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JlabopaTtopnas padora Nel
Omnpenenenue KpuTepueB MOA00US MPOLECCOB KOHBEKTHBHOIO TEIJIO00MEHA
1. [enp 1 3a7a49M BBIOJIHEHUS Ja00PaTOPHOUN pabOTHI

Brinonnenne nabopaTopHOl pabOThI MPU3BAHO ChITPaTh BAXHYIO pOJIb B
pPa3BUTUU CaMOCTOSITEIbHON pabOThl CTYACHTOB M YIUIyOUTbh 3HAHUE JaHHOM
JUCUUIUIMHBL (MOoayJisi). PaboTa mo3BoJisieT myTeM peleHuss KOHKPETHBIX 3aaad
IPUOOLIUTh CTYACHTOB K NPAKTUYECKON NEATEIbHOCTH, NPUBUTh UM 3JIEMEHTHI
HAYYHO-HCCJIEI0BATEIbCKOTO TBOpPYECTBA. KpPOME TOro, JabopaTopHas pabora
JIOJKHA HAYYUTh CTYACHTOB MOJIb30BAThCS CIIPABOYHON JTUTEPATYPOM, TAOIHUIIAMH.

2. OCHOBBI TEOpUU
[Ipu ¢duzmyeckoMm MOACIUPOBAHUU TEIJIOOOMEHA YacTO UCIOJIb3YeTCs
aHajgorust PeitHonpjaca, COTVIACHO KOTOpOM  Oe3pa3MepHbIit K03 HUITUEHT
TEIJI000MeHa POIOpIHOHaNIeH KOG OUIIMEHTY TPEHUS

St ==
= — ’ l
) (1)
re
St Nu a . U al §
= = - xputepuii CTaHTOHA; =— - KpUTepui
Re-Pr  p-cV puTep ’ A L
Hyccenbra; o - koddpdumueHt TemaooOMeHa; A -  KO3(DPUIHEHT
TETUTONPOBOAHOCTH TEKydel cpeapl; | — XapakTepHbI pa3mep MOBEPXHOCTH

TEII000MEHA; P - INIOTHOCTh TEKYUYEH Cpefbl; Cp— TEINIOEMKOCTh TEKy4el cpebl V
— CpEOHSA CKOPOCTh TEKYUEH CPEBI.
KoaddunmeHT TpeHus xapakTepusyeT KacaTelibHOE HaIPsHKEHUE HA CTECHKE U
I10 OIIPEEIICHUIO OH paBEH
c = 2s
TN @

[Ipu 6e30TpHIBHOM TEUEHHH B TpyOE, KOr/1a THAPABINYECKOE CONTPOTUBIICHUE
ONpEENsIeTCsl CUJIAMH TPEHHUS, KacaTellbHOE HaIpsHKEHUE Ha CTEHKE S MOXKHO
ONpEeNeNNTh, 3Hass KOAIPOUIMEHT TUAPABINYECKOTO CONPOTUBIEHUA & s
CTaOMIM3UPOBAHHOTO TEUCHUSI.

JleCTBUTENBHO, Pa3HOCTh JABJICHUH B JIBYX MOMEPEUYHBIX CEUCHUAX TPYOHsI 1
U2 Ap=p;— P2 0pu CTAOMIM3UPOBAHHOM TEUEHHUH UJIET HA PEOAATICHUE TPEHUs
Ha CTeHKax ( B HayaJlbHOM Y4YacTKE €lle Ha JOMOJHUTEIBHO Ha MEPECTPONKY
MOTOKA). TOTJa

Ap- T =s-F |, (3)
rae f — mromane monepeynoro cedeHus TpyoObl; f — moBepXHOCTH TPYOBI MEXITY
ceyeHussMH 1 u2.

CorunacHo 3akony lapcu
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MOJICTABJIsASl TIOCTIEHEE COOTHOIIEHHWE B YypaBHeHue (2), a 3areM B
3aBUCUMOCTSH (1), mosrydaem:

1
St = 55 (6)

[Ipu ¢u3nueckoM MOAETUPOBAHUU TEMJIOOOMEHA OINBITHOMY ONPEICIECHUIO
HOJUIEKUT KOAPPUIUEHT TUAPABINUYECKOTO COMPOTUBIICHUS &,

VYuuteiBas, 4T0 KO3(Q(PUUUEHT THAPABINYECKOTO CONMPOTUBIICHUS SIBIAETCS
¢bynkuuen uncna PeiiHonbAcCa, 3aBUCUMOCTh MEXY STUMHU BEIIMYMHAMU OOBIYHO
IPEJICTaBIISIIOT B BUJIE CTENIEHHBIX (PYHKIIMNA, HAIpUMED:

1
é:_kReni (7)

rae K v N sIBIsiroTCs NOCTOSTHHBIMU O€3pa3MEPHBIME YHCIIAMH.

Takoro poga 3aBUCUMOCTH SIBJISIFOTCSL YUCTO OMIMPUYECKUMH. OHHU
NPUMEHUMBI JIMIIb B TEX TpeneiaX W3MCHCHHS apryMeHTa, B KOTOPBIX
MOJITBEPKJCHBI OIBITOM. SKCTPAMOJSAIUS STUX 3aBUCHMOCTEH Ha OOJbIINME WU
MEHBIIINE 3HAUEHUS ONPEAEIAIOUNX TapaMeTPOB, CTPOrO TOBOPSI, HEAOMYCTUMA.

Jlorapudmupys Beipaxenue (7), moIydum

Iné =Ink-ninRe.

obo3nayast In§ yepes y, In re yepes X u Ink yepes a, MOXKHO HamucaTh

Y =A-nX
HoCjIeIHEE YPaBHEHHUE SIBIIIETCS YPaBHEHHUEM TIPSAMOM JTMHHH. TI0KA3aTeNb CTCICHH
N mpencraBiseT co0OMl TaHTEHC yrjla HAKJIOHA TPSIMOM K OCH aOCIucC.
CIICZIOBATENIbHO, 3HAYCHHE N MOXHO OMNPEACIUTh C MOMOINBI0 TIpadUIecKoro
NpeCTaBICHHUS ONBITHBIX JaHHBIX B koopauHatax In§ = f (In re ). mokasarens
CTENeHH N paBeH:

n
Iocrosinnas K  ompenenserca w3 ypaBHenus K =&-Re")  koropomy
YIOBJIETBOPSIET JII00Ast TOUKA MPSMOM.



[ToacraBus (7) B BelpaxeHue (6), MOJIy4rMM KPUTEPHAIBHYIO 3aBUCUMOCTD IS
ko3 dunreHTa TernaioooOMeHa

1
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st=X.
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3. OcHOBHOE cojziepKaHue padOThI

PaGora BeimosHseTcss Ha wmoxayie Nel, koropwlii mpeacTaBisier coOoi
KpyTayi0 TpyOy OO0OpYyAOBaHHYIO BXOJHBIM HU3MEPUTEIBHBIM COILIOM, MO JJTHMHE
KOTOPOU UMEIOTCSI 6 OTBEPCTHII CO MITyLEpaMu JIJIs 0TOOpa JaBICHUM.

BxoaHoe comno cHa®KeHO MPUEMHUKOM BO3AYIIIHOTO JABJICHUSI, C TOMOIIBIO
KOTOPOT'O OMPENIETSAETC CKOPOCTh BO3AyXa

= 9)
rme b — ckopocTHOM KOA((GUIMEHT NpPUEMHHKA BO3JYIIHOTO JaBJICHUS (
OIpEIeNIIeTCsl MMOCPEACTBOM TapUPOBKM B ); li — moka3aHus MUKpOMaHOMETpPa

MMH-/; Vs = Ps § — yIEIbHBIA BEC BOJbI; Py — IUIOTHOCTh BO3JyXa. Ha IIKaye
MHUKPOMaHOMETpAa MMH-7 yKa3aHbl HE YIJIbl HAKJIOHA TPYOKH MUKPOMaHOMETpA d,
a BEJIMYMHBI

k:sina&

Py
Te pc U Py TUIOTHOCTH CIIUPTA M BOJIBI COOTBETCTBEHHO.

[IITynepsl COEOUHSIOTCA C OINPOCHOW MAHENbI, B THE3da KOTOPOH
BCTaBIIACTCS MITYIEP CIIUPTOBOTO MUKPOMAHOMETPA.

B mpomecce paboThl AKCIIEPUMEHTAIBHO oOmpenensercs Kodh UIMEeHT
THIPABINYECKOTO COMPOTHUBIICHUS TPEHUS B OCHOBHOM (hopmysie moTeph Hamopa
O JITTUHE

L-V?
hg =& E : (10)
rae | u d — qmuna yuactka TpyObl U ee muametp, Ngi — motepu Haropa 1o JJTUHE Ha
yuacTke l.

[To pesynapTaTaM SKCHEPUMEHTOB JOJDKHBI OBITh MOCTPOEHBI TpapuKu
3aBUCUMOCTH KO3 dUIlMeHTa & OT Yucia e Uil YYaCTKOB HCIBITYEeMOW TPYOBI.
nociae 0O0paOOTKH TpaduKOB OMNPEACNSIOTCS 3HAUYCHHS 4YHCIA HYCCEeNbTa,
COOTBETCTBYIOIIIME STUM ydacTKaM TPYOBI.

4. Topsiaok u3MepeHuit 1 00paboTka pe3yIbTaToB

3aHy0TI/IB CTCHA, YCTAaHABJIMBAIOT IMOCJIC0OBATCIbHO HCCKOJIBKO ( HC MCHCC

5 ) OTKpBITUH ApOCCeNis, PETyIUPYIOMIEr0 pacxoj] BO3ayXa. MOCHIE KaXA0ro
M3MEHEHHUS TIOJI0KEHUS IPOCCEIIs BBIEPKUBAIOT Tay3y 2-3 MUH. ISl JOCTHKEHUS
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YCTaHOBHUBUIETOCS PEXUMA. MMOCIE 3TOr0 MPUCTYNAOT K U3MEPEHUSIM: B MEPBYIO
odepeab IO TOKA3aHUSM CIOUPTOBOTO MHUKPOMAHOMETpPA, MNOAKIIOYEHHOTO K
COIUIOBOM TpyOKe, HCIOJIb3ysl €€ KaJuOpOBOYHYIO KPHUBYIO MWIH (GOpMYyIy,
ONPEACISAIOT CKOPOCTh BO31yXa; 3aT€M MHUKPOMAHOMETPOM YEpe3 OMPOCHYIO
MaHellb OMPENEIAI0T BaKyyMEUYecKHe JaBJICHHS B TOYKax OTOopa. Pe3ynbrarhl
U3MEpPEHUN 3aHOCAT B TaOmuiyl, mpumepHas Qopma KOTOpoil MOXKET OBITh
CJICTYFOLIEH:

Tabmmmal
MOKa3aHUs NOKa3aHUsI MUKPOMaHOMETpa JJIs
Ne IPUEMHUKA | CKOPOCTh | TOYEK OTOOpa aBJIEHUI B MM BOJ. CT.
n/n BO3IYyIIHOTO |V, M/C
JaBJICHUS Iy I, B l4 s le
1 2 3 4 5 6 / 8 9
1
2
3
4
3
6

[To pesympraTaM HW3MEpPEHHMU  BBIUMCISIOTCS  TapaMETpbl  TEUCHHUS,
HEOOXO0IMMBIE IS IOCTpoeHus rpaduka & =& (re)

- CpeIHsIsl CKOPOCTh OTOKA BO3/ayXa B TpyOe V M/c;

- BaKyyMeueCKHe JaBJICHHs B ToYkax oTOOpa 1O JUIMHE TPYOBI,

BBIP@KEHHBIC B MM BOJITHOTO ¢T0j10a hyi =K i ;

- MOTEpH HAropa Ha MCCIeAyeMOM ydacTKe TpYObI Ngi = Ny — Ngisg

Pe3ynbTarhl BEIYMCIICHUH CIIeyeT 3aHeCTH B Ta0HITy 2.

