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Metoanyeckre peKOMEHIaUH 10 OPTaHU3AIIH CAMOCTOATEIBHON paboThI O AUCHIUIUINHE
«CneyuanbHvle Memoovl usmepenus U KOHmMpo.ia» NpeAHa3HaAuYEHbl A1 MarucTpoB BTOPOIro Kypca,
oOyuaromuxcs o HanpasieHnuto 14.04.02 «SnepHbie Gu3MKa U TEXHOIOTUN.

[lenp MeTOIMYECKUX PEKOMEHIAIUI: TOMOYb CTYE€HTaM IIPH CaMOCTOSATEIIbHOM M3Yy4EHUHU
y4eOHOIl MpOrpaMMBbl C MCIOJIB30BAHUEM JICKIIMOHHBIX MAaTEPHUATIOB U PEKOMEHIyeMOW y4eOHO-
METOAMYECKOMN JINTEPATyPBhI.

CamocrodarenbHass paboTa HampaBieHa Ha pa3BUTHE MPOPECCHOHATHLHOW KOMITETCHIIUU
nucuumnael [1K-6.

Paznensl n3yuyaeMoil IUCHUIUTMHBI TIepeunciieHbl B Tadnuue 1.

Tabnuma 1 — CamocTosaTenpHas paboTa CTYACHTOB

No HaumenoBanwue ConeprxaHue TeMbl Tpynoem-
basncna pazaenon (mepeuncieHre TUAAKTUUYECKUX €IUHULl — Ha YCMOTPEHUE KOCTh
cocraBurens PYII) (uac.)
1 Hayuno- Tema 1.1. IlpuMeHeHune MaTeMaTHYECKMX MOJCIEH B 1,5
HcesIeoBaTe bek | HAYYHBIX MCCIIEI0BAHMSAX.
ast padoTa Tema 1.2. HayuHble ncciienoBanus. 1,5
2 Hayunasn Tema 2. Ilouck, HakormieHMe M 00pabOTKa HAyYHOUH 3
uHdopmanus. uHbopMarun
3 Hayunsble Tema 3.1. TeopeTnueckue ucciae10BaHus 0,5
HCCJIeIOBAHMS. Tema 3.2. MoaenupoBaHue B HAyYHbIX UCCIIETOBAHMIX 0,5
Tema 3.3. DkciepuMeHTaIbHbIE UCCIEOBAHUS 1
4 IIpumeHnenne Tema 4.1. BeruncnurenbHble CUCTEMBI. 1
BRIMHCITHTEALHOM | Tavg 4,2, PaGoTa ¢ 9KCIICPUMEHTATBHBIMH TAHHBIMH. 1
TeXHUKH B
HAYYHBIX
HCCJIeJOBAHMSX.
5 O6padoTka Tema 5.1. O6paboTka OmuoOOoK. 1
pe3yJibTaToB
skcnepumenTaab | Tema 5.2. PaboTa ¢ skcniepuMeHTaIbHBIMU JAHHBIMM. 1
HBIX
HCCJIeI0BAHMU .
6 IlnannpoBanue Tema 6. OCHOBBI TEOpUH TJTAHUPOBAHUS SKCIIEPUMEHTA. 2
JIKCIEePUMEHTA
7 IIpencrasienue Tema 7. OdopmieHue pe3ynbTaToB. 2
pe3yJibTaToB
JKCIIePUMEHTA.
8 HN3mepenust Tema 8.1. M3mepenue Temmepartyp. 1
Tema 8.2. zmepenue napiieHus. 0,5
Tema 8.3. [TapameTpsl )xUIKOCTEMH, ra3a, napa 1 Tera. 0,5
9 Temnomepsl. Tema 9. Terutomepsr. 2
10 | MU3mepenusi B Tema 10.1. 3mepenne ypoBHS KUAKOCTEH. 1
TemJIoTeXHHKe Tema 10.2. 3mepenue ypoBHs BOJIBI. 1
11 | Ananu3 u Tema 11.1. Kontpousb 3a kauecTBOM. 1
KOHTPO.Tb Tema 11.2. AHanu3 cocTaBa KUJIKOCTEH. 1
12 | U3meputeabnbie | Tema 12. M3meputensHble npeoOpazoBaTesy B 2
npeodpaszoBaTenn | TCIUIOTCXHUKE.




13 | Ananu3aTopsbl Tema 13. Tuns! ananmM3aTopoB. 2
14 | Cucrembl B Tema 14.1. UnpopManinoHHO-U3MEPUTETHHBIE CUCTEMBI. 0,5
TeILIOTeXHHKe Tema 14.2. Cuctembl TEINIOTEXHUYECKOTO KOHTPOJISL. 1
Tema 14.3. TermioTeXHUYECKUE UCCIIEIOBAHUS. 0,5
nuToro 30

1. Buasl 1 popMBbI caMOCTOATEJIBLHOM PadoThl CTYAEHTOB MO JucHUILIMHe «CnenuajbHbIe
METO/bI H3MEPEHHUA H KOHTPOJIsD»:
— cUCTeMaTHuyeckass mpopaboTka JeKIHid, Y4eOHOH M  CHEeUMaIbHOM TEXHUYECKOM
JIUTEPATYPBHI;
—  IOATOTOBKA K DK3aMEHY.

2. MeToanyeckne peKOMeHIALUM /sl CTYAeHTOB N0 KOHKPETHBIM BHIAM CaAMOCTOSITeIbHOM
padoThI

1) Cucremarndyeckass npopadoTKa JeKHui, y4eOHOH M cHenuaIbHONH TeXHUYEeCKOM
JHUTEepaTyphbl.
2) IloaroroBka K 3k3aMeHy. MeToau4YecKre peKOMEHIANH:

1. BaumarenbHO MpoyuTaiiTe MaTepuai JeKIUH.

2. TlocrapaiiTech pa3o0paThCsi C HEMOHSATHBIMH, B YAaCTHOCTH, HOBBIMH TEPMHUHAMH,
UCIOJIB3YS] PEKOMEHIOBAHHYIO JINTEPATYPY.

3. OTBeTbTe HAa KOHTPOJIbHBIE BOIPOCHI JUIsl CaMOIPOBEPKH, HMEIOLIMECS B JaHHBIX
METOJIMYECKUX YKA3aHUSX.

Iloka3aTenu oueHKHU pe3yIbTaTOB BHEAYIUTOPHOIN CaMOCTOATEIHLHON PabOTHI:
— Ka4ecTBO yPOBHS OCBOEHHS Y4eOHOTO MaTepHuaa;

— YMCHHUEC HCII0JIB30BaTh TCOPECTUUCCKUEC 3HAHUSA IIPU OTBETAX HA BOIIPOCHI;
— 000CHOBAHHOCTb M YETKOCTb M3JI0KCHUS OTBETA.

3. IlepeyeHb peKOMeH/yeMOI JIUTepaTypsbl

Ne ABTOp(BI) 3arnaBue N3parenscTBO, rO1 Hasznauenue, | Kos-Bo 3k3.
n/ W3/1aHUS BU/| U3JaHMSI, B
I rpud 6ubnuorexe

OcHoBHas uTepaTypa

1 | Mexasenesa P.B. CpencrtBa M.: Kuopyc, 2011 YyeOHnk 1
U3MEPEHUI
JlonosiHUTENbHAS IUTEPATypa
1 | Hazapos B.1. Temnorexuuueck | MuHCK: VYyeOHoe 2
¥Yie U3MEepeHnss 1 | | CXHOICPCIICKTHBA, nocobue
prOOpbI 208

IlepeyeHb KOHTPOJILHBIX BONPOCOB MO AucuuivinHe 'ChoenmuajbHble MeTOIbI
u3MepeHust U KOHTpoJs"

OO6mue cBeeHus 00 U3MEPEHUH PacXo/ia KUIKOCTEH U Ta30B.

O61ue cBeneHus 00 M3MepeHNH TeMIieparyp. TeMnepaTypHble IIKajbl.

OCo0EHHOCTH TETIOTEXHUIECKOT0 KOHTPOJIs Ha SIDY.

O61ue cBeneHrs 00 U3MEPEHUSIX YPOBHS KHUJIKOCTEH.

N3Mmepenne pacxoa xKUIKOCTER U Ta30B M0 MEepEenaay JaBJICHHS B CYXKAOIIEM YCTPOWCTBE.
TepMomeTpbl, OCHOBAHHBIE HA PACIIMPEHUH U U3MEHEHUH JIaBlIeHUs! paboyero Tena.

AN



10.
11.
12.
13.
14.
15.
16.
17.
18.
19.
20.
21.
22.
23.
24.
25.
26.
27.
28.
29.
30.
31.
32.
33.
34.
35.
36.
37.
38.

W3mepenue ypoBHs Bojbl B OapabaHe maporeHepaTopos.
TepmModIeKTpUYECKHU METO] U3MEPEHUsS TEMIIEpaTyp.

W3mepenne ckopocTeit 1 pacxoja KUIKOCTEH U Ta30B HAOPHBIMU TPYOKaMHU.
W3mepenus: ypoBHS JKUAKOCTEH B KOHACHCATOPAX, MOJIOTPEBATENSAX U OaKax.
Tumnoas cxeMa TemioTexHuueckoro koutpossa Ha ADC ¢ BBOP.
OOu1re cBe1eHUs] U3MEPEHHSI JABJICHUS U €AMHULIBI 1aBJICHHUS.
PacxonoMepsl MOCTOSTHHOTO Tiepenaia JaBIeHUsI.

KunxoctHble TPUOOPHI JaBICHHS C BUAUMBIM YPOBHEM.
TaxomeTpryeckue pacxo10MepBl.

Knaccugukaius HaydHbIX HCCIIEJOBAHUH.

MeTto050r1s1 HAyYHOTO MMO3HAHUS U TBOPUECTBA.

MeTo bl TEOPETUUECKUX U AMIIMPUYECKHUX UCCIIEJOBAHUM.

DNeMEHTBI TEOPUH U METOJI0JIOTUH HAyYHO-TEXHUUECKOTO TBOPUYECTBA.
Knaccudukarus, TUIBL ¥ 3a]1a41 SKCIIEPUMEHTA.

Mertponoruueckoe obecrieyeHre SKCIepuMeEHTa.

Be10op HampaBiieHHsI HAYYHOT'O UCCIIEIOBaHMUA.

Onenka 3KkoHOMUYECKON 3 (HEKTUBHOCTHU SKCIIEPUMEHTA.

OTanbl Hay4YHO-UCCIIEI0BATEIbCKONW PAOOTHI.

3aa4u U METO/Ibl TEOPETUYECKOTO UCCIIEI0BAHUSI.

MeTo1p1 UCKITIOUEHUS TPYOBIX OITHMOOK U3 U3MEpPEHH.
AnNIpoKkcuManus S3KCIIePUMEHTAIbHBIX TaHHBIX.

Meroa HaMMEHBIINX KBAJPATOB.

Metobl mooopa SMIUPHIECKUX (HOPMYII.

Perpeccuonnslii aHanmus.

HopmanbeHoe pacrnipenenenue.

OObenuHeHNe U CPaBHEHUE IKCIIEPUMEHTAIbHBIX TAHHBIX.
CriaxuBaHue 3MIUPUYECKUX JaHHbIX.

MonenupoBaHue B HAy4HO-TEXHUYECKOM TBOpUYECTBE. TeopeMbl 0 o001 u.
OneHka aIeKBaTHOCTH TEOPETUYECKUX PEIICHUN.

[IpuMeHeHre BBIYMCIUTENIBHON TEXHUKH B HAYYHBIX UCCIIETOBAHMSIX.
OCHOBBI TEOPHUH MJITAHUPOBAHUS KCIIEPUMEHTA.

Odopmiienne pe3yabTaTOB HAyYHOU pabOoTHI.

4. 33I[aHI/IH AJIs CAMOCTOATEC/IBHOI'O BBINNOJHEHUA 110 JUCHUIIJINHE

4.1. lng peryIupoBKH pacxojia KOTeNbHON B Auama3one u3mepenuit 0,2-0,6 kr/cex mpuobpenu 2
pacxomomepa. [lepssiii ¢ kmaccom Tounoctu 0,1% u auanazonom mamepenuii 0-1 kr/cex. Bropoii ¢
kmaccom TtouHoctd 0,01 w gmamasonom wu3Mmepenmii 0-5 kr/cexk. Kakoii pacxomomep

MPEANOYTUTENEH?

4.2. N3BecTHO, 4TO KiIacc TOYHOCTH TepMoMerpa 2, mkana 0-500 rpamycos Llenscus, Tepmomerp
nokasbiBaeT 300 rpamycos, stanoH 320 rpagycoB. COOTBETCTBYET JH MPUOOP 3asiBICHHOMY KIIACCY

TOYHOCTH?



Henb padoThl: onKcaTh OCHOBHBIE CIIOCOOBI H3MEPEHUS TEMIIEPATYPHI.

TemmnepaTypa sBISETCS OJHUM U3 BaXKHEHIINX apaMeTPOB TEXHOJIOTMYECKUX MpoleccoB. OHa
MO3KET OBITh OIpeieJieHa KaK MapaMeTp TEIUIOBOTO COCTOSIHUS. 3HAU€HHE ATOr0 IapaMeTpa
00yCIIaBIMBaETCs CpeAHEN KUHETUYECKOM dHEpruel NoCcTyNnaTeabHOro ABUKEHNUS MOJIEKYJT
JAHHOTO Tena. BO3MOXXHOCTh U3MEPSTh TEMIIEPATYPY TEPMOMETPOM OCHOBBIBAETCS HA SIBJICHUU
TEIUIOBOTO OOMEHA MEXKIy TEJIaMHU C Pa3InYHON CTENEHbIO HATPETOCTU U HA N3MEHEHUNU
TEpMOMETpHUUYECKUX ((PU3NUECKHX) CBOWCTB MPHU HArPEBaHUU.
B cooTBeTcTBUU C pa3IMYHBIMU CLIOCO0AMH U3MEPEHHUS, OCHOBBIBAIOIINXCS HAa U3MEHEHHUE
(U3UUECKUX CBOMCTB, BBIACISIOT CIEAYIOIIME TUITBI TEPMOMETPOB
1. TepmomeTphl, OCHOBaHHBIE HAa PACITUPEHUH pabOUYero BEIIeCTRa.
2. TepMoMmeTpbl, OCHOBaHHbIC HA U3MEHEHUH JIaBJICHUS pab0Yero BEIIecTBa.
3. Tepmomerpbl, OCHOBaHHbIEC HA TEPMOIJIEKTPUUECKOM CIIOCO0E U3MEPEHUH TEMIIEPATYp.
4. TepmomeTpsl, OCHOBaHHbIE HA U3MEHEHUH COIIPOTUBIIEHMSI B DJIEKTPUUECKOMN
WU3MEPUTENIBHON LEIN.
TepMoMeETpbl, OCHOBAHHBIE HA U3MEHEHNN aKyCTHUECKHUX CBOWCTB CPEJIBI.
6. Tepmomerpbl, OCHOBaHHbIEC HA U3MEPEHUU TEMIIEPATYPbI TEJl IO UX TEIJIOBOMY
U3ITyYEHUIO.

9]

TepmoMeTpsbl, 0CHOBaHHBIE HA PACHIMPEHUH PA60Yero BelecTsa

Temmneparypa MOXKeT ObITh ONpeieieHa Kak apaMeTp TEIUIOBOTO COCTOSIHUSA. 3HAUEHUE 3TOTO
napaMerpa 00yCIaBJIMBAETCS CPEIHEN KHHETUUECKON SHEPIUel MOCTYNAaTeIbHOTO IBUKEHUS
MOJIEKYJI JaHHOT'O TeJa.

B03MOXHOCTH U3MEPSITH TEMIIEPATYPY TEPMOMETPOM OCHOBBIBAETCS HA ABJIEHUU TEIJIOBOTO
0o0MEeHa MEeX/y TeJlaMH € PA3JIMYHOM CTENEHbIO0 HArPETOCTH U HA U3MEPEHUHN TEPMOMETPUUYECKHX
((pu3mueckux) CBOWCTB MPH HarpEBaHHH.

OCHOBHBIMU MPEACTABUTENAMH 3TOTO Kacca IpUOOPOB SABISAIOTCSA:
- CTEKJIIHHBIE KUJKOCTHBIE TEPMOMETPBIL;
- IWIATOMETPUYECKHE TEPMOMETPHI,
- OMMEeTaJTTMYeCKUe TEPMOMETPHI.

Tepmometp Pabouee NurepBan O6mnactpb [Tpuniun nencTBus

TEJ0 U3MEPSIEMBIX | IPUMEHEHUS

TeMIEepaTyp

CTEKJISTHHBIE Pryts, O. -200+750C | JlaG-s TEIJIOBOE PaCIIUPEHUE
KUJKOCTHBIE CIIUPT, IIpom-1B TEPMOMETPUUECKOU
TEPMOMETPBI KEpOCHH KUJKOCTHU, 3aKJIFOUEHHON

NEHTaH B TEPMOMETPE
muiaromerpudeckue | JlaryHb -30+1000C | IlepBuuHsbie CaoiicTBa TBEpOTO TENa
TEPMOMETPBI Menb U3MEPUTENIbHBIE | U3MEHSTh CBOM JIMHEHHBIE

Cranb npeoOpa3oBaTenu | pa3Mepbl B 3aBUCUMOCTH
OuMeTaIMYeCcKue -60-300C B CAY OT TEMIIEPATYPHI
TEPMOMETPBI

W3 5KMAKOCTHBIX TEPMOMETPOB HAHOOJIbIIIEe PACIPOCTPAHEHUE MOTYYHIU pTyTHBIE. OHM 00J1aAat0T
PAIOM IIPEUMYIIECTB Os1aroapsi CyIlIeCTBEHHBIM IOCTOMHCTBAM PTYTH, KOTOpasi HE CMauylBaeT
CTEKJIa, CPABHUTEIHHO JIETKO MOTYYaeTcs B XUMUYECKU YUCTOM BUJIE€ M TIPU HOPMATIbLHOM
aTMoc(hepHOM JTaBIICHUH OCTACTCS KHIKOW B IIMPOKOM MHTepBasie Temmepatyp (ot —38,87 no
+356,58° C). CnegyeTr OTMETUTD, YTO JABJICHUE HACHIIIICHHBIX TTAPOB PTYTH IIPH TEMIIepaType,
npesblatonieit 356,58° C, HEBENUKO 110 CPAaBHEHUIO C JABIEHUEM HACBIIIEHHBIX 1apOB APYTHUX
KHUJIKOCTEH. DTO JaeT BOZMOKHOCTh OTHOCHTEIBHO HEOOIBIINM YBEINYCHUEM JABIICHUS HAJl PTYTHIO
B KalwUIIPE 3aMETHO IMOBBICUTH €€ TeMIIEpaTypy KUTICHHSI, 3 BMECTE C TEM U PaCIIUPHUTh
TeMIlepaTypHbII HHTEpBaJl IPUMEHEHUSI PTYTHBIX TEPMOMETPOB.

K uncny HE1OCTaTKOB PTYTH C TOUKH 3PEHUS TEPMOMETPHH CJI€IyeT OTHECTH CPAaBHUTEIHHO
MaJIblid KO3 PUIMEHT pacIMpeHUs




TepmomeTpbl, 0CHOBAHHBIE HA U3MEHEHUH JaBJIeHUs] padouyero BellecTBa

JleiicTBe MAaHOMETPUYECKUX TEPMOMETPOB OCHOBAHO Ha HCIOJIb30BAHUU 3aBUCHUMOCTH MEXIY
TeMmrnepaTypodl U JAaBieHHeM pabouero (TEpPMOMETPUYECKOTO) BEIIECTBA B 3aMKHYTOMN
repMETUYHON TepMocucTemMe. MaHOMETpUUEeCKHe TEPMOMETPHI SBISIOTCS TEXHUYECKUMU
npubopaMu U B 3aBUCUMOCTH OT paboyero BeleCcTBa TEPMOCHUCTEMbI OHU MOJPa3aeisatoTCs
Ha Ta30BbI€, )KUJIKOCTHBIC U KOHJEHCAIIMOHHBIC (TapOXKUAKOCTHBIE).

TepmomeTp Pabouee teno WNuTtepBan O06nacTh MpUMEHEHUS
HU3MEPSEMBIX
TeMIeEepaTyp
rasoBble He, N, H2 -150+600C U3mepenne T
KuakocTHEIH [TponuinoBeiili  ankorous, | -150+300C JKUJTKAX u
METaHCUIIO, ra3o00pa3HbBIX Ccpen
CHJINKOHOBBIC )KUJKOCTH
KonpaencanuonHusle ®peon-22 -25+80C
[Iponunen -50+-60C
XIIOpUCTHIN METUT 0+125C
A1eToH 100+200C
DTunbeH3on 160+-300C

MaHoMeTpHYecKrne TEPMOMETPBI U3TOTOBIISIIOT MOKA3BIBAIONIME U CAMOIUIIYIIIHE.
[Toxa3pIBaromIyie ¥ CAaMOITUIIYIIME MAHOMETPHUECKUE TEPMOMETPBI MOTYT OBITH UCTIOIB30BaHBI IS
U3MEPEHHSI TEMIIEPaTyp BO B3PHIBOOMACHBIX MOMELICHUAX. B 3TOM cimydyae mpuBo nuarpaMMHoi Oy-
Mar” OCyIIECTBIISIETCS YaCOBBIM MEXaHM3MOM. ECTi B 9THX yCTIOBHUSX HEOOXOAUMO UMETh TEPMOMET]
C JHCTAaHIIMOHHON Mepenayeil moka3zaHUN Ha BTOPUYHBIA MpuOOp, TO OHA AOKHA OBITH IMHEBMa-
TUYECKOM.

CxeMa ycTpoiCTBa MOKa3bIBAIOIIEr0 MAaHOMETPUUECKOTO TEPMOMETPA MPEICTaBIICHA HAa PUCYHKE.
Tepmocuctema TepMOMETpa COCTOMT U3 TepMOOAJUIOHa 1, MOrpy’KaeMoro B cpemy, TeMieparypa
KOTOPOM M3MepsieTcsl, Kamiuisipa 2 1 MaHOMETPUYECKOi npyxuHbl 3. OIUH KOHELl MPYKUHbI BIIasH
B Jepkarenb 4, KaHaJd KOTOPOTO COEAMHSET BHYTPEHHIOIO MOJOCTh MAaHOMETPUYECKOW MPYKUHBI
yepe3 Kanwuisip ¢ TepmoOaioHoM. BTopoil cBOOOIHBIM KOHEI MPYKUHBI T€PMETU3HPOBAH U
IIAPHUPHO C TIOMOIIBIO MTOBOJKA 5 CBSI3aH C CEKTOPOM 6. DTOT CEKTOpP B CBOIO OYepeab COCTUHEH
3y04aThIM 3aIleTuIeHUEeM C TPYOKOM 7, Ha OCH KOTOPO# HacayKeHa yka3arenabHas cTpenka 8. J[is Beidopa
3a30pa B MEPEJaTOYHOM MEXaHM3ME YCTAaHOBJECH CHHPAIbHBIA BOJOCOK 9, KOHEI] BHYTPEHHEIO
BUTKa KOTOPOT'O 3aKpeIJIeH Ha OCH TPYOKHU.

Tepmocucrema TepMOMeTpa 3amojHEHAa pabo4YuM BEIIECTBOM, HampuMmep ra3oM (Wim
KHUJIKOCTBIO), TIOJI HEKOTOPHIM HauyalbHBIM JaBlieHHeM. l[Ipm HarpeBaHum TEpMOOAIIOHA
YBEJIMUMBACTCS JIaBJICHUE I'a3a B 3aMKHYTON FepMETHU3HMPOBAHHOM TEPMOCUCTEME, B PE3YJbTATE YEro
npykuHa JedopMupyercs (packpyduBaeTcs) U e€e CBOOOJHBIN KoHel mepemeuiaercs. JIBukeHue
CBOOO/IHOTO KOHIIA TPYXKHMHBI MEPeaTOUYHbIM MEXaHHU3MOM (TIOBOAKOM, CEKTOPOM M TpYOKOif)
npeoOpa3yeTcss B TIEpEMENIeHHe yKazaTelsl OTHOCHTENBHO ImKaibl mpubopa. [lo momoxenuto
yKasaTels Ha LIKajie TEPMOMeTpa MPOU3BOAT OTCUET TEMIIEPaTypHl.

Cremyer OTMETHTB, YTO B OTJIMYHE OT Ta30BBIX M KUJAKOCTHBIX TEPMOMETPOB Y KOHACHCAITMOHHBIX
(Mapo’kKUIKOCTHBIX) TEPMOMETPOB TepMOOAIIOH (puc. 3-2-1, 6) YaCTUYHO 3aMOJIHEH KOHAEHCATOM
(npumepno Ha 0,7—0,75 o6bemMa), a B BepXHell 4acTH TepMoOaJlJIoHa Ha/l KOHJAEHCATOM HaXOJMTCS
HACBIIIEHHBIH Tap ATOW XKUAKOCTU. Kpome TOro, Kamwuisip y 3TUX TEPMOMETPOB BCTaBJIE€H Ha
HEKOTOPYIO TIIyOMHY BHYTpPb TepMoOaioHa. MaHoMeTpruiecKkasi MpyKuHa U KalluuIsip TEPMOMETpPa
3aloJIHEHBl TEM K€ KOHJEHCaToM, 4YTO H TepMoOauioH. JlaBieHne B TEpMOCHUCTEME
KOHJICHCAIIMOHHOTO TEPMOMETpPa PaBHO JABJICHUIO HACKHIIIEHHOTO Mapa B TepMoOaiuione. [lpu stom
3aBHCHUMOCTh MEXAY JaBJIEHHEM HACBIIIEHHOTO TMapa M TeMIepaTypol SIBISETCS BIIOJHE
ONpEICICHHON, OJHO3HAYHOM M M3BECTHOM Ul KOHAEHCATa, KOTOPBIM 3allOJIHEHA TEPMOCUCTEMA
tepMomerpa. llpu HarpeBanumu TepMoOalyioHa TepMOMETpa 4acTb KOHJAEHCaTa B €ro MapoBOM
o0beMe C 3epKalia HCIapseTcsi, U3MEHsSI JaBJICHHUE HACHIIIEHUS /10 3HAUYEHUs, COOTBETCTBYIOIIETO
TeMIepaType KOHJeHcaTa B TepMoOasiioHe. ITO B CBOIO OYEpE/Ib BhI3bIBAET MOBHIIICHNE AABICHUS B




TEPMOCUCTEME TEPMOMETPA, MO JEHCTBUEM KOTOPOTO MPYKUHA PACKPYYUBAETCS U €€ CBOOOAHBIN
KOHEIl ¢ TTOMOIIBIO IEPeAATOYHOr0 MEXaHU3Ma MIEPEMEIIAET CTPEIIKY.

TepMoMeTpBhl, 0CHOBAHHBIE HA TEPMOIIEKTPHYECKOM CIIOCO0€e H3MEPEHUH TeMIIepaTyp,

TepMonneKTpu4ecKrii METO1 U3MEpPEHUS TEMIIEpaTyp OCHOBAH Ha CTPOrOi 3aBUCUMOCTH
TEPMOAICKTPOABIIKYIIEH CHITBI (TEPMO —3.11.C.) TEPMODIIEKTPHIECKOTO TEPMOMETPA OT
TEMIEPaTypPHI.

WNunrtepBan uzmepsiembix Temneparyp: a0 2500C.

JIOCTOMHCTBA:

- BBICOKAs CTETNIEHb TOYHOCTH

- BO3MOXHOCTb LICHTPAJIU3ALMKU KOHTPOJISI TEMIIEPATYPBI IIYTEM IPUCOEIUHEHUS HECKOJIBKUX
TEPMOAIEKTPUYECKUX TEPMOMETPOB Yepe3 MepeKIodaTesb K 0THOMY U3MEPUTEILHOMY PUOOpy
- BO3MOXXHOCTh aBTOMATUYECKOM 3alICH U3MEPSEMOM TeMIEpaTyphl

- BO3MOXKHOCTB Pa3elIbHOM IPalyHPOBKH U3MEPHUTEIHLHOTO MPUOOPA U TEPMOIICKTPUICCKOTO
TEPMOMETPA.

M3mepenne OCHOBAHO Ha CYIIECTBOBAHUU OIPEICICHHONW 3aBUCHMOCTH MEXIYy TEpMO — 3.1.C.,
yCTaHABIMBAIOIIEHCS B IIEMH, COCTABICHHBIX W3 PAa3HOPOJIHBIX MPOBOJAHHUKOB, U TeMIepaTypaMu
MECT UX COeIMHEHNs. Ecnm B34Th Lieb, MPEACTaBICHHYIO HA PUCYHKE, COCTaBICHHYIO U3 IBYX
Pa3IMYHBIX TEPMODIIEKTPUUECKH OJHOPOIHBIX 1O ATUHE MPOBOJIHUKOB A U B (Hampumep, miaTuHa
U MeJlb), TO IIpU NOJIOTpeBe crast 1 B LenH MOSBISETCsl 3JIEKTPUUECKUN TOK, KOTOPBIi B OoJiee
HarpeToM crae 1 HampaBlieH OT IUTaTUHBI B k Menu A, a B X0JIOIHOM cmae 2 — OT MeJH K IJIaTHHE.
DIEKTPOABMKYIIAS CHJIa, 00YCIOBIICHHAS HEOAMHAKOBBIMHU TEMIIEpAaTypaMu MECT COSAMHCHUS | 1
2, Ha3BIBAETCS TEPMOIJICKTPOBUKYIICH CUIIOHN, a CO3atoNIHil e€ mpeodpa3oBareib —
TEPMOAICKTPUICCKUM TICPBUYHBIM ITPEOOPa30BaTEIEM U TEPMOMETPOM (TepMoTiapa).

TepmomeTpbl, 0CHOBAHHBIE HA U3MEHEHUH CONPOTHBJIEHHS B 3JIEKTPUYeCKO
H3MepPUTEJIbHON Henu

HNunrtepan uzmepsemsbix temmnepatyp: 260+1000C

JleiicTBIe TEPMOMETPOB COTPOTHBIICHHSI OCHOBAHO HAa CBOIMCTBE BEILIECTBA U3MEHSTH CBOE
AIIEKTPUYECKOE COMPOTHUBIICHHE C U3MEHEHUEM TemMnepaTypbl. [Ipu uamMepennun reMmepaTtypsl
TEPMOMETP COTPOTUBIICHHUS TIOTPYKAIOT B CPELy, TEMIIEPATypy KOTOPOH HEOOXOIUMO OTIPEAETUTD.
3Hast 3aBUCUMOCTh COMPOTUBIICHUS] TEPMOMETPA OT TEMITEPATYPhI, MOKHO TI0 H3MEHEHHUIO
COIIPOTHUBIICHUS] TEPMOMETpPA CYIUTh O TEMIIEPATYPE CPeibl, B KOTOPOM OH HaXOAUTCHL.

Pabouee Teno: MeTaIbl ¥ MOTYIIPOBOTHUKH.

TepMoMeTpbI COMPOTUBIICHUS U3 YUCTHIX METAJUIOB, MOJTyYMBINNE HAHOOIbIIEE
pacrpocTpaHeHne, U3rOTOBISIOT OOBIYHO B BUJE OOMOTKH U3 TOHKOW MPOBOJIOKH HA
CHEIHMATbHOM KapKace U3 N30JSIIIMOHHOTO MaTeprana. Ty OOMOTKY MPUHSTO HA3bIBAThH
YyBCTBUTEIHHBIM 2JIEMEHTOM TEPMOMETPA COMPOTUBICHHUS. B 1esX mperoxpaHeHus OT BO3MOXK-
HBIX MEXaHWYECKUX TTOBPEKICHNUN U BO3JICUCTBUS CPE/IbI (TeMIIepaTypa, KOTOPO H3MepseTCs
TEPMOMETPOM) YYBCTBUTEIBHBIN 2JIEMEHT €T0 3aKJII0Yal0T B CHECNHATbHYIO 3aIIUTHYIO TUIIB3Y.

JlocTonHcTBA:

- BBICOKAsl CTETIEHb TOYHOCTH
- BO3MOXXHOCTB BBIITYCKa U3MEPUTEIIBHBIX TPHOOPOB ¢ CTAHAAPTHOM I'PATyHPOBKOM IIKAJIBI,
MPaKTHYECKH Ha JII000i TeMIlepaTypHbIil HHTEpBal
- BO3MOXKHOCTB MCIOJIb30BaHUS UX ¢ HHPOPMAITMOHHO-BBIYUCITHTETLHBIMIA MAITHHAMU
TpeOGoBanust kK MaTepraiam:
- TOJDKHBI HE OKHUCIIATCS
- I0J)KEH UMETh MOHOTOHHYIO 3aBUCUMOCTh COMPOTUBIICHUS OT TeMIEepaTyphl
- IOCTATOYHO BBICOKOE 3HAUEHUE TEMIIEPATypHOTO KO3PPHUIHEHTA a
O10T KO3PHUITMEHT B OOIIIEM BUIE MOXKET OBITh BEIPAKEH PABEHCTBOM:
1 dR
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TepMOMeprl, OCHOBAHHBIC HA UBMCHCHHUU aKYCTHYECCKUX CBOMCTB Ccpeabl

PaboTta naHHBIX TEPMOMETPOB OCHOBaHA Ha U3MEHEHMH aKyCTHUECKHX CBOMCTB paboyero rena
U U3MEHEHUHU TeMmrepaTypsl. I3MeHeHus onpeaenstoTcs Mpy NPoIycKaHWU 3BYKOBOTO CUTHAJIa
gyepe3 pabouyio cpeny. TepMoMeTp COCTOUT U3 MPUEMHHKA — TIepeIaTINKa 3BYKOBOT'O CHTHAJIA
(Inbo ApyTyIO MEKTPOMArHUTHYIO BOJIHY) U cocyla ¢ pabounm TenoM. J[s renepanuu curHana
UCIIOJIb3YETCSI TEHEPATOP MIEKTPOMArHUTHOTO CUrHaIa. JJIOCTOMHCTBOM JaHHOTO METO/1a SIBIISETCS
BO3MO>KHOCTh U3MEPEHHUS TEMIIEPATypPhl BO B3PHIBOONACHBIX MIOMEIICHUSX U B MECTaX, II€ HET
BO3MO>KHOCTH YCTaHOBUTB JAPYTUE TUIIBI CPEICTB U3MEPEHHUS.

TepMomeTpbl, 0OCHOBAHHBbIE HA H3MEPEHUH TeMIIEPATYPhbI TeJl 10 UX TeNJI0BOMY H3Jy4eHHUIO

WuTepBan nzmepsemsix temnepatyp: ot 300+-6000C

O6uacTh NPUMEHEHHUS: PA3JIMYHBIE OTPACTU MPOMBIIUIEHHOCTH, a TaK)Ke IPU MPOBEACHUN
Hay4YHBIX HccieoBanuil. BooOiie e mupoMeTpbl MOTYT ObITh HCIIOIB30BaHbI JJI U3MEPEHUS U
0oJiee HU3KUX TEMIIEpaTyp.

[Tpu u3MepeHun TemnepaTypbl ¢ HOMOILBIO TUPOMETPOB TEMIIEPATYpHOE 110JIe 00BEKTa
U3MEpPEHHUs He NCKaXKaeTCsl, TaK KaK U3MEpEeHHe, OCYIIECTBIIEMOE METOIaMU TUPOMETPUH
U3JTY4YeHUs1, He TpeOyeT HEMOCPEICTBEHHOTO CONPUKOCHOBEHHS C TEJIOM KaKOT0-JT100
TepMorprueMHuKa. [Io3ToMy Takre MeTO bl U3MEPEHUS TEMIIEPATYp TEJ IPUHATO HAa3bIBaTh
0ECKOHTAKTHBIMH.

Jlns mpumepa pacCMOTPUM ONTUYECKHUUA ITUPOMETP.

Onruueckue MMPOMETPHI WM TAK Ha3bIBAEMBIE TUPOMETPBI BU3YAIBHBIE C «HCUE3AIOILEN HUTBIO
NEPEMEHHOT'0 HaKasa [IIMPOKO MPUMEHSIOTCS JAJIs1 U3MEPEHHs IPKOCTHON TeMIIepaTypbl B BUIUMOM

00JTacTH CIIEKTpA.
HuTtepBail u3MepseMbIX TEMIIEPATYP IS OOIIEIPOMBIIIIEHHBIX ITMPOMETPOB C UCYE3ArOIIEH HUTHIO
ycranosjieH ot 700 1o 8000° C B BUIUMO# 001aCTH CIICKTA.

W3mepenne IpKOCTHBIX TEMIIEpATyp MUPOMETPAMHU C UCUE3AIOIIEH HUThIO, OCHOBAHO HA CPaBHEHUU
B cBeTe 2((EKTUBHON JUTMHBI BOJHBI B BUIUMOMN 00JIaCTH CIIEKTPa SIPKOCTH UCCIISTyeMOro Telia ¢
APKOCTBI0 HUTH IMPOMETPUYECKOMN JIamIIbl. [Ipyr 3TOM B Ka4eCTBe UyBCTBUTEIILHOTO IEMEHTA
(mygenpuémHMKa) I PUKCUPOBAHUS HATMYHS UIIM OTCYTCTBUS PABHOBECHS SIPKOCTEN IBYX
OJTHOBPEMEHHO PacCMaTpPUBAEMBbIX M300paKEHUI TEJl CITyKHUT YeJIoBeYecKui ria3. Beneacreue sToro
U3MEPEHUS TeMITEpaTypbl MUPOMETPOM C UCUE3AIONIEH HUTHIO OTIMYAIOTCS CyObEKTHUBHOCTBIO, YTO
ClIelyeT UMETh B BUly IIPH UX IIPUMEHECHUU.

[TupomeTp COCTOUT M3 MEPBUYHOTO IIpeoOpa3oBaTes (TeIeCKora), U3MEPUTEIHHOTO ITprudopa u
HCTOYHUKA TUTaHus. M300paxkeHne o0beKTa, TeMIepaTypy KOTOpOro HEOOXOMMO U3MEPHUTh, C
MIOMOIIIBIO OOBEKTHBA CO3/1aeTCsl B (DOKAILHOM MIOCKOCTH TeJIeCKOIa. B 3Tol e MI0CKOCTH
pacnosioxkeHa BoJib()paMoBasi HUTb IUPOMETPUYECKOH JTAMIIBI.

Okyssip Teneckona, npeHa3HaYeHHBIN A1 HaOMI0ICHUS] HUTH JIaMITbl Ha (JOHE U300paxeHus
HCTOYHUKA U3Ty4eHUs (00bEKTa), MOXKET MepeMEeNIaThCs BAOJb OITUYECKOM OCH, YTO AaeT
BO3MOXXHOCTh YCTAQHABJIUBATh HEOOXOMMYIO BUAMMOCTb HUTH JIaMIIbI Ha (JOHE N300paskeHHs 0OBEKTA.
J1J1 IOCTOSIHCTBA U OTPaHUYEHUS YTJIOB BXOJIa U BBIX0/1a B ONITUYECKOM cucTeMe TeJecKona
yCTaHOBJICHBI J1Be Auadparmsl. [Ipu cTporo onpeeneHHbIX 3HAYEHUAX BXOJHOTO M BBIXOIHOTO
YTJIOB, pa3Mepa OTBEPCTHsI BXOIHOM TradparMpl, 1uaMeTpa 00beKTHBA B CBETY, POKYCHOTO
paccTosiHUA OKYJISIPHOM JIMH3BI U AMaMeTpa BBIXOAHOTO 3padka (BBIXOAHON ITuadparmsl) Teneckona,
a TaKk)Ke HEKOTOPBIX JPYTUX pa3MepoB JOCTUTAETCS HE3aBUCUMOCTh MOKAa3aHUM ONTUYECKOTO MUPO-
METpa OT U3MEHEHUSI TIOJIOKEHNSI OOBEKTHBA OTHOCUTENBHO (POKAIBHOM MJIOCKOCTH, a CJIEeI0BATENIbHO,
U OT U3MEHEHUS PAaCCTOSIHUS OT UCTOYHMKA U3TyUeHHs 10 OOBEKTHBA.

Mex 1y OKYJISIpOM M BBIXOTHOM 1radparMoit HaXOAUTCsl CTEKIISTHHBIA KPAaCHBIN CBETOMHIIBTD JUTs
MOHOXPOMaTH3alMH IyYKa JTydel, MOoNaJaloyX B rJ1a3 HaOmoaaTesnst. 9ToT CBETOPUIBTP MOKHO
BBIBECTH U3 ITOJISI 3pEHMS I 00JICTUYSHNUS HABOJIKU M (POKYCHPOBKH TENIECKOTIA ITPU HEOOIBIION
SPKOCTH UCTOYHUKA U3Ty4EHHs, HO B MOMEHT YPaBHUBAHUS SIPKOCTU U U3MEPEHUsI OH J0JDKEH OBITh
00s13aTeNIbHO BBEJIEH B IT0J1€ 3peHusl. Hakanm HUTH MupoMeTpUyeCcKoH JIaMIIbl, a CI€I0BATENIbHO, U €€
APKOCTb 3aBUCSAT OT MPOTEKAIOUIEH 110 HUTH CUJIBI TOKA, KOTOpasi pEryIupyeTcs ¢ MIOMOLIBbIO
peocraTa.

ITpu doxycupoBke Tesneckona 0ObEKTHB NEPEMEIIAOT BJI0JIb ONTHYECKOM OcH, T00MBasICh PE3KOM
BUJIMMOCTH OOBEKTA U COBIAICHHS TUIOCKOCTH €TI0 H300payKeHHUsI C TUIOCKOCThIO0 HUTH Jamribl. Korma



L[eJ'H: pa6OTHZ I/I3y‘lI/ITI> MCTOJAbI UBMCPCHUC TABJICHUA U PA3HOCTH ,HaBHeHHﬁ.

O6bwan 4YacTb.

[Ipu n3MepeHnu naBiIeHNs HHKEHEpa MOXKET HHTEPECOBATh dOCOII0OmMHOoe, U30bIMOYHOe U

8aKyymMmempuieckoe JIaBICHUsL.

Ab6contromnoe naBneHue — 3TO TOJTHOE JIABJICHUE, [10JT KOTOPBIM HAaXOAUTCS JKUAKOCTD, ra3 WU

nap. OHO paBHO CyMM€ M30BITOYHOTO M aTMOC(EPHOTO JaBICHUH.

H36v1mounoe NaBieHue — 3T0 Pa3HOCTh MEX/1y a0COIIOTHBIM JaBJI€HUEM, OOIBIINM

aTMOC(EepHOT0, ¥ aTMOC(HEPHBIM JaBICHHEM.

Baxyymmempuueckum naBieHUe — 3TO Pa3HOCTh MEX]Ty aTMOC(HEPHBIM JaBICHUEM U

a0COTIOTHBIM JaBJIEHUEM, MEHbIIIE aTMOC(HEPHOTO.

BapomeTtp — npubop nzmMepsronuii armochepHoe JaBieHUE.

Manometp — npubop U3MepSIOUINi a0COMOTHOE, N30BITOYHOE U BAKYYMMETPUUECKOE JIaBICHMUS.
CoOTHOIIEHHE MEX/1y TPUMEHSIEMbIMU €IMHUIIAMH JIABJICHUS

E nuHULED IMa Kre'M ™2 Krc'eM™ MM BO/I. CT. MM PT. CT.
1Ila 1 0,10197 10,197:10°° 0,101197 7,50-1073
1 krem™ 9,80665 1 10* 1 73.56'107
1 krcem™ 98,066510° 10* 1 10* 735,56
1 MM BOJ. CT. 9,80665 1 104 1 73,5610
1 MM pT. CT. 133,322 13,595 13,595:10* 13,595 1

XXuakocTHble NpubopbI AaBNeHUst ¢ BUAUMbIM YPOBHEM.

lMpu6bopbi U-obpa3Hbie u YyaweyHble.

[Tpu6opst U-oOpa3Hbie (IByXTpyOHBIC) U YallleYHbIE :
(OTHOTPYOHBIC) OTHOCATCS K TPYIIIE )KUIKOCTHBIX TPUOOPOB € "z* *ﬂf
BUJUMBIM ypoBHeM. OHU IPUMEHSFOTCSI B KAUeCTBE MAaHOMETPOB
(HamopoMepoB) 711 U3MEPEHUS U30BITOYHOTO JIABJICHUS BO3IyXa
U HearpeccuBHBIX Ta30B A0 700 mMm BoA. ct. (7000 I1a) u 735 mm
pT. CT. . (0,1 MIIa), TATOMEpOB IJIs1 UIMEPEHUS PAZPEIKCHUS
ra3zoBbix cpen 10 700 mm Boa. ct. (7000 I1a), BakyymmeTpoB st
n3MepeHust Bakyyma (paspexenus) 10 760 mm pt. ct. (0,101
Mlla) u nuddepeHIraTbHBIX MAHOMETPOB IS U3MEPEHUS
Pa3HOCTH JIaBJICHHUI HEarpeCCUBHBIX T'a30B, HAXOISATIMXCS 10T
JaBJiIeHUEM, OJIM3KUM K aTMochepHoMy, 10 700 MM BOI. CT.
(7000 ITa) u HEArpECCUBHBIX KUAKOCTEH, Ta30B U MAPOB, HA-
xosmxcs o aapnenuem oonee 1 kre/em® (0,1 Mlla), no 700
MM pT. cT. (0,09 MIla).

[Tpubopsr U-00pa3Hblie 1 yalieyHble UCTIOIb3YIOTCS B
IIPOMBINIICHHOCTH KaK MECTHBIC TIPUOOPHI, T. €. OHH
YCTaHABIMBAIOTCSA HA TUIOMIAKAaX OOCTYKHUBAHUSI WU HA
OTJENFHBIX AIIEMEHTAX TEXHOJIOTUIECKOTO 000PYIOBaHUS.

Puc. 9-1-1. Cxema U-006-
pasHoro (AByXTpyOHOr0)
MaHOMeTpa.

[Tpubopsl 3TOrO THMA NPUMEHSIOT B Ka4eCTBE KOHTPOJIBHBIX U

00pa310BbIX MAHOMETPOB U BAKYYMMETPOB ISl IOBEPKHU

pabounx nmpubGOpPOB, paCCUUTAHHBIX HA TE K€ JUAMa30HbI

W3MEPEHMS 1aBIICHUS, pa3pEKEHUs WM Pa3HOCTHU JABJICHUH.

Ha puc. 9-1-1 nokazana cxema U-o6pa3Horo (nByxTpyoHOoro) manomerpa. On cocrout u3 U-
00pa3HO# CTEKIISTHHOM TPYyOKH, 3a1I0THAEMOI IPUMEPHO /10 TTOJIOBUHBI CBOEH BBICOTHI paboyeit
KUJKOCTBIO,




¥ IIKaJIbI, TO3BOJISIONICH IPOM3BOIUTE OTCYET YPOBHEH B 000MX KoJieHaX. M3mepsiemoe
JIABJICHUE, PA3PEKCHUE WM Pa3HOCTh, JABJICHUI YPAaBHOBEUIMBACTCS U U3MEPSIETCs CTOI00M h
paboueii )KUAKOCTH, OTPEeIe/IAEMbIM Kak cymMMa cTost60B hy u h2 B 060ux koseHax. [Tpu stom
YCTPaAHSETCS MOTPEITHOCTh U3-32 HEKOTOPOTO BO3MOXHOTO pa3iuyus cedeHuii 00oux konen U-
00pa3Hoii TpyOKH.

Mukpomempesbi.

MukpoMaHOMETPBI ABJISIIOTCS NEPEHOCHBIMU IIPUOOPAaMU, UX IPUMEHSIOT B JJAOOPaTOPHON
IPAKTUKE U B IPOMBILIUIEHHBIX YCIOBMSIX IIPU MPOBEIEHUM MCIIBITAHUN TEIUIOCHIIOBBIX U IPYrHX
YCTaHOBOK JJII U3MEPEHUS MaJIbIX JABICHUH, pa3peKEHNU UM pa3HOCTEN JaBICHNUN BO3/1yXa U
HearpeccuBHbBIX ra3oB. [IpuOopsI 3TOro THMA B 3aBUCUMOCTH OT UX Ha3HAYECHUS
noJipa3essaoTcs Ha paboune 1 00pa3lioBble MUKpOMaHOMETpPHI. Pabourie MUKpOMaHOMETpPHI B
CBOIO OU€pe/Ib MOAPA3ACIAIOTCS Ha IPUOOPHI TEXHUYECKHE U ITOBBIIIEHHOM TOYHOCTH.

Ha puc. 9-2-1 noka3ana cxema
MHUKPOMAHOMETPA C HAKJIOHHOM CTEKJITHHOU
U3MEepUTeNbHOM TpyOKkoil. Hakiion us-
MEpUTENbHON TPYOKU B 3TOM IIpUOOpe crenaH ¢
LEJIbI0 YMEHBIIEHUS MTOIPEIIHOCTH U3MEPEHUM.
B kauecTBe paboyeil )KUIKOCTH B
MUKPOMAaHOMETPAX 3TOT0 TUIIA TPUMEHSIOT
STUJIOBBINA CIIUPT, KOTOPBIN 3aIMBAIOT B
IIMPOKUI COCY]] HACTOJIBKO, YTOOBI YPOBEHb €0
B HAKJIOHHOM TpyOKe HaXOAMJICS TPOTHB
HYJIEBOM OTMETKH IIKaJbl. /JIMHA MIKab! y
MHUKPOMaHOMETPOB C HAKIIOHHOM TPYOKO# BBITIONMHSETCS 00BIYHO paBHOM 250 MM.

