 3TOM mostoskeHun 1ieHTpasibHas Tpyoka 1 Oymer
COBITAATh MO HAIPABJICHUIO CO CKOPOCTHIO TIOTOKA B JAHHOM TOUKE.
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3. O0beKTHBI U CPeACTBA HCCIIEI0BAHUS.
W3mepenune oCcpeHEHHOM CKOPOCTH MPOU3BOIAT (puc. 42) B CTEKISHHOM JIOTKE 1, Boja B

KOTOPBIH 101aeTCs HACOCAMH I10 TPYOe 2, pacXo/] €€ PeryIupyeTcsi BeHTUIEM 3 U 3aMepsieTCs
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Pucynox 42

BOJAOMCPOM 4, FJIY6I/IHa IIOTOKa BOABI B JIOTKC PCTYIUPYCTCA 3aCJIOHKOH 5.

3amep CKOpOCTel Ha IiTyOrHE OCYILECTBISIOT THIpoMeTpuueckoil TpyOkoi ITuto-

[TpanaTis 6, 3akperIeHHON Ha CTICIIUATBHOM MOACTaBKe / Tak, YTOOBI OHA MOTJIA IepeMenaThCs
OTHOCHUTEJILHO TIOJICTAaBKU BBEPX, BHU3 U MOIEPEK JOTKA, @ BMECTE C MOJICTABKOM - BIOJIb JIOTKA.

JlaBieHue OT cTaTUYECKOW U HAMOPHOU TpyOOK nepenaeTcs Ha qudnse3omeTp 8, T.e. B
2

u
OIIBITE Cpa3y ONPEACIIACTCA BCININHA Ah = 2—0 . I[J'IH YBCIUYCHUA TOYHOCTH OTCUCTA 110
g

TU(IHEI0METPY €ro IIKaja CHa0KeHa HOHMYCOM H JIYIIOW, YTO MO3BOJISIET 3aMEPSTh HAIOp B
CTaTUYECKOH M HAOpHOM TpyOkax mpubdopa ¢ TouHocThio A0 0,1 MM.

~ow

~

4. lloaroroBka Kk padote U nporpaMmma padoTsl.

O3HAaKOMHUTBCS C OMBITHON YCTaHOBKOM
BxurounTs Hacoc, OJAIOUIMM BOLY B JIOTOK, M C TOMOLIBIO BEHTWISI 3 ¥ BoJoMepa 4 ycra-
HOBHTb Pacxo/ NOTOKa (II0 yKa3aHMIO MIPETo1aBaTeNs).
Perynupys 3aciioHKy 5 JIOTKa, yCTaHOBHUTb INTyOMHY MOTOKA (TI0 YKa3aHUIO MIPETo1aBaTeNs).
VY CcTaHOBUTH TMAPOMETPUUECKYIO TPYOKY B 33JaHHOM MPEIOIaBaTeIeM CEUEHUH JIOTKA U Ha
OJTHOM M3 BepTUKaleH (MpH 3aMepe CKOpOCTeH 10 rIyOMHEe MOTOKa) WK OJHOM U3 TOPU30H-
Tajneu (pu 3aMmepe CKOpoCTel Mo IUPUHE OTOKA).
[TpousBecTH 3apsAKy TUAPOIMHAMUYECKON TPYOKU:
5.1. HazeTh Ha TOPU3OHTAIBHON MYHIIITYK THIPOMETPUUECKOM TPYOKH KOJIIa4eK U Omy-

CTHb €T0 B BOJY;
5.2. py4HBIM HaCOCOM OTKA4aTh BO3AYX M BOAY U3 TU(IBE30METpa A0 TEX MOp, IOKa He

NPEKpPaTUTCS TMOSABJICHUE B CTEKISIHHBIX TPyOKax ITu(Ibe30MeTpa My3bIpbKOB BO3/1yXa;
5.3. ycTaHOBHTBH YPOBHU BOJIBI B TPYyOKax Mu(Ibe30MeTpa Ha CEPEMHE ero IMIKab;
5.4. CHATH C MyHJIITYKa KOJIAYOK.
VY CTaHOBUTH OTCUETHI [0 KOOPIMHATHBIM JIMHEWKaM MPU KPaHUX MOJOKEHUSIX THAPOMET-
prueckoi TpyOkH (Y HOBEPXHOCTH MOTOKA M Yy €r0 JHA WK Yy JIEBOTO U IPABOT0 OOPTOB JIOT-
Ka).
HameTuTs He MeHee MATH TOYEK 3aMepa CKOPOCTEM MOTOKA U BBIYMCIUTh UX KOOPAUHATHI.
VY cTaHOBUTH THAPOMETPHUUECKYIO TPYOKY B 33JaHHYIO TOUKY (110 BEPTUKAJIN U TOPU30HTAIIN)
U CHATBH OTYETHI MO AU(PIBE30METPY, 3aTEM NEPEHTH B CIEIYIOUIYIO TOUKY.
VY cTaHOBUTH TMAPOMETPHUUECKYIO TPYOKY B 33/IaHHYIO IIPEI01aBaTeeM TOUKY U CHATh OT-
CUeTHI 0 AU(PIIBE30METPY C LIENbIO OL[EHKH TOYHOCTH BBIYMCICHUS OCPEIHEHHON CKOPOCTH.

10. O6paboTath pe3ynbTaThl OMBITOB B COOTBETCTBUH € (HOPMOI OTYETHOTO KypHAJIa
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5. @opMa 0TYETHOIO KypHAaJIa.
JIABOPATOPHAS PABOTA Ne2

I/I3Mepe1me MECTHbBIX CKOpOCTeﬁ B IMIOTOKE KMJAKOCTH MJIHA ra3sa.

1. Cxema onbITHON yCTaHOBKH.
Ocku3 ruapoMerpudeckoi Tpyoku [Turo-ITpanaris (¢ mpocTaHOBKOM pa3MepoB).
3. Perucrpanusi ONBITHBIX JaHHBIX:
3.1. JluameTp ruapoMeTpUIecKoil TpyOku d=  cMm.
3.2. [NompaBounslit ko3 durenT k=
3.3. OT4eThl 0 KOOPAMHATHBIM JIMHEMKAM MPU KPaHHHUX MOJ0KEHUAX THAPOMETPUIECKON
TPYyOKH:

no

a) HOBEPXHOCTh MOTOKA Z,, = cMm;
0) THO TTOTOKA Zy = cM;
B) JI€BBIN OOpT JIOTKA Y7 = cM;
I') IpaBblif OOpT JOTKA Y7 = CM.

3.4.T'nybunamoroka H =z, +2z,+d=
3.5. lllupuna notka B=Yy -y +d=
3mepsieMble BEIMYUHBI 3aHOCAT B TaOmuiy 1.

Tabnuna 1
No i H3mepsiemas BenuunuHa En. uzm. Howmepa Touku 3amepa
1 2 3 4 5)
3.6. KoopaunaTsl TOukH 3aMepa CKOPOCTHU:
a) TOpU3OHTANIbHAS Y cM
0) BepTUKaJIbHbBIC Z M
3.7. Otuetsl o TpyOKam Tugrbe3oMeTpa:
a) HanopHast Tpyoka H g M
0) cratuueckas Tpyoka H - M
4. ObpaboTKa pe3yIbTaToB OMbITa(TadIUIA 2).
Tabmuma 2
Nenn Brruncisiemas Benuunza dopmyna Enusm. Howmepa Touku 3amepa
1 2 3 4 S)
4.1 | IlomoxeHue TOYKH 3aMepa CKO-
pocTu:
a) OT JIeBOTO OopTa d cM
6=Ye=(Yn—=7)
2
0 0
) TITyOWHA MTOTPYKEHUS h=z,+ d , cM
2
4.2 Otcuer no TudNBEE30METPY Ah=Hy —H¢ cM
4.3 OcpenHeHHas CKOPOCTb u =k+/2g4h cM/c
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5. Dnropa ocpeAHEHHBIX CKOPOCTEN (ITOCTPOEHUE).

6. BennunHa cpeiHell CKOPOCTH:

V=
7. O1LleHKa TOYHOCTH BBIUMCIICHUSI OCPEIHEHHON CKOpOoCTH U
7.1. Touka u3MepeHus: OCpeTHEeHHOI ckopocTu Ne. ..

7.2. Pe3ynbTarhl OTCUETA O IHE30METPaM H uX 00paboTka(Tadi. 3)

Tabnumna 3
Bemnunna En. Howmepa orcuera
mm. | 112|134 |5|6|7(8]9] 10

Hy oM XHp =

HC CM Z HC =
2 2 2 _
(HH_HH,cp) oM Z(HH_HH,cp) -
2 z 2 _
(HC_HC,cp) M Z(HC_HC,cp) -

7.3. Cpe,I[HeapI/I(I)MCTI/I‘-IeCKI/Ie 3HA4YEHMS MOKa3aHUH IMbE30MCTPOB AJIsA IIOTOKOB!:

- HAaIIOPHOTO
2y
HH = — =
P10
- CTaTUYECKOrO
. _xHc _
C,ep — -
10
7.4. OMIIMPUYECKUN CTAHIAPT MOTPENTHOCTH MOKA3aHUM TbE30METPOB ISl TOTOKOB:
- HAaIIOPHOTO
2
) (H H ™~ H H,cp )
GH = =
n—1
- CTAaTUYECKOTO

Z(HC _HC,cp)Z
°c= n-1 -
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7.5. JloBeputenbHas BEpOSITHOCTh P =

7.6. be3pa3mepnsblit MHOXHTEIL t(P,Nn) =

7.7. loBEpUTEIbHBIE UHTEPBAJIBI IOKA3aHUW MbE30METPOB JIJIs1 [IOTOKOB:
- HaIlOpPHOTO

()
8()06,H = it(P’ n)T;' =

- CTaTHUYCCKOI'0

n
7.8. IlpenenbHast abCOMOTHAS OMIMOKA BEIYUCICHHUSI OCPETHEHHON CKOPOCTH B Touke No ...

0 +0
A”npea :K\/E oos, H 006,C _

2JHy —H¢

7.9. [lpenBapuTenbHas OTHOCUTENbHAS OIINOKA BEIUMCIEHHSI OCPETHEHHONW CKOPOCTH B TOUKE

(e}
Sooe.c = *t(P, n)TC -

1 8H + 8C
bos N = =
2Hy —Hc
7.10. IaTEepBan HaX0K1€HUSI ICTUHHOTO 3HAYEHUS OCPEIHEHHON CKOPOCTH B Touke Ne...
u—Mypey = CM/C < Uyey < Ut Mypey = cmM/c
[Tonnuck cTyneHTa “ ” 200 T

Pabory npunsn
6. KoHTpoJIbHBIE BONIPOCHI.

1. [ToHsATHE O MECTHOUN CKOPOCTU: UCTUHHAsL, MTHOBEHHAsI U OCPETHEHHAS.

2. CxeMa 1 IpUHIMN JEHCTBUSA TEPMOAHEMOMETPOB MOCTOSIHHOTO TOKA U MOCTOSIHHOM Temmepa-
TYpbI 1 TEH30aHEMOMETPOB.

3. CxeMa, pUHIIUI AEUCTBUS U pacueTHas (opmysa TUAPOMETPUIECKUX BEpTyIIeK BonbTmaHa
u Ilpaiica.

4. Cxema, MpUHIUN ACHCTBUS U pacyeTHas ¢opMmyia ruapoMeTpruaeckuxtpyook Iluto, Jlocues-
ckoro u [Iuro-ITpanaris.

5. CxeMa, NpUHIMN AEHCTBUS HWJINHIPUYECKUX U IIAPOBBIX 30HI0B.

JJABOPATOPHA S PABOTA Ne3
OnpeneneHue pacxoaa HAMOPHOTO
MNOTOKA KHAKOCTHU UJIN rasa.
TapupoBka BooMepa CyKawiero THIA

1. Ilesn u 3a1a4u paGoThI.

1. O3HaKoMIICHHE C HpI/I60paMI/I U crocobamMu HU3MCPCHU pacXxoda HAIIOPHOI'O0 IMOTOKa
KHAKOCTHU HUJIM Ia3a.
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2. Onpenenenue ko3 duumeHTa pacxogomepa ONbITHBIM MYTEM .

3. [TocTpoenwue rpaduka 3aBUCUMOCTH MEKIY PACXOIOM JKHIKOCTH U TIEPEIaIoM Ihe30-
METPUYECKOTO HAIropa B pacxojoMepe.

2. OCHOBBI TEOpPHH.

Pacxomom Ha3bIBaeTCsl KOJUYECTBO KHJIKOCTH WJIM ra3a, MPOXOJAIICe Yepe3 KUBOE Ce-
YCHHE IMOTOKA B CTUHUILY BPEMCHH.

KosinyecTBO HUAKOCTH WM T'a3a MOKHO BBIPA3UTh B €AMHUIIAX 00BhEMA, MacChl U Beca;
COOTBETCTBEHHO PA3JIMYAIOT CJICYIOIINE BUIBI PACXOJIOB:

- 06vémnoii - Q[o0BEM /Bpemsi]; M3/C; 1/c; eM®/vun; Mg (Jamie Bcero ero HasbpIBaIOT
IPOCTO PACX000M);

- maccoewiii - M[macca/Bpemsi]; Kr/c; KI/MUH U T.I.(CBsI3aH ¢ OOBEMHBIM PAacXo0M 3a-
BUCHUMOCTBhIO M =pQ);

- secosoti - G[cuna/Bpemsi]; H/c ; xrc/c u T.1m.( cBsi3aH ¢ 00BEMHBIM PacXOJ0OM 3aBUCH-
mocthio G =pgQ ).

W3BecTHBI ClIeAYIOIINE CIIOCOOBI OMPECICHHS pacxo/ia HATOPHOTO MOTOKA:

- 00BEMHBIH;

- 10 MECTHOM CKOPOCTH IOTOKA,;

- 10 TIepenaay JIaBJICHUN B IIOTOKE;

- T10 BO3JECHCTBHUIO MOTOKA

- METOJ METOK.

2. 1. O6BEMHBII cITOCO0 OpeaesICHHs pacxo/1a MOToKa

Ecim kakum - 60 crmoco6oM (C TOMOMIBIO TEX MM MHBIX CUSTYMKOB HIIM MEPHOTO 00b-

éma) onpenenuTh 00bEM W KHUIKOCTH WM rasa, MpoILIeANIni Yepe3 CeUeHrne HaOPHOTO MOTO-
Ka 3a U3BECTHBIN UHTEPBAJ BpeMEHU t, TO 00BbEMHBIN pacxoj noToka Oyner

Q- WT (89)

OTOT crnocol ompeaeneHusl pacxoja IMOToKa sBISETCS Haubosiee TOYHBIM U IHIMPOKO
npUMeHsieTcs B 1a0OpaTOPHOM MpaKTHKE Ui ONMBITHBIX UCCIIEAOBAHUM WIIN JIJIs1 TPOBEPOK JIPY-
TUX TUIIOB pacxojoMepoB. HemocTaTok ero B TOM, YTO BBIIIOJIHEHUE 3aMEPOB TPeOyeT AJIUTENb-
HOT'O IIPOMEXKYTKA BPEMEHH, U II0ATOMY €r0 HEBO3MOKHO IIPUMEHATH IPU U3MEPEHUN MIHOBEH-
HBIX PACX0/JI0B HEYCTAHOBUBILUXCS IOTOKOB.

