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OBILIASA YACTD

OneHouHbple MaTepuaibl MO0 AWCLMIUIMHE IPEIHAa3HAYEHbl I OLIEHKH JTOCTHXKEHUS
0o0yyarolMMUCS  3aIUVIAHUPOBAHHBIX  PE3YyJIbTATOB  OOyYeHUs 10 JAMCLUUIUIMHE, JTana
(dbopMHpOBaHUs 3aIUTAHUPOBAHHBIX KOMIIETEHIIMN M YPOBHS OCBOCHUS TUCIUILINHBI.

OneHouHble MaTepuabl 0 JUCHMIUIMHE BKIIOYAIOT OLEHOYHBIE CPEJICTBA AJIS IPOBEACHUS
MEPONPUIATHH TEKYILIET0 KOHTPOJIS YCIIEBAEMOCTH U IPOMEKYTOUHOM aTTECTALUH.

dopmupyembie y 00y4aromerocsi KOMIETeHIINN:

1. [TK-1 CnocoGHOCTh y4acCTBOBATh B HAYYHBIX UCCIICIOBAHMAX B 00JIACTH CO3AaHUS
OMOTEXHUYECKUX CUCTEM
N]I-2 AHanu3upyeT CUTHAJIBI M IaHHBIE, ONIPECIISICT UX BIUSHUE HA ITapaMeTpPhl
OMOTEXHUYECKUX CUCTEM

N BKJIFOYACT:
AJIS TEKYIEro KOHTPOJIA YCIIEBAEMOCTH

dopma peanuzaiuu: BeicTyruieHue (1oKan)
1. KM-8 3ammura pedepara (Pedepar)

dopma peanuzanuu: 3anura 3a1aHus
1. KM- 4 JIaboparophas pabota Ne 2 (Otuer)
2. KM-2 Jlaboparopnas pabota Ne 1 (Otuer)
3. KM-6 Jlabopatopnas padora Ne 3 (Otuer)

Popma peanuszanun: KoMmnbroTepHOE 3a1aH1e
1. KM-1 Tect 1. «OcHOBBI METPOJIOTUH U TeOpUU NorpemHocrei» (TectupoBanue)
2. KM-3 Tecrt 2. «buoanekrpuueckue 31ekrpoash» (TectupoBanue)
3. KM-5 Tect 3. «/laTuuku TeMieparypsbl, JaBJIEHUs, CKOPOCTU U YCKOPEHHUS»
(TectupoBanue)
4. KM-7 Tecrt 4. «JlaTunku pacxoja, mapaMeTpoB U cocTaBa BemiecTBay (TecTupoBaHue)

BPC aucuunjavHbl

8 cemecTp

IlepeyeHb KOHTPOJIBHBIX MePONPHUATHI TEKYIIEro KOHTPOJS  yCHeBaeMOCTH IO
AUCUHUILIHHE:

KM-1 KM-1 Tect 1. «OCHOBBI METPOJIOTUU U TEOPUH TOTpentHOCTEN» (TecTupoBaHue)

KM-2 KM-2 JlaboparopHas padota Ne 1 (OTuer)

KM-3 KM-3 Tect 2. «bruoanekrpudeckue 31eKTpoasl» (TecTupoBanue)

KM-4 KM- 4 JlabopatopHast pabota Ne 2 (Otuer)

KM-5 KM-5 Tecr 3. «JlaTunku TemmepaTypsl, TaBlIeHUs, CKOPOCTH U yckopeHus» (TectupoBanue)
KM-6 KM-6 JlaboparopHas padota Ne 3 (Otuer)

KM-7 KM-7 Tecr 4. «JlaTauku pacxoja, mapaMeTpoB U cocTaBa BemecTBay (TectupoBanue)
KM-8 KM-8 3ammura pedpepara (Pedepar)

Bujx npomexyTo4HOI aTTecTaliMy — JK3aMeEH.

\ Pasnen nucruninHel Beca kOHTpOIBHBIX MeponpusTHil, %o
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MecTo 1aT4UKOB B U3MEPUTEIILHON
LIeNU U OLICHKA MOIPEIIHOCTEN.

MecTo J1aT4YMKOB B U3MEPUTEIILHOMN
LENH U OLIEHKA MOTPEIIHOCTEN.

OnexkTpoasl. Banmopeiicteue
AJIEKTPOJIOB U OPTraHUYECKUX TKaHEH

OnexkTpoasl. Banmopaeiicteue
AJIEKTPOJIOB U OPTraHUYECKUX TKaHEH

Jatunky GpU3nuecKux BEJINYUH 4aCTh
1

Jatunku Gpu3nuecKux BeJINYUH 4acCTh
1

I[aT‘lI/IKI/I Q)HSI/I‘IGCKI/IX BCJIIMYMH 4aCTh
2

HaT‘II/IKI/I (1)I/ISI/I‘ICCKI/IX BCJIIMYHUH 4YaCThb

2

Bec KM:

10

15

15

15

15

20




COJAEPKAHUE OLNEHOYHBIX CPEJACTB TEKYHEI'O KOHTPOJISA

1. Oyenounvie cpeocmea 011 OUeHKU 3ANIAHUPOBAHHBIX PE3YIbIMAM 06 00yUeHUA NO OUCUUNTIUHE, COOMHECEHHBIX C UHOUKAMOpamu
00CMUIICCHUS KOMNEmeHY UL

Nunexc Nunukarop 3anjaHUpOBAHHBIE KonTposbHas Touka
KOMIIETEHIIUH pe3ysbTaTel  00y4eHMsI IO
JUCIUILINHE
[1K-1 N-2nk-1 AHnanusupyer | 3HaThb: KM-1 KM-1 Tect 1. «OCHOBBI METPOJIOTUH U TEOPUH ITOTPELIHOCTEN»
CUTHAJIBI u JaHHbBIE, | OCHOBBI TEOPUU (TectupoBanue)
ONpeleseT WX BIWSHHUE HA | HOTPELIHOCTEH KM-2 KM-3 Tecr 2. «buosnexrpuueckue ektpoas» (Tectuposanue)
napameTpbl OJIHOKPATHBIX U KM-3 KM-2 JlaGopaTtopHas pa6ota Ne 1 (Otuer)

OMOTEXHUUYECKHUX CUCTEM

MHOT'OKpaTHbIX U3MEpPEHUI
HOMEHKJIATYpY,
KOHCTPYKIIUU U TIPUHITATI
JEHCTBHS TaTYMKOB,
npeoOpaszoBareneii u
JJEKTPOIOB, B TOM YHCIIE U
MEIUIIMHCKOTO Ha3HAYEHUS
¢bu3nyeckre OCHOBBI U
MIPUHIIKITHI JICHCTBUS
JATYNKOB U DJIEKTPOJIOB U UX
BIIUSIHUE Ha U3MeEpsEMbIe
BEJIMYUHBI OMOTIOTEHLINAIOB
YMers:

IIPOBOJMTH pacueT Lenen
BKJIIOUEHUS B
U3MEPUTENBHYIO CXEMY
BKJIIOYATh AATYUKU B

UG POBBIE CHCTEMBI
OLIEHUBATh MOTPEIIHOCTh
U3MEPECHU;

HCCIIEIOBATh

KM-4 KM- 4 Jlabopatopnas padota Ne 2 (Ot4er)

KM-5 KM-5 Tect 3. «/laTunku Temneparypsl, AaBiI€HUs, CKOPOCTU U
yckopeHus» (TectupoBaHue)

KM-6 KM-6 JIaGopaTtopHas pa6ota Ne 3 (Otuer)

KM-7 KM-7 Tect 4. «/laTunku pacxoja, mapaMeTpoB U COCTaBa BEILIECTBA»
(TectupoBanue)

KM-8 KM-8 3amura pedepara (Pedepar)




| XapaKTepUCTHKH JIATYHKOB




1I. Cooepicanue ouenounvix cpeocme. lllkana u kpumepuu oyenusanus

KM-1. KM-1 Tect 1. «OCHOBBI METPOJIOTHH M TEOPHHU IOTPEIIHOCTEH»

®opmbl peanuzannu: KoMnpoTepHoe 3a1aHue

Tun KoHTPOILHOTO MeponpusitTusi: TectupoBanue

Bec konTpoabHoro meponpusitusi B bPC: 10

IIpouenypa npoBeaeHnst KOHTPOJILHOro MeponpusTus: TectupoBanue B cucreme [Ipomereit.

Kparkoe conepxanue 3a1aHus:
TectupoBanue B cucreme IIpomeren

KoHTpoJibHbIE BOIPOCHI/3a1aHUA:

3anyaHupOBaHHbIE
pe3ynbTaTthl  OOy4YeHHUs 10
JVICIIATUTAHE

Bomnpockl/3aganust st mpoBEPKU

3HaTb:  OCHOBBI  TEOpUU
IIOTPELIHOCTEN
OJTHOKpPATHBIX U
MHOT'OKPaTHbBIX U3MEpPEHUIN

1.C kako¥ 11eJbI0 Ha BBIXOJIE MOCTA IIEPEMEHHOT0 TOKa
MPUMEHSIOT (Pa30BbIi JeTeKTOp?

-J17151 TOBBIIEHHSI COOTHOILICHUS CUTHAII /IITyM OT
npeodpaszoBareis

-J171 CHYUOKEHUSI TOTEPh B LIETH

-J{ns yBenmu4eHus IIMHHBI JIMHAN TIepe1adn

2.Kakue MeTo/1pl yMEHbILIEHUS IOTPEIIHOCTEN UCTIOIb3YIOTCS?
-METO/l C OTpULIATEIbHON 0OPaTHOH CBSI3bIO

-METO/I C MOJIOKUTEILHON OOpaTHOM CBSI3bIO

-METOJ BCIIOMOTaTENIbHbIX U3MEPEHUN

-UTEpPAIL[MOHHbIE METO/IbI

-M€eTO]1 00pa3LOBBIX MEP

-METO/ IBOITHOIO MHTETPUPOBAHUS

3.0TKyna MOT'YT MTPOHUKATH BHICOKOYACTOTHBIE
JIEKTPOMArHUTHBIE IOMEXH B aInaparypy?
-U3 cetn nuranus

-3 oxpyxaroniei cpeasl

-ITomexu oT anmaparypsl HaXOAAIIEHCS PSAIOM
-BepHb! Bce nepeunciieHHbIe BAPHAHTHI

YMers: OLICHUBATh
MOTPENIHOCTh U3MEPEHU;

1.BonsT™MeTpom B7-16 nmpoBeneHo n3MepeHue NOCTOSHHOTO
HanpspkeHus U= 0.15682 B , 3anumure pe3yabTaT U3MEpEeHHUSL.
IIpu ycnoBuu, 4To OHO MPOBENEHO

npu Hanpsibkenuu cetd 200 B u temniepatype 6 rpagycoB
Llenbcus.

OtBer B popmare xx.xxxx+/-x.xxxx D mpober ouH repes e.
U3MEpEHUs

0.1568+/-0.0012 B

2.BoapTtmeTpom NI DMM-4072 npou3BeeHO U3MEpPEHHE
conpotusiieHuss Rx=156233,22 Om , 3anumunre pe3ynabTar
U3MEpPEHUS IIPU HOPMAJIbHBIX YCIIOBUAX

n3mepennit uepes 90 nHel nmocne nopepku. Pesynprar




3anjgaHUupOBAHHBIE Bormpocsl/3aganus A MpoBEPKU
pe3ynbTaThl OOYYEeHHS TIO

JUCITUILINHE
U3MEpeHHs 3anucarb B KOM.
OtBet B popmate xX.xxxx+/-x.xxxx D mpoOen onuH niepen e.
U3MEpEeHUs
151+/-10 kOm
YMeTh: TPOBOAWTH pacyer 1.Jly1st ienu ¢ mpsSIMBIM MapaMeTPUIECKUM Ipeodpa3zoBaTesieM
uenei BKJIFOUEHUS B cOOpaHHBIM MO cXeMe Ha pucyHke. OnpeaenuTs MaKCUMaabHOe
U3MEPUTEIIBHYIO CXEMY Y MUHUMAJIbHOE 3HAYCHUE OTKJIIOHCHUS HAMIPSKCHUS Ha

BBIXOJIC IpeoOpa3oBarels, I HanpspkeHus ucrounnka DJ[C
E=5 B, R0=1 kOm, Ru=2,54 xOm, dR=100 Om.

Umin=0.102 B Umax=0.109 B
Umin=0.102 B Umax=0.301 B
Umin=0.255 B Umax=0.301 B
Umin=0.492 B Umax=0.717 B

2. /1511 nenu ¢ npsAMbIM MapaMeTpUUYECKUM ITpeodpa3oBareieM
cOoOpaHHBIM MO CXeMe Ha pucyHke. OnpenenuT MaKCUMaJIbHOE
U MMHUMAJIbHOE 3HaYE€HUE OTKJIOHEHMsI HAalpsKEeHUs Ha
BBbIXOJI€ NTpeoOpa3oBares, s HanpskeHus: ucrounuka DJ1C
E=5B, RO=1xOm, RE=2,54kOM, dR=2500Mm.

Umin=0.175 B Umax=0.237B
Umin= 0.08B Umax=0.09B

Umin= 0.189B Umax=0.389B
Umin= 0.736B Umax=0.892B

Onucanue MKaJbI OlleHUBAHUS

Oyenxa: 5 («OTIUYHOY)
Huorcnuii nopoe svinonnenus 3aoanus 6 npoyenmax: 90
Onucanue xapakmepucmuxu evlnoinenus 3Hanus: OleHKa "0TINYHO" BBICTaBISETCS €CIIH 3aJaHue
BBITIOJIHEHO B MOJHOM 00BEME HJIM BBITTOTHEHO MPEUMYIIIECTBEHHO BEPHO

Oyenxa: 4 («XOpOILIO»)
Huoicnuii nopoe evinonnenus 3aoanus 6 npoyenmax: 10
Onucanue xapaxmepucmuxu evinoaneHus snanus: OueHKa "XopoIo" BBICTABIIAETCS ECIIN
OO0JIBIIMHCTBO BOIIPOCOB PACKPHITO. BBIOPAHO BEPHOE HANpaBJICHUE JUIsl pEIICHUs 3a/1a4

Oyenka: 3 («yIOBIETBOPUTEIHEHO)
Huoicnuii nopoe evinonnenus 3aoanus 6 npoyenmax.: S0
Onucanue xapakmepucmuku ebinonneHus 3nanus: OLeHKa "yI0BIeTBOPUTENLHO" BBICTABIISETCS
ecJIM 3aJlaHue MIPEUMYIIECTBEHHO BBHITIOITHEHO

Oyenka: 2 («HEyJOBIECTBOPUTEIHHOY)
Onucanue xapakxmepucmuxu evinoanenus sHanusa: OneHKa "Hey10BIeTBOPUTENIbHO" BBICTABIISETCS
€CJIN 33JIaHUE BBIIIOJIHEHO HEBEPHO WUJIU MPEUMYIIECTBEHHO HE BBIIIOJIHEHO

KM-2. KM-2 JlaGopaTopHas padora Ne 1

®opMbl peau3anum: 3anIuTa 3a1aHUs
Tun KoHTpPOILHOr0 MeponpusaTus: OTyer




Bec xonTposbHOro Mmeponpusitusi B bPC

: 15

IMpoueaypa mpoBeaeHHsi KOHTPOJIbHOro Meponpustusi: Jlaboparopuas pabora Ne 3 (5-6)
[TonkiroueHue TaTIMKOB K MUKPOKOHTPOJIEPAM.

KpaTkoe conep:kanue 3a1aHusi:

Brimonnenue paboTel, MOArOTOBKA OTYETA

KoHTposibHbIe BONPOCHI/3a1aHUA:

3amnaHupOBaHHBIE PE3YJIbTAThl O0Y4YECHHUS
10 TUCLMUILINHE

Bompocsi/3aganust 17151 IpoBepKH

3HaTh: OCHOBBI TEOPUHM IMOIPEIIHOCTEH
OJIHOKPATHBIX u MHOT'OKPAaTHBIX
HM3MEpPEHU

1.KakoB pu3ndeckuii MpUHITUTT
(YHKIMOHUPOBAHUS TaTYNKOB, HCIIOIB3YIOIIUX
apdext Xomna?

2.KakoB ¢pu3ndeckuii IpuHIHII
byHkunoHupoBanus poropesucropa’?

YMeTh: BKIIOYATh JATYUKU B LU(PPOBHIE
CUCTEMBI

1.Kak npoBectu noaximouyenune narunka DHT-11
K MUKPOKOHTPOJLIEPY?

2.Kak npoBecTy NOJIKIIOYEHHE JaTunKa XoJa
KY-003 k xontposiepy?

OnucaHue MKAJbI OLleHUBAHUS:

Oyenka: 5 (KOTIUIHOY)
Huoicnuii nopoe sevinonnenus 3aoanus 6 npoyenmax: 90
Onucanue xapakmepucmuku blnoanenus 3nanus; OueHka "oTIMYHO" BBICTABIISIETCS €CIIU 3aJJaHue

BBITTOJTHEHO B MIOJIHOM O0OBEME

WJIW BBIITOJHCHO MPECUMYIICCTBCHHO BEPHO

Oyenka: 4 («X0OpoIIO»)
Huoicnuii nopoe evinonnenus 3aoanus 6 npoyenmax: 10
Onucanue xapaxmepucmuxu 6vinoaneHus snanua: OueHkKa "XopoIo" BBICTABIIAETCS ECIIN
OO0JIBIIMHCTBO BOIIPOCOB PACKPHITO. BBIOPAHO BEPHOE HANpaBJICHUE JUIsl pEIIeHUs 3a/1a4

Oyenka: 3 («yI0OBIETBOPUTEIIEHO)
Huoicnuii nopoe evinonnenus 3aoanus 6 npoyenmax.: S0

Onucanue xXapakmepucmuKu 6blNOJIHEeHU

3nanus: O1eHKa "y10BIETBOPUTENIBHO" BBICTABIISAETCS

€CJIM 3aJaHNEC NPECUMYIICCTBCHHO BBIITIOJIHECHO

Oyenka: 2 («HEyJOBIETBOPUTEIHHOY)
Onucanue xapakmepucmuku binonnenus snanus: OneHKa "Hey10BIeTBOPUTEIHHO" BHICTABIACTCS
€CJIM 33/1aHU€E BBIIIOJIHEHO HEBEPHO MJIM NMPEUMYILIECTBEHHO HE BBIITOJIHEHO

KM-3. KM-3 Tecrt 2. «bunodjieKTpu4yecKkne 3JIeKTPOAbD»

®opmbl peaausanun: KomnbroTepHoe 3a1aH1e
Tun KOHTPOILHOIO MeponpusaTHs: TecTupoBaHue

Bec kouTposabHOro meponpusitusi B bPC

: 15

IIpoueaypa nposeneHnsi KOHTPOJIbHOI0 MeponpusaTus: TectupoBanue B cucreme [Ipomeren.

KpaTkoe cogep:kanune 3a1aHus:
3HaHUEC TCPMHUHOJIOTHHN
yYMEHHE TIPOBECTH PacUeT

KoHTpoJibHbIE BONIPOCHI/3aJaHUA:

3aHHaHI/IpOBaHHBIC PE3YyIbTaThl
06y'-IeHI/I$I 110 JUCHHUITIINHE

Bomnpocel/3aganus s IpoBepKU




3annaHupOBaHHbIE pe3ynbTaThl | Bonpocsl/3aganus ams npoBepKu
00y4YeHUs 10 TUCITUTINHE

3HaTh: busznveckue OCHOBBI u 1.ITonysnemeHt - 310

NPUHIUIBI  JACUCTBUS ~ JAaTYMKOB U 1 anexTopn

JJEKTPOAOB M  HMX  BIUSHUE  Ha 2 sneKTpoaa

U3MepsieMbIe BEJTUNYMHBI 3 3J1eKTpoAa COEIMHEHHBIE MTPAJIJIEIbHO
OHOIMOTEHIINAJIOB 3 37IeKTpoAa CoeIMHEHHBIE MOCIEA0BATEIbHO

2.I'maparaius KaTHOHOB METaJlIa - ATO .....
rporecc GU3NKO-XUMHYECKOTO B3aUMOICHCTBUS
PacTBOPUTEIIA U MeTalljla 3JIEKTPOa, IPUBO AL
K paCTBOPEHUIO METAJlIa B BOJHOM PAacTBOPE U
MoJIsIpU3aIuy MeTasuia (-) u pacTBopuTess (+ )
rporecc GU3NKO-XUMHYECKOTO B3aUMOICHCTBUS
PacTBOPUTEIIA U MeTalljia 3JEKTPOa, IPUBOASIIUI
K paCTBOPEHUIO METaJlIa B BOJHOM PAacTBOPE U
MOJISIPHU3aLiU MeTalia (+) ¥ pacTBOpUTENs (- )
rporecc GU3HKO-XUMHYECKOTO B3aUMOICHCTBUS
PacTBOPUTEIIA U MeTalljla SJIEKTPOa, IPUBO AL
K OCaXKJICHUIO HA METAJUT COJICH COJEPIKAIIMUXCS B
BOJHOM PacTBOPE.

rporecc GU3NKO-XUMHYECKOTO B3aUMOICHCTBUS
PacTBOPUTENIA U MeTalljla SJEKTPOa, MPUBO AL
K PaCTBOPEHUIO METAIlIa B KUCIIOTHOM PacTBOPE

3.CuuTaroT, 4To METaUl PaCTBOPUM, E€CIIH
pactBopuMOCTb TipeBbiiaet 1 r B8 100 mi
pacTBOpUTENS

pactBopumocTsb npesbimaet 0,1 r B 100 mi
pacTBOpUTENS

pactBopumocTb npesbimaeT 10 r B8 100 mi
pacTBOpUTENS

OnucaHue MKaJbI OlleHUBAHUS:

Oyenxa: 5 («OTIUYHOY)
Huorcnuii nopoe svinonnenus 3aoanus 6 npoyenmax: 90
Onucanue xapakmepucmuxu evlnoinenus 3Hanus: OleHKa "0TINYHO" BBICTaBISETCS €CIIH 3aJaHue
BBITIOJIHEHO B MOJHOM 00BEME HJIM BBITTOTHEHO MPEUMYIIIECTBEHHO BEPHO

Oyenxa: 4 («XOpOILIO»)
Huoicnuii nopoe evinonnenus sadanus 6 npoyenmax: 10
Onucanue xapakmepucmuxu evinonnenus 3uanus: O1eHKa "Xopouo" BEICTABISETCS eCln
OOJIBIITMTHCTBO BOIPOCOB PACKPHITO. BRIOPAHO BEPHOE HAIIPABIICHHUE ISl PEIICHUS 3a/1a4

Oyenka: 3 («yIOBIETBOPUTEIIEHO)
Huoicnuii nopoe evinonnenus 3aoanus 6 npoyenmax.: S0
Onucanue xapakmepucmuku ebinonneHus 3nanus: OueHKa "yI0BIeTBOPUTENLHO" BBICTABIISETCS
ecJIM 3aJaHue MPEUMYIIECTBEHHO BBITIOITHEHO

Oyenka: 2 («HEyJOBIETBOPUTEIHHOY)
Onucanue xapakxmepucmuxu evinoaneHus sHanusa: OneHKa "Hey10BIeTBOPUTENIbHO" BBICTABIISETCS
€CJIN 33JIaHUE BBIIIOJIHEHO HEBEPHO WUJIU MPEUMYIIECTBEHHO HE BBIIIOJIHEHO
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KM-4. KM- 4 JlaGopaTopHas padora Ne 2

®opMbl peanu3anmu: 3amuTa 3a1aHus

Tun KOHTPOJIBLHOr0 Meponpusitusi: Otuer

Bec xonTposabHoro meponpusitust B bPC: 15

IIpouenypa mpoBeaeHHus] KOHTPOJIbHOr0 Meponpusitusi: JlabopatopHas padora Ne2 (1-4) He
dbpoHTanbHas TabopaTopHas padora. 3a 4 yaca UCIOIHSAIOTCS 2 Ta0OPATOPHBIX padOTHI IO PAa3HBIM
TUIIaM JIaTYMKOB PACCYMTAHHBIX Ha 2 yaca. OIleHUBAaeTCs KaK CpeHee MKy ABYyMs paboTaMHu.

