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1. MEXAHUYECKUE YACTU T'EOJAE3UNYECKUX UHCTPYMEHTOB

Irarus. IlratuB npenHasHayeH i1 YCTAHOBKM M 3aKPEIUICHMS
MHCTPYMEHTA Ha CTaHLUU.

OCHOBHBIMH 4aCTSIMU INTAaTUBA SIBJSIOTCS TOJI0BKA 1 1 Tpy HOXKH 2. BepxHue
KOHIIBI HOJKEK 2 3aKPEIUISIOTCA B METAUTMYECKUX 000MMax 3, KOTOPbIE COETUHSIOTCS
C TroJoBKOM | mTaruBa IIapHUPHO, 0€3 IKECTKOro
3akperuieHus (puc. 1).

Hoxku wmraruBa  genarorcss  LEJIBHBIMM  WIH
COCTaBHbIMM (BbLABM)KHBIMU). LLITaTuBBI C BBIABUKHBIMU

HOXKKaMu yJo0Hee B pabote. KOHIBI HOXKEK CHAOXKaroTCs

METAJNIMYECKUMH Oammakamu 4 ¢ BBICTYIIaMHU, IIPpHU ITIOMOIITH

KOTOPBIX OammMaku OCaXXHUBAIKOTCA B IIO4YBY JJIA

YCTOMYHMBOCTH IITATUBA.

JIns1 3aKperyieHus MHCTPYMEHTA Ha IUTATUBE CITYKHUT
CTAHOBOMW BUHT 5. DJIACTUYHOCTh KPEIJICHNUSI HHCTPYMEHTA JIOCTUTAETCS OOBIYHO MPU
MMOMOIIM TIJIOCKOW MPY>KUHBI 6, KOTOpasi ONUPAeTCAd HAa HUYKHHUE KOHLBI MOJBEMHBIX
BUHTOB U MOJI)KMMAETCA K TOJIOBKE | CTAHOBBIM BUHTOM.

B ronoBke 1 mrarnBa genaercs OTBEPCTHE, JUAMETP KOTOPOTO B HECKOJIBKO
pa3 Oojbllle JaUaMeTpa CTAaHOBOTO BHHTA 5. DTO CAEIaHO IS TOro, 4TOObI Oblia
BO3MOKHOCTh HEKOTOPOT'O MTEpEMENIECHHS] MHCTPYMEHTA Ha TOJOBKE | mTaTuBa.

CraHOBOI1 BUHT 5 UMEET KPIOYOK JJisl oTBeca 7. [nst mpegoxpaHeHus: Kprouka
OT UCKPUBJICHHSI €T0 TIOMEIIAIOT OOBIYHO B TIOJIOCTH CTAHOBOT'O BUHTA 5.

Tperep. Tperep npenHazHadeH AJisl KPEIUICHUS MHCTPYMEHTA HA IITATUBE U
MPUBEJCHUSI €ro B pabodee MOJOXKeHue. Tperep COCTOUT U3 TPEXJOMACTHHKA CO
BTYJIKOW JIJI1 OCH MHCTPYMEHTA U, OOBIYHO, TPEX MOABEMHBIX BUHTOB. BO3MOXKHBI
JIBa BapUaHTa BBINOJHEHHS TPErepa: HEPA3bEMHO COECIMHEHHOTO C MHCTPYMEHTOM
WJIU K€ €ro OT UHCTPYMEHTA MOXHO OT/IEJIATh.

B OosblIMHCTBE MHCTPYMEHTOB MCIOJIB3YIOT Tperepa ¢ TpeMs MOJAbeMHBIMU

BHUHTaMH, YyAOBJICTBOPSAIOIIHC Tpe6OBaHI/I}IM KHMHCMATUYCCKOI'0 IMPHUHIOWIIA, TAK KaK



Opy BBUHYMBAHUM WJIM BBIBUHUYMBAHUM TOJBEMHBIX BHUHTOB JAehOpMallMk HE
BO3HHMKAET. 3aMbIKAIOWIEH CUJION CIIY>)KUT BE€C MHCTPYMEHTA WIM CHJIA MPY>KUHBI
CTAHOBOT'O BUHTA.

Ha pwuc. 2 noka3zaH moabeMHBIN BUHT, BBUHUEHHBIH B pa3pe3HON MaTpoH 3,
KOHYCHO COWIEHEHHbIN ¢ naTtpoHaMu 1 u 4. [latpon 1 Harayxo BBHHYEH B JIONACTh 2
Tperepa, a NaTpoH 4 HaBUHYEH Ha NMATpoH | W 3akIMHUBAET NaTpoH 3. Bpamenuem

ImaTpoHa 4 MOKHO PETYINPOBATH INIABHOCTDH

2 %4 .4
X0Jla MOJBEMHOI'0 BUHTA. £l e
N AT B SIS ’T‘
[Ilar ¥ naMeTp TOJIOBKU IMOJIBEMHOTO NP

BUHTA NOAOHUPAIOTCA C TaKUM  PacyeToM,
YTOObl HAUMEHBIIEMY, OLIYyTUMOMY pPYKOU

MOBOPOTY BHUHTA, paBHOMY 1/360 -1/720 ero

obopoTa, COOTBETCTBOBAJ HaKJIOH

. . S ]
BEPTUKAJIIBHOM  OCH, PAaBHBI  TOYHOCTH i
YCTaHOBKH YPOBHSI. Puc.2

YCTaHOBOYHBIE M HWCHPABUTEIBHBIC BUHTHL. BHHTBI IO KX HA3HAYECHUIO
pa3feAoT Ha IVIyXUe, COSAUHAIOIIME AeTald HHCTPYMEHTA, U XOA0BBIE, KOTOPBIMU
MPUBOAAT B paboyee MOJOKEHWEe MHCTPYMEHT M ero 4dactu. K XOJOBbIM BHHTaM
OTHOCSITCA CTaHOBBIE, IOJBEMHBIC, HCIIPABUTEIIbHBIC, 3)KUMHBIC, HABOJAIIUE H
MHUKPOMETPUYECKHUE.

a) I/ICHDaBI/ITeJIBHBIe BHHTBI IIPCAHA3HAYCHDBI AJIA IIPUBCACHUA I'COMCTPUICCKUX

3JIEMEHTOB HMHCTPYMEHTA B IMPABUJIIBHOE MOJIOKEHUE B COOTBETCTBUHM C HICEU
YCTPOMCTBA JJAHHOT'O UHCTPYMEHTA.

BapuaHTbI BBITIOJIHEHHS] UCTTPABUTEIHHBIX BUHTOB MOTYT OBITh TIPEICTABIICHBI,
HampuMep, CHUCTEMOW B COYETAaHWM BHUHTA | W NOPOTHUBOACHUCTBYIOIIEH €My
CHUpaIbHON MpYyXUHBI 2 (puc. 3, a), WIK ABYX MPOTUBOACHCTBYIOIIMX BUHTOB 3

(puc. 3, 6, B, T), WJIK KOHTPraek.



t e 4
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@) N 2) QK:
Puc. 3

6) HaBojgsiiue M MHMKPOMETPUYCCKHE BHHTBHI SIBIISIOTCS YCTAHOBOYHBIMHU

BUHTamMu. K HUM OTHOCATCS: »3JICBAllMOHHBIM BWUHT, BHUHT MpU aiaujaaie
BEPTUKAIBHOTO Kpyra, TAHTCHIMAJIbHBIH BUHT, BHHT MHUKpPOMETpPa U BUHTHI
MHKPOMETPEHHO-3a)KUMHOT'0 TIPUCIIOCOOJICHHS.

DJIeBAIlUOHHBIA BHUHT BBINMOJHSAECTCAS B BHUAE AUDHEepeHINaTbHOTO BHUHTA,
YCTaHOBJIEHHOTO B MAaTPOHE, KOHTAKTUPYIOIIETO CTEPKHEM C MOJABUXKHBIM KJIMHOM,
KOTOpPBIE ¢ OOpaTHOW CTOPOHBI OTHOCHUTENBHO AuddepeHnrnaIbHOr0 BHUHTA
KOHTAKTUPYET CO CHUpaibHON mpyxkuHou (puc.4, a). [Ipyxxkuna nHeoOxommma
s obecrnieueHust "oOpaTHOTro" MmepeMenieHus KiIWHa, Cujia MPYKUHBI JTOJKHA
obecrneynBaTh MPEOJI0JICHUE CUJIBI TPEHUS.

C OOKOBOM  TIOBEPXHOCTHIO  KJIMHA  KOHTAKTUPYET  CTEP)KEHBD,

.
T

M




nepeMenamuics NepueHIuKyIIpHO ocu TuddepeHInanTbHOr0 BUHTA.

B  kauecTBe  mpuMepa  BBINOJHEHHUS  MHUKPOMETPEHHO-3aKUMHOTO
OPUCIIOCOONIEHUsT MOXET OBbIThb MPUBEIEHO YCTPOMCTBO  LEHTPAIBHOIO
KOJIBIIEBOTO ~ MHKPOMETPEHHO-3AKMMHOTO  mpucnocoOienus  (puc.4, 0),
COCTOSIIIETO M3 XOMyTHKa 1, HameToro Ha 0akCy MOJACTAaBKHU, 3aXKHUMAIOIIETOCs
BUHTOM 2, yIuparouierocs B cyxapauk 6. [aner 5 BeoMoli nian HEMOABMKHOM YacTH
MHCTPYMEHTA MTOMEIIAETCA MEKTy HABOISAIIMM BUHTOM 3 ¥ TATPOHOM 4 C IIPY>KUHOM.

CuctemMbl oceli. MexaHMYECKUE OCH OIPENEISAIOT B3aHMHOE IOJIOKEHUE
Ir€OMETPUYECKUX JJIEMEHTOB MHCTPYMEHTa B CTPOIOM COOTBETCTBHM C  €IO
reoMerpuyeckor koHcTpykuuei. Ilo ¢dopme ocu Moryr OBITh KOHHUYECKHE H
LUIMHAPUYECKHUE, A 110 PACIIOIIOKEHHUIO - BEPTUKAJIBHBIE U TOPU30HTAJIBHBIE.

a). BeprukansHbsie ocu. B mpocTbiXx reoie3sMvyeckux HHCTPYMEHTAX,
HallpuMEp HUBEIMPAX, HAINpPAaBIAIONICH OCBIO BpAIICHUS CIYKUT BTYJKa Tperepa
(puc.5, a). CioxHble OCEBbIE CHUCTEMbI MPUMEHSIOTCS B YIIOMEPHBIX NpUOOpax.
Tak, Hanpumep, cucteMa oceii | Tuma (puc.5, 6) BBITIOJHEHA C ITOJHBIM Pa300IICHUEM
MEXIY IMAaJod U JIMMOOM M HCKJIIOYAeT BO3MOXKHOCTh CMEIICHUs JumOa MpH

BpAILICHUH AJTAJIA]TBI.

Puc. 5

B cucreme oceii |l Tuma o6e ocu pacronoxeHsl HUxKE aumbOa (puc.5, B). Och
auMOa BpalaeTcsl BO BTYJIKE TPETrepa, a OCh aluAaabl B 1MOJIoi ocu aumba. Cucrema
pacmpocTpaHeHa B WHCTPYMEHTaX TEXHUUYECKOW TOYHOCTH MOBTOPHUTEIILHOTO THUIIA,
Harpumep Teoxonutax T30, 2T30, 2T30I1. Henocratkom ee sIBISIETCS BO3MOKHOCTb

cMmeleHus JiuMoOa npu BpameHud anuaansl. Cuctema oceit |l Tuna BeimosiHeHa Takum



00pa3oM, 4TO TOBEPXHOCTH OCEH BpalleHus JTuMOa U aluaaasl pa3oOIIeHbl BTYIKON
MOABEMHOI0 anmnapara (puc.5, r). OTa cUCTeMa pacnpoCTPaHEHA B ONTHYECKUX
TOYHBIX TEOJIOJIUTAX U TaXEOMETpax.