2. 2. Onpenenenue pacxoaa MOTOKA M0 3aMEPEHHBIM
CKOpPOCTSIM B OTAEJIbHBIX TOYKax MOTOKa

[Tpu sTOM criocode ornpeneneHus pacxoaa KUBOE CEUEHHE (0 MOTOKa pa30MBaIOTCS BEp-
TUKaJIbHBIMH, TOPU3OHTAJIBHBIMU WM WHOTO THMA (HampuMep, OKPY)KHOCTSIMHU) JIMHUSIMU Ha
PSIT Y9acTKOB ¢ IuromiaakaMu  Aw; (0JMHAKOBBIMH WM Pa3HBIMH). B meHTpax TsHKecTH STHX
y4acTKOB BO BpeMs OIbITa 3aMEpPSAIOT OJHUM U3 CIIOCOOOB MECTHBIE CKOPOCTH U,
(cM.120.pa6.Ne2) , 3aTeM ompeAensoT pacxo/ MOTOKa :

n
Q = 2 dwju; (90)
i=1

OTOT crnoco0d MpUMEHseTcs, KaK MpaBUjio, B TPyOOIpoBogax OOJbIIMX AMAMETPOB MPHU

YCTAaHOBUBIICMCA ABUKCHUHU KUIAKOCTH UJIA I'a3a.

Ecnu m3BectHa popma smropbl CKOPOCTEH, T. €. U3BECTHA CBSI3b MEXKIY CpeIHEN CKOpO-
cTeio V 1 MakcumasibHoit U .. Ha ocu TpyOsl (Hampumep, V = ku , TO TIpoLecC OIpe-

ACJIICHHA pacxoda MOKHO 3HAYUTCIBHO YIIPOCTUTHh, OIpPaHUYUBIINCE 3aMCPOM OJIHOI71 CKOpOCTHU

max )

Ha ocu TpyOsl U, .. . Torma pacxoj MoToKa
Q =KUmax® =Vo (91)
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W3mepeHne oceBOl CKOPOCTU OCYIIECTBISIOT THAPOMETPHUECKUMH BEPTYIIKaMHU, TPYO-

KaMH WM Hacagkamu (cM. Ja0. pad. No2). Takue pacxogoMepbl Ha3bIBAIOT MAXUMEMpUyeCcKuMu.
2. 3. OmnpeneneHue pacxoaa MOTOKA 110 IEPEMEHHOMY IIepenaay 1aBJIeHUN B HEM.

B HanmopHOM MOTOKE KMIKOCTH WJIHM ra3a MOYKHO MCKYCCTBEHHO CO3/aTh YCIIOBHS, MPH

KOTOPBIX Ha KOPOTKOM YYAaCTKC IMOTOKA IMPOUCXOAUT 3aMCTHOC M3MCHCHHC TaBJICHHA. YYuTHI-

Bas, BeIMUMHA Tepernaja JNaBiICHUH Ap3aBHCUT OT PacxoAa XHUJIKOCTH WM Tras3a, T. €. OCY-

mectBisiercs csizb Ap = f(Q) , MoxHO, 3aMepuB BeNMYKMHY Nepenaia aaBieHuit Ap (kak O6osee

MPOCTOM TEXHOJIOTUYECKUI MPUEM), OTIPEACTUTH PACcX0/1 MOTOKA, HCIIOIH30BaB 0OPATHYIO 3aBH-
cumocth Q = @(4p).

[TpuOopsb! 3TOrO THUIA MKUPOKO PACIIPOCTPAHEHBI B IPOMBIIUIEHHOCTH U CTPOUTEIHCTBE
JUTSL U3MEPEHHS Pacxo/ia MOTOKa KHUAKOCTEH U Ta30B, 4TO OOBACHSAETCS UX YHHUBEPCAIbHOCTHIO,
JETKOCTHI0 CEPUIHOTO M3TOTOBIICHHUS, BO3MOXXHOCTHIO H3MEPEHHUS PACXO0B B HIMPOKOM JHara-
30HE TPU 3HAYUTETHHBIX KOJICOAHUAX TaBICHUS U TeMreparypsl cpeabl. [Ipubopsl, npumense-
MBI€ JUIS U3MEPEHUS PacXo/ia BOJIbl, Ha3bIBAIOTCSA 8000MEPAMLUL.

[To mpuunHaM, OPUBOIAILIMM K CO3AAHMIO B IIOTOKE IEPEMEHHBIX 1E€PENAIOB JaBICHUH,
pacxooMephl MOapa3aesOTCS:

- Ha Cy’>KalollU€e YCTPOMCTBA,

- Ha KOJIeHa TPyOOIpPOBOIOB(KOJIEHHBIC PACX0I0MEPHI);

- Ha MECTHbIE COIIPOTUBIICHHUS.

2. 3. 1. Onpeoenenue pacxooa c NOMOWDBIO CYAHCAIOWUX YCIMPOLICE
B konne Bocemuaanaroro Beka (1797 r) uranbsuckuii mexanuk /1. BeHtypu, ucnosib3o-
2
BaJl COBMECTHO [Ba YypaBHeHus: bepHymu(z+ —g + 20 - const) u Hepa3pbIBHOCTH
o)

g

(O = @V = const) - BrepBbie 00pATHJI BHUMAHUE HA TO, YTO CYXXEHHUE MMOTOKA, IPUBOIAIIEE K

YBEJIMYEHHUIO CpellHell CKOPOCTH, BBI3bIBAET YMEHbBILIEHHE AABICHHUS M HA00OPOT. DTOT BBIBOJA
NOJTYYHJT Ha3BaHUE npuHyuna Benmypu M TIOCITY>KWJI OCHOBaHUEM B JaJbHEUIIEM I U300peTe-
HUH pa3IUYHBIX YCTPOMCTB, B TOM YHUCIE U JUI1 U3MEPEHMs pacxo/1a KUAKOCTH WM ra3a. AMe-
pukanckuM uHxxkeHepoM P. 'epmienem B 1881 r. Obul peasioskeH Uist U3MEPEHUS pacxo/1a BOJIbI
BoZioMep (puc.43), Ha3BaHHBIN UM godomepom Benmypu. [1o3Hee 1711 Cy)KEHUS] HATOPHBIX T10-
TOKOB KHJIKOCTH WJIM Tra3a CTald MPUMEHATH 00Jiee KOMITaKTHBIC yCTpOMCTBa: coruto(puc.44),
maitba-guadparma(puc.45), caoeHHsie nuadpparmsl (puc.46) u T,

Pucynoxk 43

Pucynoxk 45 Pucynok 46
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OO0béMHBIN pacxon Q >KUIKOCTH WM Ta3a, MPOTEKAIIINUX Yepe3 PacXoJOMETP - CyKa-
I0II€E YCTPONCTBO, MOKET OBITH BBIUMCIIEH IO popMmyIie:
Ap
Q=pvA [— ., (92)
rg

rae

2
A= D 29 - NOCMOSIHHASA pacxooomepa,

JEE

D-nuamerp TpyOonpoBoaa;
d- muameTp ropyoBHHBI pacxoomepa; [
Ap - nepenaj IaBJIEHUN B pacX0JI0MEpPE;

p - INIOTHOCTb JKUJIKOCTH WJIM I'a3a,

U - KO3pPHUIHMEHT pacxoia MpuOopa, yUUTHIBAIOIINN BIUSHHUE THAPABINYECKUX COIPO-
TUBJICHUH, 3aBUCSIINNA OT T€OMETPUUECKUX Pa3MEPOB U CXEMbI pacXoioMepa U OIpeesieMbli
OIIBITHBIM ITYTEM.

UwucneHHO TpeCTaBIsIeT cOO0H OTHOIICHUE ACHCTBUTEIRLHOTO pacxona Q K Teopernde-

ckoMy (,, BBIYMCICHHOMY 0Oe3 yuéTa IOTepb Haropa MOTOKa, T.e. U< 1 ¥ TeM MEHbLIE, YTO
OoJblIE TUAPABINYECKOE CONPOTUBICHUE PACXOAOMEpA.
Ecnu nepenan nasieHuil Ap usmepsiercs 1o Mbe30METpaM WIH MO0 JU(IbE30METPY, TO

Ap
—— = AH - pa3HuIla MoKa3aHuil mbe3oMeTpoB (0TcYET Mo audnbsezomerpy). Eciu ke mepemnan

JaBJICHUH u3MepseTcs 1o audmanomerpy (OTCUET paBeH /1, ), 3alIONTHEHHOMY JKHUIKOCTBIO

IUIOTHOCTBIO P, (mpu4éMm p,, >p), TO

D gy (P -1y (93)
pY p

I[OCTOI/IHCTBOM Cy’Karomux YCTpOI\/JICTB ABJIACTCA BBICOKAsA TOYHOCTb M3MCPCHUS pacxo-
J1a, 2 HEJJOCTATKOM - JOTIOJIHUTEIbHBIE COMTPOTUBIICHHUS, a 3HAYUT, U IOTEPH HAIMOpa MOTOKA.

Jnist m3MepeHusi MaJbIX PacXxo/I0B ra3a MCIIOJIB3YIOTCS MUKPOPACXOJOMEPHI CYKAIOIIETO
tuna - peomempul (puc .47) . T'a3, npoTekaroiiuii mo Tpyoke 1, MpoXoauT depes CyKeHHUe - Co-
IPOTUBJICHHE 2 B BUJE Kanuiuigpa win nuadpparmel. [lepenan nasnenus, oOpasyrouuiics npu
MPOTEKaHUU Trasa, u3mepsierca audmanomerpoM 4. Kamepa3 crmyxuT amsi mpeAoTBpaIleHus BbI-
Opoca paboyeil )kuIKoCcTH TupMaHOMETpa MIPH CIIYIaMHBIX BO3pACTaHUs TIepenaja JaBJICHHUS.

2. 3. 2. H3mepenue pacxooa nomoxka ¢ NOMoubto KOAEHHbIX pacxo00Mepos

[Tpu moBOpOTE TOTOKA KUIKOCTH WJIHM Ta3a B KOJCHE TPYOOIIPOBOA BCIIEACTBHE KPUBO-

JUHEHHOTO XapakTepa TEUCHHs HapylIaeTcsl TUAPOCTATHYHOCTh pacIpeleieHHs aBIeHHs IO

P
MOINCPCIYHOMY CCUCHUIO (Z + —— #* const ), T.C. BO3HHKACT MNEpcrajg AaBJICHUA B ABYX OUaA-
PrE

METpaJbHO MPOTUBOIOJIOKHBIX TouKkax (puc .48). Kak mpaBuiio, B BOTHYTOM 4acTu KoJieHa (TOY-
kal) maBieHue MEHbIIE, a B BRITYKJIOH - Oonbie (P < P)) .
| r |

—= 0 fr = |
1 3

Pucynok 47

TU PucyHnok 48
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[lepenan naBneHwii Ap 3aBUCHT OT CKOPOCTH IMOTOKA, CIIEIOBATEIBHO, H OT €ro pacxo/a.

DKCIEepUMEHTAILHO YCTaHOBJICHO (B BUJIE TaOIUIbI, Tpaduka Wind GopMylibl) CBSI3b BO3-
HUKAIOILETo Mepenajia qaBleHus Ap oT IpomyckaeMoro pacxoaa Q mo3BossieT 0OpaTHBIM IIyTEM
BBIYUCIIUTH PACXOJ], €CIM HM3BECTHO NOKa3aHuEe JU(MaHOMETPa, T.€. UCIOIB30BATh UMEIOIECECs
Ha TpyOONpOBOJIE KOJIEHA B KAUeCTBE PACX0JIOMepa, YTO SBJISETCS JOCTOMHCTBOM TakKOro THIIA
pacxoznomepa. Hemocrarok ero - BIMSHHME pa3IUYHbIX, JaXKE CIy4alHBIX BO3MYILIEHUH MOTOKA
Ha XapakTep ero MpoTeKaHUs MO KOJEHY TPyOOoNpoBo/a, CIeI0BaTEIbHO, U HE BHICOKAs HAJEXK-
HOCTb paHEe YCTAaHOBJIEHHOW ONBITHOM 3aBUCUMOCTH MEXIy pacxoioM Q u mepenazoM JaBiie-
Husi Ap . [loaToMy KOJIEHHBIE PacX0IOMephbl IPUMEHSIOTCS JAJI1 TEXHOJIOTUYECKOr0 KOHTPOJIA 32

pacxoaoM NOTOKaA )KUAKOCTU HWJIM ra3a, Koraga BBICOKOM TOYHOCTH OIMPCACIICHUSA HC Tp€6y€TC5I.

2. 3. 3. Onpeodenenue pacxooa NOMoKa ¢ NOMOWbIO MECMHBIX CONPOMUBTEHUII.
JIroboe MecTHOE COMpOTHUBICHHE (IOBOPOT, BXOJ B TPyOy, H3MEHEHUE AMAMETPOB U T.
71.), BeTMYMHA KO PHUIMEHTa MECTHOTO CONPOTUBICHUS ( KOTOPOTrO OIpeaesieHa U Majo H3-
MEHSIETCS B O)KUAAEMOM JHAara30He U3MEHEHHUS Pacxo/ia, MOKeT ObITh HCIOIb30BAaHO B KAUECTBE
pacxonomepa. Pacu€THyro 3aBUCHMOCTh B 3TOM Cllydae MoJIy4aloT MyTéM npeodpazoBanus Gop-
myJibl BeiicOaxa k Bumy

o-B_ 2P (94)
Pg
7d 2 29
rne B = 2 V¢ - IOCTOsIHHAA pacxogomepa; d - ruamMeTp TpyOBbL.

3aMeTI/IM, YTO JAaHHOI'0 THUIIa pacxXoaOMEPbI pa60Ta10T TEM TOYHEC, UEM OoJbllle UX KO-
3(1)(1)I/II_II/IGHT MCCTHOI'O COITPOTHUBJICHHA C: (B 9TOM CJIydac YBCIHWYHBAKOTCA MCCTHBIC ITOTCPU

Ap
Haropa —— ).
PrE

Pacxomgomeps! ¢ mepeMeHHBIM TIepena oM JIaBJICHUN JTOJKHBI TAPUPOBATHCS HA MECTE UX
HEMOCPEJICTBEHHON YCTaHOBKHU Ha TpyOe, Tak Kak MOTEepPH HAmopa B HUX (CIEA0BaTENbHO, U U3-
MEpEHHBIN Mepernaj JaBJIeH!U) BO MHOTOM 3aBUCHUT OT YCJIIOBHM MPOTEKAHUS KUIAKOCTH HJIA raza
(HamMYMe MOBOPOTOB, 3aBUXpeHHM U T.m.). Hambosee yCTOWYMBBIC 3aBHCHMOCTH Tepernaja
JABJIEHUH OT pacxojia MOJy4daroTCs MpU HAIUYUU MPSIMOJIUHEHHBIX YYaCTKOB KakK JI0 Pacxojo-
Mmepa (ue MeHee 30 nuameTpoB), Tak u mocie Hero (He meHee 10 quameTpoB TpyOompoBoaa). B
pe3yabpTaTe TapUPOBKU TMOJYYAIOT 3HAYEHHUE OMBITHBIX KOA(G(UIIMEHTOB WM TapHUPOBOYHOU

KpuBoi Q = gp(Ap)

2. 4.0mnpezeneHne pacxo/ia mOToKa 1Mo pe3ysibTaTaM €ro BO3JeHCTBUS Ha PACX0IOMEPHI.
BoszneiicTBue mOTOKA KUAKOCTH WM Ta3a Ha MPUOOP - pacXoJOMep MOKET OBITh KOH-
maxkmuvim 1 6eckonmakmuuvim. OTCIO/Ia M Ha3BaHUE PACXOJIOMEPOB.