[Tpu n3mepeHun JaBiieHUs B KAKOM-JINO0 00BbEKTE K HEMY NPUCOEAMHSAIOT C IOMOLIBIO TPYOKH
IMIMPOKUI cocy/ MprOopa, a MpU U3MEPEHUH pa3peKeHNns — HAKIIOHHYIO TpYOKy. B ciryuae
U3MEpPEHUs pa3HOCTH JIaBJIeHUH OoJiblliee 1aBJICHUE TOAAETCS B COCY, @ MEHbLIEe — B
U3MEPUTEILHYIO TPYOKY.

Puc. 9-2-1 cxema MaHOMeTpa C HAKJIOHHOMH
TpyOKOH.

MpuGopbl AaBNeHUsi ¢ yNnpyrumu 4YyBCTBUTENIbHbIMU
anemMeHTamu.

OO111e cBeIeHUs! 1 OCHOBHBIE CBOMCTBA YIPYTUX UYBCTBUTEIBHBIX JIEMEHTOB

[Ipubopsl naBieHus, OCHOBAaHHBIEC HA MCIIOIB30BAHUU Je(pOPMAIIUU U U3rHOAIOIIEr0 MOMEHTA
YIPYTUX YyBCTBUTEIBHBIX JIEMEHTOB, BOCIPUHUMAIOIINX U3MEPSIEMOE 1aBIIEHUE CPEbl U
peoOpasyroUINX ero B IepeMelieHle Uil YCUINE, IPUMEHSIOT B Pa3JIMUHbIX 00JaCTIX TEXHUKU
B IIMPOKOM JHana3oHe u3MepeHuii — ot 5 xkre/m? (50 ITa) 1o 10 000 kre/cm? (1000 MITa). Oun
U3TOTOBJISIIOTCS B BUJIE TATOMEPOB, HAIOPOMEPOB, TATOHATIOPOMEPOB, MAHOMETPOB,
BAaKyyMMETPOB U MAaHOBAaKyyMMETPOB. DTH NMPHOOPHI MOAPA3IENAIOTCS Ha CIETYIOLIE Pa3Ho-
BUJTHOCTH:

1. ITpuGops! 1aBieHUs NPSMOTO ASUCTBUS — MOKA3bIBAIOLINE U CAMOMMIIYIINE, Y KOTOPBIX
nepeMelIeHNe LIEHTPA UM CBOOOIHOTO KOHIIA YIIPYroro YyBCTBUTEIBLHOTO 3JIEMEHTA,
BBI3BIBAEMOE JICHCTBUEM JaBJICHUs, IPU IOMOIH TOTIOJIHUTEILHOIO MEXaHU3Ma Ipeodpa3yercs
B IIEPEMELIEHUE OTCUETHOrO YCTPOICTBA JIIsl MOKA3aHUs UJTU /171 TIOKa3aHUs U 3aiCH
U3MepsAEMO BEIIUYHHBI.

2. IIpuOopsb! naBneHUs NPsSMOTo AEUCTBUSA U pesie 1aBiaeHus (0€3 OTCUETHBIX YCTPOICTB),
cHa0EHHBIE JIEKTPOKOHTAKTaMH U NpeHa3HAYCHHbIE I 1ieJlell U3MEpPEeHUs U CUTHAIN3aluu
WJIM TOJIBKO CUTHAJIM3allMi OTKJIOHEHHUS JaBJICHUS OT 3a/1aHHOTO 3HAUYEHHUS, a TaKKe Uil paboThl
B CX€Max 3alIUThl, OJIOKUPOBKHU WJIM MO3ULIMOHHOTO PETyIUPOBAHMSL.




3. [lepBuuHble MPUOOPHI AABJIEHUS C OTCUETHBIMH YCTpOIicTBaMH Ui 0€3 HUX, CHA0)KEHHBIE
nepearoIMK MpeoOpa3oBaTessMu ¢ YHU(DUIIMPOBAHHBIMY BBIXOTHBIMUA CUTHAJIAMU
MEPEMEHHOT0 TOKA MJIM THEBMAaTUYECKUM M COCTABIISIIOIINE C B3aUMO3aMEHSIEMbIMH
BTOPUYIHBIMHU TIOKA3bIBAIOIIMMH WM CAMOTHUIIIYIIUMU TPUOOPAMU OTJEIbHBIEC H3MEPHUTEIHHBIC
KOMIUIEKTBI. HekoTopbie mpuOOopsl ATOr0 THUIA UCIIONIB3YIOTCSA TAaKXKE B CHCTEMax
ABTOMATUYECKOTO PET'YJIUPOBAHUS U YIIPABICHUSI.

4. IlepBuuHbIe MPUOOPHI JABJICHUS C OTCYETHBIMU YCTPOHCTBAMU WIIM O€3 HUX, CHA0KEHHbIE
nepeaoIMME MPeo0pa3oBaTeIsIMU C YHU(PUIIUPOBAHHBIM BBIXOJHBIM CUTHAJIOM MTOCTOSTHHOTO
TOKa M MpeAHa3HaueHHbIE /I paboThl C B3aMMO3aMEHSIEeMbIMU BTOPUYHBIMU [TOKA3bIBAIOLIUMU
WM CaMONUIIYIIUMU TPUOOpaMHU B CUCTEMAaX aBTOMATHYECKOTO PETYIUPOBAHUS U C
nH()OPMAIIMOHHO-BBIYUCIUTEIHHBIMA MAIIMHAMH.

Ynpyrue 4yBcTBUTe/IbHbIE 3JIEMEHTHI.
Huxe paccmaTpuBaroTcst Haubosee pacpoCTpaHEHHbIE TUITBI YIIPYTHX YyBCTBUTEIBHBIX
3JIEMEHTOB, IPUMEHSEMBIX B IpHOOpax JaBieHus, a Takxke B JuddepeHIaIbHbIX MaHOMETpax
[Tnockue MeMOpaHsbI.
[1nockue MeMOpaHbl, U3TOTOBIISIEMBIE U3 CTAIH U OPOH3BI, IPEJICTABISIOT COOON KPYTIIble
TOHKOCTEHHBIE IIJIACTUHBI IOCTOSIHHOM TonuHeL [lon nelictBueM paBHOMEPHO
pacIpeieleHHOro JaBJIeHHs UM COCPEOTOUEHHON CUIIbI 3ajieJIaHHas 110 KPasM IUIOCKast
MeMOpaHa IporudaeTcs Mpu HATUYUH HE TOJIBKO U3TUOHBIX Ae(opMaliuii, HO U pacTATUBaIOIINX
HAIpsDKEHUH U BCIIEICTBHE 3TOTO MMEET HEIMHEWHYIO CTaTHYECKYIO XapakTepucTuky A = f(p).
[Ipu ncnonbp30BaHUM MIOCKUX MEMOpaH B KaUyecTBE pabOYero yuyacTka UCHOJb3yeTCss OOBIYHO
HeOoJIbIIas YaCcTh BO3MOXKHOT'O X0/1a €€.
[Tnockne MeMOpaHbl HAXOAT IPUMEHEHHE TTIaBHBIM 00pa3oM B IpUOOpax JaBieHUs
CHEIMaIbHBIX KOHCTPYKIUI, HAllpUMEP NbE30KBAPLIEBBIX, EMKOCTHBIX, HHAYKTUBHBIX, C
TeH30IpeoOpazoBareasiMu U T. A. [Ipubopsl aToro THna o61agar0T Manoil MHEPLUUOHHOCTBIO U X
MO3KHO MCIIOJIb30BaTh JUIsl U3MEPEHUS IEPEMEHHBIX JABJIEHUH C YACTOTOM 10 HECKOJIBKUX COTEH
M ThICSIY TepLL.

Bbinyknbie MeM6paHsbl.

Brimyksisie (xsionaronie) MeMOpaHbl, U3rOTOBIISIEMbBIE U3 CTAIN WM OPOH3bI, MOTYT OBITH
UCTIOJIB30BaHbI B pejie JaBJICHUS ISl CUTHAIM3AINN OTKJIOHEHHSI JABJICHUS OT 3aIaHHOTO
3HaueHus. [Ipu Bo3aeiicTBuM naBiaeHus p Ha MeMOpaHy ee nporud A, Ha Ha4aJbHOM y4acTKe
CTaTMYECKOM XapaKTEepPUCTUKH BO3pACTAET IUIaBHO. Jlajiee mpu yBeIMYEHUN JaBJICHUS
MIPOUCXOANT MOTEPsl yCTOMUMBOCTH MEMOpPaHbI M OHA U3MEHSET CBOM Mporud ckaukom. [lpu
3TOM MeMOpaHa 3aMbIKaeT WJIM Pa3MbIKaeT AIEKTPOKOHTAKTHI. [1pu nanpHeliem yBenuueHun
JaBJICHUS IPOTUO MEMOpPAHbI Ha yUaCTKE XapaKTePUCTHKU OyJIeT CHOBAa BO3pacTaTh MOHOTOHHO.
Ecmu JAaBJICHUC YMCHBIIUTCA 10 3HAYCHUSA, TO M€M6paHa TAKKC CKa4YKOM BO3BpallacTCs Ha
Y4aCTOK XapaKTEePUCTUKH. Pa3Mephl «XIomamux» MeMOpaH OOBIYHO MOAOUPAIOT OMBITHBIM
TyTEM.

lNodpupoBanHbie MeMOpaHbl U MEMOpPaHHbBIE KOPOOKH.

I'odpupoBka moBepxHOCTH MEMOPAHBI B BH/I€ KOJIBIIEBBIX

BOJTH 3HAYUTEJIHHO MOBBIIIAET HAJIEKHOCTH €€ padOThl U .«mm‘:a_)—xzm.
CIpSIMIISET XapakTepucTuky memOpansl. Ha puc. 10-2-3 W o 5 . = . 1 . B
NIOKa3aHbl HanboJee pacpocTpaHeHHbIE POPMBI TTpoduIei 9
ropupoBaHHbIX MeMOpaH. ["'opprupoBaHHbIE OAUHOYHBIE —’Qm&j:m\_
MeM6paHBI B KQ4€CTBC YyBCTBUTCIIBHBIX DJICMCHTOB Puc. 10-2-3. ®opmsl npoduieit
MPUMEHSIOTCS peqko. Hanbomnbiee mpuMeHeHue B Z@iﬁg‘;gj:;‘ﬁﬂﬁ%@ﬁaneuen_
npubopax JaBJieHHs (TATOMEpax, HAIOPOMEpax, JIATbHA: B — MTBYATAS.
nuMaHOMETpax U APYrux npudopax) moyIrin




MeMOpaHHBIe KOPOOKH, 00pa30BaHHbIE IBYMS CIIAsTHHBIMU

WIN CBapEHHBIMH ro()prUpOoBaHHBIMU MeMOpaHamMu (pHc.

10-2-4, a), 1 6JIOKHM U3 ABYX WM HECKOJIBKUX MEMOPAHHBIX

KopoOok (puc. 10-2-4, 6).

B tex cnyuasix, koraa HeoOX0IMMO UMETh MUHUMAIIbHBIN 00beM BHYTPEHHHUX MOJIOCTEH
YYBCTBUTEJIBHOTO 3JIEMEHTA, HAIPUMEp NPU U3MEPEHUN TIepenaaa JaBiIeHUs! (UTO SBISETCS
JKeIaTeIbHBIM OCOOEHHO /TS TU(MAaHOMETPOB-PACXOJOMEPOB), IPUMEHSIOT. OJIOK, COCTOSIIITHIA
U3 JIBYX CKJIQJIBIBAIOIINXCS MEMOPAHHBIX KOPOOOK C )KHIKOCTHBIM 3armoHeHueM (puc. 10-2-4,
B). Takoit MeMOpaHHBIN 0JIOK, pa3paboTaHHBIN Ha 3aBojie «MaHOMETP», HE TePSET CBOUX
CBOWCTB B cily4yae Meperpy3Ku JaBlIeHUsIMU p1 U p2. Ecnu ¢akTudeckas pasHOCTh AaBICHHM Pi
— P2 IPEBBILIAET BEPXHUI Mpeien U3MEpPEeHN, Ha KOTOPBIi paccuuTaH npubop, UK OJIHA U3
MeMOpaHHBIX KOPOOOK HAXOAUTCS MO/ BO3ACHCTBUEM OTHOCTOPOHHEH Meperpy3Ku AaBICHHEM,
MOBPEXKACHNUS MEMOpPaHHOI KOPOOKH HE IPOU30IIET, TaK Kak 00€ MeMOpaHbI CI0XKATCS 110
IpOQUITI0, BBITECHUB KHJIKOCTh BO BTOPYIO KOPOOKY.

Hememannu4yeckue MeM6paHsbI.

Kpome merannunueckux MeMOpaH B HaopoMepax, Taromepax, AuMaHOMETpax, U3MEPSIOLINX
MaJible IaBJICHUS M PA3HOCTH JABJICHHM, TPUMEHSIOT HEMETaTNYeCcKue (BsIIbIe) MEMOpaHHbI.
OTH MeMOpaHbl U3TOTOBJISIOT U3 CHEIHMATIbHON CeT4aTol TKaH! (KalpoHa, IIeNKa), MOKPhITON
OCH30MaCI0CTONKON PE3NMHOM WITH IJIACTMACCOM.

Hemerannunueckue MeMOpaHbl, Kak IPaBUIIO, CHA0KAIOTCS HKECTKUM LIEHTPOM, TUAMETP
KOTOPOTo 00BIYHO cocTaBiisieT mpumepHo 0,8 padouero (puc. 10-2-6, a). J{ns obecrnieueHus
nocTostHCTBA 3(h(heKTUBHEH MIIOIIAIU KOJIBIIEBAsE YaCTh MEMOPAHBI BBITIOJHSAETCS C TOPPOM,
O0T(OPMOBAHHBIM MPHU U3TOTOBIIEHUU €€.

CunbgpOHbI.

CunboH npeacTaBisieT cO00i TOHKOCTEHHYIO TPYOKY
¢ monepedHoit ro¢ppuposkoi (puc. 10-2-7, a).
CunbhoHbI NPUMEHSIOTCS B HAIOPOMEpaxX U TATOMEpax
JUTSE ©3MepeHus Hebobioro nasneHus a0 4000 Kre/m>
(40 000 ITa), B mpubopax Ayt u3MEpeHUs
BaKyyMMETpHUeCcKOro Aasinenus 1o 1 krc/cm? (0,1
MIIa), abcomoTHOTO JaBiIeHus 10 25 Kre/cm? (2,5

MIla), u366ITouHOTO AaBaeHns 10 600 kre/cM? u ) 5
pasHOCTH AaBieHuit 1o 2,5 krc/cm? (0,25 MITa). Puc. 10-2-7. Cunbonsl
CunibpoHbI IpH pabOTE HA CXKATUE BBIICPIKUBAIOT OECIIOBHBIE.

nasieHue B 1,5—2 paza Gonbliee, 4yeM npu
BO3/ICIICTBUM JIaBJICHUS U3HYTPHU.

Tpy64yambie rnpy>XuHsbl.

TpyOuareie Ipy>KUHBI YaIlle BCErO BBITOIHSIIOTCS B BUJE OJTHOBUTKOBBIX, IIEHTPAIbHAS OCh
KOTOPBIX MPEJCTABIIAET COOO0M Iyry OKPYKHOCTHU C IICHTPAIBbHBIM YIIIOM Y,' paBHbIM 200—270°
(puc. 10-2-9, a). V3 uyucna 3TuX NpyXuH HanOoJee MHUPOKOE MPUMEHEHHUE MTOTYYHIIN TIPYKIHBI
bypnona smmuntuueckoro (puc. 10-2-9, 6) u miiockooBansHOTO (puc. 10-2-9, 6, 1) ceueHus.
Bonbmast ock 2a mONEpeyHOro ceYeHUs: PacioIoKeHa MEPIEHAUKYISIPHO PAIyCy KPUBH3HBI /7
LIEHTpaJIbHOI OCH (CpeHeMY paanycy) npyxuHbl. OIUH KOHEL NpYyKUHbI Byp/ioHa 3aKpemsoT
HEIOJIBUYKHO, a IPyrol — CBOOOHBIN, 3aKPBITHII MPOOKOH U 3anassHHbIA — COEUHSIOT C
MEXaHU3MOM IpUOOpPa, NepearoIMM Ipeodpa3oBaTeIeM WIn IPYIrUM yCTPOHCTBOM.
ToHkocTeHHBIE TPYKUHBI Byp/ioHa MPUMEHSIOT B IpHOOpax Ui U3MEPEHUs




BAKYYMMETPHUUYECKOTO JaBJIeHUs 10 | Kre/cm? (0,1 MIla) u u36BITOYHOTO aBiIeHUs 10 60
kre/em? (6 MITa). {ns u3mepenus u30bTouHoro gasaenns 10 200 — 1600 kre/cm? (20—160
MIIa) mpuMeHSIOT TOJICTOCTEHHBIE IPYKUHBI OBaJIbHOTO ceueHus (puc. 10-2-9, 6, 2).

9\

Puc. 10-2-9. OnnoBuTKOBast TpyOUaTas NpyKWHA SIUTUITHYECKOTO U IFIOCKOOBAIBHOTO CEUCHUSL.

NMPUBOPBLI OABINNEHUA SNEKTPUYECKUE

OO61ue cBeeHus. DIeKTpUUECKUe MPUOOPbI, IPUMEHSIEMbIE B TEXHUKE JUIsI U3MEPEHUs
JIABJICHUS! pa3IMYHBIX CPEJl, UCIOJIB3YIOTCS TIIaBHBIM 00pa3oM JUis UcClieloBaTeIbCKUX 1ieneil. B
OCHOBY JICHCTBHSI THX MPUOOPOB TIOJOKEHBI pa3IndHble (GU3MUECKHe SIBICHUS, HATPUMEP
BO3HHMKHOBEHHE AJICKTPOCTATUYECKHX 3apsI0B MPH Ae(hopMalui HEKOTOPBIX KPUCTAIIOB B
OTIpeIeIICHHOM HaNpaBJICHUH, U3MEHEHHE dJIEKTPUYECKOTO COMTPOTHBIICHHSI TPOBOIHUKOB IPH
BO3JICHCTBUH N3MEPSEMOTO JaBJICHNUS, N3MEHEHNE WHIYKTUBHOCTH WJIU JIEKTPUYECKOH EMKOCTH
u T. 1. CiieyeT OTMETUTh, YTO €eMKOCTHBIE TPHOOPHI AABICHHUS UMEIOT BECbMa OrpaHHUEHHOE
INPUMEHEHHE BCIIEICTBHE MAIOi YyBCTBUTEILHOCTH U 3aBUCUMOCTH XapaKTEPUCTUK OT
TEMIIepPaTyphI.

lNbe303nekmpu4yeckue MaHoMempnbil.

JlelicTBHE MAHOMETPOB ATOrO TUIIAa OCHOBAHO HA
UCTIOJIb30BAHUU MTHE303JIEKTPUUIECKOTO dPdeKTa,

HaOJII0aeMOr0 Yy psijfa KpUCTAILIOB (KBaplia, TypMaliiHa, z
TUTaHUTa Oapusi, CErHETOBOM conu u 1ip.). [1be- arRg s
309JIEKTPUYECKUE MAHOMETPbI, UCIIONIB3YIOIUE B

Ka4yecTBE MEPBUYHOTO Mpeodpa3zoBaTest KBapiy s l
(nByoxuck kpemuust Si02), Hauwin Hanbomnbiiee | <=
NPaKTUYECKOE MPUMEHEHHE [0 CPABHEHUIO C TPUOOpaMH, & z
WCTIOJIB3YIOIIMMU JAPYTHUE KPUCTAILIBI, Orarogapst | % 34’“’%1”“”
CYIIECTBEHHBIM JIOCTOMHCTBAM KBaplia, KOTOPBIN He- i
TUTPOCKOMWYEH, 001a/1aeT OOJIBIION MEXaHUIECKOM 7 oeh
HPOYHOCTBIO, XOPOILIUMH U30JIALIUOHHBIMU KaueCTBAMH U 5)
HE3aBUCUMOCTBIO ITbE303JIEKTPUYECKUX CBOKCTB OT TEM- Puc. 11-1-1. Kpuetamn kpapua (a) n
TepaTyphbl CPABHHUTENBHO B IIMPOKOM MHTEpBae (20— IIACTHHA KBAUA 1 e¢ 0cH ().
400°C).

VY xpucramia kBapua (puc. 11-1-1, a) paznuuaror cieayrmue ocu: ONTHYECKYIO, TPOXOISIIYIO
yepe3 BEpPIIMHBI KPUCTAIUIA; AIEKTPUUYECKYI0, IEPIECHAUKYISIPHYIO ONITUYECKON U MPOXOISAIIYIO
yepe3 pedpa (ux Tpu co caBurom B 120°); MexaHUYECKYIO (MJIM HEUTPAIIbHYIO ), KOTOpas
pacmnosokeHa HOPMaJIbHO K TPaHsIM KpHcTasula (UX TaKkKe TPH).

Ecnm u3 xpucTaia kBapiia BeIpe3aTh IpSIMOYTOJIbHYIO TiacTuHy (puc. 11-1-1, 6) ¢ rpansamu,
napauleJIbHbIMU ocsiM (cpe3 Kropn), 1 IoJIBEPTHYTH €€ CKATUIO (MM PACTSHKEHUIO) BJIOJIb
JNEKTPUYECKOMN OCH, TO Ha TPaHsX, MEPIEHANKYISIPHBIX 3TOW OCH, IOSIBATCS 3JIEKTPO-




CTaTMYECKHE 3aps/bl, PaBHBIE 110 3HAYCHUIO U TPOTUBOIOJIOKHEIE 110 3HaKy. [Ipu nepexozne ot
CKaTHA K pacTsDKEHUIO U 00paTHO 3HAKU 3aps0B MEHSIOTCSA B COOTBETCTBUU € U3MEHEHUEM
3HAKa CHWJIbL, AEUCTBYIOLIEH BAOJb dJIEKTPUUECKON OCH.
3navenue Qx 3apsaa, BO3HUKAIOIIETO BCICACTBUE ICHCTBHSI CHIIBI Fx BIOJTB 3JIEKTpUYECKOi ocH,
WIN JaBJICHUS Py, JCHCTBYIOIETO Ha IUIOIIAb IPAHU Sx = @yd., PABHO:

QX = kFX = kpXSX
rie K — mbe30aieKTprudecKast OCTOSTHHAS WITH MTbE303JICKTPUIECKUH
moxayis, Kin/H.
Koaddunment k He 3aBUCUT OT pa3MepoB KpUCTaILIa, OJHAKO €ro 3HAYCHUS Pa3INIHBI JIJIsI
pasHbIX MOPOJ| KBapla. 3HaueHue K 11 npuMeHseMoro kBapiua pasHo 2,1 -10~'? Ki/H.

MaHomempbl COrpomueJieHUusl.

HeﬁCTBHe MaHOMCTPOB COIMMPOTHUBJICHUS OCHOBAHO HAa UBMCHCHHU BJICKTPUUCCKOI'O
COIIPOTUBJICHUS BCIICCTB IO HeﬁCTBHCM BHEIIHETO U30BITOYHOTO JaBJICHUA. K YUCITY TaKuX
BCIIECTB OTHOCATCS IMOJIYIIPOBOAHUKH, IIJIaTUHA, MAHTAHWH, KOHCTAHTAH, BOJ'II)(bpaM H psaa
APYyrux METaJlJIOB. ﬂJ’I}I ueneﬁ HU3MCPCHUSA JABJICHUS, a CIICAOBATCIbHO, U U3TOTOBJICHUS
NEPBUYHOTO NpeolOpazoBaTesis (WM YyBCTBUTEIBHOIO AJIEMEHTA), KaK MOKa3aIu
OKCIICPUMCHTAJIbHBIC UCCJICIOBAHUA, B HauOOIbIIEH CTEIIEHN noAXOJUT MaHI'aHUH.
Manranus nmeeTt HHHeﬁHym 3aBUCUMOCTD MPUPALICHUS SJICKTPUICCKOT'O COIPOTUBJICHU A AR ot
JIaBJICHUS Pu:

AR =KkRp,

rae K — kod(dUINeHT U3MEHEH s CONPOTUBJIEHHS MAHTAHUHA, CM>/KTC.

JluHeiHast 3aBUCUMOCTh COMTPOTUBIICHHSI MAHTAaHUHA TTOATBEPKIACTCS OMBITHBIMU JAHHBIMU
BILTOTH 110 fAasienus 30 000 krc/cm? (3000 MITa). Kpome Toro, oH 00JagacT OYEHb MaJIbIM
TEMIEPATYPHBIM KOA(D(PHUIIMEHTOM 3JIEKTPHUECKOTO COMMPOTUBIICHUS, UTO TAET BO3MOXHOCTh HE
cuntatbes. [lpu n3mMepeHnn 1aBiaeHus ¢ U3MEHEHUSIMHU TEMIIEPaTyphl OKPY KaoIIero npuodop
BO31yxa. HeOobIasi 4yBCTBUTEIBHOCTH MPE0OPa30BaTeNsi OTPAHUYUBACT PUMEHEHHE STOTO
MaHOMeTpa H3MEPEHHEM CBEPXBBICOKHX JaBienuii (6onee 1000 kre/cm? wmm 100 MITa).
Kosddurment K MaHraHuHA 711 pasHbIX TIAPTHi IeXKUT B MHTEpBase ot 2,3410° 10 2,51:10°¢
CM?/KTc, 1 MAaHOMETPHI ¢ Peodpa3oBaTeseM 13 MAaHTAaHHHOBOH MPOBOTIOKH TPEOYIOT
WHIUBUIYALHOUN IPalyHPOBKH.
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BBenenue.

Pacxon TemoHocuTenss B TNaBHBIX IUPKyJIssunoHHBIX mnemisx (I['TI) mepBoro koHTypa
peakTopa SBISETCA OJHHM W3 OCHOBHBIX I[apaMeTpoOB, HEOOXOAUMBIX [UJIsl OIpeAesIeHus
TEIJIOCheMa, a CIeJoBaTeIbHO, M TEIJIOBOM MomHocTH 23Heproonoka ADC. Tounsie u
ONEPATUBHBIE U3MEPEHUS PACX0/la TEIJIOHOCUTENS Jal0T BO3MOKHOCTh YCTAaHOBUTDH IOCTOSIHHBIM
KOHTPOJIb TEIJIOBOTO PEXHMMa PEeakTopa, MOJACPXKUBATh ONTUMAIbHBIN pexkum padotel ADC.
Oco6eHHO Ba)XKHO JOCTOBEPHO 3HATH PACXO]] B IEPUO/I MTyCKOHAIAJOYHBIX padOT Ha SHEProOIIoKe,
KOIla HE0OXO0/IUMO YCTAaHOBUTH COOTBETCTBHUE €TI0 BETMYUHBI POEKTHBIM 3HAYEHUSM.

B Hacrosiee BpeMs OCHOBHBIM METOJOM OINPEAEIICHUS] pAacX0/la TEIJIOHOCHUTEIS MEPBOTrO
koHtypa B I'Il sinepHoro peakropa tuna BBOP saBnsiercss MeToll, OCHOBAHHBIM Ha WU3MEPEHUH
nepenajga JAaBieHus (Hamopa) Ha TJaBHBIX UUPKYJIsUMOHHbIX Hacocax (I'LIH). Pacxon
TEIJIOHOCUTEIIS TPU 3TOM OIPEACISIIOT MO MAaCIOPTHBIM HAMOPHBIM XapaKTEPUCTUKAM, KOTOPBIC
IOJIy4alOT Ha 3aBOJAC-U3FOTOBUTENIE B pE3yJbTare HCObITaHUS BbleMHbIX yacted [1[H Ha
CIELUANIBHBIX CTEHAaX, UMUTUPYIONINX YCIOBUS TJIABHOTO IIUPKYJISIIITUOHHOTO KOHTYpa peakTopa.
OnHako CTEHJIOBBIE UCIIBITAHUSI HE IMO3BOJIAIOT MOJYYUTh HAMOPHBIE XapaKTEPUCTUKU BO BCEM
yana3oHe 3HauYe€HUH HANopoOB M PacXoJOB TEIUIOHOCHUTENs, BO3MOXHBIX mpu padore I'LIH B
peajbHBIX YCIOBUAX. OTO MPHUBOAUT K HEOOXOAMMOCTH OHKCTPAMOJSALIMUA TIOJYYCHHBIX B
CTEH/IOBBIX  HCIBITAHUSAX JAaHHBIX Ha 00JacTh OOJBIIMX PAcXOfOB  TETUIOHOCHUTEIS,
HAOMIOJAIONIMXCSL TpH paboTe peakTopa B pPeXKMMaxX C YacTUYHO OTkiIrodeHHbiMu [TIH.
[TorpemHocTs ompenaenenust pacxona TersioHocutens B [Tl mo HamopHBIM XapaKTepUCTHKAM
COCTaBJISIET, KaK MpaBuio, S—o6 %.

bonee ToOuHO pacxox TemnoHocUTENs mnepBoro KoHTypa B [Tl MoXHO ompenenutsb
CBelleHHEeM OanaHca TeIja MEXIy TMepBbIM HM BTOPBIM KOHTypamu peaktopa. Ilo
TEIJIOTEXHUYECKUM TapaMeTpaM BTOPOrO0 KOHTypa OMNpEeAessioT TeruioByro momHocth [Tl a
pacxo/i TEIJIOHOCUTEIS IIEPBOIO KOHTYpa MOJIYYar0T KaK YaCTHOE OT JEJIEHUS 3TOM MOIIHOCTH Ha
npupaiienue >HTansnuu B gaHHoi ['Tl. OnHako momgoOHBIN METOJ HE ONEepaTUBEH U MO3BOJISIET
MOJIYYUTh MPUEMIIEMYIO TOYHOCTh OMPEIEIICHUs PacX0/ia TEIIOHOCUTEIS JIUIb B CTAIIMOHAPHBIX
pexkrMax paboThl peakTopa Ha YPOBHSX TEIUIOBOM MOIIHOCTH, OJM3KMX K HOMUHanbHOW. Kak
IIPaBUJIO, 3TOT METOJ UCTOJB3Yy€eTCs 111 YTOUHEHUsI HAallOpHbIX Xapakrepuctuk ['HIL.

XapakTepUCTUKA UMEIOIIMXCS IITATHBIX METOJOB OINpENeTIeHUs] pacxoia TEIIOHOCUTENs
NepBOro KOHTypa peaktopoB Tuiia BBOP Henb3s npusHaTh yaosierBopurenbHbiMUu. HeoOxonuma
pa3pabOTKU HOBBIX, HE3aBUCUMBIX METOJOB, OCHOBAaHHBIX Ha WCIOJIb30BAHUHU JPYTHUX
¢usznueckux mnpuUHIUIOB. [IpuMeHeHWe HEe3aBUCUMBIX METOJIOB BMECTE€ C HMEHOIIHUMHUCS
HITATHBIMU TMO3BOJUT IMOBBICUTh TOYHOCTh U HAJEKHOCTb M3MEPEHMsI pacxoja TEIJIOHOCHUTEIS
nepBoro KoHTypa. OIHUM U3 TaKUX METOJ0B MOXET OBbITh paJHallMOHHBIA METOJ, OCHOBAHHBII
Ha PETUCTpallMM CIaja aKTUBHOCTH m30Toma '°N B TelIoHOCHTeNle NEPBOr0 KOHTypa IpH
npoxoxzaeHun ero B I'Tl. OH Oyner paccMOTpeH HaMu B KOHIIE. A NOKa OCTaHOBUMCS Ha YK€
CYIIECTBYIONINX CIIOCO0aX U3MEPEHUS PacXoja TeINIOHOCUTEISI Ha SHEPTeTUYECKUX YCTAaHOBKAX.

KoHTposlb  CKOPOCTH  JBMIKEHMSI  TEIJIOHOCHUTENS  OCYIIECTBISACTCS C  MOMOIIBIO
npeoOpaszoBarenelt pacxo/ia U pacxoI0MEpPOB.

Pacxoo — »T0 xommuectBo (Macca Wi 00BEM) BEIIECTBA, MPOTEKAIOMIETO 4Yepe3 JaHHOE
cedyeHue TpyOoomnpoBo/ia (KaHalia) B €IUHUIY BPEMEHH.

Pacxooomep — 310 ipubOp UM yCTPOHUCTBO U3 HECKOJIBKUX YACTEH, M3MEPSIOINN pacxo
BelIeCTBa (BKUKOCTH, ra3a WM 1mapa).

K o»tum TepmunaM Hajmo A00aBisITh Ha3BaHUE U3MEPSIEMOTO BEIIECTBA, HAMpUMED:
pacxooMep napa, C4ETYMK BOJIBI, PACXOAOMED ra3a O CYETUUKOM.

IIpeobpasoeamenv pacxooa — 3TO YCTPOWCTBO, HEMOCPEACTBEHHO BOCIHPUHHUMAIOIIEE
pacxon (Hampumep, auadparma, comio, HamopHas TpyOka) W TpeoOpasyromias e€ro B JIPYTyrO
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BEIIMYUHY (HampuUMep, B Mepernaj JaBIeHUs ), YI0OHYIO JIsl HU3MEPEHHUS.

Konuuecmeo npoweowezo sewecmea 3MepsieTcss WIM B €AMHULIAX MAacChl (KHJIOTPAMM,
TOHHA, 'PAMM) WU B eIMHUIaX 00beMa (KyOuueckuili MeTp, KyOMUecKuil CAHTUMETP U T. 11.).

Maccosbiii pacxo0 (m U3MepsieTcs B €AUHMUIIAX MACChl, JEJIEHHbIX HA €IWHULYY BPEMEHU
(KuJiorpaMm B CEKYHIy — KI/C, KWJIOTpaMM B 4ac — KI/4 U T. [1.).

Obvemnubiii pacxoo (o U3MepsieTcs B eIMHUIAX 00beMa, JEJICHHbIX Ha €IUHHILY BPEMEHU
(KyOM4YECKHMX METPax B CEKYHy — M/C, KyOMYECKUX METPAxX B 4ac — M>/4 M T. 11.).

Tax xak conepkaHue raza B eAMHALIE 00beMa CUIIHLHO 3aBUCUT OT JABIICHUS M TEMIIEPATYPHI,
TO pe3yJIbTaThl U3MEPEHHSI OOBEMHOI0 Pacxo/ia ra3a HaJl0 MPUBOJUTh K CTaHIAAPTHBIM YCIOBUSM,
T. €. K Temnepatype 7 = 293,15 K u nasnenuto p = 101 325 I1a (760 mm pT. cT.).

Kunaccupukauus pacxogomMmeposB, HCIOJb3yeMbIX HA JY.

[To mpuHIMNY AEHCTBUS PACXOAOMEPHI MOAPA3ACISAIOTCA HA CICAYIOIIME TPYIIbI:

A) PacxonoMepsl, OCHOBaHHbIE Ha TUAPOAMHAMUYECKUX METOAAX:
1) nmepeMeHHOrO nepenana JaBIeHuUs;
2) MOCTOSTHHOTO TIepenaja AaBieHus (pOTaMeTphl)
3) nepeMEeHHOr0 YpOBHS;
4) o0TeKkaHus;
5) BUXpEBBIE;
6) mapuuagbHbIE.
b) ITpuGops! ¢ HEPEPHIBHO ABMXKYIIIUMCS TEJIOM:
1) TaxomeTpuyecKkue;
2) cuoBbIe (B TOM YKCIie BUOPALIMOHHEIE).
B) [Ipubopsl, 0OCHOBaHHbIE HA PA3IUYHbBIX (PU3NYECKUX SBICHUAX:
1) TeroBsie;
2) IEKTPOMAarHUTHEIE;
3) aKyCTHUYECKHE;
4) ONITUYECKHE;
5) simepHO-MarHUTHBIE,
6) MOHU3AIIMOHHBIE.
I') [IpuGopsl, OCHOBaHHBIE HA OCOOBIX METOJIAX:
1) KoppensiuuOHHBIE;
2) METOYHBIE;
3) KOHILIEHTPALIMOHHBIE.
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CoBpeMeHHbIE TPEOOBaAHMA K pacxojgoMepam

Ot TpeOOBaHMS MHOTOYMCIEHHBI WU Pa3HOOOpa3Hbl. Y JAOBIETBOPUTH COBMECTHO BCE
TpeOOBaHUS OYEHb TPYIHO, €CIM HE HEBO3MOXHO. OnHU THUNBI NpUOOPOB B Oojbllel Mepe
YJIOBJIETBOPSAIOT OJIHUM TpeOOBaHUsAM, a Apyrue — 1pyrum. [loaromy npu BeIOOpe TOrO MIIM HHOTO
TUNa npulopa ciaeayeT UCXOAUTh M3 CPaBHUTEIBHOM Ba)XHOCTU TEX WM JPYrMX TpeOOBaHUH,
IPEIbABISEMBIX K U3MEPEHUIO pacxoja B KaXkJ10M KOHKPETHOM cllydae.

1. BbIcOKasi TOYHOCTH U3MepPeHHsA. DTO BakHeiee TpeboBaHUE, 0OCOOEHHO KOI'Zia Hajlo
U3MEpPSATh HE MTHOBEHHBIH Pacxoj, a KOJIWYECTBO (Maccy WM O00BbEM) MPOIIEAIIETO BEIIECTBA.
Ecnu panpiie norpemHocts usmepenus B 1,5-2 % cuuranach npuemiieMoil, To Tenepb HEPEaKo
TpebyeTcss uMeTh morpemHocts He Oonee 0,2-0,5 %. Dta BecbMma Manas MOTPEIIHOCTh YXKe
JIOCTUTHYTa B KaMEpHBIX CYETYMKaX >KUAKOCTEH (JIOMACTHBIX, POJUKOBO-JIONACTHBIX) U psilie
JApyrux c4eTyukoB. Ho Takume cueTdyWku HE MpeaHa3Ha4deHbl JUIsl OOJBIIMX TUAMETPOB TPYO.
3/1ech NPEUMYLIECTBEHHO IPHUMEHSIOT PacXoJOMEpPbl C CYXAOIMMM ycTpoicTBamMu. Jlis
NOBBIIEHUS MX CPAaBHUTEIBHO OTPAaHMYEHHOM TOYHOCTH MCIOJIB3YIOT MpeoOpazoBaTeilu
JABJIEHMsI, TEMIIepaTypbl WIM IJIOTHOCTH, U3MEPUTEIbHBIE CHUTHAJIBI KOTOPBIX IOCTYHAKOT B
BBIUHUCIUTENIBHBIE  YCTPOWCTBA, BHOCSIIME  KOPPEKLHIO B  IIOKa3aHWs  pacxoJomepa-
mupmanometpa. MimeroTcst pacxogoMepsl ¢ morpemHocteio Beero 0,25-1,0 % (TaxomeTrpuueckue,
BUXPEBbIE, DJIEKTPOMArHUTHBIE, YJIbTPA3BYKOBBIE), HO HE BCE U3 HUX MPUTOJIHBI ISl OONBIINX
TpyOOIIPOBOJIOB.

2.  BpIcokasi HaJeKHOCTb. DJTO BTOpO€ BaxHeiliee TpeOoBanue. OHO OlLIEHHWBAETCA
BpEMEHEM, B TEUYEHHE KOTOpPOro HpuOOp COXpaHseT paboTOCIOCOOHOCTh M JIOCTUTHYTYIO
TOYHOCTb. DTO BpeMsI 3aBUCHUT OT THUMa MpUOOpa M OT YCJIOBUH ero npuMmeHeHusi. Hekoropsle
pacxoloMepbl U UX 3JEMEHTbI, HE UMEIOIIME JBMKYIIUXCS YacTeil, MOTYT HaJleXKHO paboTaTh
oueHb Ao0aro. Ho taxomerpuueckue pacxoJoMepbl U CUETYUKHU C JABMXKYIIMMCS POTOPOM MMEIOT
MHOT'O MEHBIIMA CPOK CIIY>KObI, 3aBUCALIUI OT CTENEHH YHUCTOTHI U3MEPSEMOI0 BEUIECTBA U €ro
CMa3bIBaIOIIEH CIIOCOOHOCTU. B TEXHNUECKUX YCIOBUSAX Ha HEKOTOPbIE TYPOUHHBIE PacX0I0MEpHI
YCTAHOBJIEH IIECTUIETHUI MEKITOBEPOUHBIA CPOK HOPMAIBHON PaOOTHI.

3. Manas 3aBHCHMOCTb TOYHOCTH M3MEPEHHUSI OT U3MEHEHMS IUIOTHOCTH BellecTBa.
JIvip TEIUIOBBIE U CHIJIOBBIE PacXoOMEphl, U3MEPSIONIME MACcCOBBIH pacxoj, 00laJaloT TUM
LICHHBIM CBOMCTBOM. Y JpYIrHUX THUIIOB NPUOOPOB HAJ0 HMETh YCTPOMCTBA, aBTOMAaTHYECKU
BBOJAIIME KOPPEKIMI0O HAa HM3MEHEHHE IUIOTHOCTH WM XOTS OBl TeMmmepaTypsl M JaBJICHHUS
U3MEPSIEMOTO BEIeCTBAa. DTO 0COOEHHO HEOOXOMMO MPU U3MEPEHUH PacXoa rasa.

4. bbicTpoaeiicTBHe NpUOOPAa WK €ro BbICOKHE TUHAMUYECKHE XapAKTePUCTHKH. DTO
TpeOOBaHWE BaXHO, KOIJA pacxoioMep MPHUMEHAIOT B CHUCTEMax aBTOMATUYECKOTO
pPEeryIupoBaHusl M NPU H3MEPEHUH OBICTPOMEHSIOIIMXCA pacxoloB. beicTpoaeilicTBue yno0HO
OLICHMBATh 3HAYEHHUEM MOCTOSIHHON BpeMeHH T mpubopa, T. €. BpeMEeHEM, B TeUeHUE KOTOPOTO €ro
MOKa3aHHWd TpPH CKAYKOOOpa3HOM M3MEHEHMHM pacxoja oT O+ nxo (% wu3MeHstoTcs
NpUOIM3UTENBHO HA JBE TPETH OT 3HaueHus (Q2 — O1). MMeercs oueHp Oojblmas rpajgamus
ObicTpoaeiicTBUs OT 7, U3MEPSEMOT0 COTHIMH (U €Ile MEHEe) JOJSIMHU CEKYH/Ibl OT TYPOMHHBIX, 10
T, n3mMepsieMoro JecATKaMU CEKYH] Y TEIUIOBBIX PACX00OMEPOB.
Jlnsg  ynydimeHuss OBICTPOACHCTBHS TIOCICIHUX IMPUMEHSIOT 0coO0bie (auddepeHupyromme)
U3MEpUTENbHbIE CcXeMbl. Pacxomomepsl ¢ cyxkawomumu ycrpoiictBamu  (CY) 3aHMMaroT
IPOMEXYTOYHOE MosoxkeHue. x Bpemst 7' TeM MeHbIlIe, YeM KOpOouYe COEAMHMTENbHbIE TPYOKH,
YeM MEHbIIE U3MEPUTETbHBIN 00beM TU(MaHOMETpa U YeM OoJibllie €ro MpeaebHbI nepenas
IaBJICHUN.

5. Boaboii 1uana3oH u3MeHeHUsI ((max/Qmin). Y TIPHOOPOB C JIMHEHHON XapaKTePUCTHKON
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oH paseH 8-20 u 6oee, a y pacxonomepos ¢ CY, UMEIOMMX KBAAPATUYHYIO XapaKTEPUCTUKY, OH
paBeH ymib 3-10. B ciayyae HEOOXOAMMOCTH €ro MOKHO MOBBICUTH 710 16, moakmtoyas k CY nBa
TU(MaHOMETPA C Pa3HBIMH Ap,_ .

6. OOecneyeHHOCTH MeTpoJIOrHYeckoil 0a30ii. OOpa3LoBbIE PacX0IOMEPHBIE YCTAHOBKH,
HEOOXOAMMBIC ISl TPAJyUPOBKA M TOBEPKH PA3TUYHBIX PACXOJOMEPOB, CIOXKHBI M JOPOTH,
O0COOCHHO TMpHU OOJBIIMX MOBEPSIEMBIX pacxojaax. B cTpaHe HMX CpaBHUTEIBHO HEMHOIO, U
npeHa3HauYeHbl OHU MPEUMYIIECTBEHHO JIJIsl TOBEPKU PACX0IOMEPOB BOABI U BOJOCUETUHUKOB.

7. Ou4eHb 00JBIIOH AMANA30H PACXO0A0B, MOAJIEKAINMX HU3MepeHuro. s KuaKocTH
HaJI0 M3MEPATH pacxoisl B npenenax or 107 mo 107-10% kr/4, a g raszoB — B mpegenax ot 107
1o 10°-10° kr/g, T. €. pacxompl, OTIMYAIONMIMECH HA AECATH HOPAAKOB. OcoOble TPYAHOCTH
BO3ZHHKAIOT MPU U3MEPEHUHN KaK OYEHb MaJbIX, TaK U OYCHb OONBIIUX PACXOJ0B. 37€Ch HEPEAKO
MPUXOJIUTCS MPUMEHITH OCOObIE METOIbI M3MEPEHHUs, HAMpPUMEp MapUUaIbHBINA (TPU OOIBIINX
pacxonax). OTHOCUTENBHO MPOILE U3MEPSATh CPEIHUE PACXOIBI.

8. Heo0xonmMocTh u3MepeHHsi pacxoJa He TOJbKO B OObIYHBIX, HO M B
IKCTPEMAJTBHBIX YCJIOBHAAX, NMPH OYeHb HU3KOH MJIM O4YeHb BBICOKOIl TeMmmepaTrype H
naBJjieHuH. Tak, pacxoj meperpeToro mnapa CBEPXBLICOKOTO JAaBJICHUS U PACXO]] PACIIaBICHHBIX
METaJUIOB TEIIOHOCUTENEH — MpH TemnepaTtypax, gocruratomux +600 °C.

[TogoOHbBIE yCTOBUSA CO3[AIOT JOMOJHUTEIbHBIC TPYAHOCTH IJisi OOECTCUCHHS HAaIEeKHOTO
U3MEPEHHS pacxoa.

9. IlInpokasi HOMeHKJATypa U3MepsieMbIX BellecTB. BerecTBa MOTyT OBITh HE TOJIBKO
o1HO(GA3HBIMU U OJIHOKOMIIOHEHTHBIMHU, HO TakKkKe MHOTO(a3HBIMU MU MHOTOKOMIIOHEHTHBIMHU.
[Ipu >TOM HagO Y4YUTHIBATH KaK OCOOBIE CBOICTBa BelleCTBa (arpeCCUBHOCTb, aOPa3WBHOCT,
TOKCUYHOCTb, B3PBIBOOMIACHOCTH U T. [I.), TaK M €T0 MapaMeTpsl (J1aBlieHue, remneparypa). Ocodas
3a/laya — HW3MEpeHUEe pacxoja pacIlIaBICHHBIX METANIOB — TEIJIOHOCUTENe. Mexay TeM
OCHOBHBIE METOJbl H3MEPEHMs pacxoja ObuUIM pa3paboTaHbl s OJHOQA3HBIX cpexd (s
KUJKOCTH, raza u napa). Tenepsb ke Bce akTyalbHEe CTAaHOBUTCS 3a7a4a U3MEpeHust AByX(pa3HbIX
U Jnaxe uHOrna Tpex¢asHbIx BemiecTB. M3MmepeHue ux pacxoja O4YEHb BaXKHO, XOTS U TIPE.-
CTaBJISIET OMPe/IeTICHHBIE TPYTHOCTH.
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CpaBHUTEJbHBIH AHAJIM3 PACX0J0OMEPOB MCIOJIb3YHOIIAXCS
Ha DY.

Haubonbiee pacnpocTpaHeHue MOTYYWIH CIEAYIOIME CrocoObl M3MEpPEeHUsl pacxoia:
NEPEMEHHOI0  Tepenaja  JaBJeHUsT  Ha  CYXKAIOIMX  YCTPOWCTBAX;  aKyCTHYECKHE
(Y1bTpa3ByKOBBIE); DJIEKTPOMArHUTHBIE; BUXPEBbIE; TAXOMETPUUECKHE.

