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ITEPEIMOBA

KoHCmekT Jekmid MICTUTh MaTepiaii 3 BHBYCHHS JWCIHILTIHHA
«Mertpomnoris, cranmgaptusaris i ceprudikarnis» (MCiC) y BinmoBigHOCTI 10
HaBuanbHuX mnaniB OKP OakanaBpiB cmenianeHOcTi 173 — ABioHika
OCBITHBOI Tporpamu «EJIeKTpOTeXHIUHI KOMIUIEKCH Ta CUCTEMH JITaIbHUX
arapariBy

Mera BuBuenHs guctumiind MCIC  — HaBYUMTH CTYyHIEHTIB
3aCTOCOBYBATH 3aKOHOJIaBUi, TEXHIYHI Ta OpraHi3aliifHi OCHOBH METPOJIOTii
P BUKOHAHHI 3aBAaHb, CTOCOBHO OIIIHKM TOYHOCTI BHMIpPIOBaHHS Ta
KOHTPOITIIO SKOCTI MPOAYKIii; popMyBaHHS 3HAHb i MPAKTHYHUX HABUYOK
BUKOPUCTAaHHS 1 JOTPUMAHHS CHCTEM 3araJlbHOTEXHIYHUX CTaHIapTiB,
npaBuII i HOpM cepTrdiKallii TpoayKIIii.

3aBmaHHs BUBYCHHS JUCIHILTIHU — C(OOPMYBATH y CTY/ICHTIB 3HAHHS,
BMiHHSI Ta HABUYKH, HEOOXiHI AJIS1 PO3yMiHHS MUTaHb MIOA0 MPU3HAYCHHS
1 BHUKODHCTAaHHA BHUMIpPIOBATbHUX NPWIALIB Ta CHUCTEM KOHTPOIIO
KOOPAMHAT  €JIEKTPOMEXaHIYHHX CHCTEM, 3 METOI 3a0e3ledeHHs
kBari(ikamiifHOT yd9acTi iH)KeHepiB B BHPOOHWYIA 1 JOCIIIHUIBKIN
IUSUIBHOCTI 3 MIABMINEHHS SKOCTI TPOAYKIIi, HajgaTh 3HAHHS 31
cTaHmapTH3arii, ceprudikarii.

Hns crygentiB cnemianbHOCTi 173 — ABiOHIKa OCBITHBOI IpOrpaMu
«EnexkTpoTexHiuHI KOMIUIEKCH Ta CUCTEMHU JIITAIbHHUX arapaTiBy ycix ¢popm
HaBYaHHSI.



1 OCHOBHI BIJOMOCTI IIPO BUMIPIOBAHH/I.
OCHOBHI HOHATTSA I BUBHAYEHHA

Memponociecio (BiA TpeUbKUX METPOH - Mipa i JIOroC - YYEHH:)
HA3MBalOTh HAyKy PO BHMIPIOBAaHHS, METOMIU ¥ 3acobm 3abe3medeHHs iX
€IHOCTI Ta CIIOCOOU AOCSITHEHHS HEOOX1IHOI TOYHOCTI.

MerTpodorist BiApi3HAETbCA BiJ] iHIINX TPUPOAHUYMX HAYK THUM, IO il
(hyHIaMeHTaIbHI TOJIO0KEHHS TPUIMMAIOTHCS 32 YroJlaMH, 8 HE JUKTYIOThCS
00’ €KTHBHUMH 3aKOHOMIpHOCTSMH. lle migkpecitroe HasBHICTH TakK 3BaHOI
3AKOHO0ABY0I Mempoao2ii - YaCTUHU METPOJIOTI, 1[0 MICTHTh IOJIOXKEHHS,
npaBuiia, BUMOTH Ta HOPMH, SIKi PErfaMeHTYIOThCS 1 KOHTPOIIOIOTHCS
JIEP>KaBOIO I 3a0€31eUeHHs €HOCTI BUMipIOBaHb.

Mertpornorist € meopemuyHow OCHO80}0 BHUMIPIOBAIBHOI TEXHIKH,
OTHOTO 3 OCHOBHHX (DaKTOPiB TEXHIYHOIO TMPOTrpecy B YCiX Taly3sx
JisutbHOCTI TMoAWHU. PO3BUTOK MeTpoJjorii mojsirae, B TMeplIy 4epry, B
VAOCKOHAJIEHHI  TEOPETUYHUX OCHOB  BHUMIPIOBaHb, y3arajibHEHHI
NPakTUYHOTO JIOCBiAY B Traiy3i BUMIpIOBaHb i (hopMyBaHHI MOJabIIOTO
PO3BUTKY BUMIipIOBAJIBHOI TEXHIKH.

Hopmamuenoio ochosoro MeTpomorii € nepaBHiI CTaHAAPTH Ta iHIII
JOKYMEHTH JAEp)KaBHOI CHCTEMH 3a0e3Ne4eHHs] €IHOCTI BUMIpPIOBaHb
(ICB), BigmoBigHi HOpPMAaTHBHI JOKyMeHTH Jlepcranmapty YkpaiHwu,
METOJIUYHI BKa3iBKH Ta PEKOMEHIAIli.

Opeanizayitinoro  0CHO6010 METPOJIOTil € MeTpOoJIoTriuHa Ciryk0a
Ykpainu.

Texniunoio 0CHO8010 METPOJIOTII €:

° CUCTEMa JICP)KaBHUX ETAJIOHIB OJMHUIL (DI3UYHUX BEIUYHH,
sKa 3a0e3neyye iX BIATBOPEHHS 3 HAMBUIIOK TOYHICTIO;

o CHUCTeMa POOOYHX €TaJIOHIB 1 3pa3KOBHX 3aCO0IB BUMIPIOBaHb,
3a JIOTIOMOTOI0 SKHX 3JIIHCHIOEThCA TIepeiadya po3MipiB OAUHUID (i3HIHUX
BEJIMYMH poO0YnM 3aco0aM BUMIPIOBAHb;

o CHUCTEMa CTaHJapTHUX 3pa3KiB CKJIQJAy Ta BJIACTHBOCTEH
peUoBHH 1 MaTepiaiiB, mo 3a0e3nedye BiATBOPEHHS OOUHMLE (Di3HUHHX
BEJIMYHH, SIKi XapaKTepU3yIOTh CKJIAJ i BIACTHUBOCTI PEUOBMH 1 MaTepiaiB;

o cucremMa poOoumx 3aco0iB BUMIPIOBANBHOI TEXHIKH, SIKi
BUKOPHUCTOBYIOTBCS IIiJ[ 4ac PO3pOOJICHHS, BUPOOHHIITBA, BUIPOOYBAaHb i
eKcIulyaTalii NpoAayKuii, HAyKOBHX JOCHI[PKEHb Ta IHIIMX BHUJIB
JISIIBHOCTI.
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Ilpeomemom memponozcii € OTpPUMaHHSI KUIBKICHOT 1 sKICHOL
iHpopMariii Tpo BIACTHBOCTI OO’€KTIB 1 TMPOIECiB, BCTAHOBICHHS I
3aCTOCYBAaHHS HAayKOBHX 1 OpTraHi3alliiHUX OCHOB, TEXHIYHHUX 3acO00iB,
MpaBWi 1 HOPM, HEOOXIMHUX JUIS JOCATHCHHS €JIHOCTI 1 HEOOXimaHOl
TouHocTi [1].

