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IHEPEIMOBA

KoHcniekr Jekiidi MIiCTUTh MaTepianu 3 BHUBYCHHS JUCIUILTIHU
OCHOBU METPOJIOTII TA EJIEKTPMUYHI BUMIPKOBAHHS (OMEB)
y BiAmoBigHOCTI 10 HaBuyanbHuX miaHiB OKP OakanmaBpiB creriaibHOCTI

141 — EJIEKTPOEHEPT'ETHKA, EJIEKTPOTEXHIKA TA
EJIEKTPOMEXAHIKA.
Mera BuByeHHs gucuuiuiian OMEB — HaBuuTH CTY/EHTIB

3aCTOCOBYBATH 3aKOHO/IABYi, TEXHIUHI Ta OpraHi3amiliHi OCHOBH METPOJIOTii
NPy BHMKOHAHHI 3aBJaHb, CTOCOBHO OI[IHKM TOYHOCTI BHUMIpPIOBaHHS Ta
KOHTPOJTIO SIKOCT1 MPOJIYKIIi.

3aBaHHs BUBUCHHS IUCIUILIIHU — COPMYBATH Y CTYACHTIB 3HAHHS,
BMIHHS Ta HAaBUYKH, HEOOXIHI 71T pO3YMIHHS MHUTAHb MO0 MPU3HAYCHHS
1 BHUKOPDHUCTaHHS BUMIPIOBAIGHUX TPHJIAAIB Ta CHUCTEM KOHTPOIIO
KOOpPJMHAT  EICKTPOMEXaHIYHUX CHCTEM, 3 METOK  3a0e3reueHHs
KBadidikamiitHOi ydYacTi IH)KEHEpPiB B BHUPOOHHWYIM 1 MOCIITHUIIBKII
TUSUTHHOCTI 3 MIIBHINEHHS SIKOCTI MTPOTYKITIi.

st crymentiB  crerianpHOCTi 141 — EJIEKTPOEHEPI'ETHKA,
EJIEKTPOTEXHIKA TA EJIEKTPOMEXAHIKA ycix ¢dopm HaBuaHHS.



1 OCHOBHI BIJTOMOCTI 1PO BUMIPIOBAHHAI.
OCHOBHI HOHATTA I BUBHAYEHHA

Memponocieto (Bif TPEUBKUX METPOH - Mipa 1 JIOTOC - YYCHHS)
Ha3MBaIOTh HAyKy MPO BUMIPIOBaHHS, METOAM W 3aco0M 3a0e3MeUeHHs iX
€JIHOCTI Ta CIIOCOOM JTOCATHEHHS HE0O0X1THOT TOYHOCTI.

Merponorist BiApi3HAETbCS Bi IHIIMX MPUPOTHUYUX HAYK THM, IO ii
(yHIIaMEHTAJIbHI MTOJIOKEHHS IPUIMAIOThCS 3@ YrOJlaMU, a HE TUKTYIOThCS
00’€KTUBHMMH 3aKOHOMIPHOCTSIMHU. lle mifKpeci e HasBHICTh TaK 3BaHOL
3aKOHO0A640I Mempoa02ii - YACTUHU METPOJIOrii, 10 MICTHTh MOJIOXKEHHS,
MpaBWJia, BUMOT'M Ta HOPMH, SIKI PErJIAMEHTYIOTHCS 1 KOHTPOJIHOIOTHCS
JIepIKaBorO JUIsl 3a0e3MeUeHHsI €JJHOCTI BUMIPIOBAaHb.

MerpoJorisi € meopemuuHol O0CHO6010 BUMIPIOBAJIBHOI TEXHIKH,
OJTHOIO 3 OCHOBHMX (DaKTOPIB TEXHIYHOTO MPOrpecy B YCIX Trairy3six
JISUTBHOCTI JIIOMHM. PO3BUTOK MeTpojiorii mojsirae, B IepIly 4epry, B
YIOOCKOHAJICHHI ~ TEOPETUYHUX  OCHOB  BHMIpIOBaHb,  y3arajJbHEHHI
MPAaKTHYHOTO JOCBiMYy B Tajigy3i BHMIpIOBaHb 1 GopMyBaHHI TOIAIBIIIOTO
PO3BUTKY BUMIPIOBAIHHOI TEXHIKH.

Hopmamuenoro ochosoro METPOJIOTii € AepKaBHI CTaHAAPTH Ta iHII
JOKYMEHTH Jep)KaBHOI CHCTEeMH 3a0e3leueHHs €QHOCTI BHUMIipIOBaHb
(ICB), BigmoBimHi HOpMAaTHBHI JOKyMEHTH JlepcTaHmapty YKpaiHu,
METOAWYHI BKa3iBKU Ta PEKOMEHIAITii.

Opeanizayitinotlo  0CHOB0I0 METPOJIOTIi € MEeTPOJIOTidHa CITyX0a
Ykpainu.

Texuiunoto 0CHOB010 METPOJIOTII €:

o CUCTeMa JIeP)KaBHUX ETaJIOHIB OJUHUIL (DI3SMYHUX BEITHYHH,
siKa 3a0e31medye X BIATBOPEHHS 3 HAWBHUIIOK TOYHICTIO;
o cucreMa poOOYMX ETANOHIB 1 3pa3KOBHX 3aCO0IB BUMIpPIOBAaHb,

3a JIOTIOMOTOI0 SIKUX 3/IHCHIOETHCS Tepeaada po3MipiB OAMHHIG (i3MIHUX
BEJIMYHH POOOYNM 3ac00aM BUMIPIOBaHb;

J CHCTeMa CTaHJApTHUX 3pa3KiB CKIagy Ta BIACTHBOCTEH
peYOBMH 1 MaTepianiB, MmO 3a0e3ledye BiATBOPEHHS ONUHHIG (i3MYHUX
BEJIMYHH, SIKi XapaKTepU3yIOTh CKJIaJ i BIACTHBOCTI PEYOBHH 1 MaTepiaiB;

J cucreMa po0oYMX 3aco0iB BHUMIPIOBAJIBHOI TEXHIKH, fKi
BHUKOPHUCTOBYIOTHCS MiJ] 4ac po3poOieHHsl, BUPOOHHULITBA, BUIIPOOYBAaHb 1
eKCIUTyaTamii TpPOMYKIlii, HAyKOBHX JOCTI/DKEHb Ta IHIIUX BUJIB
JUSUIBHOCTI.
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Ilpeomemom memponoeii € OTpUMaHHS KUIBKICHOT 1 SIKiCHOL
iHpopMamii mpo BIACTUBOCTI OO0’€KTIB 1 MpOIECiB, BCTAHOBJIEHHS M
3aCTOCYBaHHS HAyKOBHUX 1 OpraHi3allifHUX OCHOB, TEXHIYHHMX 3aCO0iB,
MpaBWJI 1 HOPM, HEOOXIMHUX JUIsl JIOCATHEHHS €JHOCTI 1 HEoOXimHOT
TouHocTi [1].

Memoou memponoeii - 1€ CyKynHICTh (I3MYHUX 1 MaTeMaTHYHUX
METO/iB, 10 BUKOPHCTOBYIOTbCA JJISI OTPUMAaHHS BUMIPIOBAIBLHOI
iHpopManii. Jlo HHX HalexaTh: METOAM BUMIPIOBaHHS, BiITBOPEHHS
BEIMYMH 3aJlaHOTO PO3MIpYy, TIOPIBHSHHS BEIUYWH, BHUMIpIOBaJIbHE
MEPETBOPEHHS, 00poOKa  pe3yNbTaTIiB  CIOCTEPEIKEHb, IUIAHYBaHHS
BHUMIPIOBAJIBHOTO €KCIIEPUMEHTY.

3acobu memponoeii - pi3HOMaHITHI 3aCO0M BUMIPIOBaHb 1 KOHTPOJIIO,
SIKi BJJOCKOHAJTIOIOTHCS i PO3BUBAIOTHCS HA OCHOBI 00’ €KTUBHHX 3aKOHIB.

Disuuna eeruyuna (PB) — xoxkHa BH3HAuUeHa (Gi3UYHA SAKICTh
00’€eKTa, sfiKa Ma€e po3Mip.

Bumiprosanns — e 3HaxomkeHHs 3HadeHAs OB mocaigHIM mIissxom
3a JIOTIOMOT OO CITEIIaIbHUX TEXHITHUX 3aC00IB — 3aC00IB BUMIipIOBaHHSI.

IIpu BumiproBanai @B mopiBHIOETBCA 3 NESKUM 11 3HAYCHHSM, SIKE
MIPUIHATO 3a omuHUITI0. PesynpTaT BuMipioBanas @B npeacrarisie coboro
iMmenoBaHe uncio. Hanmpuximan, U=1,5 B, P=0,27 kBT, F=528 I'm1.

Omunuis OB [Q] — e @B, po3mipy sKOi IPUCBOEHO 3HAYEHHS 1.

3 1980 p. BBemeHa y sKOcTi 000B’3KOBOI MidicHapoOoHa cucmema
oounuys (CI). Cucrema CKJIAmaeThCs 3 7 OCHOBHHX 1 2 JOTATKOBUX
ONVHUIG, a TakoX 113 MOXiAHWX OJWHWIG, B TOMY YHCII OIMHHIIb
eNEeKTPUYHUX 1 MATHITHUX BenmnduH - 40.

OcHoBHi onuHuMi cucremu Cl: moBxkuHa - MeTp (M); Maca - Kitorpam
(xkr); dac - cexkyHma (c); cuia EIeKTPUYHOrO CcTpymy - ammep (A);
TepMOAWHaMiYHa TemrepaTypa - kenbBiH (K); cuna cBitna - xannmena (xm);
KUTBKICTh PEYOBHHH - MOJb (MOJb), a TOJATKOBI OMWHUIN: TUIOCKHH KYT -
paxian (pan); TUIECHUH KyT - cTepafiaH (cp).

OcHogre piGHAHHS UMIPIOBAHHAL

X =N -1x,

ne X — sumiproBana ®B; N — BimHOCHe 4mcio; /x — OgUHUIN i€l
BEJIMYNHU.

[Toxubka BumiptoBanHs @B — BigxXuiieHHs pe3ynbTaTy BUMIpIOBaHHS
Qesum Big ictuHHOTO 3HaYeHHSI Qicm BUMIPIOBAHOI BETMYMHHU.

A0=Qesum-Qicm.
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Icmunne 3nauenns @B — 3HaueHHs OB, ske iAcalbHUM YHHOM
BifoOpakaJo O y SKICHOMY 1 KUIbKICHOMY BiITHOIICHHSX BIiATOBITHY
BJIACTUBICTh 00’€kTy. OCKUIbKM ICTUHHE 3HAYCHHS HEIOCSDKHE, 3aMICTh
HBOT'O BUKOPHCTOBYIOTh A1lICHE 3HAYCHHSI.

Hiticne  snauennss @B [Q0] — 3HaueHHsA, SKE OTPUMAHO
EKCIEPUMEHTAIbHUM IUISIXOM 1 HAaCTUIbKK HaOJM)KEHE J0 ICTUHHOTO, IO
HOro BUKOPUCTOBYIOTH 3aMiCTh HBOT'O.

Pesynbrar BUMIpIOBaHHS O00OOB’SI3KOBO Ma€ CYINPOBOKYBaTHUCS
JaHUMH TIpO MOXHOKU BuMiproBaHHs AQ Ta BiporijHicTs i mosiBu P. OTxe,
pe3yabTaT BUMIPIOBAHHS Ma€ MICTHTH: YHCJIOBE 3HAYCHHS BUMIPIOBaHOL
BEJIIMYHMHY, OJIUHHIII BUMIPIOBAHHS, 3HAYCHHS MOXHWOKW 1 BIpPOTiIHICTH ii
nosiBu. Hanmpukian, U=1,15 B, AU=+0,05 B, P=0,95.

OcHoOBHI eJieMeHTH Mpollecy BUMIPIOBaHHS

06 ’exm sumipiogannus — e OB, sika Mae OyTH BUMipsHA.

3acobu sumipiosanns — 1€ TEXHIUHI 3aC00H, SIKI BUKOPHUCTOBYIOThCS
JUTSI BUMIPIOBAHHS 1 MAaIOTh HOPMOBAHY TOYHICTb.

Tlpunyun eumiproeanns — 1e CyKyITHICTh (DI3UUHUX SBHII, HA SKUX
0a3yIOThCSl BUMIpIOBaHHS.

Memoo eumiprosannsi — T CYKYIHICTh TPHUAOMIB, MPHHITUIIB 1
3aco0iB BHUMIpIOBaHHA, fAKa 3a0e3redye TOPIBHSIHHSI BHMIPIOBaHOI
BEJIMYMHU 3 OJMHUIICIO.

Ymoeu eumiprosanns — 1€ CyKynmHICTh BEIUYHH, SIKi BIUTMBAIOTh HA
BUMIpIOBaHHS (HAIpPHKIA, BUCOKI a00 HHU3BKI TeMIlepaTypH, BiOpariii,
MiABUIIEHUI a00 3HIKEHUH THCK, €IeKTPUYHI Ta MarHiTHI mois). Brmus
[IUX BEJIMYMH Ma€ OyTH BpaxoBaHUI a00 BUKITIOUSHUH.

JIroouna-onepamop — ocoba, sika MPOBOAUTH BUMIPIOBaHHS.

Kaacudikanis BumipioBanb

3a cnocobom 3HAX00dHCEHHA UYUCTIOB8020 3HAYEHHS BUMIPIOBAHOI
BENUHUHU BUMIPIOBAHHS PO3OLIAIOMbCA HA MAKI:

®  npAMi 8UMIpIO6ANHA — BUMIPIOBAHHS, IIPH SKUX IIyKaHEe 3HAYCHHS
BEJIMYMHU ) 3HAXOAATH 0€3M0CepeaHbO 3 JOCHIAHNUX JaHUX X, TOOTO y=X;

® HenpaMi 6UMIpIO6aHHs — BHUMIPIOBaHHSA, MNPH SKAX MIyKaHe
3HAa4YeHHS BEIMYMHM 3HAXOAATH Ha MiACTaBi BigoMOi MaTeMaTHYHOI
3aJIOKHOCTI MDK I1i€}0 BETUMYMHOIO 1 BeIWYMHAMH-apryMEHTaMH, SKi
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OTpUMaHi TpH TMPSIMUX BHUMIPIOBaHHSX. Hampuknaa, BUMIpIOBaHHS
HOTYKHOCTi P 3a BAMIPAHMMH 3HA4eHHAMH cTpyMy I Ta omopom R: P=R-I%;

® CymicHi 6UMIDIGAHHsS — OJHOYACHI BHUMIDIOBaHHS JBOX a0o
JIIEKUIbKOX HEOJHOIMEHHUX BEJIMYMH Ul 3HAXOMKEHHS 3aJIEKHOCTI MIXK
HUMU;

® CYKYnHi 6UMIpIOGaHHS - OJHOYACHI BHUMIPIOBaHHS JEKUIBKOX
OJTHOIMEHHUX BEIIMYHH, NMPH SKUX IIYKaHI 3HAYCHHS BEJMYWH 3HAXOAATH
IUISIXOM PO3B’SI3aHHSI CUCTEMH pIiBHSHB, SKa OTPUMAaHa TPH MPSIMUX
BHUMIPIOBAHHSIX Pi3HUX KOMOIHAIN [IMX BETHYHH.

Knacudgikanis noxunboxk BUMiproBaHHs

3a ¢popmoio supasicenns:

® abOCcoNOMHI — BUPAKAIOTHCS B OJUHHUIIX BUMIPIOBAHOT BEJTUYHUHU;
XapakTepU3yIOTh SIKICTh TUIBKA  OJHOPIIHUX BEJIWYUH MPHOIU3HO
OJTHAKOBOT'O PO3MIpY;

® iOHOCHI — LI BIAHOIIEHHA aOCONIOTHOI MOXMOKH 10 ICTHHHOTO
3HadeHHs BuMipoBaHoi BemuunHH OQ=AQ/Qi; =~ AQ/Q, 3a3BHuaii
BUPAXKAlOTbCSI B IIPOLIEHTaX. XapaKTepusye sKICTb BUMIPIOBaHb SK
PIBHOPIAHMX, TaK i OMHOPIMHUX BEIHYHUH PI3HOTO PO3MIpY.

3a npuuuno1o GUHUKHEHHSL:

e 00’€KTHUBHI — HE TIOB’sI3aH1 3 JIFOIHHOIO-OIIEPATOPOM;

e Cy0’eKTHBHI — OOYMOBIJIEHI €KCIIEPHUMEHTATOPOM, CTaHOM HOTO
OpTaHiB YyTTs, TOCBIIOM Ta iHIIIe. BOHM OIISFOTHCS HA TaKi:

e 1OXHOKHM pO3Mi3HABaHHI 00’€KTa BUMIPIOBAHHS — IIOB’SI3aHI 3
HEBIOBITHICTIO 00’ €KTa MPUHHSATIN MOIeNi;

e moxuOKku Meroga — OOYMOBIEHI HEBIAMOBITHICTIO MeTona
BHUMIpIOBAaHHS, HANPUKIIQ/, TOXHOKH BiJ] BIUIMBY 3aC00y BHMIpIOBaHHS Ha
BHMipIOBaHE KOJIO;

e IHCTpyMEHTaJbHI  TOXMOKM —  BUHHUKAIOTH  BHACIIJIOK
HEBIiIOBITHOCTI 3aCO0IB BUMIpPIOBaHHS, iX CXeM, KOHCTPYKIIii, CTaHy B
mporieci  ekcruryatamii. KodkeH 3aci0 BHMIpIOBaHHS XapaKTEPH3YETHCS
BJIACTUBOIO HOMY MOXMOKOIO, sIKa BXOAUTh Yy 3arajlbHy IOXHOKY
BHMIPIOBaHHSI.