Hcnionb3yst pe3yabTaThl BEIYUCICHUN U3 TaOJIUITBI 2, HEOOXOIUMO PaCCUUTATh
3HaYeHUS K03 PUIMEHTA THIPABIMISCKOTO COMTPOTUBIICHHS 10 3aBHCUMOCTH

2gh,d
=—-9"10°
d LV ?

U ocTpouts rpaduk & = (re ).
Hcnonp3ys rpapuueckuii METOJ, MOKHO OIPENEIUTh KOHCTAaHTHI N U K B
BbIpaKeHUH (7). pe3yJIbTaThl 3aHOCATCSA B TAOIHUILy 3.

Ta0mnumna 2.

YUCIIO JABJICHUS B TOYKaX 0TOOpa MOTEpY HAIlOpa Ha YIaCcTKe
Ne Re — vd B MM BOJ. CT. TpyOBbI B MM BOJI. CT.
/i v

N Mo [N [Pas [Nes [N [N [N [Ngs [N |Nes

1 2 3 |4 5 6 7 8 9 10 |11 (12 |13
1
2
3




5
6
Tabmuma 3.
Ne 2gdh,, Kk
_ 9i 103 _
/i &= VE 10 4 Re"
1 2 3 4 5
E1 & |& |& |& |n |k |n |k |n |k |n |k |n |k
1
2
3
4
5
6

B 3akmrodyenuu ordyeta mo paboTe Mmoclie TMOJyYeHUs KpUTepuabHOU
3aBUCUMOCTH (8) clenyeT cienaTh BBIBOJ O XapakTepe TermaooOMeHa s
UCITBITAaHHBIX PSKUMOB TEUCHUS BO3TyXa B TpyOe.




JlabopaTtopHasi paGora Ne2

TapupoBka 1upPepeHIHATBLHOIO KUIKOCTHOI0O MAHOMETPA
(MUKpOMaHOMETPA)

1.Ilens u 3amaun paboOTHI.

[Tpu mpoBeneHun pabOTHI CTYIEHTHI TPUOOPETAIOT HABBIKK B OOpAIIEHUU C
OCHOBHBIMH TpHOOpaMH, MPUMEHSIEMBIMA BO BCEX IMOCIEAYIOMUX paboTax, H
3HAKOMSATCS C X KOHCTPYKIHEH.

CrynentaM HEOOXOIUMO OLIEHUTH OIIMOKM M3MEPEHUHl, a TaKXKe U3Y4UTh
CrocoObl  00pabOTKH  DKCIIEPUMEHTAIBLHOTO  Marepuana (MpaBWIBHOW |
parroHaIbHON OpPTaHW3aIllMi BBIUMCICHUS W METOIOB TOCTPOSHUS AHAarpamm).
pe3ynbraT paboThl MPEACTABIAETCS B BHUJE JAMArpaMMbl, ONpPEIEISIOIEeH
KO3 UIUEHT TapUPyEMOr0 MaHOMETpA.

2.0OCHOBBI TEOpUH

OnHUM W3 OCHOBHBIX HM3MEPEHUIl B 3KCIEPUMEHTAIBHOW a’3pOJAMHAMUKE
SBJIIETCS] U3MEHEHUE U30BITOYHOTO JAaBJICHUS B ITOTOKE BO3/yXa, TO €CTh pa3HUIIA
MEXKJly CTaTUYECKUM JIaBJICHMEM B IIOTOKE M aTMOC(HEpPHOM J1aBJICHUEM.
BOKHEHIIIMM HM3MEPEHUEM  SIBJIAETCS PAa3HOCTh MEXIY IMOJHBIM HAMoOpoOM
(1aBjaeHUMEM) W CTAaTUYECKUM JaBJIECHHUEM IOTOKA. KPOME STHUX HU3MEPEHUM Ha
MPAKTUKE TPUXOIUTCA MOCTOSIHHO MPOBOJUTH OMPEACIICHUE U IPYTUX Pa3HOCTEH
JIaBJICHUI. BCE AT U3MEPEHUS MPOU3ZBOAATCA NP moMouu auddepeHnraibHbIX
MaHOMETPOB U MUKPOMaHOMETPOB.

MuUKpoMaHOMETp U MAHOMETP SBIAIOTCA OYEHb PACIPOCTPAHEHHBIMU
npubopamMu. B  HACTOAIEE BpeMs CYIIECTBYIOT  OOJIBIIIOE  KOJIUYECTBO
Pa3HOBUIHOCTEH ITUX MPUOOPOB, UTO OOBSICHSACTCA Pa3IUUMEM 3a/1au: U3MEPEHUE
OONBIIMX M MaJIbIX TMEpernajgoB JaBJICHUS, MajblX JdaBICHUHN, MEPEMEHHBIX
IaBJICHUN C OYE€Hb OOJIBIION YacTOTON KOJIEOAHWH M T.II. OCHOBHBIMH THUIIAMH
MaHOMETPOB SIBIIIOTCS KUJKOCTHBIC, MPYKUHHbIE (IJIACTUYHBIE W TpyOdaThie),
JTATYMKW JaBJICHUS, TMpeoOpa3yromue B OSJICKTPOCUTHAIBI  (MHIYKIIMOHHBIC,
€MKOCTHBIE, TCH30METPUUYECKHE). KKJIACCUYECKUM HanboJiee pacrpoCTpaHEHHbIM
npuOdOpoOM B  a’pOJIMHAMHUKE SBISETCS O KUAKOCTHBIN  muddepeHnanbHbIi
MaHOMETp, WM MUKPOMAHOMETP. UCIOJIb3yeMasi B MAHOMETPE KUJKOCTh JIOJKHA
UMETh Myl BSI3KOCTh U MaJyl0 BEJIMYMHY KaMWIISPHON MOCTOSHHOW, Majyro
UCIIApSEMOCTh U MAIYI0 CKJIOHHOCTh K 3arpsi3HEHUIO, ObITh XUMHUYECKU CTOUKOHN U
HE TMOIJIOWIATh BJAry W3 OKPYXAKIIEW Cpeapl. IUIOTHOCTH KUJKOCTEH,
INpUMEHSEMBIX B MaHOMeTpax, konebmorcs or 0,7 no 4,0 r/cM®, uckIrodeHHe
COCTAaBJISICT PTYTh C IUIOTHOCTBIO 13,6 r/cM3. KOHCTPYKTHUBHOE O(OPMIIECHHE
MUKPOMaHOMETPOB ¥ MAaHOMETPOB KUIKOCTHOTO THIA JTOBOJIBHO Pa3HOOOPa3HO;
3TO pazHooOpa3re BhI3BAHO B OCHOBHOM HEOOXOJIMMOCTHIO TIOBBIIICHUSI TOYHOCTH
U3MEpPECHU M.



HeoOxoaumocTh 00JBIIOrO OBICTPOACHUCTBUSA MpHBAJTa K HCHOJIB30BAHUIO
IIPYKUHHBIX MAHOMETPOB U PA3JIMYHOIO TUIIA JATYUKOB JABJICHMS. XOTS BCE OHU
001aatl0oT MEHBbUIEH TOYHOCTBIO, TEM HE MEHEE, B HACTOALIEE BPEMsI OHU
OpuoOpenr  3HAYUTEIBHOE  PAacCIpOCTpaHEHHE. HaumboJee pPaclpOCTPaHEHbI
MeMOpaHHbIE U CHJIb()OHHBIE MPHUOOPHI, a TaKKE JAaTYMKU BCEX NEPEUUCIICHHBIX
paHee TUIOB.

JI1st co3aanms SICHOTO IIPEACTABICHUS O IPUHIUIIAX U TOYHOCTH U3MEPECHUM
JaBJICHUS MAaHOMETPOM B HAMOOJIbILICH CTENEHU MOJie3Ha padoTa ¢ MPOBEACHUEM
TapUpPOBKU MAaHOMETPA.

JnddepeHnnanbHbIi )KUIKOCTHBIA MAaHOMETp, WM KaK €ro elle Ha3bIBaloT
MUKPOMAHOMETp, MPEICTaBIsIeT COOOW MBYXKOJEHHYIO TPYOKY, 3alOJIHEHHYIO
KUIKOCTBIO. K 00OMM KOJI€HaM NMpuOopa Mpy NOMOLIM LIIAHTOB M3 PE3UHBI WA
JIpYyroro marepuajia MOABOJAATCS NaBJICHHS, PA3HOCTh KOTOPBIX HEOOXOIUMO
U3MEPUTh. BO MHOTUX CIIy4yasiX OJHO M3 KOJEH MHKpoMeTpa (6auok) nenaercs co
3HAYUTENIbHO OOJIBIIMM MONEPEYHBIM CEUEHUEM, 4YeM Jpyroe (CTeKJIsHHas
TpyOKa). (puc.1).

[ToBbIlIEHHOE AaBlIEHUE MOJBOAUTCSA K OauKy MaHOMETpa, NOHMKEHHOE K
CTEKJISIHHOM TpyOKe. MpPH 3TOM YPOBEHb XUAKOCTU B 0Oauke MOHMXKAETCA, a B
CTEKJISIHHOM TpyOKe — OBBIIIAETCH.

OO003HauNB MOBBILIEHHOE /1aBJIEHUE Yepe3 Pi, a MOHMKEHHOE — 4Yepe3 P
(npu paBHOBECUU), TOTYyYUM (CM. pHucC. .1)

P, +yH' =P, + yh'sin @ (1)
NIn
5+H’:P—2+h’sin(p (2)
Y Y
g
_ {Pf
N Haqam;,‘?lﬁ
X YamocTs »
QLJ  MalOMeTpe
N NEE= T I[i R
5 i} }

Puc. 1 Cxema MuUKkpomMaHoOMeTpa
Briutem u3 neBoit U mpaBoi yacTei cOOTHOIICHHUS (2) 3HaUeHUE HAa4aIbHOTO
(10 M3MepeHus nepenajaa 1aBieHui) YpOBHS )KUIKOCTH B MAHOMETPE:

&+AH=P—2+hsin(p, (3)
Y Y

rac?y - INIOTHOCTDL JKUAKOCTHU B MAHOMCTPC.
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CJ'IGI[OB&TCJ'IBHO, Pa3HOCTb I[aBJ'IGHI/Iﬁ

P P, =(h+ 2L )sing. 4)
sin ¢

PazHocTe paBieHM onpenensercss HW3MEHECHHEM IOJOKEHUS MEHHCKa
KHUJIKOCTH B CTEKISTHHON TpyOke N. mpu naHHOW pa3sHOCTH NaBICHHU Pi-P2 3TO
U3MEHEHHE OyIeT TeM OOJIbIIe, YeM MEHBIIE YToJl HaKJIOHA TPyOKH MaHOMeTpa .
TaKUM 00pa3oM, YMEHBIIIEHHE YIJIa (p MPUBOJUT HEMOCPEICTBEHHO K YBEITMYECHUIO
OTCUMTHIBAEMOU BEJIMYMHBI, TO €CTh K MOBBIIICHUIO TOYHOCTH OTCUETA, a 3HAYUT, U
TOYHOCTU U3MEPEHUS. OJTHAKO 3TO BEPHO TOJIBKO JI0 ONPENEIEHHOTO MPEAEIIa; Npu
sine=1/25 W MEHbBIIC HAYWHAIOT TIOSBIATHCS OIIMOKH, OOYCIIOBJICHHBIC