2.4.1 KonmaxmHuule pacxooomepul.

K KOHTaKkTHBIM pacxojoMepaM OTHOCSTCS PacXxoJOMepbl OOTEKaHMs, COCTOSIINE U3 Tela
(morutaBKa, AMCKa, MOPILIHS WM KpbLIa), KOTOPOE BOCIIPUHUMAET JUHAMHYECKOE JaBlieHHuEe 00-
TEKAIOIIEro ero HalOPHOI'o MOTOKA M MepeMeliaercs (WId MOBOPauuBaeTCs) B 3aBUCIMOCTH OT
pacxona. BennunHa nepeMerieHys Tena Ha IIKajie pacxoJoMepa rpaJlyrpoBaHa B pa3MepHOCTH
pacxona.

Haubonee pacnpocTpaHEHHBIM THIIOM KOHTaKTHOT'O pacxojiomMepa SIBISIETCS pomamemp,
U3MEPSIONINI pacxo MOTOKA KUAKOCTH WK ra3a ¢ IOMOIIBIO MOIJIaBKa, CBOOOTHO IepeMeria-
IOIIEroCsl BHYTPH BEPTUKAIBHO KOHYCHOHM CTekissHHOU TpyOku (puc.49). JlefictBue poramerpa
OCHOBAHO Ha TOM, YTO IOIUIABOK HAaXOAUTCS B COCTOSHUM BUTAHMS MO JAECHCTBUEM CHIIBI TSXKeE-
cti G U cuIIbl TUIIPOJMHAMHYECKOTo JaBieHus P, co3maBaeMoil BocxoasuuM (HampaBiIeHHBIM



54

BBepX) oTOKOM. [locienHsiss Bo3pacTaeT ¢ yBEIHUEHUEM PacXofa, YTO CIOCOOCTBYET MOABEMY
MOIIJIABKA B BEPTHKAILHOE CEUCHHE, B KOTOPOM KOJIBIIEBOE CEYCHUE MEKAY CTEHKaMU KOHWYE-
CKOM TpyOBI M TEJIOM MOIUIaBKa CO3/MaéT CHIIy THIPOAMHAMUYECKOTO TAaBJICHUS, PABHYIO CHIIE
TsokecT. [Ipu 3TOM nepenan qaBiieHUs IO 00€ CTOPOHBI MOIIABKA OCTAETCsl MOCTOSIHHBIM (Mac-
ca moriaBKa He u3MeHsiercs). [103ToMy poTamMeTpsl HHOTJA Ha3bIBAIOT pACX000MeEpAMU C NO-
CMosiHHbIM nepenadom oasnenutl. Kak mpaBuIio, MIKajia BHICOTHI TIOJOXKECHHUS TOIUIABKA TPaTyH-
pyeTcs B pa3Mepax pacxoja IMOTOKa KMIKOCTU Wi Taza. Cxema MoAKiIoueHust porameTpa 1 K
BEPTUKAIBHOH (a) WM TOPU3OHTAIBHOM (0) TpyOE C TOMOIIBIO IIEHTPUPYIOIIEH BCTABKH 2 MOKa-
3aHa Ha puc.50.

- a) i)

{1

Pucynok 49 Pucynoxk 50
B IMOCJICAHEC BPEM: IMOABUIINCH sUXpeBsble pacxodwvzepbz, IMPUHIMUIT IleICTBI/I?[ KOTOPBIX
OCHOBAH Ha U3MCPCHHU YaCTOThI KoJe0aHMi mapaMeTpoOB IIOTOKaA IIPpH BI/IXpeO6pa3OBaHI/II/I, HpI/I

ATOM BHXPHU BO30YXKTAIOTCS MU C TIOMOIIBIO IJI0X0 00TekaeMoro Tena (00pa3yroTcsi BUXPEBbIC
nopokku Kapmana) nin myTéM 3aKpydrBaHuUs MMOTOKA CHEIMATbHBIMEU ycTpoiicTBamu (puc.51).
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Pucynoxk 51

YacToTra cnenoBaHusl BUXPER B JOPOKKE 3aBUCUT OT CKOPOCTH JKHUJIKOCTH, & 3HAYUT, OT
pacxoja U OT €€ BA3KOCTH. BO3HMKarolmue Ipu 3TOM IE€pernajbl NaBJICHUW BOCIPUHUMAIOTCS
NIPUEMHUKAMH, Yallle BCEro MbE30JaTYNKaMH, PACIOJIOKEHHBIMU B CTEHKaX KOpIyca pacxoao-
Mepa, YCTaHOBJICHHOTO Ha HaIOPHOM TPyOOIpOBOIE.

2.4.2 Beckonmaxmmuvie pacxooomepul.

K OeckOoHTaKTHBIM pacxojoMepaM OTHOCITCS MPUOOPBI, 3aMepsAIOLINe HEe MapaMeTphl
CaMoOro IIOTOKa, a pe3yJIbTaThl €r0 BO3ACHCTBUSA:

- Ha BHEIITHEE MarHUTHOE TOJIe (3JICKTPOMArHUTHBIC WM UHIYKIIMOHHBIE PACXOJIOMEPHI);

- Ha yJIbTPa3BYKOBbIE KOeOaHUs(YIbTPa3BYKOBbBIE U 3JIEKTPOAKYCTHUECKHUE).

[TpuHIMN AEHCTBUS 91€KMPOMACHUMHBIX PACX000MEPO8 OCHOBAH HAa M3MEHEHHH HJICK-
TPOJABIXKYIIEH CUIIBI, HHIYLIUPYEMOM B IMOTOKE JEKTPONPOBOIHOMN KUAKOCTH, MEPECEKAOIIEH
MarauTHoe mnoje (puc.52). Otpe3ok TpyObl 1, M0 KOTOPOIl MPOTEKAET KHUAKOCTh, PACIOJIOKEH
MEXIy MOJIFOCAMM IEKTPOMATHATA 2, KaTylIKa KOTOPOro MOJCOEANHEHA K UCTOYHUKY MTUTaHUS
3. Ilpu mporekaHuu B TPyO€ >KUIKOCTHh MEPECEKAET CHIIOBBIC JHUHHHM MarHUTHOTO mois. [Ipu
3TOM B XKUJKOCTH, KaK B JIBHJKYIIEMCS ITPOBOJHUKE, HHAynupyercs 3/]C, koTopas cHUMaeTcs
JIBYMSI 3IEKTPOIaMU 4, pacloO0KEHHBIMUA B OJTHOM MONEPEUYHOM CEYEHHUH C MOJIF0CAaMU MarHuTa,
HO o yriioM 90 rpaj K HampaBJIEHUIO MATHUTHBIX CUJIOBBIX JTMHUK. MHaymmpyemas DC npo-
MOPLIMOHAJILHA CKOPOCTU IEPECEUCHUs NPOBOAHMKOM MAarHUTHOIO IOJIs, T.€. pacxojJa IOTOKa
xuakoctu. E€ n3meHenus GUKCUpyroTCcsl Ha XpoMorpame Ui Ha IIKajie MpueMHOoro npuodopa 5.
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Yraempaszeykoevie pacxodomepvl OCHOBaHBI Ha CIIOCOOHOCTH JBHXKYIIECHUCS JKUIAKOCTH
nepenaBaTh yibTpa3BykoBble Kosnebanus (Y3K), npuuém ckopocTh UX 3aBUCUT OT CKOPOCTH TO-
TOKA, CJIEZ0BATENbHO, U OT €r0 pacxoia.

]
Pucynok 52 Pucynok 53

[TpuHIMI UX ACHCTBHS OCHOBAH HA HMCIIOJNIB30BaHWM mpeolOpa3oBaTeneil 1, ycTaHOBIEH-
HBIX Ha CTEHKaX TpyO»b! 2 1 Hanpasisomux Jyd ¥Y3K nox yrinoM o K oCcH OTOKa NONEPEMEHHO
[0 NOTOKY WJIM MPOTUB Hero. PazHuiia BpeMeHU NMPOXOXKACHUS PAacCTOSTHUS MEXy Ipeolpaso-
BaTeJISIMU (PUKCUPYETCSl H3MEPUTEIBHBIM ITpudopom 3 (puc.53).

Bce Tunsl pacxo1oMepoB, HCHOJIB3YIOLIUX Pe3yabTaThl BO3ACHCTBUS TOTOKA HA HJIEMEH-
ThI IPUOOPA, MOIBEPIatOTCs IPEABAPUTEIHHON TApUPOBKE.

2.5.0mpenenenne pacxo/ia moToKa METOJIOM METOK.
CymHOCTh MeTO/Ia 3aKJII0YAeTCs B U3MEPEHUU CIEIUAIbHON METKON (COJIIHBIM 00ma-
KOM, MOPIMEH KPaCUTENs, J030H PaJHaKkTUBHOTO BEIIECTBA M T.I.) BPEMEHH MPOXOXKICHUS T10-
TOKOM (DUKCHPOBAHHOT'O ydacTKa TPyOOIPOBOIa IOCTOSHHOTO qruamerpa (puc.54).
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Pucynok 54
Uepes criennanbHy0 TPpyOKy 1 B HANOPHBINA IMOTOK 2 BIPBICKUBAETCS ‘“‘MeTKa” 3, KOTOpas
JIBUKETCSI BMECTE C TOTOKOM U Ha paccTosiHuu L=70 D monHOCTBIO IEpeMenInBaeTcs ¢ MOTOKOM
(Ha BCéM ero cedeHuu). 3ateM aeTekropamu /1 u /], pacrojioxKeHHBIME Ha paccTossHuu | apyr
OT Apyra, (puKcupyercs BpeMs f, U ¢, IPOXOXKACHUS LIEHTPAa METKH Y€PE3 CBOU CEUCHMS.

Pacxon manopuoro motoka Oyaet
0=w— (%5)
=
t, -1

€ - maomaab CCYCHHUA II0TOKA B pr6e.

3. O0beKTHI M CPeACTBA UCCIEI0BAHMS.

OOBEKTOM HCCIIEIOBAHUS SIBIISIETCS CY’KUBAIOIIEE YCTPOWCTBO - HOpMaJbHAs nuadparma
1 (BomomepHas mraii6a) muamerpom d, momeriéHHas B TpyoonpoBoa 2 auamerpom D.

Huadparma obopynoBana nByms mbezomerpamu 3. Boga B TpyOOmpoBOJ MOCTyMaeT U3
HaropHoro 0aka 4, ypoBeHb B KOTOPOM IOJIEP>KUBAETCS MOCTOSTHHBIM B T€UEHHUE omblTa. Pac-
XOJI PETYJIMPYETCs MPH MTOMOIIX BEHTWIIS 5 M 3aMepsIeTCsl IyTeM HaIlOJIHEHHSI MEPHOTO 00Bhema
W 3a Bpewms t (puc.55).

Pacxomomep monBepraercsi TapupOBKe, IeTh KOTOPOH - OMpeieseHne OMBITHOTO KO-
¢unmenTa(Tak Ha3bIBAEMOTO KOod(huyuenma pacxooa 1), BXOISAIIETO B pacdyEéTHbIC (HOpMYy-

7bI(CM.I1.2), ¥ TIOCTPOCHHE IO pe3yJbTaTaM OIBITOB IpaduKa 3aBHCUMOCTH pacxoja MOTOKa
KHJIKOCTH OT morepu Hamopa AH (Tak Ha3piBaeMasi TApUpOBOYHAsE KpuBasi). /i 3TOro B Kaxk-
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JIOM OTIBITE U3MEPSETCS 00BbEMHBIM CITOCOOOM pacxoj BoAbsl Q, U COOTBETCTBYIOIIHI eMy Tiepe-
aJi Nb€30MEeTPUUYECKOTO Haropa AH .
Torna uckomsiii K03 uuneHT pacxona:

e Q
AVAH

(96)

PucyHnok 55
[IpoBens cepuro ONBITOB, ONMPEACISAIOT CPEIHEE 3HAUCHUE L ¢p Y CTPOAT TAPHPOBOUHYIO

kpuByio Q=f (4H).

4. lloaroroBka Kk padore u nporpaMmma paoor.
1. O3HaKOMUTBCS C 1TAOOPATOPHON YCTaHOBKOM.
2.CocTaBUTh 3CKHU3 pacxojoMepa ¢ MPOCTAHOBKOW BCEX OCHOBHBIX Pa3MEpOB CYKarollle-

r0 yCTPOMCTBA.
3. Perynupyromum BEHTUIIEM YCTAaHOBUTH PAcXo/l OTOKA XKUAKOCTH.
4. 3amepuTh MOKa3aHUs TbE30METPOB.
5. Onpenenuts Bpems t 3anonaenus: oo0béma W BoIbI.
6. O6paboTaTh OINBITHBIE IaHHBIE B COOTBETCTBUU C POPMOIi 1a00paTOPHOTO KypHAa.
5. ®@opma 0TYETHOIO KypHaJia
JIABOPATOPHAS PABOTA Ne3

N3MepeHue pacxoaa HAMOPHOIO MOTOKA *KUAKOCTH HJIH Ia3a

TapupoBka BogoMepa CyKaiomero Tuia
1. Cxema OIBITHON YCTaHOBKH.
2. Dcku3 pacxojomMepa (C IPOCTaAHOBKOW pa3MepoB).
3. Perucrparius onbITHBIX JaHHBIX (Ta0uIal)
3.1. Tun Tapupyemoro pacxoaomepa:
3.2. Pasmepsl pacxogomepa:

- IMaMeTp nepex cyxxkenuem D= cM;
-TMaMeTp TOPJIOBUHBI pacxogomepa 0= cM.
W3mepsiemble B ONBITaX BEJIMYUHBI
Tabnuua 1.
Ne N3mepsiemas BenmmyuHa En. Howmepa onbrto

o/ U3M.

3.3 | [lokazaHus Mbe30METPOB:

- nepen cyxxeanem H 1 = Z4 + il oM
P9
P
- Bropinosune H,,o = Z5 + —= CM
P9
3.4 | O6beM BOIBI, IOCTYMAIOMIEH B MepHBIH cocyn, W TR

4.5 | Bpems HanonHenust oobema, t c
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4. O6paboTKa pe3yNbTaToB OmbITa (Tabmuma 2):
zD? 2g

4.1 IlocrostHHas pacxomoMepa A = 1 5K = =..... e /e
—] —1
(7
Tabnuna 2.
No Brruucnsiemas dopmyna En. Howmepa onbiToB
/i BEJIMYMHA Nzwm. 112|134 ]5]|6
4.2 | Pacxox moToka w en’ e
0= n
4.3 | Ilepemax Hamopa B
pacxoomepe AH=H, —-H, M
4.4 | Koapdunuent pacxo- _Q
ma pacxomomepa m3 | M7 AVAH -
OTIbITa

5. Cpennee 3HaueHHE KOG GHUIMEHTA pacXo/1a pacxogoMepa Ha BCel CeprH OIIBITOB:
Hep =
6. Onpezenenne mapaMeTpoB aHaIUTUYeCKoro ypasHenus Q = a(AH)® tapuposounoii

KpUBOI METO/IOM “‘CpefHuX .
6.1 O6paboTKa pe3yabTaToOB OMbITA

Tabnuma 3
Bennunnel Howmepa omnbrTos Cymma Benn4uH
1 2 3 4 5 6 B HEYETHBIX B YETHBIX
OIBITaX OIIBITaX

O,em’ /¢ - -
Yo, =1g0 K, = K, =

AH ,cm - -
Xop = lgAH Ky = K, =

6.2 PacueTHas cucreMa ypaBHEHUI

34+K,, -B=K,,

6.3 Pe3ynbTaThl pelieHus: CHCTEMBbl YpaBHEHU I
A= , B=

6.4 ITapameTpsl ypaBHEHHS TapUPOBOYHON KPUBOM

34+K,, -B=K,
%

a=10" = ; 6=B=
6.5 YpaBHEHNE ONBITHON TapUPOBOYHOU KPUBOU
Q = : H=
7 ONBITHBIE TOYKH U TAPUPOBOYHAS KpPHUBasi UCCIIETOBAHHOIO BOJOMEPA

[Toanucek cTynenTa « ” 200 T

Paboty npunsin
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6. KOHTpoJIbHBIE BONIPOCHI.