3a 3axoHoMIpHOCMAMU BUABTLEHHS NOXUOOK:

e cucTeMaTHYHa — L€ CKJIAJoBa MOXWOKM BHMIpIOBAHHS, fKa
3aJIMILAETHCS MOCTIHHOIO a00 3aKOHOMIPHO 3MIHIOETHCS MPH TMOBTOPHUX
BHMIPIOBaHHSX OJIHIET 1 Ti€T )k caMoi BEJIMYMHU B TUX CAaMUX yMOBax. Skmio
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BOHA BUSBJICHA 1 JOCUTh TOYHO BH3HA4YeHA, TOAI i MOKHA BUKIIIOUUTH
LUISIXOM BBEICHHS MOMpPaBKX a00 MONPaBOYHOTO MHOKHHKA,

® BHIAJKOBA MOXHOKA — CKJIAJ0OBa OXUOKM BUMIPIOBAHHS, sIKa MIPU
MOBTOPHUX BHMIPIOBaHHSX B OAHUX 1 THX CaAMHX YMOBaxX 3MiHIOETHCS
BUIAIKOBUM YHHOM;

e rpyba nmoxmbka — moxuodKa, sKa CyTTEBO MEPEBUIIYE MOXUOKY, Ka
BUIPaBJaHA YMOBaMH BUMIpIOBaHH, KBami(hiKallicro eKCIepuMeHTaTopa.
MoXyTb 3’SIBUTHCSI BHACIIIOK Pi3K0i 3MiHM BEIMYMHH, SIKA BIUIMBAE Ha
pe3ynbTaT BUMIiproBaHHs. L{i MOXHOKH BHKITIOYAIOTHCS 3 PO3TIISY;

e MpoMax — € HACIIIKOM HENMpaBWJILHUX [ eKCIIepUMEHTaTopa,
HATpUKIIaJ], HEBIPHO 3alMCaHWi 1MOKa3, HEBIPHO 3HSATHH IOKa3 Ta iHIIE.
[Tpomaxu 3aBKIM BUKIIOYAOTHCS 3 PO3TIISLY.

3a munom eumiproganoi eruyunu.

® CraTW4YHI — NpPU BUMIPIOBAHHI HE3MIHHOI Yy 4Yaci BHUMIpPIOBaHOI
BEJINYHHU;

® IMHAMiYHI — TIPU BUMIPIOBaHHI 3MIHHOI y dYaci BHUMipIOBaHOL
BETMYMHU. BWHWKAIOTh BHACHTIIOK I1HEPIIMHOCTI BJIACTUBOCTEH 3acoly
BUMIpIOBaHHA. [l OIHKK JWHAMIYHOI TTOXHOKM HEOOXiTHO 3HATH
repenaToyny (yHKIIO 3aco0y BHMIPIOBAHHS, a TaKOXK XapakTep 3MiHHU
BUMIPIOBAHOI BEIMYNHH.
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2 3ACOBY BUMIPIOBAJIBHOI TEXHIKH

3aci6  eumipiosanvbhoi  mexwixu - TEXHIYHUH  3aci0d, sSKui
3aCTOCOBYETHCS TiJl 4Yac BHUMIpPIOBaHb 1 Ma€ HOPMOBaHI METPOJIOTIUHI
XapaKTePUCTUKH.

o 3acobie sumiprosanbHol mexHiKu 8i0HOCAMbCAL:

BUMIDIOBATbHULL NpuUcmpill - 3aci0 BUMIPIOBAJIILHOT TEXHIKH, B

SKOMY BHKOHYETHCS JIMIIE OJHA 31 CKJIaJIOBUX YacTUH IPOLEIypPH
BHUMIpIOBaHb(BUMIPIOBAJIbHA OIEpallis);

® 3aci0 eumiproganHs - 3aci0 BHMIPIOBAJIbHOI TEXHIKH, KU
peatizye npoueaypy BUMIPIOBaHb.

Buoinaroms maxi sumipiosanvmi npucmpoi:

Mipa;

BHMIpIOBAJILHHUN MEPETBOPIOBAY;
MacCIITaOHMIA MepeTBOPIOBAY;

KOMITIapaTop;

YUCJIOBUM BUMIPIOBaJILHUI TIEPETBOPIOBAY.

o 3aco6i6 sumiprosamnv 8IOHOCAMb:

BUMIPIOBAILHI TIPUJIAITH;

aHaJIOTOB1 BUMIPIOBAJIbHI TIPHITAJIH;
¢ POBi BUMIPIOBAIBHI PUJIAIH;
peecTpyBabHi 3acO0HM BUMIPIOBAHb;
aHajoro-1u@poBi mepeTBoproBadi;
BHUMIpIOBaJIbHI KaHAIH;

BHUMIPIOBaIIbHI CHCTEMH,
BHUMIpIOBaJIbHI iH(OpMAIliiiHI CHCTEMH.

BumiproBanasni mpuctpoi

Mipa - BUMipIOBaJIBHHNA MIPUCTPIiA, IO pealtizye BinTBOpeHHs Ta(abo)
30epiranHs ()i3WYHOI BENWYMHM 337aHOr0 po3mipy (puc. 2.1), ge NX -
YHCIIOBE 3HaYeHHS (i3M4HOI BenMYMHHU, MmO Oyxe BimTBopeHo; Xn -
BiaTBOpeHA (Pi3MYHA BEIWYMHA.

Mipa X

M

Pucynok 2.1 — CrpykrypHa cxema Mipu
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3a KinvbKicmio GUXIOHUX KAHALIE Mipu 0Y8aOmb !

e OJHOKaHAIbLHI;

e (OaraToKaHaJIBHI.

3a pecyrvosanicmio uxioHoi eenuduHU:

® peryiaboBaHi;

® HE peryiaboBaHi

Buou mip:

® 00HOKAHATILHA HEpe2yIbo8aHd O0OHO3HAYHA Mipa - BIITBOPIOE
BEIMYMHY OJTHOTO CTAJIOr0 33JaHOT0 3HAYEHHS.

® 0OHOKAHATLHA pezyTb08aHa 0a2amo3HayHa Mipa - BIITBOPIOE Y
JaHUH MOMEHT 4Yacy BEIMYMHY OJHOI'0 3HAYCHHS.

® OacamoxananbHa — Hepe2yibosaHa — bazamosnauna  mipa  —
BIATBOPIOE OJHOYACHO [EKIIbKa OJHOPIAHMX BEIMYMH 13 3aJaHUMHU
CTaJIMH 3HAYCHHSMHU.

® 0a2amoKaHANbHA KOOOKEPOBAHA pe2ylbo8aHa 0OaA2amo3HauHa
Mipa - BIOTBOPIOE OAHOYACHO ACKUTbKA ONHOPIAHUX BEIHYMH, PO3MIpH
SIKUX MOXKYTh 3MiHIOBATHCS.

Bumiprosansuuii nepemeopioéau - BUMIPIOBATBHUN TPHUCTPIH, IO
peanizye TEpPeTBOPEHHS BXIAHOI (I3UYHOI BEIWYMHH Y  BHUXIIHY,
(bYHKITIOHATIBHO 3 HEIO TOB s3aHY.

Knacugixayis sumiprosanbHux nepemsopiosayis.

3a cmpyxmyporo nobyodosu:

e BII npsamoro neperBoOpeHHs;

e BII 3piBHOBa)KyBaJIbHOT'O TIEPETBOPEHHS;

3a 3minot0 pody 8UxiOHOI genuyUHU:

e BII 6e3 3minu poxy ;

e BII 3i 3MiHOO POy BUXIAHOI BETUIHHH;

3a xapaxmepom peanizo8anoi 3a1eHCHOCHI:

e  JIIHINHI;

e  HeIHINHI;

3a KinvKicmio KaHania:

® OJHOKAaHAIbHI;

e OaraTtokaHajbHI;

3a sudom euxionoeo cueHany:

® TapaMeTpUYHI;

® TreHEepaTOpHI.
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Komnapamop - BuMipioBanbHUI PUCTPIH, IO peastizye MOPIBHIHHS
OJHOPITHHUX (I3UYHUX BEITHYUH.

Tlopisnsnns - BUMIPIOBAJIbHA OIEpallis, 1O MOJIATAE y BimoOpakeHH1
CHIBBITHOIIEHHS MK PO3MipaMH JBOX OAHOPIAHUX (I3UUHMX BEIUYHH
BIJINIOBIIHUM BUCHOBKOM: OijIbIlIa, MEHIIIA YH OJTHAKOBA 32 PO3MIPOM.

Buou xomnapamopia:

e 3 BiHIMaHHSM;

® 3 KOMYTAIII€lO;

® OJIHOKaHAJIbHI,

e OaraTokaHaJbHI.

Macwmabnuii nepemeopioeau - BUMIPIOBAJILHUI TMEPETBOPIOBAY,
SKAW peaji3ye JiHiiHE BUMIPIOBAIbHE MEPETBOPEHHS BXITHOI BENWYHHU
0e3 3MiHM poay.

Koedimient macmradyBanHs Kmim € OCHOBHOIO XapaKTEPHCTUKOO
MacIITaGHOro MepeTBOpeHHs. Moro uncioBe 3HaueHHs MoXKe OyTH:

e Kwmmr>1 — mifgcuaeHHs;

e Kwmn <l — noca0iieHHs;

e Kwmm =1 — nmoBTOpeHHSI.

Buou macuumabnux nepemeoprosauis.

® OIHOKAaHAJIBHUU HEPETyJIbOBAHUN;

® OIHOKAHAJIBHHUNA KOJOKEPOBAaHUN PEryIbOBaHUM;

e (araToKaHaJHHHI HEPEryIbOBaHUMH;

e (OaraToKaHaJBHHI PEryIhOBAHHM.

Yucnoeuii 6umipiosansnuii nepemeoproeay - BUMIPIOBAIBHHI
MPUCTPii, IO € CYKYIMHICTIO 3aco0iB OOYHMCIIOBANBHOI TEXHIKM Ta
MPOrpaMHOTro 3a0e3MedeHHs] 1 BUKOHYE OOYMCIIOBANIbHI Omeparii mia gac
BHMIpIOBaHb

Yucnose sumiproganvie nepemeopenns (YBII) — mue omeparis
OOYHCIIEHHS TPOMDKHHUX PE3yJbTATiB BHMIPIOBAaHb 3 METOI0 OTPUMAaHHSI
OCTaTOYHOT'O PEe3yJIbTaTy

3aco0u BUMIpIOBaHHS

e BumiproBanpHHMI Tpmiag - 3acid BHMIpIOBaHb, B SKOMY
CTBOPIOETHCS Bi3yallbHUM CUTHAJI BUMIpPIOBaJIbHOI iH(OpMallii.

e AHanoroBuii BUMIPIOBJIHUIA MPHUIIAJ - BUMIPIOBAJIBHUMN IpUiIaf,
B SKOMY Bi3yaJIbHMH CHUTHAaJ BHMIpIOBaJbHOI iH(opMamii momaeTbes 3a
JIOTIOMOT'OI0 IIKaJIM Ta BKa3iBHUKA.
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e [ludpoBuii BUMiproBanbHUI NpHiIaja - BAMIPIOBAIBHUNA NPUIa, B
SKOMY Bi3yaJbHMH CHUTHalN BUMIpIOBaIbHOI iH(opMmalii momaeTbca y
BHIJISIL I UM CUMBOJIIB Ha MMOKA3yBaJIbHOMY MPUCTPOI.

e Ananoro-nu(poBHii MEPETBOPIOBAY - 3aCi0 BUMIPIOBaHb, B IKOMY
CTBOPIOETHCS KOJIOBHI CHUTHAJI BUMIPIOBAIILHOI iH(OpMaIIii.

e PeectpyBanpHUi 3aci0 BUMIpPIOBaHHS - 3aci0 BUMIpIOBaHHS, B
SIKOMY PEECTPYETHCSI CHUTHAJ BUMIPIOBAIBHOI iH(pOpMAITii.

¢ BuMiproBaJllbHUI KaHall — CyKYIHICTh 3aCO0IB BHUMIpPIOBAJIBEHOI
TEXHIKH, 3aC00iB 3B'fA3Ky Ta IHIIMX TEXHIUYHUX 3acO0iB, MpPU3HAYCHA IS
CTBOPEHHSI CHUTHAIy BHMIPIOBaNIbHOI iH(OpMAaIlii PO OIHY BUMIpPIOBaHY
(Gi3U4HYy BENUYHHY.

e BumMiproBaJibHa CHUCTEMa - CYKYITHICTh BHUMIPIOBILHHX KAaHAIIB,
BHUMIpPIOBAJIbHUX MPUCTPOIB Ta IHIIMX TEXHIYHUX 32c00iB, 00 €MHAHUX IS
CTBOPEHHSI CHUTHAIIB BUMIpIOBAIBHOI iH(QOpMaIii mpo Jekinpka Qi3muHuX
BEJINYHH.

e BumiproBanpHa iH(popMaliiiHa cucTeMa - CYKYIHICTh 3aco0iB
BUMIPIOBAJILHOI TEXHIKH, 3aCO0IB KOHTPOIIO, MIaTHOCTYBAHHS Ta IHIIAX
TEXHIYHUX 3aCc00iB, 00 €THAHUX IS CTBOPCHHS CHUTHAJIIB BUMIPIOBAIBHOI
Ta IHIIKMX BUIB iH(OpMAIIii.
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3 METOJAX BUMIPIOBAHb TA METPOJIOTTYHI
XAPAKTEPUCTHUKHA

MeTtoa BUMIpIOBaHHSl - CYKYIHICTh CIIOCOOIB BHKOPHUCTaHHS
3ac001B BUMIPIOBAIBHOI TEXHIKM Ta MPUHLIMITY BUMIPIOBaHb JJIsl CTBOPEHHS
BHMIPIOBAJILHOI iH(POpMAIIii.

MeToam BuMmipHwBaHL

JicTaBneHHA 3pIBHOBAK YBAHHA
Homniyca 1 Hunde penuiiinmnii
Komunaenmi — Hyneosmii
— 3amileHHsA

Pucynok 3.1 — Knacudikauist METO/iB BUMipIOBaHHS

Memoo 3icmagnenns - METON PSIMOTO BUMIPIOBaHHS 3 OJHOPA30BUM
MOPIBHSAHHSAM BHMIPIOBAHOI BEJIMYMHU 3 yCiMa BHUXITHUMH BETHUIHMHAMHU
0araTo3HaYHOI HEPEryIbOBaHOI MipH.

Memoo HoHiyca (mMemoO 00HO20 30icy) - METOH TPSMOTO
BUMIPIOBaHHS 3 OIHOPa30BUM TOPIBHSHHSAM BHUXIJHUX BEIUYHH [BOX
0araTo3HaYHNX HEPETYIhOBAHUX MIp, 3 PI3HUMH 33 3HAYEHHSM CTYIICHIMH,
HYJIbOBI TMO3HAYKH SIKUX 3CYHYTI MK COOOI0 Ha BUMIPIOBaHY BEIHUUHY.

Memoo koinyudenyii (memoo noositHo2o 30icy) - METOH TPSMOTO
BUMIPIOBaHHS 3 OJIHOPA30BMM MOPIBHSAHHSAM JBOX KBAHTOBaHUX (Di3MUHUX

BEITMYMH: BUMIPIOBAaHOT Ta BIZITBOPIOBAHOT 0araTo3HaYHOIO
HEperyab0BaHOI MIpOIo.
Memoo 3pieHogadicyéanHs - METOH TMPSIMOr0 BUMIPIOBaHHS 3

0araTopa3oBUM IOPIBHSHHAM BHMIPIOBAHOI BETYMHU Ta BEJIMYMHH, IIO
BiITBOPIOETHCS PETYIIHOBAHOIO MIpOIO, 10 iX TOBHOI'O 3PIBHOBAKEHHS
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Hugepenyitinuii memoo (piznuyesuti memod) - METOJl BUMIPIOBaHHSI,
3a SKMM HEBEJMKA PI3HUIS MK BUMIPIOBAHOK BEIMYMHOI Ta BUXITHOO
BEJIMYMHOI) OJHOKAHAJIBHOI MIpH BUMIPIOETHCS BIJIOBITHUM 3aCO00M
BHUMIPIOBaHHSI.

Hynvosuii memoo - MeToji BUMIPIOBaHHS, 3a SIKHM BiJITBOPIOBaHY
MIpOIO BEIMYMHY XN POOJISATH PEryNbOBAHOI0, a Pi3HULIIO0 AX TOBOISATH A0
HyJs. BucokouyrnuBuii 3acid BUMIpIOBaHHS (HYJb-IHIUKATOp) B LEOMY
MeToIi (piKCye MOMEHT piBHOCTI X=Xn

Memoo 3amiwennss - 1€ METOJ HENPSIMOro BHUMIPIOBaHHS 3
0araTopa3oBUM TIOPIBHSHHSAM JIO TOBHOTO 3PIBHOBAXXEHHS BHXIIHUX
BEJIMYMH BUMIPIOBAIBHOIO MEPETBOPIOBAYA 3 TIOUEPIOBUM IEPETBOPEHHSIM
HUM BHMIPIOBaHOI BEIMYMHU T4 BUXIJIHOT BEIMYMHHU PEryIbOBAHOI MipH.

