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10 kJacc

3amaua Nel0-E1. YHuBepcabHbII U3MepUTEIb

MsroroBum mu3 TpyOOUKM ¥ IUIACTHJIMHA YCTPOHCTBO
(«apeomeTp») JyUIst M3MepeHnst Macchl. JIjist 9TOro Ha OJWH U3
KOHIIOB IIPUKPEINNM IAPUK U3 IUIACTUINHA. BaxKHO JOOUTHCS
PEPMETUYHOIO COEJIUHEHUs] ILUIACTUINHA € TPYyOOUKOMl, ITOOBI
4gepes3 IJIACTUIMHOBYIO IIPOOKY He rojrekasa Boja. OCHOBHBIM
apamMeTpoM IIPU U3MEPEHUN MACCHI HEOOJIBITUX MTPEIMETOB, 110~
MEMIEHHBIX BHYTPb ApEOMEeTpAa, SBJISETCS M3MEHEHWH TJIyOHHbBI
ero morpyzenusi B Bogy Ah. DTo m3MeneHue yJ00HO OIpe/ie-
JIUTB 10 TIOJIOZKEHUIO BEPXHEro KOHIA TPYyOOUKH (TOpUAIero us
BOJIBI). JIJist 9TOr0 MOXKHO, HAIIPUMED, IPUKJIEUTD [OJIOCKY MUJI-
JINMETPOBOit OyMaru Ha COCYJ[ C BOJOMA.

Macca mpesnMera m IpU 9TOM PACCUUTHIBACTCS 9€pe3 U3-
MeHeHne CHUIbl Apxumesa

Puc. 1. Baemuwnii Bu
«yCTpOHCTBa»

m = pSAh,
2

wd .. .
rje p — INIOTHOCTh BOJBI, S = TO — IJIOMab cedeHus: TpyOOouKHu, dy — €€ BHeIIHuil

nuamerp. zmepum mramerp TpyOodKn, 0OMOTAB €€ HECKOJIbKUMU BUTKAMEI HUTKA. B
nameM ciaydae jymaa 10 ButkoB Hutku cocraBusia L = 150 £+ 2 mm. CooTBeTCTBEHHO,

L d?
dy = Tox = 4,8 + 0,05 mm. IIpu atom S = % = 17,3 + 0,4 mm?. OrHOCHTEIBbHAS
™
MOTPENTHOCTD €5 ~ 0,02.

Tlomermaem mysbku B TPyOOUKY IO TEX MOP, HOKA APEOMETP MMOYTU IOJHOCTHIO
He morpy3utcsa B Boay. llpm muime Tpyboukn = 18 cm u amamerpe dy =~ 4,8 MM 110-
CTATOYHO 7 WIAPUKOB, YTOOBI TPYOKa MOYTH IOJHOCTHIO MOIPY3WIACH B BOAY (IIpu
Macce miactuiaria npuMepro 1,5 r). C moMOImpbio MUIIMMETPOBKY U3MEPSIEM Pac-
CTOSIHUE OT BEPXHEro KOHI@A TPYOOUYKM [0 IOBEPXHOCTU BOABI ¢ Iyjibkamu (mpu 6
yJIbKax, [MOMEIIGHHBIX B apeomerp). HauHnéM BBIHUMATDH [IADUKH U3 apEOMETPA IO
OTHOI MITyKe, HADJIIOIasI 38 YCTONINBOCTHIO apeoMeTpa. B Kakoi-To MOMEHT BpeMeHH!
OH MOTEPSIeT YCTOWINBOCTh, HAUMHAET OMPOKUILIBATHC. OCTABUM B HEM MUHUMAJIb-
HO€ YHCJIO IyJIeK, IIPH KOTOPOM apeoMeTp BCe el@ yCTONUMBO IuiaBaer (IIpH JJIuHe
Tpyboukn~: 18 cMm , nuamerpe dy =~ 4,8 MM U Macce IJIACTU/INHA 1,5 I' MUHUMAJIbHOE
YHUCJI0 MAPUKOB paBHO 2). OnpelesuM PAcCTOsTHAE OT BEPXHErO KOHIIA apeOMeTpa JI0
MIOBEPXHOCTH BOJHI Iy &~ 9.4 cm . Torma
2
N -mg = psg(la — ll)ﬂ%7

rie N — KOJIMYIeCTBO MapUKOB, KOTOPbIE MBI BRITAIIIN U3 apeoMeTpa. OTcioia Macca
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OJTHOM IIyJIbKA