1. [TonsiTre 0 pacxojie MOTOKa, €ro BUIbI U €AMHULIBI U3MEPEHUS.

2. CBs3b MeX 1y 00BEMHBIM, MACCOBBIM U BECOBBIM PACXOJaMH.

3. O0BEMHBIH crtoco0 M3MEpEeHHs pacxo/ia KUAKOCTH.

4. TaxuMeTpUUYECKHI CIIOCOO U3MEPEHUS pacxoa.

5. CxeMma, npUHLHUI OeHCTBHUS U pacu€THasi GpopMmylia pacxoJoMepa CYKaoIIero TUIa :
Bosiomep Benrtypu, BogomepHoe corio, nuadparma, ciBOeHHas Auadparma, peomerp.

6. Koaddumument pacxona u mocTossHHAs pacxojoMepa CyXKaroIero TUIa.

7. CxeMa U MPUHIUIT JEHCTBUS KOJICHHOTO pacxoioMepa.

8. CxeMma, MpUHLIMI ACUCTBUSA U pacyeTHas ¢opMmyiia JUIsl ompeesieHusl pacxoaa ¢ Imo-
MOILbIO MECTHBIX COIIPOTUBIICHUI.

9. Tunsl pacxoIOMEPOB C IEPEMEHHBIM IIEPENATIOM JaBICHUS .

10. Cxema u mpuHIUN JEHCTBUS KOHTAKTHBIX PACXOJIOMEPOB : pOTaMETpa, BUXPEBOTO
pacxoaomepa.

11. Cxema 1 npuHLUI 1EHCTBUS OECKOHTAKTHBIX PAaCX0J0MEPOB : AEKTPOMArHUTHBIX U
yJIbTPa3BYKOBBIX.

12. Cxema 1 IpUHLIKII U3MEPEHHSI pacxoja MOTOKa METOJI0M METOK.

13. TlpaBuia yCTaHOBKH pacXxoJOMEPOB.

14. TIpaBuia mOCTPOCHUS U UCIIOJIb30BAHUS TAPUPOBOYHOM KPUBOM pacxoiomepa.

JJABOPATOPHA PABOTA Ne4
OnpeneseHue pacxoaa OTKPbLITOro MOTOKA.

TapupoBka MepHOIo BOAOC/IUBA.
1. Iless 1 3aga4n padoThI.

1. O3HaKkoMIIEHHE CO crIocO0aMU U3MEPEHUs M BBIUMCIEHMS Pacxo/ia OTKPHITOrO MOTOKa
KUJKOCTH.

2. [Toctpoenne TapupOBOYHOM KPUBOK MEPHOTO BOJIOCIHBA.

3. Omnpefenenne MOCTOSHHON MEPHOTO BOJIOCITHBA.

2. OcHOBBI TEOpHH.

B 3aBucuMOCTH OT pa3MepoB MOMEPEYHOTO CEUCHHSI pyclia BOJAOTOKA W BEJIMYHHBI pac-
X0J1a OTKPBITOTO TOTOKA MPUMEHSIOT CIEIYIOIINE CIIOCOOBI OMPEEIICHUs pacxo/a:

1. I3MmepeHune MECTHBIX CKOPOCTEM MOTOKA M BBIYMCIEHHUE MO HUM BEJIMYHMHBI pacxoja.

2. OmpeneneHre BETUYUHBI pacXoia MOTOKA MO Pe3yIbTaTaM.

2. 1. Onpenenenune pacxoia MOTOKa MO MECTHBIM CKOPOCTSIM.

OT0T ciocob MpUMEHsIeTCs, KaK TPaBUIIO0, JIJISl BEIYUCICHUS BEITUYHHBI pacXoja BOJABI B
pekax u OOJbIIMX KaHajax.

CtBOp (’kMBOE CEueHHE) MOTOKA pa3/IeseTCs] BEPTUKAISIMHU Ha JIEMEHTAPHBIC TMOJOCHI
(puc.56). Yposens HaOmoaeHull (YH) nmpuHuMaeTcs 3a INIOCKOCTb OTCU€Ta ITyOUH MOTOKA /1, .

Ha xaxpmoii BepTUKanu TeM WIW MHBIM CrocoboMm (cM. mab. pad. Ne 2) B HECKONBKHX
TOYKAX HM3MEPSIOTCS MECTHBIE CKOPOCTH TOTOKa U. Pe3ymbTaThl 3THX W3MEPEHUH TO3BOJISIOT
MyTéM UX COOTBETCTBYIOIIEH 0OpaOOTKH BBHIYHCIATH BEMMUMHY pacxoaa Q moToka. Bo3zmoxHbBI
JIBa BapraHTa 00pabOTKH Pe3yIhbTaTOB 3aMepa MECTHBIX CKOPOCTEH:
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1. Briuucnenue snemenmaphulx pacxo0os ( ( pacxoj NOTOKA, MPUXOASIIANCS HA €AUHU-
Iy UIMPUHBI €TO CEYCHHUS).

2. IlocTpoenue wuzomax (JTUHHUIA PaBHBIX MECTHBIX CKOPOCTEH B Ipe/e/iaX CEUCHHS I0-
TOKA).

B mepBom BapuaHTe CTPOST SMIOPBI CKOPOCTEH Ha BepTUKanu (puc.57) , miomaam KoTo-
pbIX .S, pPaBHBI 3HAUEHUSM COOTBETCTBYIOIIUX IEMEHTAPHBIX PACXOJIOB:

h
q=Judh-1 (97)
0
_ UnoE
¥.H 1
|:|l-" _I.El ._ == max
- m h Uep
ol I ¥
EI"-E r T UaHa
PucyHnoxk 56 Pucynok 57
HOHYTHO MOJXHO BBIYUCJIHUTBb U CPCIHIOIO Ha BCPTUKAIIN CKOPOCTDb ucp .
q
u, = Z (98)

ITo 3HaYEHHSM >IEMEHTapHbBIX PACXOA0B ¢, CTPOST UX JIIOPY MO IIHUPUHE TTOBEPXHOCTH
notoka (puc.58). Ilnomans 3MIOphl IEMEHTAPHBIX PAacXOdO0B Sy OyIeT PaBHATHCS UCKOMOMY
pacxoxy Q moroxa.

Bo BTOpOM BapmaHTe Ha TUIOIIATN KUBOTO CEUCHUS IMOTOKA (O CTPOSIT U30TaXU M OIpE-
JISJISTFOT YaCTH TUTOIIAI CEUCHUS MOTOKA, HAXOSAIINECS MEXKIY IBYMS COCEITHUMHU H30TaXaMu

(puc.59) .

rH

pd=lvH

Pucynoxk 58

Pucynoxk 59
Torpa gacte pacxoma mnoroka AQ,, IpUXOIAIMECS HA IUIOMAAb ceueHus Awj, cocTa-

Uj_q +Uj
BUT AQ; :%Am

j» 4 pacxoa BCCTO IMOTOKA:

Q- _ﬁlaqi (99)
i=

2.2. I/I3MepeHI/IC pacxoa nmoToka ¢€ MOMOIIIBIO ATNHAMOMCTPOB.

Ecnu B xaHase MM JIOTKE MOCTaBUTh BOJAONPOHHUIIAEMYIO UM 00TEKaeMylo Mperpaiy, To
BOJIa, MPOTEKasi CKBO3b UM BOKPYT He€, Oy/leT OKa3bIBaTh HAa HEE ONPEEICHHYIO CUIIy BO3JEi-
CTBUS, 3HAUEHHE KOTOPOU 3aBUCHUT OT pacxoja.

OueHuTh CUITy BO3JIEHCTBUS BOJBI Ha MpPErpagy MOKHO MYTEM BBIMOIHEHMS IIPETpajibl
(puc.60) B BHIE OMHAMOMETpPA, KOTOPHIN YyIEPKUBACTCS B BEPTHKAJIHHOM IMOJIOXKEHUH MPYKHU-
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HOW WJIM Tpy3aMH - IPOTUBOBECAMH, a MOJ AEHCTBUEM CHJIbI BO3JEHCTBUS ITOTOKA OTKJIOHAETCS
OT BEPTHKAJIBHOIO MIOJIOKEHNUS, IOBOPAUYNBAACh BOKPYT HEMOABUAKHON ocH 0 Ha yroi o .
Hewmeuxwuii ruapaBnmuk  O.Ilebunr B 1922 rogy npeuioui mperpany BHIIOIHATH B BUJE
PEIIeTKH, KavaroIleicss BOKPYT OCH, YKPEIUICHHOW Ha OopTax jotka (puc.6l), a pycckuit ruj-
paBnuk ILII. YTkun B 1951 roay npennoxui nperpaay BBIIOIHSITH B BUJIE IJIACTUHBI IEPEMEH-
HOW IIMPHHBI, Kayarollelcs OTHOCUTEIBHO OCH, PACIIONOKEHHOM Haj MoTokoM (puc.62). [lns
Ka)XJO0r0 TUIIAa JAMHAMOMETPOB CTPOST TapupoBouHyio kpuByro Q = f(a), ¢ momomupro koTO-

poii mocJie 3amepa yriia o ONpeIeNIOT PacxXo/] MOTOKa.
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Pucynok 60 Pucynok 61

2.3. Omnpenenenue pacxoaa NOTOKa M3MEPUTEIbHBIMU JIOTKAMH.
W3meputenbHbIe JTOTKU MPEICTABISAIOT COOM COOpY)KEHHS Ha KaHallaX U JIOTKaxX, BBI3bI-
BAIOIIME CXKaTHE MOTOKA M, KaK CJIEJCTBHE, Nepenaj, ypoBHEH BoIbl (00pa3yloT BEpXHHUH U
HIKHUH Obe(br). CxxaThe MOTOKA MOXKET OCYIIECTBISATHCS MO0 B muaHe (puc.63) B BUue
JIByXCTOPOHHET0 OOKOBOTrO CxaTusi (1omox Bemmypu), nubo mo BepTukaiu (puc.64) B Buie
HU3KOTO BOJIOCJIMBA MPAKTUIECKOTO MPO(UiIs KPUBOJIMHEWHOTO WM MOJUTOHAIBFHOTO OYepTa-
HUs (1omox Benmypu c nopozom), mn60 KoMOMHaLMel 000MX MPUEMOB CXKaTHsI TOTOKA.
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Pucynok 62 Pucynok 63
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Bo Bcex ciydasx CTemeHb CxKaTHs MOTOKA MO BBICOTE U B IUIAHE JIOJDKHA OBITh TaKOH,
yTOOBI TIPW BCEM BO3MOXHOM JIMAITa30HE M3MEPEHUHN pacxoaa OTKpPHITOro nmoroka Q obecreyn-
BAJIOCh CBOOOAHOE (HE3aTOIJICHHOE HMKHUM ObeoM) MCTeueHue, Korja riyOuHa MOTOKa B
BepxHeM Obede H 3aBUCHUT TOJBKO OT ero pacxoia Q . BrepBsie Takoil croco0 u3mMepeHus pac-
X0Jla OTKPBITOTO MOTOKA OBUT MPEJIOKEH B HA4Yalle JBAIIATOrO CTOJCTHS B AHTIIMHU, U JIOTKU
MOJTYYHJIA Ha3BaHUE “‘6eHMYpuxkanan’, “omkpoimoiii pacxooomep Benmypu” *“ senmypunox “.

Jnst u3MepeHus pacxo/ia KUJIKOCTEN C BBICOKOW KOHUEHTPALMEN MEXaHUUECKUX TIPHU-
Mecel MPUMEHSIOT (Tak Ha3bIBaeMbIE YCOBEPIIEHCTBOBaHHbIE JIOTKU BenTtypu). Hanbonee
pacnpocTpaHEHHBIMU U3 HUX SBISAIOTCS tomku [lapwana(puc.65) u iomox CAHUUPU
(puc.66).

Pacxon moToka ompenensoT B U3MEPUTEIBHBIX JIOTKaX B 3aBUCUMOCTH OT TIyOMHBI H
ero 1o gpopmyie

O = MbH" (100)

rac N- 1oKa3areib CTCIICHU, M - moctossHHAS HU3MCPUTCIIBHOT'O JIOTKA.
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PucyHnok 65 Pucynok 66
O6e 3tu BenuuuHbl (N 1 M) 3aBUCAT OT THIA JIOTKA U €r0 PasMEPOB U ONPEIEIIAIOTCS
OIBITHBIM ITyTEM IIPU TAPUPOBKE JIOTKA.

. I

2. 4. U3mepenue pacxoja MOTOKa MEPHBIMH BOJOCTHUBAMH.
Jlyist m3MepeHust pacxoaa BOJBI B JIOTKaX, KaHaJaX W HEOOJBIINX BOJOTOKAX HCIOJB3Y-
IOTCSI BOJIOCITUBBI C TOHKOW CTEHKOH, IIIMPHHA MTOpoTra & KOTOPBIX HACTOJILKO Maja, 4To HE BIIH-
seT Ha (opMy IMepenuBarolielics yepe3 Hero CTpyd BoAbl. OMBITHI MOKa3bIBAIOT YTO 3TO BO3-
MO3KHO TpH coOmroaeHuu ycnosust o < 0,67H ,

rae  H - nanop nan rpe6uem somociuBa (puc.67), H =z, —z,,

AAA S g A AT LS A s

Pucynok 67
BonocnuBel ¢ TOHKOM CTEHKOW HAIIIM MIMPOKOE MPUMEHEHHE B Ka4eCTBE U3MEpPUTENEH
pacxoja OTKPBITBIX IIOTOKOB B JIOTKAaxX, KaHajaX M BOJOTOKaX. I103TOMy uX 4acTo Ha3bIBaOT
MepPHbIMU 8000CTUBAMU.
Ecnu onpenenuTh (aHATUTUYECKU WK OTBITHBIM ITYTEM) CBSI3b MEX/Y PacX00M MOTOKa
Q u Haropom BonocuBa H, To, 3amMepsisi BeIMUUHY NOoTOKa H (TOYHEe, OTMETKY YPOBHS BOJBI B

BepXHEM Obede Z,; ), MOKHO BBIYMCIIUThH PACXO]I OTOKA.
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Xapaxtep ¢ynkumun Q=F(H) 3aBucut ot dopmbl BogociIMBHOTO oTBepctus. Hanbous-
IIee pacHpoCTpaHEHNE MOTYUMIN cieaytomue GopMbl BOJOCIUBHOTO OTBEPCTHSI: TPEYTrOJIbHAs
(puc.68,a), npsmoyroinbHas (puc.68,0) TpanenueBuaHas (puc.68,B), napadonudeckas (puc.68,r).