MeTpoJioTiuHi XapaKkTepuCTHKH
Memponozciunumu Ha3HUBalOTh XapaKTEPUCTUKHU 3aco0iB
BUMIPIOBAJIbHOI TEXHIKM, SKi HOPMYIOTBCS UIsI BU3HAYCHHS pPeE3yiIbTaTy
BHUMIpIOBaHHS Ta #oro moxuboxk [1,3].
OcHOBHI QUHAMIYUHT MEMPOSIOSTYHT XAPAKMEPUCTUKIL.
nmudepeHIliitie piBHIHHS;
repenaToyHa QyHKITiS;
TepexiTHaxapakTeprUCTHKA;
IMITyJIbCHA XapaKTepUCTHKa;
aMILTITYTHO- 1 ()a309aCTOTHA XapaKTePUCTHUKH.
OcHO8HI cmamu4ti Mempoa02iuHi XapaKmepucmuKu.
(hyHKIIis IEpETBOPEHHS,
YYTJIUBICTB;
IiHA MMOIIIKH;
TIOPIT Yy TJIMBOCTI;
IIBUIKOIIS;
Jiara3oH MOKa3iB i /Tiarna3oH BUMIPIB Ta iHIIII.
Qynkyicto nepemsoperts HA3UBAIOTh 3AJISKHICTh MK BUXITHOWO (Y)
Ta BXiIMHOW (X) BEMUYMHAMH 3ac00y BUMIPIOBANBHOI TexHiku. DyHKIIis
TIepPETBOPEHHS MOXe OyTH TIoJlaHa Y BUTIIS I TabuIl, Tpadika, hopMyIH.
AnanmiTHYHa 3aJISKHICTh BHUMIPIOBAJBHOTO IE€PETBOPEHHS, IO
BXOAWTH JI0 CKJaay 3aco0y BUMIpDIOBAaHb 1 ONMHCYE 3B SI30K BUXITHOTO Ta
BXIJJTHOT'O CUTHAJIIB, HA3UBAETHCS pigHsaAHHAM nepemsoperns Y =f(X).
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I'padiune momanHs GyHKUIT MepeTBOPEHHS HA3UBAIOTh CIMAMUYHOIO
Xapaxkmepucmuroio.

Yymaueicmo (S) - BIJHOLICHHS 3MIiHU BHUXITHOT BETHYUHU 3aCO0y
BUMIipIOBaHb (AY) 10 3MiHH BXiTHOT BETUYUHH, 10 i1 BUKIHKAE (AX).

Bennunny, 06epHEeHy 0 UyTIAMBOCTI, HA3UBAIOTD YiHOW NOOLIKU.

Topic yymnusocmi - HaiMEHIIIE 3HAYCHHSI BUMIPIOBAHOI BEJIUYMHU,
sIKE MOXe OYTH BHSBJICHE 3aCO00M BUMIpPIOBaHb.

3ona neuymausocmi - JNiana3oH 3HAYECHb BUMIPIOBAHOI BEIIMYUHU, B
MeKax sSIKOTO ii 3MiHM HE BUKIIMKAIOTh 3MiHU ITOKa3y 3aC00y BUMIpPIOBaHHSI.

ianason noxasise - iHTEpBaJ 3HAYCHb BUMIPIOBAHOI BEJIMYMHU, SKUAN
00MEXEHHUI TOYaTKOBUM Ta KIHIIEBUM 11 3HAYEHHSIMU.

ianason eumipiosans — IHTEpPBAJ 3HAYCHb BUMIPIOBAHOI BEIMUYMHH,
B MEKaX SIKOTO TIPOHOPMOBAH1 MOXUOKH 3aC00Y BUMIpPIOBAHb.

lIsuoxodis - dac, BUTpPayeHW! Ha BUMIPIOBAHHS, I SKAM
PO3YMIIOTH TPOMDKOK 4Yacy 3 MOMEHTY 3MiHU BHUMIPIOBAHOI BEJTMYUHH JIO
MOMEHTY BCTAHOBJICHHS [10Ka3y IpUIaLIy.

Iloxas - 3HaYEHHS BUMIPIOBAHOI BEIMYMHH, CTBOPEHE 3a IOIIOMOI OO
3aco0y BUMIPIOBaHb Ta MOJIAHE CUTHAJIOM BUMIPIOBAIIEHOT iH(pOpMaIrii.

Yac ecmamnoénenns - IHTEpBANT 4Yacy BiI MOMEHTY IIOYaTKy il
BXIIHOTO CHUTHally 10 MOMEHTY, KOJM IIOKa3 JOcAra€ 1 3ajJUIIA€ThCs B
CepenuHi IOBHUX MEX HaBKOJIO YCTAJCHOrO 3HAYEHHS.

Knac mounocmi — 1e 4mcio, SKe € MaKCHUMaJIbHO MOXKIIMBOIO
MOXHUOKOI0 TPHIAAy, fKa BHPKEHA B TPOIEHTaX BiJ HAHOUIBIIOTO
3HAYCHHS BEJTMYHHHY, SIKa BUMIPIOETHCS Y IIHOMY Jiama3oHi Ipuiamy.
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4 ETEKTPOMEXAHIYHI BUMIPIOBAJIbHI
MPUJIAIN

EnexTpoMexaHiYyHMMH  Ha3UBAaIOTh aHAJIOTOBI  BUMIpIOBAJBHI
MpHUJIaIH, B IKUX BXi/lHA €EKTPUYHA BEIWYHHA NIEPETBOPIOETHCS B JiHIHE
a00 KyTOBE MepeMillieHHs] pyXOMOi YACTHHU BHMIpPIOBAJIbHOTO MEXaHI3MYy.

EnextpoMexaniyni mpuiagyd mpsMoi Aii OyAyIOTbcs 3a CXEMOIo,
MIOKa3aHO0 Ha PUCYHKY 4.1.

o * o " . . - ~
X ‘ BumipoBanbHe X BumiptoBansHWiA o | Bignikosui
Kono MexaHiam - NpUCTPIA

Pucynok 4.1 — CtpykTypHa cxema MoOyJ0BH €JICKTPOMEXaHIYHIX MPHIaiB IpsIMOT
Iii

BuwmiproBansanit  MexaHisMm (BM) ckmamaetees 3 pyxomoi i
HepyxoMoi 4acTHHHU. PyxoMa YacTHHa BCTAHOBIIOETHCS Ha KepHax (pHC.
4.2, a), posTskkax (puc. 4.2, 6) i migsicax (puc. 4.2, B) [1, 2].

%

Pyxoma Pyxoma Pyxoma
yacTuHa YacTuHa 4YacTuHa
7
a) 0) B)

Pucynok 4.2 — CTpyKTypHi CXeMH 3aKpIIUICHHs] PyXOMOi YaCTHHH BUMIpPIOBaIbHOTO
MeXaHi3My

VY3arajgpHeHa CTPYKTYpHa CXeMa PyXOMOi YaCTHHHU BUMIPIOBAIBHOTO
MeXaHi3My IOoKa3aHa Ha pucyHky 4.3, ne 1 — miam sTHUKH, 2 — BiCh, IO
3aKIHYYETbCS KEpHaMH, 3 — NpOTHUBard, 4 — NPYXKHHA, IO CTBOPIOE
NPOTUIIMHUN MOMEHT, 5 — cTpijiKa (BKa3iBHHUK), 6 — IIKaJa.
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S
Pucynok 4.3 — V3aranbHeHa CTpyKTypHa cxema pyxoMoi yactuau BM

PiBHSIHHSI pyXy PYXOMOi YaCTMHH BUMIPIOBAJILHOTO MeXaHi3My
JloOyTOoK MOMEHTY iHepIlii Ha KyTOBE NMPUCKOPEHHS TOPIBHIOE CyMi
MOMEHTIB CHJI, 1110 JIFOTh Ha T1JIO BIJIHOCHO TIE€T caMoi OCi.

2 2
da 1 d“a
J ?-:ZMJ' J=—5 =My +Myp + My + My,
dt=  i=1 dt~
dW,
i M, g=—0=
OEepTam HHE MOMEHT 06 =" 4o
IMpoTHniAEHE MOMEHT Mpp == W - @
do
M oMeHT 2acIoK0eHEA M,=-P T
I omexT TEpTA M =k .Ggl3
3 o= f(t)
- W,
Jd ? + Pdu+wm.u+k -(_}'-S:d £
dt~ dt do Mos =M
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VY piBHSHHSIX BKHBAIOTHCS TaKi TO3HAYCHHSL:

We - enexkTpoMartitHa eHepris;

Wit —utomMuii poTHAINHANA MOMEHT;

P — koedimieHT 3aCIOKOEHHS, SKUH 3aJ€KHUTh BiJ KOHCTPYKIii
PyXOMOI YaCTUHU

K — koediuienT nmponopiuiitHoCTi;

G — Bara pyxoMoOi YaCTHHH BHMIpIOBAJILHOTO MEXaHI3MY.

SKuo po3B’si3aTy 1€ PIBHSHHS Ui KOHKPETHOTO BUMIpPIOBaJIbHOTO
MEXaHi3My, TO MOYKHA OTPUMATH 3aJISKHICTh 3MIiHU KyTa ITOBOPOTY B Yaci.

B cratuunomy pexumi poOOTH BHMIPIOBAILHOIO IEpPETBOpPIOBAYA
o0epTanbHUiA 1 MPOTHAIHHII MOMEHTH 3PiBHOBasKEHI.

4.1 MarHiToe1eKTpUMYHi BUMIpIOBATbHI NPUIagu

ITo3HaueHHs Ipunyun 0ii OCHOBaHMW Ha B3aEMOJIi TIOJIS
MOCTIHOT'O MarHiTy 3 MarHITHUM TIOJIEM PaMKH
(KOTymIkn), IO SKiM TPOTIKae BUMIPIOBAHHMA
CTPYM.

Pucynok 4.4 — CTpykTypHa cxeMa MarHiTOEIeKTPHIHOI0 BUMIPIOBAIEHOTO TIPHIALY
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Ocnoeni enemenmu koucmpykyii (puc. 4.4):

1 — nomrocHi HAKOHEYHHUKH MOCTIHHOTO MarHiTY,
2 — paMKa 3 Mi/IHOi Y1 aJTIOMiHI€BOT TPOBOJIOKH,

3 — mpyXuHa, IO CTBOPIOE MPOTUAIHHUI MOMEHT,
4 — crpinka (BKa3iBHHK),

5 — mkana.

Pisnauna nepemsopenns.

Mg =—" We=", 1
da
dW,
M ol dﬂL = o | "I"U =BSw
Mpp =Wy a
M og =Mpp BSwl=W_ ., «
BSw . BSw
= -1 u,:S.] -1, 5| =
Wi Wir
Ilepesacu:

e Bucoka 9yTIuBICTh

e Maure cio)XHBaHHS €HEPTii Bil 00 €KTa BUMIpIOBaHHS

e Maumii BIUIMB Ha TIOKA3H MPHJIAiB 30BHIITHIX MarHiTHUX MOJIB

Heoounixu:

e HeMOXIUBICTh BUMIPIOBaHHS 3MIHHHUX CTPYMIB (0€3 J101aTKOBUX
MIepEeTBOPIOBAYIB)

e Mana 31aTHICTB JI0 TepEeBaHTaKEHb

e BigHOCHO BHCOKa BapTiCTh

e CxiaIHicTh BUMIPIOBAJIEHOTO MEXaHIZMY
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MarmniToejieKTpUYHI aMIepMeTpH

BM
I\l RM
oL
L Al ’"U"
1 Ry,
% ﬂ’_
e —— e
1.
PI/ICyHOK 45 — Cxema 3 napajieJIbHUM BMUKAHHSAM JOAATKOBOI'O OIIOpYy Ta

BUMIpPIOBAJIBHOrO MexaHizMy (BM)

I=1,+1,; I, R,=I,R,.
KoedimieHT nryHTYBaHHS N
I/l,, = n.
Onmip mryHTa
Ru=R,/(n-1).

MarsitoejieKTpHYHi BOJIbTMETPH

z |

Um BM
U R\I

. R;
l_r.Jll i |

 J ]

&F

Pucynok 4.6 — Cxema 3 TOCHIIOBHUM BMHKAaHHSM JOJAaTKOBOIO ONOPY Ta

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

Koedirient aimeHHs m
m = L/,

Onip 10AaTKOBOTO pe3uCTOpa

R,=R,{(m-1).

MarHniToejieKTpUYHi OMMeTPH

G
—&

Pucynok 4.7 — Cxema 3 MOCHiIOBHUM BMHKAaHHSIM BHMIPIOBAHOIO OIOpPY Ta
BHMIpIOBaJIbHOTrO MexaHizmy (BM)

I E
Ry +Ry+R’

Pisnanus nepemeopenusi.




“ /L
ET /]\
BM R,,
Rx
1
. Y
—s o
Pucynox 4.8 — Cxema 3 mnapajenbHUM BMHKaHHSAM BHMIpIOBAHOTO OIOPY Ta

BHMIPIOBAJIBHOTO MEXaHI3My

Pisnaunsa nepemsopenns.

i

=, -1

~ 5-E R S;-E-Ry
RH'RK + w.i"'Rx RM'R.\:'E'RJ":RM"'RJ(‘JP

R.l
Ry +Ry

Bunpsimui npuiaau

ITo3nauenus

i

Jost MIPOBEACHHS BUMIPIOBaHb
MarHiTOeIeKTPHIHIMHI NpUIIaIaMA Ha
3MIHHOMY CTpymi BHKOPHCTOBYIOTh
MIEPETBOPIOBaYi 3MIHHOT'O CTPYMY Y TIOCTIHUIA.

Buou nepemsoprosauis:

®  BUIIPSIMHI IPUJIAAN

® TEpPMOENEKTPUYHI MpHUIIaIn
®  CIEKTPOHHI MPUIIAIH.
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Bunpswmni  mpunaou — ue  TOEAHAHHS — BUOpAMIIAYA 3
MAarHiTOCNEKTPUYHUM BUMIpIOBaJILHUM MexaHi3MoM (BM).

3a3Buuail y BUIPSAMIIAYaX BHKOPUCTOBYIOTH HAITIBIIPOBIIHUKOBI
IIOIH.

Hanisnposionuxosi  dioou — 1e JBOCIEKTPOAHI  €ICMEHTH
SNEKTPUYHOTO KOJia, SIKUM BIIACTUBA OJHOCTOPOHHS MPOBITHICTH CTPYMY,
mo OOyMOBJIEHa BIACTUBOCTSIMU JIBOIIAPOBUX  HAMIBIPOBIIHUKOBHX
CTPYKTYp Ha OCHOBI P-N TIepexomy.

Unp PN nepexig

—N 5 J
Hanpam cTpymy

AHOA P N Katopn

Pucynok 4.9 — YMoBHe rpagiuHe no3HaueHHs

OononienepioOHULl GUNPAMIISAY
i

—_— _ .
- — — - — — Al -+ +
t
VD1 VD2 Bx n >
& A
~N~ u BM I
3
R, R| |l
— Bux t
—_—— > —_ — > 0 T2 T 32T

Pucynok 4.10 — Cxema OHOIIBIIEPiOJHOrO BUIPSAMIISYA T YACOBI AiarpaMu

Pisnanus nepemeopenns

azw -

T
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eonienepioonuti sunpsmisy

D | Wi
i
&
~~u
&
—_———— ‘t
- 0 T/2 T 32T

Pucynok 4.10 — Cxema ABOITIBIEPiOTHOTO BHIIPSIMIISTYA Ta YACOBI JliarpamMu

MomMeHT o0epTalbHHI CePeaHIMN:

1t 1t 1t
M06.cp. :¥J.Mo6(t)‘dt:¥ij01(t)‘dt:lPO ?Il(t)'dt:TO 'Icpa
0 0 0

PiBHSHHS TTepeTBOpPEHHS

¥
a=—"-T,
WHT
VD1 VD3
VD2 VD4
R, R/:l
— —y
N | —>
a)

Pucynok 4.11 — Cxemm po3ImIMpeHHsS MeX BHMIPIOBAaHHSA 3a CIpyMoM (a) Ta
Hanpyrom (0)
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Jnst po3mMpeHHsT MEX BHMIPIOBAaHHS 32 CTPYMOM 3aCTOCOBYIOTH
LIYHTH, SIKi MIAKITIOYEH] MapaleibHO 0 BUMIPIOBAJILHOTO MexaHizmy. Jlis
PO3LIMPEHHST ME&X BHUMIPIOBAHHSI 32 HANpPYIOK 3aCTOCOBYIOTH JOJATKOBI
pe3UCTOpH, SKI  MIAKIIOYAIOTBCS  MOCTIIOBHO IO BHMIPIOBAJILHOTO
MEXaHi3MY.

TepmoesiekTpu4Hi NpuIagn
ITozHaueHHs

-

Tepmoenexmpuuni npunadu — 1€ TOETHAHHS TEPMOEIEKTPUIHOTO
TIepeTBOPIOBaYa Ta MarHITOCIEKTPHIHOrO BM.

Tepmoenekmpuunuii nepemeopro8ay MIpU3HAYCHHUH TUTST
IIePETBOPEHHS BUMIPIOBAHOTO 3MIHHOTO CTpyMy B mocTiitHy EPC, ska mie

Ha BUMIpPIOBATHHIH MEXaHI3M.
TepmoriepeTBoproBay SBIIsI€ COO0I0 HarpiBad 1 Ta Tepmortapy 2.

BM BM BM
TIT —E TIT _!E
\ /2 >V<\2 2
— ( — N A_A_S
a) 6) B)

Pucynok 4.12 — CxeM# i JKITIOUSHHS TepMOIIEPETBOPIOBAYA!

a) Oe3nocepe/iHiil KOHTAKT HarpiBaya i TepMornapu;

0) KOHTaKT HarpiBava i TepMonapu Yepe3 eaeKTPOoi30MoBaTbHIN MaTepial;
B) OaTapesi TepMOIepETBOPIOBAYIB.