KpaTlcoe CoA€cpiKaHuE 3alaHUA:
Brimonaenue pa6OTBI, IoATr0OTOBKA OTUYCTA

KOHTpOJILHLIe BOHpOCbI/SaL[aHI/Iﬂ:

3amnaHupOBaHHbIE pe3ynbTaThl | Bonpocsl/3aganus s npoBepKu
00y4eHUs IO TUCHUILINHE

3HaTh: HOMEHKIATYPY, KOHCTPYKIIMH U
TIPUHITATT JEeHCTBUS JATYUKOB,
nmpeoOpaszoBareneil u JIEKTPOAOB, B TOM
YUCJIE U MEIUIIMHCKOTO Ha3HAUYCHUS

1.00bsicCHUTE IPUHIIUIT TOCTPOCHUS
IpagyrpOBOYHON XapaKTEPUCTUKU JIaTUMKA
JIaBJICHUSI.

2.Kakoil u3 METOZI0B U3MEPEHUS AaBIICHUS

CMKOCTHBIM JaTYMKOM TOYHCEC: HCIIOCPCACTBCHHOC
HU3MEPCHUEC CMKOCTHU, USMECPCHHUEC HAIIPSIHKCHUSA UIIA
HU3MCPCHUC YacTOTHI?

1. 3anumuTe COOTHOIIEHUS U OLICHUTE
MOrPENIHOCTh METO/Ia U3MEPEHUS 1aBJICHUS Yepe3
HEMOCPEICTBEHHOE U3MEPEHUE EMKOCTH.
2.

1. 3anuwmnte COOTHOLIEHUA AAA NNOCKOro KoOHAEeHcaTopa.
MocTpoitTe 3aBUCUMOCTb U3MEHEHMA EMKOCTU OT

YMeTh: uccieoBaTh XapaKTEPUCTUKU
JaTYUKOB

PaCCTOAHMA MeXAY NAacTUHamMu. (guameTp membpaHbl
dm=100mm, paccTosiHue meKy nnactmHamm ot 0.5 go 3
MM).

Onucanue MIKAJIbI OLlEeHUBAHUS

Oyenxka: 5 («OTIINYHOY)
Huosienuii nopoe sevinonnenus 3aoanus 6 npoyermax: 90
Onucanue xapakmepucmuxu evlnoinerus 3Hanus: O1eHKa "OTIUYHO" BBICTABISETCS €CIIH 3aJaHue
BBHITIOJTHEHO B MOJIHOM 00'beMe WIIHM BBITIOTHEHO MPEUMYIIIECTBEHHO BEPHO

Oyenxa: 4 («X0poILI0»)
Huosienuii nopoe svinonnenus 3aoanus 6 npoyermax: 10
Onucanue xapakmepucmuku evtnonanenus 3uanus. OueHka "Xoponio" BbICTABISETCS €CIU
OOJIBIITMHCTBO BOIIPOCOB PACKPBITO. BEIOPAHO BEPHOE HAIIPABICHHUE JJISl PEIICHUS 33124

Oyenka: 3 (KyIOBICTBOPUTEIHHOY)
Huodicnuii nopoe sévinonnenus 3aoanus 6 npoyermax: 50
Onucanue xapakmepucmuxu evinonneHus 3uanus: OTeHKa "yI0BIeTBOPUTEILHO" BHICTABIISETCS
€CITH 3aJIaHUE MMPEUMYIIIECTBEHHO BBITIOJTHEHO

Oyenka: 2 («HEYJTOBIETBOPUTEITHEHOY)
Onucanue xapakmepucmuku gvinonnenus 3uanus: OleHKa "HeyJ0BIEeTBOPUTEILHO" BICTABISETCS
€CJIN 33JITaHUE BBITOJIHEHO HEBEPHO HJIU MIPEUMYIIECTBEHHO HE BBITOJTHEHO
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KM-5. KM-5 Tecr 3. «/laTunku TeMepaTypbl, 1aBJIeHHs, CKOPOCTH U YCKOPEHUSI»

®opmbl pean3anuu: KoMIblOTEPHOE 3a1aHKE

Tun KOHTPOJBLHOr0 MeponpusaTusi: TecTupoBaHue

Bec konTposabHOro meponpusitusi B BPC: 5

IIpoueaypa nposBenennsi KOHTPOJIbHOI0 MeponpusTus: TectupoBanue B cucreme [Ipomerei.

Kpatkoe conep:xanue 3aganus:
TectupoBanue B cucteme [Ipomereit

KOHTpOJILHLIe BOHpOCbI/SaL[aHI/Iﬂ:

3amnaHupoBaHHbBIE pe3ynbTaThl o0ydeHus 1o | Bompocbl/3agaHus amis NpoBepKu
JTUCHHUTIIINHE

3HaTh: HOMEHKJIATYPy, KOHCTPYKIIMU U NPUHLIUII 1.TpoitHas TouKa BOJIBI 3TO -

NEHCTBUS  JAaTYMKOB, TpeoOpazoBareneii TOYKA Ha TEMIIEPATYPHOM LIKAJIE, TAE
3JIEKTPOJIOB, B TOM YHUCJIE MU MEIULUHCKOrO INPUCYTCTBYET TPH arperaTHbIX COCTOSHUSA
Ha3HAYECHUS , cootBercTBYeET 0 rpanycos Llenbcus .

TOYKA Ha TEMIIEpAaTypHOU LIKaje, Ie
IPUCYTCTBYET TPU arperaTHbIX COCTOSTHUS
, cootBeTcTBYET 100 rpaagycoB Llenbcus .
TOYKa Ha TEMIIEPATYPHOM LKA, I/1e
IPUCYTCTBYET JIBa arperaTHbIX
COCTOSIHUS , cOOTBETCTBYET 0 rpasycos
Ilenbcus .

Onucanne MKAJbI OIlEHUBAHUS

Oyenka: 5 («OTIINYHOY)
Huodienuii nopoe svinonnenus 3aoanus 6 npoyermax: 90
Onucanue xapakmepucmuxu evlnoinerus 3Hanus: O1eHKa "OTIUYHO" BBICTABIISETCS €CIIM 3aJaHue
BBITIOJTHEHO B MOJIHOM 00'beMe WIIH BBITIOITHEHO MPEUMYIIIECTBEHHO BEPHO

Oyenxa: 4 («XOpoILI0»)
Huosienuii nopoe svinonnenus 3aoanus 6 npoyermax: 10
Onucanue xapaxmepucmuxu evlnoinenus 3Hanus: OLeHKa "X0opoIo" BICTaBISETCS €CITN
OOJIBIIIMHCTBO BOIPOCOB PACKPBITO. BBIOPAHO BEPHOE HANPABJICHUE JJIS pelIeHUs 3a/1a4

Oyenka: 3 («yIOBJIETBOPUTEIHHOY)
Huodicnuii nopoe sévinonnenus 3aoanus 6 npoyermax: 50
Onucanue xapakmepucmuxu ebinoaneHus 3nanus: OneHka "yIoBIeTBOPUTEIHLHO" BBICTaBIACTCS
€CIIM 3a/1aHue NMPEUMYILECTBEHHO BHITIOJIHEHO

Oyenka: 2 («HEYJTOBIETBOPUTEITHEHOY)
Onucanue xapakmepucmuku gvinonnenus 3uanusa: OleHKa "HeyJ0BIEeTBOPUTEILHO" BHICTABISETCS
€CJIM 33JIaHUE BBITOJIHEHO HEBEPHO HJIU MPEUMYIIECTBEHHO HE BBITOJTHEHO

KM-6. KM-6 JlabopaTopHasi padora Ne 3

®opmbl peaJu3anmu: 3alnTa 3a1aHus

Tun KoHTpoILHOr0 Meponpusitusi: OT4eT

Bec kouTposabHoro meponpusitust B bPC: 15

IMpouenypa npoBeaeHns KOHTPOJILHOTO Meponpusitusi: JlaboparopHas padora Ne 1(1-4).

KpaTKOE CoA€cpKaHME 3alaHUA:
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Brimonnenue paboTsl, MOArOTOBKA OTYETA

KoHTposibHbIe BONPOCHI/3aJaHUA:

3amnaHUpOBaHHBIE  pe3yabTaThl  OOyueHuss 1o | Bompockl/3amanus ams npoBepKu
JTUCHUTIIINHE

3HaTh: HOMEHKJIATYPY, KOHCTPYKUMU M MPHHIIUII 1. Kakue KOHCTpYKIIUU TEPMUCTOPOB U

JNEUCTBUSI  JTaTYMKOB, npeoOpazoBareneii U 00JIOMETPOB CYIIECTBYIOT?

9JEKTPOAOB, B TOM YHUCIE U MEAUIMHCKOIO 2. YeM orpaHuyeHa npejaenbHas

HA3HAYCHUS CKOPOCTh HapacTaHUsI TEMIIEPATypPhI B
TepMocTare?

3.Ut0 xapakTepHu3yeT TerioBas
MIOCTOSIHHASI BPEMEHH TEPMOPE3UCTOPA
Y OT YEro OHa 3aBUCHUT?

YMeTh: UCCIIEIOBATh XapaKTEPUCTHKH JATYUKOB 1.Kak skcriepuMeHTaIbHO ONPEICITUTh
TEIIOBYIO TIOCTOSTHHYIO BPEMEHU
TEpPMOpE3UCTOpa

2.Paccuuraiite 3nauenuss B u o, rne B —
K03 GUIIMEHT, onpeaensomui Gopmy
I'X repmucropa.

Onucanne MKAJbI OIIEHUBAHUS

Oyenxa: 5 («OTIINYHOY)
Huoicnuii nopoe evinoanenus 3aoanus 6 npoyenmax. 90
Onucanue xapakmepucmuxu evlnoinerus 3Hanus: O1neHKa "OTINYHO" BBICTABIISIETCS €CIIM 3aJaHue
BBIIOJIHEHO B TIOJTHOM 00'bEME MJIH BBITIOJHEHO NMPEUMYIIECTBEHHO BEPHO

Oyenxa: 4 («XOpoILI0»)
Huoicnuii nopoe evinonnenus 3aoanus 6 npoyenmax: 70
Onucanue xapaxmepucmuxu evlnoinenus 3Hanus: OLeHKa "X0opoIIo" BEICTaBISETCS €CITN
OOJIBIIMHCTBO BOIIPOCOB PACKPHITO. BEIOPAHO BEPHOE HAMPABJICHHE [Tl PEIICHUS 3a/1a4

Oyenka: 3 («yIOBJICTBOPUTEIHHOY)
Huosicnuii nopoe sévinonnenus 3aoanus 6 npoyermax: 50
Onucanue xapaxmepucmuxu ebinoanenus snanus: OueHka "yIoBIeTBOPUTEIBHO" BBICTABIISETCS
€CIIU 3a/1aHue NMPEUMYILECTBEHHO BHITIOJIHEHO

Oyenka: 2 («HEYJTOBJIETBOPUTEITHEHOY)
Onucanue xapaxmepucmuku 6vinoaxneHus snanus: OLeHKa "Hey10BIETBOPUTEIIBHO" BBICTABIIAETCS
€CJIM 3aJIaHUE BBIOJIHEHO HEBEPHO UJIU MPEUMYIIECTBEHHO HE BBINOJIHEHO

KM-7. KM-7 Tect 4. «/laTunku pacxoaa, napamMeTpoB U COCTABA BelleCTBA»

®opmbl peaanzanun: KoMeroTepHOE 3a/1aHHE

Tun KOHTPOJIBLHOr0 MeponpusaTusi: TectupoBanue

Bec kouTposabHoro meponpusitusi B BPC: 5

IIpoueaypa nposeaeHusi KOHTPOJIBLHOI0 MeponpusaTus: TectupoBanue B cucreme [Ipomeren.

Kparkoe conepxanue 3a1aHus:
TectupoBanue B cucreme IIpomeren

KoHTpoJibHbIE BONIPOCHI/3aJaHUA:

3arIaHupoBaHHbBIE pe3yNbTaThl 00ydeHus o | Bompocsl/3aganus 11 npoBepKu
JUCIUIUINHE

3HaTb: HOMEHKJIATYpy, KOHCTPYKIUU U 1.Kakue ¢puznyeckre npuHIMIIBI
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3amaHUpOBaHHBIE Pe3yJbTaThl 00yueHus 1o | Bompockl/3aganust 11si IpoBepKU
JTUCHUTIIINHE

MPUHIIUIL JeNCTBUS JATYUKOB, UCIIONIB3YIOTCS B IATYMKAX Pacxojia KUJKOCTH
npeoOpaszoBarene M AJIEKTPOIOB, B TOM U rasza

YHClie ¥ MEIUIUHCKOTO Ha3HAYCHUS U3MEpEeHHEe pacxo/a Mo nepenany AaBacHus
MTOJIBYKHBIC SJICMEHTHI

JNEKTPOMArHUTHBIE

TEIUIOBbIE

€MKOCTHOM

addext Jommepa

2.11pu u3mepeHusx pacxoaa np MOMOIIU
TPYOKH MUTO-NPAHATIS (PaKTUYECKH
u3MepseTcs

Pa3HOCTh JaBJICHUI

pa3HOCTh TEMIEPATYP

JlaBJICHUE

CKOpPOCTbH IOTOKA

3.Kanopumerpuuecknue TepMOAHEMOMETPHI -
HarpeBaroT NOTOK, IPOXOAIINN Yepes
HarpeBaTellb, a 0 PacXoJie CyIsT MO Pa3HOCTH
TEeMIEpaTyp NOTOKa J0 U IOCJIe HarpeBaTess
OXJIQKJAIOT HarpeBaeMblid TPUHYAUTEIHHO
TEPMOAJIEMEHT U 10 YPOBHIO TEMIIEPATyphl
OTIPEEIISAIOT CKOPOCTh OTOKA

Onucanue MKAJbI OLEHUBAHUS :

Oyenxka: 5 («OTIINYHOY)
Huosienuii nopoe sévinonnenus 3aoanus 6 npoyermax: 10
Onucanue xapakmepucmuxu evlnoinerus 3Hanus: O1eHKa "OTINYHO" BBICTABIISETCS €CIIH 3aJaHue
BBITIOJTHEHO B MOJIHOM 00'beMe WIIH BBITIOTHEHO MPEUMYIIIECTBEHHO BEPHO

Oyenxa: 4 («X0poILI0»)
Huodienuii nopoe sévinonnenus 3aoanus 6 npoyenmax: 60
Onucanue xapaxmepucmuxu evlnoinenus 3Hanus: OLeHKa "X0opoIo" BEICTaBISETCS €CITN
OOJIBIIIMHCTBO BOIPOCOB PACKPBITO. BBIOPAHO BEPHOE HAIPABJICHUE JJIS pelIeHUs 3a/1a4

Oyenka: 3 («yIOBJICTBOPUTEIHLHOY)
Huodienuii nopoe sévinonnenus 3adanus 6 npoyermax: 50
Onucanue xapakmepucmuxu ebinoanenus snanus: OueHka "yJIoBIeTBOPUTENHHO" BBICTABIISETCS
€CIIH 3a/IaHue MMPEUMYILIECTBEHHO BHITIOJIHEHO

Oyenka: 2 («<HEYJTOBIETBOPUTEITHEHOY)
Onucanue xapakmepucmuku eoinonenus 3uanus: OleHKa "HeyJ0BIEeTBOPUTEILHO" BICTABISETCS
€CJIM 33JIaHUE BBITOJIHEHO HEBEPHO HITU TIPEUMYIIECTBEHHO HE BBIMOJTHEHO

KM-8. KM-8 3amura pedepara

®opmbl peanu3anuu: BeicTymienue (qoxman)
Tun koHTpoaBLHOr0 Meponpusitus: Pedepar
Bec konTposbHoro meponpusitusi B BPC: 20
IIpoueaypa npoBeeHNs KOHTPOJIBLHOI0 MePONPUATHS: 3aiuTa pedepaTa JOKIAJI0M.
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Kpatkoe cogep:xanue 3aganus:
TEMA: CoBpeMennsbie naturiku XXXXXX, UX NPUHIMN ACHCTBHS, CXEMbI BKIIFOUEHUS,
MOTPEITHOCTH U3MEPEHUS, TMHAMUYECKUE XapaKTePUCTUKH, aHAIU3 PHIHKA U YCIOBUS
MIPUMEHEHUS.
XXXXXX — 3ameHseTcs Ha TUII JaTYMKA., HAIIPUMEP, MEXaHUYECKUE JaTYMKU YCKOPEHHS,
MOJYNPOBOIHUKOBBIC JATYUKHU TEMIIEPATYPhI, TCH30PE3UCTUBHBIC TATYUKU JTABJICHUS U T.I.

KOHTpOJILHLIe BOHpOCbI/SaL[aHI/Iﬂ:

3arIaHMpoBaHHBIC  pe3ynbTaThl  00y4deHHMs 10 | Bompocsl/3amanust 1uis mpoBepKH
JMCIUIIIIMHE

3HaTh: HOMEHKJIATypy, KOHCTPYKLUH U TPUHIUII 1.3HaHue yCTOOMCTBA , HOMEHKIATYPHI,
JeMcTBUS  JaT4YMKOB,  IpeoOpasoBarene U creun(rUKy NpUMEHEeHUs 1aTYUKOB
JIEKTPOJIOB, B TOM YHUCIE U MEIUIIMHCKOIO

Ha3HA4YEHUs

OnucaHue MKAJbI OLleHUBAHUS:

Oyenka: 5 (KOTITUIHOY)
Huoicnuii nopoe svinonnenus 3aoanus 6 npoyenmax: 90
Onucanue xapakmepucmuku blnonenus 3nanus; OueHka "oTIMYHO" BBICTABIISIETCS €CIIU 3aJJaHue
BBITIOJIHEHO B MOJHOM 00BEME HJIM BBIITOJTHEHO MPEUMYIIIECTBEHHO BEPHO

Oyenka: 4 («X0OpOIIO»)
Huoicnuii nopoe evinonnenus sadanus 6 npoyenmax.: 10
Onucanue xapakmepucmuxu evinonenus 3Hanus: OleHKa "Xopoo" BEICTaBISAETCS €ClIU
OOJIBITMHCTBO BOIPOCOB PACKPHITO. BBIOPAHO BEPHOE HANIPABIICHHE /ISl PEIICHUS 3a/1a4

Oyenxa: 3 («yAOBIETBOPUTEIHHOY)
Huoicnuii nopoe evinonnenus 3aoanus 6 npoyenmax.: S0
Onucanue xapaxmepucmuxu 6vinoaneHus snanua: OueHKa "y10BIETBOPUTEIBHO" BBICTABIIAETCS
€CJIM 3aJJaHue MPEUMYILIECTBEHHO BHIIIOJIHEHO

Oyenka: 2 («HEyJOBIETBOPUTEIHHOY)
Onucanue xapakmepucmuku vinonnenus snanus: OneHKa "Hey10BIeTBOPUTEIHHO" BHICTABIACTCS
€CJIM 33/1aHUE BBITIOJIHEHO HEBEPHO MJIM MPEUMYILECTBEHHO HE BBIITOJHEHO
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COJIEP)KAHUE OLIEHOYHBIX CPEJICTB IPOMEXYTOYHOM ATTECTAIIUA
8 cemecTp
®opma NPOMeKYTOUYHOM aTTecTalnu: JK3aMeH
IIpumep Onsiera
TectupoBanue B cucreme IIpomeren

L. Ilepeuens Komnemenyuit/uHOUKAMOpPoO8 u KOHMPOAbHBIX 60NPOCO8 NPOBEPKU PE3YIbHIAN 06
0CBOCHUA OUCUUNTUHDL

1. Komnerenmusi/ Unaukarop: MJI-2nk-1 AHAIM3UPYET CUTHAIIBI M JTAHHBIS, OTIPEIEISIET X
BIIUSTHUE HA MTapaMeTpbl OMOTEXHHYECKUX CHCTEM

Bonpocel, 3a1anns
1.1.IloxysneMeHT - 310
1) anexTopn
2) BNEKTPO/IbI
3) 2NeKTPO/Ibl, COETMHEHHBIE MAPAJIIETBLHO
4) 5NeKTPO/Ibl, COCIMHEHHBIE TTOCIIEIOBATEIHHO

2.2.B 3aBHCHMOCTH OT PaCIOIOKEHHUSI OTHOCUTEIFHO KOKHOTO MOKPOBA AJIEKTPO/IbI TIEPBOTO
poJia MOXKHO pa3ieuTh Ha

KO)KHBIE

MIOBEPXHOCTHBIC

BHYTPUTKaHEBbIC

MIOJIOCTHBIE

WUHBa3UBHbIE

MUPOTPATEHBIC

3.3.PaccunTaiiTe KOHTAaKTHYIO Pa3HOCTh MOTEHLIMAIOB HA TPaHHULIE pa3/iesia MeJU U XpoMa
-1,125*10"18

1,125*10"18

-0,8125*10"18

0,825*10"18

4.4.21€KTpOIOM BTOPOTO POJa - HA3bIBAKOT ........