3 g )
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PucyHnok 68
AHanuTtuyeckast CBS3b MCXKAY pacxoaoM 663HaHOpHOFO II0TOKa Q H HaIlopoM H Hazjg
rpeOHEM MEPHOTO BOJIOCTMBA TaKOBa:
- UL TPEYTOJIBHOT'O BOAOCIIMBA

Q =m./2gtg g H % (101)
- 1JIA HpHMoerHBHOFO BOOOCIINBa
Q= mby2gH 2 (102)
- AJIA TpaHeHI/IeBI/II[HOFO BOOOCIINBa
Q- m@tggH%(l—ﬁ) (103)

- I napa6om/1qec1<oro BOJOCIHMBA, OITMCAHHOT'O I10 q)OpMy.]'Ie y= 2pX2

Q=my2g/pH? (104)

B stux ¢opmynax g - yckopeHue cBOOOAHOIO MajfeHus, M - KodpGHUIMEHT pacxojia BO-
JIOCITHBA.

Jl71s BOIOCTTMBOB 3a/IaHHBIX pa3MepoB U GopM pacueTHas (GopmMylia MOXKET ObITh 3amuca-
Ha CIIeAYIOLUM 00pa3oM

Q=MH", (105)
rae N - moka3aTelb CTETEHH, 3aBUCSIINN OT THITa BOJIOCIIHBA;
M - mocTosiHHast COOTBETCTBYIOLIETO BOJOCIINBA.

Koaddumument pacxoma m (a 3HaYUT, ¥ MOCTOSTHHYIO BOJOCTUBA M) OMPENETSAIOT OMBIT-
HbIM myTeM. [Iporiecc ee onpeneneHust Ha3bIBACTCA Mapupo8Koll MepHO20 600ocausa. Pesynbra-
ThI TAPUPOBKHU YacTo M300pakaroT B Buae kpuBoit Q = f (H) - TapupoBouHO#i KpHBO# MEpHOTO
BojtociuBa (puc.69). Mcnonb3oBanue ee mMo3BoiisieT Haubojiee MpoCcTOoro ONpeAeTuTh pacxol OT-
KPBITOTO TTOTOKA.

s obecnieueHust yCTOWYMBOCTH TpoLiecca UCTEUEHHUsSI Yepe3 MEpHBIM BOJOCIMB (CTa-
OmIbHOCTH ero KO3 (UIIMEHTa Pacxo/ia, CIeI0BATEeIbHO, U IMIOCTOSHHON BOJOMEpa) HE0OXOaH-
MO COOJIIOJIaTh CIEIYIOLUE YCIOBHS:
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2
0 o

1. Mansle ckopocTH NOAX0Aa K BOJOCIUBY e << H |, T.e. ee CKOPOCTHOM HAIop A0J-
g

JK€H OBbITh 3HAYUTEIFHO MEHbIIE BEIMYMHBI Haropa. Eciii 3To yciioBue He BBIMOIHSIETCS, TO B
pacuetnbie Gpopmyibl (100)-(105) momkeH MoACTaBIATHCS UCIPABICHHBIN HAMOP ¢ YYETOM CKO-
pPOCTH MOJXOa:

Vé

Ho=H +—> (106)
29
2. IlocTostTHCTBO nMaBlieHHsI BO3AyXa I1OJ] MEpPeUBAOIICcsa cTpyeil (B 30He A, Ha puC.

67), uTo nocTUraeTcs cBOOOIHBIM JOCTYIIOM BO3/1yXa IO CTPYIO.

H
! !

i = fiH)

PucyHnok 69 Pucynok 70
Pa3HOBHUIHOCTBIO MEPHBIX BOIOCIHBOB SBISCTCS 800oMepHulll wum Henamosa (puc.
70), mpeacTaBIAIOMUNA COO0H IBIPYATYIO IMEPETOPOAKY C 3aJaHHBIM YHCIIOM M pa3MepaMu OT-
BEPCTUI U UX PACIIONIOKEHUEM Ha IIUTE. B 3aBUCUMOCTH OT 0’KMJIa€MOT0 pacxojia BOJIOTOKa OT-
KPBIBAIOT TO WJIM HHOE KOJIMYECTBO OTBEPCTHUH.
Pacxop uepes kaxmoe U3 OTKPBITHIX OTBEPCTUN HAXOAUTCS TaK:

Qi = noj/2gh; (107)

rae - ko3 UIHEHT pacxoia OTBEPCTHUH,
@ - TUIOIIA/Ib OTBEPCTHS,

h - Hanop ucTeUeHMs TaHHOTO OTBEPCTHS,

g - yCKOpeHHe CBOOOTHOTO MaeHUSI.

n

OO6mmii pacxon:Q = > Qj , (108)

i=1
rae N - 9UCIIO OTKPBITBIX OTBEPCTHH.
3. O0beKTHI H CPEeACTBA HCCICI0BAHUSA

JlaGopaTopHast paboTa MPOBOAUTCS B THUIAPOTEXHUYECKOM JIOTKE 1 CO CTEKIISTHHBIMU
cTeHkaMu (puc 71). Boaa B JOTKOK 101aeTcsi HACOCOM IO HallOPHOMY TPyOONpPOBOAY 2; pacxon
BOJIBI PETYJIUPYETCS 33ABIKKOI 3 M U3MeEpsIeTCsl BOJOMEPOM 4.

b
=
1 w 4
Edl
3
*
2
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Pucynok 71
BuyTpu noTka ycTaHaBIMBaeTCS MEPHBINM BOJOCIUB C TOHKOW cTeHKO# 5. OT™MeTkH rped-
HS BOJIOCIIHBA Z.; U YPOBHS BOJBI B BepXHEM Obede Zy; N3MEPSAIOTCS MEPHOH UTJION 6.



4. OTKpBITh BEHTUJIb 3 U YCTAHOBHUTH PACXO/ MOTOKA (IO YKa3aHUIO MPENOo1aBaTes)

4. IloaroroBka Kk padore n mporpaMmma padoTsbl
1. O3HaKOMHUTBCS ¢ TAOOPATOPHON YCTAHOBKOMA.
2. YCTaHOBHUTH MEPHYIO UTITy 6 HaJ rpeOHEM BOJIOCIMBA U 3aMEPUTH OTMETKY TMOCIETHETO Zys

3. [lepeaBuHyTh MEPHYIO UTJy Ha 15 cM B CTOPOHY BepXHero Obeda U U3BMEPUTh OTMETKY JTHA
JIOTKa Z,

64

5. Ilo cexynaomepy orpenenuTs Bpems t moxXoKaeHus yepe3 BoJoMep 4 3a1laHHOTO KOJIMYECTBA
Bobl W (110 yKa3aHMIO TIPETIO1aBaTeIs )
6. 3amepuTh MEpPHOI UIJI0H 6 YpOBEHb BOJBI B BEpXHEM Obede
7. BertuieM 3 U3MEHUTH PacXoj MOTOKA (110 yKa3aHHIO TPENOJaBaTessl) ¥ IOBTOPUTH OIIBIT I10
nmn. 4 ub
8. O0paboTaTh ONBITHBIE JAHHBIC B COOTBETCTBUU C ()OPMOW OTYETHOTO KYypHAJIA.

5. ®@opma 0T4YETHOrO KypHaJia
JlabopaTopnasi paGora Ne4

OmnpenesieHue pacxoaa OTKPHITOTO MOTOKA.

TapupoBka MepHOTo BO0CIHBA.

1. Cxema n1abopaToOpHON YCTAHOBKH.

2. DCKH3 MEPHOTO BOJIOCIIMBA C TOHKOW CTEHKOM

3. Per HUCTpalus ONBbITHBIX JaHHBIX.

3.1. Ormerka rpebHs BOJOCINBA Z, , = cm
W3mepsieMbie B OMbITaX BeIUUUHBI (Ta0I. 1)
Tabmua 1
No N3mepsemas En. OmnbIT
ITn BeJTMYMHA U3M. 1 2 4 5 6
3.2 | O6bem BofbI cM®
3.3 | Bpems npoxoxaeHus c
3.4 | OTMeTka ypoBHS BOJBI
B BEpXHEM Obede cM
4.00paboTKa ONBITHBIX JaHHBIX (Ta01.2)
Tabmuma 2
Ne Beruncnsemas En dopmyna OnpIT
I Benuunna U3M 213(4]5]|6
4.1 Pacxox motoka eMle Q=W/t
4.2 Hamnop BogocnuBa c H=z,6-z,
4.3 Koadduuument pacxona - m= Q
4.4 ITocTosHHAg BOOOCINBA - M=

5.Cpennee 3Ha4eHne Ko3(QUIMEHTA pacxo1a BOZOCIUBA M, =

6.CpenHee 3Ha4eHUE NOCTOSHHOM MepHOro Bogocausa M, =

7.0mpesieeHne apaMeTpoB aHAINTHYCCKOro ypaBHerns Q=aH" TapupoBOYHON KpHBOii

MCETOOM «HAUMCHBIIINX KBAAPATOB»




7.1. O6paboTKa pe3yJbTaTOB OIbITA
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Tabnuna 3
Bennuuna Homepa onbiToB CymMmmbI
1 2 3 4 3) 6
O,em’ /¢ -
Y, =1gQ K, =
H, cm -
X, =1gH K, =
X jn Ky =
X, Y, Ky =
7.2. PacueTHas cuctema ypaBHEHHI
6-4+K,-B=K,
BN
K, -A+K, -B=K,
7.3. Pe3ynbTarhl perieHusi CHCTeMbl YpaBHEHUN
A=  B=
7.4. [lapameTpsl ypaBHEHUS TapUPOBOYHOM KpUBOI
a=10" = ; 6=B=
7.5. YpaBHEHHUE ONBITHON TApUPOBOYHON KPUBOU
Q= H
8. OnbITHBIE TOUYKU U TAPUPOBOYHASI KPUBasl UCCIEAOBAaHHOTO BOJIOCINBA
[Toamuck cTyneHTa " 20 .

Pabory npunsin

6. KonTpoJibHbIE BONIPOCHI

Cxema u paCyYCTHBIC q)OpMy.TIBI OIPCACIICHUA pacxoda OTKPBITOTO IMOTOKA XUIAKOCTH C IIO-

MOIIBIO 3JICMCHTAPHBIX paCcXo0J0B U C IOMOIIIBIO N30TaxX

Cxema u MPUHIMUIT U3MEPCHUA pacXoada € MIOMOIIBIO JTUHAMOMETPOB

CxeMa, IMPUHIUIT pa6OTBI " pacucTHasd (bopMyJIa IJIL OIpEACIICHUA pacXxoda NU3MCPUTCIIbHbBI-

MU JIoTKaMu BeHTypu, notkamu Bentypu ¢ noporowm, [Tapmans u CAHUNPU.

Cxema, npuHIUI paboTHl U pacueTHas (GopmyIa Ijs ONpeesieHus: pacxoa MEPHbIMU BOJIO-

CJIMBaMH TPEYTOJIbHOM, IPSIMOYTOJILHOM, TpanelueBUIHOM 1 napadbonnueckoit popm

CXCMa, MPUHIIHUIT pa60TLI U pacuCTHasA (I)OpMyJ'Ia AJId OIIpCACIICHUA pacXoJa BOAOMCPHBIM

muToM Mraarosa.

IIpaBnnoO yCTaHOBKHM MEPHBIX BOJIOCIMBOB

[IpaBnna mocTpoeHUss M MOJB30BAaHUS TAapUPOBOYHOW KPHBOW HM3MEPHUTENBHBIX JIOTKOB M

MEpHBI

X BOOJOC/IMBOB.
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5.0IBITHAA AEMOHCTPALIUSA IOTOKOB KUJIKOCTHU U I'A3A.
JIABOPATOPHA PABOTA Ne5

Peskumbl Te4eHUA KUIKOCTH UJIM ra3a.
Onpeaesnenue KPpUTHYECKOro Yuciia PeiiHosbaca
B IMJIMHPUYECKOil TpyOe.

1. Hesan 1 3ag7a4n padboTbl

1. JleMoHCTpaIus JIAMUHAPHOTO PEKUMA TCUCHUS.

2. JlemoHCTpanus TypOyJICHTHOTO PeKUMA TCUCHUSI.

3. Ompenenenue KPUTUIECKOTO uncia PeliHombaca U IOTOKA KUIAKOCTH B LIUJIHHIPHU-
4yecKou Tpyoe.

2. OCHOBBI TEOpHUH

B moToke KuAKOCTH WM ra3a BO3MOXEH OJJMH U3 JBYX PEKHUMOB JIBUKCHUS OTICIBHBIX
UX YaCTHII.

1. YacTuipsl JBMKYTCS TIO TPACKTOPHSM, IMapaJUICIbHBIM JAPYT IPYTY, OCH MIOTOKA U CTCH-
KaM, OrpakJaroliM TIOTOK (puc.72).

2. YacTuipl IBHXKYTCSI XaOTHYHO, TI0 B3aUMHO MEPECEKAIONIMMCS TPACKTOPHIM, Ha Mep-
BBII B3IJISAJ], COBEPIICHHO HEYMOPSA0YEHHO, XOTs OCHOBHOE HAIIPABIICHHE WX IBM)KCHUS COBIIA-
JIaeT C HaIllPaBJICHUEM HX HOTOKa(puc.73).
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Pucynok 72 Pucynok 73

[lepBblii Ha3bIBaCTCS IamuHapHblm (OT JaTUHCKOrO lamina-riacTuHka, ciioi) - yropsuo-
YEeHHOE TeUeHHUe, MPU KOTOPOM KUAKOCTh WUJIM Ta3 MepeMeniaeTcsi Kak Obl CIOSIMH, Mapaiieib-
HBIMU HaIIPaBJICHUIO TEUECHMUS.

[Tpy namMuHApHOM peXMME BO3HMKAIOLIEE CIy4yallHOE BO3MYILEHHE UMEET MY MOIL-
HOCTb M3-32 MaJIbIX CKOPOCTEH JBM)KEHUS YaCTHI] M TACUTCS CUJIaMH, BBI3bIBAEMBIMU BSI3KOCTHIO
KHUJIKOCTH (CITyyaifHO BO3HMKAIOLIUE BUXPU CHOCATCA TEUEHHEM M 3aTyXaroT). DIopa cKopo-
CTEH M0 CEeYEeHHIO MOTOKA UMEET SIPKO BBIPAKEHHBI HEPAaBHOMEPHBIM XapakTep ¢ yBEIHMUEHUEM
CKOPOCTH [JBIDKEHMS YacTHUIl U IO Mepe yNaleHHs Y OT CTEHKM OTpaHM4YMBAIOIIEH IOTOK
(puc.74). Dmropa cKOpOCTeN B IUIUHAPUUECKON TpyOe MMeeT mapaboandecKuid xapakTep, a mo-
TepU Haropa MpONOPILMOHAIBHBI CKOPOCTH B MEPBOM CTENEHU (JMHENHHas 001acTh CONpOTUBIIE-
HUs).

Bropoii pexxum HaswiBaetcs mypoOynenmuwvim (0T natuHcKoro turbulentus- 6ecriopsinou-
HBII, XaOTUYHBIN) - HEYIIOPSAJOUEHHOE T€UEHUE KUIKOCTH WIN Ta3a, IpU KOTOPOM MPOUCXOAUT
NIEPEMELINBAHUE CIOEB APYT € APYTOM, B PE3YyJIbTAaTE YETO YACTHUIIBI IEPEMEILAIOTCS HE TOJIBKO B
MPOJOJIBLHOM, HO U B MONIEPEYHOM K TIOTOKY HaIlpaBJICHUSIX.