0). lopu3zonTanbHbie ocHu. C ropu30OHTAIBHON OCHIO YIJIOMEPHOTO
npubopa coeaWHAETCS 3pHUTENbHAas Tpyba WM 3pUTeNbHas Tpyba U
BEpTUKAJIbHBIN Kpyr ¢ anunanoil (puc. 6). HambGonee yacTo ropu3oHTaIbHBIE
OCH M3TOTaBIMBAIOT HUIMWHIApPUYECKOW Qopmbl. MHOTAa TOpPU3OHTANBHBIE OCHU
JeJal0T MOJBIMU C LEJbI0 MOJCBETKH BU3UPHOW CETKM NPH MOMOUIM 3€pKala,
KOTOpOE€ MOMENIaloT B TpyOe NPOTHB MHOJOCTH B OCH. ['OpH30HTalIbHBIE OCH

YIJIOMEPHBIX HHCTPYMEHTOB BpaILlaTEIbHO COEUHSIOTCS € MOACTAaBKOW Mpudopa.
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2. YPOBHU I'EOJE3UYECKUX THCTPYMEHTOB
YpoBHU B T€OJI€3MUYECKUX HMHCTPYMEHTAX HCIOJB3YIOT MJISI WU3MEPECHHUS
MajbIX YIJIOB HAaKJIOHA W JJs NOPUBEICHUS JIMHUM UM IUJIOCKOCTEN B
FOPU30HTAIIBHOE WJIM BEPTUKAIBHOE MOJO0XKEHHE. OCHOBHBIMU YaCTSIMHU YPOBHS
SBIISIOTCS CTEKJSHHBIM COCyJ-aMmIlyjlia C JKHJAKOCThIO M ompasa. [lo d¢opme
aMITyJIbl YPOBHH MOAPA3ACISAIOTCA HA LUUJIUHIPUYECKUE U Kpyrjible. AMmIiryna

LUJIMHPUYECKOTO0 YPOBHS NpPEACTABIsAET cOO0N CTEKIAHHYIO TpYyOKy (puc.7, a),



BHYTPEHHSISI  MOBEPXHOCTh  KOTOpPOM  uMeeT OoukooOpasHyr  (opwmy,

OTHIIM(OBAHHYIO MO JIyre Kpyra. BHyTpeHHsISI MOBEPXHOCTh aMITyJbl KPYIJIOTO

vp— 7‘.=’===m:~‘rwcr‘mmm.awxftm-—i_""?t‘f—
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Puc. 7

YPOBHS UMEET CHepUISCKYIO0 TOBEPXHOCTH (puc.7, 0).

AMnynbl  YpOBHEH  HW3rOTaBIMBAIOT W3 XUMHUYECKH, TEPMHYECKH U
MEXaHUYECKH CTOMKOI0 CTeKJa (MUPEKCa) U HAMOJIHAIOT MAIOBA3KOU KUIKOCTHIO
C HH3KOW TeMrepaTypoi 3amep3aHusi (ITUIOBBIM cepHbIM 3upom). KoHIb
aMIyJIbl TIOCJI€ 3aMOJIHCHUS KUAKOCThIO 3aranBaroTcs. JKUIKOCTHIO 3aMOJHSIOT HE
BECh BHYTPCHHHH OOBEM aMmyJjibl, a OCTABJISIIOT IYy3bIPEK BO3AyXa, HOpPMaJIbHAsS
JUTMHA KOToporo aenaercs paBHou 0,3-0,4 nnuHbl aMmiyisl ipu Temnepatype + 20°C.

Ha amnynax HuUIMHAPUYECKUWX YPOBHEW HAHOCAT IITPUXU uepe3 2 MM. Ha
aMITyJ1aX KPYTJbIX YPOBHEH HAHOCIT KOHLIIEHTPUUECKUE OKPYKHOCTH.

Honp-nyHkToM ypoBHsSI Ha3biBaeTcsl Touka O, pacrosioKeHHass Ha CepeuHe
aMITyJIbl, OTHOCHUTEJIBHO KOTOPOMI CUMMETPUYHO HAaHECEHHBI nesieHus. KacarenbHas Kk

AYyre IMnpoaoJIbHOrO CCUYCHHUA B HYJIb-IIYHKTC HA3bIBACTCA OCBIO HHUIMHAPHUYCCKOI'O



ypOBHS. /{7151 KpyTiioro ypoOBHS OChIO SIBJISIETCS HOpMailb K pabouell MOBEPXHOCTH B
TOYKE HYJIb-TTYHKT.
Ileno#t neneHuss ypoBHS Ha3bIBa€TCAd YIroJl HAKJIOHA OCH YPOBHS TIpH

CMCHICHUU ITY3bIpbKAa Ha OJHO ACJICHHC. L[eHa ACIICHUA YPOBHA OIPCACIACTCA II0

bopmyie
r=—-p" 1)

r7e 7- [IeHa JIeJICHUs yPOBHS;
t — InMHA OHOTO ENIEHUs Kbl AMITYJIbl, MM;
R- paauyc nyru ammyssl, MM;
p”=206265".

Yacto B TeO0Ne3WYECKMX HHCTPYMEHTAaX MCIOJB3YKOT YPOBHH C
NPU3MEHHBIMH cUcTeMaMu. [Ipu3MeHHblE CHCTEMBI YBEIMYUBAIOT TOYHOCTH
YCTAHOBKM MY3bIpbKa YPOBHS B IMOJIOKEHUE HYIb-MyHKTa. OOBIYHO MCHOIB3YIOT
KOHTAaKTHYIO ONTHYECKYI0 cuctemy. Cucrtema cocTOUT U3 ABYX mpusm 1 m 1',
3aKpEMJICHHBIX MOJl CPEHEN YacThi0 aMMyJibl K MPSIMOYTOJIBHOW MPU3MBbI 2 (pHC.
7, B). Ilpu3mMbl namOT pa3ABOCHHOE B HAIPAaBIECHUU OCH YPOBHS H300pakeHUE
KOHIIOB My3bIpbka (puc.7, r). [IpuBeaeHue my3blpbka KOHTAKTHOTO YPOBHS Ha

CepeMHy MPOU3BOJIUTCS COBMEIIEHUEM U300paKeHUM pa3IBOCHHBIX KOHIIOB €TO.

3. 3PUTEJIBHASA TPYBATEOAE3NYECKUX UHCTPYMEHTOB

3putenpHas TpyOa TMpeaHa3HadyeHa [Jis pacCMaTpUBAHHS YAAJCHHBIX
npeaMeToB M BU3MpoBaHMS Ha Hux. Hawubonee pacmpocTpaHEHHBIMU
3pUTENBHBIMU ~ TpyOamMu  SBISIOTCS  TEJIECKONMUYECKHUe CUCTEMBI  C
Teneo0beKTUBOM. OCHOBHBIMH KOHCTPYKTUBHBIMHU KOMIIOHEHTAMHU 3PUTEIBHON
TPyOBI SABIAIOTCA OOBEKTUB M OKYJSIP, MPHU ITOM KOHCTPYKIIUS TeIe0OBEKTUBA
TaKOBa, YTO OHA BKIIIOYAET IMOJOXKUTENbHYIO JUH3Y | W oTpuuarenbHyo 2.
Paccrostnne wmexnay mauH3amMu 1 u 2 MeHblie (OKYCHOTO PacCTOSHHS
MOJOKUTEIbHON  JIMH3BI, T[O3TOMY OINTHYECKas CHUCTeMa TeleoObeKTUBa

SKBUBAJICHTHA OJHOW TMOJIOKUTENbHOW JnHuH3e (puc.§, a) ¢ (OKyCHbIM



paccrossnueMm f°, BelMYMHA KOTOPOro OOJBINEC JUIMHBI 3PHUTEIBHON TPYOBI.

DoKyCHOE paccTOsTHUE TEICOOBEKTUBA ONpeesieTcs mo Gpopmye

fro-—tile @
d—f, +f,

rae f;” - hokycHOE paccTOsHHUE MOJIOKUTEIBHOM JIMH3BI TEICOOBCKTHRA,;
f,” - dbokycHOe paccTossHUE OTPHIIATEIFHOMN JTUH3BI TeJICOObEKTHBA;
d - paccTosiHME MEX Iy MOJOKHUTEIBHOW U OTPHUIIATEILHON JTUH30M
TeJIe00BEKTHUBA.

OOBbeKTUB AaeT IEHCTBUTEIBLHOE, OOPATHOE U YMEHBIIIEHHOE U300pakeHHe
yIaJ€HHOTO TpeaMeTa, KOTOpO€ paccMaTpuBaeTcss B OKyjusap. Okyisp
yCTaHaBJIUBACTCs JUI1 HOPMaJIbHOTO TJjla3a Ha paccTtosHuu f, ' oT m3o0pakeHus
npeamera. OKyJsip JaeT MHUMOE M YBEJIMUYEHHOE H300pakKeHHE MpEeIMETa.
BaxxHbIM KOMIIOHEHTOM 3pUTEIbHON TpyOBl sBisieTcs ceTka HuTed. CeTka
HUTEH TpeJCcTaBlIsieT COOON CTEKISHHYIO MJIACTUHKY C HAHECEHHBIMU Ha OJHY
U3 ee moBepxHocTel wmTpuxamu (puc. 8, 0). Kak mnpaBwiio, CTEKIsSHHasA
IUIACTUHKA CETKM HUTEH TMOoMelleHa B METAJUIMYECKYI0 OIpaBy, KoTopas
KPEMUTCS B KOXKYX€E 3pUTEIBLHON TpyObl IPU MOMOIIHU ABYX Map (BEpTUKAIBHOU U
TOPU30HTAIILHON) UCIIPABUTEILHBIX BUHTOB.

3putenbHas TpyOa HMEeT TpU OCHU: BHU3UPHYIO, ONTHYECKYIO U

Puc. 8

reOMETPUICCKYIO. BI/ISI/IpHa}I OCh — OTO MHHMasd OCbhb, COCAHNHAOIIasA ONTHUYECKHUU



LEHTp OO0BEKTUBA C MEPEKPECTHEM IITPUXOB (ILIEHTPOM) CETKH HUTEH.
Onruyeckass ocb — 3TO MHHUMas OCbhb, COEIMHAIONAS ONTHUYECKUH LEHTP
00BEKTHMBA K ONTHYECKHUW ULEHTp OKyiaspa. ['eomerpuyeckas ocb — 3TO
IpOAO0JIbHAS OCh HMJIMHJPA 3PUTEIBHON TPYOHI.

OCHOBHBIMM TEXHHMYECKHMMHU XapaKTEPUCTHUKAMHU 3pPUTEIBHONH TpyOBI
ABIISIIOTCS yBeanuueHue V TpyObl U yroJ moJist 3peHust & TpyOHl.

YBenuyeHue 3puTeabHON TpyObl paBHO OTHOLIEHHIO (POKYCHBIX PACCTOSHUN

oowektuBa f,; u okymspa f, .

f
V= 00 (3)
nimn
()
V:ﬂ’ 4
Py (4)

rae @, — IMaMeTp BXOJHOTO OTBEPCTUS TPYOB! (AuamMeTp 0OBEKTHUBA);
®,, - TMaMeTp BBIXOJHOTO OTBEPCTHUS TPYOBI (IMAMETP OKYJISpa).

Bennmunaa V moka3piBaeT KpaTHOCTh YBEIWYEHUS WM300paKeHUS TpeaMeTa
MECTHOCTH TIPH pacCMaTPUBAHUH €TO 4epe3 TPyOy, KOTopas MOXKET U3MEHSATHCS
ot 15 1o 65%. Yrox moss 3peHus « ONpenenseTcss Kak yrojl MEXIy TiIaBHBIMU
Jy4aMu, TPOXOIAIIMMH dYepe3 Kpas IMOJICBOW auadparMbl 3pUTEIBHOU TPYOBI

IIPU TEJIECKOIMUYECKON YCTAaHOBKE €€:

o=, (5)

TJ€ (X, - YTOJI TIOJIsl 3peHUsl OKyJsipa.
B reoae3nueckux MHCTpYMEHTAaX BEJIMYMHA ¢ U3MEHSETCS B Mpejaesiax OT
0,5° mo 2°.
4. TEOAOJIUT
Ilpunyunuanvnasa cxema uzmepeHus y2i08 MeCmHOCMU
Touku MectHoctu A, B, C, umewmmue pa3Hbie BBICOTHBIE OTMETKH,

obpaszyror mpoctpanctBeHHbIl yron ABC. Jlyun BA u BC, cocraBnstomue 3TOT



yroJj, JCKAaT B BCPTHUKAJIBHBIX IINIOCKOCTAX Va un VC, KOTOPBIC HA3BIBAKOTCA

KOJUTMMAIIMOHHBIMU (puc . 9).

Puc.9.

[Tnockoctu V4, u Vc mnpoektupyror yron ABC Ha TOpU30OHTaIbHYIO
miockocTh H. OOpasyromias OQO' sBiusieTcss OTBecHOM nuHuer. B reonesuu
VCHOJB3YIOT IPUHIUII YTJIOBBIX W3MEPEHUH, COIIACHO KOTOPOMY H3MEPSAIOT HE
NpOCTpaHCTBEHHBIN yron LABC, a ero mpoekuumu: rOpU30HTAIBHBIM YrOJl M
BEepTHUKaJbHBIC YTkl HakinoHa gyueid BA u BC k ropuzonty v. Tpu npoekuu f,
Vgc M Vg, OJHO3HAYHO ONPEACTSIOT TpocTpaHcTBeHHBIH yron LABC. [lns
U3MEpeHus: YrioB f, Vzc U Vpy HCIONB3YIOT JBa TpagydpOBaHHBIX Kpyra:
ropu3zoHTaibHbll TUMO 'K u BepTukanpubiii 1umM6 BK, a Takxke onTuyeckyio
cucTemy - 3putenbHyio TpyOy 3T.

OtBecHass nuuuss OO’ mnpoxonut uyepe3 wmeHTp kpyra ['K. Crenst
BepTUKaAIbHBIX TIockocTer V, u VC 3adukcupoBansl Ha 1uMbe 'K oTcuetamu a
u c. Jlenrenuss Ha nuMmMOe BO3pacTalOT MO XOAYy vacoBoil ctpenku. [losTomy
TOPU30HTAIBHBIA YroJl paBeH f = a — ¢. AHAJIOTUYHO, KaK Pa3HOCTh OTCUETOB MO
BepTuKanbHOMY Kpyry BK, ompenensator yron v. OguH u3 OTCUETOB MO JUMOY
BK cooTBeTcTByeT TrOpH30HTaIbHOMY MOJIOKEHHUIO 3puTeiapHO TpyOsl 3T, a

Ipyroil oTcueT puKcupyeT HampanieHue BA.



