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INEPEJIMOBA

KoHCTeKT JekIii MICTUTh MaTepialid 3 BHUBUCHHS MHCIHILTIHU
«Mertposoris, crangapTusaiis i ceprudikaris» (MCiC) y BiamoBigHocTi 10
HaBvyanpHUX TaHiB OKP OakanmaBpie crerianbHocTi 151 —ABTOMAaTH3AIS
1 KOMIT I0TEpHO-IHTETpOBaHi TEXHOJIOTI1 OCBITHBOI mporpamu «[Ipomuciosa
ABTOMATHKa».

Mera BuBueHHs guctuuiind MCIC — HaBYMTH CTYICHTIB
3aCTOCOBYBaTH 3aKOHOJaBYi, TEXHIYHI Ta OpraHi3aliiiHi OCHOBH METPOJIOTil
Py BUKOHAHHI 3aBJaHb, CTOCOBHO OITIHKM TOYHOCTI BHMIpPIOBaHHS Ta
KOHTPOJIIO SIKOCTI MPOIYKIlii; (popMyBaHHS 3HAHB 1 MPAKTUIHUX HABHYOK
BUKOPHUCTaHHS 1 JOTPUMAaHHS CHCTEM 3arajlbHOTEXHIYHHUX CTaHJAPTIB,
npaBuIl i HOpM cepTH(iKaLii TPOAYKLIii.

3aBaaHHsA BUBUEHHS TUCITUIUTIHN — c(DOPMYBATH Y CTYACHTIB 3HAHHSA,
BMiHHSI Ta HABUYKH, HEOOXiTHI AJISl PO3yMiHHS MUTaHb MIOA0 MPU3HAUYCHHS
1 BUKOPHCTAaHHS BUMIPIOBAIBHUX TMPWIAIIB Ta CHCTEM KOHTPOIIO
KOOPIWHAT EJICKTPOMEXaHIYHUX CHCTEM, 3 METOI0 3a0e3leueHHs
kBani(ikamiifHOl yd4acTi I1H)KCHEpiB B BHPOOHUYIM 1 JOCIIIHUIBKIN
USUIPHOCTI 3 TIABHINEHHS SKOCTI TPOAYKIi, HAAaTh 3HAHHS 31
cTaHmapTH3aiii, ceprudikarii.

Jns ctynenTiB criemianbHOCTI 151 —ABTOMAaTH3aIIis 1 KOMIT I0TEpPHO-
IHTErpOBaHI TEXHOJOTil OCBITHROI mporpamu «lIpomrucioBa aBTOMATHKa»
ycix GpopM HaBUaHHS.
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10CHOBHI BITOMOCTI IIPO BUMIPIOBAHHA.
OCHOBHI MOHATTA I BUSHAYEHHA

Memponociero (Bif TpeUbKHX METPOH - Mipa 1 JIOTOC - YUYCHHS)
HA3WBaIOTh HAyKy NMPO BUMIPIOBAHHS, METOIH U 3acobm 3abe3medeHHs ix
€JIHOCTI Ta CII0COOM AOCSTHEHHS HEOOX1/IHOI TOYHOCTI.

MerTpodorist Biapi3HAETbCA BiJl iHIINX NPUPOAHUYUX HAYK TUM, LIO ii
(hyHIaMeHTaNbHI TON0KEHHS NPUHUMAIOTHCS 32 YTOJaMH, a He JUKTYIOThCS
00’ eEKTHBHUMH 3aKOHOMIpHOCTSMH. lle mimkpeciroe HasBHICTh TaK 3BaHOI
3aKOHO0ABYO0I Mempoio2ii - YaCTUHU METPOJIOTii, [0 MICTHTh TOJIOKEHHS,
npaBuiia, BUMOTH Ta HOPMH, SIKi PErjJaMEHTYIOThCA 1 KOHTPOIIOIOTHCS
Jep>KaBOIO MIJIs 3a0€3MeUeHHS €THOCTI BUMIPIOBAHb.

Mertpororist € meopemuunoil0 0CHOB80K BUMIPIOBAIBHOI TEXHIKH,
OTHOTO 3 OCHOBHHX (DaKTOPiB TEXHIYHOIO MPOTrpecy B YCiX Taly3sx
IisutbHOCTI MoAWHU. PO3BUTOK MeTpoJjorii mojsrae, B Heplly 4epry, B
YAOCKOHAJICHHI ~ TEOPETHYHHMX OCHOB  BHUMIpIOBaHb,  y3arajbHEHHI
NPaKTUYHOTO JIOCBiAY B Taiy3i BUMIpIOBaHb i (OpMyBaHHI MOJANBIIOTO
PO3BHTKY BUMipIOBaJIbHOT TEXHIKH.

Hopmamuenoio ocrnosoio MeTpoiorii € AepaBHI CTaHAAPTH Ta iHII
JMIOKYMEHTH JIep’KaBHOI CHUCTEMH 3a0€3IeUeHHS €IHOCTI BHUMIPIOBAaHb
(ACB), BigmoBigHi HOpMaTHBHI JOKyMeHTH Jlepkcranmapty YKpaiHw,
METOJMYHI BKa3iBKH Ta pEKOMEHIAITI1.

Opeanizayitinoro  0CHOB80I0 METPOJIOTIT € METpPOJIOTiYHa CiTyk0a
VYkpainu.

Texniunoto 0CHOB0I METPOIIOTII €:

. crucTeMa Jep)KaBHUX €TaJOHIB OJWHHID (DI3UYHUX BEIMYWH,
sIKa 3a0e3reduye iX BiATBOPEHHS 3 HAWBHIIOIO TOYHICTIO;

. cucrteMa poboUnX €TaJoHIB 1 3pa3KOBUX 3aC00IB BUMipIOBaHb,
3a JOTIOMOT'OIO SIKMX 3A1HCHIOETHCS Tiepeaada po3MipiB OJUHULL Qi3HUYHHX
BEJIMYWH poO0oYMM 3ac00aM BUMIPIOBAHb;

. CHCTeMa CTaHJApTHUX 3pa3KiB CKJaay Ta BIACTUBOCTEH
PEUOBUH 1 MaTepiamiB, 110 3a0e3leuye BIATBOPEHHSA OJUHMID (hi3MUHHX
BEITMYMH, SKi XapaKTepHU3yIOTh CKJIAJ 1 BIACTHBOCTI PEYOBHH 1 MaTEpiaiB,;

. cuctemMa poboumx 3aco0iB BUMIPIOBANBHOI TEXHIKH, SIKi
BUKOPUCTOBYIOTBECS MiJl 4ac Po3poOJieHHs, BUPOOHHUILITBA, BHIIPOOYBaHb i
eKCIuTyaTallii TpOAYKIlil, HAyKOBUX [OCTI/DKEHbh Ta IHIIUX BHIB
JUSIIBHOCTI.
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Ilpeomemom memponoecii € OTPUMAaHHS KUIBKICHOT 1 sKiCHOL
iHpopMarlii Tpo BIACTHBOCTI 00’ €KTIB 1 TMPOIECiB, BCTAHOBICHHSI I
3aCTOCYBaHHS HAyKOBHX 1 OpTraHi3aliiiHUX OCHOB, TEXHIYHHMX 3aCO0iB,
MpaBWJ 1 HOPM, HEOOXIMHUX JUIS JOCATHCHHS €IHOCTI 1 HEOoOXimHOl
TouHocCTi [1].

Memoou memponocii - e CyKynHICTh (DI3HUHHX 1 MaTeMaTHYHUX
METOJiB, 10 BUKOPUCTOBYIOTHCS JIJIi OTPUMAHHS BUMIipIOBAIBHOI
iHpopmMarii. Jlo HHX HaJekaTh. METONW BUMIPIOBAHHS, BiATBOPEHHS
BEIIMYMH 3aJaHOTO pPO3Mipy, TIOPIBHSHHS BEIIMYHH, BHMIipIOBaIbHE
MIEPETBOPEHHS, O00pOoOKa pEe3yNbTaTiB  CIIOCTEPEXKEHb, IUIAHYBaHHS
BUMIPIOBaJIBHOTO CKCIICPUMEHTY .

3acobu memponoeii - piI3HOMaHITHI 3ac00M BUMIPIOBaHb 1 KOHTPOJTIO,
SIKi BJJOCKOHAITIOIOTHCS i pO3BUBAIOTHCS HA OCHOBI 00’ EKTUBHUX 3aKOHIB.

Disuuna eenuyuna (@B) — xoxHAa BU3HAueHa (i3WuHA SKICThH
00’ eKTa, sIKa Ma€ po3Mip.

Buwmiprosanns — e 3aaxomkeHHs 3HaueHHs @B mocmimHuM TUIIXOM
3a JIOTIOMOTOI0 CIIEI[ialIbHAX TEXHIYHUX 3aC00iB —3ac00iB BUMIPIOBaHHS.

IIpu BuMmiproBanHi @B mOpiBHIOETHCS 3 AESIKUM 1i 3HAYCHHSM, SKE
MPUIHATO 32 OOUHUITIO. PesynpTaT BuMipoBanas @B mpencrasise coboro
iMenoBane uucino. Hanpuknan, U=1,5B, P=0,27xBr, F=528[ 1.

Onunnnst OB [Q] — e @B, po3mipy sK0i IPHUCBOEHO 3HAYCHHS 1.

3 1980 p. BBemeHa y sKOCTI 000B’ s13KOBOI Midwchapoona cucmema
oounuys (CI). Cuctema CKIamaeTbess 3 7 OCHOBHHX 1 2 JOJATKOBHX
ONVHUIL, a TakokK 113 MOXiMHWX OJWUHUIG, B TOMY YHCIi OIMHHIb
€JIEKTPUYHMX 1 MarHiTHUX BeJau4uH - 40.

Ocuoni ogunuti cucremu Cl: gosxuHa - MeTp (M); Maca - KiJorpam
(kr); wac - cexynHma (C); cuia ENEKTPUYHOTO CTpymy - ammep (A);
TepMOAMHaMiYHa Temreparypa - kenbBiH (K); cuna cBitia - kangena (kn);
KUIBKICTh PEYOBHHH - MO (MOJIB), a JOJATKOBI OJMHMIN: IJIOCKHH KyT -
panian (pan); TUIECHUIA KYT - cTepaniad (cp).

OcHogHe piGHAHHS BUMIPIOBAHHS.

X =NI[1x,

ne X — suMmiproBana ®B; N — BimHocHe umcno; 1x — omuHUI i€l
BEJIMYMHU.

IToxubka BumiptoBanus @B — BiAXHUIIEHHS pe3yIbTaTy BUMIPIOBAHHS
Qsum Bin icTuHHOTO 3HaYeHHS Qicm BUMIpIOBAaHOT BETMYUHH.

AQ=Qsum-Qicm.
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Iemunne 3umauennss @B — 3HadeHHs OB, sgxe igcaIbHUM YHHOM
BimoOpakaio 0 y SKICHOMY 1 KITbKICHOMY BiJHONICHHSX BiATIOBIAHY
BIACTHBICTh 00’ €kTy. OCKUIbKHM iCTHHHE 3HAYCHHS HEIOCSIKHE, 3aMiCTh
HBOT'O BUKOPUCTOBYIOTH JIIICHE 3HAYCHHSI.

Hiticne  snauenns @B [Q0] — 3HauYeHHs, sKe OTPUMAaHO
eKCTICpUMCHTAILHUM IIIITXOM 1 HACTUIBKH HAONMMKEHE 0 iICTHHHOTO, IO
HOT0 BUKOPUCTOBYIOTH 3aMiCTh HBOTO.

Pe3ynmbrar BHMIpIOBaHHS OOOB'SI3KOBO Ma€ CYIPOBOJKYBATHUCS
JAHUMHM TIpO MOXHOKK BuMiproBaHHsA AQ Ta BiporigHicTs ii mossu P. OTxe,
pe3yNIbTaT BUMIPIOBAHHS Ma€ MICTUTH. YHCIOBE 3HAYCHHS BHUMipIOBaHOI
BEJIMYMHH, OJWHUII BHMIPIOBaHHS, 3HAYCHHS IMMOXUOKW 1 BIpOTiAHICTH il
nosier. Hanpuknazn, U=1,15B, AU=+0,05B, P=0,95.

OcCHOBHI eJleMeHTH Npolecy BUMipIOBAHHS

006’ exm eumiprosanns —1ie OB, sxa Mae 6yTH BUMIpsHA.

3acobu sumiproeanus — 1e TEXHIYHI 3aCO0H, SKi BHKOPHUCTOBYIOTHCS
IUTS BUMIPIOBAaHHSI 1 MalOTh HOPMOBAHY TOYHICTb.

Ipunyun sumiproéanus — 11e¢ CyKyIHICTh (DI3WIHUX SBHI, HA SKUX
0a3yI0ThCS BUMIPIOBAHHS.

Memoo eumipiosanusi — 1€ CyKYyIHICTh HPUHOMIB, NPUHLUIMIB 1
3aco0iB BUMIpIOBaHHs, sKa 3a0e3nedye TOPIBHAHHS BHMipIOBaHOI
BEJIMYMHU 3 OUHHUIICIO.

Ymoeu eumipiosanuss — e CyKyIHIiCTh BEIWYHH, SIKi BIUIMBAIOTh Ha
BUMIPIOBaHHs (HAampWKIIaA, BUCOKI ab0 HH3bKI TeMmeparypH, BiOparlii,
MiABMINIEHHI a00 3HIKEHHH THCK, €JIEKTPHYHI Ta MarHiTHi mojs). B
IIAX BEJIMYWH Ma€e OyTH BpaxoBaHW a00 BUKITIOUCHHM.

Jlroouna-onepamop — oco0a, sika MPOBOAUTH BUMipIOBaHHS.

Knacudikauisi BuMiproBaHb

3a cnocobom 3maxodoicenHs HUCIO08020 3HAYEHHS BUMIPIOBAHOL
BENUYUHU BUMIPIOBAHHS PO3OLIAIOMbCS HA MAKI.

*  npAMi GUMIpIO6AHHA — BUMIPIOBAHHS, TIPH SIKUX ITyKaHE 3HAYCHHS
BEITMIMHM ) 3HAXOAATh O€3M0CcepeAHbO 3 TOCHTIIHAX NaHUX X, TOOTO y=X;

* HenpaAmi GUMipl06aHHA — BUMIPIOBaHHS], MpPH SAKUX IIyKaHE
3HAYEHHS BEIMYMHHU 3HAXOASATh Ha TIACTaBl BIJIOMOiI MaTeMaTHYHOI
3aNIEKHOCTI MDK I[€F0 BEIUYMHOK 1 BEIWYMHAMU-aPTYMEHTAMH, SKi
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OTpUMaHI TIpH TPSIMHUX BHUMIpIOBaHHIX. Hampukman, BHUMipIOBaHHS
MOTYXHOCTI P 32 BUMipSIHUMH 3HadeHHsMHU cTpyMy / Ta omopom R: P=R.F;

* cymicHi GuMiplo6aHHsi — OJHOYACHI BHMIpIOBaHHS MABOX abo
JICKITbKOX HEOJHOIMEHHUX BEJIMYMH JUIS 3HAXOJDKCHHS 3aJICKHOCTI MK
HUMH;

* CYKYnHi GuUMIproeanHs - OJIHOYACHI BHUMIPIOBaHHS IEKUIBKOX
ONHOIMEHHHX BEJIMYHH, NPU SKUX IIyKaHI 3HAYEHHS BEIWYUH 3HAXOIATH
IUIIXOM pPO3B'A3aHHA CHUCTEMH piBHSHB, SIKa OTpPHMaHa MpPH MPSIMHX
BUMIpIOBaHHSX Pi3HMX KOMOiHAWIN IIMX BEJTMYHUH.