Memoou memponoeii - ne CyKymHICTh (DI3SMUHHX 1 MaTeMaTUIHUX
METOJiB, 110 BUKOPUCTOBYIOTHCS JIIi OTPUMAHHSA BUMIPIOBAIBHOI
iHpopmarii. Jlo HHX HalekaTh: METOIW BUMIPIOBAHHS, BiITBOPCHHS
BEJIMYWH 3aJaHOTO pO3Mipy, TIOPIBHSHHS BEJIWYWH, BUMIipIOBAJIbHE
NepeTBOpeHHs, 00poOKa  pe3ynbTaTiB  CHOCTEPEKEHb, IUIAHYBaHHS
BUMIPIOBaJIBHOTO EKCIICPUMEHTY .

3acobu memponoeii - pi3SHOMaHITHI 3aCO0M BUMiPIOBaHb 1 KOHTPOITIO,
K1 BIOCKOHAJIOIOTHCS i PO3BUBAIOTHCSI HA OCHOBI 00’ €KTUBHUX 3aKOHIB.

Disuyna eenuuuna (DPB) — KoxHa BH3HaueHa (i3MYHA SKICTh
00’€KTa, SIKa Mae po3Mip.

Bumiprosanna — nie 3HaxokeHHs 3HaueHHs OB gocmigHuM numsxom
3a JIOTIOMOT'OI0 CIIEIialIbHIX TEXHIYHHUX 3ac00iB — 3aC001B BUMIPIOBAHHSI.

[Tpu BuMmiproBanHi OB MOpiBHIOETHCS 3 NEAKUM ii 3HAYCHHSM, SIKE
MIPUAHATO 32 OAWHUINO. Pe3ynprar BuMiptoBanHs @B mpexacrasisie coboro
iMenoBane uucio. Hanpukian, U=1,5 B, P=0,27 kBt, F=528 I'L.

Onunuist OB [Q] — e @B, po3mipy sK0i IPUCBOEHO 3HAYCHHS 1.

3 1980 p. BBemeHa y SIKOCTI 00OB’SI3KOBOI MidicHapooua cucmema
oounuys (CI). CucremMa CKIaJAa€Tbcs 3 7 OCHOBHMX 1 2 J0JaTKOBHX
OJIMHUIb, a TakoK 113 MOXiMHWUX OJUHHIL, B TOMY YHCII OJMHHIb
ENeKTPUYHHX 1 MarHITHUX Benu4uH - 40.

OcHoBHi oauHutli cucremu Cl: noBxuHa - MeTp (M); Maca - Kitorpam
(xkr); dac - cekyHma (C); cWia EJIEKTPHUYHOTO CTpymMy - amiep (A);
TepMOJIMHaMiYHa TeMIriepaTypa - kenbBiH (K); cuna cBitia - kangena (kn);
KUTBKICTh PEYOBUHH - MOJIb (MOJIb), a JIOJATKOBI OJWHUII: TUIOCKUH KYT -
paxian (pan); TiIECHUN KyT - cTepaaiaH (cp).

OcHogHe piGHAHHSL BUMIPIOBAHMHSL!

X =N -1x,

ne X — BumiproBana ®B; N — BimHOCHe uMCiI0; /X — OIMHUIN M€l
BEJIMYNHH.

[Toxubka BumiproBanHsi @B — BigxuneHHs pe3yabTaTy BUMipIOBaHHS
Qesum Bin icTHHOTO 3HaUeHHS Qicm BUMIPIOBaHOT BEJTUUMHHU.

A0=Qeum-Qicm.



Icmunne 3navennss @B — 3Hauends OB, ske iacaJbHUM YHHOM
BimoOpaxkamo O y SKICHOMY 1 KIUIBKICHOMY BiJHOIIEHHAX BiAMOBIAHY
BIACTHBICTh 00’€kTy. OCKUIbKM ICTUHHE 3HAYCHHS HEIOCSHKHE, 3aMiCTh
HBOT'O BUKOPUCTOBYIOTh JIHCHE 3HAYCHHS.

Hiticne  3nauennss @B [Q0] — 3Ha4YeHHA, SKE OTPUMAHO
eKCTICpUMCHTATLHAM IIIITXOM 1 HACTUTBKH HaOMMKEHE IO iICTHHHOTO, IO
HOro BUKOPUCTOBYIOTH 3aMiCTh HBOTO.

PesynpTar BHMIipIOBaHHS OOOB’S3KOBO MAa€ CYHPOBOJKYBaTHUCS
JAHUMH TIPO TOXUOKHW BUMiproBaHHsS AQ Ta BiporigHicTs ii mosBu P. OTxke,
pe3yNbTaT BUMIPIOBAHHS MAa€ MICTUTH: YHCIOBE 3HAYCHHS BUMIpPIOBaHOL
BEJINYMHY, OJUHHMIII BUMIPIOBAHHS, 3HAYCHHS MOXHMOKW 1 BIpOTigHICTH ii
nosisu. Hanpuknan, U=1,15 B, AU=+0,05 B, P=0,95.

OcHoOBHI eJileMeHTH Npolecy BUMiPpIOBAHHS

006 ’exm gumiprosanns — e OB, sixa Mae OyTH BUMIipsHA.

3acobu eumiprosanna — 1€ TEXHIYHI 3ac00H, SIKi BUKOPHUCTOBYIOTHCS
JUTS. BAMIPIOBAaHHS i MalOTh HOPMOBAHY TOYHICTb.

Tlpunyun eumiprosantna — 1e CyKyNHICTh (PI3WYHHUX SBHII, HA SIKUX
0a3yroThCA BUMIPIOBAHHS.

Memoo eumipiosanusi — e CyKYIHICTb NPUHOMIB, MPUHLUIMIB i
3aco0iB  BUMIpIOBaHHS, sKa 3a0e3nedye TIOPIBHSHHS  BHUMipHOBaHOL
BEJIMYMHU 3 OTUHHUIICIO.

Ymosu eumipioganus — 1ie CyKynHICTh BEJIWYHH, SIKI BIUIMBAIOTh Ha
BUMIpIOBaHHS (HANpHKIaA, BUCOKI ab0 HHU3BKI TemIlepaTypH, BiOpariii,
MiABUIIEHUN a00 3HWKEHWH THUCK, €JIeKTPUYHI Ta MarHiTHI moss). Brmus
IIUX BEJIMYMH Ma€ OyTH BpaxoBaHUI1 a00 BUKITIOYESHUH.

JIroouna-onepamop — ocoba, sika MPOBOIUTH BUMIpIOBaHHSI.