JIum6er 'K u BK wu 3purenpbnas tpyba 3T coenuHeHbl BOECIAWHO B
YIJIOMEPHOM MHCTPYMEHTE, KOTOPBIM Ha3bIBAETCS TEOJOJIUTOM.

Yempoiicmeo meooonuma ¢ oouiem euoe

B ob6mem Buzme cxema Tteojonura mnokazana Ha puc.l0. Teogonut umeer
cnenytomue y3ael: 'K - ropuzontanbsbii kpyr; BK - Beptukanenbiii kpyr; 3T -
sputensHas Tpy6a; TU - tperep; IIT - moacraBka TpyObr; LY - nunuuapuyeckuii
ypoBeHb; CB - ctanoBo#t BuHT; Il - mrratuB; O - otBec. 'K npencraBiser coboit
COCJIMHEHUE MO IEHTPY BpalleHUs ABYX KpPYroB: JnumOa (HWXKHUM Kpyr) u
anunanel (BepXHUU Kpyr). JlumO, MeTaNIUUEeCKUl WM CTEKJISTHHBIA, HMEET
CKOIIIEHHBIA Kpa# ¢ aeneHusaMu ot 0° 1o 360°, cyeT KOTOPBHIX BEAETCS MO XOIY

YaCOBOMU CTPEJIKU. XapaKTEPUCTUKON JTUMOa SBJISICTCS 1I€HA €T0 JICJCHUs paBHas

;=00 (6)
n

rJi€ 1 — YUCJIO JAeJIeHu Ha numoe.

Bepxuuit kpyr Hajg quMOOM - anuaana - BpallaeTcsi BMECTE CO 3PHUTENIbHOMN
TpyOOil M CIYKHUT JJIsl COBMEIICHUSI KOJUIMMAIMOHHOM TJIOCKOCTH C HaIpaBJICHHEM
CTOpPOHBI, 00pa3yroliel yroj, a Takxke A (PUKCUPOBAHHS ITOTO HAMPABIICHUS HA
auMOe TOCPEACTBOM OTCYETa MO MIKaje
aumba. Otcuer OepeTcsi TMPOTUB HHIEKCA,
KOTOpbIi HaHEeCeH Ha anmumaae. YToObl

ITIOBBICUTHh TOYHOCTBh OTCUECTA, HHICKC MOXET

ObITb  OGOpMIIGH B BHUJE OTCUETHOTO

PUCTIOCOOJICHHUS.

Cornacuo puc.10 num6 u amumgaga ['K

BpalaloTCcsi COOCHO BOKpYT ocu VV, Kotopas

Ha3bIBACTCA OCBIO BpPAIICHHA HHCTPYMCHTA.

DTa 0oCh IIpn MH3MEPCHHUU YIJTIOB [OOJDKHA

3aHNMAThb BCPTHUKAJIbHOC ITOJIOKCHUC. 3HauuT

MO0 u anmupana 'K goipKHBI HaXOOUTLCS B



TOPU30HTAJILHOM TOJOKEHHH. YCTaHOBKa ocH BpamieHus VV B BepTHKaJIbHOE
TMOJIOKEHHUE MPOU3BOAUTCS MO ypoBHIO LY, KoTOpHIN pacnonoxen Ha anmunane ['K.
Ocpb ypoBHs AomxHa ObITh mepnengukyiaspHa ocu VV. Ilostomy, ecnmu ocy UU
PUBECTH B FTOPU3OHTAIBLHOE MOJIOKEHUE, TO och VV Oyner BeprukanbHou. Y3en ['K
CHH3Y Pa3MEIIAETCA B Tperepe MHCTpyMeHTa TH, KOTOPBIN yKPEIUISIETCSl Ha ITATUBE
I mocpeactBoM cranoBoro BuHTa CB. Tperep TU mmeer Tpu NOAbEMHBIX BHUHTA,
Bpaillasi KOTOpbI€, MOKHO M3MEHUTH MOJI0KeHHe mockoctu 'K, a cienoBaTensHo, U
oceit UU u VV. IlogbemHbie BUHTHI UMEIOT MEJKYIO Hape3Ky, 4YeM O0eCreYrBaIOT
IJIaBHOCTh mepemenieHuss ocu VV B mpoctpaHcTBe. D(H(HEKTUBHOCTH JIEWCTBHIA
MOABEMHBIMUA, BUHTAMU TOBBIIIAETCS MOCPEICTBOM

OJHOBPCMCHHOI'O BpallCHUA ABYX BHHTOB B PAa3HbLIC '

=1
e QU kgo
CTOPOHBI, KaKk mokazano Ha puc. 11. Ocs UU ypoBHs M1 sooxeig ‘K u
HaIpaBjsIOT BAOJIb JBYX (JIIOOBIX) MOJBEMHBIX \1 \\(D /‘- O | )
\ A\
BUHTOB, BBIBOJISIT €€ B TOPU30HTAILHOE MOJIOKEHHE, _i/ 7

/

Bpamas BUHTBI 2 u 1. 3arem mnDOBOpadMBarOT

-
\_/
T nonowenus

uHCTpyMeHT Ha 90° u BpamaroT Ttpertuid (3)

U

A

MOABEMHBIN BUHT. B wuTore B JBYyX B3aUMHO
Puc. 11

MEePICHIUKYJISIPHBIX ~HAMpPaBJIEHUSIX OCh YPOBHSA
Oynet ropusontanbHo. [Ipu ycnosuu, yto UU L VV, miockocts 'K Takke Oyaer
ropuzoHTanbHOM. Tperep T B HMXKHEW 4acTH MMEET OTBEPCTUE C HAPE3KOW IS
3aKpy4yMBaHMUs CTAaHOBOIO BHHTAa. Ha KOHIIE CTAaHOBOrO BHHTA KPIOUOK JJIS OTBECA
O. OTBeC HyKEH [ HUEHTPUPOBAHUS T€OJIOJIUTA B BEPIIUHE U3MEPSEMOTO Yria, T.€.
JUIsl ycTaHOBKM ocH VV B MOJI0kKEHUE, MPU KOTOPOM OHAa MPOEKTUPYETCs B TOUKY B
yria ABC (cM. puc.9 u pwuc.10). Yacte mratuBa, Ha KOTOPOM 3aKperuisieTcs
MOJICTAaBKa, Ha3bIBAETCS TOJIOBKOW mmTaTuBa. IIITaTMB UMEET TpU pa3ABUKHBIE HOTH
JUISl yCTAaHOBKH TEOHO0JINTA HAJl TOYKOU MO BBICOTE.

Ceepxy k 'K kpenutcsa noacraska TpyOsI [1T, nMmeromas B BEpXHEH 4acTH JBe

MPOTOYKH, B KOTOPBIE MTOMEIIEHA OCh BpaileHus 3putenbHoi Tpyost 3T. Ha ocu HH,

kpome 3T, ykpemieH Beptukanbhblil kpyr BK, umerommii 1um6 n anugany. Jlum6 BK



ckperuied ¢ 3T Harmyxo, a anuaaga MOXeT Bpamatbes Bokpyr ocu HH. YcerpoiictBo
n HazHaueHue BK anamornuner ['K.

[ToncraBka IIT momkHa ObITh pa3menieHa Ha 'K Tak, uyToOBl cobiroganach
nepneHaukysipaocts ocu HH x ocu VV. Bpamenuem 3T Bokpyr oceit HH u VV
MoxHO yctaHoBUTh BK mubo cnpasa (KII), nu6o cnesa (KJI) ot naGmromarers.
ITepBoe monokeHreM Ha3bIBACTCS "KPYT MpaBo", BTOPOE MOJIOKEHUE - "KpyT JIeBO".

Texunueckuii Teomonut 27T30

Teomomur 2T30 onThyeckuii M HWMEET CTEKISHHBIE JUMOBI (puc.12).
OtcueTHbIM MIPUCTIOCOOICHUEM CITYKUT
IIKAJIOBBIN MHUKPOCKOTI c TOYHOCTBIO
orcunthiBanus 30", mokazaHHBIA Ha puc. 13.
Onrtuueckas CcUCTEMa IIKAJOBOIO MHUKPOCKOIA
teononuta 2T30 uzoOpaxkena Ha puc. 14. Jlyu
CBETa, OTpaxasch OT 3epkajga 3, OCBEIIAeT

nenenusi uMmba BepTukanbHOro kpyra (JIBK) um

nanee JAelieHUs JUMOa TOPH30HTAIBHOTO Kpyra
(JITK). MWMz3o6paxkenne mkan JIBK wu JIT'K
nepefaloTcss B IOJie  3PEHHS  IIKAJIOBOTO

MHKPOCKOTIA M. Oxkyusip LIKAJIOBOTO

MHUKPOCKOIIa PACIIOJIOKEH PSIAOM C  OKYJISIPOM
3pUTENBHOMN TPYOBI.

OcHoBuble uyactu TeomonuTta 2T30: 1 - moxacraBka TeomoiuTa;, 2 -
3akpenuTenbHbld BUHT JuMmba I'K; 3 - mHaBomsammuit BuHT numba ['K; 4 -
TOPU3OHTAJIBHBIA KpYT; 5 — 3akpenuTenbHbl BUHT anupaasl ['K; 6 - HaBogsummii
BUHT anmunanel ['K; 7 — nMIMHIpUYecKuil ypoBeHb;, 8 - MOJCTaBKa TpyOwl; 9 -
BepTHUKaIbHBIN KpyT; 10 - 3epkano; 11 - 3putensHas TpyOa; 12 - onTuueckuil BU3MUD;

13 - 3akpenuTenbHbIN BUHT TPYOBI; 14 - HaBoAAIIIMN BUHT TPYOBI; 15 — Kpemasbepa.



[Ixa10BBIN MUKPOCKOIT

B mkamoBOM  MHMKpPOCKOIIE
MEX]Ty MIIQJIIIAM IITPUXOM TPayCHOTO JCJICHUS
auMOa (BEPTUKAIBHOTO WIJIM TOPU30HTAIBHOTO),
BUJIMMOTO B TIOJiE€ 3PEHHUS MHKPOCKOMa, |

HHACKCOM OTCUCTa OIPCACIIACTCA IIPH IMOMOIIU

CIIeaILHOMN

IINTOCKOCTH

MITPUXOB JMMOa. I/IHIIGKCOM OoTCUCTa ABJIICTCS

MIPOMEKYTOUYHOTO

IIKaJIbI,

UHTEpBaJ

pacmoJIOKEHHON B

M300paKeHUs

g/

{4 6
‘Ga‘l'l‘l‘l‘i‘ll

-0

I
4ol

Vin\

Puc. 13

HYJIEBOM IITPUX MIKaldbl. Pa3Mepsl WIKalbl U

YBCIMYCHUC MHKPOCKOIIA BI)I6HpaeTC5I C TaKuM pPacCuYCTOM, YTOOBI B II0JIE 3pCHUA

IHOCICAHCIO JJIWHA OTCYETHOM IIKaJIbl TOYHO paBHATIACb OAHOMY JCIICHUIO aMoOa u

BU/IMMAasl BEJIMUMHA HAaUMEHBIIETO JEJIEHUs OTCUETHOM Ikaibl Obuia paBHa 0,75 -

1,00 mm.

B Teomonmure 2T30 B mnose 3peHUS WMIKAIOBOTO MHUKPOCKONA BUIHBI

OJTHOBPEMEHHO IITPUXU FTOPU30HTAIHLHOTO U BEPTUKAIBLHOTO KpyroB (puc.13).

[ToHBIN OTCUET IO IIKAJIOBOMY MHUKPOCKOIY OIpeeseTcs 1mo GopMye
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Puc. 14

S=NA+kov+yv, @)
rae NA - orcuer Muamiiero rpaaycHOTro
IMTPUXa, SBISIONICTOCS HWHIACKCOM JIIS
oTcUeTa T0 MIKaJIe MUKPOCKOIIA;

K - ypcito HensIX AeNeHui MIKaIbL;
L - IIeHA JIEJICHHS IIKaJIbI;
L=—;

n
N - o01iee KOJIUYECTBO JICICHUH B IIIKAJIC;
Yy - 4YHCIO JECAThIX JOJEH IIKabI,
OIICHMBAeMOC Ha IJjias.

B cootBercTBun ¢ ¢opmynoi (7)



OTCUET M0 TOPU3OHTATILHOMY KpYyTy (pHc. 13) ckiaapIiBaeTcs:

S=135-1°+8-5 + 0.6-5" = 135°43".

