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B yye6HOM NOCOBUM paccMOTpeHBI OCHOBHBIE METOIBI HEpa3pyIIAOLIECro
KOHTPOJIsA, MPUMEHSAEMbIE aBMALUW: BU3YallbHO- ONTUYECKUN,  KamWDIIPHBIH,
MAarHUTOMOPOIIKOBBIH, TOKOBUXPEBOH, YIBTPa3ByKOBOU u
peatreHorpaduuecknii. [TokazaHa ¢u3myeckas CyIIHOCTh METONOB. OmucaHO
UCTIONIB3yeMOe 00OpyJOBaHME MPH NPOBEICHUHM MaHHBIX BHIOB KOHTPOJA,
METOJMKa WX HACTPOWKH. J[aHBI MpaKTHIECKHE PEKOMEHIAINH 0 TPOBEICHHIO
KOHTPOJIS1 00pa31ioB aBHALMOHHONW TEXHUKH.

Y4ebHO - MeTomuveckwe MaTepuasibl cocTaBlIeHBI C YYETOM TpeOOBaHWIH
(enepasbHOrO TOCYAApCTBEHHOTO 00pa30BaTENbHOTO CTaHIApTa  BEICIIErO
o0pa3oBaHKs MOATOTOBKM OakalaBpOB, OOYYaIOIIMXCS IO  HAIPaBJICHHUIO
noarotoBku 25.03.01 Texnudeckas SKcIUTyaTalusl Je€TaTeIbHBIX allapaToB U

JIBUTATEIICH.
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1. OBIIME MOHATHUSA O METOAAX HEPA3ZPYIIAIOIIEI'O
KOHTPOJIA

Meromel  Hepaspymaromero  KoHTpois — (medekrockomms)  —
obobmraroriee Ha3BaHHE METOJIOB KOHTPOJISI OOBEKTOB, HCIIOIB3YEMBIX
Uil oOHapy>KeHHs BHYTPEHHUX WM BHEIIHUX Ae(PeKToB B OOBEKTax
KOHTPOJISI, OTKJIOHEHUH X XMMUYECKOTO COCTaBa U AJIsI MHBIX LEJIEH.

VYke B caMOM Ha3BaHWUM «METOJbl HEpa3pylIAIOIIEro KOHTPOJIS»
MOJpazyMeBaeTcs TO, YTO ATU METO/BI He TPEOYIOT pa3pylIeHus] 00beKTa
B LICJIOM.

PaccmoTpum  ocHOBHBIE ~— TpeOOBaHHWS,  MpEeNbsIBISEMBIE K
Hepazpymaromm MetonaM (HK) korTpons (nedexrockomnum):

- BO3MOXHOCTb KOHTPOJISI KayecTBa MNPOAYKLUUH Ha BCEX CTAIHIX
JKU3HEHHOTO0 I[HKIa (M3TOTOBJIICHHME, DOKCIUTyaTals, PpEMOHT) IO
OOJBIIMHCTBY 3a/1aHHBIX TAPAMETPOB;

- BBICOKAs! IOCTOBEPHOCTh PE3yIbTaTOB KOHTPOJIS;

- BBICOKasi HaJIe)KHOCTb W TOYHOCTH ammaparypbl Uil MPOBEACHUS
KOHTPOJISI, @ TakXe BO3MOKHOCTh HCIIOJIb30BAHUSI €€ B Pa3IMYHBIX
yCIOBUSIX (CHET, J0XK/Ib, MOBBIIICHHAS BIAXHOCTD U T. [1.);

- IIPOCTOTa METOAMK BBHINOJHEHUS! KOHTPOJIS, a TaKKe TEXHUYECKasi
JOCTYIHOCTb ~ CPEACTB  KOHTPOJII B  YCIOBHSX  IPOM3BOJCTBA,
IKCIUTyaTalliy ¥ PEMOHTA;

- BO3MOXHOCTh aBTOMATH3allMd M MEXaHU3alUH KOHTPOJISL
TEXHOJIOTHUECKMX  TIPOLIECCOB, a TaKKe YIpaBICHUS HUMH C
WCIIOJIb30BaHUEM CHTHAJIOB, BBIIaBAEMBIX CPEICTBAMH KOHTPOJIS;

- COTJIaCOBaHHOCTh BPEMEHH, KOTOpPOE 3aTpayMBaeTCsi Ha KOHTPOJIb,
CO BpeMeHeM PabOThI IPYrOro TEXHOJIOTHYECKOTO 000pYI0BaHMHSL.

OCHOBHBIMH 00JacCTSMH TPUMEHEHUS] HEpa3pylIAloNINX METOJIOB
KOHTPOJIS SIBJISIFOTCS:

- MPOBEJICHUE HMCCIEAOBAHUN CTPYKTYpBHI MaTepHalioB U Je(DEeKTOB B
M3IETHSIX C UENIBI0 YCOBEPIICHCTBOBAHUS TEXHOJIOTHH;

- HeTIpephIBHAS 1e(EKTOCKOINS 0CO00 OTBETCTBEHHBIX OOBEKTOB;

- neekrockomnust 00BEKTOB JUTUTEILHON SKCIUTYaTaIUH.

IIpumenenne meronoB HK Ha pa3znuuHbIx 3ranax skcruryarauuu AT
CIOCOOCTBYET:

- TIOBBIIIEHWIO  JIOCTOBEPHOCTH  ONPEAETCHUS  TEXHHYECKOTO
COCTOSIHUSI BBHICOKOHAIPYKEHHBIX 00BEKTOB;

- YMEHBIIEHUIO HHTCHCHUBHOCTH OTKAa30B, a CIJIEA0BAaTEIbHO, U
NPEIOTBPAIICHHUIO JIETHBIX ITPOUCILIECTBU, KaTacTpod;
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- DKOHOMHU MAaTepPHAaJbHBIX IICHHOCTEH, yMEHBIICHHIO BPEMEHU
npoctos AT, cCOKpallleHHIO PEMOHTHBIX Pa0OT W3-32 BO3HHKHOBCHUS
nedeKToB;

- TIOJTHOHM BBIPA0OTKE MEXPEMOHTHBIX M Ha3HAUYEHHBIX pecypcoB AT
U uX OOOCHOBAaHHOMY VBEJIIMUYCHHIO TIPU COXPAHCHHH 3aJI0KECHHOTO
YPOBHS HaJIC)KHOCTH.

2. YOPEKTUBHOCTb METOJOB HEPA3PYIIAIOIIEI'O
KOHTPOJIA

OddexTuBHOCTS ompenenseTcss OONBIIUM  YHCIOM  (PaKTOPOB,
TJIaBHBIMH U3 KOTOPBIX SIBISIIOTCS! BBISBISIEMOCTH J1€()EKTOB, CTOMMOCTB,
OIIEPATUBHOCTb, IPOU3BOAUTEIILHOCTh U O€30IaCHOCTb.

Kaxnpiii meron HK opueHTHpoBaH Ha BBISBIEHHE OIpEJEIEHHBIX
nedextoB. Hampumep, nedexTsl TONBKO Ha TOBEPXHOCTH OOBEKTOB
MO3BOJSIIOT  OOHApYXMBaTh BH3YaJbHbIE W KalMULIPHBIE METOJBI
KOHTPOJIS;  TOBEPXHOCTHBIE M IIOANOBEPXHOCTHBIE  Je(eKTHI
0OHapYKUBAIOTCSI TIPH ITIOMOILM MAarHWTHOTO M TOKOBHUXPEBOI'O METOJOB.
AKyCTHYECKUM U paJdalldOHHBIM METOAaMH MOXHO OOHapyKUTb
MOBEPXHOCTHBIE, TOIIOBEPXHOCTHBIE U BHYTPEHHHE E(EKTHL.

B Ttabmuie mnpuBeneHbl KpaTKhe CBEACHUS O JOCTOMHCTBaX W
HEeloCTaTKaX, a TakXke BO3MOXHOCTAX OCHOBHbIX MeTogoB HK,
CBsI3aHHBIE C OOHAapy)XEHHEM HECIUIOIIHOCTH MeTaioB (B Tabimie
NpUBEACHBl HE MPUHLUIMAIBHBIE BO3MOXXHOCTH METONIOB, a TOJIBKO
JUIIb T€ M3 HUX, KOTOPBIE MOIYT OBITh PEaJM30BaHbl C IOMOIIBIO
CepUiHOM anmnapaTypsl).

Haunbonee 6rmaronpusTHeIMM, ¢ TOUKH 3pEHHST aBTOMATH3aLMK KOHTPOIIS,
SBIIIOTCS  CIEAYIOIIME METOAbL: MAarHUTHBIN (c  deppo3oHmIOBHIMY,
WHIYKIMOHHBIMM M TOAOOHBIMH  THNAMH  IpeoOpasoBatesieil),
TOKOBHXPEBOM, PAJUALMOHHBIM M HEKOTOpPbIE BUJbBI TEIUIOBBIX. |J1aBHBIE
MPEUMYIIECTBA TEPEUUCICHHBIX METOJIOB — 3TO OTCYTCTBHE MPSIMOTO
KOHTaKTa IpeoOpa3oBaTels C OOBEKTOM KOHTPOJS W TPENOCTaBIEHHUE
uapopMarmu o JedexTax B BHJC MOKA3aHUA MPUOOPOB JIe(EKTOCKOIIOB.
VYIbpTpa3ByKOBOH METOJl C OTOH TOYKM 3peHHs TpeOyeT KOHTaKTa
npeoOpa3oBarens ¢ KOHTPOJIUPYEMBIM OOBEKTOM, HAIpPUMEp, Yepe3 CIIoN
BOJbI. TpyAHOCTh aBTOMAaTH3aIMU APYTHX METOAOB KOHTPOJIS 3aKIIF0UYaeTCs
B HEOOXOJMMOCTH BU3YyaJIbHOM 00pab0TKK HH(pOpMAIKH 0 JedeKTax.

C TOUYKM 3peHUs OMACHOCTHU I NIEPCOHAIIA, TIPOBOJISAIIETO KOHTPOJIb,
BBIJIETISIIOTCS] PaivallMOHHBIE METOABI. MeTOIbI KamWUISIPHOTO KOHTPOJIS
U TEYEUCKAHUs IIPU HCIIOIb30BAHUM OIPEIEJCHHBIX THUIIOB IPOOHBIX
BEIIECTB W  YIbTPaHUOJIETOBBIX OCBETHTENICH Takke 00JafaloT
ONpEAEICHHON TOKCUYHOCThIO.
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Ocranbabie mMertogsl HK He oka3piBaloT 3aMeTHOTO BIMSHHUS Ha
3I0pOBBE OOCITYKHABAIOIIETO IMepcoHana (1e(heKTOCKOHCTOR).

OKOHOMHYECKAs COCTABIISIONIAsi CTOUMOCTH IpoBeaeHus MeTonoB HK
3aBUCHUT OT ONPENENICHHOr0 METOa, CPeIN KOTOPhIX Hauboee J0porue:
panuorpaduuecKuil U TedeuckaHus. BpicoKas CTOMMOCTb NPOBEICHMS
JaHHBIX METOAOB CBf3aHa C UIMTENBHOCTBIO OIEpalMi KOHTPOJS, a
TaKke ¢ HEoOXOAMMOCTHIO KalHWTANbHBIX 3aTpaT Ha 000OpyqoOBaHUE H
CHENUAIBHOTO TIOMEICHHUSI.

B ompeneneHHBIX ciyyasix HEOOXOZMMO KOHTPOJIMPOBAaTh OOBEKT
OBYMS. WM HECKOJbKUMHM MeTojaMd (OOBIYHO COYETAOT METO.H,
CHocoOHBIE OOHApY)KMBaTh BHYTPEHHHE W TIOBEPXHOCTHBIC NEQEKTH —
AKyCTUYECKUA M MarHUTHBIA KOHTPOJb; MarHUTOIMOPOLIKOBBIA METOA
KOHTPOJISI, aKyCTHYECKMH M TOKOBHXPEBOW KOHTPOJb, WM IJIOCKHE U
00BbeMHBIE 1e()EKTHI — YIBTPa3BYKOBOM KOHTPOJb U paauorpadus).

JloTIOTHUTENBHBIM KOHTPOJIb TAK)KE OCYIIECTBIISIETCS TONBKO B TeX
CilydasiX, KOIZJa OCHOBHOM MeTox He oOecrnednBaeT 3aJaHHBIX
TpeOOBaHMM, WM HAa3HAYACTCS JUIsl MOBBIMICHUS WH(MOPMATUBHOCTH 00
00BEKTE KOHTPOJIS.

Hanpumep, npu TOKOBUXpPEBOM KOHTpoOJe y3ia crabuimsaropa JIA
1ocjiae  BBIIBICGHUS — Ae(EKTOCKONMHCTOM  Aedekra  HpOBOAMTCS
JIOTIOJIHUTENbHBIN KOHTPOJIb (o6b19HO KaIuJUISPHBII ) JUISL
NOJTBEP)KICHHUS BBISIBJICHHOTO e(eKTa.

s KOHTpOJsT ~ BHYTPEHHHX  IIOBEPXHOCTEH  HMCIIOJB3YIOTCS
aKyCTUYECKUH ¥ BHU3YAIbHO-ONTHYECKHH METOABl KOHTpOJs (WU
TOKOBHXPEBON M BU3yaJIbHO-ONTHYECKUNA METOJ).

3. BUJbI JE®EKTOB MPOJIYKIINHN

3.1. Knaccupukanus gedeKToB

Hdedekr — KaxkIoe OTNENbHOE HECOOTBETCTBHE  MPOJMYKIIUH
TpeOOBaHUsIM, YCTaHOBJICHHBIM HopMmaTtuBHOW nokymeHTtauueil (I'OCT,
OCT, TY ur.1.).

HedexTamu ABIAIOTCS JTI00bIE OTKIOHEHHS MapaMeTpoOB MaTEPHANIOB,
JeTajgel W WM3OeNWi OT 3aJaHHBIX (HAIMpUMep, IIeTMoYKa pa3MepoB,
Ka4ecTBO 00pabOTKH MOBEPXHOCTH, a TaKkkKe PsI OPYyrux (QpU3MYecKux
BEITUIHH).
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K HEecooTBeTCTBUAM OTHOCSTCS HEOTHOPOAHOCTH COCTaBa MaTepHana:
HaJlM4Yhe BKIIOYCHUH, WM3MEHEHHE XHMHUYECKOTO COCTaBa, HaIM4He
apyrux (a3 Mareprana, OTIMYHBIX OT OCHOBHOW (hasbl, W [Ip.;
HapylIeHNE CIJIOMIHOCTH MAaTepHAIOB U JIeTaJleH.

Jlanee paccMOTpPHUM, 110 KaKUM TIPU3HAKaM MOXKHO KIaCCH(UIIMPOBATH
Te(heKTHI.

Hedextsl mompasmenstoTcs Ha SBHbIC (BBUIBISIOTCS TIJa3aMH) U
CKpBIThIC (BHYTPEHHHE, TOIIOBEPXHOCTHBIE, T. €. HE Pa3INUUMBbIC TIa30M).

B 3aBuCHMMOCTH OT BO3MOXKHOTO BIMSHHA Jedekra Ha CIyKeOHbIC
CBOICTBa feTany Ne()eKThl MOTYT OBITH:

- MaJO3HAYUTEIbHBIME (Ha pab0oTOCIOCOOHOCT MPOIYKIIMU HUKAK HE
OKa3BIBAIOT BIIHMSHISA);

- 3HAYUTENBHBIMH  (CYIIECTBEHHO BIHMSIOT Ha HCIOJIb30BAHUE
OPOAYKIMKA W/HWIM Ha €€ JOIMOBEYHOCTh, HO HE  SBIISIIOTCS
KPUTUYECKUMHU);

- KPUTHYECKMMH (TIPH WX HAIMYUHM HCIOJIB30BAaHHE MPOIYKIUH IO
Ha3HAUCHHWIO HEBO3MOXKHO WJIM HCKIIOYACTCS TI0 COOOpa)KeHUSIM
0e30MacHOCTH M HA/IC)KHOCTH).

[To nmporcxoxaeHuo Ae(eKThl N3AeINil OBIBAOT:

- TPOM3BOJICTBEHHO-TEXHOJIOTHYECKHE  (BO3HUKAIONIIME  MPHU
W3TOTOBJICHWH,  CBapKe, pe3ke, TMaiike, KIENKe, CKICHBAHUH,
MEXaHUYEeCKOW WIIH XUMHYECKOi 00pabOTKe H T. I.);

- DKCIUTyaTallMOHHbIE WM PEMOHTHBIE (BO3HHUKAIOT ITOCIIE HEKOTOPOM
HapaOOTKKN HM3JeNUs B pe3yibTaTe YCTAJOCTH MaTepuala, W3HAIIHBaHUS
TPYIIUXCS Y3JIOB, a TaK)Ke HEMPAaBUIILHOW IKCILTyaTalldH, TEXHUUECKOTO
00CITyXKUBaHHS U PEMOHTA);

- KOHCTPYKTHBHBIE (HECOBEPIICHCTBO KOHCTPYKIIUK U3-32 OIMIMOOK Ha
JTarne MpOeKTUPOBAHUS).

Taxoke a7 BbIOOpa ONTHMANBHBIX METOJOB U ITapaMeTPOB KOHTPOJIS
NPOU3BOAMTCS KiaccupuKanus eeKTOB MO pa3IMYHbIM NPU3HAKAM: 110
pasmepam e(eKTOB, X KOJMYECTBY M (OpME, MECTY PacIOJOKEHHUS
JIe(EeKTOB B KOHTPOIUPYEMOM OOBEKTE H T. 1.

B ynbrpasBykoBoii aedekrockonuu pasmep aedekTta (nedeKToB)
BIHMSET Ha BBIOOp paboueil uacToThl. Pasmepsl gedekToB MoryT
U3MEHSATBCS OT JIONed MHJUTUMETPOB JIO CKOJb YroJHO OOJBIIOH
BEJINYHHBL.

KonnuectBennas knaccudukanusi nedeKTOB NOApasyMeBaeT TpHU
cIrydJast:
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- otMHOYHBIE AedeKThI (pHc. 1, a);
- TpymmoBbie (MHOXeCTBEHHbIE) nedekTsl (puc. 1, 6);

- crutomnHbie qedekTrl (puc. 1, 6).

™y C" a o
_J J

o

a s

O
O

™
(-

o

Puc. 1. KonnuectBeHHas kiaccudukanus 1edexTos:
@ — OTMHOYHBIC; O — IPYIIIOBBIE; 6 — CILIOLIHbIC

Hns  xnaccudukanmmm pedexToB 1O PopMmMe CymIECTBYIOT TpHU

OCHOBHBIX CITydJas:
- nedeKkThl NpaBWIbHOW (OpMBI — OBanbHBIC, OYEHb OJIM3KHE K
chepruecKkoil WM IMIMHAPUIECKOH ¢dopMme, 0e3 Kakux-Trd0 OCTPBIX

Kpaes (puc. 2, a);
- iepexThl yeyeBHIIe00pa3HOi GOPMBI, C OCTPHIMHU KpasiMi (pHC. 2, 0);
- nedeKkThl MPOU3BOJBLHOM, HeEOompelesieHHOH (OpPMBI C OCTPBHIMH

KpasMu:
TPELMHBI, TOCTOPOHHKE BKIIOUYEHHUS (pHC. 2, 8).
.rf h ~ S RN
Lo T~ !
N N Ve
7] 6

Puc. 2. Knaccudukaius nedextos no gopme:
a — paBmIBHAS hopMa; 6 — yeueBuneoOpasHas popMa ¢ OCTPBIMH KPasiMU;
6 — TIPOU3BOJIbHAS, HEOTIPeIeIeHHas! OpMa C OCTPBIMHU KPasMHU

JedexTs mpaBUIIbHOM QOpPMEBI, 0€3 OCTPHIX KpaeB, HAMMEHEE OITACHBI,
MOTOMY 4TO BOKPYT HUX HE MPOUCXOUT KOHIICHTPAIIMH HATIPSHKEHUH.

HedexTsl ¢ ocTphIMH KpasMu (puc. 2, 6, ) ABJISAIOTCS KOHIIEHTPATO-
pamu HanpspkeHud. OHM YBETMYMBAIOTCS B TIPOIECCE DKCILTyaTalluu
W3JICNHS TI0 JTMHUAM KOHIICHTPAIIMA MEXaHWYEeCKUX HAINPsHKCHUH, 4TO, B

CBOIO OYepelb, IPUBOANT K Pa3pyIICHUIO U3IEIHS.
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W3 BeIIeckazaHHOTO cienyeT, uro ¢opma Aedekra ompenenseT ero
OIIACHOCTH C TOYKH 3PEHUS Pa3pyIICHNS KOHCTPYKIUH.

Kiaccudukanus nedekToB 1Mo MOJI0KEHUTO:

- TIOBEPXHOCTHbIC JE(EKTHI, PpACIOJIOKEHHbIE Ha MOBEPXHOCTH
Mmarepuana, nomydabpukaTa WIM H3AETHS — TPEUIMHBI, BMSATHHBI,
HOCTOPOHHME BKJIIOYEHHs (puc. 3, a);

- TOJMOBEPXHOCTHBIE Ne(PeKTHl — AEe(EKTh, PACIOIOKECHHBIC IOX
MOBEPXHOCTHIO ~ KOHTPOJHMPYEMOTO  M3AeiHsA, HO BOIM3M  caMoi
moBepxXHOCTH (puc. 3, 6);

- oObpemHbIe 1eeKThl — Ne(eKThI, PACIIONOKEHHBIE BHYTPH H3ICIH
(puc. 3, 8).

Hammune ¢ocoBHIHBIX W HUTPUAHBIX BKIIOYEHUH M TIPOCIOEK
MOJKET TpHBECTH K 0Opa3oBaHHI0 MAe()EKTOB eIIe OJHOTO BHIA —
CKBO3HBIX.

Ilo ¢opme momepeyHOro Cce4YeHUs CKBO3HBIC ICPEKTHI OBIBAIOT
Kpyriible (TOpBl, CBHIIM, IIUIAKOBBIE BKIIOUCHHS) W  IIEJIEBUIHBIC
(TpemuHbI, HempoBaphl, AePEKThl CTPYKTYPHI, HECIIONIHOCTH B MECTax
pacmoiaokKeHUs OKCUAHBIX U IPYTUX BKIIOUYEHUN U MPOCIOEK).

a 0 8

Puc. 3. Knaccudukarus nepeKToB Mo MOJ0KESHAID KOHTPOIHPYEMOM OOBEKTE:
@ — IOBEPXHOCTHBIE; O — TIOATIOBEPXHOCTHBIE; B — 00bEMHBIE

CkBo3Hble JAe(eKThl 10 XapakTepy BHYTPEHHEH IOBEPXHOCTH
MOAPa3ACAIOTCA Ha IagKue (BHYTPEHHSS MOBEPXHOCTh IUIAKOBBIX
KaHaJOB) © IIEPOXOBaThle (BHYTPEHHS TIOBEPXHOCTh TPEIIHH,
HEIPOBAPOB U BTOPHYHBIX MIOPOBLIX KAHAJIOB).

[Monoxenne nedexTa BAUSIET KaK Ha BBIOOP METO/a KOHTPOJIS, TaK U
Ha ero napameTpsl. [Ipu ynpTpa3BykoBOM KOHTpOJIE TIOJIOKEHHE eeKTa
BIMSET Ha BHIOOpP THIIA BOJH — IMOBEPXHOCTHBIC NE(EKTHI JIydIlle BCEro
OTPENEIAIOTCS ~ PIJCCBCKUMH  BOJIHAMH,  IIOAIOBEPXHOCTHBIE  —
TOJIOBHBIMU BOJHAMH, a OOBEMHBIE — OOBEMHBIME (TIPOJOIHHBIMH)
BOJIHAMM.
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OmnacHoCTh BAUSHHS 1e(hEKTOB Ha pabOTOCIIOCOOHOCTh 3aBHCUT OT MX
BHIIa, THMAa W KonmdecTBa. Kiraccumdukaiis BO3MOKHBIX Je(PEKTOB B
W3IIETTUH TI03BOJISIECT MTPABUIILHO BEIOPATh METOA M CPEACTBA KOHTPOJIS.

3.2. leekThl B HEeMETAILINYECKHUX JAETAJIAX

K nedexram nznenuit u3 mo0bIX MaTepHaIOB OTHOCSTCS OTKIOHEHUS
pasMepoB M TEOMETPHUUYECKHMX (OpPM OCHOBHBIX M  CBOOOIHBIX
MIOBEPXHOCTEH (HECOOCHOCTh, HEMPSIMOJIMHEHHOCTD, HEMapalIeIbHOCTb,
HETIEPIEeHAUKYJIAPHOCTb, LIEPOXOBATOCTb, 9KCLEHTPUIHOCTB),
W3MEHEHHUE TOJIINHBI TIOKPHITHS, BIAXKHOCTB.

Hanee  oraenbHO — mepednciauM  JeeKTHl Ui HEKOTOPBIX
HEMETAITMYECKUX MaTepHaJIOB.

Bo3HukHOBeHHE  1E€(DEKTOB B HOIUMEPHBIX — KOMNOZUYUOHHBIX
Mamepuanax BO MHOTOM OIPENENSeTCS BSI3KOCTHIO  CBS3YIOIIETO,
CTCTICHBIO IPONMTKA AapMHUPYIOIIEI0  MaTepuaia, TeMIepaTypoi
TEXHOJIOTHUECKOTO  OOOpYAOBaHMS,  TEMIIEPaTypoll  BXOISIIETO
apMUPYIOIIETO MaTepHana, CKOPOCThIO MPOTATUBAHUS apMaryphl, ee
HanpsDKEHUEM, JTaBICHUEM O0XKaTHsI apMUPYIOIIEro MaTepHuaia, CyIIKON
apMUPYIOIIETO MaTephalia, JIHMIKOCTBIO, COJEpKAHUEM JIeTYduX |
pacTBOPUMBIX BELIECTB, IUIOTHOCThIO ToONydadpukara, CKOIUICHHEM
CBSI3YIOLLETO apMUPYIOIIEr0 HAIOJIHUTEIS K CHOCOOOM €ro YKIIaJIKH.

HaubGonee xapakrtepHbiMU jae(eKTaMu JUIsi METOJOB OTKPBITOIO
(bopMHPOBaHUSI SIBIISIOTCS TIOPUCTOCTD, PACCIOCHHUS, YIACTKH HETIOJHOTO
OTBEpIEHMS, W3MEHEHHWE TOJNIIMHBI, HHU3KOE 3HAaueHHEe (HU3UKO-
MEXaHHMUYECKMX CBOMCTB, HEpaBHOMEPHOE PpACIpENelIEHHE CBS3YIOIIETO
HAIOJIHUTENS, CKIaAKh. JIs 3aKphITOro (GOpMHUPOBaHUS XapaKTEPHBIMHU
neeKTaMu SBISIFOTCS TPELIMHBI, PaccilOeHHs, JIOKajbHas MOPUCTOCTb,
HEPaBHOMEPHOE pacIipe/Ie]IeHHEe CBS3YIOIIETO HAMONHUTENS H YYaCTKH
€ro JIOKaNbHON OpUEHTAIMH, HAPYIICHUS OPUEHTAIMH HATIOJHHUTEII,
BHYTPEHHHE OCTaTOYHBIC HAIIPSKEHMS, OOPBIBBI HUTEH U BOJIOKOH.

OcHoBHbIE  JeeKThl  cmexia —  HapylmieHHs  (QU3MYECKON
OIHOPOAHOCTH M CIUIOIIHOCTH. OHU MOTYT OBITH CTPYKTYpHBIMH,
TEXHOJIOTHYECKUMH, SKCIUTyaTallHOHHBIMU.

3710 MOTyT OBITH Pa3pbIBBL, CYOMHUKPOTPEIIMHBI U MHKPOTPEIIHHEI,
TEXHOJIOTHYECKHEe Iy3bIpu pasmepamu ot 0,8 mo 3 mm (puc. 4),
HEPOBHOCTHU TIOBEPXHOCTH.
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Puc. 4. TexHonmormyeckue my3bIpH Ha CTEKIIe (YBEIHMICHHOE N300paKeHIHE)

HpI/I OKCILTyaTallii BO3MOKHBI d)HBHKO-MexaHI/I‘IeCKI/Ie MOBPCIKACHUA,
KOppo3us, IOMYTHEHHA, TOYECYHBIC KaBEPHbI, MUKPOTPCUINHBI, ITapalliHbI
(puc. 5), cKoJIBL

Puc.5. Llapanunsl Ha cTekie
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Hdedextbl xepamuxu BO3ZHHKAIOT W3-32 HAPYLIEHHUS TEXHOJOTHU
W3TOTOBJICHUS U3ACINN U3 KEPaMUIECKON MACCHI.

Paznmnyator nedexTsl, CBA3aHHBIC ¢ UCKAKEHHEM pa3sMepoB U (OPMBI
u3genust  (kopobnenue, aedopmanuu); C HMIMEHEHHEM CTPYKTYpPbI
Marepuania (TPEIIMHBI, TPBIIIA, TOCEYKH W CBUIIM); JePEKTHI
HNOBEpXHOCTH  (Iy3BIpH, MYIIKH, BBIIUIABKH, BCKHIIB, HAKOJIBI,
METaJUTHYECKHH OJIeCK).

TpemnHbl  BO3HUKAIOT  M3-32  HEAOCTaTOYHOH  00paboTKM
KepaMHYEeCKOW MacChl, HEOJMHAKOBOW IUIOTHOCTH pA3IMYHBIX MECT
norydabpukara, pe3KOro HW3MEHEHHsS TEeMIepaTrypbl BO  BpeMs
HauOoOJNbIIEH ycaAKh WIM B Mpolecce OXJaKACHUS, HeNpaBHILHON
YKJIaJIKW M30ETHH | T. 0.

JedhexTaMu noaynpo6oOHUK08bIX Mamepuanos SBISAIOTCS U3MEHEHHE
[IapaMEeTPOB 30HHOW CTPYKTYpPbl U OCHOBHBIX IIapaMETPOB IPHUMECHBIX
LEHTPOB, HAPYLICHHUs] KPUCTALIMYECKOM CTPYKTypbl, HW3MECHECHHE
YHUCTOTHI Marepuala, HaJIW4Ue SICKTPHYECKH aKTHUBHBIX M HEAKTUBHBIX
npuMeceld, HEOJHOPOIHOCTh paclpeelieHus TMpUMeced Mo o0bemy
MaTepHaia U yCTpOHCTBa, MEXaHUIECKUE HAITPSKEHHUSI.

4. BUBYAJIBHO-OIITUYECKHUI KOHTPOJIb
4.1. Oomue cBeaeHus

JlaHHBIA BHI KOHTPOJS OCHOBAaH Ha MHCIHOJBb30BAaHUHM 3aKOHOB
reOMETPHUYECKON ONTHKH — 3aKOHOB PAaclpOCTPAHEHUs, MPEIOMIICHUS U
OTpaKeHHMs JIyueil cBeTa B CUCTEMaX ONTHYECKHX MPUOOPOB.

Oto Haubojee NpoCcTOl B OCBOCHUH METO/I.

BusyansHo-ontudecknii KoHTpoib (BOK) B ocHOBHOM mpumeHsieTcs:

- ans OOHapyXeHHsl TpEUIMH, MECT pa3pylIeHU JIIEMEHTOB
KOHCTPYKLMH, TPEIIMH, 3arps3HEHUH, Tedel, IOCTOPOHHUX IMPEIMETOB
BHYTPH 3aKPBITHIX KOHCTPYKIIHH;

- s JeTaJbHOTO aHali3a MOBEPXHOCTHBIX JEe(PEKTOB, KOTOPHIE
0o0OHapyeHbl Ha KOHTPOJIUPYEMBIX OOBEKTax € MOMOILBIO Kakoro-indo
METO/1a Hepa3pyIIaroIero KOHTPOJIs;

- i hpakTorpaupoBaHKs H3IOMOB.

OroMy BHAY KOHTpPOJS XapaKTepHbl CpPaBHUTEIBHO BbICOKAs
TPYAOEMKOCTbH BBITIOTHEHNSI CMOTPOBBIX padoT.
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4.2. duznueckne ocHoBsI BOK

BOK B 0CHOBHOM BBITIOJIHAIOT BPYYHYIO, U PE3yJIbTaThl KOHTPOJISI BO
MHOT'OM 3aBHUCAT OT CyObEKTUBHBIX (DAKTOPOB, MPEXKIE BCETO OT OCTPOTHI
3peHust 1e(PeKTOCKOMHUCTA.

OCHOBHBIE IPEJIIOMJISIIOIINE 3JIEMEHTHI IJ1a3a YelI0oBeKa — XPyCTalIuK U
pOroBUIla, KOTOpBIE TMpeACTaBIeHH Ha puc. 6. Onruyeckas
(mpenomisiromiasi) cujia POTOBUIBI IIOYTH BCErZJa IIOCTOSHHA U
COCTaBJISIET MPUMEPHO 43 THONTPHH.

[TonpoOHee paccMOTPHUM CTPOCHHE YEIOBEUECKOI0 I1a3a.

XpycTanuk ria3a — JABOSKOBBIMyKJas JnH3a. KpuBH3Ha XpycTanuka
MOYET TpaHC()hOPMHUPOBATHCS, U3MEHSS IPU 3TOM €r0 ONTHYECKYIO CHUITY
ot 19 10 33 Anm — 3T0 Tak Ha3bIBaeMasi aKKOMOJIAIIMS TJ1a3a, WIIM HaBOJKa
Ha PEe3KOCTb.

Mexay XpycTallMKOM M POTOBHIIECH HAaXOIUTCS paaykHas 000JI0YKa
rjlaza ¢ OTBEPCTHEM IEPEMEHHOIO [IuMaMeTpa — 3padykoM, KOTOPBIH
ucnonHser QyHkuuu auadparmel. [Ipy  IHEBHBIX OCBEHICHHOCTSIX
JUaMeTp 3padka Ija3a COCTaBIsIeT MPHONM3UTENBHO 2-3 MM, a Ipu
ocpemeHHocTH MeHee 0,01 5k yBennuuBaetcs 10 6—8 Mm.

Puc. 6. Cxemarndeckoe n300paxeHue
YeJI0BEUECKOro IIia3a:
1 — poroBas 000104Ka;

2 — CTEKJIOBUHOE TeJI0; 3 — ceTvaras
06o004Ka; 4 — cocynucTasi 000JI0UKa;
5 — ckiepa; 6 — 3pUTEIbHBIN HEPB;

7 — nuIMapHoe TeNo; 8 — KOHBIOHKTHRA,
9 — pamyxHast 000JI0UKa;

10 — xpycranuk; 11 — och BueHUS;
12 — onTryeckas och riasa

B CeT4aTke, Ha  KOTOPYIO
MPOELIUPYETCS n300pakeHue,
PacCIOJIOKEHBI CBETOUYBCTBUTEIBHBIC KIIETKH — IMAJIOYKH U KOJOOYKH.
[Mamouku Ooyee CBETOYYBCTBHUTEIBHBI, YeM KOJIOOYKH, HO OHH HE
pasnuyaroT 1BeToB. [lamoukn MOTYT pa3nn4arh Oelylo MOBEPXHOCTH OT
uepHOil mpu ocsemennoctd 10® k. Pasnuuaromue 1BeT KOJNIGOYKH
MEHEE CBETOUYBCTBHUTEIHHBI M HE pa0OTAIOT MPU OCBEMICHHOCTH HUXKE
102 nk. IIpakTHYECKH [BETOBOE 3PEHHE HAYMHAETCS IPH OCBELIEHHOCTH
okono 1 5k, a npu ocsemennocty 102 - 10° 1k 3peHue sABIAETCA NOYTH
MOJTHOCTHIO KOJIOOYKOBBIM.
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Konboukn W TalioukW pacmojOkKEHBI B CETYATKE HEPABHOMEPHO.
Bokpyr LeHTpanbHOW SIMKM HAaxOIWUTCS JKEITOE IATHO - OBAJIbHBIN
Y4acTOK C YIJIOBBIMH pasMepaMu 6-7°. 31ech UMEIOTCS M TalOuKH, U
kostbouku. [Ipu yaaneHuu oT ueHTpabHON SIMKH 001Iee YHCII0 KOI0oYeK
OTHOCHUTENIFHO CHIDKAETCS, a YHCJIO Iajo4yeK, HA00OpOT, MOBBIIMIAETCS.
Bwmecte ¢ aTuM yOBIBaeT pazpemniaromnias 9yBCTBUTEIHHOCTb.

[Tone 3peHnst 4eI0BEUECKOrO Ti1a3a yCIOBHO Pa3esIOT Ha 3 YacTH:

- 30Ha HamboJlee YETKOTO BHACHHUS (ITO LEHTpajbHAs 30HA C TOJEM
3peHust npuoIn3uTeNsHO 2°);

- 30Ha ACHOTO BUJEHUS (B Mpeenax 3Toi 30HBI (IpU HEMOJIBHKHOM
rjia3e) BO3MOXKHO OIIO3HABAaHUE NPEIMETOB 0€3 Pa3IUYCHHUS MEJKHX
netaneii, ¢ monem 3penus npudausuTensHo 20° no Beprukamu u 30° no
TOPU3OHTAIIHN);

- 30Ha mnepudepuyeckoro 3peHust (B ee mpenenax NpeAMeThl He
onosnarorcs. ITone 3penus cocrapiser npumepHo 125° o Beprukanu u
150° no ropuszonTanm).

OO0BeKT, MOABEPTaIONIUIiCSI KOHTPOJIO, JOIDKEH OBITh pa3MelieH B
LUEHTPaJIbHOM 30HE WK B 30HE SICHOTO BUACHUSL.

[Tog BUANMOCTBIO TTOHMMAIOT CTENIEHb PA3IMYMMOCTH OOBEKTOB IPHU
UX HAOJIIOICHUH.

BunnMocts mpenMera orpenensiercss OOBEKTUBHBIMH CBONCTBAMH,
TaKUMU KakK:

- KOHTPACTOM;

- IPKOCTBIO;

- YTJIOBBIMH pa3Mepamu;

- PE3KOCTHIO KOHTYPOB.

KaxnomMy u3 mNpuBEIEHHBIX BBIIIE CBOHCTB COOTBETCTBYET CBOM
a0COIIIOTHBIM MOPOT BHJIUMOCTH, HHIKE KOTOPOTO TPEIMET HE MOXKET
OBITh BHJCH, KaKUMH OBl OJArompUSATHBIMH W OBUIM  YCJIOBHUSA
HAOIIOJICHNSI C TOYKH 3PEHUS JIPYTuX (PaKTOpOB (TP CIHMIIKOM MaJOM
KOHTpacTe WIM OYCHb MAJIOW SPKOCTU TIPEAMET HENb3sl CJIEeNaTh
BUJIMMBIM  HUKAKOW TPOJOJDKUTENBHOCTBIO  PAcCMaTpUBAaHUS WU
YBEJIIMYCHHUEM YTIIOBBIX Pa3MEPOB).

HawnGonee BaXHBIMH YCIOBHSIMH BHUJUMOCTH CUUTAIOT KOHTPAcT WU
YTJIOBEIE pa3MepBI.

KonTtpacT — cBOHCTBO 00BEKTa BBIJICIATHCS Ha OKpY’KaromeM (oHe ¢
MOMOIIIBIO Pa3iIUYUs ONTUYSCKUX CBOMCTB. PaznmuyaroT oHOBpEMEHHBIN
(oOBsicHSICTCS pa3MuuMeM U3NMYyYeHHS HECKOJIBKHX OJHOBPEMEHHO
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BUAMMBIX OOBEKTOB, KOTOpBIE KaXyTCS UEJIOBEKY, MPOBOJSIIEMY
KOHTPOJIb, HAaXOISAIIMMUCS B HEMOCPEICTBEHHOM CONPHKOCHOBEHHH) U
MOCIIEIOBATENbHBINA (M3MEHEHHE BHU3YaJIbHOI OIEHKH OOBEKTa OT TOTO,
KaKoW CBET paHbIIe JCWCTBOBAN HAa TOT K€ yJaCTOK CETYaTKH TIJia3a)
KOHTPACTHI.

ITopor  KOHTpacTHOH  YYBCTBHUTEIBHOCTH —  MHHHUMAIbHBIN
pa3IMYMMBIA YENIOBEYECKUM TJIa30M SIPKOCTHBIA KOHTpacT (oHa U
npeamera. Jas OonplmMHCTBa Mofeil oH paBeH 1-2 %. Hexoropwie
OeQeKTbl, y KOTOPHIX KOHTpPacT MEHBIIE IIOPOrOBOrO 3HAYCHUS
(mpakTHYecKrii TOpPOr KOHTPACTHOW YYBCTBUTENBHOCTH Ne(hEeKTOB
cocTaBisieT oT 5 % u 6ojee), He MOTyT ObITh OOHAPYKEHBI ITIA30M.

Mepoil IpKOCTHOTO KOHTPAacTa MPUHUMAETCS BBIPAKECHUE:

K = (By — Bo)/ By,
rae By — sSpKocTh okpyxatomiero ¢pona; B, — IpKOCTh paccMaTpHUBaEMOTO
00BeKTa.

B ciydae mocTaTOYHOM OCBEIIEHHOCTH M TPH OOJBIIOM KOHTpacTe
rja3 MOXET pa3iMdaTh TOJBKO T€ 3JEMEHTHI IMpPEIMeTa, y KOTOPBIX
YIJIOBOW pa3Mep BBIIE HEKOTOPOTO OIMpelleieHHOTro 3HaueHus. JlaHHoe
3HAYEHUE Ha3bIBacTCS OCTPOTOW 3pPEHUS W JIJIsl HOPMAJbHOTO TIJla3a B
ONTUMAJTBHBIX YCIOBHUSAX JOXOAUT N0 1’ eNWHUIBI, a cpeaHee 3HAYCHUE
cocTaBiisieT 2-4° e IUHULL.

HawnGonpimass BenmuyrHA SPKOCTHOTO KOHTpAacTa JIOCTUTAETCA TpH
WCTIONb30BAaHUHM YEPHOTO M OENoro IBETOB. BBICOKWIU SPKOCTHBIN
KOHTPACT UMEET COUYETaHWE YEPHOTO IIBETa C JKENTHIM (DOHOM, a cpenu
JPYruX XpOMAaTHUYECKHX IIBETOB O€IbIi IBET 00pa3yeT HauOONbIIHN
KOHTPACT C KPACHBIM (DOHOM.

Ha octpoTy 3peHHss M pasperaroniyro CrnocoOHOCTh OKa3bIBaeT
BiHsHUE uppamuanys. OHa 3aKI0YaeTCss B KaXKYIIEMCsl YBEITHYCHUU
pasMepoB CBETOBBIX MPEIMETOB HA TEMHOM (pOHE (UM CBETIIee MPEMET,
TEM OH KaxkeTcs O0JIbIIIe).

LBeT 00BeKTOB M (pOHA TaKKE BIUSAET HA OCTPOTY 3PECHUSI.

LBeTa, B CBOI0O oOuepenb, MOAPA3ACISIIOTCS HA aXpPOMaTUYECKHE
(GenbIii, YepHBIH, Cephlil) U XpoMaTH4YeCKHe (OCTAIBHEIC I[BETA).

AXpOMaTHYECKH HMHTEpBal — OTHOLICHHWE 3HAYEHHsS IIBETOBOTO
MOpora K COOTBETCTBYIOIIEMY 3HAUEHUIO CBETOBOTO TIOPOTa.

VYrinoBoit pa3mep OKa3blBa€T BIUAHUE HAa BOCHPUHUMAEMBIA IIBET
MalbIX 00beKkToB. Ilpu yMmeHbIIeHMH yriaosoro pasmepa ot 1,5° mo 6°
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LBET KPAaCHBIX OOBEKTOB OCTACTCS HEM3MEHHBIM, 3€JICHbIe, CHHUE U CHHE-
3eJIeHble CTaHOBATCS MeHee HachllleHHbIMH. llpu panbHeimem
YMEHBIIIEHUH YTJIOBOTO pa3Mepa IBET OOBEKTOB TEPsieT HACHIIIEHHOCTD,
1 OHH CTAHOBATCS CEPBIMH (KpOME KPACHBIX).

Paspemmaromasi crmocoOOHOCTh YEIIOBEYECKOTO Ijia3a — CIOCOOHOCTH
pas3zenbHO BOCIPUHUMATH OMM3KOPACIIONOKEHHbBIE APYT K APYTY TOUKH,
JMHUY U APYTHE QUTYPHI.

[Ipu HEKOTOPOM TOBHIIIIEHUH OCBEIIEHHOCTH O0BEKTa, HaXOSAIIErOCs
MpeXkae B MOJHOW TEMHOTE, OH CTaHOBHUTCS BuUAMMBIM. CHadana Oynmer
BBISIBIISITBCSL I[BET KPAacCHBIX OOBEKTOB, a IIOIKE JPYTUX — CHHe-
¢uoneToBEIX ¥ KeAThIX. CHHHE OOBEKTHl B OTHOCHUTEIEHO OONBIIEM
JMaria30He OCBEIICHHOCTH BOCIPHHUMAIOTCS OECIIBETHBIMH W OyIyT
He3aMeTHBIMU Ha OeioM QoHe. KpacHble 00BEKTHl UMEIOT 3aMETHYIO
IIBETHOCTh TPH JIIO00U SIpKOCTH (poHA. DTO SBIAETCS OJHOW W3 MPUUUH
MIPUMEHEHUS KPACHOTO I[BETa MPOHUKAIIINX JKAAKOCTEH B KaIMIUIIPHON
Te(heKTOCKOITHH.