Knacudikauis noxudoxk BUMipIOBaHHS

3a ¢popmoro supasicenns:

* abconomui — BUPAXKAIOTHCS B OAWHUIAX BUMIPIOBAaHOI BEIMUNHH;
XapakTepU3yloTh SIKICTh TiNBKM ONHOPITHUX BEIUYMH MPHOIHU3HO
OJTHAKOBOTO PO3MIpYy;

* BiOHOCHI — 1ie BIJHOIIEHHA aOCOMIOTHOI MOXMOKH A0 iICTUHHOTO
3Ha4YeHHs BUMipoBaHOi BenmuunHd O0Q=AQ/Q., =~ AQ/Q, 3a3Buuait
BUPAXAIOTBCS B MPOLEHTaX. XapaKTepu3ye SKICTb BUMIPIOBAaHb SIK
PI3HOPIAHMX, TaK 1 OMHOPIMHUX BEIMYHUH Pi3HOTO PO3MIpY.

3a npuuunoio uHUKHEHHS.

e 00’ €KTHUBHI —He TOB’ 5I3aHi 3 JIIOIUHOI0-0IIEPaTOPOM;

* Cy0'exTUBHI — OOYMOBJEHI EKCIEPHUMEHTATOPOM, CTAaHOM HOTO
OpraHiB YyTTs, IOCBiIOM Ta iHIIe. BOHUM MOAINSIOTHCS HA TaKi:

* TIOXHMOKM pO3Mi3HaBaHHA 00 €KTa BUMIPIOBaHHS — TIOB S3aHi 3
HEBIJIMOBITHICTIO 00’ €KTa MPUHHATIH MOIETI;

* TOXHOKM MeToma — OOYMOBJICHI HEBIOIOBIAHICTIO METONA
BUMIPIOBaHHS, HANPUKJIA, TOXHOKH Bij BIUTUBY 3ac00y BHUMIipIOBaHHS Ha
BUMIpIOBaHE KOJIO;

* IHCTpYMEHTalnbHI  MOXMOKM  —  BHHUKAlOTh  BHACTIJIOK
HEBIAMOBITHOCTI 3ac00IB BUMIPIOBAaHHS, iX CX€M, KOHCTPYKIIiH, CTaHy B
mporeci ekcruryaramii. KokeH 3aci0 BHMIpIOBaHHS XapaKTePU3YETHCS
BJIACTHUBOIO HOMY MOXHOKOIO, SKa BXOAWTh Yy 3arajibHy HOXHOKY

BUMIpIOBaHHS.
3a 3axonoMipHOCMAMU BUABNEHHA NOXUOOK:
* cHUCTeMaTH4yHa — [€ CKJIAJ0Ba IOXHMOKM BHUMIPIOBAaHHA, SKa

3IMIIAETHCS TIOCTIHHOIO a00 3aKOHOMIPHO 3MIHIOETHCS TPH TIOBTOPHHX
BUMIpIOBaHHIX OJHI€T 1 Ti€l %k caMoi BEIMYMHHU B THX CaMHUX yMOBax. SIKio
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BOHAa BWSBJIEHA 1 JTOCHTh TOYHO BH3HAYEHA, TOAI 1l MOXXHAa BUKIIOYUTH
[IITXOM BBEJEHHS ITOTPABKH 200 MOMPaBOYHOTO0 MHOXHHKA,

* BHIIaJKOBa MOXUOKA — CKJIAJI0Ba MIOXUOKY BHUMIipPIOBAaHHS, KA MPH
MOBTOPHHUX BHMIPIOBaHHSAX B OJHHMX 1 THX CaMHUX yMOBAaX 3MiHIOETHCS
BUMAKOBUM YHHOM,

* rpyOa moxmbka — MOXuOKa, sIKa CyTTEBO TIEPEBUIIYE TIOXUOKY, STKa
BHIIpaBJaHa yMOBaMH BHWIMIPIOBaHHS, KBasli(ikaili€ro eKCIepUMEHTaTopa.
MoXyTb 3’ SIBUTHCSI BHACIIOK Pi3KOi 3MIHM BEIMYWHH, SIKA BIUTMBAE Ha
pe3ynbTaTt BuMiptoBaHHs. Lli MOXHOKK BUKITIOYAOTHCS 3 PO3TIISNY;

* TpoMax — € HACHIJKOM HENPaBWIBHHUX diil €KCICPUMEHTATOpa,
HaIpUKJIad, HEBIPHO 3allMCaHWN TIOKa3, HEBIPHO 3HATHH ITOKa3 Ta iHIIE.
[IpomMaxw 3aBI1 BUKITIOYAIOTHCS 3 PO3TIIALY.

3a munom eumipro8anoi 8eruyUHU.

* CTaTW4HI — MPH BHUMIpIOBaHHI HE3MIHHOi y Yaci BHMiprOBaHOI
BEJIMYWHY,

* JWHAMIYHI — MPW BUMIPIOBaHHI 3MIHHOI Y dYaci BHMIipIOBaHOI
BETMYMHN. BWHWKAOTh BHACHTIMOK IHEPIIIHHOCTI BIACTUBOCTEH 3acoly
BUMiprOBaHHS. [l OIlIHKM JWHAMIYHOI TMOXWOKM HEOOXiJHO 3HATH
nepeaatoyHy (QyHKOiI0 3aco0y BHUMIPIOBAaHHs, a TaKOX XapakTep 3MiHH
BHMIPIOBaHOI BEIMINHH.
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2 3ACOBY BUMIPIOBAJIBHOI TEXHIKHA

3aci6  sumiprosanrbHoi  mexHiku - TEXHIYHHH 3aci0, sSKWH
3aCTOCOBYETHCS IIiJT Yac BUMIPIOBaHh 1 Ma€ HOPMOBAaHI METPOJIOTiUHI
XapaKTePUCTUKH.

o 3aco6i6 6uMipro8anbHOI MeXHIKU 8IOHOCAMbCAL.

*  GUMIPIOBANbHULL npucmpiti - 3aci0 BHUMIpPIOBAaTbHOI TEXHIKH, B
SIKOMY BHKOHYETbCS JIMIIE OJHA 31 CKJIAaJOBUX 4YacTUH TNPOLEAYypU
BUMIiprOBaHb(BUMIpIOBaJIbHA OIIEPAILis);

* 3aci6 eumiproganHs - 3acid0 BHMIPIOBAJIBHOI TEXHIKH, SKUH
peaitizye npoueaypy BUMipIOBaHb.

Buoinaioms maxi eumiprosanvhi npucmpoi’

*  Mipa;

*  BHUMIpPIOBaIbHHI IEPETBOPIOBAY,

* MacmTaOHU IepPEeTBOPIOBAY,

* KOMIIAparTop;

*  YHUCIOBUI BUMIPIOBAILHUN TIEPETBOPIOBA.

o 3acobis sumiproeans iOHOCAMDY.

* BUMIpIOBaJIbHI IPUITAIIH;

* aHaJOrOBi BUMIPIOBAJIBHI MpHUJIaIH,

*  UQPOBI BUMIPIOBAJIbHI IPUIAIH;

* peecTpyBajbHi 3aCO0M BUMipIOBaHb;

e a”anoro-un¢poBi MepeTBOpPIOBaYi;

* BUMIpIOBaJIbHI KaHAJH;

* BUMIpIOBaJIbHI CUCTEMH;

* BUMIpIOBaJIbHI iHPOPMALIiHI CHCTEMHU.

BumiproBanbsHi npucrtpoi

Mipa - BUMIipIOBaJIbHUI TPUCTPIH, IO peatti3ye BigTBopeHHs Ta(abo)
36epiranus ¢isnuHOl BEIMUYMHH 3amaHoro posmipy (pumec. 2.1), me NX -
YUCJIOBE 3HA4YCHHS (i3MyHOI BeNMMUYWHH, IO Oyae BigTBOpeHO, XN -
BiATBOpeHa (Di3MyHA BEJINYMHA.

Mipa X

M

Pucynok 2.1 —CtpykTypHa cxema Mipu
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3a xinbkicmio BUXIOHUX KaHALi6 Mipu 0)Y8alomb.

* OJHOKaHAJbHI;

* QaraToKaHaJbHI.

3a peeynvosanicmio 8UXIOHOT 8eTUYUHI.

*  peryiboBaHi;

* He peryiapoBaHi

Buou wmip:

*  0OHOKAHAIbHA HEPe2yIbO8AHA OOHO3HAYHA Mipa - BIITBOPIOE
BEJIMYMHY OJTHOTO CTAJIOT0 33/1aHOTO 3HAUCHHS.

*  0OHOKAHAIbHA pe2ylb0o8aHa 6azamo3HaiyHa Mipa - BIATBOPIOE Y
JAHUI MOMEHT Yacy BeINYNHY OJHOTO 3HAYEHHS.

* OacamoxkananbHa — Hepezylvbo8aHa — bacamosHauHa  Mipa  —
BIJITBOPIOE OJIHOYACHO JICKIJIbKA OJHOPITHUX BEIUYMH 13 3aJaHUMU
CTaJINMU 3HAYCHHSIMHU.

*  06a2amoKaHanbHA KOOOKepOBAHA pe2yib0o8aHa 0azamo3HayHa
Mipa - BIITBOPIOE OTHOYACHO MCKIbKA OTHOPIMTHUX BEIWYHH, PO3MIpH
SAKUX MOXKYTb 3MiHIOBaTHCS.

Bumiprosansnuit nepemeopioeéay - BUMIPIOBUIBHUM MPHUCTPIH, IO
peanizye TIEepeTBOPEHHsS BXiMHOI (DI3WYHOI BETWYMHH Y BHXITHY,
(bYHKITIOHATIBHO 3 HEIO TIOB S3aHY.

Knacugixayisn sumiprosanvuux nepemeopiosayis.

3a cmpyxmypoio nobyoosu:

e BII npsiMoro nepeTBOpeHHs;

*  BII 3piBHOBa)XyBaJIbHOT'O ITEPETBOPECHHSI;

3a 3miH010 o0y BUXIOHOI BeTUUUHIU:

»  BII Ge3 3minu poxy ;

»  BII 3i 3mMiHOIO poay BUXiAHOI BETMYUHH,

3a xapaxmepom peanizo8anoi 3a1eH#CHOCI.

e JIHINHI;

e HeJIHINHI;

3a xinvKicmio KaHanie.

* OJHOKaHAJbHI;

* (QaraTroKaHaJIbHI;

3a eudom euxionozo cuenany.

* TapaMeTpUUHI,

* TEHEpaTOpHi.
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Komnapamop - BUMIipIOBTBHHIN TPUCTPIH, IO peanizye MOPiBHIHHSI
OHOPITHUX (DI3UIHUX BEITUIHH.

Topienanns - BUMipIoBajbHa Olepalis, 0 NoJsIrae y BijoOpakeHHi
CHIBBIAHOWICHHS MK pO3MipaMH [BOX OJHOPIZHHX (i3WYHHUX BEITHMYUH
BIJIITOBITHAM BHCHOBKOM: OiJIbIIIa, MEHIIIA UM OJTHAKOBA 32 PO3MIpOM.

Buou komnapamopis:

e 3 BIIHIMAHHSAM,

* 3 KOMYTAIIi€l0;

* OJHOKAaHaJbHI;

e (QararokaHaJIbHI.

Macwmabnuii nepemeoprogay - BUMIPIOBAJbLHUN IEPETBOPIOBAY,
SKUW peaiizye JiHIHHEe BUMIPIOBAIEHE TEPETBOPEHHS BXIMHOI BEIHMYUHU
0e3 3MiHH poxy.

Koedinient macmtabyBanHss KM € OCHOBHOIO XapaKTEPUCTHKOIO
MACIITaGHOTO TIEPETBOPEHHS. MI0ro YicioBe 3HAUCHHS MOXKE OyTH:

e KwMmmr>1 —mincwieHHs,

* Kwmn <1 —nocnabieHHs;

e Kwmm =1 —mioBTOpEHHS.

Buou macuumabnux nepemsoprosauis:.

* OJHOKaHAJIBHHUI HEPErylIbOBaHUII,

* OAHOKaHAJIbHUU KOJOKEPOBAaHUI PETyJIbOBAHU;

* (QaraTokaHaJbHUN HEPETYJIbOBAHHA,

* (QaraTokaHaJbLHHUU peryabOBaHUI.

Yucnosuii 6uMipioeanbHuil nepemeopiosay - BUMIPIOBaJIbHUN
OPUCTPiH, [0 € CYKYNHICTIO 3aco0iB OOYHUCIIOBAJIBLHOI TEXHIKM Ta
MporpaMHOro 3a0e3nedYeHHs] 1 BUKOHYE OOYMCITIOBANIbHI OMeparii mia gac
BUMIpIOBaHb

Yucnose eumipiosanvrie nepemsopennsi (YBI) — ue omeparfis
00UYNCICHHS TIPOMDKHUX PE3yJIbTaTiB BHMIPIOBAaHb 3 METOI0 OTPHUMAHHSI
OCTaTOYHOT'O PE3YJIbTaTy

3aco0u BUMiprOBaHHS

* BuMiproBabHHA TpwWiaag - 3aci0 BHUMIPIOBaHb, B SKOMY
CTBOPIOETHCS Bi3yalIbHUI CUTHAJ BUMIpPIOBaJIbHOT iH(OpMAIIii.

* AmnHanoroBuii BUMipIOBaJbHUHN MpUiIaj - BUMIPIOBaJIbHUN MPHIIAL,
B SKOMY Bi3yaJbHHI CHUTHAJI BHMIpIOBaJbHOI iHQOpMaIii momaeTbes 3a
JIOTIOMOTOI0 LIKAJIM TA BKa3iBHUKA.
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e [udpoBwuii BUMIpIOBAIILHUN MPHJIA] - BAMIPIOBAIBHUN MPUIAL, B
SKOMY Bi3yaJIbHMA CHTHAJI BHUMIPIOBAIbHOI iHGOpMAIi IMOJAETBCS Y
BHTJISIII AP YU CUMBOJIIB HA TMTOKA3yBAIBHOMY IIPHUCTPOI.

* Amnanoro-un(poBuii mepeTBOpIOBaY - 3aci0 BUMipIOBaHb, B IKOMY
CTBOPIOETHCS KOAOBUH CUTHAJI BUMIPIOBAIBHOI iH(pOpMALIii.

* PeecrpyBanpHMii 3aci0 BuUMIpIOBaHHS - 3aci0 BUMIpIOBaHHS, B
SIKOMY PEECTPYETBCS CHUTHAJ BUMipIOBaJIbHOI iH(OpMaIIii.

*  BuMiproBaIbHHA KaHAJI — CYKYIHICTh 3ac00iB  BHUMIPIOBAILHOT
TEXHIKH, 3aC00iB 3B fA3Ky Ta IHIIMX TEXHIYHHX 3aCO0iB, MPH3HAYEHA IS
CTBOPEHHSI CUTHAy BHMIpIOBaJibHOI iH(opMamii mpo oAHy BUMIpIOBaHY
($i3UYHYy BEIHUYHHY.