KalWUIAPHBIMU 3aKOHAMU KHUJIKOCTH, HATUTOW B MUKPOMAHOMETD.
Kpome Toro, noBpIllIEHHE TOYHOCTH OTCYETA B MPELUU3UOHHBIX MAaHOMETpax
CHELMATIBHBIX TUIIOB JOCTUTAETCA MPUMEHEHUEM ONITUYECKUX NMPUCTIOCOOICHUI.
Ecnu nnomane 3epkana KUAKOCTH, HAJIMTOM B 0auOK MUKpPOMAHOMETPA,
ob6o3naunM f, a TuIOmEAAP MOMEPEYHOro ce4YeHHs CTEKISIHHON TpyOkum — f, To
IPOCTOM TOJACYET 00BbEMa JKHUJKOCTH, BBITECHEHHON W3 IIMPOKOTO KOJIEHA U

BOILIEIIIEN B Y3KO€ KOJICHO, IPUBOJUT K PABEHCTBY:
f

AH=—h.
F
Tak, HampuMep, Korja och 0Oayka PacHooKeHa BEPTUKAIBHO, a TUAMETP
ero d=100 MM, To mpu guamerpe Tpyoouku d=7 mm, Ah coctasset 0,5 % ot h.
Jlist u3mepsieMoii pa3HOCTH JaBJICHUH MOCTE MOJACTAaHOBKUA B GopMyiy (4)
BeJIMUMHBL AN mosydyaem cienyromiee COOTHOIICHHUE:

P, —P, =hsmey(+

)s

Fsino
N3 KOTOpOro BHAHO, 4YTO BCJIWYMHA Ahy‘lI/ITBIBaCTCSI BBCACHUCM IIOIIPABKH

K=1+ , Ha3piBaeMOil KO3(P(ULUHUEHTOM MHUKPOMAHOMETpPA. BBEACHHE

Fsin ¢
Kod(duIeHTa K MO3BOJIAET OTPAHUYUTHCS TOJIBKO OJJHUM OTCUETOM, & UMEHHO —
OTCYCTOM BEJIMUYMHBI N. MPH 3TOM OIIMOKa OTCUeTa YMEHBIIACTCS BJIBOE.
Takum oOpazom, padoyasi hopMysia MUKPOMaHOMETPA MPUHUMAET BU/T
P, — P, =hysin oK (5)
0003HaUYUM Yepe3 Yo MIOTHOCTh JKUJIKOCTH B MUKPOMAHOMETPE JUIsl HEKOTOPOU
OTIpEJICTICHHON TeMrepaTypbl tp, KOTopas 3apaHee OINpeaessieTcsl MPH MOMOITU
apeoMeTpa. ©CJIM ONBIT TPOBOAUTCSA MpU Temmeparype t, To y HeoOXoauMo
MIPUBECTU K TEMIIEpaType OMbITa. MPUBEACHUE OCYIIECTBISIETCS IO (hopmyJie
y=1+BZt0—t0)’ (6)
rae Yo — IUIOTHOCTh JKMAKOCTH Tpu Temmeparype to=15 °C; y - To ke mpwm
Temriepatype onbita t; 3 - KoahGUIMeHT 00BEMHOTO PACITUPEHHUS KUIKOCTH.
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JUis cnupta TpH  CpEeOHUX TemrepaTypax, OJM3KUX K HOpPMalbHOM,
f=0,0011, u mosToMy sl modydeHus omuOKku B BenuuuHe Y B 1% At=t-t,

nomwkHo Obith He Menee 10%. mpum MeHbIIEH pasHOCTH TeMmmepaTyp At
TEMIIEpAaTypHON IONPaBKOW HAa M3MEHEHHWE IJIOTHOCTU JKUJIKOCTH B MAaHOMETPE
MO>KHO ITPEHEOPEraTh.

HaxkmoH y3Ko0i CTEeKISIHHON TpyOOUKH MHUKPOMaHOMETPA, XapaKTepH3yeMbIi
BEJIMYMHON SINQ, OCYIIECTBISIETCS WM MMOBOPOTOM TPYOOUYKH BMECTE ¢ OadyKkoM,
WJIH TIOBOPOTOM TOJIBKO OHON TPYOOUKH IPU HENOJBUKHOM Oauke.

Pa3nuuaroT nepBUYHYIO M BTOPUYHYIO TapUPOBKM MHUKPOMAHOMETPA. IMOA
NEPBUYHON TapUpPOBKON MOHUMAIOT YCTAaHOBJICHHE aOCONIOTHOW IEHBI JEICHUS
npuodopa. MEPBUYHYI0 TAPUPOBKY MPOBOAAT OOBIYHO JJISI ATAJIOHHBIX MPUOOPOB.
OOBIYHBIA TpPUEM MEPBUYHONM TAapUPOBKM — CIOCOO MOAJIUBA. OH COCTOHT B
MOCJIEIOBATENbHOM JIOJMBAaHUUA B pPE3E€pByap MHUKPOMAHOMETpPAa HEOONIBIIHNX,
CTPOTO JI03UPOBAHHBIX MO 00BEMY M BECY KOJMYECTB KUIKOCTH. OJHOBPEMEHHO
OTCUHUTHIBAIOTCS MEPEMEILIEHUSI MEHUCKA KHUAKOCTU MO CTEKJIIHHOM TpyOKe. eciu
TUTOMIA/h MTOTIEPEYHOTO CEYCHHs IMPOKOTO KOJICHa MHUKpOoMaHoMeTpa paBHa f, To
KOJIMYECTBO JKUJKOCTHU (], HAJIMBAEMOE B €r0 KOJIEHO, TOBBICUT YPOBEHb KUJIKOCTH

Ha BCIWYHNHY AHZ%. 9TO IIOBBIMICHHUC JSKBHBAJICHTHO JOIIOJIHHUTCIBHOMY
Y

JaBJICHHUIO B Y3KOM KOJICHC

AP:AHyzghsin(p 1+ f
F Fsing

B pesynbTaTe Takoil TapUPOBKH YCTAHOBUM 3aBUCUMOCTH JECUCTBUTEIBHON
BBICOTBI TIOJTHATHUS KUIAKOCTH B TPYOKe MaHOMETpa Ny OT pa3sHOCTH JaBiacHHS AP

U HaiaeMm kodpdunmeHT K = hHC% B (D)YHKIIUH BETHYMHBI Nmax (BBICOTA CTONIOA
MAX

KUJKOCTH, OTCUMThIBaeMasi 1o IIKajJe MaHOMETPA).

I'opa3zno Gonee pacnpocTpaHeHa Tak HaszbiBaeMasi BTOPUYHAsS TapHpPOBKA.
OHa TMPUMEHSETCd TOCTOSHHO B  JKCIUIyaTallMOHHBIX  YCIOBUAX  JIFOOBIX
naboparopuil, BeAyIIMX U3MEPEHUE NaBJIICHUS. JTaHHas JiabopaTopHas paboTa u
3aKJII0YaeTCs B POBEICHUU MTOA0OHOMN TApUPOBKHU.

BropruHas TapupoBKa COCTOMT B CPaBHEHMM IIOKa3aHUW  JIBYX
MUKPOMaHOMETPOB, OAMH M3 KOTOPBIX SBJISETCA OTaJOHHBIM, a BTOPOH
TapUpyeMbIM. B pabOTe CTaBHTCS 3ajava omnpeaeicHus kodpduuuenta K s
BBIUMCJICHUS] pa3HOCTH naBiieHuss no ¢Qopmyne (5). [lomumo Toro, uro Ha
MOKAa3aHUsI ~ MUKPOMAaHOMETpa  BIHUSET  KaNWUIIPHOCTh,  Y4YUThIBaemas
HKCIEPUMEHTAIbHO, UMEETCS €lle OJHAa MPUYHHA, B CUIY KOTOpoi Kod(hduireHT

o f
K, moacYMTaHHBIA 10 q)opMyne K=1+——, HE MOXET COOTBETCTBOBATH
sm ¢

JNEUCTBUTEIILHOMY €0 3HAYEHHIO. 3Ta MPUYMHA 3aKJII0YaeTCs B HEAOCTATOYHOU
TOYHOCTU KanuOpoBaHUs TPYOKM MUKpOMaHOMeTpa ( BEJIMYMHA BHYTPEHHETO
nuamerpa 0 MOXET UW3MEHSTCS 1Mo JUIMHE TpyOkM), a Takke B jaedekrax
U3rOTOBJICHUS OayKa.
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BeJII/I‘-II/IHy k ONnpcACIAIFOT  OIIBITHBIM  IIYTCM, CpaBHUBAsA I1OKA3aHUWA
9TAJIOHHOI'0 MHKPOMAHOMCTpa C€ H3BCCTHBIM 3HAYCHHEM k3 C IIOKa3aHUusAMU
TapupyeMOro MHMKPOMAaHOMETpA. Ul omlpejeneHuss K TapupyeMoro MaHoMeTpa
HCIIOJIBb3YIOTCA CiIeyIolue paboure GopMyIbl:

P, =P, =h,sing,y,K,;
P, =Py =h;sin@.y, K]
h,sing,y,K,;=h;sme.y,K;;

K; = h%T const=tg0 - const.

B pabounx ¢opmymnax Bce BETHMYMHBI, OTHOCAIIUECS K STAJIOHY, UMEIOT
WHJIEKC «3», BEJIMYUHBI, OTHOCSIIMNECS K TAPUPYEMOMY MAHOMETPY, - UHAECKC «T».

3. OOBEKT U CpeACTBA UCCIIEIOBAHUS

Ha puc. 2. npuBeneHa cxeMa yCTaHOBKU JJIsl TAPUPOBKA MUKPOMaHOMETPA.
OHa BKJIIOYAET B ceOsl JIBa MUKPOMAHOMETPA, ACIIUPATOP U PE3UHOBBIE IINIAHTH JIJIs
MPUCOEANHEHNS] MUKPOMaHOMETPOB K aCIupaTopy.

O6a MUKpOMaHOMETpa COSAUHSIOTCA, KaK 3TO MOKA3aHO Ha PUCYHKE, U UM
COOOIIAeTCsl OJIMHAKOBAsT PA3HOCTH JABJICHHS. 3Ta PA3HOCTh OKa3bIBACTCS PaBHOM
P, —P,, Te Pa — armocdepHOe NaBlieHHE, Po — pas3psLKEHUE, COo3JaBaeMoe B

U3MEPUTEIBHBIX KOJEHaX MHKPOMAHOMETPOB CHELHAIbHBIM HPUOOpOM —
acIMpaTopoM. MEpe]l HayaJlOM TAPUPOBKU C MOMOUIBIO BUHTA 2 W IUIyHXKepa S
C)KMMAIOT PE3UHOBYIO Ipylly 3, 3aKpbIBAIOT KpaH |, 3aTeM IpH MMOMOIIH IIJIAHTOB
7 COENMHSIIOT KpaH C MHKpPOMaHOMeTpamu O. OTKpbIBasg KpaH B acmuparope,
CO3/1al0T HEKOTOPOE JaBJIEHUE, U TOCJEe YPaBHOBEIINBAHUS CTOJIOOB >KUJIKOCTHU C
MHUKPOMaHOMETPOB CHMMAIOTCS IIOKa3aHMsSA. OTCYETBI II0 MHUKPOMaHOMETpam
JOJKHBI TIPOBOJUTHCA B OJMH U TOT € MOMEHT BPEMEHHU, €CIIM HaOJI0J1atoTcs
Kakue-mubo KoyieOaHWsl B MOJIOKEHUH MEHHCKOB JKUIKOCTH. IPHU OTCYTCTBHUH
acnuparopa U HEOOXOJUMOCTH MOJYYUTh IMOHWKEHHOE JAaBlI€HUE B TpyOKax
O0TCOCOM, HEOOXOIUMBbI, METAJUTMUYECKUI 32KUM U TPONHUK.