Kaacugikaniss BUMipoBaHb

3a cnocobom 3HAXOOJHCEHHS HUCNOB020 3HAUEHHS BUMIPIOBANOL
BENUYUHU BUMIDIOBAHHS PO3OLIAIOMbCSA HA MAKI!

®  npsAMi UMIPIOGAHHS — BUMIPIOBAHHSI, IIPH SIKUX IIYKaHE 3HAYCHHSI
BEJIMYHMHU ) 3HAXOAATH 0€3M0CEPEAHBO 3 JOCHIJHUX JaHUX X, TOOTO y=Xx;

® nuenpsami 6uUMIpIO6aHHs — BUMIPIOBAHHS, TP SKHUX [IyKaHe
3HAa4YEeHHS BEJIIMYMHU 3HAXOITh Ha TMiACTaBl BiZOMOI MaTreMaTW4HOI
3aJIEKHOCTI MiXK II€I0 BEJIMYMHOIO 1 BEIMYMHAMHU-APTYMEHTAMH, SKi
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OTpHMaHI TIpH TPSIMUX BHUMIPIOBaHHIX. Hampukian, BUMIpIOBaHHS
TIOTYKHOCTI P 32 BUMipsIHUMH 3Ha4eHHAMH cTpyMy I Ta omopoM R: P=R:I%;

® CyMiCHI 6uMIpI08aHHA — OJIHOYACHI BUMIPIOBaHHS [BOX abo
JEKIIbKOX HEOJHOIMEHHHMX BENWYHMH ISl 3HAXOIKCHHS 3aJIe)KHOCTI MDK
HUMU;

® CYKYNHI GUMIDIOGAHHA - OJHOYACHI BUMIPIOBaHHS JCKUIBKOX
OJTHOIMEHHHX BEJHYHH, NMPH SKUX [IyKaHI 3HAYCHHS BEIUYMH 3HAXOISThH
NIIIXOM  PO3B’SI3aHHS. CUCTEMH pIBHSIHB, SKA OTPUMAaHA TPH TPSIMHUX
BUMIpIOBaHHSX Pi3HUX KOMOIHALI{ IIUX BEIHYHH.

Kaacudikanis noxudox BuMiproBanHs

3a ¢opmoio supadicenns:

® abOconomHi — BUPAKAIOTHCS B OMHUILIX BIMIPIOBAHOI BEJTHYHHHY;
XapaKTepU3ylOTh SKICTh TUIBKA OJHOPIAHUX BEIUYMH MPHOIMU3HO
OJTHAKOBOTO PO3MIpYy;

® GIOHOCHI — 1I€ BIAHOIIEHHA aOCOJIOTHOI MOXMOKHU A0 1CTUHHOTO
3HaueHHS BHMipioBaHoi BenmnuuHH O0Q=AQ/Qicr =~ AQ/Q. 3a3Buuaif
BUPaXAIOTBCS B MPOIEHTaX. XapaKTepusye SKICTb BUMIPIOBaHb SIK
PI3HOPITHMX, TaK i OMHOPITHUX BEIIMYHH PIZHOTO PO3MIpY.

3a npuuunoO BUHUKHEHHA:

e 00’€KTUBHI — HE MOB’53aHi 3 JIIOINHOI-0TIEPATOPOM;

e Ccy0’exkTHBHI — OOYMOBIIEHI E€KCHEpUMEHTATOPOM, CTAaHOM HOTO
OpraHiB 4yTTs, JOCBIZIOM Ta iHIe. BOHN MOAINSAIOTHCS HA TaKi:

e TOXHOKM po3mi3HaBaHHs 00’€KTa BHUMIpIOBaHHS — IOB’s3aHi 3
HEBINOBITHICTIO 00’ €KTa MPUHHATIH MOIeTi;

e [OXMOKM MeToJa — OOYMOBJICHI HEBIAMOBIAHICTIO MeTO/a
BUMIPIOBaHHS, HANpUKIIal, TOXUOKHU BiJ] BIUIMBY 3ac00y BHMIipIOBaHHS Ha
BUMIpIOBaHe KOJIO;

e IHCTpyMEHTalbHI  MOXMOKM  —  BHUHUKAIOTh  BHACIIJOK
HEBI/IMOBITHOCTI 3aCO0IB BUMIpIOBAaHHS, X CX€M, KOHCTPYKIIH, CTaHy B
npoueci ekcruryaranii. KoxkeH 3aci0 BUMIpIOBaHHS XapaKTepU3YEThCS
BJIACTHUBOIO HOMY TIOXHOKOIO, SKa BXOAWTh Yy 3arajbHy MOXHOKY

BUMIpPIOBaHHSI.
3a 3axoHoMmipHOCAMY BUABTIEHHS NOXUOOK:
e cucTeMaTH4Ha — M€ CKJIaJoBa IOXWOKH BHMIPIOBaHHS, sKa

3aJIMIIAETHCS MOCTIHOI a00 3aKOHOMIPHO 3MIHIOETHCS MPH TOBTOPHHUX
BHUMIPIOBAHHSX OJHIET 1 TIET K caMOi BEJIMYMHHU B THX CaMHX yMOBax. SIKIIIO
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BOHA BMSBJIEHA 1 JOCHUTH TOYHO BH3HA4Y€Ha, TOAl 11 MOJKHA BHMKJIIOYUTH
LIJISIXOM BBEICHHS IONPaBKU a00 MOIPABOYHOI'O MHOKHUKA,

e BHIIQJKOBA ITOXHOKA — CKJIAJ0Ba TOXHOKN BUMIPIOBAHHS, SIKa ITPH
MOBTOPHUX BUMIPIOBaHHSIX B OJHHMX 1 THX CaMHUX YMOBaX 3MIiHIOETHCS
BUIIaIKOBUM YHHOM;

e Tpy0Oa moxubka — moxudKa, gKa CyTTEBO MEPEBUIIYE MMOXUOKY, sKa
BUIIpaBlaHa YMOBAaMH BHUMIpIOBaHHS, KBai(iKaIi€l0 EKCIepUMEHTAaTopa.
MoxyTh 3’ SBUTHCS BHACTIOK Pi3KOi 3MIHM BEIMYMHH, SKa BIUIMBAE Ha
pe3yabTaT BUMiproBaHHs. Lli MOXHOKM BUKIIIOYAIOTHCS 3 PO3TIALY;

® TpoMax — € HACIiJKOM HENpPaBWIBHUX [ill eKCHepUMEHTaTopa,
HANPUKIIA/A, HEBIPHO 3amMMCAaHW{ TOKa3, HEBIpHO 3HATHI IMOKa3 Ta iHIIE.
[Ipomaxu 3aBKaH BUKITIOUAIOTHCS 3 PO3TILLY.