[loBepku Teog0IUTA

OcHOBHBIC ITCOMCTPHUICCKUC COOTHOHICHHA MCXKIAY OCAMH TCOJOJINTA,

ITOKAa3aHHBIC Ha PpUC. 10 1 Ha pHuc. 15, JOJIDKHBI OBITE 00s13aTEIIFHO CO6JHOI[€HI)I, nHayc

Puc. 15

OyayT HapylmieHbl TNPUHIUNHAAIBHBIE  YCIOBUS
u3MepeHus yria. J{js u3aMmepeHusi TOpU30HTAIbHOTO
yriia HeoOXoAuMO, 4YTOOBI BepTHKajdbHas och VV
OblJTa OTBECHOM; ILIOCKOCTh aumba IK -
TOPU30HTAIBHOM, a BH3UpPHAs IUIOCKOCTh -
BEPTHUKAJIbHOM.

D10 OymeT MOCTUTHYTO, KOT/Ia OChb, YpOBHS
UU Oyner ropu30HTAIBHOM, a TakKe MPU HATUYUU

coornomenuit UU L VV; 771 HH; HH 1L VV.

Hanuume niepednciieHHBIX  COOTHOIIEHUM

YCTaHABJIMNBAIOT ITOCPCACTBOM BLIIIOJIHCHMA ITOBEPOK TCOAO0JINTA.

IlepBas mOBEpKa TEOJOJIUTA: OCh LUIMHIAPUUYECKOro ypoBHs npu anuaane 'K

J0JKHA OBITh TEPHEHIUKYISIpHA K OCH BparieHusi uacrpymenta. [lycte v = 90°

(puc.16), T.e. ocu UU u VV HeneprieHIuKyIspHBIL.

IToBepHem ammaany Ha 180°, moyduM MOJOKEHUE

ocu U'U’, npu KoTOpOM Iy3bIpEK YPOBHS U3 TOUKHU

O nepememaercst B Touky O' Ha m AeieHUI.
CornacHo puc. 16 npaBUIIbHOE MOJOKEHUE

ocu ypoBas U’U’ L VV. Jlns npuBeaeHus: ypoBHs

B OTO IIOJIOKEHHUE HeoOxomammo HakiIoH ocu U’'U’

YMEHBIIUTh Ha Yrod &, KOTOPOMY COOTBETCTBYET Puc. 16

m/2 neneunuii, n6o 2§ = m-7.

[Tonyuus nonoxenue U’'U’ L VV, ocraetcs nmpuBect och VV K BepTUKATH.

[Iporpamma npakTHYECKUX AEUCTBUMN:



1) craBAT ypoBeHb MHapaieIbHO HANPABICHUIO JBYX IOJBEMHBIX BUHTOB, U HX
BpalICHUEM BBIBOJAT ITy3bIPEK B HYJIb-ITYHKT;

2) BpamatoT anuaanay Ha 180°;

3) mpu cxone Imy3blpbKa C HYJBIYHKTA HCIPABUTEIbHBIMU BUHTAaMH YpPOBHS
MepEeMEeIIAlOT My3bIPeK Ha MOJOBUHY JeneHuit (m/2) k uentpy 0;

4) BTOpYIO MOJIOBUHY OTKJIOHEHUS Iy3bIpbKa YCTPAHSIOT IOJbEMHBIMU BUHTAMH, 110
HaIIPaBJIEHUIO KOTOPHIX YPOBEHb YCTAHOBJIEH.

VYKa3zaHHbIE NEUCTBUS NPHUXOAUTCS MOBTOPATH A0 TEX MOP, MOKA My3bIPEK HE
Oyaer ocraBaTbcs B  HYJIBIYHKTE HpPU JABYX B3aUMHO-IIPOTHUBOIIOJIOKHBIX
MOJIOKEHUSAX AJTAIAMbI.

Yro6s! mpuBecTr och VV B OTBECHOE MOJIOKEHNUE, MTOCIIE BHITOJIHEHUS TOBEPKU
YPOBHS anuaany noBopadnBaroT Ha 90° M OCyHIECTBISIIOT NPUBEICHUE ITy3bIPbKa B
HYJIBITYHKT TPETBUM MOABEMHBIM BUHTOM. CXOJ1 My3bIpbKa C CPEIHUHBI JOIYyCKAETCA
He OoJiee YeM Ha OJIHO JICJICHHUE.

BTopasg moBepka Teo10auUTAa

[tpux ceTku HUTEW AOHKEH OBbITh TOPU3OHTAIBHBIM, a APYrod IITPUX
BEPTUKAJIBHBIM.

[Ipy1 BBITTOMHEHWH TIEPBOM ITOBEPKH BEPTUKAIBHBIM IUTPUX CETKU JOJHKEH
COBIIAJaTh C JIMHUEHM OTBECA, BBIBEUICHHOIO HA HEKOTOPOM pPACCTOSHUU OT
TeoponauTa. Eciii Takoro coBnaZeHusi HET, TO MPOU3BOAAT OCJIA0JICHHE BUHTOB MO
OTBEPTKY OKYJIsipa 3pUTENIbHOM TPpyOBbl U MOBOPOT €0 JI0 COBMAJICHUS HUTHU OTBECA U
BEPTUKAJIBHOI'O IITPUXA CETKU HUTEM.

TpeTns mOBEpKa TEOIOINUTA

BusupHas och momkHA OBITH TEPHEHAMKYJISAPHA K TOPU3OHTAIBHOW OCH

BpalIeHUs TPYyOBI.



Otknonenue ocu /7 oT nepneHauKymnsipa K ocu HH BbI3bIBacT MOSIBICHUE
KojutmMarioHHoi norpemtHoctd C (puc.17). Ilpum Bu3MpoBaHMHM Ha YJAJICHHYIO
TOUYKY A ee BIUsHUE OyAET OTpa)kaThCsl HA BEIUYMHE oTcueTa 1o quMoy ['K.

ITpu KII: a = ag;— c.
: o o
A T/ ITpu KII: a = ag; +c = 180°.
Takum o6pazom,
2

Ecimm Bemumumna ¢ >2t, rme t - TOYHOCTH

c

(8)

OTCUHHUTBIBAHUA I10 TCOOOJIUTY, TO BJIMSHHC

Puc. 17 KOJUTMMAIIHOHHON TIOTPEITHOCTH YCTPAHSIIOT
cieayrommuMm obpazom. Ha numMOe ycTaHaBIMBaIOT

CpPEIHUI OTCYET

_ Ay tagy +180°
2

DTO BBI30BET CMEIICHUE LIEHTPA CETEN HUTEHN ¢ TOUkU A. McnpaBuTenbHbIMU

a

BUHTAMU CETKH €€ LIEHTP BO3BPAILAIOT B IEPBOHAYAIBHOE MOJIOKEHHUE.
[ToBepKy BBIMOJHAIOT HE MEHEE IBYX pa3 U yOexaarTcs, uto c<2t.

YeTBepTasi MOBEpKa T€O0IUTA

['opusoHTangbHAs OCh BpallleHHs] TPYyObl MOJDKHA OBITH MEPHEHAMKYISpPHA K
BEPTUKAIbHOM oOcHu BpamieHuss uHcTpymMeHTa. CoOnoeHue 3TOro YCIoBUS B
COBPEMEHHBIX T€OJJ0JUTAX TapaHTHUPYETCs 3aBOJJOM-U3TOTOBUTEIICM.

HekoTopsie TEOMONMHMTHI HMEIOT pa3pe3Hble TMOJCTaBKU TPYOBI, dYTO
BBI3BIBAET BO3MOXKHOCTh M3MEHEHUs MOJIOKEHUs ocu HH oTHOCUTENbHO OCH
VV. Jlns Takux TEONOJUTOB HEOOXOAUMO YCTAHOBUTH HaJIU4YUE YCIOBUS
HH 1 VV. B 10-30 metrpax oT cTeHbl 3aaHus (puc. 18) ycraHaBIMBaIoT
TEOJOJUT U BU3UPYIOT Ha TOUuKy M. CHOCAT TOuky M Ha ropu30HTAIBHYIO JIMHUIO

AB, mpouepuennyro Ha BeicoTe MHCTpyMeHTa npu KII m KJI. Ilpm orcyrcrBum



ycnoBuss HH 1 VV OyayT nBe TOUYKH Mp; © My.
YTOoOBI IEHTp CETKM HHUTEH Momal Ha CpEeIHION
A i TOYKY M,, HEOOXOAMMO BBIPOBHATH  BBICOTY

|
Y MOJICTaBOK TPYOBI.
i
|

— —m \
. w PaBencTBa mojacTraBok pr6LI JTOOMBAIOTCS Ipu
L
IIOMOIIM UCIPABUTCIbHBIX BUHTOB IIPHU MOJICTAaBKE.
Puc. 18 N3mMeperne TOpU30HTAIBLHOTO VIIa

HN3mepeHne ropu30HTAIBHOIO yrijla HAYMHAKOT
C YCTaHOBKHM Te€OJ0JuTa B pabouee mosiokeHue. TeoqoNUT yCTaHaBIMBAIOT B
BEPUIMHE yTJa, TPUBOAAT N0 ypoBHIO 'K B rOpH30HTAIBHOE MOJIOKEHHE U TIPU
MOMOIIM OTBECA LIEHTPUPYIOT €ro HaJl TOUKO. OTBEC MOKET OBITh HUTSIHOW WU
ontuyeckui. Y  teomomuta 2T30 mma  onTHYECKOro  IEHTPUPOBAHMS
UCTONB3YIOTCS TmoJsias och anuaansl 'K u 3purenpHas  tpyb6a. TouHOCTh
LEHTPUPOBAHMS TEOAO0JIUTA HAJl BEPIIMHON yTiia MPU TONMOrpauyuecKux ChbeMKax
U3MEHSETCS OT 2-3 MM 110 3 CM.

['OpU30HTANBHBIA YrOoJl H3MEPSAIOT CHOCOOOM MPUEMOB WM CHOCOOOM
noBTtopeHuid. [Ipu TOnorpadguuecknx chreMkax NpUMEHSIOT cnocod npuemoB. [lpu
KII u 3akpennennom num6e 'K Bu3HpyIOT Ha 3aJHIO0 MO XOAy TOuky A (puc.
19) u G6epyT oTcueT a. BusupyroT Ha nepenHior Touky C u 6epyT OTCYET c.

BennunHa rOpu30HTAIIBHOTO yIiia

Prxn=a-c. (20)

[Tonyuenne yrma (10) npu  KII
COCTaBJIACT MEPBBIN MOTYIIPUEM.

ITpu KJI ocCyiiecTBISIOT BTOPOUW MOJYIIPUEM U
nojiydatrotT £, Mexay mnoiaynpueMamu MepecTaBlSiOT

mum0 'K nHa 2-3°.

OxoHYaTeabHOE 3HAYCHUEC yrila H3 TIIOJIHOTO

npuema



ﬂ:ﬂKﬂZﬂKﬂ’ (11)

Koraa By - Prn < 2.

B mpotuBHOM ciydae yron mepemepsitor. [Ipn m3mMepeHun Topu30HTaIBHBIX
VTJIOB 3allMCU OTCYETOB BEAYT B TOJIEBOM JKypHale, (hopmMa KOTOPOTO MpUBEICHA B
tabn. 1. B Tabmn.l npuBeneH ciydaid, KOorjga OTCYET a MEHbIE oTcuera c. B aTom

cinyyae f=360° +a - c.

Tao0muna 1
XKypHai u3MepeHus TOPU3OHTATLHBIX YTIIOB
s 5 g ["opu3oHTaNBHBINA KPYT
E E E § KIT OTCUer 1o Yron CpemHuii yromn
53 & & ki MHKPOCKOITY
= 5| 2 5
o o ~
m m m [o] 14 [o] 14 [o] 14
A KJI
B |C KJI
A KIT
C KIT

HSMGDCHI/IG BEPTHKAJIBHOI'O YI'JId

N3mepenre BEpPTUKAIBLHOIO YIJIa MPOU3BOIAT TMPHU MOMOIIM BEPTUKAIHHOTO
Kpyra. YIpouieHHas cxema nokaszana Ha puc. 20. Ha cxeme. paznuyaroT cieayromme
ocu u ucxonaubie JuHUU: ock UU ypoBHS mipu anupane BEpPTUKAJIbHOTO Kpyra;
BU3UpHas ock [T TpyOwl, HyneBoul auamerp numba 0°-180°; nuHuHs Hynen
BepHbepoB 0’-0°. Tlpu TOpU3OHTAIHHOM TMOJOKEHUM BHU3UPHOM OCH U OCH
YPOBHS JUHUS HYJIEH BEpPHLEPOB JOJKHA coBmanaTh ¢ JuHuer 0°-180° numoOa,
T.e. oTcueT 1o BK nomxen ObITh paBeH HYI10. DTOT OTCUET HA3bIBAETCS MECTOM

nyis (MO) BK.




Ha puc. 21 nokasaH ciayuai, Korjga MecTo

HYJiS HE paBHO HYyJIO. BepTuUKanbHBIM yrom v

paBeH:
mipu K11
v =KII- MO, (12)
nipu KJI
Puc. 20 v=KJI - MO. (13)
N3 (12) u (13) BenuunHa MecTa HYJs paBHA
MOZKJI+KH’ (1)
2
a BepTUKAJIbHBIA yroJ paBeH
b KJI ; KH. (15)

[IpakTrydecku i1l U3MEPEHUST BEPTUKAIBHOTO yria TpyOy HaBOISAT HA TOUYKY
M npu aByx nosioxkeHusix BK, mpuBoasT my3bipek ypoBHSI B HYJbIYHKT U O€pyT
orcuetsl KII u KJI mo nmum6y BK. V ontuueckux teomonutoB tumna 2T30 Her

YPOBHsS IIpU aluaajie BEPTUKAIBHOTO Kpyra. [loaToMy monb3yroTcss ypOoOBHEM

M
r (’k\\r HNn
0
A U gt u
MO
0 //
Puc. 21

I'K, my3bIpeK KOTOpPOIro JOJKEH HNPUBOJMUTHCS B HYJBIIYHKT IE€pe] HaBEICHUEM
Ha TOYKy M 3apanee.