I'ma3, kak u Jrobasi pearupyromias CHUCTeMa, 00JiaJaeT HWHEpPIUCH.
Bpewms, HEoOXxomauMoe aiisi BO3HUKHOBEHHS 3pPUTEIBHOTO OIYIIEHWS,
3aBUCHT OT JIJTMHBI BOJIHBI, IpKOCcTH 00BeKkTa U coctasmser 0,025-0,1 c.
[Tpu ocMoOTpe HBETHBIX OOBEKTOB CKOPOCTh BOSHUKHOBEHUS OLIYIICHHS
W ero CHJIa BO3PacTaloT MO Mepe Mepexo/ia OT IIBETOB KOPOTKOBOIHOBOTO
ydacTka criektpa ((proseToBbIil) K BETaM JUTMHHOBOJIHOBOTO (KPACHBIN).
Bo3Hukiee cBETOBOE ONIYIEHHE MCYE3aeT HE Cpasy, MO3TOMY OBICTPO
JBIKYINAsICS TOYKA MPEJCTAaeT B BUJE JIMHUH, & MEIbKAIOUINNA CBET MIPH
JIOCTATOYHO BBICOKOM YacTOT€ HE OTIMYAeTCs OT IOCTOSHHOTO.
Kputnueckas yacrora menpkanuii 00br9HO He ipeBbimaet 50 [

Knaccugpurayusa npubopos, ucnonvzyemvix npu npogedenuu BOK

PaccmoTpuMm mepBylo KiacCHQUKALUIO OPUOOPOB — MO BHAY
MPUEMHUKA JIY9UCTOW OJHEPrud. Bcero pasiuyaloT TpHU TPYHITBI
OTITUYECKUX NIPUOOPOB ISl TaHHOH KIIacCH(UKAIIH:

- BH3yaJlbHBIE (B JaHHBIX MPHOOpPax B POJU MPUEMHHKA BBICTYIIAET
YeJI0BEUECKUH I1a3 — JIYTbl, 0030pHBIC YHAOCKOITBI, MUKPOCKOIIBI  T.1.);

- JIeTeKTOopHBIe (IpUOOPBI, y KOTOPHIX B pOJH TNPUEMHHUKA
UCIIOJIB3YIOTCS pa3iIMUHbIE NETEKTOPBI — JIOMHUHECLUPYIOIINE BEIIECTBA,
XMMHUYECKHE PEareHThl, CIIEKTPOMETPHI U T.I1.);

- KOMOMHHUPOBaHHEIE (TIPUTOMHBI IS BU3YaILHOTO 0030pa 00bEKTa, a
TaKXe JJIs1 KOHTPOJISl P IMTOMOIIH JETEKTOpa).
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Bropas knaccu¢ukanmsa npubopo ans mposeneHns BOK - mo
Ha3HAYCHHIO:

- IpUOOPHI TSI KOHTPOJIS OJIU3KOPACIIONIOKEHHBIX, METTKUX 00BEKTOB
(maHHBIE OOBEKTHI HAXOAATCS B TMpEIENiaX PACCTOSHUS HAMIYYIIETO
3penus (I <250 MM) — JTyIbl, MUKPOCKOIIBI);

- mpuOOpBl AN KOHTPOJNS YJAIeHHBIX 00BekToB (1 > 250 Mm) —
OMHOKIIN, TEJIECKONNYECKUE JYIIbI, 3pUTEIbHBIE TPYOHI;

- TpuboOpel AN KOHTPOIS CKPBITHIX OOBEKTOB, 3aKPBITBHIX
KOHCTPYKLUI, 0CMOTpa BHYTPEHHHUX MOBEPXHOCTEN, OTBEPCTUI U MOIBIX
JeTanei (3HIO0CKOIBI, 00POCKOIIBI, MEPUCKONNYECKHE 1e(hEeKTOCKOTIBI).

Tpetbst knaccupuKays — 1Mo crnoco0y MCIOIb30BaAHUS:

- LIeXOBbIe (MPUMEHSIOTCS IIPH MTOCTOSIHHOW TemIieparype ot +15 mo
+20° C, HopManbHOM aTMOC()EPHOM JaBIECHNM, HEBBICOKOM BJIAKHOCTH);

- monesble (paboTaroT B yCIOBUAX TeMmmeparypsl oT —55 1o +60 ° C,
npy BUOpaLusx, TpsICKe U T.J.)

4.3. Metoan! kouTpoas BOK

MeTobl KOHTPOJIS PACCMOTPUM Ha IpUMeEpeE 3-X BUIOB.

Konmponw 6nuskopacnonodicennvix 00bexmos

i BBIMOJTHEHUS! AHHOTO BHJA KOHTPOJS NMPHUMEHSIOTCS JIyNbl U
MUKpPOCKOIBI. OHU MO3BOJIIOT OOHAPYXMBaTh TPEHIMHBI PA3THYHOTO
NPOUCXOXKJICHHS, 3a00MHBI, HaJIUPbl TPYIIUXCS MOBEPXHOCTEH, PHUCKH,
MIOBEPXHOCTHBIE  3PO3MOHHBIE M  KOPPO3HOHHBIE  IOBPEXKICHUS,
BBIKpalIMBaHKE MaTepraia 00beKTa KOHTPOIJIS U IPOYUE TOBEPXHOCTHBIE
nedektel. Takke MOryT OBITh BBISBICHBI JIE(EKTHl JTAKOKPACOYHBIX H
rajJbBaHUYECKHUX MOKPBITUH.

s Toro 4YroOBl TMONYyYUTH YBEIMUEHHOE H300paKeHUe, IyIy
MTOMEIIAIOT Y MOBEPXHOCTH KOHTPOJIUPYEMOTo 00bekTa (puc. /) TakuMm
00pa3oM, YTOOBI PACCTOSIHHE MEXIYy HUMH ObUIO HEMHOTO MEHbIIE, YeM
(doKycHOE paccTOSHUE TyIIbI.

C MPUMEHEHHEM JIYIIbI:
F — dokyc mymsr; f— dokycHoe
paccTosiHUe TyIb;
1 — xoHTpOIMPYEMBIH OOBEKT;
2 — MHUMOE H300pakeHne 00beKTa
KOHTPOJIS

2
Puc. 7. I'padmaeckas cxema ocMoTpa
{ "_'--\--_‘_____--_—-
1
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Hdedexrockonuct HaOMIOAZAEeT YBENMUEHHOE NPSIMOEC  MHHUMOE
n300pakeHne KOHTPOJIIMPYEMOro O0BeKTa (JaHHOe W300pakeHne
HOJTy4aeTCsl Ha PACCTOSHUU Hammy4iiero 3perus — | < 250 mm), 1. e. Ha
paccTosHUM, TPH KOTOPOM HOPMAJIBHBIA 4YeloBeYeCKUd ria3 0e3
HaANPSKEHUS OTYCTINBO BUANT MIPEIMET.

YBenudeHue ITymbl MOXKHO MPUOIU3UTENBHO IIOCUATATH 10 (opMyJIe:

I 250
Tf f

Ilpu pocte yBenWyeHWs JyObl YIydllaeTcs pa3peniaromast
CIOCOOHOCTh  3peHHsA (CIIOCOOHOCTh TJla3a pa3iuyaTh pPas3IeiabHO
OJIM3KOPACIIONIOKEHHBIE TOUYKH, TOYKH U TPOYUE (HHUTYPBI).

Kontponp geraneli OOBIYHO MPOBOMAT TPH  TMOMOIIM  JIYII
yBenmyeHueM oT 2 g0 10 (3TO OOBSCHSETCA CYIIECTBEHHBIM
COKpAIIeHUEM ITOJISl 3PSHHS MPH OONBIINX YBEIHUEHUSIX, YMEHBIIICHHEM
TIIyOWHBI PE3KOCTH, a TAKIKE APYTUX (HaKTOPOB).

Jiis moucka KpymHBIX NIeeKTOB, W MPOBEIEHHS OOIIEro OCMOTpa
MIPUMEHSIOTCS O030pHBIC ITYTIBI, UMEIOIIHE OONBIIOe TOJe 3pPEHHS, HO
MaJioe yBeIHnueHHe.

Onrtuyeckass cxeMa MHKpPOCKONA TpeJcTaBieHa Ha puc. 8.
OnTHueckre ocu 0OBEKTHBA U OKYJISIpa COBIIAIAIOT.

Puc. 8. Ontryeckast cxeMa MOHOKYJISIPHOTO MHKPOCKOTIA
C — pabouee paccrosiHue; | — paccTosIHIE HAMITy4IIero
3peHH;

1 — oxymsip; 2 — oOpaTHOE M300pakeHNnEe 0OBEKTa;

3 — 00BeKTHB; 4 — KOHTPOJIUPYEMBII 00BEKT; 5 — MHIMOE
YBEJIMYEHHOE M300pakeHne 00beKTa

ITosHOE yBENMMYEHHE MHUKPOCKOIIA HAXOMAUTCS IO
dhopmyie:

FM:FOE'FO '

e Lo — yBemuuenne oovektusa (1, = Al f0);

A — paccrosiHue OT 3agHero ¢okyca oObeKTHBa 0 mepeaHero (oxyca
okynsipa, MM; Lok — yBennuenue oxyisipa (L, =11 f).

[ mpoBeACHHS ~ KOHTPOJS  HCIIOJB3YIOTCS ~ MHKPOCKOIBI  C
yBeJIMYCHHEM B Iipeaenax oT 8 mo 40-50.
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VYBenuueHrne MHUKPOCKOIIOB, UCIOIB3YyeMBIX JUIsi OCMOTpa JCTaleH,
BBINIIE yBEJWUYCHHS JIyN. B ciydae paBHOro yBenmueHus 3 (HeKTHBHOCTD
MUKPOCKOIIA BBIIIIE M3-32 XOPOIIETro KaYeCcTBa H300paKEHHS.

JIynibl ¥ MUKPOCKOIIBI IMIUPOKO HCIIOJIB3YIOTCS MPHU KAMWUIAPHOM WU
MarHATOTIOPOIIKOBOM KOHTpoJie. OHM MO3BOJIIOT OOHAPYKHUBATh Oolree
MENIKHe, 4YeM 0e3 TNPUMEHEHHS ONTHUYCCKUX CpPEICTB, IePEeKTh —
TPEIIUHBI, BOJIOCOBUHBI, PACCIIOCHHUSI U JIp.

Koumpons yoanenusix 06vexmos

Temeckonmueckass cxemMa MpHOOPOB (COCTOSIT W3 OOBEKTHBA U
OKyJsipa), TMpeIHa3HAYCHHBIX JUII KOHTPOJS YAaJCHHBIX OOBEKTOB,
aHAJIOTHMYHA OINTHUYECKOH cXeMe MHKpockoma (puc. 3), HO UMEET CBOe
OTIMYHE — B TEJIECKONMMYECKOH cucTreMe 3aaHuil (oKyc oObeKTHBa
COBMEIIIEH C MepeaHnM QOKYyCOM OKYJISpa, a mepeIHui GoKyc 0ObeKTHBa
W 3aIHUH (DOKYC OKyJIsipa HaXOATCA B OECKOHEYHOCTH.

OObexTHB  HEOOXOOMM  [UI1  MOJIyYeHHS  JCHCTBUTEIHHOTO
n300paKeHUsl paccMaTpUBaeMOro oObeKTa. B ciydyae 3HAYUTETHHOTO
yaaneHusi 00bEeKTa JIyYH, UCXOIAIINE U3 JIFO00H €ro TOUKH, MPaKTHICSCKU
napamiensHsl. B ¢QokanbHON mtockocTH  00BEKTHBa M OKyJsipa
MOJy4aeTcsl JeHCTBUTEIbHOE, OOpaTHOE W YMEHBLICHHOE H300pakKeHue
obObekra. Habmoarenb, cMOTpst B OKYJISIp, BUAUT OOpaTHOE MHUMOE H,
KaK [PaBUJIO, yBEIMUCHHOE N300paKeHNE YAAJICHHOIO O0bEKTa.

VYBenuueHue MmpocTerieil TeNecKONMYeCKOH CUCTEMbl HAXOAUTCS IO
dopmyie:

l—‘T.c = f06 / fOK-

s Toro 4roObl mMOMYy4YWTH NpAMOE H300pakeHHe OO0beKTa B
TEJIECKONNYECKUX MPHOOpax MPUMEHSIOTCS 000pavYrBalONIfe CHUCTEMBI.
OTHU CUCTEMBI COCTOSIT M3 OJIHOW MITM HECKOJBKUX JINH3 WITH TTPHU3M.

Ecnu obGopaunBaromiasi cucteMa UMeeT JTMHEHHOEe YBEIMYEHUE v, TO
oO1iee yBesmueHUe puOdopa HaXoaUTCs o GopmyIe:

f_
_ . _00
F me w f "
oK
VBennueHue TeNeCKOMNUYECKOM JIyHbL 06pa30BaH0 KOM6I/IHaHI/Ieﬁ
OMHOKIIA WJIH €TI0 OHHOﬁ ONTUYECKOH TPY6KI/I C HacaﬂKOﬁ 1 BBIYUCIIACTCA

mo opMmyiie:

Fm.0:2i'o.rm.c’

H
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rre f, — dokycHoe paccrosHme wHacamku; [re — yBENHYCHHE

TEJIECKONYECKON CUCTEMBI OWHOKJIS.

BruHOKIM OBIBAIOT IBYX THIOB: NMPHU3MEHHBIE M TalMIeeBCKUE. Y
MPU3MEHHBIX OWHOKJIEW B 3pHUTEIBHBIX TPyOKax misi oOpa3oBaHUS
OpsSAMOTO W300paXCHUSI CIYXHT OOOpayMBaroOlas CUCTEMa M3 JBYX
MIPU3M.

B ramuieeBckoM OMHOKIJIE B POJU OKYIISIpa CIIY)KHUT paccenBarolnas
TUH3a, OHa oOpa3yeT mpsMoe m3o0pakeHue. J[aHHBIE OMHOKIN HMEIOT
MPOCTYI0 KOHCTPYKLHUIO B 00J1aAat0T O0JbIIeH CBETOCHITON.

BUHOKITM W TENEeCKONUYECKUE JIYMbl MPUMEHSIOTCS Ui OCMOTpa
YBEITUUECHHOTO H300paXKCHUSI OOBEKTOB KOHTPOIS,, KOTOPBIC MOCTYITHBI
HETIOCPEACTBEHHOMY OCMOTPY, HO PAacIOJIOKEHBl Ha PacCcTOSHUH Oolee
0,6-0,8 M oT 1J1a3a YesoBeKa, MPOBOJISIIETO KOHTPOJIb.

Ha mmamepe BC ¢ momompio AaHHBIX TPHOOPOB OCMATPUBAIOT
OOHIMBKY CTAOMJIM3aTOPOB W KWIICH, y3IIbl KpEeIUICHUsS aHTEHH, KaHAJbI
BCachlBaHMs ABurareneid, a Ha AJl — GopcakHble KOJUIEKTOPBI, JIOTIATKU
poTopa TypOUMHBI (HEPACKPBIBIINECS TPEIIUHBI YCTAIOCTH HA JIOMATKAX,
NPY BBIIOJHEHUH KOHTPOJIS, KaK MPaBUIIO, HE 00HAPYKUBAKOTCS) U T. 1.

Koumpons ckpeimuix 06vexmog

OOBEKTHl KOHTPOJIS, HENOCTYIHBIE JUIA MPSAMOTO HaOIrOAEeHUs
OCMaTpHUBAlOT Ojarogaps MNPUMEHEHHIO OCOOBIX TEJIECKOIMNYECKHX
npuOOPOB — FHAOCKOMOB. [IpUHIMIT e CTBUS IHIOCKOMA 3aKITI0YAETCS B
WCTIONIb30BaHUH ONTHYECKOW CHUCTEMBI, KOTOpas MO3BOJSET IepenaBaTh
n300pakeHre Ha 3HAYUTENFHOE PACCTOSHUE ([0 HECKOIBKUX METpOB). B
9THX MPUOOpPAX JIydn CBETa U3MEHSIOT CBOE HAIIPAaBICHUE OTHOCUTEIHHO
NePBOHAYAIILHOTO.

Onrtryeckas cxema MpocTOro HI0CKONA MpeAcTaBiIeHa Ha puc. 9.

4

3 os ox

b

Puc. 9. CxemaTn4HOE N300paKEeHHE ONTHICCKON CHCTEMbI SHIOCKOMA!
06 — 06bexTuB; Ok — OKyIISIp; 3 — 3epKaiio
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VYTon OTKIOHEHUS JTy4eil MOKHO M3MEHUTH C MOMOIIBIO OTKIOHEHUS
3epkana (mpu3msl). Ecim monoskeHne 3epKaio m3MEHHTCS Ha YTOl o, TO
Jy4H CBETa OTKIIOHATCS HA YTOd 2° a.

3epKano B 3HIOCKOIE MOXKET HaXOIUTHCS B CPEJHEM 4acTu, MEXay
00BEKTUBOM M OKYJISIPOM WIIM B KaKUX-THOO JPYTUX MECTaX ONTHYECKOU
cuctembl. [lpubGopbl ¢ TakuM pa3MemeHHueM 3epKall Ha3bIBAIOTCS
KOJICHYATHIMU U MPUMEHSIIOTCS B TOM Cllydae, KOra KaHajibl JUisl BBOAA
npubopa BHYTPb 00bEKTa KOHTPOJISI HCKPUBIICHEI.

BaxxHO OTMETUTB, YTO IUIOCKHE 3€pKaja U IPHU3Mbl HE H3MEHSIOT
YBEIUYCHHUSI TEIECKOMNYECKON CUCTEMBI.

DHIO0CKONLI OBIBAIOT:

- IMH30BHIE;

- BOJIOKOHHO-ONITHYECKHUE;

- KOMOMHHPOBAHHEIE.

JIMH30BBIN 3HIOCKOI MPEICTABISIET COOOW JKECTKYH) KOHCTPYKIIUIO
WJIH UMEET «KOJIEHO» C OJTHOM — IByMsI CTETIEHSIMU CBOOOIbI. OH COCTOUT
W3 UCTOYHHMKA CcBeTa ()11 OCBEIICHHS OOBEKTa KOHTPOJISA), CMCHHOU
MPU3MEHHON WIM 3€pKalbHOM Hacanku (M3MEHsleT HallpaBlIeHHe U
pas3Mepsl monst 3peHus npubopa), 0OBEKTHBA, OCHOBHOM Mepenaromiei
ONTHUYECKOM CcHCTEMBI M OKyJsipa. C(CxemMa JEWCTBUA JIMH30BOTO
9HJIOCKOIA MpejcTaBieHa Ha puc. 10.

i Z 3 %
A
Mi 5 X /\/ \l‘
:f/:‘ h h h 7 z/": o I(é

Puc. 10. Cxema aeiicTBus JIMH30BOI'0O YHAOCKOIIA:
1 — UCTOYHUK CBETa; 2 — CMCHHAS HACcaJKa; 3 — IOBEPXHOCTh KOHTPOIUPYEMOTO
00bekTa; 4 — 00beKTHB; 5 — onTHUecKkas cucrema; 6 — 3epkaio; 7 — OKyJIsp;
8 — o0bekTuB; 9 — BuankoH; 10 — BUaCOyCTaHOBKA
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CMeHHas onTHYecKasi CUCTeMa Heo0XouMa JUTsl yBeTndeHust pabodeit
JUIMHB  TIpuOopa WM TOAKITIOYEHUS  TEIEBU3HOHHOW  CHCTEMBI
HaOmoacHMS. 3epKaio 1 00BEKTHB MPeaHA3HAYCHBI TSI IPOCKTHPOBAHIS
n300paXeHHUs IOBEPXHOCTH KOHTPOIUPYEMOTO 00BEKTa

JIMH30BBIN 3HIOCKON KOHCTPYKTHBHO BEHITIOJHEH B BHIE KOpITyca
MWIAHAPAYIECKOW (OPMBI, BHYTPH KOTOPOTO pPa3MEMIEHBI AIIEMEHTHI
npudopa.

OCHOBHO# HEIOCTATOK JAHHOTO THIA MPHOOPOB — OOJBIIHE ITOTEPH
CBEeTa W3-32 OONBIIOr0 KOJMYECTBA JIMH30BBIX JJIEMEHTOB (MOTYT
nqocturaTh 10 40-50).

JIMH30BBIE  DHIIOCKOMBI  TO3BOJISIIOT ~ OOHApPYXKWBaTh  3a0OWHBI,
TPEIIMHBI, IIApATUHBI, KOPPO3UOHHEIE MATHA U IPYyTHE AePEKTHI.

BonokxonHo-onTrueckuit THOKHIA SHOCKOII (dudpockom)
MIPENICTaBIsIeT COO0OH HAOOp TOHKUX CTEKISTHHBIX CBETOMPOBOISIINX
HUTEH, AruaMeTp KOTophix coctaBisieT 10-20 MKM, COOpaHHBIX B KTYT.
Kaxapiit sneMeHTapHBI CBETOBOJA MOKPBHIT CHApy>KW TOHKHM CIIOEM
(1-2 mMkMm) creknma ¢ Ooiice HHM3KMM TOKasateneM TmpenomsieHus. Ha
TPaHUIIE «CBETOBOJ — OOOJIOYKA» TIPOWCXOIUT IIONIHOE BHYTpPEHHEE
OTpa)KeHHE CBETa, YTO O0ECIIEYHBACT €ro MPOXOKICHUE 10 CBETOBOJY C
MUHUMAIGHBIM ~ ocnabneHreM. CIeKTp TIPOIyCKaHUsi CBETOBOJA
OTIpeIeIIsAeTCs] CBOMCTBAMH MaTepHala, U3 KOTOPOTO OH U3roToBieH. [lpn
YMCHBUICHUU AHUaMETpa 3JIEMCHTOB CBETOBOJAa UM YBCIIMUCHHUA UX YHCJIA
KaueCTBO W300paKEHMUS yiydmraercss (yMEHBIIAeTCs «MO3aMYHOCTEY
M300pakeHus).

Ha puc. 11 moxa3zaHa cxema JEHCTBHS BOJOKOHHO-ONTHYECKOIO
TUOKOT0 DHJIOCKOIIA.

OCHOBHOE MPEUMYIIECTBO TMOKHUX 3HIOCKOMOB — 3TO CIIOCOOHOCTH
nepenaBath M300pakeHHWe Oe3 MCKaXEeHUs NpU W3rube 1o JTrodomy
KPUBOJIMHEHHOMY TTPODHIIIO.

Yo HanpaBieHUs] HAOOJACHHUS — YTOJ MEXITy OChIO TEJIECHOTO yria
MOJISL 3peHUST U OCBhI0 dHAOcKoma (puc. 12, crpenkoil m3o0pa)keHa OCh
TEJIECHOTO yIJia TOJs 3pEHHs o, a IU(paMy yKa3aH yroJl HalpaBJICHUs
HaOMrOACHMS ). DHIOCKOTBI MOTYT OBITH MPSMOTO, TIEPETHETO, 3aTHETO U
OOKOBOTO HAONMIOACHHA, a TaKXKe KPYroBOIO W TMEPEMEHHOTo Yyriia
HAOIIOICHYSL.
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Puc. 11. Cxema neiicTBHsI BOTOKOHHO-OMTHYECKOTO THOKOT0 SHAOCKOMA!
1 — UCTOYHUK CBETa; 2 — MOBEPXHOCTh KOHTPOIUPYEMOTO 00BEKTA;
3 — 00bekTHB; 4 — okysp; 5 — KOHACHCOP; 6 — Ter10BOH GUIBTP;
7 — OCBETHTENBHBIN XKI'YyT; 8 — mpu3ma; 9 — cBeToBOA

Puc. 12. Tunbl 3HIOCKOIIOB B 3aBUCHMOCTH
OT yrIJjia HarpaBJIeHUs HAOIIOICHUSI:
a — IIPsIMOTO HAOIOICHUST; 6 — OOKOBOTO
HaOJIIOJICHUSI;, 6 — TIEPEHEro 0030pa;
2 — 3aJHero 0030pa; 0 — MEPEMEHHOr0 yria
0030pa; e — KpyroBoro o63opa

Hanpasnenue ocMoTtpa y 3HAOCKOIA
OpSMOTO  HAONIOJCHUS COBMAJAeT C
HaIpaBlIEHUEM JIy4a 3peHUs riasza (yrom
HaIpaBIIeHUs] HAOIIOIEHUS I JTaHHOTO
sapockoma — 180°). Jlna sHmockoma
OOKOBOTO 0030pa YroJl HaIpaBICHUS
nabmogenus — 90°, s mepemmero o63zopa — or 90 mo 180°% a vy
SHJIOCKOIIOB 3aHEro 0630pa — B npeaenax ot 0 1o 90°. B supockomnax ¢
MEepEMEHHBIM YTJIOM 0030pa yroj HampaBlICHHS MOXET HW3MEHSATHCS
IJIaBHO WJIM CTYII€EHYATO B OIPECACIICHHBIX MPEACIax IpU IHOCTOAHHOM
MIOJIOKEHUH ONTUYECKOM ocu pabodell YacTh 3HIOCKOMNA. DHIOCKOIIBI
KpPYroBoro o0030pa MOTYT HPOHM3BOAMTH OCMOTP YYacTKOB OOBEKTOB
KOHTPOJISI, KOTOPBIE PACIOI0KEHBI BOKPYT POIOJIBHOI OCH SHAOCKOIA B
npenenax 360°, mpH IOCTOSHHOM MOJIOKEHUHM DSHIOCKONA M €T0
00BEKTUBHOW YaCTH.
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Ucrounuk ceera (puc. 13) B THOKOM 3HAOCKONE — raJIoTeHHAs jamiia
momHocTh0 100-300 Br.

3

Puc. 13. [IlpumeneHne THOKUX OCBETUTEIBEHBIX
JKTyTOB BOJIOKOH JUISI OCBEILICHUS
TPYZXHOAOCTYIIHBIX MECT:

@ — OCBEIIEHHE JTyIOM CBETA; 6 — OCBEIICHHUE
JIy4eM, OTPpaKEHHBIM OT 3epKaJa;

1 — ocmarpuBaeMasi MOBEPXHOCTD; 2 — THOKHI

v JKT'YT BOJIOKOH; 3 — FCHEPaTOp CBETA;
4 — 5XeCTKHH KTyT BOJIOKOH C 3epKaJIOM

I

C momompI0 KOHJIEHCATopa dYepes

7 ¢ TEIJIOBOM (UIBTP OHA OCBEIIAET TOPELl

OCBETUTEIIBHOI'O KIyTa, KOTOPBII
pacroyioxXkeH BHYTPHU KOpIyca 3HAOCKONA, M MOJCBEYMBAET OOBEKT
KOHTpOJsL. VcToyHMK cBeTa pacmonaraercst BHE mpubopa — 3TO

MO3BOJISIET UCKIIFOUYUTh CUJIBHBIN HarpeB mpuoopa.
Ha puc. 14 HarmsiiHO TTOKa3aHbl CXEMBI BU3YAIBHON U OCBETUTEIIHLHOM
CUCTEMBI THOKOTO DHIOCKOIIA.

CxBMa BU3YENLHON CHCTEM LI Cxema OCBETUTENLHOI CHCTEMb!

Ofuexmus  BonakoHHo-
onTu-BcIH
afens gra

wpaxaren

Puc. 14. Cxemsbl BH3yaJ’IBHOﬁ M OCBETUTEILHON CUCTEMEI THOKOTO OHJ0CKOIIa

OOBEKT KOHTPOJISI MOKHO BU3yaJIbHO HAaOIO/IATh, & TAKXKE JIENNATh €r0
dotorpadun  (COBpEMEHHBIC  DHJIOCKOIIbI ~ HUMEIOT  BO3MOYKHOCTh
BUJICO3AIHCH TPOIIecca POBEACHUS KOHTPOIIS).

DHIOCKON KOHCTPYKTHBHO BBIITOJIHEH B BUIE OJIOKA OCBETHUTENS CO
CBETOANOIOM IHHOK 1,5-2,5 M m okymsipa. IMeeTcst Takke MEXaHU3M
JIUCTAHIIMOHHOHN (hOKYCHPOBKH OOBEKTHBA M MEXaHHM3M H3ru0a NepeaHei
yacTH 3HJIOCKoma (00bryHO JummHON 10 100 MM) B mpenmemax +100°
(pamuyc m3rubda qocTuraeT 25 MM IIpH quamMeTpe dHaockomna 5—10 mm).
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Ha puc. 15 mpencraBieH BHENIHWK BUJA BOJIOKOHHO-ONTHYECKOTO
TMOKOT0 DHIOCKOIIA.

Harnames ceynana

Hanuue poonTpaii=oi nogausm

FrOEENEHRA
QETANA:
BT

Kafens

nzpenzmn
caeta

Kavmerrop
NCIFICEHUR
K CCEETHTENH

Paboan
MECTE

et asshan
| uncre
N

Puc. 15. Baenmnuii BUI BOJOKOHHO-ONITHYECKOTO THOKOTO DHAOCKOIIA

OHJIOCKONBI HCTIONB3YIOTCA A OCMOTpa OaJlIOHOB THAPOTa30BbIX
cucreM JIA u A]Jl, momatok poropa kommpeccopa U TypOuHbl AJl,
BHYTPEHHHX MOJIOCTEHN THIPABINUECKUX [TUIMHIPOB, CEKIIMNA KPbLUIa U T. 1.

4.4. TexnoJorus kouTpoJss BOK

PaccmMoTpuM  TEXHONOTHMIO KOHTPOJSL Ha MpUMEpPE KOHTPOJIS
apuanmonHoro I'T /I mpu nmoMouy sH0CKOA.

Ilpoyecc ocmompa

OcMOTp MPOTOYHOW YacTH KOMIIpeccopa M TypOHWHBI 4Ype3BBIYAITHO
TPYIOEMOK ¥ TPEOYET OINpe/IelIEHHBIX HABBIKOB U KBATU(DUKAIIHH.

PaGowas wyacTte 93HAOCKONAa C OOBEKTMBOM BBOIUTCA dYepe3
CHEIUANBHBIA JIIOYOK OCMOTpa B IPOTOYHYIO YacTh KOMIIPECCODA,
KaMepbl CrOpaHus WM TypOWHBI Ha HepaOoraromem asurarene. ITocne
(OKYCHpOBKM Ha HCCIeIyeMylo IeTanb (HampuMmep, Ha IepeIHION
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KPOMKY pabouei JIOmaTKu) MpH MepeMeIIeHUH 0OBEKTHBA BIOJIb KPOMKHI
JETaIy IPOU3BOAUTCS €€ OCMOTP.

[ToBopoT poTopa nBUraTesns BpyYHYIO O3BOJIET OCMOTPETh KECTKUM
9H/IOCKOINIOM BCE€ TMEpefHUE M 3aJHUE KPOMKH pabouux jnomaTtok. Ilpm
HEOOXOIUMOCTH OCMOTpa HENOJBIDKHBIX JIONATOK, YHOAJCHHBIX OT
CMOTPOBBIX JIFOYKOB, BHYTPEHHEH MOJOCTH KaMephl CrOpaHusl, epeIHUX
KPOMOK COIUIOBBIX JIOMATOK IEPBOM CTYNEHH TYpOHWHBI, BO3MOXKHO
UCIIOJIb30BaHUE YHJIOCKOIIA ¢ THOKOM paboueil 4acThlo.

IIpu oOHapyXeHMM MOBPEKACHUS JIONATKH €ro  BEIMYUHA
OLIGHUBAETCS C MTOMOILBIO0 MACIITAOHOM CETKH U CPAaBHEHMS C 3TAIOHOM
WIH C UCTIOJIb30BaHUEM CIIEIIUAIBHOTO MUKPOMETPHUECKOTO yCTPONUCTBA
U CpaBHUBAETCS C JONYCTHMMOW BEJIMYMHOM MOBPEXKICHUS IS
MPOBEPSAEMOM JIOMATKH.

IIpumenenue mpaHcnoOpmHuIX YCMPOUCME

C wuenpto mOBBIIEHUS 3(Q(GEKTUBHOCTH IUATHOCTHPOBAHHS C
MPUMEHEHUEM 3HJOCKONa MPUMEHSAIOTCA pPa3JIMYHble YCTpOMCTBa s
TPAHCHOPTUPOBKHU (IOCTABKM) K MECTaM OCMOTpa THOKHX HSHIOCKOIOB
KaK CO CTOPOHBI BX0Ja B IpoTouHyo yacTb [ T/, Tak u BeIXOAA.

Cxema TOCTaBKH 3HIOCKOIIa K MECTY OCMOTpa IpeZcTaBieHa Ha puc. 16.

Puc. 16. Cxema noctaBku
9HJIOCKOIIA K MECTY
ocMmoTpa!

1 — mpoTo4Has 4acTh
JIONATOYHBIX BEHIIOB
TypOWHBI;

2 — TpaHCHOPTHOE
YCTPOMCTBO;

3 — THOKHIt DHIOCKOIT,

4 —MeXJIONaTOYHbIH KaHa

B mnporounyto wyacts
JIOTIATOYHBIX BEHIIOB
TypOUHBI (CO CTOPOHBI BBIXOJA Ta30B) WJIM BEHIOB KoMmIpeccopa (co
CTOpPOHBI BXxoJa B aBuanmMoHHbH ['TJ]) BBOAAT BHauame camo
TPAaHCIOPTHOE YCTPOWCTBO Ha TpeOyeMOe pacCTOSHUE.
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3areM B ero BHYTPEHHHMH KaHal BBOISAT M TPOABHUIAIOT THOKWI
SHIOCKOI. YTpaBissl AWCTAJbHBIM KOHLIOM, 3aBOASAT OHIOCKON B
KOJIBIIEBOM MEKJIOMATOYHBIN KaHall Ha BCIO JUIMHY pabodel 4acTu.

ITocne sToro mepememnas 3HAOCKON B OOpPaTHOM HAaIpaBIEHUU U
yIOpaBisisl €ro JUCTAJIBHBIM KOHLIOM, OCMAaTpPHUBAIOT 3JEMEHTHI CTaTopa,
COIUIOBBIX  JIONATOK  TypOMHBI WM  HANpPABILIOLIMX  JIOMATOK
KOMIIpeccopa.

BapuanT ucnionHeHust TpaHCTIOPTHOTO YCTPOMCTBa TIOKa3aH Ha puc. 17.

Puc. 17. TpancnoprHbie
YCTPOMCTBA C 3HAOCKOIIOM:
1 — TpaHCTIOpPTHBIC
YCTpPOKUCTBa; 2 — Ipope3b
JUISL BBIXOJIA SHJJOCKOIIA;
3 — ruOKH# YHIOCKOII

OcMmotp mporouynoii wactu asurarens HK-12MA ¢ nmomouibio
JHAOCKONA

Ha puc. 18 noka3anbl MecTa pacrloJIOKEHUsI CMOTPOBBIX JIFOUKOB Ha
JIBUTATEJIE.

Puc. 18. Mecra pacrososkeHusi CMOTPOBBIX JIFOUKOB Ha JiBurarene HK-12MA
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Pe3zynemamul ocmompa npomoyHo uacmu ¢ nNOMoubio IHOOCKONa

IIpu ocmoTtpe mporouHo#t wactu nBurarens HK-12MA Obura
oOHapyeHa BMITHHA Ha BBIXOJHOH KpOMKe paboueil jomartku 14
CTYIIEHH KOMITpeccopa IyOrHo# 10 1 MM.

Ha puc. 19 mokazan cummok PJI, chnenmaHHBIH SHIOCKONIOM MpH
0CMOTpE KOMIIpeccopa.

Puc. 19. Bmatuna Ha BBIXOHOH KpoMKe paboueii jionatku 14 cryneHn
KOMIpeccopa riyouHoi 10 1 MM

Ilpu ocmotpe mnporounoit dwactm pasurarens HK-12MA Oputa
oOHapyxeHa 3a00MHA Ha BXOJHOM KpOMKE paboueit JonaTku 7 CTyNeH!
KoMmIpeccopa 10 1 mm.

Ha puc. 20 mnokazan cuumok PJI, cuenmaHHBI SHIOCKONOM NpH
0CMOTpE KOMIIpeccopa.
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Puc. 20. 3a6onHa Ha BXOHOW KPOMKE pabodell IomaTKu
7 cTyneHu KoMIipeccopa 10 1 Mm

IIpu ocmotpe mpotounoit dyactu apurarenss HK-12MA  Obuia
oOHapy’keHa 3a00MHa Ha BXOJHOI KpoMKe paboueil jonaTku 6 CTyneHH
KoMIipeccopa A0 1 Mmm.

Ha puc. 21 mokaszan cuumok PJI, chnemaHHBI SHIOCKONIOM MpH
0CMOTpE KOMIIpeccopa.

Puc. 21. 3a6onHa Ha BXOIHOU KPOMKE pabodeii IomaTKu
6 cTyneHu KoMmmpeccopa 10 1 Mmm

IIpu ocmotpe kamepwsl cropanus asurarens HK-12MA  Obuio
obHapyxeno Hapymenne JIKII.
Ha puc. 22 nokazan KC, cienanHbIi 9HIOCKOTIOM TIPH OCMOTPE.
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Puc. 22. Hapymenne JIKIT KC

IIpu ocmoTtpe mportouHoit wactu nBurarens HK-12MA Opura
oOHapyxeHa 3a00MHa Ha BXOJHOH KpoMKe pabouell JionaTku 9 cTyneHu
kommpeccopa 10 1 x 0,5 Mm.

Ha puc. 23 mnokazan cuumok PJI, cmenmaHHBIN SHIOCKONIOM TpH
0CMOTpE KOMIIpeccopa.

Puc. 23. 3a0onHa Ha BXOIHOU KPOMKE paboUeii IomaTKu
9 crymenu kommnpeccopa 70 1 X 0,5 mm

IIpu ocmotrpe mnporounoit uactu nBurarens HK-12MA  Obun
oOHapyxeH HaneT Ha PJI 1 crynenu TypOuHsI.
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Ha puc. 24 mnokazan cHumok PJI caenmaHHBIA 3HJOCKONOM TpH
OCMOTpE TypOHHEI.

Puc. 24. Haner na PJI 1 crynenu TypOuHBI

5. KATWJLJIAPHBIN METO/I HEPA3PYIIIAIOIIIET O
KOHTPOJIA

5.1. O0mme cBeaeHus

Meron  nepaspymarmero koHtpoias (KHK) ocHoBan Ha
HUCIIOJIB30BaHUHU @HSHKO'XHMI/I‘IGCKI/IX CBOWCTB KHUJIKOCTH, TaKHUX KakK
CMauuBaHKe, KaMWUISIPHOCTh, copOums u auddysus. OH npeaHazHaueH
JUIS BBISBJICHUS CJIa00 BHIMMBIX WM HEBHIMMBIX TJIa30M YEJIOBEKa
nedexToB, KOTOpbIe BEIXOAAT HA TOBEPXHOCTh MaTepHAIa.

OcHoBHBEIMH KanmuisipHEIME MeTogamMu KHK sBistoTes:

- IBETHOM (METOI KPacoK);

- JIIOMHHECIICHTHBIN;

- KOMOMHHUPOBAHHBIA (JITIOMHUHUCIICHTHO-IIBETOBO).

KHK o00b14HO HCIONB3yIOT B TOM Ccllydae, KOTJa HEBO3MOXKHO
NPUMEHHUTH Apyrue (PaBHOICHHBIC 10 YyBCTBHTENbHOCTH) MeTonbl HK.
Taxxke HaHHBIA METOJ MPUMEHSAETCS ISl MTOJIYYEHMSI TOTIOJHUTENBHON U
yrounsitonied uHpopManyu o jgedekre (nedekrax), OOHAPYKEHHOM
JPYTUMH METOAaMHU KOHTPOJIS (T. €. JyOIupOoBaHrue KOHTPOJIS).

Bce xamwuisipHbIE METOABI NMPUMEHSIOT NPH KOHTPOJE AeTalel U3
HeeppPOMAarHUTHBIX MaTepuaioB (TpyOOTpOBOIHI, JIOTIaTKH
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KoMIpeccopoB U TypOuH aBuaunoHHbelx ['T/l, kopmycHsie aetanu JIA u
T. 11.), HO TaKXK€ U BO3MOXKHO HCIIOJIb30BaHHUE MX IIPH KOHTPOJIE CTAIbHBIX
JeTanei (HampuMep, Korja 3aTpyIHEH MarHUTHBIH KoHTponb). KHK
UCIOJIB3yeTCA U MPU NPOBEPKE HEMETAIUIMUECKUX MAaTEPUATIOB.

5.2. ®uznuyeckue ocHosbl KHK

B KHK wucnonezyercsi crmocoOHOCTh CIEHHUATIbHBIX SKHUAKOCTEH
MPOHUKATh B TOJOCTh JedeKTa W yJAEpKUBAaThCS B HEM, a IOCTe
M3BJIEKAThCS Ha MOBEPXHOCTH Olaroiaps SBJICHUIO KaWJUISIPHOCTH.
VnepxaHue *KUAKOCTU B TIOJIOCTH TPEIIUHBI MPOUCXOAUT MO AeHCTBHEM
CUJIbl CUCIUIEHUsS, KOTOpas, B CBOI OuYepenb, OMNpPEHENseTCs
CMayuBaKIIMMU CBOMCTBaMH. B TOM ciywae, Korma B3auMOJAEHCTBHE
MEXIY MOJIEKYJIaMH TBEPIOTO Tella M JKUAKOCTU OOJNBIIE, YeM MEXKIY
MOJIEKYJIAMHU KUAKOCTH, IPOUCXOJIUT CMAYMBAHUE TOBEPXHOCTH.

Cmauusanue — TIOBEPXHOCTHOE SIBICHHUE, BO3HHUKAIOLIECE MPHU
CONPUKOCHOBEHUH JKUIKOCTU C TBEPABIM TEJIOM, M 3aBUCUT Kak OT
CBOWCTB KHUJKOCTH, TaK M OT CBOMCTB TBepaoro teina. [IposiBieHue
CMa4MBaHUS — CIIOCOOHOCTh JKHAKOCTH PACcTEKaThCs 0 TOPU3OHTAIHHON
MTOBEPXHOCTH TBEPIOTO TeNa.

Paznuuaror crarmueckoe (MpW HEM JMHMS TPaHMUIBI CMadrBaHUS
HEM3MEHHA) W KMHETHYECKOoe (IepeMEIlCHHEe TPAHMIBI CMAYHUBAHUS T10
MTOBEPXHOCTH TBEPIOTO TeJa) CMAaYUBaHUE.

[Ipn cratuyeckoM CMaYMBAHWM Karulg >KUJAKOCTH IPUHUMAET Ha
MOBEPXHOCTH TBEPIOTO Tesia hopmy JuH3bI (pHc. 25).

Puc. 25. Karuist )KHAKOCTH Ha TOPHU30HTAIBHOM MOBEPXHOCTH TBEPIOTO TEJIa:
1 — karuIss CMaYUBAOIICH JKUAKOCTH; 2 — KaIllsl HECMAYHBaIOIICH )KUIKOCTH;
3 — MOBEPXHOCTH TBEPAOIO TEIa

Ecmm cuibl BBaHMOHGﬁCTBHH MCKAY MOJICKYyJIaMH TBEpPAOTO TEIa U
KUAKOCTU TMIPCBBIMAIOT CHJIbI B3aHMOHCﬁCTBHH MCKAY MOJICKYJIaMU
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KUIKOCTH, TO YKUIKOCTh XOPOIIO CMauyMBaeT MOBEPXHOCTh — NPWINIIAET
K NoBepxXHOCTH. Kamis >KMAKOCTH, KOTOpas HaHECEeHa Ha MOBEPXHOCTb
TBEPIOrO TENa, «HEOTPAHWYEHHO» PACTEKACTCs U 00pa3yeT «IISITHO»
3HAYUTENHHOTO pa3Mepa. B ciydae minoxoil cMaduBaroield cnocoOHOCTH
KaIuIsd JKUIKOCTH OCTaeTCsl Ha MOBEPXHOCTH 0e3 KaKUX-IT1M00 M3MEHEHUI
CBOMX HadaJbHBIX Pa3MEPOB.

Mepa cMaunMBaHMsI — KOCHHYC KpaeBOro yria cMmauyuBaHusi O,
KOTOpBI 00pa3oBaH MOBEPXHOCTHIO TBEPAOTO Tela W IUIOCKOCTBIO,
KacaTeJIbHOH K IOBEPXHOCTH KUIKOCTH B TOUKE IPAHHULIBI CMauHUBaHHUA.

Kocunyc kpaeBoro yria paccuuTbIBaeTcs 1o popmyie:

cos®:;, 1)

a- (aT.B. 0 . )
I7Ie 0. — TIOBEPXHOCTHOE HATSHKCHHWE Ha TPAHUIE «OKHIKOCTH-BO3IYXY,
o1 — MOBEPXHOCTHOE HATSDKCHHE HAa TPAHMIIEC «TBEPAOE TEIO-BO3AYXY;
aryx. — IOBEPXHOCTHOE HATSHKEHHE Ha TpPaHUIEe «TBEpAOE TeJo-
JKUIKOCTDY.