3a munom eumMipr08aHoi 8eTUYUHU:

® CTaTW4YHI — TPWU BUMIPIOBaHHI HE3MIHHOi y 4Yaci BHMipIOBaHOL
BEJINYHHU;

e MHAMIYHI — TPW BHUMIPIOBaHHI 3MIHHOi Yy Yaci BUMIpIOBaHOI
BEJIMYMHN. BHWHWKAOTh BHACHIJOK 1HEPIIHOCTI BIACTHBOCTEH 3acoly
BUMIpIOBaHHs. JIjis OIIHKA JWHAMIYHOI TOXMOKM HEOOXIAHO 3HaTh
nepenaToyHy (YHKII0 3aco0y BHUMIPIOBAHHS, a TaKOXK XapakTep 3MiHU
BUMIpPIOBaHOI BEJIMYHMHHU.
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2 3ACOBU BUMIPIOBAJIbHOI TEXHIKH

3aci6  sumiprosanrbHoi  mexHiku - TEXHIUHWUH 3aci0, sAKUH
3aCTOCOBYETBCA TiJ Yac BHUMIPIOBaHb 1 Ma€ HOPMOBaHI METPOJIOTiUHI
XapaKTePUCTUKH.

o 3aco6is 6uUMIprO8aNbHOT MEXHIKU 8IOHOCAMbC:

BUMIPIOBAIbHULL Npucmpili - 3acid BUMIPIOBAILHOI TEXHIKH, B

SKOMY BUKOHYEThCS JIMIIIE OJHA 31 CKIQJOBUX YacTHUH NPOICIypU
BHMipIOBaHb(BUMIPIOBAJIbHA OTIEPAITis);

3acib eumiprosanHs - 3aci0 BHMIPIOBAIBHOI TEXHIKH, SKAN

peaizye nporenypy BUMipIOBaHb.
Buoinsiome maxi eumiprosanvri npucmpoi:

Mipa;

BUMIpIOBaJIbHUH ITEPETBOPIOBAY;
MaciTaOHUH epeTBOPIOBAY;

KOMIIaparop;

YUCIIOBUI BUMIPIOBAJIbHHI MEPETBOPIOBAY.

o 3acobis sumiprogars 8iOHOCAMDb:

BHUMIPIOBaJIbHI IPUIIAIHN;

AHAJIOTOBI BUMIPIOBAIIbHI TIPUITA]TH;
r(pOBi BUMipIOBaIbHI MPHUIIAIHN;
peeCTpyBalbHI 3aCO0M BHMIipPIOBAHb;
aHaIIoro-nM(pPOBi ITEPETBOPIOBAYI;
BHUMIpIOBaJIbHI KaHAJH,

BHUMIPIOBaJIbHI CHCTEMH,
BHUMIpIOBaJIbHI iH()OpMAITiHHI CHCTEMHU.

BuwmiproBajasni npuctpoi

Mipa - BUMipIOBaJILHUI MTPUCTPIH, IO peani3ye BiATBOpeHHs Ta(abo)
30epiranHs (i3MYHOI BEIMYWHU 3aJaHOTO po3Mmipy (puc. 2.1), me NX -
YyHCIOBE 3HAa4YeHHSA (I3UUHOI BenuuMHH, 1o Oyzne BixTBopeno; Xn -
BiZTBOpeHa (pi3nyHa BEeNMYHHA.

Mipa X

M

Pucynok 2.1 — CtpykTypHa cxema Mipu
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3a xinbkicmio BUXIOHUX KaHANie Mipu 6)8ai0Mb:

e OJHOKAHAJLHI,

e OaraToKaHaJbHi.

3a pezynvosanicmio 8UxXiOHOI @enuyUHU:

® peryibOBaHi;

® He peryibpoBaHi

Buou wmip:

® OOHOKAHAIbHA Hepezylbo8aHd OOHO3HAYHA Mipa - BIITBOPIOE
BEJIMYMHY OJHOTO CTAJOT0 3aJaHOTO 3HAYCHHSI.

® 0O0HOKAHATILHA pPe2yTbO8aHA 6a2amo3nauHa Mipa - BIITBOPIOE Y
JTAHUI MOMEHT Yacy BEJIMYMHY OJHOTO 3HAYCHHSI.

® 0OacamokaHaibHa — Hepe2yib08aHa — bazamosHauHa — Mipa  —
BIITBOPIOE OJIHOYACHO JICKIJIbKA OJHOPITHUX BEIMYMH 13 3aJaHUMHU
CTaJTIMH 3HAYCHHSIMHU.

®  DacamoxaHanbHa KOOOKEPOBAHA pe2yibosand 0azamosHayHa
Mipa - BIITBOPIOE OJHOYACHO MAEKUIbKA OJHOPIMHWUX BEIWYHH, PO3MipU
SKUX MOXKYTb 3MiHIOBAaTHCSI.

Bumipiosansnuii nepemeoprogau - BUMIPIOBAIBHUN TPUCTPIH, 110
peamizye TepeTBOpPeHHA BXimHOI (Ii3WYHOT BENMWYMHA Yy BUXIJOHY,
(bYHKITIOHATIBHO 3 HEIO TIOB s3aHY.

Knacugpixayis eumipiosanvhux nepemeopiosauis.

3a cmpyxmypoio nobyoosu:

e BII npsMoro nepeTBopeHHs;

e BII 3piBHOBa)XyBAJILHOT'O TIEPETBOPEHHST;

3a 3minoio pody euxionoi eenuuunu:

e BII 6e3 3minu pony ;

e BII 3i 3MiHOIO POy BUXiHOI BETHYHHH;

3a xapaxmepom peanizo8anoi 3a1ei#CHOCHI:

e  JIiHIIiHI;

e  HEiHINHI;

3a kinvkicmio kananis:

e OJHOKAHAJILHI;

e (OaraToKaHaJIbHI,

3a sudom euxionoeo cuenany:

® TlapaMeTpHYHi;

® TCHEpPATOPHI.
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Komnapamop - BUMipIOBaTbHUN PUCTPIN, IO peasizye MOPiBHIHHS
OMHOPITHUX (DI3UIHUX BEITUIHH.

Topisnsnus - BAMIPIOBAIbHA OIEpAallis, 1[0 MOJISATAE Y BiIOOpaKeHHI
CHIBBiIHOWIEHHS MDK pO3MipamMH JBOX OJHOPIAHHMX (I3UYHUX BEIHYHH
BIJIITOBITHAM BHCHOBKOM: OiJIbIIIa, MEHIIIA YX OJTHAKOBA 32 PO3MipOM.

Buou komnapamopia:

e 3 BIIHIMaHHAM;

® 3 KOMYTAIII€IO;

® OJHOKAHAILHI,

e OaraTokaHaJbHI.

Macwmabnuii nepemeoprogay - BUMIPIOBaJbHUN TEpETBOPIOBAY,
KU peayizye JiHiHE BUMipIOBaJbHE MEPETBOPEHHS BXIAHOI BETWYHHU
0e3 3MiHU pojy.

Koedimienr macmrabyBanHs Kmm € OCHOBHOIO XapaKTEpUCTHUKOIO
MacIITaGHOTO TepeTBOPeHHs. Moro uncIoBe 3HAUCHHS MOKe OyTH:

e Kwmmr>1 — migcuieHHs;

e Kwmn <1 — nocnabieHHs;

e Kwmn =1 — noBTOpeHHs.