Jlo HacTosIlero BpEMEHU Ha SIEPHBIX 3HEPreTMUECKMX YCTaHOBKAaX TPAJWLUOHHO B
OCHOBHOM IPUMEHSIOTCS pPAacXOJOMEpPbl NEPEMEHHOr0 Iepenajga [JaBieHUs Ha CYKaroIMX
ycTporicTBax (nuadparmax, comiax, Tpyoax BeHTypu). DT pacxomoMepbl 00JaqaloT psaOM
AOCTOMHCTB, OCHOBHBIMU U3 KOTOPBIX SIBJISIIOTCS: BBICOKAsl HAJEKHOCTh U3MEPEHUN U HU3Kas
3aBHCHMOCTh KaueCTBa M3MEpPEHUN OT (PU3UKO-XMMHYECKMX CBOWCTB H3MEpSEMOUN >KHIKOCTH.
Opnako 3TH mpUOOPHl UMEIOT U HEJOCTATKHU, HANpUMep, TaKUe Kak: Y3KUH JUHAMHYECKHt
Mana3oH, HEJIMHEWHOCTh XapaKTepUCTUK, KBaJIpaTH4YHAs 3aBUCUMOCTb MEXAY pacxoJoM U
nepenajoM JaBJCHUs, a CIEJ0BAaTEIbHO, HEPABHOMEPHOCTh IIKaJbl, BBICOKOE THJIPABIMYECKOE
CONPOTHUBJICHHWE,  OKa3bIBa€MOE  MOTOKY O KMIKOCTH  TEPBUYHBIM  NpeoOpa3oBaTeieM,
HEOOXOJMMOCTh JEMOHTa)Ka MJIsi €XKErOJHON MOBEPKH, CIIOKHOCTh HKCIUTyaTalluu, CIIOKHBIN
MOHTaX, TpeOyeMbIe JJIMHHBIC MPSMbIC YUYaCTKH TPyOOMpoBOJa (10 M MOCIE MECTa yCTaHOBKU
[I1P). DTr HegOCTATKY 3aTPYAHSIIOT IPUMEHEHUE TaHHBIX IPUOOPOB, U CTAHOBSATCS OUECBUIHBIMU
B CPaBHEHUHM C MPEUMYILIECTBAMHU, CO3JaBAEMbIMM IPUMEHEHUEM COBPEMEHHBIX MPUOOPOB
JPYTUX THUIIOB.

Pacxogomepsl mepeMeHHOr0 Inepernajga JaBIeHUs MPUMEHSIOTCS B IITATHBIX CUCTEMAaX KOHTPOJIS
pacxona Ha Bcex ADC B ycTpoicTBax BTOPOMl M TPETbEW TpyIIl M3MEPEHUN, HApumep, s
KOHTPOJISI pacxojia BOJIbl, Mapa,. ra3a Mo NeTisiM, 1o KoJUIeKTopaM U T. [ . [Ipumenstorcs oHu B
HEKOTOPBIX CIIy4asX HW3MEpPEHUN pacxojJa B TEXHOJOTMYECKHX KaHalax, a TakKkKe IMpH
HKCIIEPUMEHTAIBHBIX U3MEPEHUSX.

[ITIP yctanosnensl Ha neppori ADC. ONBIT UX JKCIUTyaTallMM IOKa3all, B YaCTHOCTH, BBICOKYIO
Ha/Ie)KHOCTb, OJJHAKO BO3HUKAJIM CII0KHOCTHU C 3aMEHOM NMITYJIbCHBIX TPYOOK.

JIns BBIMIOJTHEHUST M3MEPEHUM pacxoja Ha TpyOompoBojax OONBIIOr0 JUaMeTpa, I0-
BUJIUMOMY, HanOoJee MEPCHEKTUBHBIMU SIBISIOTCS YJIbTPa3ByKOBBIE pacxoaoMepbl. Ha MHOrmx
HMCTOYHMKAX TEIUIOBOM SHEPrUU PACXOJOMEpPHl JAHHOTO THUIA IOCTENEHHO BBITECHSIOT
TPaAUITMOHHBIC PACX0IOMEPHI MEPEMEHHOTO TIepenaja TaBICHHUS.

VYapTpa3ByKoBble JaTYMKU pacxoda 00JIalaloT CIAEAYIOUIMMHU MPEUMYIECTBAMU: HE CO3/Jal0T
TUIPABINYECKOTO COMPOTHBIICHUS TIOTOKY Cpelbl, 00eCreYrBalOT CPABHUTEIBHO IIHUPOKUI
JTUHAMUYECKUN JHMana3oH M BBICOKYIO JMHEWHOCTh U3MEPEHHH, UMEIOT BBICOKYIO TOYHOCThH H
HaJICKHOCTh, MOTYT MOBEPSITHCS OCCIPOIUBHBIMU (UMHUTAITMOHHBIMK) METOJIaMU 0€3 JIEMOHTa)Ka
¢ TpyOompoBoIa.

Jlist  ynbTpa3BYKOBBIX PACcXOJIOMEPOB XapaKTepHBI TpeOyemble JIMHHBIE TMPSMbIE YYacTKH,
HEOOXOAMMOCTh  BBITIOJIHEHHS]  BBICOKOTOYHBIX  JIMHEWHBIX HM3MEPEHUUW TIPU  MOHTAXe,
YYBCTBUTEIBHOCTh K ‘“3aBO3AYIIMBAHUIO CPEJIbl, YYBCTBUTEIBHOCTh K COCTOSHUIO BHYTPEHHEU
MOBEPXHOCTH TPYOOIIpoBOAa (€CII IPUMEHSFOTCS HaKJIaIHbIe JaTYMKH Pacxo/ia).

[losiBeHre MHOTOJYYEBBIX YIBTPA3BYKOBBIX PACXOJOMEPOB IO3BOJIMIIO COKPATUTH JJIUHBI
NPSIMBIX YYaCTKOB B HECKOJBKO pa3, MPUMEHEHHUE MU3MEPUTEIbHBIX YYACTKOB, U3TOTOBJIICHHBIX B
3aBOJICKMX YCIIOBHSX, HCKIIOYaeT HEOOXOJMMOCTh BBHITIOJIHEHUS BBICOKOTOYHBIX JIMHEHHBIX
U3MEPEHHUI HEMOCPEJCTBEHHO Ha TPYOONpOBOJAE, BO3MOXKHOCTH BBIOOpAa MEXKAY BpPE3HBIMU U
HAKJIaIHBIMU JATYMKAMH MO3BOJISIET YYECTh COCTOSTHUE BHYTPEHHEH MOBEPXHOCTH TPYOOIPOBOA.
MOXHO BBIICIHUTH CIEAYIOIIME OCHOBHBIE METOBI YJIbTPA3BYKOBBIX H3MEpPEHUM: BPEMEHHOMN
METO/1; KOPPESAIMOHHBIA METO/; YaCTOTHBIH, (ha30BBIA U JOTUIEPOBCKUN METO/IBI.
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BpemMenHo#l MeToa M3MepeHUss OCHOBAaH Ha M3JIyYEHHHM B aKyCTHMUECKHMH KaHajl pacxoJoMmepa,
PacroJIO0KEHHBIM MO/ YIIOM K BEKTOPY CKOPOCTU MOTOKA KUJIKOCTH, YIbTPAa3BYKOBBIX CUTHAJIOB
110 HAIIPaBJIEHUIO NIOTOKA U MPOTUB HETO. MI3MepeHHasi pa3HOCTh BPEMEH MPOXOKIEHUS CUTHAJIOB
OTIpEJIeNIIETCS CKOPOCThIO MOTOKA JKUAKOCTHU. J[aHHBIN METOJl M3MEpPEHUs MOIYYHSI HauboJbliee
pacpoCTpaHEHHE.

YacToTHBI METOJ 3aKJIIOYaeTCs B M3MEPEHUM Pa3HOCTU YacTOT IOBTOPEHUS KOPOTKUX
yIbTPa3BYKOBBIX HMITYJIbCOB WM “TaKeTOB” YJIbTPAa3BYKOBBIX KOJI€OaHUI, HaAMpPaBIIsIEMbIX
OJIHOBPEMEHHO M0 MOTOKY M MPOTUB Hero. M3MepeHHas pasHOCTHas yacToTa MPONOPLHOHATIbHA
CKOPOCTH MOTOKA.

JlomnepoBckuil MeToa u3MepeHuit ocHoBaH Ha 3¢ dexte Jlomaepa U sSBIsSETCS Pa3HOBUIHOCTHIO
YaCTOTHOTO METO/A.

I[IpenmymiecTBaMH  PACCMOTPEHHBIX  YIbTPA3BYKOBBIX METOJIOB H3MEPEHUN  SIBIISIFOTCS:
BO3MOXXHOCTb  OO€CIIEYEHHUS] BBICOKOTO OBICTPOAECIHCTBUS  PacXOJOMEPOB, IO3BOJIAIOIIETO
U3MEPSATH C BBICOKOW TOYHOCTHIO MYJIbCUPYIOIIUE PACXO/IbI C YACTOTOM MYJIbCAIIUN J10 10% '
HenocTtaTku - BBICOKAsh 3aBHCHMOCTh KayeCTBAa H3MEPEHHH OT (PU3UKO-XMMHUYECKHUX CBONCTB
KUAKOCTH (€€ TeMrepaTypbl, NaBICHUS, KOHIICHTPAIMU W T.I.), OT MPOWIsl pacmpeneicHus
CKOPOCTEH MOTOKA KHUAKOCTU U OT TOYHOCTH MOHTa)a MEepBUYHBIX IIpeoOpa3oBartesnei.
KoppensiuuoHHbli METOJl U3MEpPEHUsT OCHOBAaH HA U3MEPEHUU BPEMEHHM IepeMelIeHUs
HEOJHOPOJHOCTEM  IMOTOKA  MEXAYy JABYMs  3aJaHHbIMM  CEUYEHHSIMU  TpyOOIpoBOjA.
HeognopogHocT moTOKa MOIYJNHMPYIOT YIBTPAa3BYKOBBIE CHUTHAJbI, PACHPOCTPAHSIOIIMECS B
IUIOCKOCTH YIOMSHYTBIX cedeHuil. BBHIy ManocTu paccTOsiHUS, KOTOPOE MPOXOAMUT TMOTOK
KUJAKOCTH MEXKJIYy OSTUMHU CEUEHHUSIMU, CHUTHAIBI B HHUX MOIYJIUPYIOTCS TNPUOIU3UTEIHHO
OJIMHAKOBO OJHUMU W TEMH K€ HEOJHOPOIHOCTAMH. JlJig ompeneneHus CKOPOCTH IOTOKa
U3MEpSIETCST BpeMsl MEXAYy TMOSBJICHHEM CHUTHAJIOB C MaKCHMalIbHBIM KO3(PPHUIIHMEHTOM
KOppEJSILUU B 33JJaHHBIX CEUEHUSAX TPyOONpoBOa.

JUisi KOppEeNsIIMOHHOTO METO/a M3MEpPEHHUs] XapaKTepHbl OOJBIIONW JUHAMUYECKUN JIMaIa3oH,
cnabasi 3aBUCUMOCTb TOYHOCTH U3MEPEHUH 0T (PU3MKO-XUMHUYECKUX CBOMCTB JKUJIKOCTH, Ka4yeCTBa
TpyOONpoBO/ia U OT TOYHOCTH MOHTa)ka NEPBUYHBIX NpeoOpazoBaTeneil. Hegocratok metona -
00JbI1I0€ BpeMSs peakIuu npubdopa Ha U3MEHEHUE Pacxo/ia.

YacToTa yiabTpa3ByKOBBIX KoJeOaHUN 00BIYHO BhIOMpaeTcs 0au3koit k 1 MI.

VYAbpTpa3ByKOBbIE pacxoAOMephl sl TPpyOONpPOBOAOB HEOOJNBIINX JAMAMETPOB, KakK IpaBuUIIO,
M3TOTaBIUBAIOTCS C U3MEPUTEILHBIMHU Y4aCTKaMU, Ha KOTOPBIX ycTaHOBIIeHbI Bpe3Hbie [1T1P.
[ToBepka ynbTpa3ByKOBBIX PACXOJOMEPOB MOXKET BBIIIOJIHATHCS UMUTALIUOHHBIM WM IIPOJMBHBIM
METOJIaMHU.

Ha ncrouHnkax TerioBOW SHEPTHH paclpoCTpaHeHa CUTYaIlWs, KOT/Ia UMEeTCs OOJBIIOE YHCIIO
TOUEK M3MEpeHus pacxoia (mojaromue, oOpaTHbIE MarucTpaiu, MOAMUTOUYHbIE TPYOOIPOBOIbI,
TEXHOJIOTHYECKUE TpyOompoBoabl W T.1.). I[lodToMy coBepIIeHHO HEOO0XOAUMO, YTOOBI
pacxosoMepbl MMeENM ammapaTHbie M MPOrpaMMHBIE CpPEACTBA OpraHU3aluyd UH()OPMAIIMOHHON
CeTH.

[IpuHMn OeWCTBUS AJIEKTPOMArHUTHBIX PacXoJOMEpOB OCHOBaH Ha usMmepeHuu IJ[C,
WHIYLUPOBAHHOW B 3JIEKTPONPOBOJAHON JKUJKOCTHU, KOTOpas ABUXKETCA, IepeceKas CHUJIOBBIC
JIUHUY TTOCTOSIHHOTO WJIM MIEPEMEHHOT0 MarHuTHOro noiis (3 dext Dapanes).
DNEeKTPOMAarHUTHBIE PACX0JIOMEpPhl O0ECMEeUMBAIOT BBICOKYIO TOYHOCTh H3MEpPEHUM (4acTto
OPUMEHSIIOTCST B KayecTBE OOpPa3lOBBIX NPUOOPOB), MPAKTUYECKH HEUYBCTBUTEIBHBI K
3arpsi3HEHUI0 U (PU3UKO-XMMUYECKUM CBOMCTBAM KHAKOCTH (€IWHCTBEHHOE OTpaHUYCHHUE IS
COBPEMEHHBIX MpPUOOPOB — JKUJAKOCTh JIOJDKHA OBITH DJIEKTPONPOBOJHOM C  yAEIbHOMI
MIPOBOJUMOCTBIO HE MEHEE 10 Cm/M), UMEIOT MIUPOKUN auHamudeckuil nuarnaszod (mo 200) u
CIIOCOOHBI M3MEPSATh OYEeHb Majble pacXolbl, CO3JAl0T MHHHMAJIbHOE THAPABIUYECKOE
COMPOTHBIICHUE TMOTOKY, HEYYBCTBUTEIbHBI K OCECHMMETPUYHBIM W3MEHCHUSM MPOPUIIS
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pacnpesielieHusl CKOpOoCTel MOTOKa, UMEIOT BBICOKOE OBICTpOJIEHCTBHE, HE TPEOYIOT IJIMHHBIX
IpPSIMBIX YYaCTKOB 10 U TIOCJIE MECTa YCTaHOBKHU pHOoOpa.

DJeKTPOMarHUTHBIE PAacX0/0MEPbI, B OCHOBHOM, NPUMEHSIOTCSI Ha TPyOOnpoBoax HEOOJIbILIOr0
nuametpa (1o y300).

DONEeKTPOMArHUTHBIE PacXoAOMEphl i TPyOONpOBOIOB OOIBIIOIO AUMAMETpPA CYIIECTBEHHO
OTJIMYAIOTCS OT JIEKTPOMArHUTHBIX PacXoJOMEPOB ISl TPyOOIIPOBOJOB HEOOJIBILIOTO IUAMETPA.
Jlo HacTosILEero BpEeMEHU NaHHbIE MPHOOPHI HE IMOJYYMIIM LIMPOKOro pacrpoctpaneHus. Ilo-
BUJUMOMY, 3TO OOBSCHSETCS CJIOKHOCTHIO MX MOHTa)Xa, HEJOCTATOYHOM CTAOMIBHOCTBHIO
XapaKTEpUCTUK, HEOOXOAMMOCTBIO MOBEPKU MPOJIMBHBIM METO/JOM (IIOBEPOUYHBIE IPOJIUBHbBIE
CTEHJIbl JUIsl TpyO OOJIBLIOrO JuameTpa YHUKaJlIbHbl M UMeroTcs Toiabko B Kazanu, Mockse, C.-
[TerepOypre).

BuxpeBoli MeTo u3MepeHHsl pacxoja OCHOBAH HA M3MEPEHUM YACTOTHI OTPbIBA BUXPEU
(BuxpeBass “nmopokka Kapmana”), BO3HUKAIOIIUX NpPU OOTEKAHUU MOTOKOM >KUIKOCTH
NOTPY>KEHHOT0 B Hee Teno oOTekaHus. Yactora BHXped MpOMOpLUOHATIbHA CPEAHEH CKOpPOCTH
NOTOKA, a aMIUINTyJda KojeOaHui NaBiIeHHs — MPOMOPLUOHATIbHA KBaJApaTy CpeAHeld CKOPOCTH
(ckopocTHOMY  Hamnopy). M3mepeHue 4YacTOThl MOXKET  BBINOJHATHCA MNPU  TOMOIIM
YJIBTPa3BYKOBBIX WJIM 3JEKTPOMAarHWUTHBIX JaTYMKOB, JAaTYMKOB JaBicHUS. BuXpeBoil Meron
IIPUMEHAETCS TAKXKE UIsl U3BMEPEHHUs pacXxo1a I1apa U ra3oBbIX Cpell.

JU1s1 BUXpEBBIX PacXoIOMEPOB XapaKTEpHBbI CIEAYIOIIME MOJIO0KUTEeJIbHbIe 0COOCHHOCTH: OHHU
MaJO4YyBCTBUTENIbHBI K (DU3UKO-XUMUYECKUM CBOMCTBAM JKUIKOCTH, OJIMHAKOBO YAOOHBI IS
BBITIOJTHEHUSI M3MEPEHUN Ha TPYyOOIpPOBOJAX MalblX W OOJIBIIUX IUAMETPOB, OOECIICUMBAIOT
XOPOIIYI0 TOYHOCTh U3MEPEHUN U OBICTPOJICHCTBHE.

Jlns TpyOONpoOBOMOB MajblX JAMAMETPOB BUXPEBBIE PACXOJOMEPBHI OOBIYHO KOHCTPYKTHBHO
BBITIOJHSIOTCS BMECTE C M3MEPUTEIbHBIM ydacTKOM. Jjii TpyOOIpoBOOB OOJIBIIOTO JHUaMeTpa
NPUMEHSIFOTCSI PACXO0J0MEPHI MOTPYKHOTO TUTA (TeJI0 00TEKaHUs pa3MeIlaeTcs Mo OCH MOToKa Ha
CHEIUANbHOMN IITAHTE).

OnHako ngaHHBIE PacXOJOMEpPBI HE MOJYYMJIM HIMPOKOro pacrpocrtpaHeHus. llo-Buaumomy, 310
OoOBsICHSIETCS TPHUCYIIUMU KM HeAocTaTkaMu. B dacTtHOCTH, Teino oOTeKkaHHWsl CO3/aeT
JOTIOJIHUTENIbHOE TUAPABIMYECKOE CONPOTUBIIEHUE IOTOKY, JIETKO 3arpsi3HAETCS U IO3TOMY
nepes; pacxoJOMEepoM HEOOXOAMMO YCTaHABIWMBATH (PUIBTP (KOTOPBIM TaKkKe YBETUYUBACT
TUIPABIMYECKOE COIPOTUBIIEHUE). XapaKTEPUCTUKH PAcXoJ0Mepa HEJOCTaTOYHO CTAOMIIbHBI,
TUHAMUYECKUI [Mana3oH HEJAOCTAaTOYHO IIUPOK (COM3MEPUM C JUHAMHUYECKUM JIHara30HOM
YJIBTPa3BYKOBBIX pPAacXOJOMEpPOB M B HECKOJIbKO pa3 MEHbIIE JUHAMHUYECKOTO Juara3oHa
AJIEKTPOMAarHUTHBIX ~PACXOJOMEPOB), TpeOyemble TMpsSMbIE YYaCTKH JIOBOJBHO BEIUKUH —

(10..20)Ty.

TaxoMmeTpHuuecKkue pacxoIoMepbl OCHOBaHbI HA U3MEPEHUH YaCTOTHI BPALLEHUs aKCUAJIIBHOU
WIM TaHTeHUMAIbHON JjonacTHOM TypOunku. [loTOK, BO3AEHCTBYS Ha HaKJIOHHBIE JIONACTU
TypOUHKH, COOOIIAeT € BpallaTelbHOE JABUKEHHE C YIJIOBOW CKOPOCTHIO, MPOMOPIMOHATBLHOMN
pacxony.
Takue pacxomomepbl 00ecreyuBalOT BBICOKME TOYHOCTh HM3MEPEHUHl M YYBCTBUTEIBHOCTD,
MaJOMHEPIIMOHHBI, CIA00YyBCTBUTENbHbI K (PU3UKO-XMMHUYECKUM CBOWCTBAM KUAKOCTH, HE
TpeOYIOT IJIMHHBIX TpsSMbIX ydacTkoB (4..5/1y). Jlo HemaBHEro BpEeMEHM WX HEOCIOPUMBIM H
pENIAoIINM IOCTOMHCTBOM ObLIIa OTHOCUTEILHO HEBBICOKAS 1IEHA.
Bwmecte ¢ TeM, TypOMHHBIE pacXolOMEpPBI OBICTPO 3arpsi3HSAIOTCS M BBIXOJSAT M3 CTPOS, UMEIOT
TPYIIHAECS MEXAHWUYECKHE 4YacTH, Y3KMM AWHAMHAYECKMM JaHMana3oH, CO3JAI0T 3HAYMTEIBHOE
TUIPABIMYECKOE COINPOTUBIIEHUE, KOTOPOE YBEJIMYMBAETCA H3-32 00s3aTENbHONW YCTAaHOBKHU
¢unbTpa. B cBS3M ¢ yMeHbIIEHWEM II€H Ha JJIEKTPOMArHUTHbIE MPUOOPHI, IIEHOBAs
NPUBJIEKATEILHOCTh TYPOMHHBIX PACXOJOMEPOB IepecTasa ObITh pelIatoueil.
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PaCXOIIOMepI)I IMCPEMECHHOTO IIE€pecnaaa 1aBJCHUA
1. Knaccudukamus pacxogoMepoB nepeMeHHOTI0 Nepenajaa JaBJaeHusl

PacxomomepoMm nepeMeHHOro mepernaja JaBlIeHUs] Ha3bIBA€TCS U3MEPHUTENbHbBIN KOMIUIEKC,
OCHOBAHHBII Ha 3aBUCUMOCTHU OT pacxo/a Mepenaja AaBlIeHUs], CO3/1aBaeMOro npeodpa3zoBaTeiem
pacxo/a, yCTaHOBJIEHHBIM B TPyOOIIPOBO/E, MU 3JIEMEHTOM IIOCJIEIHErO (HapUMep, KOJIEHOM).

B cocTtaB nu3MepuTenbHOr0 KOMITJIEKCA BXOJIAT:

NEPBUYHBIN MpeodpazoBaTeib pacxo/a;

NEepBUYHAS JIUHUS CBSI3U — COCIMHUTENIbHbIE TPYOKHU U BCIIOMOTaTeIbHBIE YCTPOMCTBA HA HUX;
NEePBUYHBIN U3MEPUTENbHBIN prOop — naudmanomerp.

B cnyyae HeoOX0quMOCTH nepeaadr MOKa3aHui Ha 3HAUUTEIbHOE PACCTOSHUE K 3TUM AJIEMEHTaM
T00aBIISIOTCS:

BTOPUYHBIA TPeoOpa3oBaTeslb TMEpEeMENICHUs] IOIBMKHOTO JJIEMEHTa jaudmaHoMeTpa B
AIEKTPUICCKUN UITM TTHEBMATUYCCKUM CUTHAIT;

BTOpUYHAS JIMHUS CBSI3U — AJIEKTPUUYECKHE MTPOBOJIA WIIK COCTUHUTENbHBIE TPYOKH;

BTOPUYHBIA U3MEPUTEITBHBINA TPUOODP.

[ToMUMO mNepeUYUCIEHHBIX YacTel B HM3MEPUTENbHBIM KOMIUIEKC pacxojioMepa MOTYT BXOAHUTh
emie:

CpelICTBAa M3MEPEHUs MIOTHOCTH BelIecTBa (IJIOTHOMEPHI WM MPUOOPHI U3MEPEHHsI TaBIICHUS U
TEMIIepaTyphbl);

BBIUHCIIUTENIbHBIE YCTPOUCTBA JUIsl yUeTa B opMyJie pacxo/ia CUTHAJIOB 110 P, p U T.
Pacxonomepsl mnepeMeHHOro mepenajga JaBiIeHUS HMEIOT CIEAYIOIIMe pPa3sHOBUIHOCTH, B
3aBUCUMOCTH OT BHJIa IIpeoOpa3oBaTelis pacxoja:

1) ¢ cyxarouumMmu yCTporCTBAMU;

2) ¢ ruapaBIUYECKUM CONPOTUBIIECHUEM;

3) 1eHTpoOeKHbIE;

4) c HanOPHBIMHU YCTPONCTBAMU;

5) C HamoOpHBIMU YCUIIUTEISIMH;

6) yInapHO-CTpyiHbIE.

1. Pacxomomepsl ¢ cyxarommumu ycrpoilctBamu CY OCHOBaHbI Ha W3MEPEHUU Iepenana
JTaBJIEHMsI, BO3HUKAIOILETO B pe3yibpTaTe npeodpazoBanus B CY yacTu NOTEHIIMAIBHON YHEPTUU B
kuHetnyeckyto. PaznoBuanoctu CY nokasanbl Ha puc. 1, a—m, crannapTHble quadparmbl — Ha
puc. 1, a u 6; crangapTHble comja — Ha puc. 1, 8, cermeHTHas nuadparma — Ha puc. 1, e;
SKCIIEHTpUYHAs nuadparma — Ha puc. 1, 0, KonbleBas auadgparma — Ha puc. 1, e. Jlanee Ha puc.
1, orc-n mokazanel CY mia manwsix uyucen PeifHoisbiaca: aBOWHas Ha puc. 1, o, ¢ BXOJHBIM
KOHYCOM Ha puc. 1, 3; ¢ IBOMHBIM KOHYCOM Ha puc. 1, u; COIIO MOJyKpyra Ha puc. 1, x, cOIio
YeTBEpTh Kpyra Ha puc. 1, 1; KOMOMHUPOBAHHOE COMIO Ha puUC. 1, M, HIUIUHAPUYECKOE COIIO Ha
puc. 1, x. Ha puc. 1, o mokasana guadparma ¢ NEPEeMEHHOW IUIOMIAIBIO OTBEPCTHUS IS
ABTOKOMIICHCAIIMH BIUSHUS U3MEHEHUS JaBieHus u temrnepaTtypsl. Comio Bentypu noka3zano Ha
puc. 1, n, py6ba Bentypu — Ha puc. /,p, Tpy0a Jlanna — Ha puc. 1, ¢ u ABoitHOe corio Bentypu
— Ha puc. I, m. Pacxogomepsl ¢ CY uMeroT mupoyaiiiiiee NpuMeHeHUe 71 U3MEpPEHUs pacxoa
KUJKOCTH, Ta3a u napa.

2. PacxopoMepsl ¢ THIPABINYECKUM COMPOTUBICHHUEM OCHOBaHbI HA U3MEPEHUHU NEpernajia
JABJIEHMsSI, CO3/1aBa€MOr0 3THM COINPOTHUBJICHHEM. PeXHM NOTOKa B HEM CTPEMSTCS CO3/aTh
JaMUHApHBIM, C TeM 4TOOBl Tmepemnaj [aBieHUS ObUT MPOMOPIUOHAIBHBIM  PacXomdy.
[Ipumensitorcs peako, MNPEUMYILIECTBEHHO [UIsl M3MEpPEHUsi MallbIX pacxoloB. B kauecTBe
npeoOpas3oBareniss MOTYT CIYXHUTh KanwuisipHass TpyOka (peoMeTp) WM NaKeT Takux TPYOOK,
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noKa3aHHbIN Ha puc. 1, y. Ipyroit Tun nmpeoOpazoBatesnst A OONBIINX PACXOJIOB C IIAPUKOBOM
HabuBkoi (puc. 1, @).

3. llenTtpobOexxHble pacxoJOMEpbl OCHOBaHBI Ha 3aBUCHUMOCTH pacxojia OT IMepenaja
JaBJICHHsI, 00pa3yIONIErocs B 3aKPYTJICHHOM JJIEMEHTE TPYOKHU MO/ JEHCTBUEM IIEHTPOOEIKHBIX
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Puc. 1. HepBH‘IHBIe Hp€06pa3OBaTCHI/I PacxoqoMEPOB NEPEMECHHOIO Ieperaaa JaBJICHHA.

cun B notoke. [IpeoOpazoBaTenem pacxoaa dyaine BCEro CIyXar KojieHoO (puc. 1, x) uimm pexe
KOJIBIIEBOM y4acTOK TpyOsI (puc. 1. y).

4. Pacxomomepsl ¢ HAIIOPHBIM YCTPOWCTBOM OCHOBAHBI HA BO3HMKAIOIIEM B HEM Iepenaje
JIABJICHUSI B 3aBUCHMOCTH OT Pacxojia B pe3yibTare Mepexo/la KMHETUYECKOW SHEPTruu 4acTh
NOTOKa B MOTEHIMaIbHYI0. Kiaccuueckuii mpeoOpa3oBarens 3Toro pacxoaomepa — tpyoka [Iuto
JUIsi 0TOOpa MOJHOTO HANopa B COYETAHUHU ¢ TPYOKOM it oTOOpa cTaTUYecKoro namieHus. Ha
puc. 1, u moka3aHbl 3TH TpPyOKHM B pa3AeTbHOM WCIOJHEHWH, a Ha puc. l, w — B
KOMOMHHpOBaHHOM — nuddepennuansas Tpyoka Iluto. DT mpeoOpasoBarenu CcO3AOT
nepenaja JaBieHHs B 3aBHCHUMOCTH OT MECTHOH cKopocTu. Hapsny ¢ HUMH NpeiosKeHb
npeoOpa3oBaTenu C OCPEAHSIONIMMHU HAMOPHBIMU TpyOKaMu 1o auamerpy (puc. 1, w) wiam mno
paanycy, a mpH CHIBHO JIehOpPMHUPOBAHHBIX IMOTOKAaX — MO ABYM Auamerpam. Kpome Toro,
NpeJIOKEHBI KOJIbIIeBast BcTaBka (puc. 1, 9) Iis ycpelHeHUs AaBJICHHS M0 KOJIbLIEBOW TUIOMIAAN
U HaloOpHOE MOBOPOTHOE KpbUIO (pUC. 1, 10) C ABYMS OTBEPCTUSAMH, OPHUEHTHPOBAHHBIMU
pa3nuuHBIM 00pa3oM K MOTOKY. BO3MOXXKHOCTH M3MEHEHHs yrjla YCTAaHOBKH Kpbula (OOBIYHO B
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npeaenax 45-90°) mo3BoyiieT MPUMEHSITh €r0 MPHU Pa3HBIX CKOPOCTSIX MOTOKA. 32 UCKIIOUYCHHEM
JIBYX MOCJIETHUX IPUMEPOB HAMIOPHbIE YCTPOUCTBA HAXOAT IIMPOKOE MPUMEHEHHE.

5. Pacxomomepbl ¢ HAaOPHBIM YCUJIMTENIEM UMEIOT mpeoOpa3oBaTesib pacxojia, B KOTOPOM
COUETAIOTCS HAMOPHOE U CyXKarollee ycTpoiicTBa. [lepemnas naBieHus co3aaeTcsi B pe3ysibTaTe Kak
MECTHOTO Tepexojla KUHETHMYECKOM SHEpruM IO0TOKa, TaK W YacTUYHOIO I[epexoja
NOTEHLIMAJIbHOW 3HEpruu B KuHeTnueckyro. Ha puc. 1, s mokasana koMOuHanus nuadparmsl C
TpyOKoii [Iuto. Ha puc. 1, o — coderanne Tpyoku ITuto ¢ TpyOkoit Bentypu, a Ha puc. 1, p —
caBoeHHas TpyOka BenTypu. HamopHble ycunuTenu NPUMEHSIOT NMPH HEOOJBIINX CKOPOCTAX
ra3oBBIX MOTOKOB, KOT/Ia TIepena AaBJICHUs, CO3AaBaeMbIii 0THON MU depeHnantbHON TPyOKon
ITuTo, oueHp mail.

6. Pacxomomepbl yJaapHO-CTpyilHbIE OCHOBAaHBI Ha 3aBUCHMOCTH pacxoja OT Iepernaja
JABIICHUs, BO3HUKawoLEro npu yaape crpyu. CTpys, BbITEKawoIlash U3 CYXKEHHBIX OTBEPCTUM
TpyOKH, CO3JaeT AaBJICHUE P, BO BHYTPEHHEH MOJOCTU CHWIb(OHA, CHAPYKU KOTOPOro HMEETCs

MEHBILIEE JIAaBICHHE P, , PABHOE JIABICHUIO YXOAALIEH )KUAKOCTU. DTH PUOOPHI IPUMEHSIOT JINIIb
JUT U3BMEHEHUS MaJIbIX PACXO0/I0B )KUJKOCTH U Ta3a.

2. 3aBMCHMMOCTBb MEKIY PACcXoa0M
U NepenajgoM AaBJICHHUS HA CY/KAKOLIEeM YCTPOHCTBE

BriBenem Qopmyny pacxoma st camoro pacmnpoctpaneHHoro CY — craHgapTHOM
nuadparMbl, TPEACTABISIONIEH COOOM TOHKWMW MHUCK C LEHTPAIbHBIM KPYIJIBIM OTBEPCTHEM
auamMeTpoM O, WMEIOIIMM OCTPYI BXOJIHYIO KpOMKy. Jlmadparma ycTaHOBIEHAa CTpPOTO
KOHIIEHTPUYHO ocu TpyOompoBoaa, umeromiero auamerp D. O6o3naunm uepes 4—A (puc. 2)
CeUYeHHue, OT KOTOPOr0 HAYMHAETCS CYKEHHUE TOTOKA, a ITPUXOBOM JIMHUEH — TPaHUIIbl TTOTOKA,
00yCJIOBJIEHHOTO MPOXOAOM 4epe3 oTBepcTue Auadparmel. [lo uHEpHMKM HAUMOOJBIIETO CYKEHUS
MOTOK JOCTUTAaeT B ce4eHHn B—B, orcrosimeM ot auadparmel Ha paccrosiuu (0,3 - 0,8)D, B
3aBUCUMOCTH OT oTHomieHus 3 = d/D. 3areM MOTOK HAYMHAET PACIIUPATHCS U BHOBB JOCTHracT
cTeHOK TpyOomnpoBoja B ceueHuu C—C. Ha puc. 2 nokazaHo U3MEHEHUE CKOPOCTH U JIaBJICHUS B
npeaenax ceueHud A—A nu C—C. J{ns )KuaKOCTH, INIOTHOCTh KOTOPOM p = const ¥ HE 3aBUCUT OT
JaBJICHUsI, CKOPOCTU OOPATHO MPOMOPIMOHAIBHBI TUIOMIAASIM MOTOKA, IPU ATOM MaKCHMallbHas
CKOPOCTb U, , JOCTUTAETCA B CEUEHUH B—2RB, a CKOpoCTh V¢ = Va. CTaTHueckoe AaBICHUE pq 10

ceueHust A—aA y CTeHKH TpyObI U B IOTOKE OJTHO U TO KE.

8 '
1 )
o~
R

| Pa=Pe

Pe

|

Kl : 5

Puc. 2. V3mepenue naBiieHus P ¥ CpeIHEH CKOPOCTH L) TOTOKA MPH MPOXOKIACHUU Yepe3 auadparmy:
HU3MEpEHHe p Y CTEHKHU TPYOHI; — — — W3MEpeHHe p B ABMKYIIEMCS TTOTOKE (B CEpeINHE TPYOHI).
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[To mepe cyxeHuss moTOKa MexAy cedyeHUussMU A—A u B—~B pjaBiieHME B MNOTOKE MaaaeT
(mTpuxoBasi KpuBasi), Tak Kak 0€3 3TOr0 HEBO3MOXKHO BO3pacTaHHWE CKOPOCTH MOTOKa. /laBrieHue
K€ Yy CTEHKM BO3pacTaeT (CIUIOLIHAS KpUBasi) BCIEJACTBUE MAJCHUS CKOPOCTH B MEPTBBIX 30HAX
nepen auadparmMoid, 10CTUras MakCuMyMa p,, B yriax y cTeHku nocneaneit. ITocie nquadparmbr

JaBIICHUE B yriuax y CTE€HKH P, . PasHocte Ap=p, —p, oOpasyer mnepeman aBICHUS,

U3MEPSIEMBIN MPHU yIIIOBOM MeTojie oToopa. Ha yuactke ot B—B 10 C—C naBieHuE B IOTOKE U Y
CTEHKHM IIOCTEIIEHHO BO3pPACTAE€T [0 3HAYEHUSl pPc, KOTOPOE MHOIO MEHBUIE, YE€M HayajabHOE
NaBJICHUE p, BCIEICTBHE NOTEPh SHEPTUM HA BUXpeoOpa3zoBaHUE U yaapbl 0 nuadparmy, npuyem
OCHOBHas 4acTh MOTEPh IPOUCXOJUT B MEPTBOM 30HE nociie Auadparmel. [1oTok, mpoTekaromuii ¢
OueHb OOJIBLION CKOPOCTHIO B ceueHUU B—B, yBlieKaeT 3a coOOM MpHIIEraronife YacTUIbl U3
MEpPTBOM 30HBI, CcO37aBas B HEH HEKOTOPOE IMaJICHUE JaBJICHHS. OJTO BBI3bIBAET YaCTUUHOE
JBIKEHHE JKUJIKOCTH BI0JIb cTeHOK OT ceuenns C—C k ceuenuto B—B. B pe3ynbrare B MepTBOI
30HE BO3HUKAET CHIIbHOE BUXPEOOPa30BaHKE U MTPOUCXOIUT 3HAYUTENIbHAS oTeps naBineHus. OHa
cocrasisiet ot 40 10 90 % ot nmepenana (pu - pc), B TO BpeMs KakK MOTEPs JaBJICHHUS OT TPEHUS U
yaapoB B caMoil auadparme cocrtaBiser He Oojiee 2 % oOT (pa — pb). Pemas ypaBHeHwue,
BBIpaXKAIOIIEEe 3aKOH COXPaHEHUsI SHEPTHH,

[odo=[dpp (1)
COBMECTHO C ypaBHEHUEM HEPa3pbIBHOCTHU MTOTOKA
d, = p-d, = puF = const, (2)

r7ie (m 1 Qo — MAacCOBbIM U 00BEMHBIN pacxoibl, a F — momaas monepeyHoro ce4eHus moTokKa,
MOJKHO TIOJIYYHUTh 3aBUCUMOCTbh MEXKIY (m (WM (o) M IepenajamMu JaBlICHUs (p1 — p2) Wik (pa -
pb).

Cuurast TpyOOIPOBO TOPU3OHTAIBHBIM U P = const, IPEABbIAYIINE YPABHCHUSI TPUHUMAIOT
BU/I:

p,/p+kvi/2=p,/p+koi/2+EG /2 (3)
On = pUFy = pu Ry (4)

rae Ka u kp — mompaBOYHBIC MHOXHTEIM HAa HEPABHOMEPHOCTH PACIPEIC/ICHHS CKOPOCTH B
ceueHUusIXx A—A u B—B cooTBeTCTBEHHO; ¢ — KOA(h(ULIKUEHT COMPOTUBICHUS HA Y4acTKe OT A—
A no B—B, oTHeceHHBIH K ckopocTuy, ; Fa u Fp — mmomanu noroka B ceuenusax A—A u B—B
COOTBETCTBEHHO.

OTtHolleHue MJIOAAM TOPJIOBHHBI IMOTOKa Fp K Iulomanum orBepcTHst auadparMbl Fo
Ha3bIBaeTCs KOI(PPUIIMEHTOM CYKEHHS MTOTOKA 4 . DTO TO3BOJISET BBIpa3uTh Fp uepes u u Fo 1o

YPaBHEHUIO
F,=uR. (5)
Toraa u3 ypaBHeHus (4) IOIy4uM, 4TO
v, = L, u(F,/ F)) = v,u(d / D) =v,um,
rae m= B’ =(d/D)’ - oTHOCUTENbHAS TUIOIIAIb CYXKAIOIIETO YCTPOMCTBA.
[TojcTaBiisist 5TO 3HAYCHUE Da B ypaBHEHHUE (3) U peliasi ero OTHOCHTENBHO v, TIOJYYUM

_ 4 2(p1_p2)
Ub_\/§+kb—kaﬂ2m2\/ p ©

Kosdpdpuuuent orbéopa w=(p,—p,)/(P,—P,) B ITOM YpaBHEHUU YUYUTHIBAET, YTO B OOIIEM

cilydae TOYKHM OTOOpa JaBJi€HHMH p1 U p2 MOTYT HE COBNAAaTh ¢ ceuyeHusiMu A—A u B—B. Tak, y
Hac U B OOJIBIIMHCTBE €BPONENUCKUX CTPaH MPUMEHSIOT YIII0BOM MeToa 0TOOpa JaBJIeHUH p1y U pay
B yrjlaX, 0Opa30BaHHBIX BXOJHOW M BBIXOJHOW IUIOCKOCTAMHU auadparMbel CO CTEHKAMH TPYOBI.
[Ipu stoM (p1 — p2) = (py - p2y). Ecnu orbop mpomsBomar B ceueHusix 4—A u B—B, 10
ko3 puuueHt y = 1.
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[Toncrasnss 3nauenust Fo, u v,, U3 ypaBHenuii (5) u (6) B ypaBHeHue (2), moydnm:

O = )/ 2,0( P — pz) (7

d =aFyy20(p, - 0,)/ p. (8)

rae

o=y N +k, —kopPm? - (9)
Ha3bIBaeTcs KoahduimeHnTom pacxoaa auadparmsl, rae m = 5.
®opmynsl (7) u (8) cipaBeyIUBEL ISl )KUAKocTer. st ra3a U mapa ux HaJ0 YMHOXHUThH Ha
KOA(P(ULMEHT pacCHIMPEHUs &, YYUTHIBAIONIMM YBEIMUYEHHUE YIEIbHOrO0 o0beMa (yMEHBIICHHE
IUIOTHOCTU p ) Ta3a u napa. C yyeToM ¢ mojydyaeM yYHUBEpcallbHble (GOpMyIbl 1715 (m (KI/C) U Qo
(M3/c) (B 06mem Buze cipasa o FOCT 8.563-97):

ﬂdz
O = aéF\2p(p, = P,) =CEsT\/2pAp ; (10)
d? /2A
QO:aéFO 2p(p|_p2):CE8 4 Tp (11)

I[Ipu & = 1 w3 HUX Kak yacTHbIM ciyyail momy4yaeM ypaBHeHus (7) u (8). OueBugHO,
miomans oreeperus CY Fo =nd?/4.

B wmexnmynapognom crangapre MCO 5167 xosdpdumment pacxoma mns Bcex CVY
IpeJICTaBJIEH B BUE JIBYX COMHOKUTENEH Mo (hopmyre

a=EC, (12)

rae E =1,/1- 8% — xosddunuent ckopoctu cxona; C — KOIQPUIHMEHT UCTEUEHHMS.
ITpuuem Bcerma E>1,a C<1, f=d/D.
Omnucanne npuHnuna aeicteus CVY, mnonoxkeHHoe B ocHOBY cranjgapra HMCO 5167,

opueHTupoBaHo Juiib Ha Te CVY, y KOTOpPBIX HET JOMOJIHHUTEIBLHOTO CY)XEHHS IOTOKa IOCIe
BbIxO/a uepe3 otBepetrre CY, 1. e. y kotopeix = 1. B MCO 5167 HEeT HUKAKOTO YIIOMUHAHUS O

4, a TeM Ooiyiee pa3bsiCHEHUs ero (usmueckoro cmbiciaa. Takum oOpa3oM, paccMOTpPEHHUE
npuHIMNa aekctBus auadpparmel orcytcTByeT B MMCO 5167, 0oAHOBpEMEHHO OTCYTCTBYET H
Kakoi-m0o ananu3 koddunnenta ucreueHus C, KOTOPbIN pa3bsICHSI Obl, IOYEMY JIJISl COTIEI, a
Takxke cornen u Tpyo Bentypu C nexut B npeaenax 0,9 - 0,995, a g quadparm C ~ 0,6. A oTBeT
coctouT B ToM, 4to 15l Bcex CVY koadduinuent C yuutbiBaeT norepro sHepruud B camom CVY,
HEPABHOMEPHOCTb pAaCHpEIeJICHUs] CKOPOCTEM [0 CEUEHHUI0O M MECTOPACIONIOKEHHE OTOOopa
naBJeHui, T. €. B popmyie (9) yuursiBaercs koapummentamu &, k,, kK, u v, a s nuadparmsl

koa¢¢unrent C yuutbiBaeT eie u kodpduuueHt cyxxenus u = 0,6 - 0,69.

VYrpomerHoe Beipakenue (9) koaddumueHTa pacxoja o MOXKHO OOBSCHHUTH M ONpPaBAaTh
JUITH TEM, YTO ONPEICIIUTh KOHKPETHBIC 3HAUCHUS TCOPETUUYECKH C JOCTATOYHON TOYHOCTHIO T10
dopmyne (9) Henp3s. C O60IBIITON TOYHOCTHIO 3HaUeHUS KOdPdumueHToB C B o ONPEeAeIsIIOTCS
sKcriepuMeHTalIbHO. Ho 1ieHHOCTh opMyiibl (9) COCTOMT B TOM, YTO €€ aHAIM3 IO3BOJISCT
BBISIBUTH BIIUSTHUE HAa KOY(PPUIIMEHT pacXxo/la « BCEX BXOIANIUX B Hee BenmuuuH: S, u &, k,, k, u

V.

3. Anaqu3 ¢popmyJibl pacxoaa

W3 nonyyeHHbIX (OpMyNn pacxoja CIEIyeT, YTO MEXKIY HHUM M H3MEPSEMbIM IEPEnaioM
JaBJI€HUS Ap=p,—p, CYLECTBYET KBaJpaTU4HAas 3aBUCUMOCTb. B mpocreiiniem Buiae 3TH
(OpMYJIBI MOKHO BBIPA3UTh TaK:
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G, =r'/Ap; g, =r"/Ap, (13); (14)

rne ' = adr\2p; K" =ad 2/ p .

[Ipu rpamyrpoBKe pacxoJOMEpPHBIX MIKal AMPMAHOMETPOB MPUHUMAIOT k' = const U k" =
const. A 3To TpeOyeT MOCTOSIHCTBA BCEX BEJMUHUH: &, &, Fo U p, onpeaensiomux 3Hadenus k' u K.
K coxanenuto, 3170 TpeGOBaHUE HE BHITTOIHSICTCSI.

He cymectByer CY, kotopoe obecrnieunBano Obl moctossHeTBO o (C) mist nannoro S = d/D

pH JIO0BIX pacxodax (WiH, TouHee, B 000 obmacTu uucen PeitHonbaca Re), motomy uTo Ha o
MOTYT OKa3bIBaTh BIIMSIHUE BA3KOCTH 4(V), TUIOTHOCTH p, CKOPOCTh » (a 3HAYUT, U pacxoi ()
U3MEPSIEMOT'0 BEIIEeCTBa, a Takke quamerp D (wm, Tounee, otHomenue d/D). Yucio Pelinonbica
Re — 310 Oe3pasmepHas BeIMUYMHA, SIBISIOMIASCS OTHOIICHHWEM CHJI MHEPLMU MOTOKA K CUJIaM
BSI3KOCTHOTO TPEHUS B HEM,

Re=vpD/pu=vD/v, (15)
IJie y — JTUHAMUYECKas, a v — KMHEMAaTH4YeCKas BA3KOCTh BEUIECTBA, IIPUYEM V = i/ p.

VuuteiBas, uto v =4q, (7D*) u q,, =, , TOTYIUM:
Re =0,354q,, /(Dy) =0,354q, (Dpw); (16)
Re = 0,354q, /(D) = 0,354q, (Dv), (17)

rne 4 B H-c/m*, v BM? /¢, p B KI/M>, Om B Kr/4, o B M> /4, D B M. Ecin ke usMepsars u B
Kre-c/mM?, To:

Re =0,0361q,, (Du); (18)

Re =0,0361q,p/(Dy) . (19)

N3 atux Gopmyn cienyet, yTo yucio Re mponopuuoHaibHO pacxomy.

IIpu Gompimmx umcnax Peinonsbaca (Re > 10° -10° ) xosdpduuuentsr C U 0o COXpaHAIOT
OUYeHb XOpolllee MOCTOSHCTBO, oco0eHHo y Takux CY, kak auadparma, comio, corio Bentypu u
Tpy6a Benrypu, ocobenHo nepsbie aBa. [l manbix ke uncen Re, Bminots 1o Re = 40, paszpa-
6otans! apyrue tumsl CY.

3nauenue kod(UIMeHTa pacIMpPEeHUs & HENPEPHIBHO YMEHBIIAETCS OT Hayaya IIKallbl K
Omax. DTO HAaJ0 YYUTHIBATh KaK JOMOJHUTEIBHYIO IMOTPEIIHOCTh, WM K€ CJEIyeT BHOCHUTH
MOMPAaBKy HA W3MEHEHHE & C IOMOINBIO BBIYMCIUTEIHHOTO YCTPOWCTBA B 3aBHCHUMOCTH OT
OTHOILEHUS Ap / p.

[Tnomane otBepctuss CVY  coxpaHseTcss TOCTOSHHOM Omarogaps tomy, uto CVY
U3TOTOBJISIETCS U3 MaTrepualia, CTOMKOro K KOPPO3MHM U 3pOo3uu. TeM He MeHee MPUTYIICHUE
BXOJIHBIX KPOMOK Jnad)parMbl HEM30€KHO, M PH Maiibix d < 125 MM Ha0 BBOAUTH MONpPaBKy K7
k Cuo.