Tax Ha3piBaeMasi TypOyJIE€HTHOCTh 00pa3yeTcsi BCIECACTBHE BOSHUKHOBEHHS Y CTEHOK I10-
TOKa U BHYTPU HErO BO3MYIICHHI B BUJIE BUXPEU, KOTOPBIE MPU OOJBIIMX CKOPOCTSAX JBHKEHUS
YaCTHULl HE MOTYT TaCUTHCS CUJIAMHU BA3KOCTH U IIO3TOMY HE 3aTyXaroT.

[TpuunHbl 06pa3oBaHus BUXPE MHOTOUYHCIEHHBI, HO IJIABHOW U3 HUX SIBJISIETCS] pa3HOCTh
CKOPOCTEH JBMKEHUS Pa3IMYHBIX TOYEK OJHOH 4YacTHIbI (puc.75), IPUBOASIIAs K BpalaTeb-
HOMY JBHKEHMIO TOCIEAHEH. DTO 0OCTOSTENHCTBO OCOOEHHO CHIIBHO MPOSIBISETCS BOJINM3U
OTPaX/IAIOLINX CTEHOK, I'JIe TPaJAUEHT CKOPOCTH HauOOJbIINI, a HEPOBHOCTH IMOBEPXHOCTH (IIIe-
POXOBATOCTh) CIIOCOOCTBYIOT 00pa30BaHUIO BUXPEH, HHTEHCUBHOCTh 1 MOMEHT BO3HUKHOBEHHSI
KOTOPBIX HOCST ClyyailHbIi, MHOTO(aKTOpHBIN XapakTep. OOpa3zoBaHue BUXpEH MPUBOAUT KpO-
Me MOCTYIAaTEeNbHOIO ABM)KEHUS YacTULII, €IIe U K BpallaTeIbHOMY JBI)KEHHUIO, CIOKEHHE KO-
TOPBIX BO30YXXJaeT CUIy P, MPUIOKEHHYI0 K Macce YacTULbl M HalpaBJIEHHYI0 HOPMAaJIbHO K
MIPOJIOJIBHOM CKOPOCTH TMOTOKA (Tak Ha3bIBaeMbIi ekt Marnyca).
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HaknaneiBasch Apyr Ha Jpyra, 3a4acTylO0 yBEJIHYMBasi CBOIO MHTEHCHUBHOCTh, BUXPU H
cuia P BBI3BIBAIOT YCHJICHHOE Ml XaOTHYHOE MEPEMENINBAHNE YACTHII KHUIKOCTH WM Ta3a BHYT-
pu motoka. Bce 3TH sIBICHHS MPOUCXOMAAT TEM MHTEHCHBHEE W XaoTuuHee (C Oonbiol TypOy-
JIEHTHOCTBIO), 4YeM OOJIbIIIe CKOPOCTH MOTOKA.

[Tporecc XaOTUYHOTO MEpeMeIuBaHKsI 00yCIOBIMBACT BOSHUKHOBEHHE ITyJIbCAIIMH CKO-
pOCTH, T.€. TAKOE U3MEHEHHE €€ BEJIMUUHbI B JAHHOW TOYKE, IPU KOTOPOM OTKJIOHEHHUS OT HEKO-
TOPOTO CPEJHEr0 3HAUCHUS 0 BEIWYMHE M HAIPABJICHUIO MPOUCXOAUT XaOTUYHO, U B 00€ CTO-
ponsl. [lynbcaniioHHbIE H3MEHEHUS HCIBITHIBACT TAKXKE JABJICHUE B JAHHOHM TOuke (mynvcayus
oasnenus), a B COKUMaeMOH JKUAKOCTH (Ta3e) U IJIOTHOCTh. B TypOylIleHTHOM MOTOKE CKOPOCTH
HPOJIOIBHOTO JIBMKEHUS U YaCTHUI] KHUIKOCTH WM ra3a B IPEAeTIax CeUCHHs paclpe/elieHbl 10~
BOJIBHO paBHOMEPHO (puC.76) n3-3a 0OMEHa KOJTMYECTBOM JBUKEHUS OTACIBHBIX YaCTHII.

L= L +als —
HE== N =
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T s L= L als T
Fl
Pucynok 74 Pucynok 75 Pucynok 76

[Tpu TypOyneHTHOM pekuMe T€UEeHUsl OTIeNbHbIE YACTHULIbI KUAKOCTH MJIM ra3a 3a cyer
XA0TUYECKUX OTKJIOHEHUH OT HalpaBJieHMsI IIOTOKA COBEPLIAIOT (paKTUUYECKH 0oJiee MPOAOIKU-
TEJIbHBIM MyTh; JBM)KEHUE COIPOBOXKIAETCS IMOCTOSHHBIMU CTOJIKHOBEHHUSMH OTJEJIbHBIX Ya-
CTHUL. DTO U O0BSICHSET 3HAUUTENbHbIE IOTEPU SHEPTUHU NTOTOKA HA MPEOJI0JIEHUE CUJI COITPOTH B-
JIeHUs, JBYDKEHUIO (IOTEpU SHEPrMU MPOINOPLUOHAIBHBI CKOPOCTH B CTENEHHU, OJM3KOH Win
PaBHOI1 1ByM).

Cy1iiecTBoBaHUE JIBYX PEXHUMOB TeueHHs Obulo ycTaHoBieHO Ha pyOexe XVII u XIX
BB., HO TIEpBbIC McclenoBanHus ux otHocsTes K 1839 r (Hemenkuit rugpomexanuk ['.['aren) u
1841 r. (¢ppanumysckuit ¢puzuk XK.Ilyazeins). Ilocnenyronie nccineqoBanus MmokasaiM, 4To Ja-
MUHApHBIN PEXUM TEUEHUS MPAKTUUECKHU BO3MOKEH MPHU JIBUKEHUU WM OYEHb BA3KUX KUAKO-
creit (HepTh, OMTYM, Ma3yT | T.II.), WK B Tpybax Mayioro MmorepeyHoro ceueHus (B Kamuuisip-
HBIX TPYOKax, B 3€pHUCTBIX MOPOJAaX MpHU ABMKEHUU B HUX IPYHTOBBIX BOJ), WJIM MIpPU OYEHb
MaJIbIX CKOPOCTSIX JBHKEHHS 4acTHULl. Bo BCeX OCTANBHBIX CiydyasX B TEYEHHMM >KUJIKOCTH WIN
ra3a HaOmrogaeTcst TypOyJIEHTHBIA PEKUM.

Anrnmiickuil yuensiii O.PeliHonbac, M3ydas BOIPOCHI CMEHBI PEKUMOB TE€UYEHHs, YCTa-
HoBMJ B 1883 r., uTO Mepexon TeUeHHs KUIAKOCTH HMIIH Ta3a U3 JJAMHHAPHOTO peXuMa B TypOy-
JICHTHBIN IIPU YBEJIMYEHUU CKOPOCTH MOTOKA MPOMCXOAMUT B PE3YIbTATE IMOTEPU YCTONUYMBOCTH
JAMHUHApHOTO TEYEHHUs, KOTOpas HacTylaeT BHE3aIlHO, KOTJ1a CKOPOCTh MOTOKA JOCTUTaeT HEKO-
TOPOr0 KPUTHYECKOTO 3HaYEHH V,y, 3aBUCAIIETO OT XapaKTEPHOIO pa3Mepa MONepeyHoro ceye-
HUS NTOTOKA L , IIIOTHOCTH p M BA3KOCTH W KMJIKOCTHU HJIU raza:

Vip = Bp—ﬁ‘_ (108)

rae B - 6e3pa3mMepHbiid KOdDPUITUEHT TPOMOPIHOHATFHOCTH, HA3BAHHBIN BITOCIIEICTBUU
kpumuyeckum yuciom Petinonvoca Re,,.

BoccraHoBNeHHE JTaMUHAPHOTO PEKUMa IMPH YMEHBIICHHH CKOPOCTH TYpOYJIEHTHOTO
MOTOKA TaKXe MPOUCXOJUT BHE3AIMHO, KOT/Ia CKOPOCTh MOTOKA CHU3UTCS JI0 KPUTHYECKOTO 3Ha-
qeHus V,, , onpenensieMoro 1o ¢popmyie (108).

Uccnenoanusimu O.Pelinonbaca ObLIO YCTAaHOBIEHO, YTO Oe3pa3MepHBId KOIPHUITUEHT
IPOTIOPIIMOHATIFHOCTH TIPU TEPeXojie TYpOYJISHTHOTO PEXHMMa B JAMUHAPHBIA MMEET CIEIYFo-
IMe 3HAUCHUS;

-ecmu L = R (rugpaBnuyeckuii paauyc),
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Rey, = =580, (109)
v
-ecmu L =d (amamerp IMIMHIPUYECKOW HAITOPHOI TPYOBI),
Rey, = = 2320, (110)
v

T.e. Reyp He 3aBHCUT HM OT TUIIA )KUAKOCTH WU ra3a, HA OT pa3MepOB IOIEPEYHOr0 CEYeHHUs 110-
TOKA.

[Tpu mepexone pexuMa TEUEHUS U3 JAMHUHAPHOTO B TYpOYJIEHTHBIH MOXKHO YBEJIUYHTH
KPUTHUYECKYIO CKOPOCTh Vo UX CMEHBI (YBEIUUHUTh R€y, ), €CIIM UCKYCCTBEHHO YCTPAHSTH BO3-
MOYKHBIE HICTOYHUKH BO3HUKHOBEHHS BO3MYILICHHUHU (TJIaBHBIN BXOJ B TPyOy, MpeaeabHO MUHU-
MaJIbHasl IEPOXOBATOCTh, UCKIIIOYEHUE CIYyYallHBIX YAapoB O TPyOy, IUIABHOE YBEJINYEHHE CKO-
pocTH U T.I1.). YaBajioch MOJIy4aTb CMEHY peXUMOB TedeHus npu Reg, ~20000. Ho namunap-
HBII PEXUM B 3TUX CIIydasixX SIBISETCS HEYCTOHYMBBIM; YTOOBI OH Tepemnies B TYpOyJIEHTHBIN 10-
CTaTOYHO CaMoOro Majoro Bo3mymieHus. CienoBaTenbHO, €CIM BBIYUCIUTD wucno Peiinonvoca
npyu GaKTUIECKON CKOPOCTH MOTOKa V

vd V R
Re =—— wm Re =—-o (111)
L v

U CPAaBHUTH €r0 C KPUTUYECKUM 3HAYCHHEM, TO MOKHO YCTAHOBUTH PEKUM TEUECHHSI KUIKOCTU
v rasa: -npu Re < Re, - pesxuM 1aMUHApHBIH;
-nipu Re > Rey, - pexuM TypOyIeHTHBIH.

3. O0beKTHI U CpeIcTBA UCCJIeT0BAHUS

B cocraB onbITHOM ycTaHOBKH (pHC./ /) BXoaaT 6ak 1, HamoJIHEHHBINH BOJIOM, MPUCOEIH-
HEHHAas B HUKHEH yacTu 06aka CTeKJIIHHasg TpyOa 2 ¢ TUIaBHBIM BXOJIOM M pa3MeIleHHbINA HaJ Oa-
koM 1 Gadok 3, HANOJHEHHBIA OKPANICHHON YKUJIKOCTBIO C IUIOTHOCTHIO, OJM3KON K TUIOTHOCTH
xuakoctu B 6ake 1. Ot Oauka 3 oTXoauT TOHKas TpyOka 4, Bxojmsmias B TpyOy 2. Tpy6a 2 u
TpyOKa 4 cHaOKEeHBI JIJIsl PETYITUPOBAHHS PacXo/ia KHUIKOCTH M Kpacku kKpaHamu 5 u 6. Hccre-
JyeMas KUJKOCTh U3 TPyOBbl 2 ClIMBaeTcs BO BpeMs OIbITa B MEpHBI cocyn 7. Temmeparypa Bo-
IIeI U3MepsieTcst repmomerpoM 8. KommdecTBo nmogaBaeMoit B 0akl BoJIbI perynupyercst kpanomO.

—] W
e i e e
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4 . IloaroroBka k padore U mporpaMmMa padoThbl

1. O3HakoMuUTHCA ¢ 1a0OPaTOPHOI YCTAHOBKOM.

2. Perynupys nojaudy BoJbl KpaHOM 9 , TOOMTHCS MOCTOSIHCTBA YPOBHSA BOABI B 6ake 1 co
CJ1a0bIM MEPETUBOM.

3. OTKpBIB KpaH 5, MoAaTh CTPYHKY MOAKPALIEHHOH  KHUIKOCTH BHYTPb CTEKJISIHHOU
TpyOBI 2.

4. MeieHHO OTKpBIBasi KpaH 6, BU3yallbHO YCTaHOBHTH B TpyOe 2 JaMHUHAPHBIA PeXUM
TedeHUs (MOJIKpalleHHasl CTpyHKa He epeMETNBAETCS ¢ OCTAIbHOM Maccoil BOJbI B TpyOe).

5. IIpoBecTH mepBBIN ONBIT, BHIMOIHSAS 3aMepbl B COOTBETCTBUHM € (POPMOM OTUETHOTO
KypHaa.

6. OTKpBITH MOJHOCTHIO KpaH 6 M BHU3yaJbHO HAONIOJATh 32 TYpOYJIEHTHBIM PEKUMOM
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Te4eHUs (HEeOKpalleHHas CTpyiiKa MOJHOCThIO IEPEMEIINBACTCS CO BCE Maccoii BOJbI B TpyOe).

7. IlpoBecTu BTOPOM OMBIT.

8. MenneHHO NPUKPBITH KpaH 6 10 TeX Mop, MoKa TypOyJIeHTHBIN peXUM He TepeiieT B
JAMUHAPHBIN (TOOUTHCS KPUTHIECKOTO COCTOSTHHS ).

9. IlpoBecTH TpETUHA OTIBIT.

10. BeInosHUTh BBIYUCIIEHUS B COOTBETCTBUM € (JOPMOI OTUETHOI'O JKypHaa.
S. ®opMa 0T4ETHOIO KypHaJIa
JIABOPATOPHAS PABOTA Ne5

Onpeaesnenue KPpUTHUECKOro Yuciia PeiiHosbaca

B HWIMHAPUYECKOH TpyOe.
1. Cxema 1abopaTOpHON YCTAaHOBKH.

2. Per HUCTpalyA ONBITHBIX JaHHBIX

2.1. Iuametp TpyOsI d = CM.
H3mepsieMbie B OTIBITAX BETUYHHBI
Tabua 1
Ne Nsmepsemas En. OmnbIT
/i BEIMYNHA U3M. 1 2 3
2.2 Temnepatypa Boabl 7' rpaj
2.3. O6beM BO/IbI OCTYMAIOIINN
B MepHbIi cocyn, W o’

2.4. | Bpems HamomHeHus o0bema, t c
2.5. | XapakTtep peKuMa TeUEHUS -

3.00paboTka pe3yapTaToOB OIMbITA

7wd ? 5
3.1. Ilnomans ceuenus Tpyosl @ = 2 = cm
Tabmuma 2
Ne N3mepsemas ®opmyna En. Oneit
/T Benuunna U3M. 1 2 3
3.2 | Pacxox moTtoka 0= w e’ /e
t
3.3 Kunematnyeckuii  x03¢- en? e
(UILHUEHT BSI3KOCTH
3.4 | CpenHsisi CKOPOCTh \ cm/c
vd
o Re=—
3.5 | Yucno Peiinonsaca v -
" 20 T

[Toanucek cTynenTa

Paboty npunsin

3a.

rasa.