Tepmonapa — ue TPUCTPIM AJsl BUMIPIOBaHHS TEMIIEPATYPH, SIKHA
CKJIAZIAE€ThCSL 3 JBOX PI3HOPIAHMX INPOBIAHMKIB, SIKIi KOHTaKTYIOTb MIX
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co0010 B JEKiNBbKOX ab0 OAHIN TOYI, SIKi 1HOJ1 MOENHYIOTh KOMIIEHCALiHH1
MIPOBITHUKH.

Pucynok 4.13 — ®oro Tepmomnapu

a= S['IT

I;=E/R, E=KAT AT=KI’

I; = E/R, = K-AT/R,, = K-K1-I¥/R,..

Y Y, -K-K
o=—"2. [T =0 ™ T 2
WI'IT WI’IT ) R'H
S| — uymmBicte 3a crpymom; IT — crpym Ttepmomapu; E —

enekrpopymriitHa cuna (EPC); Ru — omip xona Tepmomapu; AT — pizHUIS
TeMIepaTyp Tapsdoro Cramp TepMmomapu i ii XomomHwmx KiHmiB;, Kt -
KOe(IIiEHT, IKII BU3HAYAETHCS XapaKTEPHUCTUKAMH TEPMOIEPETBOPIOBAYA;
K — xoedimieHT mpormopiiiHoCTi.
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4.2 EnekTpoMarHiTHi BUMipIoBajbHi Npujiaau

IToznaueHus Ipunyun 0Oii OCHOBaHWI Ha B3aEMOIIi
MAarHITHOTO TIOJISl, SIKE CTBOPIOETHCSI CTPYMOM B
HEPYXOMiii KOTYIIIII, 3 pPyXOoMUM
(hepoMarHiTHUM OCEpIsIM.

Pucynok 4.14 — CtpykTypHa cxeMa eleKTpOMarHiTHOrO BUMIPIOBAIBHOTO MPUIIALy

Ocnoeni enemenmu koncmpykyii (puc. 4.14):

1 — karymika (pamka),

2 — ¢epoMarHiTae oceps;

3 — BiCh, IO 3aKIHYYETHCSI KEPHAMU;

4 — cripanpHa TIPYKHUHA, 110 CTBOPIOE IPOTHIIHUI MOMEHT ;
5 — MOBITPSHUI 3aCMTOKOIOBaY.
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PiBHsIHHS IepeTBOpeHHS
W, = L1%2,
dw, 1 dL 2

M..~=
06 da 2 da

obep A a4 J‘lz 'dl
P2 da Ty

Ilepesacu:

® MOXJIMBICTH 3aCTOCYBaHHS B KoOJaX MOCTIHHOrO 1 3MIHHOT'O
CTpyMmy;

® IIPOCTOTa KOHCTPYKITIi;

e HaIIiHICTB;

® 3/1aTHICTH /10 [IEPEBAHTAXKEHb;

® HH3bKa BapTICTh.

Heoonixu:

e BeIWKE BJIACHE CHOXXKHUBAaHHS TOTYXHOCTI Big 00 ekra
BUMIPIOBaHHS;

e Majia TOYHICTE,

e MaJa 9yTJIUBICTb,

® CIUIbHWH BIUTMB 30BHIIIHIX MarHiTHUX moiiB. Jns 3axmcry
BHKOPHCTOBYIOTh (DepOMarHIiTHUH eKpaH a00 BUKOHYIOTh ACTATUYHHUMHU.

4.3 EnexkTpoauHaMiyHi BUMipIOBaNbHi npuiagu

Ilo3nauenusa Ilpunyun Oii oCHOBaHWUN Ha B3aEMOIl
MONiB  pyXoMoi 1 HepyxoMoi KOTYIIOK 3i
CTPYMaMH.

OcHoegni enemeHmu KOHCMPYKYii
EnexrpomuHamiyHUi BEMIpIOBAaIbHHUNA MEXaHI3M MICTUTh HEPYXOMY
KOTYIIKY |, IIO CKJIaJaeThCsl 3 OBOX IOJOBHH, 1 PYXOMY KOTYIIKY 2,
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3aKpIiIUICHy Ha Oci ab0 pO3TsHKKAxX y cepeirHi Hepyxomoi. [l cTBOpeHHs
HOPOTUIIFOYOr0 MOMEHTY 1 MiZBEACHHS CTPyMy JO PYXOMOI KOTYIIKA
BHUKOPHUCTOBYIOTBCS CITIpabHI PYKHUHH.

3 b
2
1
- I T
B = -
11 = - - H
SSNENE= H
3355 :
I l
S SE =
no [H_E =
- s -
ﬁ— L | ol
Pucynok 4.15 — CrpykrypHa cxeMa eNeKTPOIMHAMIYHOTO BHMipIOBAIILHOTO
npUIIaLy

Pisnanus nepemeopenns
2 2
Ly-1 Ls-1
Ll | La-15

W, T T‘+M-l1-[3

dW, dM

Mg=—MX=]-.1,.—

ob da 142 da
11 1L dMm dM
M. z..=—|M_(t)-dt=—= |1} 17 —dt =1y - |5 - cosp—
ob cp T{{ m(:’ T{]l 2 do 1 "2 iﬁdu

II 'IJ 'CDS'LPd_:wm':"-

d
Q—L-] -1, -cosp—
W 1012 ‘-Pd
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llepesacu:

® MOXJIHBICTh MOOYIOBH Ha 1X OCHOBI BaTMETPiB.

® O/IHAKOBi IMOKAa3M Ha IMOCTIHHOMY 1 3MIHHOMY CTpyMi, IO
JI03BOJISIE 3 BEJIMKOIO TOYHICTIO TPAAYIOBATH iX Ha IOCTIHHOMY CTPYMI.

e CTaOUIBHICTH MOKA3iB y Yaci

e i3-3a BificyTHOCTI (hepOMAarHiTHUX OCEP/Ab MOXUOKH BiJl BUXPOBUX
CTPYMIB Ta TicTepe3nc BifICYTHI.

Heoounixu:

® HEBUCOKAa YYTJIHBICTb.

® BEJIHKE BJIACHE CIIOKUBAHHS MOTYHOCTI.

® UYTIHBICTH JI0 IEPEBAHTAKCHb.

— —= # ( {

a) 0)
Pucynok 4.16 — AmnepMerpu eJeKTPOAMHAMIUHOI CHCTEMH. a) IIOCIiJOBHE
3’€HaHHs KOTYIIOK aMrepMeTpa; 6) mapaenbHe 3’ €THaHHS KOTYIIOK aMIIepMerpa
_1 pdu
w T da’
I 1=U/Z,
—_—
D
1 dM 1 .
lU [:l R;l a=_._._.U_
W, da Z
—

Pucynok 4.17 — BonbT™MeTpH €1eKTPOAMHAMIYHOI CHCTEMU
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I R, l[“ =1,
oo w0 Y[
7z
iz n
Pucynok 4.18 — Barmetpu enekTpoanHaMivqHOI CHCTEMHI
Iz = Uljf{RA+R2)
1 U, dM
o= -1, - COSQ—
W:r: R'.] + R.? dU.

4.4 ®epoauHaMivHi BUMIPIOBATbHI MpUJIAIH
[ToznaueHns Ipunyun 0ii cniBmamae 3

MPUHILIUIIOM i €JEKTPO-
% % MUHAMIYHUX TIPUJIAIIB.

Pucynok 4.19 — CrpykrypHa cxema (pepoJMHaMivHOr0 BUMIPIOBAIBHOTO TPHIIAILY
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Ocnoeni enemenmu xoucmpykyii (puc.4.19): 1 — odmoTtka pyxomoi
KOTYIIKH; 2 — JBi YacTHHH OOMOTKM HEPyXOMOi KOTYIIKH, 3 —
MAarHiTONpoBiJ (ocepst) HepyXoMoi KOTYIIKH; 4 — MarHiTONPOBiz (oceps)
PYXOMOI KOTYILKH.

Pisnsanna nepemeopenns

11:£ -1, -1, -cos@
W nr

Ilepesazu neooniku.

HasiBHiCTH MarHiTONpoBOiB (0CEPIb) 00YMOBIIIOE:
301IbIIEHUH 00epTaTbHIUI MOMEHT
BHCOKY YyTJINBICTH BM
3MEHIIICHE BIIACHE CIIOYKMBAHHS ITOTY>KHOCTI MEXaHi3My
3HIKEHHS! BILTMBY 30BHIIIHIX MarHiTHHUX MOJIB

e 30UIBIICHHS TOXHOKM TPWIAAIB 4Yepe3 BHXPOBI CTpyMH Ta
ricTepesuc.

4.5 EnekTpocTaTU4Hi BUMipHOBAJIBLHI Npuaan

[ToznaueHns Ilpunyun Oii OCHOBaHWU Ha B3aEMOJIIi
'L SIICKTPUYHO 3aPsIHKEHUX TTPOBITHUKIB.

iy

Pignanns nepemseopenns

W, =Cu’/2
W 5
Mnﬁ_d {::ll.-J‘-£
da 2 da
M-.36=an
. | 5
lU“E:W - (1L a:—-E-U"
2 da " 2W, da

Ocnosni enemenmu xoncmpyxyii (puc. 4.20): 1Bi mapu HEpyXxoMHuX
enekTpoxiB 1 1 pyxoMuil enekTpon 2, 3aKpirieHuid Ha oci a00 pO3TSHKKAX.



Pucynok 4.20 — CrpyKTypHa cXeMa eJIeKTPOCTaTHYHOrO BUMIpPIOBAJIBHOTO TIpUIIa Ly

Ilepesacu:

® Ha MOKa3W EIEKTPOCTATHYHWUX BOJBTMETPIB Majo BIUTUBAIOTH
TeMIlepaTypa, 4acToTa, popMa KpUBOi HAIIPYTH, 30BHIIIHI MarHITHI TOJS.

e MaJjie CIIOXKUBaHHSI IIOTYXKHOCTI BiJT [Kepera.

Heoonixu:

® 3aCTOCOBYIOTbH TUTBKH ISl BAMIPIOBAHHS HATIPYT.

® CIUIbHWH BIUIMB 30BHIMIHIX ENEKTPUYHUX TOMIB. IS 3aXUCTY
BHKOPHCTOBYIOTh €IEKTPHYHI EKPAHH.

C, 1 1 R1
Jer e
2 T ¥
a) 0) B)

Pucynok 4.20 — Po3mmpeHHsT MeX BUMIPIOBAHHS €IEKTPOCTATUYHUX BOJBTMETPIB:
Ha MOCTiHHOMY cTpyMi (), (6); Ha 3MiHHOMY CTpyMmi (B). a) 3a IOMOMOTOI0 TOAATKOBHX
pe3ucTopiB; 0) 3a JOMOMOrOI0 EMHICHHX MOMIBHUKIB, B) 3a JOMOMOIOI0 PE3MCTUBHHX
MOIIJIBHUKIB.
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5 BUMIPIOBAJIBHI TPAHC®OPMATOPH
SMIHHOI'O CTPYMY TA HAIIPYI'U

BumiptoBanpai  Tpanchopmaropu 3minHoro crpymy (BTC) Ta
BUMiptoBanbHI  TpaHcpopmaTopu Hampyru (BTH) npusnaueni nns
MeperBopeHHs (3MeHIIeHHS a0o 30UTbIIEHHS) CTPyMIiB Ta Hampyr y
BH3HAYEHE YHCIIO PasiB i3 30epeeHHsIM IXHBOI (a3u.

Buxopucmogyromuvcs Ui pO3IMUPEHHST MK BUMIPIOBaHHS MTPHJIIAIIB,
JI03BOJISIIOTH TAIBBAHIYHO PO3JIUIMTH YACTHHU BUMIPIOBAIBHOTO KOJIA: KOJIO
BHCOKOI HaNpyru BiJl Kojla BUMIPIOBaJIBHOTO MPHJIALy, 8 TAKOXK Y3TOAUTH
OKpEeMi YaCTHHU BHMIPIOBAJILHOTO TPUCTpPOO [1].

e I |
U ZH
o—
. U1
.Il {+] IJI-, '1' L+ ] L+ ] *
Fal o Y P o Y
— =13+ — — =+ —
I LY B ") I I WL W AN W AW | [
Wi Wi
l P A A J I o J
+ 1 F = = F F —
LB "B" " el -
H "j_ W2 & H2 Xag W2 L.
= —_— 2 Lz

Pucynok 5.1 — Cxema migxmouensst BTC ta BTH no BumiproBanbpHOro kona

Ha pucynky 5.1 BukopucroByroTbesi Taki mozHaueHns: W1, W2 —
KUIBKICTh BUTKIB EPBUHHOI Ta BTOPUHHOI 0OMOTOK TpaHcdopmaTopiB; ZH
— HaBaHTaxeHHs; 1,12 — crpymu mnepBHUHHOI Ta BTOPUHHOI OOMOTOK
tpancpopmaropis; Ul,U2 — Hanpyru nepBHUHHOI Ta BTOPUHHOI OOMOTOK
tpancpopmaropis; JI1,JI2 — knemMu NiAKIIOYEHHS TEPBUHHOI OOMOTKH
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TpaHcopmaropa crpymy, W1, N2 - knemMu mMinkiItOYeHHS BTOPUHHOL
00MOTKH TpaHC(opMaTopa CTpyMy, X, A - KIeMH MiKITFOUYCHHS IEPBUHHOT
00MOTKH TpaHChOpMATOpa HANIPYTH, X, @ - KIEMH ITiIKJIFOYCHHS BTOPHHHOT
00MOTKH TpaHchopMaTopa HaIpPyTH.

BumiproBananhi Tpancgopmatopu ctpymy (BTC)

BuBomu mepBHHHOI OOMOTKH Iijl €IHYIOTH JI0 BHUMIpPIOBAIBHOTO
KoJla, Y BTOPHHHY OOMOTKY BMHKAIOTBCS TIPHIIAIH, IO MAIOTh Malli OIIOpH
(ammepmerpu, TOCHiIOBHI OOMOTKM BaTMeTpiB Ta iH.), Tomy BTC
HPALIOIOTh B PeXcUMi O1U3bKOMY 00 KOPOMKO20 3AMUKAHHA.

Ocnosni mexuiuni xapaxmepucmuxu BTC:

e HowmiHanbHi 3HaYEHHS NEPBUHHOTO 1 BTOPHHHOTO CTPYMIB |y, , |5,

e Howminanbhuii koedinieHt Tpanchopmanii K, =1, /15,
e HowminanbHa gacToTa
e HowminanbHuii onip HaBaHTaKeHH: Z

e Kirac Tounocri

Cmpymosa noxubka BTC

3HaYeHHS BUMIPIOBAHHX CTPYMIB MOXXHa BH3HAYHTH 3a ITOKa3aMU
TIpHJIaIiB, TOMHOXKUBIIY iX Ha MiACHUN KoedilieHT TpaHchopmarrii

11 = lg'l{|.

Ane niificauii KoedimieHT TpaHchopMallii 3aJNeKUTh BiI PEKUMY
pobotu TpaHcdopmaropa, 3HAUEHHS Ta XapaKTepy HaBaHTaKEHHS, YaCTOTH
1 ToMy gilficHe 3Ha4deHHs HeBimoMe. Tomi moka3 mpuiamy mepeMHOKYEThCS
Ha 3HA4YEeHHS HOMIHAIBHOTO KoedimieHTa TpaHcgopmarii:

I'= LK
[Ipu mboMy BUHUKAE MTOXHOKA!
I -1 K —-K
fi =—2—L1.100%=—12_"L .100%
I K

ExgiBanenTHa cxema tpancdopmaropa (puc.5.2), ne R1,R2 — aktuBHi
OIOPH TIEPBHUHHOI i BTOPUHHOI 00MOTOK; XS1, XS2 — peakTuBHi omnopu
MEpBUHHOI 1 BTOPUHHOI 0OMOTOK; ZH — omip HaBaHTaxkeHHs; Z1, Z2 —
KOMIIJIEKCHI ONOpHM HEepPBUHHOI 1 BTOpuHHOI oOmotok; Ul, U2, I1, 12 —
Hampyrd 1 CTpyMH TepBUHHOI 1 BTopuHHOI oOmorok; EI1,E2 -
ENEeKTPOPYIIiiiHI CHJIM TIEPBUHHOI 1 BTOpHHHOI 00MOTOK; ®S1, ds2
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MAarHiTHi MOTOKM PO3CIIOBaHHSA MEPBHHHOI 1 BTOPHMHHOI 00MOTOK; D0 —
MOBHUI MarHiTHW NOTIK; F — MarHiropymiiina cuia.

R1 Xs1 @y Xs:2 R2
- | ro=---- [ —
[ ®s1
Ul L|l ) I'{)V ! sps/z,::!. P TLI uzl[]&
I 1
______ |

Pucynok 5.2 — ExBiBasieHTHa cXeMa TpaHcdopmaropa

U =-E +L(R +jXg)=-E +1,-Z;;

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

E; = joW; @, E; =—joW,®,

B
X

Pucynok 5.3 — BekropHa miarpama tpancgopmaropa
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BumiproBanabHni Tpancdopmaropn Hanpyru (BTH)

BuBomu mepBHHHOI OOMOTKH TiJ €IHYIOTh J0 BHMIPIOBaILHOTO
Kolla, y BTOPUHHY OOMOTKY BMHKAIOTHCS MPWIAIH, II0 MAalOTh BEIMKHI
BHYTpimHIA omip, Tomy BTH mnpamioote B peswcumi Oauzvkomy 00
X00CMO20 X00Y.