4. Tlopsnok npoBeneHus: pabOTHI.

=

O3HaKOMHTBCS CO CXEMOM M KOHCTPYKLIIMEN MUKPOMAaHOMETPA.

2. YCTaHOBUTDH ATAJOHHBIA U TAPUPYEMbI MUKPOMAHOMETPHI, MPUCOSAUHUTH UX
K acnuparopy WM MLIIAHTy C 3aKUMOM UM IPOBEPUTH T'€PMETUYHOCTD.
OTCOE€IMHUTH MUKPOMAHOMETPBI OT KpaHa acupaTopa.

3. C momompl0 BUHTA U IUTyHXKEpa CKaTh PE3UHOBYIO T'PYIIY M 3aKPbITh KpaH
acIparopa. COeIMHUTb KPaH ¢ MUKPOMaHOMETPaMHU.

4. OTkpbIBasi KpaH B aclupaTope, CO3/1aTb HEKOTOPOE [aBJICHHE MW IOCIe

YpaBHOBEUIMBAHUS CTOJIO0OB KHUAKOCTH C MUKPOMAaHOMETPOB CHSTh MOKa3aHUS

h,u h,
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Puc. 2. Cxema ycTaHOBKH JIJIs1 TAPUPOBKH MUKPOMAHOMETPA.
1 - xpaH, 2 - BUHT, 3 — pe3uHOBas rpyiia, 4 — KOpIyc, 5 — IIyHxKep,
6 — MUKpOMaHOMETpHI, 7 — IIJIAHTH.

Tak kak KaXIbIi OTCYET MO MUKPOMAHOMETPY KakK MO JTaJOHHOMY, TaK U
TapuUpyeMOMy MOXXET HUMETh CBOM CIIy4ailHble OIIMOKHU, TO TMPHU OIpEAesIeHUU
BEJIMYMHBI K HEOOXOIMMO B3SITh HECKOJIBKO OTCUCTOB.

5. INoctpouts rpaduk 3aBucuMoct N, ot h,.
6. Omnpenenuth cpeAHiO BeMWuuHy Ki mpm momomm rpaduka, JUIS YEro
MOJTYYEHHYIO 3aBUCUMOCTD MPEICTABIISIIOT B BUJIE
tgh = E—a .
T
Takum 00pazom, K03 PUITMEHT TapUPyEMOTO MAaHOMETPA
K, =tg0 - const (7)
rae
5K, sing,
Yy SN QO
Jlns onpenenieHus tgd PEKOMEHAYETCSl MOCJE MPOBEICHUS NMPSMOM JMHUU
yepe3 JKCMEePUMEHTAIbHBIE TOYKH MPU HEOOJBIIOM HMX pa3zdpoce HAMETUTh Ha
ATOM MPSAMON JBE Kakue-IuOO JaJeKO PaCIOJIOKEHHBIE NPYr OT JPyra TOYKHU C
KOOpJIMHATaMU X1 Y1 U X2 Yo M 3aT€M OMPEISTUTh tgd KaK OTHOIIEHWE Pa3HOCTU
KOOPAMHAT TOYEK U PA3HOCTU UX aOCIIHCC.
7. Kpome mnpuBeneHHOro, CymecTBYIOT M JpYyrue CHocoObl OIpeaeieHus
KoddduimeHTa MaHoMeTpa Ki. IMOCKOJIBKY 3aBHCHMMOCTh Mexay h, m h, mmeer
JUHEWHBIM WM OJM3KMA K HEMy XapakTep, TO IS MpUMEpPAa MOXKHO
BOCIIOJIb30BATHCSI TAKUM BBIPAKCHUEM:

const=

YS Sil'l (P3 z hé (8)
YrSinQ; Z h,h
8. OmnbITHBIE TaHHBIC U Pe3yJIbTaThl pacueToB K; o ¢hopmynam (7) u (8) 3aHecTu B

Ta0IuILy.
9. CpaBHUTH NOJTydaeMble 3HAaYCHUS K.

KT :Ka
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8.

9.

Otuer 0 paboTe BKIIOYAET:
Ha3BaHUE PabOTHI.
1eJTb U 3371a4K PabOTHI.
rpaduk 3aBucumoctu h; ot h,.
TaOJIMITY ONBITHBIX U PACUCTHBIX JAHHBIX.

5. KonTtponbHbie BOITPOCHI

YTo u3MEpSIIOT MAaHOMETPbI, MUKPOMaHOMETPBI, TaTYNKHU JaBICHUS?

Kakue TpeboBaHMsS TPEABSABISIOTCS K OKUIKOCTSM, HCIHOJIB3YEMbIM B
KUJKOCTHBIX MAaHOMETpax?

Yro mpencraBisieT coOoil AuddepeHnnanbHblii KUAKOCTHBI MaHOMETp —
MHKPOMaHOMETP?

C xakoli 1eNnblo CTEKIIIHHAs TPyOKa MUKPOMaHOMETpA JEJIaeTCsl HAKIIOHHON ?
Kakoe gaBneHue co3maeT cToj0 KUAKOCTH BbICOTOM h?

Bnuser nu mnomaap 3epkaja  JKUAKOCTH Ha JaBJIEHHME, CO3/1aBa€MOE
HOCIIEAHEN?

C kako#l 1IeJIbl0 OJIHO U3 KOJIEH MHKPOMaHOMETpa JENAaeTCs CO 3HAYUTENIbHO
OO0JIBILIUM HOTIEPEYHBIM CEUEHUEM?

Yem BbI3BaHAa HEOOXOIUMOCTh TAPUPOBKU MUKPOMAHOMETPOB?

Kaxkue ObIBatOT BUJBI TAPUPOBKUA MUKPOMAHOMETPOB?

10. Yro BkitOUaAET B ce0s1 yCTAaHOBKA I TAPUPOBKUA MAaHOMETPOB?
11. MOXXHO 1M ONpEAeNUTh a0COJIIOTHBIE BEIMYMHBI JIBYX JIaBJICHUW, €CIId

M3BECTHA UX PA3HOCTH?
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JlabopaTtopnas paGora Ne3
OmnpeaesieHHe CKOPOCTH CBEPX3BYKOBOI'0 BO3AYLIHOI'O IIOTOKA

Lens u 3agaun paboThI

B pabore CTyneHThl 3HAKOMATCS C METOJMKOW OMNBITHOTO OIpPEACIICHUS
CpellHEe CKOpPOCTH TOTOKa B a’pOAMHAMUYECKON YCTaHOBKE IO Mepenany
JTaBJICHUM.

CrynentaM HEOOXOIUMO SKCIEPUMEHTAIBHO HANTH 3HAYEHHUS PACXOIHBIN
XapaKTePUCTUK YCTPOMCTB, HCIOIB3YEMbIX I M3MEPEHUS CPEAHEH CKOpPOCTU
MOTOKA.

1. OcHoBBI TEOpUHN

B aspoanHamMuyeckux yCTaHOBKaxX, B OCOOEHHOCTH B TpyOax 3aMKHYTOTrO
TUIIA C OTKPHITOM paboyeil YacTbio, CKOPOCTh BO3AYIIHOIO IIOTOKa YacTo
OTIPENETAIOT MO Mepenaay JaBiICHUN. Nepenaja AaBIeHUH MOKHO JOCTUYb, €CIIH
IIPU TEUEHUU IO TPyOE YBEIUUUTHh CKOPOCTh MOTOKA IIyTEM YMEHBIIECHUS CEUECHUS
ATOU TPYOHI.

VYMeHbIIIeHHE CEeUEHHUs MOXKHO IMOJYYUTh JUOO B COIUIAX C 3aKPyIJICHHBIM
BxomoM (puc.l), nmubo B nuadparmax, umermmx ¢GopMy IUIOCKHX a0 u
OTBEpPCTHE C OYEHb TOHKON KPOMKOH (pHC .2). IpU 3aKpYTJIE€HHOM BXOJE MOTOK
dbopMupyercss B UWIMHIPHUYECKUNA JIyd C CEYCHHMEM, PaBHBIM BBIXOJHOMY
OTBEPCTUIO. B CIly4a€ OTBEPCTHS C TOHKOW KPOMKOW IIOTOK IO BBIXOAE U3
OTBEPCTHUS TMPOJOJKAET CTATUBATHCS, KAK TOKa3aHO Ha puUC.2, U JOCTUTaeT
HAaUMEHBIIIETO CEUYCHHUsI M HAUBBICIIEH CKOPOCTHU JIMIIh HA HEKOTOPOM PacCTOSHUU
OT HEro. B HI)KHEHM YAaCTH pHUC.2. CIUIOIIHOM JIMHUEN TIOKa3aHO H3MEHEHHUE
JaBJICHUE Ha CTEHKE TPYyObl, a MyHKTUPHOW — HA OCH MOTOKA. JJIsl YMEHBIICHUS
NOTEPH JIABJICHUS MOXHO MPHUCOEAMHUTH K COIJIaM KOHMYECKHUE PACIIUPUTEIH
(muddy30pbl), KOTOPHIE BHOBH MPEBPAIIAIOT KUHETHUYECKYIO YHEPTUIO B SHEPTHUIO
naBJieHus (Coria BHYTPH).

[Ipu onpeneneHuy CKOPOCTH MOTOKA MO NEpenajy AaBiICHUS C MOMOIIbIO
comesl BBIOMPAIOT JBE KOHTPOJBHBIE IUIOCKOCTH; OOBIYHO MEpBasi KOHTPOJIbHAs
IUIOCKOCTh COBIAJAeT C BXOJHBIM CEUYEHHUEM COIUIa, BTOpass — C BbIOpaHHBIM
CEUYEeHHEM B paboueii yacTu Tpyosl (puc.1).

B BpIOpanHBIX ceueHusix | W 2 B cTeHKax TpyObl [€Nar0T HECKOJIbKO
paaManbHBIX OTBEPCTHH, KOTOpbIE BO W30€kKAaHME CIyYalHBIX OIIHOOK
OOBEAUHSIOT B CaMOCTOATENbHBIE KOJJIEKTOPHI (IJI1 Ka)XJAOro CEYEHUs CBOM
KOJUIEKTOP) WJIA KOJBIIEBbIE KAHABKU. OTBEPCTUS B CEUCHHSIX | M 2 COCOUHSIOT C
MOMOIIbIO PE3MHOBBIX IIJIAHTOB C KOJEHaMU JU(dPepeHInalbHOIO MaHOMETpa
HY’KHO OTKPBITh MPsIMO B aTMocdepy (puc.l npasas cxema).
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EIREG v i ZE I

Puc. 1. Onpenenenue cpegHeit CKOpOCTH MOTOKA B a3pOANHAMUYECKOM
YCTaHOBKE IO Nepenaay JaBJICHUS ¢ TOMOIIbIO COMEIL.

v w T i %A
! 1 1 2,
" S

] |
¥ a5
|

s : s .1r 33
r S i L _ —

£
1
Y

Puc. 2. Onpenenenue cpeaHeit CKOpOCTH MOTOKA MO TIepenaay AaBICHUS C
MOMOIIIBIO TUa(parMsl.