ANEKTPOJ B KOHCTPYKLHUH, KOTOPOIO IMPETYCMOTPEH IMPOBOJHUK BTOPOTO poJAa COAEPKAILNN
OJIHOHMeHHBIﬁ AHHUOH C MaTCpUaJiOM IIOKPBITHUA DJICKTPOaa

ANEKTPOJ B KOHCTPYKLHH, KOTOPOIO IPETYCMOTPEH IMIPOBOJHUK BTOPOTO POJIA COAEpKAITUN
Pa3HOMMEHHBIN aHUOH C MaTEPUAIIOM MOKPBITHSA 3IEKTPO1a

ANEKTPO B KOHCTPYKLUH, KOTOPOTO MPETYCMOTPEH ITPOBOJHUK NIEPBOrO poJa U HE
COAEpIKAIIMI IEKTPOIUTA

ANEKTPO B KOHCTPYKLUH, KOTOPOI'O MPETYCMOTPEH MOIYIPOBOIHHUK IPOBOJHUK

5.



5. J1st nenu ¢ mpsMbIM MTapaMeTPpUUECKUM MpeoOpa3oBaTesieM COOpaHHbBIM IO CXeMe Ha
pucyHke. OnpeneauTb MAaKCUMaJIbHOE 1 MMHUMAJIBHOE 3HaY€HUE OTKJIOHEHUS HalIPSKEeHUsI Ha
BBIXOJI€ TIpeoOpazoBares, i Hanpspkenus ucrounuka DJ(C E=5 B, R0=1 kOm, Ru=2,54
kOmMm, dR=100 Om.

Umin=0.102 B Umax=0.109 B
Umin=0.102 B Umax=0.301 B
Umin=0.255 B Umax=0.301 B
Umin=0.492 B Umax=0.717 B

6.
6. Jlns nenu ¢ npsiMbIM MapaMeTpPUUECKUM MpeoOpa3oBaTeeM cCOOpaHHbIM 110 CXeMe Ha
pucynke. OnpenenuTs MaKCUMalbHOE U MUHUMAJILHOE 3HAUCHHE OTKJIOHEHUS HAIIPSKEHUS Ha

BBIXOJIe TIpeoOpa3oBares, 1 Hanpspkenus ucrounnka JJ{C E=5B, RO=1kOwm, Ru=2,54kOwm,
dR=1000m.

Umin= 0.08 B Umax=0.09 B
Umin= 0.18B Umax=0.19B
Umin= 0.05B Umax=0.07B
Umin= 0.108B Umax=0.109B

7.
7. Jlns nenu ¢ npsSMbIM NapaMeTpUUECKUM MIpeoOdpa3oBaTeaeM cCOOpaHHBIM M0 CXeMe Ha
pucyske. OnpeaenuTh MaKCUMaIbHOE 1 MUHUMAJIbHOE 3HAYCHUE OTKJIOHEHUS HAMPSDKEHUS HA

BbIXOJIe ITpeoOpaszoBarens, 11 HanpshkeHus ucrounuka DJ[C E=5B, RO=1kOm, Ru=2,54xOmM,
dR=5000m.

Umin= 0.285B Umax=0.538B
Umin= 0.108B Umax=0.205B
Umin= 0.345B Umax=0.456B
Umin= 0.914B Umax=1.09B

8.8. Kakoe ycioBue TOJDKHO BBITIOJHATCS JJTsI HAWUTYYINEH CBS3M JaTUYNKA U yCTPOUCTBA, €CITH
3TO U3MEPHUTENBHBIN MpeoOpa3oBaTeah TeHEPATOPHOTO THIIA

Ra=Rsx

/n=7BXx

9.9.ITapameTpuueckuii mpeoOpa3zoBaTENh -3TO

3TO MpeoOpazoBaTeIb C U3MEPUTEIBHBIMHU IETISIMU C AJIEKTPOITUTAHHEM.
3TO MpeoOpa3oBaTeib ¢ U3MEPUTENBHBIMU LIETIIMU 0€3 AJIEKTPOIUTAHUS
00a OTBETa BEPHBI

10.10. MocTt 110 JaHHOU cXeMe IMUTAETCS -
TOKOM

HAIPsPKCHUEM
MMUTAHUC OTCYTCTBYCT
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11.11. Ilpeumy1ecTBa U3MEPUTEIHLHOTO IPUOOPa MPSIMOTO NMPEOOPaA30BaAHUS
IIpocroTa

MakcumanbHOE OBICTPOEICTBYE

OTHOCHUTENBHO 00JIBIIAS HOTPEIIHOCTD

BepHsbl Bce BapuaHThI

MartepuaJbl 1Jisi IPOBEPKH OCTATOYHBIX 3HAHUI
1. IlpuHuun neicTBUs JaTynKa JaBJICHUS .

OTBeETHI:

[TonHbIi nCUepNBIBAIONIUN OTBET
Bepuslii otBet: JlaTynK 1aBICHUS COCTOUT U3 MIEPBUYHOTO IIpeoOpa3oBaTelis AaBlICHs, B
COCTaBE KOTOPOr'0 UYBCTBUTEJIbHBIN 3JIEMEHT — MNPUEMHHUK JABJICHHS, CXEMbl BTOPUYHOMN
00pabOTKM CUTHANA, PA3IMYHBIX HAJl KOHCTPYKIIUU KOPITYCHBIX JIETaJIeH, B TOM YHCIIE JIIS
TEPMETHYHOTO COSAMHEHUS JaTYNKaA C OOBEKTOM M 3aIIUTHI OT BHEIIHUX BO3JICHCTBUM U
yCTpOWCTBa BhIBOAA MH(DOPMAIMOHHOTO cuTHANIA. OCHOBHBIMH OTIMYUSIMU OJTHUX
prUOOPOB OT APYTUX SBJSIFOTCS MPEAebl U3MEPEHUH, TMHAMUYECKUE U YACTOTHBIC
JTMaTna3oHbl, TOYHOCTh PETUCTPALIMH JIaBJICHUSI, IOMYCTUMbIE YCIIOBUS SKCIUTyaTaIllH,
MaccorabapuTHBIC XapaKTePUCTHUKH, KOTOPBIC 3aBUCAT OT IIPHUHIIMIA MPEeoOpa3oBaHuUs
JTABJICHUS B DJIEKTPUYECKHUI CUTHA: TEH30METPUUYECKHM, Tb€30PE3UCTUBHBIN, EMKOCTHBINH,
WHJYKTUBHBIN, PE30HAHCHBIN, NOHU3ALIMOHHBIHN, Tb€30JIEKTPUUYECKUIN U APYTHE.
Tenzomerpudeckuii MeTo1 UyBCTBUTEIIBHBIC 3JICMEHTHI IATYMKOB 0a3UPYIOTCS HA
MIPUHITUATIC U3MEHEHUS COTIPOTUBIICHUS MPH AePOpMaLMKA TCH30PE3UCTOPOB, MPUKICCHHBIX
K YIPYromy 3JE€MEHTY, KOTOPBI epopmMupyercs 1moji AeMCTBUEM JaBICHUS.
[Ibe30pe3ucTuBHbI MeTo1 OCHOBAaH HAa MHTETPAJIbHBIX UYBCTBUTEIIbHBIX 3JIEMEHTAX U3
MOHOKPHUCTAJNIMYECKOTro KpeMHHs. KpemMHueBbie mpeoopa3zoBaTean UMEIOT BHICOKYIO
YyBCTBUTEIHLHOCTH OJIarojaps M3MEHEHUIO YAETbHOTO 00bEMHOTO COITPOTUBIICHUS
TIOJTYIIPOBOTHUKA MTPH 1e(hOPMUPOBAHHUH JaBICHUEM. J[J1s1 H3MEpeHUs JaBICHUS YUCTHIX
HEarpecCUBHBIX CpPeJl MPUMEHSIOTCA TaK Ha3biBaeMble LOw cost — peleHus, OCHOBaHHbIE
Ha MCIOJIb30BAaHUN YyBCTBUTEIBHBIX AJIEMEHTOB JIN0O0 0€3 3alTUThI, TUOO0 C 3alUTOMN
CHJIMKOHOBBIM TeneM. [[71s1 u3sMepeHus arpecCUBHBIX Cpell U OONBITHHCTBA
MIPOMBIIIIJICHHBIX TPUMEHEHUHN UCTIOJIB3YETCs PEe00Pa30BaTENh IABJICHHS B TEPMETUYHOM
METaJIO-CTEKIITHHOM KOpPITyce, C pa3feuTeNbHON AuadparMoi u3 Hep:kaBerollei cTanuy,
nepeaarolieit JaBIeHe U3MEPSIEMOI CpeJibl TOCPECTBOM KPEMHUMOPTaHUUECKOM
KUAKOCTH. EMKocTHBIH MeToz "CepanieM" JaTyuKa JaBJIeHHs ABIAETCS EMKOCTHAS
sueiika. EMKOCTHBI METO/1 OCHOBAH Ha 3aBHCHMOCTH M3MEHEHHs DJIEKTPUUECKON EMKOCTH
MeXay OOKIIaJKaMH KOHJIEHCATOpa U U3MEPUTENBHON MeMOpaHbl OT M0/1aBaeéMOT0
naBneHuss. OCHOBHBIM IPEUMYIIIECTBOM EMKOCTHOT'O METO/Ia SIBJISIETCS 3aIIUTa OT
neperpy3ok (u3M. MemOpaHa Mmpu Neperpy3Ke JOKUTCST Ha CTEHKH «OOKITaIKI»
KOHJIEHCATOPa, JUTUTEIIbHOE BpEMs He TIO/IBEPrasch neopManuu, mpu CHATHU TIEPETPy3KU
MeMOpaHa BOCCTaHABIUBAET UCXOAHYIO (OpMY, TIPH 3TOM JIOTIOJHUTENbHAS KaTMOPOBKa
ceHcopa He TpeOyeTcs), TakKe 00eCIIeunBaeTCs BRICOKAs CTAOMIBHOCTh METPOJIOTUUECKHIX
XapaKTEPUCTUK, YMEHBIIICHUE BIUSHUS TEMIIEPATYpPHOIH MOTPEIIHOCTHU 3a CYET MAJIOTO
o0BbeMa 3amoTHAOIICH KUIKOCTHA HETTOCPEICTBEHHO B siuelike. Pe3onaHcHBIN MeTon B
OCHOBE METOJIa JIC)KHUT U3MEHEHHE PE30HAHCHOM YaCTOThI KOJIEOIIOIIETOCs YIIPYroro
a7IeMeHTa TpH 1e(HOPMUPOBAHUH €TO CHIION WJIH TaBIICHUEM. DTO U OOBSICHSIET BBICOKYIO
CTaOUIIBHOCTD JATYUKOB M BBICOKHE BBIXO/IHBIE XapakTepucTuku mpudopa. K
HEJIOCTaTKaM MO>KHO OTHECTH WHIAMBUIYATBHYIO XapaKTEPUCTUKY TIPEOOpa30BaHUS
JABJICHUS1, 3HAUUTEIbHOE BPEMs OTKJIMKA, HEBO3MOKHOCTh IPOBOJUTH U3MEPEHUS B
arpeccUBHBIX cpefiax 0e3 MoTepy TOYHOCTH MOoKa3aHui mpudopa. MHIyKTUBHBIN METO
OcHOBaH Ha PETUCTPAIIMU BUXPEBHIX TOKOB (TOKOB DyK0). UyBCTBUTENBHBIN dJIEMEHT
COCTOUT U3 JIBYX KaTyIICK, H30JIMPOBAHHBIX MEXTy COO0 METAUTMUECKUM SKPAHOM.
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[IpeoOpa3zoBarens U3MEpPSIET CMENICHHE MEMOPAHbI PU OTCYTCTBUU MEXAHHUYECKOTO
KOHTaKTa. B karymikax reHepupyercs 3JeKTpUUECKUM CUTHAJI IEPEMEHHOTO TOKA TAKUM
o0pa3om, 9TO 3apsi U pa3psii KaTyIIeK MPOUCXOIUT Yepe3 OJJMHAKOBBIC MPOMEKYTKH
BpemeHH. [Ipu oTkIioHeHnH MeMOpaHbl co371aeTcs TOK B (PUKCUPOBAHHONW OCHOBHOM
KaTyIIKEe, YTO MPUBOJIUT K U3MEHEHUIO UHYKTUBHOCTU cUCTEeMbI. CMellleHne
XapaKTePUCTHK OCHOBHOM KATYILKH JTa€T BO3MOXKHOCThH IIPE00Pa3oBaTh JaBICHUE B
CTaHJIapTU30BAaHHbBIA CUTHAJL, 10 CBOMM IapaMeTpaM MpsMO NPOIMOPLUHUOHATIbHBIN
MIPUJIOKEHHOMY J1aBlIeHUI0. MOHM3anmOHHBIM MeToJ B OCHOBE JIEKUT IPUHIUI
pEerucTpanuy MOTOKa MOHU3UPOBAHHBIX YACTHUII. AHAJIOTOM SIBJISIFOTCS JIAMIIOBBIE JTUOJIBI.
Jlamnia ocHallleHa JByMs 3J1€KTPOIaMH: KaTOJIOM M aHOJIOM, — a TaK)Ke HarpeBaTesnem. B
HEKOTOPBIX JIaMIIaxX IOCJIEJHUN OTCYTCTBYET, UYTO CBSA3aHO C UCIIOJIb30BaHUEM OoJiee
COBEPILIECHHBIX MAaTEPUATIOB JJIs 3JEKTPOAOB. [IpenmyIecTBOM TakuX JIaMII SBJISIETCS
BO3MOXXHOCTh PETUCTPUPOBATH HU3KOE JAAaBJICHUE — BIUIOTH J0 TITyOOKOT0 BaKyyma C
BBICOKOW TOYHOCTHIO. OJTHAKO CIEAYET CTPOrO YUUTHIBATh, UTO MOA00HBIE TPUOOPHI
HEJIb3s1 OKCIUTYaTHPOBaTh, €CIIM AAaBIICHHE B Kamepe O113Kko k atmochepromy. [loatomy
nmoo6HbIe Mpeodpa3zoBaTesid HEOOXOJUMO COUETaTh C IPYTMMHU JaTYUKaMH JTaBJICHHUS,
HaIrpuMep, EMKOCTHBIMH. 3aBUCUMOCTb CUTHAJA OT JaBJICHUS SBIISCTCA
norapudmudeckoit. Ilbe303mekTpuueckuii MeTo B oCHOBE JISKUT IPAMOi
MTbE30AICKTPUICCKUH 3P PEKT, MPU KOTOPOM ITBE303JIEMEHT IT'€HEPUPYET IEKTPUICCKUN
CUTHAJI, TPONOPLMOHANIbHBIN AEHCTBYIOIIEH HAa HETO CUJIE UJIN JaBJICHUIO.
[Ipe3035eKTpUUECKE TaTYUKHU UCTIONB3YIOTCS JIJIsl U3MEPEHHS OBICTPOMEHSIFOLITUXCS
aKyCTHMUYECKUX M UMITYJIbCHBIX JaBICHUN, 00IaIal0T IIMPOKUMU TUHAMUYECKUMH U
YaCTOTHBIMHU JUANa30HAMU, UMEIOT MAJIYI0 MacCy U TrabapuThl, BRICOKYIO HaIKHOCTh U
MOTYT UCIIOJIb30BaThCA B JKECTKUX YCIOBHSX SKCIUTyaTal[Uu.

2. [TpuHIATI JEHCTBHSI aKCEIEPOMETPA.

Bepubriit otBeT: Akcenepometp (nat. accelero — yckopsito u ap.-rped. HeTPE®
«U3MEPSI0Y») — MPUOOP, UIMEPSIOIMINN TPOSKIINIO KAKYIIErocs YCKOPEHUs (Pa3HOCTH
MEXy UCTUHHBIM YCKOPEHHEM O0BEKTa U TPaBUTAIMOHHBIM yYcKopeHueM). Kak mpaswuiio,
aKcelepoMeTp MpeaACTaBIsieT cO00i UyBCTBUTENBHYIO MAacCy, 3aKpEIUIEHHYIO B YIIPYTOM
noaBece. OTKIIOHEHUE MACChI OT €€ TIEPBOHAYATILHOTO TTOJIOKEHUS TTPU HATUYUHU
KaXXYIIErocs yCKOpeHus: Hec€T nH(OPMAIIHIO 0 BEIUYUHE 3TOT0 ycKkopeHus. [lo
KOHCTPYKTUBHOMY MCTIOJTHEHHUIO aKCEIEPOMETPHI MOAPA3ACISIIOTCS Ha
OJIHOKOMITOHEHTHBIE, IBYXKOMITIOHEHTHBIE, TPEXKOMIIOHEHTHBIE. COOTBETCTBEHHO, OHU
MO3BOJISIIOT U3MEPSITH MIPOCKITUU KaXKYIIETOCs YCKOPEHUsI Ha OJIHY, 1B U TPH OCH.
HekoTopsie akcenepoMeTphl Tak)ke UMEIOT BCTPOEHHBIE CUCTEMBI cOopa u 00paboTku
JTAHHBIX. DTO TMO3BOJISIET CO3/1aBaTh 3aBEPIIEHHBIE CUCTEMBI JJIsl U3MEPEHUs YCKOPEHUS U
BUOpanuu co BceMu HeoOxonuMbeiMu dnemenTamu. Copaepkanue 1IIpumenenue