Uem 6ombIlIe KOCHHYC KpaeBOro yriia, TeM MEHbIIE KpaeBOH yroiu M,
CJIeI0OBAaTENbHO, JyYllle cMayuBaHuWe. EcCIM KOCHMHYC KpaeBoro yria
NpuOMIKaeTCsl K eIUHHIe, HaONoJaeTcss TOJMHOE CMaduBaHWe, W
KpPaeBOW YroJ YMEHBIIACTCS, CTPEMSCh K HYy0. M30BITOK KUAKOCTH
Oe3rpaHMYHO pacTeKaeTcsi IO TMOBEPXHOCTH TBepaoro Ttena. Ecmm
KOCHHYC KpaeBoro yria paBeH —l, TO HaOmOJgaeTcs TOIHOE
HEeCMauWBaHWE, W JKUIKOCTh HE BCTyMaeT B (DU3UKO-XUMHUYECKOE
B3aUMOJICUCTBHE C TBEPABIM TEIOM.

Kuaxoctn ¢ MajbpiM MOBEPXHOCTHBIM HATSDKEHHEM OOECTIeUHBAIOT
JydIiiee CMadyMuBaHue, 5TO BUIAHO u3 Gpopmyisl (1).

CTouUT OTMETHUTH, YTO HAa CMAYMBAIONIYIO CIOCOOHOCTH JKHUIKOCTH
3HAYUTEIFHOE BIIMSHUE OKA3bIBAET COCTOSHUE MOBEPXHOCTH TBEPIIOTO
TeJa — MEePOX0BATOCTh, TEMIIEPATYPa U KUPOBbIC TUICHKH.

[llepoxoBaTble TOBEPXHOCTH JydIlle CMadUBAIOTCSA, YeM TIIAJIKHE
(HEKOTOpBIC Macia PacTEKAIOTCS IO MIEPOXOBATOW MOBEPXHOCTH, HO HE
pacTekaroTcsi 1O IMOJMpoBaHHOW). Tak kak y CTEHOK TpEIINH
IIEPOXOBATOCTh BHIIIE, YeM Y 00pabOTaHHON MOBEPXHOCTH, TO CIIEIYET
OXHJIaTh, YTO B YHCTHIX IOJIOCTSAX TPEIINH Y JKHIKOCTeH OymeT Oosee
BBICOKAasT CMAYHMBAIOMIAsl CIIOCOOHOCTH IO OTHOIICHUIO K ITOBEPXHOCTH
TBEPJOro Tena.

IloBeIieHNEe TemrepaTypbl OyaeT CIoCOOCTBOBATH ITOBBIMICHUIO
CMayuBarolieil CrtoCOOHOCTH YKUIKOCTH.
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Kanunnspnvie senenus oOyCIOBICHBI HAMYHEM ITOBEPXHOCTHOTO
HATSHKCHUS )KATKOCTH.

PaccMmoTpuM Hamboliee poCTOe SIBICHUE — BCACBIBAHUE KUJIKOCTH B
y3KHe TPYyOKH (KalHIUISAPHI), TOPBI U IENH CO CMAauynBAEMbIMUA CTEHKAMMU
(puc. 26).

BcacwiBanue (puc. 26, a) IpoUCXOIUT TOJ ASHCTBHEM KAWILISIPHOTO
naBieHus p (pa3HOCTH [aBJICHUH 1O 00€ CTOPOHBI MEHHCKa —
HCKPUBJICHHOW TIOBEPXHOCTH JKHUAKOCTH).

KamnsipHoe faBieHue BEIYUCIAETCS IO GopMyIie:

_2-aq-c0s®
. ,
rae I — pagdyc cpeaHeld KpHBH3HBI MEHHCKa (paBeH pajuycy
KaImusIpa).

CMavnBaroNue XKHUIKOCTH 3aIMONHIIOT MOJIOCTH JIOOBIX (opM, TpU
YCIIOBHHM, 4YTOOBI pa3Mepbl IOJOCTEH CIIOCOOCTBOBAIM 0Opa30BaHMIO
JKUJIKOCTBIO MEHHCKA CIJIOIIHOW KPUBU3HBI 0€3 MITOCKUX YYaCTKOB.

HecmaumBaromue  KWAKOCTH — BBITAIKHBAIOTCS M3 TMOJOCTEH

(puc. 26, 6).

Puc. 26. VI3MeHeHne ypOBHS jKUIKOCTH B Y3KHX TPpyOKax-Kanuuisipax:
a — TIpU CMAa4YMBaHUHM; 6 — IPY HECMAYNBaHHU;
1 — tpyOka-Karmmuisip; 2 — XHUIKOCTb
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CMmaumBarommias >KMIKOCTh TIOJ JCHCTBHEM KalMUIAPHBIX — CHJI
3aIlOJIHSIET MOJOCTH TPENMH M JPYIMX IMOBEPXHOCTHBIX Je(PEKTOB
(puc. 27).

Puc. 27. 3anonHeHue KUIKOCTHIO OJIOCTH TPEIINHBI:
a — HaJIM4YKMe CMavMBaIoLIeH )KUIKOCTH; 6 — OTCYTCTBUE CMayHMBaloIIei
KHUIKOCTH; B — HAJIMYHE TIOPUCTOTO BEIIECTBA; 1 — )KUAKOCTB;
2 — TIOBEPXHOCTH JIETAJIH; 3 — MOJIOCTh TPEIMHBI;
4 — opuCTOE BEUIECTBO

B cnywyae Hamuumsi KUIKOCTH HAa IMOBEPXHOCTH JIETAd B TIOJIOCTH
TpPEIIMHbI 00pa3yeTcs OAUH MEHHUCK (puc. 27, a).

B sTOM cnydae kanmmuisipHOe aBieHue OyIeT paBHO:

_2-a-c0s®
b ,

rae b — mupuHa TPl Ha YPOBHE MEHHCKA.

Ipu vcniapeHuy WK yIAJICHUH KUIKOCTH C TIOBEPXHOCTH (puc. 27, 6)
B TIIOJIOCTU TPEUIMHbI BO3HMKAIOT JIBa MEHHUCKA, OHH BBI3BIBAIOT
MOSIBJICHUE JIBYX KANMUIAPHBIX JABJIICHHA, KOTOPHIE JICHCTBYIOT B MPSIMO
TIPOTHUBOIIOJIOKHEIX HampaBieHusx (puc. 28).

Y

Puc. 28. KanunisipHble AaBieHusI
Kunkocts Oyner MPOJOIKATh

JIBIKEHHE B TIOJOCTh TPEUIMHBI IMOJ
JIECTBUEM PAa3HOCTH JIaBJIEHUHN p1 — po.
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p—p,=2-a-c0sO- 11 ,

2
rme b:1 mw b, — mmpuHa TpemMHBI HAa YPOBHE PACIOIOKCHHUS
COOTBETCTBEHHO MEPBOrO M BTOPOTO MEHHCKOB.

JKuakocTh, KOTOpast 3aMoJHMIA MOJOCTh TPEIIUHBI, YACPKUBACTCS B
HEell KalMJUIIPHBIM JABJICHHEM, JIaXKe €CIIH e¢ TPEIHAMEPEHHO YIalsATh C
MOBEPXHOCTH JIETalW, HO €CJIM Ha MCEHHUCK, pACTIOJOXKEHHBINH Y
MOBEPXHOCTH, HAJOXWTh IMOPHUCTOC BEIIECTBO B BHJE MOPOIIKA WIH
Kpackd, TO BMECTO JTOr0O MEHHCKA B IMOpaxX HAIOXKEHHOTO BEIIeCTBA
oOpasyeTcss Iienasi CUCTEMa MallblX MEHUCKOB OOJbIIONW KPHUBH3HBI U
paznuyHoit popmsl (puc. 3, 8).

Kaxnpiéi MeHuCK OyleT co31aBaTh KaIWLIAPHOE JaBicHHE Pj. ITO
JABJICHHE 3HAYMTENILHO MPEBBINIACT JaBICHHE p1 M JeHCTByeT B
MPOTHUBOIOJIOKHOM HAITPaBJICHUU.

n
Hanee, mox nelcTBHEM CyMMBbl [aBJICHUN z P; , *XHAKOCTH
1

MOKU/IAeT TMOJIOCTh TPEIIMHBI W TTOJHAMAETCS Ha TOBEPXHOCTH TN
(N—xoaMYEeCTBO  MEHHCKOB, KOTOpble  O0pa3oBaIMCh B IOpax
HAJIO)KEHHOTO BEIIECTBA).

BrIxop s)xuaxocTd U3 mMosiocTH fedekra Mo AeHCTBUEM KaMIIISPHBIX
JIABJICHUN COMPOBOXKIAETCS TAaKMMH SIBICHUSMH, Kak copOomus u
T dysust.

Copbyust — GU3MKO-XMMHUYECKUI MPOLIECC MOTJIONICHUS KaKUM-JIN00
TEJIOM-TIOTJIOTUTENIEM Ta30B, IMaPOB WJIM TaK)KE€ PACTBOPEHHBIX BEIIECTB
U3 OKPYKAFOIIEH Cpebl.

PaznmuaroT ajcopOumio (MOTIONIEHHE BEIIECTB MPOUCXOJUT TOIBKO
Ha TOBEPXHOCTH TMOTJIOTHTENA) U abcOpOLMIO (BEIIECTBA MOTIIOMIAIOTCS
BCEM 00BEMOM ITOTJIOTUTEIIS).

Xapaktep COpOIMOHHBIX MPOIECCOB 3aBUCUT OT THIA U (PH3UIECKUX
CBOWCTB UAKOCTH H IIOPUCTOTO BEMIECTBA (TIOTJIOTUTEISI).

Hupgy3us  —  caMONpOM3BONBHO  TNPOTEKAIOIIMK  mpolecc
BHIPABHMBaHUS B HEKOTOPOM OOBEME KOHIICHTPAIIMKM MOJICKYJ, NOHOB
WIN JIPYTUX PACTBOPEHHBIX WJIM B3BEHICHHBIX YACTHII TIOJ] BIHSIHUEM HX
TEIIOBOTO XaOTHYECKOTO JIBHIKEHHUSL.

KonnvectBo nuddyHaupyromero BemecTsa pacTeT MpU MOBBIILICHUN
TeMreparypsl. Ecin mpy 3TOM JKHAKOCTh B TOTJIOTHTENE W B MOJOCTH
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TPEIIMHBI HE UCHAPSETCS, TO €€ KOJIWYECTBO B TIOPHCTOM BEIIECCTBE
YBEITUYHBACTCS.

[Ipy NFOMHHECIIGHTHOM METOJE CJIe[ WHIAMKATOPHOH IKUIKOCTU
HAOJOJaeTCd B YJIBTPA(HUOJICTOBBIX JIydaX, a IMpH I[BETHOM METOJE
(MeTton kpacok) m3oOpakeHus nedexra OOHAPYKMBAaeTCS B OOBIYHOM
JTHEBHOM (MOHOXPOMAaTHIECKOM) CBETE.

5.3. MarepuaJbl, ucnojas3yemble npu npoegenuu KHK

Ilenempanm. B xadecTBe HEro HCIONB3YIOT Da3IMYHBIC KHUIKUE
pacTBOpEl Ha OCHOBE KEPOCHHA, B KOTOPBIH TOOABIISIOTCS KpacHTENU
(wm  MrOMUHOGOPBI,  KOTOpbIE  CBETATCS  MOJX  JCHCTBUEM
YIbTPaQHUOIETOBOTO N3ITyUESHHIS).

B cocraB menerpanta «A» BXOIAT CJIEOYIOLIME BELIECTBA: KEPOCHH
(700 mu), 6enzun b-70 (300 M) 1 TeMHO-KpacHbIi kKpacuTenb (30 r).

JlroMHHECTIMPYIOIINE TICHETPAHThI — CMECH OPraHUYeCKUX PacTBOPH-
TeJel, KepocuHa ¢ M00aBKaMy IJIFOMHHECIUPYIOIIUX BellecTB (He(TH,
Mace 1 Jip.).

Ouuwarowas scuoxocms. Heobxoquma Juisi ynajaeHusl IeHEeTpaHTa C
MOBEPXHOCTH OO0BEKTa KOHTPOJs. VCHomb3yloTcst BOJA, OpraHHYEcKHe
PacTBOPUTEIH, CMECH MAaCJIa C KEPOCHHOM H JIp.

Tacumen».  HeoOxomum  ansi  yCTpaHEHHSI  OKpacKu WM
JIOMHMHECLICHTHBIX ~OCTaTKOB MEHETpaHTa 0e3 ero yJaleHus ¢
KOHTpOJIMpYeMoro o0bekTa. B kauecTBe racuresneii Mcronb3yeTcst BoAa ¢
KaJbIUHUPOBaHHON comoit (O21) 1 ApyTrHe BENMIECTBA.

Ipossnsiouee sewecmso. Vcnonpayrores st pukcanuu aedexkTo
Ha MOBEPXHOCTH KOHTPOJIUPYEMOTo o0bekTa. [IpuMeHstoTes MaTepHasibl,
abcopOupyIolIe TEHETPAHT, KOTOPBIA NMPOHUK B JeeKThl (Kpaxmal,
MIOPOIIOK OKUCH MarHus u T. J1.).

5.4. Texnoaorus koutpoas KHK

Haunbonee pacrnpocTpaHeHHBIM SIBIIS€TCS LBETHOH METOHA, MOITOMY
pPaccMOTPHUM TEXHOJIOTHIO KOHTPOJIS C TIOMOIIBIO JJAHHOTO METOJIA.

Konrtpons neraneii ¢ nomompro KHK cocroutr w3 crnemyromux
oTneparuii:

- IOJrOTOBKA KOHTPOJIUPYEMOro 00bEKTa K KOHTPOJIIO;

- HAHECCHHNE WHIUKATOPHON KUAKOCTH (TIEHETPAHTA);
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- yJaJeHWe WHANKATOPHOHN JKUAKOCTU (TICHETPAaHTa) C MOBEPXHOCTH
KOHTPOJINPYEMOTO 00BEKTa;

- HaHECEHHE TMPOSBHUTENS HAa IOBEPXHOCTh KOHTPOJUPYEMOTO
00beKTa;

- OCMOTp 00BEKTa KOHTPOJIS;

- yJIaJICHUE TIPOSIBUTEINS C IIOBEPXHOCTH KOHTPOIUPYEMOT0 0OBEKTA.

OcHogneble 3tansl koHTpoist KHK npencrasnenst Ha puc. 29.

T

Puc. 29. OcHoBHBIE 3Tanbl KOHTPOIS aetaneii ¢ momomnrsio KHK:

a — IPOHUKAIOIIAS KUJKOCTh 3aII0JHIIIA TIOJIOCTh TPEIUHBI, O — MPOHUKAIOIIIAS
JKUAKOCTh yJlajieHa ¢ TOBEPXHOCTH O0BEKTa KOHTPOJIS; 6 — HA KOHTPOIUPYEMBIi
00BEKT HaHECEeHa MPOSBIIAIONIAs KpacKka, HaJl TpEUTMHONW 00pa3oBaH
WHJUKATOPHBIA PUCYHOK; 2 — ONpe/eneHne NHPOPMaTUBHBIX TapaMeTPOB
(TpemmH); 1 — NpoOHMKAIOLIAs )KUAKOCTh; 2 — MPOSBIISIOIIAS KPacKa;

3 — MHJMKATOPHBINA PUCYHOK; 4 — TperuHa

Janee paccMOTpUM TepedyrciIeHHbIe onieparuy Oolee mogpooOHo.

Tlepen MPOBEJICHUEM KOHTPOJIA HE0OXO0IMMO MPOBECTU
npeosapumenbHyIo HO020MOBKY KOHTPOJINPYEMOTO 00BeKTa.
[IpenBaputenbHas  MOATOTOBKA  3aKJIIOYAeTCsl B CIICAYIOIIEM:
KOHTPOJIHUPYEMbIH 00BEKT HYKHO TIIATEIHHO OYUCTUTH OT 3arpsi3HEHUH:
Macia, BJIard W JbJa, INbUIM, Harapa, OKHCHBIX IUICHOK, INPOIYKTOB
KOPPO3UH, CMOJIUCTBIX OTJOXKEHUH, KOHCEPBALlMOHHBIX COCTAaBOB, a
TaKkke OT JPYIHX BEIIECTB, KOTOPbIC HAaXOAATCS Ha IOBEPXHOCTH
00bEKTa KOHTPOJIS, 3alONHSIONIMX MU TEePEKPBIBAIONINX ITOJIOCTH
nedekra (e eKToB).
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Kpome 3zarpszHeHMI ynaleHHIO TOAJIEKAT JEKOpaTHBHBIE U
3alUTHBIC MOKPBITHUS (oHn MPENSTCTBYIOT 00HapYKEHHIO
HECIJIONIHOCTEH OCHOBHOTO Marepuayia 0OBEKTa KOHTPOIS W CO3JAI0T
TIOXHBIE Ae(eKThI).

Cnoco6 ouYnCTKH BBIOMpacTCs TakKoW, 4YTOOBI ObIIa BO3MOKHOCTH
VIANUTh 3arps3HEHUsT U3 TonocTed JedekToB 0e3 BHECEHHWS B HUX
HOBBIX. Hambosee yacTo BBICOKOE Ka4e€CTBO OYMCTKH JOCTUTACTCS C
MOMOIIBI0 KOMOMHALIMK ABYX WM Oojee crocoboB. [locne ouncTku Ha
MOBEPXHOCTH KOHTPOIUPYEMOro OO0BEKTa M B TOJOCTIX Je(EeKTOB
JIOJDKHBI OCTaBaThCS TOJBKO JIETKOJETYy4YHE BENIECTBA, yAalseMble MpU
CYIUIKe.

Hawnbonee mpocToif crmocod cymkn 00beKTa KOHTPOJS — BBIAEPIKKA
€ro Ha BO3AyXE B TCUCHHE OINPEACICHHOTO KOJIWYECTBA BPEMEHHU
(maHHBII cniocob cymku npuMmennM npu nposenaennd KHK B moneBbix
ycnoBusix). Ha cerogHsmHuil neHbp CylIka NpOBOAUTCA B CYIIMJIBHBIX
mkadax npu CHenuallbHOW TeMIeparype (TeMreparypa CYIIKH 3aBHCHUT
0T MaTepuaja KOHTPOJUpYyeMoro oObekrta). Ciemyer y4ecTb, YTO TMPH
NPEBBIICHUY  TEMIEPATypbl CYIIKM TOHKAasg IUICEHKA  OKHUCIOB,
00pasyroIascs He TOJIBKO Ha MOBEPXHOCTH OOBEKTA KOHTPOJS, HO U B
MOJOCTSIX Je(EKTOB, YMEHBIIAET INMUPUHY HX PACKPBITUS HIH MOXET
MOJTHOCTBIO MIEPEKPHITH uX mosioctu (pric. 30).

N O O T A e A,
A A
‘J

L

Puc. 30. OkucHast ruieHKa (Ioka3aHa CTPENKOi) Ha IIOBEPXHOCTH 00beKTa
KOHTPOJIA U B ITOJIOCTH TpeHlI/IHBI: a — YMEHBIICHUEC PACKPBITHUA TPCUINHBI
IUICHKOI1; 6 — IePEeKPHITHE TIOJIOCTH TPEIINHBI IUIEHKOH

TTocne MMOATOTOBKHU KOHTPOJIUPYCEMOI'O 00BEKTa K KOHTPOJIIO HUACT

oreparys 10 HAaHECCHUIO UHIMKATOPHOU XUAKOCTH (TICHETPaHTa) Ha €ro
MTOBEPXHOCTb.
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[IpocTeiM 1 Hauboee MUPOKO MPUMEHIEMBIM CITIOCOOOM 3aITOTHEHHUS
moyiocTell  AeEKTOB IEHETPAHTOM  SBIIICTCS  adpo30ibHEIN. Ha
KOHTPOJIMPYEMYIO ITOBEPXHOCTh IPU ITOMOILM ONPBICKUBAHMUSA HAHOCAT
JKUAKOCTh W Jajiee BBIACPKHUBAIOT €€ OmNpeiesieHHoe Bpems (i
3aIl0JIHEHHsI MOJ0CTel Ne()EKTOB MO JEHCTBHEM KalWUIIPHBIX CHII).
IToBepxHOCTH 00BEKTA KOHTPOJIS IIPH 3TOM OCTAE€TCS CMOYCHHOM.

Hanee mocie BBIACPKKH KOHTPOIUPYEMOTo OOBEKTa IO CIIOEM
NEHeTpaHTa B TEUYCHHE OMNPEJCIEHHOT0 BpPEMEHH €ro YyAalsiloT C
KOHTPOJIMPYEMOM NOBepXHOCTU. lleHeTpaHT HEeo0XOmMMO yNaIUTh UL
TOro, 4YToOBl HE JOMYCTUTHh IOSIBICHHE OKpAIIEHHOTO (oHa Ha
0e3neeKTHOI MOBEPXHOCTH KOHTPOJIMPYEMOro 00beKTa (MEHETPaHT
YIANAIOT C TOMOILBIO MAacisHO-KEepOCHHOBOHW cmecu). OuucTturens
HaHOCAT Ha IIOBEPXHOCTb KOHTPOJIUPYEMOro OOBEKTa KHCThIO,
pa3OpbI3TMBaHMEM WM OKYHaHHEM cpa3y MOCie HAHECEHHs MOCIETHEro
cinos (He pomyckas ero BbIckixaHHs). Ilocie 3Toro moBepxXHOCTH
MPOTHUPAIOT CYXOM YMCTOM BeTOowbl. KayecTBO ynaneHusi meHEeTpaHTa
MPOBEPSIOT BU3YAIBHO TIPH OCMOTPE KOHTPOJIMPYEMOTO O0BEKTA.

[anee mocie 3Toro Ha MOBEPXHOCTh HAHOCST IMPOSBISIOUINM COCTaB.
CymiecTByeT MHOXECTBO CIOCOOOB HAHECEHUS MPOSBUTENS, BOT
HauOoJiee paclpoCTpaHEHHBIE W3 HHUX — HalbUIEHHE, paclblUICHHE,
KHCTEBOW, OKyHaHHE (ITOTPY>KECHHUE).

Ilocne mposiBnenust pedexra (nedeKkToB) HA OOBEKTE KOHTPOISA
IOPOBOJAT €ro OCMOTP Il OOHApYKEHUS WHAMKATOPHOTO PHUCYHKA.
[annast omepanust OCYIIECTBISIETCS TPHU BBICOKOM OCBEIIEHHOCTH B
MECTE NPOBCACHHNA KOHTPOJIA.

OCMOTp KOHTPOJIUPYEMBIX OOBEKTOB IPOBOAMTCS B JBa ITAMA.

1 sramn — OCMOTpP HOBEPXHOCTHU C ICJIBIO IMOUCKAa HWHIUKATOPHOTO
pucyaka. OCMOTp TPOBOIUTCS HEBOOPYKEHHBIM TJIa30M WJIH TPH
MOMOIIH JIyT (C OOJBIINM I0JIEM 3pEHHS U MaJIbIM YBEITHUCHHEM).

2 srtan — aHanu3 puUcyHKa. Ilpu aHamm3e MHIMKATOPHOTO PHCYHKa
WCIOJIB3YIOT, KaK MPaBUIIO, Pa3IMYHbIE ONITUYECKUE CPENICTBA.

B ocHOBHOM mpM BBINOJIHEHWH OCMOTpa W aHalW3a HCIOJIb3YeTCs
OJIMH U TOT € ONTUYECKUI pruoop.

Bun nedekra ompemensercs 1m0 OCOOCHHOCTSIM HHIUKATOPHOTO
PHUCYHKa U €r0 MECTy Ha KOHTPOJIHPYEMOM OOBEKTE.

VYcTanocTHeIE TPEIMHEI BBIABISAIOTCS Yallle BCETO B BUJE OJMHOUYHBIX
W3JIOMaHHBIX JIMHUM, KOTOPHIE PacIoNOKEHbl B MECTaX KOHIIEHTPaTopoB
HanpsoKeHUH — OTBEPCTUM, TaiTeseil, ma3oB M T. J., a TakKe MOIMepeK
KpPOMOK 1 pedep (puc. 31).
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Puc. 31. YcranocTHble TPELIMHBIL:
@ — YCTAJNIOCTHAs TPELIMHA B TUCKE TypOHHBL, O, 6 — YCTAJOCTHBIC TPEIIUHBI U
TOYEYHBIC IPO3HMOHHBIC IIOPAKEHIUS Ha pabOUYHX JIOMATKAX TYPOUHBI

3aKoOBBl H COOTBCTCTBYIOIIMEC UM JIMHUU PHCYHKa MOI'YT HMCETH
ciiy4yaiiHoe HampaeieHue (puc. 32).

Puc. 32. 3akoBBI Ha peOpax KECTKOCTH KPOHINTEITHA (TIOKa3aHBI CTPEIIKAMH)

Koppo3noHHBIE TPENMHBI 0] HANPSHKEHHEM HMMEIOT OOJIBIIOE
KOJINYECTBO OTBETBIICHHH U M370MOB (puc. 33).

Puc. 33. Koppo3noHHBIE TPEIIUHBI O HAIPSKEHUEM
(KOHTpOIUpPYEeMBIil 00BEKT — pebopa kojeca maccu JIA)
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BoocoBuHBI BBISIBISIOTCS B BUAE JIMHUM, OPHEHTHPOBAHHBIX BJOJb
BOJOKOH MeTalla, BJOJb HAmNpaBlIeHUs ero nedopmManuu IpH
M3TOTOBJICHUH JeTand. Ecim BoOKHA MeTalula W30THYTHI, BOJIOCOBUHEI
CIIS/IYIOT 32 UX HampasiieHueM (puc. 34).

Puc. 34. BonocoBuHa B MaTepuaie TpyOOIpoBoIa THAPOTa30BOi cucTeMbl JIA

WNHIMKAaTOPHBIA PUCYHOK HECIUTHH B BHJE OJAMHOYHBIX WIIM TPYIIIBI
JIMHUA  COOTBETCTBYET HAIMpPABICHUIO IOTOKOB MeETallla NPH JINTHE
(puc. 35).

Puc. 35. HeciutuHbl (KOHTpOJIMpYeMbIii 00beKT — Oapaban koseca taccu JIA)

Ha puc. 36 moka3zaHbl TpEIMHBI MMOJI3YYECTH, HAa pUC. 37 — IPUMEPHI
BBISIBIICHHS PAaCTPECKUBAHUS MaTepraia U IUTH(OBOYHBIX TPEIIIHH.
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Puc. 37. [Ipumeps! pacTpecKUBaHUS U NUTH()OBOYHBIX TPEIIUH
KOHTPOJIHMPYEMBIX OOBEKTOB: @ — paCTPECKUBAHNE 00BEKTa KOHTPOJIS
13 aJFOMHHHEBOTO CIUIABa MOJI BO3JCHCTBUEM BBICOKOI TEMIIEpaTyphl;
6 — pacTpecKUBaHUE TaTbBAaHUYECKOTO TIOKPHITHS padodeit popcyHKH

AJl (10-kpaTHOE yBENWYEHHUE); 6 — NITH()OBOTHBIC TPEIIIMHEI
Ha XpPOMHUPOBaHHOM MOBEPXHOCTH
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DposuoHHbIe opaxkeHust (puc. 31, ) MPOSIBISAIOTCS B BUJE TPYIIIEI
KOPOTKMX  JIMHAH WIM  CEeTKH  (pacTpecKWBaHWE  MaTepHala,
MEKKpHUCTAIIMYECKass KOPPO3HUs KPYMHO3EPHHUCTHIX CIUIABOB), B BHJE
TOYEK, 3BE370UCK (IOPBI, S3BEHHAS KOPPO3WUS, pO3Wsi), B BUIE IIATEH,
Pa3MBITBIX TI0JIOC (MEXKPHCTAJUTMUECKass KOPPO3HMS MEIKO3ePHHUCTHIX
criaBoB). Takoi PHCYHOK CUYHUTAIOT OCHOBHBIM INPH3HAKOM JAaHHOTO
COOTBETCTBYIOIIETO e(EKTa.

VHIUKaTOpHBIM PHCYHOK Ha TIOBEPXHOCTH KOHTPOJIHNPYEMOTO
00BbEKTa MOXET BO3HHKATh HE TOJNBKO B MecTaX Je(EeKTOB, OH MOXKET
IMMOABUTHCA NPU HAIIUIUHA 33FpH3HCHHI71 IMOBCPXHOCTH, a TAKIKC pPa3JIMYHBIX
JIOIYCTUMBIX TTOBPEKICHHH.

CXOXWid ¢ TpemuHAMH PUCYHOK 00pa3yIoT 3ayCeHIbl (B 0COOEHHOCTH
CMSITBIE), PHCKHU; CKOJIbI OKHCJIOB TUICHKH; KOPPO3USI B MECTaX JIMHEWHOTO
KOHTaKTa JeTaled; SPO3MOHHBIC MOPAXKCHUS, LCMOYKH 3a00HH, IIOp;
TAITEM  MAJIOTO  Paauyca, CIeOsl  Pe3lOB, MPOTSHKEK;  CIIEbI
MIOJIMMEPH30BABIINXCS Macesl U CMa30K, KIlesl, TaKOKPaCOUHBIX MOKPHITHI;
cresibl 3acoxmiero nenerpanta (puc. 38) u 1. A. OOHapyXeHUE PHCYHKA,
KOTOPBIi COOTBETCTBYET PAcCMOTPEHHBIM paHEee OCHOBHBIM IPU3HAKaM
ne(eKToB, eme He SBIAETCS INPUYUHOW Uil 3a0pakoBKH OOBEKTa
KOHTPOJIS.

Puc. 38. IHIUKaTOPHBIH PUCYHOK JIOKHOM TPEIIUHBI (TIOKA3aH CTPEIIKOM)
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Ipu BBITOJTHCHUN KOHTPOJIS WCTIOJIHUTETb JOJDKEH
PYKOBOJCTBOBATbCSA  PSIOM  JIOTMOJNHUTEIBHBIX IPU3HAKOB, YTOOBI
NPaBUJIBHO ITOCTABUTh OKOHYATENHLHBIA BEPAMKT O TOJHOCTH OOBEKTa
KOHTPOJIA (OTCYTCTBUE HEJIOMMYCTUMBIX AE(PEKTOB).

JIOTIOTHUTENNEHBIMYA TIPU3HAKAMU OTJIMYUS WHAMKATOPHOTO PHCYHKA
JIEHCTBUTEIHHOTO Je(EeKTa OT JIOKHOTO SIBIISIOTCSL:

- MECTO PACIOJOXCHUSI PUCYHKA (OTHOCHTEIBHO Y3JI0B KOJICOAaHUS,
KOHIICHTPATOPOB HATIPSIKCHUSI);

- HampaBlieHWE JIMHUH PHCYHKa OTHOCHTENBHO JEHCTBYIOIIMX
Harpy30K M OCH JICTally;

- HAJTMYME M3JIOMOB U Pa3BETIICHUH, KOHDUTYpAIHS JTHHUA PHCYHKA;

- YETKOCTh U CTETIEHb MOA00MsI KOHTYPOB (TPaHUII) PUCYHKA;

- IPKOCTb U 1IBET, HACBIIIEHHOCTH OKPACKH;

- CKOpOCTh 00pa30BaHMsI PHUCYHKa M XapakTep €ro HM3MEHEHHs C
TEYCHHUEM BPEMECHH;

- MHKpopenbed MOBEpXHOCTH CIOs TMPOSBISIONICH KPacKh B 30HE
PHCYHKa,

- HaJM4ue MoJIo0HOTO PUCYHKA B COCEIHUX 30HAX KOHTPOJIUPYEMOTO
oOBekTa.

JlaHHBIE PU3HAKKM PACCMATPUBAIOT MOCIICOBATENLHO B U3JI0KEHHOM
NOpSIIKE TIPU  aHAJIM3E WHIWKATOPHOTO PHUCYHKA (A7 ONpeaeicHUs
XapakTepa pUCYHKa HeoOs3aTeNbHO aHAIM3HPOBATh BCE MPHU3HAKH, Kak
MPaBUIIO, JOCTATOYHO PACCMOTPETH TIEPBBIE JIBA-TPH).

Jlns Gonee JeTATBHOTO BOCIIPHUATHS PACCMOTPUM, YeM CXOXKH U YeM
OTJIMYAIOTCS WHIWKATOPHBIE PHUCYHKH TpPEUIMH YCTAlOCTH W CIEIbI
MIOJIMMEPHU30BABIIMXCSI CMa30K M Macell Ha MpuMepe pabodei JIomaTKH
1 crynenu xommpeccopa I'T/.

YcTanocTHeIe TPEUIMHBI sl JaHHOTO MpHUMEpa MUMEIOT Pa3BUTHE 110
TaJITENH MePexo/ia 3aMKa K 1epy (CO CTOPOHBI KOPBITIIA) WIIM Ha KPOMKaX
JIOIIAaTKW U HaAIIpaBJICHBI BAOJIb ranreney uim IIOMNEPEK KPOMOK.

I/IHZII/IKaTOpHBIfl PUCYHOK UMECT H3JIOMBI, JIMHUW AJAaHHOI'O PHUCYHKa
YeTKHe, TpaHUIbl MOJOOHBI oOxHAa Jpyrod. B 30He TpemmHbI
MHUKpopenbed COosl  MpOSBIISIOLIECH Kpacku COOTBETCTBYET
HENOBpEXIeHHON jaeTanu (TIpU YCJIOBWH, YTO AETajdbh HE HAXOIWUTCS Ha
rpaHd paspylleHHs M TpelluHa He packpeita). Ha puc. 39 mokazan
WHINKATOPHBIA PUCYHOK T JAHHOTO BHA Je(eKTa.
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Puc. 39. MHauKaTOpHBIN PUCYHOK YCTaNOCTHBIX TpenrH Ha PJI komnpeccopa:
@ — MECTO PacHOJI0XKEHUS pUCYHKA U HalpaBJIEHUE €0 JIMHUM; 6 — Hamuuue
U3JIOMOB JIMHUN PUCYHKA; 8 — CTCIICHD MOJO0HS IPaHUIl THHUN

Crenpl MOJIMMEPU30BABIIMXCS CMAa30K M Maces, KOTOpble He ObUIN
yIaJeHbl MPH OYHCTKE 30HBI KOHTPOJSI, MOTYT OOpa30BBIBaTh PUCYHOK,
OUYCHBb CXOXHUHU C PUCYHKOM TPCUIWHBI. BanHSHCHI/I}I BBISIBIIAIOTCS B BUJC
J'II/IHI/II\/'I, PacCIioJIOKCHHBIX Ha BXOI{HOI\/'I KPOMKE, KOPBITHE HJIU CIIMHKE
paboueii nonatku. ['paHuIBl TUHUN PUCYHKA MOMOOHBI OJHA APYTOM.
PacnionoxxeHHble y TOPLEBOW KPOMKH JIMHUM MOTYT UMETh HM3THOBI M
H3JIOMBI, 1 OHH OPUCHTHUPOBAHBI 110 HAITPABJICHUIO BO3yIIHOT'O ITOTOKA —
MO OCTPBIM YIJIOM K BXOJHOW KpPOMKE WJIM TaKK€ BJOJb TOPLEBON
KPOMKHU paboueil nonatku. PacronoxeHHble B cpelHEl YacTH JIMHUM He
HUMCIOT pa3BeTBHeHI/Iﬁ u u3jaoMoB. Ilociae BhIOTHEHHS ornepanuu 1o
yIAJIEHUI0 KPackd Ha MOBEPXHOCTH OOBEKTa KOHTpOJS HaOiromaercs
TOHKas T1oJ0ca, TpyOHOyJanseMas MpH MOMOIIM OpPraHMYECKUX
pactBopureneii. Ilpu mnpoBeneHMM MOBTOPHOIO KOHTPOJS — IOCIE
yIaJeHUsl JIaHHOM TIOJIOCHI C TMOBEPXHOCTH KOHTPOJIHPYEMOTO OOBEKTa
MHIMKATOPHBIA PUCYHOK OOJIbIIe HE 00pa3yeTcs.

Jns cinenoB momMMeprU30BaBIIMXCS CMa30K W Macell MHIUKATOPHBIN
PHUCYHOK TIOKa3aH Ha puc. 40.

A
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Puc. 40. MHOuKaTOpHBINH PUCYHOK CJIEOB ITOJUMEPHU30BABIIMXCS CMa30K
u macen Ha PJI xommpeccopa: a — MecTo pacroyioKeHHs PUCYHKA
Y HalpaBJICHUE €ro JIMHUI; O — HaJTMYUe U3JIOMOB JIMHUH PUCYHKA;
6 — CTeleHb 000K TPaHUIL] JTHHUH
53



6. MATHUTHBIA METO/ HEPA3PYIIAIOIIETO KOHTPOJIS

6.1. O0mme cBeaeHus

MaruuTHbIi MeTo]] Hepaspymratoriero kourposs (MHK) ocHoBan Ha
pPETHCTpallid MAarHUTHBIX TIOJIEW pacCestHHs, BO3HHUKAIOMIAX HAaJ
JeeKTaMu B KOHTPOJIUPYEMOM OOBEKTE.

[lpumeHeHne JaHHOTO METOJa OTPAaHUYMBACTCA TOJNBKO JETASIMH U
W3JIENUAMA, KOTOPHIE W3TOTOBIIEHBI M3 (PEPPOMArHUTHBIX MaTEPHAaJIOB,
HaXOJSIIMXCS B HAMAarHUYEHHOM COCTOSIHUH.

OTOT KOHTPOJIb TIO3BOJISIIOT ONPEAETATH TOIBKO MOAIOBEPXHOCTHBIE U
MTOBEPXHOCTHBIE JeeKTHI, 3ajeraromiye B (heppOMarHUTHEIX MaTepruaIax
Ha He 0OJBIIO TITyOHHe.

MHK o0ecnieunBaeT BbISBICHUE NS()EKTOB B JETAIAX IMOCIE OKPACKU
WITN HAHECEHUST METAJUTHUECKOTO HEMAarHUTHOTO TTOKPBITHSI (XpOMUPOBAHUS,
KaJMHUPOBaHUSA U T. [1.), @ TaK)Ke OKCUIUPOBaHUA. [[OKpBITHS TONMIIUHON He
Oonee 15-20 MKM TpakTHYECKH HE BIMSIOT Ha BBIBISIEMOCTH A(EKTOB, a
IpH YBEJIMYCHNHN UX TOJIIHWHBI — BBIBIIACMOCTD PE3KO YXYAUIACTCA.

6.2. ®uznueckue ocuiosbl MHK

MarHuTHBI KOHTPOJb OCHOBaH Ha WHWKAIWU C TTOMOIIBIO
OTIPEJICIEHHOTO METOJ]a MAarHUTHBIX TIOJIEH paccesHHs, BO3HUKAIOUIHX
Ha Ae(heKTOM JIeTaleil, IpeIBApUTEIbHO HAMArHUYCHHBIX.

MarHuTHbI# MOTOK B TOW YaCTH KOHTPOJIUPYEMOTro OOBEKTa, Il HET
nedekra, He MEHsSET CBOe HampaBiieHHe. Ho B ToM ciydae, eciii Ha ero
ITyTH BCTPETATCS YYACTKU C TIOHMKEHHON MAarHUTHOM IIPOHULIAEMOCTBEO —
pasynvHbie TeEeKThl, TO YacTh MATHUTHBIX JIMHUN BBIXOTUT 3a KOHTYD
oObekTa KoHTpoJst (puc. 41).

B toMm MECTEC, TI€ MArHuTHBIC JIMHUHW BBIXOJAT 3a KOHTYp M BXOIAT
00paTHO, BOSHUKAIOT MECTHbIC MarHUTHbIE Mofockl N 1 S, a Takke mosue
paccestHusI HaJ[ IepeKToM.

DTO MarHUTHOE IO0JIe HEOJHOPOJHO, M TOdTOMYy Ha Fe-uactuipl,
NONaBIIME B HETO, ICHCTBYET CHJIA, CTPEMSILAsICS 3aTSHYTh HX K MECTY C
HauOOJIBIICH TUIOTHOCTBIO MAarHWTHBIX CHJIOBBIX JIMHHH — K MeECTy
pacmoyiokeHus nedexra.

B cnydae, kornma B kauectBe o0bekTa (pukcanum gedekra BHICTyHAET
NOPOMIOK  (MAarHUTOIOPOIIKOBBI ~ KOHTPOJIB), OYyAeT IPOUCXOAUTH
OcaxkJIeHHE MOPOIITKa B paifOHaX MarHUTHBIX TIOJIOCOB, 00Pa30BABIIHXCSI
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Ha TpaHullax JedeKTa, KOTOpoe U OyAeT yKa3blBaTh Ha €ro
MECTOPACIIOJIOKEHHE U MTPOTSHIKECHHOCTb.

Jlanee paccMOTPUM TaKHE MOHSATHSI, KAK HANPSHKEHHOCTh MATHUTHOTO
nosis Ho (BeKTOpHas BEJMYMHA, XapaKTEPU3YHOIas WHTCHCHBHOCTh W
HarnpaBJIeHHEe MarHUTHOTO TOJISl B KO TOYKe 0e3 ydeTa MarHHUTHBIX
CBOMCTB cpeapl) M MarHuTHas WHIYKIUS Bo (BeKTOpHAs BelWYHHA,
XapaKTepU3yoIlas MHTEHCUBHOCTh W HAIIPABJICHUE MArHUTHOTO TIOJIS B
KQXKIO0W €ro TOYKE; 3aBUCUT OT MarHUTHBIX CBOWCTB MaTepualia 00beKTa
KoHTpossi). C MOMOINBI0 HHUX ONPEACIIETCS MArHUTHOE COCTOSIHUCE
MaTepuaia B pABHOMEPHO HAMarHMYCHHOM JIeTaH.

Puc. 41. Cxema 06pa3oBaHMs MarHUTHBIX ITOJIEH pacCesHUs:
@ — ToJIe paccesiHus HaJl TPEIIMHaMU; 6 — OCeBLIMI Hal ieeKTaMK MOPOIIIOK;
1 — neranp; 2 — TpemyHa; 3 — oJe paccesHus; 4 — nHGOpMaTUBHBIN apaMeTp

Ho 1 Bo cBsi3anbl Mex 1y cOO0OH 3aBHCUMOCTBIO:
Bo = wo'(Ho + M),

rie fo — MarHuTHas TIOCTOSHHAs (IpOHMIAeMOCTh), T/M; M —
HaMarHMYeHHOCTh, A/M.

MarautHasi TOCTOSHHas (NMPOHMIIAEMOCTh) — O3TO BEIWYHHA,
XapaKkTepu3yroliasi CHOCOOHOCTh MaTepHaioB HAMAarHUYWBaThCS.

Hamaramuennocte M — BekTopHas (¢HU3MUECKas BEJIUYMHA,
XapaKkTepu3ylollasi COCTOSIHIUE MaTepHajia Mpy ero HaMarHUYMBaHUH.

HamaramaeHHOCTh HAXOAUTCS 1O hopmyIte:

55



M = |im(@j,
V>0 V

rae M — 3JIeMEeHTapHBIH MarHUTHBIM MOMEHT; V — HaMarHWYHBaeMBbIi
o0Bem.

Bennuunsl Ho u Bo Oynyt yBenmumBathcsi Ha 3HaueHuss AH uAB
BCJIEJICTBUE TIepepaclpeelieHHss MarHUTHOTO TMOTOKA WHAYKIIMH TOJ
nedekToM  (YMEHBIICHHE CEYCHHUs). OJTO W3MCHCHHE MAarHUTHOTO
COCTOSIHUSI ~ MaTepuaja B MecTe  JedeKTa  OompeaessieTcs
nmud hepeHnnanbHON MArHUTHOM TPOHUIIAEMOCTBIO (Ud.

HpI/I HU3KUX 3HAYCHHUAX IPOHUIACMOCTU M BBICOKHMX 3HAYCHUAX
HMHIYKIUK B MaTepHale KOHTPOIMPYEMOTO OOBEKTa JIOCTHIAaeTCS BBIXOJ
MaKCUMAITbHOTO MAarHWTHOTO TIOTOKA TOJNsl paccesHus nedekra. 1o
OCYIIECTBIISICTCS, KOTJa HAMPsDKCHHOCTh BHEIIHETO MArHUTHOTO TIOJIS
JOCTaTOYHA AJIsl CO3/IaHMs B MaTepraie 00beKTa KOHTPOJIS 3HaYCHUS Bymax.

YeM MeHbIIIC BETHYMHA MATHUTHON TPOHUIIAEMOCTH [id, TEM OOJIbIIIAs
YaCTb MAarHUTHOI'O ITOTOKa BBIﬁHCT Ha MOBCPXHOCTH KOHTPOJIHMPYEMOI'O
o0bekTa, 00pasys mone nedexra.

OntumanbHOE yCloBHE OOHApyXeHHs JeQeKTOB Marepuaia —
PacCIiojIoKCHUE MAariHMTHBIX CUJIOBBIX JIMHUH napauiCjibHO IMOBEPXHOCTH,
a nedeKTa — MoJT YIJoM K CHIIOBBIM JIMHHSIM.

Heob6xomuMo OTMETHTh, YTO TPU BHIOOPE PEKUMOB KOHTPOJIS,
obecreynBalONIMX MaKCHUMallbHbIE pa3Mepbl TMOoJIel paccessHUs Haj
neekTaMu, HeOoOXOJMMO  yYHTHIBATH  3aBUCHMOCTh  MArHHUTHBIX
XapaKTepUCTUK MaTepuayia OT HAMNpsHKEHHOCTH HAMAarHWYHBAIOIIETO
TOJISL.