3anuiueM JUIs ABYX 3TUX CEYEHUSIX ypaBHEeHHE bepHymm:

2 2 2
pPY; PL, PL,
P, +—L=P, + g2 1
4O BUE P @
u ypaBHeHHe HepaBpBIBHOCTI/I:
pF,v, =pF,v, (2)

rae & - Kod(pPUIMEHT THAPABINYECKOTO IMOTEPh MEXAY paccMaTpUBaEMbIMU
ceuenusMmu; f1 — momaae mepBoro ceueHus; f, — miom@amne BTOporo ceueHusl.
N3 ypaBHenuii (1) u (2) mosiydaeM BEJIMUUHY TI€peraia JaBIeHUN
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2 E 2
AP:PI—PZ:plz)z 1+§—[F2J (3)
1

N3 3TOI'0 YpaBHCHUA CKOPOCTDL L2 OIIPCACIIACTCA B CJICAYIOIICM BHUAC!

2 1 2
,=.|— (P, -P, 51~ Pe —(P, -P, 4
0 Jp( e /Ry (P\/p( : )
0, =0c |~ h Ksing (4a)
p

rjae ¢, — Ko3phuIreHT nepenania,
1

v :\/1+‘2_(F2/F1)2

ATOT KOA(P(GULUEHT ONpEAeIISIeTCs] TAPUPOBKOM JJIs1 TAaHHBIX KOHKPETHBIX YCIOBUHN
Y PaCIOJIOKEHHS OTBEPCTUH, U3MEPSIOIINX Nepenaj JaBJICHUS.

[Ipu ompeneneHUU CKOPOCTH MOTOKA C TIOMOIIBI0 AHapparMbl UCXOTHBIMHU
YpaBHEHUSIMU  TaKXKe  SBISIIOTCS  ypaBHEHUE bepHyIM U ypaBHEHHE
HEPa3pbIBHOCTHU:

()

' 12 ' r2 12
P +p01 =P, +p02 +§pU2
2 2
pE v} = pF,v; (6)

3nech f1 — momepedHoe ceueHue TPyObI MEpea CYKCHHEM; v| - CPEIHSS
CKOpPOCTh TaM Je€; P/- COOTBETCTBYIOIIEE CTaTHUecKoe JaBjicHue;, f, —
HAaMMEHbIIIEE CEUYCHHE BBIXONAIIEH CTpyu (CM. pHUC.2); v, - CpPeaHssi CKOPOCTh
MIOTOKA B HEl; P, - COOTBETCTBYIOIIEE IABJICHUE.

Hanmenpliee cedeHue BBIXOIAIIETO ITIOTOKA MEHBIIE, YEM CEUYCHHE
otBepcrus fo, U3-3a Cy)KeHHsI CTPyH. TOITOMY OTHOIICHUE

m=—> 7
5 ™
Ha3bIBAIOT KOA(DPUIIMEHTOM CY>KE€HHUA. OTCI0JIa HA OCHOBAHUM ypaBHEeHH (6) u (7)
MOJIYYUM
! 2 ’ ’ 2 3
L, =@, [—(P/—P,) =9, [—h,7Ksing (8)
p p

rae

B 1
v \/l_g_(mFo/Fl)z

Bmecto nmaBnmenuit P/ m P, BBomAT Oojee yAOOHBIC I W3MEpPEHUS
JaBJICHUS P1 U P2, H3MEPSIEMbIE B KOJBIICBOW KaHABKE WJIM B CBEPICHUSIX CTEHKU
TpyOBI HEMOCPEACTBEHHO MEpen U Mociie auadparMbl. BOSHUKAIOIINE MPU ITOM
W3MEHEHUS YYUTHIBAIOT, BBOS AIMIUPUUYECKUN KOXPDUIIUEHT . NeHCTBUTEIHHYIO
CKOPOCTb VL2 B Haubojiee Y3KOM CEUEHUHM TPyObl pACCUMUTHIBAIOT TOI/AA IIO
YPaBHEHHIO

9)
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Uzzva\/z(Pl —P2)=Va\/%h2stin(p (10)
P P

rIe

v, = hd 11
' \/l—é—(mFO/Fl)z ( )

KOA(D(PUIMEHT v, TAKXKE OMPEALISICTCS TAPUPOBKOM.

3. OOBEKT U CpeACTBa UCCIICIOBAHUI

Pabota nmpoBoAMTCS HA UCHBITATEILHOM CTEHJE, CXe€Ma KOTOPOro MoKa3zaHa
Ha pHUC.3. OH BKIIIOYAET B ce0s a’pOAMHAMUYECKYIO TPYyOY, 10 KOTOPOMl BO3AYX U3
KOMIIpeccopa IMoAaeTcs B pabouee MOMEIIEHHE. B a’pOJAUHAMUYECKON TpyOe
YCTaHOBJIEHBI uadparma ¢ oTBepcTueM nuaMeTpom 40 MM U JO3BYKOBOE COILIO C
JMaMETPOM BBIXOJIHOTO Ce4eHHs 46 MM. MpH 3aIllyCKe adpOJUHAMUYECKON TPYObI,
Ha KOTOpPOI MPOBOAMUTCS HCCIEIOBAHUE, THEBMOKJIANAHBI JAPYTUX TPYO TOJKHBI
OBITH MTEPEKPHITHI.

B pabote 00beKTOM HCCIIEIOBAaHUS SBIISETCA TO3BYKOBOM , BO3IYILIHBII
IOTOK B a3pOJMHAMMYECKON YCTAaHOBKE. I H3MEPEHMSI CpPEOHEH CKOPOCTH
NOTOKa HCIONIb3yeTcss auadparMa, JO3BYKOBOE COIUIO M IMPUEMHHK IOJIHOTO
JABJICHUS. IPUMEHEHUE ITPUEMHUKA ITOJHOTO JABJICHHS TIO3BOJISIET IPOTAPUPOBATH
(ompenenauTh pacXoJHbIE XapaKTEPUCTUKU) AUa(parMy U JTI03ByKOBOE COIUIO IpHU
WU3MEPEHHH C ITOMOILBIO MOCIEAHUX CPEAHEN CKOPOCTH IIOTOKA.

[lepen  w3mepurenbHbIMH — npubopamMu  (AuadparmMoil ¥ COILIIOM)
NPEIYyCMOTPEHBI TPSIMOJIMHEHHBIC Y4acTKA TPyOb! aymHOU O6osnee 20 d mist Toro,
YTOOBI UCKITIOUYUTh UCKAXKEHUE MPODUIISI CKOPOCTEH.

PacxonHble XapaKTEpUCTUKU MPUOOPOB, KOIDPUIIMEHTHI ¢ (11 COmia) U v,

(mmst muadgparMbl) CyImIECTBEHHO 3aBUCSAT HE TOJIBKO OT (OPMBI COIUIa WM

nradparMpel, HO ¥ OT OTHOIIICHUN CEUCHHM F% , 1% . B obmem ciydae 3aBucsAT
1 1

3TH MapaMeTpel ¢., v, W OT 4yuciaa PelHoibplca MOTOKA. Takas 3aBUCUMOCTH
sameTHa pu Re<2-10°. npu Re>2-10° MOKHO CUMTATh, YTO ¢ U vV, HE MEHSIOTCS

IIpY U3MEHEHHUU uKcia PerHonpaca moToka.

N30piTOuHOE TONHOE JaBJICHHME Ha OCH TOTOKAa, BOCHPHUHHUMAEMOE
NPUEMHUKOM  JIABJICHHSI, 3aMepsieTcss ¢ ToMmomplo  auddepeHnnanisHoTro
MaHOMeTpa 1, OJHO KOJIEHO KOTOPOTO COEOUHEHO C MPUEMHHKOM IIOJHOTO
JIABJICHUS, a IPYTO€ C OKPYKAIOIIENU CPEIOM.

[lepennan naBineHuss Ha jJuadparmMe wu3MepseTcss MaHOMETpoM - TI.
MOBBLIIIIEHHOE JaBjieHue Tepes auadparMoil MOJBOAUTCS K Oadyky MaHOMeETpa
(0OIHOMY W3 KOJIEH MaHOMETpa, MOMEPEYHOE CEUYEHHWE KOTOPOro 3HAUYMUTEIHHO
OoJbIIIe, YEM Yy IPYTrOro KOJIEHA — CTEKJISIHHOM TPYOKH), a MOHMKEHHOE JaBJICHHUE
3a quadparMoi - K CTEKJISTHHOU TpyOKe.
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EourposihHas OAOCKOSTE T, ROEI{0IanRs GACCKOCTE i,
COQTRSTCTRYYRAN RXONHOMY BOSTBRTOEVINGIA BAXOHHOMY
Fmagparma CeYenNl OO i cexehzl COnXa

?/:

<

i O S S T HOO pREMERTHAIK

Upaemumr mogior:
MABNCHRE

e ———

Puc 3. Cxema HCIIBITATEIILHOTO CTEHIIA

Jlnsi u3MeHeHus Tmepernaja AaBJICHWA B COIUIE INTYIHEP KOHTPOJbHOMN
IUTOCKOCTH 1, COOTBETCTBYIOIICH BXOJAHOMY CEUYCHHIO COILIA, COSAUHEH C OaYKOM
nuddepeHIMaTbHOr0 MaHOMETpa 1ii. TOCKOJIBKY JaBJICHUE B BBIXOJHOM CEUYCHUH
COIJIa PAaBHO JIaBJICHUIO OKpYXKalolleld Cpenpl, Apyroe KOJIEHO MaHOMeTpa
(cTexmnsiHHAS TPYOKa) OTKPBITO CBSA3AHO C OKPYIKAIOIIEH CPEIOH.

[Ipu mnpoBemeHWH OMBITOB HEOOXOJAMMO HCIOJB30BAThH OapoMeTp s
U3MEpEHUsST aTMOC(HEPHOTO MaBIICHUS W PTYTHBIA TEPMOMETp MJIS OMpEICICHUS
TEeMITepaTyphbl BO3AYITHOTO TOTOKA.

4. TIporpamma paboThI

1. O3HaKOMUTBHCA CO CXeMaMH M KOHCTPYKIIUSMHU H3MEPUTEIBHBIX MTPHOOPOB:
nuadparmMoii U COTUIOM.
Y cTaHOBUTH TPUEMHUK MOJTHOTO JIABJICHHUS 110 OCHU BBIXOJIHOTO CEYCHHS COILIA.
3. Ilepen wawasmoM M mocie MPOBEACHHS OMbITA OMPEACIUTh MO OapomeTpy

JaBJICHHE B paboueM rnmomMemnieHnu (0okce).
4. CoenvHUTh TPUEMHHK TIOJIHOTO JaBlieHUsA, auadparMy H KOHTPOJIHHYIO
IUTOCKOCTh | JI03BYKOBOrO coruia ¢ AuddepeHnraIbHpIMH MaHOMETpamH |, ii,
iii.
3amyCcTUTh a3pPOIMHAMUYECKYIO0 YCTaHOBKY.
3adukcupoBath nokazaHus MmaHoMeTpos h, hy, ho.
H3meputh TemIiepaTypy MOTOKa ¢ IOMOIIBIO PTYTHOTO TEPMOMETpa.
PaccuntaTh mI0THOCTH MOTOKA (J1abopaTopHast padoTa 1, 3aBUCUMOCTS (3)).
PaccuntaTh CKOpOCTP Ha OCH BBIXOJHOTO CEUYCHHS coIia (JabdopaTopHas
pabota 2, 3aBucumMocTs (7)).