* BuMiproBaJlbHa CHCTEMa - CYKYITHICTh BUMIpPIOBAIBHUX KaHAJIB,
BHUMIPIOBaJIBHUAX MPUCTPOIB Ta IHIINX TEXHIYHUX 3ac00iB, 00 €IHAHMUX IS
CTBOPEHHS CHUTHAJIIB BUMIPIOBaJIbHOI iH(OpMAaLii 1po JAeKiabKa (i3MIHHX
BEJIMYHH.

* BuwmiproBanbHa iHpOpMaLiiiHa cuctemMa - CYKYINHICTh 3aco0iB
BUMIpIOBAJIbHOI TEXHIKH, 3ac00iB KOHTPOJIO, A1arHOCTYBaHHS Ta iHIINX
TEXHIYHHUX 3ac00iB, 00 €IHAHMUX JIJIS CTBOPEHHS CHTHAJIB BHMIipIOBAaIBHOI
Ta IHIKUX BUIIB iH(popMarii.
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3METOJAU BUMIPIOBAHb TA METPOJIOTTYHI
XAPAKTEPUCTHUKH

MeTon BHUMIpPIOBaHHSI - CYKYIHICTh CIOCOOIB BHKOPHCTaHHS
3ac00iB BUMIpIOBaJIbHOT TEXHIKH Ta MPUHIUITY BUMIPIOBaHb IJIsSi CTBOPEHHS
BUMIipIOBaIbHOI iH(OpMalii.

MeToan BUMiplOBaHE

JicTaBneHH S 3piBHOBAKVBAHHA
Homniyca 1 Jude penmiinmii
Koinusaesuii m Hynwoemii
— 3antimeHHs

Pucynok 3.1 —Kuacudixarist MeTo/iB BUMipIOBaHHS

Memoo 3icmasnenns - METOIl IPSMOTO BUMIPIOBaHHS 3 OJJHOPa30BUM
MOPIBHSIHHSAM BHMIPIOBAaHOT BEIMYMHHM 3 yCiMa BUXITHHUMHU BEJINYMHAMH
OaraTto3HagyHOI HEPETyJIbOBAHOI MipH.

Memoo nouiyca (memod o00noco 36icy) - METOA TPSIMOTO
BUMIPIOBAHHS 3 OJHOPA30BHUM TIOPIBHSHHSIM BHXIJHHX BEIMUYUH JIBOX
OaraTo3HauYHWUX HEPETYJIbOBAHUX Mip, 3 PI3HUMH 3a 3HAUCHHSAM CTYICHSIMH,
HYJIbOBI MO3HAYKH SIKUX 3CYHYTI Mk COO0I0 Ha BUMIPIOBaHY BEJIHUHHY.

Memoo koinyudenyii (Memod noosiino2o 36icy) - METOA MPSIMOTO
BUMIPIOBaHHS 3 OJHOPA30BUM IOPIBHSHHSAM JBOX KBAaHTOBAaHUX (hi3HIHHUX

BEITNIMH: BHUMIipPIOBaHOT Ta BiITBOPIOBAHOI 0araTo3HaYHOIO
HEPeryJIbOBaHOIO MipoIo.
Memoo 3pieHogadicyeanHs - METOI TPSIMOTO BUMIPIOBaHHS 3

Oaratopa3oBUM TOPIBHAHHSIM BHMIPIOBAHOI BEIYMHU Ta BEIUYHHH, IO
BIITBOPIOETRLCS PETYIIHOBAHOIO MipOIO, /IO IX ITOBHOTO 3PiBHOBAKCHHS
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Hupepenyitinuti memoo (piznuyesuti memoo) - METO BUMIipPIOBAHHS,
3a SIKUM HEBEJIMKA PI3HUIT MK BHMIPIOBAHOI BEIMYMHOIO Ta BUXIITHOIO
BEJINYMHOIO OJHOKAHAIBHOI MIpHM BHMIPIOETHCS BIINOBIAHUM 3ac000M
BUMIpIOBaHHS.

Hynvoeuii memoo - MeTOa BHUMIPIOBAHHA, 33 SKHUM BiJTBOPIOBAHY
Mipor0 BeHMIUHY XN poOIISATH perylIbOBaHOIO, a Pi3HUII0 AX HOBOISATH 110
HyJs. BucokouyTtnuBuii 3aci0 BUMIiprOBaHHs (HyJIb-iHIMKATOp) B LBOMY
MeToi (hikCye MOMEHT piBHOCTI X=XN

Memoo 3amiwjennsi - Te METOJ HENPSMOTO BHUMIPIOBaHHS 3
OaraTopa3oBUM TOPIBHSHHSAM JIO TIOBHOTO 3pPIBHOB&XKCHHS BHUXIiTHUX
BEJIMYMH BUMIPIOBAILHOTO MEPETBOPIOBAYA 3 MOYEPTOBUM IEPETBOPCHHSM
HUM BAMIPIOBAHOI BEJIMYWHU Ta BUXITHOI BEJTMYUHA PETYIHOBAHOI MipH.

MertposoriyHi XapakTepuCTHKH

Memponociunumu Ha3WBaIOTh XapaKTEPUCTHKH 3aco0iB
BUMIPIOBAJIBHOI TEXHIKH, SKIi HOPMYIOTHCS IS BHU3HAUCHHS PE3YNIBTATY
BUMIpIOBaHHs Ta Horo noxu6ok [1,3].

OCHOBHI OUHAMIYHI MEMPOSIOCIUHT XAPAKMEPUCTIUKUL.

* nudepeHIiitHe piBHIHHS,

e mepenaToyHa QYHKIIS;

* TIepexigHaXxapaKTepUCTHKA;

* IMITyJIbCHA XapaKTePUCTHKA,;

* aMIUTITYIHO- i (ha309acTOTHA XapaKTCPHUCTHUKH.

OCHOBHI cmamu4ni Mempono2iuti XapaKmepucmuxu.

* (yHKUIA HEepETBOPEHHS;

*  YyTIHBICTS,

e I[iHA MOJUIKH,

* TIOPIT YyTIUBOCTI;

* IIBUIKOMISA,

e Jiama3oH MMOKAa3iB i Jiama3oH BUMIpIB Ta iHIIII.

Dyukyiero nepemeopertss HA3UBAIOTh 3AJISKHICTh MK BUXITHOIO (Y)
Ta BXigHOIO (X) BEIMYMHAMHU 3ac00Yy BHUMIpPIOBAJIBHOI TexHikH. DyHKIis
MIEPETBOPEHHS MOXe OyTH IoJlaHa y BUIJIsAl Tabuuil, rpadika, GopMyiu.

AHamiTHYHa 3aJCKHICTh BUMIPIOBAIBHOTO MEPETBOPEHHS, IO
BXOJHUTh JIO CKJIaay 3ac0o0y BHUMIpPIOBaHb i OMHCYE 3B 30K BHUXIJIHOTO Ta
BXIiJIHOT'O CHTHAJIB, HA3UBAECTCS pigHAHHAM nepemeopenns Y =f(X).
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I'padiune nogaHHs (PYHKIIT IEPETBOPSHHS HA3UBAIOTh CHIAMUUHOIO
Xapaxkmepucmuxoro.

Yymaugicmo (S) - BITHOMICHHS 3MIHM BUXIJHOI BEIWYHUHH 3aC00Y
BUMIpIOBaHb (AY) 10 3MiHU BXiJHOT BEIMYMHH, IO 11 BUKIUKAE (AX).

Bemmunniy, 00epHEHY 10 Iy TIIMBOCTI, HA3UBAIOTh YiHOK NOOLIKU.

Ilopie uymausocmi - HaiMeHIIIE 3HAYCHHS BUMIPIOBAHOI BEJTMIMHH,
sIKE MOXe OyTH BUSIBJICHE 3aCO00M BUMIPIOBAaHb.

3ona newymaueocmi - Aiana3oH 3HAYCHb BUMIPIOBAHOI BEIMYWHH, B
MeKax SIKOTO 11 3MiHHM HE BUKJIMKAIOTh 3MiHH ITOKa3y 3ac00y BUMipIOBaHHS.

Hianason noxasie - iHTEpBall 3HAUEHb BUMIPIOBAHOI BEJTMUUHH, SIKUN
00MEXKEHHNH TOYAaTKOBUM Ta KiHLIEBUM Ii 3HAYE€HHSIMH.

Hianazon sumiprosans — iHTEpBaAN 3HAYCHb BUMIPIOBAHOT BEIWYNHH,
B MEKax SIKOTO MPOHOPMOBaH1 MOXUOKH 3ac00y BUMIPIOBaHb.

[llsuoxodis - 4Yac, BHUTpPauyeHMH HA BUMIPIOBaHHS, MiJ SKUM
PO3yMIIOTh TPOMDKOK Yacy 3 MOMEHTY 3MIHH BHMIPIOBAHOI BEIUYHHH IO
MOMEHTY BCTAHOBJIEHHS TIOKa3y pUJIaay.

Ilokas - 3HaYeHHS BUMIpIOBaHOI BETMUYMHH, CTBOPEHE 32 TOIIOMOT OO
3aco0y BUMIpIOBaHb Ta MOJIaHEe CUTHAJIIOM BUMIiPIOBAIBHOI 1H(OpMAITi.

Yac ecmamnoénenns - 1HTEpPBAT 4Yacy BiA MOMEHTY IOYaTKy il
BXIIHOTO CHTHally IO MOMEHTY, KOJIM TIOKa3 JOCSTa€e i 3aJHIIA€ThCS B
cepeArHi MOBHUX MEX HABKOJIO yCTAJIIEHOTO 3HAYCHHS.

Knac moumocmi — me 4mucio, K€ € MaKCHMaJbHO MOXIIUBOIO
NOXMOKOI0 TpWiIagy, SKa BHpPaXX€Ha B NPOLEHTAaX BiJ HaWOUIBIIOro
3HAYEHHS BEJIMYHMHY, KA BUMIPIOETHCS Y IIbOMY Jialla30Hi MPUIIay.
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4 EJEKTPOMEXAHIYHI BUMIPIOBAJIbHI
NPUJTAIN

EnexTpoMexaHiYHMMM  Ha3UBAaIOTh  AHAJOTOBI  BUMipIOBAJIbHI
MIPWIANIM, B IKUX BXiJTHA €JIEKTPUIHA BEITUIHHA TIEPETBOPIOETLCS B JiHIHHE
a00 KyTOBE IIEpEMILLCHHS PyXOMOi YaCTHHH BUMIPIOBAILHOTO MEXaHI3MY.

Enextpomexaniuni mpuiagyd mpsMoi Aii OyayloThCs 3a CXEMOIO,
MMOKAa3aHo Ha pUCYHKY 4.1.

X l BumiptopansHe X’ _ | BumipioBansHui & - BignikoBuit
i Kono - MexaHiam i npucTpii

L

Pucynok 4.1 —CrpykrypHa cxema NoOyJOBH €JIEKTPOMEXaHIYHUX HPIIIaJiB MPSIMOi
nii

BumiproBamsamii  MexanisM (BM)  ckimamaerbes 3 pyxomoi i
HEpyXOMOi 4acTHHH. PyxoMma YacTHHA BCTAHOBIIOETHCS Ha KepHax (puc.
4.2,a), posrsokkax (puc. 4.2,0) i migsicax (puc. 4.2,8) [1, 2].

Ve

Pyxoma Pyxoma Pyxoma
YyacTuHa 4YacTHHa 4acTUHa
%
a) 0) B)

Pucynok 4.2 —CTpyKTypHI CXeMH 3aKpIiIUICHHS PyXOMOi YaCTHHHU BHMIipIOBAJILBHOTO
MEXaHi3My

V3aranbpHeHa CTPYKTypHaA CXeMa PyXOMOi YaCTUHH BUMIPIOBAJIBHOIO
MeXaHi3My IOoKa3aHa Ha pucyHky 4.3, ne 1 — miam sTHUKH, 2 — BiCh, IO
3aKiHUY€ThCS KEepHaMH, 3 — MPOTHBAard, 4 — MPYXHHA, 10 CTBOPIOE
NPOTHIIMHNI MOMEHT, 5 —cTpijka (BKa3iBHHK), 6 —IKaa.
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Pucynok 4.3 —Y3araneHeHa CTpyKTypHa cxeMa pyxomoi yactuan BM

PiBHSIHHS PyXy pyXOMOi YaCTMHH BUMipIOBAJIBHOI0 MeXaHi3My
JloOyTOK MOMEHTY iHeplii Ha KyTOBE NPHUCKOPEHHS IOPIBHIOE CyMi
MOMEHTIB CHJI, IO ifOTh Ha TiJIO BITHOCHO Ti€l camoi Ocli.

2q 1 d%a
Jdi‘i:EMJ ] _‘ :M*’ﬁ+M|lF’+Mi+MlT‘
di” =1 dt”
dW,
CIHepTaE HEE MOMEHT Mog = T
[poTHTIAHEE MOMEHT Mpp=-Wy; -a
da
M 0MEHT $acIoK0EHHA M,=-P it
MomeHT TEpTA Mip =-k-G'
= a=f(t)
d- d dW,
JE2 PR Woavk-Gh =
di” dt da Mag =Mpp
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V piBHAHHSX BXKUBAIOTHCS TaKi MMO3HAYCHHS !

We -enexTpoMarHiTHa eHepris;

Wit —1utoMuii TpOTUAIMHANA MOMEHT;

P — koedimieHT 3acTOKO€HHS, SKUH 3aJE€KUTHh Bl KOHCTPYKLIl
PYXOMOi YaCTUHU

K —koedirieHT IpomopiiHOCTi;

G —Bara pyxoMoi YaCTHHHU BUMipIOBaJIbHOTO MEXaHi3My.

SIkmio po3B’s3aTH 1e PIBHAHHS ISl KOHKPETHOT'O BHMipIOBAIBHOTO
MEXaHi3My, TO MO>KHA OTPUMATH 3aJICKHICTh 3MIHH KyTa ITOBOPOTY B Yaci.

B cratmuHOMy pexxumi poOOTH BHUMIPIOBATBHOTO IEPETBOPIOBAYA
o0epTaJIbHUI 1 TPOTUAIHHIA MOMEHTH 3PiBHOBAXKEHI.

4.1 MarHiToe/ieKTPpU4YHI BUMiPIOBAJIbHI NpUJIaIu
ITo3raueHHS Ilpunyun 0ii ocHOBaHWN Ha B3aEMOZIl TIOJIA

TTOCTIHHOTO MarHiTy 3 MarHiTHAM IIOJIEM PaMKH
(koTymiku), Mo SKid TPOTIKa€ BHMIPIOBAaHUI

CTpyM.

Pucynok 4.4 —CtpykTypHa cxeMa MarHiTOeIeKTPUYHOTO BUMIPIOBAIBHOTO TPHIIALy
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Ocnosni enemenmu xoucmpykyii (puc. 4.4):

1 —motocHI HAKOHEYHUKH TTOCTIHOTO MarHITY,
2 —paMKa 3 MiTHOi 41 aJltOMiHi€BOT MPOBOJIOKH,

3 —npyXuHa, 0 CTBOPIOE MPOTHIHHUI MOMEHT,
4 —crpinka (BKa3iBHHK),

5 —mkana.