PBde

4N

O1eHUM TIOTPENTHOCTH OIPEJIEJIEHUsT MACCHI MYJIbKHA. ByIeM CYuTaTh, 9TO BEJIUINHA
Al = Iy — | onpenensiercss ¢ MOTPEIIHOCTHI0 +2 MM, ¢ OTHOCUTELHOM MOTPEITHO-
creio €a; ~ 0,03. Torma orHOoCHTEIbHAS MOIPEITHOCTH OMPEIEJIEHIS MACCHI IIyJIEK
COCTABJISIET €, =~ €a; + €5 ~ 0,05. Takum obpa3zom, mMacca OFHONW TYIbKA M =
0,33 + 0,02 r. KouTposibHOE U3MEpEeHne MACCHI MYJIBKH C ITOMOIIBIO JIEKTPOHHBIX
BecoB maér m =~ 0,34 r. Ilpumevwarue. B 1aHHOM MeTO/E UCIOIB3yeTCsi HEOOJIBIION
KYyCOY€K IIACTUJINHA, PABHOBECHE IIYCTOTO APEOMETPa 00ECIIEINBACTCS IMAPUKAME, KO-
TOPBIE BCET/IA HAXOAATCS BHYTPH apeoMerpa. JTO ¥Ke PABHOBECHE MOXKHO 0OECIIeIUTD,
HCITOJIB3Ysl COOTBETCTBYIOIIEE KOJTUIECTBO ILIACTUINHA.

BuyTtpp TpyOOuUKM IOMeIaeM MeJHBIN IpOBOJ. Maccy IiacTuianHa npu Heob-
XOJIUMOCTH <«PEryJIUPyeMy», MOJA0UPAEeM TaKO#l, 4TOOBI ApeoMeTp IOUYTH ITOJTHOCTHIO
IOTPY2KAJIOCh BMeCTe C MeIHBIM IpoBOojoM. Macca mpoBoOJia CJIUIIKOM OOJIbIIast, U
YCTONYIMBO ILIABAIONINN 6e3 TMPOBOJA «IIYyCTOW» apeoMeTp TOHET, €CJIU OIYCTUTH B
HEro MeJHBII IIPOBOJ.

C 1moMoIIbi0 MUJUIMMETPOBKY U3MepsieM IIyOHHY IIOrpyzKeHust TPyOoIKy (BBICO-
Ty KOHIIA, KOTOPBI TOPYAT U3 BOJBI) C IPOBOJOM M. IIOBTOpSieM mM3MepeHus JJist
AJIOMUHUEBOrO POBOJAHKKa (puc. 2a u 26) , mosydum riryOuny norpyzkenus h,. Pe-
3yJIBTATHl M3MEPEHUIA:

hy=90+15mm; h, =22+1.5mm; Ah=hy —hy, =68+ 3 MM,

(ZQ — ll) ~ 0733 I.

rie Ah — pa3HOCTh BBICOT, HA KOTOPYIO IMOJHIMAETCS apEOMETP IIPU 3aMeHe MEJIHOTO
Ha aJIOMUHHUEBBIN ITPOBOJIHUK.

Namepsiem mymmmy nposomos | = 77 + 1 mm. Paszaumna mMacc MeIHOTO W aJlOMITHUI-
€BOr'0 MPOBOJIOB, OMPEAEIEHHAS TAKUM CIIOCOOOM COCTABJISET

Am =my —my = pS(hy — ha) = pSAh =~ 12 1.