Korga MO >2t; BennunHy MecTa HyJIsl yMEHbIIA0T A0 Beanunasl MO < 2t.



[Ipusenenrne MO k Hymwo y TteoaoiuTa 2T30 mpousBOAsST CIEAYIOIIUM
oOpazoM. Buzupyror Ha Touky M npu KII u KJI u 6epyr orcuerst mo BK. Ilo
OTCYETaM BBIYUCIISIFOT BEIMYMHBI B COOTBETCTBHH C BhIpakeHUsiMu (14) u (15).

YcranaBnuBaroT Ha BK orcuer, paBubiii V. Ilpn 3TOM LEHTP CETKH HUTEU
CMECTUTCS C HaOoJaeMoil TOouku. BepTHKalbHBIMU MCIPABUTEIIBHBIMA BUHTaMHU
CETKH HUTEU, COBMEUIAIOT LIEHTP CETKHU C M300pakeHNEM TOUKH M.

[IpaBWIIBHOCTP U3MEPEHHsI BEPTUKAIBHBIX YIJIOB KOHTPOJIUPYIOT IO
nocrosiactsy MO.

Bce orcuersl mo BK 3anocsaT B xypHai (Tab:1.2).

Tabmauia 2
KypHan usmepeHus BepTUKATbHBIX YTIIOB
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5. OIITUYECKHME JNAJIbBHOMEPBI

HDI/IHHI/IH JAJIbHOMECPHOTI'O OIIPCACICHUA PACCTOAHUA

[IpyuHIMIT ~ TaJTbHOMEPHOTO  ONPENEIEHHUS  PACCTOSIHUA  ONTHYECKUMH
CpeACTBAMHU MOSICHSETCA Ha puc. 22. [Io n3BeCTHOMY NapailakTUYECKOMY YTy

p u 6aze B nanpHOMEpa paccTosiHue onpeaesieTcs mo ¢gopmylie

d=9-ctgﬂ

S Ctg (16)




[TapanmakTuueckuit yron He Oonee 1°, nmmuHa 06a3el 1-3 Metpa, a

HU3MEPACMOC PACCTOSAHUC d A0CTUTACT COTCH MCTPOB.

Puc. 22

OnTuyeckue DalbHOMEPHI Pa3IMYalOTCs MEXIy COOO0H MO TOMY, Kakou W3
aneMeHToB ([ unu B) usmepsiercs. M3BecTHBI 1aqbHOMEPHI C TOCTOSTHHBIM YTIIOM f3, C

MOCTOSTHHOM 6a30ii B, a Takxke ¢ mepemeHHbsIMU 1 B.

Hixe pacCMOTpUM JaJIbHOMCEP C IIOCTOSHHBIM IAPAJUIAKTUYCCKUM YIJIOM -

HUTSHOU AaJIbHOMCD. Poinp 6a3el BEIMONHAET BCPTHKAJIbHAA peﬁKa.

Hutsgs0# najisHOMED

HurtstHol nmalbHOMED COCIUHSIIOT CO 3PUTEIIBHOM TpyOOW TeoI0/MTa.
Onrtuueckas cucteMa TpyObl M JIBa JAJIbHOMEPHBIX IITPUXAa HA CETKE HUTEH

0o0pa3yloT TMOCTOSHHBIM MapajUlaKTUYECKU yroj, a BepTUKajbHas peika

nepeMeHHyo 6a3y. Cxema HUTSIHOTO JIaJlbHOMEpA MoKa3aHa Ha puc. 23.

Puc. 23

PaccrositHre Mex Iy TaTbHOMEPHBIMU HUTAMU p = const. Bennuwnna d B TaHHOM
CIy4dae - 3TO OTCYET N B JCIICHUSAX PEUKU MEXIY JaJlbHOMEPHBIMHA HUTAMU. U3 puc.

23 n3MepsieMoe TOPU30HTATBHOE PACCTOSTHUE

d=E+C=%B+ C+f, (17)



IJI€ C - pacCTOSIHUE OT OOBEKTHBA JI0 OCU BpAIEHUSI HHCTPYMEHTA.
VY reogoauta 2T30 f = 200 mm; p = 2 Mm.. [TosTomy
d =k#xn +C =100-n +C, (18)
rie K - koahhunreHT gaapHoMepa;
C - mocTosiHHAsI HUTSHOTO JTallbHOMEpa, IPUHUMAaeMas paBHOU HYJIIO;
N - YUCII0 UIMEHOBAHHBIX JICJICHUN TAIIbHOMEPHOU PEUKH.

OObIuHO fAeneHHs Ha. peiike HaHocsaT yepe3 1 cm. IMosromy mpu k = 100
OAHOMY MeTpy Ha perke cooTBercTByeT 100 MeTpoB pacCTOsiHUSA, OJHOMY
nerumetpy - 10 meTpoB, ofHOMY caHTUMETPY — 1 MeTp.

Korma usmMepsieMoe paccTosiHHE MMEET yroJl HaKJIOHa V K TOPU3OHTY OoJjiee
2,5°, Torma

d =k -cos® v+ C-cosv. (19)

TouHOCTH U3MEpEHUs PacCTOSIHUM HUTSHBIM JaibHoMepoM 1:100 — 1:300.

Omnpenenenvne KOIPGUIMEHTa HUTSHOTO MalbHOMEPA 3PUTEIBHON TPYOBI
BBITIOJTHSIOT CJIEAYIOIIMM 00pa3oMm.

VY cTaHaBIMBAIOT TEOJOJIUT HA IITATUBE, 3aKPEIUIAIOT €r0 CTAHOBBHIM BUHTOM U
MPUBOJAT BEPTUKAJIBHYIO OCh B OTBECHOE TMoJiokeHue. [logBemmBaOT HUTSIHOU
OTBEC Ha KpPIOYOK CTAaHOBOTO BHUHTA. YCTAHABIWBAIOT B BEPTUKAJIbKAIbLHOE
MOJIOKEHUE HUBEIUPHYIO peiiky He Ommxke 10 M OT TeodoauTa, U3MEPSIIOT PYJIETKOM
paccrosiHie L M OT HUTH OTBeca /10 perKH.

[Tpu ropu30HTAILHOM MOJOXEHUH BU3UPHON OCH HABOJAAT TPYOy Ha pEUKy,
COBMENIAIOT MPU TIOMOIIY HABOIAIIETO BUHTA TPYOBI OJHY U3 JAIbHOMEPHBIX HUTEH
(HanpuMep, BEPXHIOK HUTH) C JCIUMETPOBBIM IITPHUXOM U OEpyT OTCUET N 10 00euM
JTAaJTbHOMEPHBIM HHUTSAM (C OIICHKOM JO0 AECATBHIX M0JEH CAaHTUMETPOBBIX ACICHUM
peiikn). OnpenensioT JalbHOMEPHBIH oTcueT b mo petike (0Tpe30k pelky, BUIUMBII
MEXIy IBYMS HUTSIMHU — 0a3uC) KaK Pa3HOCTh OTCYETOB MO JaTbHOMEPHBIM HUTSIM.

Kosddunuent naapHOMeEpa BBIYUCIAIOT 1O GopMyie

~100-d
——

k



Omnpenenenue ko3 GUIMEHTAa HUTSHOTO JaJbHOMEpa BBIMNOJIHSAIOT HE MEHEE,

YeM Ha JBYX M3MEpPEHHBIX paccTosHusXx L, L,. Pesymbrarel wm3mepenuii wu
BBIYMCIICHUH 3aHOCAT B Ta0I. 3.

TaOmuna 3

Omnpenenenne kodddumreHTa raapHOMEpa

No d (m) b (Mm) k

6. HUBEJIMP
[IpyHIMI T€OMETPUYECKOTO HUBEIIUPOBAHNS
['eoMeTpuyeckoe HUBEIUMPOBAHHUE SIBISECTCA OJHUM U3 CHOCOOOB M3MEPEHUU
MIPEBBIIEHU, OHO MCIIOJIB3YET TE€OMETPUUYECKYK) CXEMY COOTHOLIEHHM MEXKIY
HAKJIOHHOW, TOPWU3OHTAJbHOM U BEPTUKAIBHOW JIMHHUSIMH, OO0pa3yeMbIMH Ha
MECTHOCTH IIPH MMOMOIIM CIENUAJIBbHBIX MHCTPYMEHTOB. Ha puc. 24 ropu3oHTaNbHbBIN
BU3UPHBIM Jyd OTMEYaeT HAa BEPTUKAIbHBIX pEHKax OTPE3KHU a U 6, Pa3HOCThb

KOTOPBIX (a — 8) ABJISIETCS MIPEBBIICHUEM TOUKHU B Hazm Toukoi A.
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Puc. 24




['eone3nueckuii  MHCTPYMEHT, OOECIIEUUBAIONINNA TOPU3OHTAIBHBIMA  JTy4

BHU3HUPOBAHM, Ha3bIBACTCA HUBCIINPOM. B

obmem Buae HuBenup (puc.25) umeer

3aKpPCINIACTCA CTaHOBBIM

/ Wy dbokycupyromuii BUHT BO.
Ay,

noncraBky IIM ¢  mogbeMHbIMU

MHUKPOMETpPeHHbI MB  BHHTSHL

YCTAaHAaBJIMUBACTCA Ha IITaTHUBC

BHUHTaMU,

sputenbHyl0  TpyOy 3T, mumuHapudeckuit

ypoBeHb 1Y, 3akpenurtenbHblii BUHT 3B

Husenup

LT wu

BHUHTOM CB.
3putenbHas Tpyba HMMEET B OKYJSAPHOW YaCTH

cetky Hutet CH, dokycupytonryro unzy OJI u

L8 OCHOBHBIM T'€OMETPUYECKUM YCIIOBHEM

HHUBCJIMPA KaK TI'COACIUYCCKOIO HHCTPYMCHTA

ABJISIETCA MapAJUIEIBHOCTh OCHU UU HMIMHIAPUYECKOTO YPOBHA M BH3UPHON ocu [T’

TpyObl. HuBenup nMeer BparieHue BOKpYT BepTUKaibHOM ocu VV.

HuBenupnas peiika npencraBiseT co0oil aepeBsiHHbIN Opyc mupunor 10 cM u

TOJIIMHOW 3 CM CO IIKAJOW CAaHTUMETPOBBIX HAeieHUU. Kaxmblii
neruMmetp ouudposan (puc. 26). Husenuphsie periku Ob1BatoT 3-, 4-
U 5-METPOBOM JUIMHBI, OJHOCTOPOHHHUE W  JBYCTOPOHHHUE.
JIByCTOpOHHHME PEUKM UMEIOT HA OJTHOW CTOPOHE YEPHBIE JIEJICHUS, a
Ha JPYyrod CTOPOHE — KpacHbIe JeneHus Ha Oenom done. UepHbie
NETICHUS HAUMHAIOTCA C HYJIS, @ KPaCHbBIC JICJICHUS HAYMHAIOTCS C
MIPOM3BOJILHOTO Yuciia. PA3HOCTh HaYaNIBHBIX JICJICHUN 110 KPACHOU U
YEPHOW CTOPOHE HA3bIBAIOTCS PA3HOCTHIO MATOK.
Peiiku ObIBAIOT CKJIaJHBIE U TEIECKOMYECKHE.

HUBEJINP H3

=l
Ty
o3

Puc. 26

Hugsenup H3c ypoBHem 1ipu Tpyde nzobpaxken Ha puc.2/. Kopryc 3putenbHoi

TpyOa UMeeT NPUINB, B KOTOPOM MOMEIAETCS HMIMHIPHUUYECKUI YPOBEHb U CUCTEMA



Puc. 27

Ipu3M, TIO3BOJISIIONIAs CBECTH W300pakeHHE KOHIIOB Iy3bIphbKa YpPOBHS B IIOJIC
3penus (puc.28 a, 0, B).
YpoBeHb Ha3bIBACTCS KOHTAKTHBIM, TaK KaK ITOJIOKCHHIO ITy3bIphbKa YPOBHS B

HYJIBITYHKTE OTBEYAET ONTHUYCCKUN KOHTAKT KOHIIOB MMOJIOBUHOK (puc.28).