OcHosni mexuiuni xapaxmepucmuxu BTH:

e HowmiHanbHI Hampyrd TMEpBUHHOI Ta BTOPHHHOI OOMOTOK
UlH ' U 20

e Howminanehuii koedinieHT Tpanchopmanii K, =U,, /U,

e HowmiHanbHa 4acToTa

e HowmiHanbHa OTYXHICTh Y BTOPUHHOMY KOJi

e Kirac TouHoOCTI

Exeisanenmna cxema BTH cnisnaoac 3 BTC.

st ananizy BTH 4acto BUKOPHCTOBYIOTH TTPUBEICHHS YMCET BUTKIB
O0OMOTOK /10 OJJHOT'O YHCIa, TOOTO MPUHMAETHCS:

W, =W, Elzgz 11=10_12
bepyun o yBaru 11i CriBBiTHOIIECHHS Y CHCTEMI

U =-E +L(R, +Xg)==-E, +1,-Z;;
E,=L(R,+jXs)+U, =L, -Z, +1,-Z,;
F=1,-W +L -W,=1,-W,,
TiepIe piBHAHHA MOXKHA 3aIUCATH Y BUTIIAI:
U =-U, +I,(R, + jX¢) - LR, + R,) + j(Xg, + Xs»)]

Cramionapai BTH BuroroBmsitors sik omHodasHi, Tak i TpudasHi,
BTC — Tineku omHO(Da3H.
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6 BUMIPIOBAHHSA IMOTYXKHOCTI Y TPU®A3ZHUX
KOJIAX

HeoOxiaHicTh BUMIpIOBaHHS MOTYXHOCTI Ta €HEPrii BUHHUKAE TMPH
BHUBYEHHI BEJIMKOI KUTBKOCTI MIPOLIECiB, sIBUI Ta (i3U4HUX 00 €KTiB. ToMy
BH3HAUCHHS MOTYKHOCTI Ta EHEpril sIBJI€ COOOI0 IOCUTh PO3MOBCIOKECHUH
BHJl BUMIpIOBaHb. [liIBUIIIEHHS TOYHOCTI [HMX BHUMIPIOBaHb HaOyBae
0COOJIMBOI'O 3HAYEHHS Y 3B’SI3KY 3 BEIIMYE3HWUM 3POCTAHHSM CIIOKHBAHHS
SHEprii, MOIIYKOM HOBHX JPKEPET SHEpPrii Ta BIPOBADKCHHSAM 3aXOIiB IS
€KOHOMIi EeHEPreTUYHHUX PECYPCIB.

Tosua nomyoscnicms (S) — 11e J0OYTOK TIFOUMX 3HAYCHb HAMPYTH i
CTpyMy 1 IOpIBHIOE T'€OMETPU4YHIA Ccymi akTHBHOI P 1 peaktuBHOi Q

MOTYXHOCTEM.
S=U-1=4P?>+Q?, cosp=P/S

Axmusna nomyoxcuicme (P) — 1le KOpHUCHa CKIajoBa ITOBHOI
MOTYXHOCTI, SIKa CIIO)KUBAETHCS HABAHTAKCHHSIM.

Peaxmuena nomyscnicmo (Q) — 1e CkiazoBa MOBHOI MOTYXHOCTI,
SKa HE CIIOXKHBAETHCS, a IMEPIOUYHO IEPETBOPIOETHCS 3 OJHOTO BHILY
€Heprii B iHIIy, HAMPUKIAI, 3 €ICTPUIHOI €Heprii B eHEeprilo MarHiTHOIO
TOJISI, SIKIO HABAHTAXKEHHS YUCTO 1HIYKTHBHE.

JHinitina nanpyea Uag, Usc, Uca, pasna nanpyea Ua, Ug, Uc

Uﬂz\/g‘qu

Pucynok 6.1 — Bekropna miarpama niHiHHHX Ta ()a3HUX HAMPYr i CTPYMIB y
CUMETPHYHOMY TpHu(a3HOMY KOJI1
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Memoou sumiprogarnns nomysicHocmi y mpu@asHux Kouax:

® Memod 00HO20 6ammempa — ISl BUMIPIOBAHHS aKTHBHOI 1
PEaKTUBHOI TIOTYKHOCTI y CUMETPUYHUX TpU(azHUX KOJIaxX;

® MemoO 060X eammempié - ]S BHUMIPIOBAaHHS aKTHUBHOI 1
PEaKTUBHOI TIOTYKHOCTI B aCHMETPHUYHUX TPUPA3ZHHUX KOJIAX;

® Memod mpvoX eammempié - Ui BUMIPIOBaHHS AaKTHUBHOI 1
pEaKTUBHOI TIOTY)KHOCTI B aCHMETPHUYHUX TpU(a3HUX Kolax, B T.4. Y
YOTHPHUIIPOBIIHUX.

6.1 BumipioBaHHsI aKTHBHOI MOTYKHOCTi y Tpu(a3HUX KoJIax
Meroa onHOrO BaTMeETpa

o v
w1/
B . Z
o i
o z
© ——
H
N [‘] R
- 4
a)
Pucynok 6.2 — Cxema miAMUKaHHsS JUIi BHUMIpPIOBaHHS aKTHBHOI MHOTYXHOCTI

METOJIOM OJHOrO0 BaTMETpa: a) MHpPU IOEJHAHHI HABAHTAXEHHS 32 CXEMOIO 3ipKOI0 3
JOCTYIHOO HYJTbOBOIO TOYKOIO; 0) MPH MOEIHAHHI HABAHTAXKCHHS 32 CXEMOIO TPHKYTHUK

Axmo mnpu 3’eAHAHHSA TPHIMaYiB 3IpKOI0 HYIBOBHH MPOBIf
BiACyTHIli a00 omopW HaBaHTWKEHHS 3’€JHAHI TPHUKYTHUKOM, TO
MOTY)KHICTh MOXXHAa BHMIPATH OIHUM BaTMETPOM, CTBOPHBIIM IITYYHY
HYJIBOBY TOYKY.

Omnopu BUOMPAIOTHCS PIBHUMU NapajieIbHOMY KOy BaTMETpa:

Ra"'RPW:Rb:Rc‘



J—" Pw
A Fan
¥ el
B, .
Ra[] [JRe
T .
Pucynok 6.3 — Cxema miAMHKaHHS /Ui BHMIPIOBaHHS aKTHBHOI IOTYXKHOCTI

METOJIOM OJJHOIO BaTMETPA, CTBOPHBIIN MITYy4YHY HYIbOBY TOUKY

AKTHBHA TOTYXHICTh TPU(A3HOrO KoJia MpU 3’€IHAHHI MpPUIMaYiB
3IpKOI0  CKJIAJIA€ThCs 3 TIOTY)KHOCTeW OKpeMux (a3 1 TOTYKHOCTI
YHYJIbOBOMY MPOBOI. Y BHIMAIKYy CUMETPUYHOI CHCTEMH IMOTYKHOCTI BCIX
(a3 omHAKOBi, TMOTYXHICTIO y HYJIHLOBOMY IIPOBOMI HEXTYIOTh i3-3a Ti
MOPIiBHSHO MaJjioro 3uadeHss [3].

P=Ps+Pg+Pc+Pg

P."\ = pli = P{' = P|;| = UI‘I [|r| cos (Pdl

METOZIOM JJBOX BaTMETPiB

P = 3P¢
Meron 1BOX BaTMETPiB
#* #*
p y
Pw1 I_‘ Pwi1
ﬁ&_ﬂg A Pant A
P f oD " @ "
B, LA e, [,
® i P "
i i Pw1
C 4 n [y C 4 C g D"\
# hLA L
Pw2 Pw2
Pucynok 6.4 — CxeMH miIMHMKaHHS IS BUMIPIOBAHHS AaKTHUBHOI IIOTY)KHOCTI
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P=Re(UpTa +Uglp +Uclc)
Iy +Ig +1c=0 le=-1,-14
P=Re[U,Ta + Ugls + Uc(-Ta - In)]=
=Re[(U, ~ Uo)la +(Uy - U )=

= U,.\C'IA'COSlP1 + UBC‘IB'COS'LPL

P=1r,,+F,

Meron TppOX BaTMETPIB

* *

L Pw1 F Pwi
N N

* W " # N +

L 3 PWE 3 4

., [k ., [Pw2
T ® e "
Ca [ APw3 o } Pw3
AN ) *
Ny z[l z[] =z
Pucynok 6.5 — Cxemu miIMHKaHHS [JIsl BUMIPIOBaHHS AaKTHBHOI HOTYXXHOCTI

METOJIOM TPbOX BaTMETPiB
Pwi =up-ip =(up —ug)-ip =pa —Ug-ip
Pw2 =up-ig=(ug —ug)-ig =pg —ug ‘ip (.
pwi =u3-ic =(uc —ug)-ic =pc —ug *i¢

pwi T Pw2+ Ppws = pa+ ps + pc— (ia + ig + ic)

iA+iB+i(_‘:D

Pwi tpw2tPw3=patpet Pc

Pwi + Pwas + Py3 =P+ P+ Pc
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6.2 BumipioBaHHsI peakTHBHOI MOTY:KHOCTI y Tpuda3HUX KoJIax

BumMipioBaHHSI peakTHBHOI MOTYXHOCTI Ma€ MPaKTUYHE 3HAYCHHS
JIUILIE JJIsl CTIOKMBAYiB BUCOKOI €HEPTii, SIKi MiKIFOUeHi A0 Tpr]a3HUX Kill.

[Mpunamm s BUMIpIOBaHHS ~ PEAKTHBHOI  MOTYXXHOCTI — He
BHUITYyCKaIOThCS. PeakTHBHA IOTYKHICTh B TPhOX(a3HUX KOJNAaX BU3HAYAETHCS
CYMOIO PEaKTHBHHUX TOTYKHOCTEH OKpeMux ¢a3 [4].

Q= U, Lysing, + Ug-lgsingg + Ug-lesinge.

PeakTriBHa MOTYKHICTH MOXKE BHUMIPIOBATHCS THMH CaMUMH
MPUCTPOSIMH, SIK 1 aKTUBHA, TUIBKM MOMEHT OOEpTaHHS MEXaHI3MIB I[UX
MPHUCTPOIB MOBUHEH OYTH MPOMOPIITHUM HE COSQ, a Sing.

Meroj onHOTO BaTMETpa

Jnst BUMIpIOBaHHSI PEaKTUBHOI ITOTYKHOCT1 OOMJIBA KIHIII CTPYMOBOL
OOMOTKH BaTMeTpa BMHKAIOTHCS Y OyAb-sKy OAHY a3y, a KiHili 00MOTKH
HaTpyry y 1Bl i (asu.

Y Pw
I sl L
@ N
B
Ct

Pucynok 6.6 — Cxema migMHUKaHHsS Ui BHMIPIOBaHHS PEaKTHBHOI MOTYXHOCTI
METO/IOM OJIHOTO BaTMETpa

3a moka3aHHSAMH BaTMETPa PEAKTHBHA MOTY>KHICTb 3HAXOAUTHCS:

Q:\/E'PW

Meron 1BOX BaTMETPiB
*

=
Pw Pwl
A P A )
Ry vy
. R -
BG -1 B¢
.* F]El*
Pw2 w
C o s C, Py
AL W x wmpd

Pucynok 6.7 — CxeMu miIMMKaHHS IJIS BHMIPIOBaHHS PEAKTHBHOI MOTY)KHOCTI
METOZIOM JJBOX BaTMETPiB
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3a mokasaHHAMHU BaTMETPA PEAKTUBHA MMOTYKHICTh 3HAXOJUTHCS |
J3
5 (PW1 + sz)

Qz_

Meroa TpbOX BaTMETPIB

Pw1 .
AL .
# wLA .
T Pw2
E, i Y
e -
SN ST
x wpd
Pw3
Ng

Pucynok 6.8 — Cxemu miIMHMKaHHS /Ui BUMIPIOBAaHHS PEaKTHBHOI MOTYXKHOCTI
METOZIOM TPBOX BaTMETPIB

P=U, I -cospy + Uglg-cospg + Uc:le-cosge

Py PwatPwi=Ugc-la-c0os(90°—@ )+ Uca 1p-cos(90°—@g)+
+ Unple-cos(90°—pc).
Uag = Ugc = Uca = Uy, Uys=Ug=Uc= U¢;
U_.] = '\E Ud,

ﬁ(UA'IA'Siﬂ(PA + Ug:lg-sin g + Uc-l¢-singc) = »'EQ

Q = (PwitPw>+Pw3)/\3

3BepHiTh yBary!
o6 npaBuUiABHO MiAKIIOYUTH  BaTMETpP, MOTPIOHO  3HATH
nocmigoBHICTh ¢a3. Hampyru, 3'eqHani 3 mnapajienbHUMH OOMOTKaMH
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BaTTMETpa, MarTh IHACKCH, ski BuOupatorecs 3 cepii ABCABC ...,
CITIIAYI0UM TIOTOYHOMY 1HZEKCY, SKUI TPOTIKae yepes el BaTMerp.

s poswupenus medic 8UMIpIO6aHHsT BaTMETPH BMHUKAIOTh depe3
BHUMIpIOBaJIbHI TpaHC(OpMATOpH CTPYMY Ta HANPYTH.

_.!I:I'_‘_c _Iml_
Ec
C,: _Iml_
* *
-1, FOa, 3
.F'w1 }F'wE
mr b e

Pucynok 6.9 — Cxema MiIKIIOYEHHS BAaTMETPiB Ul BUMIDIOBAaHHS aKTHBHOI 1
PEaKTHBHOI MOTY)KHOCTi METOJIOM OJIHOT'O BaTMeTpa
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7 BUMIPIOBAHHS EJEKTPUUYHOI EHEPIIi
IHAYKOIMHAMHU JIYAJIbHUKAMHA

[HayKifHI MpUIag BUKOPUCTOBYIOTHCS JJIsl BUMIPIOBaHb Y KOJIaX
3MIHHOTO CTPyMY i3-3a TOTO, LI0 CTPYM MOXKE iHIYKYBaTHCS A Ji€l0
TUIBKU 3MIHHOT'O MarHiTHOTO MOTOKY.

Sxmo Ha OUIAXy 3MIHHOTO MAarHiTHOTO TIOTOKY —ITOMICTHTH,
HaTpUKIIaJ], Kpaid aJroMiHIEBOTO TUCKA, SIKMH 3MaTHUI 00epTaTHCS HAaBKOJIO
JSSIKOTO IIGHTPY, TO B JUCKY OyJe HABOMUTHCS 3MIHHUH IHAYKIIHHUN
CTPYM, SIKH Oy/ie B3Aa€MOJISTH 3 IMM MAarHITHUM ITOTOKOM.

OpHak pe3ysibTyroua Cujia, siKa JiSTUME Ha JUCK, Oy/e JTOpIBHIOBATH
Hymo. ToMy s  CTBOPEHHS O0EpPTaJbHOrO MOMEHTa HEOOXIIHO
BUKOPHUCTATH JIBA MAarHITHUX TOTOKH, SIKI 3CYHYTI MK COOOI0 Ha JesKUi
KyT. [Ipy 1IbOMY BHHHUKHE B3a€MOJiSl PI3HOIMEHHHMX IIOTOKIB 3 PI3HUMHU
iHIyKOBaHUMHU cTpyMamu [1].

Ilpunyun Oii OCHOBaHHMI Ha B3a€EMOJIil 3MIHHOT'O MAarHiTHOT'O TTOTOKY
3 IHAYKIIHHAM CTPYMOM.

byoosa ma KOHCMPYKMUBHI ocobaueocmi IHOYKYTUHUX
BUMIPIOBATLHUX MEXAHIZMIG

]

Cal

Pucynok 7.1 — BynoBa iHAyKIiHHOTO JTiYHIbHIKA
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Ha enexrpomarmiti (A) 3Haxomutbcs obmorka W, mHa
enekrpomarHiti (B) — oOMotka WI . ObmoTka WU MIAKITIOYAETHCS 10
Hanpyru U Ha HaBaHTa)KEHHI, yepe3 HEi NIPOTIKaeE CTpyM |U , a 4depe3

OOMOTKY WI NPOTIKA€E CTPYM HaBaHTaKEHHS .

Mix momrocaMu  enekTpomarhiry (A) 1 Ham  TOJIOCaMH
enekrpoMartita (B) mpoxoaute amrominieBuit auck [l. Llei auck Takox
MPOXOAUTh MK IOJIIOCAaMHU TocTiiiHoro mardira M. Ha oci € deps’siuHa
nepeaya, 3a JOMOMOIOK SKOi 00epToBa BICh JIi€ HA BIJIIKOBUN MexaHI3M
BM.

B enexrpoMaruiti A cTpyMmMOM, IO NPOXOAUTH B OOMOTII W, ,
CTBOPIOIOTHCSL [IBA MArHITHI IOTOKH @U i @L. B enexrpomarsiti B
CTPYMOM, IIIO MPOXOJUTH B OOMOTIII WI , CTBOPIOETHCS TIOTIK @l . [oTix

@, nepernnae guck omuu pas, norik P, xsa pasu, norik D auck He

TIEPETHHAE 1 HA3UBAETHCS HEPOOOUUM TTOTOKOM.

Ilim miero TOTOKIB BWHHWKAIOTH BHUXPOBI CTpyMH. B pesymbTaTi
B3a€MOJIii KOXXKHOrO 3 TIOTOKIB 3 BHXPOBHMHU CTPyMaMH BHHHKAE
o0epTAIBHMM MOMEHT, IIiJ MI€I0 SKOTO IHUCK TIOYWHAE O00EpPTATHCH.
O6epranbuuit MoMeHT fopisaioe [1, 3]:

Mu,ﬁ = C'f“DU'(DI'SiI’IIP.,
ne C - mocriituuii koedirient, f — gyacrora 3MIHHOTO CTpyMmy, y —
3cyB (a3 mix morokamn D i D, .