["apaHTHPOBaTH MOCTOSHCTBO IUIOTHOCTH P HM3MEPSEMOTrO BEIIeCTBAa (OCOOCHHO Ta3a WIIH
napa) Hesb3s. HeoO0X01uMo BBOIUTH MOMPABOYHBIH MHOKUTEIb Km (IpH Om) 1 Ko (Tipu Qo):

kn=&\p/&rlpr =Pl Py ;
koz‘g\/p_r/gr\/;z\/pr/ )

Ii€ pr — ILUIOTHOCTb, IPUHSTAs IPU IPAAYUPOBKE; p — JNEUCTBUTEIbHAS INIOTHOCTD.
JIeHCTBUTENBHYIO TUIOTHOCTh Ta3a p OOBIYHO OMPENEISIIOT, M3Mepsisi ero temmepatypy 1 u
JIABIICHUE p1.
[ BaaXxHoOro rasza

p=p.(p—¢ 0, ). N(p.TK)+pp,, , (20)
rae pe = 101 325 I1a (760 mm pt. c1.) u Tc = 293,15 K — HOpMasIbHBIC TaBICHUE U TEMIIEPATYPa;
p — IUIOTHOCTh CYXOW 4YacTu rasza npu pe u I.; K — Ko3(p(ULHEHT C)KMMAEeMOCTH rasa; ¢ —
OTHOCHUTEJIbHAS BJIAXXHOCTb Ta3d; Psn — MAKCUMAJIBHO BO3MOXKHOE NaplUalbHOE J1aBICHUE
BOJISTHOTO T1apa npu 71; pe.n. — HauOONbIIIAs BOZMOXHAS TNIOTHOCTD Mapa npu P1 u 71.
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Jlns cyxoro raza
p = pO pch /( chlK) N (21)
4. CtangapTHblie 1ua)parMsl 1 cOILJIA

MexnyHapoaueii  crangapr  UCO 5167 [54]
perjaMeHTUpyeT  NPUMEHEHUE  TpeX  Pa3sHOBHUJHOCTEU
CTaHJapTHOW AuadparMbl, pa3IHyYalOUIMXCS UL MECTOM
orOopa paBineHuid p1 u p2. llpu yrmoBom cmocobe orbop
JABJICHUN OCYILECTBIISIETCS HENOCPEACTBEHHO y BXOJHOM U
BBIXOJHOM TUIOCKOCTed aucka auadparmel. [lpu dranueBom
MeToJie 0TOOp MPOU3BOAUTCS Ha paccTosiHUsAX 25,4 mm (1") ot
9TUX IIJIOCKOCTEW, a IMpH pagualbHOM (TPEXpaJnyCHOM)
Puc. 3. Crannaprhas quadparma: a — METOJIc OTOOp JaBJICHHS p1 NMPOUCXOIUT HAa PACCTOSHUU 1=
2 T—Oji‘;igng;iﬁi:gﬁ%ﬁ ;901 NI: Ii?;pz 0,9-11 D oT BXOmHOHW IUIOCKOCTH, a JaBJICHUS p2 — Ha

paccrosiauu |2 = 0, 5D (rne D — BHYTpeHHMIT qramMeTp

TpyOONpPOBO/Ia) OT BBIXOJHOW IUIOCKOCTH Aucka auadparmbel. OCHOBHOW MeTOJ oOTOOpa —
yrioBoi. Ha puc. 3 mpeacraBieHsl cTangapTHeIe AuadparmMbl ¢ yriioBbiIM oTOopoM. OHU mpen-
CTaBJISIFOT COOOM UCK ¢ KPYIJIbIM oTBepcTheM nuamerpoM d B rieHTpe. BxoaHo# yromn oTBepcTus
JOJKEH OBITh OCTPBIM WK paBHBIM 90°, 63 Kakux-mu6o nedeKToB, a NMUPUHA IUITUHAPUIECKOTO
oTrBepcTusi e noiwkHa ObiTh B mpenenax oT 0,005D no 0,02D, rne D — BHyTpeHHU# auamerp
TpyOomnpoBona. [Ipu yrioBom meToJe BO3MOXHBI JIBa BapHaHTa OTOOpa AaBJICHUI: TOUEUHBIN
(puc. 3, a) ¢ MOMOIIBIO ABYX OTBEPCTUM, MPOCBEPIICHHBIX BO (IaHIE TPYyOOIPOBO/Ia, U KaMEPHBIM
(puc. 3, 6). B mocnenneM cnydae nuck auadparMbl 3aKUMAETCs MEXIY JABYMS KOJbIIEBBIMH
o0oiiMaMu, B KOTOPBIX IPOTOYEHBI MPSMOYTOJIbHBIE KOJIbLIEBBIE KaMepbl. B kamepy naBienus piu
p2 TIOCTYNAlOT 4Yepe3 KOJbLEBbIE IIENM TOJUIMHOW ¢ M 4Yepe3 OTAENIbHbIE OTBEPCTHS,
pacroJiO’KeHHbIE Ha BHYTPEHHEW NOBEPXHOCTH KaXKIoM W3 000iM, umeromedt nuamerp Dk,
ynoBieTBopsomuid HepaBeHcTBY D < Dk < 1,0 D, rne D — BHyTpeHHHI AuameTp
TpyOomnpoBosa. M3 KoJIbLEBBIX KaMep MPOM3BOJUTCS OTOOP YCPEIHEHHBIX JaBIECHUN p1 U p2.
Konctpykums kamepHo#t auadparmsl 1ienecooOpasna npu gasienusx a0 10 Mlla. J{ns naBnenuit
1o 20 MIla umeroTcst KOHCTPYKIMH (hIaHIIeB, B KOTOPBIX BHITAUMBAIOTCS YCPEAHSIONINE KaMephl,
cooOmaromuecs yepe3 masbl ¢ MPOCTPAHCTBAMHU J0 U MOCIE TUCKOBOW aAuadparMbl, 3aKNMaeMon
mMexay (raanmamu. [lpu eme 6oee BEICOKMX TaBICHUAX MPUMEHSIOT JTUH30BBIC YIIOTHEHHS.

%

1

=

5

e

g ; Huadpparma ¢ ¢raHueBbIM  0TOOpPOM
7/% (SN JaBleHMil  mHokazaHa ~ Ha  puc. 4.
A7/ ) HomuHanbHbIe pacCTOsIHUASL OCEN OTBEPCTUM

i orbopa nmasienus li u |2 mocne muadparmer
paBHbl 25,4 mMM. JluameTpsl OTBEpCTUN st
otOopa MaBJICHWN NOKHBI OBITH HE Oosee
0,13D u ne Oomee 13 MM. MuHHUMAaILHBIHA
TamMeTp OTBEpPCTUI OTIpeIeIIsIeTCs

BEPOSITHOCTBIO 3aCOPCHUS M 00ECIICYCHUEM

Puc. 4. [lnapparmsl ¢ praHmeBrIM 0TOOPOM TABJICHUS: @ — BO
¢anmax; 6 — B 000iMe

YIIOBJIETBOPUTEIBHBIX JAUHAMHYECKHX XapakTepUCTUK. KpOMKU OTBEpCTUH OJKHBI OBITh
3aIoJIMII0 C BHYTPEHHEH MOBEPXHOCTHIO TPYOOIpPOBOIa.

Y amapparMel Cc paauanbHbBIM (TpPEXpaauyCHbIM) OTOOpPOM JaBJIEHUN HOMHMHAIBHOE
paccrosiaue |1 oT muadparmel 10 OCH OTBEPCTHS JIsi 0TOOpa JaBjieHus p1 paBHO 1D, HO MoOKeT
HaxoauThes B peaenax ot 0,9D no 1,1D.

JlocTouHncTBa (PJIaHIIEBOTO U OCOOEHHO TPEXPATIUYCHOTO METOJIOB 3aKJIIOUAIOTCSA B OOJbIIEH
MOJIOTOCTH KPHMBBIX JaBJIEHUH B MeCTax OTOOpa MO CpPaBHEHUIO C YIJIOBBIM METOJIOM U
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OTCYTCTBUU B CBs3HU C 3TUM HGOGXOI[I/IMOCTI/I NPpUMCHCHHA MaJIbIX AUAMCTPOB OTBCpCTI/Iﬁ JIIs

oTOOpa 1aBICHUM.
[Ipodune crangaptHoro comia MCA 1932

a9 _ﬁ‘fgﬂf 4 9 g04d mo 'OCT 8563-97 u UCO 51679 nmokasan Ha
ssﬂ,fﬂ‘F %' ad’%iqm l_\ 'ng'J‘i 420,034 puc. 5. Comio COCTOUT U3 IUIaBHO CY’Karo-
- 44 AN =l mieiics  BXOJIHOM  dYacTh, 0oOpa3oBaHHOM
= : =422 \\Q' 'S JyramMu AByX paguycoB 1= d/5 u r=d/3, u

~ TjEEMT o J %0 IZ{ o ITHHAPUIECKON YaCTH Ha BBIXOJC JATUHOM |
S (R - = 0,3d. Obmas mmHa coruia pasaa 0,6041d.
Tosowd | B Kpome TorO0, [UIsl TpeIOXpaHEeHUsT BBIXOTHOU

Puc. 5. CrannaptHoe coruto: a — npu m < 0,444; KpOMKfI comia, KOTOpas —NOJbKHA ObITh
6 — npn m > 0,444 ocTpoii (6e3 3ayceHIieB, pacok Hiu

BMSTHH), CIY)KUT 3aIIUTHBIA KOJBIEBOH BHICTYN, HMEIOmMK umHy He Oonee 0,03d wu
BHYTPEHHIOIO pactouky nuamerpom 1,06d. IMpu d/D < 2/3 nyra pagmycom 11 = d/5 mo
KacaTeJIbHOW COMpSTaeTCs C BXOJHOW IUIOCKOCTBIO coria (puc. 5, a), obOpa3ys BXOIHYIO
TOPIEBYIO IJIOCKOCTh coruia. [Ipu d/D = 2/3 mmpuHa 3TOH IIOCKOCTH BHYTPU TPyOOMpOBOIA
paBHa HyII0, a ipu d/D > > 2/3 Touka CONpsHKCHUS BBIXOIUT 32 MPEJIeibl BHYTPESHHETO THamMmeTpa
TpYyOBl, YTO BBIHY/AET IJIOCKYIO YacTh COIUIA JelaTh yceuyeHHOH (puc. 5, 6), a o0uIyl0 IIUHY
cormia MeHsIe, yem 0,604 1d.

LleHTp OKpYXHOCTH pamuycoM ri HaxoauTcs Ha paccrosHuu 0,2d oT BXOAHOTO TOpLA
(HeyceuenHoro) u Ha paccrostauu 0,75d ot ocu corta. LieHTp okpyxHOCTH pammycom Iz (12

+\/§) d/60 = 0,3041d ot BxomHOTrO TOpla (HEYCEUEHHOI0) U Ha paccTossHuu 50 OT ocu coria.
Tommuua ¢uanna corwta S He 6osnee 0,1D). TopnoBuna coruta mmmuoi 0,3d momkHa OBITH
WIHHIpUYECKOi. Pe3ynbrarhl u3mepenus auametpa d B JIFOOOM CEUCHHMH ITHJIMHAPHYECKON
94aCcTH HE JIOJDKHBI OTIIMYATHCS OT CpeHero 3HadeHus Oosiee yeM Ha 0,5 %. Cpennee 3Hauenue d
OIPEEIIAIOT B PE3YJIbTATE U3MEPEHHS HE MEHEE YEM YETBhIPEX IMaMETPOB, PABHOOTCTOSIINX JPYT
OT Jpyra. 3Ha4eHHs JIFOObIX JIBYX IMAMETPOB CYXKAIOIIECs BXOJHOM YaCTH COIJia, U3MEPEHHBIE B
OJIHOM IJIOCKOCTH, TIEPIICHIUKYIISIPHON K OCH COILIa, He JAOJKHBI pa3nuyaThcs Oonee yem Ha 0,1
% oT ux cpenHero 3HaueHud. [l oTrOopa AaBieHHs P1 HEPE] COIJIOM MPUMEHSIOT TOJIBKO
YIJI0BOW METOJ 0TOOpa, a sl 0TOOpa AAaBJIEHUS P2 MOCIE COIJIa HapsiAy ¢ YIJIOBBIM pa3peruaercs
0TOOp JaBJICHUS p2 HA HEOOJBIIOM PACCTOSHUH |2 OT BXOAHOrO TOpIa COIUIA, KOTOPOE TOJKHO
ob1Th HE O0see 0,2D npu > 0,67 u ve 60xee 0, 1D npu S < 0,67. [Ipu s3TOM AHIaMeTpbl OTBEPCTUI
st otoopa nmoinkHel ObiTh He Oonee 0,13D m 13 mm. Ilpu yrmoBom xe metone orbopa
CIPaBeIJIUBbI BCE yKa3aHUs, CAENaHHbIC BbIIIE A Auadparm, 1 B TOM YHUCIE PEKOMEHIAIUS 110
NPUMEHEHHIO KaMEPHOT0 0TOOpa, CIOCOOCTBYIOLIETO YCPEAHEHHIO IABICHUN p1U p2.

[To cpaBHEeHMIO CO CTaHIAPTHBIMU AMAa(parMaMu Corjia UMEIOT CIIeIyIOIINe IPEeUMYIIECTBa.
biarogapss OTCYTCTBHIO BXOJAHOM OCTPOM KPOMKH COIUIA 3HAYUTENIBHO JIY4Il€ COXPAHSIOT
HOCTOSIHCTBO K03 puiimenToB ucredenus: C u pacxoja o, UHbIMU CJIOBaMH, 00JaJal0T XOpOUIei
u3HocoycToiunBocThio. lllepoxoBarocTs TpyOONpoBOAa BIHMSET HA 3HAYEHHE HMCXOIHBIX
koddunuentoB C u o y comen MeHbine, 4yem y muadparm. To u gpyroe gemaetr ocoOEHHO
1eJecoo0pa3HbpIM MPUMEHEHUE comen s Tpyo HeOonbimmx auameTpoB: D = 50-200 mMm. Kpome
TOT0, IOTEPS JIABJICHUS Y COIMeNl HECKOJIbKO MEHbIIIE, 4eM y auadparm, a KodapPUIMEeHT cyKeHus
u =1, 6maronaps uemy ko3 dunuentsl C u o 6ombie, ueM y nuadparm. [losromy npu ogHOM U
TOM 3K€ MpeIeTIbHOM Tepernaje augmaHomerpa cormia u3Mepsitor Ha 70 % Ooubine pacxoibl, 4eM
muadparmel. [lorpemrHocTh UCXOIHOTO 3HaYeHus1 Koddduuuenta ucredenus dc y comen Ha 0,2-
0,3 % BbImIe, YeM y nuadparm. ITO KOMIIEHCUPYETCS MEHbIIIEH MOTPEIIHOCTRI0 KO3 uIineHTa
pacuupenusi 0. Ho awmadparmel uMeroT Oosiee MIMPOKYHO cdepy NpUMEHEHHsS, OCOOEHHO B
obnactu 6onpmmx yucen Re. Kpome Toro, 3Hauenus koap¢uuueHToB C U 0 3KCIEPUMEHTAIIBHO
ompeneneHsl s auadgparm y Tpyo, umeromux D ot 50 mo 1000 mm, a y conen — nuuib g0 500
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MM. M3 3TOrO CpaBHEHHUS BBHITEKAET, YTO B OYEHb MHOTHX CIIy4asiX B TPyOONPOBOJaX AUAMETPOM,
He npeBocxoasmuM S00 MM, u s uucen PeliHonbaca, He npeBocxoasmux 10 , comna UMET
ompeielIeHHbIE TPeUMYIIecTBa Tiepea auadparmamu.

5. Tpyos1 Bentypu

Hapsny ¢ paccMoTpeHHbIMH AuadparMaMyd M COIUIAMHM K CTaHAAPTHBIM  CYXKarOIIUM
ycTpoiicTBaM MexayHaponanslil crangapt MCO 5167, a Takke OTeUeCTBEHHbIE HOPMbI OTHOCST
TaK Ha3bIBa€MbIE PACXOJIOMEpPHBIE TPYOBbI: Kiaccuueckue TpyObl BenTypu u comna Bentypw.
XapakTepHbId MX MPU3HAK — PACXOAAIIUiics KoHyc—auddy30p, pacmoIOKEHHBI Ha BBIXOJE
nocjie HAaWMEHBIIEro CeYeHUs TOpJIOBUHBI TpyObl. Juddy3op oTpe3aeT MepTBbIE 30HHI,
UMEIOLIMECS Ha BBIXOJIE Y AuadparM U Comesl, B KOTOPBIX BCJIEACTBHE BUXPEOOpa30BAHUS MPOUC-
XOJIUT TIOTEPsl PHEPTUHU, 0cOOeHHO Ooubmas mpu Manbix f. [loaTomMy y pacxogoMepHBIX TPyO
noTeps JaBJICHHsI BO MHOTO pa3 MEHbIIIE, YEM Y IPYTUX CYKAIOLIUX YCTPOUCTB. DTO UX OCHOBHOE
IPEUMYIIECTBO.

Tpy0a Bentypu 6n1a npenoxena B CIIHA eme B xonue XIX B. I'epmenem. OHa cocTouT
(puc. 6): W3 BXOAHOW IIWIMHAPUYECKOW YacTh, HUMerolmeld nuamerp D, KOTOpbId MOXKET
OTNIMYaThcsl OT auameTrpa TpybompoBona He Oosiee uem Ha 0,01D, m mnuny L = D; xonyca
(koH(]Y30pa), cxosmerocs moa yriaom 21+1°, mmuuoi 2,7(D - d); mumHApHYECKON TOPIOBUHBI,
UMEIOIIIeH TUaMeTp U JUTUHY, paBHYIo d, 1 muddy3opa, pacXoasmierocs moja yriaom ¢= 7-15°.

2 & &»\ Uwucno orBepcTii s 0TOOpa JABICHHH Kak pi,
P Py TaK U p2 JODKHO OBITh HE MEHEE YEeThIpeX H

= . <14 s p=7+15° pacrnojiaratbCcsi paBHOMEPHO, @ MX OCH JIOJKHBI
7 - d”li/g] | OBITh TIEPIEHAUKYISAPHBI K ocH TpyOsl BeHTypw.
..ﬂ_’::‘_“'l.i.{ JlmaMeTpbl OTBEPCTUH JOJKHBI OBITh B TIpeeax

3) 47 i | ot 4 10 10 MM, HO He Gonee 0,1D s gaBeHus p1

u He 6onee 0,13d mis naBiaeHus p2. MUHUMAIBHOE
! yrca0 u3Mepenus auamerpoB D u d m0mKHO OBITH
: PaBHO YUCITy OTBEpPCTUH Jyisi 0TOOpa nasienuit D u
| d. OTkJIOHEHHE OTACIBLHOIO W3MEHEHUS JHaMEeTpa
D ot cpeanero mnomxHO OBITH HE OoJjiee 4YeM Ha
0,4% , a muamerpa d OT cpeHero He Oosiee YeM Ha
= 0,2%. B ropioBuHe AuameTphl Haj0 HU3MEPATH B

Puc. 6. Tpyba Bentypu: a — cxema u OCHOBHBIE Pa3MeEPHI; TPEX CEUCHMSIX: B HAYAJIC U B KOHLIC TOPJIOBHHBI
6 — U3MEHEHHUE JIABIICHUS Y CTEHKH TPYObI

U B IIJIOCKOCTH OTBEPCTHUH JJIT 0TOOpA JaBICHUS p2.

Paccrositnue ocu otBepcTHs it OTOOpA JABJICHHS p2 OT JIFOOOTO KOHIIA TOPIOBUHBI JIOJKHO
obiTh 0,50+0,02d. Ilmomiaae MONMEPEYHOrO CEUEHHUs IMOJOCTH KOJIBIIEBBIX Kamep s oTOopa
JABIICHUN p1 M p2 JOJDKHA OBITH HE MEHEE MOJIOBHMHBI OOIIEH IIIOMaan OTBEPCTUH NIl oTOOpa
JABJICHUM, HO 9TU IUIOMIAAM CJIEAYeT YBEIWYUTh B JBa pasa, eciiu mepen Tpyoor Bentypu
pacToIOKeH KOPOTKHI MPSIMOJIMHEHHBIA y4acTOK (MUHHUMAJIBHO JIOMYCTHMBINA) TPyOOIpoBOA.
3HavueHHEe MapaMmeTpa IMIEPOXOBATOCTU R, TOpIOBHMHBI M TPWICKAIIUX PAJAUYCOB COMPSIKEHUS
JI0JOKHO OBITH He Gostee 107d.

Jlomyckaercst enaTh BBIXOAHON nuamerp nuddys3opa MeHblle auameTpa Tpyoonposoaa D.
Takue TpyOb BeHTypH Ha3bIBalOTCS yKOpOYeHHBIMU. [Ipy 3TOM pa3pemniaeTcsi yMEHbIIATh JUIUHY
muddysopa He 601ee ueM Ha 0,35 %.

NmeroTcss Tpu pa3sHOBUAHOCTU Kiaccuueckux TpyO BeHTypu, 00ycioOBlI€HHBIE CIIOCOOOM
U3TOTOBJICHUS BHYTPEHHEH MMOBEPXHOCTH BXOJHOTO KOHyca (KoHdy3opa) u npoduis
IIEPECEUYECHUS Er0 C TOPIOBUHOM.

Pr

P2
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1. O6paborannsie TpyOsl Bentypu. Ilpumensitor namas TpyOOmpoBOAOB HEOOIBIIUX
muameTpoB D — ot 50 no 250 mm. M3roroBmsitorcss auTheM. BXOIHON KOHYC, TOPJIOBUHY M
BXOJHYIO LMJIMHJIPUYECKYI0 dYacTb oOpabarbiBatoT. Ilepexoasl Mexay KOHMUYECKUMHU U
WINHAPUYECKUMHU 3JIEMEHTAMHU BBITIOIHSIOT C 3aKpYTJICHUSAMHU U 0€3 HuX.

2. Jlutble TpyObl: Bentypu. IlpumenstoT nias TpyOONpoOBOJOB CPEAHUX AUAMETPOB — OT
100 no 800 mm. M3roraBinuBarOTCs JHUTbEM B IECOYHYIO (GOpMY WM JIPYrUM CIOCOOOM.
OOpabatTpIBalOT TOJNBKO TOPJIOBUHY COIUIA, @ MeCTa IepexoAa MEXAY KOHHYECKMMU U
HWIMHJIPUYECKUMU CETMEHTAMHU 3aKPYIJIAIOT.

3. Cpapuble TpyObl BeHTypu ¢ BXOAHBIM KOHHYECKHMM, KOHYCOM M3 JIMCTOBOW CTaJIH.
[Ipumensror st TpyOompoBoaoB Oombimux auamMeTpoB — oT 200 mo 1200 mMm. OOBIYHO
U3rOTaBIMBAIOTCS CBapKoi. B Tpy0Oax, Manoro auaMerpa ropJoBUHY 00pabaThIBAIOT.

TpyOsl Bentypu umeroT cienyromue J0CTONHCTBA!

1. Odenn manas moreps JaBieHHs Jp (puC. 6).

2. B0O3MOXHOCTb YCTAaHOBKHM Ha TpyOOIpOBOaX, HE UMEIOIINX JJIMHHBIX MPSMBIX YYaCTKOB.

3. OtcyTrcTBUE BIUSHUS MIEPOXOBATOCTH TPYOOTPOBOAa HA KO (PUIIMEHT UCTEUSHUS.

4. B0O3MOXHOCTb U3MEPEHMS 3aTPA3HEHHBIX CPE.

5. IlpocToTa pacuera BciaeACTBHE He3aBUCUMOCTH Kodduumenta ucreuenus C ot f3.

6 Bo3MOXHOCTh OY€Hb JIMTENBHOW MHOTroJIeTHEH paloThl Ojarojgapst  Xopoluen
U3HOCOYCTOMYHUBOCTH.

6. Comia Bentypu

B wmexnynaponnom cranmapre MCO 5167 m oredectBeHHbix Hopmax ['OCT 8.563-97
uMeercs eme W comio Bentypu, kotopoe, kak u TpyOa Bentypu, Omaromapsi BBIXOZHOMY
b dy30py UMEET OYEHb MAITYIO TOTEPIO JTaBICHUSI.

Comno  Bentypu coctout (puc. 7) U3 IUIaBHO
CyXarouieuncs BXOJTHOU YacTH, UWJIMHIPUYECKON
TOPJIOBUHBI M BbIXOJHOro Auddys3opa. BxogHas yactb
BMECTE C HaYaJIbHBIM YYaCTKOM TOPJIOBHHBI JiHO# 0,3d
npencTaBiasieT coOoil cranmaptHoe cormo. K Hemy
N00aBISICTCSl BTOPOU y4acTOK TOPJIOBHHBI TiHOM 0T 0,4d
no 0,45d. Takum oOpa3om, oOIIas JJMHA TOPJIOBUHBI
oyner ot 0,7d mo 0,75d. K BBIXOJHOMY KOHITY TOPJIOBHHEI
06e3  paguyCHOrO  COMNPSDKEHUS  MPUCOECAUHSIETCS
Puc.i7. Comno Bentypu: a — cxema U OCHOBHBIE Z[I/I(l)(by30p, yrol KOHYCHOCTH KOTOPOTO DaspeIacTCA
pasMmepsl; 6 — U3MEHEHUE aBIICHUS JAeJ1aThb BILJIOTH 10 300.
HaubGonee nenecoodbpasusl yribl 12-16°. [lpu MEHBIIUX yIiIax HE TOJBKO YBEJIMUYMBACTCS JJIMHA
coIia, HO M BO3pacTaeT moteps AaBieHus. [Ipu OOdbIIMX yriiax BO3MOXKHBI OTPBIB MOTOKA OT
CTE€HOK, BO3HUKHOBEHUE HEYCTOMYMBOTO JIBUKEHUS U, KaK CJIEACTBHUE, MYJIbCALUU U3MEPSEMOIO
nepernaja JaBieHHUs.

OT60p naBieHHs! p1 OCYIIECTBISIETCS TaK ke, Kak U y ctanaaptHoro coruia MCA 1932. Tlpu
9TOM PEKOMEHJYeTCS NMPUMEHSATh Ha BXOJE KOJBIEBYIO Kamepy sl OOeCleueHHs] CpPEeIHEro
3HaveHus p1. OTOOp JaBJICHUS MPOU3BOIAT U3 TOPIOBUHBI Ha pacctosiauu 0,3d OT ee HaYaIbHOTO
BXOJIa 4Yepe3 HE MEHEE YeM YEThIPE OTBEPCTHUS, PACIOIOKEHHBIX PABHOMEPHO MO OKPYKHOCTH
TOPJIOBUHBI. J[naMeTphl 3THX OTBEPCTHIA JOKHBI ObITh He Oosiee 0,04d u iexath B mpenenax ot 2
MM 10 10 MM ¢ ydeToM NpeAOTBpALECHUS HUX 3aCOPEHUS. DTU OTBEPCTHS COEIMUHSIIOTCS C
HapY>KHOM KOJIBLIEBOU KaMepou win TpyOKoil.

a)
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7. ABoiiHast nmagparma

JlBoitHast nmuadparMa — OJHO M3 TEPBBIX CYXKAIOUIMX YCTPOMCTB, MPEATOKEHHOE WU
ucciaenoBanHoe Benbixomeiiem B 1936 1. DTO yCTpoWCTBO cOCTOMT (puc. 8) W3 JIBYX
CTaH/JIAPTHBIX AMCKOBBIX AuadparM, pacrnonokeHHbIX Ha paccrosiHuu a = (0,3-0,5)D apyr ot npy-
ra. JlaBnenue pi oTOMpaeTcs y MepeiHel MIOCKOCTH MEPBOM BCIOMOTATEIbHOM Iuadparmel,
UMEIoIIeH auaMetp oTBepcTHs (i, a JaBlieHHE p2 — Y 3aJHEH IUIOCKOCTH BTOPOW OCHOBHOM
nuadparmel, quameTp otrBepctus kotopoir d. Jlmamerp di Bcerma Oombimie, yem d. J[BoiiHas
nadparMa Mo CBOMM CBOMCTBAaM — TPOMEKYTOYHAsh MEXIy CTaHIAPTHOM auadparMon u
CTaHJapTHBIM COIUIOM, TaK Kak BCIIOMOrareiibHas quadparMa mpu npaBUiIbHO BHIOPaHHOM
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paccTosiHUM O00JieryaeT BXOJA IOTOKa B OTBEPCTHE OCHOBHOM
nadparmel. B cBsi3u ¢ 9THM MOTepst AaBlICHUS B HEH MEHBIIE, 4eEM
y cTaHmapTHOM nuadparMbl, HO OOJBIIE, YEM Yy CTaHAAPTHOTO
coruia, a 3HaueHue kod(dduumeHTa pacxoda o MEHbIIE, YeM Yy
coria, Ho 00JIbIIe, 4eM y auadparmMel.

Puc. 8. [IBoitHast nuaparma

Puc. 9. lnadparma ¢
JIBOMHBIM KOHYCOM

Puc. 10. Tnadpparma
C KOHUYECKUM BXOJIOM

8. luadparma ¢ ABOMHBIM KOHYCOM

[IpuBenennas Ha puc. 9, quapparmMa UMeeT KOHUYECKUI BXOJI C YIIIOM
KOHyca € W KOHHYECKMH BBIXOA C yrioMm 45° XapaKTepHCTHKa TaKOH
muadparMbl B 3HAYUTENIBHOM CTEMEHU 3aBUCUT OT yriaa 6 W IIUPUHBI
BXOAHOW 4acTu b1. DBbpU10  BBIIOJHEHO MHOIO HCCIENOBAHUU 110
YCTaHOBJICHUS ONTHMAJIbHBIX 3HaueHui O u b1. B oot u3 mepBhix padot
uccinepoBaiu auadparmel ¢ € ot 15 1o 30° u ¢ b1 = 0,5d, a B manpHeiimem
— muadparmel ¢ 0 = 50° u ¢ b1 = 0,06d. Ho B paborax He ObLIO
MOJITBEPIKJICHO TIOCTOSIHCTBO 0 B OOJACTH MaJIbIX M CpeaHuX uucen Re y
atux auadparm. Hammydmime pe3ynbTratsl ObUIH MOJTYYeHBI s auadparm,
umeBmux 6 = 40°, b1=0,06d u b2~ 0,3d.

9. lnadparma ¢ KOHHYECKUM BXOJA0M

Yron BxomHoro kKonyca y nuadparm (puc. 10) B 3aBUCUMOCTH OT
ornomenuss d/D w3mensiercs B mpeaenax ot 31,2 mo 45°, a mmpuHa
konyca b — B mpenenax ot 0,083 mo 0,175. 3a BXOIHBIM KOHYCOM
PacIoNIOKEeHO HUJIMHIPHUECKOE OTBEpCTHE AuaMeTpoM d U IUPHHOHN e =
0,021d+0,0025d. Tonmuna guadparmer £ < 0,1D. Co cTopoHBI BBIXOJA Y
nradparmMel KIMEeTCs IIIMHAPUIecKas BeiTouka. Ee nuamerp di > 2d.
Jlonyctumbie 3HadeHus: otHomienus d/D waxomsarcs B npeaenax ot 0,1 1o
0,5./lmadparma ¢ BXOJHBIM KOHYCOM JaBHO ObLia pa3paboTaHa W HC-
clieJloBaHa aHTIHMiCcKoW (upmoit «KeHT», HO ee XapaKTepHCTUKH OmyO-
JIMKOBAHbI CPAaBHUTEILHO HEIABHO.
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10. Konycunas nuagpparma

Konycnas nuagparma, MIPeAI0KEHHAS u
uccnenoBannas KyparoBeiM, coctout (puc. 11) wu3
KOHMYCCKOM YacTH IIuHOW D ¢ yriom Bxoma 6. Beuin
uccleoBaHbl AMadparMel ¢ yriaamu 6, paBHbiMu 15° u 25°,
u otHomeHusivu b/d ot 0,3 mo 1. Hammyumme pes3ynbraThl
noy4eHsl npu yrie 6 = 15° u otHomenun b/d = 1.

Puc. 11. Konycnas nnadparma Kyparosa:
06— 15°%b=d;di=d+4mm; E<0,1D

11. Comio 4yeTBepTH KpPyra

Comuto 4eTBepTh Kpyra — OJHO W3 HauOoJiee HCCIEAOBAHHBIX CYXKAIOIIUX YCTPOWCTB,
MpEeHAa3HAYCHHBIX 11 MajbiX yucea Re. Bo3moxkHbIE YeThIpe pPa3sHOBUIHOCTH HTOTO COILIA
MOKa3aHbl Ha puc. 12.
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Puc. 12. Coruto yeTBepTh Kpyra: a —r<S; 6 —S=r;6—r>s;2—r> (D —d)/2

[Ipodune comna obpaszyercst nyroit paauyca . Bo Bcex ciydasix, Korja LEHTp paauyca I

HAXOJIUTCS B MIpejenax auaMmerpa Tpyost (puc. 12, a—a), mpoduiib comia paBeH 4YeTBEPTOM YacTu
OKPY>KHOCTHU, COEIUHSAIONIEHCS MO KacaTeIbHON C TOPLEBOM IUIOCKOCThIO coria. [Ipu Oonbiimx
rpaayupoBOUYHBIX Koddduimentax m, korma r > (D - d)/2, mpoduas comma odepueH Iyro,
KOoTOpasi 00pa3yeT yroJj ¢ TOpLEBOH MIOCKOCThIO coruta (puc. 12, 2).
[TocrostHCTBO KOA(dUIMEeHTa pacxona o 00yCIOBIMBAETCS NMPAaBUIBHBIM BBHIOOPOM panuyca I,
OkaspiBaercs, yto npu yeeaundeHun M ot 0,05 mo 0,48 paauyc I' JODKEH 3HAYUTEIIHHO
Bo3pactaTh. [Ipu 3tom oTHornenue r/d yBeauuuBaercs ot 0,1 mo 0,446. B cBsi3u ¢ 3TUM Tpu
MaJbIX M pagnyc I' OKa3pIBaeTCsl MEHbIIIE TOJIIMHBI cotuia S, Kotopas oobraHo paBHa 0,1D (puc.
12, a). C yBenuueHneM M paauyc I cTaHOBUTCS paBHBIM S (puc. 12, 6), a 3atem (puc. 12, 8)
paauyc I nenaercs yxe 0oJiblie TOJIIIUHBI COTJIA S.

12. [InsmHApUYECcKOe COIJIO

NmeroTcs nBa TUNa HUIMHIPUYECKUX COMEN: HecuMMeTpuyHoe (puc. 13, a) u
cummeTrpuuHoe (puc. 13, 6).

[lepoe Obuto mnpemioxeHo KénHeke BMecte ¢ COMJIOM YETBEPTh Kpyra H
KOMOMHHPOBAHHBIM COTUIOM. B panmpHeieM MUIMHAPUYECKHE HECUMMETPUYHBIE COTIAa HCClie-
nosasi B CIIA, SInonun u Ilonemre. OnbiTel Ha TpyOe ¢ D = 100 MM Xoporio nmoaTBepAuIn
3HaueHus o, noiydeHHble KEHHeKe, a Takke BBICOKME 3HAUCHHUS Reémax. CHMMeTpuuHBIE
HWIMHJpUYecKkue coruia npepioxun Kabza. On uccnenoBan ux Ha Tpyoax, nuMmeBiinx D, paBHbIN
40, 32,25 u 15 mm nipu m B npenenax ot 0,09 no 0,64.
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%, 3nauenus o mpu D = 40 MM coBnamnu ¢

naHHbIMU Kénneke. C yMEeHbIIEHHEM JUaMeTpa
TpYyOBI OBLJIO YCTAHOBJIEHO YBEJIMYEHHE O,

7,

Eéx? He3HauuTenbHoe 1pu D = 32 u 25 MM, HO
3 cymectBenHoe (Ha 3 —4 %) nmpu D = 15 mm.

Puc. 13. [umuHapudeckue coruia:
a — HECHMMETPUYHOE; 6 — CUMMETPHYHOC

IpOLIeCCe SKCIUTyaTallud MPUTYIUICHUS BXOJHOM OCTPOW KPOMKH,B pe3yiabTaTe KOTOPOTO
k03 ummeHT pacxoma o OydeT Bo3pacTaTh M OJHOBPEMEHHO, KaK MOKa3aJd OIbITHI, Oyaer
BO3pacTarh U 3HaUeHUe Remin.

I[OCTOI/IHCTBO MUJIMHAPUYICCKOIro Comia —
MMpoCTOTA U3rOTOBJICHUA, HCIOCTATOK —

13. KomOuHUpOBaHHOE COILIO

KombOunnpoBanHoe comio, mpoduib KOTOPOro MOKa3zaH Ha puc. 14, sBisercs codeTaHuem
COIUIa YETBEPTh Kpyra Ha BXOAE U LMJIMHIPUYECKOM 4YaCTH, MMEIOUIEH JJIMHY Z Ha BBIXOJE.
3aBUCHMOCTB Z OT d ¥ OT m TpUBe/ieHa Ha puc. 15.

Puc. 14. KoMOMHUPOBaHHOE COTLIIO

(mpoduiib)

z/d

2,0 _T" )
15 .
o]

5 z -0165d A

4

04 05 06 07 08m
Puc. 15. 3aBucumocts sl Z/d orm

14. Ocpennsironiasi HAMOPHAas TPyOKa
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Puc 16. Ocpennsromas HaropHas TpyOKa:
1 — ¢nanen; 2 — ocpenusromas TpyoOka;

3 — 3arrymika

KomOunupoBannoe comio mnpemntokeno KEHHeke B Buje
JIOTIONTHEHHUSI K COIULY YEeTBEPTh Kpyra W MpeaHa3HAYCHO
ToibKO 11t O6onmpmux m ot 0,45 mo 0,75. Pammyc r
Bo3pactaer ot 0,043d nmpu m = 0,45 no 0,15d mpu m = 0,58, a
3areM ymenbmaetcs 10 0,078d npu m = 0,75 mo 3akoHy I =
0,5(D - d). Obnacte nmocrosiHcTBa M0 KéHHEKE HAXOAUTCS B
npenenax umcea Re or 3 - 10° mo 2 - 10°. Ipoduis
KOMOMHHPOBAHHOTO COIUIa MMEET CXOJCTBO C Npoduiem
CTaH/JapTHOTO COIJIa, HO BXOAHAs 4acTh OYepUeHa HE IBYMS,
a OJHUM HEOOJIBIIUM PAAUYCOM, a LUIUHIPUYECKAS] YacTh
3HAYUTENBHO JUIMHHEE. 3HAYeHUss o y HEro HEMHOTO
MEHbIIIE, YEM Y CTaHJAAPTHOIO COILIa.

Ha puc. 16 mnokaszana ocpeasstomas TpyoOKa,
pazpaboranHass B OJecCKOM  TOJUTEXHHUYECKOM
uHctuTyTe. [Ipu 3TOM 0TOOp CTATUYECKOTO JABJICHUS B
TpyOONpoBOJie  MPOU3BOAUTCS  Yepe3  OTIEeIbHOE
oTBepcTHe,  pacnonoxkeHHoe nepexn OHT  Ha
pacctossauu 0,075D+0,025D nox yrinom B = 15-165°
Hel. DTo obecrneurBaeT BechMa OJIM3KOE K €IUHUIIC
3HaueHue kKordduimenTa pacxoaa o (mpeodpazoBaHmsl)
OHT. Ilo mawaeiv BHUWP, mns tpyboxk OIIN on
nexut B mpeaenax 0,9915-0,9955. Ero morpeniHoctb
o= 1,2 % B mpenenax uucen Peitnonbaca Re ot 1,8 -
10° mo 108
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Pa6oramu OIIU ycTanoBieHO, 4TO KOA(D(PHUITUEHT 0. COXpaHIET HAMOOJBIIYIO CTA0UIBLHOCTD,
ecnu omaar BHyTpeHHero nonepedyHoro ceyenuss OHT ne menbme 80 % ot miomanu Bcex
OTBepCTUH Ha J1I000BOM cTOpoHe TpyOku. OTCIOga ClleqyeT ypaBHEHHE [UIsl OIpeleleHus
HauOOJIBIIETO TOMYCTUMOTO YHUCTIA 71 STUX OTBEPCTHIA:

n=0,.8d;/d;,
riae ds — BHyTpeHHU# quametp TpyOku; o — auaMeTp KaXKaoro OTBEPCTHS.

Tak kak ToimmHa CTeHKH TpyOku & = 0,lds, To m Hapyxubii guamerp dy = 1,2ds, a
MHHHAMAJIbHOE 3HavyeHue Ay OompesessieTcsi U3 yCJIOBUS MPOYHOCTH TPYOKH, M OHO TeM OOJIbIIIe,
yeM 0OoJIbIle BHYTPEHHHI quaMeTp Tpyoonposoaa D u ckopocts v (Tounee, qu’). s cTaabHbIX

TpyOOK ¢ mpenenom Tekydectd marepuana o = 1,93 - 10® Ila (ctams 1X18HI9T) OIIU nmaer
dopmymy A onpenieseHus BHYTPEHHETO JUaMeTpa OCcpeHsonei Tpyoku ds:

d, =4-10*D |— 2,
[or1(=17)
rae [o:] (ITa); n (ds/dr).
O6a xonma OHT ykperuisitoTcss B CTEHKE TPyOONpOBOJa, a B €€ CepelnHEe TOMeIIeHa Mpooka,
yepe3 KOTOPYIO MPOXOJUT UMIYJIbCHas TpyOKa, uMeromas Hapyxkubiid guamerp du < 0,05d u
JIBa OTBEPCTHS HAa CBOUX KOHIIAX sl 0TOOpa MaBiieHnit u3 kaxaoi mososuasl OHT.

Juametp otBepctuii do BEIOMparOT TeM Oodbiie, ueM Oobiie dr. B meronnke BHUMP 1992
I. yKa3aHo, 4To Oq JIOJDKHO OBITh HEe OOJbIIe 5 MM, a MUHHMAJIbHBIA pa3Mep 3aBHCHT OT
BEPOSITHOCTH 3aCOPEHUS U KETAEMbIX TUHAMHUECKUX XapaKTEPUCTHK.

Yucno oTBepcTuii 7 Ha 1060BOi cTopoHe 3aBMCHT 0T oTHomeHus (dg/do)?. B Tpybke OITH
npuHsaTo n = 8. D10 TpedyeT, 4ToOb! ObUTO (dB/do) > 10. LleHTpHI OTBEpCTHIl pacmonararTcs Ha
paccrosinusx 0,354D/2, 0,616D/2, 0,791D/2 u 0,935D/2 B 06e cTopoHbl OT cepenunsl Tpyoku. [1o
Mepe TpuOInKEHUs K nepudepun pacCTOSHUS MEXK1Y OTBEPCTUSIMU YMEHBIIAIOTCS, TOTOMY YTO
OHM Pa3MEIIAIOTCS B CEPEAMHE PABHOBEJIMKHUX I10 IUIOMIAM KOJBIEBBIX y4acTKOB. [Ipu odeHb
CHWJIBHO Je(OPMHUPOBAHHBIX TOJSAX CKOPOCTEH, YTO MOXKET OBbITh MPU OUYEHb MAaJbIX MPSIMBIX
yuactkax TtpyoomnpoBogoB, OIIM mnpennoxun u wuccnenoBan mnpumenenue nByx OHT,
PACIONIOKEHHBIX TMEPHNEHIUKYISIPHO JAPYyr K JAPYry HW HMEIOUUMX HMITYJIbCHbIE TPYOKH,
COEJIMHEHHBIE JAPYr C APYroM. DTa KOMOMHAIMS TPYOOK MOJydusia Ha3BaHUE «OCPEIHSIOIIMMA
KpecT».

Ocpennsiromue kpectsl W3rotoBsuiuck B OIIM mns ouens Gonpmmx aumerpoB D Tpyo,
UIYIIUX OT HACOCOB, B YACTHOCTH JUIsl O4eHb Oonbiux D, paBubix 0,585, 0,645, 1,01, 1,28, 1,675
U 2,2 MM, U TIPH 3TOM JUaMeTpbl TpyOOK 0, 00pa3yromux KpecT, HaXOAWIHCh B mpejenax 25-85
MM.

Omnpenesienne pacxoaa ¢ NOMOUIbI0 OCPeIHSAIOIIEH HATIOPHOH TPYOKM.

Ucxonnas Gpopmyiaa 00beMHOro pacxoza (o (M>/4) uMeeT BUJ

qo = 0,05252 aeD*\/Ap/ p ,
rae o— kodddumment pacxoxaa, st Tpyook OIIU a = 0,9915 — 0,9955 (B cpennem a = 0,9935); ¢
— MHOHMTENb, YYUTHIBAIOMIMI pacmmpenue rasa; D — amamerp TpyGompoBona, MM; Ap —
niepena;] AaBjieHns, Krc/M? ; p — INIOTHOCTh BEMIECTBA, KI/M>.

15. CoennHuTeIbHBbIE TPYOKH

Cyxaroliee yCTpOMCTBO (WM JApyrod mpeoOpa3oBaTesib pacxogoMepa MEepPeMEHHOTO
nepenajga JaBlieHUs) coeauHsieTcss ¢ audPepeHIuaibHBIM MaHOMETPOM JIBYMSI HUMITYJILCHBIMHU
(coemMHUTENTLHBIMU) TPYOKaMHu.

B GonbmmHCTBE ciiydaeB auameTp TPyOOK BeIOMparoT B mpezenax oT 8 ao 13 mm (uamie
Bcero 10-12 mm). MeHblne quaMeTpbl HEXeaaTelbHbl M3-32 OMACHOCTHU 3aCOPEHUsS] TPYOOK U
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0o0pa3zoBaHusl B HUX BO3IYIIHBIX MYy3bIpel WM BOJASHBIX MPOOOK. C yBEIUUECHHUEM K€ TUAMETPOB
BO3pacTaeT pacxoJ Marepuaia U MPOBOJAKA CTAHOBUTCS T'POMO3JKOM, a P U3MEPEHUM pacxoaa
raza MpPOUCXOAMWT W 3ama3fiblBaHue TMokazaHuili. Ho ¢ yBennueHueM IMHBI TPYyOOK, a TaKxke
BA3KOCTU W 3arpsi3HeHHOCcTH u3MmepsieMoil cpenpl MCO pexkoMeHIyeT yBeNMYMBaTh AHAMETP
TpyOOK.

JInuHy COeIMHUTENBHBIX TPYOOK >KEIaTeabHO BBIOMpPATh BO3MOXXHO MeHbIe. [Ipu stom
BO3paCTalOT HAJAEKHOCTh MPOBOAKU U ObicTponelicTBue pacxogomepa. Tak, MCO pekoMeHIyIOT
UMETH JTY JUIMHY He OoJiee 16 M, HO HET 3ampeTa Ha MPUMEHEHHE U 0oJiee JJIMHHBIX TPYOOK.
Marepuan st U3roTOBJICHUS] TPYOOK JOJKEH BBIIECPKUBATH JABJICHUE M3MEPSIEMOTO BEIECTBA,
OBITh AHTUKOPPO3UNUHBIM M TI0O BO3MOXKHOCTH yJOOHBIM Ji1 MOHTaxa. B GoJbIIMHCTBE cilydaes
NPUMEHSIIOT CTaJbHbIE TPYOKH: BOJOIa3oMpOBOJAHbBIE (ra30Bbie) M OECIIOBHBIE (MCIONb3YIOTCS
IpU OTHOCUTEIBHO OOJBIIMX JIaBJICHUSX). beciioBHble MOTYT OBITh HM3TFOTOBIICHBI U3
YIJIEPOJUCTON CTalM, @ TAKXKE M3 HU3KOJETMPOBAHHOM M BBICOKOJIETHPOBaHHOM. He momyctumebl
TOPU3OHTANIbHBIC y4acTKu y TpyOok. [locimemnue momKHBI UMETh YKIOH He MeHee 1 : 10 wm
ayuymie 1 @ 12 gast Toro, 4roObl KOHAEHCAT W OCAAKH MOTJM YNAlSAThCS B JIOBYIIKH WA
OTCTOMHUKH, a My3bIPHKH Ta3a MOJHUMATHCS K Ta30COOPHUKAM WJIH YXOJIUTh B TPYOOTIPOBOA. DTH
YKJIOHBI HAJI0 YBEJIMYUBATH TIPU U3MEPEHHUH PAacX0/1a KUJIKOCTEH 0osiee BA3KUX, YEM BOJA.

16.yCTpOﬁCTBa, IMPUMCEHSACMbBIC IIPH UBMCPCHUH pacxoaa TCIJIOHOCUTEJISA

Jlnst n3mMepeHus pacxoja napa:

[Ipu m3MepeHun pacxojaa mapa COSAMHUTEIbHBIC TPYOKH 3amojHeHBI KOHAcHcaToMm. [Ipum
HU3MEPEHUH PacXo/ia MOXKET HaApPYIIUTHCS PAaBEHCTBO KOHJIEHCATHBIX CTOJIOOB B 00enx TpyOKax 3a
CYET MepeMEelIeHUs YacTH KOHJAeHcaTa B audmanHomeTp. Bo wuzbexaHme 3TOro mpuUMEHSIOT
YpaBHUTEIBHBIE COCYABI, HMEIOMUE OOJBIIYI IUIOMIAAL MOomepedyHoro cedeHus. OHU
YCTaHABJIMBAKOTCS HEMOCPEICTBEHHO Y CYKAKOIIETO YCTPOUCTBA.