MarautHelii IoTOK @ — 3TO BeIWYWMHA, PaBHAS B OJHOPOJHOM
MarHUTHOM TIOJI€ TPOU3BEACHUI0O MAarHUTHOM WHAYKIIMU Ha IUIONIA[h
MIOTIEPEYHOTO CEUYEHHSI MATHUTOTIPOBO/IA.

®DeppoMarHuTHBIE CBOWCTBA METAJUIOB OOYCJIOBICHBI BHYTPEHHUMH
MOJIEKYJISPHBIMA TOKaMHU, B OCHOBHOM BpAIlIEHUEM 3JIEKTPOHOB BOKPYT
coOcTBeHHON ocHu. B ¢eppoMarHUTHBIX TeNax B MpeeIax MallbIX
obnacteli — IOMEHOB — MAarHUTHBIE MOMEHTHI MOJIEKYJSPHBIX TOKOB
UMEIOT OJMHAKOBOE HAIIpaBIIEHUE, IO3TOMY JIOMEHBI OKa3bIBAIOTCS
CaMONPOM3BOIIEHO HAMArHHYCHHBIMH.

B chmywae  OTCYTCTBMS ~ BHEIIHErO0  MarHUTHOTO  MMOJsL B
KOHTPOJIUPYEMOM OOBEKT€ MArHUTHBIC IIOJI JIOMCHOB HaIpaBIICHBI
MPOU3BOJIBHO W KOMIICHCHUPYIOT OIHO Jpyroe (CyMMapHOE€ MarHUTHOC
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1ojie JOMEHOB M HAaMarHMYEHHOCTh OOBEKTa KOHTPOJS B 3TOM Cllydyae
paBHbl HyI0). Ecnn Ha Teno gelcTByeT BHeIIHee TIONe, IMOJ €ro
BINSHUEM  TOJSL  OTHEIBHBIX  JIOMEHOB  YCTaHABIMBAIOTCS IO
HaIpaBIeHUIO MeXIy AoMeHamu. OOpasyercss o0lnee MarHWTHOE IOJie
JIOMEHOB H TEJIO OKA3bIBAETCS HaMarHUYEHHBIM (prHc. 42).

Puc. 42. HanpaBneHre HaMarHAYCHHOCTH JIOMEHOB B 0OBEKTE KOHTPOJIIA:
a — pa3MarHU4eH; 6 — HAMarHW4YeH 70 MHIYKINY HACKHIICHS;, 8 — HAMarHIYCH
IO OCTATOYHOUN WHIYKINH

HamarHu4eHHOCTb MaTepuana XapaKTepU3yeT CTeTCHb
COTJIACOBAHHON OPHEHTHPOBKH JOMEHOB. [IpOMCXOIUT HAJOXKEHUE
MarHUTHOTO TOJIsI IOMCHOB Ha BHEIIIHEE MAarHUTHOE TI0Jie, U 00pa3yercs
pe3yNbTUPYIOIEE MarHUTHOE II0Jie B  KOHTPOJIHPYEMOM OOBEKTE.
WHpaykuuss  pe3yJpTUPYIOIIETO  IIOJISI  paBHA  CyMME  MHAYKIMH
MOJICKYJISIPHBIX TOKOB M MHIYKIIUH BHEITHETO TOJIS.

Ha puc. 43 npeacraBiena oCHOBHas KpUBasi HAMarHUIUBAHIISI.

Bm La_,_.__, b ¢

Puc. 43. OcHoBHas kpuBasi | HaMarHMYMBaHMs, YacThb IIPEACIBHON MeTaH 2
rucrepesuca (a) U CeMECTBO CHUMMETPUYHBIX nieTelb 1, 2, 3 u 4 rucrepesuca (6)
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[lpu yBenmueHnn oOT HyJs HanpsHKeHHOCTH H wHAyKIMA B, B
MaTepuane u3MeHsercs 1o kpuBoit 1 (puc. 43, a), kKoTopas Ha y4acTKe
Oa pacteT UHTEHCHUBHO. Jlajiee CKOpOCTh HapacTaHUsI MHIYKIIMU NAAAET,
U Ha ydyacTKe bc HaMarHM4EeHHOCTh MaTepuaja IPAKTHYECKH He
YBEITMUMBACTCS, TaK Kak MPH STOM BEKTOPHl HAMAarHMYEHHOCTH BCEX
JOMEHOB MaTepHana y)Xe OpPHEHTHPOBAHbI B OJHOM HAmpaBlICHHU II0
BHEILIHEMY I10JI10; HACTYIIAeT HACHIILIEHHE.

WHpykuuel HachleHNsT Bm Ha3bIBA€TCSl HHAYKIHSA B MaTepHale IpH
JOCTI)KEHUH UM MarHUTHOTO HACHIIICHHS.

Ilpy  UWMKIMYECKOM  W3MEHEHUM  HANpsDKEHHOCTH — BHEIIHETO
MarHuTHoro mojsi or —H no +H u or +H po —H wuHAoykuus B
KOHTPOJIUPYEMOM OOBEKTE M3MEHSEeTCs MO0 3aMKHYTOW KPHBOI,
CUMMETPUYHON OTHOCHTEIBHO Hadana KOOPAMHAT — THCTEPE3UCHOMY
UKITY.

IlepemaruurBaHue MOXET MPOUCXOJUTH IO MpEAenbHOU merie 1
WM YaCTHBIM TMETIISIM THcTepes3uca 2, 3, 4 (puc. 43, 6) B 3aBUCHIMOCTH OT
aMILIUTY b1 .

Ilpu custum BHemHero mons (puc. 43, a) HHAYKOUS B
KOHTPOJIMPYEMOM OOBEKTEe YMEHBLIAETCSl OT MHAYKLWHU HAaCHILEHUS Bm
JO OCTaTOYHOW MHAYKUMH Br u3-3a YaCTUYHOW J1€30pUEHTAlMH
MarHUTHBIX I10JIEH TOMEHOB.

Jiist TOro 4to0bl CHATH OCTATOYHYIO WHIYKIHIO, HY’)KHO K OOBEKTY
KOHTPOJISI TPHJIOXHUTh TI0J€ HEKOTOporo 3HaueHuss H. oOpaTHOro
HanpasJieHUs! (HanpspKEHHOCTh H.: Ha3bIBaeTCsl KOOPLUUTUBHON CHUIION).

MarHuTHO-MSTKMMHU Ha3bIBAIOTCS MaTepHajbl, KOTOPbIE MOCIIE CHATUS
TOJISl OKa3bIBAIOTCS C1a00 HAMArHWYEHHBIMH, 2 MarHUTHO-TBEPIBIMU —
MaTepHalbl, KOTOPbIE OCTAIOTCS CHIIbHO HAMAarHUYCHHBIMH TIOCIIE CHSATHUS
OJISL.

PaccmoTpum Oonee moapoOHO mporecc 0OHapyKeHus: 1e(eKTOB Mpu
BbInojgHeHnn MHK.

MarHuTHBI MOTOK, PacHpOCTPaHssACh IO M3ACIHIO U BCTpedas Ha
CBOEM IIyTH HpeIsTCTBHE (B BHJE MOBEPXHOCTHOIO JedeKTa), orndaet
ero. JTo NPOUCXOAUT MOTOMY, YTO MarHUTHasl MPOHULIAEMOCTh AedeKTa
3HAYUTENILHO HIKE MATHUTHOM NMPOHUIIAEMOCTH OCHOBHOTO METAJIIIA.

YacTe MarHUTHBIX CHJIOBBIX JHHHUH OOpBIBAETCS HA OJHOW TpaHHU
nedexra u cHOBa HaUMHAETCS Ha Ipyrou (cM. puc. 44, a).
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Puc. 44. PacnipeneneHue HaMarHHYeHHOCTH M B ()eppOMAarHUTHOM U3JEITHH
U 1OJIst paccestHust Hy Hall TOBEPXHOCTHBIM JiedhekToM (a) u Tomorpadus (6)
TaHT€HIMAJIBHON Hig 1 HOpMaIbHOM Hng COCTABIAIOIIMX HANIPSHKCHHOCTH MOJIS
nedexTa

OmuH KOHEIl KaXJIOW JUHUU MOXHO pacCMaTpUBaTh KaK HEKOTOPHIN
MOJIOKUTENIbHBIA MAarHUTHBIN 3apsif, a APYrod — Kak OTpHULATeNbHbII
MarHUTHBIN 3apsj. Kaxaplii MarHUTHBIN 3apsijl cO3/1a€T MAarHATHOE TT0JIE,
HalpaBJIeHHOE M3 HEero Kak u3 meHtrpa. CyMMapHOE IM0JIE MarHUTHBIX
3apsnoB Hyg — 310 mone nmedexra. OHO HWMEET COCPENOTOYCHHBIH
XapakTep, MO3TOMY pPe3yIbTHPYIOIIee TOJe, COCTOSINee W3 BHEIIHETO
HamarHuyuBarooiero mojs Ho wu mons aedekra Hg, craHoButcs
HEOJHOPOIHBIM.

AMIUIMTY/IHBIE 3HAYEHUS! COCTABIISIFOIINX TTOJISI Te()EKTOB 3aBUCST OT
COOTHOIIICHHSI TPOHUIAEMOCTEH cpelnbl M Je(eKTa, OT OPUEHTALMH WU
pa3MepoB e(EeKTOB 10 OTHOIICHHIO K BHEIIHEMY IIOJII0, M OT
PacCTOSTHUS 10 TOYKH HAOIIOICHHUS.

Uem OGosbiie pa3mepsl AedexTa U OmKe K HeMy TOYKa HaOIOACHYS,
geM OOJIbIIIE pa3Iuire MPOHUIAEMOCTEH, TeM OOJbIlle aMIUIATYIHBIC
3HAYEHUS COCTABIISIONINX TOJEH IeheKTOB.

B cnywae, xorga BEKTOp HAaMarHMYWBAIOUIETO TIOJISl HAIIPABIICH
NEPIEHIUKYISPHO TIOCKOCTH JaedekTa, moyie jaedekra COBMAJaeT C
BHEITHUM TIOJIEM II0 HAIPaBICHUI0O M WMEET CBOE€ MaKCHMalbHOE
3HaueHue. B oOpaTHOM ciryuae mone Hg OPHEHTUPYETCS B HAIPaBICHUH
HOpPMAJIA K CTEHKaM TPEIIMHBI, @ UHTCHCUBHOCTH €r0 OBICTPO YOBIBACT C
YBEITUICHUEM yTia MEXITY HOPMAJIBIO u HaIpaBJICHUEM
HaMarHMYMBaHUA.
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MarHuTHOE ToJIe paccesiHUsI BO3HUKAET HE TOJIBKO Haja Ae(eKToM, HO
U HaJ JHOObIMM JIOKAJbHBIMU W3MEHEHUSIMH OJHOPOAHOCTH MarHUTHBIX
CBOICTB.

Ha puc. 45 nokaszaHo mose UUIMHAPUYECKOTO OTBEpCTHS IuamerpoM D
KaK MOJIEJIb BHYTPEHHETO e(eKTa.

[lone paccessHHsI CTaHOBMTCSI 3aMETHBIM TOJBKO IPH IPEBBIILICHUN
HEKOTOpPOTO TOPOroBoro 3HaueHuss Ho, TeM OoJblmero, 4em TIyOxke
pacrosnoxeH Ae(exT.

AMIUIMTYAHOE 3Ha4YeHue Moy AedeKTa ONpeAessieTcs] PEKUMOM
HaAMarHWYWBaHUA (BeMUUMHOW Ho), TIyOMHON 3ayieraHusi U pa3MepaMu
nedekra. I[lpy Hew3MeHHOH TIyOMHE 3ajleraHdsi OTBEPCTUS TOJIe
MEHSIETCSl B CJa0bIX MAarHUTHBIX IOJSX OOpPaTHO NPONOPLMOHATIBHO

KBaspaTy nauamerpa D wm
g ,—’; 00paTHO MponopIHOHATEHO D
Sl S s \ B CHJIBHBIX MOJIAX.
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~—— B nepeMeHHOM MarHUTHOM

noine Je(eKTsl  CIUIOMIHOCTH

Cpembl  BBI3BIBAIOT JIOKAJTBHOE M3MEHEHHE BEKTOpa HAlpsHKEHHOCTH
MarHuTHOro monsi H, B TepBOM  MNPUOMKEHHH  AHAJIIOTHYHOE
PacCcCMOTPEHHOMY BBIIIIE IS TIOCTOSIHHOTO MarHUTHOTO moist. OJTHaKo H3-3a
ckrH-3¢QexTa nHGOpMAaLs MOXKET OBITH MOJy4EHa TOJBKO O JedeKTax,
3aJIerarolX CPABHUTENHHO HETTTyOOKO.

TexHoJ0rusi NpoBeAeHUs KOHTPOJIS

Tloozomoska koumponupyemozo 06vbexma K KOHMpoo

Ilepen BBIMOJIHEHHMEM KOHTPOJIS C MPOBEPSEMON IMOBEPXHOCTU
KOHTPOJIMPYEMOTO OOBEKTa YIAISAIOT 3arps3HEHHUs, Harap, MpPOIYKTHI
KOPpO3UH, BIAry | T. II.

OcobenHo BHUMATEJIEHO HE00X0IUMO OYHIIATH oT
9KCITYaTallMOHHBIX 3arps3HEHUH CBapHBIC INBBI, BIAJUHBI PE3bOBI U
rajnTenu OoJITOB.
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Y4YacTKH KOHTPOJMPYEMOro OOBEKTa, Ha KOTOPHIE YCTaHABIMBAIOT
3JIEKTPOKOHTAKTHI J1e(eKTOCKomNa (IIPY HAMArHWYMBAHUH IPOITyCKaHUEM
TOKA), 3a4UINAOT MEJNKOW HaKTadHoii Oymaroili m 00e3KHpHBAIOT
OCH3MHOM JJISl TOTO, YTOOBI IPEIOTBPATUTH IIPHKOT.

OtBepctusi, 4epe3 KOTOphle MarHUTHAsl CYCHEH3HMS MOXKET 3aTeub BO
BHYTPEHHHE IIOJIOCTH KOHTPOJIMPYEMOro o0OBeKTa (B IOALIMITHUKH,
30JIOTHUKOBBIE Tapbl), 3aKPbIBAIOT BETOWIBIO, IUICHKOH WM TYCTOH
CMAa3KOH.

Takxe HEOOXOAMMO YOAIWTH BIary ¢ OOBEKTa KOHTPOIA. OTO
JIeNIaeTcsl C MOMOIIBI0 OOYBKH CTpYEl CyXOro BO3IyXa WM HPOTUPKOH
YHCTOH BETOMIBIO.

Hammuune  JIKII  TommuHo#t  Oomee 30 MKM — yMeHbBIIaeT
YyBCTBUTENILHOCTh KOHTpONA 1 TosTomy JIKII Tonmunoi 6onee 30 Mkm
YIAIAIOT, MPUMEHSST AJIS 3TOrO CHElMANbHBIE JKUAKOCTH WM aleTOH.
KpaiiHe He pexkoMeHAyeTcs Uil STOr0 MPUMEHSTh METAJUINYECKue
IETKHW, MCETAUIMYCCKUEC MPCIMETHI H3-3a BO3MOXKHOCTH HAHCCCHHA
LapanuH, KOTOPbIE MOTYT 3aTPyJHHUTH PacIIU(pPOBKY HHIUKATOPHBIX
PHUCYHKOB.

[lpy BBIMOTHEHUH KOHTPOJII OOBEKTOB C TEMHOW MOBEPXHOCTHIO
(HampuMep NpU HCIOJIB30BAHUM UYEPHOTO MAarHUTHOTO MOPOIIKA) C
LENIBI0 YBEJTUUEHHUsI KOHTPACTa Ha HEE HAHOCIT M3 KPAaCKOPaCIbUTUTEIS
ciioi Oenoit HUTPOKpackH (IMPUMEHSIEMON JIJIsl IBETHOU J1e(hEKTOCKOTIHH)
e 0elIoil HUTPOKPACKHU TONIUHON 5—10 MKM.

Ilpy  TakoW  TONIIMHE  MOBEPXHOCTb  OOBEKTa  KOHTPOJII
«IPOCBEYMBAETCS» YEPE3 CIIELNATIbHO HAHECEHHBIH CIION KPacKU.

Ilocne omepanuu MO TOATOTOBKE KOHTPOJIUPYEMOTo OOBEKTa K
KOHTPOJIIO CIIEAYET OIepanus 1o MpoBeACHUI0 HAMarHHYMBaHHUS.

Buowl u cnocobwl Hamaenuuusanus

HamaranuuBanue o0bekTa KOHTPOJISI — 3TO Hanbojee OTBETCTBEHHAsS
texHosiormueckast oneparust MHK. Ot mpaBmibHOCTH BBIOOpa U criocoba
HaMarHWYMBAHMA 3aBHCUT TIOCTOBEPHOCTD MOTyYaEMBIX PE3yJIbTAaTOB.

CriocoObl HaMarHMYMBAHUS ONPEAEISIOTCS MHOTUMH (DaKTOpaMH:

- HaIIpaBJIEHUEM M TTTyOMHOW 0KUIAeMbIX JC(PEKTOB;

- BUZIOM J€(EKTOB U UX IPOUCXOXKICHUEM;

- MarHUTHBIMU CBOMCTBaMH MaTepHaa,

- pa3zmMepoM B GopMOit KOHTPOIHPYEMBIX OOBEKTOB.
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CriocoObl HaMarHW4YMBaHHUsS KOHTPOJUPYEMBIX OOBEKTOB BechbMa
pa3HOOOpa3Hbl, OHW ONPENeNAIoTCA KOH(HUTypamued © pa3MepoM
JieTalieid, MarHUTHOW TPUPOJON MaTepualia U XapaKTepOM OXKUJIaeMbIX
JIeeKTOB, a TAKXKE 3aja4aMHi KOHTPOJISL.

IIpu xonTpone od6wekToB Ipu oMoy MHK npuMeHSIOT Tpu BHaa
HaMarHMYMBaHUS:

- MPOI0IBHOE (TIOJTFOCHOE);

- IUPKYJSIPHOE;

- KOMOMHHPOBaHHOE.

IIpu npomonbHOM (IOMIOCHOM) HaMarHMYMBaHUHM KOHTPOJIUPYEMBIH
00BeKT 00pa3yeT pa30MKHYTYI0 MAaTHUTHYIO LIEMb C TIOM0CAMH IO KpasMm
B HAIIPpaBJICHUH HaMarin4inBaroumero moJis.

B Tex ciydasx, Korga B KOHTPOJMPYEMBIX OOBEKTaxX TpeOyeTcs
BBISBIATE ~ TIOTIEPEYHBIE  A€(PEKTh,  HCIONB3YeTCS  MPOAOIHHOE
HaMarHW4#uBaHue. Takoe HaMarHMYMBaHKUE OCYIIECTBISETCS JIN0O B OIS
9JIEKTPOMarHuTa, TM00 B TOJe KaTyIIEK C YCTaHOBKOM HM3JIENUSl BIOJb
HAMarHWYHBAIOIIETO MO (MEXAy TMONI0CAMH JJIEKTPOMAarHuTa) H
COOCHO B KaTyIkax (puc. 46).

Puc. 46. HamaranuuBaHue KOHTPOJIUPYEMOI0 00BEKTA B MOJIC 3JCKTPOMArHUTA!
1 — momepeyHbIe TPEUIMHEI, 2 — IPOIOIBHBIC TPEIIMHEI, 3 — AIIEKTPOI;
4 — y3osAIMs

Ilpy paHHOM KOHTpPOJE Ba)XXHOE 3HAUYCHHE UMEET YPOBEHb
HamarHn4rBaHus. Haunbonbmas 3¢GQGeKTHBHOCTh BBISBICHUS Ac(eKkToB
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HACTyMaeT, KOrja HaMarHMYeHHOCTh METald JOCTUTAaeT Ha KPHUBOH
HAaMAarHUYMBAaHUS ~TOYKH, IIOCJIE€ KOTOPOH  ciemyeT  MeIUIEHHOE
BO3pAaCTaHWE HAMAarHWYEHHOCTH, C PpOCTOM IIOJsl HHauye, Korza
HaMarHMYKMBAIOIIEE II0JIE OKa3bIBACTCS PAaBHBIM IIOJII0 MaKCHMallbHOM
MarHUTHOM IPOHMULIAEMOCTH MaTepuaa.

Tak kak B ciy4ae NpPOJOJIBHOTO HaMarHMYUBAHUS CPAaBHHUTEIBHO
KOPOTKOTO M TOJICTOTO KOHTPOJIMPYEMOTO OOBEKTa B HEM JICHCTBYET
pasMarHuuyMBampIlee Tojie, TO Hauboliee BaKHOW NpH OIpeesicHHN
ONTUMAJIBLHOIO HAMAarHMYMBAIOLIETO IOJIS SIBJSIETCS] HE NMPOHHUIIAEMOCTb
Mmartepuana, a d¢G¢eKTHBHAsS MarHuTHas npoHuunaemMoctb. OHa
OIIpeIeIIsieTC s OTHOILICHUEM MarduTHOM WHAYKIUU B K
HaMarHMYMBAOLIEMy TOM0 [, JeHCTBYIOLIEMY B OTCYTCTBUH OOBEKTa
koHTpois. Popma M pasMep KOHTPOIHPYEMOIro OOBEKTa BIHUSIOT Ha
3¢ ()EeKTUBHYIO IPOHHUIIAEMOCTh B HAHOOJIBIIICH CTCIICHU.

[MpononsHOE HaMarHUYMBAaHUE MOXKET MPOM3BOAMTHCS Pa3THYHBIMU
croco0aMu: IOCTOSHHBIM, TIEPEMEHHBIM WM UMITYJIECHBIM TOKOM.

[TocTOSIHHBIM TOKOM HAMarHWUYMBAIOTCS HEMACCHBHBIC JICTalH,
MUMCIOIIUE CPABHHUTENBHO MPOCTYI0 TEOMETPUUECKYIO POopMy (TTOAKOCHI,
nandsl ¥ Ipoyee).

IlepeMeHHBIM TOKOM B COJICHOWJE HAMarHUYMBAIOTCSI HEMACCHUBHBIE
JIETaJH CIOKHON KOH(GUTYparuu (pe3s0bl, NITHIIEBbIC COSANHEHHUS).

HmnynscHOE HaMarHUYMBAaHUE OCYIIECTBIISIOT OOBIYHO C HOMOLIBIO
ruOKoro kabens, HaMaTbIBAEMOI'0 Ha MACCUBHYIO JI€Tallb.

[lpy HaMarHMYMBaHWU TIOCTOSHHBIM TOKOM HM KOHTpOJE TIpU
OCTAaTOYHOW HAMarHMYCHHOCTH TMPOBEPSAIOT JETAd C OTHOIICHHEM
JUIMHBL K ImupuHe (aumamerpy) oT 25 u Oonee. Ilpn HamarHuumBaHWUU
MEPEMEHHBIM TOKOM 3TO OTHOIIIEHHE MOXET COCTABIATh 3...5 u Oonee.

OCHOBHBIM 3aTpy/HEHHEM, OCJIOKHSTFOIINM MIPOAOIHHOE
HaMarHUYMBaHUE, sBISETCs 0Opa3oBaHME CBOOOJHBIX MAarHUTHBIX
MIOJIFOCOB Ha KOHIAX 00beKTa KOHTPOJIsL. MarHUTHBIE MOJIOCA, TOPOXKIAs
BHYTPH MaTepuraia KOHTPOJIUPYEMOT0 00bEKTa 00paTHOE HEOJHOPOIHOE
(13-32 OTTANKUBAaHUS OJHOMMEHHBIX 3apsA0B) pa3MarHMUMBaroLIee 1oJie,
HapylarT HAIPaBICHHOCTh NPOJOJLHOI0 HAMarHUIMBAaHUS U PUBOISAT
TEM CaMbIM K TaK Ha3bIBAEMBIM «HEKOHTPOJIHPYEMBbIM KOHIAM». OIHUM
U3 CpencTB OOpbOBI MOXKET CIY)XUTh HWCKYCCTBEHHOE Y/JTMHEHHUE
KOHTPOJIMPYEMOTro OOBEKTa IyTeM NPHCOEIMHEHUS K HEMy € 00enx
CTOPOH JOIMOJTHUTEJIBHBIX «IIPHCTABOK» COOTBETCTBYIOLIETO MPOQHIIS.

[Ipu ucnosp30BaHUU INPOJOIBHOTO HAMArHUYMBAHUS HAJ0 YUUTHIBATh
elle U Apyrue BaKHbIE OCOOCHHOCTH. M3-3a TOr0 4TO MarHUTHOE IOJie
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BCETJa CTPEMHUTCA MPONTH Uepe3 MarHWTHBI MaTepual, TO IpH
HaMarHMYMBAaHUHM OOBEKTa KOHTPOJS IEPEeMEHHOTO CEYeHUS B HEH
BO3HMKAEeT HEOTHOPOJHOE HamarHumumBanue. Ilpm Oomee wiam MeHee
PE3KOM Iepexo/ie OT MAJIOTO CeUeHHsI K OOJbIIeMy MarHUTHAS! MHIYKLIUS
ocimabisieTcst MPOTOPIMOHAIBHO — KBaJApaTy JAuaMeTpa. Tak, eciu
MEHBIIIEe CEUYCHHE JOBECHO JI0 MArHUTHOTO HACBIIIEHHS, TO B COCEIHEM
CEUEHHH C JMaMEeTPOM, HampumMep, B 3 pasza 0ojblieM, HAMAarHUYCHHOCTh
Oyzer coctaBnsaTh Bcero 1/9 Haceimenus. [loaTomy Bpsin U MOXKHO
OXHJATh 37eCh BBIABICHHA Jedekra. [opazno sydmme pe3ynbTaThl
HOJIYYaroTCsl PY HAMarHUYMBAaHUK TEPEMEHHBIM TOJIEM, TIPH KOTOPOM
HaMarHM4YeHUe c yBEITUYECHHEM JraMeTpa YMEHBIACTCS
NPUOTM3NUTETBHO JINHEHHO.

LlupkynsipHOe HaMarHMYMBAHHWE INPOM3BOAUTCS MArHUTHBIM IIOJIEM,
co3aBaeMbIM TOKOM. Korzia Tok MpoXoauT uepe3 MPOBOJHHK, TO BHYTPH
U BOKPYI HEro BO3HHMKAET LUPKYJSIPHOC MarHUTHOE TI0Je, KOTOpOe,
npoxoas 1o (eppOMarHUTHOMY MaTepually, HaMarHUYMBaeT ero
OUPKYJSIPHO, HE BBI3bIBasS HUKAKWX pa3MarHMYMBAIONINX MOJEH,
NPUBOJISAIINX K OCNIa0JIeHUI0 OCHOBHOTO HAMarHMYHMBAIOLIETO TOJIS, U HE
CO3JAIOIIMX  HAa  TOBEPXHOCTH  IIWJIMHAPUYECKOTO  NPOBOJHHUKA
pacCessHHBIX MAarHMTHBIX TIOJIEH, €CIM He CYHMTAaTh MOJS PaCCEeSHUS
nedekra.

Pacripenenniene MarHUTHOTO IOJsL BHYTPH He(EppPOMarHUTHOTO
NPOBOJHHMKA, KOTJa TMOJe BO30YXKIAaeTcs NPOIyCKAaHWEM [0 HeMy
MOCTOSIHHOTO TOKa, OTJIMYAETCSI OT PAcIpe/IeCHUs] BHEIIHETO OISl TEM,
YTO TOJIE BHYTPH TNPOBOJHUKA YBEIWYHMBACTCS JIMHEHHO OT HYIs B
IIEHTpE TMPOBOJHUKA O MAaKCUMyMa Ha TOBEPXHOCTH. 3a MpeAeiIaMH
MOBEPXHOCTH OHO C YBEJIWYCHHWEM PACCTOSHHS  YOBIBaeT IO
TUIEepOOTMUECKON KPUBOM.

B ciydae ¢peppomMarHUTHOrO MPOBOIHUKA T0JIE B LIEHTPE OYAET TaKkKe
HYJIEBBIM, HO I0JIe Ha NIOBEPXHOCTH OyzAeT B u pa3 Oojblue, T. €. OyaeT
WH, roe | — MarHMTHas TPOHHUIIAEMOCTh MaTepHala, TOorJa Kak 3a
npeaenaMy MOBEPXHOCTH HANPSHKEHHOCTH MOl OyeT majaTh € TOTO XKe
3HAa4YeHUS! TOJs, Kak M Npu He(PEeppOMarHUTHOM TPOBOIHHUKE, U C
YBEITMYEHNEM PACcCTOSIHUS Oy/IeT MajaTh Mo TaKoi jke rurmepOoIndecKon
KPHBOM.

HupkynsapHoe HaMarHWYMBaHUE, OCYIIECTBIISIEMOE IPOMYCKaHHEM
TOKa 4epe3 wuzgenue, sBIsAeTcs  APQPEKTUBHBIM  MOIMEPEUYHBIM
HaMarHMYMBaHUEM,  OOCCIICUMBAIONIMM  YBEPCHHOE  BBIABICHHE
MPOJOJIBHBIX ¥ KOCOJIEkKAIINX Ae(EKTOB.
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Ero Taxke mpuUMEHSIOT U MPHU KOHTPOJIE HETOJIBM)KHBIX OOBEKTOB U
KOHCTPYKIIMH C HAMarHMYMBAaHHEM II0 YYacTKaM C ITOMOIIBbIO PYYHBIX
SIEKTPUYECKUX KOHTAKTOB, BBIOMpas TP 3TOM COOTBETCTBYIOIIEE
HarnpaBJieHHE TOKa.

Henocrarok maHHOTO crioco6a HaMarHMYMBAaHHS 3aKJIIOYACTCS B TOM,
YTO TpH HEM MOTYT HMHOTZA OOpa30oBBIBATHCS  BpEOHBIC IS
BBICOKOKaYE€CTBEHHBIX O0BEKTOB KOHTPOJISI O3KOTH.

LupkynspHOoe HAMAarHWYMBAaHHE MOXKHO IPUMEHUTH U B TE€X CIIydasXx,
KOT/Ia HY’)KHO MPOBECTH KOHTPOJb IO BHYTPEHHEH IMOBEPXHOCTH IIOJIBIX
WIN KONBIEBBIX OOBEKTOB. [ 3TOro ymoOHO BOCHOJB30BATHCS
NPOMYCKaHHEM TOKa [0 TOKOMPOBOMISAIIEMY CTEpXHIO (MEAHOMY,
JTaTYHHOMY HJIM QTIOMHUHHEBOMY) C HACQ)KEHHBIM Ha HETO COOCHO TOJIBIM
m3nenueM (puc. 47). B atom ciydae HeoOXoAamMoe HamMarHUYHWBaHUE
AOCTUTaCTCAd BHCIIHUM MAariuTHBIM IIOJICM TOKA CTCPIKHA.

[Tpomyckanue Toka yepe3 BCIIOMOTaTeNIbHBINA CTEPKEHDb MPECTABISICT
co00i1 OECKOHTaKTHBIH CIOCOO UUPKYJISAPHOTO HaMarHUYMBAHHA,
IIO3TOMY HE MPUXOAUTCA OIMACaTbCA NOBPCKACHUA HU3ACTIUA OT OKOra U
OT MCKPBI IPpH BKJIIFOUCHUU TOKA.

3TOT cHOCO0 MOXXHO MPUMEHSTH U MIPU
OO0JIBIIOM BHYTPEHHEM JuaMmeTpe o0beKTa
KOHTPOJISL.

Puc. 47. LlupkynspHoe HaMarHUYUBaHNUE
nosneit 00beKTa KOHTPOJIS, OCYILECTBIIEMOE
MIPOIyCKaHHEM TOKa Yepe3 MPYTOK

KoMOuHHpOBaHHOE HaMarHUYHWBaHUE
[OJIy4aeT MIMPOKOE PacCHpOCTPaHCHHE,
TaK KaK TOJILKO IPU 3TOM CII0CO0€ HaMarHMYMBAHUsI CO3/IAlOTCS YCAOBHS
JUTSL. YBEPEHHOTO BBISBICHUS NIe(DEKTOB JFOOOT0 HAmpaBlCHUs 3a OIHMH
MpHeM HaMarHUYMBaHUS.

KoMOuHMpoBaHHOE HaMarHUYMBaHUE MPEICTABISAET COOOW Kak Obl
COCIMHEHHE TPOJIOJILHOTO HAMATHUYMBAHUS, OCYIIECTBISIEMOTO ITOJIEM
AJNIEKTPOMArHUTa  WIU  KaTyIIKA, C  [ONEPEYHO-IUPKYIIPHBIM
HaMarHWYMBaHUEM, JOCTUI'aeMbIM IyTEM WM HEMOCPEICTBEHHOIO
MPOIYCKAaHUS MEPEMEHHOTO TOKa 4Yepe3 KOHTPOIUPYEMBIH OOBEKT WIIN
MPOIMYCKAaHHUS €T0 4Yepe3 BCIIOMOTATENBHBIN CcTepxkeHb (puc. 48), ecnu
u3nenue OyIeT mojioe.
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Jns ycTpaHeHus: BOBMOXHOCTH 3aMbIKaHHUSI BCIIOMOTATEIbHOTO TOKA
yepe3 MarHUTOIPOBOIPUKA B MArHUTONPOBOJE. Takoe HaMarHUIMBaHHE
MPUBOANT K TOMY, YTO B KKIOW TOYKE TTOBEPXHOCTH KOHTPOJIHPYEMOTO
o0BbeKTa IEHCTBYET Pe3yabTUPYIOIINUNA BEKTOP CIIUPATHHOTO MAarHUTHOTO
o c MOIEePEeYHON u
MIPOJIOIIFHOW  COCTABJISIOIINMH,
TaK YTO OH TEPUOJAUYECKU
MepeceKaeT TPeIUHy Jr00ro
HaIpaBlIeHUsI.

Puc. 48. KomOuanpoBanHOE
HaMarHW4MBaHUE B 2-X CKPEILICHHBIX
MAarHUTHBIX ITOJISIX
1 — neranp; 2 — 3NCKTPOMATHUT

IIpy yMeHbBIIEHUM YIVIA MEXAY PpE3YJbTUPYIOIIUM BEKTOPOM U
NPOJOIBEHBIM HAIpaBICHUEM TPELIMHBl OH HA4YWHAeT JCHCTBOBATH B
IUIOCKOCTH TpemuHbl, ©u 3¢¢deKkT BbsBIeHUs ocnabnserca. s
YBEPEHHOT'O BBISBICHUSI TPEIIUH HEOOXOMMO, YTOOBI pe3yIbTHPYIOUINH
BeKTOp ObUT mon yrmom He Menee 45°% Tlostomy muenecooGpasHee
OPUMEHSTH JUIS TPOJOJFHOTO W TONEPEYHOr0 HAMAarHWYMBAHUS [BA
MEPEMEHHBIX TOKa ¢ HEOOXOAMMBIM CIBUTOM (a3. B 3THx ycnoBusx npu
Toke ¢ dactoroit 50 I'm pesymprupytommii Bektop 100 pa3 B cexyHIy
HPOXOAUT NMEPHEHANKYIISIPHO K JTF000MY HAalPaBJICHUIO TPEIINH.

Cnocobvl  pecucmpayuu  Oeghpekmog npu  MacHUMONOPOUKOBOM
KoHmpoe

[Ipumensirorest pasinunble crnocoObl peructpauuu aedexros. Beidbop
00yCJIOBIIEH ClEeIyIOMUMH HaKTOpaMu:

- TeOMETpHEH KOHTPOIUPYEMOTO U3IEIIHSL;

- He0OXOTUMOH YyBCTBUTEIBHOCTHIO KOHTPOJIS;

- 3aJJaHHOM pa3peraroneii cnocoOHOCTHIO KOHTPOJIS;

- €70 MMPOU3BOUTEIHHOCTEIO.

Cnoco6 peructparuu 1edeKTOB IPHU TOMOIIH ITOPOIIKA COCTOWT B
HaHECEHHH MOpPOoIIKa (HeppOMarHUTHOTO MaTepHajia Ha HaMarHWYEeHHBIN
KOHTPOJINPYEMBIA OOBEKT W B PETUCTPALMN CKOIUIEHUI 3TOTO MOPOIIKa
BOMM3M nedexroB. Hax medexTom 00pa3yroTcs JIOKaTbHBIC MarHUTHBIC
nojis paccessHusd. Ha momaBmme B Tone 4YacTUIBl JEHCTBYIOT CHIIB,
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CTpeMsIIuecs 3aTdHyTh KX B MeCTa HauOONBIINX KOHLEHTPauui
MarHUTHBIX CUJIOBBIX JIMHUI.

Yactunpl HakamiauBaroTCs BOMM3M JedeKTa U OJHOBPEMEHHO
HaMarHMYMBAIOTCS TIOJNEM paccesHus: nedexta. llpuraruBasch Apyr K
Ipyry, 9TH  dYacTUmbl  OOpasylOT  LENOYEYHbIE  CTPYKTYpHI,
OpPUEHTUPOBAHHBIE 10 MArHUTHBIM CHJIOBBIM JIMHUAM TOJIS AeeKTa.

IIpoucxoauT HaKOMJIEHHE YACTHIl OCEBLIETO IMOPOIIKa B BHJE
MOJIOCOK (BaJIMKOB, )KWJIOK, ITHYPOB) HaJA Ae)EKTOM.

IIpuMensroTcss 1Ba cmoco0a HAHECEHHsI ITOPOITKAa HAa OOBEKT
KOHTPOJISL — «CYXOi» U «MOKPBII».

«Cyxoii» crmoco0d COCTOUT B HAHECCHHH Ha KOHTPOJHMPYEMbId 00BEKT
BBICOKOJIMCIIEPCHOr0 Mopomka ¢ pasmepamu vactun 0,1-10 mMxm B
BO3AYIIHONH B3BECH. JTOT CHOCO0 NPHUMEHSETCA Uil OOHApYXECHUS
MOJIIOBEPXHOCTHRIX  AepeKkToB, a Takke JeQEeKTOB MOJ CJI0eM
HEMAarHUTHOTO MOKPBITHS TOMUHOMN 10 200 MKM.

Hpyroii cmoco0 HaHeceHHS CyXOro TIOpOIIKa Ha H3JENHe
NpUMeHsieTcsl j1sl rpy0o0 AMCIIEPCHOHHBIX TTOPOIIKOB C pa3MEPOM YacTHI]
or 0,05 1o 2 mMM. B 3ToM ciy4yae MOpOIIOK HAHOCUTCA C TOMOIIBIO
MyJbBEPU3aTOPa, PE3MHOBOM TPYIIM MM KadaloLlerocs cura. ITOT
crnoco0 mpUMeHseTcs Uil OOHAPYXKEHUS OTHOCHTEIBHO KPYIHBIX
MOBEPXHOCTHBIX U MOAMOBEPXHOCTHBIX Ae(EKTOB, a TaK:Ke JJIsl KOHTPOJIS
00BEKTOB ¢ TPy0O 00pabOTaHHOH MMOBEPXHOCTEIO.

«MoOKpBIli»  €cHOCO0  HAaHECEHMS  MAarHUTHOTO  IIOpPOLIKa  Ha
MTOBEPXHOCTh HaMarHU4YeHHOTO KOHTPOJINPYEMOTO 00beKTa
OCYIIECTBIISIIOT TyTeM TIONHBa OOBEKTa CYCHEH3HEH MAarHUTHOTO
MOPOIIKA WM IIyTeM IOIPYXXEHUS OOBEKTa B BaHHY, HAIOJHEHHYIO
cycrieH3neld. MarHuTHas CyCHeH3Ws JOJDKHA CTE€Yh C IOBEPXHOCTH —
KOHTPOJINPYEMBIA 00BEKT pacroaratoT MO HaKJIOHOM.

Taxoke BO3MOXKEH KOHTPOJIb 0€3 M3BIeueHHs OOBEKTa KOHTPOJIS W3
CycHmeH3MH [uigi ocMoTpa. Takoil cmoco® peKoMeHIyeTcst s
oOHapyXeHHd NUTM(POBOYHBIX TPEUINH TIOJ] CIIOEM XpoMa TOJIIMHOMN 10
0,2 MMm.

Pe3ynbTaThl KOHTPOJIS OLEHUBAIOT 110 HAJTHMYHMIO Ha 00BbEKTE KOHTPOJIS
BaJIMKa MAarHWTHOTO TOPOIIKA, BHIUMOIO TJa30M WM dYepe3 JIyIy.
UYeTkuid, HEpaCIUIBIBIIMICA BajJMK CBUAETEIBCTBYET 0O jaedekTe,
BBIXOJSIEM  Ha  TMOBEPXHOCTb,  PACIUIBIBIIMHCS  BaJlUK  —
0 TOAMOBEPXHOCTHOM Aedekrte. J[nnHa Balmka paBHA NPOTSKEHHOCTH
nedexTa mIoc-MIHYC MOTPEIIHOCTD, PaBHAS IIUPHHE BAJIHKA.
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st onpenenenust ne@EKTOB TOJ TOJCTBHIM CIIOEM HEMarHUTHOTO
TOKPBITHSL, A KOHTPOJIS YY9aCTKOB HAa KOHTPOJIHMPYEMBIX OOBEKTax C
OTpaHWYEHHBIMHU TIOAXOJAMH, JUIA BBISBICHHS AEe(PEKTOB B IIAPOBBIX
COeZIMHEHMsIX 0e3 pa300pKHu U JePEeKTOB Ha BHYTPEHHHX IOBEPXHOCTAX
TIyOOKHX OTBEPCTUH B KadeCTBE SMYIBCHI NPUMEHSIOT KaydyKOBYIO
cMech C (eppoOMarHWTHBIM TMOPOIIKOM. OJTy CMeCh HAaHOCAT Ha
KOHTPOJIUPYEMBIH 00BEKT MyTEM IOJIMBA, a JePEKThl OOHAPYKUBAIOT 110
pacripeiesicHHI0 MarHWTHOTO IOpPOIIKa B OTIEYaTKe (peIuiMke) — B
3aTBEPAEBIIECH KaydYyKOBOM CMECH.

OcaxxieHre MarHUTHOTO TIOPOIIKa HE BCEr/a yKa3blBaeT Ha HaIMIUE
nedexra. OOpa3oBaHHE IOJII PACCESHUS MHHUMOIO JC(PEKTa MOXKET
MPOUCXOANTh, HAIPUMEp, MNPH CTPYKTYPHOH HEOAHOPOIHOCTH, IIO
TpaHUIlE pa3liella YYaCTKOB C PE3KO OTIHYAIONIMMUCA CTPYKTYPaMu.
OcaxaeHue MopolIKa Mpy 3TOM HEIUIOTHOE, B BHJIE IIHUPOKOH IMOJIOCH C
pasMbITBIMM ~ rpaHuiiamMd. [Ipg  ogHOM W TOM K€  cIocobe
HAMarHWYMBAHUA OCAKICHHE TMOPOIIKAa MPOUCXOAUT Ha BCEX OOBEKTaX
KOHTPOJIS U B OJTHUX U TEX JKE MECTax.

B03MOXHO Tarkke Oca)KJeHHE MOPOIIKA Ha CIEAE CONMPUKOCHOBEHUS
HAMarHWYeHHON JeTaid C KaKuM-TMOO OCTPBIM (peppoMarHUTHBIM
npenmeToM. s pacmmdpoBku Takoro JedexTa KOHTPOIUPYEMBIH
00BEKT HEOOXOUMO TTOBTOPHO HAMArHUTHTD.

Ilocme TOBTOpPHOTO HaMarHWYWBAHHUS OCAXKIEHHS MAarHUTHOTO
MOpOIIKa B  MECTE CONPUKOCHOBEHHS OOBEKTa KOHTPOJIS C
(eppOMarHUTHBIM TpeaMETOM He Oyzaer. UToObl OTIMUYUThH AC(EKTHI,
BBIXOJISIIME HAa MOBEPXHOCTh, OT JIOXKHBIX, B KAa4€CTBE KOHTPOJIbHBIX
MOJKHO MPUMEHSITH KalMJUIIPHBIE METOIBI KOHTPOJISL.

Maenumuvie unouxamopwl 0eghekmos

WuaukaTopamu Ae(peKTOB B MarHMUTONOPOIIKOBOH 1e(hEeKTOCKOIUN
ciyatr MarautHeie nopouiku (Fe-mopomku). OT uX KayecTBa 3aBHCAT
pe3yabTaThl KOHTPOJIA. VICIONB3yIOTCS MOPOIIKA C BBICOKOW MarHMTHOM
MPOHUIIAEMOCTbI0 U MHAYKIMEN. JlJIsi KOHTpOJIs JieTaliell MPUMEHSIOTCS
CyXH€ MarHuTHBIE TIOPOIIKH, M MarHuTHele cycrneHsun ¢ 5-15 %
KOHIIEHTpaIuen Fe-moporixka.

MarHuTHasi CyCIIEH3Usl TPEJCTaBIseT cOOOW B3BECh MArHUTHOTO
MOPOIIKa B JKUJAKOH cpene (B OTKPBITBIX COCYJaX WJIHM a3pO30JIbHBIX
Oaiionax). B kauecTBe cpeapl MOTYT OBITH HMCIOJIB30BaHBI BOJA, MAcjo
(tuna MC, MK), kepocun, cMech Macia ¢ KEpOCHHOM H T.1I.