Pignsanns nepemeopenns.

dW,. ;
Mgg = — W,=%,1
da
dW.
Mog =- dﬂ'“ =%, Yo =BSw
Mpp =Wy a
Miﬂzmﬁp Hﬂ‘n‘f|=“"“|u
BSw ; BSw
a= -1 (135]'[. 5i= ]
Winr Wi
Ilepesacu:

* Bucoka 9yTIuBiCTh

e Marie CIIO)XHBaHHS €HEPTil Bil 00 €KTa BUMipIOBaHHS

*  Manii BIUTMB Ha TTOKA3H MPIIIA]IIB 30BHIIIHIX MarHiTHUX OB

Heoounixu:

e HeMOXIHBICTS BUMipIOBaHHS 3MIHHHX CTpyMiB (0€3 J0TaTKOBHX
MEPETBOPIOBAYIB)

e Maja 31aTHICTh 10 IEPEBAHTAKCHb

* BigHOCHO BHCOKa BapTicTh

e CkJIaHICTh BUMIPIOBaJIBHOTO MEXaHI3MY
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MarHiToejileKTPUYHI aMnepMeTpH

@ @
— X/

]“ RM

"U" 8 1'UH
I 1Qlll
% %
"]'Il * "III
I
Pucynox 4.5 — Cxema 3 mapajenbHUM BMHKaHHSAM JOJATKOBOTO OINOPY Ta

BUMIipIOBaIbHOTO MexaHizmy (BM)

I[=1,+t1L; ILsRu=ILsR,.
KoedinienT uryaryBanss n
I/l,, = n.
Ormip nryHTa
Ry=R,/(n-1).

MarnitoejileKTpHMYHiI BOJILTMETPH

Z I

Um BM
U Y R\I

. R
l.r.a'l i |

| J | |

2F

Pucynok 4.6 — Cxema 3 TMOCHIZIOBHAM BMHUKAaHHSM JOJAaTKOBOTO OIOPY Ta

BHMIipIOBaIbHOTO MexaHizmy (BM)
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U=U,+U,=IR,+IR,

KoedimienT ginenns m
m = U/,

Orip T10JaTKOBOTO pe3ncTopa

R,=R,(m-1).

MarsitoesJleKTpH4HI OMMeTpH

—

- " A
|:|Rx
L \Y/

%>

Pucynok 4.7 — Cxema 3 MOCHiIOBHUM BMHKAaHHSM BHMIPIOBAHOI'O OIOPY Ta
BHMIipIOBaIbHOTO MexaHizmy (BM)

- E
Ry +Ry +R;’

Piensannsa nepemeopenns.




23

)
BM R,
Rx
I

Pucynoxk 4.8 — Cxema 3 mapajgeqbHMM BMHKAHHSM BHMIpIOBAaHOTO OIOPY Ta
BUMIPIOBAIBHOTO MEXaHi3My

Piensannsa nepemeopenus.

S, -E R, S, -E-R,

Ru'Rx ,p Ry+Ry Ry-Ry+Ry-(Ry+Ry)
1 a
Ry + Ry

[-l:=51-|=

Bunpsimui npwiaau

ITozHaueHHs
Hnst MPOBEICHHS BUMIpIOBaHb
MarHiTOeIeKTPUIHIMHI HpHIIaIaMH Ha
3MIHHOMY CTpyMi BHKOPHUCTOBYIOTH
—— MEPEeTBOPIOBaYi 3MIHHOTO CTPYMY Y ITOCTiHHHA.

Buou nepemsoprosauis.

*  BUNPSMHI NpUIaTu

*  TEPMOENIECKTPUYHI IPUIIAAN
*  eNEKTPOHHI NPUIIAJIH.
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Bunpsamni  nmpunaou  — 1e  TOEJHAHHS — BUOpsAMIAYA 3
MAarHiTOEJIEKTPHYHIM BUMipIOBAIbHIM MexaHizsMoM (BM).

3a3Buuaii y BUNPAMIAYAX BHUKOPUCTOBYIOTH HAITiBIPOBIIHUKOBI
IOIH.

Hanisnposionuxosi  dioou — 116  OBOCICKTPOIHI  EJIECMEHTH
CJIEKTPHYHOTO KOJIa, SIKUM BIIACTHBA OJHOCTOPOHHS MPOBLIHICTH CTPYMY,
o OOYMOBJICHA BIACTHBOCTSMU JBOIIAPOBUX  HAMIBIPOBITHHKOBUX
CTPYKTYpP Ha OCHOBI P-NTIEPEXOy.

U PN nepexig
+Aj\ i AHon P N KaTon
O |[\J| O O ey
")\/M Hanpsm cTpymy

Pucynok 4.9 —YMoBHe rpadivuHe TO3HAYEHHS

OononignepioOnull UNPAMIAY
i

— A .
- — — - — — R +
t
VD1 VD2 Bx - >
» A
N~ u BM I
s
Ry R| |I
e S Bux t
—_ — > —_ — > 0 T2 T 32T ©

Pucynok 4.10 —Cxema OIHOIIBIIEPiOJHOTO BHIIPSMIISYA Ta YAaCOBI JiarpaMu

Pignanns nepemsopenns




25

lsonisnepioonuii sunpamisny

«— —— —-  ;
i
V-2
~~u
y'g
—_——_ _t
-— 0 T/2 T 32T

Pucynok 4.11 —Cxema ABOIIBIEPiOJHOTO BUIIPSAMIISYA T YaCOBI Aiarpamu

MowmeHT 00epTabHUH cepenHii:

1t 1L, . 1t
M06.cp. :¥J‘Mo6(t)‘dt:¥.[lP01(t)‘dt:\P0?Il(t)‘dt:‘{’o 'Icps
0 0 0

PiBHsIHHS TEpeTBOPEHHS

¥
a=—""T,
WHT
VD1 VD3
VD2 VD4
R, Rﬂ
— —
N[ —>
a)

PucyHok 4.12 — CxemMHu pO3LIMPEHHS MEK BHMIPIOBaHHSA 3a cTpymMoM (a) Ta
Hanpyro (6)
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Jlist po3IIMpeHHs MEX BHUMIPIOBAHHS 3a CTPYMOM 3aCTOCOBYIOTH
IITYHTH, K1 MIKITIOYEHI MapaiebHO 10 BUMIPIOBAIBHOTO MexaHi3My. J{ms
PO3IIMPEHHSI MEX BHUMIPIOBAaHHS 32 HAIPYTOK 3aCTOCOBYIOTH JOJATKOBI
pe3ucTopu, SKi MiAKIIOYAIOTECS TMOCITIAOBHO JI0O BUMIPIOBAIBHOTO
MEXaHI3My.

TepmoesieKTpUYHI pUIaAN
ITozHaueHHs

-

Tepmoenexmpuuni npunadu — 1€ TOEAHAHHS TEPMOEIEKTPUIHOTO
MepeTBOPIOBaYa Ta MarHiToeaeKTpuIHoro BM.

Tepmoenexmpuunuil nepemeoprosay NpU3HAYCHUH ISt
NEePEeTBOPEHHS] BUMIpIOBAaHOTO 3MiHHOTO cTpyMy B noctiiiny EPC, sika nie

Ha BUMIipIOBaJIbHUN MEXaHi3M.
TepmMomniepeTBOpIOBaY sIBJIsi€ COO0I0 Harpisad 1 ta Tepmomnapy 2.

BM BM
TIT E TIT E
\/2 s
=7 =
a) 0) B)

a) GesrnocepeiHiil KOHTAKT HArpiBava i TepMOTapH;

0) KOHTAKT Harpiaya i TepMonapu uepes eJIeKTPOi30IF0BAIbHII MaTepiar;
B) Darapesi TepMOIICPETBOPIOBAYIB.

Pucynok 4.13 —CxeMH MiIKIIOYSHHS TePMOIIEPETBOPIOBaYa

Tepmonapa — 1ie TPUCTPIM sl BUMIPIOBaHHS TEMIIEPATyPH, SKHN
CKJIaJaeThCsl 3 JOBOX PI3HOPIAHUX NPOBIMHUKIB, SKi KOHTAKTYIOTh MiX
c00010 B IeKiTHKOX ab0 OHIHM TOHUIN, SKi 1HOMI TTOETHYIOTH KOMIICHCAITIIHI
MPOBIIHUKH.
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Pucynok 4.14 —®oto Tepmonapu

o= S]'IT
I;=E/R, E=KAT AT=K;I

I = E/R, = K-AT/R,, = K-K+I*/R,.

_ ¥ I _ ¥ -K-Ky 12
a=—-[=———L.
wl'lT WI'IT i H
S — uymnuBicTh 3a cTpymoMm; It — ctpym Ttepmomapu; E —

enektpopymriitia cuna (EPC); Ru — omip koma tepmonapu; AT — pizHuis
TEMIIepaTyp Tapsdoro chaw TepMomnapu i il XonojgHux KiHmiB; Kt -
Koe(illieHT, IKUiT BU3HAYAETHCS XapaKTePHUCTHKAMHU TEPMOIICPETBOPIOBAYA,;
K —koedirieHT nponopmiiHoCTi.
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4.2 EJleKTPpOMArHiTHi BUMipIoBaJIbHi NpUjIaan

ITo3nauenus Ipunyun 0ii ocHOBaHWII Ha B3aeMOmIl
MarHiTHOTO TOJIsA, SKE CTBOPIOETHCS CTPYMOM B
HEepyXOoMii KOTYIIIIII, 3 PyXOMHUM
(hepoMarHiTHAM OCEPIISIM.

Pucynok 4.15 —CTpykTypHa cXema eleKTpOMAarHiTHOTO BUMIPIOBAILHOTO MPHIIaLy

Ochogni enemenmu koncmpykyii (puc. 4.15):

1 —xarymka (pamka),

2 —(depomaruiTHe ocepas;

3 —BiCb, IO 3aKIHYYETHCS KEPHAMH,

4 —cmipajbHa MPY>KUHA, IO CTBOPIOE MPOTUAIHHUIA MOMEHT ;
5 —TOBITpsSIHMIA 3aCTIOKOIOBAY.
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PiBHSHHS TTEpETBOPECHHS

W.=LI1/2,
dw,, 1 dL
M e M:. ..[ S
o0 da 2 da
T
= :lﬂil iZ.dt
P2 da Ty
| dL ,
g=—- B
2W,, da

Ilepesacu:

* MOXJIHMBICTh 3aCTOCYBaHHS B KOJIaX IIOCTIHHOTO 1 3MIHHOTO
CTpyMy; '

* MPOCTOTa KOHCTPYKIIIi;

*  HaIHHICTE,

* 3JIaTHICTh JI0 ICPCBAHTAKCHb;

* HU3bKA BapTICTh.

Heoounixu:

e BelMKE BIACHE CIIOKHBAHHSA IIOTY)KHOCTI  Bim 00 ekTa
BUMIPIOBaHHS;

* Maja TOYHICTb,

* MaJia YyTJIUBICTD;

* CWIBHWHA BIUIMB 30BHINTHIX MAarHiTHUX TMomiB. Jlimsa 3axmcry
BHKOPHCTOBYIOTH (hepOMAarHiTHUIN eKpaH a00 BUKOHYIOTh aCTaTHIHIMH.

4.3 EnekTpoauHaMiuHi BUMIpIOBaJIbHI NpUIagu

ITo3nauenus Ipunyun 0ii ocHOBaHWII Ha B3aeMOmIl
MnojiiB  pyxoMoi 1 HepyXoMoi KOTYHIOK 3i
CTpyMaMH.

OcHosHI enemenmu KOHCMPYKYii
EnexrpoarHamiuHMi BUMIpIOBAJILHUM MEXaHi3M MiCTHTH HEPYXOMY
KOTYIIKY 1, IO CKJIagaeThCsl 3 OBOX IOJIOBUH, 1 PYyXOMY KOTYHIIKY 2,
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3aKpIIJICHy Ha oci a00 pO3TsLKKAX y cepeauHi Hepyxomoi. [IJis CTBOpPEHHS
MPOTHIIFOYOTO MOMEHTY 1 MIBEICHHS CTPYyMy IO PYXOMOi KOTYIIKH
BUKOPHUCTOBYIOTHCS CITipajIbHI MPYKUHH.

3 A

e e
11 = — H i
He- e T
FEHEE :
¥ l

no[H— iE: ]
- [ Fas -y

Pucynox 4.16 — CrpykrTypHa cxeMa eJIeKTPOIMHAMIYHOTO BHMIpPIOBAIbHOIO

HpHiIaLy

Pignanus nepemeopenns

Ly-1f 1_2 I3

Wy ==L+ +M-1; 1y
dW dM
Mg LIRS MR O
o6 = dee =4 da

1t : _dM
Mnﬁﬂp =$ .[Mﬁﬁi:l}dt --fll 1'1 E;L".—[l I"_l LUH(F!-{IE-
0

I -1y- C{}S(pﬁ=\-‘u'm
da
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Ilepesacu:
*  MOJKJIMBICTh MMOOYJ0BH Ha TX OCHOBI BATMETPIB.

* OJHAKOBI TMOKa3W Ha TOCTIHHOMY 1 3MIHHOMY CTpyMi, IO
JTO3BOJISIE 3 BEIMKOIO TOYHICTIO TPAIyIOBATH iX HA MOCTIHHOMY CTPYMI.

* CTabUIBHICTH MOKa3iB y Yaci

* i3-3a BiACYTHOCTi ()epOMarHiTHUX Oceplb MOXHUOKHU BiJ BUXPOBUX
CTPYMIB Ta ricTepe3uc BiACYyTHI.

Heoonixu:

* HEBHUCOKA YYTIUBICTb.

* BEJHKE BJIACHE CIIOXKHMBAHHS ITOTY>KHOCTI.

* YYyTJIHBICTH IO IEPEBAHTAKEHbD.

I ;’J '“\II e L1 R
4 U A yanmfia s

dl I

a) 6)
a) MOCITiIOBHE 3’ €IHAHHS KOTYIIOK aMIIepMETpa,;
0) mapanenbHe 3' €IHaHHS KOTYILIOK aMIiepMeTpa
Pucynok 4.17 —AMniepMeTpH eIeKTPOANHAMIYHOT CHCTEMH

L .]3ﬂ
IIﬁlirll:r du
I /'\ [=U/Z,
—r
—
N
1 dM 1
R S RO O O |
o [n et

|

Pucynok 4.18 —BoneT™MeTpH €JIeKTPOJUHAMIYHOI CUCTEMU
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| #
ﬁ'( *I AR °
g
I R, lI“ =1,
o w[]] Y]
Iz ‘II
Pucynok 4.19 —Batmerpu eeKTpoArHAMIUYHOT CHCTEMHU
I = UJ/(R;+R3)
l H
o= -1, L COS(P—o
W, R,+R, da

4.4 ®eponnHaMivyHi BUMipIOBaJIbHI pUIAIH
ITo3raueHHs Ipunyun 0ii cmiBmamae 3

MPUHIIMIIOM it €NIEKTPO-
% % JMUHAMIYHUX TIPUIAIIB.

Pucynok 4.20 —CtpykTypHa cxema hepoJMHaMIi9HOTO BUMIPIOBAIBHOTO HPHIALY
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Ocnosni enemenmu koncmpyxyii (puc.4.19): 1 —obmMoTka pyxomoi
KOTYIIKH; 2 — JBI YacTHHH OOMOTKM HEpPyXOMOi KOTYIIKH; 3 —
MAarHiTOMpPOBix (ocepas) HepyXoMOl KOTYIIKH, 4 —MarHiTomposia (ocepms)
PYXOMOi KOTYIIKH.

Pisnanns nepemeopenns

C

o=—
WI'IT

1,1, -cosg

Ilepesazu neoonixu.

HasgHicTh MaruiTonpoBoiB (0cepab) 00YMOBIIOE:

* 30inbiIeHuit 00epTaIbHUI MOMEHT

* BHCOKY YyTJIHBICTh BM

* 3MCHIIIEHE BIIACHE CIIOKUBAHHS TIOTYKHOCTI MEXaHI3MY
* 3HIDKEHHS BIUIMBY 30BHINIHIX MarHiTHUX ITOJIiB

* 30inplueHHS NOXWOKM TpWIafdiB dYepe3 BHXPOBI CTPyMH Ta
ricTepesuc.