IIpu sToM OTHOCHUTEILHAsI MOTPEITHOCTDL A, & €s + ean ~ 0,02 + 0,04 = 0,06,
abCOJIIOTHAS IIOIPEIIHOCTE Ay, =2 0,07 1.
Paznura B Mmaccax o0ycIoB/IeHA PA3HOCTBHIO TJIOTHOCTEN MeIN W AJIIOMUHUS

wd?
Am = (pu — pa)Tl'
Orciona d = % ~ 1,8 mMm. OTHOCHUTE IbHASI IOI'PENTHOCTD OlpeieeHus d:

1
€4 = 3 (eam + 1) = 0,04

Okonvaresnbao d = 1,8 40,07 mm. IIpu 3asB/I€HHOM TPOU3BOIUTEIEM CEUCHUH YKUJIBI
2,5 MM? IMAMeTp ee JIOJIZKeH COCTABIATL 1,78 MM.
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(a) ¢ memmo# (b) ¢ amoMunuEBOH

Puc. 2. Apeomerpsl ¢ npoBOJIKOIA
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10 kJacc

3amaya Nel0-E2. [IBa myabTuMeTpa

Buumanue! lpusenénnbie HUXKe 3HAYCHHS Oy Y€HbI HA ABTOPCKOW YCTAHOBKE
7 MOTYT OTJIMYATHCS OT 3HAYEHUIl, MOy IeHHBIX KIOpH!

Tepekrounm OfuH U3 NpubOPOB B pesKUM BosibTMeTpa (pexkuM "200m”), npyroi
— B pexxum omMmerpa (pexkum «2000k» ) u coequHUM UX JPYT ¢ ApyroM. B aToM ciydae
BOJITMETD IMOKazKkeT Hampsikenne Uy = 129,8 MB, a omMeTp nu3MepuT compoTuBIeHNE
BosbT™MeTpa Ry = 996 KOwm.

Crocob 1. OjaHrM OMMETpPOM OIIpe/ie-
JINTH CONpOTHUBJIeHNe R HEBO3MOXKHO, Tak
KaKk mpubop 3amkajguBaer. UToObI m3Me-
puth R COeIuHUM IOCJIEeI0BATEILHO 00a
MyJIBTUMETDPA B pEXKUMEe OMMeTpa (Juara-
30H «2000k» ) 1 9TOT pE3UCTOP (CM. pHC.).

CymMmma TmOKazaHMit OMMeTpoB, Rgj u
Rgo, paBHA NCKOMOMY COIPDOTHBJIEHUIO pe-
3UCTOpPA

R = Rq1 + Ras = 1507 xOm + 1510 kOm = 3017 kOMm ~ 3020 xkOwm.

[TorpemnocTs onpemeeHns CyMMbI MOXKHO OImeHHTDb Kak 6 kKOM, To ectsb 0,2%. Ecim
2Ke I0Ka3aHusd IPUOOPOB «CKAIyT» B IPOIECCE U3MEPEHUS, TO K [OJIYIE€HHO OIIEHKE
HEOOXOUMO JI06aBUTH CYMMY AMILIATYJT 3TUX KojebaHuit Ha obomx mpudbopax. Tak,
HaIpUMep, IIPpU KOoJIe0aHUsIX MMOKa3aHUil KaxK0ro npubopa B npegenax +5 kOwm, uro-
roBasi MMOrPeNTHOCTh JaHHOTO MeTofa Oyaer pasHa 16 kOM nmm 0,53%.

Cuocob 2. Coemumanm pesuctop R u BOJBTMETD HAPAJIJIEIBHO U HMOAKIIOYAM K
num oMmMeTp. On nokazker R’ = 749 kOm. Otciona naitném R:

111 RyR' 996 - 749

R + RV R R RV —_ R 247 kOm 3020 kOMm

OTHOCHUTEIbHAST TIOTPEITHOCTDL TAKOTO CIIocoba.:

ARy +AR 3 3 6
SWHSE 20 a31%

€R:€R/+€Rv+ RV_R/ 7@ 996 247

PaccmorpuM 1ociieioBaTesIbHOE COeIMHEHIE OMMETPa, BOJIBTMETPA U PE3UCTOPA
R. Ommerp maxogutcst B pexkume «2000ks», BosprMerp — B pexkume «200m». OMmmerp
Ipy 3TOM OyIeT 3alllKaJuBATh, HO BOJBLTMETD MOKAXKET 3HAYEHHE HANpszKeHud (1o
Mmoznyio) Ui, = 51,6 MB (3Hax MuHyC MOXKET BOSHUKHYTD M3-32 HOJIIPHOCTHU IIOIKJIIO-
YeHUS).
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Ucmonp3yss NpUHIANAATIBHYIO CXEMY OMMETPA, MOJIyYUM, 9TO COOpPAHHAS IIEMb
npejicTaBiser coboil MOC/IeI0BATEIbHOE COSMHEHNE UCTOYHIKA U TPEX PE3UCTOPOB:
r, R u R,. Hanpskenune na Ry Oymer paBHO

