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BBenenue

Ha ceromHsmHuil neHb aBTOMATH3alMs IPOLECCA W3MEPEHHUS SIBISIETCS
BAXHOM NMPOU3BOJICTBEHHOM 3aJa4el JJIsSl TTOBBILICHUS KA4eCTBA MPOU3BOJACTBA, B
TOM YHUCJIE MAITMHOCTPOUTEIBHOTO.

OgHuM U3 TJIaBHBIX IYHKTOB JUISl JIOCTHOKEHHS TpeOyemMoro KayecTBa
U3JICTTUN SBIISICTCS METPOJIOTUYECKOe oOecredeHne Mpou3BOACTBA. B KkauecTBe
MIPOTPECCUBHO BHEAPSIEMOTO B TEXHOJIOTMYECKHM MPOLECC HU3MEPUTEIBHOTO
000py1I0BaHUS SABJISIIOTCSI KOOPJIMHATHO-U3MepuUTeNbHbie MaHbl (KHM).

Yuebusie KHWM npumeHsitorcss Uisi  BBIOJHEHUS  J1aOOpaTOPHOTO
MPaKTUKyMa B BBICIIMX Y4YEOHBIX 3aBEACHUSX, KOJUIEIXKaX, MpodeccuoHaTIbHBIX
[EHTpax MO TMOJArNOTOBKE H TNEPENOAroToBKE KaapoB. {OyHKIIMOHAJIbHbBIC
BO3MOXXHOCTH y4eOHOro mnaboparopHoro komiuiekca KMM ¢ YIIY mo3Bosser
OOy4YaroIIMMCS MOJTYYUTh MPAKTHUECKUE HAaBBIKK PaboThl ¢ coBpeMeHHbIMUu KM,
3aKpENUTh TEOPETUUECKUE 3HAHMS, HAYYUThCA MPOCKTUPOBaTh 3S(PQPEKTUBHbBIC
IIPOLIECCHI TEXHUYECKOTO KOHTPOJISL.

KHM c YUITY npenHasHadeHa 1Jisi U3MEPEHUS TEOMETPUUECKHUX MTApAMETPOB
JeTane W MOoCHeAYIoIe MaTeMaTH4ecKo o0paboTKU M3MEPEHHBIX KOOpPJMHAT
JUISL  OTIPECNICHUs] JIMHEWHBIX W YTJOBBIX Pa3MEpPOB, OTKIOHEHUU (OpMBI U
PACITOJIOKEHMUS.

VYyebOnas KOOPJAMHATHO-U3MEPUTEIIbHAS MallliHa Cc YU CIIOBBIM
nporpamMmMHbiM yrpasienuem mojenu HWUMK-701 Opuia ycraHoBieHa B yyeOHO-
JIEMOHCTPAIIMOHHOM LIEHTPE TEXHOJOTUN MAIIMHOCTPOEHHUSI Ha 0a3e WHCTUTYTa
WHKCHEPHO-TIEJ]JaTOTHYECKOTO  00pa3oBaHusi POCCHICKOTO TOCYIapCTBEHHOTO
npodeCCUOHANIBHO-TIEIarOTMYECKOr0 YHUBEpcUTeTa. B CBSI3M ¢ ATHUM, BO3HUKIIA
HEOOXOMMOCTh pa3paboTaTh HHCTPYKIHIO 1o sKcrutyaTanun KUM u no pabote ¢
nporpammHbeiM obecnieuennem TEXHOkoopa, KoTopoe SIBISIETCS CPEACTBOM ISt
nporpammupoBanus KHWM, a Takke [ MakCUMalbHOW aBTOMAaTH3allUU
CTaTUCTHUYECKOM 00pabOTKM  pe3yibTaTOB M3MEpPeHHs ©  (HOPMHUPOBAHUS

HarJsiAHbIX OTYCTOB.



Pa3znea 1. TeopeTnueckne cBeeHUA

no padore Ha KOOPAUHATHO-U3MepuTeabHOI MamuHe (KUM)

1.1.Onucanue n pa6ora KUM

KHM c UIIY npennazHadeHa il U3MEPEHHUS T€OMETPUUECKUX MTapaMETPOB
0o0BEKTOB  (AeTaneil) myTeM U3MEpEHUs KOOpAMHAT OTHCNbHBIX  TOYEK
MOBEPXHOCTEH OO0BEKTa B TMPHUHATOM cUCTEME KOOpAMHAT (TIPSIMOYTOJIbHOM
JEKApTOBOM) W MOCIEIyIOUIEd MaTeMaTUYecKod OoOpabOTKH H3MEpPEHHBIX
KOOpJIMHAT JJisi OMNpPEACIICHHUS] JUHEHHBIX M YIJOBBIX Pa3MEPOB, OTKJIOHEHUU
(OpMBI U PACTIONOKEHHUSL.

HUcnonmnenue KM ¢ UYIIY, O0ONOJHUTEIRHO OCHAIIEHHOE ONTHYECKUM
y3JI0B U OCBETHUTEJIBHBIM YCTPOMCTBOM, ITO3BOJISIET IIPOBOAUTH HEpAa3pyILIAOLINN
KOHTPOJIb IIJIOCKHX, JIETKO J1e(hOPMUPYEMBIX J€TaJIEH.

Coctasnsie vactu KUM monenn HUMK-701 mpencraBiens! Ha pucyHke 1.

OcHoBuble mapamerpsl U xapakrepuctukn KHUM wmomenu HUUNK-701

npecTaBlieHbl B Tabmuue 1.

Pucynok 1 — CocraBusie yactu KM monenun HUMK-701:
1 - cranuHa,2 — cToiika,3 - moptai, 4 - paboumii cToJ, 5 — KOHTAKTHAasI FOJIOBKA,
6 - mepenHss MaHeNb, 7 - 3aJHsIS aHENb, 8 — IUIaHKa, 9 - OCBETUTEIHLHOE YCTPOMCTBO,
10 - onrTryeckuit y3en



Tabmuua 1 - OcHoBHBIE apaMeTpsbl U xapaktepuctuku KM

HauMeHnoBanmue 3HaueHune
Pabouas 30Ha, He MeHee
- 10 ocu X, MM 300
- 110 ocu Y, MM 350
- 10 OCH Z, MM 150
Pazmep koHTposMpyemMON [eTamv, MM, HeE
Ooiee 250x300x100
Bec neranu, kr, He OoJjiee 20
I"abaputhbie pazmepsl KUM, MM, He Gosiee 700x850x950

1.1.1. HopmaJjibHble KIUMATH4YeCKHE yca0Bus npumeHennss KUM:

Temnepartypa okpyxaromero Bo3ayxa, °C 20+£2

OTHOCHUTENBHAS BIAXHOCTh OKPYKAIOILIEr0 BO3ayXa, %o 58420

AtmocdepHoe nasienue, klla (MM pT. CT.) 1013
(760+30)

1.1.2.YcrpoiicTBO U padoTa

Kapkac KM wu3roroBneH wu3 YHOPOYHEHHOIO, TEPMOOOPaOOTaHHOTO
QITIOMUHUEBOTO MpoQuUis, 4YTO B COYETAHUUM C MOPTAILHONM KOHCTPYKLHUEH
obOecrnieunBaeT OOJIBIIYIO )KECTKOCTh Mpudopa.

Ha nampaBnsiomumx kadeHusi CTaHuHbI 1(prcyHOK 1)pacmonioxkeH padouuit
cron 4(pucynok 1). K cranune 1 (pucyHok 1)kpenurcs nopran 3(pucyHok 1). Ha
pebpax craHuHBl 1(pUCYHOK 1) KpemsaTcs HampaBiSONIMe KadyeHUs |
u3MepuTenbHble auHeku. [IpeoOpa3oBarenu TUHEHHBIX MEPEMEIEHU KPEemsTCs
C TIOMOUIBIO 3aKJIaAHBIX Taek B T-oOpa3zHble Ma3bl ATOMUHUEBOTO MPOQUIIS.
JlanHble mpeoOpazoBaTeiy, PacrlojoXKEHHbIE BIOJIb OCei, 00pa3yro JIeKapTOBYIO
(IpAMOYTOJIBHYIO) CUCTEMY KOOpAMHAT. Ha HampaBisiomMx KadyeHus mopraja
3(pucyHok 1) pa3meriieHa cToiika 2(pucyHoOK 1), KOTOpas MOXET IepeMEIaThCs B
JIBYX B3aMMHO — MEPIEHANKYIAPHBIX HampaBieHusx. K croiike 2(pucyHok 1) mpu
MIOMOIIM TIAHKK 8(PUCYHOK 1) KpemuTcss KOHTAaKTHAash M3MEPHUTEIbHAsl TOJIOBKA

5(pucyHok 1) ¢ HAKOHEUHHUKOM.