2 Axcenepometp B ycioBusix HeBecomocTH 3I1apamerpst 41lorpemnoctu SIlpumedanus
6Ccpuiku [Ipumenenne AkcenepoMeTp MOXKET MPUMEHSTHCS KaK JJI1 U3MEPEHUS
MPOEKITUNA a0COIFOTHOTO IMHEWHOTO YCKOPEHHUS (€CJIM U3BECTHBI BEIMUYUHA U HAIIPaBJICHUE
IPaBUTAIMOHHOTO YCKOPEHUS B IaHHOM TOYKE MPOCTPAHCTBA), TAK U TSI KOCBEHHBIX[ 1]
M3MEPEHUH MPOEKIINH TPAaBUTAIIMOHHOTO YCKOPEHUs (MMPH HEMOABHUKHOCTH
aKcelepoMeTpa B rpaBUTallMOHHOM noJe). [lepBoe CBOMCTBO UCTIONIB3YETCS AJIsSL CO3/IaHUS
WHEPIUATbHBIX HABUTAIIMOHHBIX CUCTEM, TJI€ MOTYYEHHBIE C IIOMOIIBIO aKCEIEPOMETPOB
MU3MEPEHUS] UHTETPUPYIOT, MOTy4Yas HHEPLUUATIBHYIO CKOPOCTh U KOOPAUHATBHI HOCUTES.
Takum 006pa3om, akcenepoMeTphl, HapaBHE C THPOCKOIIAMH, SBIISIOTCS HEOThEMJIEMBIMHU
KOMIIOHEHTaMH CHUCTEM HABUTALIMH U YIIPaBJICHUS CAaMOJIETOB, PaKeT U APYrUX
JIeTaTeIBHBIX arllapaToB, KOpadsei 1 MOIBOIHBIX JIOJOK. BTOpoe cBONCTBO O3BOISET
HCII0JIb30BaTh aKCEIEPOMETPHI KaAK JJI U3MEPEHUS YKIOHOB, TO €CTh B KAYECTBE
WHKJIMHOMETPOB, TaK U B TPAaBUMETPUH. AKCEIEPOMETP B MPOMBIIIICHHON
BUOPOJMArHOCTHKE SIBISIETCS BUOPOIIpeoOpa3oBareieM, M3MEPSIONIUM BUOPOYCKOPEHHE B
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crcTeMax Hepa3pyIIaloero KOHTPOJIS U 3alUThl. AKCEIepOMETPhl UCTIOIb3YIOT B
cucTeMax yIpaBJIeHHs! )KECTKUX IUCKOB KOMIIBIOTEPOB [T aKTUBALIMM MEXaHU3Ma
3alIUTHI OT MOBPEXKICHUH (KOTOPBIE MOTYT OBITh IOJIyYEHBI B PE3YJIbTATE yIApOB U
naJIeHui): pearupys Ha BHE3allHOE U3MEHEHHE YCKOPEHNUs, CUCTEMa OTHAET KOMaHy Ha
OCTaHOBKY T'OJIOBOK )KECTKOT'O IMCKA, YTO TIO3BOJISIET MPEAOTBPATUTH MOBPEXKICHHE JHCKA
U TIOTEPIO AAHHBIX. Takas TEXHOJIOI'UA 3alUThl UCIOIb3YETCs] B OCHOBHOM B HOYTOYKax,
HeTOyKax M Ha BHEIIHUX HAKOMUTEINAX. AKCEIepOMETPHI, BCTPOSHHBIE B aBTOMOOMIIbHBIE
BUJIEOPETHCTPATOPBI, PA3INYAIOT TPEBOKHBIE COOBITHS, TAKHE KAK PE3KOE TOPMOKEHHUE,
YCKOpEHHUE, CTOJIKHOBEHUE, PE3KKUE TTIOBOPOTHI U BpallleHHEe. DTH COOBITHS 3aIIHCHIBAIOTCS
BUJICOPETHCTPATOPAMH B OT/ENbHBIN (haiisl, TOMeYaroTcs CrielualbHbIM MapKepoM U
3alIUIIAIOTCS OT CIIy4aifHOTO CTHpAHMS U Tepe3anucu. B ycTpoicTBax ynpaBieHHS
UTPOBBIX IPUCTABOK AKCEIEPOMETP, COBMECTHO C THPOCKOINOM|YTOUHUTB |, UCIIOIb3YIOTCS
JUIsL yIIpaBIeHHs B UTpax 0e3 UCIOIb30BaHUs KHOIIOK — ITYTEM TOBOPOTOB B
IIPOCTPAHCTBE, BCTPSAXUBaHUi U T. 1. Hanpumep, akcenaepoMeTp NpUCYTCTBYET B UTPOBBIX
koHTpoJutepax Wii Remote u PlayStation Move. Kpome Toro, nudposie akceaepoMeTpbl
HAIlIM LIMPOKOE MPUMEHEHUE B MOOMIIBHBIX YCTPOMCTBAX, HapuMep, TeaedoHax,
TUTAHIIETHBIX KOMITBIOTEpax U T. 1. braronaps akcenepomeTpam OCyIIeCTBISETCS
yIIpaBJIeHHUE 10JI0’KEHHEM U300pakeHHsI HA MOHUTOPE MOOMIIBHOTO YCTPOIMCTBA U
OTCJIOKMBAHHUE €TO OPUEHTALMU OTHOCUTEIHHO HAIIPABIICHHS TPAaBUTAIIHOHHOTO
yckopeHus 3emnn[2]. AkcenepoMeTp B YCIOBUSAX HEBECOMOCTH B yciI0BUsX HEBECOMOCTH
WCTHHHOE YCKOPEHUE 00bEKTa BHI3BIBACTCS JIUII IPABUTAIIMOHHON CHUJION M TOTOMY B
TOYHOCTH PaBHO I'PaBUTALIMOHHOMY YCKOpeHHI0. TakuMm 00pa3zoMm, Kaxylleecs: yCKOpeHHUe
OTCYTCTBYET M IIOKa3aHUs JTI000Tr0 aKceJIepoMeTpa paBHbI Hymo. Bee cucremsl,
HCHOJIb3YIOUINE aKCeIePOMETP KaK JaTYMK HAKIIOHA, IPEKPALaoT (QyHKIIMOHUPOBATb.
Hanpuwmep, niuaHmeTHbIH KOMIBIOTEP HE U3MEHSET MOJI0KEHHE N300pKEHUS TTPU
nepeBopote kopryca[3] . Ilapamerpsl OCHOBHBIMU MapaMeTpaMu aKcenepomMeTpa
aBIsitoTCs: MacmTaOHbi K03 duuneHT — K03hGUIueHT NponopIHOHATHFHOCTH IS
JMHEWHOW 3aBUCUMOCTH MEX]Ty U3MEPSIEMbIM KaXKYIIUMCSl YCKOPEHUEM U BBIXOJIHBIM
CUTHAJIOM (3JIEKTPUYECKUM CUTHAJIOM, YaCTOTOM KoJieOaHu (A1 CTPYHHOIO
akcenepomerpa) win HUPppoBsIM KojioM). Paboumnii nuanaszon yactot. [Toporosas
JYBCTBUTEIHHOCTH (pa3pelieHne) — BeTMINHA MHHUMAIBHOTO N3MEHEHHS KaXXyIIeToCs
YCKOPEHUs1, KOTOpOE CIIOCO0EH onpeAeauTh npubop. CMerieHne Hyls — pa3HOCTb MEXIY
MOKa3aHUSAMHU PUOOpPa U MPOEKIKEH TPaBUTAIIMOHHOTO YCKOPEHHSI Ha OCh
YyBCTBUTEIBHOCTH ITPU HYJIEBOM KaxKyleMcsi yckopenuu. Cinydaiinoe Oiry>kaaHue —
CpeIHEKBAIPaTUIHOE OTKJIOHEHHE OT CMEIICHUs Hyis1. HemnHeHHOCTh — OTKIIOHEHHE
3aBHCUMOCTH MEX/y BBIXOJAHBIM CUTHAJIOM M KaXYIIMMCSl YCKOPEHUEM OT JTMHEWHOW Npu
M3MEHEHHH Kaxyierocs: yckopenus. [Torpemroctn Ha BenmuunHy BBIXOIHOTO CHUTHAIA
aKcellepoMeTpa B OCHOBHOM BJIMSIOT: TeMIIepaTypa OKpYXarollei cpesibl U MecTa
KpETUICHHsI akcelepoMeTpa (TeMIepaTypHbIe MOTPEUTHOCTH); BHEITHUE MarHUTHBIE TTOJIS
(OTpenHOCTH OT MAarHUTHOTO MOJIs); BUOpAIMs U YIIIOBBIE KOJIEOAHUSI OCHOBAHUS
(BUOpaIMOHHBIE MOTPEIIHOCTH ); YACTOTHBIE XapaKTEPUCTUKHU aKcelepoMeTpa (YacTOTHBIE
MOTPELIHOCTH); TUCTEPE3UC NMOKA3aHUH (0/IHA U3 COCTABIIAIONIUX HEIMHEHHOCTH).

3. YUto takoe yucio PeitHonbaca.

Bepusiit otBet: Uncno Péitnonsaca ({\displaystyle \mathrm {Re} }\mathrm{Re}), —
Oe3pa3MepHasi BeIMUMHA, XapaKTEPHU3YIOIasi OTHOIICHNE WHEPIIMOHHBIX CUJI K CHJIaM
BSI3KOT'O TPEHUS B BSI3KUX JKUIKOCTAX W razax[1]. Uucno PeliHonbaca Takxke sBiseTCS
KpUTEpHUEM MOI00Us TeUSHHMsI BI3KOH )XUIKOCTH. Hampumep, 1S MpsSMBIX TIAIKUX TPYO
KpUTHYECKOE 3HaueHue kputepus Peitnonpaca {\displaystyle

{\text{Re}} {\text{xp}}\cong 2300}{\displaystyle {\text{Re}} {\text{xp}}\cong 2300},
a nBrokeHue xuakoctu npu {\displaystyle

{\text{Re}}<{\text{Re}} {\text{xp}}}{\displaystyle
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{\text{Re}}<{\text{Re}} {\text{kp}}} Oymet ycroitunBoe samuHapHoe. J[BrmxeHu1e npu
ycnosun {\displaystyle {\text{Re}}>{\text{Re}} {\text{xp}}}{\displaystyle
{\text{Re}}>{\text{Re}} {\text{kp}}} cranoBuTCS TYypOYJICHTHBIM (TaK}KE €TO HA3bIBAIOT
HEYCTOWYHMBBIM TYPOYJICHTHBIM WM TIEPEXOIHBIM), & YCTOWYHUBBIN TYpOYICHTHBIN
XapakTep MOTOK uakocTu nmpuodperer npu {\displaystyle
{\text{Re}}>10"{4}}{\displaystyle {\text{Re}}>10"{4}}[2]. Conep:xanue
10npenenenue 2Axyctuyeckoe uncio Peitnonbaca 3duznueckuii cmbicn 4l lpumeuanus
SJluteparypa Onpenenenne Hucio PeitHosbaca onpenensercs cieayronuMu
coornomenusimu: {\displaystyle \mathrm {Re} ={\frac {\rho vD_{\Gamma }}{\eta
H={\frac {vD_{\Gamma }}{\nu }}={\frac {QD_{\Gamma }}{\nu A}}, }{\mathrm
{Re}}={\frac {\rho vD_{\Gamma }}{\eta }}={\frac {vD_{\Gamma }}{\nu }}={\frac
{QD_{\Gamma }}{\nu A}}, rme {\displaystyle \rho }\rho — mnotHocTs cpenpl, Kkr/m3;
{\displaystyle v}v — xapakrepnas ckopocts, M/c; {\displaystyle D_{\Gamma
HD_{\Gamma } — rugpasnuueckuii tuamerp, M; {\displaystyle \eta }\eta —
JMHAMUYeCKas BA3KOCTh cpenbl, [1a-c wiu kr/(m-c); {\displaystyle \nu }\nu —
KuHeMaTHueckas Bsa3kocTh cpeabl ({\displaystyle \nu =\eta /\rho }{\displaystyle \nu =\eta
N\rho }), m2/c; {\displaystyle Q}Q — o6wémHbIi pacxox noroka, m3/c; {\displaystyle A}A
— IUIOINA/b CEUYCHUS KaHalla, HalpuMmep, TpyOosbl, M2. [l Kax10ro BUIa TCYCHUS
CYILIECTBYET KpUTHUECcKoe uucio PeitHonbaca, {\displaystyle

{\text{Re}} {\text{xp}}} {\displaystyle {\text{Re}} {\text{kp}}}, kak mpHHSATO CUHTATH,
OTpeIeIIsIeT MePEX0/1 OT JIAMUHAPHOTO TeueHus K TypOyinentHomy. [Ipu {\displaystyle
{\text{Re}}<{\text{Re}} {\text{xp}}} {\displaystyle

{\text{Re}}<{\text{Re}} {\text{xp}}} TeueHue npOUCXOAUT B TAMHHAPHOM PEKUME, IPH
{\displaystyle {\text{Re}}>{\text{Re}} {\text{xp}}} {\displaystyle
{\text{Re}}>{\text{Re}} {\text{kp}}} BO3MOXHO BOSHUKHOBEHHE TYypPOYJICHTHOCTH.
Kputnueckoe 3nauenue yrcia PeliHobIca 3aBUCUT OT KOHKPETHOTO BUJIA TEUCHUS
(Hanmpumep, TeYeHUE B KPYyTriiou Tpyde, 00TeKaHue mapa v T. 11.), pa3aTudHbIMUA
BO3MYIICHUSMH TIOTOKA, TAKUMH KaK U3MECHCHHE HAIPABJICHUS © MOJTYJISl BEKTOPA
CKOPOCTH TTOTOKA, IIEPOXOBATOCTH CTEHOK, OJM30CTh MECTHBIX CYKEHHI KaHaJla H JIp.
Hampumep, nms Teuenus (Tounee, sl CTAIIMOHAPHOTO U30TEPMUYECKOTO MOTOKA)
KHUIKOCTH B TIPSIMOH KpyTJIol TpyOe ¢ oueHb riagkuMu crernkamu {\displaystyle
{\text{Re}} {\text{xp}}\simeq 2100\Idots 2300}{\displaystyle

{\text{Re}} {\text{xp}}\simeq 2100\Idots 2300}[3]. IlIpu 3HaucHusx Re BbIme
KPUTHUYECKOTO U JI0 ONPeAeEHHOT0 Mpeieia HaOMaaeTcs IePeXoIHOM (CMEIIaHHBbIH )
PEXUM TEUCHHUS )KUIKOCTH, KOT/1a TypOyJIeHTHOE TeueHue 0ojiee BEpOsSTHO, HO
JJAMHHAPHOE B HEKOTOPBIX KOHKPETHBIX CITyYasx TOKE HAOJI0IaeTCsI — TaK Ha3bIBacMast
HeycToiumBas TypOynenTHocTh. Hucmy {\displaystyle

{\text{Re}} {\text{xp}}>2300} {\displaystyle {\text{Re}} {\text{xp}}>2300} B TpyOax
COOTBETCTBYET rnepexoauoi uatepsai 2300—10000; s npuMepa ¢ TeUeHHEeM B TOHKHX
iénkax — uHTepBan ot 20—120 no 1600. [[ns rasos {\displaystyle

{\text{Re}} {\text{xp}}}{\displaystyle {\text{Re}} {\text{xp}}} mocturaercs npu
3HAYUTEIIBHO OOJIBIINX CKOPOCTSIX TCUCHHS, YeM Y )KUKOCTEH, TOCKOJIBKY Y MEPBBIX
CYLIECTBEHHO 00JIbIlle KUHeMaTndeckas Bsi3kocThb (B 10—15 pa3). Kputepuii Ha3BaH B
4ecTh BbIJAIoIerocs anriuickoro ¢pusnuka OcbopHa Peitnonpaca (1842—1912), aBropa
MHOTOYHCIICHHBIX THOHEPCKUX paboT Mo THIPOAMHAMHUKE. AKYCTHYECKOE YUCIIO
PeitnHonbaca B akyCTUKe NTONIB3YIOTCS YUCIOM PeliHoubaca 11 KOJIMYECTBEHHON
XapaKTePUCTHKU COOTHOIICHHS HeJTMHCHHBIX U JUCCUTIATUBHBIX WICHOB B YPaBHCHUH,
OIHCHIBAIOIIEM PACTIPOCTPaHEHUE BOJIHBI KOHEYHON aMIUIUTYbI[4]. B aTOM ciydae uncio
Petinonsaca npuanmaet ciaenyrommil Bua: {\displaystyle {\text{Re}} {\text{a}}={\frac
{\rho c_{0}V}{\omega b}},H{\displaystyle {\text{Re}} {\text{a}}={\frac {\rho
c_{0}VH\omega b}},} rae {\displaystyle \rho }\rho — mroTHOCTH Cpems, Kr/M3;
{\displaystyle V}V — ammuryna konebatensHoii ckopoctu, M/c; {\displaystyle \omega
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Homega — kpyrosas uactota, pan/c; {\displaystyle c_{0}}c_{0} — ckopocths 3ByKa B
cpene, m/c; {\displaystyle b}b — nmapamerp muccumanuun. ®@usudeckuii cMbica Yuciao
PeitHonbaca ecTh Mepa OTHOLIEHHS CUJI MHEPLUHU, JEUCTBYIOIIMX B IIOTOKE, K CHJIaM
Bsi3koctH. [InotHOCTh B uncaurene Bepaxkenus {\displaystyle \mathrm {Re} ={\frac {\rho
vD_{\Gamma }}{\eta }}={\frac {vD_{\Gamma }}{\nu }}}{\mathrm {Re}}={\frac {\rho
vD_{\Gamma }}{\eta }}={\frac {vD_{\Gamma }}{\nu }} xapakrepusyer nHepuuio
YaCTHII, IPETEPIICBAIOIIMX YCKOPEHHE, a BEJIMYNHA BI3KOCTH B 3HAMCHATEIIC
XapaKTepU3yeT CKIOHHOCTh KHIKOCTH MPEIATCTBOBATh TAKOMY YCKOpEHH0. Takxke
yrcio PeitHobica MOKHO paccMaTpUBaTh KaK OTHOIICHUE KHHETUYCCKON SHEPTHH
KHUKOCTH K IOTEPSAM SHEPTUH Ha XapaKTePHO JTuHE (BBHY BHYTPSHHETO TPEHUS).
Ecnu y moToka 4rcio PeitHob/ica MHOTOKPATHO MPEBBIIIACT KPUTUIECKOE, TO KHIAKOCTb
MOYKHO pacCMaTpHUBaTh Kak UACANbHYI0. B TakoM ciiydae BA3KOCTBIO KUAKOCTH MOXKHO
npeHeOpeyb, Tak KaK TOJIIIMHA OMPAHHYHOTO CJIOS Majla [0 CPABHEHUIO C XapaKTEPHBIM
pa3MepoM IpoIiecca, TO €CTh CHIIbI BA3KOTO TPEHHSI CYIIECTBEHHBI TOJILKO B TOHKOM CIIOE,
B ITIOTOKE HA0JIF0IaeTCs pa3BUTas TYpOYJIECHTHOCTb.

4 TTpuHImI AeHCTBUS YIbTPA3ByKOBOIO pAacX00Mepa.

BepHblii 0TBET: YIbTpa3ByKOBBIMHU PACXOJOMEPAMU Ha3bIBAKOT PACXOJOMEPHI, IPUHLIUIL
paboTHI KOTOPBIX OCHOBAH B NMPOX0XKIEHUH YIbTPAa3BYKOBOW BOJHBI Y€PE3 MOTOK
KUJIKOCTH WK Ta3a. YIbTPa3ByKOBBIE pacX0JIOMephl pabOTalOT B JHana3oHe 4YacToT OT
20k mo 1000 MI'u. [l mpoXo>kAeHHSI BOJIHBI M €€ HHTEPIPETAIlMA HEOOXOTUMBI
IIPUEMHUK U [EepeaTuiK, KOTOpble 00JIaat0T be303IeKTpuiecKuM 3pdexrom. Takum

s dexToM 00IaTar0T CIIEAYIONIIEe MAaTepHAIIBI KBAaPIl, TYPMAaJIMH, TapTpaTa Kaus,
cynbdara JIUTHs, TATaHAT Oapus, IUPKOHAT TUTaHaTa CBUHIA. [lomermas
MIbE30IEKTPUUYECKUI KPUCTAJII B AJIEKTPUUECKOE I10JI€ yIpyras Aepopmaliysi BbI3bIBaeT
YMEHBILIEHUE WIN YBEINYEHHE €r0 JJINHBI B COOTBETCTBUHU C BEJIMYMHOW U HAIPABICHUEM
MOJISIPHOCTH MOJSA. Y JIBTPa3ByKOBOM pacxoaomep it KOHTPOJIA pacxoja U yu€ra BOAbl U
TEIIOHOCUTENS ¢ 60-X TO0B MPOLIOTO BEKA B IPOMBIIIIEHHOCTH IPUMEHSIOTCS
yIIbTPa3BYKOBBIE (aKyCTHUECKHE) pacxooMephl. HeocriopumMble 10CTOMHCTBA
YIBTPAa3BYKOBBIX PaCX0JOMEPOB: MAJIOE UJIU MOJIHOE OTCYTCTBHE I'MIPaBIMYECKOIO
COIIPOTHUBIIEHUS, HAJIEXKHOCTh (TaK KaK HET MOABM)KHBIX MEXaHUUYECKUX 3JIEMEHTOB),
BBICOKasi TOYHOCTb, OBICTPO/IeHCTBIE, TOMEXO3AUIEHHOCTh — ONPENEIMIN UX HIMPOKOe
pacnpoctpaHenue. CyliecTBYIOT TPU OCHOBHBIE METOAMKH OIPEIEICHHS pacxoaa
KHUJIKOCTU IIPU IOMOLIM yJIbTpa3ByKa: I3MepeHue pacxona NpUpOJHOIo rasa B
ra3oXpaHwInIIe yIbTPa3ByKOBBIMH PacX0J0MEPAMH BpeMS-UMITYJIbCHBIA METO
(¢azoBoro casura), JOIIEPOBCKUE PACXOAOMEPHI, METO/ CHOCA YJIbTPa3ByKOBOTO CUT'HAJIA
(xoppensunonHbsiit). [Ipuniun usmepenust IlpuHuun yasTpa3ByKOBOrO U3MEpPEHUS
pacxozaa [IpuHIMN 1eHCTBUSA YIABTPa3BYKOBBIX PACXOJOMEPOB OCHOBAH HA U3MEPEHUH
Pa3HUIBI BO BPEMEHU MTPOXOKAEHUS curHana. [Ipu 3ToM 1Ba yabTpa3ByKOBBIX CEHCOPA,
pacroyio’KeHHbIE 110 TMaroHaiIy HallpOTHB JIPYT Apyra, (yHKIIMOHUPYIOT ONEPEMEHHO
KaK M31y4areiab U NpuéMHUK. Takum 00pa3oM, aKkyCTUYECKU CUTHAM, TO0YEPETHO
reHepUpyeMBbIii 000MMHU CEHCOpPaMHU, YCKOPSETCs, KOT/1a HalpaBJieH 110 MOTOKY, U
3aMeIIAeTCs, KOrJa HalpaBJIeH POTUB MTOTOKA. Pa3HHIIa BO BpEMEHH, BO3ZHUKAOIIAS
BCJIEJICTBHE IPOXOXKICHHUS CUTHAJA IO U3MEPUTEIIEHOMY KaHaly B 00OMX HalpaBJICHUSX,
MIPSIMO IPOITOPIMOHAIBHA CPETHEN CKOPOCTH NOTOKA, HA OCHOBAaHUU KOTOPOH MOKHO
3aTeM paccyuTaTh OOBEMHBIN PAcXoi. A HCIOIb30BaHUE HECKOIBKUX aKyCTUYECKUX
KaHAaJIOB MO3BOJISIET KOMIIEHCUPOBATh UCKaXEHUS NMpouuis moToka. KoHCTpyKius
yIBTPa3BYKOBBIX pacxogoMepoB IIpeoOpa3oBatelnb yabTpa3ByKOBOIO pacxoaomepa
COCTOMT U3 OTpe3Ka TpyObl, Ha KOTOPOM YCTaHOBJIEHBI ITbE€303JIEMEHTHI. JlnameTp
MbE303JIeMEHTa HaXOAUTCS B Mpenenax 5-20 MUITMMETPOB, a ero TOJIIMHA BEIOUpaeTcs B
3aBHCHMOCTH OT YaCTOTHI. B 4aCTOTHBIX U BpeMsI-UMITYJIbCHBIX PACXOAOMEpPAX ISt
MOBBIIIEHUS! TOYHOCTU U3MEPEHHH NCTIOIB3YIOT 4acTOThl 5-20 MI'1. O6BIYHO B
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KHUAKOCTAX MpuMeHstoTcs 9acToThl 50 KI['m — 2 MI't. B ra3oBbeIX cpenax He0OX0aUMO
YMEHBIIIATh YaCTOTHI 10 COTEH U IECITKOB KI 11, 7TO BBI3BaHO CJIIOKHOCTHIO CO3/IaHUS B
ra3ax MHTEHCUBHBIX aKyCTHUECKUX KOJIeOaHMIA, 0COOCHHO BBHICOKOM YaCTOTEHI.