’_ Uo Ry
v r+R+Ry’

AHaJIOrMYHO, €CIM OMMETD M BOJIBTMETD MOJKJIIOUEHbI HAnpsaMyio (6e3 peaucropa R)
HaIIPSKEHNAE Ha BOJIBTMETPE COCTABUT

_ UoRy
V= r+ Ry ’
Orcrona HailgéM, 9TO
1 1 2 MmB
B oy, UWB/By_ 3932MB o0 b

U, Uy UsRy Uy /U, —1  1298/51,6— 1

ComnporusiieHue r, COOTBETCTBEHHO, PABHO

- Uy Ry R 3017 xOm

Ry VT 1298/51,6 — 1

7, —_ = W{/—l - — 996 kxOM =~ 995 kOmM.

ITorpemnocTs 3HadYeHUsT CONPOTHRJICHUs R onpeneneHa Boine, B mynkre 1. s
oneHkn norpentaocreit Uy v r HaliJEM OTHOCHTEIHHYIO TIOTPEITHOCTL 3HAYCHHUS BhIpa-
xenus k = Uy /U{, — 1

_ A(UyUY)  Uv/UY - (euy +evy,) 2,516+ (0,3/129,8 + 0,3/51,6)

~1 .
k k 1,516 3%

CoOTBETCTBEHHO,

Uy = EUy FERFERy +E8 = 0,3/129,840,53%+3/996+1,3% = 2,4% = AU ~ 6 MB.

B R
Uy /UL -1

Ipumeuanue: B naHnbIX pacuérax ucnoJb3yercs 3Hadenue €r = 0,53%, npuse-
nénnoe B myakTe 1 (croco6 1). B 3aBucuMocTu oT MeToa onpejaesienus R, ucioin3y-
eMOro 00OpYIOBaHUS W METOJA OIMEHKHU MOTPENTHOCTEH 3HAYEHUS MOTYT OTJIMIATHCS
OT aBTOPCKUX.

Ar - (er +€x) + ARy = 57 xOm.
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[MIndp
10-E1. YHuBepcaJibHbIlI U3MepPUTEITHh

)

Ne IIyukT pa3baiioBru Basn IIp | An
IIpeyoxken MeToL U3MEPEHNUI ¢ TOMOIIBIO APEOMET-
pa. Baaavt 36 nynkm cmasamcs npu ycaosul 6oi-
600a POPMYADL, CBA3BIBAIOWET USMEHEHUE 2AYOUMHDL
1.1 noepyoicenus ¢ 006a8ouHol Mmaccoli, AuUbOO NPu Ha- 3.0
AUNUY BVMUCAERUT HA OCHOBE IKCNEPUMEHMANDHBLL
OAHHBLT 8 TOM UAU UHOM B6UJE UCTLOALIYIOULUT IMY
popmyay.
DKCIIEPUMEHTAJILHO OLUPEIEIEH JruaMeTp TpyoKu (He
19 6ouiee 1 6asna) Vcosb3oBan METO/ U3MEPEHHUS C 110~ 1.0
MOIIBIO HECKOJIBKUX BUTKOB HUTHU MUJIA METO/I IIPOKa~
THIBAHUSI.
— Ilpsimoe u3amepeHue nuaMeTpa ¢ IMOMOIIBI0 MUJIIUMETPOBKH 0.5
1.3 OrpeieieHa JJInHA IIPOBOJIOB 0.5
3amnucanpl YPaBHEHUS JJIsd U3MEHEHUS TJIyOWHBI 10~
14 | TPyzenns TPYOKHU C MEIHBIM U AJIOMHHUEBBIM IIPO- | 2 ypaBH
’ BOJIHUKAMH WM SKBUBaJIeHTHBIE (110 1 6asty 3a kaxk- | 1o 1.0
J0e)
15 Tlomygyena wuroroBas opmyna [Jisi OIPEIETCHUS 15
JMaMeTPa 2KUJIbI TPOBOJIOB
DKCIIEPUMEHTAIBLHO OIPE/Ie/IeHbl 3HaUeHus Ay U hy 9 sman
1.6 | mia kaxzoro us nposoauukos (1o 0,5 Gasia 3a amo-
MUHUEBBII U MeJHBII IPOBO/IA). no 0.5
1.7 Tlonyuena Bemuuuna Ah = hy — hy 1.0
Tlosmygyero KoppekTHOE 3HAYEHUE THAMETPA KUJIbI B 9 sra
1.8 | mmanazone d & 15% — 3 6amia d &= 30% — 1,5 Gasa
WNuage 0 6asnos mo 1.5
1.9 OreHKa MOrPeITHOCTell N3MepeHusl TuaMeTpa 1.0
1.10 3amnucaHo ypaBHEHUE Jjisl M3MeHeHUs! IJIyOUHBI 110- 1.0
' IPy2KEHUsI apeoMeTpa IpU J00aBJIEHUN IIYJIEK '
DKCHEPUMEHTAJIBLHO OINPEJIEJIEHO M3MEHEeHue TUyOu- 9 sra
1.11 | HBI DOrpy’KeHUs apeoMeTpa ¢ IyJIbKaMu. UuciIo my-