JUIst U3MEpEeHnii 10 CTaHJAPTHON ONTUYECKOM CXEME Ha CTOMKE 2 (PUCYHOK
1)cO0Ky AOMOSHUTENBHO pa3MenieH omtudeckuii y3en 10(pucyHok 1), KOTOpBIiH
MO>KET MepeMEeIaThCs BBEPX U BHU3 BMECTE cO cToWKoM. [Ipu ncnonbp3oBanuu s
U3MEPEHUI ONTUYECKOTO Yy3Ja YCTaHABIMBAETCS OCBETUTEIBHOE YCTPOMCTBO
9(pucynok 1)nma pabGoumii cron 4(pucyHok 1). OcBeTHTEIbHOE YCTPOWCTBO
Kpenurcs K pabodyemy crony 4 (puUCyHOK 1) JABymsl IJJaHKaMH C TOMOIIBIO
3aKJIQJIHBIX TaeK M IIIMHJICK B COOTBETCTBHUM C pPHCYHKOM S(pucyHok 1). Ha
OCBETHUTEJIBHOE YCTPOUCTBO KJIQIyTCs MIJIOCKUE, JIETKO 1e(POpPMUPOBAHHBIC IE€TAIH,
Y TIPUBOJANTCS U3MEpPEHHE.

KM c¢ UYIIY c¢ onruyeckuMm y3joM oOecrneyrMBaeT OECKOHTAKTHBIE
U3MEpPEHUs 33JaHHBIX KOOPJIMHAT TOYEK, PACIOJIOKEHHBIX Ha HU3MEPSAEMBIX
MMOBEPXHOCTSX JETaJICH.

Bxmtouenue - BoikimoueHue KM ocyiiecTBisieTcs: ¢ MOMOUIbI0 KHOIKU
(pucyHOK 2), pacrnojioO)KeHHOW Ha nepenHei nanenu 6 (pucynok 1). Ha nepenneit
MaHeJX TaK K€ PacloioKeHa KHOIKa aBapUiiHO# ocTaHOBKH (pucyHok 2). KHomka
cHaOxkeHa (Qyukiuedt ¢ukcaruu. llocnme HaxaTUs HA KHOIKY IPOUCXOIMT
pa3MbIKaHUE IeTH MUTAaHUS KOHTPOJUIepa IIAaroBbIX JBUTATENEH, YTO MPUBOIUT K
aBapuMHON OocTaHOBKE. J[JI1 BOCCTaHOBIICHHSI PaOOTOCIIOCOOHOCTH HYKHO eIle pa3

Ha’>XaTb HAa KHOIIKY U IICPC3allyCTHUTDh IIPpOIrpaMMYy.

Pucynox 2 — [lepennsis maHenb:
l - KHOIIKAa BKJIFOUCHUA-BBIKJIIFOUYCHH A, 2 - KHOIIKa aBapI/II\/’IHaH



1.1.3.YcrpoiicTBo U padora coctaBHbIX yacteii KUM

KonrtakTHas ronoBka 1 (pucyHok 3) pyHKIIMOHHPYET CICTYIOITUM 00pa3oM:
Npd KacaHWM W3MEPUTCIIbHBIM HAKOHCYHHKOM 2(PUCYHOK 3) H3MepseMOoit
MOBEPXHOCTU TPOUCXOAMUT Pa3pblB INCKTPUUECKON 1I€TH KOHTAKTHOM TOJIOBKH,
MEXaHUYECKHU CBS3aHHOW ¢ HAaKOHEYHHKOM. KOHTaKkTHasi roJ0BKa BBHIMOJIHEHA TaK,
YTO OTKJIOHEHHWE HAKOHEYHUMKA 10 JII0OOM M3 TpeX KOOpPAMHAT BbI3bIBACT

pa3MBIKaHHE €€ DIIEKTPUYECKOM LIETIH.

Pucynox 3 — O0muii BU KOHTAKTHOW H3MEPUTEIIHPHON TOJIOBKH .
1 - KOHTAKTHasa I/ISMepI/ITCJ'H)HaSI T'0JIOBKaA, 2 - H3MGpHTGJIBHBII>i HAKOHCYHUK

W3mepuTenbHbIi HAaKOHEYHUK NPEACTaBIsACT COOOMl Ty 4YacThb CHUCTEMBI,
KOTOpas, CONpPHUKACASICh C JETajdbl0, BBI3BIBAET CMCEIICHUE MEXaHuW3Ma B
KOHTAaKTHOM ToJioBKe. llocime Kaxaoro u3MepeHus KOOPAWHAT OTAEIIBHOM TOYKH
M3MEPUTEIBHBIN HAKOHEYHHUK IEPEMEIIAETCS Ha3al, IPOTUBOIOJIOKHO JBHKEHUIO
u3MepeHus (PUCYHOK 4).

['enepupyemblii curHan oOecrieuyuBaeT (PUKcanuio (PaKTUUECKUX TEKYITUX

KoopAuHAT 1o ocsim X, Y u Z.

»

b o

noAsoA H3Mepenme 0TBOA

Pucynox 4 — [lukis1 u3mMepeHust KoOOpAUHAT TOYKU

1.2.9kcniryaTanMoOHHbIE OTPAHMYEHUS] M OAT0TOBKA K padote Ha KUM

1.2.1. IkcruryaTalimOHHbIE OTPAHUYEHUSA



1.21.1. KUM nomkHa OBITh YCTAaHOBIICHa HAa HAJCKHOM OCHOBAHUH,
KOTOpoe oOecrmeunBaeT yAOOHBIM AOCTyHn K pabodeil 30He M BCEM oOpraHam
ynpasienus. He nomyckatorcs nporu0sbl, maTaHus, BUOpaiuu npu padore.

1.21.2. Jna noxxmrouenuss osnekrpornurtanus KHUM, snexktpudeckas
MPOBOJIKA JOJDKHA HAXOIUTHCS B HEMOCPEJACTBEHHOM OJIM30CTH OT MecTa
ycTaHoBKUA. O0s3aTeNbHO  MCMHOJB30BaTh  po3eTku ¢ 3a3emiieHueM.KMM
MOJKITIOYaTh depe3 ceTeBod ¢uiabTp Tuma «Pilot» m HMCMonp30BaTh MCTOYHHUKHU
Oecriepe0oHOr0 MUTaHKsI COOTBETCTBYIOLIEH MOIIIHOCTH.

1.2.1.3. Ilepen npoBenenue nmepennit Ha KM, Bce netanu um cocTaBHBIC
y3JIbl  MalluHbl  JIOJDKHBI ~ TNPOTPEThCS  HE  MEHee 15  MuHYT.
HopmaneHas temmneparypa mis npoBeneHuss uzmepennii Ha KUM (20+2) °C.
JlomyckaeTcsi NpOBOAUTH YUeOHbIE U3MEPEHHUs MpU paboyeil Temneparype oT +17
1o +30 °C. Jlna BeIpaBHHBaHUs TEMIEPATYpbl U3MepsaeMon aeranu U y3ios KM
HE0OX0MUMO pasMmecTuTh Aetanu psgom ¢ KM He MeHee ueM 3a CyTKU [0
IIPOBEIECHUS N3MEPEHHUI.

1.2.1.4. BusyalbHbIi KOHTPOJb JOJDKEH OBITh COCTAaBHOW YacCThIO
3alUIAHUPOBAHHBIX PabOT TpU MYCKOHAJIaAKe W B TOBCEAHEBHOM pPEXKUME
m3mepenns. KUM paszpemnaercst SKCIuTyaTupoBaTh TOJIBKO TOTA, KOTa COCTABHBIC
gactd KMIM He MMEIOT BHENTHUX MEXaHW4YeCKUX MoBpekacHui. Kabenu momKHBI
ObITh B Oe3ynpeuyHoM cocTositHUKM. OHU HE JAOMKHBI HUMETh NpPOruboB U
ITOBPEXKICHUN.

1.2.1.5. Ecimu ob6Hapyxunuch Kakue-nubo HeucnpaBHoctH, KUM He
BKJIIOYATh B CETh J0 UX YCTPaHEHUS.

1.2.2. lloaroToBKa K padorte

1.2.2.1. O3HakoMuUTCA Tiepe]] HadajioM pabOThl ¢ HACTOAIIEH MHCTPYKIIMEH
1o 3kcruryatannn KMM.

1.2.2.2. Tlpomu3Bectn 110 Hayama pabOTHI TIATEIBLHBIA OCMOTp H3JIEIIHS,
YAQINTh C HETO MOCTOPOHHUE TMPEAMEThI, 00s3aTeIbHO MPOTEPETh CMOUYCHHOU B

0663)I(I/IpI/IBaTeJ'Ie TpﬂHO‘lKOI;‘I, KOTOpasd HC OCTAaBJIACT BOpCa.



1.2.2.3. YOemuthcs, 4YTO HUKaKWe Kabemu HE NPEHsITCTBYIOT paboTe
moaBIDKHBIX yactern KMM.

1.2.2.4. TIpoeputh 3a3zemiieHne u BKIOUNTH KM B ceTh yepe3 ceTeBoid
bunsTp THa «Piloty.

1.3.¥YcTaHoBKa qeTajiedl HA U3MePUTENbHBIN CTOJI

1.3.1.YcraHoBKy A€Taian Ha U3MEPUTETBHBINA CTOJ MTPOU3BOIUTH TOJIBKO MPU
HEMOABMKHBIX 3JIEMEHTAX KOOPJIMHATHON U3MEPUTEIHHON MAIlIUHBI.

1.3.2.Pa3mecTuTh neTanah Tak, 4TOOBI €€ OCHOBHBIC TTOBEPXHOCTH OBUIH HE
napajuieIbHbl OCSIM BBIOPaHHOM CUCTEMBI KOOPAMHAT.