Buou macuwmabuux nepemeoprosauis:

e OJHOKaHAJBHHUN HEperyIbOBaHHH;

® OJHOKaHAJIbHUI KOJIOKEPOBaHUI peryJbOBaHUMN;

e OaraTrokaHaJbHUHI HEPEryIbOBaHUH,;

e (araToKaHaIbHUI PETyIbOBaHUM.

Yucnosuii 6uMiproeanbHuil nepemeoprosay - BUMIPIOBAILHUN
OPUCTPiH, MO0 € CYKYNHICTIO 3aco0iB OOYHMCIIOBAIBHOI TEXHIKH Ta
MIPOrpaMHOro 3a0e3MeYeHHs] 1 BUKOHYE OOYMCIIOBAIIBHI OIeparlii I Jac
BUMIpIOBaHb

Yucnose esumiprosanvie nepemeopenns (YBII) — ue omeparlist
0o0YMCIIEeHHS! TPOMDKHUX pe3yJbTaTiB BUMIPIOBaHb 3 METOK) OTPHMAaHHS
OCTaTOYHOTO PE3YJIbTaTy

3aco6u BUMipoBaHHSA

e BuwmiproBanbHWi mpunan - 3aci0  BHMIPIOBaHb, B SKOMY
CTBOPIOETHCS Bi3yaJIbHUM CUTHAJI BUMIpPIOBAJIbHOI iHPOpMAILIii.

e AHaJOroBUil BUMIpIOBAIbHUI NpWIIa]] - BUMIPIOBAJIbLHUAN MpHIIaL,
B SKOMY Bi3yaJIbHHI CHUTHAJ BHMIpIOBaJIbHOI 1HQOpMAIl TogaeThes 3a
JIOTIOMOT'OIO IIIKAJIK Ta BKa31BHHUKA.
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e [ludpoBuii BUMipIoBaIbHUN NpUIa]] - BUMIPIOBATBHUN NpWIaj, B
SKOMY Bi3yallbHUM CHTHaJ BHMIpIOBAaIbHOI 1H(OpMAIl TMOAA€ETHCT Y
BUTIISAI IIE(p 9 CUMBOJIIB Ha MMOKa3yBaTBbHOMY MPHUCTPOI.

e Amnanoro-mudppoBHil mepeTBOPIOBaY - 3aci0 BUMipIOBaHb, B IKOMY
CTBOPIOETHCS KOAOBUM CUTHAII BUMIPIOBAILHOI iHpOpMAIIii.

e PeectpyBanbHuil 3aci0 BHMipiOBaHHSI - 3aci0 BHMIpIOBaHHA, B
SKOMY PEECTPYETBCS CHUTHAII BUMIPIOBAIBHOI iHpOpMAIIii.

e BuwmipioBanbHUI KaHall — CyKYIIHICTb 3ac00iB BUMIpIOBAIbHOI
TEXHIKH, 3aC00iB 3B 3Ky Ta IHIIMX TEXHIYHWX 3acO00iB, MpU3HAYEHA IS
CTBOPEHHSI CHUTHAy BHMIPIOBaJbHOI iHQoOpMaIii Mpo OAHY BHUMipIOBaHY
(hi3uYHy BETHUUHY.

e BuwmipioBanbHa cUCTeMa - CYKYNHICTh BUMIPIOBAIBHUX KaHAJIB,
BHMIPIOBAIBHHUX MPUCTPOIB Ta 1HIIMX TEXHIYHUX 3ac00iB, 00 €THAHUX IS
CTBOpPEHHS CHTHAJIIB BUMIpIOBAIBHOI iH(pOpMaIii mpo meKipka ¢i3maHuX
BEJINYHH.

e BumiproBansHa iHOpMariifHa cucTeMa - CYKYHHICTH 3aco0iB
BUMIpIOBaJIBHOI TEXHIKH, 3ac00IB KOHTPOINIO, AiarHOCTYBaHHS Ta iHIINX
TEXHIYHUX 3ac00iB, 00 €THaHUX IS CTBOPEHHS CHUTHAJIB BUMIipPIOBAIBLHOI
Ta IHIIKUX BUIIB iH(QOpMaITii.
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3 METOJAU BUMIPIOBAHb TA METPOJIOT'ITYHI
XAPAKTEPUCTHUKH

MeTtoa BUMIpPIOBaHHSI - CYKyNHICTh CHOCOOIB BHKOPHCTaHHS
3ac00iB BUMIpIOBaJIbHOI TEXHIKM Ta IPUHLIUIY BUMIPIOBaHb JJISl CTBOPEHHS
BUMIPIOBaIBHOI iH(OpMATIIii.

MeToanm BUMiplOBAHE

JicTaBneHH A 3piBHOBAXKYBAHHA
Homniyca 1 Jude penmiinmii
Koinunaesuii m Hynwoemii
— 3animeHHs

Pucynok 3.1 — Knacudikaris MeToziB BUMipIOBaHHS

Memoo 3icmasnenns - METOJ] IPSIMOTO BUMIPIOBAHHS 3 OJTHOPA30BUM
MOPIBHSIHHSAM BHMIipIOBAaHOT BEJMYMHHM 3 yCiMa BHUXITHUMH BEJINYHHAMU
0araTto3HayHOI HEPeTyJIbOBAHOI MipH.

Memoo mnouiyca (memod o00Ho20 30i2y) - METOI IPSIMOIO
BUMIpPIOBaHHS 3 OJHOPAa30BHUM TMOPIBHSHHSM BHXITHUX BEJIMYUH JBOX
0araTto3HauyHHX HEPETyJbOBAHUX MIp, 3 PI3HUMH 32 3HAYCHHSM CTYNCHSIMH,
HYJIbOBI TIO3HAYKH SIKUX 3CYHYTi MK COO0I0 Ha BUMIPIOBaHY BEITHUHHY.

Memoo xoinyudenyii (Memoo noodsitino2o 36icy) - METOJ TPSIMOTO
BUMIPIOBAaHHS 3 OJHOPA30BHM MOPIBHSHHSAM JIBOX KBAaHTOBaHMX (Di3MYHMX

BEJINYUH: BUMiPIOBaHOI Ta BiZITBOPIOBAHOI 0araTo3HaYHOO
HEPETyJILOBaHOI MipOIo.
Memoo 3pisnosadcyéannss - METOA TPSMOTO BUMIPIOBAHHS 3

0araTopa3oBUM TMOPIBHSHHAM BHMMIpIOBAHOI BEJYMHM Ta BEJIMYMHH, IIO
BIZITBOPIOETHCS PETYIHOBAHOIO MipOIO, 10 iX MOBHOT'O 3piBHOBA)KEHHS
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Jlugepenyitinuti memoo (pisnuyesuii memood) - METOl BUMIPIOBaHHSI,
3a SKUM HEBEIMKA Pi3HUI MiXK BHMIPIOBAHOIO BEIMYHWHOIO Ta BHXITHOIO
BEJINYMHOIO OJHOKAHAIBHOI MIpHM BHMIPIOETHCS BiIOBIIHUM 3acO00M
BUMIpIOBaHHS.