CycrneHsusi [OJDKHA YIOBIETBOPATH CIEAYIOUINM TpeOOBaHUIM:
UMETh BBICOKHC aHTUKOATYJSIMOHHBIC CBOWCTBAa; 0OecnednBaTh
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cmaynBaeMocTh moBepxHocTH OK, o00namate aHTHKOPPO3HOHHBIMH
CBOMCTBAMH; HE 3aMep3aTb IIPH OTPHUIATEIBHBIX TEMIEpaTypax
okpysxaromeit cpeast (10 -5 °C).

MarHuTHBII MOPOIIOK HAHOCAT HAa KOHTPOJIHUPYEMYIO MOBEPXHOCTH
JIeTIN TIyT€M ad’pO30JIbHOTO HANBUICHUS, IOJMBA MM IIOTPYKECHUS
JeTald B MAarHWTHYIO cycrneH3uio. [lo 1BeTy TMOpOmIOK HOIDKeH
KOHTPacCTUPOBaTh ~ C  KOHTPOJIMPYEeMOW  MOBepXHOCThr0.  Ecim
HOBEPXHOCTh KOHTPOJIMPYEMOTr0 OOBEKTa HMMEET OAWHAKOBBIN IIBET C
TIOPOIIIKOM, JIOIYCKAaeTCs MPeABApUTEIbHOEe HAHECEHNE Ha MMOBEPXHOCTh
00beKTa KOHTPOJS KOHTPACTHOW Kpacku (Hampumep, TOHKOTO CIIOS
0enol HUTPOIMAIIH).

Pasmacnuuusanue obvexma Konmpons

PazmarHu4mBaTh KOHTPOIMPYEMBIH OOBEKT TIOCIE MPOBEACHHS
KOHTPOJISI HEOOXOAMMO, TaK KaK OCTaTOYHas HAMarHUYEHHOCTh MOXKET
BbI3BaTh  HEXCEJATCNbHbIC  TMOCICACTBHS  (MMOBEPXHOCTH  IUIOXO
pa3MarHMYCHHBIX BPAIIAIOIINXCS W CONPHKACAIONIMXCS MHpu  pabore
OOBEKTOB MPUTATHBAIOT (EepPPOMArHUTHBIC MPOMYKThI H3HOCA, YTO
BBI3BIBAET YCKOPEHHBIH BBIXOJ] OOBEKTOB U3 CTPOSI).

JIro6oe pa3MarHWYMBaHUE CBOJUTCS K MEPUOANYECKOMY MU3MEHEHUIO
BEJIMYMHBI W HANpPABJICHHS MAarHUTHOTO MOJS, B KOTOPOM HaXOIHMTCS

p O00BEKT  KOHTPOJS, C  MOCTENEHHBIM
YMEHBIIEHHEM 3TOro moss 1o Hyns. Ha
puc. 49 npexacrasieH rpaguk M3MEHEHUS
MHIYKIUH B KOHTPOJIUPYEMOM OOBEKTE
[PU pa3MarHUYMBaHUH.

Puc. 49. I'paduk M3MeHEHUs HHIYKIUH
B JIETaJIM IPU pa3MarHU4MBaHUU

Korma wHanpsokeHHOCTh pa3MarHU4u-

BalONIET0 TOJsl JIOCTUTHET HYJIEBOTO

3HAYEHMs, OCTATOYHAs WHAYKIUS B OOBEKTE KOHTPOJS OYAET TaKkxke
0JIM3Ka K HYJIHO.

[IpumeHsroTCS ciemyromye criocoObl pa3MarHHIMBaHHSA:

- MEJJICHHOE TMPOTAaCKMBAaHME HAMAarHUYEHHOrO OO0BEeKTa KOHTPOJIS
Yyepe3 OTBEPCTUE KATYIIKY, TUTAEMOH TIEPEMEHHBIM TOKOM 4acToThI 50 I
OOBEKT KOHTPOJIA YIASIIOT Ha pacCTOsHUE HE MeHee 1 M OoT Karymku. B
9TOM CIlydae IepeMeHHOe I10je, o0Jiamas OTrpaHWYCHHON TITyOMHOMN
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NPOHUKHOBEHHUS, 3(P()EKTUBHO pa3MarHW4MBACT TOJIBKO MOBEPXHOCTHBIN
CIION KOHTPOJIUPYEMOTo 00bEKTa;

- TPOITyCKaHWE IIEPEMEHHOTO TOKa, PaBHOTO HaMarHMYHMBAIOIIEMY,
HETOCPEACTBEHHO Yepe3 AeTallb C MOCTENCHHBIM YMEHBLUICHUEM €ro0 JI0
HYJIS;

- KOMMYTAllMIO TTIOCTOSHHOTO TOKa B COJICHOWZIE WIM B OOMOTKax
3IEKTPOMArHuTa C MOCTENIEHHBIM CHH)KEHUEM TOKa 10 HYJIS;

- UCTIOJIb30BAHUE 3JIEKTPOMArHuTa, MATAEMOTO TIEPEMEHHBIM TOKOM,
MOCTENEHHO CHIKAEMBIM JI0 HYJIS.

Jlyqmmii pe3yabTaT JOCTUraeTcsi ¢ UCIOIb30BAaHUEM TeX JK€ CPEJ/ICTB,
KOTOPBIC NPUMCHAIIMCH TP HaMalrHUYUBaHUH.

Jnst KOHTpOJIS pa3MarHUYMBAHUST MOXKHO HCIIONB30BaTh HMPUTSHKEHHE
MaJIbIX MarHWTHBIX Macc: MOABOJAT HWDKHUH KOHeI nermoukd u3 6—10
KaHIESPCKAX CKPETOK K OOBEKTY KOHTPOJIS U MO OTKIOHEHHIO IIETTOYKU
OT BCPTHUKAJIBHOI'O ITOJIOXKCHUA (BCJ'[eIlCTBI/IC €C IPUTSIKCHUA K
KOHTPOJINPYEMOMY OOBEKTY) CyIAT O pa3MarHWYeHHOCTH O0OBEKTa.

7. TOKOBUXPEBOM KOHTPOJIb

7.1. O0mme cBeaeHus

TokoBuxpeBoit koutposs (TBK) ocHOBaH Ha aHaiW3e H3MEHEHUS
3JIEKTPOMAarHUTHOTO TOJsI BUXPEBBIX TOKOB IOJ JAEHCTBHEM TeX WU
MHBIX HEOAHOPOIHOCTEH 00beKTa KOHTpOJs. JlaHHBIA METOJ KOHTPOJIS
MOKeET OBITh MCIOJIB30BaH JJIsi KOHTPOJISI 0OBEKTOB U3 JIOOBIX METAJIIOB
Ha OCHOBaHMM TOTO, YTO BHUXPEBbIE TOKHM MOTYT BO30Yy>KAAaThCS B
3JIEKTPONPOBOAALINX MaTepraax.

B ocHOBHOM JaHHBIN METOJ KOHTPOJIS UCTIONB3YETCS [Tl BBISBICHUS
MOBEPXHOCTHBIX W TOJIOBEPXHOCTHBIX (B cioe g0 1 mm) aedekros
CIUIOIIHOCTH B O0BEKTaX pa3inuHON (OPMBI M3 HEMAarHUTHBIX CILIABOB.
MNuornpa TBK npumeHsOT 11 ONpeneNleHuss Mapku MaTepuana WiH
M3MEHEHUI CTPYKTYpPbl HEKOTOPBIX CIIJIABOB.

TBK o0nagaer psgoM NpeHMYLIECTB, KOTOpPBIE MPOSBISIOTCS MPH
KOHTpOJIE OOBEKTOB C 3alIUTHBIMH HOKPBITHSIMU, HEOOJBILIUX IO
TUIOIIA/IA  YYACTKOB, OOBEKTOB, PACHOJOXKEHHBIX B TPYAHOJIOCTYITHBIX
MecTax KOHCTPYKIIMH, TIPY TIONCKE MAJIOPACKPBITHIX TPEIIHUH U T. 1.

OT™MeTuM  psf  cHeUMpHUUECKHX YCIOBUH I  TOKOBHUXPEBOTO
KOHTPOJISI IIPY IIOMCKE HECIUIOMIHOCTH MaTepuaa;

- HE JIOJDKHO OBITh 3HAYUTEIbHBIX U3MEHEHUH (POPMBI IOBEPXHOCTH B
npezenax 30Hbl KOHTPOJIst 00beKTa (HalpuMep, CII0KHO KOHTPOJIUPOBATh
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TaJTEeNbHBIC TIEPEXOAbl BJOJIh 3aMKa pa0O4YMX JIOMATOK POTOPOB
KommpeccopoB u Typoun ['T/1);

- HE TOJDKHO OBITh HEOTHOPOTHOCTH CBOMCTB MaTepHaa 1o BCel 30He
KOHTPOJIA 00beKTa (HarmpuMep, MPaKTUISCKH HEBO3MOXKHO 3()(eKTHBHO
KOHTPOJINPOBATh CBApHBIE IIBHI CTANBHBIX Y3JIOB, JIOMATKH KOMITpeccopa
I'TJI w3 deppoMarHUITHOIO MaTepHanga, Ha KOTOPHIX €CTh MPHKOTH,
YYaCTK{ HaKJIena u T. 1.);

- HE JODKHO OBITh CYHICCTBEHHBIX W3MEHCHHWHA  TOJIIWHBI
KOHTPOJINpYeMOT0 OOBEKTa IO BCEW 30HE KOHTPOJS, €CIHM TOJIIMHA
com3MeprMa C TITyOHHOM MPOHUKHOBEHHSI BUXPEBBIX TOKOB.

7.2. ®uznuyeckue ocuoBbl TBK

TBK-xoHTpOJIH OCHOBaH Ha B3aUMOJICUCTBUU BHEIIIHETO
ANEKTPOMAarHUTHOTO TOJL C DJIEKTPOMArHUTHBIM IIOJIEM BUXPEBBIX
TOKOB, KOTOpBIE HABOAATCA B KOHTPOIHUPYEMOM OOBEKTE (BHEITHHM)
MOJIEM.

st Gosiee MOAPOOHOTO TMOHSATHS CYTH IPOIECCOB B3aMMOICHCTBUS
MOJIEH PACCMOTPUM MPUPOAY SJICKTPOMATHUTHOTO MOJIA.

Onexmpomaznummoe noie

OHO SABIISETCS COBOKYIMHOCTHIO HEPa3phIBHO CBS3AHHBIX JPYyTr C
JIIPYrOM B IIPOCTPAHCTBE MAarHUTHBIX M ANIEKTpUUYecKUX noieil. CoriacHo
3aKOHY  OJJIEKTPOMAarHUTHOM  MHAYKLMH, BCSIKOE€ H3MECHEHHE B
MPOCTPAHCTBE  MATrHUTHOTO TIONS  COIMPOBOXKIACTCS  TOSIBJICHHEM
AIEKTPUYECKOrO MOJIsI, KOTOPOE CO3AAET MATHUTHOE TOJIE.

Bektop MarHuTHOM HMHAYKUMU B — BeIWYMHA, XapaKTEPHU3YHOIIas
HaIpaBJicHUE U HUHTCHCUBHOCTh MATHUTHOTO ITOJIS B JIFO0OM TOYKE CPEIIbI.
Brraucasercs o hopmyre:

B=u-H,
rie 4 — MarHuTHas OPOHUUAEMOCTh cpenbl; H — HampsHKEeHHOCTh
MAarHUTHOTO TIOJIS.

HamnpskeHHOCT, MAarHMTHOTO TMOJS  3aBUCUT OT CHJIBI  TOKa,
CO3JIAOLIETO JTO MOJIE.

Uucno NUMHUNA MarHUTHOM WHIYKLIMH, TTPOHU3BIBAIOIIUX HEKOTOPYIO
MOBEPXHOCTh S, — 3TOMArHUTHBIN MOTOK @

O =5B"-8S.

ONEeKTpOMarHuTHOE II0Jie BO3HUKAeT B Cpele, OKpYyKaromen
JJEKTPUYECKYIO 1I€lb, U B CaMOM LENW IOpH HaJu4uM B HEHW TOKa.
MarHuTHble ¥ JJIEKTPUYECKUE TIONIA PACHPENCISIIOTCS BIONb IEHHU
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HEPaBHOMEPHO — DJJIEKTPHYECKOE TIOJ€ COCPEJOTOUYEHO  MEXKAY
IUTACTMHAMHM KOHJAEHCATOpa, MAarHUTHOE II0Jieé KMMEET HauOOJIBIIYIO
KOHILIEHTPALMIO B CPe/ie, OKPY’KAIOIIEH KaTyIIKy HHAYKTHBHOCTH.

YeM Oomple YUCIO BUTKOB KAaTyIIKM W 4YeM OOJblIe CHIIa TOKa,
IPOTEKAIOLIETO MO €€ 0OMOTKE, TEM BBIIIE HANPSDKEHHOCTD MO [ 1 TeM
OONBIIMI MarHUTHBIN TOTOK @ MPOHU3BIBAET KATYIIKY.

WunyktuBHOCTs L (K03 (UIMEHT CcaMOWHAYKIOMMA KaTyIIKH) —
K03(pPULIMECHT, KOTOPHIN CBA3BIBACT MArHUTHBINA NOTOK @ U cuity Toka |,
IPOTEKAOLIETO 10 OOMOTKE KAaTyIIKH:

L=/l

Ilpy BcSIKOM HW3MEHEHWH MAarHUTHOTO TIOTOKa, MPOHHU3BIBAIOIIETO
KOHTYp NPOBOJIHHUKA, B TOCJIEAHEM BO3ZHHKAET 3JICKTPOABIDKYIIAS CHJIA
(BAC) urayKIMA. DTO U €CTh 3aKOH 3JIEKTPOMArHUTHON HHTYKITHH.

OJC camoungykimu — OJIC, HaBeaeHHass B KaTylIKe W
oOycioBieHHas HM3MECHEHHEM MAarHMTHOTO  TIOTOKa,  CO3JaHHOTO
MPOTEKAIOLINM B KaTyILIKE TOKOM.

OC caMOMHAYKIUH KaTyIIKH TMPOMOPIHOHAIbHA YTIIOBOW YacTOTe
(o = 2xf, rne f — 4acTota TOKa), MHAYKTHBHOCTH KaTymikd L u cume
Toka I

E=o-L-I

OOmiee cOnMpOTUBIICHUE KATYIIKH, O OOMOTKE KOTOPOH MpOTEKaeT
NEPEMEHHBI TOK, CKJIQABIBAETCS W3 AaKTUBHOIO W HHAYKTHBHOTO
CONPOTUBJICHUI.

AKTHBHOE CONpOTHBIEHHE R KaTymKud — 3TO CONpPOTHBIEHHE, B
KOTOPOM  TMPOUCXOJUT  HEOOpaTHMBIH  Mpolecc  HpeBpalieHus
3NIEKTPUIECKOM SHEPTUH B APYrol BUI SHEPTHH (HAIIPUMEp, TEIUIOBYIO).

WHayKTHBHOE CONPOTHBICHHE X KaTYIIKH — 3TO CONPOTHUBIICHHE,
obycnosienHoe D/]C caMOMHAYKINK KaTyIIKH:

XL=w-i- L,
rae | — MHUMas € IMHUIA.
KomrmtekcHOe CONMPOTHBIIEHUE KATYIIKA — 3TO PE3yJIbTHPYIOIICE
COIPOTUBJICHUEC KATYIIKH, 110 KOTOpOﬁ MMPOTCKACT HepeMeHHBIﬁ TOK:
Z=R+ XL

Ilpu mepecedeHNMN METALIUYCCKAX TN TEPEMEHHBIM MAarHUTHBIM
MOJIEM, BO3HUKAIOMIMM OT KaTYIIKH WHIYKTUBHOCTH, B HHX, COTJIACHO
3aKOHY 3JICKTPOMAarHuTHON MHAyKuIuH, nosiiserca DC u mporekaroT
BUXpeBbIe TOKH (TOKH DyKo).
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Bosbysicoenue u pacnpeoenenue 6uxpeevix MmMoOK08 6 00veKme
KOHMPOJISL

PaccMoTpuM, Kak BO30YKHAIOTCS BHUXPEBBIE TOKM B HEMArHHTHOM
Marepuaje HakJIaJHbIM [WIMHIPUYECKMM IaTYMuKOM 0e3 cepiedHHKa
(puc. 50).

~ T ~F
- <
j <
Or— Or—i

T @%

a 9] 68
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! % l-ﬂ

Puc. 50. Bo30yxaeHne BUXPEBHIX TOKOB:
@ — B KOJIBIIE; 6 — B CIUIOITHOM MaTepHale; 6 — B MaTepHae ¢ TPELINHON

[lepemennsrii Tok |, mpoxomsamuii M0 OOMOTKE IaT4HWKa, 00pa3yeT B
MPOCTPAHCTBE BOKPYr HEro IMEpPeMEHHOE MAarHUTHOE II0Jie, 3HaYeHHE
HOTOKA YISl KOTOPOTro paBHO Do.

IMose y natunka OymeM u300pakaTh oaHOU ctpenkoii (puc. 50, 6, 8).
[Tpu momereHny B 3TO TOJIE METAUIMYECKOro Kojbiia (puc. 50, a) B Hem
oyner uaBenena DJIC u moleT MEpEMEHHBIN TOK ik (B COOTBETCTBHH C
3aKOHOM DJICKTPOMAarHUTHOW MHIYKIIWH).

Takol xe 3ddekr Oyaer npu MOMEIIeHHMH B TOJE JaTYNKA YacTH
METAJUTMIECKOr0 00BEKTa: HEMOCPEICTBEHHO 10/ HUM BHYTPH OOBEKTa
BO MHOXECTBE 3aMKHYTHIX KOHTYPOB, COOCHBIX C TaTYUKOM, BO30YAATCS
BJ1C u notinyT TOKM i3 (pHc. 50, 6).

BuxpeBbiMU, Ha3BIBAIOTCS TOKH, BO30Yy)KJAaeMble B METaNTUYECKUX
TeJIax MEePEMEHHBIM BO BPEMEHH MarHUTHBIM TIOJIEM.

TpaekTopun BUXPEBBIX TOKOB, HABEJCHHBIX TOJIEM LIIUHIPUIECKOTO
JIATYMKA, €CIIK B 3TOM MECTE JIETAIM HET HECIUIONIHOCTEH, IPEACTABIISIOT
c000M 3aMKHYTBIE OKPY>KHOCTH.

B toMm cnydae, korga B 00beKTE KOHTPOJIS MOJ AATYMKOM OKaKETCS
TpeIlIrHa, TO BUXPEBbIEe TOKKM OyayT 00TeKaTh ee ¢ 00enx CTOPOH, a UX
TPACKTOPUH B 3TOM CIIydae TakKe OCTAIOTCs 3aMKHYThIMU. [Tpn Hanmmuanm
0OJBLION TPELIMHBI TPOU30UIET pazeficHHe KOHTYPOB BUXPEBBIX TOKOB
Ha aBe dactu (puc. 50, g).



Buxpesrie TOKH HCYe3al0T Ha MPEXHEM MECTe B TOM cilydae, Koruaa
IPOUCXOJHUT CMEIICHUE IAaTYNKa Ha IPYroil y4acToK 00BEeKTa KOHTPOIIS,
¥ TIOSIBJIAIOTCSI OHU TI0J] JATIMKOM Ha HOBOM MeECTe.

MeToa BHUXpEBBIX TOKOB — METO[ JIOKAIBHOTO KOHTPOJISl, MMEHHO
MIOATOMY JaTYUK HEOOXOANMO IOMENIATh B KaXKIyI0 TOUKY IMPOBEPSEMOi
30HBI KOHTPOJIHPYEMOTO OOBEKTA.

Buxpessie TOkH BO30YXIAalOTCS HE3aBHCUMO OT TOTO, NPHXKAT JIK
JaTYMK K TOBEPXHOCTH KOHTPOJIHMPYEMOTrO OOBEKTa WM MEXIYy HHMHU
€CTh CJIOH 3aIIUTHOTO TOKPBITHS, BO3AYIIHbIA 3a30p WM CMas3Ka.

Pacripenenenne BUXpeBBIX TOKOB TIOKa3aHo Ha puc. 51, a.
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Puc. 51. PacnipenienieHie BUXPEBBIX TOKOB!
a — cle/ibl TPAeKTOPHUH BUXPEBBIX TOKOB HA CEKYIIIEH IIIOCKOCTH;
0 — 3aBHCHMOCTB IJIOTHOCTH 0/00m OT PACCTOSHUS IO OCH TAaTUHKA;
6 — 3aBHCHMOCTBH INIOTHOCTH 0/0, OT PACCTOSHUA 0 TIOBEPXHOCTH

ToukaMu H300paKEHBI CIEbI TPACKTOPUN BUXPEBBIX TOKOB Ha
CEeKylIel IUIOCKOCTH, MpoXoAsmied yepe3 och Jatuuka. Ux
pacrpesiejicHie B KOHTPOJHMPYEMOM OOBEKTe HEpaBHOMEPHOE Kak II0
MTOBEPXHOCTH, TaK U 10 TIyOHHE.

3aBUCHMOCTh OTHOCHTEIIFHOM IUIOTHOCTH BHXPEBOIO TOKa 0/0or OT
OTHOCHTEJILHOTO PACCTOSIHUS 10 ocH aatunka 2r/D.mokasana Ha puc. 51, 6,
rae Oor — MaKCHMMajibHas IUIOTHOCTh BHUXPEBOTO TOKa; I — KOOpAMHATA
TOouKM HaOmoaeHus; D, — cpeiHuil AnaMeTp AaTYuKa.
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OKBHBAJCHTHBI KOHTYD BUXPEBBIX TOKOB — KOHTYp, B KOTOPOM
IPOTEKAIOT BUXPEBBIE TOKH MAKCUMAJIbHON IUIOTHOCTH, JHAMETP
KOTOPOTO paBeH MNPHUOIM3HUTEIBHO CPEAHEMY IHaMETpy IIIOCKOTO
JaTyhKa, MPMKAaTOro K O0bEKTY KOHTPOJIA.

Uem BbIIE yAETbHAS 3JIEKTPONPOBOAHOCTh OOBEKTAa KOHTPOIS WIH
4yacToTa BO3OYXKICHHs, TeM OOJbllle 3HAYEHHE MaKCUMyMa O llpm
OTBOJIE JJTaTYUKa OT 00BEKTa KOHTPOJISA 3HAUCHHE IUIOTHOCTU O B KaXKIOH
TOYKE YMEHBIIAETCS, a AUAMETP SKBUBAICHTHOTO KOHTYpa BUXPEBOTO
TOKa pacTer.

Ilpu 2r/Dc= 0, a Takke HAa HEKOTOPOM YAQJICHHH OT IaTduKa
TUIOTHOCTh BHXPEBBIX TOKOB OyzaeT paBHa Hymro. Jledekr He Oymer
OOHapy’>KeH, €clM OH pacIoJOXEH 3a KPyroM, B Mpejenax KOTOPOro
CYIIECTBYIOT BUXPEBBIE TOKH.

OCOOCHHOCTBIO ~ TIPOTEKaHHMsT  BUXPEBBIX  TOKOB  SIBISCTCS
NOBEepXHOCTHBIN 3ddekr. OH 3akimovaeTcs B CTPEMICHHH BHXPEBBIX
TOKOB KOHLICHTPHUPOBATHCS B TIOBEPXHOCTHBIX CIIOSX OOBEKTa KOHTPOIIS,
PacIoNIOKEHHBIX OJIMKE BCETO K JaTYHKY.

BuxpeBble TOkH (M BO30YKaarolee WX IMoJjie) o Mepe yriyOJeHus B
KOHTPOJIMPYEMBII 00BEKT 0CJIa0eBaroT.

Ha puc. 51, 6 mpuBeneHsl rpaguku, XapakTepusyromie ociabieHre
BUXPEBBIX TOKOB:

- mosurms 1 (puc. 51) — B %aponpoYHOM MaTepHasie;

- mo3unms 2 (puc. 51) — B MarHueBOM CILIaBe;

- no3unus 3 (puc. 51) — B aIFOMHUHHUEBOM CILIaBe.

Jis  KOMMYECTBEHHOW OLIEHKU OCJIA0NeHHsT BUXPEBBIX TOKOB B
Pa3NMYHBIX METaUlaX M MpPU Pa3IMYHONW YacTOTE BBEACHO MOHITHE
«yCIIOBHAs TITyOMHA TPOHUKHOBEHUSI BUXPEBBIX TOKOBY» — }o (pPaccTOsIHHE
OT TIOBEPXHOCTH, HAa KOTOPOM IUIOTHOCTh BHXPEBBIX TOKOB B e pa3
MEHbIIIE, YeM Ha MOBEPXHOCTH, YTO COOTBETCTBYET YMEHBILICHHUIO €€ JI0
0,379,).

['my6GuHa NPOHUKHOBEHUS BEIYUCIISETCS 1O (hopMyIie:

1

Vo= e
rae f — yacrora; 6 — yJesbHas SJEeKTPOIPOBOJHOCTh MaTepuaia 00beKTa
KOHTPOJIS;, |\ — MArHUTHAS IPOHHUIIAEMOCTh MaTepHraia KOHTPOIUPYEMOTO
00BbeKTa.

B cnydae, ecim riyOuHa MOBEPXHOCTHOH M TOATOBEPXHOCTHON
HECIUIOLTHOCTH OJIM3Ka K IIyOMHE NMPOHMKHOBEHHS )o WM OOJbIIe Hee,
TO Takass HECIUIOWHOCTh (pHuc. 52, a) HagexHO OOHapyKUBaeTcs
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metonoM BT. Ecnu ke rimyOMHa HECTIOIIHOCTH 3HAYUTENIBHO MEHBIIE o
(puc. 52, 6), To oHa MOXKeT OBITH HE BbIABICHA. HecIuomHocTh, KOTOpas
pacronoxena TIyOXe cJosi, B KOTOPOM MPOTEKAIOT BUXPEBbIC TOKH
(puc. 52, ), He BBISBISAETCA.

Puc. 52. TosoxeHne HECIUIOMIHOCTH Pa3IMuHbIX Pa3MEPOB OTHOCHTENIBHO CII0S
IyOUHOM 0! a@ — BBISIBJIIEMbBIC HECIUIOIIHOCTH; 6 — HECIUIOIIHOCTH MOT'YT OBITh
MPOIYIICHBI; B — HECIUIOIIHOCTH HE MOT'YT OBITh BBISBJICHBI

Dopmuposanue cueHana 0amuuKa

BuxpeBble Tokm 00pa3zyroT wmarHutTHoe Tmone (puc. 53) Hapg
HPOBEPSEMBIM YYaCTKOM OOBEKTa KOHTPOJISA IOJ00HO TOMY, KakK TOK,
NPOTEKAONIMH 10 OOMOTKE JaTyhKa, CO3JaeT B MPOCTPAHCTBE
MarHuTHOE TOJIe.

Puc. 53. KapTuHbl MArHUTHOTO MOl BUXPEBBIX TOKOB Y IOBEPXHOCTH
KOHTPOJIMPYEMOTO 00beKTa: d, 6 — KOHTPOJIHPYEMbIH 00BEKT O€3 TPEIINHbI;
6 — KOHTPOJIUPYEMBI 00BEKT C TPEUTHHON

3HaueHue MOTOKAa BUXPCBBIX TOKOB (DB 3aBUCUT OT MATHUTHOH
MPOHUIACMOCTH, JBJICKTPOIIPOBOJHOCTU U CIJIOIIHOCTU MPOBEPACMOTO
marepuaina. OH MEHbBIIE B CIydYae, €CJIM MEHBILE 3JIEKTPOIPOBOAHOCTE:
D, < Dy (puc. 53, a, 5)
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HopmanpHast cocraBnsionias MarHiTHOTO MOTOKA BUXPEBBIX TOKOB B
mo00 MOMEHT HampaBlieHa HABCTPEdy HOPMAIFHOW COCTaBIISIOIICH
BO30Yyxmaromero noroka Oy qaTamka.

Ilpu OTCYTCTBMM HECIUIOLIHOCTH B KOHTPOJHPYEMOM OOBEKTE MO/
JATINKOM TIPOCTPAHCTBEHHAS KapTHHA MAarHUTHOTO TIOJS BHUXPEBBIX
TOKOB HMEET OCEBYI0 CHMMETPHIO.

Ecnum mop maT4nkoM HaxXOAWTCS TpEIIMHA, TO OCeBas CHUMMETPHS
Hapymaercsi, TaK KaK MEHSIOTCS TPAacKTOPUH BHXPEBBIX TOKOB
(puc. 53, 6). HacTh BUXPEBBIX TOKOB, KOTOPBIE OOTEKAIOT TPEUIMHY C
JIBYyX CTOPOH B TPOTHUBOMOJOXHBIX HANPABICHUSAX, CO3/MAeT HaJ HEH
JOTIONTHUTENBHOE TIoNe JieeKTa, HOpMallbHasl COCTABISIONIAs KOTOPOTO
HampaBJlieHa TaK ke, KaK 1 HOpMaJbHasi COCTABIISIONMIAs BO30YKIAFOIIEr0
nonist. [loTok momst nedexra o603nadeH AD.

MarHuTHBI MTOTOK BUXPEBBIX TOKOB (POPMHUpYET B NATUYUKE CHUTHAI.
Jononnurensusiii MoTOK AQ® BBI3BIBAET NPUPALLEHUE 3TOTO CUTHAJIA IIPU
Hammunn fedekra. [IoTok BHXpEeBOTO TOKa M €ro NpUpAIIEHUS TeM
Oonbie, yeM Ooiblie Bo30ykaatomuii oTok O u ueM Omke K 00BEKTY
KOHTPOJISI PACHOJI0XKEH JTaTIHK.

IIpu mpoTexkaHWM BUXPEBBIX TOKOB HAOIIOAAaeTCs NpeBpalleHue
AIEKTPUIECKON 3HEPTUU B TEIUIOTY — ATO MPEBpAIICHHE MPOUCXOIUT Ha
QJICKTPUYCCKOM COIIPOTHUBJICHHUU, KOTOPOC BHUXPEBLIC TOKU HCIILITHIBAIOT
CO CTOPOHBI MaTepHaja KOHTPOJIHPYEMOTO OOBEKTA.

DHeprus, MPEeBpaIaAoMAsc B TEIUIOTY 33 €IUHUIY BpeMeHH (TI0TepH
MOIITHOCTH), 0003HadaeTcs, kak Pp. Ecnm moTok BuxpeBoro toka ®p c
POCTOM DJIEKTPOIIPOBOJHOCTH MaTeprana (B mpeaenax 0 - 00) pacter, TO
MOTEPH MOIIHOCTH HAa BUXpEBble TOKM Pp BHaYaje yBEITMYHUBAIOTCA, a
3aTeM MajarT 10 Hyis (puc. 54).

DHeprusi, KOTopas TMpeBpalraeTcs BHYTPH OOBEKTa KOHTPOJS B
TEIUIOTY, TIOCTYNAaeT U3 JaT4MKa, KOTOPBHIH MOXKHO paccMaTpuBaTh Kak
TeHepaTop ANEKTPUUYECKON SHEPruu, U MOITOMY HOTEPH MOIIHOCTH Ha
BUXPEBBIX TOKax IPUBOAAT K MH3IMCHCHUIO IIapaMETPOB (aKTI/IBHOFO
COHpOTI/IBHeHI/ISI) JaTdyuKa U SBIISIIOTCS BeJ'[H‘IPIHOfI, KOTOpass BMECTE C
MarHUTHBIM IOTOKOM BUXPEBBIX TOKOB ()OPMHUPYET CUTHAJ IATUHKA.

IToTepn MOmIHOCTH Ha BUXPEBBIX TOKaX TeM OOJbIIe, 4eM OoJbIle
BO30YKIAfOIIHA TOTOK Pp U 4eM OJIIKE K IeTaTl PacIlOIONKEH TaTIUK.

[Ipu OonbIIOW MOIIHOCTH KAaTyIIKW WHIYKTHBHOCTH MPOHMCXOAUT
pasorpeBaHNe TOBEPXHOCTHBIX CJIOEB OOBEKTa KOHTPOJIS BHXPEBBIMU
TOKaMHU JI0 BBICOKOW TEMIIEpaTypBhI.
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Puc. 54. 3aBucuMOCTh MarHUTHOTO IOTOKA BUXPEBBIX TOKOB U NOTEPh
MOIIIHOCTH Ha BUXPEBBIE TOKU OT DJEKTPOMPOBOAHOCTH MaTepHalia U YaCTOTHI

Hanee paccmotpum, Kak BennuuHbl @p u Pp TpaHCPOPMHUPYIOTCS B
CHUTHQJI TapaMeTPUUECKOro JaT4uKa — aKTUBHOE W HHIYKTUBHOE
COIIPOTHBJICHHUE.

B pexumMe XONIOCTOro Xoja akTUBHOE CONPOTHUBIICHHE AaTdurhka Ro
(puc. 55, 3) onpenernsercs Yepe3 MOTEPH MOIIHOCTH B CAMOM JaTduke Po,
a ero UHIYKTUBHOCTH Lo — uepe3 Bo30y kaarouuii MarHuTHBIN OTOK Do!

Ro = Po/I%; Lo =®0/ 1.

B TokoBHXpEBBIX JIEPEKTOCKOINAX CHIa TOKa B 0OMOTKe | = const, Tak
KaK JaTYMKH TOJKJIIOYAIOT K 3JEKTPOHHOMY T'€HEpaTopy C OOJbILUM
BHYTPEHHUM COIIPOTHUBIICHUEM.

W3menenuss compotuBieHuss R wim wHIykTHBHOCTH L martumka
BBI30BYT MIPONOPLUOHANBHBIE H3MEHEHUS IOTEPh MOLIHOCTH U TIOTOKA, U
HaoOOpoT, wu3MeHeHHss P u @ BBIZOBYT NPONOPLUOHAIBHBIE
npeoOpazoBanus R u L.

[lonmHoe compoTHBIEHHWE JaT4YMKa NPUHIATO H300pakaTh Ha
KOMITJIEKCHOHM TUIOCKOCTH, OTKJIAbIBasi M0 MHHMOM OCH HMHAYKTHBHOE
COIIPOTHBIICHHE L, a IO BEIECTBEHHON OCH — aKTHBHOE COIIPOTHBIICHUE
R (puc. 55, 3).

Touka 6 = 0 c koopauHatramu Ro m ol, onpexpenser momHOe
COIIPOTHBIICHHE JIATUYNKa Zo B PEKUME XOJIOCTOTO XO/a.

Janee paccMOTpUM TO, 9TO MPOWCXOANT ¢ BemunHaMu ol u R mpu
BO30YKJICHUM BUXPEBBIX TOKOB (puc. 55, a4, 6, 8).

UYepes BUTKH OOMOTKHM JaTYUKA, TIOMELIEHHOT'O Ha KOHTPOJIHPYEMBIH
00BEKT, Yy KOTOPOrO 3JIEKTPOIPOBOAHOCTh Marepualla paBHAa 61
(puc. 55, a), mpoxomAT mBa BCTPEYHO HANPABICHHBIX TIOTOKA —
B030yxmaromuii g 1 MOTOK BUXPEBOTO TOKA Dy;.
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Pesynbprupyromuii moTok paBeH ux pazHocTH: @1 = g - .1, B aTOM
@
cllydae WHAYKTHBHOCTH Li naTumka paBHa Tl u OyaeT MeHbIIe, YeM ero

WHAYKTUBHOCTDH LoB PEXUME XOJIOCTOI'O XOoaa:

o, @
L:_17_31=|_7
=TT 07T

o0ycroBiieHa BUXpEBBIMA ToKamu. OHa TMOSBISIETCS,

<I:’Bl

(Dsl

Benuuunna
KOTJ]a JJATYMK YCTAHOBJICH Ha OOBEKT KOHTPOJIS M KaKk Obl MM BHOCHTCS,
MOATOMY Ha3bIBACTCS BHOCUMOM MHIYKTHBHOCTBIO L.

Takum 00pa3om, B ciiydae, paccMaTpuBaeMoM Ha puc. 55, a:

L1:L0 'LBHI-
&y
o—-d
a 0 6 2
wi 5o wL Wt wt
! 60 o B
IDLp = — s Wi’-u S wl’.a—— 6 0 UJLQ—— 6 0
::,; . 2 |
AN, T
wly |-— . o % g — 321\ 6 |
i :\? 5 0 {
l\? I A l 3 "'Pz
| 757 1 SR |
| s Wt
| Ren AZ; i
I i wey - §; wiy —; |ﬁz I
1
I | 70| I
l [ | il
o 3 R; 0 R, R, R 0 Ry RyRzR 0 R, R
0 e ol 3

Puc. 55. ®opmupoBanue curHaia JaTYuKa U €ro H300pakeHue
Ha KOMIIICKCHON IIOCKOCTH
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3HepFI/I$I, nmpeBpanaronasacsa B KOHTPOJIUPYECMOM O6’BeKTe B TCILIOTY,
IMMOCTYTACT U3 AaTYUKaA.
HO3TOMy IIOTEPHU MOIIHOCTHU B JATUHUKE COCTOAT U3 IOTEPH B 00MOTKE
(I/I CepI[e‘lHI/IKe) AaT4YUKa 1 MOTEPb BUXPEBBIX TOKOB B 06’BCKTC KOHTPOJIA:
P1 =Py + Pg.

P
B stom ClIyda€ aKTHUBHOC COIIPOTUBJICHUC R JaTyrvKa paBHO 1—21 nu

OyzneT OoJbIlle, YeM B PEKUME XOJIOCTOTO XO/a!

— l:)0 PBl — PBl
Ri=— +5 =R+
B

P
Bennunna 1—21 o0ycioBieHa OOBEKTOM KOHTPOJS M Has3bIBaeTCs

BHOCHMBIM aKTHUBHBIM COMIPOTHUBIICHUEM Ry
TakuMm 06pa3oM, B cirydae, KOTOPBIN paccMaTpUBaeTCs Ha puc. 55, a:
Rl = RO + RBH].-

[Tpu pa3memieHny JaT4UKa HA OOBEKTE KOHTPOJS €ro WHAYKTHBHOE
COMPOTHBIICHNE yMEHBIIAeTcs Ha BeNMWYMHY L., a axkTuBHOE
COTPOTHBIICHUE YBEIMYMBACTCS Ha BEIWYNHY Rg,;, KOMIIIEKCHOE
COIIPOTHBIICHNE Z U3MEHSIETCSl Ha BEIMUHHY:

ZSHI :RBHI _j(DLBHl-

OTa BelNMYUHA U SBJSETCS CUTHAJIOM JaTYHKa.

BbIuTs Ha KOMIUIEKCHOH IIOCKOCTH (pHUC. 55, 0) U3 MHIYKTHBHOI'O
compotuBneHust wl, naT4nka B peXHME XOJOCTOrO XOJa BHOCHMOE
WHIAYKTUBHOE COINPOTUBICHWE Ly, W [100aBUB K aKTHUBHOMY
COTPOTHBIIEHHNIO Ry BHOCHMOE aKTHBHOE COMPOTHUBIEHUE Rgyi, MOTydaeM
TOYKY 61 Ha IDIOCKOCTH, KOTOpas XapaKTepH3yeT KOMILIEKCHOE
COMPOTHBIICHHE  JaTyuka Z;, TIOMEIIEHHOTO Ha  MeTalll ¢
3IEKTPOIPOBOTHOCTHIO G1.

IIpu pasmemeHunm  JnaTd4Wka HaJ  METALUIOM C  OoJbIei
3JIEKTPOMPOBOTHOCTEI0O 62 (puc. 55, 6) TOTOK BHXPEBBIX TOKOB
YBEJIMYUTCA 110 CPABHEHUIO C TPEABIAYIINM ciiydaeM U OyzaeT paBeH Ds),
a TIOTEpH MOUIHOCTH HAa BUXPEBBIE TOKH MOTYT YBEIWYHTHCS WIH
YMEHBIIUTHCS (pHC. 54) o 3HaYeHUS Ppo.

COOTBETCTBEHHO 3TOMY W3MEHSTCS BHOCHMAs WHIYKTHBHOCTh U
BHOCHMOE aKTUBHOE COTPOTHUBIIEHHE, OHU OYAYT pPaBHBI Lgw2 M Rena. st
OTIpeJieJICHNs] KOMIUIEKCHOTO COTPOTUBIICHUS JaTdunka Z; HEO0OXOIUMO
HAWTH KOOPIAMHATHI TOUKH 62 HA TNIOCKOCTH (puc. 55, e):

O)Lo_ O)LBHZI/I 1{O + RBHZ .
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IlepectaBnsis ~ gaTyMk  Ha ~ MeTaUIbl € BoO3pacTarouiel
3JIEKTPOIPOBOAHOCTIO, TOIYYMM Ha KOMIUIEKCHOW IIJIOCKOCTH DAL
TOYEK, KOTOpbIE ONPENENAIOT IIOJHOE COIPOTHUBJICHUE naTyuka Z, a
TaKKe TOJIHOE BHOCHMOE CONpOTHBICHHWE (CHTHA]I  JIaT4UKa),
COOTBETCTBYIOIIEE ITUM 3HaueHUsIM 6. COeAMHUB BCE TOUKU G JIMHHEH,
momydyaeM TpaduK  3aBHCHUMOCTH Z  JaT4Wka WiIH  Zy  OT
9NEKTPONPOBOAHOCTH. Takas jke€ 3aBHCUMOCTb Z JaTuhka U Zgy
HOJIy4aeTcst Ipu 6 = CONSt, HO MpU M3MEHEHHH 4YacTOTbl BO30OYKIECHUS
BHXPEBOTO TOKa OT O 70 00,

I'papuxu Z (6, f u mpyrue), KOTOpbIE MOKA3BIBAIOT 3aBHCHMOCTH
CHUTHaJIa JAaTYMKa Ha KOMIUIEKCHOM IUIOCKOCTH OT CBOICTB MaTepHuaia
KOHTPOJIMPYEMOTO O0BEKTa, PACCTOSHHSA 10 JaT4uKa, QOpMbI 0OBEKTa
KOHTPOJISA, pa3MepoB fiedeKTa u Jp., Ha3bpIBaIOT ToAorpadamu.

Yro ke mpencTaBusieT co00i CHrHal JaTyhKa Py HAIMYHUU O]l HAM
nedexra?

Ilycte B [HeTamy ¢ 3JIEKTPONPOBOAHOCTBIO MaTepuana Gz IOJ
JaTYNKOM MMeEETCs TpelrHa (puc. 55, 6). DTo MPUBOAUT MO CPABHEHHUIO
CO cCiydaeM, KOTOPBIA H300pakeH Ha pHC. 55, 6, K TMOSIBICHUIO
JIOTIOJTHATENBHOTO MAarHUTHOTO MoTOoKa +A®d, a Takke K YBEITHYCHHUIO
WIA K YMEHBIIEHUIO MOTEPh MOIIHOCTH Ha BUXPEBBIX TOKax Ha +AP
(puc. 53, 6).

PesynpTupylone  MOTOK M [OTEPH  MOLIHOCTH  JaT4HKa
OTIPEIEIISIOTCS BEIPAKEHUSIMU:

D3 = Py— Dyt AD;
P3 =P, + Psy = AP.
Pa3nenum nepsoe u3 HuX Ha |, Bropoe Ha 12, n momyumm:
Ls = Lo— Lam + AL;
Rs =R, + Rex £AR.

[lpy HanuuuM TpelUMHbI MHAYKTUBHOCTH JAaTYMKa YBEIUYMBAETCH,
BHOCHMasi WHIYKTHBHOCTh YMEHBIIIAETCS, AKTHBHOE CONPOTUBJICHUE
JaTdyiKa ¥ BHOCHMOE aKTHBHOE COMPOTHBIICHHE MOTYT YBEITUYUTHCS,
YMEHBIINTHCS IJIH HE U3MEHUTHCS — BCE 3TO 3aBUCHUT OT TOTO, IIPH KaKUX
3HAYCHUSAX MPOU3BE/ICHHS 6 BBIMOIHIETCS KOHTPOJIb.

Ha puc. 55, o mnpupamenue curHajga, BBI3BaHHOE TPELIMHOM,
M300pakeHO BEKTOPOM AZ.
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Bektop Zs, coemuHSOmMNA Hadajio KOOPAMHAT C Toukod TP,
n300pakaeT TIOMHOE COIMPOTHBICHWE MaT4YWKa, YCTAaHOBIEHHOTO Ha
00BEKT KOHTPOJIS C TPECUTUHOM.

Ha puc. 55, o mokaszaH Taxke curHan (BekTop AZi) naTyuka,
BBI3BAaHHBIN TPEUIMHON B MaTepualie ¢ 3JIEKTPOIPOBOAHOCTHIO G1.

Knaccugpuxayus u npUHYUn oeticmausl BUXPEMOKOBbIX
npeobpaszosameneii

Knaccudukanms BUXpEKOTOBBIX MpeoOpa3oBaTelieil MpeAcTaBieHa Ha
puc. 56.

BTM

I Puc. 56.