6. KOHTpoJIbHBIE BONIPOCHI

1. HpI/ISHaKI/I " yCJIOBUA CYHICCTBOBAHHUA JIAMUHAPHOTO PC)KMUMa TCUCHUS KUJAKOCTHU U T'd-

2. HpI/I3HaKI/I " yCJIOBUA CYHICCTBOBAHHUA Typ6y.]'[eHTHOF0 peiKUMa TCUCHUA KUAKOCTU U

3. Ilynbcanust CKOPOCTH U AaBJICHHUS.
4. ®opMyna U YHMCIEHbIE 3HAYEHUS! KPUTHUECKOro uncia PeifHombaca sl HAOPHBIX U

6C3HaHOpHBIX IIOTOKOB

5. ®opmyna uucna Pelinonbca.

6. OHpCIleJ'ICHI/IC PeKUMaA TCUCHUS 110 YUCITY Peitnonpaca.
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JIABOPATOPHASA PABOTA Ne6
Ypasuenue /. bepuysiu.
IlocTpoeHne HAMMOPHOM U NbE30METPUYECKOM

JIMHUI.
1. Heanb u 3apaum padboTshl
1. Onpenenenune Nbe30METPUYECKUX HAIIOPOB B PA3IMUYHBIX CEYEHUSIX MOTOKA peabHON
KUJKOCTH.
2. Onpenenenue ruipoJMHAMUYECKUX HAIIOPOB B PA3JINYHBIX CEUEHHSIX MOTOKA.
3. IlocTpoenue MbE30METPUYECKON W HANIOPHOM JIMHUI 1O MOJIYYEHHBIM B ONBITax pe-
3yJIbTaTaM.

2. OCHOBBI TEOPHUH

VYpasuenue J{.bepuymnu (1738 r.) siBisieTcsi OCHOBHBIM ypaBHEHHEM T'HIIPOadPOIUHAMU-
KU, CBSI3BIBAIOILUM MEXIYy COOOW BEIMUYMHBI JABJIEHUS M CKOPOCTH B Pa3HbIX TOUYKAaX JIBUTAIO-
nielcs XKUAKOCTU WM ras3a (MpU pa3HbIX BEPTHKAIbHBIX KOOpJIMHATaX - ammiukarax). OHo mo-
Ka3bIBaeT, YTO U3MEHEHHUE OJTHOW M3 ITHX BEJIMUYUH (aNIlIMKaThl, CKOPOCTH WM JIaBJeHUs) 005-
3aTeJIbHO MPUBEIET K U3MEHEHUIO, 110 KpailHell Mepe, ellle 01HOH (YBEIMUYEHNE CKOPOCTU MOXKET
IIPUBECTHU K YMEHBILECHUIO aBJICHUS, YMEHBIIECHUE AIllIUIMKAThl MOXKET IPUBECTU K YBEIIMUEHUIO
JIaBJICHUS U T.IL.).

VYpasuenue /J|.bepHyum MUpOKO NPUMEHSETCS IPU UCCIEJOBAHUN PA3JIMYHBIX TEOPETH-
YECKHMX BOINPOCOB MEXAHUKH >KMJIKOCTH M I'a3a U PEUICHUM NPAKTHYECKUX 3a]1a4, CBA3AHHBIX C
JBIKCHUEM KUIKOCTU WM raza. B COOTBETCTBUM O THUIIOM pEIIaeMON 3aa4M €ro MpeicTaBiIs-
IOT B OJIHOM M3 TpeX BUJAX: B dHEpPreTHueckoil ¢popme, B popme Haropa (THIAPABIUICCKON WIH
reoMEeTpUYECcKOi) min B popMe JaBlIeHUH.

B 3aBucuMocTy OT BUJa U3y4aeMOM JKMIKOCTH WJIM ra3a pa3audaroT YPaBHEHHMs U1 He-
C)KMMAEMOH )KMJIKOCTH WIIM JUI CXKMMaeMOM XKHJIKOCTH (ra3a), B 3aBUCMMOCTH OT y4eTa I'HJpaB-
JMYECKUX CONPOTUBIIEHUH - Ui peabHOM MM WICAJIbHOM JKUIKOCTH (WM ra3a); B 3aBUCUMO-
CTH OT MAacchl ABMKYIIEHWCS KUAKOCTU WM rasa - Ul 2JIEMEHTAapHON CTPYHKH WM Ul LIEJIOTO
MIOTOKa.

ITpu ucnonb3oBanuM ypaBHeHUs bepHyn HEOOXOIUMO yUUTHIBaTh, YTO OHO CIpaBe[l-
JIMBO TOJIBKO IIPY YCTAHOBMBLIEMCS] TEYEHUU I0J ACHUCTBUEM TOJIBKO OJHOW MAacCOBOW CHIIBI -
CHJIBI TSDKECTH. [[J1s1 1esoro moToka >KUAKOCTH €ro HY)KHO NPUMEHSATh B TE€X JKHUBBIX CEUCHMSIX,
JBHKEHHE KUJAKOCTH MJIM Ta3a OKOJIO KOTOPBIX MPSAMOJIMHENHOE WM, B KpalHEM Cily4ae, IJIaB-
HO U3MEHSIoIIeecs (B 9TOM Cllydae KMBOE CeYEeHHUE IIIOCKOE U JIaBI€HUE B HEM ONpeessieTcs o
3aKOHY FHJIpocTaTHKH (pHc.78, a)).

ITpu ncnosnp30BaHNMN ypaBHEHUS BepHyIM 1is peaJlbHOM JKUIKOCTH JIEBasl 4acTh ypaB-
HEHUs JJOJDKHA OTHOCUTBCS K CEYEHMIO, PACIIOJIOKEHHOMY BBILIE 110 TEYEHUIO, a MpaBasl - HUXKE
10 TEUYEHHUIO.

2.1. Ypasuenue bepuynnu B aHepretuyeckoit popme
VYpaBHenne bepHymm B sHepreTuueckod (GopMe 3amUChIBACTCS B CIEAYIOIIEM BHUIE
(Hampumep, AJIs [ENOro MOTOKA PeaabHOM HeC)KMMAEMOM JKUTKOCTH )
2 2
gzl+ﬂ+M:gzz+i+ﬂ+Ael_2, (112)
pr 2 p2 2
V -cpenHsst CKOpOCTh MTOTOKA B CEUCHUH;
0 - TUNIOTHOCTH KUJIKOCTH;
g - yCKOpeHHe CBOOOHOTO Ta/ICHHS;
a - koagppuyuenm Kopuonuca (1836 r.) wiu xoppexmus xunemuuecxou snepeuu (OTHO-
[IEHHE UCTUHHOW KUHETHYECKON HHEPruH MOTOKAa K KUHETHUECKOW SHEPTUH, BBIUYMUCICHHON MO
CpPEIHEH CKOPOCTH); 3aBUCHUT OT (hOPMBI SITIOPHI CKOPOCTEH.
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=const.
Z+P{py#oonst

(1)
Z+Pipy
(1)
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Kaxnpiii u3 wieHoB ypaBHenusi (112) mmeer pa3MepHOCTh KBajpaTa CKOpPOCTH (Jiu-
Ha/BpeMs)~ U TIPEICTABISIET COOOM YacTh YOeIbHOl Mexanuueckoli sHepeuy (SJHEPTHH €THHAIBI
MAacChl JKUJIKOCTH WUJIH T'a3a):
0Z - yoenvHas NOMeHYUaIbHAsL IHEP2USL NOTONCEHU,

Plp - yoenvnas nomenyuanvnas anepeus oagnenus;

gz + P/p - o01muii 3amac yaenbHOM MOTCHIIMATBHON YSHEPTHH;

aqVy?

- YACJIbHAd KUHCTUYCCKAsA SHCPIUs;
2 5

2
P]_ O(.lvl
71 + —— + ——= - YOenbHas MEXAHUYECKAs IHeP2Usi NOMOKA B CEUCHUN
1 5 Y 94

P1
Ae1_p - nomepu yoenvbHOl SHepauy IPU JBUKEHUH )KUAKOCTH WIN ras3a (yCIOBHOE IO-

HATHE, TaK KaK CYIIECTBYET TOJBbKO MPEBPALIEHUE OJTHOTO BHJIA PHEPTUHU B JIPYTroi, B JaHHOM
cllydae MEXaHW4YecKasi SHeprHsi 0€3BO3BPATHO MEPEXOINT B TEIJIOBYIO).

C ¢usnueckoil TOUKHM 3peHUs paBHEHHE bepHysun rnacuT, 4To yieabHas MeXaHu4eckKas
DHEPTHUs MOTOKA PeaIbHOW KHUJIKOCTH WIIH Ta3a SIBIISIETCS BETMYMHOW, yOBIBAIOIICH MO HAIpaB-
JICHUIO JIBMKEHMUSL.

VpaBHenne bepHy/mum sBISeTCS YacTHBIM CIIydaeM BCEOOIIEro 3aKOHa COXpPaHEHUS
SHEPIUU M Macchl B Mpupoae, copmynupoBanHoro Brepsbie M.B. JlomonocoBsiM B 1748 1. u
o0o6menHoro B Tpyaax A.JlaByasse B 1789 r. YpaBuenue beprymnu B snepreruueckoit popme
(112) He TONMBKO MOATBEPKIAET BO3MOKHOCTh MPEBPAICHUS B MIOTOKE JKUIKOCTH WITH ra3a Io-
TEHIMAJIHHON aHEPTHH B KMHETUYECKYIO WJIM HA00OPOT, HO M TIOKA3bIBAET KOJIMYECTBEHHBIE CO-
OTHOILIEHHS 3TUX MPEBPALICHUH.

2.2. YpaBuenue bepnymiu B popme Haropos

VYpasuenue (1) B hopme HarmopoB nmpeACTaBIsSETCS B CIEAYIOIIEM BHIE:

2 2
P oV P. sV
R S A 2 [ 72V2

71+ o 29 Zy + . 29 + hnH , (113)
rac Ka)K,Z[BIfI YJICH UMECT HHHCﬁHYIO pPasMECPHOCTH (I[J'II/IHa) A MOXET OBITh MNpEaACTaBJICH B
BU/JIE BEPTUKAJILHOTO OTpe3Ka (BBICOTHI MIIM HAIOpa):
Z- ceomempudecKast (FCOI[C3I/I‘ICCK8.SI) eblcoma (OTMCTKa, OTCUHUThIBAacMas OT eI[PIHofI To-

pI/ISOHTaJTBHOﬁ miockoctu 0-0 — nnockocmu CpABHEHUA UIU N10OCKOCcCmu omcdema
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P,
—L - nbesomempuueckas évicoma, paBHas BRICOTE CTONGA KHAKOCTH B IIHE30METPE;

gp1

Z+ g— = H, - neezomempuueckuii nanop;,
p

2
oV .
—— = Hy, - ckopocmmoii nanop (BbICOTa, Ha KOTOPYIO MOAHUMAETCSI B O€3BO3IYIIHOM

29

IPOCTPAHCTBE YaCTHUIIA, €CIIH €if COOOIIUTh BEPTUKAIBHYIO CKOPOCTH V );

aV 2
Z+—+——=H - 2uopoounamuueckuii nanop (W1m IPOCTO HANOP);

ap 29

hnl » nomepu Hanopa Npyu IBMKCHHUU XUJKOCTH Ha BCEM YUYAaCTKEC MECXKAY paccMaTpu-

Ba€MbIMH CEYEHMSIMU I1I0TOKA HA IIPEOJIOJIEHUE CUII COITPOTUBIICHUS.

B takom cnyyae ypaBHeHue bepHy/uIM MOXKHO TPakTOBaTh CIEAYIOLIUM 00pa3oM: I'M]I-
pOIMHAMUYECKUI Hallop NOTOKA peabHON KMJIKOCTH WJIU rasa sBJSETCs] BEIMYMHOMN, YObIBatO-
11ei 10 HaNpaBJICHUIO TEYCHUS.

3ameTuM, YTO BEIWYMHBI, BXoasume B ypaBHeHue (113), MokHO paccMaTpuBaTh Kak Co-
OTBETCTBYIOLIME YaCTH YIEIbHON MEXaHWYECKOH SHEepruM, OJHAKO B 3TOM Cllydae IOHITHE
"ynenpHas" 03HAYAET, YTO OHA OTHECEHA K €JUHUIIE Beca (CHIIbI TSDKECTH) JKUJKOCTH MITH Ta3a (K
Macce )KMJIKOCTH WU Ta3a, Bec KOTOPOH paBeH €UHMLIE).

[Tpumenenne ypaBHenus bepHyiumu B opme HAImOpOB (Ipyrue Ha3BaHUS: B THAPABINYE-
CKOM M reoMeTpuyeckoit (hopMme) 1Mo3BoJIseT NOCTPOUTh rpa)K U3MEHEHUS BXOASIIUX B HETO
BEJIMYKMH BJI0JIb MIOTOKA JKUKOCTH HJIH ra3a (puc.79).

Ot My

hy n L vy
1-2, 1-3 —
o E 29 \\, ¥ \ ¥ f g

TR !

17 ix0 ] [
9 4 AN g0 "1:11-—213&1_2_ JE
0

-
m
I
T
¥
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OT HOCHTpPA TAKCCTU IIEPBOT0 CECUCHUA BEPTUKAJIBHO BBCPX OTKIAABIBAOT IBE3OMETPUUC-
Py o agVy?
CKYIO BBICOTY —— MW CKOPOCTHOMU HAIIOp
9p1

To ke camoe BBIMOJHSIOT U I ApYyrux ceuenuii (2-2; . 3-3 u 1.1.). Kpusas E-E , coenu-
HSIOIIAs BEPXHUE KOHIIBI CYMM TPEX BEPTUKAJIBbHBI OTPE3KOB, SBISETCA HanopHou aunuell. Ta-
KAM 00pa3oM, HallOpHAs JIMHUS TpaUIecKy MOKa3bIBaCT XapaKTep M3MEHEHUS BETUYNHBI TH/I-
POAMHAMUYECKOT0 HAIopa 110 HAIPaBJIECHHUIO IBUKEHUS KUIKOCTH HITH ras3a.

Jns upeanpHOW SKUAKOCTH, Korja H=Const, HamopHas TuHHS TapajuielbHa TIOCKOCTH
cpaBHenus 0-0,1.e. ropuszoHTanbHa. [Ipu IBMKEHUU pealbHOM KUAKOCTH THAPOIUHAMUYECKUNA
Harop BJIOJb TMOTOKA BCErJa yMEHbIIAETCS, TaK Kak 4YacTh Haropa hnl_z, 3aTpaynBaeMas Ha
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IPeoI0JICHHE COTIPOTUBIICHUH Beeraa yBenuunupaercs. [loaromy kpusas E-E Oyner Hucxonsmen
nuHuen. [lageHne ee Ha enquHMIE JJIMHBI IOTOKA (OTPULIATENIBHBIN TPaJIMEHT) Ha3bIBAETCS 2uUO0-
PABIUYECKUM YKIOHOM:

d P aVv? dh, dH

i=——|z+—+ =T = (114)
dl pg 29 dl dl
(3HaK "-" MPUHAT YIS TOTO, YTOOBI THUAPABIMYECKUN YKIIOH OBLI BCErja MOJOKHTEIb-
HBIM).
CpenHee 3HaUE€HHE TUAPABINYECKOIO YKIOHA MEXIY ABYMs CEUEHUSMHU
2 2
P a4V P. oV
21+—1+A _ 22+—2+A
. PY 29 [o]¢) 29
o = : (115)
-2
P
Kpusas [/-11, coequusomas BEPIIMHBI CYMM JIBYX BEPTHKAJIbHBIX OTPE3KOB Z U @,

Ha3bIBACTCS Nbe30Mempuieckoll TuHuel, T.e. 3TO JUHUS, KOTopast TpaduecKu n300pakaeT xa-
paKkTep WM3MEHEHHUs BEJIMYMHBI MbE30METPUUECKOr0 Hamopa fH, 1o HanpaBICHUIO JBUKEHUS
KUAKOCTU WM ra3a.