Hynvosuii memoo - MeTol BUMIPIOBaHHS, 3a SKUM BiATBOPIOBaHY
Mipoto BennuuHy Xn poOisITh PEeryIhOBaHOIO, a pi3HAIO0 AX JOBOAATH 0
HyJs. Bucokouytnusuid 3aci0 BUMiproBaHHS (HYJb-IHIUKATOP) B LBOMY
MeToqi ikcye MOMEHT piBHOCTI X=Xn

Memoo 3amiwjennsi - 1€ METOJ HENPSMOTO BHMIPIOBaHHS 3
0araTopa3oBUM TOPIBHSHHAM O TIOBHOTO 3piBHOBXECHHS BHUXIiIHHX
BEJINYMH BUMIPIOBAILHOTO TIEPETBOPIOBaYA 3 MOYECPTOBUM MEPETBOPEHHIM
HUM BUMIPIOBAHOT BEIMYMHU T4 BUXiJIHOT BETMYHHU PEryIHOBAHOT MipH.

MeTpoJIoTiyHi XapaKTepUCTHKH
Memponoeiynumu Ha3WBalOTh XapaKTEePUCTUKU 3aco0iB
BUMIPIOBAIIBHOI TEXHIKH, SKi HOPMYIOTBCA [UIsl BU3HAYCHHS PE3yNbTaTy
BHMIpIOBaHHS Ta #oro moxubok [1,3].
OCHOBHI OUHAMIUHT MEMPONOSIUHT XAPAKMEPUCTUKU
nudepeHLiiHe piBHIHHS;
nepeaaToyHa QyHKIIis;
nepexigHaxapakTepUCTHKA;
IMITyJIbCHA XapaKTepUCTHKA;
aMILTITYAHO- 1 )a309acTOTHA XapaKTEPUCTUKH.
OcHo6Hi cmamuyHi Mempono2iuHi XapaKkmepucmuKu:
(hyHKIIiSl IEpEeTBOPEHHST,;
YyTJIVBICTb;
I[iHA MMOIIJIKH;
MIOPIT Yy TIUBOCTI;
LIBUIKOIIS;
Jliana3oH MOKa3iB i Jiama3oH BUMIPIB Ta 1HIIII.
Dynxyicio nepemeoperisi HA3UBAIOTH 3aJEKHICTh MK BUXIJTHOIO (Y)
Ta BXIIHOIO (X) BEIMYMHAMH 3ac00y BUMIPIOBAIBGHOI TeXHIKH. DYHKITis
NepeTBOPEHHS MoXke OyTH mojaHa y BUIIIAl Tabnuui, rpadika, popmyiu.
AHajiTHYHA 3aJICKHICTh BHUMIPIOBAJIBHOIO IEPETBOPEHHS, 110
BXOJIUTH JIO CKJaJly 3aco0y BUMIPIOBaHb i OMHCYE 3B SI30K BUXIJHOTO Ta
BXiJJTHOTO CHTHAJIiB, HA3UBAETHCS pigHAHHAM nepemeoperts Y =f(X).
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I'pacdiune moganus GyHKII] TepeTBOPEHHS HA3UBAIOTh CAMUYUHON
Xapaxmepucmuxoro.

Yymaugicmo (S) - BIJHOLICHHS 3MIHM BUXIJHOI BEIWYHMHH 3aCO0Y
BUMIpIOBaHb (AY) 710 3MiHHU BX1THOT BEJIMYMHH, 110 11 BUKIHKAE (AX).

Bennunny, o6epHEeHyY 10 9yTIUBOCTI, HA3UBAIOTH YiHOH HOOLIKU.

Iopiz wymaugocmi - HaliMeHIIIe 3HAYEHHS BUMIPIOBAHOI BEIMYNHM,
sKe MOXe OyTH BUsIBJICHE 3aCO00M BUMipIOBaHb.

3ona meuymaueocmi - niana3oH 3HaYEHb BUMIPIOBAHOI BETUYHHH, B
MeKax SIKOTO ii 3MiHHM He BUKIMKAIOThH 3MiHH ITOKa3y 3aC00y BUMipIOBaHHS.

ianazon noxasisé - iHTepBaN 3HAYCHb BUMIPIOBAHOI BETUYMHU, SKUN
00OMEXEHHUH ITOYAaTKOBUM Ta KIHIEBUM Ii 3HAYEHHSIMH.

Hianazon sumiprosans — iHTEpBaI 3HaUYCHb BUMIPIOBAHOT BEIIMYNHH,
B MEKax SIKOTO POHOPMOBaH1 MOXUOKH 3ac00y BUMIPIOBaHb.

[leuoxodis - dYac, BHUTpauyeHMH Ha BHUMIPIOBaHHS, TiJl SKUM
PO3YMIIOTh MPOMIDKOK 4Yacy 3 MOMEHTY 3MiHH BHMipIOBaHOI BEJIHMYWUHU IO
MOMEHTY BCTAHOBJICHHS II0Ka3y MpUiIazy.

Iloxa3z - 3HaYeHHS] BUMIPIOBAHOI BEJTMYUHU, CTBOPEHE 32 JOMIOMOTOI0
3aco0y BUMIpIOBaHb Ta TIOJJaHE CUTHAJIOM BUMIPIOBAIBHOI iHQOpMarIii.

Yac ecmanosienuss - 1HTEpBa] dYacy BiJi MOMEHTY IIOYaTKy il
BXIIHOTO CHTHally 0 MOMEHTY, KOJM TOKa3 JOCsSrae i 3ajJlHIIaeThbcs B
cepe/IMHI MOBHUX MEX HABKOJIO YCTAIEHOTO 3HAYCHHSI.

Knac mounocmi — ue 4MciO, K€ € MAaKCHUMAaJIbHO MOXKIIMBOIO
NOXHOKOI TpWIaay, SKa BHPaXXEHa B TPOLEHTaX BiJ HaHOUIBIIOrO
3HAYEHHS BEJIMYMHU, SIKA BUMIPIOETHCS Y IIbOMY Jlialla30Hi MPUIIay.
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4 EJEKTPOMEXAHIYHI BUMIPIOBAJIbHI
NPUJIAIN

EnexkTpoMexaHiYyHMMH  Ha3MBalOTh  AHAJIOTOBI  BUMipIOBaJIbHI
MIPWIIAIIN, B IKMX BXiTHA €JIEKTPUYHA BEJIMYHHA TIEPETBOPIOETRLCS B JIiHIITHE
a00 KyTOBE TIEpEMILICHHS pyXOMOi YaCTHHH BUMIPIOBAILHOTO MEXaHI3MY.

Enexrpomexaniyni mpuiagyd mpsMoi Aii OyayloThCS 3a CXEMOIo,
MOKa3aHO0 Ha PUCYHKY 4.1.