I[Ipu  poGoTi Ha miHIHHWUX MUISHKAX KPUBUX HaMarHIi9yBaHHS
MaTepiaiiB Ocepb eNeKTPOMATHITIB MAaEMO:

(DI = K|'I; (D[; = Kg'IU = Kg'UfZU,

ne K1, K2 - mocriitai koedimieHTr; ZU - TOBHHN Omip OOMOTKH
HATPYTH, IKAH Mae MPaKTUIHO iHAYKTHBHUN XapakTep.

Morkna npuiiHATH
z|_| = XL = ETI:f-Lu,
e Lu — ingyKTuBHICTS 00MOTKH Hanpyrd. Toxi . L
@, = K, UR2nfLy = K- UA, ne K; = Ko/(2m-Ly).

[linctaBuBIIM BUpa3u @U i @l OJIEPKUMO
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My = K-U-I-sin'V,
e K=CKK;.
o6 oOepranbHUii MOMEHT OyB NPOMOPLIHHHKA TOTYXHOCTiI P,
noTpioHO, M6 sin'¥’ = cos¢.
3BepHEMOCH 10 BEKTOPHOI Jiarpamu JiunjIbHHAKA.

4

Pucynok 7.2 — BekropHa niarpama JiudIbHUKA

B pesynpTarti MOXKHA 3amucaTh:

Mys = K-U-I-cosp = K-P.

Ilig nmiero WHOrO MOMEHTY IWCK JIYWIBHHKA o0epraBca 6 i3
3pOCTA0YO0I0 IMBHUAKICTIO, SKOM HAa HHOIO HE JISUTH IHIII MOMEHTH. Alre
JIICK TIPOXOAMTH CBOIM KpaeM MK MONIOCaMH TOCTiifHOro marHity M. B
pe3ynabTaTi B3a€MOil MarHiTHOTO TOJIS MTOCTIHHOTO MAarHITy i3 CTpyMaMH,
SIKi 3’SBHJIMCS B JWUCKY TPHU HOTO TEpEeMIlleHHI MK IMOII0CaMU MarHITYy,
BHHMKA€ TaIbMIBHHA MOMEHT, 3HAa4YeHHS SKOTO TWPOIOpIiHEe KyTOBIH

o = do/dt.

MIBAAKOCTI JHACKA

da
MI. =C| 'G.)=C] r—
dt
[Ipu piBHOCTI 00epTambHOrO i TaTbMIBHOIO MOMEHTIB ITUCK Oymae
obepTaTucs 3 piBHOMIpHOIO MBUAKICTIO, 1 OyaeMo MaTH

K-P=C,-da/dt abo K-P-dt = C,-da..

[IpoiaTerpyBaBiM OCTAaHHIO PiBHICTh, OJEPKUMO:
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t, o,
JK-P-dt= [Cy-da,abo K-W = Cy-a, abo W = (C/K)-a.
t (v

[ (]

SAx BuAHO 13 (OpPMYyNH, aAKTHUBHA CHEPIrid, sIKa BUMIPIOETHCS
JIYUIILHUKOM 3a 4ac Bin t1 mo t2, mpomnopitiiiHa KyTy IOBOPOTY JMCKA O.

SIKIIO PO3AUIMTH KyT 0 HA 27, OTPUMAEMO KiIbKiCTh 00epTiB N

N=o2n a=N-2n

[TizcTaBUMO o0 B OCTaHHE PIBHSHHS

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

e C=(C;-2n)yK HA3UBAETHCS HOCMIUIHOIO MTYUTIbHUKA.

C=W/N 1 MOKa3ye, sika eHeprisi MPOXOJUTh Yepe3 JIUMIbHUK 32
OJIMH 00€pT JHUCKa.
Hominanena nocmitina nivunsHuka — 1€ KUTBKICTh €IEKTPOSHEPTii,
Ky BpaxOBY€ BIIUTIKOBHI MeXaHi3M 3a yac 1 0060poTy mucKa.

3
C, = 1-10 36001
A

1kBm=10° Bm 1200=60c-60=3600c,

A — mepegaTogHe YHCIIO JIYMIBHIKA

Benmunna oOepHeHa TOCTIHIN JYMIBHUKA, TIOKa3ye, CKLUIBKH
00epTiB AHUCK JIYMIIBHUKA POOUTH IIPH MTPOXOHKEHH] Yepe3 HhOT0 OJNWHHMITL
eHeprii (mampukian, 1 xkBr1/rom), 1 Ha3UBAETbCA nePeOAMOUHUM YUCTOM
miyunebHuka. HoMiHanbHe TIepenaTodyHe 4YHCIO BKAa3yeThCs HA IIUTKY
TMYATFHUKA.

Mu posrinsgand poboTy MexXaHi3MY JIYMIIBHUKA y TPHUITYIIEHI, 10
KpiM 00epTaipbHOr0 Ta TalbMIBHOTO MOMEHTIB HisKi iHINI MOMEHTH Ha
PyXOMy YacTHHY MexaHi3My He JitoTh. HacmpaBnai B omopax, JTYHMIBEHOMY
MexaHi3Mi Mae Micne Tepta. Jis  KommeHcamii MOMEHTY TepTs
CTBOPIOETHCS JOJATKOBHM (KOMITEHCAIIHHUI) 00epTanbHU MOMEHT. AJe
MIpY HEe3MIHHIN Hampy3i KOMIEHCAIHHUHA MOMEHT € BelTMYHMHA TOCTiifHa, a
MOMEHT TepTs 3aJIeKHUTh BiJl IIBUIKOCTI o0epTaHHs aucka. KommeHcarris
3BHYAMHO 3AIHCHIOETHCSI MPH CTPyMi HaBaHTaxeHHsS, piBHoMy 10% Bin
HOMIHAJILHOTO.

KomnencauiiiHnit MOMEHT MOke OyTH OiTBIIMM BiJ MOMEHTY TepTH i
TOIi, HABiTh MPH BIIKIIOYEHOMY HaBaHTa)KCHHI, JAMCK JIYMIILHUKA MOXE
obeptarucs. Lle siBuIIe HAa3UBAIOTH CAMOXO00M JiUUNbHUKA. Y CyBA€THCA
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caMoXiJ 3a JONMOMOTOr0 Havka I, SKUli 3aKpIILTIOETHCS HA OCi, Ta MParopIs
[Ip mnacTuHU, siKa BUKOPUCTOBYETHCS ISl CTBOPEHHS KOMIICHCAIIIIHOTO
MOMEHTY.

Jo XapakTepuCTHK JiYMIbHUKA BITHOCHUTHCS TMOPIT YyTIMBOCTI, MiA
SIKUM PO3YMIIOTh HalilMEHINIe 3HAYEHHS CTPyMY Y MPOIEHTax Bia [HOM, mpu
SIKOMY TTIOUYHMHAEThCS Oe3nepepBHE 00CPTaHHS JTUCKA.

Ilepesacu:
HU3bKa BapTiCTh
JOBTOBIYHICTbH 1 IPOCTOTA B EKCILTyaTallil;
CTIMKICTD 0 KIIIMAaTHYHHMX Ta MEXaHIYHUX BIUIHBIB;
HaJIHUI KOHTAKT MPH MiJKITFOUEHHI 10 MEPEKI;
CTabIIbHICT MTOKA3aHb JTIYMIEHUKA.
Heoonixu:
® HH3BKHH KJIAC TOYHOCTI

® [IOpYIICHHS METPOJIOTTYHUX XapaKTEPUCTUK MPU MBUIKO3MIHHUX
HABaHTaXECHHSIX,

e CjaOKuii 3axUCT BIJ TPAmUIIIMHUX METOMIB PO3KpagaHHS
EIIEKTPOCHEPTii,

® IIJBUINCHE BIIACHE CIIOXKUBAHHS 110 KOJIAX CTPYMY Ta HAIIPYTH.
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8 EJIEKTPOHHI AHAJIOTOBI IPUJIAAN

Enexmpouni anmanoeosi npunaou — ue TpWIAAW, Yy SIKHX BXiJHA
(BuUMipIOBaHa) BEJIMYMHA IIEPETBOPIOETHCS Y BHUXIIHY aHAJIOTOBUMHU
CNIEKTPOHHUMHU TEPETBOPIOBAYAMH, Y KOXKHOTO 3 SKHX BHXi/JHA EEeKTpPUIHA
BEJTMUMHA € Oe3MepepBHOI0 (QYHKITIE0 BXiHOI [2].

3acmocosyiombcst A BUMIPIOBaHHS TIPAKTUYHO BCIX EIEKTPUYHUX
BEJIMYWH: HAMPYyTd, CTPyMY, YacTOTH, 3CYBIB (a3, MOTYXKHOCTI, €Heprii,
MapaMeTpiB eJISKTPUIHMX KiJ Ta iH.

Ilepesacu:

® BENUKUI BXiIHUIT omip;

BEJIUKHI YaCTOTHHH Tialla30H;

MaJia CIIO’)KMBaHa Bijl 00 €KTa BUMIPIOBaHHS TOTYKHICTb;
OLIBII BUCOKA YYTJIMBICTD;

OB BUCOKHIA MOPIT 4y TIHBOCTI.

Eaexktponnuii ocuuiorpadg

e e

Pucynok 8.1 — Enexrponnuii ocumiorpag C1-68
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Ocyunoepagh - ue mnpunaa, NPU3HAYEHUN JUIS CIOCTEPEKEHHS,
peecTpanii Ta  BUMIPIOBaHHS MapaMmeTpiB AOCTIIKYBaHOTO CHTHAITY
(HarpyTn), SIKU 3aJIeKUTh Bifl Yacy.

B enexkrponHoMy ocrmiiorpadi peectpailis 3AIMCHIOETHCS IIISIXOM
¢dororpadyBaHHs 300pakeHHS 3 eKpaHa.

B enmextponHux  ocumiorpadax  JIOCHIIPKYBaHUH  CHTHAJ
MEPETBOPIOETHCA Y  BIAXWJIEHHS IOTOKY €JIEKTPOHIB  (€JIEKTPOHHOIO
MPOMEHs), KW, TOTPaNMBIIM Ha JIIOMIHECIIEHTHHH €KpaH eleKTPOHHO-
MPOMEHEBOI TPYOKH, CTBOPIOE JIIHIIO, SIKA CBITUTHCA.

dopma 11i€l JiHIT BiOBIIa€ CUTHAITY, IKAH 3MIHIOETHCS B Yaci.

Csimnonpomenesi ocyunoepagu SBISIOTh COO00 €IEKTPOMEXaHIuH1
MIPHUIIAM, TIPU3HAYCHI JJISI PEECTpallii Ta CIOCTEPEeKEHHS 3MIHHHX y Yaci
SNEKTPUYHUX CUTHAJIIB 32 JIOTIOMOT'OIO CBITIIOBOTO TMPOMEHSI.

3acmocosyromvcss A JOCHIIKEHHS TPOIECIB 3 BEPXHBOKO
4acToTolo, sika He nepepuirye 30 k ['m.

OcHoenumu 8y31aMU €:

e MarHitHui 010K 3 ocuuiorpadiyaumM raipeanomerpom (OI)

® OITHYHA CUCTEMA

® TIPUCTPIA PO3TOPTKH Ta BIAMITHHK Jacy.

Ilepesazoro THMX TpUIANIB € TPOCTOTA IMOOYIAOBH, MOXKIIUBICTH
peecTpartiii Bemnkoro gucia (10 36) mporiecis.
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9 HUP®POBI BUMIPIOBAJIBHI IPUJIAIN

Lupposumu Ha3UBAIOTHCS TaKi BHUMIPIOBAJIbHI NpPUIAgM, B SIKHX
BUMIpIOBaHA BEIIMYMHA AaBTOMATHYHO B pE3yJbTaTi KBaHTYBaHHS,
JUCKpEeTU3allii, HOpiBHAHHS, HU(POBOro KOJAYBAaHHS 1 BIIMTITHUX O0YUCIICHB
nocrae y Burisii koxny [1].

Hpunyun pobomu uudpoBux BuMiptoBaibHuX mnpwiagis (L[BIT)
3aCHOBaHO Ha JIUCKPETHOMY BiJJOOpakKeHH1 HelepepBHIUX BEJTMYUH.

HenepepeHa BEMHYHHEA AHCKpEeTH: 0BaHa BEJIHTHHA
¥ & X &
W -1"
- -
D
&

’

'
R ’
. T,

i

a) 6)

EEeagToEaHa EEIMYHHA

ok
x(t}

Ak=1/2h

)

Pucynok 9.1 — I'padixu HerepepBHOI, TUCKPETH30BAHOT i KBAHTOBAHOI BETHYMH

Henepepsna eenuuuna X(t) — 1e BelWYMHA, SIKA MOKE MaTH B
3ajaHoMy piara3oHi /| HeCKiHYeHHO BENHMKE YHCIO 3HAaYeHb B IHTEpBai
yacy t mpu HECKIHUEHHO BEJIMKOMY YHCIIi MOMEHTIB 4acy.

BenuuvHa, HemepepBHa 3a 3HAYEHHSAM 1 TiepepBHa Yy daci,
Ha3WBAEThCS OUCKPEMU308aHOK. 3HAYEHHS JUCKPETU30BaHOI BEITUYHMHU
BiJPI3HAETHCS Bi HYJA TUIBKU B TIEBHI MOMEHTH 4acy.
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[Ipomec mepeTBOpeHHS HEMEpepBHOI Yy 4Yaci BEIUYUHU B
IUCKPETU30BaHY ILUIAXOM 30€peXeHHs il MHUTTEBHX 3HAYEHb TINBKH B
JICTEPMIHOBaHI MOMEHTH 4acy tl, t2...tn Ha3UBAETLCA OUCKPEMUZAYIEIO.

Kpoxom ouckpemuszayii To Ha3UBa€ThCs MPOMDKOK 4acy MiX JIBOMa
CYCiIHIMH MUTTEBUMH 3HAYCHHSIMH CUTHAITY.

Bennunna, HemepepBHa B daci 1 ImepepBHAa 3a 3HAUCHHSM,
HA3UBAETLCS K@AHMO6aHOK. BUMIplOBaIbHE TIEPETBOPEHHS aHAJIOrOBOi
BEIMYMHU Yy CTYMIHYAaCTO-3MIHIOBAaHY i3 3aJaHUMH pO3MIpaMH KBaHTIB
HA3UBAETHCS KBAHMYBAHHSM.

Kpokom keanmyearnis h Ha3UBAETHCS PI3HUIT MDK JBOMA CyCIIHIMHU
3aJJaHMHU 3HAYEHHSAMH KBaHTOBAHOI BeMWYMHU. KpOK KBaHTyBaHHS MOXeE
OyTU 3MIHHHM 1 TIOCTIHHUM.

Ioxn6xu unppoBUX BUMIPIOBATLHUX NPUIALIB.

OcHoena noxubka
AX o =F(AX ., AX 1, AX;).

Toxubxa keanmysanus - e METOIUYHA MTOXHOKA, 1110 BUHUKAE Yepe3
oOMeXeHe YHCIIO piBHIB KBaHTYyBaHHS h BHACIITOK 3aMiHU HeEMepepBHOL
BEJINYMHU KBAHTOBAHOO

2

Tloxubka Ouckpemuszayii - 1e TOXWOKa, IO BUHUKAE BHACITIIOK
3MiHH BEMIpIOBAaHOI BETMYWHH ITiJl YaC BUMIPIOBaHb

1 dX
AX =T, —
A A gy

dX/dt — mBUAKICTH 3MIHN BXiTHOI BEJIMYUHU.

Inecmpymenmanvui noxubku - MOXHOKW, TIOB’s3aHI a00 BUKIWKaHI
MMOPOrOM YYTJIMBOCTI TIPHUCTPOIO TOPIBHSAHHSA a00 HOro HeCcTaOUTBHICTIO,
noxuOKM BiJ BIUIMBY 3aBaJl Ha €JeMEHTH UHU(QPOBUX BUMIPIOBaJbHUX
TIPUIIAIIB.
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BII
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D Neom

Sk

Pucynok 9.2 — V3aranbHeHa crpykTypHa cxema LIBIT

CriajaeTbcss 3 BHUMIPIOBAJIBHOIO  IIEPETBOpIOBaYa  BXIAHOI
CIIEKTPUYHOI BEMUYNHN X Y BUXIIHY €IEKTPUIHY BETUIUHY Xi, JOCTATHIO
I HagiHOl poboTH  aHajoro-imdpooro mepersoproBada  A/D,
meperBoproBadis kKoA-kox D/D i nudpororo Bimrikosoro mpuctporo BIT.
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10 MIKPOITPOLUECOPHI BUMIPIOBAJIbBHI
CUCTEMH

Mixponpoyecopua cucmema (MIIC) - ne 3i0paHa B €auHE IIijie
CYKYIIHICTh B3a€MOJIIOUMX IHTErpalbHUX CcXeM LU(POBOI JIOTIKK Ta
AHAJIOTOBMX CXEM, OpraHi3oBaHa B OOYHCIIOBaJIbHY a00 KepyBalbHY
cucTeMy 3 MikpormporecopoM (MIKpOKOHTPOJIEPOM) y SAKOCTI By3ia
00po0ku iHdopmarii [1, 5].

Knacughixayis npoyecopnux npucmpois:

® yHiBEpcalbHI MIKPOIPOILIECOPH;

e 1H}pOBI CHTHAIIBHI TPOIIECOPH;

e [porpaMoOBaHi JIOT1YHI iIHTETpaIbHI CXEMH;
® MIKPOKOHTPOJIEPH.