OudpdepeHuuransHble KHaCCH(bHKaHI/M

I BUXPEKOTOBBIX

I ‘ npeoOpa3oBareneit
MpoxoaHble I Kom6uHnpoBaHHble | | HaknagHole

‘ OkpaHHble HaknaaHble ’

HapyxHble

[ I I 1
[ BHyTpeHHne | | Weneeble I | MorpyxHbie | laxpaHHue |

Ilo npunHmuny cbemMa uHHPOpPMAMKM JENAT Ha aOCONIOTHBIE U
nmud dhepeHnranbHbIe.

AGCONIOTHBIMU (puc. 57) Ha3bIBAKOT BUXPETOKOBBIE
npeoOpa3oBaTed,  BBIXOAHOM  CHUTH&I  KOTOPBIX  ONpEAEIseTCs
a0COJIIOTHBIMHM 3HAYCHUSAMH HapaMeTpPOB KOHTPOJIMPYEMOIro OOBEKTa B
30HE KOHTPOJISL.

i K] / z
Puc. 57. AGcomoTHBIH TpaHC(HOPMATOPHBINA
BUXPEMOKOBLLL Npeodpazoseament.
1, 2 — Bo30yxAaroIIas 1 U3MEpPHUTEIbHAs
00MOTKH; 3 — KOHTPOJIHPYEMBbIif 00BEKT
JuddepeHnnanbHblii — 3TO  COBOKYITHOCTH JIBYX aOCOJFOTHBIX

BHUXPETOKOBBIX TpeoOpa3oBarenell, OOMOTKH KOTOPBIX COCIWHEHBI TakK,
YTO BBIXOJHOW CHTHANl  OMpeAeNseTcsl pPa3sHOCThIO  IapamMeTpoB
COOTBETCTBYIOIIUX 30H KOHTPOJIS.
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[To Tuny npeoOpa3zoBaHus MapaMeTpPOB KOHTPOIUPYEMOTo O0BEKTa B
BBIXO/THOH CHT'HAJI BHXPETOKOBBIE MPeoOpa3oBaTeNy MOAPA3ACIAIOT Ha
napaMeTpHyecKue u TpaHcopmMaTopHsIe.

['maBHOE  mpeuMyLIECTBO  MapaMETPHUUECKHUX  BHUXPETOKOBBIX
npeoOpa3oBaresieil 3aKimodaeTcss B HMX MPOCTOTE, a HEIOCTaTKOM
SBIIETCS 3aBUCHMOCTD BBIXOJHOTO CHTHAJA OT TeMIIEPaTypHBIX YCIOBHI
(310 cabee BBIpaKEHO B TPaHCPOPMATOPHBIX PEOOPA30OBATEIIAX ).

[To mpuHIMmy cheMa MH(YOPMAIMK BUXPETOKOBBIE MpeoOpa3oBaTesu
JIETIAT Ha a0CONFOTHRIE U auddepeHIraTbHEIE.

B 3aBucuMOCTH OT pacmoNOKeHUSI BUXPETOKOBOI'O MpeoOpa3oBaTelis
M0 OTHOIIECHHUIO K KOHTPOJIUPYEMOMY OOBEKTY MX KiacCH(GUIHUPYIOT Ha
NPOXO/HBIC, HAKIIATHbIE 1 KOMOMHHUPOBAaHHEIE.

KonctpykTuBHO#I 0COOEHHOCTBIO HPOXOIHBIX HapY>KHBIX
npeoOpa3oBaTeiell sBISETCS TO, YTO MX KATYIIKH TOJHOCTHIO
OXBAaTHIBAIOT ~ KOHTPOJMUpPYeMBIH  00BeKkT. Karymkum  BHYTpeHHHX
BUXPETOKOBBIX ITpeoOpa3oBaTeseil BBOAAT BHYTPh 0OBEKTa KOHTPOJIS.

IIpu TBK mupoko nNpuMEHSIOT BUXPETOKOBBIC IMpeoOpa3zoBaTesn
HaKIagHOTO TUma. MX ocH pacnonaraloT TEpPHeHAMKYIAPHO K
HOBEPXHOCTH  KOHTPOJIHUPYEMOTO o0beKTa, 4TO HO3BOJISIET
KOHTPOJIMPOBATh OOBEKTHI CIOKHOH KOH(HIYypalMu TIPH BBICOKOM
JIOCTOBEPHOCTH KOHTPOJISI.

HaknamHoit BHXpPETOKOBBI IpeoOpa3oBaTelnb HMEET OJIHY WU
HECKOJIBKO ~ 00MOTOK. WX  Karymkw MOryr OBITh  KPYIJIBIMH
KOakcuanbHbIMU (pHuc. 58, a), mnpsmoyronbHbiMEH (puc. 58, 6),
NpSIMOYTOJILHBIMH ~ KpecTooOpasHbiMu  (puc. 58, 6), ¢ B3auMHO
HePIEeHINKYIISIPHBIMU OcsiMU (puc. 58, 2).

Puc.58. HaknanHeie BUXpETOKOBBIE TPE0Opa30oBaTEIIH:
1, 2 — Bo30yknaromas u u3MepuTeIbHast 0OMOTKH; 3 — KOHTPOJIUPYEMBIH 00BEKT
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HaknagHele  BHXpeTOKOBBIE — IMpeoOpa3oBaTeNy  KOHCTPYKTHBHO
BBITIOJTHAIOT C ()epPOMArHUTHBIMH CEpJCYHUKAMH, Oiarogapst KOTOPBIM
HOBBIIIACTCS  YyBCTBUTEIBHOCTh K M3MEHEHHIO KOHTPOJIHPYEMBIX
napameTpoB U (GopMHUpYETCs 3afaHHasi OPUCHTALHS DJIEKTPOMATHUTHOTO
OIS

Ha puc. 59 moka3an Kopmyc HAakKJIagHOTO BHXPETOKOBOTO
npeoOpa3oBaTessi C YCTAaHOBJICHHBIM B €T0 HWKHEH yacTu (heppHUTOBBIM
MarHUTONPOBOAOM B BHJIE IMJIMHIPUYECKOTO CTEPKHSA ¢ HAMOTaHHBIMHU
Ha HeM OOMOTKaMHU OXBAa4yeH ONPABKOIl C KOJITAYKOM, CKBO3b KOTOPBIH
MPOXOJUT KaOeb.

Puc. 59. HaknaHoit BUXpeTOKOBBIH NpeoOpa3oBaTesb KapaHAallHOTO TUIIa
C MOJIPYXKMHEHHOU KaTylmKoi: 1 — kabeinb; 2 — KOJMavokK; 3 — MpyXKUHa;
4 — onpaBka; 5 — xopiyc; 6 — crepxeHb; / — 0OMOTKH

CrmpanbHasi LUIMHAPUYECKas MpPYKWHA MEXKIy KOJIMNAYKOM |
KOpPITyCOM OTIpEeNIeNseT CHIy, C KOTOPOW CTEp)KEHb MNPIKUMAETCs K
MOBEPXHOCTH KOHTPOJIUPYEMOTO OOBEKTA.

OmnpaBka cABUraeTcsi BAOJIb OCH, CKUMas IPY>KUHY JI0 TeX TOp, IMoKa
HIDKHUM ~ TOpel] ONpaBKM HE  HPWKMETCS K  MTOBEPXHOCTH
KOHTPOJINPYEMOTO 00BEKTA.

7.3. Texnonorusi nposeaennss TBK

ITpu Bemonnennun TBK koHTponmpyeMbix OOBEKTOB BO30YXKAEHHUE
BUXPEBBIX TOKOB OCYIIECTBISIETCS TEPEMEHHBIM MATHUTHBIM TIOJIEM,

cO31aBacMbIM KaTyIHKOﬁ WHAYKTUBHOCTHU BUXPETOKOBOI'O
npeoOpa3zoBaTes.

Bechb nporecc kouTpois (puc. 60) 3akimouaercs B IOCIEI0BATEILHOM
CKaHUPOBAHUH MOBEPXHOCTH KOHTPOJIHPYEMOTO 00BbeKTa
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npeoOpa3oBaTejeM B HalpaBlICHHU, MOMNEPEYHOM MPEANoIaracMomMy
pacIoJIoKeHHIO JedeKTa, OOBIIHO TPEIITHH.

HeoOxonumo, 4TOOBI IIar CKaHWPOBAHHS HE TPEBBINIAN JTUAMETPA
CeplcYHMKa KaTYIIKH, B MPOTHBHOM CIIydae YacTh MEJKHUX TPEIIUH
MOJKET OBITh HE OOHapyKEeHa.

Puc. 60. Cxema TBK HeMarHuTHBIX 00BEKTOB KOHTPOJIA:
I, Il — most BUXpEBBIX TOKOB B CILIONIHOM MaTepHale
U B MaTepualie ¢ TPEIMHOMN;
1 — snexTpoHHBI 010K NedekTockona; 2 — BAXPETOKOBBIN MpeoOpa3oBarelb;
3 — KOHTPOJIUPYEMBIif 00beKT; 4 — HHPOPMATHBHBIN TTAPAMETP

[paBuibHOE pa3leleHHEe KaXJI0ro OObEKTa KOHTPOJII Ha 30HBI
KOHTPOJISI —  SIBISIETCSl  ycJoBUEM  A(MQMEKTHBHOTO  MPUMEHEHUS
Jle(peKTOCKOHOB, TaK KaK BO MHOI'UX CliydadX KOHTPOJUPOBATHL BCIO
MOBEPXHOCTh HET HEOOXOIUMOCTH.

Crenyet BBIACTSATH 30HBI:

- Y4aCTKH BOKPYT OTBEPCTHIA, 3aKIIETIOK;

- peOpa KEeCTKOCTH;

- TAJITEIH NIePeX0/1a OJMHAKOBOTO (WK OJIM3KOT0) paanyca;

- I1a3bI OJIHHaKOBOfI IOUPUHBI;

- ¥ IPYTHE YYaCTKH, MOJICIKAIIHE KOHTPOITIO.

B mpenenax KaxkmoW 30HBI, UCXOJ M3 HAMPABICHUS W Pa3MEpOB,
MOJUTICHKAIIMX  BBISIBICHUIO  MHHUMAIbHBIX  Je(EKTOB, HaMEUAIOT
TPACKTOPUH MEPEMEIICHHUS JaTINKa.
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Jdnsg Toro 4roObl OOHApYKUTh HECIUIOIIHOCTU JUIMHOW MEHee
JMamMeTpa  JaT4MKa, IOCICAHUH  HEOOXOIMMO CKaHHPOBAaTh IO
HOBEPXHOCTH KOHTPOJIHMPYEMOro OOBEKTa, MepeMerias ero BIOJb
BEPOSTHOTO HAIPaBJICHHsI HECIUIOMIHOCTH C ILIAroM, PaBHBIM TOJIOBHHE
JMaMeTpa IaTYHKA.

JIisi moWCKa HECIUIOUIHOCTH JUIMHOW OoJble JuamMerpa JaTdyuKa
HOCJICTHUI JTy4Ille IEPeMeIaTh MOMEePeK €€ BEPOSTHOrO HAIPABIICHHUSI.

[Ipu moxdope naryMka HEOOXOJMMO YYHTBHIBATH (JOPMY U pas3mMepbl
30HBI KOHTPOJISI, @ TAK)KE €€ JOCTYITHOCTb.

JI1st KOHTPOJIsE 00BEKTa, PACIIONOKEHHOIO B MAIOAOCTYITHOM MECTE,
MOJKET MMOTPeOOBaThCS pa3padoTKa CIENUaTHLHOTO MPHCIIOCOOICHUS s
JIOCTaBKH JaTYMKa B 30HY KOHTPOJIS, (UKCHPOBAHHS €0 MOJOXKEHHS U
HePEMECIICHHUSI.

Ha puc. 61 noka3zansl BapHaHTBl paboYyero MoJIOKEHHs TaTYUKOB TPU
KOHTPOJIE PA3INYHBIX 30H.

Puc.61. PaGouyee monoxxeHue
JIATYMKOB TIPH KOHTPOJIE
Pa3IMYHBIX 30H

Uz-3a  TmarenpHOCTH
omepaluy KOHTPOJs paccMarpuBaeMblii  MeTon dS(GQEeKTHBEH NpH
o0cJeI0oBaHNH JIOKAJIBHBIX YYacTKOB (HampuMep, KPOMOK JIOTIATOK
KOMIIPECCOPOB W TYpOWH, TalTelIbHBIX TepexoJoB W jp.). llpu
BBIIIOJIHEHUM KOHTPOJII TPH IOMOIIM JAaHHOTO METoJa HeoO0XOIuM
JIOCTYT K KOHTPOJIMPYEMbIM y4acTKaM TTOBEPXHOCTH.

KauectBo JIKII Ha MeTaJIMYeCKUX JETANAX KOHTPOJIUPYIOT
UIEKTPOKOHTAKTHBIM METOJIOM, KOTOPBI OCHOBaH Ha OIpPENEICHUN
JIEKTPUIECKOTO COIPOTHUBIIEHMUS MEXIy BHUXPETOKOBBIM
npeoOpazoBaTesieM, IMOMEIIEHHBIM Ha TIOBEPXHOCTH 00BEKTa KOHTPOJIS, U
OCHOBAHHBIM METAIJIOM 0€3 OKPBITHSL.

B cnywae HapymeHHs ~IEIOCTHOCTH  HEDIEKTPONPOBOIALINX
3aIIUTHBIX CIIOEB AJIeKTposuT (Boma +3 % -HBI pacTBOp XpOMITHKA)
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3aIoJHSET OJIOCTh MOBPEKACHUS M 3aMBIKAET SJIEKTPHUYECKYIO 1IETIb, YTO
¢buxcupyercs aedexrockonom. Ilepen KOHTpoNEM 3IMEKTPUUECKUNA IILYyIT
npucoequHArOT K HenmokpeiTomy JIKII ywactky. BuxperokoBblil
npeoOpa3oBaTelb MNEPUOAMYECKH CMAayMBACTCS JIIEKTPOIUTOM U B
nporecce KOHTPOJIS MIEPEMEIAeTCsl [0 MOBEPXHOCTH KOHTPOIHPYEMOIO
o0bekTa. B KkauecTBe NPOBOJHMKA HCIOJIB3YIOT IHOJIMBUHMI(OPMAb,
HaKJICEHHBI Ha METAJUNIMYECKYIO TUIACTHHY C MPUMAsSHHBIM KOHTAKTHBIM
MPOBOJIOM, UAYIINM K BBIBOJAM JedeKkTockona.

Jns  BouiBieHHsT ne(EKTOB TUNA  YIUIOTHEHHMH  HCIHOJB3YIOT
BUXPETOKOBBIE TONIIMHOMEPHI; TNPUMEHHM TaKKe PacCMOTPEHHBIN
3JIEKTPOKOHTAKTHBIN METONI.

JedexkTockonnuecknii KOHTPOIb MOXKET OCYLIECTBIATHCS TOJIBKO
1ocje MpPEABAPUTEIBHOrO MNPOrpeBa M MPOBEpKH AedekTrockoma Ha
HacTpoedHoM oOpasie. BaxkHO, 4TOOBI KOHTpOJHMpyeMas MOBEPXHOCTh
ObUTa OUYUILEHA OT TPSI3H, OKUCIIOB H IIp., @ TAK)KE UMeJia IIEPOXOBATOCTh
HE HIDKE 5-TO KJjacca.

Ha mpaktuke ObIBaeT Tak, 4TO BUXPETOKOBBIH Je(PEKTOCKON MOXKET
OIMOOYHO YyKa3bIBaTh Ha Hajuuue aedekra (JI0OKHOE cpabaThIBaHUE).
OObIYHO 3TO  BBI3BIBACTCSA  CICAYIOIMMHM NPUYMHAMHU:  HU3KOH
OTpPHULIATENILHOM TEMIIEpaTypoll OKpyKamlled cpelasl, OOphIBOM B
KaTyIIKe BUXPETOKOBOTO MPeoOpa3oBatelis, BIMSIHUEM TaK Ha3bIBAEMOTO
«kpaeBoro 3¢dekra», BIUSHHEM IIOCTOPOHHETO MeETaula B 30HE
KOHTPOJISL.

Pe3ynbTaThl KOHTpPONS B OTHCNBHBIX CIIydasX IOATBEPKAAIOTCS
JIOTIOJTHUTENNBHBIM aHATH30M (OOBIYHO METOZOM MPSIMOI BH3yalU3aluu
WA METAIIOTpaduIecKiM).

Jns  Oonblield HArISATHOCTH PACCMOTPUM HECKOIBKO TPUMEPOB
BeinosHennst TBK mrs AT.

Koumponws xonec waccu JIA

Ha xonecax maccu JIA mpoBepsitoT 00sbILIOE YNCIIO pa3HOOOPa3HBIX
30H:

- T1a3bl IO/ CTOIIOPHBIE KOJIBLIA,

- KaHABKH T10]1 YIUIOTHUTEIbHBIE KOJIbLIA;

- BBIEMKY I10]1 HHIIIIEIh;

- TaJITeNIM Tepexoja OT OypTa K KOHHYECKOW WIIM IMIHHIPHYECKOM
4acTH HEChEMHOU M CheMHOU pedop;

- yyacTku mHpuHON 20-40 MM, IPUMBIKAIOIINE K TalTeNAM;

- TAJITENTH YIIOPHOTO OypPTHKA;

- Y4aCTKH BOKPYT BUHTOB;
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- TAITENN CTYMUIBI U Apyrue (U KaXJI0ro THMA KoJeca BBIACISIOT
CBOM 30HBI KOHTPOJISA).

PaccMoTpuM Mmociie0BaTeIbHOCTh IIPOBEPKH Oapabana (puc. 62) ¢
YETHIPHMSI 30HAMHU.

C )
H:_ ———— ;E*L
- Puc. 62. 30HbI KOHTPOJIS
/ \\\ 4 Ha OapabaHe KoJjeca
\Tj./ [— 3
—
| S— o ol
— 7

KoHTponb mpoBomuTcs mocjie IeMOHTaXa MHEBMAaTHKa W yIAJICHUS
OCH3MHOM C TOBEPXHOCTH 30H |-4  TpuropeBIiell  pe3WHBI,
oTciiouBLIerocs Ha otaenbHbIx yyacTkax JIKII u rpssu.

CHavana HacTpauBaroT JAe(peKTOCKON 10 TpeM 0e3/eeKTHBIM TOUKaM
rantenu (3oHa 1). Ee KOHTPOJL BBIMOJTHSIOT MEPEMEIICHUEM JaTduKa
BION OypTa co ckopocthio 305-0 mMwm/c, BBIAEpKHBas €ro B OJHOM
nosoxenun — noz yriaom 40-50° k 6ypry.

Ilpu mepexome K KOHTpomo Taza (30Ha 2) pedekTockon
NEPeCTpanBalOT; BO BpeMs KOHTPOJIS BBIICPKHUBAIOT HOPMAaJbHOE
MOJIOXKEHUE JATYMKA OTHOCUTENHLHO MIOBEPXHOCTH JTHA 11a3a.

Y4acToK y OTBEpPCTHSl TIOJl HUIIETL (30Ha 3) MPOBEPSIOT IOCHE
NepeCcTPOrKH 1e(EKTOCKOIA, TepeMellas ero AaTYHK BIOJIb OCH KOJieca C
marom 4-5 Mm.

Ecnu B 30HE KOHTPOJSI €CTh MAarHWTHAS JE€Tallb, HAPUMED, IITOHKA,
BUHT, JaTYUK Je(eKTocKona 10 Hee He TOBOAST HA PACCTOSHUE 5 MM BO
n30eKaHKe TTOTyUeHHS JIOXKHOTO TIOKa3aHusI.

Iloce oxoH4aHWA KOHTpPOJS 30H 1-3 (KOHTPOJh KaKIOW 30HBI
OKaHYHMBAIOT MIPOBEPKOI UyBCTBUTEIBHOCTH) MOAKIIOYAIOT UCKATEIBHYIO
TOJIOBKY, HACTPaWBAIOT JIe(heKTOCKOII, pa3Melasi TOJIOBKY B TPEX TOYKax
30HBI 4. 3aTeM MPOBEPSIOT ee, IepeMeliias FOJIOBKY co cKopocThio 30-50
MM/C ¥ TIOKUMast K OypTYy.

Hanee npoBoauTcs pacundpoBKa MOIydeHHOH HHPOPMALIHH.
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Ha puc. 63 mpuBenens! nedektsl konec maccu JIA, oOHapyKeHHBIE
nipu BoinioaHeHuu TBK.

a 7]

Puc. 63. Jledexts konec maccu JIA, oOHapyxeHHBIe ipH BemonHeHNH TBK:
@ — TIOpaXXECHHSI MEXKKPUCTAJUTUTHOM KOppo3uel (BUI Ha MUKpOLLTHdE);
6 —TpenrHbI (Tocie yIaneHust HOKPBITHS MpossieHsl npu nomoum KHK)

Konmpons omeepcmuii

BrisiBiieHHEe  HECIUIOIITIOCTEH, BO3HUKAIOIIMX HAa  IOBEPXHOCTH
oTBepcTuil muamerpoM 5-30 MM OONTOBBIX M 3aKJIETIOYHBIX COCTMHEHHIA,
3aja4a, KoTopas 3pPEKTUBHO MOXKET OBITh pellieHa B Psijie CITy4aeB TOIBKO
MetonoM TBK, moToMy 4T0 HECIIONTHOCTh Ha MOBEPXHOCTH, JOCTYITHYIO
JUTSL IPSIMOTO HAOJTIO/ICHHSI, MOYKET HE BBIXOHTH (pHc. 64, a, 6).

// | % 7 W//:i%@}z
\ |
3R

a 7] 6

Puc. 64. Bo3amosxHbIe MecTa BO3HUKHOBEHHSI HECIUIOITHOCTH Ha TIOBEPXHOCTH
oTBepcTHs (@, 6) ¥ MONIOKEHHE UCKATEIHHON FOJIOBKH MPU KOHTPOJIE (6):
1 — naTuuk; 2 — mIockKast NpyXuHa; 3 — KOpIyc; 4 — OrpaHUYUTEIEHOE KOJIBLO
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Jiiss  KOHTpOJdsL OTBEpCTHH OONTHI BBIBOPAYMBAIOT, a 3aKJICIKH
M3BIIEKAIOT TaK, YTOOBI HE MIOBPEINUTH COEAMHEHHBIE 00BEKTa KOHTPOJISL.

TloBepXHOCTh OTBEPCTUSI MPOTUPAIOT BETOIIbIO, CMOYEHHOH B
OcH3MHE, YHANAIOT 3ayceHIbl. VICHONB3yIOT chIenuaibHylO TOJIOBKY,
MIOKa3aHHYIo Ha puc. 15, 6.

Huamerp Kopmyca TOIOBKM paBeH AHAMETPY IPOBEPSIEMOTO
otBepctus. llonoxkeHne naTuyuka B 30HE KOHTPOJIS (PUKCHPYIOT YacThIO
KOpIlyca, BCTaBISIEMOIO B OTBEPCTHE, a TaKXE OrPAaHUYUTEIHHBIM
KOJIBIIOM, MOJIPKUMAEMBbIM K IJIOCKOM noBepxHocTH. K mpoBepsiemMoii 30He
JATYUK TTOHKUMAETCS TIPY>KHHOM.

B OTBEPCTUM BBIACIIAIOT KpPAa€BYIO 30HY, 30HY CTBhIKa COCIAMHACMBIX
JeTaneil U BHYTPEHHIOI 30HY. JledeKTOCKOIl HAacTpaWBarOT B KaKIOW
30HE.

st mpoBepku OTBEpCTHA TOJIOBKY TOBOPAYMBAIOT BOKPYT OCH, CIEJs
3a MHIUKATOpaMH JeQeKTOCKOTA.

TBK mpoBepsitoT 0TBepCTHsI B CTPUHTEPHOM HaOOpe IEHTPOIUIaHa, a
TAKXXC OTBCPCTHA B y3J1aX IMOJABCCKH IACCU U (1)I/ITI/IHF3X.

Konmponw 3axnenounsix uigog oouiuexu

Takue mBHI BRITIOTHSIOT 3aKJIETIKAMH C TIOTAaHBIMU TOJIOBKAMH.

Jnst BBIABIEHHS] TpEIIWH MAAaTYMK Ae(eKTOoCKOoma pa3MemarT Ha
KOHTYypEe TOJOBKM 3aKiienkh B 0Oe3ae(eKTHOM MecTe M HacTpPauBaloT
JIe(heKTOCKOTI.

3areM JaTYMKOM, KaK KapaHJAllOM, OMHCHIBAIOT KOHTYp Ka)IOu
3akyenkd. [Ipy TakoM KOHTpoJie B OOIIMBKE MOKHO OOHApYXKHUTh Jaxe
TPELIVHBI, PA3BUBIINECS C BHYTPEHHEN [IOBEPXHOCTH U HE BBILIEAIINE HA
OTKPBITYIO YacTh HApY>KHOU €€ 4acTH.

Ha puc. 65 mokasanbsl gedekTsl B 00muBKe crabuim3aropa JIA,
BbIABJIEHHBIE TTpU oMol TBK.

Owubxu npu evinoanenuu TBK

I[Ipu xontpone oObekroB mpu nomonm TBK pedexrockomucTs
MHOTZIa JOIMYCKalOT OIIMOKH, CHIKaromue >(QEKTUBHOCTH JaHHOTO
KOHTPOJIS.

Hawubonee pactipocTpaHEeHHBIMA OIIMOKAMH SIBIISTFOTCSI:

- IPIMEHEHNE HeUCIpaBHbBIX JAedexTockomnon qis TBK;

-  HEYNOpAAOYEHHBI  XapakTep IMEpeMEIleHUs JaTuyuka B
KOHTPOJINPYEMOH 30HE;

- MOAKIIOYEeHHE aedeKTockona 0e3 craduiau3aTopa K HCTOYHHKY
MUTaHUs, HAPsDKEHUE KOTOPOTo N3MEHSIETCS B OONBLINX Mpeaesnax.
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Puc. 65. TpemuHs! B 00MIMBKE CTaOHIH3aTOpA:

@ — TPEIUHBI BOKPYT OTBEPCTHUS Ha IIOBEPXHOCTH Pa33eHKOBKH, CKPBITHIC
NP HAJIUYUH 3aKIICTIKU €€ TOJIOBKOM; 6 — TPEIIMHBI BOKPYT OTBEPCTHS
(3akienKa U3BICYCHA, BUI C BHYTPEHHEH CTOPOHBI OOILIMBKH);

6 — TpelIVHa BBILIE/IIas Ha HApYKHYIO OBEPXHOCTh OOIINBKU

- KOHTpPOJb OOBEKTOB, TOJIIMHA KOTOPBIX ONM3ka K TiIyOuHe
nponukHoBeHUs1 TBK u B mpezenax 30HbI KOHTPOJIS PE3KO HU3MEHSIETCS
(3TO MOXET TMPHBECTH KaK K IMOSBICHHIO JIOKHBIX CHUTHAJIOB, TaK U K
NpOIycKy AedeKTa);

- TIPUMEHEHHE JUIsl IPOBEPKU HACTPOUKH Ae(PEKTOCKONa OOBEKTOB C
HECIUIOLTHOCTSIMH, pa3Mepbl KOTOPHIX OOJbIIe MUHUMAJIBHBIX Pa3MEpOB
JIe(QEeKTOB, KOTOPHIE MOJJIEKAT BBISBICHUIO;

- KOHTpOJIb CTaIbHBIX OOBEKTOB C MAarHUTHOH HEOAHOPOIHOCTHIO
Marepuaia IMPUBOJUT K TOSBICHUIO JIOKHBIX CHIHAJIOB (CTalbHBIC
JeTali C HEOAHOPOJHBIMH MAarHUTHBIMH CBOWCTBAaMH, HAaKJIaJHBIMU
JATYNKaAMH KOHTPOJIMPOBATh HE PEKOMEHTYETCsI);

- HeTIpaBWIbHAs pacuin(ppoBKa MoKazaHU 1e(heKTOCKOIa;

- KOHTPOJIb TQJITEIH JATYMKOM, JHAMETP KOTOPOro ONHM30K K ee
paauycy (MeXmy JaTYMKOM M IIOBEPXHOCTbIO 00BbeKTa OyIeT
3HAYUTENBHBIN 3a30D, e(PEeKT MOXKET ObITh TIPOITYIIECH);

- KOHTPOJb OOBEKTOB CIOXHOH (POpMBI HE MO 30HaM NPU OIAHOM
pEeKUMe HACTPOMKH JIEPEKTOCKOIIA.

8. AKYCTHUYECKASA JE®EKTOCKONUSA

8.1. Odurue cBeneHus1 00 aKycTHYeCKOH 1edeKkTocKOMUU

B ocuoBe aKYCTHHCCKOﬁ ,I[e(l)eKTOCKOHI/II/I JIC)KAT AaKYCTUYCCKHUC
KOJIeOaHMS — MEXaHUYECKHE KoaeOaHus HacCTHIl prerﬁ Cpcabl.
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Haubonee pacIpocTpaHeHHBIMH METOoAaMHU aKyCTHYECKOU
JIe(EKTOCKOIIUH SABJISIFOTCS:

- 9XO-MMIyJbCHBIM (IIPUMEHSIOT [UI1 BBISBJICHHUS BHYTPCHHUX
Je(QEeKTOB B CBapHBIX IIBaX CHJOBBIX Y3J0B, OOHapyKeHHs TpPELIMH
YCTalOCTH Ha O00BEKTaX, PACIIONOKEHHBIX B TPYIHOIOCTYIHBIX MECTax
KOHCTPYKITUH, U JIp.);

- UMIENAHCHBIH (MPUMEHSIOT AJIs1 KOHTPOJISL KIIECBBIX COCIUHEHUH B
KOHCTPYKIMSIX C COTOBBIM HAIIOJIHUTEIIEM).

HeoOxonumpIMu  yCHOBUSIMM AJIsl IPUMEHEHHUS 3XO-UMITYJIECHOTO
METO/1a SIBJIIOTCS:

- MaTepHraj KOHTPOJIUPYeMOro 00BbEeKTa AOIKEH 00NafaTh yIpyruMu
CBOMCTBaMH, OBITH OHOPOAHBIM, C MAJTBIM KOA((DUITUSHTOM 3aTyXaHHUS;

- HaJIM4YKE OCTYIa Ui BBOAA YJIBTPA3ByKa B KOHTPOJIUPYEMYIO 30HY
00BEKTA;

- yuCcTOTa 00PabOTKM MOBEPXHOCTH JACTAIM JODKHA OBITH HE MEHEe
5 xmacca ymctoThl HesaBucuMo oT Hamwmuus JIKII (mpu koHTpome He
YAQISIETCS).

8.2. ®u3nyeckue OCHOBBI AKYCTHYECKOIi TedeKToCKomuu

Ipupooa u ceoticmea aKycmuyeckux 601H

AKyCTHYECKHE BOJIHBI — PacIpOCTPAHSIONIMECS B YIPYrod cpene
MEXaHHUYECKHE KOJICOAHUS YaCTHUEK CPEJIbI.

ITpy ABYOKEHWH BOJHBI YaCTHIIBI COBEPIIAIOT KOJEOAHHS OKOJIO CBOMX
MOJIOECHUHN PABHOBECHS.

JlinHa BONMHBI A — pPacCTOSHHE MEXKAY JBYMS ONKANIIIMU
JacTuuamMu, KOTOPBIC KOHCGHIOTCS[ B OI[HHaKOBOﬁ (1)336, OHa BBIYHCIISICTCA
o popmyre:

A=c-T= %,

T€ ¢ — CKOPOCTh JIBMKEHMSI BOJIHBI B MaTepHalie IpOBEPSIEMOI eTallH;
T — nepuon kosebanuii; f—yvacrora KoseOaHHi.

B 3aBucuMocTH OT HanpaBiieHHsI KOJIeOaHusl YaCTHIL IO OTHOLIEHUIO K
HaIpaBJICHUIO PACIPOCTPAHEHUs] BOJIHBI pa3in4aloT 4 TuUna BOJIH
(puc. 66):

- IPOJIOTIBHBIE;

- [IOTIEPEYHEIE;

- IOBEPXHOCTHBIE;

- HOpPMaJIbHBIE.
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B mpomonkHOW BOJIHE YaCTHUIBI KOJICOIOTCS BIOJbL HAINPAaBJICHUS
pactpocTpaHeHHSI  BOJHBI. OTH  BOJHBI  TNPEACTABIIIOT  COOOH
YyepeioBaHUE 30H CXKATHW W pacTsbkeHud (puc. 66, a). OHm Moryt
pacpoCTPaHsIThCS B TBEP/IBIX, JKUAKUX U ra3000pa3HBIX Cpeax.

B momepeunoi#f  (CHBUTOBOM) BOJHE  YacTHIIBI  KOJEOIFOTCS
NEPICHIUKYISPHO K HAMPABICHUIO €€ PACIIPOCTPAHCHHUSL.

IMTormepeunbie BOJMHBI (pUC. 66, 6) MOTYT pacIpPOCTPAHITHCSA TONBKO B
TBEPJBIX Cpeax.

esase

cene e

Jususevosaeun

Puc. 66. Pacripoctpansironuecs: B TBEpIOH cpelie YIpyrue BOJIHbI:
a — TIPOJIOJIbHBIE; O — TIOTIEPEYHbIE; B — IIOBEPXHOCTHBIC; 2 — CHMMETPHYHbIE
HOPMaJIbHBIE BOJHBI (BOJIHBI PACTSDKEHHS); 0 — aCUMMETPUYHbIE HOPMaJIbHBIE
BOJTHBI (BOJTHBI U3TH0a)

B 1noBepxXHOCTHON BOJHE YacTHUIIBI OJHOBPEMEHHO COBEPIIAIOT
NpPOJIONIbHBIE  KOJNe0aHWsT B HANpaBICHUM  PACIpPOCTPAHEHHUS U
NONEPEYHbIe  MEPHEeHAMKYJSIPHO K  ITOBEPXHOCTH,  OIHMCHIBAs
SIUTMIITHYECKHUE WK O0JIee CII0KHBIE TPAEKTOPHUH.

[ToBepxHOCTHBIE ~BOJIHBI ~ PACHpPOCTPAHSIOTCS 1O  TOBEPXHOCTH
o0beKTa, cieays ee u3rudam u ObICTPO 3aTyXas ¢ riryOuHoi (puc. 66, 6).

HopmanbHble BOJIHBI MOXHO BO30YAWTH TOJIBKO B TOHKOCTEHHBIX
(or 0,3 go 10 mMMm) mmcrax, TpyOax min B 000JOYKAX TOCTOSHHOM
TOJIIMHBI. B 3THX BOJTHAX YaCTHIIBI COBEPIIAIOT KOJICOAHHS MO0 TAKUM Ke
TPaeKTOPHSIM, KaK B TIOBEPXHOCTHOM BOJIHE, HO Ha BCIO TOJNIIMHY JINCTOB
WM CTEHOK 000JI049eK, TPYO.
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Bo3HUKAIOT W pacnpoCTpaHsSIOTCS HE3aBUCHUMO OJHA OT APYrod JBe
HOPMaJIBHEIE BOIHEI (pHC. 66, 2, 0):

- CHMMeTpUYHAas (BOJTHA PACTSIKCHHUS );

- acHMMeTpHU4Has (BOoJHA U3ruda).

VYupyrue BOJIHBI B 3aBUCUMOCTH OT YaCTOTHI OBIBAIOT:

- nH(pa3ByKOBbIE (C YacToTOM Konebanuit no 16-20 I'm);

- 3ByKOBbI€ (0T 16 10 2-10% T'w);

- yabTpassykossie (ot 2-10* mo 10° I'm);

- rUnep3ByKOBbIE (dacToTa Kojiebanus cebime 10° I'm).

YenoBe4eCKUM YXOM JJISl BOCHIPHSTHS JIOCTYIIEH TOJBKO 3BYKOBOH
JIMana3oH, OCTAJIbHBIC BOJIHBI HE CIIBIITHBL

[Tpu akycTHYECKOM KOHTPOJIE UCHOIB3YIOTCS YIbTPa3ByKOBEIC BOJHBI
gactotoit oT 0,5 10 10 MI'11 1 BOJHBEI 3BYKOBOTO JTHAINa30HA YACTOTON OT
1 no 8 xI'm.

YaenbHbBIM  BOJHOBBIM  CONPOTHBICHHEM Z  XapaKTepU3YIOTCS
AKyCTUYECKHE CBOMCTBA OJHOM CPe/Ibl 110 OTHOLIECHMIO K APYIOM.

[lox  ynenbHBIM  BOJHOBBIM  CONPOTHBICHHEM  IOHUMAIOT
Npou3BeIeHHEe UIOTHOCTH CPEbl p HA CKOPOCTh PACTIPOCTPAHEHHUS B HE
IIPOJIOJIBHOM BOJIHBI Cpp!

Z=p Cup

CooTHONIEHHE YACTbHBIX BOJIHOBBIX COTPOTHUBICHHN JIBYX Cpel
OlpeeNsieT CTENEeHb IPOHUKHOBEHUS YJIbTPAa3BYKOBOW SHEPrUH W3
OJTHOM CpeJibl B IPYTYIO.

KopoTKOBOITHOBBIE yIBTPa3BYKOBbIE KOJIEOAHUS IO CBOMM CBOWMCTBAM
CXOJTHBI CO CBOMCTBAMH CBETOBBIX JIy4eH:

- OHM TaKk Xe, KaK M CBETOBBbIE Jy4d, MOTYT OTpa)KaTbcs,
npenoMIsiThes,  (GokycupoBatbesi, UHTEp(EepHpOBaTh, HCIBITHIBATH
JUQPaKIUIO U 3aTyXaTh 110 MEPe PacHpOCTPaHEHHUS,

- OHU pacTpOCTPaHSIOTCA B BUJIE HAIIPABICHHBIX JTy4eH.

8.3. YabTpa3BykoBasi AedeKTOCKONUsI

Peructpanusi u reHepupoBaHUE YIbTPA3BYKOBBIX BOJIH MO3BOJISIOT
BBISIBIIATH JEPEKTHI B MaTepualie, pa3Mephl KOTOPHIX COM3MEPHUMBI C
JUIMHOM  BONHBI. JIaHHBI METOJ aKyCTUYeCKOW JaedeKTockomuu
Ha3bIBACTCS YIBTPa3BYKOBbIM. OH MpeaHA3HAYCH 7Sl BBISBICHUS B
MaTepuae (ynpyroit cpene) MmoBepXHOCTHBIX M BHYTPEHHHUX J€(PEKTOB B
BUJIC HECIUIONIHOCTEH, OOYCJIOBJICHHBIX YCIOBUSMHU HATPYKCHHUS WIN
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HEOJTHOPOTHOCTHIO CTPYKTYPHI (METAJUTYPTUYE€CKHE MU MTPOU3BOICTBEH-
HO-TEXHOJIOTHUYECKHE Me(HEKTHI).
Ha puc. 67 npencraBnena cxema MouCKa JePEKTOB YIBTPa3BYKOBBHIM
Je()eKTOCKOIIOM B CBAPHOM IIIBE C TIOJIKJIaIKOMH.
[ — y—

4

Puc. 67. Cxema moucka nedexroB
yIBTPa3BYKOBBIM A€(EKTOCKOIIOM
B CBapHOM LIBE C MMOAKJIAIKOM:

1,2 — Ha"YaIBHBIA U CTPOOUPYIOLITHIA
UMITYJIbCBI; 3 — 9XO-CHI'HAJ OT JIe(heKTa;
4 — curHAJbI OT HOAKJIAIKH;

5 — undopmMaTUBHBIN Mapamerp

OCHOBHBIMM MOMEHTAaMH B YJIbTPa3ByKOBOM KOHTPOJIC SIBIISIOTCS
TeHepUPOBAaHUE W pPETUCTpalys YJIbTPa3BYKOBBIX BOJH, KOTOpBIE
pacnpocTpaHsioTCsl B CpeAe IO 3aKOHaM T'€OMEeTPUYECKOW OMNTHKU U
OTpayKaroTCs WIN PAaCCEUBAIOTCA OT Ae(EKTOB.

PasnuuaroT Tpu MeTosa yIbTPa3ByKOBOIO KOHTPOJIS (puc. 68):

B ) N

a 7] 8

Puc. 68. CxeMbI yIbTpa3ByKOBOTO KOHTPOJIS:
a — 9X0-METOJI; 6 — TEHEBOW METOJI; 6 — 3epKaJIbHO-TeHEeBOM MeTo; 1 - nedexT

- axo-meron (puc. 68, a), OCHOBaHHBI Ha BO30YKICHUH B
KOHTPOJIMPYEMOM  OOBEKTE  KOPOTKHX  HMMITyJbCOB  YIPYTHX
yIBTPA3BYKOBBIX  KoJeOaHWW M MOCICAYIONICH  perucTparyu
HMHTCHCUBHOCTU U BPEMCHHU MOCTYIUICHUA 3X0-CUTI'HAJIa, OTPAKECHHOT'O OT
nedexTa;

- TeHeBoi Meton (puc. 68, 6). OH OCHOBaH Ha TIOCBHUIKE B
KOHTPOJMPYEMBIH  OOBEKT yNPYrHX KoNeOaHWiH W  perucTpanuu
U3MEHEHUS WX WHTEHCHBHOCTH TIOCJE OJHOKPATHOTO IPOXOXKICHHUS
yepe3 ynpyrue cpeasl. Konebanus BBOIST B KOHTPOJIHUPYEMBIH OOBEKT
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W3JTYYAIOIIMM MPeoOpa3oBaTesieM ¢ OJHON €ro CTOPOHBI, a MPUHHUMAIOT
OPUEMHBIM [Tpeo0pa3oBaTeieM, PaciolOKEHHBIM C IPYTOil CTOPOHBI;

- 3epKaJIbHO-TeHEBOU MeTox (puc. 68, 6) — pa3sHOBUIAHOCTH TEHEBOTO
Meroma. IIpM KOHTpoJNe MPUEMHYI0 HW H3IYyYalolIyl0 TOJIOBKH
YCTAaHABJIMBAIOT C OMHOH CTOPOHBI KOHTPOJHPYEMOTO OOBEKTA.
Peructpaiidsi MHTEHCHBHOCTH YIPYTHX YJITPa3BYKOBBIX KoJicOaHHI
OCYIIECTBIISICTCA ~ IMOCAE€ HMX  OTPKCHHS OT  MPOTHBOMOJIOKHOMN
MOBEPXHOCTH KOHTPOIUPYEMOT'0 OOBEKTA.

HVcronb3yroTest TPH THITA YIBTPa3BYKOBBIX BOJH (puc. 69):

Bbod Y3-Bons

Puc. 69. YnbTpa3ByKkoBbie BOJIHBL: 1 — IPOJI0NIBHBIE; 2 — ONIEPEUHbIE;
3 — MOBEPXHOCTHBIE

- TpoAoNbHBIE  (HampaBJIeHHWE  PACIHPOCTPAHEHUS  COBIAMAET
CHarpaBJICHUEM BO3MYLICHUS);

- moBepxHOCTHBIE (Pernest) — komebanus cpenbl pacpOCTPAHSIFOTCS 110
JJUIMIICOMJHOM  TPAaeKTOpUM € MPOJOJIBHOW U MONEPEHYHOH
COCTaBIISIOIINMU;

- ToriepeyHble (CIBUTOBBIC) — Y HUX KOJICOAHUS TIepereHANKY IS PHBI
HAIpaBJICHUIO BO3MYIIEHUS.

Bo30yxneHue u npueM yabTpa3ByKOBBIX KOJIeOAHMH OCYIIECTBISETCS
C MIOMOIIBIO YIBTPa3BYKOBBIX ITbE303JIEKTPHUECKHUX MPpeodpa3oBaTenei.

IIpe30nmexkTpudeckre npeobpazoBaTenu MPUMEHSAIOTCS n3
MbE30KEPAMUYECKUX  MAaTEpHaJoB, HX JEWCTBUE OCHOBAaHO Ha
MBE303JICKTPUUECKOM 3 deKTe.
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ITee30amekTpudecknii Sh(HEKT 3aKITFOYASTCS B TOM, YTO TIPU CKATHH U
pacTsbkeHHH TpeoOpasoBareiel Ha WX MOBEPXHOCTSIX BO3HHKAIOT
snexTprdeckue 3apsaanl (puc. 70).

Nx 3Hak ompexpensercs BuAOM JedopMmarvik  (CKaTHE WK
pacTshKeHHE), a BETUIHHA — TIPHUII0KCHHOHN CHITOH.

o2 £ 4
S S
——-r—— +++++ @
M | 4
a o 8 2

Puc. 70. ITre303mekTpudecKuii 3P PeKT:
a — npsmoint 3 dekT; 6 — oOopatHbIl 3P PeKT; F — crta pacTsHIKCHUS WITH CIKATHS,
1 — mee3omiacTuHa; 2 — clloi cepedpa

[Tbez0npexT oOparuM: TPU TPHUIOKEHHUH K  IMOBEPXHOCTAM
mpeoOpazoBaTeNiss  TMEPEMEHHOTO  3JEKTPUYECKOrO  HANPsHKSHHS,
npeoOpa3oBaTeib  OyAeT  CcOBepIIaTh  MEXaHWYECKHe  KOJeOaHwMs
(pacTsrUBaThCS M CXKUMATHCS) C YACTOTOHN MPHIIOKESHHOTO HAMPSKEHHS.

[Tse303mexTpruecKknii Mpeodpa3oBaTeNb MO3BOISAET PeoOpPa30BHIBATH
JNIeKTpUYecKne  KojeOaHWs B yIbTPa3BYKOBbIE W, HAoOOpOT,
YIBTPA3ByKOBBIE B AJICKTPUUECKHE.