o 1.0
jgek N > 3 — 2 6asna. Yucso mystek N < 3 — 1 6asw
ITonydyeno 3HavYeHme MAacChl IyJIbKH B IMANA30HE 9 sran

1.12 | mo £ 15% — 2 6amna mo £ 30% — 1 6aswn Nuage 0 0 1.0

OaJLI0B




Pezuonanvnoiti aman Beepoccutickotl orumnuadv, no dusuxe 30 aneapsa 2024 e.

] 1.13 \ OreHKa MOTPEITHOCTH MACChI IYJIbKA \ 1.0 \ \
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[MIndp
10-E2. /IBa MmyabTUMeETpA

)

Ne

IIyukT pa3basyioBKu

Basn

ITp

An

1.1

Omnncana KOPppEeKTHasd MeTOJUKa U3MEePpEeHUA R

2.0

1.2

Ionyueno 3nadenme R (MakcuMasbHas OIEHKA 3a
JAHHBI IyHKT — 2 GaJsuia).

Ipumevanue 1: Ilpu oneHnBaHUM HEOOXOIUMO BBI-
O6paTh OJMH U3 TPEX BAPUAHTOB, YKA3AHHBIX HUKE.
Ipumevwarue 2: Ecaum Her 6ajloB 3a METOIUKY
(upebLIymuil yHKT), JAHHBI IIyHKT HE OIECHUBA-
ercs.

— R € [2850; 3150] xOm

— R € [2700; 3300] xOm, Ho R ¢ [2850;3150] xOm

— R ¢ [2700; 3300] kOM nnn pe3ysbTaT HOJIyYeH HEKOPPEKT-
HBIM CIIOCOOOM

2.0

2.0
1.0

0.0

2.1

N3mepeno comporusiienne BoJibTMeTpa Ry =
1000 kOm (momycrnmoe orkyioneHue £10 kOm)

1.0

2.2

Bosbrmerp ucnosbsyercst B pexume «200m» (200
MB).

Ipumenarue: SBHoro ykazanus Ha 3TO He TpeOyeT-
¢, €CJIM TI0 SKCIEPUMEHTAILHBIM 3HAUCHUAM HAIIP-
JKEHUI BUJHO, YTO M3MEPEHUs IPOUCKOIUIIA B HY K-
HOM /I1alIla30He (“II/ICJ’IeHHbIe 3HaYCeHUA JTOJIZKHBI 6I)ITB
JIQHBI ¢ TOYHOCTBIO JI0 JAECATBIX Josieii MB).

1.0

2.3

3armmcano MoKa3aHue BOJBTMETPA ITPU MOJIKIIIOICHITH
K OMMeTpy

1.0

24

3anucaHo MoKa3aHue BOJIBTMETPA, IIPY ITOIKIFOUEHAN
K OMMETDY IIOCJIEI0BATEIbHO,/ IapaJsIIesIbHO ¢ R.