[Tbe30MeTpuyecKas JIMHUSA MOXKET MOHMXKATHCS JIMOO MOBBIIATHCS, YTO 3aBUCUT OT Pa3-
MEpOB ceueHHsl NoToka. Ha yyacTkax ¢ NOCTOSSHHBIM CEYEHUEM IbE30METpUYECKask JIUHUS I10-
HIKAETCsl NapaJyiebHO HanopHo# JuHuK. Ha ydyacTkax ¢ mepeMeHHbIM CEYEHUEM HaropHas U
[IbE30METPUYECKasl IMHUU HE MapajieNbHbl IPYT APYTY, T.K. U3BMEHSAETCS BEJIMYMHA CKOPOCTHO-

vV 2

'O HaIlopa , [IpU 3TOM IIPpU YBCINMYCHNUU CCUHCHUSA HBC3OMeTpI/I‘ICCKHﬁ Haltop MOXKCT U BO3-

pacrars.
M3MeHeHre Mhe30METPUYECKOr0 HAlopa Ha eIWHMIE JJIMHBI MOTOKa (OTpHUIATE/IbHBIH
IPaJIMCHT) HA3bIBACTCS Nbe30MEMPULECKUM YKIOHOM:

d P) dH,

,=——| 2+— |=— , 116
Tl pg dl (116)
CpeL[Hee S3HAYCHUC NTbE3OMETPHUUCCKOI'O0 YKIIOHA MCKIY ABYMS CCUCHUSIMU
Zq + P; —| Z2 + PS
. P P
i, , = I , (117)
1-2

[TockonbKy Mbe30METpUYECKast JTMHUS MOYKET MOHMKAThCS WIIA TOBBIIIATHCS, TO MbE30-
METPUYECKUH YKIIOH COOTBETCTBEHHO MOXET OBITh JIUOO MOJIOKHUTEIBHBIM (IThe30METPUICCKHUIA
HAMop BJOJb MOTOKA YMEHBINACTCS), MO0 OTPUIATSIBLHBIM (ITbE30METPUUYECKHI HAIOp BJIOJIb
MIOTOKA YBEJIIMYMBACTCS).

[TIpr paBHOMEPHOM [BIKECHHH, T.€. KOTJa CPEIHsISI CKOPOCTh Ha paccMaTpHBAEMOM
YYaCTKe BO BCEX CCUCHMSX OJIMHAKOBA, HAMOPHAS W MbE30METPUYECKAs JIMHUH TPEIACTABIISIIOT
co00l B3aMMHO TMapauIejbHBIC MPSAMBIC, T.e. THAPABIHYECKUN M MMHE30METPHUUECKUN YKIIOHBI
onuHakoBbie (1 = 1,).

2.3. YpaBuenue bepryiu B popme 1aBieHUi

Vpasuenue (112) B hopme naBieHU 3aITUCHIBACTCS B CICAYIOMIEM BHJIC

2 2
V. V
P1021 + P + 910% =p2022 + Py + Pzai + AP, (118)
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I'Jie BCEe WICHBI UMEIOT Pa3MEepHOCTH JIaBJeHUs (CHUiIa/TIonans):

pOZ - epasumayuoHHoe ()aeﬂenue;

P - cmamuueckoe oasnenue;
Vi .
pOL—— - OuHamMuveckoe oagjenue;

Apn Lo - nomepu oaesnenus IIpru ABUXKCHUH XUJKOCTHU HUJIK I'a3a Ha IMMPEOAOJICHUE CUIT CO-

MPOTUBJICHHSI.

B ypaBaenuu (118) Bce wieHbl MOTYT OBITh NMPEACTaBICHBI KaK COOTBETCTBYIOIIAS YacCTh
yIEeTBHOW MEXaHMYECKON SHEPTHH KHUIKOCTH WM Ta3a, OTHECCHHAs K equHuIle ee oObema. Mx
TOKE HA3BIBAIOT YICIbHBIMU SHEPTHSIMH, HO MOJPAa3yMEBAIOT, YTO B JIAHHOM CIIy4ae IOHSTHE
"yoenvrnas" 03HAYAET DHEPTHIO MACCHI KUIAKOCTH WM Ta3a, HAXOJAIICHcS B eAWHHIIC 00BheMa

(cp.cmm. 2.1u 2.2).
2.4. [lpyrue BujIbI 3anuceil ypaBHeHus: bepryuiu

B 3aBHCHMOCTH OT KOHKPETHBIX YCJIOBHI PEIICHUS 3aa41 IBUKCHHUS JKUIKOCTH MM ra-
3a OT/ICJIbHBIC WICHBI YPABHEHHS MOT'YT UTPATh WJIHM PELIAOIIYIO0, WIIK HUYTOKHO Mayto (Toraa
MU MOKHO ITpeHeOpeub) posib. B 3ToM ciiydaB BO3HHKAIOT OoJiee IPOCThIC BUBI 3aIHCeil ypaB-
Henuit (112), (113) wm (118).

JUs1st aneMeHTapHO# CTPYHKH (U151 TOTOKA CPABHUTEIILHO MAJIBIX [OMEPEYHBIX PA3MEPOB)

P]_ Lllz P2 u%
01 +—+-—=0Zp + = +—=+481_», (119a)

P12 p2 2

2 2

P P

21+—1+u—1:22+—2+u—2+hn12, (1190)
gp1 29 gp2 29 ¢
2 2
U u
91921+P1+Pl7=92922 +P +92£+Apn1_2, (1198)
rae U - CKOpOCTb JBM)KEHUS KUAKOCTH WJIM ra3a B JaHHOM TOUKe.
Jns agnabatudeckoro TeyeHus rasa (6e3 TernaooOMeHa ¢ OKpyKarolien cpe1oil)
2 2

P P
L UL W L VL S (120)
k=1p; 2 «k-1py
rae K - mokasarens aguadaThl mpolecca TeUCHUsI
wm  —~RT +ﬁ—LRT +é+Ae (121)

k-1 172 k-1 272 -2

rne

R - rasoBas mocTossHHAf,

T - aGcomoTHas Temmepatypa.

Wuorna ypasaenue B Buje (121) Ha3wpiBatoT ypaBHeHHEM bepHysum B popme Temrepa-
TYyp.

Jnst ueanbHOM )KUAKOCTH WJTU Ta3a

Ae1_2 = hnl_2 = AP].—Z = O,

T.€. IS UJI€aIbHOM (Ipyroe Ha3BaHUE - HEBSI3KOW) KUAKOCTH WM ra3a OTCYTCTBYIOT I10O-
TEpH PHEPruu (Haropa Wi JTaBJICHHS).
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3. O0beKTHI U CPeICTBA UCCIEI0BAHMNIA

OnbITHAs yCTaHOBKA COCTOMT M3 TPyOOmpoBoaa 1 MepeMEeHHOTOo CEYeHHUs, KOTOPBIA CO-
eIMHSET HAOPHBIN 2 U cauBHOMN 3 Oauku (prc.80).

Pucynoxk 80

B XApPAaKTEPHBIX CCUCHHAX pr6onp0Boz[a YCTAHOBJICHBI IIbE30OMETPBI 4 AJL OIIPCACIICHUA
B OTUX CCUCHUIX IIbE30OMECTPHUYCCKOIO Haropa =z + —— . Psamom ¢ INbE30METpaMU YCTAaHOBJIC-
rEg

HBI eudpoounamuyeckue mpyoxku Ilumo 5, nmpencrapisronie co0oi TpyOKH € 3arHyThIM HOCH-

KOM HaBcTpeuy TeueHuto (cM. 1ab. pad. Ne2). B Takux TpyOkax ypoBEHb >KUIKOCTH MOJHUMACT-
P u’ .

Csl HA BBICOTY z + —— + 5o Tae U - 3HaY€HUE MECTHON CKOPOCTH B TOYKE PacCMAaTPUBAEMOTO
PE g

cedeHus (B OIBITE - HA OCU TPYOBI).

[Tpu nBYOKEHUM >KUAKOCTH B TpyOe HArJISIHO BUIHBI YPOBHH, 00pa3yroIIMecs B MbE30-
METPUYECKUX U THJIPOJUHAMHYECKUX TPYOKaX, UTO MO3BOJISET OLIEHUTh WU3MEHEHUE NbE30MET-
PHYECKOr0 HaIlopa MoToKa ¥ THAPOAMHAMUUYECKOTO HAarlopa OCEBOM CTPYHKH B Pa3JINYHBIX Cede-
HUSX TPYOBI.

4. lloaroroBka Kk padore u nporpaMmma pa6oTbl

1. O3HakoMuUTKCS ¢ Ta0OPATOPHOI YCTAaHOBKOM.

2. YcTaHOBUTH MOCTOSIHCTBO HavyajbHOro Hamopa H, uTo mocturaercs myTem peryiaupo-
BaHUs MOCTYIUIEHUS BOJbI B HAOPHBIN 0a4OK C MOMOIIBIO KpaHa 6 U obecrnieueHueM Oecrniepe-
00lHOI pabOTHI CAMBHOTO OayKa.

3. Ilo moxa3aHusAM ITbE€30METPOB U3MEPHUTH Bennunny /4,, = Z + —.

P9
4. Tlo moka3aHMAM THIPOJMHAMUYECKHX TPYOOK HM3MEPHUTh BEIMYMHY HAropa OCeBOH
2
. u
crpyvikn H,. =272 +—+—.
P9 29

5. 3mepuTtsh Bpems t HanoiHeHus: MepHoi emkoctH W.

6. [IponsBecTr pacueT M3MEPEHHBIX BETHMYUH COTIIACHO MOCIE0BATEILHOCTH, N3JI0XKEH-
HOH B OTUETHOM >KypHaJI€.

7. ITocTpouTh MBE30METPUUYECKYIO U HAOPHYIO JIMHUM MOTOKA BOJBI B TpyOe M Hamop-
HYIO JIMHUIO OCEBOM CTPYHKH.
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S. ®opMa 0T4ETHOIO KYpPHAaJIa
JIABOPATOPHAS PABOTA Ne6
Ypasuenue I.bepuyiin.
ITocTpoeHue HATIOPHOM U MbE30METPUYECKOM

JIMHMH.
1. Cxema onbITHOM YCTaHOBKH.
2. Peructpaiiyisi ONBITHBIX JaHHbIX.
2.1. O6beM BOJbI MOCTYNUBIINK B MepHBIN cocya W = e’
2.2. Bpems HanonHeHust oobema t = c.
2.3. YpoBeHb BOJIBI B HAIIOPHOM Oauke Zu = cM.
2.4. YpoBeHb BOJIa B CIUBHOM Oauke Z¢ = cM.
V3mepsieMble B OIbITE BEIUYHMHBI (Tabuia 1)
Tabnuna 1
Ne Nsmepsiemas BennurHa En. Howmepa ceuenuit
I m3mep. | 1 |2 (34|56 |7
2.5 Pa3mepsl ceueHus:
mmpuHa b cM
BbIcoTa h cM
2.6 [Tokazanus nbe3omeTpoB H, cM
2.7 [TokazaHus rUAPOIUHAMHYECKHUX TPYOOK
Hoc CM
3. O6paboTKa pe3yabTaToB OMbITa (TabauIa 2)
3.1 Pacxox moroka Q = VTV = = em/e
Tabnuma 2
Ne Beruncnsemas BennunHa ®opmyna En. Howmepa ceuennii
i mwM. |1 | 2|34 |5|6]|7
3.2 Ilromany KUBBIX CEUEHUI o =bh om®
3.3 CpenHue ckopocTu V = Q/ cm/c
®
3.4 CKOpOCTHBIE HaIlOPBI: V7
a) IOTOKA I10 CPETH. CKOPOCTH 29 cM
0) oceBol CTpYHKH u % “H_H,
g cM
3.5 | TlonHbIe HAaOPHI TOTOKA B 2
CEUYCHUSX H =Hj, +V Ag cM
3.6 | Ilorepu Hamopa 70 ceueHmit h cM
= ZH —-H

4. HamopHasi ¥ Nbe30MeTpHUEecKas JUHUM MOTOKA U HAIMOpHAsl JIMHUS OCEBOM CTPYHKH
(pUCYHOK).

[Toxamuck cTyneHTa " " 20 T
Paboty npunsin
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6. KoHTpOJIbHBIE BONIPOCHI

1. YcnoBus npuMenuMocty ypaBHeHus: bepnyiuu.

2. 3anuce ypaBHeHUs bepHysun B sHepreTuueckoil popMe U CMBICT KaXKOTO €ro 4jeHa
JUISL BJIEMEHTAPHOU CTPYMKH, UICATbHON KUJIKOCTH, JIEMEHTAPHOM CTPYUKH pealbHOM >KHUIKO-
CTH, 1IeJIOTO MOTOKA pealbHON KUKOCTH, aquabaTHUECKOTo TeUEeHUs rasa.

3. 3anuce. ypaBHeHUsT bepHyn B opme NaBIeHUN ISl SJIEMEHTAPHOU CTPYWKHU | IO-
TOKA UACAIBHBIX XUIKOCTH WJIM ra3a U peajbHbIX JKUJIKOCTH WIH Ta3a U CMBICI Ka)J0ro €ro
YJieHa.

4. 3anuch ypaBHeHHMs bepHyin B (opMe HamopoB M CMBICT KaKJOTO €ro wieHa Jyis
AJIEMEHTApPHON CTPYWKHU WICAIBHOW JKUJIKOCTH, JIEMEHTAPHOU CTPYMKH PEaJbHOW JKHIKOCTH,
[[EJIOr0 TOTOKA PEeaTbHOM KUAKOCTH, a1nadaTHUECKOT0 TeUEHHUs rasa.

5. @opmMyna [71sl BEIYMCICHUS YACIbHBIX MOTEHIMATLHON M KHHEMATHUYECKON SHEpruH,
IIOTEPh JHEPTUH, IIbE30OMETPUYECKOIO U CKOPOCTHOI'O HAIOPOB, IIOTEPh HAIOpa, TPABUTAL[MOH-
HOTO JAaBJICHUS, JMHAMUYECKOTO JTABJICHMUS.

6. B3anMoCBs3b MEX1y COOTBETCTBYIOIIMMH YiieHaMu ypaBHeHHsI bepHyiiu, 3amnucaH-
HOTO B pa3HbIX (hopMax.

7. [loHATHE TUAPABIMYECKOTO U MTEE30METPHUYECKOTO YKIOHOB U (DOPMYIIBI ISl KX BBI-
YU CIICHUS.

8. DHepreTuueckuil cMbICil ypaBHEeHMH bepHynau 3amucaHHbIX B (hopMe HAlopoB U
JaBJICHUM.

9. OueHka B3aMMHOTO TOJIOKEHHS WIIM OYEPTaHUS HAIIOPHOW M MbE30METPHUECKON JIH-

HUW Ha NIPEIIOKEHHON CXEMe ydacTKa MOTOKA.
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