UzroroBnsroT mee3onpeoOpazoBareny B GopMe MIACTUHBI, IIIIIHHAPA
u T. 1. Ha 00e ux moBepXHOCTH HAHOCAT TOHKUH cloi cepedpa.

Pa3nnyaroT HECKONBKO THIOB YIBTPa3BYKOBBIX IpeoOpa3oBaTenen
(puc. 71). Ilo yray BBoJa aKyCTUYeCKHX KoJieOaHWH YIbTPa3ByKOBBIC
npeoOpa3oBaTeu:

- npsimble (IWIMHAPUYECKHE) — TEHEPUPYIOT TOJLKO TPOJOJIbHEIC
KOJICOaHMS,;

- HakJOHHBIC (KyOwdeckod (OpMBI) — TEHEPHUPYIOT CIABUTOBBIC U
MOBEPXHOCTHBIE BOJHBI.

[Ipy 1poAONEHOM W HAKIOHHOM TIPO3BYYHMBAHHH HCIOJB3YIOT
npeo0pa3oBaTeIn TPEX THIIOB:

- COBMEIICHHBIC (B HUX IbE30IUIACTHHA OJHOBPEMEHHO BBITIONHSCT
POIb M3ITydaTeNs 1 IPUEMHHUKA);
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- pasnenbHble (ITBE30TUIACTMHA WCHOJB3YEeTCS TOJNBKO B PEKUME
W3ITYYeHHS WIH [TPHeMa);
- pa3zenbHO-COBMEIIeHHbIEe (Y HUX OJIHA TOJOBHHA IHE30TLTACTHHEI
SIBIIICTCS M3JIydaTeJIeM, a IPyrasi — MPUESMHUKOM).
v - 2 i 2 3

Puc. 71. KoHCTpyKIMHK YIBTPa3ByKOBBIX peoOpa3oBaTeiei:
@ — TIPAMOTO COBMEILIEHHOTO; 6 — HAKJIOHHOTO COBMEILIEHHOTO; 8 — pa3ebHO-
COBMEIICHHOTO; 1 — mbe3omacTuHa; 2 — nemmdep; 3 — mMPOTEKTOP;
4 — KOHTAaKTHas JKHIKOCTh; 5 — KOHTPOJIHpYyeMas IIOBEPXHOCTh; 6 — KopITyc
pe3oHaropa; 7 — BHIBOJIBI COSAMHEHUS C 3JIEKTPOHHBIM OJIOKOM; 8 — rpu3Ma;
9 — NIEKTPOAKYCTHIECKHI IKPaH

Ha onekrpoHHO-ITy4eBoil TpyOke nedeKTocKona perucTpupyercs
OTpakeHHEe YJIbTPa3ByKa OT I'PAHHUI] CPeJ C Pa3HOil IUIOTHOCTBIO. DTH
OTPaKEHHST MOTYT OBITh Pa3NUYHBIMH B 3aBHCHMOCTH OT (OpPMBI U
pasmepoB aehekToB (puc. 72).

yi- ¢
foniel §
: Puc. 72. Cxema
OTpa)KeHUsI
YIIBTPa3BYKOBBIX
KoJeOaHUH OT pa3IMIHBIX
nehekToB

Paafeomua

[Monoxenne jgedexTa ONpEAETSFOT MO  CKOPOCTH  BpPEMEHHU
pacrpocTpaHeHHsT KojiebaHWi — paccTosHHE 10 nedeKkTa paBHO WX
MIPOU3BENCHHIO.
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CKOpOCTh YIABTPa3BYKOBBIX KOJICOAHWH CHIIBHO 3aBHCHUT OT CBOHCTB
cpempl  (2500-6500 wm/c), a BpeMs MPOXOKICHHS pPaBHO TIOJIOBHUHE
BpPEMEHH OT HCIYCKaHHWs WMITYyJbCa JO BO3BPAIICHUS OTPAKEHHOTO
CUTHAaJA.

Pacnipoctpanenue ynpyrux yibTpa3ByKOBBIX BOJIH B YIPYTO#l cpeje
[IOKa3aHo Ha puc. 73, a.

Puc. 73. Cxema pexxuma
«MEpTBOH 30HBI» IIPU
yIBTPa3ByKOBOM
KOHTpPOJE:

1 — sKkpaH IEKTPOHHO-
Jy4eBoi TpyOKHy;

2 —nedext

(¥

W3HauanbHO BOJIHOBOE II0JIE MMEET LMIMHAPHYECKYIO (GopMy, a Ha
HEKOTOPOM PAacCTOSHHUU I- (GopMy ycedeHHOro KOHyca ¢ yriaoM 6 mpu
BEpIIHHE.

WuTepdepennns BoH B OMMKHEH 30HE CO3/1a€T HEraTUBHBIN AP EeKT
«pa3MbIBAaHUS» 30HAMPYIOLIETO CUTHANIA HAa SKpaHe JIEKTPOHHO-Ty4IeBOI
TpyOKu (puc. 73, 6).

Pabora B pexxume «MepTBOH 30HBI» BO3HMKAET, KOIZa CHTHAT OT
nedexra, Haxomswmerocs B ONIDKHEH 30He, NoOHajaer B KOHTYP
30HJIUPYIOLIETO CUTHAIA — Ie(DEKT CTAHOBUTCS HEBHIMBIM.

I'myOuHa OivbKHEH 30HBI BRIYUCIISACTCS 10 (hopMyIie:

r= D?/(4-}),
IJie I — pacCTOsIHHE OT YIILTPa3ByKOBOTo mpeodpazoatens; D — muamerp
MMbE302JIEMENTA; A — JJIMHA BOJIHEL.
VYron pacxoxxaeHus ITydka JIydeld B JalbHEHN 30He:
sinf = (1,22 -A) | D.

W3 npuBeneHHBIX BBIIIE COOTHONIEHWH BHJHO, YTO CHH3HTH
BO3MOXHOCTb paOOThl B «MEPTBOHM 30HE» MOXKHO IyTEM YMEHBIICHUS
MSITHA KOHTAKTa yIbTPa3ByKOBOT'O Mpeodpa3oBaTelisi ¢ KOHTPOIUPYEMbBIM
00bekToM. Ho MOIIIHOCTE YJIBTPa3BYKOBOM BOJIHBI IIPH ATOM TaKXke Oyaer
YMEHBIIATHCS.

3aryxaHue 3HEepruH YIpyrux BOJH M0 MEPE UX MPOABHKEHHUS B TITyOb
cpenpl 00yCIOBIEHO TMOTEPSIMU Ha BHYTPEHHEE TpeHHE M paccesHue. B
pasHbIX Cpefax 3HAUCHME 3aTyXaHHUs Pa3jIndHO B 3aBUCUMOCTH OT TakK
Ha3plBaEMOTO  YAEIBHOTO  BOJHOBOTO,  WJH  aKyCTHYECKOro,
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CONPOTHBIICHUS,  KOTOPOE  pPaBHO  MPOU3BEACHUIO  CKOPOCTH
pacnpocTpaHeHHs BOJIH B JAaHHOI Cpezie ¢ Ha ee INIOTHOCTH p.

bonpmoe 3aryxaHue yibTPa3BYKOBBIX BOJH B BO3AyXe JeaeT
HEOOXOTUMBIM IPUMEHEHHWE KOHTAKTHBIX JKHAKOCTEH Ha TpaHHIe
yIABTPA3BYKOBOTO Ipeo0pa3oBaTesi — MOBEPXHOCTH KOHTPOIHNPYEMOTO
00beKTa, B KaU4eCTBE KOTOPHIX MOTYT OBITh HCIIOJIB30BAHBI MaJIOBS3KUE
MOTOpHBIE Macia (Ui IPSAMBIX yIbTPa3BYKOBBIX MpeoOpa3oBaTeneil) niu
TIIMOEpUH € 3arycTuTenieM (A7  HAKIOHHBIX  yIBTPa3BYyKOBBIX
npeoOpa3oBaTeIei).

MOIHOCTD YIBbTPAa3BYKOBOTO JIyda CHIDKAETCS TAaKKE BCIICICTBHE
SBJICHUH paccCesiHus, MpeIOMJICHUsT U TpaHchopMmanuu KonebaHuil Ha
TPaHHUIIE CPeJl C Pa3HBIMH IUIOTHOCTSIMH.

PaccMorpuM  Ha  mpEMepe  MMIYJIBCHOTO  yJIbTPa3ByKOBOTO
JeQEeKTOCKOIa, M3 KaKUX OCHOBHBIX YacTeld COCTOUT NpUOOp Juis
npoBeieHus KOHTPoJIst (puc/ 74).

Ienepamop — CUHXPOHUBUPYIOWUX — UMAYIbCO8  HEOOXOAMM  JUIS
o0ecrieyeHns] CUHXPOHMU3ANH PabOTHI Y37I0B NEPEKTOCKONa, PeaIn3ys
UMITYJICHBIN PEXHUM HM3ITYyYCHHUS] — TPUEM YJIbTPa3BYKOBBIX KOJIEOaHUH.
BHe 3aBUCHMOCTH OT peXHMa T'€HepaTop BbIpaOaThIBaCT HMMITYJIbCHI,
UCTIONb3YeMbIe JUIS ITycKa T'eHepaTopa paJHoOMMITYJILCOB, TeHepaTropa
HaNpsDKEHUs]  pa3BepTKH, Onoka 1@poBoil  00pabOTKH, CXEMEI
BPEMEHHOH CEJISKIIMM aBTOMAaTUYECKOT0 CUTHAIM3aTOpa 1e(EeKTOB.
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Puc. 74. O60061eHHas! CTPYKTYypHAsk CXeMa UMITYJIbCHOTO YIIbTPa3BYKOBOTO
JnedeKTocKomna
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Jns popMHupOBaHUS BBICOKOYACTOTHBIX AIEKTPHUECKUX HMITYIHCOB,
UCTIONB3YeMbIX JUIS  BO30YXICHHS YIbTPAa3BYKOBBIX KoJeOaHWH B
npeoOpasoBaTelie, MPUMEHSCTCS 2eHEPAmop PaoUOUMNYIbCOE.

BbIcOKOUacTOTHBIE — ANEKTpHYECKHE KOJNEOaHUS IhE30IUIACTHHON
npeobpaszoBaresss TpaHCHOPMUPYIOTCSI B MEXaHHYECKHE, KOTOPBIE IPH
HAJIMYUU aKyCTUYECKOTO KOHTAKTa BBOASTCS B OOBEKT KOHTPOJIsL. JJonms
JO TpaHMLBI C KakoW-TnOO WHOPOTHOH cpenoil (medexTom), 3TH
KOJIeOaHNS YaCTUYHO OTPAKAIOTCS, PETHCTPUPYIOTCS U IPE0Opa3yroTcs B
OpUEeMHOM  mpeoOpa3oBaTele B JJEKTPUYECKHE  HMMITYJIBCHI,
MOCTYMAIOIINE HA BXOJ IPHEMHO-YCHIINTEFHOTO TPakTa Ae(heKTOCKOTA.

Hdnsa  ycunenusi ae(EKTHPOBAHUS CHTHAJIOB, PETHCTPUPYEMBIX
NPUEMHBIM TpeoOpa3oBaTesieM, HCHONB3YETCS NpUeMHO-YCUTUMENbHBIIL
mpaxm.

OCHOBHBIE 3JIEMEHTHI IPHEMHO-YCHITUTEIBHOTO TPAKTA!

- JBYCTOPOHHHMH JHMOTHBIA OTpaHHYMTENb (TpeAHA3HA4YCH IS
OTpaHUYEHUS] AaMIUIMTYJbl 30HIMPYIOIIETO HMITyJbCa Ha BXOJE
YCUIIUTENS);

- KaTMOPOBAHHBIH JIEJIUTENb HANPSDKEHUS (M3MEPUTEbHBINA aTTeHI0A-
TOp TIO3BOJSIET OIEpaTopy CpaBHUBAaTh YPOBHU HXO-CHT'HAIOB OT
Pa3IUYHBIX OTpaXkaTelneit);

- YCHIIMTEIb BBICOKOH YacTOTEHI,

- IETEKTOp;

- BUJICOYCHITUTETIb;

- (hopMupoBaTeNb yNpaBIsIONIEro HANPSHKEHUST BPEMEHHOTO PeryJiv-
POBaHUS YyBCTBUTEIBHOCTH.

W3mMepuTenbHble aTTEHIOATOPHI BBITIONHSIOT IIyTEM IIETIOYEYHOTO
COCJIMHEHMsI 3BEHHEB Ha pE3UCTOpaX C W3MEHEHHEM BHOCHUMOTO
3aTyXaHus IMyTeM NepeKITI0UeHHS 3BEHBEB.

Buoeoycunumens  mipencraBiser coboil  cXeMy — peryiumpyemoi
orceukn. Cxema oOecreynBaeT Iepeliady CUTHAIOB, MPEBBIIIAIONIHX
3aJaHHbIH yPOBEHb, HA3bIBAEMbIH YPOBHEM IOAABIICHUS, 0€3 HCKaXKEHUH.

s BeIpaOOTKM  HampsDKEHHs, YHOPaBISIIOIIETO BO  BPEMEHHU
kodpuIMEeHTOM  yCHIICHHsT TNPHEMHOT0  TpakTa  JIe)eKTOCKOIIa,
npeHa3HaYeH Gopmuposamens — ynpaeisowezo HAnPAICEHUs.
8pemMeHHo20  pecynuposanus  uyecmeumenvHocmu. OHa  IO3BOJIAET
YMEHBIIUTh BpeMsI BOCCTAHOBIICHHS YCHIIHUTEINS IMOCIE MEPErpy3Kd ero
30HIUPYIOIIUM HMITyJbCOM, a TaKkXkKe KOMIICHCHpPOBATh OciabieHne
YIBTPa3ByKOBBIX KoJieOaHHUH B 00BEKTE KOHTPOJI.
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B »Xo-uMmynbcHBIX JeEeKTOCKOmax B KauyecTBE WHIUKATOPOB B
OCHOBHOM WCTIONB3YIOT 3IEKTPOHHO-TTyYEeBbIE TPYOKH c
AIIEKTPOCTATHYECKUM OTKJIOHEHHEM JIyda B BHJIE WHIUKATOPOB THIA A.
Ha sxpane Takoro MHIUKaTOpa BOCIIPOM3BOIUTCSA B MaciiTabe mporecc
pacipocTpaHeHHs yIbTPa3BYKOBBIX KOJIEOaHUN B 0OBEKTE KOHTPOJIA.

Ha  ropm3oHTasbHO  OTKJIOHSIOIIME  IUIACTHHBI  TOAAETCS
nuooopazHoe HanpspKeHHe, BhIpabaTbIBaEMOE TeHEPaTOPOM
HanpsDKEHUS Pa3BePTKH, U1l OPMUPOBAHHS U300paKEHUSL.

Hampspkenne BUAGOCHTHAIOB TOJAeTCs C  BBIXOJA IIPHUEMHO-
YCHIIUTENIFHOTO TpakTa Ha BEPTHKAIBHO OTKJIOHSIOUIMECS IUIACTHHEI, B
pe3yibTaTe 4Yero Ha JMHUM pPa3BEPTKU MOSIBISIOTCS UMITYJIBCHI,
TMOJIO’KEHHE KOTOPBIX TO3BOJISIET CYIUTh O PACCTOSHUU JI0 OTpaXkaromien
MTOBEPXHOCTH.

11 u3MepeHusi KOOpJMHAT BBISBJICHHBIX 1S()EKTOB U [T U3MEPEHUS
JUINTETFHOCTH W 3aJepKKH  pa3BepTKH, BPEMEHHBIX MapamMeTpPOB
aBTOMATUYECKOTO CHTHanmM3aTopa Ae(eKTOB W CHCTEMBl BPEMEHHON
PETYIMPOBKH YYBCTBHUTEIBHOCTH HCIIONIB3YETCS YUPPOGOl UHOUKAMOP,
WM 610K Yu@dposol 0opabomku.

JMuTenpHOCTh HEM3BECTHOTO BPEMEHHOTO MHTEPBaJia IPeoOpasyioT B
muppoBOil KOJ IyTeM 3allOJIHEHUS J3TOr0 WHTEepBaja TaKTOBBIMHU
UMITYJIbCAMH CHEeHATEHOTO reHeparopa, CIIEYIOIINMHU c
(hMKCHPOBAaHHOW YaCTOTOW, W CUETa YHCIa 3THUX HMITYyIbCOB. Pe3ympraT
oTtoOpaxkaercss Ha 010K mU(POBOH 0OPaOOTKHM C y4EeTOM MAaCIITa0HOTO
KO3 GUIIMEHTa, 3aBHUCSIIETO OT 4YacTOThl CJICJIOBAaHUS TaKTOBBIX
UMITYJILCOB.

ABTOMaTHYEeCKUit CUTHAIIU3aTOP nedeKToB YHpaBIseT
JIOTIONTHUTENBHBIMU MHJMKAaTOpaMu. B 3ToM OlloKe oOcCyIecTBIseTcs
BpEMEHHasl CENIeKIHsI CUTHAJIOB, TIOCTYMAIOIMX Ha €ro BXOJ C BBIXOJA
NPUEMHO-YCUIIUTEIBHOTO TPAKTa.

BpemenHas cenekums 5X0-CUTHAIOB HEOOX0ANMA JJIsl TOTO, YTOObI Ha
JIOTIONTHUTENBHBIE ~ WHIUKATOPbI  JIeEeKTOCKONa  HE  MOCTymal
30HIUPYIOIIMH HMIYNbC, a TAaKKE 3XO0-CUTHANBI OT HECIUIOLIHOCTEH,
PAacIONIOKEHHBIX BHE KOHTPOJIUPYEMOTO CIIOSL.

HNmnenancHplii MeTo AepeKTOCKONMUMN

WNmmnenancHelii Meton (puc. 7/5) OCHOBaH Ha aHajHM3€ W3MEHEHUS
MEXaHMUYECKOTO HMIICAHCa YYacTKa IOBEPXHOCTH KOHTPOIHUPYEMOTO
00BeKTa, c KOTOPBIM B3aUMOJICHCTBYET npeoOpas3oBaTeb,
BO30YXKIaMOIIUHA B 00bEKTe KOHTPOJIS H3rHOHBIC KOJICOaHHS 3BYKOBBIX
4acToT:

102



Z,=R+wL,
rae R — akTuBHAs cocTaBistionias; WL — peakTHBHasI COCTABIISIONIAs.

B wmmmenancHOM MeTone pa3iMYaloTcs ABa criocoba, B OJHOM W3
KOTOPBIX HCIONB3yeTCs COBMEILICHHBIH, B JAPYIOM — pa3lellbHO-
COBMEIICHHBIH peoOpa3oBaTe.

CoBMeIIeHHBI Mpeo0pa3oBaTeNlb MMEET OJHY 30HY KOHTaKTa C
KOHTPOJIHMPYEMBIM 00BEKTOM, a pa3eIbHO-COBMELICHHBIN - /IBE.

Puc. 75. Cxema KOHTPOJISI UMITEAaHCHBIM METOJIOM:
1 — reneparop; 2 — UHAUKATOP; 3 — KOJICOTIOIIUICS
CTEPIKEHD

CoBMeleHHBIE TIpeoOpa3oBaTeNy, B CBOIO Ouepenlb, MENATCS Ha
abcomoTHbIe U Aud depeHIanbHbIC.

B aGcomrotHOM mpeoOpazoBatene (puc. 76, @) B peUMe XOJIOCTOrO
xona (Z, = 0) amMmMTyqa BBIXOIHOTO HAMPSDKEHHS IPOIOPIMOHATHHA
WHEPIIMOHHOMY COTIPOTHBIICHUIO:

Puc. 76. CxeMbl a0COIFOTHOTO U qu(epeHInaIbHOr0 mpeodpasoBareieit
HUMIICJAaHCHBIX Te()eKTOCKOTIOB:

1- orpaxaromas Macca; 2 — H3IIy4aTeib; 3 — 3BYKOIPOBOISIIUI CTCPKEHE;
4 — Macca (MHepIHOHHAS Harpy3Ka) KOMIICHCAITHOHHOTO The303JIEMEHTA;
5, 6 — KOMITEHCAIMOHHBIA U U3MEPHUTEIIbHBIN MTE303JIEMEHTHI;

7 — KOHTAKTHBIM HAKOHEYHHK

Xm = - (M + m,/ 2),

TJ€ M — Macca KOHTAKTHOIO HAKOHCYHMKA, M, — Macca U3MCPUTEIHLHOIO
IMbE303JICMCHTA, (O — KpyTroBas 4aCToTa.
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Huddepenunansupiii  mpeoOpazoBatens (puc. 76, 6) comepxut
JIOTIOJTHUTENbHBIA ~ KOMIIEHCALIMOHHBIA  IBbE303JIEMEHT, BKJIFOUECHHBIN
BCTPEYHO-TIAPAIIIETHHO N3MEPUTEIHHOMY ITEE302JIEMEHTY.

B uMnenancHoM JeeKTOCKOIE ¢ COBMEUICHHBIM Mpeo0pazoBaTeieM
(puc. 77) mocimemHUit TpencTaBiIsSeT CO0OM CTEep)KeHb, Ha TOpIax
KOTOPOTO HAXOAATCS U3IYYarOIIni M H3MEPUTEIbHBIA MTEE303JIEMEHTHI.

Puc. 77. CtpykrypHas cxema
HMIIEAaHCHOTO Ae(eKTOCKONa
C COBMEIIIEHHBIM Tpeo0pa3oBareieMm:
1 — macca (Harpyska);
2, 4 —BITyYaromni 1 N3MEPUTEIEHBIN
ITEE303JICMEHTBI;

3 — cTepKeHb: 5 — KOHTAKTHBIN
HAaKOHEYHHUK; 6 —KOHTPOJIUPYEMBIi
00BEKT; 7 — YCHIINTEIh; 8 — OJIOK
00paboTKu curHai; 9 — reHeparop;
10 — cTpeno4HbIi MHANKATOD;

11 — curHanbpHas NaMIoOYKa

1'-\{_' | v

Mexny  KOHTPOJIMPYEMBIM  3J€MEHTOM H  W3MEPHUTEIhHBIM
MEE303JIEMEHTOM HAXOJHUTCS KOHTAKTHBIH HAKOHEUHUK CO ChepudecKon
MOBEPXHOCTBIO.

N3ny4darommii [IbE303JIEMEHT COEIHEH c TEHEPATOPOM
CHHYCOHJIATBHOTO JIIEKTPHUYECKOTO HAIPSDKEHUS, U3MEPUTENBHBIH — C
yeusuTesneM. Macca TOBBIIIaeT MOITHOCTh U3TYYEHUS B CTEPIKEHb.

['eHepaTop M yCHIIMTENb COETUHEHBI ¢ OJIOKOM 00pabOTKH CHTHAIIA,
UMEIOIINM CTPEJIOYHBI WHAWKATOp Ha BBIXOJE. bIOK ympaBiser
CUTHAJILHOM JIAMITOYKOH JedeKTa.

B nmo6pokadecTBeHHOW 30HE WMMEAAHC Z, OIPENEeNSIeTCS BCEMHU
CJIOSIMH KOHTPOJIMPYEMOTr0 00BEKTa, KOJEOIIOMErocs Kak eInHOe LeJIoe.
Hedexr (Hempokiel, pacciioeHune) ocialiser MeXaHHYECKYH CBS3b
MEX]y OTIIENIbHBIMU cllosiMU. B 30He pedekra Z, 0OBIMHO yMEHbIaeTcsl,
YTO COMPOBOXKACTCS H3MEHEHHEM YTIIa (b:

@ =arctgwL / R.

[Ipu nzmenennn umnenanca Z, u3MeHseTcs ko3pduuuent nepenadn
npeoOpa3oBaTes:

K= Uz / U1 =Pef'/’,
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rae Us u Uz — KOMITIeKCHBIC aMIUTUTY/IBI JJIEKTPUYECKUX HAIPSDKCHUH Ha
MBE303JIEMEHTAaX COOTBETCTBEHHO 2 W 4; Y- yroi casura (a3pl MEexXIy
HanpspkeHussMu U, 1 U1,

O6puHo mpu  koutpose U; = const, mostomy wmoayib K
nponopioHanex ammmryae Us.

M3menenne Z, oTMedaeTcs MO W3MEHEHHMIO K WIHM , a TaKke II0
onHoBpeMeHHOH  TpaHcopmammu.  COOTBETCTBEHHO — pa3jn4aioT
aMIUTATYIIHBIA,  (a30BbIi W aMIUIMTYIHO-(DAa30BBI  BapUaHTHI
uMrenascHoro metoaa HK.

[Ipr wcTmONBb30BaHUM CTOSYMX BOJH BO30OYXKIAIOT CBOOOIHBIE HIIH
BBIHYKJICHHBIC KOJI€OaHUS JIMOO KOHTPOJIUPYEMOro OOBEKTa B IIEIOM
(MHTETpaIhHBIE METOBI), TNOO €ro YacTH (JIOKaTbHBIE METO/BI).

CBoOogHbIe KONMEOaHHWS BO30YXKMAIOT MyTEM KPAaTKOBPEMEHHOTO
BO3JICHCTBUS HAa KOHTPOJUPYEMBIH OOBEKT, HAIpPUMEp, YAapOM, IOCIIC
4ero OH KoJieOnercsi cBOOOTHO.

BrinykaeHaple  KoneOaHUS TPEANONaraloT TOCTOSHHYIO — CBSI3b
KOJICOJTFOIIETOCS.  KOHTPOJIHMPYEMOTO O0BEKTa C  BO30YXKIAIOIIUM
TEHEPaToOpOM, YacTOTy KOTOPOro W3MEHSIOT. WMHpopMalnoHHBIMU
nmapaMeTpaMH  SIBISIIOTCS ~ YacTOTHI  COOTBETCTBEHHO  CBOOOJHBIX
KoJeOaHW WM PE30HAHCOB BBIHYKICHHBIX KOJEOaHWH, KOTOpBIE
HECKOJIBKO OTJIIMYAIOTCS B CBS3M C BO3JEHCTBHEM BO30YKIAIOIIETO
reHeparopa.

OTW  4YacTOTBl CBSI3aHBI C TEOMETPHUYECKUMHU  IapaMeTpamMu
KOHTPOJIMPYEMOTO OOBEKTAa M CKOPOCTBIO DPACHpPOCTPaHEHHS B HEM
yIBTpa3ByKa.

MeTtoauka yJbTPa3ByKOBOIr0 KOHTPOJIS

[Ipu BBIOOpE MapaMeTpoB YIBTPA3BYKOBOTO KOHTPOIS HEOOXOIUMO
Oonee  JeTallbHO  paccMaTpuBaTh ~ BO3MOXHBIE  30HBI  BBOJIA
YIIBTPa3ByKOBBIX  KOJICOAHWIA, TIOJOXKEHHE BEPOSTHBIX  Je(PEKTOB
OTHOCUTENIFHO 3THUX 30H, aKyCTHYECKHE CBOICTBA Marepualia JeTalln
(CKOpOCTB pacrpocTpaHeHHs yIbTPa3ByKOBBIX KoJeOaHHH, aKyCTHIECKOe
COTMPOTHUBIICHHE, KOADDUIIMEHT 3aTyXaHus yJIbTPa3BYKOBBIX KOJeOaHUIl),
a TaKKe BO3MOXHBIE aKyCTHUECKHE TMPEISITCTBUS HAa  IYTH
pacrpocTpaHeHusl yIIbTpa3ByKa.

Y4uuTBIBaeTCSA TEXHOJIOTHS U3rOTOBICHUS ACTaIn, y3Jjia, TEXHUYCCKUEC
YCIIOBUSI Ha OTOpPAaKOBKY M YCJIOBUS pa0OTHl JCTalud B TIpoIecce
JKCILTyaTaI[|H.

B Meroauke ykaspBaroT:

- TEXHUYECKUE TPeOOBAaHUSI Ha OTOPAKOBKY;
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- 30HBI KOHTpPOJIA, THIIBI HCMOJB3YEMbIX BOJH W HCKaTeNeH,
HaInpaBJICHUsI TIPO3BYYHBAIHS, MECTa YCTAHOBKU UCKATeJICH, yIiibl BBOJA
YIIBTPa3ByKOBBIX KOJIEOAHWH W CXEMBI TepeMelleHus] (CKaHUpPOBAHHS)
UCKaTeNel Py MOUCKe 1e(EeKTOB,;

- ONTHMAJbHBIC 3HAYCHHS Pa0OYMX MapaMeTpoB JIePEKTOCKONa H
peXUM pabOTHI;

- KOHTPOJIbHBIA 00paser] ¢ HCKYCCTBEHHBIMHM WM HATyPaJbHBIMH
JeeKTaMu W TOPSJOK HAcTpOWKHM JeeKTOCKoNa Ha 3aJaHHYIo
YYBCTBHUTEIBHOCTh ¥ JATbHOCTH MPO3BYYHBAHUS;

- TOJTrOTOBKY IOBEPXHOCTH KOHTPOIHUPYEMOTO OOBEKTa |
obecrieyeHne akyCTHIeCKOr0 KOHTAKTa;

- TIOPSIIOK KOHTPOJIS;

- pactpoBKy MokasaHui 1e(heKTOCKOTa, ONpEACTICHUE XapakTepa ’
pa3MepoB 1e(eKToB;

- MEpBI 10 00SCIICUCHUIO TEXHUKU 0€30MaCHOCTH MPH padoTe.

Bvibop muna ynempazeykoewbix 607H, 30H U yend 6800d GOIH U
Hanpasienull npo38y4ueanus

CriocoObl  KOHTPOJISI CBAapHOTO MIBa  YIBTPA3BYKOBBIM  JTy4OM
MIpeJICTaBJICHbI Ha puc. 78.

Puc. 78. CriocoObI KOHTPOJISt CBAPHOTO IIIBA PAa3IMYHOMN TOIIIHHBI
YIBTPa3BYKOBBIM JIyUOM: d — IPSIMOH; 6 — OJTHOKPATHO OTPAaXKEHHBIH;
6 — IBYKPaTHO OTPAaXXCHHBII; 2 — MHOTOKPATHO OTPa’KCHHBIN
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Hns oOHapykeHHs BHYTPEHHHX JAe(EKTOB B JETANAX CJIOKHOU
(GOpMBI, pACHONOKEHHBIX MOJ YIJIOM K TOBEPXHOCTH BBOJA
yIABTPA3BYKOBBIX ~KOJIEOAHWH, TNPUMEHAIOT TIONEPEYHbIE BOJHBL, a
JIeQeKTOB, pPAacloJOKEHHBIX Ha IOBEPXHOCTH JeTand (TpeLiuH
YCTaJIOCTH, KOPPO3HOHHBIX TOBPEKIACHUH M JIp.), TOBEPXHOCTHBIC WU
HONepeYHble BOJHBI, KOTOPBIE BBOMAT B METAUI HAKIOHHBIMHU
WCKaTEeJsIMU.

[ToBepxHOCTHBIE BOJHBI HaubOoJiee MPEANOUYTHTENLHEE I KOHTPOIIS
JeTaneil CIoKHOW KOH(UTypanuw, Tak Kak OHH MOTYT Oru0arb, He
OTpakasich, BOTHYTHIC U BBITYKJIBIC YIaCTKU JICTANH.

HopmanbHble BOTHBI IPUMEHSIIOT B TE€X CIIydasiX, KOraa HeoOXOAMMO
0OHapyXHUTh TOBEPXHOCTHBIE W BHYTpeHHHE AEe(PEKTHl (pacciloeHHs,
3aKaThl, TIOPUCTOCTh M T. [.) B TOHKHX JETAIAX MOCTOSHHOHN TOJIINHBI
(TpyOompoBoax, JIMCTax).

[MpononbHBIE BOMHBI MPUMEHSIOT JAJS KOHTPOJIS jAeTaneil Oomblioi
TOJNIIMHBl Ha HaJM4YHe BHYTPCHHHUX NIe(PEKTOB (PAaKOBUH, PACCIOCHUI
UT. I.).

Bo Bcex ciyuasx MecTta YCTaHOBKM HCKaTeleld M HalpaBICHUS
NPO3BYYMBAHUS BBIOMPAIOT TaK, YTOOBI OCEBOW Jy4 Tagail Ha
HOBEPXHOCTb TpeIoaraeMoro aedexra moja yriom, KOTOpbIi OJIH30K K
npsmMomy. IIpu 3TOM ompenenstor, Kakue BO3MOKHBIE CUTHAJIBI-IIOMEXU
MOT'YT BOHUKHYTB OT BBITOYEK, OCTPBIX YIJIOB, IPaHei, KaHaBOK U T. JI.

[Ipu KOHTpOIIE AeTael CI0KHOH (HOPMBI TPUMEHSIOT OTPAaHUYUTEIH,
MIO3BOJIAIONINE YCTAHABIMBATh HCKATENb B OINPEJCIICHHOM IOJIOKEHHUH,
npyd KOTOPOM O0eCHeurBaeTcsl MPO3BYUHBAHHE KPUTHUECKUX YYaCTKOB
neranu (puc. 79).

Puc. 79. ITonoxxeHne nckarenei npu yinbTpa3ByKOBOM KOHTpoJie 6apabaHoB
u pedopn konec maccu JIA: a — npsiMoii ucKkatesb; 6 — HAKIIOHHBIA UCKATEJIb;
1 — uckarenb; 2 — OrpaHUYMTEIIb; 3 — TPELIMHA
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Jis obecrieueHUs] KOHTPOJISI BCETO M3JENIUSI MCKATENb IEePEMEIIaloT
II0 €T0 ITOBEPXHOCTH C IIAaroM He 0oJiee AuameTpa Mbe30IIaCTHHBI.

Br10op onTUMAJBLHBIX Pa00YNX MapaMeTpoB JedeKTocKona

OnrtumanpHasi 4acToTa yJIbTPa3BYKOBBIX KojeOaHWN BBIOMpaeTcsl B
3aBHCUMOCTH OT 3€PHUCTOCTH MaTepuana aeTaad (YpoBHS CTPYKTYPHBIX
IIOMeX), pa3MepOB KOHTPOJIMPYEMOH 30HBI [JETald, a MOIIHOCTb
UMITyJIbCOB, KpPOME TOro, M OT CaMOW YacTOTBHl YJIbTPa3BYKOBBIX
KoJIeOaHuii.

Ilooecomoska  nosepxmocmu — KOHMPOIUPYemMo20  odvekma U
obecneyenue aKkycmuiecko2o KOHmaKma

[lepen mnpoBedeHHWEM KOHTPOJS IOBEPXHOCTh KOHTPOJIUPYEMOTO
o0BeKTa B 30HE KOHTpOI ounimnarT ot orcianBarommerocs JIKII, rpssm,
IPOAYKTOB KOPPO3UH M T. 1. OTO BCE JENACTCS C LENBIO YIIyYIICHHS
YCJ'IOBI/Iﬁ MMPpOXOXKACHUA BOJH MW YCTpPpAaHCHHUSA BO3MOXHBIX CJIydacB
IIOABJICHHUA CUT'HAJIOB-TIOMEX.

KoHTakTHy!0 cMa3Ky il oOecneueHHsT aKyCTHYECKOTO KOHTAaKTa
MEXKJY HCKaTeleM U TIOBEPXHOCTBIO KOHTPOIHPYEMOTO OOBEKTa
BBIOMPAIOT, HMCXOMAS W3 YHUCTOTHI O0O0pabOTKH, (HOPMBI M OpHUEHTALUH
MOBEPXHOCTH OTHOCHTEJIBHO CHJIBI TSDKECTH B MECTE YCTaHOBKH
UCKaTelsl, a TaKkKe B 3aBUCHMOCTH OT TEMIEpaTyphl OKPY>KarOIIEro
BO3/IyXa.

KadecTBO aKyCTMYECKOro KOHTaKTa IMPOBEPSAIOT M0 aMIUIUTYJe
KOHIIEBOT'O 9X0-CHUTHAJIA.

Hacrpoiika nedexrockona Ha 3aJaHHYI0 YyBCTBUTEIbHOCTD

OHa TOpPOBOAUTCA 1O  KOHTPOJBHBIM  OOpasiaMm, HMMEHOIIUM
CHeUMaIbHbIE KOHTPOJIbHBIE OTpaXkaTelnu (MCKYCCTBEHHBbIE Ae(EeKThI):
OTBEPCTUEC C IUIOCKUM JTHOM, er’IOBOﬁ WA CETrMEHTHBIN OTpaXkaTeJib,
rirybOKyr0 pucKy, Haapes u ap. (puc. 80).

®opma, uucToTa O0O0pPaOOTKM IOBEPXHOCTH, Marepual oOpasua
JOJDKHBIL OBITH TaKMMH, KaK y KOHTpoJMpyeMoro o0bekTa. B kauecTse
KOHTPOJIBHOTO 00pa3iia 4YacTo NPHUMEHSIOT OOBEKT, Ha IOBEPXHOCTHU
KOTOPOTO B MECT€ BO3MOXKHOW TPEIIMHBI BBIMOJHEH HCKYCCTBEHHBIN
oTpakaTeib 3aJaHHBIX Pa3MEpOB.

KonTponbHble 00pa3ipl € OTpaxaTelnsiMH B BHIE OTBEPCTHS C
IDIOCKUM OHOM WJIM C VYIJIOBBIM HW CEIMCHTHBIM OTpa)XaTCIsiMU
PEKOMEHAYIOTCA UIsl HACTPOMKH Je(EeKTOCKONOB TpU KOHTpOJIE
00pa3LoB MONEPEeYHBIMH M MPOAOJBHBIMH BOJHAMH, a 00Opasmbl C
OoTpakaTesIMM B BHJAE HAIpe30B U PHCOK — TIIpU KOHTpOJIE
MOBEPXHOCTHBIMH U HOPMAJIbHBIMH BOJIHAMH.
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Hacrpoiika 4yBCTBHUTETBHOCTH Ne(EKTOCKONMAa MO KOHTPOIHLHOMY
00pa3iry mpoBoIUTCS ciemyrmuM oopasom. Ha moBepxHOCTH 00pasna B
MECTE YCTAHOBKH MCKATENsl HAHOCAT TOHKUM CIIOH KOHTAKTHOM CMa3KH.

Hckarenp ycTaHaBIWBAIOT TakK, YTOOBI €ro OCEBOM Jy4 ObLI
HampaBlieH  Ha  OTpaKaTellb. Perymupyst ~ 4yBCTBHUTENBHOCTB
neeKTOCKONa,  YCTaHABIMBAIOT  aMIUIMTYIy  JXO-CHTHajga  OT
KoHTposnbHOro  orpaxarens 30-40 wmMm. Ilpu  ycraHoBieHHOU
YYBCTBUTEIILHOCTH MTPOU3BOAUTCS KOHTPOIb OOBEKTOB.

KonTpomnbHblE 00pa3mpl  WHOT/AA TNPUMEHSIOT 11  TOYHOTO
oTIpeieTICHNs PACCTOSIHHA JI0 e(peKTa 0 PacIoNoKEHHIO UMITYJIECOB Ha
JkpaHe JedekTtockona. Ha KOHTpONBHBIX 0Opa3iax oTpadaThIBAIOT
MIpUEMbI TPOBEPKH KOHKPETHBIX JAeTajled W MpHOOPEeTaroT HavYalbHBIN
OTIBIT YIBTPA3BYKOBOT'O KOHTPOJISL.
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Puc. 80. KonrtposbHbie 00pasiibl ¢ OTPaKaTEISIMU B BUJIE OTBEPCTHSL:
S ¥ o — yribl najieHus ¥ BBOJIA YIIBTPA3BYKOBOTO JIy4a; d — OTBEPCTHE
C IJIOCKUM JIHOM; 6 — OTBEPCTHE C YIIIOBBIM OTPAXKATENIEM; 6 — OTBEPCTHE
¢ puckoii; 1 — obpaserr; 2 — UCKaTenb; 3 — OCCBOU YIBTPa3ByKOBOM JIyd;
4 — oTBEpCTHE C IUIOCKUM JHOM; 5 — YIJIOBO# OTpaskaTelb; 6 — prucka
TPEYroJbHON (POpPMBI
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Pacwugposxa noxazanuii deghexmockona, onpedenenue xapaxmepa
U pazmepos deghekmos

ITokazanus AeEKTOCKOIOB — 3TO OCHHJUIOrpaMMbl. Ha HHX, Kpome
HYXHBIX CUTHAJIOB (HA4aJbHOTO, OT Je(EKTOB ¥ KOHIIEBOTO) MOTYT OBIThH
CUTHAJIBI — TIOMEXH, KOTOPbIC BOHUKAIOT M3-3a Pa3IMYHbIX Npu4uH. [1pu
pacudpoBKe  OCIMIUIOrPaMM  HEOOXOJIUMO MPABUIBHO OTIHYHTH
MOJIE3HBIE CUTHANIBI OT CUTHAJIOB-TIOMEX.

O xopolieM aKyCTHYECKOM KOHTaKTe W HMCIPABHOCTH ammapaTypbl
CBUJICTENILCTBYET HAIMYHME KOHIIEBOTO W  HAYAIGHOTO CUTHAJIOB
OTCyTCTBHE KOHIICBOI'O CHTHAlla MOXET OBITh BBI3BAHO IUIOXHUM
aKyCTUYECKUM KOHTAKTOM, HAJTMYUEM KPYITHOTO IeeKTa U T. JI.

ITpu KOHTpOJE MOBEPXHOCTHBIMH, HOPMAILHBIMH U TIONEPEUYHBIMU
BOJTHAMH HEKOTOPBIX JIETAJICH, HAPUMED, JUTMHHBIX MITOKOB, ITUITUHIPOB
U Jp., JUIMHA KOTOPHIX OOJbIIE JaTbHOCTH  NPO3BYUHBAHUS
JIeeKTOCKOIa, KOHIIEBOTO AX0-CHTHala B 00IIEM HE CYIIESCTBYET.

B ciyuae npo3By4YHBaHUS MUITHHIPHYCCKHUX JCTANCH MO OKPYKHOCTH
Ha 9KpaHe BO3HHKAET IXO-CUTHAJ, KOTOPBIN NP MepeMEelIeHUN HCKaTes
HE U3MEHsSeT CBOEro moijoxeHus. [losBieHne STOro curHaga
CBUJICTENILCTBYET O TOM, YTO YJIBTPa3BYKOBBbIC KOJECOAHMsS MPOILIH IO
BCel OKPY)XHOCTH (TaKOW CHTHAT MOXKHO pPacCMaTpuBaTh Kak
CBOCOOpa3HbIi KOHIIEBOH). [IpomagaHue 3TOro CUrHajia M TOSBJICHHC
MPOMEKYTOYHOTO MOTYT OBITh MPU3HAKOM HAJTUYMS KPYIMHOTO Aedekra.

ITpy BO3HUKHOBEHUH HA SKPaHE HECKOJIBKHX KOHIEBBIX 9X0-CUTHAIOB
W3-32 MHOTOKPAaTHOTO OTPaKEHHs YJIbTpa3ByKa OT KOHIA JIeTalu
(B ciayyae KOHTPOJIS KOPOTKOH JeTamyd MpH OOJBIION JadbHOCTH
NpO3BYYHMBaHUS Je(EKTOCKONA) JUIMHY Pa3BEpPTKH yCTAHABIUBAKOT TakK,
YTOOBI Ha DKpaHe AIIEKTPOHHOW JIy4yeBOW TPYOKH HaOJIIOJAUCHh TOJIBKO
HaYyaJIbHBIM U TIEPBBIIA KOHLEBON 3X0-CUTHAJIBI.

CurHaibI-IOMEXH M3-32 HEUCIPABHOCTU HCKATENsl JIETKO OTIMYHTB,
TaK KaK OHM COXPAHAIOTCSA Ha JKpaHe B OJHOM M TOM K€ MecTe MpHu
TIepEIBIYKCHNN UCKATENsI TI0 MTOBEPXHOCTH JIETAII U TOCJIEe CHATHS €T0 C
00BEKTa KOHTPOJIS.

[Ipu koHTpoOJE AeTaneil cIoXHON KOHPUTYypalluK ONPENENISIOT MECTa,
JIAIoIMe Ha DKpaHE CHTHAJBI-TOMEXH (TpaHH, KaHABKH, BBITOYKH U
Jpyrue KOHCTPYKTHUBHBIE 3JIEMEHTBI- OTpa)KaTelH yIbTpa3Byka). Tak,
HanmpUMep, 30Ha IPECCOBOI0 COSIMHEHUSI 0OOHMBI MOAIINITHUKA C OCBIO
Ipyd KOHTPOJIE OCH MOXET BBI3bIBaTh MOMEXU B BHJIE HIMPOKOTO 3XO-
curHasna. B OTHenpHBIX CITydasx TPOBOJAAT KOHTPOIb, (QUKCUpPYs Ha
9KpaHe YKa3aHHBIE CUTHANBI-IOMEXU OT KOHCTPYKTHUBHBIX OTpaKaTeJeH.
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VBenuueHNe aMIUIMTYObl Kakoro-TUOO CUTHANIA-TIOMEXH MOXKET OBITh
NPU3HAKOM Hanu4us Aedexra, 3X0-CHrHajd OT KOTOPOIO CIMBAETCs C
CUTHAJIOM-TIOMEX 0.