1.3.3.letanu JIO/DKHBI OBITH BCErJa MPOYHO 3aKpeIUIeHbl (PHCYHOK D),
YTOOBI OHU HE MOTJIM JIBUTAThCA WM yAacTh ¢ U3MEPUTENBHOTO cToJa. s 3Toro
HeoOxoauMo cToiiky 1 BcraButh B T — 0Opa3Hblii 11a3 paboyero cToja 1 3aKpyTUTh
B 3aKJIaIHYIO raiiKy, KOTOpasi BCTAaBJIAETCS B HUXKHIOK 4acTh T — oOpa3Horo masa.
[nanky 2 (pUCYHOK 5)yCTaHOBUTH CBEpXy Ha CTOWKY l(pucyHok 5). JI€rkum

YCWJIMEM HaXkaTh Ha CEPEUHY TUTAHKHU, YTO TIO3BOJIMT MPUKATh JI€Talb 3(PUCYHOK

5).

A
A/

Pucynox 5 — O6mmii B 3aKperieHus AeTany Ha pabodeM cTose:
1 — croiika, 2 — 1aHKa, 3 - AeTANb

1.3.4. Jleranb yCTaHOBUTH TaK, 4TOOBI BCE HEOOXOAUMBIC U3MEPECHUS ObLIH
BBITIOJIHUMEI 0€3 M3MCHCHMS ITOJI0KCHUS ICTaIN.
1.35. /[lns yCTaHOBKM U3MEpPSIEMBIX JeTajel MOXKHO HCIOJIb30BaTh

JOITIOJIHUTCIBHBIC HpI/ICHOCO6JICHI/I$II IIpU3MBbI, LOCHTpA, YIOPblI W 3a’KUMBI.



HeoOxoaumMo y4yuTBIBaTH MX BEC W TrabapuTHBIE pa3Mephl Al oOecreueHus
0e3omnacHocTH nepemenieHnit y3inos KMM.

YToObl HE MOBPENNUTH KUM U U3MEPUTEBHBINA CTOJI, HEOOXOAUMO:

— YYUTBIBaTh JOIYCTUMBII BEC IETAIH;

— JIeTaJlb OCTOPOKHO OITyCKaThb HA U3MEPUTENbHBIN CTOJI. [lafenns u ynapsl
MoryT noBpeautb KNM;

— JleTalb HE JOJDKHA CTaJKUBAaThCA C IOPTANIOM, CTOMKOH U JApYyTUMH
y3namu kuM. Jlaxke Jerkue ynapbl MOTYT OTPUIATENBHO MOBIUATH Ha (PYHKIIUU
KUM.

— JIeTajlb OIyCKaTh HA U3MEPUTENBHBIN CTOJI BEPTUKAIBHO.

— HE CABUTaTh J€Talb Ha U3MEPUTENbHOM cToJie. [[oBepXHOCTh IIpH CABUTE

JETaJI MOXKET NoLapanaTbCs. ITO MOKET YXYIIINUTh TOYHOCTh U3MEPEHUM.

1.4.YnpaBJsenue pxoiictukom KUM

Hust  toro, 4toObl B pyyHOM pexkume ynpaBiuith KHUM  cnenyer
MCIOJIb30BaTh JKONCTHK.

[TapameTp CKOpPOCTM [BWXKEHUS U3MEHSAETCS C TOMOIIbIO KHOMKU |
(pucyHok 6). UTOOBI YBETUYUTH CKOPOCTh HYXKHO Ha)XaTh CTPEIKY BBEPX, YTOOBI
YMEHBIIIUTH CKOPOCTh — BHU3.

Knomka 2 (pucynok 6) mpeaHazHaueHa Jyisl IEpEeMEIICHHUsS] CTOMKU (PUCYHOK
1) BBepX H BHHU3, 4YTOOBl HauyaTh [JIBHKEHHWE HYKHO TMOTSHYTh KHOIIKY B
COOTBETCTBYIOILYIO CTOPOHY.

Knomnka 3 (pucynok 6) nmpeaHa3zHadeHa /i IEPEMEIICHHs] CTOMKHU (PUCYHOK
1) BBepx W BHU3, a Takke pabouero croyna (pUCyHOK 1) Bmepea W Hazai, 4TOObI

Ha4daThb IBHKCHHC HYKHO IMMOTAHYTH KHOIIKY B COOTBECTCTBYIOIIYIO CTOPOHY.

10



Pucynok 6 — JIxxoicTuk

11



Pa3nen 2. TeopeTruueckue cBeieHus o padore

¢ nporpaMMHbIM obecniedenneM TEXHOxkoopa

2.1.BriioyeHne KOMNbHOTEpa

2.2.3anyck nporpammbl TEXHOKoopa (Pabouuit cron — CranmaprtHas

KOHTaKTHasd cxeMa)
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PHcyﬁbK 7— CtpyKTypa peaakTopa

2.3.Brawuenne KUM (uwacts 1, mynkr 1.1.2, pucyHok 2)

2.4.Buioop CAD-Moes14 neTanu

CAD-Monenr MOXHO 3arpy3uTh u3 (Qopmara *.step, *.stp wam w3
BHyTpeHHero ¢popmara CAD-monenu YensOHUMWkounTposns *.cad (MeHio paGoThI
c (aiimom — OTKpHITh — JOoKyMeHThl — TexnoKoopa 5.1 — mpumepst — HUMK-
701...«Ha3BaHKE ACTAIIN, KOTOPAst OyET U3MEPITHCS).

Jlist Toro, uToOb1 M3MeHUTH opueHTanuio CAD-mMomen MOXXHO MOBEPHYTH
e Ha HEKOTOPBIN YroJl (3aKaTh MPaBYIO KHOIKY MBIIIH U OBOPAYUBATH MOJIEIb B
HY’)KHOM Hampasienun). llpaBunbHas opueHTanuss HeoOxoauma st Oojee

yI0OHOM pabOTHl B PEIAKTOPE U aJICKBATHON BU3YyaJU3AIMH MPOIECCa N3MEPEHUS.

12



2.5.Co31aHuenynoBoiicucTeMbl

IlymoBas cucrema — 5TO HabOp NIYNOB, KOTOPHIE PACIOJIOXKEHB B
IIPOCTPAHCTBE.

OCHOBHBIM OOBEKTOM IIIYTOBOM CHCTEMEI SIBJISETCS HAKOHEYHHK. B manHOU
MOJI€JIM HAaKOHEYHMK OIpeNeNseTCsl Kak cepruueckas MOBEPXHOCTh C 3aJaHHbIMU
OTrpaHUYEHUSMH (JOIYCTUMON 30HOMN).

Jl5is Toro, 4TOOBI OTKPBITH MAaCTEP HACTPOEK IIYNOBOM CHCTEMBI CIEIYET B
IJIABHOM MEHIO IepelTH BO BKIAJAKY «Hactpoiika» m HaxaTth KHONKY «lllynoBas
CUCTEMA).

Ha riiaBHOM cTpanune mactepa HaCTPOWKH IIYIIOBOW CUCTEMBI PACIIOJIOKEH
CIMCOK BCEX JOCTYNHBIX IIYNOBBIX CUCTEM, KOTOpPbIE YX€ ObUIM CO3JaHbl.
[llyroBas cucrtema, ydeTHas 3aluch KOTOPOM HaXOJAWTCS B BEPXHEH YAaCTH OKHA,

SBJISICTCS TEKYIIEH MCIOIB3yeMOM CHUCTEMOM (PUCYHOK 8).

¥ Hartpoban wynoool cacTem 1 0 R

- -

Pucynok 8 — OKHO CO CTUCKOM II[yTIOB

Yrobbl co374aTh HOBYIO IIYNOBYIO KOH(MUIYpalMio CjlelyeT HakaThb Ha
KHONIKY «/[00aBUTh HOBYIO IIYNOBYK cucTteMy». B crnmucok Oyzaer nobasieHa

YUCTHas 3allrChb.
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[Tocne co3manus y4eTHOM 3alMCH LIyNOBOM CUCTEMbI PEKOMEHIYETCS Cpa3y
e mepeuMeHoBaTh e€. [l 3Toro cieayer OAWH pa3 IICIKHYTh MBIIIBIO IO
Ha3BaHUIO, IOCJE YEro IMOSBUTCS BO3MOXKHOCTh pelakTHpoBaHus (pucyHok 9).
YToObl yganuTh IIYyN CIEIYyeT HaXKaTh HA KHOMKY «YIaluThy», ydeTHas 3alluCh

HCUYC3HCT U3 CIIMCKaA.

P—a:ea‘—-/e wyna

Lyn orkanubposan

Pucynoxk 9 — PenaktrpoBanve Ha3BaHUs IyTia

Bce n3MeHeHus, KOTOpbIE NMPOUCXOAAT, HE COXPAHSIOTCS aBTOMATHYECKH.
Jlns mpuMeHeHUsT M3MEHEHUN HeoOXOAMMO Ha)KaTh Ha KHOMNKY «IIpuMeHUTHY,
KOTOpasi HaXOAUTCS B HUKHEHN JyacTu okHa. Eciu ske u3MeHeHust OblIM OIIMOO0YHBI,
cienyer HaxaTh «OTMEHa», B 3TOM Cllydyae NpPOU3BEACHHbIE U3MEHEHHS OyIyT
YTEPSHBL.