3) Jupmanometp KeJIaTeIbHO

pacnojiaraTb HMXKE CYXKalOUIero ycT-
= = poiictBa (puc. 17, a) c Tem, UYTOOBI
BO3/1yX, BBIICIIUBIIMICA WIA CIy4alHO
NomaBImIMA B TpPyOKH, MOI YHTH B
naponpoBoa. Ilpu  HeobOxomumocTu
YCTAaHOBKM  Ju(MaHOMETpa  BbIIIE
CY’KalOIlero yCTpOMCTBA HAJI0 HA CaMOM
BEpPXy IOMECTUTHh Ta30COOPHHUKH (puc.
17, 0). [Tpu TOPU30HTAIBHOM
TpyOONpOBOJIe JaBJIEHUA p1 U P2
0oTOMparoT o TOPU30HTAIBHOMY
Puc. 17. CxeMbl pacIionoXeHus ypaBHUTENIbHbIX COCY/I0B U nuamerpy. Ilpu  BepTHKaIbHOM U
COCAMHUTCIIbHBIX pr'6OK npu }II/Iq)MaHOMeTpe, HaXoagmeMcC: HAKJIOHHOM HaPOHpOBOJIC pr6Ky’

a — HKe auadparMel; 6 — BBIIIC THadparMbl
HUIYILIYIO OT HUJKHETO OTBEPCTUS

NIy
Rk

0T00pa, TeIUION30JINPYIOT, MOJHUMAIOT 10 TNIOCKOCTU BEPXHETr0 OTBEPCTHS U B OJJHON IJIOCKOCTU
BBOJAT 00€ TpyOKHM B ypaBHUTENIbHbIE cocynbl. [lociienqnue ObIBalOT CO CTOKOM M 0€3 CTOKa
KOHJICHCaTa B mapornpoBoj. [IpenmymiecTBEHHO NpPUMEHSAIOT TMepBble. WX neiicTBUe TeM
spdexTrBHEE, YeM OoIbIe TOpU3OHTANbHas Iuomans fc 3epkama B cocyne M 4YeM MEHbIIE
U3MEpUTENbHBIN 00beM V, AupMaHOMETpA, T. €. TOT 00bEM, KOTOPBIA NEPEMEIIAETCS U3 OJTHOTO
KOJIEHA B IpYyroe Mpu u3MeHeHuu nepemnaja ot 0 10 A pmax.
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100 dopma ypaBHHUTENIBHBIX COCYIOB,

1
; AL | pexomennyemas MCO, nokasaHa Ha puc.
5 ! o ., _
A T — — - g| 18. Manmeii cocyn umeer mmuny L = 100
_ ol i “*':f\}/ o/ 4 Sl MM u BMmectumocth 170-250 cm?,
p=] o,
S i | oonpmoii — mmuy L = 230 MM un
dp ! i BMecTuMocTh  600-800 cm’. Tommmnua

CTEHKH S cocTaBisieT 5, 7,1 m 12,5 MM
Puc. 18. YpaBHutenbHbie cocyibl, pekoMeHyembie MCO

IpU MCTIBITaTeIbHOM naBieHuu 19 u 54 MIla. Iuamerps! di u d2 HaxozasTes B mpenenax ot 12,7
10 24 MM B 3aBUCHMOCTH OT JaBJCHHS M CIIOCOOOB COCAMHEHHUs KOHIIOB TpyOku. Juamerp ds ~ (8
—8,7) mm.

[Ipu ouyeHp BBICOKOM TeMmmepaType mapa Uil NPeJOXPaHECHHS CYKAIOLIEro YCTPOMCTBA OT
nonagaHuss XoJoAHoW >kujukocth u3 TpyOook MCO pexomMeHayeT HENmoCpelCTBEHHO Iepes
CY)KalOIIUM YCTPOMCTBOM pacrojaraTh JIOBYIIKY THIIa KapMmaHa, 00beM KOTOpPOTO MPUMEPHO
paBeH 00bEMY YPAaBHUTEIIBHOTO COCY/Ia.

Jliis m3mepeHns pacxoa BOJAbl U HearpecCMBHBIX KUIKOCTe

[Ipu u3mepeHun pacxoja KMAKOCTEH IU(PMAaHOMETP >KeIaTeIbHO YCTaHABIMBATh HIDKE
CYXAIOIIero yCTpoicTBa, 4TOObI BO3AYX, BBIACIUBIIUICS B COEAMHUTENBHBIX TPYOKax, MOT yITH
B TpyOonpoBoj. Eciu HeoOXoauMo yCTaHOBUTH AM(PMAHOMETP BBIIIE CYXAIOUIETO YCTPONCTBA,
TO ellle Bbllle nu(MaHOMETpa HAO0 MOMECTUTh COOPHUKHU BO3yXa, a COCIUHUTENbHbIE TPYOKH,
IPUCOEIUHIEMbIE K CYXKAIOIIEMY YCTPOWUCTBY IPH FOPU30HTAIBHOM TPYOONpPOBOJIE B MIOCKOCTH
TOPU30HTAIIBHOTO THAaMETPa WM HEMHOI'O HMKE, HaJO cnepBa omycTuTh BHU3 Ha 100-200 mm u
JMILb 3aT€M BECTU UX KBepXy. unamerp cOopHUKOB Bo3nyxa 25-60 MM, BbICOTa paBHa YEThIPEM
nuameTpaM. B ciydae 3arps3sHeHus M3MepseMOM KHUAKOCTH HAJl0 HECKOJIBKO HHMKE CY’KAOIIEro
YCTPOICTBA IOMECTUTH OTCTOMHBIE KaMEPBI.

Ha puc. 19 noka3zana cxema ¢ OTCTOMHBIMM KaMepaMU U
cOOpHUKaMU BO3JyXa MNpU JU(PMaHOMETpPE, YCTAHOB-
JIEHHOM BBIIIE CYXKAlOWIEro ycTpoWcrea. B ciydae
OMACHOCTH 3aMEP3aHMsI BOJAbI B COEIMHUTENb-HBIX TPYO-
Kax MPUMEHSIOT 3JCKTPUIECKUI WM MapoBOi 000TrpeB.
Ho npu sTom Haso obecneunTs paBHOMEPHOCThH HarpeBa
o0enx TpyOoK M n30exarb UCHapeHHs! BOJbI B TPyOKax.
Ecnu Ttemmeparypa XUIKOCTH B TpyOompoBojae Ooiee
120 °C, to mis obecrieyeHUs] PaBEHCTBA IJIOTHOCTEH
KHUJKOCTH B 00€MX COETUHUTEIBHBIX TPyOKax cleayeT
YCTAaHOBUTh ypaBHUTEJIbHBIE COCYAbl (Kak W TpHU
M3MEPEHUH pacxoja napa).

Puc. 19. Cxema coenuHeHUI IPH N3MEPEHUH

pacxojia Bojibl B TU(MaHOMETPE, HAXOSILEMCS BbIIIE THadparMbl:
1 — oTcTOiHBIC KaMephl; 2 — Cy’KaroIlee YCTPOUCTRO;

3 — mupmaHOMETp; 4 — BO3TYXOCOOPHUK
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17. InddepenuunanbHbie MAHOMETPbI
Oo0mas xapakrepucTuka (i depeHunaIbHBIX MAHOMETPOB

JudbdepernmanpbHbie MAHOMETPHI (MJIM COKpAIEHHO IU(PMaHOMETPBI) U3MEPSIOT Mepemna
JABJICHUS, CO3/IaBa€MbIi CY)KAIOIIUM YCTPOMCTBOM WJIM JPYTUM IpeoOpa3oBaTeieM pacxoja.
OHU pa3nIuuaroTCsl MO MPUHLHUIY JEWUCTBUS, MpEAeiaM U3MEPEHUN U XapaKTepy OTCUETHOIO
yCTpolcTBa (MOKa3bIBAIOIIUE, CAMONUIIYIIUE, UHTETpUupyomme u T. m.). Kpome Toro, mMHorue
Tu(MaHOMETPBl 00OPYIYIOTCS JJICKTPHUUYCCKUMU WM IMMHEBMAaTHYECKUMH TpeoO0pa3oBaTeIsIMH
nepeMeneHus: YyBCTBUTEIBLHOTO dJIeMEHTa Mpubopa B CHUTHAJ, MOCTYMAIOIIMN Ha BTOPUYHBIN
u3MeputenbHbiil ipubop. [lpu sTom nudmanHoMeTp MOXKET MMETh WM HE WUMETh OTCUETHOE
YCTpOUCTBO (T. €. OBITh OecumiKaidbHbIM). B mocienHem ciaydae OHU TPEICTABISIIOT COOOM
JBYXCTYIIEHUaThIe TpeoOpa3oBaTeu nepernaaa JaBIeHus.

[lo npunnumy  gedcTBUS  TUHMAHOMETPHI  MOTYT  OBITh  KUJAKOCTHBIMU  WJIU
nedopMaIiOHHBIMHU.

CymiecTBylOT  CINEAyIONIME  PA3HOBUJIHOCTH  KUAKOCTHBIX  OU(PMaHOMETpPOB:  C
HETMOABMKHBIMHU KOJICHAMH, C OJHUM TOJBM)XHBIM KOJICHOM, C JABYMS TIOJBM)XHBIMH KOJICHAMH U
KOJIOKOJIbHBIE.

VY Bcex Au(MaHOMETPOB JKUIAKOCTHOM CHCTEMBI M3MEpPSEMBbIi repenaj aaBiacHus (Pi- P2)
YPaBHOBEIIUBAETCS] PA3HOCTHIO JaBJICHUM, CO3/1aBAEMbIX CTOJIOOM MaHOMETPUUYECKOW >KUJIKOCTH
BBICOTOH N B MHHYCOBOM KOJIEHE M CTOJIOOM BEIIECTBA TAKOW K€ BBICOTHI, HAXOAIIEMCS B
IUTFOCOBOM KOJICHE HaJl MaHOMETPUYECKOW >KUAKOCThIO. Ho Tonbko y AudMaHOMETPOB C
HETMOJABMKHBIMU KOJICHAMHU 3Ta BBICOTA CIYXXHUT JIJII U3MEPEHHs TMepernana Pi- P2 KOTOPBIA y
IpYrux Tu(MaHOMETPOB H3MEPSETCS MO BHICOTE IMEPEMEIICHUS] KOJIOKOJAa WU TOJIBUKHOTO
KoJieHa JTHOO0 10 YTy MOBOPOTA KOJIbIIa MpUbopa.

JudmaHoMeTpbl ¢ HEMOABM)XHBIMH KOJIEHAMM TOJIPA3JIECNSAIOT HA MPUOOPHI C BUAUMBIM
YPOBHEM, C 3JIEKTPUUECKUM CHEMOM IOJIOKEHHS YPOBHS U Ha MOIUIAaBKOBBIE TU(DMAHOMETPHI.

Hedopmarimonnsie nudmMaHOMETPBI TOAPA3ACISIOT HA MEMOpaHHbIe U cuib()oHHBIE. B HUX
nepenaj JaBJICHUS YypaBHOBEIIMBACTCS CHJIAMH YIPYrOCTH MeMOpaHbl WM CHIbPoHaA IHOO
JIOTIOJTHUTENBHOM (0OBIYHO BMHTOBOI) MPY>KUHBI (OJHOW MM HECKOJBKHUMH) M HU3MEPSETCS MO
MEPEMEIICHUIO YYBCTBUTEIBHOTO JIEMEHTA.

Bce mepeuncienHbie pasHOBUIHOCTH KUAKOCTHBIX M JAe(OpPMAIlMOHHBIX JTU(PMaHOMETPOB
MOTYT OBITh KOMIIEHCAIIMOHHBIMHU.

Kunkoctasle mudmaHoMeTpsl 00IaaI0T BHICOKONH TOYHOCTHIO M HAJIEKHOCTHIO JCHCTBUS,
HO OHM WHEPIMOHHBI, U BO MHOTHX W3 HHX B KaueCTBE MaHOMETPHYECKON >KUIKOCTH
MPUMEHSETCS] PTYTh; TIPU 3TOM TpeOyeTcsi COOMI0IeHne 0COOBIX MPaBUJI TEXHUKHU 0€30MacCHOCTH,
YTO OCIIOKHSIET IKCIUTyaTaIHIO ATHX AU(PMAHOMETPOB.

Hedopmarmonusie AuMaHOMETPHI MAJOMHEPIIMOHHBI, U JUIsl HUX HE TpeOyeTcs pTyTh, HO
WX MOKa3aHUs 3aBUCAT OT CTEMEHU COBEPIICHCTBA YNPYTUX CBOMCTB MeMOpaH WiK CUIb(OHOB, a
IIpU HEJIOCTATOYHOW HAJEKHOCTH MPEJOXPAHUTEIbHBIX YCTPOUCTB BO3MOXKHO HX MOBPEXKICHHE
npu  neperpy3ke. OTMEYEHHbIE  HEJOCTAaTKU  JOJIr0  CHEPKUBAJIU  PaCIpOCTpaHEHUE
nedopmanoHHbIX audmaHomeTpoB. Temepsr HSTH HEAOCTaTKM B 3HAYUTEIHHOM CTETICHU
MPEOJIONICHBI, U 3TH MPUOOPHI CTAIH MIMPOKO MPUMEHSTHCS, BBITECHUB B OOJBIINHCTBE CIIy4acB
MPOU3BOJICTBEHHON TPAKTUKU KUIAKOCTHBIE AU(PMAHOMETPHI B OOJACTH CpPEIHUX MU OOJIBIIUX
nepenazoB AaBieHus. Ho u B obnactu Majibix MepernajoB IaBJICHUs] OHU MOTYT KOHKYPHUPOBATh C
KOJIOKOJIbHBIMH ¥ KOJIBIEBBIMU TU(MAHOMETPpAMH KHAKOCTHOM cuctembl. Kpome Toro,
YKUJKOCTHBIE TPHUOOPHI IMIUPOKO MPUMEHSIOT B Ka4eCTBE 00PA3IOBBIX U KOHTPOJIbHBIX.
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IIpumepsl nudpepeHuNAIBHBIX MAHOMETPOB

a) /Kuokocmmuuie ougpmanomempeol ¢ 6uOUMvIM ypoBHEM

Ot nuMaHOMETPHl COCTOST W3 JBYX TPYOOK WM COCYHAOB,
COOOIIAIIINXCS MEXIy cO00M W 3amoJIHEHHBIX MaHOMETPHUYECKOM
KUJKOCTBIO /10 HYJIIEBOM OTMETKM IIKaibl. BeicoTy cronba
MaHOMETPHYECKOW >KUIKOCTH, a TakXe BBICOTY MOJbEMa OJHOTO M3
COCYZIOB B MpUOOpax KOMIEHCAIIMOHHOTO THUIIA U3MEPSIOT BU3YyaJbHO.
B HekoToppix ciydasx (B MHOTOTPpYOHBIX  JaudmaHOMETpax)
OCYILIECTBIISIIOT TOCJIEI0BATEIHHOE COETMHEHNE HECKOIBKUX TpyOok. B
OCHOBHOM TMPUMEHSIOT AU(PMAHOMETPHI C OJHOW MaHOMETPUYECKOU
KUIKOCTbIO, mojapaznenstomuecs Ha  U-oOpasHble  (OCHOBHBIC
npubopbl) u Il-o0pa3zHble, HO ANl U3MEpPEHUs] MaybIX IEepernaaoB
JABJICHUS] CYIIECTBYIOT NPUOOpPHI M C JBYMS MaHOMETPUYECKUMH
KHUJTKOCTSIMH.

HNmeetcst 6omnbiioe pazHooOpa3ue mprubopoB, paboTaAIIMX HA MPUHIIH-
ne U-o0pa3Hoil TpyOKH, B TOM YHUCIIE OBYXTPyOHBIE, MHOTOTPYOHBIE,
OIHOTPYOHBIE € HAKJIOHHOW TpPyOKOW ¥  KOMIICHCAIlMOHHBIC
TU(MaHOMETPHI.

[IpocTeitmuii mpencTaBuUTENb >KUAKOCTHBIX TU(HMAHOMETPOB C BH-
JTUMBIM YPOBHEM — A3TO CTEKJIsSIHHAsl Wiu MeTtaundeckas U-oOpaszHas
TpyOKa, 3aloJTHEHHAsI 10 CEpeAMHB MAaHOMETPHUYECKOW KUIKOCTHIO U
cHaOxeHHas wKanoil. IlogoOHbIM nudmMaHOMETp NONYYWI Ha3BaHHE
nBYXTpyOHOTO. ([l Mcronb3oBaHUS Ha SIEPHBIX HHEPTrETUYECKUX
W16 yCTaHOBKaX, TPYOKH AU(PMAHOMETPOB BBHIMIOJIHSIOT HE M3 CTEKJA, a U3
MeTajjla WK JApyroro marepuana.) KoHCTpykuusi ero rnokasa Ha Ha
puc. 20. Ha nmocke 2 ykpermieHbl cTaabHOM 00K 1 ¢ BHYyTpeHHUM
KaHasoM, mkaina 3 (mmuHoi 700-800 Mm) u BepxHMiA 010K 12.

cohesessrered
)
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Puc. 20. 1ByxTpy6HbIN
andgmaHomeTp

C momouIb0 HaKUAHBIX TA€K U PE3NHOBBIX YIUIOTHEHUHN JIBE TOJICTOCTEHHBIE CTEKIISTHHBIE TPYOKH
4 3akperusitoTcs BHM3Y B Ooke 1 M BBepXy B pTyTEyJaBIMBAIOIIMX KaMepax S, B KOTOPBIX
HAXOJATCS KOPOTKHE MeTaulndeckue Tpyoku 14, sBisromuecs: nmpojopkenuemM tpyook 4. [pu
Ype3MEepHOM BO3pacTaHUU Tepenasia JaBlIeHUs PTYTh BBIOpAChIBAaeTCS B KaMepy O, BBHITEKAeT W3
oTBepcTUi 7, uMeromuxcsa y Tpyook 14, u uepe3 orBepctus 6 BHOBb MOCTyIaeT B TpyOku 4.
Bentunn 8 u 13 cimyxar Ui NpUCOEIUHEHUS MMITYJIbCHBIX TPYyOOK, a BeHTWIW 9 u [1 nns
npoayBku. Manometp 10 usmepsier naBneHue pi. 3aroiHeHUE PTYTHIO U CIUB €€ MPOU3BOIAUTCSA
yepe3 Hummenb 16, 3anupaemMbplii KOHYCHBIM KJlanaHom 15.

VYpaBHeHne usmepeHus 1upmMaHoMeTpa UMEET BU/T
Ap =p1—p2 = hg (p1- p2),
rae h — pasHOCTh ypoBHEH MaHOMETPHYECKOW YKHIKOCTH B TPyOKax; p1 U p2 — IUIOTHOCTH
MaHOMETPUYECKOM KUJKOCTH U BEIIECTBA, HAXOSAIIETrocs Ha/l Hel.

0) Ilonnaekoevie ougpmanomemput

[TorutaBKOBBIME HA3BIBAIOTCS KUJIKOCTHBIC TU(MAHOMETPHI ¢ HETIOIBYKHBIMU KOJICHAMHU, Y
KOTOPBIX HM3MEpSEMBI Tepernaj, JIaBJICHHS YPaBHOBEHIMBACTCS CTOJOOM MaHOMETPHYECKOU
KHUJIKOCTH, a W3MEpsIieTCS TEePEMEIICHUEM TIOMJIaBKa, HAXOMSIIErocs B OJHOM W3 KOJCH
nudmanomeTpa (puc. 21).
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O6o3naunB uepe3 H Xoj ToOMIaBKa, KOTOPBIM paBeH
MEepPEMEILEHNIO0 YPOBHS JKUJKOCTH B MOIJIABKOBOM cocyje, uepen D
u d — Juamerphl MOIMJIABKOBOTO M HEIMOIUIABKOBOTO COCYIOB
COOTBETCTBEHHO, IOJIyYUM YpaBHEHHE H3MEPEHHUs IOIIaBKOBOTO
TU(pMaHOMETPA C LIWINHIPUYECKUMH KOJIEHAMU:

pi- P2 = Hg (p1 - p2) (1 + D¥d?).

Jiis  mepexoja Ha Apyrod mpenen  usMepeHus (Ipu
HEM3MEHHBIX X0Jie TorutaBka H u nuamerpe D) mensiror nuamerp d.
B cBsi3u ¢ 3TUM COOTBETCTBYIOIIEE KOJIEHO HIIM COCYI OOBIYHO
Ha3bIBAlOT CMEHHBIM. PaBeHCTBO mepeMecTUBIIMXCS 00BEMOB J1aeT
ypaBHEHHUE [UIs onpeeneHus d.

Puc. 21. Cxema nomiaBkoBOro AM(pMaHOMETpa C MIIMHIPUIECKIMH KOJICHAMHU:
1 — MexaHU3M, MepeIaroNIUi JBIKEHIE OT NOIUTaBKa 3 K cTpelke npudopa 2;
4 — MHHYCOBBIH TTOIUIABKOBBII COCY; 5 — MITIOCOBOI cocy .

d=DyH/Ah-H).

W3 3TOrO ypaBHEHHUs CiedyeT, 4yTo 4eM Oosbiie h, T. €. ueM OoJblle Mpenei U3MEpPCHHs
Ap,.. » TeM MeHbiIe d. OTeuecTBeHHBIE MOIIABKOBBIC TU(MAHOMETPHI IIPU PTYTHOM 3aIIOJTHEHUH

UMEIOT CEMb CMEHHBIX COCYIOB Ha Ap,  , paBHbIN 6,3, 10, 16, 25, 40, 63 n 100 kIla. IIpenensHbie

JaBlIeHUs WMMEIOT 3HaueHus 6,3, 25 u 40 Mlla. /Iuamerp D momiaBKOBOro cocyaa HEMHOTO
OoJplie TUaMeTpa morutaBka Dn ~ 78 MM, KOTOPBIA JOJKEH OBITh JTOCTATOYHBIM TSI TTOTYYEHUS
HEO0OXOMMOM IMepecTaHOBOYHOM CHIIBI. X0/ MOIJIaBKa B OT€YECTBEHHBIX AudManomerpax 30-35
MM. 3HAYHUTENIBHO PEXE BCTPEUAIOTCS IMOIJIABKOBBIE IU(PMAaHOMETPHl HE C PTYTHBIM, a C
MacCJISTHBIM 3alloJTHEHUEM JUIsl u3MepeHus: Mansix Ap,_ - oT 0,04 mo 4 xlla, y kKoTophiX nuamerp

norutaBka Dy ~ 160 MM, a ipenenbHoe naBienue coctasiser 0,25 MlTa.
B TeueHue MHOTMX JI€T OCHOBHBIMHU BBIITYCKa€MbIMU JH(PMaHOMETpAMU OB HUMEHHO
MOTUTABKOBBIE, OTJIMYAIOIINECS HAJAC)KHOCTHIO B pad0Te U CTAOUIIBHOCTHIO TIOKA3aHUH.

8) ZKuokocmmnule ougpmanomempot ¢ 0OHUM NOOBUIHCHBIM KOJICHOM

Y KMIKOCTHBIX I[I/I(i)MaHOMeTPOB TaKOro BHIA HU3SMCPAIOT ICPCMCHICHUC ITOABUKHOI'O
KOJICHA.

Ha puc. 22 noka3anbl cxembl 11()MaHOMETPOB C OJHUM IOJBHIK-
HBIM KOJIGHOM, KOTOpO€ OOBIYHO ObIBa€T MHHYCOBBIM. OHO
NOJIBEIIEHO Ha TMpPYKUHE M HUMEeT THMOKOEe COEIMHEHUEe ¢
TUTIOCOBBIM KOJICHOM M TPYOKOH, MOABOJSIIECH K HEMY JaBJICHHE
p2. llox BiIMssHMEM pPa3HOCTHM JABICHUM p1 - p2 YaCTh
MaHOMETPUYECKON JKUJIKOCTH TEpeTeKaeT M3 HEMOBUKHOTO
IUTIOCOBOTO COCY/la B MUHYCOBBIM, BBI3bIBas €ro MepeMeIlEHUE,
KOTOPOE U3MEPSIETCS MO LIKAJIE.

Puc. 22. Cxembl Au)MaHOMETPOB C MOJBIXKHBIM KOJICHOM:!
a — TUTIOCOBBIM HETIOJIBUKHBIM; 6 — MUHYCOBBIM IOJIBUKHBIM

[ToaBrKHOM cOCy MOKET OBITh HUIUHIAPUICCKUM (puc. 22, @) uiv npodUuInpoBaHHbBIM (pucC. 22,
6), 00eCIeUNBAIOIIMM TPOMOPIIHOHATBHOCTh MEXIY PACXOJO0M U TEPEMEIICHUEM IOJIBHIKHOTO
cocyna. YpaBHEHUE U3MEPEHUs /ISl IEPBOTO U3 HUX UMEET BU]I

p,— P, =Hle(f, + £,)/,f,—9(p - p,)],
rae ¢ — kod3QUIUEHT KECTKOCTH NpYyxHuHbI; fn U fu — momanu cedeHWil MOIBUKHOTO |
HEMOJIBUYKHOTO COCYAOB COOTBETCTBEHHO.
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N3 sToro ypaBHEHHs CIemyeT, YTO IepeMmelieHne H cocyia HpsSMO HPOIOPIHOHAIEHO
nepenany pi - p2. B 3aBUCHMOCTH OT ECTKOCTH MPYKHHBI nepemerieHne H Moxer ObITh Kak
MEHbIIIC, TaK U OOJIbIIe Pa3HOCTH ypOBHEH MaHOMeTpuueckoil xuakoctu h. Eciau ¢ >2a, To H<h,
ecmi ¢ =2a, To H=hmwuecm a < ¢ < 2a, mo H> h.3nece a = g(p, —p,)f,f,/(f,+f,) Bo Bcex

ciy4asx HeoO0X0AMMO, UTOOBI OBLIIO ¢ > @, TaK Kak NMpu ¢ = a Xon H =o.

2) Konvueswvie ougpmanomempuot

L/ pf//P

JIBe cxembl paccMaTpUBAEMBbIX MPUOOPOB
npuBeaeHbl Ha puc. 23. B OonbmmHCTBE
cllydaeB IPUMEHSIOT KOJIbLIEBbIE
mugmanomeTpsl (puc. 23, a), COCTOSIIUE W3
noJioro koJpla 1 ¢ meperopoakoil 2 B BepxHeu
YacTH, C Pa3HbIX CTOPOH KOTOPOI C MOMOIIbIO
rHOKUX TPYOOK IOJAIOTCS NIABICHUS p1 U p2.
Koo 3aI0JIHEHO HaTOJOBUHY
MaHOMETPUYECKOMN JKUJKOCTBIO 5 M CHaOXKEHO

% >
Puc. 23. IToBopoTHBIE TUHMAHOMETPHI: nonepednHon 3. Hp 1 pi=p ZU KOJIBIO
a — KOJbIEBOU HOPMBI; 6 — HEKOJIBIEBOH (OPMBI IIOBOPAYHUBACTCA BOKPYT IIPHU3MCHHOU OIIOPBI

4, yCTaHOBIIEHHOM TaK, YTO OChb BpalleHUs OOBIYHO COBMANAET C TE€OMETPHUYECKUM IIEHTPOM
KOJbIIa. YTOJ TMOBOpPOTa ¢ 3aBUCUT OT Beca rpys3a 0, cO3[aroiiero MNpOTUBOACHCTBYIOIIMMA
MomeHT. Ha puc. 23, 6 mokazad MOBOPOTHBIN TH(PMaHOMETP, COCTOSAIMINN U3 ABYX cocynoB 1 u 4,
COCJIMHEHHBIX TPYOKOW 6 M yKperuleHHbIX Ha mnomnepeuuHe 2. OH UMeeT Tpy3 S5, co3naroimui
IIPOTUBOJICUCTBYIOIIUI MOMEHT, M IOBOPAYMBAETCSI BOKPYI IPU3MEHHOW OIOpPHI 3 HA yroa ¢,
Korma pi > po.

B konbrieBom mupmanomerpe (puc. 23, a) pa3HOCTbh NaBICHUH p1 — p2, AeMCTBYyIomas Ha
HeperopoKy Iiomiaapko f, cosmaeT Bpariarmmuii MOMEeHT M, B COOTBETCTBUU C YPaBHEHUEM

Me’:(pl - pZ)fR,

rne R — cpennuii paguyc KoJblia.

[Tox nelictBuem momeHTa Mg KOJIBIIO TOBOPAYMBAETCS 10 YACOBOU CTPEJIKE HA YTOJI @ 10
TeX 1op, moka Bec G rpy3a, HaXOASIIErocst Ha PaCCTOSIHUU @ OT OCH BpalleHwusl, He 00pa3yeT
MPOTUBOICUCTBYIONIUN MOMEHT M,, paBHbI! MOMeHTY M,. OueBuano, M, = Ga sing .
W3 paBencTtBa MOMeHTOB M, u M, cnenyer, 4To

p1—p2=Ksing,

raoe k = Ga/fR.

B 510 ypaBHEHHE He BXOAMUT IIOTHOCTh MaHOMETPHUYECKOH >KuUJIKOCTH. ClenoBaTelbHO,
YIOJI MOBOPOTA ¢ HE 3aBUCHUT OT INIOTHOCTH KUJKOCTH, a 3HAUUT, U OT €€ TeMIlepaTrypsl. pyrue

CYILIECTBEHHbIE JTOCTOMHCTBA KOJBIEBbIX TU()MAHOMETPOB — JIETKOCTh Mepexoja Ha APYrou
npesesl U3MEpPEHHs IyTeM CMEHBI NMPOTUBOAEHCTBYIOmEro rpy3a G u Manoe tpenue Onaromaps
NPUMEHEHHIO OMOpbl HOkeBoro tumna. Ho ams stux audmanomeTpoB TpeOyeTcsl MOBBIILIEHHOE
BHUMAHHUE TPU DKCILIyaTalluh W JABICHHUA p1 U p2 JNOJDKHBI NOABOAMTHCS K HUM THOKMMHU
TpyOKaMHu.

OcHoBHasi 001acTh UX NMPUMEHEHUS — H3MEPEHHE PAacXojia JOMEHHOro, KOKCOBOI'O U APYTUX
ra3oB HU3KOIO JABJIEHUS NPU MajibIX npeaenbHbix nepenanax: 250, 400, 630, 1000, 1600 Ila.
3nech JUIsl MOJA4YM JABJICHUW p1 U p2 OT HUMIYJIbCHBIX TPYOOK K JIuU(MaHOMETPY CIy’KaT
pe3uHOoBbIE TPYOKH. MaHOoMeTpuueckas >KHUIKOCTb — Macllio WM Bojaa. PaHee M3roroBisuin
KoJIbLIeBble qudMaHOMeTphl (Ha cpeanee 10 3 Mlla, a noznHee Ha Beicokoe 10 70 MIla naBienus,
YTO TO3BOJIAET MCIOJB30BATh MX HAa MCTOYHUKAX SHEPIHMHM) C TOHKOCTEHHBIMHM CIUPAIbHBIMHU
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METAJUIMYECKUMHU TpyOKaMu JUisl TOJBOAA JAaBJICHHM p1 M p2 W C PTYThIO B KauyecTBe
MaHOMETPUYECKON KUIKOCTU. {151 HUX B ypaBHEHUU WU3MEPEHUS JOJDKEH YUUTHIBATHCS MOMEHT
M, co3aaBaemblii ciUpaibHBIMUA TPYOKaMH MPU UX 3aKpPYYMBAHUH, © MOMEHT My, 00pa3zyembiii
JIOTIOTHUTEIbHBIMU KOMIIEHCUPYIOIIMMHU TPY3UKaMHU.

0) Konokonvnuie ougpmanomemput

KonokonbHeIi qrMaHOMETP COCTOUT M3 OAHOTO KOJIOKOJA (peke JBYX, MOJBEIICHHBIX HA
KOPOMBICJIE€), YAaCTUYHO IOTPYKEHHOTO B JKUJIKOCTh M TEPEMELIAIOLIErocs MOJ BIUSHUEM
U3MepsieMoil pasHOCTH JaBieHU. [laBieHue p1 nojgaercst 0ObIYHO BHYTPb KOJIOKOJIA, A JIaBJICHUE
P2— CHapy>Xu, HO BcTpeuyaeTcs U oOpaTHas nojava gaBieHui. [Ipu 1ByX KOJOKOIax JaBiIeHUE p1
NI0JIa€TCs MO/ OJIMH KOJIOKOJI, a JABJIEHUE p2 — O] APYTOH.

B 3aBucuMoOCTH OT XapakTepa MpOTHBOACUCTBYIONIEH CHIIBI KOJOKOJIBbHBIE TU(DMAHOMETPHI
MOTYT OBITh C TUAPABINYECKUM, MPY>KMHHBIM WIH C TPY30BbIM YPABHOBEIINBAHUEM.

JlupmaHomeTp C TUAPABIMYECKUM YpaBHOBEIIMBAHUEM IIOKa3aH Ha puc. 24, a. B Hem
YPaBHOBEIIMBAHUE HW3MEPSAEMOI0 Iepenana JaBJI€HUs JOCTUraeTcsi 3a CYET YMEHbIIEHUs
TUAPOCTATUYECKOTO JIABJICHUS KUAKOCTM Ha KOJOKOJI TMpH ero mnoabeme. Jlias 3Toro
Tu(MaHOMETp JOKEH HMMETh TOJICThIE CTEHKHM, a MHOTJAa M IUIyHXKEp IOCEpe/InHEe, YTOObI
o0ecrneynTh OONBIIYIO TUIOIAL MONEPEYHOr0 CEYeHUs YacTell, MOorpyKaeMbIX B KHIKOCTh. Ha
puc. 24, a u 6 n306paxeHsl TMHMAHOMETPHI C MWIHMHIPUISCKUMHU CTEHKAMH C ITYH)KEpPOM U 0e3
Hero. Jlyis yMeHbIIeHUsl KOJMYeCTBa 3aJMBaeMoOi >kuaKocTu (pTyTu) uHorga (puc. 24, B) B qHE
cocyla BHYTPU KOJIOKOJIa pa3MelaroT BcTaBKy. Ha puc. 24, 2 nokasaH ABYXKHIKOCTHOMN
KOJIOKOJI, Y KOTOPOrO TOHKHE CTEHKH IOTPY)KEHBI B JIETKYIO KUAKOCTh (BOJY WJIM Macjo), a
HWIMHJIPUYECKUI TIIyH)Kep — B TsDKenyro (pTyTh). s mosydeHHs XOJAa KOJIOKOJa,
IPOMOPLUOHAIIBHOTO pacxoay, NpouiIMpyroT HEOOXOIUMBIM 00pa3oM CTEHKH KOJIOKOda (pHC.
24, 0) unu ero mwiyHxep (puc. 24, e).
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Puc. 24. CxeMbl KOJIOKOJIBHBIX JU(PMaHOMETPOB
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B nudmanomerpax ¢ mNOpyKMHHBIM YpaBHOBEIIMBAHWEM MPOTHBOJAECHUCTBYIOIIAs CHJIA
co3aaercs 3a cyeT aedopMaluy MPYXKUHBL, KOTOpas NPUIIOKEHA WIM K LEHTPY KOJIoKosia (Kak
NIOKa3aHOo Ha pHC. 24, 5K), UM e K pbluary, Ha KOTOPOM IOJBEIIEH KOJIOKOJI.

B nupmanomerpax ¢ TIpy30BbIM YpPaBHOBEUIMBAHMEM IPOTUBOACUCTBYIOIIMA MOMEHT
CO37Ia€TCs TPY30M, BO3ACHCTBYIOIIMM Ha pblYar, K KOTOPOMY MOJABEIIEH OauH (puc. 24, 3) win
nBa Kosiokoia (puc. 24, n). Y nudpMaHOMETPOB € NPYKUHHBIM U I'PY30BbIM ypaBHOBEIIMBAHUEM
CTEHKM KOJIOKOJIOB TOHKME M HM3MEHEHMEM THIPOCTATUYECKOTO NABJICHUS IPHU INEPEMEUICHUU
KOJIOKOJIOB 3/1ECh MOYKHO IPEHEOpEYb.

KonokonbHbie AudMaHOMETPBI OTIMYAIOTCS BBICOKOW YYBCTBHUTEIBHOCTBIO, KOTOpAs TEM
BBIILIE, YeM OOJIbIlE IUIOMAAb JHA KOJIOKOJA. X0/ KOJIOKOJIAa MOXKET ObITh BO MHOTO pa3 0oJbliie
Pa3HOCTH ypPOBHEH XUAKOCTH CHAPYKH M BHYTPU KOJOKOJa. I CpaBHEHHs Yy IOIUIaBKOBBIX
nruMaHOMETPOB XOJ TMOIIaBKa / BCerJa MEHbIIEe Pa3sHOCTH YpoBHeW h MaHOMeTpudeckoid
KHUJIKOCTH B MUHYCOBOM M IUTFOCOBOM KOJIeHaX. B CBsI3U € 3TUM KOJOKOJIbHbBIE AU()MaHOMETPHI
OPUMEHSIIOT TJIaBHBIM 00pa3oM sl M3MEpeHHs HEeOOJIbLIMX MepenanoB AaBiieHUs (OOBIYHO B
npeaenax 100-1000 Ila), B uwacTHOCTHM AJisi M3MEPEHHUs pacxoja Ta3a MHpPHU HE3HAYUTEIbHOM
n30opiTouHoMm nasiaenun (0,06-0,25 MIla). Onu Becbma ymoOHBI Takke Uil M3MEPEHUs U
pEeryarpoBaHus AaBICHHS B MAPTEHOBCKUX, CTEKJIOIUIABUIIBHBIX U JPYTUX Mevax.

Pabouast kUIKOCTh B KOJIOKOJIbHOM JH(MaHOMETpe HE JOJKHA MOTJIOLIATh BJAry M3 rasa Wid
UMETh CKJIOHHOCTh K HcmapeHuto. LlerecooOpa3sHo mpuMeHeHue pa3nuyHbIX Maced (0coOeHHO
napaQUHUCTHIX).

e) /lepopmayuonnvie ougpmanomempul

JlepopMallmOHHBIMUA HA3bIBAIOTCS JU(PMAaHOMETPHI, y KOTOPBIX H3MEpSIEMBbId Mepenaj
JaBJIEHUS] BOCIPUHUMAETCS YYBCTBUTEIBHBIM 3JIEMEHTOM (OJIHA WJIM HECKOJBKO YHOPYIHMX WU
BSJIBIX MEMOpPaH WK CUIb(OHOB), YPaBHOBEIIMBAETCS YIPYTUMH CHUIIAMH JIMOO CaMOT0 3J€MEHTa
npu ero aedopManuu, JTUO0 K€ TOMOJHUTENbHBIMH (Yallle BCEr0 BUHTOBBIMU) MPYKUHAMU H
u3MepsieTcs o aeopMalvy 3TOro 3JIEMEHTA.

B kauecTBe nmpumepa paccMoTpuM AUPMaAHOMETP C BSIIOH MEMOpPaHOH.

JlupmaHoOMETpbl € BSJIBIMU MEMOpaHaM{, HE HWMEIOIIMMU YIPYroCTH, NPAKTUYECKU HE
OKa3blBAIOT BIUSHUE Ha TOYHOCTh H3MepeHus. Takue MeMOpaHbl JMIIb BOCIPUHUMAIOT
U3MEPSIEMBIN Tepenaj NaBJICHHs, a NMPOTUBOJCHCTBYIOIIAS CHJIA CO3JAETCS JOMOIHUTEIbHON

BUHTOBOM IPYKUHOM. .
24 Ha puc. 25 wu3oOpaxen OeclIkambHBIHN

TuhMaHOMETP JAMU, HMMEIOLINI BSUIYIO

/ ¢ pe3uHOTKaHeBYI0 MeMOpaHy 13 ¢ )KeCTKHUM IEHTPOM,

ey s 8 nojBelleHHbIM K npyxuHe 10. MemOpana 13 3axata

Mexay auuieM 14 u kpeimkoit 1. BepxHuili KoHel

N = N npyxuHbl 10 ¢ momompo nepxkarens 9 u HakKUIHON

raiiku 8 kpenurcs K kKpoimike 11. J{ns crabunuzanuu

% 7 HYJIEBOT'O MOJIOKEHUS] MEMOpPAHbI CIYXHUT MPYXKHHA

- ¢ 12. B ueHtpe MeMmOpaHbl YKpEIUIGH IITOK C

l 7\ S gl IyHxkepoM 1, mepemeniaromumcs: BHYTpU TpyOKH 2

1T n3 HeMmarHUTHOW cramu. CHapyXu IOcIeqHen

! 12 HaxomATcsl oOMOTKM JuddepeHImatIpHo-TpaHCchop-

L 13 MaToOpHOro mpeoOpasoBarens 6 tuma I1JI, KoTopbIit

FL‘ : ; % (ukcupyeTcsl MpyKUHOM S cO crenranbHON railkoi
N 4. J11st KOpPEKTUPOBKHU HYJISI BTOPUYHOTO MpUdOpa

Puc. 25. Tupmanomerp IMU c Bsinoit MamOpaHoii
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UMeeTCs OTOpHas Taifka 7, Bpamias KOTOPYIO MOKHO IepeMemarh mnpeodpazoBatens 6. Jlms
BBIITyCKa BO3AyXa TpyOKa 2 MMeeT BBEpXY OTBEPCTHE, 3aKphiBaeMoe MpoOkoi 3. Iudmanomerp
JIMU pabotaer B KOMIUIEKTEe ¢ BTOpUYHBIMH mpudopamu tunoB BDII, BOC, BOIIC, BOCC.
[Tutanue mepBUYHBIX OOMOTOK mMpeoOpa3zoBareieil AuMaHOMETpa U BTOPUYHOrO Mpubopa OT
paznenutenbHOTO TpaHchopmaTopa HampspbkeHuem 24 B. TlorpeGnsiemas MOIIHOCTH He Oosee
50B-A. [Ipubops! paccunTanbl Ha cTaTuueckue AaBieHus 6,3 u 25 Mlla u A puac ot 0,63 xIla no
0,1 MlIla. IlpuBeneHHas MOrpenIHOCTh KOMIUIEKTa MO IIKajle BTOpUYHOro mpubopa +1,5 %.
OcHoBHOe Ha3HaueHue audmanomerpoB JIMU — wusmepenue pacxona rasa, HO OHU MOTYT
CILY’KUTb U JUIsl U3MEPEHMSI pacxo/a )KUIKOCTEN.

Jlebopmanimonnsie quMaHOMETPbI MOSIBUIIMCH MO3KE KUIKOCTHBIX. VX pacnpocTpaneHnue

BHayajle CJIEP’KUBAJIOCh HECOBEPUICHCTBOM YIPYTUX CBOHCTB MeMOpaH H CHIb()OHOB U
HEJOCTATOYHOHN HAAC)KHOCTBIO YCTPOUCTB, MPEIOXPAHAIOIINX UX OT Heperpy3ku. IIepselil u3 atux
HEJOCTAaTKOB CKa3bIBAa€TCS HA TOYHOCTH IOKa3aHUM MpuOOpa M NPOSBIAETCS B YIPYyrom
rucrepesrce, oOyCIOBIMBAIOIIEM pPa3HUILy B MOKa3aHMUSX NpuOopa mpu HpsIMOM U OOpaTHOM
X0JlaX, U B YIPYI'OM IIOCJIEIEHCTBUN — HEBO3BPALLEHUU B UCXOJHOE IOJOXKEHUE MOCIE CHATHUSA
Harpy3ku. BTopoll He1oCTaTOK NMPUBOAMUT K BBIXOAY U3 CTPOS YyBCTBUTEIBHOrO 3iemeHTa. Ho
nociie pa3pabOTKM TakK Ha3bIBa€MbIX JHMCIIEPCHOHHO-TBEPJACIONIMX CIUIABOB C  Oolee
COBEPIIEHHBIMU YIPYTUMHU CBOMCTBAMH M U3TOTOBJIEHUS U3 HUX MEMOpaH U CHIIb()OHOB TOUHOCTh
neGopMallMoOHHBIX TH(MAHOMETPOB CYIIECTBEHHO yiydmwiack. Hapsmy ¢ 3TuM  ObUH
pa3paboTaHbl YCTPONUCTBA, HAJIEKHO MPETOXPAHSIONINE MEMOPAHBI U CUIIL(OHBI OT MOBPEXKICHUS
npu  meperpyske. OTO  00YyCIOBUIIO HIMPOKOE  pacmpocTpaHeHue  JaedopManroHHBIX
TU(PMaHOMETPOB B3aMEH JKHUIKOCTHBIX, KOTOPhIE B HACTOSAIIEE BPEMs B 3HAYUTEIbHOW CTENEHH
OKa3aJIUCh BHITECHEHHBIMU B 00JaCTH CPEAHHUX U BHICOKHMX MEPENaioB JaBICHHUS.
JlocronHcTBa neopManMoOHHBIX JU(MaHOMETPOB: a) Majlasg Macca M, CIeJO0BATEIbHO, Majas
UHEepLHMs, oOecneuMBaronias BBICOKYIO YacTOTy COOCTBEHHBIX KojeOaHuii; 0) Majoe Bpems
3ama3AbplBaHus Oyarogaps HeOOJIbIIOMY U3MEPUTEILHOMY 00BEMY; B) OTCYTCTBUE PTYTH; T) MpH-
TOJHOCTH Ui pabOThl Ha TPAHCHOPTHBIX (B YACTHOCTHU, CYJIOBBIX) YCTAHOBKaxX; 1) HEOOJIbIINE
rabapuTHbIE pa3Mephl, HE 3aBUCAILIUE OT Nepenajaa JaBIeHusl.

ac) Komnencayuonnwie ougpmanomemput

KomneHcanlmoHHBIME ~ Ha3bIBAIOTCS  AM(PMAHOMETPHL, Yy  KOTOPHIX  IEpeMeIIeHue
YyBCTBUTEJIBHOIO JJIEMEHTA BO3JIECUCTBYET Ha PEJICMHO-KOHTAKTHOEC WA YCHIIUTEIBbHOE
YCTPOWCTBO, YIPABISIIONIEE MOCTOPOHHUM MCTOYHUKOM SHEPruHM; 3TOT MCTOYHUK CO3JAET
IIPOTUBOJICUCTBYIOIIYK0 CHIJIY, YPAaBHOBEIIMBAIOLIYI0 YCWIME OT M3MEpPAEMOro Iepernaja
naBieHusi. B pe3ynbprare 4YyBCTBUTEIBHBIM 3JIEMEHT Iu(pMaHOMETpa BO BCEM JUaNa3oHE
U3MEPEHMS TIOYTH HE MEHSIET CBOETO MECTOIIOJIOKEHHUS.

[Io pony ypaBHOBEHMIMBAIOUIMX CHJI pa3dyaroT AU(PMAHOMETPhl C KOMIICHCAIIUEH:
MPY>KUHHOM, TPY30BOM, THEBMATUYECKOU U DJIEKTPUUECKOM.