4.5 EnekTpocTaTHYHi BUMipIOBAJIbHI MPUWIaAU

ITo3naueHHs Ilpunyun 0ii OCHOBaHWN Ha B3aEMOJIi
'L EIEKTPUIHO 3aPSIKCHUX TPOBITHUKIB.

K2

Pignanns nepemsopenns

W, = Cu’/2
W , dC
Mos = L‘. = l. U ﬂ
dae 2 da
Mt.'l = an
1, .,dC 1 dC >
. — - (1 {1 e — . — U
2 da ™ 2W,, da

Ocnoeni enemenmu xoncmpykuyii (puc. 4.21): 1Bi mapu HepyxoMux
eneKkTpoaiB 11 pyxoMuil eJIeKTpo 2, 3aKPiIICHHI Ha 0Ci a00 PO3THKKAX.



Pucynok 4.21 —CtpykTypHa cXeMa eIeKTPOCTaTHIHOTO BUMIPIOBAILHOTO NPUIIALy

Ilepesacu:
°* Ha TMOKa3W eNeKTPOCTATHYHUX BOJHTMETPIB Majo BILTUBAIOTH

TeMIIepaTypa, 4acToTa, (hopMa KPUBOi HAIPYTH, 30BHIIIHI MarHiTHI MOJIs.
MaJie CIIO’KMBaHHS TIOTYKHOCTI BiJ| JDKepena.

Heoounixu:
3aCTOCOBYIOTH TiJIBKH JIJ1s1 BUMIPIOBAHHS HAMPYT.

CUJIBHHMM BIIUB 30BHIIIHIX CJICKTPUIHUX MOJIiB. JIg 3aXUCTy

BUKOPHUCTOBYIOTh €JICKTPHYHI EKPaHU.

C 1 C1
2
t
o

)

— -

a
a) 3a JI0NIOMOTOI0 I0JJATKOBUX PE3UCTOPIB;

6) 3a JOTIOMOTOI0 EMHICHUX ITOJIIJIbHUKIB;

B) 3@ JIONIOMOTOI0 PE3UCTUBHUX IMO[IJIBHUKIB.

Pucynox 4.22 —Po3mmpeHHsT MeX BHMIPIOBAHHS €JIEKTPOCTATUYHHX BOJBTMETPIB

Ha 1ocTiiHOMY cTpyMi (a), (0); Ha 3MiHHOMY cTpyMi (B).
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5 BUMIPIOBAJIBHI TPAHC®OPMATOPH
SMIHHOI'O CTPYMY TA HAIIPYI'H

BumMiproBansHi  TpaHchopMaropu 3minHoro crpymy (BTC) Ta
BUMipIoBaJbHI  TpaHcopmaropu wHanpyru (BTH) nmpusuwaueni s
NepeTBOPECHHsT (3MEHIICHHS a00 30UTBbIICHHS) CTPYMIB Ta Hampyr y
BH3HAYCHE YHCIIO Pa3iB i3 30epeKeHHAM iXHBOT (ha3H.

Bukopucmogyromucs U1 pO3MIAPEHHS MEX BUMIPIOBaHHS IPHIIAJIB,
JI03BOJISIFOTH TIbBAHIYHO PO3JUTUTH YaCTUHH BUMIPIOBAJIBHOTO KOJIa: KOJIO
BHCOKOI HANpyTy Bil KOJIa BUMIPIOBAIBHOTO MPHIALy, & TAaKOXK Y3TOAUTH
OKpeMi YaCTHHH BUMIipIOBAJIBHOTO IPUCTPOIO [1].

—_— ]
U H
—
L1
my ¥ 113 LI A g A
W W Y Fa N A Y
— 11 = — — 11 = —
I LY v ) I I W R R W AW [
Wi Wi
F 1 F = — F F —
v vy b
H1 "j_ W2 & Hz Xd W2 b
- —_— 2 Lz

Pucynok 5.1 —Cxema ninkimouenus BTC ta BTH no BumiproBaisHOro Koia

Ha pucynky 5.1 BUKOPHUCTOBYIOThCS Taki mo3HaueHus: W1, W2 —
KUIBKICTh BUTKIB MIEPBUHHOI Ta BTOPMHHOT 0OMOTOK TpaHC(OpMaTopiB; ZH
— HaBaHTaxeHHs; [1,]2 — cTpymMu mnepBHMHHOI Ta BTOPHHHOI OOMOTOK
tparchopmaropis; Ul,U2 —Hanpyrd mepBHHHOI Ta BTOPHUHHOI OOMOTOK
Tpancpopmaropis; JI1JI2 — xmemMu miIKIIOUEHHS NEPBUHHOI OOMOTKH
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TpaHcopmaropa crpymy, W1, M2 - kieMd MiIKIIOYCHHS BTOPUHHOI
00MOTKH TpaHchopMmaTopa cTpyMy, X, A - KIEMH MiIKIIOYCHHS IEPBHHHOT
00MOTKH TpaHCchOpMaTOpa HAMPYTH, X, a - KJIEMH iIKIIF0OYSHHS BTOPUHHOT
00MOTKHU TpaHchopMaTopa HapPyTH.

BuwmipoBanbni Tpanchopmaropu crpymy (BTC)

BuBoau mepBHHHOT OOMOTKH TiJ €IHYIOTh 10 BHMIipIOBAIBHOTO
KOJIa, Y BTOPHHHY OOMOTKY BMHKAIOTBCS TPHIIAIN, IO MalOTh Mai OMOpH
(ammepMeTpH, TMOCTITOBHI OOMOTKM BaTMeTpiB Ta iH.), Tomy BTC
NPALIOIOTh B pexcumi OIU3bKOMY 00 KOPOMKO20 3AMUKAHHS.

OcHosni mexuiuni xapakmepucmuxu BTC:

* HoMiHaybHI 3HaY€HHS IEPBUHHOTO 1 BTOPUHHOTO CTpyMiB I, , 1 5,

* HowminanbsHuii koedinient Tpancdopmanii K, =1;, /15,
* HowminaipHa yacTora
* HoMiHayibHUi onip HaBaHTaXXEHH: Z

¢ Kitac Tou”ocrti

Cmpymosa noxubra BTC

3HaYCHHS BHUMIPIOBAHWX CTPYMIB MOKHA BH3HAYHTH 3a ITOKa3aMH
MpUJIaAiB, MOMHOXKMBIILH 1X Ha IIACHUM Koe(ilieHT TpaHchopmarrii

11 = IE'KL

Ane piiicHuil koedimieHT TpaHcopMalli 3aJeKUTb Bifl PEKUMY
pobotu TpaHcopMaTopa, 3HAUCHHS Ta XapaKTepy HaBaHTaKEHHsI, YaCTOTU
1 ToMy AificHe 3Ha4eHHS HeBimome. Tozl moka3 mpmiagy MepeMHOKYETHCS
Ha 3HaYCHHS! HOMIHAJBHOTO KoedimieHTa TpaHchopMmarii:

I'= LK
IIpu 11bOMy BHHHKA€E MTOXUOKA!
I -1 Ky, —-K
fi =—1—L.100% = ==L .100%
I K

ExBiBajieHTHa cxeMa Tpancgopmaropa (puc.5.2),1e R1,R2 —akTuBHi
OIOpPH TEPBUHHOI 1 BTOPUHHOI 00MOTOK; XS1, XS2 —peakTUBHI OMNOpHU
MIEPBUHHOT 1 BTOPUHHOI OOMOTOK; ZH — omip HaBaHTaxeHHsd; Z1, Z2 —
KOMIUICKCHI OIOpH TEepPBUHHOI 1 BTOpmHHOI oOMoTok; Ul, U2, 11, 12 —
HaIpyrd 1 CTPyMH TepBUHHOI 1 BTOpuHHOI oOMoTOoK; E1E2 —
CJNICKTPOPYIIidHI CWJIM TEPBUHHOI i BTOpUHHOI 00MOTOK; DS1, ds2 —
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MarHiTHI IOTOKH PO3CIIOBaHHS MEPBHUHHOI 1 BTOPHHHOI 00MOTOK;, DO —

MMOBHUH MarHiTHUH MOTIK; F —Mar"iTopymiiiHa cuna.

R1 XS (130 Xs:2
—_— | |——-D/———-| | —_—
L 311 L

|_,: DS d
. )
e C
e — |

Pucynok 5.2 —ExBiBasieHTHa cxeMa TpaHChopMaTopa

U =-E +L(R +jXg)=-E +],-Z;
E,=L(R,+)Xg)+U,=1,-Z,+1,-Z,;
F=1,-W, +1,-W,=1,-W,,

E, = oW, @, E; =JoW,- @,

+j

+1

Pucynok 5.3 —Bekropna giarpama tpancopmaropa
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BumipoBanbni Tpanchopmaropu nanpyru (BTH)

BuBoau mepBHHHOI OOMOTKH I €AHYIOTH 10 BHMipIOBAIBHOTO
KOJIa, Y BTOPUHHY OOMOTKY BMHUKAIOTHhCS TPWIAJH, IO MAalOTh BEIUKHUN
BHYTpimHii omip, Tomy BTH mnpamioiots B peowcumi 6auzvkomy 0o
X010CM0o20 X00).

Ochosni mexuiuni xapakmepucmuxu BTH.

* HowminaneHi Hampyrm TEpBHHHOI Ta BTOPMHHOI OOMOTOK
U].H ’ U 20

* Howminanenuii koedinient Tpancdopmanii K, =U,, /U,

* HowminanpHa yactora

e HowmiHayibHA MTOTYXKHICTh Y BTOPHHHOMY KOJI1

* Kirac TounocTi

Exeieanenmna cxema BTH cnisnaodae 3 BTC.

Jns ananizy BTH yacto BUKOpHUCTOBYIOTH IPUBENICHHS YHCEN BUTKIB
00MOTOK IO OJJHOTO YHCiia, TOOTO MPUUMAETHCS:

W, =W, E[=E2 ll=10_12
Bepy4an mo yBaru 11i CIiBBiTHOIIICHHS Y CUCTEMI
U =-E +L(R, +)Xg)=-E +1,-Z;
E:=L(R,+Xg)+U,=1,-Z,+1, - Z,;
F=1,- W +L -W,=1,-W,
TIepIIe PiBHSHHS MOXHA 3aITUCATH Y BUTJISI
Uy =-U, + IR + Xs1) = L[(R; +Ry) + j(X5 + X))

Cramionapui BTH BuroroBnsioTs sik onmHodasHi, Tak i TpudasHi,
BTC —Tinbku ognodasHi.
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6 BUMIPIOBAHHSA ITOTYXKHOCTI Y TPU®A3ZHUX
KOJAX

HeoOximHiCTh BUMIipIOBaHHS TOTY)KHOCTI Ta €HEpPrii BHHHKAE IPH
BUBYCHHI BEJIMKOI KUIBKOCTI TPOIIECiB, SBUMI Ta (i3uyHUX 00’ €KTiB. Tomy
BU3HAYCHHS MTOTYXHOCTI Ta EHEPTii ABJIsIE COOOI0 TOCUTH PO3MOBCIOKCHUN
BHJlT BHUMIipIOBaHb. [ligBHUINIEHHS TOYHOCTI IMX BHUMIpPIOBaHb HaOyBae
0COOJIMBOTO 3HAYCHHSI y 3B’ 3Ky 3 BEIIMYC3HUM 3POCTAHHSIM CITOKUBAaHHS
EHEprii, MONIYKOM HOBUX JDKEPENl €HEepril Ta BIIPOBaHKCHHSM 3aXOJiB s
€KOHOMIi EHEPTeTUIHNX PECYPCiB.

Ioséna nomysicnicme (S) — 11e JOOYTOK AiOYMX 3HAYCHb HANPYTH i
CTpyMy 1 [OpIBHIOE TI'eOMETpHUYHiil cymi akTuBHOI P 1 peakTuBHOI Q

MOTY>KHOCTEH.
S=ul=P*+Q?, cosp = P/S

Axmuena nomyoxcnicms (P) — 116 KOpHCHA CKJIagoBa TOBHOI
MOTYXHOCTI, SIK& CIIO’KUBAETHCS HABAHTAXKCHHSIM.

Peaxmuena nomyosicnicms (Q) — 1ie CKIaa0Ba MOBHOT MOTYXHOCTI,
SKa HE CIIOKHBAETHCS, a IEPIOJIMYHO TICPETBOPIOETHCS 3 OJHOTO BHIY
eHeprii B iHIMY, HANPUKIIAM, 3 €ICTPHIHOI CHEprii B €HEpril0 MarHiTHOTO
TOJIs1, SIKIIO HABAHTAXXCHHS YHCTO 1HTyKTHBHE.

Jinitina nanpyea Upg, Ugc, Uca, pazna nanpyea Up, Ug, Uc

Uy =43,
lo =Uq /Zo

< 3
&
zEC \_{ﬂ

Pucynok 6.1 — Bekropna aiarpama JiHIHHX Ta (a3HUX HaOpyr i CTpyMmiB y
CHMETPUYHOMY Tpuha3HOMY KOJi
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Memoou eumipiosanns NOMYNICHOCME Y MPUpAZHUX KOAAX:

*  Memood 00H020 Gammempa — I BUMIPIOBaHHS AaKTHBHOI 1
PEaKTUBHOI OTYHOCTI y CUMETPUIHUX TpU(a3HUX KOJax;
* MemoO 060x eammempig¢ - i BUMIPIOBaHHS AaKTHBHOI 1

PEaKTUBHOI MMOTYXHOCTI B aCHMETPUYHHX TPU(PA3HUX KOJIaX;

*  Memoo mpbox eammempie - IS BUMIPIOBaHHS aKTHBHOI 1
pPEaKTHBHOI TOTYXHOCTI B acCHMETpHYHHX Tpu(DasHUX Koiax, B T.4. y
YOTHPHUIIPOBITHUX.

6.1 BumipioBaHHsI aKTHUBHOI MOTY:KHOCTi y Tpu(a3HUX KOJIaX
Meton ogHOTO BaTMeTpa

; Pw =
S s
F ey
LN
i} ] Z
o _I—=
o 2z
© ——
H
0| [, R
[ -

a)
a) IpH MHOEAHAHHI HABAHTAKCHHS 3a CXEMOIK 3IPKOK 3 JOCTYIIHOK HYJIBOBOIO
TOYKOIO;
0) np¥ MO€AHAHHI HABAaHTAXXCHHSI 38 CXCMOIO TPUKYTHHK.
Pucynok 6.2 — Cxema miAMHKaHHs [yl BHMIpPIOBaHHS aKTHBHOI IOTY)XHOCTI
METOZOM OIHOTO BaTMETpa:

Sxmo mnpu 3’ €IHaHHS TOpPUAMAaYiB  3ipKOI0 HYJIBOBUH MPOBIX
BiICYTHIH a0O ONOpH HaBaHTAXCHHS 3 €QHAHI TPUKYTHUKOM, TO
HOTYXHICTh MOXKHa BHUMIPSTH OIHHUM BAaTMETPOM, CTBOPHMBIUM LITYYHY
HYJIbOBY TOUKY.

Onopu BUOMPAIOTECS PIBHUMU MapajielbHOMY KONy BaTMETpa.