Puc. 28

AmMityna ypoBHS 000py/IOBaHA TEPMOCTATOM, O0ECIEUMBAIOIIUM MOCTOSTHHYIO
JUIMHY Ty3bIpbKa YPOBHS NpPH HW3MEHEHUM Temneparypbl. lIpuBeneHune KOHIIOB
My3bIpbKa YPOBHS B ONTHYECKUI KOHTAKT OCYILIECTBISETCA B JiBa Npuema. BHavaine
MOJICTaBKa MHCTPYMEHTa IpyOO MNPUBOJUTCS B TOPU3OHTAIBHOE MOJOXKEHHUE IO
kpyriomy ypoBHio KVY. Kpyrublii ypoBeHb yCTaHOBIEH Ha IMaTdopMme MOJCTaBKU
TpyObl. YCTpOMCTBO KpYTJOro ypoBHsI NMOKazaHo Ha puc.29. CrexisiHHas amimyia
uMeeT (hopMy NUITUHIPA, OCHOBAHUE KOTOpPOTO 0OpaboTrano noj chepy paauyca R.

Baytpu amnynel ciupt i 3¢up. Ock ypoBHs UU BepTukanbHas. HynbnyHKT

HIT B Bepxueli Touke cdepnl. O6nacTh HyJbIYHKTa oOO3HaueHa Kpyxkom I[K.



Puc. 29

ITy3bipex ypoBHs 11V nomkeH HaXOauThCS B Ipelenax 3Toro Kpyxka. LleHa nenenus
KpYIJIOrO YPOBHS cocTaBisieT 15'.

Oce UU ypoBHS mdoibKHA ObITH TapaieibHa ocu BpamieHus VV, 4to
JOCTUraeTCs MOABEMHBIMA BUHTAMU MOJICTaBKU M UCIIpaBUTEIbHBIMH BUHTaMu UB,
KOTOpbIX Takke Tpu. [Ipu mHanmuum napamensHoctu oceit UU u VV npusenenue
My3bIpbKa KPYIJIOIO YPOBHS B HYJBIYHKT OCYILECTBIISIETCS MOJABbEMHBIMUA BUHTaMU,
KOTOpBIE BpalllalOT B HAINPaBJICHUSAX, 00ECIIEUMBAIOLINX EPEMEIEHUE My3bIpbKa K
LIEHTPY B Ipeaenbl okpyxHoctu LK.

[locne 3TOro mpucTymaroT KO BTOPOMY IJTamy. [[edCTBys 3J€BallMOHHBIM
BUHTOM OB (puc.27), NpuBOAAT B HYJBIYHKT Iy3bIPEK LUIMHAPUYECKOIO YPOBHSL.
[Ipu 3TOM nMOKEH HAOMIOAATHCS ONTHYCCKUM KOHTAKT, TOKa3aHHBIA Ha puc. 28.
DOneBallMOHHBI  BUHT TMOAHUMAET (OMYCKAeT) OKYJISPHBIA KOHEL  TpyObl
OTHOCHUTENBHO MIaTdopMbl. OCIO BpaIICHUS CITYKUT MUKPOMETPEHHBIN BUHT.

Otcuer no perike OepyT B MOMEHT KOHTaKTa KOHIIOB Iy3bIpbKa IO CpEeAHE
rOpU30HTaJIbHOM HUTH ceTKU. CeTka HUTEH 3akperieHa y HuBenupa H3 Harmyxo, Tak
KaK OH HE UMEET UCIIPABUTEIbHBIX BUHTOB.

IloBepku HUBeUpa H3

1. Ocp Kpyrioro ypoBHS [OJDKHa OBITh NapajuleibHA OCH BpALICHHS
UHCTpyMeHTa. [loabEMHBIMU BUHTaMHM BBIBOAAT IY3BIPEK YPOBHS B HYJIBITYHKT.
[ToBopaunBaroT nmoactaBky TpyOsl Ha 180°. [Ipu cMeriennu my3slpbKa U3 CEpPEeIUHBI
MIOJIOBUHY CMEILECHHS YCTPAHSIOT UCIPABUTEIbHBIMA BUHTAMHU YPOBHS, OCTaBIIYIOCS

4aCTbh — IOABEMHBIMH BUHTAMU.



2. BepTtukanbHas HUTh CETKH JOJDKHA OBITh MapajijielbHa OCH BpAILCHHS
uHCTpyMeHTa. OTCUeThl MO PEUKE y MPAaBOTO M JICBOTO Kpas TOJS 3PSHHUS TPYOBI
JIOJDKHBI OBITh OJMHAKOBBIC. Eciy OTCYETHI OTIWYAIOTCS, TO BpallleHHEM KOJIbIa
CETKH HUTEH B TyOyce TpyObl TOOMBAIOTCS KX COBHAACHUSI.

3. Och MUAMHAPUYECKOTO YPOBHS JIOJDKHA OBITH MapajuielibHa BU3UPHOU OCH
TPYOBL.

[ToBepka MpOU3BOUTCS HA OAHOM JIMHUU JBOWHBIM HUBEIUPOBAHUEM BIIEPE/L.
Ha nunum gnunoit 50-70 M ¢ 3aKperyieHHBIMUA KOHIIAMHU HPOU3BOISIT HUBEJIIMPOBAHUE

Briepen u odpatHo (puc.30). M3MepsiroT BbICOTY I3 W I, HMHCTpyMEHTa M OepyT

Puc. 30

OTCUETBl a1 U a’. Benuuuna x = a1 — a; = a’% — a; MOXET BO3HUKHYTh 3a CYET
HemapamieasHoctu oceit UU u 1. Otcuersl a; U a; CBOOOJHBI OT BIMSHHUS 3TOM
OLIMOKH X U OTBEYAIOT ycsioBuIo napamiensnoctu UU u 17

N3 puc. 30 BUIHO, UTO MPEBBIIEHUE PABHO

h=i,— & —x =i, — @) —Xx.

(20)
Bennuuna

X_a{+ag I +1,

5 5 (21)

Ecnn OKaXETCA, 4TO X > 4 MM, CPCIHIOIO HHUTb CCTKM HABOAAT Ha OTCUCT
ar= Cl'z — X, I[CﬁCTBYH 9JICBAllTMOHHBIM BHHTOM. HpI/I 9TOM KOHTAKT KOHIIOB ITY3bIPpbKa

HUJIMHAPUYECKOTO YPOBHS HapymuTcs (cM. puc. 28, 0). McipaBUTENIbHBIMU BUHTAMHU



[WJIMHAPUYIECKOTO YPOBHSI JTOOMBAIOTCS BOCCTAHOBJICHHS ONTHYECKOTO KOHTAKTa
KOHIIOB y3bIpbKa (puc. 28, 8)

Husenup ¢ komnencaropoM yriia Hakiona 2H10KJI

HuBenupel ¢ HMIMHAPUYECKUMH YPOBHIMH TPEOYIOT TILIATEIbHOM YCTaHOBKHU
[0 YPOBHIO M IOCTOSSHHOTO KOHTPOJIA TOJIOKEHMS Iy3bIpbKa YPOBHS INPHU B3ATHUU
OTCUETOB. JTOT0 HEAOCTAaTKa JIMIIEHbl TaK HA3bIBAEMbIE aBTOPEAYKLMOHHBIC
HUBEJIMPBL, Y KOTOPBIX JIMHUS BU3UPOBAHMS AaBTOMATHYECKH YCTaHABIMBAETCA B
TOPU30HTAJIBHOE IOJIOKEHUE C IIOMOIIBI0 CHENUATBHBIX ONTUKO-MEXaHUYECKUX WIIH
KUJKOCTHBIX YCTPOMCTB, HA3bIBAEMBIX KOMIIEHCATOPaMHU.

B kauecTBe mnpuMepa HUBEIUPOB C KOMIIEHCATOpPaMH (HMX €II€ Ha3bIBAIOT
HUBEJIMpPaMU C CaMOYCTaHaBJIMBAIOUIEWCS JMHMEW BU3HPOBAHUS) PACCMOTPUM
Husemup 2HIO0KJI (puc. 31), npenHa3sHaueHHBIA 1J11 HUBEIUPOBAHHS CO CPEAHEH

KBaJIpaTU4yecKoi norpemnoctsio 10 MM Ha 1 kM xo07a.

Puc. 31
3putenbHas TpyOa HuBequpa 1, 3 mpsaMoro uzoOpa)keHUsl 3aKJIO4YeHa |

TEPMOM3OJISIIIMOHHBIN KOXKyX. HuBenmup mmeer OeCKOHEUHBIM HABOASIIMA BUHT 4,
3puTeNibHas TpyOa HABOAMUTCS TPyOO Ha MPEAMET BpallleHHUEM Ipudbopa pykoH, a
TOYHOE HABEJCHHUE BBIMOJHACTCS HABOJAIIUM BHUHTOM, (OKYCHpPOBKA TpPYOBI

OCYIIECTBIISIETCS] BUHTOM 3.



[IpeaBaputenbHas ycTaHOBKA HUBEIUPA (TOPU30HTUPOBAHUE) OCYIIECTBIISIETCS
o KpyrjioMmy ypoBHIO 2 ¢ 1ieHoil aeneHus 10'. OcoOeHHOCTh ONTHUYECKOU CXEMBI
HUBEJIMPA 3aKIFOYACTCS B CIAEAYIOLIEM.

Jlyu cBeta, mpoiijis 0OBEKTUB 6, TOMaAaeT Ha OTPaXKalollue rpaHu OOJbIION
MEHTANpU3Mbl 7, U3MEHsSET HampaBieHue Ha 90°, mocie 4Yero MOCTyNmaeT Ha
YyBCTBUTENBbHBIA 3yeMeHT kommeHcatopa Y3 (puc. 31, 6). Ilocme nBykpatHOro
OTpaXXEHUs B MPU3ME JyU NONAJAAET B MaJIYI0 IEHTAIPU3MY 8, KOTOpasi, U3SMEHHUB €ro
HarpasjeHue eue pa3 Ha 90°, HanpaBiseT Jayd B cucteMy okyssipa 9. IlenTanpusmel
YKpEIUIEHbl HEMOABMKHO, MPSIMOYIOJIbHAs MpU3Ma, 3aKIIOYEHHAas B MOABHKHYIO
paMKy, MOJBEIIEHA Ha JBYX NOJAIIMIIHUKAaX. MECTO NOJIBECKHM NPSIMOYTOJIbHOU
NpU3Mbl BBIOPAHO TakK, 4YTOOBl PACCTOSHHE OT IJIABHOW 3a/JiHEEe IJIOCKOCTH MO
MPSAMOYTOJIBHOM MTPU3MBI OBLJIO PABHO ONITUYECKOMY PACCTOSIHUIO OT 3TOM MPU3MBI J10
ceTku HUTEH 10. B 3TOM cinyyae Ko3UIIMEHT yIiIOBOr0 YBEIUUYEHHUS KOMIIEHCATOpa
P, = B o= 2 3nech ¢ - yroil HaKJIOHa 3pUTEIBbHON TPyObI, [ -yrojl OTKIOHEHUS
BU3UPHOIO JTyya KOMIIEHCATOPA.

Hugenup 2HI0KJI cHabxeH ropu3oHTalbHBIM Kpyrom 11, ucnonb3oBaHue
KOTOPOTO MO3BOJISIET IPUMEHUTh HUBETUP U1 pa30MBOYHBIX padoT.

JIns HUBENHMPOB C CaMOYCTAHABIMBAIOUIEHCS JIMHUEW BU3UPOBAHUS IEPBbLIC
IBE TIOBEPKH BBINOJHSAKOTCA aHaJIorMyHo Husenupy H3. Tperbs mnoBepka
BBIIOJIHSIETCS] HHAYE.

Tpetbst moBepka: (CoOJIIOICHUE YCIOBUS — JIMHUSL BUSUPOBAHUS JTOJKHA OBITH
TOPU30HTAJILHOW MpPHU HAKJIOHAX OCH BpalIeHHUs MpuOopa B Mpenenax JAOMyCTUMBIX
YTJI0B pabOThl KOMIIEHCATOPA).

B nByx toukax A u B, pacnonoxkenHbix Ha pacctosiHuud 100+0,2 M apyr ot
npyra, 3aduBaroT Koablkd. [locepenuue B Touke D ycTaHaBnMBarOT HUBEIUP U, HE
MEHSsI TOPU3O0HT NpUOOpa, HE MEHEE TPEX pa3 ONPEAEISIOT IMPEBBIILICHHE MEXIY
ToukaMu A u B. Berumcnsior cpeaHee 3HaueHue npeBbiiieHus hy= a — b, kotopoe
BCIIEJICTBUE paBeHCTBa Iuied HuBenupoBanus (AD = DB) Oyaer numieHo Bcex

WHCTPYMEHTANBbHBIX ommoOoK. Ilocme »Toro mpubop mnepenocsat B Touky C,



pacoIoKeHHYI0 Onmke K oJHOM M3 Toyek A win B (Hampumep, Ha pacCTOSIHHSIX
coorBeTrcTBeHHO 90+0,1 M m 10+0,1 M ot Touek A u B). U3 aToit Touku mpwu
HEU3MEHHOM TOPH30HTE MNPHOOpa BTOPUYHO OIPEACIAIOT TpEBBINICHHEe N, Kak
cpenHee apudmeTHUEecKoe W3 Tpex omnpenencHuit u  Oonee. Ecim  pasHOCTB

fh = hy — h, > 2 MM, onpeaensitoT monpasku no hopmynam

dl f; y: d2
dyd, dyd,

X =

f (22)

IJI€ X U )y — MONPABKUA COOTBETCTBEHHO B OTCYETHI HA JAJIbHIOW (A) u OmkHIO (B)
touku; 0; U O, — paccTOSHHUS OT HHMBEIMpPA COOTBETCTBEHHO /0 naibHed (A) H
omkaeil (B) Touexk.