[Iporpamma BbIIENSAET OJHY LIyTIOBYKO CUCTEMY, KOTOPas HCHOJIb3YETCS IS
u3MepeHuii. YToObl yCTAaHOBUTH IIYNOBYI0 CHCTEMY B KadyecTBE TEKyIIEH
CYIIECTBYET KHOIIKA «YCTaHOBHUTH, KaK TEKyIlylO». ECilM KHONKa HE aKTHBHA,

3HAYUT, CUCTCMaA YIKC SABJIACTCA TCKanCfI.

Wyn otkanubposa 1y Visl

Pucynok 10—Y4yeTHas 3anuch uryna

Hanmuce «Cucrema oTkamuOpoBaHa» O3HayaeT, YTO HAKOHEUHMKHU IIyma
HACTPOCHBI W OTKAIMOpOBaHBl, a Haanuch «CHucTemMa HE OTKaITUOpOBaHa

O3HAa4YacT, YTO HC BCC HAKOHCYHHMKH IIyIla OTKaJ'II/I6pOBaHBI NIl BOBCC

14



OTCYTCTBYIOT. B mocnennem ciydae TpeOyeTcs 3aliTH Ha CTPAHUILy HACTPOMKH
LIYIIOBOM TOJIOBKHU: JJIsI 3TOrO CJIEAyeT HakaTb KHONKY «HactpouTs nrymoByro
CUCTEMY», U BBIIIOJHUTH HACTPOUKY.

I'eomeTtpus 1mynoBoil cucreMsl — 310 npuMuTUBHasE CAD-Moz€elb IynoBoi
CUCTEMBI, MPUOJIM3UTEIBLHO ONUCHIBAIOIIAsl PACIIOJIOKEHUE TEX WM MHBIX YacTel
IyIna.

['eomeTpus nynoBoOM CUCTEMBI UCIIOIB3YETCS JIIA:

® aBTOMAaTHYECKOIO ITOMCKA ITyTH;

® KOPPEKTHOTO OTOOpa)KeHHUs IIyIla B CXEME U3MEPEHMS;

e CUMYJILIUMU U3MEPEHUS Ha BUpTyaabHOM KHM.

[locne co3manus HOBOM YYETHOM 3alMCH, F€OMETpUs OyIeT OTCYTCTBOBAT,
II0OTOMY OJKpaH OKaXeTCs IyCTOW. lIepBBIM 351EeMEHTOM, KOTOpBIM ClleayeT
CO3/aTh, SIBJIAECTCA DJIEMEHT, IPUMBIKAIOUIMN K LIYyNOBOW TOJOBKE (Kak MpaBHIIO,
3TO Y/UIMHUTENb LWIMHIpPUYECKO ¢Gopmbl). Bcee nelcTBHs, KOTOpPBIE MOKHO
IIPOM3BOJIUTh, HAXOAATCA B KOHTEKCTHOM MEHIO, KOTOPO€ BBI3BIBACTCS

OJTHOKPATHBIM Ha)KaTHEM TPABOW KIIABUIIU MbITIHN (pucyHoKk11).

Pucynok 11-KoHTekcTHOE MEHIO peJakTopa FT€OMETPUH LIIYTIOBOM CUCTEMBI

UtoObl 100aBUTH TIEPBBIM JJIEMEHT - LWIUHApP, CIEAYeT BbBI3BATh
KOHTEKCTHOE MEHIO, WIEIKHYB B JIFOOOM MecTe U BbIOpaTh «Jl00OaBUTH... -
[Mumuaap». Ilocime TOro, kKak OJWH DBJIEMEHT €CTh, IOCICIYIOIINE MOXKHO

«KPCIIUTB» TOJBKO K CIICOHAJIBHBIM MCCTaM, KOTOPLIC 0003HAYEHBI MapKCpamMu
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3esieHoro 1BeTa. Jlanee cieayer MENKHYTh MO [MUIMHIPY U BO BCIUIBIBIIEM OKHE
yKa3aTh BBICOTY U AUAMETP HUIUHpa (BbicoTa S0 MM, TUAMETP 2 MM).

UtoObl [100aBUTH BTOPOM DJIIEMEHT - HAKOHEYHHK, CIIEIyeT BBI3BATh
KOHTEKCTHOE MEHIO, IIEIKHYB 10 MapKepy 3€JIEHOT0 IBETA HA TOPLE LWIMHAPA U
BbIOpaTh «JloOaBuTh... - Hakoneunuk». J[lamee cienyeTr MEIKHYTh 10
HAKOHEYHUKY U BO BCIUIBIBILIEM OKHE yKa3aTh ero AuameTp (3 Mm).

[TapameTpbl CO3/IaHHBIX 3JEMEHTOB MOXKHO W3MEHUTH. I 3TOrO HYX)HO
BBIJICJIUTh COOTBETCTBYIOIIUN AJIEMEHT JIEBOM KJIABUIIEH MBIIIH, IOCIE YETO B
HIDKHEN YaCTH MOSBIITCA MapaMeTPhl 3JIEMEHTA, KOTOPBIE MOKHO PEIAKTUPOBATh.

[To Haxkatuio Ha KHOMKY «Jl00aBUTh Y4YETHYIO 3aliCh HAKOHCUHHUKA)
MOSIBJISICTCS. HOBAsl YUETHAs 3allMCh HAKOHEYHUKA C [apaMeTpaMu 110 YMOJIYAHUIO.
YToObl yAQINTh YYETHYIO 3alUCh CYIIECTBYET KHOMKA «YIaIUTh» y KaXJI0ro

HaKOHEYHHKaA (PUCYHOK 12).

Ywernan sanwce wyne L 4

Pucynox12—YuerHble 3anucy HAKOHEYHUKOB

OnuH 13 mapaMeTpoB HAKOHEYHHUKA — JTO JOIMyCTUMAs 30Ha, T.€. 00J1acTh, K
KOTOPOM HAKOHEYHHK CIOCOOCH TMOJONTH/M3MEpPUTh, HE 3aJeB IPH OTOM
u3MepsieMblii 00beKT. 30HA 3371a€TCS BU3YAJILHO.

Kaxxnas yueTHas 3amuch 00s3aTENbHO JIOJDKHA OBITH MPUBS3aHA K OJHOMY
13 HAKOHEYHUKOB TeoMeTpuH. JIJisi 3a1aHusi COOTBETCTBUS CJIEYET «IIEPETAIIUTHY

CHEIMAIBHBIM 3JIEMEHT «II€Jb» Ha COOTBCTCTBYIOH_II/Iﬁ IIapHK, IMOCJIC YCro IIapHuK
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NOJCBETUTCS KpacHbIM LBEeTOM. Kpome Toro, Kaxnaas ydeTHas 3aIuch
HAaKOHEYHUKA MMEET JBa yrja — 3TO YIJIbl TOBOPOTHOM T'OJOBKM B TOT MOMEHT,
KOI'/Ia HAKOHEYHHMK KanuOpyercs. Eciu ronoBka He MOBOPOTHas, TO 3HAYCHUS
VIJIOB HY>KHO YCTaHOBUTH PAaBHBIMH HYIIIO.

Haxumaem «lIpuMeHuTs» W B OKHE CHUCKA NIYNOB YCTaHABIMBAEM
CO3JIJaHHYIO IIYIIOBYIO CUCTEMY KAaK TEKYIIYIO.

2.6.BkpyyuBaHue HAKOHEYHUKA B U3MEPUTEIbHYIO I'0JIOBKY

2.7.YcraHoBKa KajauOpoBouHoil cepbl Ha cTOJ(IIpUKpYyTUTE K HOXKKE
chepbl railky - BCTaBUTh B TPETUM Ta3 CTOJIAa — MO YacCOBOM CTpeNKe BpalaTh
cdepy 3a HOKKY J0 yIopa — 3aKpyTHTh raiiKy 10 KOHIIA)

2.8. KanuOpoBKka myna

KanmuOpoBka 1Iyna BBINOJHIETCS C LEIbI0 ONPENEIUTh OTKIOHEHHUS
JlaTYuKa, KOTOpbIE BO3HHMKAIOT MpPH M3MEPEHHH TMOJ Pa3HbIMH yIJIAMH K
noBepxHOCTU. B kauyecTBe kammOpaTopa BbIOupaeTcs cdepa ¢ aTTeCTOBAaHHBIM
paauycom u oTkJIoHeHHeM ¢opmbl He Oosiee 0.5 MkM (B 00l1lieM Cilydae 3aBUCHUT OT
TOYHOCTHBIX BO3MOXKHOCTEH MalllMHbI). B mporecce wu3aMmepeHus aeraiieu
MOJIyYEHHbIE OTKJIOHEHHS UCTIOJIb3YIOTCSI B KaU€CTBE KOMITCHCALIMH.

Hpyroii 1enpi0 KaaTuOPOBKM HAKOHEYHHMKA CTAaBUTCS OMPENEIUTh €ro
OTHOCHUTEJIbHOE PACIHOJIOKEHHE — OTHOCUTEIBHO JIPYTMX HAKOHEYHHUKOB IIIYyIIA.
Koraa mynoB HECKONBbKO, KaXAbld IIyH XpaHUT B ce0e BEKTOp, KOTOPBII
yYKa3blBaeT Ha LIEHTP NEPBOIO HAKOHEYHHUKA. OTO TO3BOJIAET MPUBOIUTH
M3MEPEHUS Pa3HbIMU HAKOHEUHUKAMHU K OJTHOUM CHUCTEME KOOPAUHAT.