TIpuknaou suxopucmanus 60y008aAHUX MIKPONPOYECOPHUX CUCTNEM:

e aBialiiiHi Ta BIfiCBKOBI CMCTEMHM: aBTOILJIOTH JIITaKiB, aBlOHIKa 1
HaBiramiiiHi cUCTeMH, CHUCTEMHM aBTOMAaTH4YHOI IIOCAJKU, CUCTEMH
HaBEICHHS, KePYBaHHS JIBUTYHOM,

e (OIOMEIUIMHCHKI CHCTEMH: CHCTEMH KOMITIOTEPHOI ToMorpadii i
YIIBTPa3BYKOBOT'O JTOCTIPKEHHS, MOHITOPHHT MAIIEHTIB,
eNeKTPOKAPAIOCTUMYIISITOPH;

e aBTOMOOLTI: KepyBaHHS ABUTYHOM, aHTHOJOKYBaJbHI TaJbMOBI
CHCTEeMH, KEpyBaHHS MOMyITKaMU Oe3MeKr, KepyBaHHS CHCTEMOIO 00IrpiBy
1 KOHAMIIIOHYBaHHA TOBITps, Hapiramis GPS, cymyrHuKOBe pasio,
CHCTEMHA J1arHOCTHKA,

® KOMYHIKaIIii: KOMYHIKaIliiHi CYITyTHHKH, MepexeBi
MapIIpyTU3aTOpH, KOMYTaTOPH, KOHIIEHTPATOPH,;

® CHOXHBYA EJIEKTPOHIKA: TeNeBi30pH, MyXOBKH, mporpaBadi DVD,
CTEPEOCHCTEMH, CHCTEMH Oe3neku, KepyBaHHS HIOJIUBOM
ra3oHiB, TepMocTaT, GOoTOKaMepH, aBTOBiANOBINaYi, TV-nexonepu;

® [pUCTPOI JUIA KOMI'IOTEpa: KIABiaTypH, MHUIII, IPUHTEPH,
CKaHepH, AWCIUIE], MOAEMH, MPUCTPOI >KOPCTKUX IHUCKiB, mpuctpoi DVD,
rpa¢iuni maty, npuctpoi USB;

® CJIEKTPOHHI IHCTPYMEHTH: CHUCTEMH 300py AaHuX, ocuujorpadu,
BOJILTMETPH, TEHEPATOPH CUTHAJIB, JIOTi4HI aHaJi3aTOpH;


https://uk.wikipedia.org/wiki/%D0%90%D0%B2%D1%82%D0%BE%D0%BF%D1%96%D0%BB%D0%BE%D1%82
https://uk.wikipedia.org/wiki/%D0%90%D0%B2%D1%96%D0%BE%D0%BD%D1%96%D0%BA%D0%B0
https://uk.wikipedia.org/wiki/%D0%93%D0%9B%D0%9E%D0%9D%D0%90%D0%A1%D0%A1
https://uk.wikipedia.org/wiki/%D0%9C%D0%B0%D1%80%D1%81%D1%96%D0%B0%D0%BD%D1%81%D1%8C%D0%BA%D0%B0_%D0%BD%D0%B0%D1%83%D0%BA%D0%BE%D0%B2%D0%B0_%D0%BB%D0%B0%D0%B1%D0%BE%D1%80%D0%B0%D1%82%D0%BE%D1%80%D1%96%D1%8F
https://uk.wikipedia.org/wiki/%D0%9C%D0%B0%D1%80%D1%81%D1%96%D0%B0%D0%BD%D1%81%D1%8C%D0%BA%D0%B0_%D0%BD%D0%B0%D1%83%D0%BA%D0%BE%D0%B2%D0%B0_%D0%BB%D0%B0%D0%B1%D0%BE%D1%80%D0%B0%D1%82%D0%BE%D1%80%D1%96%D1%8F
https://uk.wikipedia.org/wiki/%D0%93%D0%BE%D0%BB%D0%BE%D0%B2%D0%BA%D0%B0_%D1%81%D0%B0%D0%BC%D0%BE%D0%BD%D0%B0%D0%B2%D0%B5%D0%B4%D0%B5%D0%BD%D0%BD%D1%8F
https://uk.wikipedia.org/wiki/%D0%93%D0%BE%D0%BB%D0%BE%D0%B2%D0%BA%D0%B0_%D1%81%D0%B0%D0%BC%D0%BE%D0%BD%D0%B0%D0%B2%D0%B5%D0%B4%D0%B5%D0%BD%D0%BD%D1%8F
https://uk.wikipedia.org/wiki/%D0%90%D0%86-24
https://uk.wikipedia.org/wiki/%D0%9A%D0%BE%D0%BC%D0%BF%27%D1%8E%D1%82%D0%B5%D1%80%D0%BD%D0%B0_%D1%82%D0%BE%D0%BC%D0%BE%D0%B3%D1%80%D0%B0%D1%84%D1%96%D1%8F
https://uk.wikipedia.org/wiki/%D0%9A%D0%BE%D0%BC%D0%BF%27%D1%8E%D1%82%D0%B5%D1%80%D0%BD%D0%B0_%D1%82%D0%BE%D0%BC%D0%BE%D0%B3%D1%80%D0%B0%D1%84%D1%96%D1%8F
https://uk.wikipedia.org/wiki/%D0%A3%D0%BB%D1%8C%D1%82%D1%80%D0%B0%D0%B7%D0%B2%D1%83%D0%BA%D0%BE%D0%B2%D0%B5_%D0%B4%D0%BE%D1%81%D0%BB%D1%96%D0%B4%D0%B6%D0%B5%D0%BD%D0%BD%D1%8F
https://uk.wikipedia.org/wiki/%D0%95%D0%BB%D0%B5%D0%BA%D1%82%D1%80%D0%BE%D0%BA%D0%B0%D1%80%D0%B4%D1%96%D0%BE%D1%81%D1%82%D0%B8%D0%BC%D1%83%D0%BB%D1%8F%D1%82%D0%BE%D1%80
https://uk.wikipedia.org/wiki/%D0%A2%D1%80%D0%BE%D0%BB%D0%B5%D0%B9%D0%B1%D1%83%D1%81
https://uk.wikipedia.org/wiki/%D0%90%D0%BD%D1%82%D0%B8%D0%B1%D0%BB%D0%BE%D0%BA%D1%83%D0%B2%D0%B0%D0%BB%D1%8C%D0%BD%D0%B0_%D1%81%D0%B8%D1%81%D1%82%D0%B5%D0%BC%D0%B0
https://uk.wikipedia.org/wiki/%D0%90%D0%BD%D1%82%D0%B8%D0%B1%D0%BB%D0%BE%D0%BA%D1%83%D0%B2%D0%B0%D0%BB%D1%8C%D0%BD%D0%B0_%D1%81%D0%B8%D1%81%D1%82%D0%B5%D0%BC%D0%B0
https://uk.wikipedia.org/wiki/%D0%9F%D0%BE%D0%B4%D1%83%D1%88%D0%BA%D0%B0_%D0%B1%D0%B5%D0%B7%D0%BF%D0%B5%D0%BA%D0%B8
https://uk.wikipedia.org/wiki/GPS
https://uk.wikipedia.org/wiki/%D0%A1%D1%83%D0%BF%D1%83%D1%82%D0%BD%D0%B8%D0%BA_%D0%B7%D0%B2%27%D1%8F%D0%B7%D0%BA%D1%83
https://uk.wikipedia.org/wiki/%D0%9C%D0%B0%D1%80%D1%88%D1%80%D1%83%D1%82%D0%B8%D0%B7%D0%B0%D1%82%D0%BE%D1%80
https://uk.wikipedia.org/wiki/%D0%9C%D0%B5%D1%80%D0%B5%D0%B6%D0%B5%D0%B2%D0%B8%D0%B9_%D0%BA%D0%BE%D0%BC%D1%83%D1%82%D0%B0%D1%82%D0%BE%D1%80
https://uk.wikipedia.org/wiki/%D0%9A%D0%BE%D0%BD%D1%86%D0%B5%D0%BD%D1%82%D1%80%D0%B0%D1%82%D0%BE%D1%80
https://uk.wikipedia.org/wiki/DVD
https://uk.wikipedia.org/wiki/%D0%A2%D0%B5%D1%80%D0%BC%D0%BE%D1%81%D1%82%D0%B0%D1%82
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® [pPOMHUCIOBE YCTaTKyBaHHsI: KepyBaHHS JiTamMH, CHCTEMHU
coctepexxeHHsi, pobdoru, Bepcratu 3 UIIK, mporpamyBanbHi JOTivHI
KOHTPOJIEPH, TPOMHUCIIOB] CHCTEMH aBTOMATH3aIlil 1 KepyBaHHS,

e odicui mammuM:  (akcu-amapaTH,  Komipu,  TenedoHH,
KaJIbKYJIATOPH, KacoBi anapaTu

® TICPCOHANBHI TPUCTPOI: CTUILHUKOBI Tele)OHHM, TEPEHOCHI
nporpasadi MP3, nepconansii nmupposi nomiunnku (PDA), enekrpoHHi
Hapy4YHi TOJWHHUKH, TMOPTAaTHBHI  Bifeoirpu, 1MdpoBi  Kamepw,
cucremu GPS;

e pPOOOTH: TMPOMHCIOBI pOOOTH, AaBTOHOMHI TPAHCIOPTHI 3acoOH,
KOCMIYH1 JOCITITHUIBKI POOOTH;

e irpamKu: CHUCTEMH BiJIEOIrOp, IrpamikKu-podoTH THIY «Aiboy,
«Furby», «Elmoy.

Ocobausocmi MIKpONpOYecopHux UMIPIOGATLHUX CUCTEM.

e (OaraTo()yHKIIIOHATBHICTD;

ITIBUIIEHHS TOYHOCTI IPUJIAIIB,;

PO3UIHPEHHST BUMIPIOBATEHUX MOKITUBOCTEH;

CTIPOIICHHS 1 MOJIETIICHHSI KepYBaHHSI IPHIIAJIOM;

MOJIMBICTh OZIEpKaHHS MAaTEMaTHYHHUX (YHKIIA BUMIpIOBAaHUX

3HAYCHb,

® OJIepXKAHHS CTATUCTUYHUX XaPaKTEPUCTHK;
MiHIATIOpHU3AaIlis 1 EKOHOMIYHICT anaparypu;
MIBUINEHHS HAIIHOCTI IPIITA B,
CKOpOYEHHS TPUBAJIOCTI pO3POOKH;
OpTaHi3allisi BUMIPIOBaJIbHUX CHCTEM.

IpoyecopHi noxubxu gumiprosans:

® aneopummiuHa noxuOxka — 3yMOBJICHA BIIMIHHICTIO TPUHHSATOTO
ANTOPUTMY BUMIPIOBaHHS BiJl aIeKBATHOTO (TITIOTETUYHOTO)

® noxubka OKpy2ieHHs — BHUKIMKaHa HAasBHICTIO OKPYIJIEHb
MPOMDKHHUX IM(PPOBUX NEPETBOPEHD y PE3YIbTaTax BUMIPIOBAHb;

® Oumamiuna npoyecopHa noxubka — BUKIMKaHa OOMEXKEHICTIO
MIBUAKOAIT MIKpOMpoIiecopa.


https://uk.wikipedia.org/wiki/%D0%A7%D0%9F%D0%9A
https://uk.wikipedia.org/wiki/%D0%9F%D0%9B%D0%9A
https://uk.wikipedia.org/wiki/%D0%9F%D0%9B%D0%9A
https://uk.wikipedia.org/wiki/%D0%9F%D0%9B%D0%9A
https://uk.wikipedia.org/wiki/%D0%90%D0%A1%D0%9A
https://uk.wikipedia.org/wiki/%D0%A4%D0%B0%D0%BA%D1%81
https://uk.wikipedia.org/wiki/%D0%9A%D0%BE%D0%BF%D1%96%D1%80
https://uk.wikipedia.org/wiki/%D0%A2%D0%B5%D0%BB%D0%B5%D1%84%D0%BE%D0%BD
https://uk.wikipedia.org/wiki/%D0%9A%D0%B0%D0%BB%D1%8C%D0%BA%D1%83%D0%BB%D1%8F%D1%82%D0%BE%D1%80
https://uk.wikipedia.org/wiki/MP3
https://uk.wikipedia.org/wiki/PDA
https://uk.wikipedia.org/wiki/GPS
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11 CUCTEMHU MOHITOPHUHTI'Y,
ABTOMATHU30BAHOTO KOHTPOJIO I TEXHIYHOI
JIATHOCTHUKH

Monimopune (anria. monitoring) — KOMIJIEKC HAYKOBUX, TEXHIYHHX,
TEXHOJIOT1YHMX, OpraHi3amiiHUX Ta IHIMX 3aco0iB, sKi 3a0e3Me4yroTh
CHCTEMAaTHYHUH KOHTPOJb (CTEXKEHHS) 3a CTAHOM Ta TEHICHIISIMU
PO3BUTKY ITPUPOTHHX, TEXHOICHHHUX Ta CYCIUIBHUX MTPOIECIB.

Memoodonozciuno monimopune — 1ie TPOBEACHHS HU3KU OJHOTHITHUX
3aMipiB JOCTIKYBAHOTO 00’ €KTa 1 IMOJaJIbINNI aHaIi3,0I[IHKa, TOPIBHSIHHS
OTPUMaHMX pE3yJAbTaTIB JUIS BHSBICHHS TII€BHUX 3aKOHOMIPHOCTEH,
TEHIEHIIIH, 3MIHHUX 1 IX JUHAMIKH.

Y mexwiuniii  Oiaemocmuyi g MOHITOPUHTOM  PO3YMIIOTh
OesmepepBHMiA mporec 300py 1 aHamizy iHdopmalii Ipo 3HAYCHHS
JIarHOCTHYHMX MapaMeTpiB CTaHy 00’ €KTa.

Koumponw (dp. controle, or contrerole — moasitinuit ciMcok) oaHa 3
OCHOBHHMX (YHKIH cuctemu yrpasiiHHsA. KOHTponb 3miHCHIOETHCS Ha
OCHOBI CITOCTEPEKCHHS 32 TIOBEIIHKOIO KEPOBAHOI CHUCTEMH 3 METOI0
3a0e3MeueHHs ONTUMAILHOrO i PYHKIIIFOBaHHS (BUMIPIOBAHHS JOCATHYTHX
pe3ynbTaTiB 1 CIIBBiIHECEHHS iX i3 OYIKyBaHWMMH pe3ynbTaTamu). Ha
OCHOBI JaHWX KOHTPOJIO 3MIMCHIOETHCS aNaITaIlis CHCTEMH, TOOTO
MPUAHATTS ONTHUMAIBHUX YIPABIIHCHKUX PIlICHb.

JACTY 3021-95 BumpoOyBaHHA 1 KOHTPONb SIKOCTi TPOIYKIIii.
TepMminu Ta BU3HaYCHHS.

JACTY 2389-94 TexHiuHe MiarHOCTYBaHHS Ta KOHTPOJIbh TEXHIYHOTO
CTaHy.

JACTY 2865-94 Kontponb HepyiHiBHUN. TepMiHN Ta BU3HAYECHHS

Texuiunuii KOHmMpOAbL — JISVIBHICTH, SKa BKJIIOYA€ MPOBEICHHS
BHMIpIOBaHb, IEPEBIPOK, BUMNPOOYBaHb  OAHIET UM  JEKLIBKOX
XapaKTEepUCTHK MPOAYKTY a0 mepediry mporecy 3 MEeTOI BH3HAuYeHHS iX
BIJIIOBIIHOCTI BCTAHOBJIEHUM BHUMOTI'aM.