YCIIOBHYIO TPOTSKEHHOCTh JAedeKTa H3MEpSIOT UIMHOW 30HBI
NEepEeMEIeHNs] MCKaTeNsd IO MOBEPXHOCTU KOHTPOJIUPYEMOro OOBEKTa,
HaIpuMep BAOJIb CBAPHOTO 1IBA, B IIpefeax KOTOPOil HaOI0aaeTCs 3X0-
CHUTHAJl OT BBIABIsIEMOro jAedekra MpH 3aJaHHOW YyBCTBUTEIBLHOCTH
nedexrockomna. /s Gonbliell TOYHOCTH M3MEPEHHUS] BHOCST IOIMPABKY,
KOTOPYIO OIIPEIENSIOT H3MEPEHHEM YCIOBHOM MAJIMHBI MPONMWIAa Ha
KOHTPOJIEHOM 00pa3siie.

IIpuMepbl aKyCTHYECKOT0 KOHTPOJIS

Kaxxaprii 00BEKT KOHTPOJSI MPOBEPSIOT MO CIEIHATFHOW METOUKE,
OTJIMYAIOIICHCS OT JAPYrUX THUIOM BOJIHBI M pabodeil YacToTon
VIBTPa3BYKOBBIX KoJIeOaHWH, pasmepamu u (HOpMOH HCKaTesel,
pacudpoBKOil pe3ynbTaTOB KOHTPOJIA U T. [I.

Koumponw nonamox pomopoe komnpeccopos u mypoun I'T/[ JIA

30HaMU  yJIBTPa3BYKOBOTO  KOHTPOJS  pa0Oyux  JIONIATOK B
9KCIUTyaTalllu SBJISIFOTCS BXOJHAS U BBIXOJHAs! KPOMKH (KPOME MEPTBBIX
30H y 3aMKa M KOHIIA [1epa JIOTIATKH).

PaGourie nomaTku TOCIEAHUX CTyMEeHeH TypOWH KOHTPOJIMPYIOT B
PEaKTUBHOW TpyOe Ha PacCTHIKOBAaHHOM JIA, a JomaTku KOMIIpeccopoB —
yepes CreuaIbHbIe OKHA.

IIpu xoHTpoOsIEe MCKaTedbh MPUKIAIBIBAIOT K KPOMKE Yy 3aMKa MJIM Ha
KOHIIE Iepa JIOMATKH TaK, YToObl ['-00pa3Hasi KOHTaKTHas MOBEPXHOCTh
€ro compukacagach [0 Paauycy CKPYIJIGHHS KPOMKH, a YCTyH
I'-06pasHoit moBepxHOCTH OBII OOpaimeH K KopeiTy mepa (puc. 81, a).
[anHOoe pacronokeHHe WCKaTensi OOECIeYMBAET BBOJ B KPOMKY
MaKCHUMaJIbHOM SHEPTUH YIIbTPa3ByKOBBIX KOJICOaHHH.

THUnUYHbIE OCUMIITIOrPAaMMBI, BO3HUKAIOIIUE HA KpaHe J1eeKTOCKOomna
NIPY KOHTPOJIE JIONIATOK, TIOKa3aHbl Ha puc. 82.

Bo3HUKHOBEHHE TOJNBKO HadalbHOro curHajga 1 u koHueBoro 2
(puc. 82, a) cBUIETENBCTBYET O XOPOIIEM aKyCTUYECKOM KOHTAaKTE M
OTCYTCTBMM  Ha  KpPOMKE  Je(eKTOB,  CIOCOOHBIX  OTpakaTh
YIIBTPa3BYKOBBIE KOJICOAHUS.

Bo3HuKHOBEHHE KOHLEBOIO 2 M MPOMEXKYTOUYHOTO 3 3XO-CHUTHAJIOB
(puc. 82, 6) ykaspiBaeT O HaM4MK Aedekrta HEOOIBIIOW TITyOHMHBI
(mampumMep, TpeImUHBI TIIyOMHOW 1m0 1-1,5 MM), OTpasuBIIEro YacTh
SHEPIUU YIbTPa3BYKOBBIX KOJIEeOaHWH, a BOSHUKHOBEHHE TOJIBKO JIUILIb
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MPOMEXKYTOYHOTO WHTCHCUBHOTO DXO-CHTHaJIAa 3 W  OTCYTCTBUE
KOHIIEBOTO (puc. 82, 6) — O HATMYMM KPYIHOW TPEUIHHbI (TIyOHHOM
6omee 1,5 MM), TOTHOCTBIO OTPAXKAIOIIEH YIIBTPAa3BYKOBEIE KOJIeOaHNSsI.

2

a 0
Puc. 81. ITonoxenue uckareins ¢ [-00pa3HOil KOHTAKTHOW MOBEPXHOCTHIO Ha

KPOMKE JIOTIATKHU: ¢ — MPABUIIbHOE; 6 — HEMPABUIIBHOE;
1 — jmomartka; 2 — ucKaTeib; 3 — Ibe30IIaCTHHA

. \ °Q
3
R

a 9]
3
2 2
1
1
- 4 -
6 2

Puc. 82. TunmmuHble ocIMIUIOrPaMMBbI, BO3HUKAIOIIME HA SKpaHe 1e(eKTOCKOTa
IpY KOHTpOJIE pabOYHX JIONATOK:
a — B cily4ae OTCYTCTBHS I1e(EeKTOB H MaTepuae JIONATKH; 6 — P HATUYUH
nedekra HEOOIBIIOM IITyOHHBL; 6 — IPH HAJIMYHUU KPYITHOTO JedekTa;
2 — IIpH HAJIMYUK HECKOJIBKUX MENKHX Ae(eKToB; 1 — Hayas bHbIi CHTHAT,
2 — KOHIIEBOH cuTHAT; 3, 4 — IPOMEKYTOYHBIC CUTHAJIBI
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[IpuyriHaMK TOSBIEHUS HECKOJIBKUX NPOMEXKYTOUHBIX CHIHAJIOB,
KOTOpble OTIWYaroTcs Mo amrumtyae (puc. 82, 2), Moryr ObITh
SPO3NOHHO-KOPPO3NOHHBIE TOPAKECHUS, MEXAaHWYECKHE MOBPEKICHUS
KPOMKH{ HJIM HEOAHOPOJHOCTH CTPYKTYPBI MaTepualla, a TaKKe MeJIKue
TPEIIUHBL.

Hdns  ompeneneHus, ABNSIOTCS JIA  BBISIBICHHBIE  Je(EKTHI
MOBEPXHOCTHBIMH WJIM BHYTPEHHHMH, pabouue JONaTK, KOTOpPhIE AAI0T
TAKOTO  BHJA  OCHWUIOTPAMMBI, TOABEPralOT  JAOMOJHUTEILHOMY
KOHTPOITIO (ONITHKO-BU3YATbHOMY U KallWJLIIPHOMY ).

B cmywae, korma mpu KOHTpoile pabodmMx JIOMATOK Ha DJKpaHe
HaOJIONAIOT  TOJNIBKO  HayanbHBIH  curHain (0e3  KOHIEBOTO |
MPOMEKYTOYHOTO), TO 3TO CBUJETENBCTBYET O IIOXOM aKyCTHYECKOM
KOHTAaKTe.

AKYCTHYECKOT0 KOHTaKTa TOOUBAIOTCS IIyTeM HAaHECEHHsI KOHTAKTHON
CMa3Kd W TMepeMelleHHs HCKaTellsl Ha HEKOTOPOE PACCTOSIHHE OT MecTa
BBOZIa BJOJNHh KPOMKHA W TOBOpPOTa €€ BIEeBO-BIpaBo. llepemernenne
UCKaTes sl B IaHHOM Cllydae MO3BOJISIET YCTPAHUTHh BO3MOXKHBIN IEPEKOC
€ro M3-32 BOTHYTOCTH KPOMKH B MECTE Iepexo/ia K 3aMKY.

[losiBleHne Ha SKpaHe CiabOro KOHIIEBOIO CHTHAllAa WM €ro
OTCYTCTBHE IIPH XOPOIIIEM aKyCTHUECKOM KOHTAKTE SBISETCS MPU3HAKOM
KPYITHO3EPHUCTOCTH Marepuaa JIOTIATKH, pacceuBaroIero
YIIBTPa3ByKOBBIE KOJICOAHNSI.

Ha puc. 83 wu 84 nmnokasaHbl BBIIBIECHHBIE C IOMOIIBIO
YIBTPa3ByKOBOTO MeToja Je(eKThl pabouux JIOMAaTOK KOMIIpeccopa U
TypOUHBL

Puc. 83. 3po3nMoHHO-KOPPO3HOHITBIE TOPAYKEHUSI KPOMKH pabodell IonaTku
komrpeccopa (120-kpaTHoe yBenuueHue)
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Puc. 84. Pa3HO3epHHUCTOCT CTPYKTYPHI MaTepHaia KpOMKH pabodei JonaTku
kommpeccopa (120-kpaTHoe yBenHdIeHHE)

Koutponr KkijeeBbIX CcOedUHEHMii OOIIMBKH C COTOBBIM
3amoJHUTeJeM

PaccmoTpuM  METOAMKY KOHTPOJIE B aMIUIUTYJHOM BapHaHTE
HMMITIETAHCHOTO METO/IA.

Hcrmonb3yloTcsi ABa OCHOBHBIX pPEXHMMa KOHTPOIS: PE30HAHCHBIN
(IpUMEHSIOT TIPU KOHTPOJIE KOHCTPYKIIUM C TOJICTOM METalTM4eCcKOn
OOIIMBKOM ¥ JKECTKUM BHYTPEHHUM JJEMEHTOM — JIOHXKEPOHOM,
HEPBIOPOH, U Jp.) ¥ HEPE30HAHCHBIN (IIPU KOHTPOJIE COTOBBIX MaHENeH ¢
o0ImMBKaMHA H3 adoMuHHeBOro ciuiaa g0 0,7-0,8 MM, u3menuii ¢
MeTaJUTMIECKON OOIITMBKON 1 TIEHOTIACTOBBIM 3aIIOJTHUTENIEM H JIP. ).

KoHTponb  HpOBOAUTCS  CICAYIONIUM  CIOCOOOM: aTIUK
Ne(eKTOCKOIa TMEepeMenaloT MO0 IOBEPXHOCTH  KOHTPOJIHUPYEMOTO
o0bekTa (puc. 85) u OJHOBPEMEHHO HAOMIOMAIOT 33 JAe(EKTOCKOIIOM.
JlaTunk HEOOXOIMMO IEpEMEIATh C JISTKUM HaXKHMOM CO CKOPOCTBIO HE
bonee 1,5 m/c, yaepkuBasi €ro 10 HOPMaJIH K MTOBEPXHOCTH C TOYHOCTHIO
£10°,

Y4acTku €O CMSATBIMA COTaMW MOTYT J1aBaTh JIOKHBIC ITOKa3aHUS,
KOTOpBIE MOTYT BO3HHKAaTh B BHJIE IEPHOIMYECKOTO BKJIIOYCHUS
JIAMTIOYKH TPH KOHTPOJIC TOHKUX OOIMMBOK W3 aJIOMHUHHEBOTO CILIaBa
tommuao# 0,3-0,6 MM Ha coTax ¢ pazMepaMyu CTOPOH sTdeek 6 MM.

114



o, n°

oYW Nai f"w

VYAV A A
S/ / /
Sl (i// /
Qg.aa: oooooooooaooco°q°¢°§° o/

Puc. 85. Cxema ckaHHpOBaHHMs aTYNKA IPH KOHTPOJIE KJIEEBOTO COCIMHCHUS
OOIIMBKY C COTOBBIM 3aIIOJHUTEIEM UMIICTAaHCHBIM METOIOM:
| — tiar ckanupoBanus; 1 — o0IIMBKa; 2 — qaTYHMK; 3 — TPACKTOPHS
CKaHUPOBAHUS

CoToBbIC TIaHETH C MEJIKUMHU M CPEIHUMH SYCHKaMU 3aIllOJTHUTEIS
(ctopona sueiiku 2,5-4 MM) W CPEeJHHUMH TOJNIIMHAMH OOIIWBOK
(0,4-0,6 MM TS QTFOMHHHUEBBIX CILUIABOB) KOHTPOJIHUPYIOT MMIICIAHCHBIM
METO/IOM B (ha30BOM BapHaHTE.

OmudkH, BO3HHUKAMOIIME TNPH TNPHMEHEHHHM YJIbTPa3BYKOBOI0O
MeToaa

Ilpu yabTPa3BYKOBOM KOHTPOJIC WMHOTJA JOMYCKAIOT OIIMOKH,
CHIKaromue ero 3 (eKTUBHOCTE.

IlepeuncinM HEKOTOPEIE U3 HUX:

- KOHTPOJb TPOBOAWTCS C TPUMECHCHHEM  HEUCIPABHBIX
Je(heKTOCKOIIOB ¥ MCKATeNeH, aloNIX OOJIBIIUE ITOMEXH;

- KOHTPOJIb IPOBOJIUTCS TIPH CHIIBHON OCBEIICHHOCTH, 3aTPYIHSIONMEH
HaOJIIOICHNE 32 OCIIMJUIOTPaMMaMH;

- IPUMEHEHNE HEKOHIUIIMOHHBIX KOHTPOJIBHBIX 00Pas3IioB;

- B TIpoIlecce KOHTPOJS HE CIEOAT 3a MPAaBHIBHOCTHIO YCTAHOBKH
WCKaTells, He 3HAIOT, B KakoM MecTe 3kpana DJIT momkeH BO3HUKATH
KOHIIEBOM AX0-CHUTHAJ, TaK Kak Ha HEM TaKOe MECTO HE OTMEUaloT;

- HeTIpaBWIbHAS pacii(poBKa pe3yIbTaTOB KOHTPOJIA.
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9. PAIMALIMOHHBINA KOHTPO.Ib

9.1. O0wme cBexeHus

Pannanmonnstit koutpons (PK) ocHOBaH Ha B3auMoeiicTBIM 00BEKTa
KOHTPOJIA C TIPOHUKAIOIINM HOHU3UpYoIM m3mydeHuem (MN).

Pamunammonasie MHK knaccudunmpyrorcess o MCHOIB3yeMBIM BHIAM
WMOHHU3HPYIOIIEr0 U3JIyUYEHUs U MOAPA3IENIAI0TCA Ha CIEAYIOUINE METOABI
KOHTPOJIAL:

- PEHTT€HOBCKHUH KOHTPOJIH (1);

- - KOHTpOJb (2);

- KOHTPOJIb TOPMO3HBIM M3JIy4EHHUEM YCKOPHUTENIEH 31eKTpoHOB (3);

- KOHTPOJIb HEMOHOJHEPTeTHIECKUM B-nusnmydeHuem (4);

- KOHTPOJIb MOHODHEPIeTUICCKUM B-u3irydeHueM (5).

- KOHTPOJIb TTIOTOKOM IIPOTOHOB (6);

- KOHTPOJIb TOTOKOM TEIUIOBBIX HEUTPOHOB (7);

- KOHTPOJIb TTIOTOKOM MO3UTPOHOB (8);

s KOHTpoONsL CBapHBIX M NAasHbIX COeAWHEHHWH 3((EeKTUBHO
UCIIOJIb30BaHUE |—7-rO METONOB, Ul KOHTPOJIS CIUTKOB U OTIMBOK U
oOHapyXeHHss B HUX TpeUIWH, 1mop — 1-3-W BHIBL, HEMPaBUIBHOCTH
GopMBI  BHYTPEHHHX  3aKpbITBIX  IIOJIOCTEHl  TaKXke  YBEPEHHO
00HapyXUBAIOTCS 3TUMH BUAAMH H3ITyUCHUSI.

MuKpoieTany, 3JIeMEHTHI DIIEKTPOHHOW TEXHUKU — Ae(eKThl MalKu,
OOpBbIBBI U OIUIABIICHHE MPOBOJOB OOHAPY>KUBAIOTCA IPH NPHUMEHEHHUH
1,5,6, 7-ro BUOB, a yCTaOCTh MaTepraya (00OBEKTHl KOHTPOJIS OBIBIIINE
B OKCILTyaTalum) — 8-M BUJIOM.

OCHOBHBIM ~ METOAOM  pAJMAllMOHHOTO  KOHTPOJNS  SIBIAETCA
PEHTTEHOBCKUM METOA, KOTOPBI OCYIIECTBISETCS MPU  ITOMOIIH
PEHTTEHOBCKOTO V3ITyYeHMUS. Nudopmanus MIPEIOCTaBIISETCA
rpaduueckuM crnocodoM (B BuAe 300paKeHUs Ha TUICHKE).

B03MOXXHOCTP TpPUMEHEHHS PEHTTEHOBCKOTO METOJa 3aBHUCHUT OT
TOJIIUHBI KOHTPOJIUPYEMOro o0bekTa (it ctamm 80 MM, IS JIETKUX
criaBoB 250 MM), pacnonaraeMoi 4yBCTBHTEIIEHOCTH KOHTPOJIS, & TAKKe
TUIOTHOCTH MaTepHaa.

PentreHoBckuil KOHTPoJb 3((eKTUBEH NpU KOHTPOJIE COCTOSIHUS
HEPa3beMHBIX  COCIUHEHUH, KOTOpbIE 3aKPBITBl  CONPSKCHHBIMU
anemeHTamu.  HeaddektuBeH  maHHBIH ~ METOA A KOHTPOIS
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MHOTOCJIOMHBIX KOHCTPYKIUH M3 pa3HBIX MaTepUaloB — HU3JEIHUU C
M3MEHSIIOLIEHCA 110 TIyOHUHE MIIOTHOCTBIO MaTepHaa.

Henocratkom PK siBrsiercst Oonpmiasi TpyJJOEMKOCTh B OTHOCHTEIHHO
HU3Kasl YyBCTBUTENIBHOCTb, TMOTOMY OH MpPHUMEHSAETCA TOJNBKO B TeX
CllydasiX, KOrja IOCTaBJICHHAS 3aJada He MOXeET OBbITh pelleHa IPyruMm
metogom HK.

9.2. ®usznueckue ocuosbl PK

B PK ucnone3yrotcs crnenyrormiue Buas UU:

- PEHTT'€HOBCKOE TOPMO3HOE;

- PEHTT'€HOBCKOE XapaKTEPUCTUYECKOE;

- TOPMO3HOE U3Ty4YEHHE YCKOPHUTENEH SIeKTPOHOB;

- Y-U3IyYCHUE;

- B-m3mydenue;

- HEMOHORHEPI€TUYECKOE B-U3JIyUE€HUE PaAHOAKTUBHBIX H30TOIMOB;

- MOHODHEPTeTHIECKOE B-U3TyUeHHE (BBIBOJANMOE U3 YCKOPUTEIEH);

- IOTOK IIPOTOHOB;

- IOTOK MTO3UTPOHOB.

Ilo cBoiicTBaM W3IMyYeHUS MOMXKHO pa3leIUTh Ha (HOTOHHOE
(MoHM3MpYIOIee SIEKTPOMATHUTHOE W3IyYeHHE) W KOPITYCKYJSIpPHOE
(n3nmydeHre B BUJIE TIOTOKA 3apsDKCHHBIX YACTHUI] MU HEHTPOHOB).

[lo cBoell mpupoae pPEHTTEHOBCKOE U3IYyYEHUE, TaKXKe, Kak H
Y-U3Iy4YEHUE, SBISETCS  BBICOKOYACTOTHBIMU  BJIEKTPOMArHUTHBIMU
BOJHAMH (0-M3Ny4€HHUE — TOTOK siJep TeNus, [-H3JIyuyeHHe — IOTOK
MO3UTPOHOB HMIIM 3JIEKTPOHOB). PeHTreHoBCcKuUe my4w, Onmarogaps cBoel
BBICOKOW SHEPTUH, CIIOCOOHBI MPOHUKATH Yepe3 CIOM BELIECTBa Pa3sHOM
TONIIUHEIL. BaXHOE€ CBOWCTBO TaKOTO W3JIYYCHHS — CIIOCOOHOCTH
OKa3bIBaTh BO3JICHCTBHE Ha CcepeOpo OMYJIbCHU PEHTTCHIUICHKH
(IposiBNIsieTCs B MOYEPHEHNH TUICHKH MTOCIIe XUMUYECKOW 00paboTKH).

B  kadectBe WCTOYHHMKA  WBIYyYECHHUS JUIT  TPOCBEUYMBAHUSA
KOHTPOJIUPYEMOTO OOBEKTa NPUMEHSIOTCS pPaTUOAKTUBHBIC H30TOIBI
(y-n3nmydeHue) Wik PeHTTeHOBCKHE TPYOKH.

B peHTreHoBckOM —ammapaTe pEHTI€HOBCKas TpyOKa  CIYXKHT
HCTOYHUKOM TOPMO3HOTO M XapaKTEPUCTUUECKOTO M3IYyYECHUH B
MUPOKOM amarma3one sHeprud — a0 1000 xoB. OHU NMpUMEHSIOTCS IS
MIPOCBEYNBAHUS METAIIMUECKUX JIETAICH.
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Ceoticmea UOHUBUPYIOWUX U3TYYEHULL

Paccmotpum 5 cBoticts MU:

- 1M He BOCIIPUHUMAIOTCS. HH TJ1a30M, HU IPYTUMH OpPraHaMU 4yBCTB
YeNI0BEKa;

- Oarogapst 04eHb BBICOKOH 3Heprun MU criocoOHBI IPOHUKATH Yepe3
CJIOM BEIIECTB Pa3IMIHON TONIIMHBI,

- (boToHHOE W3NMy4YeHHE, MOTOKM 3aPSHKCHHBIX YaCTUI] U HEHTPOHOB
IpY B3aUMOAEHUCTBHUH C BELIECTBOM HOHU3UPYIOT €r0 MOJIEKYJIBI U aTOMBbI
- MOJl JEeHCTBHEM JSTHUX W3IYYeHHH B BEIIECTBE O0Opa3yroTCs
IMOJIOKUTCIIBHBIC W OTPpUUATCIIBHBIC HOHBI U CBO6OILHI)I€ SJICKTPOHBI
(Takue M3ITydeHUsS Ha3bIBAIOT HOHU3UPYIOIIUMH).

HoHuzupymonye H3IydeHns] OKa3bIBalOT OMOJOrMYecKoe IeiCTBUE:
HMOHHM3UPYIOT BEIIECTBA, U3 KOTOPLIX COCTOAT KJIICTKH KHUBBIX OPraHU3MOB
(310 melicTBHE MPUONM3UTENHHO PABHO TOTIIOMIEHHON J03€ M3ITyYeHUs).
Ecnn 4enoBek MONYyYUT 3HAYUTENBHYIO A03y OOJNy4YeHHS, TO Yy HETO
MOJKET HACTYMUTH JydyeBoe 3a0ojeBaHue. Ha mpakTWKe CyIIECTBYIOT
pasyn4Hble CHOCOOBI 3alIUTBl OT OOJY4YEeHHs, KOTOPBIE MO3BOJISIOT
JUINTENIFHO paboTaTh ¢ MCTOYHUKAMH HMOHU3UPYIOIIMX H3JIydyeHHH Oe3
Bpena AJis 3710pOBbs;

- U1 oxa3piBaeT JeiicTBHE Ha TaJOTEHUIHOE CEpedpo 3MYJIBCHH
PEHTI€HOBCKOM IUICHKH, TPOSBISIONIEECS B IOYEPHEHHH €€ IMocie
XUMHYECKOi 00padoTKy;

- 1M BBI3BIBAIOT JIFOMHUHECLIEHIIMIO HEKOTOPBIX BEIECTB (JTFOMHHODO-
pPOB, WM cUMHIMIUIATOPOB). Ha 3TOM cBoiicTBe OCHOBaHO AeHCTBHE
JIOMHUHECIICHTHBIX ~ JIETEKTOPOB M3JIyYeHWH JUIsi OOHapyXeHus U
W3MEPEHNSI NHTEHCUBHOCTH U3ITy4EHH.

Xapakmepucmuqeacoe usiydeHue

OHo wucmyckaercsi Bo30Y»KJICHHBIMU aTrOMaMd TP HMX Tepexojie B
OCHOBHOE WJIM MEHee BO30YKIEHHOE COCTOSHUE.

JaHHBI mpolecc 3aKIoYaeTcs B MEPEXOAE NIEKTPOHOB C BHEUIHUX
o0oJiodek aToMa Ha BHYTPEHHHE, M3 KOTOPBIX BBHIOWTHI 3JIEKTPOHBI MPH
OoMOapIupoOBKE aroMa 3apsDKEHHBIMH — YacTHUIaMH  (IPOTOHAMH,
9JIEKTPOHAMHM H T. J.). B pe3ynbrare akta mepexojia dJIEKTPOHA ¢ OJTHOH
OpOUTHI Ha APYIYI M3JIy4yaercsl MOPLHs 3JIEKTPOMAarHUTHOM 3HEpruw,
MMEHyeMasi KBAHTOM WIH (POTOHOM:

E=E-E,= h'V,
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rae E1 u E2 — ypOBHU SHEPruil 2JIEKTPOHHBIX 000J104ek; h — mocrosHHas
Ilnanka (h = 6,62-10% JI-c); V — 9acToTa U3/Ty4eHUS.

IIpn mpoxoxaeHNH 4Yepe3 MeTaul 3apsHKeHHBIE O- W [3- J9acTHIBl B
OCHOBHOM TEPSIOT CBOIO JHEPIUI0 Ha HMOHHM3ALMUI0 W BO30YyXKAEHUE
BCTPEYHBIX aTOMOB M MOJIEKYJ, @ YAaCTHIBI C BBICOKHMH JSHEPTHIM,
E = 10° 5B u 6onee, TEPAIOT TAKXKE SHEPTHIO B PE3YIILTATE TOPMOKEHHS
ATOMHBIX S€p B 3JEKTPUUECKOM IIOJIE.

DHEPreTHYeCKHid CIEKTP XapaKTePUCTUYECKOTO H3ITyYeHUS HMEeeT
JIIUCKPETHBIN XapakTep, COCTOMT W3 TaK Ha3blBaeMblX K, L W IOpyrux
JIMHUHN, COOTBETCTBYIOLINX MEPEXOTy DIIEKTPOHOB C BHEIIHEH 000JIOUKU
Ha K, L v moo0HbIe ypoBHH 000510uKH (pHc. 86).

i kaxaoro  XMMHYECKOTO  DJIEMEHTa  CBOWCTBEHHO  CBOE
XapaKTepUCTUYECKOE M3JIydeHHe, W €ro DSHeprus BoO3pacTaeT Ipu
YBEIMYEHHH AaTOMHOIO0 HOMepa »djemeHTa Z. B ocHOBe peHTreHo-
CIIEKTPAIFHOTO aHAIIM3a MAaTEPUAIIOB JIEXKHUT yUET 3TOTO SBICHISL.

TopMo3HOE WH3ITyueHHE BO3HHUKAET NPU MPOXOKICHUU DJIEKTPOHA
yepes IoJIe aTOMa HITH S/Ipa, KOTOPBIM OH TOPMO3HUTCHL.

PamuanyionHeie moTepu aromMa — IMOTEPU JHEPTUU DIIEKTPOHOB Ha
o0pa3oBaHHE TOPMO3HOTO H3ITy4EHUSI.

Y  HEKOTOpBIX  HMCKYCCTBEHHBIX  PaJIMOAKTUBHBIX  HM30TOIOB
HaOIoJaeTcs MO3UTPOHHBIN pacman. OQuH MPOTOH TpeBpaliaercs B
HEUTPOH, M MHCIIyCKAECTCSI OAWH IIO3UTPOH U HEUTPHUHO, IMO3UTPOH
COCNIMHSETCSI C DIEKTPOHOM OKPYXKAIOIIETO BEIIECTBA, MPH 3ITOM
oOpa3yroTcs nBa kBaHTa dHeprum (aHHWTWIANUSA). CIEKTp >HEpPTUn
MIO3UTPOHOB HENPEPHIBHBII.

A
N ol
M l M- cepus
L p Puc. 86. Xapakrepucruueckoe
L-cepna U3JTyueHne
K LA A J
K-cepus
ONEKTPOHHBIA 3axXBaT — JTO IMOTJOUICHHE SIPOM OPOUTAIHLHOTO

aneKkTpoHa u3 Ommxkaiimen K supy K-oGomouku (K-zaxBat). OnuH u3
IPOTOHOB S/Ipa IpeBpalaeTcs B HEUTPOH, U 3aps/ Apa yMEHbIIaeTcs Ha
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€IVHHIly, a Ha MECTO D3JEKTPOHA, IOIJIOIIEHHOTO SAPOM, IMEPEXOAAT
ANIEKTPOHBI C Oojee yAaleHHBIX OpOWT, TPH OSTOM BO3HHUKAET
XapaKTePUCTHYECKOE PEHTTE€HOBCKOE M3ITydeHUE (JUCKPETHBIA CIIEKTD).

HeiitponHoe u3nyyeHne — MOTOK HEHTPAIBLHBIX YacTHI (HEHTPOHOB),
00amaronux OOJBITON MPOHUKAIOIIEH CITIOCOOHOCTHIO.

Heititponsl B 3aBUCUMOCTH OT DSHEPrdd TOAPA3ACISIOTCS Ha
MeAJICHHBIE (XOPOIIO MOTJIOMIAIOTCS TaKMMM BEIIECTBaMH, Kak 0op U
KaJIMHIA ) u OBICTpBIC (3aMeIsIIoTCS BOJOPOJAOM u
BOJIOPOAOCO/IEPIKAIIIMH BEIIECTBAMH).

Tpunyun delicmeusi peHmM2eHOBKUX AnnApamos

HCcTOYHNK  pEeHTreHOBCKOTO  W3IY4YEHHS —  JIBYXAJIIEKTPOIHAsS
peHTTeHOBCKas TpyOKa. XKecTKOCTh PEHTTEHOBCKOTO M3ITyUEHUS 3aBUCHT
OT BBICOKOTO HaNpsDKEHUsI, IPUIIOKEHHOTO K TPYOKe, M BBIYMCIISIETCS TI0
hopmyue;

A=(12,4-10°)/ U,
riae U — HanpsbkeHre Ha TpyOKe; A — JJTHHA BOJTHBI.

MeTonsl  pEHTT€HOBCKOTO KOHTPOJS OCHOBaHBI Ha TPUHIIHIIC
ocna0yieH!s] HHTEHCUBHOCTH M3ITyYEHUS, POIIEAIIEr0 OOBEKT KOHTPOJISL.
®DOTOHBI, CTAIKUBAACH C aTOMaMH IPOCBEUYNBAEMOr0 MaTepuaa, TepsSoT
CBOIO JHEPTHIO 32 CUET (DOTORNIEKTPHUIECKOTO ITOTIIONICHHUS U PACCESTHHUSA,
3a cueT npeoOpa3oBaHHUA WX B KUHETHYECKYIO DHEPTUI0 3JEKTPOHOB U
paccesHHOTO (BTOPUYHOTO, 0OJiee JUIMHHOBOJIHOBOTO IO CPAaBHEHHIO C
MAAFOIINM) H3ITyIeHUSI.

Ha puc. 87 mokazaHa cxeMa IMPOCBEYHBAHUSA JIETAN PEHTTCHOBCKAM
M3ITYYEHHUEM.

Ecnu 00BeKT KOHTPOJISA HEOAMHAKOB MO TONIIMHE, UMEET PAKOBHHY
i OoJiee IOTHOE BKIIOUYEHHUE, TO 32 OOBEKTOM MHTEHCHUBHOCTH MydKa
u3ny4yeHus OyneT HeoAWHaKoBa (B MECTe PAaKOBHMHBI, HAlpHMeEp, OHa
BEIIIIE, YEM B MECTax, I/ie HeT JeEKTOB).

Peructpupysi crtemeHp ocnaOiieHWsi WHTEHCHBHOCTH W3Ty4YeHHs 3a
00BEKTOM KOHTPOJISI, MOXKHO OTIPE/ICIUThH HATHYKE B HEM JIe(EKTOB.

s peructpanyu pagualOHHBIX W300paKEHUH NPH BBHIIOJHEHUH
KOHTPOJII B OCHOBHOM HCIIONB3YIOT DPEHTTCHOBCKHE IUICHKH, IIOCIEe
($hoT000pPabOTKM SKCIIOHMPOBAHHOW IICHKM Ha HEH  IOJIydaeTcs
HEeTraTHBHOE H300pakeHHe OOBEKTa - PEHTICHOBCKMA CHUMOK. Ha
HeratuBe JAe(eKThl HaOMIOMAIOTCS B BHJE JIOKAIBHOTO W3MEHEHUS
TUIOTHOCTH TIOYEPHEHHS IUIEHKH - OoJiee TUIOTHOTO IO OTHOIICHHIO K

120



(OoHY B MecCTaxX HECIUIOITHOCTEH THUMA TPEIIWH, PAKOBUH, IMOPUCTOCTH,
HEeMpOBapoB U T JI. U Ooliee CBETIOr0 B MECTAaX IUIOTHBIX BKIIOUYCHHH,
HaIpuMep BoIbdpamMa B CTaJIH.

Puc. 87. Cxema npocBeunBaHus IeTall PEHTT€HOBCKUM U3JTyYSHUEM |
1 — myneT yripaBieHus; 2 — BEICOKOBOJIBTHOE NMUTAIOIIEE YCTPOICTBO;
3 — (hokyCHOE MATHO PEHTI€HOBCKOW TPYOKH; 4 — KOHTPOJIHUPYEMbIi OOBEKT;
5 — pakoBuHa; 6 — INIOTHOE BKJIIOYEHHUE; / — PEHTIEHOBCKAsl IICHKA;
8 — kaccera; 9 — sMIOpa UHTEHCUBHOCTH M3ITy4EHHS
3a petanbto; 10 — muapparma

CylIHOCTh PEHTT€eHOBCKOT0 KOHTPOJISI

PeHTreHoBcKOe M3IIydeHWE MO CBOCH MPUPOJE — BBICOKOYACTOTHHIC
OJICKTPOMArHuTHbLIC BOJIHEI.

Jns  TONy4eHUs  PEHTICHOBCKOTO  W3IYYCHHUS  HCIOJB3YIOT
PEHTTEHOBCKYIO TPYOKY.
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[IpuHnunuanbHas cxemMa peHTTeHOBCKOTO armapaTa IpeacTaBleHa Ha
puc. 88. Ona mpencraBnsier coOO CTEKISIHHYIO KOJOYy, M3 KOTOpOU
oTkauan Bo3ayx o 10%4-10° ITa. B cocyn BmasHel [Ba 3JI€KTpoga —
KaToJ, B BUJE CIUPAJIH U3 TOJCTOH BONb(PAMOBON MPOBOJIOKH, U aHOA
W3 MEIHOTO TMOJIOTO HWIMHApPA («aHTHUKATOM») C MPUBAPEHHON K HEMY
MHIIIEHBIO U3 BOJb(pama.

K companu karonma momaeTrcs HHM3KOBOJIBTHOE HampsDKEHHE, a K
AIEKTPOJIaM — BeICOKOE Hamnpspkerue (0omee 10 xB).

Ilpu nHakane cnupaid BCIEICTBHUE TEPMOAJIEKTPOHHOM 3MHUCCUM U3
Hee BBUICTAIOT OJJIEKTPOHBI, KOTOPBIE (OKYCHPYIOTCS CIEeHUaTbHBIM
YCTPOMCTBOM B Y3KHIl IYYOK U MOJ NEUCTBUEM 3JICKTPUUYECKOTO MOJS C
0OJBIIIOI CKOPOCTHIO ABIKYTCS K aHOTY.

PEHTr eHOECEITT
[ Dok

a 9]

Puc. 88. Cxema peHTTeHOBCKOTO anmapara:
a — IpUHIMNHANBHAs cXeMa; O — OJok-cxema; 1 — TpaHcopmMaTop;
2 — peHTTeHOBCKas TpyOKa; 3 — CTeK/IsIHHAs K0yi0a; 4 — KaTo;,
5 — aHOJ1 C MUIIEHBIO; 6 — PEHTIEHOBCKOE M3JIy4eHHE; 7 — KOKYX

Tok, mpoxoasammii 4epe3 TpyOKy, H3MepAeTCss MIIITHAMIIEPMETPOM Ha
nyjibTe ynpasieHHs. Tok TpyOKH peryaupyercsi U3MEHEHHEM CTEeTIeHH
Hakaja HUTH KaToAa.

OJeKTPOHBI, MONAJAal0IMe HAa MMIICHb aHO/Aa, TOPMO3ITCS B HEH U
TEpSIFOT CKOPOCTh M KMHETHYECKYIO 3HEpruro. KuHeTwueckas sHeprus
3JEKTPOHOB YacCTUYHO MPEBpAIAETCs B JIYUYHUCTYIO SHEPTHIO, KOTOpas
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BBIJICJIICTCS B BHUIE (POTOHOB TOPMO3HOTO H3IIyYCHHS, MCIOIB3YEeMOIO
npu 1e(heKTOCKOIHNN U3JICNUH, 8 4aCTh IEPEXOIUT B TEIIOBYIO.

Y4acTok MUIIIEHH aHOJA, Ha KOTOPOM (DOKYCHUPYETCsl pEHTTCHOBCKOE
U3JIydeHne, — AeUCTBUTENbHOE (POKYCHOE MATHO TpyOku. Ero mpoekmuro
B HANpaBJICHWH BBIXOJAa Jy4dell Ha3pBalOT 3()PeKTHBHBIM (POKYCHBIM
TISITHOM.

NHTEeHCUBHOCTh M3JIYYCHUS PEHTTEHOBCKOW TPYOKH pEryiupyercs
aHOJIHBIM TOKOM W HampspDkeHueM. [Ipu M3MeHeHWu Toka (Harpesa
KaTroJa) MEHSeTCSl TOJNbKO WHTCHCUBHOCTh, a TIpPH HW3MEHCHUU
HaIIpsKECHUA MCHACTCA €1IE€ U SHCPIUuA U3ITyUYCHUS. MunumasnpHas JJINHA
BOJIHBI 00PAa3yIOIErocsi PEHTICHOBCKOTO W3JIYYCHHS COOTBETCTBYET
MaKCHUMAaJIbHOM 3HEPrHM KBaHTA. DHEPrus KBaHTa TeM OOJbIIE, YeM
BBIIIIE CKOPOCTHh 3JIEKTPOHOB. JHEPreTUYECKUH CIIEKTP TOPMO3HOTO
W3JTyYCHUs OMpENeNsAeTCs BEIWMYUHON HampsbkeHus Ha TpyOke. Uem
BBIIIIC HAMPSHKEHUE, TeM OOJIBIIe CKOPOCTh JJNEKTPOHOB, TeM OOIbIIe
OHEpTrrud U3ITYy4YCHUA, TEM MCHBIIC [JIMHA BOJHBI WM TEM 6OJII)HIC
MIPOHUKAIOIIAS CIOCOOHOCTD U3TyUCHHUS.

Tak Kak OBJIEKTPOHBI, KOTOPbIE MCIYCKAIOTCS KATOAOM, HMEIOT
HETPEePLIBHOE paclpe/iefiecHne CKOPOCTEH, DHEPreTHYeCKUd CIEKTp
TOPMO3HOTO M3ITYUYCHHUSI UMEET HEMPEPBIBHBIN XapakTep. B HeM umerotcs
KBaHTHl CO BCEBO3MOXXHBIMH 3HAUCHHUSMH ODHEPrUA — OT HyNIsd J0
OTIPEJICIEHHOTO ~ MAaKCHMMJILHOTO ~ 3HA4eHHUs, KOTOpPOE  OTBEYaeT
MaKCHUMAaJIbHOM KHHETHYECKOI SHEPTUN TOPMO3SIIIHXCS SIEKTPOHOB.

B cnyuae, korjma SHeprus 3JEKTPOHA HACTOJIBKO BEIHKA, YTO OH
BBIOMBACT OJJEKTPOHBI C BHYTPEHHHX OOOJOYEK aTOMOB BEIIECTBA
MUILIEHH, Ha (OHE HENPEPHIBHOTO CIEKTPa TOPMO3HOTO W3ITyUEHHS
BO3HUKAET JINHEHYATBIN CHIEKTP XapaKTEPUCTUICSCKOTO H3ITyUeHHSI.

CrnektpanbHas MHTEHCHBHOCTb W3TYYEHHS TPYOKH TPH Pa3IHIHBIX
HanpsOKEHUSX TpencTtaBieHa Ha puc. 89. Hwxke Ao usnydeHus He
CyIIEeCTBYET.

9Hepr1/151 H3JIYYCHHA 3aBUCHUT TOJIBKO OT HAIIPSXKCHHSA, OT BCIIMYHUHBI
AQHOJHOTO TOKa OHA HE 3aBUCHT.

CymiecTByoT pa3nuYHbIE Moau(pUKaIuN KOHCTPYKLIAH
PEHTIC€HOBCKOM TPYOKH:

- IBYXDJIEKTPOHHBIC TPYOKH;

- TpyOKHU C BEIHECEHHBIM aHOJIOM;

- CeKITMOHUPOBAHHBIC (KaCKaIHBIC) TPYOKH.
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Puc. 89. CriekTpbl TOPMO3HOTO PEHTTCHOBCKOTO M3IY4EHHS IPH PA3IHMIHBIX
HAaIpsDKEHUIX

JBYX3JIEeKTpOJHbIE TPYOKH HMEIOT JJIEKTPHUYECKYIO (OKYCHPOBKY
AIIEKTPOHOB, TP KOTOPOU pa3mep (POKYCHOTO IMATHA HE M3MEHSETCS BO
BCEM JIMAIA30HE PErYJIUPOBKHA aHOJAHOIO TOKA U HAIPSXKECHUS.

TpyOKku ¢ BBIHECEHHBIM aHOJOM (MCIIOJIB3YIOTCS IS TAaHOPAMHOTO
MPOCBEYHMBAHNS) UMEIOT JIOMTOIHUTENLHYIO MATHUTHYIO ()OKYCHPOBKY.

CeknioHupoBaHHbIE  (KackajgHple) TPYOKH TNPUMEHSIOT  TIpH
HanpspkeHusix oT 300 kB mo 2 MB. OHu uMeEIOT JOMOTHUTEIIBHBIE
MPOMEXKYTOUHBIE KOJIBIIEBBIE DJIEKTPOJNBI, KOTOPHIE OOECTIEYHBAIOT
BEIPaBHUBaHUE JIEKTPUUYECKOTO TMOJIS IO AJTUHE TPYOKH.

PenTrenoBckuii anmapar COCTOMT W3 3JEKTPOHHOW PEHTTEHOBCKOM
TPYOKH, TIOMEIICHHOW B 3alIMTHBIA KOXYX, KATOJHOIO W aHOJHOTO
TEHEpPaTOpPHBIX YCTPOMCTB, INTAaTHUBA, MACISHOTO Hacoca, IyJbTa
YHpaBIECHHSL.

TexnoJiorus Bpinosnenus PK

PeHTreHoBCKHiT KOHTPOIb COCTOUT U3 CIEAYIOIIMX ONEPALIN:

- TOATOTOBKa pabouero Mecta #  00BEKTa KOHTPOIS K
MIPOCBEUYHUBAHUIO;

- 3apsiZIKa Kaccer;
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- YCTaHOBKa  ammaparypbl, 3TaJOHOB  YyBCTBUTEIBHHOCTH,
HyMEpaToOpOB, KACCET U APYTHX CHEIHATbHBIX MPUHAICKHOCTEH;

- IPOCBEYMBAHKE — SKCIIOHUPOBAHHE TUICHK

- (hoTO00OpabOTKA TIICHKY;

- pacmm(ppoBKa HEraTHBOB M OIICHKAa KadecTBa IPOCBEUYEHHBIX
00BEKTOB KOHTPOJIA.

B onepammio mo MOATOTOBKE K NPOCBEYMBAHHIO BXOISAT TaKHe
paboTHI, KaK:

- OYHCTKA 00BEKTa KOHTPOJIS;

- pasMeTka OOBEKTa KOHTPOJS Ha MPOCBEUMBAEMBIC YYACTKH U HX
HyMepaIus;

- ompeqeleHne HEeOOXOIUMBIX TMPHUCIOCOONEHUHN ISl parlMOHATBHOMN
YCTAaHOBKH KaCC€T, CBUHIOBBIX JIUCTOB U T. 1.

Hanee kacceTy, KoTopas 3apspKeHa IUICHKOW, NPHUKPEILUIAIOT K
KOHTPOJINPYEMOMY y4YacCTKy OOBEKTa KOHTPOJIS C MPOTHUBOTIOIOKHON ee
CTOPOHBI II0 XOAy wu3inydeHus. IlneHka, IO BO3MOXKHOCTH, JOJDKHA
ONM3K0 TpWiIeraTh K TMOBEPXHOCTH KOHTPOJIHMPYEMOTO OOBEKTa U
pacroaraThCsl IepIeHUKYIIPHO K OCEBOMY JIydy ITyYKa.

HenpocBeunBaemble  y4acTKM OOBEKTa  KOHTPOJNS — 3aKPBIBAIOT
JUCTOBBIM CBHHIIOM WJIM OTPaHWYHMBAIOT IOJIe 00iydeHus: nuadparMoi
JUTSL CHUYKSHHSI MHTEHCUBHOCTH PACCESHHOTO M3ITyUeHHUSI.

IIpu »sKcrOHMpPOBaHMM TUIGHKH HEJb3sd JOIMycKaTb BHOpalud U
COTpsiCeHHs 00BEKTa KOHTPOJISI U UCTOYHHKA M3ITydeHUSI.
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