5. IIpuHIMI TOCTPOCHHUSI BI3KO3UMETPA.

BepHnbrii oTBeT: Bucko3umeTp (0T mO3AHENAT. ViSCOSUS — BSA3KUIN) — MPUOOP IS
onpeeaeHusl JMHAMUYECKON WM KHHEMAaTUYECKOM BA3KOCTH BelecTBa. B cucreme
enunul CI'C u B8 CH quHaMuueckasi BA3KOCTbh U3MEPSAETCSl COOTBETCTBEHHO B Iyaszax (II) u
nackaib-cekyHnaax (Ila-c), kuHemaTndeckas — COOTBETCTBEHHO B cTokcax (Ct) u
KBaJ[paTHBIX METpax Ha cekyHuay (M%*/c). Conepxanue 1Pa3HOBUIHOCTH BUCKO3UMETPOB
1.1Kanwuisapubie BUCKO3UMETPHI 1.2PoTtarimonneie Bucko3umeTpsl 1.3Bucko3zumerp ¢
JOBUOKYITMCS (TTAJA0IIHNM) IapukoM 1.4BucKo3uMeTp ¢ BUOPHPYIOIIUM 30HI0M
1.5Bucko3umetp ny3eipbkoBoro tumna 2Cm. takxke 3Ccbuiku Pa3HOBUIHOCTH
BHUCKO3UMETPOB Bucko3zumeTp DHruiepa Juisl ONpeeneHtsl YCIOBHOM BI3KOCTH
Bucko3umeTpsl ObIBaIOT: KAUWJUIIPHBIMU, POTALIMOHHBIMU, C MAJAIOUIIM IIAPUKOM U
Apyrux TUnoB. KanwuisspHele BUCKO3UMETPHI I IpuHIMI 1eiCTBUSA OCHOBAH Ha MOJICYETE
BPEMEHH MPOTEKAHU 33JaHHOTO 00BhEMA KUAKOCTU Yepe3 Y3KOe OTBEPCTHE UITH TPYOKY,
MpY 33JaHHOM pa3HULE JaBJICHHUI. Halle BCero »uIKOCTh U3 pe3epByapa BHITEKAET MO/
JeficTBHEM COOCTBEHHOTO BeCa, B TAKOM CIIy4ae BSI3KOCTh MPOMOPIHOHAIbHA Pa3HULIE
JaBJICHUN MEXy KUJKOCTbIO, BBITEKAIOIIEH U3 KallUJUIIpa U )KUJKOCThIO Ha TOM K€
YpOBHE, BBITEKAIOIIEH U3 OUeHb TOJICTON TpyOku. Ecnu Tedenue ®uakoctu B mpudope
OCYILIECTBIISETCS TOJIBKO MO JEHCTBUEM TSKECTHU (HAaIIpUMEpP, B BUCKO3UMETPE
Y66emno1e), To pu paboTe KaUUIIPHOTO BUCKO3UMETPA ONPEAesSeTCs] KHHEMaTHUecKas
(He nuHamMu4eckas) BA3KOCTh. C MOMOIIBIO KAMWUIIPHOTO BUCKO3UMETPA U3MEPSIIOTCS
Bs3kocTH oT 10 mkIla-c(ras3er) go 10 klla-c. Mcnonb3yrot Bucko3umetpsl no ASTM D
445(T'OCT 33). Paszmuuarot Bucko3umeTpbl OcTBanbaa, Yoemnoae, Y 6emmone ¢
MOJIBEIICHHBIM ypoBHEM, Buckozumerpsl Kannon-®encke (Cannon-Fenske) — oxuu u3
CaMbIX PAaCIPOCTPAHEHHBIX BBUJIY ITPOCTOTHI U y100CTBa paboThL. [IpennazHadens! s
M3MEpEeHUs] KHHEMaTHUeCKON BA3KOCTH MPO3PAUYHBIX KUAKOCTEH (BUCKO3UMETPhI KOHHOH-
deHcke NPSMOTo TOKA) WIM HEMTPO3payHbIX KUAKOCTeN (BUCKO3uMeTpbl KaHHOH-DeHcke
oOpartHoro Toka). Kak npaBuio pasmepbl 1 KOHCTAaHTHI BUCKO3UMETPOB MPSIMOTO U
o0paTHOro ToKa coBIaAaoT. PoTanMoHHbIE BUCKO3UMETPHI M3MepSIOT AMHAMUYECKYIO
BSI3KOCTh. OJTHO WJIM J1Ba KOAKCUAJIBHO (COOCHO) PACIIOIO0KEHHBIX TeJla BpalleHUs
(IUIMHAPHEI, TUCK, KOHYC, TToirycdepa). [IpocTpaHCcTBO MEKTy HUMH 3aIIOTHSIIOT
UCCIIeTyeMbIM BellecTBOM. [Ipu BpalieHuu 0JHOTO U3 Tel (IBYX OTHOCUTEIBHO JIPYT
Jpyra) BO3HUKAaeT MOMEHT CONPOTUBIIEHUS Aedopmannn xuakoctu. CylecTByoT 1Ba
OCHOBHBIX METOJIa U3MEPEHHUS: U3MEPEHNE MOMEHTA COMIPOTUBIIEHUS AeopManiuu mpu
3aJIaHHOM CKOPOCTH BpAILEHUSI M U3MEPEHNE CKOPOCTH BpAIICHUS Tela OT MPUIOKEHHOTO
(buKCUpPOBaHHOTO KPyTsAIero MoMenTa. OCHOBHas Macca MPUOOPOB UCIIONB3YyeT MEePBbIi
MeToJ1. TonbKO poTallOHHBIE BUCKO3UMETPHI MO3BOJISIOT U3MEPUTh UICTUHHYIO WIIN
a0CONIOTHYIO BSA3KOCTh, KAaK HBIOTOHOBCKHX, TAK M HEHBIOTOHOBCKHUX
(CTpYKTYpHpPOBAaHHBIX WM PEOJIOTHUECKUX) cpea. Jluamna3oH u3MepseMoil BI3KOCTH
00bruHO mpoctupaercs ot 1 mlla-c no coten Tohicsu I[1a-c. Takoil mupokwii quana3zoxn
W3MEPEHHI JOCTHKUM KakK 3a CYET U3BMEHEHHS CKOPOCTH BpaieHus mmnuuaens ot 0,01
obopoTta B MuHyTy a0 1500, Tak ¥ UCTIONB30BaHMS MITTUHAETICH PAa3HBIX Pa3MEPOB s
Pa3HbIX AMAMa30HOB BA3KOCTU. Bucko3nMeTp ¢ ABMKYIIMMCS (ITaJAar0IIKUM) IIapUKOM
Bucko3umerp ocHOBaH Ha 3akoHe CTokca. BA3KoCTh onpenensercs 1o BpeMeHu
MIPOXO’KICHUSI IIAPUKOM HEKOETO pacCTOSIHUS, Yallle BCETro MoJ] BO3ACHCTBUEM €r0
cobctBeHHoro Beca. Hanbosee usBecten Bucko3umetp I'enmuiepa. Buckosumerp ¢
BHOpHUpyrOmKM 30H710M OCHOBaH Ha N3MEHEHUN PE30HAHCHOM YaCTOTHI KOJIeOaHUH B
KHUJIKOCTU PA3IUYHON BA3KOCTH. Tak Kak yacTora OyJeT 3aBUCETh U OT IJIOTHOCTH
U3MepSAEeMON KUAKOCTH, HEKOTOPbIE MOJIENH MTO3BOJISIIOT OMPENENSTh 3Ty MIOTHOCTD
HE3aBHCHUMO OT BA3KOCTH, TOT/IA KaK JAPYTUe UCIIONb3YIOT 3a/JaHHOE U3BECTHOE 3HAUEHUE
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IUIOTHOCTU. Bucko3znMerp my3plppkoBoro Thna OCHOBaH Ha ONPEEICHUN [TapaMETPOB
JBYDKEHUS ITy3bIpbKa raza, CBOOOAHO BCILIBIBAIOLIETO B BA3KOU Cpejie.
6. TouHOCTb JaTUMKa TEMIIEPATYPHI.

Bepnriit orBet: Kinacc Tounoctu gatunkoB temmepaTtypsl Kitacec Tounoctu. Knace
TOYHOCTH U3MEPUTEIBHOTr0 Ipudopa — 3TO 0000LICHHAS] XapaKTepUCTHKA, OIpeaeseMas
IpesiejaMy JOIYCKaeMbIX OCHOBHBIX U JONOJHUTENIBHBIX IOTPEIIHOCTEN, a TAKKE
JIPYTUMHU CBOMCTBaMH, BIUSIOIIMMHU Ha TOYHOCTH, 3HAUEHUSI KOTOPBIX YCTAHOBJICHBI B
CTaHJapTax Ha OTAEJIbHbIE BUJIbI CpelcTB u3MepeHuil. Kitace Tounoctu cpeacts
M3MEpEeHUl XapaKTepu3yeT UX CBOICTBA B OTHOLIEHUH TOYHOCTH, HO HE SIBIISICTCS
HENOCPEACTBEHHBIM I10KA3aTEIEM TOYHOCTH M3MEPEHUM, BBIIIOIHAEMBIX PU IIOMOIIH
3TUX cpelCcTB. JJs Toro 4ToObl 3apaHee OLCHUTh MOTPEIIHOCTh, KOTOPYIO BHECET JaHHOE
CPEICTBO U3MEPEHUH B pe3yNbTaT, OJb3YIOTCS HOPMUPOBAHHBIMH 3HAUEHUSIMU
norpemHocTy. [log HUMU MOHKUMAIOT TIpeIebHbIE 171 JAaHHOTO THIIA CPEJICTBA U3MEPEHHUIA
NOrpeIHOCTH. [lorpemHOCTH OTACTBHBIX U3MEPUTENBHBIX IPHOOPOB TAHHOTO THIIA
MOTYT OBITh Pa3IMYHBIMH, UMETh OTIMYAIOLIUECS APYT OT APYra CUCTEMAaTUYECKUEe 1
CIIy4aiHbIE COCTABJISIFOIIME, HO B LI€JIOM MOTPEIIHOCTh JAHHOTO U3MEPUTENILHOTO Iiprdopa
HE JIOJDKHA IPEBOCXOUTh HOPMUPOBAHHOTO 3HaYeHUs. [ paHUIIbl OCHOBHOM MOTPEUTHOCTH
1 K09 (UIIMEHTOB BIMSHUS 3aHOCST B ACTIOPT KAXKI0TO U3MEPUTEIBHOTO MPpHOOpa.
OcHoBHbIE cTIOCOOBI HOPMUPOBAHHUS IOIYCKAEMbIX MOTPEIIHOCTEN U 0003HAYCHHUS
KJIACCOB TOYHOCTH cpeacTB u3Mepenuid ycranosiiensl [[OCT. Ha mikaie u3mMepuTebHOro
npudopa MapKUPYIOT 3HaYCHHE KJIacCa TOYHOCTH U3MEPUTEIHLHOr0 MPUOOpa B BUJIE YKCIIA,
YKa3bIBaIOLLEr0 HOPMUPOBAHHOE 3HAUEHUE MOrPEUTHOCTU. BpipaxkeHHOE B IPOLIEHTAX, OHO
MOKET UMETh 3Hauenus 6; 4; 2,5; 1,5; 1,0; 0,5; 0,2; 0,1; 0,05; 0,02; 0,01; 0,005; 0,002;
0,001 u 1. 1. Ecinu 0603HayaeMoe Ha IIKajae 3HaueHHe KIacca TOUHOCTH 00BEAEHO
KpPY>KKOM, HampuMmep 1,5, 3To 03Ha4aeT, 4TO MOTPEIIHOCTh YYBCTBUTENBHOCTH 05=1,5%.
Tax HOpMUPYIOT NOrPELIHOCTH MacIITaOHBIX MpeoOpa3oBaTeniel (enuTeneii HanpsKEeHMs,
M3MEPUTENBbHBIX IIYHTOB, M3MEPUTENIBHBIX TPAaHC(OPMATOPOB TOKA U HANPSDKEHUS U T. I1.).
DTO0 03HAYaeT, YTO AJIs JAHHOT'O U3MEPHUTENLHOTO MpUOopa MOrpelIHoCTh
qYBCTBUTEIBHOCTH 0s=dX/X — MOCTOsSIHHAsI BEJIMUMHA IIPH JF0O00M 3HaueHHuH X. I'panuna
OTHOCHUTEJIbHOM MOTPEIIHOCTH O(X) MOCTOSHHA U MPH JIF0OOM 3HAYEHUHU X NTPOCTO paBHA
3HA4YEHUIO S, a a0COTIOTHAS MOTPEIIHOCTh Pe3yJIbTaTa U3MEPEHUH OpeenseTcs Kak
dx=0sx ;1 TakuX U3MEPUTETbHBIX IPUOOPOB BCET/IA YKA3bIBAIOT I'PAHUIIBI pabodero
JIarna3oHa, B KOTOPbIX Takas OLIEHKA cIpaBeAiauBa. Eciu Ha 1mKane n3MepuTeabHOro
npubopa udpa Kinacca TOYHOCTH HE MOAYEpKHYTa, HanpuMmep 0,5, 3To 03HaYaeT, yTo
npubOp HOPMUPYETCS MPUBEACHHOM MOTPEIHOCTHIO HYIS 60=0,5 %. ¥ Takux npubopos
JUTST JTFOOBIX 3HAYEHUH X rpaHuIia abCOIOTHON orpemHocTy Hyns dx=do=const, a
do=do/xH. [Ipu paBHOMEpPHO WK CTENIEHHOH IIKale U3MEPUTENIBHOTO Mpudopa u
HYJIEBOI OTMETKE Ha Kparo IIKaJIbl UJIM BHE €€ 32 XH IPUHUMAIOT BEPXHUH Npeaen
nuanazoHa u3MepeHuil. Eciiu HyneBasi oTMeTKa HaXOUTCS OCPEIUHE LIKANbI, TO XH
PaBHO MPOTSHXKEHHOCTHU AMANa30Ha U3MEPEHUI, HallpUMep JIJIsl MIJITHaMIIepMETpa co
mKanoi ot -3 10 +3 MA, xu= 3 - (-3)=6 A. OnHako OyneT rpyOeiimieii ormmOKoil moyarars,
YTO aMIiepMeTp Kiacca TouHocTH 0,5 obecrieunBaeT BO BCEM IUaIa30HE U3MEPECHUI
MOTPELIHOCTh Pe3yabTaToB u3MepeHuit £0,5 %. 3HaueHue MorpenrHocTy 60
YBEITUYUBACTCS 00paTHO MPOIMOPIIMOHATIEHO X, TO €CTh OTHOCUTENIbHAS TIOTPEIITHOCTH O(X)
paBHa KJ1accy TOUHOCTH U3MEPUTENHHOI0 PUOOpa JIUIIb HA TOCIEIHEH OTMETKE IITKAJIbI
(mpu x = xx). [Ipu x = 0,1xx ona B 10 pa3 Oonbiie k1acca TouHocTu. [Ipu mpubImkeHnn x
K HYJIIO 0(X) CTpEMHUTCS K OECKOHEYHOCTH, TO €CTh TAKMMU MPUOOpaMu eaTh U3MEPEHUS
B HA4YaJIbHOM YacTH LIKaJbl HeAomycTuMo. Ha n3mMepuTenbHbIX mpruOopax ¢ pe3ko
HEpaBHOMEPHOMH IIKaJI0H (HampuMep Ha OMMETpPax) KJIACC TOUHOCTH YKa3bIBAIOT B JIOJSX
OT JITMHBI KBl M 0003Ha4YaroT Kak 1,5 ¢ o0o3Hauennem Hmwke udp 3uaka "yron". Ecnm
0003HaYeHHE KJIacca TOYHOCTU Ha LIKaJle U3MEPUTENHHOr0 Ipubopa AaHo B BUJE Jpodu

24



7.9.

(mammpumep 0,02/0,01), 3T0 yKa3bpIBaeT HA TO, UTO MPUBEICHHAS OTPEIIHOCTD B KOHIIE
nuana3zoHa u3mepenuit onpk = +0,02 %, a B Hyne auanazona onpk = -0,01 %. K takum
M3MEPUTENIBHBIM TPUOOpPaM OTHOCSTCS BBICOKOTOYHBIE IIU(PPOBBIE BOIBTMETPHI,
MOTEHIIMOMETPHI IOCTOSIHHOTO TOKA U APYrue BRICOKOTOUYHBIE MPUOOPHI. B 3TOM ciryuae
d(x) = 0k + OH (XK/X - 1), rae XK - BEpXHHI Mpeaes u3MepeHuil (KOHeYHOe 3HaueHHe
HIKaibl Ipubopa), X — u3MepseMoe 3HaueHue. [IpumMepsl JaTYMKOB TeMIepaTyphl U UX
kiacc Tounoct: 1. [Ipeobpazosarens usmeputenbubiii «TCMVY-05», 0-5 MA, nuana3on
u3Mepenus Temieparypsi 0...150 °C, kimacc tounoctu 0,5 http://npk-etalon.ru/sredstva-
izmereniya-regulirovaniya-temperatury/preobrazovateli-izmeritelnye-s-unificirovannym-
tokovym-vyxodnym-signalom-tsmu-05-tspu-05-tsmu-420-tspu-420-tsmu-420v-tspu-420v-
txau-05-txau-420-txau-420v.html 2. IlpeoGpa3zoBatens uzmeputensusiii TCITY-420B,
«TCITY-420B», 4-20 MA, auana3zon uzmepenus 0...500 °C, kinacc Tounoctu 0,25
http://npk-etalon.ru/sredstva-izmereniya-regulirovaniya-temperatury/preobrazovateli-
izmeritelnye-s-unificirovannym-tokovym-vyxodnym-signalom-tsmu-05-tspu-05-tsmu-420-
tspu-420-tsmu-420v-tspu-420v-txau-05-txau-420-txau-420v.html 3. [IpeobpazoBarens
u3Meputenbubiii TIIPY-420, «TIIPY-420», 4-20 MA, nuana3on uzmepenus 800...1600
°C, knacc Tounoctu 1,5 http://npk-etalon.ru/sredstva-izmereniya-regulirovaniya-
temperatury/preobrazovateli-izmeritelnye-s-unificirovannym-tokovym-vyxodnym-
signalom-tsmu-05-tspu-05-tsmu-420-tspu-420-tsmu-420v-tspu-420v-txau-05-txau-420-
txau-420v.html 4. TMTb-3 1 P.1 (0-120 °C) (0-1,6 MPa) kinacc To4HOCTH 2,5
http://www.mano-termo.ru/Table/Produktsiya/Termomanometry/ 5. JlaTuuku
temmeparypsl Carel NTC nuanazon uzmepenus -50...105°C, knace Tounoctu 0,5
http://www.inklimat.ru/catalog/vent/avtomatika/carel/datchiki_temperatury _carel_passivny
e/