JIJisi BBITIOJIHEHUSI IOCTUPOBKH HUBEIUP HABOJAT HAa JAJIBHIOID PEUKy U C
MTOMOIIIBIO UCTIPABUTEIIBHBIX BUHTOB CETKA HUTEH OCHOBHOW TOPHU30HTAIBHBIN MITPUX
ATOW CETKW HABOJMST HAa OTCYUET, JTUIICHHBINA MOTPEITHOCTH.

Kpome BbITIONIHEHUSI TTOBEPOK HUBEIMPA, OMPEIESISIIOT TAaKKe IMOTPEITHOCTD
KOMITeHcanuK. J[1s1 3TOro M3MEpSIIOT TPEBBIMICHUS TPH PACCTOSHHUSIX MEKIY
toukamu cootBerctBeHHO 10, 50, 100 m 200 M. HuBenup Kaxablii pa3
YCTaHABIMBAIOT TIOCEPEINHE HHUBEIMPHBIX PACCTOSHHWMA (HEPaBEHCTBO  ILICY
HUBEJIMPOBAHUS HE JIOJDKHO MpeBbImaTh 1 M). [loouepenHo u3MepsitoT MpEeBbIIICHUS
MEXIy TOYKaMHU IMPU OTCYTCTBUU HAKJIOHAa OCH HUBeNUpa (MOJIOKEHHUE IMy3bIphKa
KPYTJIOTO YPOBHS B HYJBIYHKTE) U MPU €€ HAKIOHE B MPOAOIHLHOM U MOMEPESYHOM
HaIpaBJICHUSAX (CMEIIEHHOE MOJI0KEHUE My3bIphKa KPYTJIOTO YPOBHSI OTHOCUTEIHHO
HYJIBITYHKTa) Ha YTOJI, COOTBETCTBYIOIIMA HOMHHAJIHLHOMY 3HAUCHUIO JHara3oHa
paboThl KoMIleHcaTtopa. JliIsd KaXaoro 3HAYCHUS PACCTOSHUS MEXKIYy TOUYKAMH
M3MEPEHHUSI BBIMTOJTHSIOT MATUKPATHO TPU PAa3HBIX MOJIOKEHUSX (HE MEHEE YETHIPEX)
HECMEIIEHHOTO W CMEIIEHHOTO ITy3bIpbKOB. CHCTEMAaTHYECKYIO ITOTPEITHOCTH

KOMIICHCAIIMH Ha OJHY MHUHYTY HAKJIOHA OCH HHUBCJIHWPA BbIYUCIIAIOT 110 q)OpMy.TIC

o = Mo P (23)
2-S-v



rae h, u hg — cpeHMe TIPEBBIMICHUS, MOTYYCHHBIE COOTBETCTBEHHO IMPH HAKJIOHE
HUBEJIMPA HAa HOMUHAIBHBIN yrosl paboThl KOMIIEHCATOpa U TIPX OTCYTCTBUU HAKJIOHA
ocu HuUBenupa; p”= 206265; S — nouHa ayda BusupoBanus (1.e. 5000, 25000, 50000,
u 100000), MM; V- yroJl HaKJIOHa HUBEIUpA.

I[Ipu ox > 05" HeoOXoaAMMO yCTpaHEHHWE TOTPEIIHOCTH, KOTOPOE
MIPOU3BOMUTCS B 3aBOJICKHUX yCIOBHUSX.

H3MepeHne nNpeBhIICHNUSI HUBEIUPOM H3

[IpeBbIlieHre MEXAY IBYMs TOYKAMH, PACIIOIOKEHHBIMU HA PAa3HOW BBICOTE U
Ha paccrosHud He ganee 200-300 M, MOXXHO MOJYYUTh IIYTEM T€OMETPUUYECKOTO
HUBEJIMPOBaHUS U3 cepenHbl (cM. puc. 24) wiu Brepen (cM. puc. 30).

[Ipu HUBETUPOBAHUM U3 CEPENUHBI PEIKN YCTAHABIMBAIOT HYJIEBBIM JEICHHEM
BEPTUKAJIBHO HA TOYKAaX, a HUBEJIHUP CTABAT mocepeauHe. bepyT orcueTsl no peika,
BbIpaXasi X B MWuMMeTpax. OTCYET Ha 3aJHIOI IO XOAy pEHKYy Ha3bIBaeTcs
3aJHUM U 00o3HayaeTrcss OykBoM a. OTcueT Ha MEpPelHIO pPEeWKy Ha3bIBAETCA
nepeHuM U oOo3HavaeTcs OykBoit h. IlpeBbillicHME paBHO Pa3HOCTH 3aTHETO U
NEepeIHEero 0TCYETOB, T.e. h = a —b.

[Ipu HUBenMpOBaHMM BIIEPE]l HUBEIUP YCTAHABIMBAIOT BOJM3U OJHOW U3
TOYEK, & PEUKY CTaBAT B APYrou Touke. PysmeTkoil ¢ TOYHOCTHIO 10 1 MM M3MEpSIOT
BBICOTY MHCTPYMEHTa 1, a 3areM OepyT OoTcueT 1o peiike a. IIpeBbimieHHe paBHO
h=i-a.

Orcuer mo peiike npu padbore ¢ HuBenupom H3 Oepercs B crieayroiiem
MOPSIZIKE:

1. BusupyroT Ha peliky, coBMeNasi BEPTUKAJIbHYIO HUTh CETKH C OChIO PEMKH.

2. DIIeBAllMOHHBIM BHUHTOM JIOOMBAIOTCS OINTHYECKOIO KOHTAaKTa KOHIIOB

y3bIpbKa HUIMHAPUYECKOTO YPOBHS.

3. B MOMEHT KOHTaKTa KOHIIOB Iy3bIpbKa O€pyT OTCUET [0 CpeaHen

rOPU30HTaIbHOM HUTH ceTKH. OTcueT 6epyT 10 1 MM.
Hanpumep, Ha puc. 32 orcuer o peiike paBeH 1373 MmMm. BHayane oTcuuThIBatOT

yucino Henbix  genumerpoB  (mudpy 13), 3aTeM  CUMTHIBAIOT YMCIO IIEJbIX



CAaHTUMETPOB B CTOPOHY BO3pacTaHus JejlieHui. Ywucio
MUWUTUMETpOB OepyT Ha r1na3. [lpm B3ATMM oOTCcyeTa

CiIcayCcT IIOMHHTBL, 4YTO B IIOJIC 3PCHHUA HHBCIIMPA H3

JIeJIeHUsT peikh BO3pacTaroT cBepxy BHU3. [IpeBbllieHue

JUIs. KOHTPOJS OIpENeNsloT He MeHee IByX pas. Ilpu

JIBYXCTOPOHHHMX peHKax OTCYEeThl OepyT Mo o0euM
CTOPOHAM pPEUKH. B wuTOre mnpu HUBENUPOBAHUU W3
CepeINHBI MOJIyYal0T YEThIpE OTCUYETA: a) 3aJHHUE d, — IO
YEpPHOM CTOpPOHE, a, — M0 KPAaCHOM CTOpOHE; 0) mepeaHue
b,- mo gepHo¥ cTopone, b, — Mo KkpacHOU cTOpOHE.

BBIYHCISIOT IPEBBITIICHAS :

h,=a,—-b, h.=a.—b,. (24)

Jlonyctuma passoctsb h, u h, <5 mm.

Pe3ynbpraTomM u3MepeHHs MPEBBIMICHUS CUUTAIOT CPEIHEE 3HAUCHUE

_hK+hq
—

Bce orcuerhl u BBIYHMCIICHUS CBOJAT B JKypHaJ HHUBEIUPOBaHUA, 0Opasell

h (25)

KOTOPOTO C YUCJIOBBIM ITPUMEPOM MIPUBE/IEH B Ta01.4

Ta6nuna 4
KypHan TEXHUYECKOr0 HUBEITUPOBAHUS
Touka Otcuetst IIpeBbiieHue, Cpennee [Ipumeuanue
3alHUM | TIEpEeIHUU MM IIPEBBIILICHUE, MM
1
2

JIOTIOJIHUTENBHBIM KOHTPOJIEM SIBIISIETCSI PA3HOCTH MATOK — Pa3HOCTh OTCUETOB
M0 KPAaCHOM M YepHOM CTOPOHAM KaXKJI0M perKH. ITa pa3HOCTh MOXKET U3MEHATHCS B

npenaenax 5 M.




/. MEPHBIE PYJIETKU U JIEHTBI

MepHble pyJNEeTKH M JIEHTBl OTHOCSTCA K JUIMHHOMEPHBIM CpEICTBaM
MEXaHUYECKOTr0 THIIA.

Pynerku mnpenctaBisioT coOOil y3Kyl0 JIEHTY CO IIKaJOW, HAMOTAHHYIO Ha
OapabaH, BpallalOLIUIiCs MPU MOMOIIM PYYKH B KOPITyCE€ B BHUIE KPECTOBUHBI WU
BWIKHU (puc. 33, a). MepHOE NOJOTHO PYJIETKU U3TOTaBIMBAETCS U3 YIVIEPOJIUCTON
WM Hepskaseroue ctanu. OIMH KOHEI[ OJIOTHA 3aKpeIlieH B mpope3u OapabaHa, Ha
JAPYTrOM KOHIIE UMEETCS KOJIbLIO JJIsl BBITSATUBAHUSI HAMOTAaHHOTO Ha OapabaH MoJIOTHA
B IIpolecce H3MepeHHs. [l HCKIIOYEHHs] CaMOIIPOM3BOJIBHOIO pPa3BEPTHIBAHUS
MEpPHOro MoJIOTHA ¢ OapabaHa OHO MPEIBAPUTEIBHO MPOIMYCKAECTCA MEXIY IBYMS
BpAlllalOIIMMUCS BaJMKaMU Ha KOHIE KpecToBuHBL. lltpuxu u uudpel mkansl
HaHECEHbI CIIOCOOOM BBICOKOI'O TPABJIEHUS U MOKPBITHI TEMHOW OKCHJIHOM IUIEHKOM.
Pynetku MoryT ObITh YKOMIUIEKTOBaHHKI JieHTOiepxKaTeneM [1H-2 co BCTpoeHHBIM B

€ro pyKOsITKY THHAMOMETPOM.

Puc. 33

JIist u3MepeHust pacCTOSHUIM ¢ HEBBICOKOM TOUYHOCTBIO (HAIIPUMED, MPU CHEMKE
MoApOOHOCTEN) TPUMEHSIIOT TechMsaHble pynetku PT-10 mmuaoit 10 M,
M3rOTOBJICHHBIE U3 TKAHW, aPMUPOBAHHOW TOHKON MpOBOJIOKOW. [lonoTHO pynerok
MMeEeT JIeJIeHUs yepe3 1 cM U MPpONUTaHO CHelHalbHbIM COCTABOM, YBEIUYUBAIOIIUM
CPOK UX CITyXOBI.

KoMmapupoBaHue CTAIBHBIX PYJIETOK

[Io cBOeMy Ha3HA4YEHHWIO MEPHI JJIMHBI JEIATCS HAa TPU OCHOBHBIE TPYIIIBL:

ATAJIOHBI €AMHMIIBI U3MEPEHHs ATUHBI, 00pa3loBbie Mephl U padoure Mephl JJIUHBI.

DTaJIOHBI CAWHUIBI USMCPCHHUA AJIUHBI SBJIAIOTCSA OCHOBHOM Mepoﬁ BCE€X JIMHEHHBIX



u3MmepeHuid. OHM IpeAHa3HAUYEHbI I XPAaHEHUS! U BOCIIPOU3BEICHUS €IMHHUILL JJTMHBI
C HAWBBICIIEH TOYHOCTBIO, AOCTHMKMMOM IPU aHHOM YPOBHE DAa3BUTHUS HAYKH U
TexHuku. OOpa3loBble MEPHI JUTMHBI, UMEIOIINE YCTAHOBJICHHYIO TOYHOCTb, CIy>KaT
JUIsL TIPOBEpPKU paboymx Mep JJIMHBI M pabouux M3MEPUTEIbHBIX MPHUOOPOB.
CpaBHeHHE ATUHBI pab0YNX U3MEPUTEIBHBIX MPUOOPOB C JITUHONM 00pa30BON MEpHI
Ha3bIBAETCA KOMIIAPUPOBAHUEM U MPOU3BOJMTCS HA CHEUUAIbHBIX YCTaHOBKax —
KoMITapaTopax. Pasnnuaror 1Ba BUaa KOMIapaTopoB: J1a0OpaTOpHbIE — ISl IPOBEPKH
OT/IEJIbHBIX METPOBBIX JCJICHUI WM BCEU JJIMHBI PYJIETKH, U MOJIEBBIE — JIJISI [IOBEPKHU
oOuIel JUIMHBI pyJIETKH.