1.5

2.5

Samnucanbl ypaBHeHUsl, cojepxkaimue Uy, 7 U usMe-
PEeHHBIE BEJIMYMNHBI, U3 KOTOPBIX MOXKHO Haiitu Uy u
r

3.0

2.6

Tlonyyena Bepras dopmyna mia pacdera Uy, comep-
2Kalasl NU3MEPEHHbIC BEJIUINHbI

1.5

2.7

Ilonyaena BeprHast popmyna s pacdeTa r, COmep-
JKalas N3MePEeHHbIe BEJTMINHDI

1.5

2.8

Haiineno Bepnoe duuciosoe 3uadenue Uy (Makcu-
MaJibHas OLEHKA 38 JAHHBIA IyHKT — 2 faJuia).
Ilpumevanue: Ilpu orneHnBaHWUU HEOOXOAMMO BBI-
O6paThb OIMH U3 TPEX BAPUAHTOB, YKABAHHBIX HUKE.

2.0
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— Haiiennoe 3nadyenue Uy oTyiM4yaeTcss OT CPEJIHEro 3HAYEe-
HHsI, OIIPEIEJIEHHOTO »KIOpH, He GoJsiee, yeM Ha 5%

— Haiinennoe 3navenune Up oTiimyaeTcsi OT CpeJHEro 3Hade-
HHs, OIpeIeIEHHOIO »KIOpH, bosee, YeM Ha 5%, HO He GoJlee,
gem Ha 10%

— Haiinennoe 3nadyenue Uy OTyIMYaeTcss OT CPESHErO 3HAYE-

HUsl, ONIPEJIEJIEHHOrO KIopH, 6ostee, uem Ha 10%; 3navenue Uy
HEe HaRJIEHO WM HAWIeHO HEKOPPEKTHBIM CIIOCOOOM

2.0

1.0

0.0

2.9

Haiineno BepHoe 4mcsioBoe 3HadeHue 7 (MaKCHMaJIb-
Hasl OIEHKA 3a JAHHBIN IyHKT — 2 GaJia).
Ipumevanue 1: Ilpu oneHuBaHnM HEOOXOIUMO BBI-
OpaTh OJMH U3 TPEX BAPUAHTOB, YKA3aHHBIX HUKE.
Ipumevwanue 2: YrBepxkuenne, uro v = Ry, He aB-
JISTOIIIEeCs TIPU 9TOM PE3YJIbTATOM O0OPabOTKU M3Me-
peHuil, HeKOPPEeKTHO U oreHuBaercs B 0 6asIoB.

— Haiinennoe 3Ha4eHue 1 OTJINYAETCS OT CPEJIHETO 3HAYEHUSI,
OIpeIeIEHHOrO XKiopH, He Gosee, yem Ha 10%

— Haiinennoe 3HageHue r OTJIMYAETCS OT CPEJHEr0 3HAYEHUsI,
onpezeéHHOro Kiopu, 6osee, yem Ha 10%, HO He Gosee, ueM
ra 20%

— Haiinennoe 3HadeHne 1 OTJINYAETCS OT CPEIHETO 3HAYEHUSI,
OIIpeJIeIEHHOTO KIopH, 6ostee, yem Ha 20%; 3HaYeHME T He HAil-
JIeHO WJIU HANJIEHO HEKOPPEKTHBIM CIOCOGOM

2.0

2.0

1.0

0.0

3.1

KoppekTHast orieHKa morpemHocT jist R.
Ipumevanue: Eciu ver 6aanos 3a 3Havenne R, maH-
HBII IIYHKT HE OIEHUBAETCS.

0.5

3.2

KoppekTnas ornenka morpertnocta st Ug.
Ipumenanue: Ecan ver 6asmos 3a 3navenne Uy, 1aH-
HBIIl TIYHKT HE OIEHUBAETCS.

0.5

3.3

KoppekTHast olieHKa [OrpentHoCcTy [JIst 7.
Ipumevanue: Ecan Her 6aJIOB 3a 3HaUYEHNE T, JTaH-
HBII IIYHKT HE OIIEHUBAETCS.

0.5
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