[TpuHIMI AEHCTBUS pacxoaoMepa.
Bepunbiii oTBeT: Pacxomomep — mnprbop, H3MepsIoIi 00bEMHBIN pacXo1 UIH MacCOBBIM
pacxo/1 BEIIECTBa, TO €CTh KOJIMUECTBO BellecTBa (00BEM, Macca), MpoXoIsliee Yepes3
JAaHHOE CeYeHHe MOTOKa, HallpUMep, CeueHre TpyoonpoBo/a B eAMHUIYY BpeMeHu. Ecin
puOOp UMEET UHTETPUPYIOIIEE YCTPOUCTBO (CYETUMK) U CIYKUT AJI1 OJTHOBPEMEHHOIO
U3MEpPEHUS U KOJIMYECTBA BELIECTBA, TO €0 HAa3bIBAIOT CYETUNKOM-PACXOIOMEPOM.
Pacxonomepsr: Menuadaitnel Ha Bukuckinane Copaepxxkanue 1 Mexanndeckue CUETYNKI
pacxona 1.1Ckopoctable cuétunku 1.200bEMHbIe cuéTunku 1.2.1Knaccuduxanms
00BEMHBIX cueTunkoB 1.3EMKkocTh 1 cexynmomep 1.4Ponuko-nonactHble pacxoaoMephl
1.511lecrepénuareie pacxogomepsl 1.6Pacxonomeps! Ha 6a3ze 0ObEMHBIX THIPOMAIINH
2PpIyakHO-MasiTHUKOBBIE pacxoioMepbl 3PacxooMepsl IEpeMEHHOT0 Iiepenaja
nasnenus 3.1Pacxonomepsl ¢ cyxatommmu yerpoiictBamu 3.2Tpy6ka [Tuto
3.3PacxomgoMepsl ¢ THAPABINICCKUM conpoTuBiIcHUEeM 3.41[eHTpoOeKHBIE pacXoaoMephl
3.5PacxonoMepsl ¢ HaIOPHBIM YCTPOHCTBOM 3.6PacxomomMepbl ¢ HAIOPHBIM YCHJINTEIEM
3.7PacxonomMepsl yaapHO-cTpylHbie 4PacxomomMepsl TOCTOSTHHOTO Mepernaja JaBICHUS
4.1Porametpsl SOnTHueckue pacxonomepsl 5.1JIazepHble pacxogomepsl
6YIIbTpa3ByKOBBIE pacxooMepsl 6.1 YapTpa3ByKoBbIe BpEMA-UMITYJIbCHBIE
6.2YnpTpa3BykoBble (pa3oBoro casura 6.3 YabpTpa3ByKOBbIE JOILIEPOBCKUE
6.4Y 1bTpa3BYKOBBIE KOPPEISIIUOHHBIE 7 DJIEKTPOMArHuTHBIE PACX0I0MEPHI
8Kopuonucossl pacxogoMmepsl 9Buxpesblie pacxogomepsl 10TemnoBeie pacxogoMepsl
10.1Pacxonomeps! TernoBoro norpasu4soro cios 10.2Kanopumerpudeckne
pacxonomepsl 1 1Metounsle pacxogomepsl 12IIpumedanns MexaHuueckne CUETUNKI
pacxona bbrToBbie 00bEMHBIE CUETUMKH raza CKOPOCTHOM CUETYMK — TypOUHKaA
CkopoctHble c4éTYMKH CKOPOCTHBIE CUETUUKU YCTPOCHBI TAKUM 00pa3oM, YTO JKUIKOCTH,
MpoTeKarolas yepe3 kamepy npuodopa, IpuBOIUT BO BpallleHHWE BEPTYIIKY WU
KpBUIBYATKY, YIJI0Bas CKOPOCTh KOTOPBIX MPONOPLMOHAIbHA CKOPOCTH MOTOKA, a
cleIoBaTeNbHO, U pacxony. O0béMHble cuéTunku [locTymnaromas B mpruOop *KUAKOCTh
WIN Ta3 U3MepsIeTCsl OTACIbHBIMU, PABHBIMH 110 00BEMY /103aMH, KOTOPBIE 3aTeM
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cymmupytotca. C4ETYMKY ra3a Ha ’TOM MPUHIIUIIE YACTO BCTPEYAIOTCS B OBITY.
Knaccugukanus o0bEMHBIX cHETUMKOB B 3aBUCHMOCTH OT KOHCTPYKTHBHBIX
ocoOeHHOCTeH pabouero oprana: MOpIIHEBbIE, IIECTEPEHHbBIE. B 3aBUCUMOCTH OT BHIA
JBMO)KEHUS paboydero opraHa: ocTynarelbHOI0 JBUKEHNUS, BPAIlaTeIbHO-POTAL[HIOHHOI'O
JBUKEHMSI, IPELIECCHOHHOI0, TUIAHETaPHOI' O ABM)KEHUA. B 3aBUCUMOCTH U OT
KOHCTPYKLIMU M OT BUJa JBM)KEHUS pabovero opraHa KJIacCU(QpUIUPYIOTCS Ha: MOpPIIHEBbIE
(KOJIBLIEBBIE) C TUIAHETAPHBIM JIBH)KEHHUEM KOJIBLIEBOI'O OPIIHS; IIECTEPEHHBIE (KPYTJIbIE)
C POTALlMOHHBIM BPALIECHUEM KPYTJIbIX LIECTEPEH; IIECTEPEHHbIE (OBAJIbHBIE) C
POTaLMOHHBIM BpAILEHUEM OBAJIbHBIX IIECTEPEH; JIONACTHBIE (KAMEPHBIE) C POTALMOHHBIM
BpalLEHUEM JIONACTEH, BBHITIOJIHEHHBIX B BUJIE KaMep; JIONACTHbIE (INIACTUHYATHIE) C
POTAIMOHHBIM BpallleHHEM MIACTUHYATHIX jonacTeii[1]. EMxocTs u cexynmomep
Bo3M03kHO, caMblif TPOCTOM CIIOCOO U3MEPUTH PACXOA — ITO MCIIOJIb30BaTh HEKOTOPYIO
€MKOCTb U ceKyHaomep. [I0TOK KUAKOCTH HAIIPABIIAETCS B HEKOTOPYIO EMKOCTb, U 110
CEKYHIOMEPY 3aCE€KAETCsl BPeMs 3aIll0JHEHUs 3TOH EMKOCTU. 3Hast 00bEM EMKOCTH U
MIOJICJIMB €r0 Ha BPEeMsI 3allOJTHEHUS, MOXKHO Y3HATh PacXo]l )KUJKOCTH. DTOT CIIOCOO
[0JIpa3yMeBaeT IpepbIBaHNE HOPMAJILHOTO TEUEHHsI TOTOKA, OJJHAKO MOXKET /1aBaTh
HENpeB30MIEHHYI0 TOYHOCTh U3MepeHus. LlInpoko ncnosnp3yercst B TECTOBBIX U
MIOBEPOYHBIX JabopaTtopusx. Pomuko-nonactHeie pacxogomepsl O61acTb MPUMEHEHHS
POJIMKO-JIONACTHBIX PACX0I0MEPOB OUEHB IIMPOKA: U3MEPEHUE PACXOI0B Ha
UCHBITATEIbHBIX CTEHJaX, B TUIPOIPUBOAAX CTAHKOB U TEXHOJIOIMYECKOI0 000py10BaHus,
Ha CTallMOHAPHBIX U NEPEABUKHBIX O€H30- U MacI03alpaBOYHbIX CTAHIUAX, B TOIJIMBHBIX
cucTeMax KapOIopaTOpHBIX U JU3ENIbHBIX JBUTaTeNIell aBTOMOOMIIEH, TPaKTOPOB,
CTPOMUTENBHO-I0OPOKHBIX, CEIbCKOXO035HCTBEHHBIX, JIECO3arOTOBUTEIbHBIX MAaIIH,
TEIUIOBO30B U CYZI0B, KaK J103aTOPHI IIPH 3aJIMBKE TAHKEPOB, /]I LIUCTEPH, PE3€pPBYapoB.
Pacxonomep ocHallleH BCTPOEHHBIM 3JIEKTPOHHBIM JaTYUKOM U IPOrPaMMUPYEMBIM
MHUKPOIIPOLIECCOPHBIM PUOOPOM € HKUIKOKPUCTAIIIMUECKUM JUCIICEM. DIEKTPOHUKA
pacxozoMepa UMeeT aBTOHOMHOE ITUTaHue Ha 3 - 5 JIET U repMETU3UPOBAHHbIN BBIXOJ1 Ha
BTOPUYHBIN 3JIEKTPOHHBIN NMPUOOP MIIM KOMITBIOTED, YIPABISAIOIINN MEXaHU3MaMU
J03UpoBaHusl. [l METPOIOTHYECKOro MPUMEHEHHSI UITU MPU HEOOXOAMMOCTH MPOBEACHUS
BBICOKOTOYHBIX U3MEPEHUI B TEXHOJOTMYECKUX NPOLECCAX, PACXOJOMEP OCHAIIICH
JATYMKOM C BBICOKOM pasperiaroiieil cnocoOHOCThIo (10 moneit cm3). Illectepénuareie
pacxonomepsl llecrepénuarslii pacxogoMep BriepBbie pacxoaoMep ¢ OBaJIbHBIMU
mectepHsMu ObuT n300peTeH komnanue Bopp & Reuther (I'epmanus) B 1932 rony.
W3mepstroniuii 3J1eMEHT COCTOUT U3 ABYX LIecTepEHOK oBaIbHOM Gopmbl. [IpoTekatommas
KHUJKOCTb BpalllaeT JaHHble mecTepEHkU. [Ipu kaxkqom 060poTe mapbl OBaIbHBIX KOJIEC
yepe3 Mpuoop MPOXOAUT CTPOTO OMPEAeNIEHHOE KOTMUECTBO XUIKOCTU. CUnThIBas
KOJIMYECTBO 000POTOB, MOKHO TOYHO OIPEEINUTh, KAKOH 00BEM JKUKOCTH MTPOTEKAET
yepe3 npubdop. JaHHBIE pacxoloMepbl OTIIMYAIOTCS BEICOKOW TOUHOCTBIO, HAAEKHOCTHIO U
IIPOCTOTOM, YTO MO3BOJISIET UX UCIIOJIB30BATh JUISl )KUJIKOCTEH C BBICOKOM TEMIIEPATYPOU U
noJ 6osbMM AaBieHHEeM. OTIMYUTENEHON 0COOEHHOCTBIO PACX0/IOMEPOB C OBAILHBIMU
LIECTEPHSIMHU SIBIISIETCS BO3MOXHOCTh MCIIOJIb30BAaHUS JJIs KHUJIKOCTEHN C BHICOKOM
BA3KOCTBIO (Ma3yT, outym). Pacxomomeps! Ha 6aze 00BEMHBIX THAPOMAIIMH B cucremax
00BEMHOT0 THAPONPUBO/IA I U3MEpPEHUs: 00BEMHOIO pacxoia paboueit sKUIKOCTH
MPUMEHSIOT 00bEMHBIE TUAPOMAIINHBI (KaK MPABUIIO — IIECTEPEHHBIE WM aKCHATTBHO-
IUTYHKepHbIe rupoMaiinibl). OObEMHAS THApPOMAIIMHA B 3TOM Cilydyae paboTaeT Kak
THJIpOABUraTeNb, HO 0e3 Harpy3Ku Ha Baiy. Toraa oObEMHBIN pacxo] uepes
THIPOMAIIHHY MOXHO orpeaenuth mo Gopmyre: {\displaystyle Q=q_{0}\cdot
n,}Q=qg_{0}\cdot n, rne {\displaystyle Q}Q — oO6neémHBIi1 pacxon, {\displaystyle
g_{0}}q_{0} — pabouwnit 06bEmM ruapoMaIInHbl (OMPEACIACTCS MO MACHOPTY
runpomarnunbl), {\displaystyle n}n — gactora BparieHus: BBIXOJHOTO BaJia
TUIPOMAIINHBL, KOTOPYIO MOKHO U3MEPHUTh TAXOMETPOM. 3aMETUM, UTO 00bEMHAas
T'HJIpOMaIlIiHA [TPOITyCKaeT uepe3 ceds BeCh pacxo/ KHUJIKOCTH, U4TO it 00bEMHOTO
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TUIPOTIPUBO/IAa HE MPEICTABIISAET CI0KHOCTH BBUAY MaJIbIX pacXoA0B. PrlyaskHO-
MasATHHKOBBIE pacxogoMepbl OCHOBHAsI CTAaThs: PhIYakHO-MasTHUKOBBIM pacxoioMep
Pacxonomepsl nepeMeHHOro nepenaja JaBjaeHus Pacxompomepsl mepeMeHHOro nepemnajaa
JIABJICHUSI OCHOBAHbI HA 3aBUCUMOCTH PA3HULbI IABJIICHUM, CO3/1aBAEMbIX KOHCTPYKIIUEH
pacxoziomepa, oT pacxoaa. Pacxomomepsl ¢ cyxaroimuMu yerpoiictBamu OHU OCHOBaHbI
Ha 3aBUCUMOCTH I€pernaia JaBJICHUs Ha CY/KAIOIIEM YCTPOMCTBE OT CKOPOCTH NOTOKA, B
pe3yabTaTe KOTOPOro MPOUCXOIUT MPeoOpa30BaHNE YaCTH KMHETHUECKOM SYHEPrUU OTOKA
B MIOTeHLUaIbHY0. [IpuHIIMI AecTBHS pacXOAOMETPOB 3TOTO THUIIA OCHOBAH Ha A deKTe
Bentypu. BeHTypu-pacxonomep Cy,aeT IOTOK KUJIKOCTH B HEKOTOPOM YCTPOUCTBE,
Hampumep, nuadparmMoit 1 JaTYMKamMu JaBICHUS WK AU(PMaHOMETPOM HU3MEpPSIET Pa3HUILY
JaBJICHUH NIepe]l yKa3aHHBIM yCTPOWCTBOM M HETIOCPEICTBEHHO B MECTE CY)KEHMSI. DTOT
METOJ U3MEPEHUS pacxoja MHUPOKO UCIOJIb3YETCs IPU TPAHCIIOPTUPOBKE Ta30B IO
TpyOOITPOBOIAM M HCIOJIL30BaJICs eilé BO BpeMeHa Pumckoit umnepun. [{uadparma
MIpe/ICTaBiIseT COOOM AUCK CO CKBO3HBIM OTBEPCTHEM, BCTABJICHHBIN B MOTOK. /[uckoBas
nradparma cy>xaeT MoToK, ¥ pa3HUIla JaBlICHHUH, U3MepsieMast epes u 3a auadparmoid,
MO3BOJISIET OMPEEIIUTH PACXO/] B IOTOKE. DTOT THUI PacXoioMepa MOXKHO Ipy0o cuuTaTh
oHOHU 13 popM BeHTypH-MeTpoB, 0/HaKO HMEIOIIYIO 00JIee BBICOKUE ITOTEPH SHEPTHH.
Cy1iecTByeT TpH THUIA JUCKOBBIX AuadparM: KOHIEHTPUUYECKUE, SKCIICHTPUKOBBIE U
cermeHTanbHbie[2][3]. TpyOxa ITuto Pacxogomeps! Ha ocHoBe TpyOku [1nTo usmepsroT
muaamudeckoe pasienue {\displaystyle p_{\partial Plapprox \xi {\frac {\rho
V_{o}{2}H2}}}p_{{\partial }P\approx \xi {\frac {\rho V_{o}"{2}}{2}} B 3acroitHoi
30HE TIOTOKA (aHIIL.). 3Has IMHAMUYeCcKoe JaBJIeHUe, C IOMOIIbI0 ypaBHeHUs bepHymum
MO>KHO OIPENETUTh CKOPOCTh MTOTOKA, @ 3HAUUT, U 00bEMHBIN pacxon (Q=S * V,rne S —
TUIOIA/Ib MTOTIEPEYHOT0 CEUYEHUs TOTOKA, V — CpeIHssl CKOPOCTh MOTOKA). Pacxomomepbl
C TUPABINYECKUM cOIpOTUBIeHUEM [IpuHIMI AeCTBUS TUAPOAMHAMUYECKUX
pacxoIoMEpPOB OCHOBAH Ha U3MEPEHUH JIaBJICHUS IBHXKYIIEH Cpe/ibl, T.€. JaBJICHMUS,
KOTOpO€ JIEHCTBYET Ha MIOMEIIEHHOE B MOTOK TeJo. JlocTonHCTBaMM rUAPOINHAMUYECKUX
PacxoIOMepOB SABJISIOTCA: KOHCTPYKTHUBHAS MPOCTOTA, HAJICKHOCTh U Y100CTBO
oOciyxuBaHus. OTHUM U3 PACIIPOCTPAHEHHBIX BAPUAHTOB IPUMEHEHHUS SBIISETCS UX
HCII0JIb30BaHUE B KAYECTBE NHIUKATOPOB PacXxo/ia 3arps3HEHUS KUAKOCTEN U ra30B.
entpobexubie pacxogoMepsl LIeHTpoOEKHBIE pacX010MEPHI TIPEACTABIISIIOT COOOM
KOJIEHO Ha TPYOOIPOBO/JIE, KOTOPBIE OXBATHIBAIOT €0 M0 BCEH OKPYKHOCTU TPyOONpOBOAA.
OT60pb! 1aBlEeHUS HAXOAATCS B BEpXHEH YacTU Ha BHEIIHEW U BHYTPEHHEH CTEHKaX.
[TpuHun neficTBrs HEHTPOOEKHBIX PacX0IOMEPOB OCHOBAH Ha TOM, UTO MPH JBUKEHUHU
Cpelbl [0 KPUBOJIMHEMHOMY y4acTKy TPyOOIpOBOAA MOSIBIISIFOTCS LIEHTPOOEKHBIE CHIIBI,
CO3/Ia0IlME NIEPENa] JaBICHUI MEK Iy TOUKaMHU C Pa3HbIMU PaJuycaMy KPUBU3HBI.
CoracHo 3ToMy CIeayeT, 4TO T/ie 00JIbIlle KPUBU3HA, TaM U IIEHTPOOEkKHAas cuiia O0bIIe
u Oosblie qaBreHue Ha cTeHKy[1]. PacxoqoMepsl ¢ HamopHBIM yCTpOHCTBOM
Pacxonomepsl ¢ HanlopHBIM ycunuTeneM PacxonoMepsl ynapHO-CTpyHHBIE

8.Yto takoe kpurepuii HynbceHa.
Bepwbrii otBer: Yncno Hyccenbra ({\displaystyle \mathrm {Nu} }{\displaystyle \mathrm
{Nu} }) — onuH U3 OCHOBHBIX KPUTEPHUEB MOI00MS TEIIJIOBBIX MPOIIECCOB,
XapaKTEepU3YIOIINNA COOTHOIIEHUE MEKy MHTEHCUBHOCTBIO TEMJI000MEHa 3a CUET
KOHBEKIIMH U MHTEHCUBHOCTHIO TEIUIOOOMEHA 32 CUET TEIUIONPOBOJHOCTH (B YCIOBUSIX
HEenoJIBWKHOM cpenbl). HazBaHo B uecTh Hemelkoro uHxenepa Bunsrensma HyccenbTa.
{\displaystyle \mathrm {Nu} _{1}={\frac {al}{\lambda }}={\frac {g_{c}}{q_{\lambda
1} H\displaystyle \mathrm {Nu} _{1}={\frac {al}{\lambda }}={\frac
{o_{c}}{ag_{\lambda }}},}[1] rme: {\displaystyle I}| — xapakrepHsiii pazmep;
{\displaystyle \lambda }\lambda — ko3 punmenT TemmonpoBoaHOCTH CpeIbI;
{\displaystyle a}a — xoa¢dpurment remnoornaun; {\displaystyle g_{c}}{\displaystyle
g_{c}} — remnosoii morok 3a cuét kousekiuu; {\displaystyle q_{\lambda
HH{\displaystyle q_{\lambda }} — temoBoii moTok 3a c4€T TEIIONPOBOIHOCTH.
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Conepxanne 1 XapakTepHble 3HaUeHHUS 2OMIupudeckue 3aBucuMoctu 2.1CBobOo1Has
KOHBEKIIUS Ha BEpTUKAIbHOU mmacTuHe 2.2CB000HAS KOHBEKIUS HAa TOPU3OHTATIBLHOM
wiactuhe 2.3Termnoorjaua npyu BEIHYKIEHHONW KOHBEKIIMU B TpyOax 3CM. Takxke
4TTpumevanus XapaktepHbie 3HaueHUs Yncino HyccenpTa Becerma 6osbie uiau pasHo 1. To
€CTh TEIUIOBOM MOTOK 3a CYET KOHBEKLUH BCET/a MPEBBIIAET 110 CBOCH BEJIMUMHE
TETJIOBOM MOTOK 3a CUET TEIJIONMPOBOAHOCTH [MCTOUHUK HE YKa3aH 1347 nueit]. OOb4HO
JUId JTaMUHapHBIX TeueHu# uyncio HyccenbTa HaxonuTes B Auanasone ot 1 1o 20.
bonwsmme uncna Hyccenbra (>100) cBHIETEIBCTBYIOT O CHIIBHOM KOHBEKTUBHOM
TETJIOBOM ITOTOKE, UTO SBJISICTCS XapaKTEPUCTUKON TypOYIeHTHBIX Te4eHui. Jlns TeueHuit
KHUJKOCTU B KPYIJIBIX TPyOaxX MO>KHO MOKa3aTh, YTO /Ul YCTAHOBUBIIETOCS JIAMUHAPHOTO
teuenus {\displaystyle \mathrm {Nu} =4{,}36}{\displaystyle \mathrm {Nu} =4{,}36}
(IpH yCITOBMHM, YTO TEIUIOBOM MOTOK B CTeHKY moctosHeH) u {\displaystyle \mathrm {Nu}
=3{,}66}{\displaystyle \mathrm {Nu} =3{,}66} (npu ycioBuH, 4TO MOCTOSIHHA
TeMIieparypa CTeHkH).[2] Dmnupudeckue 3aBucuMocTi CChUIKM HAa UICTOYHUKH B paszzerne
HE XBaTaeT CChUIOK Ha UCTOYHMKH. MHpOpManus nomkHa OBITh IPOBEpsieMa, HHAYe OHA
MOJKET OBbITh yJasieHa. Bbl MOkeTe OTpeakTUPOBaTh CTaTh0, TOOABUB CCHUIKH Ha
aBTOPHUTETHBIE HCTOYHUKH. JTa OTMeTKa yctaHoBleHa 12 mast 2011 rona. CBoOomHas
KOHBEKIMS Ha BepTukanbHoii miacture {\displaystyle \mathrm {Nu} {L}=0{,}68+{\frac
{0{,}67\mathrm {Ra} _{L}{1/4}}H{[1+(0{,}492/\mathrm {Pr} )*{9/16}]"{4/9}}}.\quad
\mathrm {Ra} {L}\legslant 10"{9},H{\displaystyle \mathrm {Nu} _{L}=0{,}68+{\frac
{0{,}67\mathrm {Ra} _{L}{1/4}}H{[1+(0{,}492/\mathrm {Pr} )*{9/16}]"{4/9}}}.\quad
\mathrm {Ra} {LJ}\legslant 10"{9},}[3] rme {\displaystyle \mathrm {Ra} {x}=\mathrm
{Gr} _{x}mathrm {Pr} }{\displaystyle \mathrm {Ra} _{x}=\mathrm {Gr} _{x}\mathrm
{Pr} } — uucno Panes. CBOOOAHAS KOHBEKIIMS Ha TOPU3OHTAILHOM tutacTuhe Eciu
xapakTepHyro quHy onpenenuts kak: {\displaystyle L\ ={\frac {S}{P}}}{\displaystyle
L\ ={\frac {S}{P}}}, roe {\displaystyle S}S — mnomazap miactuusi, u {\displaystyle P}P
— e€ nepuMetp. Toraa s OpUEHTUPOBAHHOM BBEPX TOPsiYEU IOBEPXHOCTH B XOJIOIHOMN
cpelie Wiy AJi1 OPUEHTUPOBAHHOW BHHU3 XOJIOIHOM TOBEPXHOCTH B ropsiueil cpene:[3]
{\displaystyle \mathrm {Nu} _{L}=0{,}54\mathrm {Ra} {L}*{1/4}\quad
10"{4\legslant \mathrm {Ra} _{L}\legslant 10"{7};}{\displaystyle \mathrm {Nu}
_{L}=0{,}54\mathrm {Ra} _{L}{1/4}\quad 10"{4}\legslant \mathrm {Ra}
_{LR\legslant 10"{7};} {\displaystyle \mathrm {Nu} {L}=0{,}15\mathrm {Ra}
_{L{1/3} \quad 10°{7}legslant \mathrm {Ra} _{L}\legslant 10°{11}.}{\displaystyle
\mathrm {Nu} {L}=0{ }15\mathrm {Ra} {L}"{1/3}\quad 10"{7}\legslant \mathrm
{Ra} {L}legslant 10"{11}.} JIast opueHTHPOBAHHOM BHU3 TOPSYCH MOBEPXHOCTH B
XOJIOAHOU Cpesie WK JUIsl OPUEHTUPOBAHHOM BBEPX XOJIOAHOU MMOBEPXHOCTHU B ropsuei
cpene: {\displaystyle \mathrm {Nu} {L}=0{,}27\mathrm {Ra} _{L}*{1/4}\quad
10"{5egslant \mathrm {Ra} _{L}\legslant 10"{10}.}{\displaystyle \mathrm {Nu}
_{L}=0{}27\mathrm {Ra} _{L}{1/4}\quad 10"{5}\legslant \mathrm {Ra}
_{L}legslant 10~{10}.} TernooTaaua mpu BHIHYKICHHONH KOHBEKIMH B TPyOax
{\displaystyle \mathrm {Nu} _{D}=0{,}023\mathrm {Re} _{D}*{4/5}\mathrm {Pr}
Nn}, H\displaystyle \mathrm {Nu} {D}=0{,}023\mathrm {Re} {D}*{4/5}mathrm
{Pr} {n}} rne: {\displaystyle \mathrm {Re} Nmathrm{Re} — uucno Peiinonsmca;
{\displaystyle D}D — xapakrepnsriii pazmep; {\displaystyle \mathrm {Pr} H\mathrm{Pr}
— Yucno [panarns; {\displaystyle n=0{,}4}{\displaystyle n=0{,}4} B ycnoBusx Harpesa
xuakoctu u {\displaystyle n=0{,}3}H{\displaystyle n=0{,}3} B ycnoBusx oxnaxaeHus
KHJIKOCTH.[3]

9.TpoiiHas TOYKa BEIIECTBA — 3TO. ..