[Io cnocoOy ympaBieHHs TOCTOSHHBIM HCTOYHHUKOM JHEPIHMM KOMIICHCALMOHHBIE
TU(MaHOMETPBI PA3AeNAiOT Ha JABE Ipynnbl. B mepBoil M3 HUX KOHTAaKTHO-peJeiiHOe WU
YCWJIMTEJIBHOE YCTPOMCTBO IIPU IEPEXOJI€ IMOpPOra 4YyBCTBUTEIBHOCTH BKIJIKOYAECT JBUTATENb,
M3MEHSIOIIMM TPOTUBOAECHCTBYIOIIYIO CUITY (HATAT MPY>KHUHBI, IIEHO I'py3a) A0 TEX MOP, T0KA OHA
HE ypaBHOBECUT yCWJIME OT mepemnana nasiieHus. [Ipu 5ToM noaBukHas CUCTEMa B COCTOSHHUU
KOMIIEHCAIlMM BO3BpPAILAETCs B HCXOJHOE HYJIEBOE MOJOXKEHUEe (B IMpeneraax 30Hbl HEUyB-
CTBUTEJIBHOCTH). B Apyroi rpymme ¢ NOMOIIBIO YCHIUTENS CO3AAETCS MPOTUBOACHCTBYIOIIAS
CWJIa, KOTOpas 3aBUCUT OT HW3MEPHUTENBHOIO IEPEMEIICHHS] YyBCTBUTEIBHOTO DJIEMEHTa MU
CBS3aHHOW C HUM IOJBM)KHOW CHUCTEMBI NMpUOOpa. ITa 3aBUCUMOCTh OOBIYHO MPOINOPIMOHATIBHA

Ap Hnin 1/Ap . CJ'ICI[OB&TCJIBHO, 31CCh tIyBCTBI/ITGJHJHI:;II\/'I DJICMCHT W INOABHXKHAA CHUCTEMaA B
COCTOSSHHUUN KOMIICHCAIIUMW HC BO3BPAIIAIOTCA B MCXOAHOC HYJICBOC ITOJIOKCHMUC. Ho Y BCCX OTHUX
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npuOOpPOB OTKJIOHEHHUE OT HYJIEBOTO IOJIOXKEHUS HUYTOXKHO Majlo, TaK Kak IOJIHOE H3MEpH-
TelbHOE NepemMelieHne o0biuHO MeHblle 1 MM. K mepBoil rpyrmime oTHOCATCS KOMIIEHCAlMOHHbBIE
TU(pMaHOMETPBI MPEUMYILIECTBEHHO C IPYKMHHBIM U TPY30BbIM, a KO BTOPO C THEBMAaTUYECKUM
Y DJIEKTPUYECKUM YPABHOBEUIMBAHUEM.

bimaromaps  o4eHp MalOMy  UM3MEPHUTEIBHOMY NEPEMELICHUIO  KOMIICHCAIIMOHHBIE
TU(MaHOMETPbl UMEIOT MHOIO JIOCTOMHCTB. BakHelmme wu3 HUX — OBICTPOJECHCTBUE U
CYLIECTBEHHOE YMEHbILIEHHE BIUSHUS YIPYTUX CBOMCTB YyBCTBHUTEJIBHBIX JIEMEHTOB (MeMOpaH,
ciib()OHOB) HAa TOYHOCTH M3MepeHus. Kpome Toro, oTmamaeTr HEOOXOIUMOCTh B CAIbHUKOBOM
YIJIOTHEHUH BBIBOJHOTO pblYara, KOTOPOE MOKHO 3aMEHUTh THOKHM CHJIB(QOHOM WM
memMOpaHOi. OJHOBPEMEHHO MOXHO HCKJIIOYMTH TpPEHHE B MOJIIMIIHUKAX, 3aMEHMB MX
JIEHTOYHBIMH KpecToOOpa3HbIMU MOjBecaMH. Bce 3T0 GuaronpusTHO OTpa)kaeTcsi Ha TOYHOCTH
JAHHBIX TU(MaHOMETPOB, MPUBEACHHAS MOTPEIIHOCTh KOTOPhIX He mpeBocxoauT +(0,5 — 1) %.
JIOTIONHUTENBHBIE UX JTOCTOMHCTBA — KOMITAKTHOCTb KOHCTPYKIIMM, Majas METAIJIOEMKOCTb U
JIETKOCTh IIEpeXo/Ja Ha JpPYyrod Mnpenes HU3MEpPEeHUs IyTEM H3MEHEHHs COOTHOLIEHHUs IUied
pBIYaroB, K KOTOPBIM IIPWJIOXKEHBI CHJIbI, ypaBHOBEIIMBarouiue Apyr apyra. Ho g stmx
npuOOpoB TpedyeTcsl BHICOKOE KA4eCTBO M3TOTOBJICHUS M OHM MEHEE MPUTOIHBI Ui pabOThI B
TSKEJBIX YCIOBUSAX IKCIUTyaTallii, B YaCTHOCTH B YCJIOBMSIX 3aMbIJICHHOW OKPY KaIOIIEH Cpeibl.

B kadectBe nmpumepa paccMOTpUM CHIIb(OHHBIN KOMIICHCAIIMOHHBIN TudMaHoOMeTp.

7 8 Ha puc. 26 nzobpaxena cxema IBYXCHIb()OHHOTO
/ KoMmmeHcanmonHoro audmanomerpa Ttuna JC-II ¢
ITHEBMaTUYECKUM YHU(PUIUPOBAHHBIM npeoo-
pazoBateneMm. Ha aToMm pucyHnke o6o3HaueHo depes: 1 u
gy 16 — cwiboHBL, BOCHPUHHUMAIONINE  IEperas
nagienws; 2 w 15 — nHWma cwibpoHOB; 3 —
MeMOpaHa, YIUIOTHSOIIAs BBIBOJAHOW phiuar 13; 4 —
11 KOJIOJIKA, MPIKUMaroIias MeMOpany 3 K ocHOoBaHUIO 14;
— 5 — cunboH 00paTHOM CBSI3W; 6 — MTHEBMOYCHIIUTEIb;
. 7 — 3acnonka; 8 — cormno; 9 — T-o0pa3usrii peryar; 10
T — KoJieHuaThiit peryar; 11 — peryar; 12 — tpaBepca;
/fﬁ ]5/,’7 /’5 17 — xopnyc paudmanomerpa; 18 — cunbdoH
VA TEMIEPAaTypHOU KomreHcanuu; 19 — ympyrue JICHTHI.
Cunbdonnplii 0JIOK audmaHOMETpa OYEHH IOXO0X HaA
U300paxkeHHbIH Ha puc. 96, HO B HEM OTCYTCTBYIOT
MPOTUBOACHCTBYIOIINE MTPYKUHBI, A TITOK,

Puc. 26. Cunbdonnblii 1udmMaHoMeTp ¢ MHEBMaTHUYecKoi kommeHcarmen J1C-IT

COCIIMHSIONMINN JHUINA CUIb(GOHOB 2 U 15, ¢ MOMOIIBI0 MPUBAPEHHON K HEMY YIIPYTO#l CTalbHOMN
JIEHTHI COJTMHEH C BBIBOJHBIM phiuarom 13. J[Be cTanbHbIC JeHTH 19, yKpernieHHbie Ha OCHOBA-
Huu 14 u tpaBepce 12, ¢ koTopoil coeuHeH poruar 13, yaep:KuBaroT ero oT 0CEBOro
nepeMeIeHus TPHU BO3ACUCTBIH Ha MeMOpaHy 3 pabouero AaBieHus. TOUHO TaK K€ YCTPOEH U
cUIIb(OHHBIN OJIOK KoMIeHcalMoHHOTo qudmManomeTpa JIC-3 ¢ anekTpuyeckum
YHUGDUIIMPOBAHHBIM MPEOOPA30BATEIIEM.

B 3aBucumocTu OT mpenenbHBIX MEpenajoB NaBICHUS MMEETCS HECKOJIbKO MOIU(DUKAIIHMA
neyxcuinbGoHHbIX audmanomerpoB: JCII-3, JC-D3 u JC-DP3 (¢ kBagpaTUyecKuM
npeoOpasoBarenem) Ha npenensl — 4, 6,3, 10, 16 u 25 xlla; JICI1-4, IC-24 u 1C-OP4 na npepe-
a1 — 25, 40, 63, 100 u 250 xIla u AC-IIS u JC-25 na npenenst — 0,4 u 6,3 Mlla. ¥V
nudmanomeTpoB Ha mpenen 4 klla kmacc Ttounoct 1 m 1,5, a y octampHbix — 0,6 1 1.
[IpenenvHoe u3dbITOuHOE NaBieHue 40 Mlla.

I‘ JIuct

| HI'TY - 070500 - (M08~ A3-2)~P =
Jlata

3M | JIucr | Ne goxym. Tloam.




PacxogoMepsbl MOCTOSIHHOIO Mepenajaa 1aBJIeHus
(porameTphl)

B mpocreiiiem Buie potameTp npeacTaBisieT co00il KOHHYECKYI0 BEPTUKAIBbHYIO TPYOKY,
BHYTPHU KOTOPOH pacroJiaraetcs noriaBok. OObIYHO NOMIABOK OBIBAET ¢ KOHUYECKUM OOPTUKOM.

Puc. 27. Cxema nomiaBkoBOro poramarpa

[TpuHIMIIHaTBEHAS CXeMa IMOTUTABKOBOTO poTaMeTpa MpejicTapiieHa Ha puc. 27. [TomnaBok 2
HAXOJUTCS B MOJBEIICHHOM COCTOSIHMM B Kopryce 1. bopTuk y mormiaBka uMeeT KaHaBKH 3,
oOecreynBarolue BpalleHne MomiaBka BOKPYT OCH, IPU 3TOM OH LIEHTPUPYETCS B IOTOKE U
YCTPAHSIETCS €0 TPEHUE O CTEHKH KOpITyCa.

Mesx 1y 60pTHKOM MOIJIaBKa U CTEHKON TpyOKku 00pa3yeTrcst KOJbIEBOM 3a30p ¢ ceueHueM fi
, IpY TIPOXO’KJICHUH KOTOPOIO KHUJIKOCTh CY>KA€TCsl, BOSHUKAET pa3HOCTh Mexxay P, u P, (B camom
Y3KOM CEUECHHH KOJIBIIEBOUM CTPYH).

[Ipunuun neicTBUs poTaMeTpa OCHOBAH Ha YPaBHOBEUIMBAHUY MPU JIFOOOM PacXo/ie CUJIIBI
TSDKECTH MOTUIaBKa, CUIaMH, TEHCTBYIOIIMMH Ha HETO CO CTOPOHBI MOTOKA.

G =Vpg - cuiia TSKECTH, JEHCTBYIOMIAs Ha MOTUIaBOK

F=(R-P)-f.
rae f — miomane norwiaska
F — 510 cuna, o0ycioBiieHHas! pa3HOCTBIO CTATUUECKUX JIABJIICHUM B KOJIBIIEBOM 3a30De.

W =p(pv*/2)- 1,
rJie ¢ — 3T0 K03 PHUIMEHT CONPOTHBIICHUS MOIUIABKA, o - IUIOTHOCTh, U- CKOPOCTh cpejbl, f—
MJIOIIAb CEYEHUS TOTJIaBKa.

N =ko, - f,,
rie K — mepoxoBaToCTh MOIJIaBKA B 3aBUCKMOCTH OT PeifHoIbICca, U, - CKOPOCTh MTOTOKA B
KOJIBIICBOM 3a30pe, N - MoKaszarelnb CTeneHu, f,- miomans 60KOBOM MOBEPXHOCTH.

G, =(P-P)f +W+N - paBHOAEHCTBYIOIIAS CUIIBI TSXKECTU

G-W-N
e

[Tockonbky W<<G u N<<G, Toraa pa3HocTh AaBieHuii P, —P, = % (*)

T.e. nepenaa AaBjJaCHUs Ha IMOIIIaBKE OKA3bIBACTCA HE3aBUCUMbBIM OT pacxoaad, IO3TOMY OH
OTHOCHUTCH K I'pYHIIC PACXO0A0OMCPOB IMTOCTOSAHHOIO IICpeIiaga JaBJICHUA.
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[Ipu u3meHenuu pacxosia ypaBHeHue (*) HaUMHAET U3MEHSTCS 10 TeX MOp, MOKa 3TO PaBEHCTBO
HE YCTaHOBUTCSL.

2qV —
Q=a-f, - 20Vu Py =p). f - ypaBHeHHe pacxoja AJig poTameTpa.
p-f
Henocrarku:
1. TlonoxeHue MoIIaBKa 3aBUCUT HE TOJIBKO OT PAacxojia HO U OT INIOTHOCTH Cpefa.

PP —P)
p(pﬂ - Ioep)

JIns u3MepeHus pacxoa cpel o1 JaBJICHUEM HCIOJIb3YIOT METAUTMYECKAE POTAMETPBI €
JHUCTAaHIIMOHHOW Nepelayei MOKa3aHuM.

2. YcTaHOBKA TOJBKO HA BEPTUKAJIbHBIX yUYaCTKaX.
JIOCTOMHCTBO: U3MEpPEHHE OOJIBIIOTO JUANa30Ha PacXxoa.

- MO3BOJISICT MEPCXOANUTH HA PA3JIMYIHBIC CPCIIbI.
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PacxoioMepbI IepeMeHHOI 0 YPOBHSI

1. O0mas xapaKkTepuCTHKA

Pacxomomepamu TEpeMEHHOTO YPOBHS  HA3bIBAIOTCS NPUOOPHI, OCHOBAaHHBIE Ha
3aBUCUMOCTH MEX]Iy PacX0J0M M BBICOTOM YPOBHSI B COCY/I€, B KOTOPBIN JKUJKOCTh HEIPEPHIBHO
MOCTYNaeT W M3 KOTOPOTO OHa BBITEKAET 4Yepe3 OTBEPCTHE B JHE WM B OOKOBOW CTEHKE.
[IpeoOpazoBaTens pacxona B 3TUX PaCXOAOMEPax — COCYJ C OTBEPCTHEM HCTEUCHHS. Y POBEHB B
HEM U3MEpSIeTCs HEMOCPEACTBEHHO WIIM KOCBEHHBIM IyTeM. OHM MPUMEHSIIOTCS HE TOJBKO IS
U3MEpEHUsl pacxoja >KMJIKOCTEH, BBITEKAIOIIUX U3 TPYyOONpOBOAA B OTKPHITHIE EMKOCTH, HO U B
€MKOCTH, HaXOJsIIUecsl TOJ AaBlieHHeM. B mepBoMm ciydae mpeoOpas3oBaTesb pacxoga —
OTKPBITBIN, BO BTOPOM — 3aKPBITBIM.

Pacxomomepbl MOTYT OBITH C TIOJHOCTHIO HWJIM C YAaCTHYHO 3aTOTUICHHBIM OTBEPCTHEM

UCTEUCHHS. Y TEPBBIX 3TO OTBEPCTHE AENACTCS KPYIJbIM M pacrojiaractcs B JHE WJIM MHOTZA
BHU3Y OOKOBOW CTEHKH COCyAa. DTa Pa3HOBHJHOCTH MOXKET PAcCMaTPUBATHCS KaK YaCTHBIN
cllydail pacxoZOMEpOB MEPEMEHHOro TMepernaza MaBieHus. Y BTOPHIX XKe, padOoTalomux o
NPUHITUITY BOJAOCIIHBA, OTBEPCTHE UCTCUCHHSI PACTIONOKEHO B OOKOBOW CTEHKE M UMEET IIEICBYIO
dopmy. VX OOBIYHO HA3BIBAIOT IIEIEBHIMH pacxogoMepaMu. Y OOJBIIMHCTBA PACXOJIOMEPOB
NEPEMEHHOI0 YPOBHSI COCYJ C OTBEPCTUEM HCTEUEHHUS HEMOJBMKHBIA, HO OH MOXET OBITh U
NOJBMKHBIM. B mocnmegneM ciydae u3MepsieTcs BeC COCya, MOCKOJBbKY TOCIETHHI CBSI3aH C
BBICOTOH YPOBHS, @ 3HAUUT, U C PACXOAOM >KUIKOCTH.
PaccmatpuBaeMbie pacxoloMepbl MPUMEHSIOT MPEUMYIECTBEHHO TaM, TJieé IpPUMEHEHUE
PacxoIOMEepOB C CYKAIOIIUMHU yCTPOHCTBAMH 3aTPYIHEHO MO TeM WM IpYruM npuunHam. OHu
CITy’KaT JUI H3MEPEHUS PacXo/la: arpeCCUBHBIX )KUIKOCTEH, CEPhl, CTOYHBIX BOJ U 3arPSI3HEHHBIX
KUAKOCTEH, PA3TUYHBIX MYJbI, CYCIEH3UH W Ta30KUAKOCTHBIX, B YaCTHOCTH He(TEra3zoBBbIX
cMmecei.

2. PacxozmMepr C 3aTOIVICHHBIM OTBEPCTHUEM UCTCUCHUS

3aTOIUIEHHOE OTBEPCTUE MCTEUEHUS — Kpyryioe, oOblYHO auadparma. CTaHAapTHBIE XKe
coIlla HE MPHUMEHSAIOTCA B KaueCTBE OTBEPCTUH MCTEUEHHUs. Y HHMX BO3MOXKEH OTPBIB CTPYU OT
CTEHKHM BCJIEJCTBHE MaJlbIX uucena Req W JEHCTBUS CUII TSHKECTH, HApyIIAIOUIUX ITOCTOSHCTBO

Ko uIMenHTa pacxoaa « .
Cxema pacxomomepa ¢ auadparMoit 5, yCTaHOBIIGHHOW B

- nHe cocyna 4, uzoOpaxeHa Ha puc. 28. Jlis ycTpaHeHUs
BJIUSTHUSI TUHAMUYECKOTO JIABIICHUS KUIKOCTH, IOCTYNAIOIIEH B
COCyZl TIO TpyOe 2, Ha XapaKTep HMCTEUCHHUs ee u3 Auadparmsl
cnyxkar mneperoponku 3. Cocyn cHaOXeH ypOBHEMEPHOM
TpyOkoit 1 co mikanoil. TonmuHa S IUIMHAPUYECKOM YacTH
muadparmel B nipeaenax ot 0,5 go 0,8 mm (B 3aBUCMMOCTH OT
g nuametpa otBepctus d). [Ipu atom otHomeHue S/d HAXOAUIOCH
B nipenenax 0,094 — 0,173. BxogHble KpOMKH y BceX Auadparm
uMenu yroia 90° m ocTpOoTy Takyr K€, KaKk M y CTaHJIapTHBIX
Ww nuadparM. ['OJIOBKM KPETEKHBIX OOJITOB YTOIUICHBI B JTHUIIEC
cocyda, a TopLeBas IUIOCKOCTh JuadparmMbl COBMAJAET C

Puc. 28. Cxema pacxozomepa TUIOCKOCTRIO JHUINA. YToOBI Onwmkaifimias OOKoBasi CTEHKAa HE
MEPEMEHHOTO YPOBHA BIMsJIA HA HalpaBleHWe CTPYH, NMPUTEKAIOMMX K auadparme,
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pacCcTosTHHE OT OCH ITOCIIEAHEH 10 OOKOBOM CTEHKHU JTOJDKHO OBITH He MeHee 3d.
[lepenan naBienust Ha quadparme Ap = hgp, rie p u h — TIIOTHOCTh M BBICOTA YPOBHS
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KHUIKOCTH B cocyne. IloacraBnss 310 3HaueHHe Ap B ypaBHEHHE (o =aF,/2Ap/p, NOIy4uM
yYpaBHEHHE U3MEPEHUs ISl paCX0JJOMepa C CYKaIOLUM yCTPOMCTBOM B JTHE COCyAa

q, =aF,4/2gh
Otcrona cienyer, 4To 0ObEMHBIN PACX0/l HE 3aBUCUT OT IUIOTHOCTH JKUJKOCTH U LIEJIUKOM
omnpezenseTcs BbicoToit h. 3aBucuMOCTb (o OT h KkBagpaTuyHas. DTO ke ypaBHEHHE CHPABEIINBO
¥ Juis nuadparmpl, yCTAaHOBICHHOW B OOKOBOW CTEHKE, eciii N — BBICOTAa YPOBHS YKHKOCTH OT
OCH OTBEPCTHS Tuaparmol.
[Tomumo nmadparm ObUTM HCCIEIOBaHBI COIUIA YETBEPTH Kpyra nuamerpom 20 MM U
paznycoM 3aKpyryieHus I' = 7 MM, yCTaHOBJICHHBIE B JIHE COCY/Ja.

3. ]_He.]'leBl)Ie pacxoaomMephbl ¢ HENMMOABUKHBIM COCY/IOM

JIns wu3mepeHuss pacxoda BOJAbI B OTKPBITBIX KaHAlIAaX JABHO W IIMPOKO NPUMEHSIOT
BofociuBbl. llleneBoil pacxonoMep — MHUHHMATIOPHBIN BOJOCIUB B CTEHKE COCY/Ad, B KOTOPBII
HEIPEPBIBHO MOJAETCA KUAKOCTb. Pacxox oONpenesnsiorT IO BBICOTE YPOBHS JKHIKOCTH Haj
HIDKHEH KpPOMKOM oTBepcTHs ucteueHus. OT GOpMBI 3TOTO OTBEPCTHUS 3aBUCHT XapakTep IIKAaJIbl

npudopa. .
Ha puc. 29 uzo0pakeHO OTBEpCTHE HMCTEUEHUS MPOU3BOJILHON

dopmbl. O0bemHBIH pacxon dQo uyepe3 3JIEMEHTApPHYIO IUIOMIAIKY
OTBEPCTHS IMIMPUHON X M BbICOTOM dYy, HAXOMASAIIYIOCS HA BBICOTE ¥ OT

HUKHEH KPOMKM, HaxoIuM u3 ypasHenus dqo = axdy [2g (h —y)]%°,
rae a — koaduuueHT pacxomga. OTciofa cienyeT ypaBHEHHE IS
MOJTHOTO pacxojia (o Yepe3 OTBEPCTUE UCTCUCHHUS:
h
Puc 29. OtBepcrre ucTeueHNs q, = /29 Iax 'h— ydy
OICJIEBOTO pacxoaomMepa 0

[IpuMep ycTpoMCTBa IIEIEBOrO0 pacxogoMmepa Uil U3MEpPEHHUs pacxoja ra30HACBIIEHHON

He(dTH npuBeaeH Ha puc. 30.
Heptr mo TpyObe 1 mocrymaer TaHTeHIHAIBHO B

cenapaldoOHHYI0 Kamepy 2, IJie MPOUCXOIUT pasieneHue ¢as.
Kunkocts  omyckaercs B cocya 4, CHa0OKEeHHBIN
YCIIOKOUTEIBHOU MEPErOpoAKOi 3, U BBITEKAET Yepe3 ILIEIeBOe
oTBepcTHE 7 B HIDKHIOK 4YacTh eMmkocth 6. ['a3 ke B
cenapalroOHHOW KaMepe TOJHMMAaeTcs BBEpX W MO Tpydbe 8
MEePEeXOJUT B HWXKHIOK YacTh E€MKOCTH 6, TJe BHOBb
cMeluBaeTcs ¢ HeThIO U BMECTE C HEH YXOIUT Mo Tpyode 5.
= WN3mepenne ypoBHS B cocyae 4 MOXKHO  BBINIOJHSTH
=7 paznuuHbIMU  criocobamu. [Ipu TUApOCTATUYECKOM METOMe
5 OJIMH KOHeI Ju(MaHOMETpa MPHUCOCTUHSACTCS K HWKHCH, a

Puc 30. Cxema meseBoro pacxogomepa JAPYTOM — K BEPXHEH 9acTu cocyna 4.
JUIs U3MEpEHHst pacxosa HedyTu

4. lllesieBble pacxoaoMepsbl ¢ MOABUKHBIM COCYIOM

Y 1meneBBIX pacxoJlOMEpPOB C TMOJBHXKHBIM COCYZOM, HEMNPEPHIBHO 3aIOJIHIEMbBIM
KUJKOCTHIO, U3MEPSETCSl Macca KaMepbl, U3 KOTOPOH KHUAKOCTh BBITEKAET Yepe3 OTBEPCTHE B JIHE
wi B O0okoBol ctenke. [lpu Hamnexamei Gopme cocyna MOXKHO MONYYUTh JIMHEHHYIO 3aBH-
CUMOCTb MEXJTy Maccoi >KMJIKOCTH 7 B COCYJI€ U PACXOJIOM.
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Ha puc. 30 noka3zaHsl 4yeTbIpe pa3HOBUIHOCTH MOJBIKHBIX cOoCcy0B. Tpu u3 Hux (puc. 31,
a—8) UMEIOT 11IeJIeBbIe OTBEPCTHSI UCTEUEHUS B OHON U3 OOKOBBIX CTEHOK. Y oxHoro (puc. 31, 2)
KpPYyrJioe OTBEPCTHE HCTEUYCHHUS HAXOAWTCS B JIHE. Y BCEX COCYIOB JiIB€ OOKOBBIE CTEHKH
napajuieIbHbI U PacTooXKeHbl Ha paccTosTHUU Cy IDVT OT ADVTA.

Puc. 31. ITogBuxHbIE COCYIBI PACXOAOMEPOB IEPEMEHHOTO

YPOBHS

Puc. 32. YerpolicTBo pacxogoMepa ¢ MOABHKHBIM
U3MEPUTENILHBIM COCYJIOM

YtoObl 00eceynTh MPONOPIIMOHATBHOCTD
MEXJ/y MacCOBBIM pacxoJoM (m U m B COCYJE
(puc. 31, a) ¢ HOPAMOYTOJIBHBIM OTBEpPCTHUEM,
HAJ0 JBE TMapajuieJbHble OOKOBBIE CTEHKHU
BBITIOJTHUTH B BUJIC MTAPA0OINIECKUX CETMEHTOB,
y KOTOPBIX IIMpPUHA 2X, CBsA3aHA C BBICOTOW h
3aBHCUMOCTBIO X« = 2Pch, Tae p. — mapamerp
napa0doJbl.

B xauectBe npumepa Ha puc. 31 nokazaHa
CXeMa ILEeJEeBOTr0 pacxojoMepa C MOABHKHBIM
cocynmoM. B uumuHapudeckoMm kopmyce 2
pacCTONIOKEHBI  cemapupyromas eMKOCTh 3
CerMeHToo0pa3Hol  (QOopMBI W MOABMKHOU

U3MEPUTENbHBIN cocyl 4 TpeyroinbHOW (HOpMBIL.
Hedtr B cMmecu ¢ razom mo tpyde 1 mocrymaer B
cemaparop 3, B KOTOPOM KHUJKOCTb TE€YET IO
IMIMPOKOMY OCHOBAHHIO, JETa3upysich TpPHU 3TOM.
3areM uepe3 AO3UPYIOUIYIO IIeb, PACIOIOKEHHYIO
HaJl OCbIO ONOpBl MOJABMXKHOrO cocyaa 4, oHa
BbUIMBaeTcs B cocyn. M3 cocyna 4 KUIKOCTh 4epes
OTBEPCTHE HCTEUCHHMS 8 mapaboiudeckoil (GpopMbl
BBITEKAET B HWXKHIOK 4YacTh Kopmyca 2, TIe
CMEIIMBAETCs C ra30M U yJanisercs 1no Tpyoe 9.

Bec cocyna 4 Bo3nmelcTBYeT uepe3 CTEpXKEHb D, MMEININM Cuib()OHHOE YIUIOTHEHHE 6, Ha
TEH30PE3UCTOPHBIN MPeoOpa3zoBaTeNbh / CHION3MEPUTEIHHOTO YCTPOUCTBRA.
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TaxoMmeTpuuyeckne pacxogoMepbl

1. OOmas xapakTepucTHKAa

TaxoMeTpuuecKMMH Ha3bIBAIOTCS PACXOJAOMEpPhl M CYETYUKH, HMEIOIIHUE TOJBUIKHOM,
OOBIYHO BPAILAIONIUNCS AJIEMEHT, CKOPOCTh JABUKEHHSI KOTOPOTO MPOMOPIHOHATBHA 00BEMHOMY
pacxony. OHM TOJIpa3AeNAOTCs HA TYpPOUHHBIE, KPbUIbUYAThIE, IIIAPUKOBBIC, POTOPHO-IIAPOBLIE U
KaMmepHble. VHOrga KpbUIbYaTKU HA3bIBAIOT TYpPOMHKAMH, PAa3IMYalOTCSd OHU KOHCTPYKLHEH
JIOTIATOYHOTO anmnapara u mojia4yeit moToka.

N3mepsisi cKOpOCTh JIBMXKEHUS! TOJBMXKHOTO 3JIEMEHTA, MOJIy4aeM pPacXxoJoMep, a U3Mepsis
obmiee uymcmo OOOpOTOB (MM XOJOB) €r0 — CYETYHMK KoiludyecTBa (00BEM WM Maccy)
npoieanero Bemectsa. CueTYuKd BOJBI U Ta3a JABHO MOJYYUIU IIMPOKOE PAcIpOCTpaHEHHUE,
TaK Kak JJIs 3TOT0 HAJ0 JIMIIb COEAMHUTH Bajl TYpPOMHKHU UM JPYroTo rpeodpa3oBaTelis pacxoa
yepe3 3yOuaThlii pEAyKTOpP CO CUETHBIM MeXaHW3MOM. J[JIs co3mgaHusl K€ TaXOMETPUUYECKOTO
pacxojoMepa CKOPOCTh JIBHKEHUS AJIIEMEHTAa HaJ0 MpeaBapuUTeIbHO Mpeodpa3oBaTh B CUTHAI,
MPOMOPIMOHANBHBIA pacxoay W YAOOHBIM Juisi u3MepeHus. B 3Tom ciydae HeoOXoauMm

JIBYXCTYNEHYAThId MpeoOpazoBaTenb pacxona. Ero mepmas cTyneHb — TypOMHKA, LIApUK WIIH
JPYroil 3JIEMEHT, CKOPOCTb JBHXKEHHSI KOTOPOIO IMPONOpPLHOHAIBbHA OOBEMHOMY pacxony, a
BTOpas CTyNeHb — TaXOMETPUUYECKUW MpeoOpazoBaTeib, BbIpaOATHIBAIOIINI H3MEPUTEIbHbBIN

CUTHAJI, OOBIYHO YAaCTOTY AJNEKTPUUYECKUX UMIYIbCOB, MIPOMOPIMOHATBHYIO CKOPOCTH JBHKEHUS
Tena. 37eCh M3MEPUTEITBHBIM NPUOOpOM OyleT SJIEKTPUYECKH dYacToToMmep: HU(PPOBOM WU
aHaJoroBbIi. ECiiM €ro JOMOMHUTE CUETUYMKOM DJIEKTPUYECKUX UMITYIHCOB, TO TIOJIYYUM HapsIy C
U3MEPEHHEM  pacxoja TakKe M  HM3MEpPEHHE  KOJMWYECTBA  MPOMICAIIEr0  BEIIeCTBa.
TaxoMmeTpuyecKkre pacxoJ0Mephl MOSBUWINCH 3HAUUTENIBHO MO3KE YIIOMSHYTHIX PAHEE CUETUYMKOB
KOJIMYECTBA XKUJKOCTU M ra3a M HE MNOJYYWIM €lIe CTOJb LIMPOKOro pacmpocTtpaHeHus. Mx
CYILIECTBEHHBIE JOCTOMHCTBA — OBICTPOJCHCTBHUE, BBICOKAs TOYHOCTh U OOJIBIION JgUara3oH
u3Mmepenus. Tak, eciii IOrpenrHOCTh TYPOMHHBIX CYETUUKOB BOJIBI (OCh KOTOPBIX YEPE3 PEIYKTOP
CBs3aHA CO CYETHBIM MEXaHU3MOM) paBHa +2 %, TO y u3MepuTenel KOJIM4ecTBa, MMEIOUIUX
TaxOMETPUUECKUH Mpeodpa3zoBaTeib, 3Ta NOTPEITHOCTh cHUkaeTcs 10 £0,5 %. [Ipuunna B TOM,
YTO 3TOT MpeoOpa3oBaTesib MOYTH HE HATPYKAET OCh TYpPOMHKH B OTJIMUKE OT PEAyKTOpa U
cyeTHoro MexaHusma. [lorpemHocts ke TypOuHHOro pacxomomepa ot 0,5 mo 1,5 % B
3aBUCHMOCTH OT TOYHOCTH IPUMEHEHHOI'0 YaCTOTOMEDA.

KpbuibuaTbie 1 TypOMHHBIE TAXOMETPUUECKUE PACXOIOMEPHI M CYETUMKU KOJIMYECTBA MOTYT
U3TOTOBIISITRCS 7151 TpYO nmuamerpom ot 4 1o 750 mwm, s gasienuid go 250 MIla u temmneparyp
ot -240 o +700 °C. I[ToaToMy OHM HAIIM [IUPOKOE IPUMEHEHHUE JIJIS1 U3MEPEHUS TEIIJIOHOCUTEIIS
HA DHEPreTUYeCKUX ycTaHoBKax. OCHOBHOW HEIOCTATOK TypOMHHBIX pacXxoJ0MEpPOB — HU3HAIIU-
BaHME OIOpP, U MO3TOMY OHU HENPHUTOJHBI JJIsl BEIIECTB, COJAEPKAIINX MEXAaHUUYECKUE MPUMECH.
Kpome Toro, c yBenuueHHEM BS3KOCTHM BEIIECTBA JAHANA30H JUHEHHOW XapaKTEPUCTHUKU
YMEHBIIIAETCS, YTO MCKIIOUaeT UX MPUMEHEHUE JJII OYCHb BSI3KMX BemecTB. Ho cMasbiBaromias
CIIOCOOHOCTh M3MEPSIEMOT0 BEIIECTBA JKelaTellbHa NIl TYpOMHHBIX PAacX0JIOMEPOB. DTO AeNaeT
ux 0osee NpUrOAHBIMU JJIsl dKUJKOCTEU, YEM JJIsl Ta30B.

Wuorna nns u3MepeHust pacxona B TpyOax OOJIBIIOrO JMaMerpa MNPUMEHSIOT MaJleHbKHE
KPBUTLYATKH M TYpOWHKH, 3aHMMAIOIIME HEOOJNBIIYI0 YacTh IUiom@aau cedeHus Tpyosl. C
MOMOILIbIO KECTKOW IUTAHTM OHU BBOJSTCA B IIEHTP WM B JPYTYIO TOYKY CEUEHHUs IOTOKA.
[TorpemHoCTh N3MEPEHUS PacX0a OPUEHTUPOBOYHO £5 %.

[[TapukoBbIe pacxogoMephbl TOSBUIUCH TO37qHEE TYpOMHHBIX. OHU CiyXaT s HU3MEpPEHUs
pacxojia )KHJIKOCTEH, ITaBHBIM 00pa30oM BOJIbI, B TpyOax quamerpom 10 150-200 mMm. Mx BakHOE
JIOCTOMHCTBO — BO3MO>KHOCTH pa0OThI Ha 3arPSI3HEHHBIX CPEIax.
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PoropHo-11apoBsie  pacxogoMephbl MOSIBUIUCH CPABHUTENIBHO HENABHO M TIOKAa HE MOIYYWIIU
HIUPOKOTO MPUMEHEHHUS.

KamepHbie npubophl Kak CUETYMKHU KHUAKOCTU U Ta3a HAPSALY ¢ TYPOMHHBIMU MPUMEHSIOT OYEHb
naBHO. Panee ux Ha3pIiBanu 00beMHBIMH NpuOopamMu. OHU OTIMYAIOTCS OOIBIIUM pa3HOOOpa3ueM
MOJABUKHBIX AJIEMEHTOB, NAIONIMX HAWMMEHOBAHUE PA3HOBUIHOCTSIM ITHUX MPUOOPOB: POTOPHEIE,
MOPIIIHEBBIC, JUCKOBBIE, C OBAJIbHBIMH IIECTEPHSIMHU, JIOMACTHBIC, BUHTOBBIE W T. 1. llo
CPaBHEHHIO ¢ TYpOMHHBIMU U IIAPUKOBBIMH CYETUMKAMH KOJIMYECTBA OHU MOTYT OOECHEYHTb
OOJIBIIIYI0 TOYHOCTh M OOJBIIMN Juana3oH wu3MepeHus. Tak, HECMOTps Ha CBsA3b Bala
MOJBUKHOTO 3JIEMEHTa C PEIYKTOPOM M CUETHBIM MEXaHM3MOM, MOTPEIIHOCTh Y HEKOTOPHIX U3
Hux coctasisieT Bcero +(0,2 — 0,5) %. Kpome Toro, kamepHble CYETUUKH MPUTOAHBI JJIsI U3MEpe-
HUSl KOJIMYECTBA JKUAKOCTH JIOOOW BS3KOCTH, B TOM 4YHCiI€ W OYeHb Ooibmioi. Ho onu
YYBCTBUTEJIbHBI K 3aTPA3HEHUAM U MEXAaHUYECKUM MPUMECSIM.

[Tpu HEOOXOIMMOCTH UMETh Pe3yIbTaThl H3MEPEHHS KPbUTLYATHIMU, TYPOUHHBIMU, IAPUKOBBIMU
U KaMEepHbBIMU TpubOpaMM B  €IMHUIIAX MAacChl WX  JIOMOJHSIOT  yCTPONCTBaMH,
KOPPEKTUPYIOLUIUMHU [OKAa3aHUsSI B 3aBUCUMOCTH OT IUIOTHOCTH HU3MEPSIEMOTO BEIECTBA WIIH
TOJIbKO OT TEeMIEPATYPhl — JJIs )KUJKOCTEH.

2. Pa3HOBHAHOCTHM KPBLIBYATHIX M TYPOMHHBIX NpeodpasoBaTesiei

AxcuanbHble TYpOMHKM HMMEIOT BHHTOBBIE JIONACTH C IEPEMEHHBIM IO BBICOTE YIJIOM
1o ’beMa BUHTOBOH JinHUU. [lonbITKa NMpUMEHEHUs MJIOCKUX JIOMAacTed Mpu M3MEPEeHUU pacxoia
BA3KUX CpeJ NpHUBENa K yXYILIEHUIO JIMHEHHON xapakTtepucTuku. Ho mpu m3mepenun pacxojna
ra3a M KUJKOCTEH C Malloil BSI3KOCTHIO WX TMpPUMEHEHHUE IesiecooOpa3Ho. Cxema akcuaibHOM
TypOUHKU Ui TpYO HEOOIBIIOro quaMeTpa rnokasaHa Ha puc. 33, a.

a) 2) 6) ‘ /
¢ l
(] ‘ _

Puc. 33. Paznu4nble THITB KPBUTHYATOK U TYpOMHOK: aKCHAIBHBIE TIPH MaJIoM (a)
u 6obIIoM (6) IMaMeTpax; TAHTCHIUAIBHBIE CO CBETOOTPaKATEIbHBIMHU IUTACTHH-
KaMmH (), B MHOTOCTPYIHBIX BOJOCUETYHKAX (2), B OJHOCTPYHHBIX BOZOCUETUMKAX
C TMONYIMINHIPUICCKUMH JIOTIACTSIMH (€) U JIOTIACTSMH MOTYIIapOBOH (OPMEI (91¢)

HenocpencTtBeHHO Ha CTYNHWLE YCTaHOBJIEHBI HECKOJIBKO JiomacTeil (4-6), KOTOopble peaau3yroT
3HAYUTENbHYIO YaCTh BUHTOBOM JTUHUHU. OCh TYpOMHKHU BpalaeTcsl B MOAIIMITHUKAX CKOJIbKEHUS.
B TtypOunkax cpeaHuX pa3MepoB NPHUMEHSIOT KaK MOJAIIMIHUKA CKOJIbKEHUs, TaK H
mapukonoAmumauky. [Ipu 6oneimux auamerpax (puc. 33, 6) uucio jonactei Bo3pacraer a0 20-
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24, HO AJIMHA WX N0 BUHTOBOW JIMHUM O4YeHb Maia. JlomacTu ykpermssitorcs Ha 000/€, KOTOPbIT
COEJIMHSAETCS CO CTyNMULEH TUcKoM miH pedpamu. [IosToMy BbICOTa MX COCTaBIISIET HEOOJIBUIYIO
nomto (0,1Dg) aumamerpa TypOuHKU. [ToAIIMIHUKA OOBIYHO MIAPHKOBBIE, OCH MOTYT OBITH Kak
HETOJIBIKHBIE, TaK U BPAIIAOIIHECS.

KoHceTpykiun TaHreHuuanbHbIX TYpOMHOK Oosiee pazHooOpa3Hbl. B GoNbIIMHCTBE CilydaeB
(puc. 33, 6—0) MOTOK KUJIKOCTH OJIHOM OOIIeH CTpyeil MoCTynaeT TaHreHIIMaIbHO K TypOuHke. B
CEepUIMHBIX OJIHOCTPYHHBIX BOJOCUETYHKAX MPUMEHSIOT KPbUIbYATKH C IJIOCKUMHU pagHaIbHO
pacrmoyiokeHHbIMU TTOcKocTsIMU (puc. 33, 0). Ha puc. 33, ¢ mokazaHa ocobast KOHCTPYKIIHS
MaJICHPKON KPBUIBYATKM TAaKKe C IUIOCKUMHU pPaJUalbHBIMU JIONACTSMH, Ha TOPLAX KOTOPBIX
PACIONIOKEHbI TUIACTUHBI, CIYyXallhe JUIsi OTPAKEHHUs Jyd4a, MaJalollero OT OCBETUTENsl Ha
($oTORIEMEHT TaxOMeTpU4ecKkoro mnpeobpaszoBatens. MHorna uisi u3MepeHHs pacxoja rasa B
TpyOax OYeHb MAJIOTO TUaMeTpa MPUMEHSIOT TYpOUHKH C JIOMACTAMHU MOTyIIapoBoi (popmsl (puc.
33, o).

Bo wu3bexxaHue OJHOCTOPOHHETO HW3HAIMBAHMS OMOP B OJHOCTPYMHBIX BOJOCUETUHKAX
OPUMEHSIOT MHOTOCTPYHHBIE BOJOCYETYMKH, Y KOTOPBIX BOJA IOCTYMAeT Ha paJualbHbIe
JIOMACTH KPbUIbYATKU TAaHTEHIMAIbHO B BUAE HECKOJBKUX OTACNBbHBIX CTpyH (puc. 33, 2) yepe3
KOCBIE OTBEPCTHUS, PABHOMEPHO PACIIOJIOKEHHbIE B KOJIbIIE, OXBATHIBAIOIIEM KPbUIHYATKY.

B t1pybGax Oonbmioro aAuamMeTpa HWHOTJA HOPUMEHSIOT TYpOMHKH, 3aHMMAlOIINe
HE3HAYUTENIbHYI0 YacTh IUIOLIAJM IONEPEYHOIO CEYEHHs IOTOKA M HM3MEpPSIOLUIUE MECTHYIO
cKopocTb. OOBIYHO OHM OBIBAIOT aKCHAIbHOTO THMAa. HO W3BECTHBI ciyyan NPUMEHEHHUS
TypOMHKH 0COOOro THUMA, COCTOSIIIEH W3 JBYX MNOJYLUMIMHAPUYECKUX JIOMACTEH, CIBUHYTBIX
OTHOCHUTEIIBHO JIPYT JIpyra U UMEIOLIUX CeYeHHEe, ToKa3aHHoe Ha puc. 33, e. Och ATON TYpOMHKHU
NEPIICHIUKYIISIPHA K TIOTOKY.

Cpok cayxObl TypOMHHOTO MpeoOpa3oBaTelis 3aBUCUT TJIABHBIM 00pa3oM OT OMOPHBIX
y3J10B, pa0OTaOIIMUX B TSHKEIBIX YCIOBUSAX (OYEHb BBICOKHME CKOPOCTH BpALIEHUS, OTCYTCTBUE
CMa304YHOI'0 MaTepHalia, BO3MOXXHOCTh JAMHAMHYECKHX HArpy30K, arpecCUBHOCTh HEKOTOPBIX
u3MepsieMbix BemiecTB). C yMEHbIIEHHEM JuaMeTpa Iamnd oceil CHUXKAeTcsi MOMEHT TPEHHUS, HO
OJIHOBPEMEHHO M CpOK cilyXObl mpeoOpa3oBaTens. OCH HM3rOTOBISIOT W3 MaTepHaloB C
MOBBILIEHHOW W3HOCOYCTOMYMBOCTHIO, OCTAJIbHBIC BpALIAIONIMECs YaCTH — M3 AIFOMHHHEBBIX
CIUIaBOB M IUIACTMACC, a TIPU U3MEPEHUH PAcXo0/ia ra3a B HEKOTOPBIX CIy4asiX U3 MOJUIPOIHIICHA
WIA TIONUCTHPOTA JJs YMEHBIICHHS HArpy3kd Ha omopbl. Ho mpum MHAYKIMOHHBIX WIN
UHAYKTUBHBIX TaXOMETPUUYECKHX IpeoOpa3oBaTeisiX JIOMAaTKM B OOJNBIIMHCTBE CIIy4acB
U3TOTOBJISIIOT U3 EepPPOMArHUTHBIX MaTepuanoB. [TOAIMIUITHUKY CKOJIBKEHUS JIENat0T U3 rpagura
WIH TJIACTMACCHhI, @ MPU MalbIX pa3Mepax — W3 YacoBBIX KamMHel. HakoHeuHuku oceil ciemyer
U3TOTOBIISATh M3 CIIaBa MPUAUNA — OCMHUH WMJIM OPYTUX TBEPABIX MATepUANOB. YUYHUTHIBAas, UTO
CMa3bIBalOIasi CIOCOOHOCTh MHOTHMX JKHUIKOCTEM HEJAOCTaTOYHA, a Yy CyXHX Tra30B OHa
OTCYTCTBYET, TMOJI€3HO MOKPBIBaTh HIAPUKOMOAIIMIIHUKY  CHEUUATbHBIMA  CMa30YHBIMU
Marepuaiamu tuna b-2-12 u 105-M, nuHamuyeckas BI3KOCTb KOTOPBIX He npeBbiiaer 1 [la - c.

3. Kpurtepuu momodusi y KpbLIbYATHIX M TYPOMHHBIX PACX00MEPOB

[IpeoOpazoBaTenu pacxona MOTYT OBITh C aKCHAJIbHOW TYpOMHKOW M C TaHTEHIMAJIbHOU
KpPBUIBYATKOM. Y MEPBBIX JIONACTH PACIIOJIOKEHBI IO BUHTOBOM JIMHUH, a OCh COBIIAJIAE€T C OCBIO
MOTOKAa. Y BTOPBIX OCh TEPICHIUKYJSIPHA K HANpaBICHUIO TOTOKA, a MPSAMbIC JIOMACTH
PaACIONIOKEHBl paaualbHO IO OTHOIICHHWIO K OCH. KpbhUIbYATKA TPUMEHSIOT JHUIIb IPU
HEOOJBIINX AUamMeTpax Tpyo, 00bIdHO 10 50 MM.

3aBUCUMOCTh 4HCIa OOOPOTOB 7 B EOUHUILY BpeMEHHM OT OO0BEMHOTO pacxoma (o y
aKCHAJIbHOW TYpOWHKH BBIPA)KAaeTCs B 00IIIEM BHJIE YPAaBHCHUEM

n=¢ (Qo, v,p, M., D, du, dg, z, |, H),
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rne v U p — KUHEeMaTW4ecKas BS3KOCTh M TUIOTHOCTHh M3MEPSEMON KUAKOCTH; M. — MOMEHT
COIPOTHUBJICHUST TAXOMETPHUECKOTO MpeodpasoBateliss; D — auamerp TpydonpoBoaa; dy u ds —
HApPYXXHBI M BHYTPCHHUH JUAMETPhI JIOMACTEH TypOWHKH; Z — Yucio, a | — oceBas aiuHa
jjonacteit; H — miar jomacTei Mo BUHTOBOM JIUHUM.

Ha ocHoBanum 7 -Teopembl MofoOusi MpeablAylIee YpaBHEHUE MOXKET ObITh BBIPAXKEHO B

KpMTEpHAIbHOH (BOpPME ¢ TOMOIIBID KpuTepueB nogobus z,= nD%/qo; z,= qo/(vD); =, =
McD/(pqr); 7, =d, /D;n,=d,/D;7x,=2;7,=1/D;z,=H/D; nDq = f[qo/(vD); McD/
/(pq;);d, /D, dy /D, z,1/D, H/D].

Jlnst TaHTeHIMaIbHOM TypOuHku kpurepuit H/D Gyner orcyrcTBoBaThH, a | Oyner 0603Ha4aTh

BBICOTY JIONIACTEM.
JUIs KOHKPETHOM TypOMHKHM BCE KPUTEpUHU, KpOME 7, 7,H 7;, OydyT MOCTOSHHBIMHU.

[TosTomy oTHOMIEHUE N/Co, BXOASAIIEE B KPUTEPUI 77, U SIBISIONIEECS OCHOBHOM XapaKTEPUCTUKOM
pacxozomepa, OyJIeT 3aBUCETh TOJILKO OT uncia Re = 7, u ot kpurepus McD/( pq; ). Tocnennuit

K€ MOXET HMMETh MPaKTHYECKOE 3HAYCHHE JIUIIh BHAualie IIKalbl, TaK KaK C YBEIHMYCHHEM
pacxona (o OH pe3KO yObIBAET, HE TOBOPS O TOM, YTO MOMEHT CONPOTUBICHUS M. OOBIYHO OYEHBb
man. Iloaromy XapakTepucTuka pacxoJloMepa OIpeiensercs TIJaBHbBIM 00pa3oM YHCIOM
Peiinonpaca. 3T0 XOpoIIo WLTIOCTPUPYET puc. 34, a u 6.

3)
)/ 7
a L2
/ np’ Y /
J
q 10 74
04 4 . /
10
/ 4
0z ] y
s 10 %
/'/
7 A
0 0
10 102 10°  10% Re 10 10F 187 fokke

Puc. 34. 3aBucumocts Mexty kpurepusimu ND3/q u Re(a) u nD¥ v u Re(6) anist Typounku ¢ D = 25 Mmm

Ha nepBoM u3 HUX HOCTpoeHa Kpubas 3aBucumoctd ND3/qo ot Re, a na Bropom — nD3 /v
ot Re, moiy4eHHble IpU UCTIBITAHUN aAKCHATTbHOW TypOUHKH, nMeBIiei D = 25 MM, Ha ®KUAKOCTIX
pasIMUHEIX BA3KocTel o1 6 - 10 1o 7 - 10 m/c.