N

©oOo~N O
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10. Ucnonb3yst rTpaduK 3aBUCUMOCTH €, = Eyaxc (EnarcLep)  J1AOOpATOpPHOM

paboThl 2 W YUHUTBIBAS, YTO €, cVep =V, o, OMPEIAETUTh CPEIHIOI0 CKOPOCTh
MOTOKA B BBIXOJHOM CE€UEHUH COILIA!

Ur:()

02 =
€Mmakc

11.0Omnpenenuts ko3 PuIMEHT nepernana A comia ¢ . mo popmyde (4):

[2 )
L, =Q¢ Ehﬂ’Ksm(P

12.0Onpenenuth CEKYHIHBIN MacCOBBIA pacxo B a3pOAMHAMUYECKON YCTaHOBKE:

G=p-v, - k.

rae f. — mromane BeixomHoro ceueHus comia (d:=46 Mmm).
13.YuuteiBas, 94To Takas K€ Macca ra3a IMpOTEeKaeT B CIWHUILY BPEMEHU M Uepe3
oTBepcTHE quadparMbl, OMPEIEIUTh CPESTHIOI CKOPOCTh MTOTOKA B Aradparme:

G

L, =—
’ pE;

rae F, - miomaas orBeperus quadparmsl (D, =40 Mm).

14. OnpenenuTh pacXoJAHYIO XapaKTEPUCTUKY TUAparMbi:

/2 .
v, =V, [—h,yKsmn
p

15. P€3YJ]I>T3TBI OIIBITHOTO OIIPCACIICHUA IIapaMCTPOB I'a30BOI'0 ITIOTOKA U JAHHBIC
pacucTa 3aHCCTU B Ta6JIHHy 1.

N

ok

7.

Otyet o paboTe BKIIIOYAET:

- Ha3BaHuUe paboTHI;
- 1eJb U 33JIa4M UCCIIeIOBAHUS;
- TaOJWITy ONBITHBIX M PACYCTHBIX JTAHHBIX.

5. KoHTpODBHBIE BOIIPOCHI

Yemy paBHO CTaTMYECKOE JaBJICHUE IIOTOKA B BBIXOJHOM CEUYEHUU
JI0O3BYKOBOTO cOILIa?

Kaxk onpenenuTs CpeHIOK CKOPOCTh TOTOKA M0 Nepenaay AaBieHUi B comie?
Kak omnpenenutrs CpeAaHIO CKOpPOCTh IOTOKAa MO Iepenaay AaBICHHU B
nuadparme?

Jliig gero B paboTe UCTIOIB3YETCs MPUEMHHUK TOTHOTO JaBICHUS?

Jnss  ywero B paboTe ompeaensercs CEKyHIHBIM pacxoJ Tra3a B
a’pOJMHAMUYECKON YCTaHOBKE?

Kak mnoakmovarorcss auddepeHimanbaple  MaHoMeTpbl 1, 1, 1l K
U3MEpUTENbHBIM TpubopaMm (auadparme, CoOIIly, TPUEMHHUKY IOJHOIO
JaBJICHUS)? MOKAXKUTE CXEMY MOJIKIIIOUECHHUS.

Kak onbITHBIM IyTeM omnpenenauTh KodQPUIUEHTh ¢ U v,? UTO y4YUTHIBAIOT

3TH KOAPHUIIUECHTHI?
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Taomumna 1

Ne | Gapomer | Temmep | mIOTHO | MOKa3aHUS CKOpOC | cpenHss CeKyHJl | CpemHss
ILIL. | pudeckoe | aTypa | CTh MaHOMETpa | Th Ha | CKOPOCTb HBIH CKOPOCThH B

JaBIeHHe | MOTOKA | MOTOKA ocu B pacxon | oTBepcTHH

p, ma t, k P, BBIXOA | BBIXOMHO | o . | Tasa nuapparm

Kr/m® HOTO M g,kr/c | B v,
h [hy | h | ceuenn | ceuenmn Vgp, M/C
A comia | comia
2 | v, M Vep, M/C
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JlabopaTtopHasi paGora Ne4

du3znyeckoe MOIeTUPOBAHNE MPOIECCA PACTBLICHUS KUIKOCTH
HeHTpoOe:xkHOoi GOPCYHKH

BBenenue

[Tpu BeIMOTHEHUHU PabOT IpeciieyeTcs 1eNb YIIIyOUTh U 3aKpENUTh 3HAHUS,
MOJIy4aeMbl€  CTYJEHTAaMH TIPU HM3YYCHHH COOTBETCTBYIOIIMX  Pa3/IeiioB
TEOPETHUECKOTO Kypca. HO TMPaKTHUECKH JabopaTopHbIe pabOThl HE Bceraa
MIPOBOJISATCS TOCJE COOTBETCTBYIONINX JICKITUH, B CBSI3U C 3TUM B KaXKJI0u padboTe
JAIOTCS OOIIHE TOJOKEHUSI W TEOPETHUCCKUE TPEANOCHUIKH, HEOOXOIUMBIC IS
BBITIOJTHCHUSI SKCTIEPUMEHTATBHON YacTH paOOTHI.

[Tpu BEIMOMHEHNH PabOT CTYACHTHI TPHUOOPETAIOT HABBIKH 110 MPOW3BOCTBY
3aMepoB, 00pa0OTKE MOTYUYEHHBIX OMBITHBIX JIAHHBIX U MPEACTABICHUIO UX B BUJE
rpaduKoB, a TAKKE 3HAKOMUTCS C TUTIOBBIMU METOIUKAMU CHSTHUS XapaKTEPUCTHK.

PaGora mpoBOIMTCA CTyJIEHTaMH CaMOCTOSTEIbHO B MPUCYTCTBUU
npenojiaBaress u jabopaHTa.

Heymenoe oOpamieHue ¢ opraHamMu yOpaBji€HHS YCTAHOBKH, C €€
o0opyZ0BaHUEM U TIPUOOpPaAMU MOKET MPUBECTU K MOPYE YCTAHOBKH M K aBapUHU.
MO3TOMY CTYIEHTHI, IPUXOS B JIAOOPATOPUIO JJIS BBHITIOJHEHUS paOOThI, JOHKHBI
OBITH 3apaHee O3HAKOMJICHBI C METOJUKOW pabOTHI, SCHO MPEACTABIATH OOBEKT
WCCJICIOBAHMSI, TPOTPAaMMYy OKCICPUMEHTa, CIIOCO0 YIIpaBICHUS YCTaHOBKOM,
TIPUHITUT TEHCTBHS MPUMEHSIEMBIX MPUOOPOB U MOPSAIOK 00paOOTKU TOTYICHHBIX
OTIBITHBIX JAHHBIX.

K pabote momyckaroTcsi TOJIBKO T€ CTYJAEHTBI, KOTOPHIE B MIPEABAPHUTEILHOMN
Oecene c mpenogaBaTeNeM TMOKa3ajdd YIOBJIETBOPUTEIHHOE 3HAHME METOMUKH
JAaHHOM pPaboThl. TpenBapuTeIbHas Oecena-ompoc SBISIETCS OJHOBPEMEHHO U
3a4e€TOM MO JaHHOW JlabopaTopHOM pabdoTe. paboTa CUYUTACTCS BBITOJHEHHOM
MOCJI€ TOTO, KaK MPErno/iaBaTelb, IPOBEPUB 3aMIOJIHEHHbBIE TAOJIUIIBI C OTIBITHBIMU U
pacyYeTHHIMU JAHHBIMH, COOTBETCTBYIOIIMMHU I'paUKaMH U CXEMaMH, CTAaBUT Ha
HUX CBOIO TO/IIHUCH.

[Ipu mpoBenennu nabOpPaTOPHBIX PadOT HEOOXOAMMO CTPOTO COOIIOAATH
mpaBuja TEXHUKH O€30MaCHOCTH, KOTOpPhIE€ H3JI0KEHbI B  CHEIUATBHOU
WHCTPYKIIMU. TIEpea TIEPBBIM 3aHATHEM B JIA0OpATOPUHM CTYIASHTHI H3YYaroT
npaBuja TEXHUKH OE30MAaCHOCTH M PACHUCBHIBAIOTCS B KypHaje HHCTPYKTa)Ka
naboparopuu Kadeapsl IBUTATEIICH.

1. enu u 3aga4uu pabOTHI.
B paboTe CTymeHThl 3HAKOMSTCS C OKCIICPUMEHTAIBHBIMH METOAaMHU
(U3UIECKOr0 MOJCIUPOBAHUS IIpoIlecca PaCIbUICHUS JKHIKOCTH IEHTPOOSKHOM

bopcyHKH.
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2. OCHOBBI TEOPUU

Hauboinee pacnpocTpaHeHHBIM B HACTOSIIIEE BPEMSI METOJIOM OMNpeeICHUs
CKOpPOCTH B TpyOax sBJIs€TCS CrocoO, CBsI3aHHBIM C MPUMEHEHHWEM Hacajka,
HAa3bIBAEMOI'0 MPUEMHUKOM BO3AYLTHOTO JIaBJICHHUS.

KoMOuHupoBaHHBI MPUEMHUK JaBiIeHUS (HACAIOK) MpeNCTaBisieT coOoi
coueTaHue TPYOKH MOJTHOTrO JIABJICHUS U TPUEMHUKA CTATUYECKOTO JaBICHUS

3

i

|
|
N

3
o
'y VRO TR Y
w{ T e
! L e R R g
. ; 17 :
104 X
j(] e e e f‘i
| S L‘ 31 LS

Puc. 1.Cxema KOMOMHUPOBAHHOTO TPUEMHHUKA BO3AYIIHOTO IABJICHHUS.

DOTOT mnpubOp PErucCTpUpPYeT pa3HUILy MEXAY TMOJHBIM  HaropoM,
BOCITPUHUMAEMBIM OTBEPCTHUEM TPYOKHM MOJHOTO HAMOpa HACaJKa, U CTATHYECKUM
JIaBJICHUEM, BOCIIPUHMMAEMBIM CTATUYECKMMHU OTBEPCTHSIMHU HACaJKa. BEIWYMHA
CTaTUYECKOI0 [JABJICHUS IIOTOKA Po CBs3aHA C BEIMYMHOM CKOPOCTHOIO HAIopa

q :% puv’ IS HECKUMAEMOU Cpe/ibl ypaBHEHHEM bepHyIm:

2
pLv,

2
L
_PYr +P1:—2 +P,=const

2
U, KaK BUAHO, U3MEHSICTCS C HI3MEHEHUEM CKOPOCTH V.

Kaptuny oOTexkanusi Hacajgka MOXHO TMPEACTaBUTh ceOe CIeAYIOIMNUM
obOpazom.