BepHnbplii oTBeT: B TepMonHaMuKe , TO TpoiiHas TOUKa BEIIECTBA SABISETCS TEMIIEpaTypa U
JaBJICHUE , IPU KOTOPOM TpH (a3sl ( raza , >KUJKOCTH U TBEPJIOTO BEIIECTBA ) 3TOTO
BELIECTBA COCYILIECTBYIOT B TEPMOJIMHAMUYECKOM PAaBHOBECHUH . JTO Ta TEMIIEpaTypa U
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JaBlieHHE, TIPU KOTOPBIX MEPECEeKaIOTCsl KpUBast CyOIMMalui, KpUBas IJIaBICHUS U KPUBast
ucnapenus . Hanmpumep, TpoliHas Touka pTyTH OPOUCXOIUT Npu Temnepatype -38.83440 °
C (-37.90192 ° F) u napnenuu 0,165 m I1a . B nononHeHne kK TpOHHO# TOYKE ISt TBEPIOH,
YKUJIKOW M Ta30BOM (a3 TpOHHAsI TOUKA MOXKET BKIIIOUATh 00Jiee OJHOU TBEp0H (a3bl s
BEIIECTB C HECKOJIBKUMU MOIUMOP(HHBIMU MoauduKanusamu . ['enuii-4 - 370 0coObIit
Clly4ai, KOTOPBII NpeCTaBIseT TPOUHYIO TOUKY, BKJIFOUAOILYIO JIBE Pa3HbIE )KUJIKUE
¢azsl ( 1sMO1a-TOUKY ). TpoiiHas TOUKa BOABI HCIIOIB30BANIACH JUIS OTIPEACICHUS
KeJIbBUHA , 0a30BOI €IMHUIBI TEPMOAMHAMHYECKOI TemiiepaTypbl B MexIyHapOoIHOI
cucreme equaull (CU). 3nauenue TpOHHON TOUYKH BOABI ObLIIO (PMKCUPOBAHHBIM I10
OTIpe/ICNICHUIO, & HE U3MEPEHHBIM, HO 3TO U3MEHUJIOCH C MepeornpeaeeHueM 0a30BbIX
equaul CU B 2019 roay . TpoiiHble TOUKH HECKOJIBKUX BEUIECTB UCIIOIB3YIOTCS JIst
ONpeeNICHUsI TOYEK 110 MEKIYHapOAHOM TeMiieparypHol mkaie [TS-90 , B nuanazone ot
TpoitHoU Touku Bogopoa (13,8033 K) no tpoitnoit Touku Boasl (273,16 K, 0,01 ° C unu
32,018 ° F). . Tepmun «rpoiinas Touka» Obut npuaymad B 1873 rony Jxeiimcom
Tomconowm , 6parom opaa Kenseuna . COJEP2)KAHUE 1 Tpoiinas Touka Bojsl 1.1
TpoliHas To4ka ra3 — JKUJIKOCTb — TBepAoe Teso 1.2 da3bl BEICOKOTO AABICHUS 2 SUEHKHU
TpoiiHo# Touku 3 Tabnuna TpoiiHbix Touek 4 Cm. Takke 5 ccpuiku 6 BHemHue cepliku
Tpolinas Touka Boabl TpoiiHas TOUKa ra3 — )KUAKOCTh — TBEpA0E TeI0 CMOTPUTE TAKXKE:
CgoiictBa Boabl § TpoitHas Touka Tunosast gazoBas quarpamma . CruioniHas 3eyieHas
JIUHUS OTHOCHUTCA K OOJIBIIMHCTBY BEIIECTB; MYHKTUPHAS 3€JIeHas JIMHUS TOKA3bIBACT
aHOMaJIbHOE MTOBE/ICHNE BO/IbI EMMHCTBEHHAs KOMOMHALMS AaBJICHUS U TEMIIEPATyphl, IpU
KOTOPOM KUJKas BOJA , TBEP/bIH JieJl U BOASHOM Hap MOT'YT COCYILIECTBOBATH B
YCTOMYMBOM PaBHOBECHH, MpoucxoauT Touno npu 273,1600 K (0,0100 ° C; 32,0180 ° F) u
napIyaibHOM JaBlieHuH rmapa 611,657 mackaneit (6,11657 m6ap; 0,00603659 atm). B saTot
MOMEHT MO>KHO IPEBPATUTh BCE BELLECTBO B JI€J, BOAY WU IIap, CAEIaB CKOJIb YTOJHO
MaJible I3MEHEHUS IaBlIeHUs U TeMIiepatypbl. Jlaxe ecnu olriee JaBiIeHUE CUCTEMbI
3HAYUTEJIHHO BBILIE TPOMHON TOYKHU BOJIBI, IIPU YCIOBUH , UTO MAPIHAIbHOE JJaBJICHHUE
napoB BoJibl cocTaBiisieT 611.657 mackans , To cucTeMa MOXKET BCe elle ObITh I0Be/leHa 10
TPOWHOH TOYKH BOJIbl. CTPOro roBopsi, MOBEPXHOCTH, pa3AeisolIue pa3Hble (a3bl, TAKKE
JIOJKHBI OBITh UJI€AJIbHO TNIOCKMMHU, YTOOBI CBECTH Ha HET 3()(PeKThI MOBEPXHOCTHOTO
HaTsKeHMsl. TpoiiHas TOUYKa BOJIbI ra3 — JKUIKOCTh — TBEPJOE TEIO COOTBETCTBYET
MUHUMAaJIbHOMY JaBJICHHIO, IPU KOTOPOM MOJKET CYLIECTBOBATH kuaKas Boja. [lpu
JIABJICHUSAX HM)KE TPOMHOM TOUKH (KaK B KOCMOCE ) TBEP/bIil Jie IpU HarpeBaHUU MpU
IIOCTOSIHHOM JIaBJICHUH IIPEBPALAETCS] HETOCPEACTBEHHO B BOASIHOM Iap B IIpoLEccCe,
M3BECTHOM Kak cyOnumarius . Bolie TpoiiHOM ToOuKM TBEpABIH JIe] pU HarpeBaHUM MpU
MIOCTOSIHHOM JIaBJIEHUM CHayaja TaeT ¢ 00pa3oBaHMEM >KHUJKOM BOJbI, a 3aTeM UcHapsieTcs
WM KUIUT ¢ oO0pa3oBaHUeEM Iapa rpu Oosiee BbICOKOH Temnepatype. [[ist OosnbmHCTBa
BELIECTB TPOMHAs TOUKA ra3 — JKUIAKOCTb — TBEPJOE TEJIO TAKXKE ABJIAECTCA MUHUMAIBHON
TEMIIEpPaTypoH, MPU KOTOPON MOKET CYIIECTBOBAThH KUAKOCTh. OHAKO /I BOJABI 3TO
HEBEPHO, OTOMY YTO TeMIIepaTypa IJIaBIE€HUS OOBIYHOTO JIbJa YMEHBIIIAETCS B
3aBHCHMOCTH OT JIaBJICHUS, KaK MMOKa3aHO IMYHKTUPHOM 3€J1eHOM InHuel Ha (pa3oBoit
nuarpamme . [Ipu temneparypax 4yTb HUKE TPOHHON TOUKH CKATHE MTPH ITOCTOSHHOMN
TeMIIepaType MpeBpaniacT BOASHON Map CHavajia B TBEP/IbIi, a 3aTeM B KHIKUH (BOISTHON
JIe1 IMEET MEHBIIYIO TUIOTHOCTD, YEM JKHMJIKasi BOJA, I03TOMY IOBBIILIEHUE 1aBICHUS
MIPUBOJIUT K CHKMKEHUIO ). JlaBiieHre Bo/ibl B TPOMHON TOYKE UCOIB30BAIIOCH BO BpEMSs
muccun Mariner 9 Ha Mapc B KauecTBE OpUEHTHPA JUIs ONPEACTICHUS «YPOBHS MOPSI».
Bonee mo3aHue Muccrun UCHOIB3YIOT JIA3EPHYIO AIbTUMETPUIO U U3MEPEHUS CHIIBI
TSYKECTH BMECTO JIaBJIEHUS AJIs ONpeesieHus BbICOThl Ha Mapce. Kunsiuenue Boas! ipu
0°C ¢ momMonIpI0 BaKyyMHOT0 Hacoca. Pa3bl BRICOKOTO JaBiieHus [Ipu BRICOKMX AaBIECHUSIX
BOJIa UIMEET CIOXKHYIO (ha30ByI0 quarpaMmy ¢ 15 u3BecTHbIMHU (azaMu JIbAa U
HECKOJIbKUMH TPOMHBIMU TOUKaMH, B TOM uncie 10, KoopuHAThl KOTOPBIX MOKa3aHbl Ha
nuarpamme. Hanpumep, tpoiinas Touka rpu 251 K (=22 ° C) u 210 MlIla (2070 atm)
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COOTBETCTBYET yCIOBHIM cocyiiecTBoBaHus Jbaa Th (00branbIil nexn), apaa 111 u sxxuakoit
BO/Ibl, IPUYEM BCE OHM HAXOJATCS B PAaBHOBECUHU. TakKe CyIIECTBYIOT TPOMHBIE TOUKH
COCYIIIECTBOBAHUS TpeX TBepAbIX (a3, Hampumep abaa Il , mpna V u mpaa VI npu 218 K (-
55°C) u 620 MlIla (6120 atm). JImarpamMmma mokas3bIBaeT, 4TO JJIs T€X GOpM JIbja,
KOTOPBbIE€ HAXOATCS MOJ] BBICOKUM JaBICHUEM U KOTOPBIE MOTYT HAXOAUTHCS B
PAaBHOBECHH C KUIKOCTBIO, TEMIIEpATypa IJIaBJICHUS YBEIUYUBACTCS C YBEIMUYECHUEM
nasnenusd. [Tpu remneparypax Boie 273 K (0 © C) yBenudeHue qaBieHUs BOASHOTO Mapa
MIPUBOJIUT CHAYaNa K XKUAKOU BOJE, a 3aTeM K (hopMe JIb/a Mo/ BEICOKHUM JlaBieHneM. B
muanaszonellpu remnepatype 251-273 K cHauana ob6pasyercs sen I, 3aTem xuakas Boja,
3areM sen I wium nen V, a 3arem apyrue, eme 6osee MmI0THBIE, (POPMBI TIO]T BHICOKUM
nasieHreM. da3oBast 1uarpaMma BOJIbI C YUETOM BBICOKOTO J1aBiieHUs oopasyer sen 11,
nen I u . 1. Ock maBnenus - norapudmudeckas. s moapoOHOTo onucanus 3Tux (a3
cm. Jlen . Paznuunble TpoiiHbIe TOYKH BOIbI Da3bl B CTAOMIBHOM paBHOBecuu JlaBrieHue
Temneparypa >xuakas Boaa, en I h u BogstHoi map 611,657 I1a 273,16 K (0,01 © C)
xuakas Bona, neq [ h u nen 111 209,9 MIla 251 K (-22 ° C) xuakas Bona, nexn I u nen V
350,1 MIIa -17,0 ° C »xxuakas Bona, iex V u gex VI 632,4 MIla 0,16 ° Cnenlh, nex Il u
aen 111213 MIla —35 ° C nen 11, mex Il u mey V 344 MIla —24 ° C nen 11, nex V u nex VI
626 MlIla —70 ° C fueliku TpoiiHOM ToukH TpoitHas TOUKa KJIEeTKa UCIOJIb3YETCs B
KaJTMOPOBKE M3 TEPMOMETPOB . J[JIs1 BBIMTOJIHEHHUS CIIOKHBIX pa0OT SYCHKH TPOMHON TOYKU
OOBIUHO 3aMOJTHSIOTCS XMMUYECKUM BEIIECTBOM BBICOKOM CTETIEHU YHCTOTHI, HAIIPUMeEp
BOJIOPOJIOM, apTOHOM, PTYThIO WJIM BO/IOH (B 3aBUCUMOCTH OT KEJIAEMOU TeMIIepaTypbl).
YucToTa 3TUX BEIIECTB MOXKET ObITh TaKOMW, UTO TOJIBKO OJHA MUJUIMOHHAS YacTh SIBJISETCS
3arpsI3HAOLIMM BEIIECTBOM, Ha3bIBAEMBIM «IIIECTh JIE€BATOK», IOTOMY YTO €r0 YMCTOTa
cocraBisieT 99,9999%. Koraa sTo sueiika Ha BOJHOI OCHOBE, UCMOJIb3YETCS 0COOBII
M30TOMHBIN cocTaB, Ha3biBaeMbli VSMOW, noTomy 4To Bapualyii B ©30TOITHOM COCTaBe
BBI3BIBAIOT HEOONbIIINE U3MEHEHUS B TPOMHOM TOUKe. S4eiiku TpOMHON TOYKH HACTOIBKO
3¢ (HEeKTHBHBI IPHU JOCTHKCHUH BRICOKOTOYHBIX U BOCIIPOU3BOJIUMEBIX TEMIIEPATYP, UTO
MEXIYHApOAHBIN CTaHIAPT KaTMOPOBKU TEPMOMETPOB o1 HazBaHueM ITS-90 monaraercs
Ha STYEHKHU TPOMHOM TOYKH JUIsl BOIOPOJA , HEOHA , KHCIOPOJA , AprOHA , PTYTH U BOABI
JUTS OTIPEICJICHUS IIECTU U3 HUX. ONPE/IeJICHHbIE TeMIIepaTypHble TOUKHU. TpoiiHas Touka -
https://ru.abcdef.wiki/wiki/Triple_point

10. I'panyupoBoYHas XapakTepUCTUKA TEPMOIIAPHI.
Bepnpriii otBet: ['pagynpoBounsie Tabnuisl 1uist repmonap (HCX) CrangaprHas
3aBucuMocTh TOJIC oT TemmepaTypsl (KOTOpasi B TEpMUHOIOTUN Poccuiickux cTaHIapTOB
HazbiBaeTcst HCX) onpenensiercst SKciepuMEeHTaNIbHO 110 pe3yiibTaTaM U3MEpPEHU B
ATAIOHHOM JTa00paTOPUH, MOTYYSHHBIM 7Sl O0IBIIOT0 KonndecTBa Tepmonap. [Ipu
Mepexo/ie Ha HOBYIO MEXIYHAPOJHYIO IIKaJly 3aBUCUMOCTb JIOJIKHA ObITh IEPECMOTPEHA.
B 1992 r. nocne npunstusa mkansl MTII-90 nox pykoBoactBom nactutyra HUCT
(National institute of standards and technology)(CIIIA), Obl1a mpoBeaeHa 60JIbIIAsS
MexayHapoaHas pabota no onpeaenenuto Gpyakiuu TOC-TemnepaTypa s 3TaJIOHHBIX
TepMoIap TUMNa S, COOTBETCTBYIOIIEH HOBOW MEXIYHAPOJHON TEMIIEPATYPHOU IIKAJIE.
PaGota mpoBoaniacek B BUAE CIMYCHUN TEPMOMAP U ATAIOHHBIX BHICOKOTEMIIEPATYPHBIX
IJIATUHOBBIX TEPMOMETPOB CONIPOTUBIIEHUS. Pe3ynbTaThl, MpeCcTaBlIeHHbIE Pa3HBIMU
CTpaHaMU, aHATTU3UPOBAIUCH U 0000IIauCh. ITorom paboThl cTana HOBasi CTaHIApPTHAS
(GbyHKIMS, MPUHATAS] B HACTOAIIEE BPEMS B MEXKTYHAPOIHBIX U HAIIMOHATBHBIX
cranfaptax. MccnenoBanue ony6inkoBaHo B 1ByX ctatbix: NEW REFERENCE
FUNCTIONS FOR PLATINUM-10% RHODIUM VERSUS PLATINUM (TYPE S)
THERMOCOUPLES BASED ON THE ITS-90. PART I: EXPERIMENTAL
PROCEDURES, G.W. Burns, G.F. Strouse, B.W. Magnum, M.C. Croarkin, and W.F.
Guthrie, National Institute of Standards and Technology, Temperature: Its Measurement
and Control in Science and Industry, 1992. NEW REFERENCE FUNCTIONS FOR
PLATINUM-10% RHODIUM VERSUS PLATINUM (TYPE S) THERMOCOUPLES
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BASED ON THE ITS-90. PART Il: RESULTS AND DISCUSSION, G.W. Burns, G.F.
Strouse, B.W. Magnum, M.C. Croarkin, and W.F. Guthrie, National Institute of Standards
and Technology, Temperature: Its Measurement and Control in Science and Industry,
1992. HUCT sBuiics TakKe IIaBHBIM HCIIOTHUTEIEM TI0 MIEPECMOTPY TaOJIHII IS APYTHX
TUNIOB TepMornap. OCHOBONOJIArarouM HCTOYHUKOM, YCTaHABIMBAIOLUIUM CTaHapTHHIE
3aBUCHMOCTH JIJIsl TepMOTIap U3 OJIarOPOIHBIX M HEOIaropoIHbIX METAIJIOB, CYUTAETCS
monorpadust HUCT: NIST Monogragh 175 “Temperature-Electromotive Force Reference
Functions and Tables for the Letter-Designated Thermocouple Types Based on the ITS-
90” Ha namewm caiite mbl npuBoauM HCX tepmonap npsimo u3 6a3sl ganasix HUCT: Tun
TIIIT (S) Tun TTII (R) Tum TIIP (B) Tun TXA (K) Tun THH (N) Tun TMK (T) Tun
TXKK (J) ba3za nannbix Haxonutcs B cBoboaHoM noctyne Ha caiite HUCT www.nist.gov
HCX st xpoMenb-KoTeaeBbIX U MeJIb-KOIEJIEBbIX, KOTOPBIE BBIMYCKAIOTCS TOJIBKO B
Poccun, npusenenst B 'OCT P 8.585-2001 «I"ocymapcTBeHHast cucteMa o0ecredeHus
enuHcTBa u3Mepenuil. Tepmonapsl. HoMuHanbHbIe cTaTHYECKUE XapaKTEPUCTUKH
npeobpazoBanus» (ckauath Tekct (pdf)). B 2013 r. Bonbdpam-peHneBbie TepMonapsi
tunoB A u C OblTH BKIIOYEHBI B HOBYIO penakiuio crangapra MOK 60584-1. Ckauatp
tabmunsl HCX st Bonbdpam-penneBsix Tepmonap>> [loxpobuee o crangaprax MOK cwm.
pasnen "Crangaptel MOK". Y ao0OHas komnbroTepHas mporpamma TermoLab mo3Bosser
IIPOU3BOJUTH NPAMOI U 00paTHBIN pacueT Temmeparypsl o TOAC Tepmonaps! 11 Bcex
tunos Tepmonap. [Iporpamma arrecroana B ®I'YII "BHUUM um. /.M. Menneneera".
[TonpoOHO o0 mporpamme B pazjiene "ATTecTOBaHHOE ITPOrpaMMHOE obecrieueHue".
TepMomnapel U3 UUCTHIX METAJUIOB 30JIOTO-IIJIATHHOBBIE U MJIATHHO-TIANIIaIUEBHIE
TepMOIIaphl ABJISIOTCSA TEPMONApaMy MOBBIIIEHHONW TOYHOCTH U UCHOJIb3YIOTCS B
OCHOBHOM B HCCJIEIOBATEIbCKUX Ja00paTOPUsX, a TAKKE B CUCTEMaX TOYHOT'O KOHTPOJIS
TeMIeparypsl. st HUX XapakTepHa 3HAYUTEIbHO MEHbILIAsl TEPMOAJIEKTpUUECKast
HEOJIHOPOJAHOCTH M OOJIbIIIast YyBCTBUTEIBLHOCTD 10 CPABHEHUIO C TUIATUHO-POIUEBBIMU
tepmoniapamu. OCHOBOM 1151 pa3pabOTKK CTaHIAPTHBIX (PYHKIUI I TepMOTIap CTallu JIBE
nyomukanua HUCT: 1. Burns G. W., Strouse G. F., Liu B. M., and Mangum B. W.,
TMCSI, Vol. 6, New York, AIP, 1992, pp. 531-536. 2. Burns G. W., Ripple D. C.,
Metrologia 1998, 35, pp. 761-780 CranaapTHbie GYHKIMHA U TAOJIHIIBI YK€ YTBEPKICHbI B
crangaptax ACTM u MDK.(IEC 62460 Temperature - Electromotive force (EMF) tables
for pure-element thermocouple combinations.) ITpuBogum Tadmuibl u pyakuuu TOJIC ot
temneparypsl. Tepmonapsl Au/Pt Tepmomnapst Pt/Pd Ilogpo6Hee o Tepmonapax u3
YHUCTHIX MeTalsioB cM. myonukanuto H. 1. Mouceesoii "IlepcniekTuBbl pa3paboTKH
ATaJIOHHBIX TepMornap U3 uucTeix MeTayioB" (M3mepurensHas Texnuka 2004 r Ne 9, ctp.
46-49)

11.ITpuHnun aecTBUst KPEMHUEBBIX MEMOpaH.