Ra'i'RPW = Rb = Rc_



oo [P

Ay

B, .
o, O
i

Pucynok 6.3 — Cxema miZMHMKaHHS ISl BHMIDIOBaHHS aKTUBHOI MOTYXKHOCTI
METOZOM OJHOTO BAaTMETPa, CTBOPHBILY WITYYHY HYJIBOBY TOUKY

AKTHBHA TMOTYXKHICTH Tpu(a3zHOTO Kojia MpH 3’ €IHAHHI NpUAMadiB
3IpKOI0  CKJIQJAETbCA 3 TOTYXKHOCTEH OKpeMux (a3 1 MOTYXKHOCTI
YHYJEOBOMY TPOBOI. Y BHITAKy CUMETPUYHOI CHCTEMH MOTY>KHOCTI BCIiX
(a3 OJHAKOBI, MOTYXHICTIO Yy HYJIbOBOMY IPOBOZI HEXTYIOTh i3-3a Ii
HOPIBHSHO MaJIOro 3Ha4eHHs [3].

P=Por+Pg+Pc+Py

Pya=Py=Pc=Py=U, Iy cos @y

P= 3P¢
Merton TBOX BaTMETPIB
P* I—(l*P 1
Pw1 W
Pl Y
a “_R}‘_ & oD " fa .
B, B, E}P‘:""EB: l_{::}ﬁ
# * * #
i i Pw1
C 4 [ T, C o, [h
RN RN P
Pw2 Pw2

Pucynox 6.4 — CxeMH miJMUKaHHS JUIS BHUMIPIOBAaHHS aKTHBHOI MOTY>KHOCTI
METOJIOM JJBOX BaTMETPIiB
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P=Re(Uyla +Uglp + Uclc)
Io+Ig+1c=0 Ie=-1, 15
P=Re[U,Ia + Ugls + Uc(-1a —In)]=
= Rf:[(U_,L —Ue)la +(Ug —*Qc)IH]Z

= Uacla-cosW, + Ugc-lg-cosWs,

et it

Merton TprOX BaTMETPIB

* *

i F P
A, [AFwi g A

# Sl ® # wlf N
b [P 3 [y
et ® el -
C D.\F"WB Co } Pw?3
LN 7 *

N z[l z[1 =

Pucynox 6.5 — CxeMu miJMUKaHHS JUIS BHMIPIOBAaHHS aKTHBHOI MOTY>KHOCTI
METOJIOM TPHOX BaTMETPiB

Pwi=Up-ip =(up —up)-ig =pa —Ug-ip
Pw2 =Uuy-ig=(ug —up)-ig =pp ~Ug ig |,
pw1 =u3-ic=(uc —ug)-ic =pc —ug ic

Pwi T Pw2+ pw3z = pa + ps + pc— ug(ia + i + ic)

iy +tig+ic=0

Pwi T Pw2 T Pw3s=pa T+ Pe Tt Pc

Pw) +Pw2 + Pw3; =Pao+Pp+ Pc
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6.2 BumipioBaHHSl peaKTHBHOI MOTYKHOCTI y TPH(PA3HUX KOJIAX

BumiproBaHHS peakTHBHOI MOTYKHOCTI Ma€ TNPAKTUYHE 3HAYCHHS
JIMILE JUIs CIIO’KMBAYiB BUCOKOT €HEprii, sSKi MiAKII0UeH] 10 TprudazHUX Kill.

[punagn  ansg  BUMIPIOBAaHHS ~ PEAKTHBHOI  MOTY)KHOCTI  He
BUITyCKaIOThCA. PeakTHBHA MOTYXXHICTh B TPhOX(a3HUX KOJIAX BU3HAYAETHCS
CYMOIO PEaKTHBHUX IOTYKHOCTEH oKpeMux ¢as [4].

Q=U, 1y sing, + Ug-lgsingg + Uplesinge.

PeakTuBHa TMOTYXHICTP MOXXE BHMIpIOBATUCS THMH CaMHMH
OPUCTPOSAMH, SIK 1 aKTHBHA, TUIBKM MOMEHT OOEpTaHHS MeXaHi3MiB LHX
MPUCTPOIB MOBHHEH OYTH MPOIOPLIHHIM He COSp, a Sing.

Metox ogHOTO BaTMETpa

s BUMipIOBaHHSI pEaKTUBHOI MOTY>KHOCTI 0OMABa KiHII CTPYMOBO1
0OMOTKH BaTMETpa BMHUKAIOThCA y Oyab-saKy ofaHy (a3y, a KiHIli 0OMOTKH
Hanpyry y Agi inmi ¢asu.

Y Pw
I sl L
@ N
B
Ct

Pucynox 6.6 — Cxema miAMHKaHHA U BUMIDIOBaHHS PEAKTHBHOI MOTY>KHOCTI
METOJIOM OJIHOTO BaTMeTpa

3a Imoxa3aHHSIMH BaTMETpa pCaKTHUBHA HOTy)KHiCTB 3HaXOAUTHCH.

Q = \/§ - w
Merton TBOX BaTMETPIB

Pw
A, F A Fal
N e

Pwi

7.

2 2
P2 Pw2
.r"""'*n|.1'|'|'r C s P Y
] LN

*

Pucynok 6.7 — CxemMu migMHUKaHHS Ui BUMIPIOBaHHS PEAKTHBHOI MOTYXHOCTI
METOJIOM JBOX BaTMETPiB
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3a mokazaHHSMHU BaTMETpa PEakTHBHA MMOTYKHICTb 3HAXOIUTHCA:

NG
Q= (Pw1 + sz)
Mertona TprOX BaTMETPIB
&
Pw1 .
A .
# LS «
T Pw?2
E, Y
LN -
C e il
N
Pw3

Pucynokx 6.8 — Cxemm migMuKaHHS JUIi BUMIPIOBAaHHS PEAKTHBHOI MOTY>KHOCTI
METOJIOM TPHOX BaTMETPiB

P =Uj-Ir-cospy + Uplg-cospg + Uele-cospe
Pyt PwatPwi=Upcl4-c0s(90°—p )+ Uca 1p-cos(90°—pg)+
+ Upg-le-cos(90°—opc).
Uag = Ugc = Uca = U,; Ua = Ug = Uc = Uy;
Uj = 'V@ Utln‘

V3 (Ua-lasinga + Ug-lgssin @ + Uclesinge) =43 Q

Q= (P\\.-1+P~.,\.-3+P“-3)f\i'§

3BepHiTh yBary!
IIlo6 npaBUIBHO  MIAKIIOYUTH  BaTMETP, IMOTPIOHO  3HATH
nociigoBHicTs (a3. Hampyru, 3'emHani 3 mapajielbHUMH OOMOTKaMHU



45

BaTTMETpa, MaroTh IHACKCH, sAKi BuOuparoThes 3 cepii ABCABC ...,
CIIAYIOYH TTOTOYHOMY 1HIEKCY, SKHH IPOTIKA€E Yyepe3 e BaTMETP.

Jna poswupenns medic 6UMipioéanHs BaTMETPH BMHKAIOTb uepes
BUMIpIOBaJIbHI TpaHC(OPMATOPH CTPYMY Ta HANPYTH.

_.,‘I:ILC _|M|_
Bc
CE _Iml_
* *
-1, FOa, 3
.F'w1 }F'w.?
r L e

Pucynok 6.9 — Cxema MiAKIIOUSHHS BaTMETpIB Uil BUMIPIOBAHHS AKTHBHOI 1
PEaKTHBHOI MOTYKHOCTI METOZOM OIHOTO BaTMETPa
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7 BAMIPYOBAHH S EJEKTPUUYHOI EHEPIIi
IHAYKINIMHUMMU JIYUJTIBbHUKAMU

[HayKkmiitHI TpuIagy BUKOPHUCTOBYIOTHCS JJISI BUMIPIOBaHb Yy KOJIaX
3MIHHOTO CTPYMy i3-32 TOTO, IO CTPYM MOXKE IHAYKYBAaTHCS Iif €0
TITbKY 3MIHHOTO MarHiTHOTO MOTOKY.

Slkmo Ha WOIAXy 3MIHHOTO MArHITHOTO TIOTOKY ITOMICTHTH,
HaIIPUKJIAA, Kpaid alFOMIHIEBOTO JMCKA, STKAH 3TaTHHA 00epTaTHCS HABKOJIO
JISIKOTO IEHTPY, TO B JWCKY OyJe HaBOJAWTUCS 3MIHHHUU 1HITyKITiHHMMA
CTPYM, KUK Oy/Ie B3a€MOIISATH 3 IIUM MAarHITHUM ITOTOKOM.

OpHak pe3y/bTyro4a CHIIa, SKa MiSTHME Ha JUCK, OyIe HOpiBHIOBATH
Hym10. Tomy Ui CTBOpeHHsS 0O0epTalbHOTO MOMEHTa HEOOXiZHO
BUKOPHUCTATH JABAa MAarHiTHUX TOTOKH, SIKi 3CYHYTI MiXX COOOIO0 Ha JESKHUi
KyT. Ilpn 11bOMy BHHHKHE B3a€MOisS PI3HOIMEHHUX IIOTOKIB 3 PI3HUMH
IHlyKOBaHUMH CTpyMamH [1].

IHpunyun 0ii ocHOBaHMIA Ha B3a€MOJIi 3MIHHOTO MarHiTHOTO IIOTOKY
3 IHAYKIIIHHAM CTPYMOM.

byoosa ma KOHCMPYKMUBHI ocobaugocmi IHOYKYTUHUX
BUMIDIOBATbHUX MEXAHIZMIE

Pucynok 7.1 —ByznoBa iHAYKIIHHOTO JTiYHIbHUKA
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Ha enextpomarmiti (A) 3mHaxomuthcs obmotka W, , mHa
enexkrpomartiti (B) — obmoTka V\/I . O6bmoTKa WU MIKITIOYaE€TECS [0
Harpyru U Ha HaBaHTa)XCHHI, depe3 Hel MPOTIKAE CTPyM Iu- a depes

00MOTKY V\/I MIPOTIKAE CTPYM HaBaHTKCHHS .

Mik momocamu  enmektpomarHity  (A) 1 Ham  OJIIOCAMH
enexTpomartita (B) mpoxomute amominieBuit muck [I. Llei auck Takox
NPOXOJIUTh MiX TOJNOcaMK mocTiiiHoro marnita M. Ha oci € 4eps’stuna
mepeaaya, 3a JOMOMOTOI0 SKOi 00epToBa BiCh i€ Ha BIUTIKOBHH MEXaHi3M
BM.

B enektpomarniti A ctpymom, mo mpoxomuts B oomormi W, ,
CTBOPIOIOTECs Ba MarHiTHI notokn @Dy i D . B enextpomarniti B
cTpyMom, 1o npoxoauts B oomotii W, , cTBoproeTsest motik CDl . [orix

CDU NEepeTUHaAE NUCK OJUH pas, MOTIK @I ABa pasy, MOTIK ®L JHUCK HEC

MEPETHHAE 1 HA3UBAETHCS HEPOOOUUM TTOTOKOM.

Ilix niero TOTOKIB BUHUKAIOTH BUXPOBI CTpymMH. B pe3ymbrarti
B3a€MOJIi KOXXHOTO 3 TMIOTOKIB 3 BHXPOBUMH CTpyMaMH BHHHUKAa€
obepTanpbHUI MOMEHT, INJ €0 SIKOTO JUCK ITOYMHAE O0EpPTATHChH.
O6epranpHuii MOMeHT popiaIOE [1, 3]:

Mm’] = C'f'(I)U'(DI'Sin!,
ne C - mocriftanii koedirient, f — gacTora 3MiHHOTO CTpyMy,  —
3cyB a3 mixk norokamu D 1 D, .

Ilpu  poboTi Ha MHIHHMX AUBSTHKAX KPHUBHX HaMarHIdyBaHHS
MartepiajiiB ocepapb eIeKTPOMArHiTiB MaeMO:

(I:‘I = K|°I.’, (D[_; = KE'IU = Kg'UfZU,

ne K1, K2 - mocritini koedimienTn; ZU - MOBHUH Omip OOMOTKH
HATPYTH, SIKUH Ma€ MPaKTHIHO 1HAYKTUBHUIN XapakTep.

MoxHa npuHATH
le = X[, = Eth-Lu,
ne LU —IHayKTUBHICTE 0OMOTKH Hanpyru. Tomi

@y, = K, U2nfLy = K5 U/, 1ie Ks = K/(2n-Ly).

[TincTaBuBmm BUpa3u CDU 1 CDl OJICPKUMO
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M,s = K-U-I-sin'V,
o K=CK K.
o6 obepranbHuii MOMEHT OyB MPONOPUIHHUA TOTYXHOCTI P,
noTpioHO, 00 sin'?’ = coso.
3BEpPHEMOCH JI0 BEKTOPHOI TiarpaMu JIYMIbHUKA.

r

Pucynok 7.2 —BekropHa niarpama Ji4uIbHHKA

B pe3ynbTaTi MOKHA 3aIHCATH:
Mgys = K-U-I-cosp = K-P.

Ilim nmier0o 1LOrO MOMEHTY JAHWCK JYMIbHHKA oOepTaBcs 0 i3
3pOCTAOUOK0 MIBUJIKICTIO, SKOM Ha HBHOTO HE JisUTM iHINI MOMEHTH. Auie
JINCK TIPOXOIUTH CBOIM KpaeM MiX ITOJIOCAaMHU TOCTIHHOTO MarHiTy M. B
pe3yabTaTi B3a€MOAIl MarHiTHOTO MOJS MOCTIHHOTO MarHiTy i3 cTpyMamH,
SIKi 3'SIBWJIMCSL B TUCKY NPH HOTO MEpEMIIICHHI MK TONI0CaMH MAarHiTy,
BUHHMKAE TaJIbMIBHUA MOMEHT, 3HA4YEHHS SKOTO NIPOIOPIIHE KyTOBIH

memkocti qucka @ = dov/dt.

do
=C;-0=Cy —
dt
[Ipu piBHOCTI 00GEpPTANBLHOrO 1 raJbMiBHOIO MOMEHTIB IUCK Oyne
o0epTaTucs 3 pIBHOMIPHOIO IBHIKICTIO, 1 Oy1eMO MaTH
K-P = C,-da/dt abo K-P-dt = C,-da..

IIpoinTerpyBaBIN OCTAaHHIO PIBHICTH, OJACPKUMO:

M

IS
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t, o,
JK-P-dt= [Cy da,abo K-W = C,-a, abo W = (C/K)-c..
t v

Sk BumHO 13 (OpMyIH, aKTHBHA CHEPrisd, SKa BUMIPIOETHCS
TYUIBHUKOM 32 yac BiJ t1 no 12, mpomopuiiiHa KyTy MOBOPOTY IUCKA O.

SIKIIO pO3ALIUTH KYT 0 HA 27T, OTPUMAEMO KiIbKicTb 00epTiB N

N=o2r a=N-2n

[lincTaBUMO 0. B OCTAaHHE PiBHSIHHS

W=(C/K)2n-N W=CN,

ne C=(Ci:2nVK yasupaetscs nocmitinoio nivunshuka.

C=WN ra TIOKa3ye, sIka CHEepris MPOXOANUTh Yepe3 JIYMIbHUK 32
OJIMH 00€pT JMCKA.
Hominanvna nocmitina nivunvuuka —1e KinbKiCTh €IEKTPOCHEPTii,
SIKy BpaxOBY€ BIIIJTIKOBUHA MeXaHi3M 3a yac 1 000poTy AucKa.