B MeHI0 HacTpoWKHM IIyNOBOM CHCTEMBI HYXHO Haxarth «KamubGposarthb
IIyI», Jlajiee CIeAyeT BBECTU AUAMETP KaTuOpOBOYHOU chephl (YKa3aH Ha HOXKKE
chepbl), HACTPOUTHL Yyroj, 4Yepe3 KOTOphId OyIayT pacCTaBieHbl TOYKU, U
KOJIMYECTBO Mpoxoa0B (pucyHok 13). BriOpanHBIe mapameTpbl, COXPaHSIOTCA,

MMO2TOMY IMOBTOPHO BBOAUTH IMAPAMCTPBI HC ITPHUACTCH.
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Pucynoxk 13 — [TapameTpbl KaTuOpOBKM HAKOHEYHHUKA

UtoObl 3amycTUTh MpollecC KAIUOPOBKM C BBIOPAaHHBIMH IapaMeTpamu
CJEeAyeT HaXaTh KHOMKY «3amyCTUTh KaTUOPOBKY» M BO BCIUIBIBIIIEM OKHE HaXaThb
KHOMKY «BBIX0Jl B HOJIbY.

st Toro 4ToObl OOOMTH B aBTOMAaTHYECKOM PEXKHMME TOUKH Ha cdepe
IpeIBapUTEIFHO HEOOXOJUMO Y3HATh MOJIOKEHHE cepbl OTHOCHUTEIHHO MIyTIa.
Jnst 3TOro mMmojp30BaTEN0 MPEAJIaraeTcsl HU3MEpPUTh B PYYHOM PEXKHUME MSATh
pPaBHOMEpPHO pacHpeesieHHBIX MO0 TOBEPXHOCTH cdepbl TOUEK (OAHA CBEPXY H
YeTelpe 1O OJKBaTopy). Ha kapTuHKEe B IIEHTpE OJKpaHa H300pax)eHO

PEKOMEHyeMOe PacoIOXKeHHEe TOYeK (pUCYHOK 14),

r - —
| 7@ Hacrpodea wynosod crcrev 'I o el i |

- Toomprrere s

‘ o f i ] e

Pucynoxk 14-Ilony4yeHue nepBbIX NSATH TOYEK
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[Tocne Toro, xak Bpy4YHYIO cdepa Obuta HU3MEpeHa, Ha pabovYeM CTOJe
CIICIYIOT Ha)kKaTh KHOTKY «Jajee» W MallliHa aBTOMAaTHYECCKH BBITIOJHUT 00BE3]
cepbl ¢ BBIOpaHHBIMU ITAPAMETPAMH.

Ecnu mporiecc kamuOpOBKH 3aBEPIIMIICS YCIICIIHO, TO TOSBISETCS OTYET O
KaJTMOPOBKE HAKOHEYHHKA, B KOTOPOM KpPaTKO MPUBEICHBI JJaHHBIC O KaJHMOPOBKE,
a TaKKe MPOM3BENICHA BU3yaJIM3allus 3a(MKCHPOBAHHBIX OTKIOHCHUH (PHCYHOK

15).

¥ HecTpodies wymoscd CucTeum = -

——

Pucynox 15 — Otuer o kanuOpoBKH

CrnenyeT BbIBECTH U3MEPUTENBHYIO TOJIOBKY B HEPaOOUyIO 30HY C OMOIIBIO
JI>KOMCTHKA.

2.9.¥YcranoBka aetaau Ha cToia(dacts 1, myHKT 3)

2.10.Co3nanme cTpaTerun usMepeHus Uil 3J1eMEHTOB

CrpaTerust usMepeHus JIEMEHTa — 3TO MPUHUUI pa3MELICHUS U3MEPSEMBbIX
TOUYEK Ha IOBEPXHOCTH JIEMEHTA.

Yrobbl co371aTh CTPATErHi0 W3MEPEHHs AJi1 dJeMEHTa JeTalu CleayeT
BbI3BaTh KOHTEKCTHOE MEHIO, BbIOpaTh «(Co31aTh» - MOSBUTCS MaHeNlb s
HACTPOWKHU CTpaTeruu u3MepeHus (pucyHok 17).

WNuorna npu skcniopre n3 CAD-pegakTopa 37€MeHTHI «pa30MBaIOTCS» Ha

HECKOJIbKO KyCKOB (pucyHok 16). PemakTtop mo3BojisieT JIOTHYECKH OOBEAUHSTH
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QJICMCHTBI B OAHH. I[J'I?I 9TOrO H€06XOI[I/IMO BOCIHOJIb30BaThCSl KHOIIKOM B BCpXHGfI

YacTH TAHENH JJI1 HACTPOUKH CTpATeTUN u3MepeHus (pucyHok 17).

Pucynox 16 — IIpumep a1emMeHTa COCTOSIIETO U3 HECKOJIBKUX YacTei

MOXHO yAanuTh CTPATETHIO U3MEPEHUS BOCIOJIb30BABIINCH KOHTEKCTHBIM
MEHIO MJTM KHOITKOM B BEPXHEM MPABOM YyIITy MaHenu (pucyHok 17).

Hacrtpoitka crTparerum uW3MEpeHMsT HAQUMHAETCS C aBTOMATUYECKOMU
PAacCCTAaHOBKU TOYEK OJHOM M3 CTAHJAAPTHBIX CTPATETHH, a 3aTEM PEAAKTUPYETCS B

PYYHOM pPEKHUME.
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Pucynok 17 — PegaktupoBaHue cTpaTerui U3MepeHust
HeszaBucumMo oOT THDa 3jIeMEHTa [ BCEX CTPATETHM JOCTYIIHBI JBa

napaMerpa: MUHHUMaJbHOE DPACCTOSHHE 10 TIpaHULbl U OE30MacHOE PacCcTOsSHUE
(pucynok 16). Ilapamerp «be3omacHoe paccTOSHHE» ONpEICIsAeT, C KaKoro
paccTosiHusL OT JAETalyd LIyl HA4yHET [BW)KEHHE K NoBepxHocTu. llapamerp
«MHHMMaJIBHOE PACCTOSIHUE IO TI'PAaHMILBD MO3BOJISIET OTCEYb TOYKH, KOTOPHIE
OKa3aJMch OJM3KO K TpaHULaM 3JIeMEHTa. B 3aBHCHMMOCTH OT THUIA 3JeMEHTa
JOCTYITHBI pa3JIMYHbIE CTPATErUU U3MEPEHUSI.

Cerka Ha miockocTu. [lo3BonsieT pa3MecTUTh TOYKH PABHOMEPHO IIO
MOBEPXHOCTH TJIOCKOCTH. 3aJal0TCA JIBa OTCTyNA C Pa3HbIX HANPABJICHUI, a TaKkKe
1iar B OJJHOM HalpaBJIEHUH (T.€. paCCTOSTHUE MEXAY COCEHUMH TOYKAMH) U [Iar B

napyrom HanpasieHuu (pucyHok 18).
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Pucynok 18- CeTka Ha TUIOCKOCTH

I'panuyHbIi MeTOA HA MIOCKOCTH. [103BOIISIET PACIIONOKUTH U3MEPSEMBIC

TOYKH B IIECTH HAMpaBIeHUAX (Ha miecTH oTpeskax) (pucyHok 19). Ilo3mosser

peryjaupoBaTtb Mmar, ¢ KOTOPbBIM pPAaCCTaBJIAIOTCA TOYKHM Ha OTPC3KaxX, a TaKKCe
YUUTBIBACT OTCTYIILI.

MuHUMansHoe
paccroaHue

AO rpaHuLbl \

Bropoit
oTeTyn

Mepsbii oTCTYN \

Pucynox 19 — I'pannunbIif MeTOA

CTpaTEI‘I/IH Jid OUWJIHHAPpAa M0 CCYCHUAM. Touku pacmojiararoTcs B
HECKOJIbKMX CeUeHHUsSX. ECTh BO3MOXKHOCTH PETYINpPOBATL KOJIMYCCTBO CequHﬁ,

KOJINYECTBO TOYCK B CEUCHUH U OTCTYITBI CBEPXY U CHU3Y (pucyHOK 20).

MuHMMansHoe
paccrosHue
Ao HULbI o
L Mepebin
oTcTyn
CeueHune
MuHUManeHoe Bropoii
paccrosaHue oTcTyn
[0 rpaHnLbl 3

Pucynox 20 — M3aMepenne muinHapa 1o CEUYSHUIM
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Crpareruss ans UWJIMHApPa mo cnupanau. Touku pacrnosararorcs Ha
CIUpPAJIU, TPOXOJSILIEH 110 MOBEPXHOCTU LHUJIMHAPA C YKa3aHHbIM maroM. Mimeercs
BO3MOXXKHOCTh PEryJIMpOBaTh KOJMWYECTBO TOUEK Ha IIar CHOUpPaId, a Takke

OTCTYIIBI CBEPXY U CHU3Y (pUCYHOK 21).