Crpyiikn mOTOKa BOJM3M HacaaKka WCKPUBJISIOTCS, W caM TOTOK
Pa3BETBIISIETCS. B MECTE PA3BETBIICHUS TIOTOKA CKOPOCTh CHJIBHO YMEHBINASTCS U
nepej; HacaJkoMm oOpasyeTcs Kak Obl 3acTOMHas 00JIaCTh C KpailHe MeIJIEHHBIM
TedeHueM. Eciu B34Th JOCTaTOYHO TOHKYIO IO CPaBHEHUIO C pa3MEepaMH T'OJIOBKU
HacajKa CTPYI0, TOJXO/ISIIYIO TI0 OCH HacaJKa K MECTy Pa3BETBJICHHS MOTOKA, TO
MO>KHO MPUOIMKEHHO MPUHSATH, YTO KUIKOCTh CTPYH B 3aCTOMHOW 30HE MOYTH HE
JBIDKETCS, TO ecTh L=0, a JaBJICHUE OBICTPO BO3PACTACT U B KPUTHUYCCKOW TOUKE
JIOXOAMT JI0 BEIMYUHBI TIOJTHOTO JABJICHUS Po. B TOUYKAX, HAXOSIIUMHUCS HEJTAIEKO
OT KPHUTHYECKOW, JaBJIEHWE PE3KO MajaeT OT BEIMYMHBI Po JO P U Jajiee IO
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HaIpaBJICHUIO ITOTOKA TOXKC HaGHIOI[aeTCH IMMOHWKCHUA JaBJICHH:A, a 3aTCM 110 MCPC
I[aJ'II)HCI‘/’IIHCI‘O yYAAJICHUA OT HepeﬂHeﬁ KPOMKH HacCaJlKa OHO OIISATH ITOBBIIIACTCA,
ACHUMIITOTHYCCKH HpI/I6J'II/I}KaHCB K CTAaTHYCCKOMY. IIPHCYTCTBUC [JACPKABKHU Y
IMPpUECMHUKA OABJICHUC BBI3BIBACT TOPMOXKCHHUC IIOTOKaA (HOI[HOp) n TCM CaMHUM
IMOBBIIIACT AABJICHHUC. HCTPYIAHO HAWTH Ha IIOBCPXHOCTHU TPY6KH MCCTO, B KOTOpOM
JaBJICHUC 6yzxeT PaBHO CTATHYCCKOMY. OTBepCTI/IH sl IIpueMa CTaTUYICCKOI'O
JaBJICHHUA Ha OOKOBOM ITOBCPXHOCTH y,Z[06HO caciiatb UMMCHHO B 3TOM MCCTC

TPYyOKH.

Ecnu oTBepcTre MOJHOrO Hamopa HacajJka COEAMHUTh C OJHUM KOJIEHOM
MUKPOMAaHOMETpPa, a OTBEPCTHE CTAaTHYECKOTO [aBICHHS — C JAPYTUM, TO
MUKPOMAHOMETP MOKaXET HEMOCPEACTBEHHO PAa3HOCTH IaBJICHUI:

2

pPL

P, —-P=PY —q(h) (1)

U, TAKMM 00pa3oM, TMHAMUYECKOE JaBJI€HUE, WK CKOPOCTHON HAIoOp, CKaXKeTCs
IpU MOMOLIY CUCTEMBI HACaJ0K - MUKPOMAaHOMETP MPUOIMKEHHO U3MEPEHHBIM.
CkopocTh mOTOKa BbIUMCISIETCS 10 (¢Gopmyne (0e3 ydera BIUSHUA

CKUMAEeMOCTH BO3/TyXa)
v=2q (%) 0)

p

[Ipy W3MEHEHHH CKOPOCTH IIOTOKA CJIEAYeT BECTH TINATEIBHBIA OTCYET
TEMITepaTyphl ¥ TaBJICHUS BO3/IyXa.

ATMocdepHOe aBiIeHHE U3MEPSETCs MO OapoMeTpy. IIIOTHOCTh BO3IyXa
BBIYHUCISIETCS 110 (popMyiie

P=Pa 1 (3)

Pa; Pa, la — 3HAUEHWs NaBIICHUWS, IJIOTHOCTH W TEMIIEPATypbl MO CTaHIApTHOM
armocdepe: Pa=9,8 10* ma; p=1,29 xr/m3; t:=273 k.

Ecmm B dopmyny, oOmpeaensionyr0 CKOpPOCTh VL, TOJICTaBHM BMECTO
CKOPOCTHOTO HAaropa U3MEPEHHYIO Pa3HOCTh MOJHOTO U CTATUYECKOTO JTaBJICHUM
Po-P, TO MOTYYUM MPUOIUKEHHYIO PaCUECTHYIO (hOpMYITy

o= 2@, -P) (4)
p

B neiictBUTENBHOCTH MBI IEPEAAEM IIMPOKOE KOJIEHO MUKPOMAaHOMETpa Ha
IIOJIHOE JABJIEHUE Po, KOTOPOE UMEETCS TOJBKO B KPUTUUECKOU TOUYKE, @ HEKOTOPOE
CpelHee [aBJICHUE II0TOKA, HMMEIOLIEE MECTO Ha IIOBEPXHOCTH IEPEIHETO
OTBEpCTHUS HACAJKa, TaK KaK A3TO OTBEpPCTHE, Kak Obl Majo OHO HHU ObLIO,
IIPAKTUYECKNA 3aHUMAET BCErJa HEKOTOPYI0 KOHEYHYIO IUIOLIAJb U HE SBIISIETCS
TOYKOMU.

Kpome Ttoro, crarnueckoe maBiaeHUE MBI U3MEPSIEM IIPU MOMOIIM HACaaKa
HETOYHO M, KaK JIETKO BUJIETh, HE B TOM TOYKE, I'ZIE U3MEPSAETCS ITOJHOE JAaBJICHNUE.
MOJKET OKa3aThCsl, UTO JlaXke B CBOOOJIHOM MOTOKE CTaTUYECKOE JaBJICHHUE B JBYX
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TOUYKAX, PACCTOSHUE MEXJIY KOTOPBIMU PAaBHO PACCTOSHUIO MEXAY OTBEPCTUSIMHU
HacaJika, HeOIMHAKOBO.

CrnenoBaTenbHO, Pa3HOCTh JABICHHUHA [Po-P, KOTOPYIO MBI (HaKTUICCKU
nepesacM Ha MUKPOMAaHOMETP, 3aBUCHT OT (OPMBI M pa3MepOB Hacaaka W HE
paBHA Pa3HOCTH MEXIY TOJHBIM M CTaTUYCCKUM JAaBJICHHEMHU MOTOKA B OJHOU U
TOH ke TOYKe. YTOOBI y4eCTh ONpPaBKy, B hopmyiy (4) BBoguTcs kodpdUIeHT &,
Ha3bIBaEMbIN KOA((UIIMEHTOM HacaKa, mociie 4ero popmysa npuMeT BUA

v=[2(p, ~P)- (5)
p

10 OMBITHBIM JIAaHHBIM & KoJeoneTcs B peaenax ot 1,01 go 1,04.
Bripa3uB pa3HOCTh JaBICHUN Po-P Yepe3 BHICOTY BEPTUKAIBHOTO CTOJI0A

MUKpPOMaHOMETpa, Oy 1eM UMETh
2 2
Po—P=h>Ky>Ksin(pK=pU _YsV (6)
2 2g
7€ v,- BeC eIUHULLI 00beMa Bo3ayxa npu Pa=9,810* ITa u t,=15%, H/m3; v, - Bec
eJIMHULIBI 00BEMA KUKOCTH MIPH 3THX ke ycaoBusx, H/Me,

Bocrons30BaBIIMCH 3aBUCUMOCTBIO MCXKIY Po-P U hu IIPUHAB V5 =7,

€=1,02, mosy4um cienyromiee BbIpaskeHUe sl CKOPOCTH TIOTOKA:

U:\/ﬁhysin(pl( m/c (7)
p

[Ipy HamMuMM  OTKPBHITOM dYacTh  TPYObl  NMPUEMHUK  JTaBJICHHUS
yCTaHABJIMBACTCA TaK, 4TOOBI €ro IMEepeAHH KOHEIl PAcIojarajics B BBIXOJTHOM
CEUYCHHH COIlJIa YCTAaHOBKH (puc.2).

Opwessa®t NOMBOTO JAPNEHHA

e
sl

- _'Fn-—n--#a'
—— o
e

ASpONNREMRIECRAS YCOTAHCBKA | U

Puc. 2 YcraHoBKa pueMHHKA MOJTHOTO JABJICHUS B OTKPBITOM YacTh
a’pOIMHAMUYECKON TPYyOBbI

| |
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Hacanok pomkeH nmepeaBUratbesi BAOIb BEIOPAHHOW MPAMOM (A1 KPYTJIOTO
CEUEHHMS COILIa 3Ta NMpsiMast OyAeT OAHUM U3 €ro JUaMETPOB).

B cinywae pacuerHoro pexuma pabOThl coria Jjisl ONpPENEICHUS OIS
CKOpOCTEH JOCTATOYHO M3MEPHUTH JIMIIb MOJHOE JABJICHHUE B PA3IMYHBIX TOUYKAX
ra3oBOTO IOTOKA, TaK KaK CTAaTMYECKOE /aBJICHHE HCTEKAIOIIEero raza B 3THUX
TOYKax OyJeT OJAMHAKOBHIM W  paBHbIM  aTMOcepHOMY  JaBJICHUIO
HKCIIEPUMEHTAILHOTO TTIOMEIIICHHUS.

B TepMoaMHAMUYECKOM pPAacCMOTPEHUMH B OOILIEM CIy4yae HE YUHUTHIBAIOT
U3MEHEHUE CKOPOCTH IO CEYEHUIO. ONEPUPYIOT CPEAHEN CKOPOCTHIO

Uep :éJ.UdS

Jlnst onpenenieHust CpeHel CKOPOCTH TIOTOKA CEYCHHE Pa3NeisieTcss Ha Psif
YY4aCTKOB paBHOW IUIOMIaJM. 3aTeM C TIOMOIIbI0 MNpPUEMHHUKA JaBIICHHE
OIIPENIENIAIOTCS CKOPOCTH TIOTOKA. B Ciy4yae KPYIJIBIX CEYCHUH TIOCICIHHE
pa3OuBaeTCs Ha YETHOE YHCIO N KOHIICHTPHUYECKHX KOJCI OKPYKHOCTSIMH,
paJnyChl KOTOPBIX OMPEACISIOTCS U3 3aBUCHMOCTEH

rI:R\/g, rzzR\/%,..., r,=R nT—l (8)

3aTeM B Ka)XXJ0il TOYKE, COOTBETCTBYIOIIECH pagnyCy ¢ HEUETHBIM HHICKCOM
(1,515 T, ), HAXOAATCS V,,V,,., L, |, 3TH CKOPOCTH SBJISIOTCS CPEIHUMH IS
KaXIOM Mapbl CMEXHBIX PAaBHOBEIMKHUX IUIOMIAAECH. IIOCJIE JBTOr0 CpEeaHssA
CKOPOCTh ITOTOKA BBIYUCISIECTCS IO PopMyIIE.
ouy = L, +V; +...+ L, 9)
0,5n
Mepoii OTKIIOHEHUSI BEJIWYMH MECTHBIX 3HAYEHUU CKOPOCTH, U3MEPEHHBIX
BJIOJIb HEKOTOPOU OCH, MEPIEHAUKYJSIPHOM K IOTOKY, OT CpPEIHEH BEJIWYHUHBI
CKOPOCTH, XapaKTEpPU3YIOLIE pPABHOMEPHOCTb IIOJS CKOPOCTEH, SBIISETCS
KO2(PGULIMEHT MOJISI CKOPOCTEH MOTOKa
g= i = e(Rep) (10)
Uep
MakcumanbHoe 3HaueHue kod(duimenta moias OyneT COOTBETCTBOBATH
OCEBOM CKOPOCTH I'a30BOT0 MOTOKA:

L
Enmake = —-= Emarc (Rep) (11)
Vcp
2. OOBEKT U CpeACTBA HCCIICTOBAHUI
3.