JIabopaTopHBIil KOMIIapaTOp yCTaHABIMBAETCS BIOJb CTEH 3aHuid. MecTo i
KOMIIapaTopa BbIOMpAETCs] TAKUM 00pa3oM, 4TOOBI 1O BCEH €ro JJIMHE TeMIeparypa
OKpY’Karolero Bo3ayxa Oblna oguHakoBod. KommapaTop mnpeacTaBiser coOoi
MOJIKY, 3aKpEeIUICHHYI0 Ha KpOHIUTeHHaX. Ha BepxHeld NOBEPXHOCTH MOJKH
pasMelaT OCh KOMIIApaToOpa U 4Yepe3 KAKAbIA METP 3aKPEIUIAIOT LIKAJIBI C LEHON
nenenusa 0,5 MMm. PaccrossHMEe MEXIy HYJNEBBIMU INTPUXAMH IIKAJ, U3MEPEHHOE B
BBICOKOHM CTENEHbI0 TOYHOCTH, MPEACTABIISIET JUIMHY KOMIIApaTOpa WM OTAEJIbHBIX
ero yacreu. Ilpy xkoMmapupoBaHuUM PyJIETKAa C OJHOW CTOPOHBI 3aKPEIUIAECTCS, A B
IPYroy ee CTOpOHE, MEPEKUHYTON uepe3 OJIOK, OABEIIUBACTCS TPY3 JJIsl HATSXKCHMUS.
CoBMeCTHB HYJEBOE JEJIEHUE PYJETKH M IIKajbl, HE MEHEE JIBYX pa3 ONPEIEISIOT
JNEUCTBUTENIBHYIO JUIMHY METPOBBIX OTPE3KOB WJIM BCEU DPYJIETKA INPU JAHHOU
Temneparype. B pedynbrate KOMHapupOBaHUSA COCTABIIAIOT MTACIIOPT HA IOBEPEHHYIO
PYJIETKY.

[ToneBoit kommapatop oOOpyIyeTCs Ha POBHOM YyyacTke MecTHOCTH. Ha
paccrosann  100-200 M 3akmanplBatoTCs  JBa MyHKTa C IHeHTpamu. Ecmu
MPEANONAraeTcsi KOMIIAPUPOBATh MEPHBIE JIEHTHI, TO MYHKTHI 3aKJaIbIBAIOTCS
BPOBEHb C IOBEPXHOCTHIO 3eMJIU. PaccTosiHME MEX Iy IEHTpaMU MapOK MHOTOKPAaTHO
MU3MEPSAETCS WHBAPHBIMU W CTAIBHBIMHA IPOBOJOKAMH C IOTPEIIHOCTBIO HE HMKE
1:50000. Ha mnomydeHHOM TakuM 0Opa3oM  KOMIIApATOpe IPOU3BOJUTCS

UCCIIEIOBaHHE pabdOYMX MEpPHBIX MNPHOOPOB IMyTEM MHOTOKPATHOTO H3MEPEHUs



JJIMHBI II0JICBOT'O KOMIIAapaTopa. HOHpaBKI/I B UIMHY PYJICTKH 34 KOMIIAPHUPOBAHUC

ompenensieTcs no Gopmyie

Al = % (26)

rne ly — momaa kommaparopa; |, — cpemHHMiI pe3yiabTaT WU3MEPEHUH MEpPHBIM
npruOOpoM; N — YUCIIO U3MEPEHUI.

Hanpumep, mimHa moJjieBoro kommaparopa paBHa 199,822 wm, 1ipu
KOMHapupoBaHuu S50-METPOBOM PYJIETKHM U3MEPEHUS NPOBOIUIUCH YETBIPEXKIbI B
OpsMOM M OOpaTHOM HaMpaBlICHUSX IO IEHTpaM Ha 3apaHee YCTAaHOBJICHHBIX
mratuBax. PesynbraTel uamepenuii: 199,826; 199,820; 199,817; 199,813 M, cpennee
13 pe3yabTaToB u3Mepenui 199,819 wm.

B nannom ciyuae Aly = -0,00075 M, mompaBka MMeeT 3HaK MHHYC, TaK Kak
U3MEpPEHHOE 3HAu€HUE MEHbIIEe HCTUHHOTO. Taku oOpa3oM, JUIMHA HCCIEAyeMOU
pynietku coctaBmia 49,99925 M npu TaHHOW TeMIepaType KOMIApUPOBAHUS.

[Ipu oTcyTCTBUM KOMIIapaTtopa CPaBHUTH JJIMHY MEPHOU JICHTHI WU PYJIETKU
MOXHO C JUIMHOM KOMIIAPUPOBAaHHOW PYJIETKH, HUCHOJB3YEMOU TOJBKO I 3TOH
uenu. PacxoxIeHue KOHEUHBIX IITPUXOB HU3MEPSIIOT C MOMOUIBIO IIKalbl C
MOJIYyMUWJUIUMETPOBBIMU  ielieHusAMHU. HatrspkeHue wuccnenyemMoil w1 00pa3noBoid
PYJIETOK JIOJDKHO OBITh OJIMHAKOBBIM, TEMIEpaTypa — OJIM3KON K TOH, MPU KOTOPOH B
CBOE BpeMsi KOMITapupoBasiach 00pa3ioBas pyJeTkKa.

8. BAIAHUA T10 TEOAE3MYECKM MHCTPYMEHTAM

3amanue 1.

BBITIOTHUTE OBEPKY TEOO0JIUTA.

a) [IpoBeputh nepneHIUKYIIpHOCTh ocu LuiauHapuyeckoro yposHs UU u VV ocu
WHCTPYMEHTA.

JUIsi IpOBEPKH 3TOTO0 T€OMETPUYECKOTO COOTHOLIEHHUS OCEH yCTaHABIMBAOT
YPOBEHB MapajieIbHO HAMPABICHUIO JIBYX MOJbEMHBIX BUHTOB U BBIBOAST MY3bIPEK
ypoBHSI B HyJbNYHKT. [loBOopaunBatoT anuaany Ha 180°. Ecnu my3slpek ocraics B

HYJIBITYHKTE WJIA OTKJIOHWICA Ha M < 1 nenenuii, To ycnoBue BeinoaHeHo. Ecau m >1



JIEJIeHHs], TO Ha M / 2 eNieHud My3bIpeK MepeMenialoT UCTIPABUTENbHBIMU BUHTAMU
YPOBHSI, @ Ha APYTYIO MTOJOBUHY IMOIbEMHBIMU BUHTAMH.
0) [IpoBepuTh Ol OTBECY BEPTUKATBHOCTh BEPTUKAIBHOW HUTU CETKU HUTEU
CoBmajieHuss HUTEW CETKM M OTBeca JOOMBAIOTCS MOBOPOTOM Juadparmbl
ceTkr HUTeH. DAKTUYECKOE MOJIOKEHUE CETKU HUTEMN MTOKAa3aTh HA SCKU3E.
B) [IpoBepuTh NMepreHANKYISIPHOCTE ocH Bu3upoBaHus I'T" u ocu Bpamenuss HH
Jlns ompeneneHusl KOJUIMMAIMOHHOM omuOKu «C» ABaXKIbl BUBUPYIOT Ha
ornaneHnyo Touky (KJI u KII) u 6epyTt orcueTsl o 1MMOy rOpU30HTAIBHOTO Kpyra
agim— y AKIT =
BbIuuCcnA0T BENMMYUHY KOJUIMMAIIMOHHON OIINOKU

O = %K1~ Ak +180°
) :

Ecimu C < 2t, To ycnoBue BoimonneHo. Ecou C > 2t, ommbKy ycTpanstor. J{ms

9TOI'O BBIYUCIIAOT CpeI[HI/Iﬁ OTCUCT

_ gy + gy £180°
2

VYcraHaBauBaroT CpGI[HI/Iﬁ OTCYET Ha JIMMOE M HCIIPAaBUTCIbHBIMHA BHHTAMM

C

CETKHM HUTEH COBMEIIAIOT IIEHTP CETKU HUTEH ¢ HaOJII0/1aeMOM TOUKOM.

3ananue 2.

N3meputh ABa TOPU3OHTAIBHBIX yIVIa TEOAOJUTOM. Pe3ynbraThl U3MepeHuiu
3anucath B Tabi. 5 mo oOpasity Tad. 1

3amanue 3.

N3meputh ABa BEpTUKANBHBIX yriia TeogoiutroM. [lnsg  u3mepeHus
BEPTHUKAIbHBIX YIJIOB BU3UPYIOT Ha KKIYIO M3 TpeX BbIOpaHHBIX Touek npu KJI u
KIT u 6epyT 006CUETHI 110 BEPTUKATBLHOMY KPYTY.

3ananue 4.

W3MepuTh TpU pacCTOSHUS HUTSHBIM JAaIbHOMEPOM TEO0JINTA

D, = ;D= ;D3=

W3MepuTh 3TH K€ pacCTOSHUSA PYJIETKOM:

D’ = ;D= ,D’3=



Berauciauth OTHOCHUTCIIBHYIO OHII/I6Ky HU3MCPCHUA paCCTOHHHﬁ:

14 4 !
A_Dl_Dl. A_Dz_Dz. A_Ds_Ds
1 DI ! 2 DI ! 3~ DI '
1 2 3
Tabmuua 5
KypHan nuzmepeHusi ropu30HTaIbHBIX YTJIOB
['opu3OHTANIBHBIN KPYT
E Otcuer no Yron Cpennuii yron
= @
=t < g MHUKPOCKOITY
= =
= 5 o5 | =
=~ @) S Q_‘ o] ! o] ! o] !
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3nanue S.

BBINONMHUTE NOBEPKY HUBEIHPA!

a) IlpoBeputh pacroysioKeHHE OCU KpPYIJoro YpPOBHS U OCH BpalleHHUSA
npubopa. YCTaHOBUB TpyOy IO HANpaBIEHUIO JBYX MOJBbEMHBIX BHUHTOB, BHadale
STUMU BUHTaMH, a IOTOM U TPETHUM BHHTOM IPUBOJSAT ITy3bIPEK KPYIJIOTO YPOBHS B
HYJIBITYHKT, TOBOPAYMBAIOT HHCTPYMEHT Ha 180°, n, eciii my3bIpeK YpOBHS yLIEN 3a
IIpEeIIbl BTOPOl OKPY>KHOCTH Ha aMITyJI€ — 3HAYUT yCJIOBHE HE BBIIOJIHACTCS.

OcnabuB UEHTpaJIbHBIA BUHT YPOBHS, TPEMsI HCIPABUTEIbHBIMH BHHTAMHU
nepeMenatoT My3bIpeK YPOBHS Ha IMOJIOBUHY OTKJIOHEHHs K UeHTpy. Ha ocranbHyo
IIOJIOBUHY IIPUBOJAT ITy3bIPEK MTOJBEMHBIMIA BUHTAMH U CHOBA ITOBTOPSIOT IIOBEPKY.

0) IlpoBeputh pacnonoxeHue cpennet Hutu cetku HH u ocu Bpamenus
npuoopa. HaBoasT TpyOy Ha BEpPTHKaIbHO YCTAHOBJIEHHYIO pEHKY TakK, 4TOOBI
n300paxeHue perku B TpyOe oKa3aloch y MpaBoro Kpas nojis 3peHus. bepyt orcuer
M0 TOPU30HTAJIBLHOM HUTH, HABOJSAUIMM BHHTOM MEPEMEIAOT TpyOy Tak, 4TOObI
peiika oka3zayiach y JIEBOTO Kpas IOJIsl 3peHusi, U CHOBa OepyT orcyer. Eciu oTcueTsl
HE PaBHBI — 3HAYUT, YCIOBUE HE BBIMOJIHAETCS.

[Ipu HEOOXOIMMOCTH UCTIPABICHHUE MPOU3BOUTCS B MACTEPCKOM.

B) IIpoBepuTh reoMeTpuyecKkoe COOTHOIIEHWE OCH LUJIMHAPUYECKOTO YPOBHS
u Bu3npHo# ocu I'T" HuBenmpa.

IIpy HUBENMPOBAHUM BIIEPE] C JIBYX TOUYEK 3aIlMCHIBAIOT OTCYETHI 10 PEHKaM

a’1= , = Y BBICOTHI HHCTPYMEHTA I1= P

Breruucnsror BCIIMYUHY

L
_atay i+,

2 2

X

IIpu x < +4 mm cunrator, ato UU || TT.

[Tpu x > £4 MM HaBOAAT AJICBAIIMOHHBIM BUHTOM CPEIHIOI0 HUTHh CETKU HUTEH
Ha OTCUCT d,= a’; — X, a HWCIPABUTCIILHBIMH BHHTAaMH ITWIHHIPHYECKOTO YPOBHS
BOCCTAHABJIMBAIOT ONTHYECKUH KOHTAKT KOHIIOB Iy3bIpbKa YPOBHSI.

3amanue 6.



I/ISMepI/ITL IIPCBLIMNICHUC MCKIAY TOYKaMMH. OrcueTsl 3ammcarh B Tadl. 6 MO

oOpa3ity Tabmn.4.
Ta0mura 6
KypHan TEXHUYECKOr0 HUBEJIUPOBAHUS
Touka Otcuer [IpeBbimieHue, Cpennee [Ipumeuanue
3agHui [lepennun MM MIPEBBILLICHUE,

MM