MuHuManeHoe
pPacCTOsiHUE )
A0 rpaHvubl “lNepsb
| oTcTyn
A
-
o
- }
BTopow
MuHMMansHoe OTCTYN
paccTosHue T
A0 rpaHuLb

Pucynox 21-N3mepenne nuiuHapa 1Mo cuupaim

Crparterum AJis1 KOHyca 1MOJJI0OHBI CTPATETUsIM LIWJIUH]IPA, TAK)XKE JOCTYITHbI

10 CEYCHUSIM H TI0 CIIUpau (PUCYHOK 22).

v il '

\

Pucynok 22 — Ctpareruu 1jist KOHyca

st cepbl TOCTYITHA CTpATETUsl CETKOM, O3BOJISIIOIIAS PACCTABISATh TOUKU
PaBHOMEPHO T10 MTOBEPXHOCTHU chephl. PacnonoskeHne Touek peryampyercs 3a cuer

yIrJIa MeX]y CEYCHUSMU B PACCTOSIHUS MEXK/y TOUYKAMH B CEYCHUU (PUCYHOK 23).

Pucynoxk 23 — Ctparerus 111 chepbl 10 CeTKe
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Crpareruss u3MepeHHsI TOpPa MO Cce4YeHHMAM. MOXHO yHOpPaBIATH

KOJINYECTBOM CEUCHUH M TOUEK B CCUCHHH (PUCYHOK 24).

CeyeHue

Pucynoxk 24 — Ceuenue Topa

CTpaTeFHSI H3IMEPEHNdA ToOopa 1o CcClIupalin. HNmeeTcss BO3MOKHOCTH

yIPaBJIATH IIArOM CITHUPAJIA ¥ KOJIMYECTBOM TOYEK Ha OJIMH BUTOK (PUCYHOK 25).

War
cnupanu

€

Pucynok 25 — M3mepenune Topa 1o crupaiim

Juis CILIAHOBOM IMOBEPXHOCTH IIpEeyCMOTpEHA CTpaTterus,

pacrnpeessolas paBHOMEPHO TOYKH 10 MTOBEPXHOCTH (PUCYHOK 26).

MuHuManbHoe
paccrosHue Ao

rpaHvuUbl

m | ©
=

Pucynox 26 — Ctparerust 115 CIUIaifHOBOM TOBEPXHOCTH

B cnydae ecnu HM ofHA W3 CTAaHAAPTHBIX CTpATETUd HE MOIXOIUT, TO B
porpaMme MpeayCMOTPEeHa BO3MOKHOCTh pa3MellaTh TOUKU Bpy4uHYto. 1[5t 3TOTO
cleyeT HaKaTh KHOMKY «PeJakTUpoBaTh TOUKW» B BEPXHEM MPABOM YIITy MaHeIu
JUISL HACTPOMKHU CTpaTeruu M3MEPEHHS MOCe YETro PEeIaKkToOp MEePEeUsIeT B pekuM

PYYHOTO pPEIaKTUPOBAHUSI TOUEK.
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JUtst pegakTUpoBaHUsl TOYEK B JAHHOM PEXUME CIIEYET BBIIEIUTh TOUKY U
«TIEepETAlIUThY €€, YAEPKUBas JIEBYIO KIaBUILY MbIIIMU. /[00aBieHre HOBOW TOUKH
MOJKHO CJieaTh JBOMHBIM IIETYKOM, yaieHue — kiasuiuei Delete.

[Ipy KOOpAMHATHBIX U3MEPEHUSIX YUCIIO TOUYEK MU3MEPEHUS ISl OTAECIBHOIO
JIEMEHTA JETAIN ONPENEIAETCs, B 3aBUCUMOCTH OT BHJA AJIEMEHTA, OTKIIOHEHUI
ero (opMbl, 33Ja4d U3MEPEHHs (T€OMETPUYECKHX MapaMeTpOB, IMOJIEKAIINUX
OINPEENICHHIO), JOMYCTUMOM MOTPEIIHOCTH H3MEPEHHs. MHUHUMaIbHOE YHCIIO
TOYEK, 110 KOTOPbIM MOTYT OBITb OIpEAENEHbl IapaMeTpbl pPa3sMEPOB U
pPACIIOJIOKEHUSI ~ TEOMETPUYECKH  HJICAJbHBIX (HOMHUHATTLHOMN (dbopmbI)
ITOBEPXHOCTEN W JIMHUM JUIsI 4aCTO BCTPEYAIOIIMXCS JJIEMEHTOB, NMPUBENCHO B

tabmuiie 2.

Tabmuua 2 - MuUHUMaIbHOE YUCIO TOYEK HM3MEPEHMS I OIpPEAeIICHUS

napameTpoB pa3Mepa U PacloIoKEeHUS dJIEMEHTOB HOMHUHAIBHON (hOPMBI

DJIEeMeHT MuHMMaJIbHOE YHCJIO0 TOYEK
Touka 1
[Ipsmas
OKpY>KHOCTb
I1mockocTh
Cdepa
Humuaap
Konyc
Top
2.11.PaccTaHoBKa 3anipellIeHHBIX 30H

~NOoOgRlWWN

Kak mpasuio, usmepsieMoe U3Ieaue 3aKpeIurseTcss Ha CTOJIE ¢ MOMOILIBIO
CIEUHAIBHBIX  KperuieHni. Ecimm He  yuuThIBaTh KX  T'€OMETPHUYECKOE
PacIoNoKEHUE, TO B MPOLIECCE U3MEPEHUS MAILMHA CTOJKHETCSA C OJHUM U3 HUX.
UroObl HUCHpPaBUTh CHUTyalMio, MOXHO wucnois3oBath CAD-mozens ¢
pacIog0KEHHBIMU Ha HEN 3aKMMaMH, & MOXKHO BOCIOJIb30BATHCSI HHCTPYMEHTOM,
KOTOPBIM MO3BOJUT OTMETUTHh YacThb MPOCTPAHCTBA KAK HEIOCTYIHYIO JUIs
MAILIAHBI.

Jlsist Toro 4ToObl BOWTHU B PEXHM PACCTAHOBKH 3aIPEIICHHBIX 30H HYKHO

BBIOPATH B TJIABHOM MEHIO «3ampelieHHbIe 30HbI - PeakTHpoBaThy» (PUCYHOK 27).
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Pucynok 27 — PegaktupoBaHue 3ampelieHHbIX 30H

BriennTh 3anpeneHHyo 30Hy MOKHO JIEBOW KJIABUILIEH MBIIIW. Y TaJ€HUE
30HBI ocymiecTBisieTcs: kinapuiieit Delete. UToObI co3/aTh HOBYIO 30HY CJIEIyET
c/eNaTh ABOMHON KIIMK, MOTSHYTh MBIIIb B CTOPOHY JJIsi 0Opa30BaHUs OCHOBAHUS
napajyyieIorpaMMa, 3aT€éM BBINIOJHUTh KIIMK U OTPEryJIMPOBATh 30HY IO BBICOTE.
3mensate mapameTpsl (JIMHY, WIMPHUHY, BBICOTY) TO3BOJISIET TIAHEIh CO
CBOMCTBaMH, KOTOpasi 0TOOpa)kaeTcs NI BhIACICHHOM 30HBI. [lepemenienne 30HbI
MPOU3BOJIUTCS CJICIYIOMIMM 00pa3oM: 3a)aB JIEBYIO KJIABUIIY MBIIIK HA OJTHOM U3
CTOPOH 30HBI, CMEIIAaThb 30HY B HAMpaBJICHUM MNEPHEHAUKYISIPHOM HaHHOMN
CTOPOHE.

2.12.Co3nanue oTuera

Jyist Toro, 94TOOBI CO3/IaTh OTYET, B JICBOM HUKHEM YTIIy CIEAYyeT MICIKHYTh
3akyaiKy «OTyer», Ha dKpaHe MOSIBUTCS JTUCT A4.

Haxxumaem «3DOTKIIOHEHHE PACTIONOKEHUS» TOSBIISETCS MOACIb JSTalN

Bce pacuerel B pemaktope TMPOUCXOMAT C JJIEMEHTaMH, KOTOpBIE
HA3bIBAIOTCS «3aMEHSIONIME JJIEMEHThD) — 3TO TE€OMETPUYECKHE DIEMEHTHI,
MOJIYYCHHBIE B PE3yJIbTaTe alPOKCUMAIMA KAaKOTO-THOO TMPUMHUTHUBA TI0

KOoOpaAnHaTaM TOYCK.
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AHanu3 pacrojoXeHUusT B MNPOCTPAHCTBE HCMOJIb3YET CIEAYIOLIAE THIIbI
F€OMETPUYECKUX IJIEMEHTOB:

e [[JIOCKOCTB;

o Coepa;

e [{unmunnp;

e Konyc;

 Top;

e CrialiHOBasi NOBEPXHOCTH;

e CrialiHOBast KpUBas;

e OKpy>KHOCTB;

e [Ipsamas;

e Touka;

e ['pyIma TouexK.

ANnNpoKcUMalus 3JEMEHTOB — 3TO HAXOXKJICHHE 3aMEHSIONIUX AJIEMEHTOB
10 U3MEPEHHBIM TOYKAM Ha UX NOBEPXHOCTHU. CyIIECTBYET HECKOIBKO PA3IMYHBIX
METOJIOB AaNNpPOKCUMAILIMM TE€OMETPUUYECKOIro »3JjeMeHTa. Hwuke omnmcanbl Tpu
OCHOBHBIX METOJIa (HAXOXICHUE CPETHEro, MPUJICTAIONIET0 WM MUHHMAIbHOMN
30HBI).