_ 1[10° (3600
Cy="

1xBm=10°Bm 1200 =60c[60=360Cc,

A —iepeiaToyHe YUCIIO TYUIbHUKA

Benmmunna oOepHEHa TMIOCTIHHINA JIYMIIBHHUKA, TIOKAa3ye, CKIJIbKH
00epTiB AUCK JIYHUIHHUKA POOUTH MPH MPOXOKEHHI Yepe3 HhOTO OIWHUIT
eHeprii (Hanpukiaa, 1 kBt/rom), 1 Ha3MBAETBCS nepeOamMoOYHUM YUCTOM
niyunvHuxa. HomiHalbHE TepemaToYHE YHCIIO BKAa3ye€ThCS HA IIUTKY
JYAITFHUKA.

Mu posrngganu poOOTY MEXaHi3My JiYWIbHUKA Yy TPHUITYIIEHi, 110
KpiM 00epTanbHOro0 Ta TaJbMiBHOTO MOMEHTIB HisIKi iHIII MOMEHTH Ha
pPyXOMy YacTHHY MEXaHi3My He [it0Th. Hacmpapmi B omopax, JIUHILHOMY
MexaHi3mi Mae wmicue TepTs. Jng  kommeHcamii MOMEHTY —TepTd
CTBOPIOETHCS JTONATKOBHH (KOMITCHCAIIMHIIA) 00epTaTbHUI MOMEHT. AJie
MIpH HE3MIHHIA HAIPy3i KOMIICHCAIIIHHUN MOMEHT € BEJIMYMHA TIOCTiiHA, a
MOMEHT TEpTs 3aJIeKUTh BiJ IMBHIKOCTI oOepTaHHS mucka. Kommencaris
3BHYAMHO 3IIHCHIOETHCS TPH CTPyMi HaBaHTaxeHH:S, piBHoMy 10% Bix
HOMIHAJILHOTO.

Kommencariitauit MOMEHT MOKe OyTH OUTBIITUM Bill MOMEHTY TEPTS 1
TOJi, HAaBITh MPH BiJKIIOYCHOMY HAaBaHTAXXCHHI, JUCK JIYWIBHAKA MOXE
oOepratucs. Lle sBuIe HA3MBAIOTH CAMOX000M AiUUNLHUKA. Y CyBa€THCA
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caMOXiJI 3a JJOTIOMOTOI0 Hadka I', AKuit 3aKpiIuIIOETBCS Ha OCi, Ta TPATTOPIIST
[Ip nmacTuHM, siKa BUKOPUCTOBYETHCS JUISI CTBOPEHHS KOMIICHCAIIITHOTO
MOMEHTY.

Jo xapakTepHCTUK JIYMIbHUKA BiJHOCHTHCS MOPIT YyTIUBOCTI, Mif
SKHM PO3YMIIOTh HaliMEHIIC 3HAUEHHS CTPYMY Y TIPOIIeHTax Bij [HOM, mpu
SIKOMY TTOYMHAETHCS Oe3MepepBHE OOSPTaHHS TUCKA.

Ilepesacu:

* HHU3bKa BapTICTh

* JIOBrOBIYHICTH 1 MPOCTOTA B EKCILTyaTaIlii;

® CTIAKICTB O KIIMAaTUYHHAX Ta MEXAHIYHUX BIUIUBIB;

*  HMIHHWN KOHTAKT P MiIKITIOYEHH] 0 MEPEXKi;

* cTaOiIBHICT TOKA3aHb JIYMIHHHKA.

Heoounixu:

* HHU3BKHI KJIaC TOYHOCTI

* TIOPYIICHHS METPOJIOTIYHUAX XapaKTEPUCTHK MPH MBUAKO3MIHHUX
HaBaHTaKCHHSIX,

* CnalKWil 3aXUCT BiA TPaAWLIMHMX METOHNIB PO3KpaaaHHsI
€JIIeKTPOCHEPTi,

* TIJIBHIICHE BIIACHE CTIOXKUBAHHS O KOJIaX CTPYMY Ta HapyTH.
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8 EJJEKTPOHHI AHAJIOT'OBI IPUJIAN

Enexmpounni ananoeosi npunadu — ue TUpUiIaad, y SIKHUX BXigHa
(BumiproBaHa) BeJIMYMHA MEPETBOPIOETHCS Y BUXIAHY aHAIOTOBUMU
€JIEKTPOHHUMHU TIePETBOPIOBAYAMH, Y KOKHOTO 3 SIKMX BUXIJJHA €JIeKTpHYHA
BEJIMUMHA € Oe3nepepBHOIO QYHKIIIEI0 BXiTHOT [2].

3acmocosyromobcs 1711 BUMIPIOBaHHS MPAKTUYHO BCiX EJEKTPUYHUX
BEJMYWH. HANpyrd, CTPyMy, 4acTOTH, 3CYBIB (a3, MOTYXKHOCTI, €HEpTii,
napaMeTpiB eNEeKTPUIHUX KiJT Ta iH.

Ilepesacu:

*  BEJIUKHUU BXiIHHUH OIIp;

* BENUKW{ YaCTOTHWH /iala3oH;

e Maia CIIOKHBaHa BiJl 00 €KTa BUMipIOBAHHS IIOTYXKHICTH,

e OLJIBII BUCOKA YYTJIHMBICTD;

¢ OLJIBII BUCOKHI MOPIT Yy TAHUBOCTI.

Enexrponnuii ocunjiorpad

- =t

- FAMITILA -

Sinl s0d

Pucynok 8.1 —Enexrponnuii ocrorpag C1-68
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Ocyunocpag) - 1e mnpunaa, TPU3HAYCHUH JUIS CIIOCTEPEKEHHS,
peecTpamii Ta ~ BHMIpPIOBaHHS TapaMeTpiB JOCIIIKYBaHOTO CHTHAIY
(Hampyrn), SIKWiA 3aJISKUTH BiJl Yacy.

B enextponHoMy octmiorpadi peectparis 3MIHCHIOEThCS ILITXOM
(dhoTorpadyBaHHs 300paXKeHHS 3 eKpaHa.

B  enmexktponHmx  ocmmimorpadax — IOCHIDKYBAaHMM  CHUTHAI
MEPETBOPIOETLCS Y  BIAXWJICHHSA TMOTOKY €JCKTPOHIB  (€NEKTPOHHOTO
NPOMEHS), KW, MOTPANMBIINA HAa JFOMIHECICHTHUH €KpaH eJICKTPOHHO-
MIPOMEHEBO1 TPYOKH, CTBOPIOE JTiHIIO, SIKA CBITUTHCA.

®dopma i€l JTiHIT BiIMOBIIa€ CUTHAITY, SIKHA 3MIHIOETHCS B Yaci.

Csimnonpomenesi ocyunocpagu SBISIOTH COO0I0 EICKTPOMEXaHIvHI
MIPIIIAIH, TPU3HAYCHI JUISI PEECTpaIlii Ta CIOCTEPEKEHHS 3MIHHHMX y dYaci
EICKTPUYHHUX CHTHAJIIB 32 JOTIOMOTOO CBITJIOBOTO MPOMEHSI.

3acmocosyrombcss  Ans NOCHIIKEHHS TIPOLIECIB 3 BEPXHBOIO
4aCcTOTO0, sika He nepesuinye 30k I'm.

OchosHumu 8y31amu €.

e MarHiTHuH 070K 3 ociitorpadiuaum ranseaHomerpom (OI)

* ONTHYHA CHCTEMa

* TPUCTPid PO3TOPTKH Ta BIIMITHHUK Yacy.

Ilepesacoro WX TpUIANIB € TMPOCTOTa IMOOYAOBH, MOMKIIHUBICTH
peecTpariii Beaukoro uncia (mo 36) mporecis.
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9 IUP®POBI BUMIPIOBAJIBHI TIPUJIAAN

Lugposumu Ha3UBAIOTHCSI TaKi BUMIPIOBaJbHI MpPUIAIH, B SKUX
BUMIpPIOBaHA BEJIMYMHA aBTOMATUYHO B Ppe3yJbTaTi KBaHTYBaHH,
JMUCKPETH3allii, HOPIBHAHHS, HU(POBOI0 KOIYyBaHHS 1 BIAIIIHUX 00YHCIICHb
HoCTae y BUMIISAIL Koxy [1].

Ipunyun pobomu umdposux BuMiproBanbHUX mnpwianis (LBIT)
3aCHOBAHO Ha JUCKPETHOMY BiJOOpakeHHI HETIEPEPBHUX BEITUIHH.

HenepepEeHa BE MMM HHA AHCKEpETH: 0BaHa BE MY HHA

X rs L 1

*t) o =

&)

a)
FEanToEaHa EEMHYHHA

L
AlL)

Ak=1/2h

B}

Pucynok 9.1 —I'padiku HenepepBHOi, JUCKPETU30BaHOT i KBAHTOBAHOI BEIMYNH

Henepepsna eenuuuna X(f) — ne BemuunHa, sKa MOXE MATH B
3aaHOMY fiama3oHi /| HeCKIHYEHHO BEJMKE YHCIIO0 3HA4YCHb B IHTEpBAi
gacy  mpu HECKIHYEHHO BEJIMKOMY YHCIIi MOMEHTIB Jacy.

Benmuunna, HemepepBHa 3a 3HAUEHHSAM 1 TIIepepBHA Y dHacli,
HA3UBAETHCS OUCKPemU306anol0. 3HAYCHHS JUCKPETU30BAHOI BEIUYWHH
BIJIPI3HSIETHCS BiJ HYJISI TUTHKH B TICBHI MOMEHTH 4acy.
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IIpomiec  mepeTBOpEHHS HEMEpEepBHOI y dYacli BEIWYMHH B
JMIICKPETU30BaHy NUIIXOM 30epeKeHHS 11 MHTTEBHX 3HAYCHb TUIBKH B
JeTepMiHOBaHI MOMEHTH 4acy t1, t2...tnHa3uBaeTbCs duckpemusayicro.

Kpoxom ouckpemusayii TO Ha3UBa€ThCS MMPOMIKOK Yacy MiX JBOMa
CyCIIHIMU MUTTEBUMH 3HAUCHHSIMHU CUTHAITY.

Benmmunna, HemepepBHa B daci 1 TepepBHa 3a 3HAYCHHSM,
HA3WUBAETHCI KGAHMOBAHOK. BuMiproBallbHE TEPETBOPEHHSI aHAJIOTOBOI
BEIIMYMHYN Yy CTYIIHYaCTO-3MIHIOBAaHY i3 3aJaHUMH pO3MipamMH KBaHTIB
HA3UBAETHCS K8AHMYBAHHIM.

Kporxom xeanmyeanns h HasuBaeThCst pi3HUI MK TBOMA CYCiTHIMH
3a/laHUMH 3HAYCHHSIMH KBAHTOBaHOI BenmuuHU. KpOK KBaHTYBaHHS MOXE
OyTH 3MiHHHUM 1 TIOCTIHHHUM.

IMoxn0xu mMppoBUX BUMIPIOBAIBLHUX NPHJIALIB.

OcHosna noxubka
AXL[B[I =f(AX, ,AXH,AXi).

THoxubxa keanmyseanus - 1e METOAMYHA TOXUOKA, 110 BUHUKAE Yepe3
oOMesKeHe YHCIIO PiBHIB KBAaHTYBaHHSA W BHACTINOK 3aMiHM HeEmepepBHOI
BEJIMYMHU KBAHTOBAHOIO

2

Tloxubra Ouckpemuszayii - 1le TMOXWOKa, IO BUHWUKA€E BHACIIJOK
3MiHH BUMIPIOBaHOI BEJIMYMHHU TIiJ] 9aC BUMIPIOBaHb

1 dX
=T, —
A2 gy

dX/dt —mBuOKicTE 3MiHM BXiITHOI BEJIMYMHH.

AX

Incmpymenmanvni noxubxu - TMOXHOKH, TIOB's3aHI a00 BUKIIHKAaHI
MOPOTOM YYTIMBOCTI MPUCTPOIO TMOPIBHSAHHS ab0 HOro HECTaOUIBHICTIO,
NOXWOKW BiJ BIUIMBY 3aBajJ Ha €JEMEHTH LU(PPOBUX BUMIPIOBAIBHUX
TIPHIITAIIB.
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BII

D NLlBl'[

D,

D Neom E
D,

Pucynok 9.2 —VY3aransHeHa ctpykrypHa cxema [[BIT

CkinagaeTtsCsi 3  BHMIPIOBAJIBHOIO  IIEPETBOPIOBaYa  BXI1JHOI
€JIEKTPUIHOI BEMMYNHA X Y BUXIIHY €JIEKTPUYIHY BEIUIUHY Xi, TOCTATHIO
s HamiiiHOi  poboTm  aHanoro-mdpoBoro meperBoproBada  A/D,
nepeTBoproBadiB koa-kox D/D i mudposoro BimtikoBoro mpucTtporo BII.
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10 MIKPOITPOUECOPHI BUMIPIOBAJIbHI
CUCTEMHA

Mikponpoyecoprua cucmema (MIIC) - ne 3ibpaHa B €IOuHE IIije
CYKYIHICTh B3a€EMOJIIOYMX IHTETPAJbHUX CXeM LU(QPOBOi JOTIKH Ta
AQHAJIOTOBUX CXEM, OpraHi3oBaHa B OOYHMCIIOBaJIbHY a00 KepyBaJIbHY
cHCTEMY 3 MIKpompomecopoM (MIKPOKOHTPOJIEPOM) y SKOCTI By3ia
06pobku indopmariii [1, 5].

Knacughixayin npoyecopnux npucmpois.

* VHiBepcaJbHI MIKPOIIPOIIECOPH;

* 1udPOBI CHTHATILHI TIPOIIECOPH;

* TIpOrpaMOBaHi JOTIYHI IHTETPaIbHI CXEMH;
*  MIKpOKOHTPOJIEPH.