DKcnepuMeHTallbHAs 9acTh PabOThl TOBOJUTCS] Ha UCIIBITATEIHHOM CTEHJIE,
NpUHIMIHATIbHAS CXeMa KOTOpOTo MokaszaHa Ha puc. 2.3. OH BKIIOYaeT B cels
a’pOIMHAMUYECKYI0 TpyOy, IO KOTOpPOM BO3AYyX M3 KOMIIpEccopa IOJAETCs B
pabouee nomelneHue (OOKC). 3aKkaHUMUBAETCs TPyOa CyKUBAIOUIMMCS TATPYOKOM —
JI03BYKOBBIM COIJIOM. Paboyeil 4acThio a’dpoJWHAMUYECKOW TpyObI SIBISETCS
BBIXOJITHOE CEYEHHE [03BYKOBOro cormiua auametrpom 46 wmMm. Ilpu 3amycke
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adPOAMHAMUYECKON  TpyObl, Ha  KOTOpPOW  TPOBOIUTCA  HCCIICOBAHUE,
MTHEBMOKJIANAHbI IPYTUX TPYO HOIKHBI OBbITH IEPEKPHITHI.

B nmanHOoli pabore OOBEKTOM HCCIEAOBAHHS SIBIAETCS J103BYKOBOM
BO3JIYIIHBIA MOTOK B OTKPBHITOW pabouell 4acTH a’dpOJUHAMUYECKON YCTaHOBKHU.

JUisi M3MepeHHsi CKOPOCTH IMOTOKAa B Pa3IMYHBIX TOYKaxX IOMEPEYHOIrO
ceueHHs] paboueld 4acTh TpyObl HCMOJIB3YETCS MPUEMHHUK IOJHOTO JIaBJICHMS,
YCTAaHOBJICHHBIA Ha MOJ3YHKE KOoOpAMHATHHKA. C TOMOIIBIO XOJOBOTO BHUHTA
NPUEMHHUK TIOJHOTO JABJICHHSI MMEET BO3MOXHOCTh IE€pEMEIIAaThbCi B
TOPU30HTAIBLHON IIOCKOCTH. BennunHa nepeMenieHusi u3MepsieTcs ¢ MOMOIIbIO
yKazaTejleld. B JIaHHOM Cliy4ya€ MPUMEHEHUE KOMOMHUPOBAHHOTO MPUEMHHUKA
MOJITHOTO M CTaTMYECKOro JaBiieHW# (cMm. puc.2.1) He 1menecoobpa3Ho, Tak Kak B
JIO3BYKOBOM COIUIE IPOMCXOAUT MOJHOE pAaCIIMpPEHHE Tra3a M CTaTHYECKOe
JABJIEHUE TIOTOKA BCErja OyeT paBHO JABJIECHUIO OKPY>KAIOIIEH Cpe/ibl.

N30bITOUHOE TIOJTHOE J1aBJICHHUE, BOCIPUHUMAEMOE MPUEMHUKOM TOJIHOTO
JABJICHUS, 3aMepsieTcsl C  TOMOIIb0  AU(GEepeHIIUaATBHOTO  KHJIKOCTHOTO
MaHOMETpPA, OJHO KOJEHO KOTOPOrO COEAMHEHO C IMPUEMHHKOM [IaBJICHUS, a
JIPYroe ¢ OKPY’KaroIlel Cpeaou.

Hcnonp3yemasi B MAHOMETPE KUAKOCTh — BOJA.

T

Puc. 3. Cxema ucCnbITaTEILHOIO CTEHA.

JlaBneHue OKpYKalIIeH Cpenbl H3MepsieTcs O0apoMeTpoM, TemIeparypa
MOTOKA — PTYTHBIA TEPMOMETPOM.
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4. TIporpamMmma paboOTHI

1. O3HaKOMUTBCA CO CXEMaMH W KOHCTPYKIHMSIMU TMPUEMHHKA JIaBIICHUS U
UCIIBITATEIIbHOTO CTEH/IA.

2. YcnoBHO pa30uTh IUIONIA/b BBIXOJHOTO CEUEHHs JO3BYKOBOIO COILIA
a’poArHaAMUYecKOro TpyObl Ha 10 paBHOBENMKUX KOHIIEHTPUYECKUX KOJIEIl
N=10. onpenenuTe 3Ha4YCHUS PAANYCOB C HEUETHBIM UHIEKCOM T1},T,,., I, ; C
MOMOII[BI0 COOTHOIIEHUH (§). Painyc BRIXOJHOTO ceueHus coruia I paBeH 23
MM.

3. Ilepen HavamoM W TIOCIIE TPOBEACHHS OIBITA OMPEACIUTH C IOMOIIBIO
OapomMeTpa JaBiieHHs B paboueM nomenieHuu (0okce).

4. YCTaHOBUTH MPUEMHHK IOJHOTO JIaBJICHUS Ha KOOPJUHATHUKE U COCIMHUTD
€ro 0 KUAKOCTHBIM MaHOMETPOM.

5. llogBecTn mNpPUEMHUK JaBJIEHHS TaK, 4YTOOBI €ro TEpPeIHUM KOHell

pacronaraicsi B BBIXOJHOM CEYEHUU COIIA YCTaHOBKHU.

3anmyCTUTh a3pOIMHAMUYECKYIO YCTAaHOBKY.

7. IlocnenoBarenbHO  yCTaHaBIMBas IMPUEMHHUK JIaBJICHHS B  TOYKaX,
COOTBETCTBYIOIMI pamguycam O (oceBoe TOJIOKEHHE MPUEMHUKA),
1,1,,T,,T,,T, , 3a()UKCHPOBATH MIOKa3aHKUs MaHoMeTpa h.

o

8. M3mepuTh TemiepaTypy NOTOKa C TIOMOIIBIO PTYTHOTO TEPMOMETPA.

9. PaccuuTarh MIOTHOCTH ITOTOKA (3aBUCUMOCTH (3)).

10.PaccuntaTth  CKOpPOCTH B  TOYKaX, COOTBETCTBYIOILMX  paguycam
0,1,,1;,T5,T,,T, , 10 3aBUCUMOCTH (7).

11.0npenenuth CPeAHIOI0 CKOPOCTh MOTOKA U3 BhIpakeHUs (9).

12.0Onpenenuts 3HaYeHUS K03(PPHUIIMEHTA OIS CKOPOCTEH MOTOKA:

13.0npenenuts uncno PeliHobacCa TOTOKA!
_ Vcr pD
v
B 9TOM BhIpakeHnH d=4,610 M — 1uaMeTp BBIXOJHOTO CEYEHHMs COILIA;
U - K03PGUIIUEHT TUHAMUYECKOHN BA3KOCTH BO3/yXa, KOTOPHIM B OOIIEM CiTydae
3aBUCHUT OT TEMITepaTyphl Bo3ayxa. JJisa quanasoHa u3MepeHUs TeMITepaTyphl
Bo3ayxa oT 273 10 373 K 3HaUCHHE L MOXKET OBITh ONPEICTICHO U3 BHIPAKCHUS
n=[18+0,004(T —273)]10° (ma-c).

Re,

14. Pe3yabTaThl ONBITHOTO ONPEIETIECHUS TApaMETPOB ra30BOr0 MOTOKA U JIAHHbIE
pacyeTa 3aHeCTH B Tabnumy 1.

Kaxnas moarpynma cTyAeHTOB MNPOBOAMT pPabOTy MNpU CBOEM 3HAYCHUU

CpeIHEe CKOPOCTH TIOTOKA. PE3yJbTaThl MOATPYNIBl 000OMIAIOTCS B BUJC
rpauKOB 3aBUCUMOCTH €,,, OT YUCJIa PEHHOJIbJICA i CPETHEH CKOPOCTH ITOTOKA.
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W

10.
11.

12.

OTuer 0 paboTe BKIIOYAET:
Ha3BaHHUE pabOTHI;
LIEJIb U 3a7]a41 UCCIICIOBAHNUS,
TaOJIUITY ONBITHBIX U PACUETHBIX JAHHBIX;
rpaduK 3aBUCUMOCTEN €,,, ¢ = Epac REp);

rpauK 3aBUCUMOCTEH € i = € pmaxe (EmarcVep ) -

5. KoHTpoJibHBIE BOIPOCHI

YeM KOHCTPYKTHMBHO OTJIMYAETCS MPUEMHUK TIOJHOTO [JABJIEHUS OT
MIPUEMHUK CTATUYECKOIO JABJICHUSA?

Yro peructpupyer KOMOMHUPOBAHHBIN MPUEMHHUK BO3AYIIHOTO JaBICHUS?
Yro BKIIOYAET B ce0sl MOTHOE JABIEHUS TOTOKA?

Kak cBsi3anbl Mexay coOOM BeMYMHA CTATUYECKOTO AABJICHHUS MOTOKAa U
BEJIMYMHA CKOPOCTHOI'O HAIopa JUIsl HEC)KUMAEMOM CpebI?

Kak ¢ mnoMompr MpueMHUKA JAaBJICHMS ONPENEIUTh CKOPOCTH B
paccMaTpuBaEMOM TOUYKE IMOTOKA?

Kakue tepmoamHamuueckue napaMeTpbl HEOOXOAMMO H3MEPUTh IIpU
OINPENEIECHUN CKOPOCTH IOTOKA BHYTPHU a3pOAMHAMUYECKON YCTaHOBKU?
Kakue tepmoamHamuueckue napaMeTpbl HEOOXOAMMO H3MEPUTh IIpU
ONPENEICHUN CKOPOCTH MOTOKA B OTKPBITOW YacTH a’pOAMHAMHYECKOU
YCTaHOBKH IIPH PACUETHOM pexXHUMe paboThI coria?

Kakue peructpupyronime mnpuOOpsl HCHOJB3YIOTCS MHpPU  ONPEACICHUU
CKOPOCTH MOTOKA C MOMOUIbIO TPUEMHUKA JTaBJICHUA?

Kak ompenenuTh cpeaHIO CKOPOCTh IMOTOKAa C MOMOIIbIO NPUEMHHUKA
BO3AYILIHOIO JIaBJICHUSA?

Uto Takoe ko3 PUIUEHT MOJIsi CKOPOCTEH? YTO OH XapaKTepU3yeT?

Kakpe  TOukM  TOMEpPEYHOro  CEYEHUs  NOTOKA  COOTBETCTBYIOT
MaKCUMajlbHOMY, MMHHUMAJbHOMY 3HAa4eHUsIM KoO3(pHIMEeHTa Mo
CKOpocCTeit?

[ToueMy npu TaMUHAPHOM PEXHUME TEUECHUS MaKCUMalbHbIN KO3(PUIIMEHT
HOJIsl CKOPOCTEN OoJIbIIe, YeM NP TYpOYJIEHTHOM PEXXUME TEUCHHUS?
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