Cpennuii 2JIeMEHT — TOBEPXHOCTh, UMEIOIAsi HOMUHAIBHYIO ()OpPMY U TaKue
pa3Mepbl U/WKM PacMoJIOKEHHE, YTOObI CyMMa KBaJpaTOB PACCTOSIHUN MEXKTY
pEAIbHBIM M CPEIHHUM D3JIEMEHTAMHU B MpeAeiax HOPMHUPYEMOIO ydacTKa HMMena
MHHUMAJIbHOE 3HAYCHHUE.

[Tpuneraroieil MOBEPXHOCTHIO HA3bIBACTCS MTOBEPXHOCTh, UMEIOIIAs (popMy
HOMMHAJIBHOW TOBEPXHOCTH, CONPHUKACAIOIIAACS C PEAIbHOM ITOBEPXHOCTBIO H
pacrojio)keHHasi BHE Marepualia JeTaju TaK, 4TO OTKJIOHEHHE OT Hee HauOoiiee
YIAAJEHHOW TOYKH PEAIbHOM MOBEPXHOCTH B IPEAEaX HOPMHUPYEMOTO Yy4dacTKa
MMEET MHUHUMAJIBHOE 3Hay€Hue. OJTO IMOHATHE OTHOCUTCS K IMpUJeraromen
IJIOCKOCTH, MPUIECTAIOIIEH NPsIMOM, OJTHAKO YKA3aHHOE YCJIOBHE MHHUMAIBHOTO
3HAUCHUS OTKJIOHEHHsI HE PACIpPOCTPAHSACTCS HA OTKJIOHEHUS (HOPMBI MUIUHAPA U

OKPYXHOCTH.
27



[IpuneraromuM WIMHAPOM (KOHYCcOM, c(depoil, TOpOM) Ha3bIBAETCS
mMHAp (KOoHyC, cdepa, TOp) MHUHHMAJIBHOTO JAHAMETpa, OMHUCAHHOTO BOKPYT
peaabHOM Hapy>KHOM MOBEPXHOCTH, UJIM MAKCUMAJILHOTO JUaMETpa, BIUCAHHOTO B
peanbHyI0 BHYTPEHHIOK TOBEPXHOCTb.

BwmecTo mpuiieratomiero nunuHapa (KoHyca, cepsl, Topa) B KauyecTBe 0a3bl
JUISL  ONpeNeNieHUs] OTKJIOHEHUH JIOMyCKaeTCs TaKKe MCIOIb30BaTh IUIMHAP
MHHUMAJIBHOMN 30HBI.

Humuaap (koHyc, cdepa, TOp) MUHUMAIBHOM 30HBI — HWJIMHAP (KOHYC,
cdepa, TOp), CONMPHUKACAIOIIMICS C peaTbHON MOBEPXHOCTHIO U PACIOIOKEHHBIN
BHE Marepuajga TaK, 4TOObl HauOOJbIIEE PACCTOSTHUE MEXAY peabHOU
IIOBEPXHOCTBIO U 3aMEHSIOIINM 3JIEMEHTOM MMEJI0 MUHUMAJIbHOE 3HAUCHHUE.

UtoOBl cO3AaTh 3JIEMEHT MOJKHO BBIOpPAaTh B MEHIO €0 THI U METOJA
anmnpoKkcuManuu (pUCyHOK 27), 3aTeM BbIOpaTh MOBEPXHOCTU, KOTOPHIE OTHOCSTCS
K JAaHHOMY 3JIEMEHTY, U 3aBEPIINTH CO3[JaHNUE KHOIIKOW B BEPXHEM IIPABOM YIILy.

Br16op HECKOJIBKUX ITOBEPXHOCTEN [I03BOJISIET, Hanpumep,
annpOKCUMUPOBATh OAHY IUIOCKOCTh M3 JIBYX IUIOIIAJOK Ha AETAIH, €CIU 3TO
TpeOyeTcss ¢ TOYKM 3pEHHs] KOHTPOJsS, WIM BbIOpaTh JBE IOJOBHUHKU OJHOMU
MOBEPXHOCTH, «pa3dutoit» mpu skcrnopre u3 CADpenakropa.

WNHCTpyMEHTBI UIsl allPOKCHMALMKM PACIOJIOKEHBI HAa COOTBETCTBYIOIIEH

BKJIQJIKC HA TTAHEIM HHCTPYMEHTOB (PUCYHOK 28).

' l ANDPONCHMBLMN ElAnOO NgcTpossss
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Pucynok 28—-MHCTpyMEHTBI almpoKCUMAIIUK JIJIs1 aHaJIi3a PACTIOJIOKEHUS B
IIPOCTPAHCTBE

UtoObl  yKazaTh JONYCK B  pelakTope, HEOO0XOIUMO  BBIOpaTh

COOTBGTCTBYIOHH/Iﬁ HHCTPYMCHT Ha BKJIaAKC «Bbp1HOCKIMY Ha IMIaHCJIN
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WHCTPYMEHTOB (pUCYHOK 29) M MIEITYKOM MBIIIK YKa3aTh anmpOKCUMUPOBAHHBIN

9JICMCHT I'€OMCTPHUHN B 9CKH3C.

ONyCk

Pucynok 29— [1anenb HHCTPYMEHTOB, yKa3aHUE JOMYCKOB

JUJ1st yCTaHOBKH JOIyCKa CleAyeT Ha 0a30BOM IIIOCKOCTH YCTAaHOBUTH 0a3y.
Jl71st aTOTO CneayeT BHIOpaTh COOTBETCTBYIONIYIO KHOMKY B MaHEIH WHCTPYMEHTOB
(«baza») M «KJIUKHYTH» MBIIIBIO HA COOTBETCTBYIOIIEM 3JIEMEHTE. 3aTeM BHIOpaTh
OJIMH W3 HHCTPYMEHTOB, MO3BOJISIIOIIMX 3a7aBaTh JONYCK U «KJIMKHYTb» Ha

COOTBETCTBYIOIIEM 3jieMeHTe (prucyHok 30).

Pucynox 30-IIpumep paccTaHOBKH TOMTyCKOB

JIJist TOMyCKOB MapajuieIbHOCTH, NEPIEHANKYIAPHOCTH TpeOyeTcs yKas3aThb
ToNbKO 0a3y. [ns nomycka HakiIoHa TpeOyeTcss TakKe HaJMyhe YKa3aHHOTO
yriaoBoro pasmepa (pucyHok 30).

[To3MLIMOHHBIA JONYCK MOXHO IIpUBA3aTh TOJBKO K TOouke. Pacuyer

MO3UIIMOHHOI'O AOITYCKA MPOU3BOAUTCA CICAYIOIIUM 06pa30M: N3 BCCX CBA3AHHBIX
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C TOYKOH pa3MepoB BHIOMpaeTCsl HanboIiee OTKIOHAIOUIMICS OT HOMHHANIA, TAHHOE

OTKJIOHEHUE U CUUTACTCS ACUCTBUTEIBHBIM (pUCYHOK 31).

Pucynok 31 —IIpumMep ycTaHOBKH MO3UIIMOHHOTO JOMTYCKa

Haunboniee yacTo BO3HHMKAaeT HEOOXOAMMOCTh yKa3aTh pa3Mep 3JieMeHTa. B
nporpammHoM  oOecrieuenun  TEXHOkoopa mnpemycMoTrpeHa BO3MOKHOCTh
BBIHECEHHUSI YIJIOBOr0, JUHEHHOTO, pagualbHOTO0 W YIJIOBOrO pa3MepoB. UToObI
n00aBUTh pa3Mep B peaakTope, HEOOXOAMMO BBIOpPATh COOTBETCTBYIOIIUN
uHcTpyMeHT (PucyHok 32) Ha Bkiaake «BBIHOCKM» W IIEIKHYTh HA DJEMEHT

TCOMETPUH.

a . .

ANNPOKCMML PO 10CTPOSYeS
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HEWHBIM PasMel

Pucynok 32— OTKJIOHEHUS PacoJIOKEHUsI, TaHEIh HHCTPYMEHTOB, pa3MEPHbBIC
rapameTpbl

[TocTpoeHHBIE BBIHOCKHA MOYKHO ITEPEMEIATH MBIIIBIO.
JInHelHbIA pa3Mep MO3BOJIAET BBIBECTH B OTYET PACCTOSHUE MEXAY IBYMS
ToukaMu. YTOOBI BBHIBECTM B OTYET JMHEHHBIA pa3Mmep, CleayeT BbIOpaTh

WHCTPYMEHT «JIMHENHBIN pa3mep», HaXaTh JIEBYKO KHOIIKY MBIIIM Ha IEPBOU
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TOYKE W OTITYCTHTh Ha BTOPOMW, B PE3yJIbTATe YETO MOSBUTCS JIEMEHT, BU3YAIbHO
oToOpakaImmii paccTosare (pPUCYHOK 33), W COOTBETCTBYIOIIAS CTPOKa B
tabmuie. UTOOBI  ymajdWTh  CO3JAHHBIA  pa3Mep  JIOCTAaTOYHO  YAAJIUTh

COOTBETCTBYIOIIYIO CTPOKY B TaOJIHIIE (KKPECTHUK)» C MIPABO CTOPOHBHI).