AeémomamuyHull KOHMPOab — KOHTPOJIb POOOTH MalIWH, MEXaHI3MiB,
amapartiB Ta IHIIOTO yCTaTKyBaHHS 3a JOMOMOIOK HPWIIAIiB 1 MPUCTPOIB
0e3 Oe3nocepeIHbOl y4acTi JIIOJUHH.


https://uk.wikipedia.org/wiki/%D0%90%D0%BD%D0%B3%D0%BB%D1%96%D0%B9%D1%81%D1%8C%D0%BA%D0%B0_%D0%BC%D0%BE%D0%B2%D0%B0
https://uk.wikipedia.org/wiki/%D0%90%D0%BD%D0%B3%D0%BB%D1%96%D0%B9%D1%81%D1%8C%D0%BA%D0%B0_%D0%BC%D0%BE%D0%B2%D0%B0
https://uk.wikipedia.org/wiki/%D0%9A%D0%BE%D0%BC%D0%BF%D0%BB%D0%B5%D0%BA%D1%81
https://uk.wikipedia.org/wiki/%D0%9D%D0%B0%D1%83%D0%BA%D0%B0
https://uk.wikipedia.org/wiki/%D0%A2%D0%B5%D1%85%D0%BD%D1%96%D0%BA%D0%B0
https://uk.wikipedia.org/wiki/%D0%A2%D0%B5%D1%85%D0%BD%D0%BE%D0%BB%D0%BE%D0%B3%D1%96%D1%8F
https://uk.wikipedia.org/wiki/%D0%A1%D0%B8%D1%81%D1%82%D0%B5%D0%BC%D0%B0
https://uk.wikipedia.org/wiki/%D0%A2%D0%B5%D0%BD%D0%B4%D0%B5%D0%BD%D1%86%D1%96%D1%8F
https://uk.wikipedia.org/wiki/%D0%9F%D1%80%D0%B8%D1%80%D0%BE%D0%B4%D0%B0
https://uk.wikipedia.org/wiki/%D0%A1%D1%83%D1%81%D0%BF%D1%96%D0%BB%D1%8C%D1%81%D1%82%D0%B2%D0%BE
https://uk.wikipedia.org/wiki/%D0%A1%D1%83%D1%81%D0%BF%D1%96%D0%BB%D1%8C%D1%81%D1%82%D0%B2%D0%BE
https://uk.wikipedia.org/wiki/%D0%A1%D1%83%D1%81%D0%BF%D1%96%D0%BB%D1%8C%D1%81%D1%82%D0%B2%D0%BE
https://uk.wikipedia.org/wiki/%D0%90%D0%BD%D0%B0%D0%BB%D1%96%D0%B7
https://uk.wikipedia.org/wiki/%D0%9E%D1%86%D1%96%D0%BD%D0%BA%D0%B0
https://uk.wikipedia.org/wiki/%D0%9F%D0%BE%D1%80%D1%96%D0%B2%D0%BD%D1%8F%D0%BD%D0%BD%D1%8F
https://uk.wikipedia.org/wiki/%D0%97%D0%B0%D0%BA%D0%BE%D0%BD%D0%BE%D0%BC%D1%96%D1%80%D0%BD%D1%96%D1%81%D1%82%D1%8C
https://uk.wikipedia.org/wiki/%D0%A2%D0%B5%D0%BD%D0%B4%D0%B5%D0%BD%D1%86%D1%96%D1%8F
https://uk.wikipedia.org/wiki/%D0%A4%D1%80%D0%B0%D0%BD%D1%86%D1%83%D0%B7%D1%8C%D0%BA%D0%B0_%D0%BC%D0%BE%D0%B2%D0%B0
https://uk.wikipedia.org/wiki/%D0%A1%D0%B8%D1%81%D1%82%D0%B5%D0%BC%D0%B0_%D0%BA%D0%B5%D1%80%D1%83%D0%B2%D0%B0%D0%BD%D0%BD%D1%8F
https://uk.wikipedia.org/wiki/%D0%9C%D0%BE%D0%BD%D1%96%D1%82%D0%BE%D1%80%D0%B8%D0%BD%D0%B3
https://uk.wikipedia.org/wiki/%D0%A1%D0%B8%D1%81%D1%82%D0%B5%D0%BC%D0%B0
https://uk.wikipedia.org/wiki/%D0%92%D0%B8%D0%BC%D1%96%D1%80%D1%8E%D0%B2%D0%B0%D0%BD%D0%BD%D1%8F
https://uk.wikipedia.org/wiki/%D0%A2%D0%B5%D1%85%D0%BD%D1%96%D1%87%D0%BD%D0%B8%D0%B9_%D0%BA%D0%BE%D0%BD%D1%82%D1%80%D0%BE%D0%BB%D1%8C
https://uk.wikipedia.org/wiki/%D0%A2%D0%B5%D1%85%D0%BD%D1%96%D1%87%D0%BD%D0%B8%D0%B9_%D0%BA%D0%BE%D0%BD%D1%82%D1%80%D0%BE%D0%BB%D1%8C
https://uk.wikipedia.org/wiki/%D0%A2%D0%B5%D1%85%D0%BD%D1%96%D1%87%D0%BD%D0%B8%D0%B9_%D0%BA%D0%BE%D0%BD%D1%82%D1%80%D0%BE%D0%BB%D1%8C
https://uk.wikipedia.org/wiki/%D0%90%D0%B2%D1%82%D0%BE%D0%BC%D0%B0%D1%82%D0%B8%D1%87%D0%BD%D0%B8%D0%B9_%D0%BA%D0%BE%D0%BD%D1%82%D1%80%D0%BE%D0%BB%D1%8C
https://uk.wikipedia.org/wiki/%D0%90%D0%B2%D1%82%D0%BE%D0%BC%D0%B0%D1%82%D0%B8%D1%87%D0%BD%D0%B8%D0%B9_%D0%BA%D0%BE%D0%BD%D1%82%D1%80%D0%BE%D0%BB%D1%8C
https://uk.wikipedia.org/wiki/%D0%90%D0%B2%D1%82%D0%BE%D0%BC%D0%B0%D1%82%D0%B8%D1%87%D0%BD%D0%B8%D0%B9_%D0%BA%D0%BE%D0%BD%D1%82%D1%80%D0%BE%D0%BB%D1%8C
https://uk.wikipedia.org/wiki/%D0%9C%D0%B0%D1%88%D0%B8%D0%BD%D0%B0
https://uk.wikipedia.org/wiki/%D0%9C%D0%B5%D1%85%D0%B0%D0%BD%D1%96%D0%B7%D0%BC
https://uk.wikipedia.org/wiki/%D0%A2%D0%B5%D1%85%D0%BD%D0%BE%D0%BB%D0%BE%D0%B3%D1%96%D1%87%D0%BD%D0%B8%D0%B9_%D0%B0%D0%BF%D0%B0%D1%80%D0%B0%D1%82
https://uk.wikipedia.org/wiki/%D0%9F%D1%80%D0%B8%D0%BB%D0%B0%D0%B4
https://uk.wikipedia.org/wiki/%D0%9F%D1%80%D0%B8%D1%81%D1%82%D1%80%D1%96%D0%B9
https://uk.wikipedia.org/wiki/%D0%9B%D1%8E%D0%B4%D0%B8%D0%BD%D0%B0
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Koumponv mexniynozo cmany — BU3HAYEHHSI TEXHIYHOTO CTaHy
00'€KTa 3 03HAYCHOIO (331aHOI0) TOYHICTIO.

Konumponw sikocmi npodykyii — KOHTPOJIb KUTbKICHUX 1 (YM) SIKICHHX
XapaKTEPUCTUK BIACTHBOCTEH MPOAYKIII.

Hepyiinisnuii konmponib — KOHTPOJb SKOCTI MPOAYKILii, 32 SIKOrO HE
MOBMHHA OyTH MOpYIIeHa NPUIATHICTh IIOAO 3aCTOCYBAHHS i3 TOBHUM
30epeKEeHHIM 3 CaMOTro MOYaTKy 3aKiIaJIeHuX (PyHKIIIH.

B Mexax mporecy KOHTPOIIO MOXKHA BHOKPEMHTU TPH OCHOBHI
emanu:

® BHUMIPIOBaHHA pEATBHUX MPOIECIB, MO 3IHCHIOIOTHCS B
opraizariii;

® TIOPIBHSHHS PE3YJIbTATIB PEaibHOrO BUKOHAHHS 13 3a37alieriib
BCTaHOBJICHMH CTaHIapTaMH;

® peaKIlis Ha MOPIBHSIHHS (KOPHUTYIOUI JIiT).

AmHaji3 Mofeni Mmporecy KOHTPOJIO CBIMUWTH, IO BIIACHE IPOIECY
KOHTPOJIIO TIepeTye BCTAHOBIICHHS CTAHIAPTIB.

IIapameTpu e(peKTHBHOI CHCTEMH KOHTPOJIIO.
EdextnBHa crucTeMa KOHTPOJIO Ma€ BIANOBIAATH TIEBHOMY
Habopy kpumepiig, cepes IKUX MOXXHA BU3HAUNTH:
® TOYHICTD,
CBOEYACHICTB,
€KOHOMIYHICTB,
THYYKICTb;
3pO3yMUTICTB;
OOTPYHTOBaHICTh KPHUTEPIiB;
CTpaTeriyHa CrpsiMOBaHICTh;
YHUCIIEHHICTh KPUTEPIiB;
MIATPUMKA KOPUTYIOUNX JIii.

3as0anmns mexHiuno20 0ia2HOCMYBAHHSL:

e BHU3HA4YCHHS (PO3Mi3HAHHS, OLIHKA) TEXHIYHOrO CTaHy, y SKOMY
nepeOyBae 00'€KT Ha MOMEHT JliarHocTyBaHHs [6];

e OIliHKAa BIiNOBIJHOCTI YW HEBIAMOBITHOCTI TEXHIYHOI'O CTaHY
00'ekTa iarHOCTYBaHHs Ta y pa3i HEBIAMOBIAHOCTI — BU3HAYEHHS IPUYMHH


https://uk.wikipedia.org/wiki/%D0%A2%D0%B5%D1%85%D0%BD%D1%96%D1%87%D0%BD%D0%B5_%D0%B4%D1%96%D0%B0%D0%B3%D0%BD%D0%BE%D1%81%D1%82%D1%83%D0%B2%D0%B0%D0%BD%D0%BD%D1%8F
https://uk.wikipedia.org/wiki/%D0%A2%D0%B5%D1%85%D0%BD%D1%96%D1%87%D0%BD%D0%B5_%D0%B4%D1%96%D0%B0%D0%B3%D0%BD%D0%BE%D1%81%D1%82%D1%83%D0%B2%D0%B0%D0%BD%D0%BD%D1%8F
https://uk.wikipedia.org/wiki/%D0%A2%D0%B5%D1%85%D0%BD%D1%96%D1%87%D0%BD%D0%B5_%D0%B4%D1%96%D0%B0%D0%B3%D0%BD%D0%BE%D1%81%D1%82%D1%83%D0%B2%D0%B0%D0%BD%D0%BD%D1%8F
https://uk.wikipedia.org/wiki/%D0%A2%D0%B5%D1%85%D0%BD%D1%96%D1%87%D0%BD%D0%B5_%D0%B4%D1%96%D0%B0%D0%B3%D0%BD%D0%BE%D1%81%D1%82%D1%83%D0%B2%D0%B0%D0%BD%D0%BD%D1%8F
https://uk.wikipedia.org/wiki/%D0%A2%D0%B5%D1%85%D0%BD%D1%96%D1%87%D0%BD%D0%B5_%D0%B4%D1%96%D0%B0%D0%B3%D0%BD%D0%BE%D1%81%D1%82%D1%83%D0%B2%D0%B0%D0%BD%D0%BD%D1%8F
https://uk.wikipedia.org/wiki/%D0%A2%D0%B5%D1%85%D0%BD%D1%96%D1%87%D0%BD%D0%B8%D0%B9_%D1%81%D1%82%D0%B0%D0%BD_%D0%BE%D0%B1%27%D1%94%D0%BA%D1%82%D0%B0
https://uk.wikipedia.org/wiki/%D0%A2%D0%B5%D1%85%D0%BD%D1%96%D1%87%D0%BD%D0%B8%D0%B9_%D1%81%D1%82%D0%B0%D0%BD_%D0%BE%D0%B1%27%D1%94%D0%BA%D1%82%D0%B0
https://uk.wikipedia.org/wiki/%D0%A2%D0%B5%D1%85%D0%BD%D1%96%D1%87%D0%BD%D0%B8%D0%B9_%D1%81%D1%82%D0%B0%D0%BD_%D0%BE%D0%B1%27%D1%94%D0%BA%D1%82%D0%B0
https://uk.wikipedia.org/wiki/%D0%A2%D0%B5%D1%85%D0%BD%D1%96%D1%87%D0%BD%D0%B8%D0%B9_%D1%81%D1%82%D0%B0%D0%BD_%D0%BE%D0%B1%27%D1%94%D0%BA%D1%82%D0%B0
https://uk.wikipedia.org/wiki/%D0%A2%D0%B5%D1%85%D0%BD%D1%96%D1%87%D0%BD%D0%B8%D0%B9_%D1%81%D1%82%D0%B0%D0%BD_%D0%BE%D0%B1%27%D1%94%D0%BA%D1%82%D0%B0
https://uk.wikipedia.org/wiki/%D0%A2%D0%B5%D1%85%D0%BD%D1%96%D1%87%D0%BD%D0%B8%D0%B9_%D1%81%D1%82%D0%B0%D0%BD_%D0%BE%D0%B1%27%D1%94%D0%BA%D1%82%D0%B0
https://uk.wikipedia.org/wiki/%D0%A2%D0%B5%D1%85%D0%BD%D1%96%D1%87%D0%BD%D0%B8%D0%B9_%D1%81%D1%82%D0%B0%D0%BD_%D0%BE%D0%B1%27%D1%94%D0%BA%D1%82%D0%B0
https://uk.wikipedia.org/wiki/%D0%9A%D0%BE%D0%BD%D1%82%D1%80%D0%BE%D0%BB%D1%8C_%D1%8F%D0%BA%D0%BE%D1%81%D1%82%D1%96
https://uk.wikipedia.org/wiki/%D0%9A%D0%BE%D0%BD%D1%82%D1%80%D0%BE%D0%BB%D1%8C_%D1%8F%D0%BA%D0%BE%D1%81%D1%82%D1%96
https://uk.wikipedia.org/wiki/%D0%9A%D0%BE%D0%BD%D1%82%D1%80%D0%BE%D0%BB%D1%8C_%D1%8F%D0%BA%D0%BE%D1%81%D1%82%D1%96
https://uk.wikipedia.org/wiki/%D0%9A%D0%BE%D0%BD%D1%82%D1%80%D0%BE%D0%BB%D1%8C_%D1%8F%D0%BA%D0%BE%D1%81%D1%82%D1%96
https://uk.wikipedia.org/wiki/%D0%9A%D0%BE%D0%BD%D1%82%D1%80%D0%BE%D0%BB%D1%8C_%D1%8F%D0%BA%D0%BE%D1%81%D1%82%D1%96
https://uk.wikipedia.org/wiki/%D0%9D%D0%B5%D1%80%D1%83%D0%B9%D0%BD%D1%96%D0%B2%D0%BD%D0%B8%D0%B9_%D0%BA%D0%BE%D0%BD%D1%82%D1%80%D0%BE%D0%BB%D1%8C
https://uk.wikipedia.org/wiki/%D0%9D%D0%B5%D1%80%D1%83%D0%B9%D0%BD%D1%96%D0%B2%D0%BD%D0%B8%D0%B9_%D0%BA%D0%BE%D0%BD%D1%82%D1%80%D0%BE%D0%BB%D1%8C
https://uk.wikipedia.org/wiki/%D0%9D%D0%B5%D1%80%D1%83%D0%B9%D0%BD%D1%96%D0%B2%D0%BD%D0%B8%D0%B9_%D0%BA%D0%BE%D0%BD%D1%82%D1%80%D0%BE%D0%BB%D1%8C
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HEBIJMOBITHOCTI:  HECHPABHOCTi, JeeKTy, TPAaHUYHOTO CTYIICHIO
3HONICHOCTI, BIIXUJICHHS BiJ pEryJIFOBaHb TOIIIO;
PO3BUTKY, BUSBICHHS KOHKPETHUX Je(PEKTHUX BY3JIB 4YH JeTalei,
BU3HAYCHHSI 1 YCYHCHHSI IPUYHH, 1110 BUKIHKAIH nedexT [7];

® OIliHKA JOMYCTUMOCTI Ta JOIUILHOCTI MOAAJBIIOI €KCILTyaTallii
o0NajiHaHHS 3 ypaxyBaHHSM IPOTHO3YBaHHs HOT0 TEXHIYHOTO CTaHy MpHU
BHSIBJICHHI JeeKTy, ONTHUMI3allis PEKUMIB EKCIUTyaTallii, 10 J03BOJISE
0e3evYHO eKCIUTyaTyBaTH arperatr 3 BUSBICHHUMH Je(eKTaMu 10 MOMEHTY
JOro BUBOAY y IUIAHOBUM PEMOHT;

e opraHizaiis O0OCIyroByBaHHS Ta PEMOHTY OOJaJHAaHHSA 3a
TEXHIYHAM CTaHOM (3aMiCTh PErJIAMEHTHOTO OOCIYrOBYBaHHS 1 PEMOHTY),
3a0e3MeYeHHs MM JrOTOBKH Ta BUKOHAHHSI SKICHUX PEMOHTIB.

Buou mexniuno2o 0iacHoCmy8anHs 3a OP2aHi3ayicro 8 Yaci:

e [IepioOmWYHE TEXHIYHE MIarHOCTYBaHHSI — JiarHOCTYBaHHS
(KOHTpPOB), 3a SIKOTO HAIXOMKEHHS I1H(opMaIlil Hpo TEXHIYHWA CTaH
00'ekTa BiIOYBa€THCS Yepe3 BCTAHOBIICHI IHTEPBAJIH Yacy,

e (esmepepBHE TEXHIYHE MJIarHOCTYBaHHS — JiarHOCTYBaHHS
(KOHTpPOIB), 3a SIKOTO HAIXOMKEHHS IH(opMarii mpo TEXHIYHUH CTaH
00'exTa BiOyBaeThCs O€3MEepepBHO;

e oOllepaTHBHE TEXHIYHE [IarHOCTYBAaHHA — JIIaTHOCTYBaHHS, 3a
SIKOT'0 HAJXO/KeHHA iH(opMaIllii Ipo TEXHIYHUHN cTaH 00'€eKTa BiOyBaeThCS
13 3aBiOMa 3a/IaHOIO CTPATETI€I0 B Mporieci pyHKIiTOBaHHS 00'€KTa.

Buou mexuiunoeo diacnocmyeants 3a Memooom eniusy Ha 00'exkm:

® TECTOBE TEXHIYHE MIarHOCTYBaHHS — JIarHOCTYBAaHHS, Il dac
SIKOr0 Ha 00’€KT ITOJAF0THCS TECTOB1 BIUIMBH;

e pobode TEeXHIYHE MiarHOCTYBaHHsS — J[IarHOCTYBaHHS, IiJ dYac
SIKOT'0 Ha 00'€KT MOIal0THCS POOOUi BILTUBH.


https://uk.wikipedia.org/wiki/%D0%92%D1%83%D0%B7%D0%BE%D0%BB_(%D1%81%D0%BA%D0%BB%D0%B0%D0%B4%D0%B0%D0%BB%D1%8C%D0%BD%D0%B0_%D0%BE%D0%B4%D0%B8%D0%BD%D0%B8%D1%86%D1%8F)
https://uk.wikipedia.org/wiki/%D0%94%D0%B5%D1%82%D0%B0%D0%BB%D1%8C_%D0%BC%D0%B0%D1%88%D0%B8%D0%BD%D0%B8
https://uk.wikipedia.org/wiki/%D0%94%D0%B5%D1%84%D0%B5%D0%BA%D1%82
https://uk.wikipedia.org/wiki/%D0%A0%D0%B5%D0%BC%D0%BE%D0%BD%D1%82
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