X | BumipioganbHe X’ BumiproBansH1i 1] BignikoBui
Kono MexXaHiam npUCTpin

Pucynok 4.1 — CtpykTypHa cXxeMa MoOyIOBH €JICKTPOMEXaHIYHUX TPHUIIAIB MPIMOT
bitil

BuwmiproBansauii  mexanisMm (BM) ckmamaetbest 3 pyxomoi i
HepyxoMoi yacTHHHM. Pyxoma dacTHHa BCTAHOBIIOETHCS Ha KepHax (pHcC.
4.2, a), po3rspkkax (puc. 4.2, 0) i migBicax (puc. 4.2, B) [1, 2].

%

Pyxoma Pyxoma Pyxoma
YyacTuHa 4YacTuHa 4acTUHa
7
a) 0) B)

Pucynok 4.2 — CTpyKTypHi CXeMH 3aKpillJIeHHsS pyXOMOi YaCTHHH BHMipIOBaJILHOTO
MeXaHi3My

VY3aranpHeHa CTPYKTypHa CXeMa PyXOMOi YaCTHHU BHMipIOBaJILHOTO
MeXaHi3My Moka3aHa Ha pucyHky 4.3, ne 1 — mign’sTHHKH, 2 — BiCbh, IO
3aKIHUY€TbCS KEpHAMH, 3 — TPOTHUBaru, 4 — TPYXKHHA, IO CTBOPIOE
NPOTUAIMHUN MOMEHT, 5 — cTpijika (BKa3iBHHUK), 6 — IKaa.
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Pucynok 4.3 — Y3araneHeHa CTpyKTypHa cxema pyxomol yactuau BM

PiBHSIHHA PyXy pyXOMOi YaCTMHH BUMipIOBAJIbHOI0 MeXaHi3My
JoOyTok MOMeHTY iHepiii Ha KyTOBE MPHUCKOPEHHS OPIBHIOE CyMi
MOMEHTIB CHJI, 1[0 JIFOTh Ha TiJ0 BIAHOCHO Ti€T caMoi Oci.

2 2
d- n d a
J ?:zmi J=—5 =Mgs +Mpp +M; + My,
dt™ =1 dt”
dW,
O&epTalEHEE MOMEHT Mg = der
ITp 0THIIAHEE MOMEHT Mpp=-Wy; -a
da
M OMEHT BaCI0K0EHHA M,=-P i
MomesT TepTa MTP=—1¢-GI'E
2 a = f(t)
d o dW,

do 1.5
J + P—+Wa+k -G =
dt? dt . da Mog =Mpp
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V piBHSHHSX BXKUBAIOTHCS TaKi MTO3HAYCHHS:

We - enekTpoMarHiTHa eHepris;

Wit —uToMu#i POTUAIMHANA MOMEHT;

P — koedimieHT 3aCTOKOEHHSA, SKUH 3aJE€XKHUTh BiJl KOHCTPYKUil
PyXOMOI YaCTHHU

K — xoedimierT nmpomopiiitHocTi;

G — Bara pyxoMoi YaCTHHHU BUMipIOBaJIbHOTO MEXaHi3My.

Slkmio po3B’s3aTH 1€ PIBHSHHA TSI KOHKPETHOTO BHMipPIOBAIBHOTO
MeXaHi3My, TO MOXXHa OTPUMATH 3aJIS)KHICTh 3MiHU KyTa MTOBOPOTY B Yaci.

B cratuyHOMy pexxumi poOOTHM BUMIPIOBANIBHOTO TEPETBOPIOBAYA
o0epTaJIbHUI 1 TPOTUAIHHIIA MOMEHTH 3PiBHOBAYKEHI.

4.1 MarHiToe/leKTpU4Hi BUMIpPIOBAJIbHI NPUJIaIu
[To3HaueHHs Ipunyun 0ii OCHOBaHMI Ha B3aEMOIIi OIS

ITOCTIHOTO MarHiTy 3 MarHiTHAM IOJIEM PaMKH
(KOTyIIKHM), TO SIKii TPOTIKAE BUMIPIOBaHUMN

CTPYM.

Pucynok 4.4 — CTpykTypHa cXeMa MarHiTOEIeKTPUIHOTO BUMIPIOBAIBHOTO TPHIIATY
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OcHnogni enemenmu koHcmpykyii (puc. 4.4):

1 — momocHI HAKOHEYHUKH MTOCTIHOTO MarHiTy,
2 — paMKa 3 MiTHOi 4M aJlFOMiHi€BOT MPOBOJIOKH,

3 — mpy’»kHHa, IO CTBOPIOE MPOTHIIITHUN MOMEHT,
4 — crpinka (BKa3iBHUK),

5 — mxkaa.

Pignsannsa nepemeopenns.

dWw

Mgs =- = We=¥,1
da
dW,
Mg = L:"Pu'l Wo =BSw
da
Mpp =Wy a
Mg =Mpp BSwl=W,, «
BSw . BSw
o= +1 = S.] - 1, E!| =
Wir Wit
Ilepesazu:

e Bucoka 4yTnuBicTh

e Mare croXMBaHHS €HEprii BiJl 00° €KTa BUMIPIOBAaHHS

e Manwii BIUIMB HA TIOKa3W NPUJIA/IiB 30BHINIHIX MarHiTHUX TIOIB

Heoonixu:

e HeMOoXJIHMBICTh BUMIPIOBAHHS 3MIHHHAX CTPyMiB (0€3 J01aTKOBHX
NEePETBOPIOBAYIB)

e Marna 30aTHICTb O IEPEBaHTAXXEHb

e BigHOCHO BHCOKa BapTiCTh

e CkJaaHiCTh BUMIPIOBAIBHOTO MEXaHI3MY
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MarHsiToejieKTpUUYHi aMiepMeTpH

BM
I“ RM
NUH 4 1’UH
I 1Qlll
%‘ ﬁ'_
"]'Il * lll'll
I
Pucynok 4.5 — Cxema 3 mnapaJellbHUM BMHUKaHHAM JOIATKOBOTO OIOPY Ta

BHMIipIOBaJIBHOTO MexaHizmy (BM)

I=1,+1; L,sRu=IL+R,.
KoediuieHt nrynryBanHss n
I/l,, = n.
Onmip mwyHTa
Ry =R./(n-1).

MarHsiToeJleKTPUYHI BOJILTMETPH

Z I

Um BM
U Y R\I

. R
Un il

| |

2F

PucyHnox 46 — CxeMa 3 TOCIIJZOBHUM BMHUKAHHSAM JOJATKOBOI'O onopy Ta

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

KoedimienT ginenns m
m = U/,

Orip 10JaTKOBOTO pe3uCTOpa

R,=R,(m-1).