Pucynox 33— Ilpumep ykazaHust pa3mepos
UToOBl TOJNYYHTH PACCTOSHHE MEXAY IUIOCKOCTBIO W TOYKOH MOXHO

MOJIYYUTh TMPOEKIUIO JAHHOW TOYKA Ha TUIOCKOCTh U TIOCTPOHUTH PACCTOSTHUE
MEXy ABYMSI TOYKaMH. AHAJOTMYHO MOXHO TOJYYUTh PACCTOSIHUE OT TOYKH JI0
MPSMOM.

VYrioBol pa3Mep TMO3BOJIIET BBIBECTH B OTYET YTOJd MEXAY JABYMS
MJIOCKOCTSAMM UJIA MEXAY JIMHUEH U IJIOCKOCThI0. PaananbHblil U AuaMeTpaabHbIe
pa3Mepbl MO3BOJISIOT BBIBECTH B OTYET paguyc (WM TUaMeTp) IWIMHIpA, chepbl
WA OKPYKHOCTH (pUCYHOK 33).

2.13.IlpuBsizka

st Toro 49toOBl MPOW3BOJAWUTHL TMEPEMENICHHS] MAIIMHBI BOKPYT JETajH,
U3MEPATh TOYKHM Ha €€ TOBEPXHOCTH HEOOXOJMMO Y3HaTh, KaK pacrojioKeHa
JeTanb Ha CToJie. TakoW MpoIecC Ha3bIBACTCS MPUBSI3KA TEKYIIETO PACIIONIOKEHUS
neranu k CAD-monenu.

[IpuBsizka Mpou3BoAUTCS B pydHOM pexkume. Iloiap3oBaTento HEOOX0IUMO

HU3MCPUTb HCCKOJBKO TOYCK, PACIIOJOKCHHBIX Ha OIPCACICHHBIX ITOBCPXHOCTAX
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JIeTalld, 1Mocie 4ero OyneT BBIMOJIHEH pacueT MepeBojAa KOOPAMHAT U3 CHUCTEMBI
KOOPAMHAT MOJENIH B CUCTEMY KOOPAUHAT JETaJH.

UtoObl HayaTh NPUBI3KY CIEAYyeT HaXXaThb KHONKY B TJIABHOM MEHIO
«BoImmostHATE MpUBS3KY 3-2-1» (pucyHok 34). JIJis MaHHOW NMPUBS3KU TpeOyeTcs
00s13aTeIbHOE HAJTMYKE TPEX HeMapasuIeNbHbIX MJI0OCKOCTEH.

[lepBbIM 1I1arom mactepa OyJeT BHIOOp TpeX HemapasuieNbHbIX MIIOCKOCTEH.
[Ipn BBIOOpE IUIOCKOCTENH PEKOMEHIYETCS PYKOBOACTBOBATHCA CIEAYIOIIMMU
MIPaBUJIAMU:

- BriOupaTh M10CKOCTH, PACHOI0KEHHBIE TEPIIEHANKYIIAPHO OCSIM MAIIHHBI.
OTO CBA3aHO C TEM, YTO MPU U3MEPEHHH B PYYHOM PEXKUME BAKHO MPOU3BOAMUTH
U3MEPEHHE, NBUTASCh [0 HOPMAJIM K IOBEPXHOCTH JIE€Tajy, a MPOLIE BCEro 3TO
CHENaTh, €CIM MOBEPXHOCTh NEPHEHAUKYISAPHA OAHOU U3 OCEN.

- PexoMenyercst BBIOMpaTh MIIOCKOCTHU C OOJIBIION IIOUIA/IBIO.

[locne BbIOOpa IIOCKOCTEM MacTep MmO oudepeau OyAeT mpesiaraTh
WU3MEPUTH TPH, IBE U OJHY TOYKY HAa COOTBETCTBYIOIIHUX IUIOCKOCTSX, ITOOYEPETHO
noJicBeunBas ux. Pekomenayercst BoIOUpaTh Haubosee ynaja€HHble APYT OT Apyra
TOYKH.

3anpemaeTcs:

- TIEPBbIE TPU TOYKHU BHIOUPATH JICKAIME HA OJTHOM MPSIMON;

- JBE€ TOYKM Ha BTOPOM IUIOCKOCTHM H3MEPATh Ha  NPSIMOM,

MEPIIEHAUKYJIIPHOMN JIMHUU NIEPECEUCHUS TTIEPBOU U BTOPOU TNIOCKOCTH.
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Tesywisit War MacTepa NpUanIm

Yenui 1 {ecnn ova nosopoTHaR) [

TekyIUMi LYN NOQCERYHBIETCR.

Pucynox 34 — Ilpusszka 3-2-1

2.14 3amyck cxeMbl

Jlis 3amycka CXeMbl Ha PeabHOW MallliHE CIEAYeT YOSIUThCS, YTO KHOTIKA
«PexxuM cuMyJISIIMM) HEAKTHUBHA, M HAXKaTh KHOMKY «3amyCK CXEMbD» (PHCYHOK
35). MammHa MNpoW3BeAeT TMOJKIIOUCHHE, BBIXOA B HOJb, 3aTEM HAYHYT

BBITIOJIHATBHCA 3allpOrpaMMHUPOBAHHBIC I[GﬁCTBPISI.

| _
Pexmm KJMQDGHMJ Pexnm OaMynsiLim
(eC/m aKTMBEH PEXMM CHMYNALMK)

Pucynok 35— naBHOE MEHIO CXEMbI U3MEPEHUS
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CymiecTByeT BO3MOKHOCTb 3aITyCTUTh H3MEPEHUE TOJIBKO OJTHOTO DJIEMEHTA,
JUISL OTOTO CIIeAyeT TpaBOd KIABHINEH MBIIHM BBI3BATh KOHTEKCTHOE MEHIO
JTAaHHOTO AJIEMEHTA U BBIOPATh «VI3MepHuTh)

UYtoOsl M3MEPUTh HECKOJIHKO 3JIEMEHTOB, MOKHO BBIJICIIUTH DJEMEHTHI C
3akaroit knaBumiei Ctrl, BbI3BaTh KOHTEKCTHOE MEHIO U BbIOpaTh «3MepuThy.

2.15.CoxpaHeHnue oT4eTa

Jlist Toro, 4ToOBI COXpaHUTh OTUET HYKHO TMEPEHTH B MEHIO PabOTHI C

daiinom u BeIOpaTh «COXPAHUTDHY.
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3akiroueHue

BricokokBanupUIMPOBaHHBIA MEPCOHAT — 3TO JOCTATOYHO BaXKHBIN
AJIIEMEHT KOHKYPEHTOCIOCOOHOCTH JII0OOr0 TMPENNpUsiTUs, OCOOCHHO B TeX
001acTAx, I7ie Pe3K0 OUIyIIaeTcs MOTPEOHOCTh CIIENUAINCTOB. B qJaHHOM ciiydae,
31O Kacaerca padoTsl Ha KMM. Criennanuct B JaHHOW 001acTH AOJKEH 00J1aaTh
IIMPOKHUM CIIEKTPOM 3HAHUH JJIs1 TOTO, YTOOBI MOJIy4aTh HAIEKHBIE PE3yIbTaThI.

KoopaunatHele  W3MepeHUs  TPUMEHSIOTCS B pa3HbIX  00JacTax
npou3BojicTBa. C nomoibto KMM MOXHO OnpenenuTs U pasMepbl, U OTKIOHEHUS
(GhOopMBI U pacmoiOKEHUS MOBEPXHOCTEN JieTaeH.

B pemenun psana 3amay, CBSA3aHHBIX € JKcIuTyaranueil yueono KM c
UIly wmonmenn HUWMK-701 u mnporpammusiM obecnieuenuem TEXHOxkoopa
MIOMOJKET JIaHHOE Y4eOHOEe MOCcoOHne, KOTOPOE COAEPKUT TEOPETUUECKUE CBEACHUS
o pabore Ha KNUM.

PaccMmoTpenune TepMUHOB, OIIPEACIICHUN U ITOCIEA0BATEIBHOCTEN NENCTBUI
IIPU MOJATOTOBKE K M3MEPEHUAM M HEMOCPEACTBEHHO Ipu u3MepeHusx Ha KM,
KOTOpBIE COAEPXKUT IO0COOME, TO3BOJSET MOBBICUTH YpPOBEHb TEXHUUYECKON
IPaMOTHOCTH OOY4YalolMXCsl, TEM CaMbIM, co3daBas 0a3zy i JaJbHEWILIEro
COBEPIIIEHCTBOBAHMSI UX 3HAHUM B 00J1ACTH KOOPJAMHATHBIX U3MEPEHUM.

JlanHoe ydeOHOe mocoOue OyJeT MOJE3HO CTYJIEHTaM BBICHIMX Y4EeOHBIX
3aBEJICHUN, CTYJECHTAM KOJUIEIKEW, a TAKXKE CIIEIUATIUCTaM IPU MEPEIOATrOTOBKE

B MTPO(ECCUOHATILHBIX IIEHTPaX.
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