W3 rpadukoB ciaemyeT, 4TO MPH CPEAHUX W OONBIIMX 3HaueHUSX Re oTHomeHnue N/go
COXpaHsET IMOCTOSHHOE 3HAUEHHWE W IIKaJla pacxojioMepa MMEET IMOYTH JIMHEWHBIA XapakTep.
Jlnana3oH u3MEepeHHS (max/(min C TUHEHHON TPATyHPOBKOM, HE 3aBUCSIICH OT CBOUCTB (BSI3KOCTH
Y TUIOTHOCTH) BEIIECTBA, Bo3pacTaeT oT 5 — 10 mpu ManbeiX aAuamMerpax TpyO M MalIbIX CKOPOCTSIX
1o 15-20 npu Gonbmux CKOpoCTsX u Oonbmux auamerpax. C ymeHbIIeHHEM 3HadeHus Re mpu
nepexoyie OT TypOYJICHTHOTO K JaMHUHAPHOMY JBIKEHUIO HAYMHACT BCE CHIIbHEE CKa3bIBAThCS
BJIMSIHUE BSI3KOCTH, U OTHOCHTEJIbHAsE CKOPOCTh BpallleHUs TypOMHKH N/Co MajgacT, rpaalyupoBKa
CTAHOBUTCS HEIMHEHHON. DTOMY CMOCOOCTBYET M YCHIJICHHE BIUSHHUS MOMEHTA COMPOTHBIICHHS
M.. YacTto B TmepexogHOW 30HE OT TYpOYJIEHTHOTrO K JIAMMUHAPHOMY [IBI)KEHUIO BHauaie
HaOJII0AaeTCs J1aXke HEKOTOPOE MOBBINICHHE N/Qo, U Ha COOTBETCTBYIOIICH KPHUBOW B JaHHOM
MecTe 00pa3yeTcs MAaKCUMYM.

Hapymienne nuHEHHOCTH XapaKTEpPUCTUKU B HEKOTOPBIX CIydasX UMEET MECTO HE TOJIbKO B
00J1aCTH MaJIBIX, HO ¥ B 00JacTH OOJIBIINX 3HAaUeHUH Re.

4. YpaBHeHHE U3MEPEHUS JJIA AKCUAIbHOU TYPOMHKHU
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Ha pwuc. 35 nokazana cxeMa CKOpPOCTEH >XUAKOCTH Ha BXOJE€ M BBIXOJAE AKCHUAJIbHOU
TypOUHKH, HUMEIOIIEH Ha HEKOTOPOM paauyce OKpyxkHYyK ckopocth U. OueBuanHo, s
JOCTHXKEHUS! Oe3y/1apHOT0 BXO/1a OTOKA Ha JIOMACTU HAJ0, YTOOBI MX YTOJI HAKJIOHA ¢ BO3pacTall
C YMEHBIICHUEM 3HAYCHUS I

B uneansHOM cimydae mpu OTCYTCTBUU COMPOTHBIICHUS BPAIICHUIO TYPOMHKUA aOCOMIOTHAS
CKOPOCTh Ha BBIXOJIE €2 PaBHA CKOPOCTH Ci U, KaK M TOCIEAHSS, MEPIECHIUKYISIPHA K OCH
TypOMHKH, a OTHOCUTENIbHAs CKOPOCTh HE TOJIbKO Ha BXOJI€ ®,, HO U Ha BBIXOJE ®,, OyneT

COBIIAATh C HAIPABICHUEM JIONACTH, yIibl S =, =¢. IIpn 3TOM NOIy4uM 3aBUCUMOCTD MEXKIY

pacxoa0oM (o U UAEATBHOHN YIIIOBOI CKOPOCTBIO @, BpallleHUs TYpOUHKH B BUJIE
qo/s=Utgo = w,-r-tge,
re S — IUIOIIAb MONEPEYHOro ceueHus noroka. OTkyzaa
w,=0,/rs-tge.

VYT0Bas CKOPOCTh @ BpalICHUS PeabHOU TYpOUHKH
Ha 2— 5 % MeHblIe uIeanbHOW @, W3-3a OEHCTBUSA CHII
COINIPOTHBIICHHUS, U TIOITOMY CKOPOCTH Ha BBIXOJAE C2 U @,
OTKJIOHSIFOTCS B CTOPOHY, MPOTHUBOIIOJIOXKHYIO BPAIICHUIO
Typounku (,>au B> f3).
Pasuuny mexny o, 1 @ MOKHO OLICHUBATH BEJIMYMHOU

SK = (a)lt - a))/a)u

HA3bIBAEMON  CKOJIb)KEHHEM TYpOUHKA OTHOCHUTEIHHO
Puc. 35. Cxema ckopocteil Ha BxoJe 1 Boixoge I1OTOKA.

aKCHaIbHOIE TypOUHKH W3 npenpiaymux AByX ypaBHEHHN MTOIYyYHUM, YTO

®w=0,(1-S,)sr-tge . Otcrona ciaeayer, 4TO @ MPOMOPLUUOHAIBHO (, IPHU YCIOBUU MOCTOSHCTBA
CKOJIBL)KEHUS SK.
bonee pa3BepHYTYI0 3aBUCUMOCTh MEXAY @ M (, MOXHO TMOJIYyYUTh W3 YpPaBHEHUS
JIBUKCHUS TYPOUHKH
Jdo/dt=M, -> "M, .
31eck J — MOMEHT MHEpPLUH TypOMHKH C y4€TOM NPUCOEAMHEHHOH K Hel Macchl moToka; M, -

JBUKYIIUNA MOMEHT; Z M. — cymMMa MOMEHTOB COIIPOTUBIICHUS
M= Ms + My+ M,
rae My, My v M,, — MOMEHTBI CHJT BSI3KOTO TPEHUSI, CUJI TPSHUSI B MIOAIIMITHUKAX U COMTPOTUBIICHUS
TaxOMETPHUUECKOTO TIpeodpaszoBaTelis (UIu PeAyKTOpa) COOTBETCTBEHHO.
[Tpu d w/dt = 0 moy4un™M ypaBHEHHE U3MEPEHHS TYPOMHHOTO pacxooMepa
Mpg=Ms + My + M,.
JBmxymuii MOMEHT M; paBeH N3MEHEHUIO MOMEHTA KOJIMYECTBA JBUKECHUS MACChl, PABHOU
CEKYHJTHOMY pacXojay MOTOKa pQp. DIEMEHTApHBI MOMEHT
dM , =(c¢,cosa, —cC, cosa, )rpdq, .
Ho
cosa, =0; c,cosa, =w,cos B, —U=C, /9B, —Wr.
CrnenoBareiabHO,
dM ; = (¢, /19, — ar)rpdd, .
3neck ¢, =kq,/s; dgo=c, ds= kqods/s, rune kK — xoadpdurrenT, yunThiBaromnii HEPAaBHOMEPHOCTb
pacnpeieneHusi CKOpOCTeH 1Mo MpOTOYHOM YacTu.
[Moxcrapnsist 9T 3HaUeHUs ¢, U Qo B MpeabIAyIlee YypaBHEHHE, 3aMEHSIsI B HEM tg 3, Ha XOJ
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win mar /{1 gomnacteil m yduteiBas, uto tg £, - & tg 0 = & H2m, rne & — xod(pdunueHtT,
3aBUCSIINNA OT pajuyca I, MOJIyIrM
dM , =|(27k / &H g2 — e, [ okr? /5)ds.
WHTerpupys 1no ce4eHuro S, Haaem
Mg :a'lqg —a,aq,
e ai= (27rp/32H)I(k2r2/§)ds ;ax= (p/s)jkrzds.

OcHoBHas yacTb MOMeHTa M, 00pa3yeTcs CHIIaMU BSI3KOTO TPEHUS KHJIKOCTH O MPOTOYHYIO
4acTh TypOMHKH. DTa 4acTh MOMEHTa M, TPONOPIMOHAIbHA Cpq., TA€ ¢ — KOIDPHUIUEHT

BA3KOro TpeHus. Kpome Ttoro, HeOomiplias 4acTb MOMEHTa M, NpPONOPLHUOHANbHAS YIIOBOU
CKOPOCTH @, CO3JIACTCS TPEHUEM >KUJKOCTH O CTynuily TypOuHKuU. [TosTOMy nmeem
M, = asq® + a,m,
IJ1€ a3 U as — TOCTOSIHHbIE, 3aBUCSILIME OT Pa3MEpPOB M KOHCTPYKUUU TYpOMHKH, a TakkKe OT
IJIOTHOCTHU U BA3KOCTH JKUJIKOCTH.
MOMEHT TpEHUsI B YIIOPHOM MOUIAITHUKE, IPOIMOPIMOHAIBHBINA p0; , COCTaBJISET OCHOBHYIO

4acTb MOMEHTa M;. 3HAYUTEIBHO MEHBIIE COCTABISIIOMAs M: OT TPEHUS B OINOPHBIX
NOJALINUITHUKAX, ONpeaessieMas HAarpy3Kou U He 3aBUCAILAsI OT 3HAaYeHUN @ U (o. CenoBaTenbHo,
—_ 2
My=asq, + as,

T/I€ a5 ¥ 6 — TOCTOSTHHBIE.
MowmeHT M, B COBpEMEHHBIX TYPOMHHBIX PAacXOJOMepax O4YeHb Mall U OMPEICNIeTCs JTUIIIb
peakieil TaxOMeTpUYEeCKOro (Hampumep, HWHAYKIIMOHHOTrO) mpeoOpasoBarens. OH umeeT B
OOJBIIMHCTBE CIy4YaeB BUT
M,=aro ,
1€ @7 — MOCTOSIHHAS.

Ecnu sxe TypOrHKa MEXaHUYECKHU CBSI3aHA C PEYKTOPOM U Jlajie€ CO CUETHBIM MIIU C IPYTUM
MEXaHU3MOM, TO MOMEHT My OyzieT MHOTO OOJIbIIIE.

[ToxcraBnss nonydeHHbIE 3HAYEHUSI MOMEHTOB My, Ms, My, i M, B ypaBHEHUE U3MEPEHUS U
pemiast ero OTHOCUTENIBHO @ , IOJYYUM

o=Aq,—-(B+C),
tne A = (a1 — a3 — as)/az; B = (a1 — a3 — as) (as + a7)l a; [1+(as + a7)/a,q, ]; C = azas /(a2qo0 + as +
ar).

®opMyIIbl, NAIOIIKE 3aBUCUMOCTH MOCTOSIHHBIX d3, @4, d5 U d6 OT APaMETPOB >KUJIKOCTH U
KOHCTPYKTUBHBIX Pa3MEpPOB MPUBEICHBI B SKCIIEPUMEHTAIBHBIX padoTax.

[Ipu ycnoBum mnocrosHcTBa 3HaueHUd A, B m C ypaBHEHHE HU3MEPEHHUS @ BBIPAKAET
IpSIMYIO JIMHUIO, NTEPECEKAIOIYI0 OCh (o Ha paccTosHuu (B + C)/A OT HyNE€BOM TOUYKH O] YTIIOM,
TaHIeHC KOTOporo paBeH 4. B nelictButenbHocTH BenuuuHbl A, B u C 3aBucit ot (o. BiusiHue
BennuuH B u C, 3aBUCAILIMX OT TPEHUS O TOPELl CTYNHUIIbI, OT TPEHUSI B OMIOPHOM TMOUIUITHUKE U
peakluy TaXOMETPUUYECKOIo MpeodpazoBatessi, CPaBHUTENBHO HEBeNUKO. [loaToMy coxpaHeHue
MPOMOPIUOHAIBHOCTH MEXAY @ U (, OyIeT 3aBUCETh OT MOCTOSHCTBA A, KOTOPOE OMPEIEINAETCS
MOCTOSTHCTBOM 3HAauY€HUM a1, az, a3 U as. VI3 HUX mepBble ABa 3aBUCAT OT IUIOTHOCTU o U SMIOPHI
CKOPOCTEH, a BTOPbIE — OT CHJI BA3KOCTHOTO TPEHUS, C U3MEHEHHUEM KOTOPOTO OyIYT U3MEHSTHCA
3HAUEHMUsI HE TOJbKO a3, HO M a5, TaK KakK OceBas Cujia, CO3Jarolias TPEHUE B YIOPHOM
MOJAIIUITHUKE, B 3HAUUTEIIbHONW MEpe BO3HUKAET MO/l JaBJIEHUEM KUJKOCTHOIO TPEHHUSI O JIOMACTH
TYpOUHKHU.
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5. Ilpumepsnl pacxoa0MepoB ¢ AKCHAJIBHOI TYPOMHKOM U
TAHTCeHUMAJIBbHON KPbLILYATKOMN

a) Booocuemuuxk muna YBT (Boavmmana)

VY3ke MHOro JieT IIHUPOKOE MPUMEHEHUE HMMEIOT CUETUYMKU >KMIKOCTH BOJbI, aKCHAJIbHas
TypOHMHKa KOTOPBIX Yepe3 HIECTEPeHYAThId PEAYKTOp CBsI3aHA CO CUETHBIM MexaHu3MoM. Panee
OHU HEPEAKO MMEHOBAJIUCHh CUETYMKaMH BosibTMaHa, ¢ TOPHU30HTAJIbHOW WM BEPTHKAIBHOMN
oceto. Ha puc. 36 nokazaHo yCTpOHCTBO OJHOM M3 MOJEel Takoro BogocueTunka tuna YBT.
Bona moctymaer B TypOWHKY 7, MpOWIs uepe3 CTPYEBBINPSIMUTENL 8, B pedpax KOTOPOTO
ykpersien obOtekatens 10, comepkammii mnepenHuil mommunHUK 9 ocu  TypOuHKH. Y
CTPYEBBIIPAMUTENSI OJHA W3 JiomacTed 6 MOXKET TMOBOpAaYMBATHCS TPU  BPAIICHUU
pPEeryJIMpOBOYHOTO BUHTA, KOTOPHIN 3aT€M 3aKPhIBACTCS KPBIIIKON U TIOMOUPYETCSI.

10

Puc. 36. Cuerunk Boasl YBT ¢ akcuanbpHON TypOMHKON

3aHUI TOJAIIMIIHUK BMECTE€ C YIOPHBIM, BBIIIOJIHEHHBIM B BHJI€ PEryJMpyeMOro BUHTA 4 c
araToBbIM HAaKOHEYHUKOM W YEPBAYHOM MapoM, IMepeparolieil BpalleHue OT TYpOWHKH mape
CMEHHBIX IIECTEPEeH 3, 3aKJIIOUCHbl BHYTPU KpOHINTEHHA 5. B HeM ke HaxXoIATCs U OMOPHI
BEPTUKAJIIBHOM OCH YEpBSYHOTO KoJjieca. PazmenieHne 3TUX Oonop B OJHOW JIETAIH IO3BOJISET
YCTpaHUTh OMEHHE OCH W OBICTPBHIA H3HOC 3yOUaThIX KOJEC, MMEBIIMA MECTO B MPEKHHUX
koHCcTpykuusx.  Illectepuss 3 Bpamaer  MarHUTHYR — TOIyMy(dTy,  OT/ACJICHHYIO
BOJIOHENIPOHUIIAEMOI IMaMarHUTHOM TMEpPeropojkod OT BTOPOW MAarHUTHOW MOIYMY(THI,
COEJIMHEHHOU ¢ PEAYKTOPOM 2, U Yuepe3 MOCIEAHUI CO CYETHBIM POJIMKOBBIM MEXaHU3MOM 1, nme-
IOLUM CTPENIOYHBIN yka3atenb. OOIiee nepenaTouyHoe ducio peaykropa 1:88,25. B ornuume ot
OoJiee cTaphiX KOHCTPYKIIMM 371€Ch HE TOJIBKO CUETHBIM MEXaHU3M, HO U PEAYKTOP OTACJICHBI OT
BOJIbI, a OJarofapst NpUMEHEHUI0 MarHUTHOM Mepeaadn HET TPEHUS OCH, CBS3BIBAIOIICH peyKTOp
Y CYETHBIM MEXaHHU3M, B CAIbHUKOBOM YINIOTHEHUH.
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0) bezonopuustii mypounnslii npeoodpazosamens pacxooa

Pe3ko oTiMuYHBI 1O CBOEMY YCTPOMCTBY OT BCEX paHee
pacCMOTpPEHHBIX NpeolOpa3zoBareyiel C aKCHUaIbHOW TYpPOMHKOMN
0e30IopHBIN Mpeodpa3oBaTeb, U3rOTOBISIEMbI B AHITIUU (pHC.
37), a Taxke ABa npeoOpaszoBaTelis pacxoja rasa, paspaboTaHHbIE
B Snonun. Ha ocu 4, nepneHAUKYJISIPHOW K MOTOKY >KHIKOCTH,
YKpEIUIeHbl JBe TYpOMHKM M JBa JUCKa 3 M 5 ¢ KOHUYECKOH
0axkoBOll MOBepxHOCThIO. [Ipu moOsIBIEHMH pacxoja BO3HHUKAeT
Pa3HOCTh [JABJIEHUIl Ha BXOJE M BBIXOAE U3 IpeoOpa3oBaTels,
KOTOpasi NMPUIIOAHUMAET OCh C JUCKaMH, U IOTOK, pa3leissich Ha
JIBE  BETBM, Bpamaer o0e TYpOMHKH CO  CKOpOCTHIO,
Puc. 37. Besoropubiii TypGuuspii  TPOTIOPIIMOHABHOM 00BEMHOMY Pacxofy. MarHUTHbBIC OJIOBKY 2,
npeoGpaszoBates YKpPEIUICHHbIE Ha BEPXHEM AHMCKe 3, MPU BPAIlEHUH MOCIETHETO

CO3Mal0T B MHAYKIIMOHHOM TpeoOpa3oBarene 1 MMIyIbChl TOKa, YacTOTa KOTOPBIX
IPONOPIMOHANIbHA YacToTe BpamieHus TypOunok. Iloreps naBnenus mpu Qmax okoino 55 xlla.
[TogoGHbIE TpeoOpa3zoBaTenn pacxoia JOMyCKaT MEXaHUYECKUE MpUMecH pazmepom 10 0,25 Mm
¥ M3TOTOBJISIOT YETHIPEX THIIOB Pa3MEPOB — Ha PacXoibl OT 6 10 72 mM3/u. Jluanason usMepeHus
B JIUHEITHOI oOsactu paBeH 3,5 (nuHeiHOCTh +0,5 %), a 00muii quanazoH paBeH 20 (JIMHEHHOCTH
+2 %). B 3aBucumoctu oT MaTepuanoB nonycTuMbl nasieHue a0 2 Mlla u temneparypa no 140
°C.

8) Muozocmpyiinwtii 600ocuemuuxk muna BCKM ¢ manzenyuanvnoii mypounkoii
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Puc. 38. Muoroctpyiinslii cuetunk Boasl BCKM ¢ TaHreHnnanbsHONU KpbUIBYaTKON

VYerpoiictBo MHoroctpyitHoro Bojocuerdunka thuna BCKM npuBeneno Ha puc. 38. B
Koprryce 1 mepea BXOAOM BOJBI B BOJOCUETYHMK YCTaHOBIEH cerdyaThli ¢uibTp 7. He Tonbko
CUETHBIH MEXaHU3M 3, HO U COCIMHEHHBIH C HHUM PEIYKTOp OTAENEHBbl JUaMarHUTHOU
neperopoakoii 2 ot Boabl. Ha TypOuHKe 6 MMeEIOTCs BeAylIue MarHuThl 5, KOTOpbIE uepe3
NEePeropoAKy 2 TMepenaroT BpaIIeHHWE BEJOMBIM MarHuTaM 4 u janee peayKTopy U CUCTHOMY
MexaHu3My. OTIMYaONIUiiCsT KOMITAKTHOCTBIO y3€Jl CYETHOTO MEXaHU3Ma C PEyKTOPOM MOXKET
U3TOTOBIISATBCS OT/AEIBHO OT OCTAJBHBIX YacTed KPYIMHOCEPUMHO Ha CHEIHATU3UPOBAHHOM
npeanpusatui. HeoOXoauMo nUIIb MMETh TakoW AWAaMeTp TYpOWHKH, KOTOPBIA OOecrednBacT
JOCTATOYHO OOJBIION BPAIAIOIIHI MOMEHT.
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6. lllapukoBbie pacxoaoMepbl

[lapuKOBBIME pacxogOMEpaMy HA3BIBAIOTCS TAXOMETPHUECKHUE PACXOIOMEPHI, MOJBIKHON
9JIEMEHT KOTOPbIX — [IAPUK — HENPEPbIBHO JBUXKETCA IO KpYyry. OTO JIBUXKEHHE
o0ecrieynBaeTCsl WM BUHTOBBIM HAIPABIISIOIIMM alIapaToM, 3aKpy4YHBAIOIIUM IOTOK, WIH K€
TaHTeHIIUATEHBIM MTOJIBOJOM H3MEPSIEMOTO BEIIECTBA.

Ha puc. 39 nokazansl mpeoOpa3zoBaTeNn MIAPUKOBBIX pacxoaoMepoB. (OCHOBHOE
IPUMEHEHHE U3 HUX MOJIy4us MpeoOpa3oBaTeib ¢ BUHTOBBIM HalpaBistoluM annapatoMm 1 (puc.
39, a). [1loTOK, 3aKpy4YEeHHBII B OCIETHEM, IPUBOIUT B IBIKEHHE (PEpPPOMArHUTHBIN MAPUK 5 TIO
OKpY>XHOCTH TpyObl. YacToTa BpamieHus mapuka 1o Kpyry mpeoOpa3yercsi B AJIEKTPUYECKHN
YaCTOTHBIN CUTHAJ WHIYKIIMOHHBIM WJIM WHAYKTUBHBIM TIpeoOpa3oBaTenieM 2. OrpaHUYHUTEIHHOE
KOJIBIIO 3 yICpKUBACT IAPHUK OT MEPEMEIIECHUS BIOIb OCH TPYOBI. J[Is BRIMPSIMIIEHUS TOTOKA Ha
BBIXOJIE CIIy’)KaT HemojBikHble jomactd 4. IIpeoOpa3zoBaTtenu ¢ TaHT€HUMATBHBIM TOABOJIOM
U3MEPSEMOT0 BEUIeCTBa, MOKa3aHHble Ha puC. 39, 6, 6, NPUMEHSIOT MPU HM3MEPEHUM MAaJIbIX
pacxomoB. OHUM TIpolle W OMACHOCTh 3aCOPEHHs y HHUX MEHbIIe. Bo Bcex ciydasx map Toj
JeicTBUEM IIEHTPOOSKHON CHIIbI IPWKUMAETCA K BHYTpEHHEH moBepxHocTu TpyOs! (puc. 39, a)
wi kamepsl (puc. 39, 6, g), a moj AEHCTBUEM OCEBOW CKOPOCTH MOTOKa (puc. 39, a) wim Beca
(puc. 39, 6, 6) — K OrpaHHYUTEIBHOMY KOJIbILy. [IpM 3TOM BO3HHMKAIOT CHJIBI MEXaHHYECKOTO
TPEHHUsI, KOTOPbIE BMECTE C BSI3KOCTHBIM TPEHHEM KHIKOCTH TOPMO3ST mIap. B pesymbrate
OKpY)KHasi CKOPOCTb LIEHTpPa IlIapa OTCTAET OT COOTBETCTBYIOIIEH OKPYKHOM CKOPOCTU MOTOKA.
DTO yYUTHIBACTCS TIPU U3MEPEHUHU PaCXoa.

a)

Puc. 39. IIpeoOpazoBaTeny pacxo/a MapruKOBBIX PACXOAOMEPOB: @ — C BUHTOBBIM HAIMPABJISIIONIMM aIllapaTom
(HNMUTenmmonpubop); 6 — C TaHTEHIIMAIBHBIM 1101B0I0M ((pupMbl bormm—~Peiitep); 6 — ¢ TaHTCHIIHATBHBIM TTOABOJOM
(HAWTenmonputcop)

B xauecTBe nmpumepa paccMOTpUM IIAPUKOBBINA pacxogomep tuma «Lltopm-8A», paspaboTaHHbIi
B HUU Tennonpubop. Ero mpeobpaszosarens pacxona tuna «Illaap-8A» uzobpaxen Ha puc. 40.

/
2 J
Puc. 40. lapuxoBsrii mpeodpaszosarens pacxona «axp-8A» y pacxomomepa «Itopm»
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B kopmyce 2 pacrmomaraeTcsi HETOJBMIKHBIA y3€J, COACpXAIWA CTYNHIly W JIBa
HANpaBJIAIOIIMX annapara 1 ¢ orpaHMYMTENbHBIMU KOJbLAMU. MeXIy MOCIEeIHUMHU B KaHaBKE
HaxoauTcst eppoMarHuTHBIA mapuk 3. C HapyXHOH CTOPOHBI KOpITyca HMMEETCS MECTO JIs
3aKperieHUs] Ha BHHTAX TaXOMETPUUYECKOro MHAYKIIMOHHOTO mpeoOpazoBarens turna MUII-1,
COCTOSIIEr0 M3 KaTyLIIKA M MarHUTHOrO cepaecdHuka. Pacxomomep «llltopm-8A» npenHasHaueH
IS M3MEPEHUS pacxoa UCTUILIATA B Ipeaenax 2-8 m>/4 npu pasiaenuu 5 MIla u Temmeparype
2-100 °C B tpybe muamerpom 32 mm. [lorpemnocts £1,5 % B auamazone ot 20 g0 100 % Qmax.
Ilotepa maBnenma 50 xIla mpu Qmax. Kpome toro, mmeercs pacxomomep «lltopm-32M»,
npeobOpasoBarens kotoporo «llanp-32M» mnpenHasHaueH Jid pa3MELIEHUS] B KOHKPETHBIX
HPHEPreTUYECKUX YCTAHOBKAX U HE MMEET MPOYHOro Kopiyca. M3mepsieMble pacxo/ibl *UJIKOCTH
ot 8 10 50 m*/u npu nasnenun 10 MIla u temnepatype 2-285 °C B Tpybe amameTpoM 60 MM.
[orpemnocts £1,5 % B quanazone ot 20 10 100 % Qmax. [loTeps naBnenus 25 kl1a npu Omax.

7. PoTOpHO-11apOBbIE PacX010Mephbl

Y pOTOpHO-IIAPOBBIX PACXOJOMEPOB B OTJIMYME OT MIAPUKOBBIX IIap WU APYroe Telo
BpallleHUsl ABUKETCA HE MO KPYTY, a BpalllaeTcs BOKPYI CBOEM OCHU IMOJ| BO3JAEHCTBHEM IOTOKA
u3MepsieMoro BemiecTBa. MHorga 3tv mpuOOphl HA3BIBAIOT PACXO0JOMEpPaAMU C JIEBUTHPYIOIIUM
IapoM WJIM PacxoJOoMEepaMH C THUAPOJUHAMUYECKON MOJBECKOW poropa. OHUM TOKa HE HAIUIH
HIMPOKOTO0 MPUMEHEHUs, OJHAKO UMEETCS HECKOJIbKO MX Pa3HOBUIHOCTEH, OTIMYAIOIIMXCS APYT
OT Jpyra, B YaCTHOCTH, CIOCOOOM MPUBEICHHUS 111apa BO BpalleHHE.

[IpeoOpazoBaTenb pacxoaa OJJHOTO U3 TaAKUX pacxogomepoB tumna «I'mobyc» nmokasan Ha puc. 41.

Puc. 41. IIpeobpaszoBarens pacxoia pacxogomepa «I100yc» (¢ mapoBEIM pOTOPOM)

B xopmyce 1 3anmpeccoBaHa BTyjKka 3, BHYTpH KOTOpoi Haxoautes map 4. [locnennuii umeet
KaHaBKY Ha TOPU30HTAJIBHOM OKPY)KHOCTH M, KPOME TOTO, JIJIsl 0OecreueHns: HaIeKalleld cBoen
OpPHEHTALMU B MPOCTPAHCTBE BO3AYIIHYIO MOJOCTh, B BEPXHEW YacTH 3aKphIBAEMYIO MPOOKOH 7.
Brynka 3 3akpbiTa cBepxy KpBIIIKON 2, a CHU3Y KPBIIIKOW, B KOTOPOH PacroiOKEeHbI 1BE UHIYK-
UOHHbIE KaTylmKh 8 TaxomeTpuuyeckoro mpeobpazoBatens. JKuUAKOCTh dYepe3 OTBEpCTUE B
Kopryce 1 BXOAHUT B KOJBIIEBOW KOJUIEKTOP 6, OTKy/Ja 4depe3 JBa TaHTeHIMaIbHBIX oTBepcTHs 10
nuamerpom 0,4 MM mocTymnaer B KaMepy, I'/Ie PacloioKEeH 1Iap, U BbI3bIBAET €ro BpaueHue. [Ipu
TOM THUIPOJUHAMHUYECKUE CUJIBbI CIIOCOOCTBYIOT TAKOMY PACIOJIOKEHHIO 1Iapa MO BBICOTE, MPH
KOTOPOM €r0 KaHaBKa OKa3bIBAeTCs B 30HE JICUCTBUSI CTPYH, BhITeKaronux u3 orsepctuit 10. Bpa-
IIEHUE IIapa ¢ TMOMOIIBIO JBYX HAXOISIIMXCS B HEM MAarHUTHBIX CTepKHEH 9 M MHAYKLIHMOHHBIX
Karymek 8 mpeoOpa3zyercss B MOAYJIUPOBAHHBIN AJIEKTpUUYecKuid curHai. KuakocThs ynansercs
yepe3 /1Ba KOJIBLIEBBIX KOJUIEKTOpa S B BBIXOJHYIO TpyOy. Pacxomomep «I'moGyc» paccunrtan Ha
pacxozsl ot 0,3 - 10% 10 5 - 10°° M%/c u naBnenue mo 25 MIla. IIpuBenennas norpemHocTsb =1 %.
[Moteps maBnenms mpu pacxoze 3 - 10 m/c me Gonee 0,03 MIla. J[omycTUMBI MEXaHUYECKHE
IPUMECH B )KHUJKOCTHU IpH pazmepe yactull He Ooisiee 0,04 mm (0,1 o nuamerpa TaHreHUIMATbHBIX
oTBepcTuil). I'pagynpoBoUHas xapakTepUCTHKA pacxojoMepa J0CTaTO4HO JinHeitHa. HekoTopytro
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aHaJIOTHIO ¢ MpeodpaszoBaTeneM pacxogomepa «['modyc» umeer 6€30MOpHBINA TpeoOpa3oBaTeNb C
BPAIIAOIIAMCS KOJBIIEBBIM JUCKOM. JKUIKOCTh TAHTCHIIMAILHO IMOCTYIAET B KAMEPY U TIPUBOTUT
BO BpallleHHE KOJbLIEBOW TUCK, HAPYXKHBIM JAMaMETp KOTOPOTro Ha 5 % MeHbIlle BHYTPEHHETO
nuameTpa kamepbl. YacTora BpallleHUsl MCKa TpeoOpa3yercs B MMITYJIbChl TOKA C IOMOIIBIO
CBETJIBIX METOK, HAHECEHHBIX Ha TOPIICBOW MOBEPXHOCTH JHCKA, BHUIUMBIX MOCPEICTBOM
BOJIOKOHHOTO OITHYECKOTO YCTPOWCTBA W BO3ACUCTBYIOIIMX Ha QoTomeTexTop. Jlmamazon
usmepenwns ot 0,06 go 6 mi/c.

[IpuHuunuanbHas cxema apyroil pa3sHOBUIHOCTH MPeoOpa3oBaTes pacXoJoMepa ¢ IIapoM,
BpAILAIOIIKUMCS BOKPYT CBOEH OCH, ITPUBEJEHA HA pUC. 42.

B ocHoBe ero pabotsl nexur cienyouee sisienue. lap 3,
TIOMEIICHHBIH B TIOJIOCTU 2 OMPEACICHHON TeOMETPHYECKOM
(GopMBI, B KOTOPYIO KHAKOCTh IOCTYMAaeT 4Yepe3 BXOJIHOE
orBepcTue 1 M yXOoAMUT uepe3 BBHIXOJHOE OTBepcTHE 6, Oyaer
B3BEIIMBATHCSI MMOTOKOM W 3aHUMATh  OIPEICICHHOE
MOJIO’KEHHE, HAYMHAsl C HEKOTOPOTo 3HaYeHHs pacxozaa. Ecmu
Tako  map  CHaOOUTh  CKBO3HBIM  JMaMETPAIbHBIM
OTBEPCTHEM, TO OH OyJaeT BpamaTthCs CO CKOPOCTHIO, MPO-
MOPIMOHANTBHON O0BEMHOMY pacxXxony JKHIKOCTH, BOKPYT
ocH, MEPIEHINKYISIPHOM K OCH MTOTOKA.

Puc. 42. Cxema npeobpa3oBaHus pacxona
C B3BELICHHBIM IIAPOM

Jlns mepenayu 4acTOTHI BpAIllEHMs IIapa B HETO 3alpecCOBHIBACTCS MAarHWTHAs BCTaBka 4, a
CHapyXH JTUAMarHUTHOTO KOpItyca rnpeodpa3zoBareis MoMeniaeTcsi HHIAYKIIMOHHBIN y3el 5 chema
CUTHAJIA.

KamepHbie pacxogomMepbl

1. O0mas xapakTepucTHKA

KamepHbIMM Ha3BIBAIOTCS TaXOMETPHUUECKHE PACXOJOMEphl M CYETUHUKH, MOJBHKHBIE AJIE€MEHTHI
KOTOPBIX NPHUXOJAT B JBW)KEHUE (HEMPEPHIBHOE WM MEPUOAUYECKOE) TMOJ JaBICHUEM
U3MEPSEMON KUIKOCTH WM Ta3a M IPH 3TOM OTMEPHBAIOT OMpPEEICHHBIE 00hEMbl MU MACCHI
U3MEPSIEMOTO BEIIECTBA.

HekoTopsie pa3HOBHUIHOCTH KaMEPHBIX MPUOOPOB MPUMEHSIOT YK€ JaBHO B KQU€CTBE BOJIO-
U Ta30CUeTYNKOB. [Ipw 3TOM WX TOIBMKHBIE 3JIEMEHTHI OOBIYHO dYepe3 3yOuaThlii PeayKTOP
COCIMHEHBI CO CYETHBIM MEXaHM3MOM. HecMoTpss Ha TpeHHe B TIOCIEIHUX, OOJIBIIUHCTBO
KaMEPHBIX CYETYMKOB MMEIOT BBICOKHH KJIACC TOYHOCTH. Tak, MOTPENTHOCTh CUYETYMKOB Tasza J0
+1 % , a cueTunkoB xuakoctu paBHa +(0,2-1) %. J(Mana3zoH ux M3MEpeHUs] TaKKe AOCTATOYHO
OonbIIoN W HaxomuTcs B mpeaenax oT 5 @ 1 mo 20 : 1 m maxe Gomnee. BsizkocTh m3MepsieMoro
BEII[ECTBA MEHBIIIE BIUSET HA MOKa3aHUsI KAMEPHBIX MPUOOPOB MO CpaBHEHUIO ¢ TypOUHHBIMU. Ho
KOHCTPYKTUBHO KaMEpHbIE TPHOOPHI CIOXKHEE TYPOMHHBIX M IIAPUKOBBIX M IOITOMY
MaJIONIPUTOAHBl TIPU OOJBIINX pacxoJax H3MEpsSeMOro BemiecTBa. MX peako NpUMEHSIOT B
TpyOax, auameTp kotopbix 6osee 200 — 300 mm. Kpome Toro, oHu BecbMa 4yBCTBHUTENbHBI K
MEXaHUYECKUM TPUMECAM U TPpeOyroT Xopoliell ¢GuiabTpaluu KUIKOCTH W raza. B kauecte
pacxo0MepoB KaMepHbIE NMPUOOPHI MPUMEHSIOT TMOKa emle penko. Ho Takoe mpuMeHeHue B
OyaymeM BecbMa IMEpPCHEKTUBHO, OCOOCHHO NpPH OTKa3e OT MEXaHMYECKOW CBS3H MEXKIY
MOJABUKHBIMHU 3JIEMEHTAMHU M OTCUYETHBIM YCTPOMCTBOM. DTO IMO3BOJIUT €Ile OOJbIIE MOBBICUTH
TOYHOCTh U3MEPEHHS pacxojia U KojJudecTBa. B mpocTeiiiem ke ciiydyae MOXHO OTPaHUYHUTHCS
UG J00aBIEHHEM TaXOMETPUUYECKOro MpeoOpa3oBaTesis K CYHIECTBYIOIIUM KOHCTPYKIUSM
npuOOpOB.
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KamepHbie cueTurky UMEIOT O0JIBIIOE YUCIO Pa3InYHbIX pa3HOBUIHOCTEN (puc. 43, a—rn).

Puc. 43. Paznuunble THIIBI KAMEPHBIX MpeoOpa3oBareseil pacxona: @ — ONMPOKU/IBIBAIONIHIICS IPABUMETPUUECKHI; 6 — OMPOKHIBIBAIOLINICS 00BEMHBIIH; 6 —
GapabaHHbIN 1JIsT )KUJIKOCTH; 2 — OapabaHHbIN UL Ta3a («MOKpBIC Ta30BBIE Yachl»); 0 — C 3JACTHIHBIMU CTEHKAMU (CYXHE Ia30BBIC YAChD»); € —
TIOPIIHEBOH; Jic — POTALMOHHEIN ¢ BOCBMEPKOOOPA3HEIMH POTOPAMH; 3 — 3yOUaThIii ¢ OBAILHBIMH IIECTEPHIMH; ¥ — KOJIBLEBOI; K — IUCKOBBIN; 1 —
JIONIACTHOM; M — KOBILOBBII; # — POTAL[MOHHBII € Tpaneuen1aabHbIMI POTOPAMHU

Bce onu Moryt ObITh 00bEIMHEHBI B TPU TPYIIIIBL:

1) 6e3 IBIKYIIUXCS pa3eIUTENIbHBIX JJIEMEHTOB;
2) c 37IaCTUYHBIMHU CTEHKaMH KaMep;

3) ¢ IBIXKYIIUMHUCS pa3IeIUTEIbHBIMU 3JIEMEHTAMHU.

[TpuGopsr 1-i rpynmel (puc. 43, a—e) COCTOAT U3 OJHOW WIIM HECKOJIBKUX MEPHBIX KaMmep,
KOTOpBbIE  IIOCIEAOBATEIBHO  OMNOPOXKHAIOTCS W 3anojHsorca. K HUM  oTHOCSTCS
OTIPOKUIBIBAIOIITMECS, U3Mepstomue maccy (puc. 43, a) unu odobem (puc. 43, 6) KUIKOCTH,
Bpamatommecs: 6apabannsle, n3Mepstomue oobem xxuakoctu (puc. 43, ) wnum raza (puc. 43, 2);
npubopsl ¢ KoseOmomumcs: KostokoaoM. Kpome Toro, kK 3Toi e Tpymmne KaMepHbIX CUETUYNKOB
MOTYT OBITh YCJIOBHO OTHECEHbI MEpPHbIE E€MKOCTH C CHJIb()OHHBIM WM KJIANaHHBIM OIO-
poxkHeHrneM. CueTuyuku 6e3 IBUKYILErocs pa3AesuTeIbHOro 3ieMeHTa — Hauboisee TouHble. Ho
OHU CIYaT JUI1 U3MEPEHUS JIUIIb HEOOIBIINX PACXOI0B M TOJIBKO MPH OrPaHUYEHHOM JIaBJICHUU
U3MEPSEMOT0 BEIIECTBA.

[IpencraButens npuOOpPoB 2-i TpyIIbl — Tra30CYETUYUMK C AIACTUYHBIMU CTEHKAaMHU JIBYX
(puc. 43, 0) unu Gomnee Kamep, KOTOPBIE MOCIIEIOBATEIHHO 3aMOHIIOT U OTIOPOXKHSIOTCS TIPH UX
HENpPEePHIBHOM BO3BPATHO-TIOCTYNATEIBHOM JIBIKEHHH. ['a3opacnpenenuTenbHblii MEXaHHU3M
30JI0THUKOBBIM WM KianaHHbii. [logoOHble mpuOOpHl HAXOMAT LIMPOKOE NPUMEHEHHUE IpHU
U3MEpPEHUH rasza, pacXxoAyeMOro MEJIKUMU NOTPEOUTEISAMHU.

[Tpubops! 3-i rpynmnbsl UMEIOT HAUOOJBIIEe YUCIO PA3HOBUAHOCTEH U MPUMEHSIOTCS 4acTo
(puc. 43, e—n). OHU COCTOST U3 )KECTKOW KaMephl, B KOTOPOM MPHU HENPEPHIBHOM MEepEMEIICHUH
onHoro (puc. 43, e, u, k) Wiu HECKONbKUX (puc. 43, o, 3, 1, M, H) Pa3ICIUTEIbHBIX 3JIEMEHTOB
(MOpIIHS, AUCKA, POTOPOB U T. I.) OCYIIECTBIISIETCS OTMEPUBAHUE 00BEMOB KUIKOCTH WUIIU Ta3a.
[lepeuncianm OCHOBHBIE UX Pa3HOBHUIHOCTH.
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[TopirHeBble CYETYUKHU MOTYT OBITh OJHOMOPIIHEBLIMU (puUcC. 43, €) 1 MHOTONOPIIHEBBIMHU C
KOJICHYaThIM BaJIOM WJIM paclpeleNuTeabHbIM JUCKOM. OHM OTJIMYAIOTCS BBICOKOM TOYHOCTBIO U
HOPUMEHSIOTCS 111 U3MEPEHUs pacxoaa He(TepOTyKTOB.

PoTopHble cueT4uKH OTIMYAIOTCS APYT OT Apyra ¢popMmoi U yuciaoMm poropos. Ilocnennue
MOT'YT OBITh OJMHAKOBBIMH, HAIPUMEpP, BOCbMEPKOOOpa3HbIMU (puc. 43, orc), Tpaneuen janbHbIMU
(puc. 43, 1) unu xe pazauuHbIMU. [1IUpOKO NPUMEHSIOTCS B KAUECTBE ra30CUETUYMKOB.
3yOuaTble CUETYMKH HMEIOT JIBE PE3KO OTJIMYHBIE JPYr OT JIpyra pasHOBUIHOCTH: CUETUYUKU C
OBAJIBHBIMU IIECTEPHAMU (pUC. 43, 3) U CUETUUKH BUHTOBBIE, COCTOSIIINE U3 JBYX-TPEX POTOPOB
BUHTOBOH (popmbl. Te u apyrue mpeaHa3HayeHbl A U3MEPEHHs KUAKOCTEH, MPUYeM BHHTOBBIC
JMIIb TPU BeCbMa MallblX pacxogax. OCHOBHOE NPUMEHEHME MMEKOT CUETYMKU C OBAJIBHBIMHU
HIECTEPHAMHU Ul M3MEPEHHs JKUJKOCTH CAMOW pPa3jIMYHOM BSA3KOCTH, B TOM YHCIE U OYEHb
BbIcOKOM. [Torpemnocts £0,5 % 0T n3mepsseMoro 3HaueHusl.

VYV KOJBIIEBBIX CYETIYUKOB (pHC. 43, 1) KOJIBIIO COBEPIIACT CIOKHOE ABIKEeHUE. OHO KaTUTCS
BHYTPU HMJIMHJIPUYECKOM KaMepbl U OJHOBPEMEHHO CKOJIB3UT B0 EPErOPOIKH, pasIeisoneit
oTBepcTus sl BXona U Bbixoza. [lorpemnocts +(0,2-0,5) %. bnaromapst ynooctBy paz0opku u
YUCTKM TPUMEHSAETCAd NPEUMYIIECTBEHHO JJII M3MEpPEHUs JKUIKOCTEH B  IHUIIEBBIX
MPOU3BOJICTBAX.

VY IUCKOBBIX CYETYUKOB (puc. 43, k) IUCK C IIAPOBOM MSATOW COBEPLIAET CIOXKHOE
KoJie0aTeIbHOe IBIKEHHE MEXy KOHYCOOOpa3HBIMHU MMOBEPXHOCTSIMU KaMmephl. Panee nuckoBbie
CYETUUKH KUAKOCTH IIUPOKO NPUMEHSIINUCH.

JlomacTHple CUETYUKH MOTYT OBITb CO CKOJB3SIILMMU MM K€ CO CKJIaJbIBAIOIIUMHUCS
nonactsiMu. HawubGonpiiee npumeHeHue uMeroT mnepsble. [Ipu BpalieHuM IWIMHAPUYECKOTO
pOTOpa BHYTPH U3MEPUTENBHON KaMephl JIONACTH CKOJIB3AT B MPOpe3saX poropa. Jlomactu umeror
abo0 KyjadykoBoe yrpamieHue (puc. 43, z1) nubo ABHKYTCS, YNHPAasACh MPYKUHAMHU B CTEHKY
kaMmepsol. [lpenHazHaueHsl AJii M3MEpEeHUs KUAKOCTH B Tpybax nuamerpoMm 100 — 200 mm.
[Torpemnocts +0,2 % B nuanazone 3:1.

KoBmiessle cuetunku (puc. 43, m) COCTOST U3 pOTOpa KpecTooOpa3Hoit (hOpMbI, HA KOTOPOM
YKpEMJIEHbl OCH YEThIpeX MOIYLUUIMHAPUYECKUX KoBilel. [loa BIusHuEM pa3HOCTH JaBieHUH Ha
KOBIIM, HaxOJSUIMECS y BXOJAa M BBIXOJA XUAKOCTH, poTop Bpamaercs. IIpu sTom KoM
NIOBOPA4YMBAIOTCS BOKPYT CBOMX OCEH, HO TakK, YTO MX HAKJIOH K T'OPU30HTAIBHOM OCH CUETYMKA
ocraercd HeusMeHHbIM. I[IpenHasHaueHbl IS W3MEpPEHUS JKUIAKOCTH B TpyOax OOJIBLIOro
nuametpa ot 200 1o 400 mm.

2. IlpuMepbl KAMEPHBIX PACX0IOMEPOB M CYHETYNKOB

a) bapabannvie cuemuuku

CocrosT w3 OapabaHa, pa3IeleHHOrO  Iie-
peropoakamMu TOW WM HWHOW (POPMBI HA HECKOJIBKO
PaBHOBEIIUKUX M3MEpUTEIbHBIX Kamep. CMeleHue
IEHTpa TsDKecTu OapabaHa OT BEPTHKAIHU, MPOXOAIIEH
yepe3 OCh €ro BpalleHUs, NpU MOCTYIUIEHHWH B HEro
KUJKOCTU BBI3bIBACT NEePUOIUYECKUN W
HeIpepbIBHBIM TOoBOpoT Oapabana. B cuerumkax rasza
OapabaH HEMpEepBIBHO MOBOPAYMBACTCS IO JACHCTBUEM
pa3HMIBl JIaBICHW Tra3a Ha BXOJ€ M  BBIXOJE.
bapaGannpie  cueTYMKM  MOPUMEHSIOT  JIMIIb  JIJIs
M3MEPEHUsSI 00HEMHOTO KOJIMUECTBA KUAKOCTU WIIU Ta3a.
Puic. 44. BapaGanmbiii Tpexkavepupiii cueramx 110 B CIIy4ae HM3rOTOBJICHHsA 0apabaHHOro cCueTyuKa
JKHUTKOCTH KHUJKOCTU C TPOTHBOJEHUCTBYIOUIMM KOHTPIPY30M OH

MOXET U3MEPATh MacCy MPOIIESANICH KUTKOCTH.
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Ha puc. 44 mnokazaHo ycTpolcTBO HauOoyiee pacnpOCTPAHEHHOTO TPEXKaMepHOTO
OapabaHHOTO CYETYMKA >KUIKOCTH. BOKpYr ocu cueTdmka MMeeTcsl KojblieBas TpyOka 6, 1o
KOTOPOM MOCTYMAET KUIKOCTh, BHUIMBAIOMIASICS 3aTeM BO BHYTpeHHMi IuuHap 7. [locnennuit
UMEET TPH IIEJIEBbIX OTBEPCTHSI, COOOIAIOIINECS C U3MEPUTENbHBIMU Kamepamu. M3 nunuuapa 7
KHUJIKOCTh UYepe3 HIDKHIOW Ienb 8 mepeTekaer B m3MepuTenbHyo kamepy 10. Ilpu stom
paBHOBECHE CUETUMKAHE HapyLIaeTcs, TaK KaK Kamepa 3aHMMAaeT CUMMETPUYHOE I0JIOKEHUE
OTHOCUTENIbHO IIEHTpalbHOW BepTukanbHOl ocu. Ilocne 3anonnenust kamepsl 10 craner
MOBBIIIATECS YPOBEHb B LWJIMHAPE / M KUAKOCTH Yepe3 IieNlb 2 HauHeT 3aloJIHATh Kamepy 4.
Torga HeHTp TSHKECTH CMECTHUTCS BJIEBO, M CUYETUYMK IMOBepHeTcss Ha 120° mpoTuB 4acoBOM
ctpenku. Kunkocts uepe3 orBepctue 1 BeuibeTcs U3 kKamepbl 10 B kopmyc mpubopa, coenu-
HEHHBIM C BBIXOJHOM TpyOKO#, a kamepa 4, mpojoiKas 3aroJHATHCS, 3ailMeT HUXKHee
nonoxenue. TpyOouku 3, 3aKaHYMBAIOMIMECS OTKPBITBIMM KOHIIAMH B TOPIIEBOM CTEHKE
CUeTUYWKa, CIyXaT Juisl yaaieHus Bo3ayxa u3 kamep 4, 5 m 10. Crakanuuku 9, BnanBaembie B
TOpLEBbIE CTEHKHM KaMmep, MO3BOJIAIOT TOYHO TMOAOTHaTh OOBEM MOCIEAHUX K 3aJaHHOMY
pacueTHOMY 3HadeHHIO. Bo wn30exkaHue OBICTPOro OINOPOKHEHUS KaMep M BO3MOXKHOIO
NpOCKaKkrWBaHusl OapabaHa ¢ MPEXICBPEMEHHBIM IOMAJaHUEM >KUIKOCTH B COCEIHIOI KaMepy
JIENal0T TMEeperopojku (MoKa3aHbl IMITPUXOBOW JIMHUEH), KOTOpbIE TOPMO3ST BBLIMBAHUE
AKUJKOCTH.