Tpuxnaou suxopucmans 86y008aHUX MIKPONPOYECOPHUX CUCTIEM:

e aBialiiiHi Ta BIMCHKOBI CUCTEMH. aBTOIIJIOTH JIITaKiB, aBlOHIKA 1
HaBITalliifHI CHCTEMH, CHCTEMH aBTOMAaTHYHOI TOCAJKH, CHCTEMH
HaBeJICHHS, KEPyBaHHS JIBUTYHOM;

* OIOMEIWIMHCHKI CUCTEMH. CUCTEMH KOMITTOTepHOI ToMorpadii i
YJIBTPa3ByKOBOT'O JOCIIKEHHS, MOHITOPHHT MAaIi€HTIB,
€JIEKTPOKAPJIOCTUMYIISITOPH,

* aBTOMOOLTI: KEpyBaHHS IBWUTYHOM, aHTHOJOKYBalbHI TallbMOBI
CHCTEMH, KEPYBAHHSI MTOAYIITKaMH OE3ITeKH, KepyBaHHSI CHCTEMOIO 00IrpiBy
1 KOHIUINIOHyBaHHS mOBiTps, Hagiramis GPS, cynyrHukoBe pafio,
CHCTEMHa J1arHOCTHKa,

*  KOMYHIKaIIii: KOMYHIKaIiiH1 CYIyTHUKH, MepeKeBi
MapHIpyTU3aTOPH, KOMYTaTOPH, KOHIICHTPATOPH;

* CHOXKMBYA EJIEKTPOHIKA: TEIEBI30pH, MTyXOBKH, mporpasadi DVD,
CTEpPEOCHCTEMH, CUCTEMH Oe3rekH, KEpyBaHHS MTOJTUBOM
ra3oHiB, TEPMOCTATH, POTOKAMEPH, aBTOBIANOBIIai, T V-IeKoIepH;

* mpucTpoi Ui KOMI'IOTEpa: KIaBiaTypd, MHINI, NPHUHTEPH,
CKaHepH, AMCIUIE], MOJIEMH, MPHUCTPOI KOPCTKUX IHUCKiB, mpuctpoi DVD,
rpadiuni mwiaty, npuctpoi USB;

* EIEKTPOHHI IHCTPYMEHTH: CHCTEMH 300py AaHuX, ocuuiorpadu,
BOJILTMETPH, T€HEPATOPU CUTHAIIB, JIOT14HI aHaIi3aToOpH;
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* TPOMHCIIOBE YCTaTKyBaHHA. KepyBaHHA Jidramu, cucremn
crocTepexenHs, poboru, Bepcratu 3 UIIK, mporpamyBasibHI JOTidHI
KOHTPOJICPH, IIPOMHUCIIOBI CHCTEMHU aBTOMATH3aIlili 1 KepyBaHHS,

* odicHi  MammHM:  ¢axkcu-amapatd, — KOmipH,  TenedoHH,
KaJIBKYJISITOPH, KaCOBI aniapaTH

* MepCOHANbHI TPHUCTPOi. CTUILHUKOBI TelneoHH, MepeHOCHI
nporpasaui MP3, nepconanbhi mm¢pposi nomiunuku (PDA), enexTpoHHI
Hapy4YHi TOJAWHHWKH, TIOPTATHBHI  Bimeoirpu, IM(pPOBI  KamepH,
cucremu GPS;

* poboTH: MPOMHCIOBI poOOTH, aBTOHOMHI TPAaHCHOPTHI 3aco0H,
KOCMIiYHi JJOCJIITHUIIBKI POOOTH;

e irpaiIkd. CHCTEMH Bifeoirop, irpamku-pobotu THIy <«Aib0o»,
«Furby», «<Elmo».

Ocobusocmi MiKponpoyecoprux UMIpIO8ATbHUX CUCTEM.

* OaraTo(yHKIi1OHANBHICTD;

* MiJBUIICHHS TOYHOCTI MPUIIAIIB;

*  PO3IIMPECHHS BUMIiPIOBATLHIX MOKIHBOCTEH;

* CHPOIICHHS 1 MOJIETIIICHHS KEPyBaHHS IPHIAIOM,;

*  MOXJIHUBICTH OJCp)KaHHS MATEeMATHYHUX (YHKIIH BHUMIPIOBAHHX
3HAYCHB,

* OJIepKaHHS CTATUCTHYHHUX XapaKTEPUCTHK;

* MiHIATIOpU3AIIisd 1 EKOHOMIYHICTE anaparypH,

*  TIABUINCHHS HAIIMHOCTI IPHUIIAIIB;

* CKOpPOYCHHS TPUBAJIOCTI PO3POOKH;

* Oprasi3allis BUMipIOBaJIbHUX CHCTEM.

Tlpoyecopri noxudxu sumiproamy.

*  aneopummiyHa noxubka — 3yMOBJICHA BIAMIHHICTIO MPUIHITOTO
ANTOPUTMY BUMIPIOBAHHS BiJ JICKBATHOTO (TiMOTETHYHOTO)

* noxubka OKpy2neHHs — BHKIMKAaHAa HAasABHICTIO OKpPYTJICHb
MIPOMIKHHX ITU(POBUX IIEPETBOPEHB y PE3yIhbTaTaX BUMIPIOBAHb,

*  OQuHamiyHa NpoyecopHa NoXubka — BUKIUKAHA OOMEKEHICTIO
HIBUIKOIIT MiKpOTIpoLecopa.
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11 CUCTEMHU MOHITOPHUHTI'Y,
ABTOMATHU30BAHOI'O KOHTPOJIIO I TEXHIYHOI
JIATHOCTHUKHA

Monimopune (anri. monitoring) —KoMIUIeKC HAYKOBUX, TEXHIYHHX,
TEXHOJIOTIYHUX, OpraHi3allifHUX Ta IHIMUX 3aco0iB, sKi 3a0e3meuyIoTh
CHCTEeMATHYHUI KOHTPOJb (CTEXKEHHS) 3a CTAHOM Ta TCHICHISMU
PO3BUTKY MPUPOJTHUX, TEXHOTEHHUX Ta CYCHUILHUX MPOIIECIB.

Memooonoziuno monimopune — 1€ TPOBEACHHS HU3KU OJHOTHITHUX
3aMipiB TOCITIHKYBAHOTO 00’ €KTa 1 OJANBIIANA aHaIIi3,0I[iHKA, TOPIBHIHHS
OTPUMAHMX pe3yNbTaTiB Ui BUSBJICHHS TICBHUX 3aKOHOMIPHOCTEH,
TEHAEHIIH, 3MIHHUX 1 IX ITUHAMIKH.

Y mexniunini  Oiaenocmuyi T~ MOHITOPHHTOM  PO3YMIIOTh
OesmepepBHUil mporiec 300py 1 aHamizy iHdopMarii Tpo 3HAYCHHS
JiarHOCTHYHHX MapaMeTpiB cTaHy 00’ €kTa.

Koumponw (Gp. contrble,or contrerble —oasiiiHuii crricox) omHa 3
OCHOBHUX (yHKWiH cucTemu ympasiiHHS. KOHTponb 3OiMCHIOETBCA Ha
OCHOBI CIIOCTEPEKECHHSI 3a IOBEAIHKOIO KEpPOBAaHOI CHUCTEMH 3 METOIO
3abe3meueH s ONITUMAIIBHOTO i (PyHKIifOBaHHS (BUMIPIOBAHHS JOCATHYTHX
pe3yNbTaTiB 1 CHIBBIJHECCHHS IX i3 OYiKyBaHMMH pe3yibTatamu). Ha
OCHOBI JIaHUX KOHTPOJIFO 3JIHCHIOETBCS aJamnTallii CHCTEMHU, TOOTO
NPUAHSTTS ONTUMAILHUX YIPABIIHCHKUX PIllICHb.

ACTY 3021-95 BumpoOyBaHHS 1 KOHTPOJb SIKOCTI MPOIYKLII.
Tepminu Ta BU3HAYCHHS.

JCTY 2389-94TexHiuHe MiarHOCTYBaHHS Ta KOHTPOJIb TEXHIYHOIO
CTaHy.

ACTY 2865-94KonTpons HepyiiHiBHUH. TepMiHu Ta BU3HAUYEHHS

Texuiunuti KoHmpoIb — HNISUIBHICTh, sKa BKIIOYAE€ MPOBEIACHHS
BUMIpIOBaHb,  NEPEBIPOK, BUNPOOYBaHb  ONHIEIT UM  JEKIIBKOX
XapaKTEPUCTHK MPOIYKTY a00 mepeldiry mporecy 3 METOI0 BH3HAYEHHS X
BiJIMTOBITHOCTI BCTAHOBJIEHUM BHMOTaM.

Aemomamuunuli KOHMpPoab — KOHTPOIb POOOTH MallllH, MEXaHi3MiB,
amapariB Ta IHIIOTO YCTATKyBaHHS 3a JIONIOMOTOIO TPWIIAJIB 1 MPUCTPOIB
0e3 Oe3rmocepeTHbOl yJacTi JIFOMHH.
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Konmponw mexniynoco cmany — BU3HAUCHHS TEXHIYHOTO CTaHY
006'eKTa 3 03HAYEHOIO (33aHO0) TOUHICTIO.

Konmponw saxocmi npodykyii — KOHTPOIb KUTbKICHHX 1 (4H) SKiCHHX
XapaKTEePUCTUK BIACTHBOCTEH MPOIYKIIIi.

Hepyiinienuii xoumpoab — KOHTPOIIb SIKOCTI TMPOIYKITii, 32 SKOTO HE
MOBHHHA OyTH TOpyIIeHA MPUAATHICTH MO0 3aCTOCYBAHHS 13 TOBHUM
30epeKEHHSIM 3 CaMOro IMOYaTKy 3aKIaJeHUX (PyHKIIiH.

B Mexax mpomecy KOHTPOJIIO MOKHA BHOKPEMHTH TPU OCHOBHI
emanu.

* BUMIpIOBaHHS peajbHUX MpPOLECiB, IO 3OIHCHIOIOTHCS B
oprasizariii;

* TIOPIBHSIHHS PE3yJbTaTIB pPEalbHOTO BHKOHAHHS 13 3a31ajerilb
BCTAHOBJICHHMH CTaHIApPTaMHU,

* peaxilis Ha TOPIBHIHHS (KOPHUTYIOUi ii).

AHani3 MoJeNi MpoIecy KOHTPOJIIO CBIMYUTH, IO BIACHE MPOIECY
KOHTPOJTIO TIepEeay€e BCTAHOBJICHHS CTaHIAPTIB.

ITapameTpu epeKTHUBHOI CUCTEMH KOHTPOJIIO.

EdexktuBHa cHucTeMa KOHTPOJIIO MAa€  BIANOBIZATH IIEBHOMY
Habopy xpumepiis, cepel SIKHX MOYKHA BU3SHAYNTH.

* TOYHICTb,

* CBOECYACHICTD,

* EeKOHOMIYHICTD,

* THYYKICTb;

*  3PO3YMUTICTB;

* 0OIpyHTOBaHICTbH KpUTEPIiB;

* CTpaTeriuHa CIpsIMOBAaHICTb;

* YHCJIECHHICTb KPUTEPIiB;

* MiATPUMKA KOPUTYIOUHX Jiid.

3as0anHs mexHiuHo20 0Ia2HOCMYB8AHHSL:

e Bu3HaueHHs (PO3Ii3HAHHSA, OI[iHKA) TEXHIYHOTO CTaHy, Y SKOMY
nepeOyBae 00'€eKT Ha MOMEHT JiarHOCTyBaHHs [6];

* OLIHKa BiJNOBIZHOCTI YW HEBIAMOBIIHOCTI TEXHIYHOI'O CTaHy
00'ekTa JiarHOCTYBaHHS Ta y pa3i HEBIAMOBIIHOCTI — BU3HAYECHHS PUUMHH
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HEBIANOBIAHOCTI:  HECHPAaBHOCTI, JeheKTy, TPaHUYHOIO  CTYIEHIO
3HOIIEHOCTI, BIAXWJICHHS BiJ] peTyIIOBaHb TOIIO;

* BUSBICHHS YIIKO/KEHb 4M Ae(eKTiB Ha MOYaTKoOBid cramii ix
PO3BUTKY, BHUSBICHHS KOHKPETHUX JAe(PEKTHHX BY3JIiB 4YH JeTalei,
BU3HAYCHHS | YCYHEHHS IPUYMH, 110 BUKIHKAIH Ae(eKT [7];

* OIliHKa JOMYCTUMOCTI Ta JOMUIBHOCTI MOJAJIBINTOI eKCIUTyaTarlii
o0namHaHHS 3 ypaxyBaHHSIM IPOTHO3YBaHHS HOr0 TEXHIYHOTO CTaHy IpH
BHUSIBJICHHI AeEKTy, ONTHMI3allis PEKUMIB EKCIUTyaTarii, IO JJT03BOJISE
0C3MeYHO SKCIUTyaTyBaTH arperaTr 3 BUSBICHUMH Je()EKTaMU O MOMEHTY
HWOro BUBOJY Y IJIAHOBUW PEMOHT;

e opramizaiis OOCIyTOBYBaHHA Ta PEMOHTY OOJaJIHAHHI 3a
TEXHIYHUM CTaHOM (3aMiCTh PErIAMEHTHOTO OOCIyrOBYBAaHHS 1 PEMOHTY),
3a0e3MeUYeHHsI MiIrTOTOBKH Ta BUKOHAHHS SKICHUX PEMOHTIB.

Buou mexniyunoeo 0iacHoCmy8anHs 3a 0p2aHi3ayiero 8 Yaci.

* TMepioguYHE TEXHIYHE [[IarHOCTYBaHHS — J[IarHOCTYBaHHS
(koHTpOJB), 3a SIKOrO HAIXOIDKEHHs iH(opMmamii Mpo TEXHIYHUH CTaH
00'exTa BinOyBa€eThCs Uepe3 BCTAaHOBIJICHI IHTEPBAJIH Yacy;

e Oe3mepepBHE TEXHIYHE MIarHOCTYBAaHHS — JIarHOCTYBaHHS
(KOHTpOJB), 3a SAKOTO HAAXOKEHHs iH(opMamii Mpo TEXHIYHWH CTaH
00'ekTa BinOyBa€eThCs OE3MEPEPBHO;

* OmepaTUBHE TEXHIYHE IiarHOCTYBAaHHS — IiarHOCTYBaHHS, 3a
SIKOT'O HaJXOJDKEHHS iH(popMalii mpo TeXHiYHUN CTaH 00'eKTa BiIOYBa€eThCS
13 3aBiToMa 3aJ]aHO0 CTPATETIEI0 B TIporieci (PYHKIIFOBAaHHS 00'€KTa.

Buou mexuiunoeo diacnocmysanus 3a Memooom eniugy Ha 00'exm.

* TECTOBE TEXHIYHE JIarHOCTYBaHHsS — JIarHOCTYBaHHS, MiJ dac
SIKOTO Ha 00’ €KT MOJIAl0THCS TECTOBI BIUIMBH;

* poboue TEeXHIYHE MiarHOCTYBAaHHS — MiarHOCTYBaHHS, IIiJl dac
SIKOTO Ha 00'€KT MOIal0ThCsS pOOOUi BILIMBH.
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JonaTok A
MHOKHMKH Ta NPUCTABKH /UISI YTBOPEHHSI KPATHHX i YaCTKOBUX OTHHHUIb

Tabmunsa A.1 — BianmoBigHiCTh TPEACTABICHHS SK MHOXHHUKIB Ta
MIPUCTABOK JJIsl yTBOPECHHSI KPATHHUX 1 YACTKOBHUX OJIMHUIIb

Hprcrarka
My Homasiennn
Haana -
¥ kpainchke Mismapopwe

1 2 3 4
1000000000000000000000000 - 107 floTTa H Y
1000000000000000000000 = 10 WTTA 3 Z
1000000000000000000 = 10" exca E E
1000000000000000 = 10" neta 1 P
1000000000000 - 10'* Tepa i § T
1000000000 = 10" rira I G
1000000 - 10° Meta M M
1000 = 10° KL1O X k
100 = 10° rexIo I h
10 = 10’ Jeka an da
0.1 - 10" Jeun a d
0,01 = 10° CanTH ¢ ¢
0,001 = 107 [N M m
0,000001 = 10°* MIKPO MK n
0.000000001 = 107 HAHO W n
O,000000000001 = 10 Ko i p
0,000000000000001 = 1077 demio d f
0,00000000000000001 ~ 107" arto a a
0,000................. 001 =10~ 1eHTO a0 7
0,000................001 = 10 foxto it \
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Jlomarok b

Ilo3acucTeMHi oguHuUL{, AKi ToMylIeHi 10 3acTOCyBaHHA HA PiBHi 3
opunuusamu cucremu CI

Tabmunss B.1 — BianoBigHicTh TpencTaBICHHS MO3aCHCTEMHHX
ONIVHUIIL, SIKi JOMYIIEHI JO 3acCTOCYBaHHS Ha PiBHI 3 OJMHUISMHU
cuctemu CI

O uonin
Houasermn
Hana 2 g
P s i g g |Cuinsivwomanm Hpusirea
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