BepHnplii otBeT: B npomuiioM 00abIIMHCTBO KOHCTPYKIIMI MEXaHUYECKUX aHAJIOTOBBIX
JATYUKOB JJABJICHUS MPEJICTABISIIN COOON Pa3HOBUAHOCTH OJHOM 0a30BOM TEXHOIOTHH.
OpaHako ¢ mepexoIoM K 3JIEKTPOHHBIM NpeoOpa3oBaTessaM MOSBUIIACH 1ieias rpymna
M3MEPUTENBbHBIX TEXHOJIOTUN. JIOMKHBI I BBl 0OpalaTh BHUMaHUE Ha KOHCTPYKIUIO
natarka? SIBisieTcst i mpuOOp MarHUTHBIM WIIM eMKOCTHBIM? [IporcxoauT u cxaTue
TEH30/IaTYMKa WU JIaBJICHUE MPUKIaIbIBaeTCs K KpucTamuty? Hackonbko riryOoKo BbI
JOJKHBI pa3oupatbest B 3TroM? [t GobIIMHCTBA CTaHAAPTHBIX NPUIIOKEHHUH JTr00ast
TEXHOJIOTHS BEPOSITHEN BCETO CIIPABUTCS ¢ OCTABJIEHHOM 3anayeil. OqHaKo, ey BaM
HeoOxo/uMa 1o HacTosueMy 3¢pdekTuBHas paboTa, UM KOTa pedb UJIEeT 00
HKCTPEMAIbHBIX YCIOBHSIX HKCILTyaTallui, HEKOTOPBIE IaTYUKH PabOTAIOT HE TaK XOPOIIIO,
Kak apyrue. [Ipu olieHKe TeXHOJIOTHH JaTYUKOB JaBJIeHUs HE0OOX0IMMO paccMaTpUBaTh
MHOYKECTBO ITapaMeTpOB, BKIIOYasi: TOYHOCTH (MMOTPEUIHOCTD MoKa3zaHuii); JInHeHOCTh
(MpONOPIMOHATBHOCTS U3MEHEHUS CUTHAJA 10 OTHOLIEHHUIO K M3MEHEHUIO JaBJICHNUs);
BocnponsBoaumocTs (0JUHAKOBBIE TOKA3aHUs JJIsl OJTHOTO U TOTO 5K€ 3HAYCHUS
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nasneHus); EMkocTHbIe mpeoOpazoBaTeny DTa TEXHOJIOTHS OY€Hb MPOCTa MEXaHUYECKH U
MOAXOIUT JJIst u3MepeHust TuddepeHITnaTbHOTO, H30BITOYHOTO M a0COTIOTHOTO JTABJICHHUS.
BuyTpenHee 37eKTpoHHOE peodpa3oBaHNe MOHOTOHHO M UMEET XOpOoIIee OTHOIICHNE
CUTHAJI-IIIYM, OJJHAKO JATUYMK SIBJISAETCS JOCTaTOYHO YyBCTBUTENBHBIM K TEMIIEpATypE,
MO03TOMY TpeOyeTcsl KOPPEKLIUs BEIXOJHOTO curHana. EMkocTHbIe ipeoOpa3oBaren —
OJTHHM U3 CaMbIX TOYHBIX, HO B CPABHEHHUHU C IPYTMMHU TEXHOJIOIMSIMU OHU UMEIOT Y3KH
Jrarna3zoH paboueit TeMnepaTypbl M HU3KHNA NPAaKTUYECKUH MaKCUMAaJIbHBIN TUarna3oH
JaBJICHUs, XOTs1 00a oKa3aTesst OAXOAT Ul OONbIIMHCTBA NpUMEeHEeHnH. EMKoCTHBIN
naTyuk MeMOpaHa noJiBepraercsi BO3CHCTBUIO U3MEPSIEMOI CPEbl U PACTIONATaeTCst
HaNpOTHUB OJHOW WJIM HECKOJIBKUX HETOABMKHBIX IUIACTHH ¢ 3a30poM. IIpu nepemeniennn
MeMOpaHbl eMKOCTh M@Ky IUTACTUHAMHU U3MEHsieTcss. MeMOpaHbl MOTYT OBITh
METAJUINYECKUMHU WK KepaMu4ecKUMU. EMKOCTHBIE TpUOOPBI OTPEOIISIFOT OTHOCUTENIBHO
HEeOOJIBIION TOK, ITOATOMY MOT'YT HCIIOJIb30BAThCS B OECIIPOBOIHBIX MPHIIOKEHHSX C
nuTaHueM ot 6atapeu. [Ipucyias UM BO3MOXKHOCTh U3MEPEHUS TEMIIEPATYPBI 4aCTO
MO>KET UCIOJIb30BaThCS JIS IOJyUEHUS JONOJHUTEIBHOTO II0KAa3aTellsl U3MEPSIEMOTO
nporecca. ['ucrepesuc (IpUBOAUT K MOSBICHUIO «HAOOPa» MOKa3aHU I OJTHOTO U
TOTO K€ 3HaYEHU J1aBlieHus); J{oroBeyHOCTh (MOYKET BBIAEPKAaTh MHOI'O LIUKJIOB
M3MEepEeHUs BRICOKOTO/HU3KOr0 qaBieHus ); CTaOMIbHOCTh (COXpaHsIeT KaInOpOBKY);
3ammTa oT NIEKTPOMArHUTHBIX TOMeX (HEBOCIPUUMYNBOCTD K JIOKAJIBHBIM
panuonomexam); TemrneparypHslii 1uana3oH (padboTa MpH FIKCTPEMaANIbHBIX 3HAYCHUSX
TeMIIepaTypbl H3MEPSAEMOH JKUIKOCTH/OKpYKaromiel cpeabl); Bubpo- u ynaponpodyHocTs
(ycroitunBOCTh K BUOpAIMH, yapaM, CKauKaM JIaBjieHus U T.1.); [IpakTuueckue rpaHuiibl
nuana3oHa (IoIXosIIue Uil U3MEpseMoro JaBieHus); Jluarnoctrka oTka3os
(HarJAJHOCTH NTPU BOZHUKHOBEHUH, BO3MOKHOCTh NPEPHIBAHUS WIIN 3aTrPsI3HEHUS
M3MEpSIeMOro MoToKa); besonacHocTh (Hammune cepTudukara st IPUMEHEHUS B OITACHBIX
30Hax); [Torpebnenue sHepruu (BO3MOKHOCTD IMUTAHUS OT OaTaper ); BeIXoaHOM cUTHAT
(popmar, ananoroBsiit/ HQpPoBOI); MaTepuaiibl KOHCTPYKINH (IUaa30H TeMIepaTyp,
CTOMKOCTB K Koppo3un); Macca; Ctoumocts. HekoTopele U3 3THX Moka3aTeneit
MOJJAIOTCS U3MEPEHUIO M YKa3bIBAIOTCA B JJOKYMEHTAILlUU U3TOTOBUTENEH, IpyTrHe
OIpeJIeNIUTh I0CTaTOYHO TpyHO. Hanpumep, Ui Kaxa0ro faTyuka B KaTajgore OyayT
yKa3aHbl TOYHOCTh WJIM TEMIEPAaTypHBI Juana3zoH, HO CTA0MIIBHOCTh TOKa3aHUN WM
MIPOYHOCTb TOPA3JI0 CIOKHEE ONPEETUTh B KAKMX-JINOO0 IHU(PPOBBIX MOKA3aTENIX,
MTO3BOJISIIOIIMX CPAaBHUBATH pa3inuuHble mpuOopbl. HekoTopele u3 3tux ko3 puiuneHTon
HEMOCPEJCTBEHHO CBSA3aHbI C TEXHOJIOTHeN npeodpazoBatens. [Ipyrue 3aBUcsT ot
AJIEKTPOHUKH, BBITOJIHAONIEH 00pabOTKy CUTHAJIA MJIM KOHCTPYKIIMHU KOpITyca JaTunKa.
[TpakTHyecku Bce 3IeKTPOHHbIE TEXHOJIOTHH paboTal0T MO MPUHIMITY U3MEPEHUS
nepeMenieHns: MeMOpaHbl, BBI3BAHHOTO JIABJIEHUEM C OJTHOM cTOpOHBI. JlaTunku

Qg QepeHIMaIbHOrO 1aBIeHUs UMEIOT ABe MEMOpaHbl U OJHY, IEPEMEIIAOLIYIOCs B
o0e ctopoHbl. PopMa U KOMIIOHOBKAa MEMOpaH 3aBUCUT OT IPOU3BOJUTENIS, TAK K€ KAK U
crocoObl U3MEpEHUs nepeMernieHus. Yare BCero UCIoyb3yTCsl eMKOCTHAS,
MbE30JIEKTpUYEcKasi U TEH30PE3UCTUBHAS TEXHOJIOTUH, peXe MPUMEHSIOTCS MPUOOpHI Ha
OCHOBE PE30HAHCHOM YacTOTHI, JIEKTPOMEXaHWYEeCKHEe, MArHUTHBIE U npoune. Kaxas
TEXHOJIOTHUSI UMEET CBOM crieinuueckre npenmMyiecTsa u orpannyeHus. CKOJIbKO
BapUaHTOB KOHCTPYKIMK? HekoTopble KOMITAHUH IPUMEHSIOT OJHY UJIH JIBE TEXHOJIOIUH,
HO pa3pabaThIBalOT UX JOCTATOYHO MIMPOKO. [[pyrue mpennaraioT TMHEHKH MPOIYKTOB,
BKJIIOYAIOIIME IUPOKUIT Habop TexHonoruil. Hanpumep, Endress+Hauser npousBoaut
MHO’KECTBO €MKOCTHBIX ITpeoOpa3zoBareseil ¢ kepamuueckumMu MmeMopanamu. «Hamm
Kepamuueckre MeMOpaHHble peodpazoBarenu Ceraphire obecrieunBaOT 04€Hb TOUHOE U
cTaOWJIbHOE N3MEPEHUS IaBJICHUS B TSDKEJBIX YCIOBUAX, — roBopuT Mapk Perko,
MEHeJ[Kep 10 MPOIYKIIUU U3MepeHus naBieHus. — OHu paboTaroT 3((HEeKTUBHO TaMm, Tie
MeTaJJINYeCKre MeMOpPaHbI 4acTo JatoT cOo, Harpumep, B TITyOOKOM BakyyMme Mpu
BBICOKOM Temreparype, 1JIsl U3MEepeHUs JaBlieHHs a0pa3uBHOM CyCIIEH3UH, EAKUX
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XMMHKATOB U IIPU YaCTBIX MEPETPY3Kax M0 JAABJIEHUIO (HAIpUMeEp, IPU FHIPaBIMUECKOM
ynape)». Kommanus Crystal Engineering pa3pabaTbiBaeT Bce THUIIBI 3aIIOJTHEHHBIX MacIOM
IIbE€30PE3UCTUBHBIX 1aTUYMKOB HA 0a3e KpEMHUEBBIX KpUcTaioB. Mupanaa barrenoepr,
JUPEKTOP 10 MAPKETHHTY TOBOPUT: «Hamm n3mMepurenbHble IpUuOOps! ABIAIOTCA

U POBBIMH, CIEIOBATEIHHO, B HUX HET MOJIBUKHBIX YaCTEH, MOIBEPKEHHBIX BIUSIHUIO
BUOpAIMK, YTO J€JIA€THEM JJIsl HEIIPEPBIBHBIX IPOU3BOJCTB U HedTenepepadaThIBatOIINX
3aB0J10B. MeMOpaHa B3aUMOAEHCTBYET C CUIIMKOHOBBIM MACJIOM, U UyBCTBUTEIbHBIN
3JIEMEHT BOCIIPUHUMAET JJaBJI€HUE Macia 6e3 HeOCPEICTBEHHOTO B3aUMOAEHCTBUS €
MeMOpaHoii. JIOCTOMHCTBOM TaKOTO PEIICHUS SIBJISETCS 3alUTa YyBCTBUTEIHLHOTO
3JIEMEHTa OT OBPEK/EHHUS, BBI3BAHHOTO XMMHUKATaMH, EPEAAOIIUMHUCS 10
TpybonpoBoay». Kommanus Yokogawa n3MeHuia HarnpaBiieHUE pa3BUTH U celyac
BMECTO JIBYX UCIOJIb3YET OJHY HOBYIO TEXHOJIOTHIO n3MepeHus. «B 90-x ronax mpomuioro
Beka Yokogawa pa3paboTasia yHUKaIbHBIN U(POBOY TpeoOpa3oBaTeb TaBICHHUS,
3aMeHstomui auddepeHrnanbHble eMKOCTHBIE U ITb€30PE3UCTUBHbBIE TATUUKU, —
cooOmraer AyuieH DpBHUH, MEHEDKEP 110 U3MEPHUTEIBHBIM NpeodpazoBaresiM. — U1
[IbE30PE3UCTUBHBIN U EMKOCTHOW METO/bI MOSBIWINCH B asiekue 60-e roabl. Lupposoii
peoOpa3oBaresb, KOTOPBIM MBI HCIIOIB3yeM B Hamlel nuHeiike DP, ocHoBaH Ha
COBPEMEHHOM TEXHOJOTHH N3MEPEHUs AaBICHHUS. Y TyUIlIeHUE SKCIUTyaTalllOHHbIX
XapaKTePUCTHK — TJIaBHAs IBMKYINAs Criia OOJBIIMHCTBA MHHOBAUIY. Vcmonb3ys
JIEKTPOHUKY HapsALy ¢ TPaJAULMOHHBIMU MEXaHUYECKMMH KOMIIOHEHTaMHU, KOMIIaHHSI
Ashcroft o6ecnieunBaet hopmMupoBanue 1U(POBOTO CUTHATIA HA BBIXOJIC aHAJIOTOBOTO
IPY>KUHHOTO MaHOMETPA C HEMOCPEACTBEHHBIM 0TCYETOM. «COOCTBEHHAs! KOHCTPYKIIMS
Xmitr ocHOBaHa Ha MPeoOpa30BaHUN BUXPEBOIO TOKa, — oTMedaeT Mapk 3aboa,
MEHeJ[Kep 110 U3MEpPUTENbHBIM NpeodpazoBaTeisam naBienus Ashcroft. — IIpu sTom
MEXaHMUYECKOE MepeMEILICHNE IPYKMHBI MaHOMETpPA MPeoOdpa3yeTcs B AIEKTPUUECKUI
curHai. I1ITok coeauHeH ¢ NpyXKMHOM U IepeMelaeTcss MeXIy ABYMS KaTyLIKaMH,
BbI/1aBasi CUTHAJI, IPONOPLUMOHAIILHBIN PUIIOKEHHOMY JABJIEHUIO. DTO MO3BOJISET
MI0JIb30BATENI0 HA0JII0JaTh MTOKa3aHUs JaTUYMKa KaK JIOKAJIBHO, IO MECTY YCTaHOBKH, TaK U
B yJlaJICHHOW CHUCTEME YIpPaBJIEHUs, UCIIONb3Ys IIPH 3TOM OJUH JaT4uk». [pyrue
KOMITAHUU MCTIONIB3YIOT OOJIBIINI CIIEKTP TEXHOJIOTUH /ISl TOTO, YTOOBI TPUCIIOCOOUTH
JaTYMK K KOHKpeTHBIM ycinoBusaM. «Kommanust Honeywell Sensing & Control (S&C)
UMEEeT OJIUH U3 CaMbIX IIUPOKUX NOpTdernei JaTuMKoB JaBieHus, — yTBepkaaetr Jlamap
®. Pukc, 001t pyKoBOIUTENb FPYIIIBI IO U3MEPEHUIO AaBiieHUs. — B uucio
TEXHOJIOTUH, HCIIOJIB3YEMBIX B AaTUMKax JaBiaeHUsS S&C, BXOAAT HAKIEUBAEMbI
TEH30/]aTUMK, HaKJIeUBaeMblii (DOJIbTOBBIN AATUUK JaBJICHUS, KPEMHHUEBBINA TbE30PE3UCTOD,
HAIOJIHEHHBIA MacJIOM KPEMHMEBBIN IIbE30PE3UCTOP, TOHKOIIJICHOYHBIN U
TOJICTOTJIEHOYHBIH MpeoOpa3oBaTeiy, a Takke NpuOopsl Ha 0a3e MOBEPXHOCTHBIX
aKyCTHUYECKHX BOJIH». ECiM CylecTByeT CTOIBKO Pa3IN4HbIX BAPUAHTOB, KaK BbI
peliaere, 4YTo UMEHHO MOPEKOMEHI0BaTh KINEHTY? «B03M0OXKHO, yallle BCero B JaTUMKax
JIABJICHUS UCIIOJIb3YETCS] KDEMHMEBASI IbE30PE3UCTUBHAS TEXHOJIOTHS C 3aII0JTHEHUEM
MacjaoM, — FOBOPUT Pukc. — DTO O4eHb HAZIe)KHASA U YCTOWUYMBASI TEXHOJIOTUS, B KOTOPOU
OTCYTCTBYET HETIOCPEICTBEHHBIM KOHTAKT U3MEPUTEIBbHON TEXHUKHU CO CPEOH, UTO
0COOEHHO MOJIXOIUT ISl UCIIOJIB30BAHUS B TSXKEJBIX YCIOBUSX, U TIO3BOJISET pa3MelaTh
JaTYUKH B KOPILycax U3 HEpKaBerollel cTanu. ToJICTONIEHOYHBIN TEH30PE3UCTOP —
JIOCTaTOYHO HOBasi TEXHOJIOTHSI, OJTHAKO YK€ JI0Ka3aBIllas CBOM YHUKAJIbHBIE
MIPEeUMYIIEeCTBa AJIsl IPUMEHEHUS B psijie MPUIIOKEHUH, TAKUX Kak Tuapasiuka. [Ipubopst
Ha OCHOBE TOJICTOIUICHOYHON TEXHOJIOTHH 00€CIeUrBaIOT BHICOKYIO HaJIEAKHOCTDh U
cpeaHee BpeMsi HapaOOTKH Ha OTKAa3 B YCJIOBUSAX TUHAMUYHOTO U3MEHEHUS IaBICHUSY.
[Ibe30ameKkTpruyecKkue NaTYMKU ITa TEXHOJIOTUSI OYeHb pa3HOOOpa3Ha U BO3MOKHBI
pa3IMyYHbIE BAPUAHTBI KOHCTPYKLMH, [IOITOMY 0XapaKTepU30BaTh €€ TOUHO HE TaK IIPOCTO.
Jlnadparma oka3pIBaeT AaBJI€HNUE HA KPUCTAJUI, KOTOPBINA WM T€HEPUPYET dIEKTPUUECKUMA
3apsi (Mbe302IeKTPUUYECKUH 3 (DEKT) UM U3MEHSIET COMTPOTHBIEHUE (ITbE30PE3UCTUBHBIN
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3¢ deKT) B 3aBUCUMOCTH OT CTETIEHN OTKJIOHEHHI WM JJaBJIeHUs Ha Kpuctaul. MemOpana
MOXET KOHTAaKTHPOBATh C KPHCTAIJIOM HEMOCPEICTBEHHO WIIM NTEPEAaBaTh JaBICHNE
THJIPABINYECKU Yepe3 CHIIMKOHOBOE MAaco. /laTyuku Ha OCHOBE STON TEXHOJIOTMU UMEIOT
pa3IuYHBIe pasMepbl U KOH(Urypannio. X0oTs OHU HE TIOCTUTAI0T TOYHOCTH €MKOCTHBIX
JIaTYMKOB, 3TH IPUOOPHI UIMEIOT OoJIee MUPOKUH Tuana3oH padoyeil Temrneparypsl u
U3MepseMoro AaBieHusi. MeMOpaHbl MOTYT OBITh METAJUIMYECKUMHU MITH KEPAMUYECKUMH.
OnHH TakXKe YyBCTBUTEIbHBI K TEMIIEPAType U OOBIYHO UMEIOT BO3MOXKHOCTh €€ U3MEPEHUS
C LEJIBIO TIOCIIeYIOIel KOPPEKTHPOBKY PE3yIbTaTOB M3MepeHuil. YacTo TemiiepaTypa
MOXET HCIOJIb30BaThCS B KAUECTBE JIONOJHUTEILHON IIEPEMEHHOM IpoLecca.

II. Onucanue wikanvl oueHuBanus

Oyenka: 5 («OTIAUYHO)
Huoicnuii nopoe evinoanenus 3aoanus 6 npoyenmax. 90
Onucanue xapakxmepucmuxu 8vlnoiHeHus 3Hanus: PaboTta BeIOJIHEHA B paMKaX "TIPOJIBHHYTOrO"
ypoBHs. OTBETHI JaHBI BEPHO, YETKO CPOPMYITUPOBAHHBIE OCOOCHHOCTH MPAKTUYECKUX PEIICHUN

Oyenxa: 4 («XOpoILO0»)
Huoicnuii nopoe evinonenus 3aoanus 6 npoyenmax. 70
Onucanue xapaxmepucmuxu 6blnoineHus 3nanus: PadboTa BeIogHeHa B paMKkax ""0a3oBoro"
YPOBHS. BOJBIIMHCTBO OTBETOB JJaHbl BEpHO. B yacTh MaTepuaiia ecTh HE3HAUUTEIILHBIC
HE/IOCTATKU

Oyenxa: 3 («yAOBIETBOPUTEIHHOY)
Huoicnuti nopoe evinonnenus sadanus 6 npoyenmax.: 50
Onucanue xapaxmepucmuxu vinoineHus sHanus: Pabora BeIONIHEHA B paMKax "moporooro"”
ypoBHsi. OCHOBHAs 4aCcTh 3aJJaHUs BBITIOJIHEHA BEPHO. Ha BOTIPOCHI YTIIIYOJICHHOTO YPOBHS

Oyenxa: 2 («HEYIOBIETBOPUTEIBHOY)
Onucanue xapakmepucmuxu 6blnoneHus 3Hanus: PaboTa He BHITIOTHEHA WM BBITTOTHEHA
MPEUMYIIECTBEHHO HEMPaBUIHLHO

1I1. Ilpasuna évicmasienusn umozo80i OyeHKu no Kypcy
OueHka omnpenensiercss M0 COBOKYIMHOCTH Pe3yJIbTaTOB TEKYHIErO0 KOHTPOJI YCIEBA€MOCTH B B

cootBeTcTBUU C [lonoxxeHnem o GanmbHO-peHTHHrOBOM cucteme it cryaentoB HUY «MOW» Ha
OCHOBaHUU CEMECTPOBOM U 3K3aMEHALMOHHON COCTaBIISIOLIMX.
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