[ToroOHBIE CUETYMKH TPUMEHSIOT Ui M3MEPEHHUs KOJMYECTBA PA3IUYHBIX >KUAKOCTEH,
IIPUYEM Ui arPECCUBHBIX X U3FOTOBJISIOT U3 KEPAMUUYECKUX MaTEpUasoB.

0) Ilopuinegvie pacxooomepovl u cuemuuku

[lopiiHeBble CYETUYMKH JKUJIKOCTH paHEe MPUMEHSIN s u3MepeHus Boabl. Ceiyac
Onaromapsi BBICOKOM TOYHOCTH U3MepeHus (morpemHocts He Oonee +0,5-1 %) onm cayxar
[JIaBHBIM 00pa3oM i M3MEPEHMsI pacxoja HePTenpoAyKToB. Uucio mopuHed y cuyeTdyHka
ObIBaeT pa3IMYHBIM. Yalle BCEro BCTPEYAIOTCSl CUETYUKU C OJHUM, JIBYMSI, UETHIPbMS U IIECTHIO
nopuiHsamMu. PacripenenurenbHoe  YCTPOWCTBO OOBIYHO 30JIOTHUKOBOE, HWHOTJAa B  BHUJE
YETHIPEXX0JIOBOI0 MOBOPOTHOTO KpaHa. B oTiauyme oT Apyrux KamMepHbBIX MPUOOPOB, UMEIOIIUX
3a30p MEXAY KOPIMYCOM M MOABUKHBIM AJIEMEHTOM, MOPIIEHb UMEET YIJIOTHEHUE B BUJIC MaHKET
U3 KOXH, IUIACTMAcChl, MATKOIO MaTepuaja WIM € B BHUAEC KOJIEL U3 PE3UHbl WIM MEIH.
[TopirHeBbIe CUETYMKY U PACXOJAOMEPHI B HACTOSIIEE BPEMs IPUMEHSIOTCS JIUIIb PU HEOOTBIITIX
pacxojiax B TpyOax, IHUaMeTp KOTOPhIX OObIYHO HE mpeBbimiaeT 50 MM. BeieacTBue Bo3BpaTHO-
MOCTYMATEeIbHOTO JABWKEHUS TOPIIHEH CKOPOCTh MX HEBBICOKA M MpU OOJBIIMX KamuOpax
MOPIITHEBBIC MPUOOPHI CTAHOBATCS CIUIIKOM TPOMO3IKUMH.

OmHUM W3 TEpBBIX TOPIIHEBBIX CYETUYUKOB OTEYECTBEHHOTO TPOU3BOJCTBA  OBLI
OJIHOTIOPIITHEBOW BOJIOCYETYUK C BEPTUKAIBHBIM X0JI0M MOpITHS Ha Kaauopel 40 u 50 MM U Qmax,
paBHbEIM 12 1 20 M/4 cooTBeTcTBeHHO. [103%e€ CTanM MpUMEHATH pacxomoMep Ma3yT thna MIT co
CYETUMKOM, UMEIOIIEH YeThIpe BEPTUKAIBHO PACIOIOKEHHBIX HUIUHAPA C MOPUIHSAMHU, LITOKH
KOTOpPBIX YIUPAIOTCS B pPACHPEENUTEIbHbIA JUCK M BBI3bIBAIOT KaK €ro JBWKEHHE, TaK U
BpallleHUE CBA3aHHOTO C HUM IeHTpajbHOro Bajia. KpUBOIIMII MOCIEIHEro yIpaBiseT
JBUKEHUEM 30JI0OTHUKA, OOECHevyMBAIOUIEro IOCIe0BaTeIbHOE COECAUHEHUE MHIMHIPOB C
BXOJIHBIM W BBIXOJIHBIM OTBepCTHsIMH. CUeTYHK 4yucia 000pPOTOB IEHTPAIBHOTO Bajia U3MEPSET
KOJIMYECTBO MPOIIEIIIETO Ma3yTa, a (PPUKIIMOHHBIN TaXOMETp, U3MEPSIIOIINI YacTOTy BpalleHUs
3TOro Bajia, — pacxoj] Ma3yra. C moMouipo GeppoaMHaMUYECKOro Ipeodpa3oBarTess MoKa3zaHus
pacxozoMmepa MOTYT OBITh TepelaHbl Ha BTOpWUYHBIA mpubop. Pacxomomepsr MII umeror Tpu
kanuopa: 15, 25 u 32 MM — U COOTBETCTBYIOIIIME MaKCUMAaJIbHBIC TIpeenbl u3mepenus: 0,25, 1,25
u 4,0 M*/4. TTorpemnocTs u3Mepenus pacxona +2,5 % y kamuOpa 15 MM, y AByX OCTanbHbIX £1,5
%. Ilorpemnocts n3mepenus konnuectsa +1 %. IIpenensnoe nasienue 1 MlIla, norepst naBieHus
35 xlla, gomyctuMas BA3KocTh xkuakoct ot 20,4 - 107 1o 89 - 10° m?/c.
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B kauecTBe npumMepa paccCMOTPUM YETHIPEXIIOPIIHEBON CYETUMK OEH3MHA, KOTOPBIH IIHUPOKO
UCIOJIb3YETCS B TOIJIMBO3ANPABOYHBIX KOJOHKaX (puc. 45).

Puc. 45. YeTbIpeXmnopIIHEBOH CUETUNK OCH3MHA

B uersipexumnunapoBoM Ojoke 1 mepememiaroTcss 4eThipe MOPIIHS, IITOKH KOTOphiX 14 uepes
Kymuchl 17 u ponuku 12 mpuBoasT BO BpaiieHue KojaeHuaThii Bas 11, a BMecte ¢ HUM 30J10THUK 9
U BaJUK 5, CBSA3aHHBIM CO CUETHBIM MEXaHU3MOM. 30JIOTHUK 9, umermuii GopMy yCedeHHOTO
KOHYCa, PacrojoKeH B paclpeeUTeIbHON roJIoBKe 2 U IPUTEPT K OMOPHOM MOBEPXHOCTH OJI0Ka
1. IlnoTHOCTH mpUJEraHusi 30J0THHKA OOECHedyMBaeTCss ABYMs MpPYKHHAMU: ToQpUpOBaHHON
MAJIUHAPHYECKON 7 C OMOPHBIM KOJIBIIOM 6 M PacIioyio)KEHHOH BHYTPH HEE€ BHHTOBOM IMPY>KHHOM
4. B monmoxeHUH, TIOKa3aHHOM Ha PUCYHKE, KHUJKOCTh Yepe3 OTBEPCTHE 3 HAYMHAET MOCTYIATh K
nopmHio 13, HaxoasmeMycsl B KpaifHeM TOJO0XEHHH, W MPOJODKAeT MOCTYNaTh K mopiHioo 15,
yKe TpouieanieMy mnoioBuHy mytu. OnHoBpemenHo nopiHu 10 u 16, coennHeHHbIe TOKaMU ¢
nopmHsaMu 13 u 15, mepemenmiarot yxe OTMEPEHHYIO KHIKOCTh Yepe3 OTBEPCTUE 8 K BHIXOTHOMY
mrynepy. Korna mopmens 15 moiiaer 10 cBOEro KpailHETO MOJIOKEHUS, 30J0THUK 9 cooOmuT
MpoCTpaHcTBO Yy mopirHs 16 ¢ BxogHbeiM 3, a y mopmiHs 15 ¢ BRIXOJAHBIM 8 OTBEPCTUSAMH, U ITH
MOpIIHA Ha4YHyT oOpatHoe naBwxkeHue. [lopmmuu xe 13 w 10 Oyayr mpomomkarh CBOE
IIEPBOHAYAJILHOE JBMKCHHE, ITI0OKA HE IPUAYT B KpaliHee nosioxkeHue. Juamerp nopmse 70 M,
MX X0 32,5 MM, H3MEpPHTENbHBIN 00beM Kaxmoro mopmHs 125 cm’. 3a ogun oGopor Bana
msmepsierca 500 cm®, uTo mpu Hambonblieil yacToTe BpameHus Bana 80 0O/MHH IAaCT Pacxof
Oensuna, paBHbIi 2,4 M>/4. [Torpemnocts usmepenus +0,5 %.
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DJIEKTPOMATHUTHbIE PACX0A0MeEPbI

[[Inpoko KUCIoNb3YITCS B TEIUIOBBIX ceTAX. [[puHIUI AEHCTBUS MX OCHOBAH Ha 3aKOHE
AJEKTPOMArHUTHON UHAYKIIMU. B COOTBETCTBUM C KOTOPBIM JIEKTPOIIPOBOIHAS KUIKOCT,
nepecekaromnias MaruutHoe noje uHaynupyet 31C, nponopiuoHaNIbHYI0 CKOPOCTH JBUKEHUS
KUJKOCTH.

[IpuHnunuanbHas cxema 3JIeKTPOMArHUTHOTO pacxo0Mepa MpuBeieHa Ha puc. 46.

>

BRSNS

L
9t

Puc. 46. Cxema 31€KTpOMarHuTHOrO pacxoaoMepa.

Kopnyc noBepxHocTy 1 U3roTaBauBaOT U3 HEMArHUTHOTO MaTepuaia, U3HYTPHU MOKPHITOIO
u3osnueit 2. M3oasmust pactonokena Mex Ty MoJIFocaMy MaruuTa. Yepes CTeHKY TpyOsI
BBEJICHBI 3JIeKTPoAbl 3. CHUIIOBbIE JMHUM MAarHUTHOTO MOJISl HAMIPABJICHbI MEPIEHIUKYIISIPHO
IUIOCKOCTH, MPOXOJIALIeH yepe3 och TPYObl U JIMHUIO 3JEKTPOJIOB.

B cooTBeTCTBHM € 3aKOHOM AJIEKTPOMAarHUTHOM MHIAYKIIMH B )KUJKOCTU OYyZE€T HaBOJUTCS
OJIC:

E=B-D-v,
4Q
HO YYUTHIBAs 4TO U :T , TO TIOJIy4aeM:
7[.
c_4BQ
7-D

T.€. 9JIC nponopuuoHaibHa pacxomy.
OCHOBHOM HEZOCTATOK ATOTO pacxojoMepa B TOM, YTO OH pearupyeT Ha B3BEILICHHBIC
YaCTHULIBI.
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AKYyCTHYECKHE PACX00Mepbl

OOBIYHO B KQUE€CTBE aKYCTUUYECKUX UCTIOIB3YIOTCS YIIBTPAa3BYKOBBIE PACXOIOMEPHI.

YJ'IBTpa?:BYKOBOﬁ MCTOIA UBMCPCHUS pacxXoJa OCHOBAH HAa 3aBUCMMOCTHU U3MCHCHUS MMapaMCTPOB
BOJIHBI OT CKOPOCTH I1OTOKA.

Cy1iecTByeT HECKOJIBKO Pa3HOBUHOCTEN YJIbTPA3BYKOBBIX METOJ0B U3MEPEHHUS Pacxoia.

1. Memoo npu komopom uzmepaemovlii napamemp — AMRIUmMYoOd.

5

Puc. 47. Cxema ynbpTpa3ByKOBOTO PAcX0J0Mepa, H3MEPSIOIIETO CABHUT AMITIHTY/IbI.

Ha puc. 47. nokaszaH NpUHIIMIT ISHCTBHS PacxoaoMepa TaKoro TUna: 1 — n3MepsIroIuii
bE303JIEMEHT, 2 — TeHepaTop, 3, 4 — MPUEMHBIE THE303TEMEHTHI, 5 — YCHIIUTEIb.
Koria moTok HemoABMUKEH, TO aMIUIUTY/1a IIPUHATHIX CUTHAJIOB OJIMHAKOBA.

v v
@ =arcsin —= @~ —L
C C

2. Memoo ocnoeannulii Ha Ihchexme /lonnepa.

N

Puc. 48. Cxema ynbTpa3ByKoOBOTO pacxoaoMepa,
pearupyronero Ha NepeBIKeHNE B3BEIICHHbBIX YaCcTHII

Wznydarens 1 (puc. 48.) u3nydaeT UMITYJIbC ¢ YaCTOTOM f1, KOTOPBII MOCIE CTONKHOBEHUS C
YacTUIEH, HAXOSIIEHCS B )KUIKOCTH IPeo0pa3yroTCs B UMITYJIbC ¢ 4acTOTOH f2, KOTOpHBIiA
yIABIMBACTCS IPUEMHUKOM 2.
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f,—f, =2flcosCD-Vl
C

3. @Daszoevlit (epemanpoiemuslit) memoo.

Puc. 49. Cxema yIbTpa3ByKOBOTO pacxogaoMepa,
N3MEPAIOIIETO BPEMA IPOXOKIACHUA CUTHAIA YEPE3 ﬂBH)KymHﬁCH IIOTOK

L
=
c+Wcos®
L
IIpotus motoka 7, = ———
C—Wcos®
2LW
Ar=1 -7, =—5—
c

JIOCTOMHCTBA aKyCTHYECKHUX PACXOJIOMEPOB CIEAYIONINE: OTCYTCTBUE TPYIIUXCS YacTeH,
BBICOKOE OBICTPO/ICIICTBHUE.
Henocrarok: 3aBUCMMOCTD MOKa3aHUI OT CKOPOCTH 3BYKa CPEJIbI.
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NoHu3anuoHHbIE PACX00MEPbI

1. ®usnyecKkuil NPUHLHUI PATUALMOHHOTO
MeTOAa U3MEPEeHH s pacxoaa

PaccMoTpum aBa mpsMonMHENHHBIX y4yacTka TpyoOompoBoga [Tl snepHoro peaxrtopa Tuma
BBOP (puc. 50).

He

\ 1 /.

T
. _wamy )\

T T
Sr Sx
Puc. 50. Cxema pacronoxeHusI JETEeKTOPOB y-M3IIyUeHUs Ha Topstaei u xonoaHoi Hutkax ['T1: 1 u 2 — cooTBeTCTBEHHO
ropstauii u xomonusiit yaactku ['Tl; Hyu Hy— TOYKH JETEKTUPOBAHUS; Sy U Sy— IIOCKOCTH MONIEPEYHBIX cedeHnit [ T1
TOPSYHX U XOJOJHBIX HUTOK COOTBETCTBEHHO

Ctpenkoii MoKa3aHo HaNpaBIICHUE JBMKCHHSI TIOTOKA TETUIOHOCUTENSI TIEPBOTO KOHTYpa, MPUYEM
y4acTOK 2 pacrojoXeH OTHOCUTENbHO ydacTka 1 Hike mo motoky. [Ipaktudecku neiaecoodpasHo
BbIOMpaATh y4acTKu TpyOompoBona 1 u 2, pacmnonoxeHHble Ha BBIXOZAE U3 peakTopa (ropsyas
nutka ['T]) u Ha Bxonme B peakrop (xomoanast Hutka ['Tl). B cBsi3u ¢ 3TuM B nanbpHeieM aiis
yIoOCTBa W3JIOKEHHUS OYIyT WCIOIB30BATHCS HMHICKCHI «I» H «x», 0003HAUaIomue MpUHA-
JeKHOCTh K Topsyeit (ydactok 1) u xomonHoit (yuacrok 2) Hutkam [Tl cOOTBETCTBEHHO.
[TyHKTUpHBIMU JIMHHUSIMH Ha PHUCYHKE YCJIOBHO 0003HaueHbl aneMmeHThl [T, pacmosokeHHbIe
MEXTy pacCMaTPUBAEMBIMHU Y4aCTKaMHU TPYOOIIPOBO/IA.

[TycTh BOMM3HM y4acTKOB TpyOompoBoja 1 U 2 B MIOCKOCTAX MOMEPEUYHBIX CEYCHUN Sr U Sy
YCTAHOBJICHBI JIBa JETEKTOpa Y-U3JIy4eHHs B TOYKax JeTektupoBaHus Hr u H.. JlerekTopsl
pasMemnieHsl B 3alUTHBIX  KOJUIMMATOpax €  KOJUIMMAIIMOHHBIMH  OTBEPCTHUSIMH,
OpUEHTUPOBAHHBIMU HAa COOTBETCTBYIOIIUE YYaCTKU TpyOompoBoaa. Takum oOpa3om, JETEKTOPHI
PETHCTPUPYIOT  Y-M3JIYYCHHE OT  TCIUIOHOCHTENs, 3aKIIOYEHHOT0O B OrPaHMYCHHBIX
¢ukcupoBaHHbIXx o0beMax TpyOompoBoga AVy m AVy, nmonajarommMx B «I0JI€ 3pEHUS» JCTEK-
TopoB (Ha puc. 50 3T 00BEMbI 00O3HAUEHBI 3AIITPUXOBAHHBIMH obOnacTsiMu). Kak mpasuio,
o0beMbl AVr M AVx JIOCTaTOYHO Majbl, U B Tpeaeinax KaXJAOro W3 HHUX MOXKHO CUHUTATh
aKTMBHOCTh H30Toma '°N pacmpeneneHHoil pPaBHOMEPHO, @ IUIOTHOCTH TEIUIOHOCHTENS IIO-
CTOSIHHOM.

O6o3HauUM pr, px TUIOTHOCTH TEIUIOHOCUTENS B TOpsAYeid W XOJOJHOM HHUTKaX
COOTBETCTBEHHO; ar, @y — YyJeJdbHAas aKTMBHOCTH m3otoma ‘N B oOwbemax AV: um AV
COOTBETCTBEHHO (aKTMBHOCTH n30Toma '°N, comepiKamerocs B €IMHUIE MACCHI TETTIOHOCHTENS).

BoigenuM B MOTOKE 3JIEMEHT Macchl TerioHocuTes. [1ycTh B Ha4anbHbI MOMEHT BPEMEHH
(t = 0) oH HAXOIUTCS B OKPECTHOCTH CEUYCHUS Sy, TOTAA y/eIbHAS aKTUBHOCTh COJIEPIKAIIETOCS B
HeM m3ortona '°N Oyner paBHa ar (Tak Kak B 5TOT MOMEHT OH IMPUHAUICKHUT 00bemy A V). Io
NPOIIECTBUM HEKOTOPOro BpeMeHH iy, (BpeMsi TpaHCIOPTa TEIMJIOHOCHUTENs) BBIIEICHHBIN
AJIIEMEHT MAacChl TEIUIOHOCHUTENs, JBUTAsICh BMECTE C MOTOKOM IO TPYyOOIPOBOIY, OKAKETCS B
OKPECTHOCTH CeueHus Sy. 3a 9TO BpeMs BCIEICTBUE pacmaga sjaep, uzoroma °N ynennHas
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AKTUBHOCTh YMCHBIIUTCS JIO 3HAYCHUS dx. [[prueM B COOTBETCTBHU C 3aKOHOM PaTUOAKTUBHOTO
pacraja CrpaBeIIuBO COOTHOIIEHHE dx= areXP(-Atny), TIe 4 — mocTrosHHas pacnaga usoromna SN,
BrimoauB npeodpa3oBaHre 3TOTO COOTHOIMIEHUS IS {np, TTOTYIUM:
t,=m(a /a)/i1. (1)

Hetpynno 3ameTuTh, 4TO 32 BpeMs i, uepes monepeyHoe ceueHue TpyoornpoBoaa Sy (paBHO
Kak U 4yepe3 odoe npyroe cedenue I'Tl) nmpoitaeT macca TeroHocurens M, paBHas Macce
TETUIOHOCUTEIS, 3aKIfoueHHoro B ooseme [Tl mexay ceuenusimu Sy u S,. Maccy M B 06miem
CJIydae MOXHO MPEJICTaBUTh B BUJIC UHTETPajia M0 ATOMY 00BEMY:

M=jng, )

rjae p — (yHKUHMA, ONMUCHIBAIOLIAs U3MEHEHUE MI0THOCTH TeruoHocuTens B ['Tl; V — o6bvem I'T1
MEXy MOTIEPEUYHBIMH CEUCHUSIMHU TPYyOOTpoBoIa Sr U Sy.

Takum oOpazom, ans maccoBoro pacxomaa TeruioHocutens B [Tl (B COOTBETCTBUU € €ro
OTpeIeTICHNEM ) MOXKHO 3aIUCaTh:

M AM
Gp =—=—— (3
t, In(a/a)
rane Gp — wmaccoBblii pacxon TtemnoHocutenss B I'Tl; umHAekc «p» 3aech M Jajiee O3HAyaeT

MPUHAJICKHOCTh BEJIMUYUHBI K PAJUALIMOHHOMY CIIOCO0Y U3MEPEHUS.

B sToit popmyre BrIpaxkeHa CYINIHOCTh METOJA: 3HAasl OTHOIICHHUE YJEIbHBIX aKTHBHOCTEH
uzorona SN mis nByx yuactkoB Tpy6omposoga I'Tl m Maccy TEIIOHOCHTENS, 3aKIIOYEHHOTO
MEXIy JTUMH y4YacTKaMH, MOKHO OINPEIEIUTh MaccoBbIi pacxon temioHocurens B ITI. Tor
¢akT, 4TO JOCTATOYHO 3HATH UMEHHO OTHOIICHUE yJEIbHBIX aKTUBHOCTEH, a He aOCOIIOTHBIE UX
3HAUEHUsS IS KaXJOro ydacTka TpyOOmpoBOja, UMEET MPUHIUMIHUAIBHO Ba)KHOE 3HAYCHHUE, B
NanbHeWeM OyJeT IMOKa3aHO, YTO 3TO CYIIECTBEHHO YIPOLIAET MPAKTUYECKYIO pealn3aliio
METo/A.

Cnez[y}omaﬂ 3a/la4a, KOTOPYIO H606XOILI/IMO peuinuTb, — CBA3aTb 3HAYCHHUA YACIIBHBIX
aKTMBHOCTEH n3otona N ¢ XapakTepUCTUKAMM TI0JIS Y-HM3JIy9eHUs B COOTBETCTBYIOMIMX TOYKAX
JACTCKTHPOBAHMA.

CBs3b OTY MOJHO IIPCACTABUTD B CJIICAYIOIICM BUJIC:

¢ =ka.pJ, (p;) @)

o =kapJ (p)
rae K — pasMepHas KOHCTaHTa NPONOPIMOHAIBHOCTH, XapakTepHas i usorona '*N; ¢r, ¢ —
IUIOTHOCTH MOTOKA Y-KBAHTOB B TOYKax JAeTekThpoBaHusi Hr u Hy, 00yclnoBieHHas aKTUBHOCTbIO
nzorona SN, comepxamerocss B o6bemax Temnonocutens AVy u AVy coorBerctBenno; Jr(pr),
Jx(px) — QyHKIMS OciabiieHWsT MCTOYHHWKA B 3aBHCUMOCTH OT IUIOTHOCTH TETUIOHOCHUTEIS JUIS
TOYEK JeTeKTHupoBaHus Hy W Hx COOTBETCTBEHHO (MOJ HCTOYHUKOM B JIAHHOM Clly4yae
NoJIpa3yMeBaeTCsl TEIJIOHOCUTEINb, 3aKIIOYEHHBIM B oO0beme TpyoOompoBoga AVy mmu AV ¢
PaBHOMEPHO PaCIpeNEIEHHBIM B HEM n3oTonoM °N).

OyHKIus OociabieHusi UCTOYHUKA B OOIIEM Cilydae 3aBHUCHT OT KOHKPETHOM Te€OMEeTpUHU
perucTpanuu M3iIydeHus (T. €. OT B3aMMHOIO DACIOJOXKEHUS HCTOYHUKA M JIETEKTOpa), OT
OHEPruM Y-KBAHTOB, a TAKXKE OT OCJAOJSIONIMX CBOWCTB MaTepuajoB (B TOM 4HCIE U Tel-
JIOHOCUTEIIA), Yepe3 KOTOpbIE MPOXOAUT M3IY4EHHE OT MCTOYHMKA, MPEXKIE 4YeM IIONajaeT B
nerekrop. Cllo)KHash TeOMEeTpUsi HE IMO3BOJIAET IMPEJICTaBUTh ATy (YHKIUIO B IPOCTOM
QHAIUTUYECKOM BHJE, €€ 3HAYEHHE MOXHO C JIOCTaTOYHOW TOYHOCTBIO PpACCUUTATH I10
CTaHJApTHBIM NpOTrpamMMam JJIsi pacyera IoJisl M3JIy4eHUs OT 0ObEMHBIX HCTOYHHKOB. Ciemyer
UMEThb B BUAY, 4YTO (QYHKIHMIO OCJaOJeHUs pPAacCUMTHIBAIOT JJIi HEKOTOpPOM uieanbHOU
(MPOEKTHOI) TEOMETPUH.
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EcrecTBEeHHO, 4YTO peanbHAass TEOMETPUS BCErga B KAaKOM-TO CTENEHU OTIMYAETCA OT
npoekTHON. COOTBETCTBEHHO U pealibHasi QyHKIMS ocliabiieHus OyJeT OTINYaThCS OT PACUETHOM.
Ecnu oTnuyue peanbHOM TreOMETpUM OT MPOCKTHOM HEBEJIUKO (KaK MpaBUiIO, 3TO YCIOBUE
BBINIOJIHAETCS ), TOT/Ia, MoJjaras, 4To MPOCKTHAsI TEOMETPHUs OJMHAKOBA JJIsl TOPSYEH U XOJIOHOU
HUTOK I'TI, MOKHO 3ammcaTh:

Jr(pr)z‘]o(pr)fr (5)
‘Jx(px) = ‘]O(px) fx
rae Jo(p) — mpoekTHas GyHKOMS ociallieHHs HCTOYHHKA B 3aBHCUMOCTH OT IUIOTHOCTH
teronocutens; fr, fx — k03 duImenTsl, yauThBalONIMe OTKIOHCHUE PEalbHONH T€OMETPUH OT
MPOEKTHOM AJis Touyek aerektupoBanus Hr u Hy coorBercTtBeHHo. C yuerom (5) mpeobOpazyem
BbIpakeHue (4) v BBeZieM 0003HAYCHHUS:
Ar:kfrarzq)r/prJO(pr) (6)
Ax = kfxax :(ox /prO(px)

@u3nyecKuil CMbICI BENYUH Ar U Ax 10CTATOYHO OYEBUCH: 3TO OTHOCUTENIBHBIE y/IEIbHbIE
akTMBHOCTH m3oTona 'SN B ropsudeit u xonoguoi nutkax I'Tl (B o6beMax TpyGomposoga AV: u
A V).

[ToncraBnsia (6) B (3), moilydaeM OKOHYATEIbHOE BBIPAXKEHUE MJII MAcCOBOIO pacxoia
TEIJIOHOCUTEIIS IIEPBOr0 KOHTYpa:

G - AM
P (A /A)+In( f,/f)
WIH
G, __ M (7)
n( A /A)+ X
rie X = In(f,/f) — mnompaBka Ha HEUAEHTUYHOCTb F€OMETPHM PETUCTPALUU Y-U3ITyYCHHUS

JBYMsI JaTYMKAaMH, YCTAHOBJIIEHHBIMHU Ha ropsiueil u xonogHo Hutkax [Tl (koad¢uumeHt
HEUJECHTUYHOCTH).

W3 1mosiy4eHHOro BBIPAXEHUS CIEAYET, YTO CYIIECTBYET NPUHLUIMAIBbHAS BO3MOXKHOCTb
U3MEpPEHUsl pacxoja TEIUIOHOCUTENS] MEpBOrO KOHTypa paJUallMOHHBIM METOAOM  0e3
npeaBapuUTeNbHON KanuOpoBkU. OYEBHIHO, 3TO BO3MOXKHO B Cllydyae COOJIIOJIEHUSI CTPOrou
UJCHTUYHOCTH T€OMETPUM PErMCTpaluy JBYMs JaT4MKaMu, ycTaHoBJIeHHbIMM Ha I'TI, T. e. mpu
yenosuu fr =fx (X = 0). IMeHHO B 3TOM CMBIC/IC pacCMaTPUBACMbI METOJ] H3MEPEHUS pacxoja
KJIaccu(UUIUPYIOT KaK aOCOTIOTHBIH.

OpnHako mpu peanuszaly paJuallMOHHOTO MeToja Ha 3Heprodnoke ¢ BBOP rapantuposarts
CTporoe coOJI0ZIeHHe 3TOT0 YCJIOBHS MPAKTUYECKH HEBO3MOXXKHO. B 3ToM  ciyyae  Heyuer
BeMYUHBI X B popmyiie (7) MOKET MPUBECTH K 3HAYUTEIbHBIM CUCTEMATUYECKUM ITOTPEIIHOCTAM
IIPU U3MEPEHUH pacxoa TeruioHocuTensa. OueHky, BeinojaHeHHsle 11 BBOP-440 u BBOP-1000,
nokasaiy, 4To Kod(pdUIUeHT HeuaeHTHYHOCTH X MoxkeT pocturath +0,08, a cooTBeTCTBYIOIIAs
CUCTEMAaTHUYECKasl OIPELIHOCTh ONPENETIEHUS PACX01a MOXKET JOXOAUTh 10 +15 %. B oTnenpHbIX
cllydasix, HallpuMep, MpH IpyObIX HAPYHICHUSX TEXHOJOTHUH HM3TOTOBJICHMS WM MOHTa)ka Jat-
YUKOB, NPHUBOJSAIIMX K CYIIECTBEHHBIM OTKJIOHEHHUSM pEalbHOM T€OMETPUU OT MPOECKTHOM,
cUCTeMaTHyYecKas MOTPeIIHOCTh MOXKET ObITh Oojbiie. [l MCKIIOUYEHHS CHCTEMAaTUYECKHUX
HOrPeNIHOCTe HeoOXoauMa abCcoNoTHas KaauOpOBKa, KOTOpas 3aKJIIOYAeTCs B OIpelesICHUH
KO3 PUITMEHTOB HEUIGHTUYHOCTH J1st Kaxaou ['T1.
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2. IletaeBoi 1aTunk cucremMol AUPM.

[TerneBoii matuuk (IIJ[) wmcmome3yroT B cucreme AWPM, Bo-mepBBIX, I HU3MEPECHUS
TEIJIOBOM MOIMHOCTH peakTopa miu I'1l, m B 3TOM ciydae ero paccMaTpuBarOT Kak JaT4UK
noacuctemsl  IIJI B pamkxax cucteMbl AWMPM; BO-BTOpBIX, JIsI HU3MEpPEHUs] pacxoja
TEIUIOHOCUTENS TIEPBOrO KOHTYpa IO Chaay akTuBHOCTH uzoroma °N B I'Il — wu Torma ero
pacCMaTpuBaOT KaK JaT4YMK IIOJCUCTEMBI, HA3bIBAEMOM B JaJbHEHIIEM pagualMOHHBIM
uzmepurenem pacxona (MP). B to e Bpems cobctBenno I/ mpencramsier co0oil 1OBOIBHO
CIIOHO€ MEXaHHYECKOEe YCTPOWCTBO, TpeIHAa3HaYeHHOE s o0ecleyeHusi YCTaHOBKHU
NETeKTOpOB  (ramMmma-cueTyukoB) cucrembl AVPM  BOmM3M NpsSMOJMHEHHBIX  yYacTKOB
TpyOONpoBO/ia NEPBOr0 KOHTYpa; TpeOyeMON TIE€OMETPUM PETUCTPAlMU Y-U3JIYy4EHHUs] OT
OTpaHUYEHHBIX YYaCTKOB TpPyOONMpoBOAa; MOAaBieHHUs (POHA OT MOCTOPOHHUX HCTOYHUKOB Y-
W3JIYYEHHS; OXJIAKICHUS IETEKTOPOB cucteMbl AVPM.

Bapuant 11/ nnsa peakropa tuna BBOP-440, ycraHOBIEHHBIN M HUCTBITAHHBIA B COCTaBe
cuctembl AIPM Ha [ snHepro6ioke Apmsuckoit ADC, uMeer OJHY OCOOEHHOCTh — HAJIMYUE
TPAHCIIOPTHOI'O KaHaja, MO3BOJIAIOIIETO OCYIIECTBISTh 3aMEHY JIETEKTOPOB (B ClIydyae BbIXOJAA U3
CTpOsl) U3 MOJIyOOCTY>KMBAEMOI'0 TMOMEIIEHHUSI. DTO YCTPOWCTBO MOCIYXUJIO MPOTOTUIIOM IPHU
pazpaborke IIJ[ nns peakropa tuma BBOP-1000. IlepBoHauanbHbIii BapuaHT KOHCTPYKIIMH
natuuka (puc 51), Tak ke Kak KOHCTpyKuus narunka Ha BBOP-440, umena tpancnopTHBIN kaHal,
JIOTIOJTHETIHBIM CIEeMaIbHO pa3pabOTaHHBIM MEXaHU3MOM JIOCTaBKHM OJIOKAa JETEKTUPOBAaHHUS B
pabouee MoJI0KEHHE.
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Puc. 51. Pacnonoxxenne [1/] nHa FOYADC u KnuASC ¢ peakropHoii ycraHoBkoii BBOP-1000: 1 — Guonorndeckas 3amunTra; 2
— TJIaBHAsI 3aIlOpHast 3a[IBMKKa; 3 — cucrteMa oxnaxkaenus [1J]; 4 — xommmmarop I1]1; 5 — tpancmopTasrit kanan [1/1; 6 —
MEXaHM3M IIepPEeMEIICHUS; 7 — 3aKiagHas Tpyoa.

Opnaxo B ycnoBusix BBOP-1000 npuMeHneHue cuctemMbl JOCTaBKM Ha 0aze TPaHCHOPTHOTO
KaHana cebs He ompaBnano. lIpexne Bcero moromy, 4To €€ SKCIUTyaTanus ObuUia 3aTpyaHEHa
HEOOXOJIMMOCTBIO JTOCTYIa B TMOMEIIEHUS, HAaXOJsAUIMecs B IMpefesiax TepMEeTUYHOW 3alIUTHOU
o0Oonouku. [loaToMy B okoHuaTenbHOM Bapuante IIJ[ OT cucTeMbl JOCTaBKM MPUILIOCH
OTKa3aTbcs, MpobjemMa 3aMeHbl HEHMCIPAaBHBIX IaMMa-CUETYMKOB B JaTyMKax ObUIa pelieHa B
pe3yabpTaTe NMPUMEHEHHUs CHEeMaIbHOro 0JIOKA JAETEKTHPOBAHMUS, O3BOJISIONIETO0 YCTAHABINBATh
Ha ['T] kpome pabouero cuetunka euie 2—4 pe3epBHBIX.

B xonctpykmuu stotr Bapuant IIJ[ (puc. 52 u 53) mo ¢yHKIMOHATBHOMY Ha3HAUYECHUIO
MO’KHO YCJIOBHO BBIACIUTH CIEAYIOLINE OCHOBHBIE Y3JIbl: OJIOK JE€TEKTUPOBAHUS; XOJIOIMIBHUK;
3aIUTHBIA KOJUIMMATOP; y3€J KPEIUIEHHUsI KOJUTMMATOpPa; y3eJl OpUEHTAUU KOJIJIMMATOopa.
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brnok nerextupoBanus (cM. puc. 53) mpegHa3HAUEH Il YCTAHOBKH TaMMa-CYETUYUKOB
cuctembl AUPM u cxembl ux BkitoueHus. Ero koHCTpykusi o0ecrneynmBaeT yCTaHOBKY B OJJHOM
KOpIyce YeThIpEeX raMMa-CueTYuKoB: TpeX OCHOBHBIX (Tuma CHU-34I" mmm CU-400"); omnOro
BcriomoratenbHoro (tuna CHU-19T" unu CHU-39T).
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Puc. 52. Pacnionoxenne I1]] va 1y-850 ADC ¢ BBOP-1000
1 — omopa; 2 — mojcTaBKa; 3 — y3esl OpUeHTAINH; 4 — KOJUTUMATOP; 5 — MaTpyOKH OXJIaXKICHUS;
6 — cUTHaNBHBIN Kabenb; 7 — xoMyT; 8 — Tpyoonposox [y-850; 9 — rermousossiuus; 10 — ¢puxcatopsr; 11 - mpoTrBoBec
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Puc. 53. Koncrpyxuus IT/1;:

1 — 3aIIUTHEII CBUHIIOBBINA KOJUTHMATOD;
2 — xo1bI0 (eHTpupyroee); 3,6 — mat-
PYOKH cHCTeMBI OXJaKICHUS; 4 — BTYIIKa;
5 — koakcuanbmblii kKabenb (4 mrT.); 7 —
MeTaJIopykaB; 8 — cTajbHas 000J04YKa
koyutumaropa; 9 — Bkiaapin; 10 — 6ok
netexktupoBanus; 11 — MoOHTakHas MiaTa;
12 — ocHoBHo# ramma-cyeryuk (Cu-40T
ninu Cu-34I" — 3 mit.); 13 — Beromora-
TeabHBIN TaMMa-caeTduK (Cu-19T" nnm
Cu-39T" — 1 mT.); 14 — XONOIUITbHHK;

15 — ¢ukcatop; 16 — mpobxa

CueTyMkn ©OpU NOMOIIM TNPYKUHHBIX KOHTAKTOB
YCTAaHOBJEHbl HAa  HW30JMPOBAHHOM  OT  KopIyca
TEKCTOJIUTOBOM IUIaTe, NpPUYEM BCE TPU OCHOBHBIX
CUETYMKAa pa3MEUIeHbl TaKUM O00pa3oM, 4YTO UX
r€OMETPUYECKHE OCH CHUMMETPUM HaXOJATCA B OJHOM
IJIOCKOCTH W MapajuiedbHbl APYr Apyry. LleHTpanbHbii
CUETUYHUK MPUHATO CUUTATh PabOYMM, paCIOIOKEHHBIE 10
O00KaM OT Hero — pe3epBHbIMHU. BcmomoraTenbHbIi
CYETUMK PACIOJOKEH IO IPYrylo (II0 OTHOLIEHHIO K
OCHOBHBIM CYETYMKaM) CTOpOHY miaTel. Ilo cpaBHEeHMIO
C OCHOBHBIMM CUETYMKAaMU OH MPUMEPHO Ha JIBa MOPsJIKa
YyBCTBUTEJIBHEE W IIO3BOJSET PETUCTPUPOBATH Y-
U3JIy4€HUE OT TPyOOIpOBOJA HAa MajbIX YPOBHSX MOII-
HOocTH peakrTopa. [lmara ¢ yCTaHOBIEHHBIMM Ha HEH
CUETYMKAMM pPa3MEUIaeTCs] B TOHKOCTEHHOM CTaJlbHOM
KOpIyce, BHYTPEHHSS MOJOCTb KOTOPOTO YIUIOTHSIETCS
(daHueM mpu MOMOIIM MPOKIAAKH U BUHTOB. DiaHen
MMEET TEepPMETHU3UPOBAHHYIO IPOXOAKY JUIsl BBIBOJA
yeTbipeX (MO YHCIy CUETYUMKOB) KaOENbHbIX JUHUN
CBSI3U, COCIMHCHHBIX C JIUHUSAMU CBs3U cucteMbl AUPM
C IIOMOLIBIO BBICOKOUYACTOTHBIX pa3beMoB.
XonoawIbHUK (cM. puc. 53) mpenHa3HauyeH IS
OoXJaxJeHusi OJoKa JETeKTUPOBaHHUA JO0 paboueit
TEeMIepaTypbl CUETYMKOB U  TPEACTaBIsET COOOM
TEIUIOOOMEHHUK TUNa Tpyda B Tpyde, HMEIOIIUN
BXOJIHOM M BBIXOJAHOW MAaTPyOKH ISl OCYILECTBIEHUS
NPUHYAUTEIBHON HUPKYJSALUN OXJIaKIAIOIIEH BOABI OT
Maructpaiu npoMkontypa ADC. Bo BHyTpeHHel TpyOKe
XOJIOIMIbHUKA pazMeniaeTcs OJI0K 1€TEKTUPOBAHUSI.
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[Ipyuem Hanuuue creuuaabHOro (UKcaropa B HMKHEW 4YacTH XOJIOAWJIBHHKA 00ecreyuBaeT
OJIHO3HAYHOE PACIIOJIOKEHHE OJIOKA IETEKTUPOBAaHUS B pabodyeM MOJIO)KEHUH, COOTBETCTBYIOIIEM
IIPOEKTHOI T€OMETPUH.

3amuTHBI  KoJuIMMATop (cM. puc. 53) mnpeaHazHayeH Ui MOJaBieHUS (QoHA OT
MOCTOPOHHUX UCTOYHUKOB Y-U3JIYy4EHHs] U 00E€CIeUEHNs PErUCTPALUU Y-U3IIy4eHHs] JETEeKTOpaMu
cucreMbl AUPM oT omnpeneneHHbIX CTpOro (PUKCUPOBAHHBIX YYaCTKOB TPyOOIMpPOBOJa MEPBOIO
KoHTYypa. OH npeacTaBiseT co00i U3rOTOBICHHBIN U3 CBUHIIA KOHTEHHEP, UMEIOIINNA KOHUYECKOE
KOJUIMMAallMOHHOE OTBepcTHE. BO BHYTpEeHHEHl MOJOCTH KOJJIMMATopa YCTAHABIMBAETCA M
3aKpeIUIETCs XOJOAUIBHUK C OJIOKOM JETEKTUPOBAHUS TAKUM 00pa3oM, 4YTOObI UyBCTBUTEIbHBIN
o0beM pabodero cueTyMKa HAXOIWICS Ha OCH KOJUIMMAlMOHHOro oTBepcTus. CHapyxu
KOJUTMMATOpP TMOKPBIT CTaJbHOW OOOJOUKOW, MpeloXpaHsIomell ero OT MOBPEKICHUS MpU
MOHTa)K€ M JKcITyarauud. KpoMme TOro, KouMMarop UMEET CIEUUATBHYIO LIEIEBYIO HACaJIKy,
MO3BOJISIONIYI0 U3MEHATh MPO(PUIL KOJTMMAIIMOHHOTO OTBEPCTUS MIPU MPOBEIACHUH C TIOMOIIBIO
cucteMbl AUUPM wuccrnenoBanuii GIroKTyalny akTHBHOCTH TETUIOHOCUTES, TIEPBOTO KOHTYpA.

V3en kpemienust (cMm. puc. 52) NpeaHa3HA4YeH [Jsl KECTKOW YCTAHOBKHM KOJUIMMAaTopa
BOJNIM3M TPSIMOJMHEHHOrOo ydacTka TpyOompoBona. OH mpencraBiaser co0oil  cOOpHYIO
METAINTMYECKYIO TUIOMIAJIKY, 3aKpeIUIsieMyl0 Ha TpyOONpoBOe MPU MOMOUIM TMOKUX JIGHTOUYHBIX
xomyToB. [lmomanka mMeer nBa Iuieda, Ha OJHOM M3 KOTOPBIX Ha CIELUAJIbHON NOJICTaBKE
3aKperisieTcss Koummmarop. Ha NpoTHBONONIOKHOM III€dye yCTaHABIMBAETCA IPOTUBOBEC,
YPaBHOBEIIMBAIOIINN TSHKECTh KOJUIMMATOpa W IPEAOTBPAILAIOIIMM TOBOPOT €ro BMECTE C
IUIOUIAIKOW  OTHOCHUTENbHO TpyOompoBona. Bce nayeMeHThl y31a KpEIUIeHUs, HMEIOIIHe
HEMOCPEICTBEHHbII KOHTAKT C TPYyOOIPOBOIOM, U3TrOTOBIIEHBI U3 OJTHOPOJIHON C HUM CTaJIH.

V3en opuenTanuu (Ha puc. 52 ycnoBHO 0003HAUYEH B BUJIE MPSMOYTOJIbHUKA) MPEAHA3HAUYCH
JUIsl OKOHYATEIbHOM, TOYHOM YCTAaHOBKM KOJUIMMATOpA C LEJIbK0 KOMIICHCAlMM OTKJIOHEHHUH €ro
MOJIO)KEHUS OT MPOEKTHON T€OMETPUH, KOTOPbIE MOTYT BO3HMKHYTH NMpU MOHTaxe. g 3Toro
KOHCTPYKIIMS y37a OpHEHTalMd OOECHeUYMBACT OMNPECICHHBIM AHANa30H pPerylupoBaHUsS
MOJIOKEHUS KOJUTUMATOpa CO CIEAYIOIIMMH CTENEeHSIMH CBOOOJBI: JMHEHHOE MepeMelleHue Mo
BepTUKaIM +30 MM; JIMHEWHOE NEPEMENICHUE MO TOPU30HTAIM BIOJIb OCH KOJUIMMAILIMOHHOTO
orBepctusi +30 MM; YIJI0BOE MEepeMeIleHne OTHOCUTENLHO, OCH padoyero cueTynka +5°; yrioBoe
NEepEMENICHUE OTHOCUTENIbHO TOPU30HTAJbHOM OCH, TPOXOJSIIEH dYepe3 UYyBCTBUTEIbHBIC
00BEMBI OCHOBHBIX CUCTUHMKOB, £5°,

[lepememieHne KoImMaTopa OCYIIECTBIAECTCS IHPH IMOMOILUM CHCTEMBI PETYIUPYIOIIUX
BUHTOB. [IpenycMoTpeHa BO3MOKHOCTb JKECTKOM (PUKCAIIMU KOJJTUMATOPa B JTIOOOM TMOJIOKEHUU B
npeaeNax JAuana3oHa peryjaupoBaHus. B cocTaB y3na OpUEHTAMM BXOJIWUT TAaKXe ChEMHOE
ycTpoiicTBO  (11a0J0H), MO3BOJISIONIEE KOHTPOJMPOBATH  PACCTOSIHME OT I[OBEPXHOCTHU
TpyOOINpoBOIa 0 CYETUHKA.

Cucrema APM npenycmarpuBaet ycraHoBkKy AByx [IJ] na xaxmoi I'TI. B coorBeTcTBUM C
TpeOOBaHUAMHU, OHU JIOJDKHBI Pa3MeIaThCcsl BOIM3HM MPSIMOIMHEHHBIX YYaCTKOB TPyOOIpoBoaa Ha
MaKCHUMaJIbHO BO3MOXHOM BIoJib KOHTYpa I'Tl paccrosnuu. Ha puc. 51 nokaszaHo paszmenieHue
[T na I'Tl peakropa Tuma BBOP-1000, ynoBnerBopstoiiee 3TUM TpeOOBaHUSIM. AHAJIOTMYHBIM
oOpa3om ycranoBiensl [1/] u Ha octanbubix I'TI. Ilpu TakoM pacrnosiokeHHH BpeMsi TpaHCHopTa
ot onHoro IIJ[ no apyroro cocraBnsger 6 — 7 ¢ (s HOMUHAJIBHOTO PACX0/ia TEIIOHOCUTENS).
Jns obecnieuenust ynobctBa M OezomacHocTd mnpu obcnyxkuBaHuu IIJ] (3ameHa CYETUMKOB,
OpUEHTAIMS U T. I1.) B MECTAaX UX YCTAHOBKU UMEIOTCS CTAI[MOHAPHBIE MJIOLIAAKN 00CTYKUBAHHUSL.
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3aKJII0UYeHHe

B xome paboTbl OBUIM pPacCMOTPEHBI pa3iIMyYHbIE CHOCOOBI H3MEpEeHUsi pacxoia
TEIJIOHOCUTEIIS Ha PHEPreTUUYECKUX YCTaHOBKAX M OTAeibHO Ha SADY. [logpoOHo onucanbl Te U3
HUX, KOTOPBIE B HACTOSINIEE BPEMs IIMPOKO HMCHOJIB3YIOTCS HA YHEPre€TUUECKUX MPEANPHUATHSIX.
Onucanbl (puU3MYECKHe OCHOBBI ACHCTBHUS Ka)JOro THMa pacxoiomepoB. [IpuBeneHbl mpuMepsl
KOHKPETHBIX PAacXOJOMEpPOB C ONHCAHUEM MPUHIUIA UX JeWcTBHUSA. Tak ke ObUT IpPOBEICH
CPaBHUTEJIBHBIA aHAIN3 PAa3JIMYHBIX BHJIOB PACXOAOMEPOB, TAE€ ONHUCAaHbl JOCTOMHCTBA H
HEJOCTaTKM KaXJAoro u3 Hux. Ha OCHOBE 3TOro MOKHO cCH€NaTh BBIBOJ, YTO PAacX0I0MEpHI
MOCTOSIHHO COBEPIIEHCTBYIOTCSI U TMOSBISAIOTCS HOBBIE TuMbl. ClenoBaTeNbHO, HEOOXOAMMO
BHEJIPSITh B MPOU3BOJICTBO BCE HOBBIE Pa3pabOTKU U JieJaTh UX 0oJiee JOCTYINHBIMU IO IIEHE, T.K.
TOYHOE H3MEPEHHUE pacxofa Ha SHEPreTUYECKOM MPEANPUSATUU KpalHe HEeoOXOIUMO MJis €ro
HaJeKHOTO (GYHKIMOHMpPOBaHMs. HeoOxoaumo mNpuMEHsITh AyOIMpOBaHUE PAacXOJAOMEpPOB Ha
HEKOTOPBIX y4acTKax TPyOOIpPOBOAOB, /i1 YMEHbIIEHUS IOTPEIIHOCTU PACX0/Ia.
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