MarHiToeJleKTPHYHI OMMeTPH

E____ - RH_|' ll

1

4—
BM@' =
Pucynok 4.7 — CxemMa 3 NOCHIIOBHMM BMHKaHHSIM BHMIpPIOBAaHOTO OIOpPY Ta

BUMIpIOBAIBHOTO MexaHi3mMy (BM)

I E
Ry +Ry+R’

Pisnanus nepemeopennsi.




0
BM R,
Rx
|
P

Pucynok 4.8 — Cxema 3 mapajeibHAM BMHKAHHSM BHUMIPIOBAHOTO OIOPY Ta
BUMIPIOBAILHOTO MEXaHI3MY

Pignanns nepemeopenus.

S -E Ry S E-R,

=581 =

- Ry Ry +R -R_“+Rx Ru'Rx*:'RJ'IRM“'Rx]F
Ry + Ry !

Bunpsivui npunaau

IloznaueHHs
Hunst MPOBEICHHS BUMIpIOBaHb
MAarHiTOENEKTPUIHUMHU npuIagaMu Ha
3MiHHOMY CTpyMi BUKOPUCTOBYIOTb
—_—— [IEPETBOPIOBAYI 3MiHHOTO CTPYMY Y TIOCTIIHHIA.

Buou nepemesoprosauis:

®  BUIIPSIMHI IPWIAIH

®  TEPMOECIEKTPUYHI TIPUIIAIN
®  CICKTPOHHI MPHUIIAJIH.
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Bunpsimui  mpunaou  —  1e  TOEJHAHHS — BUOpAMISYA 3
MarHiTOEeJIEKTPUIHIM BUMIPIOBAILHUM MexaHi3MoM (BM).

3a3Buuali 'y BHIIPAMIISYAX BUKOPHCTOBYIOTH HAITiBIIPOBITHUKOBI
OIN.

Hanisnposionuxosi  dioou — 1i¢  OBOCICKTPOTHI  €JICMEHTH
EJIEKTPUYHOTO KOJIA, SIKUM BIIACTHBA OJHOCTOPOHHS MPOBIIHICTH CTPYMY,
Mo OOyMOBJIEHA BJIACTUBOCTSMH JIBOIIAPOBHX HAMiBIPOBITHUKOBHX
CTPYKTYp Ha OCHOBI P-N Iepexomy.

Unp PN nepexig

—ND 5 , o
Hanpawm cTpymy

Aron I8 N Katon

Pucynox 4.9 — YMoBHe rpadiuHe mo3HaYeHHS

OononienepioOHull 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 oTHOMIBIEPiOAHOTO BUIPSIMIIYA Ta YaCOBI JiarpaMu

Pignanns nepemseopenns
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Jlsonisnepioonuii sunpsamisny

«— —— —-  ;
—’i

V-2

~~u

y'g
—_——_ _t
-— 0 T/2 T 32T

Pucynok 4.11 — Cxema JBOMIBIEPIOAHOTO BUIPSAMIISYA Ta YACOBI AiarpaMu

MoMeHT o0epTalbHUN CePeIHIN:

1t 1L, . 1t
M06.cp. =¥J‘M06(t)-dt=¥j‘f’01(t)-dt:‘{’0¥j'1(t)‘dt=‘{’0 'Icps
0 0 0

PiBHSHHS IEpeTBOpEHHS

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

Pucynox 4.12 — Cxemm po3IIMpeHHS MeX BHMIPIOBAaHHS 3a CTpyMoM (a) Ta
Hanpyroio (0)
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Jis po3UIMpeHHs MeX BHUMIPIOBAHHS 3a CTPYMOM 3aCTOCOBYIOTh
IIYHTH, K1 MIKITIOYEH] mapajielbHO JO BUMIPIOBAIBHOTO MexaHi3my. s
PO3IIMPEHHSI MEX BHUMIPIOBAHHS 32 HAIPYTOK 3aCTOCOBYHOTH J0OJAaTKOBI
pe3ucTopu, SKi MiAKIIOYAIOTHECA TMOCTIJIOBHO JI0 BUMIPIHOBAJILHOTO
MeXaHi3My.

TepmoesieKTpUYHI pUIATH
ITozHaueHHs

-
Tepmoenexmpuyni npunaou — 1€ MOEIHAHHS TEPMOEIEKTPUYHOIO
MIePEeTBOPIOBaYa Ta MarHiroenekTpuaHoro BM.
Tepmoenexmpuunuil nepemeoprosay HpU3HAYEeHUH IE
MEePEeTBOPEHHS] BUMIPIOBAHOTO 3MiHHOTO cTpyMy B moctiiiny EPC, saka nie

Ha BUMIPIOBAILHUI MEXaHi3M.
TepmoriepeTBoOproBay sBJIsie COO0F0 HarpiBau 1 Ta Tepmonapy 2.

BM BM
TIT E IIT E
\ /2 >v<\2
— 7
a) 0) B)

a) Oe3rocepe/iHiil KOHTAKT HarpiBaya i TepMONapH;

0) KOHTaKT HarpiBaJa i TEpMOIIAPH Yepe3 EIECKTPOi30IIOBATBHUI MaTepia;
B) Oarapest TepMOIIEPETBOPIOBAYIB.

Pucynox 4.13 — Cxemu i KIIIOUSHHS TEPMOIIEPETBOPIOBaYA

Tepmonapa — e TPUCTPIH JUII BUMIPIOBAHHSI TEMIIEPATypH, SKUH
CKJIaJa€ThCsl 3 JBOX PI3HOPIAHMX MPOBIIHUKIB, SKI KOHTAKTYIOTH MiX
co00r0 B JIEKUTbKOX a00 ONHIN TOUIli, SKi 1HOJI MOENHYIOTh KOMIICHCAITiHHI
MPOBITHUKH.
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Pucynok 4.14 — ®oto Tepmonapu

a = S['IT
I;=E/R, E=KAT AT=KpI’

I; = E/R, = K-AT/R,, = K-K+-I?/R,.

— o I _‘PO'K'KT 12
a=—>"r-l;=———--
WI'IT WI'IT ) RH
S| — uymnmBicth 3a crpymom; IT — crpym Tepmomapu; E —

enektpopymiiiHa cuna (EPC); Ru — omip xona tepmomapu; AT — pisHuIs
TEMIIepaTyp Trapsiuoro cmaro Tepmomnapu i ii xojmogHux kKiHOiB; Kt -
KoeilieHT, SKUH BU3HAYAETHCS XapaKTePUCTUKaMHU TEPMOIIEPETBOPIOBAYA;
K — koedinienT nponopuiiHOCTI.
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4.2 EjieKTpOMArHiTHi BUMipIoBaJIbHi npuiIaan

[To3HaueHHs Ipunyun 0ii ocHOBaHWUN Ha B3a€EMOJIl
MAarHiTHOTO TOJIs, SIKE CTBOPIOETHCS CTPYMOM B
HEpyXOoMii KOTYIIIIII, 3 PYXOMUM
(hepoMarHiTHAM OCEPIISIM.

Pucynok 4.15 — CtpykTypHa cXxema eIeKTpOMAarHiTHOTO BUMIiPIOBAIEHOTO TIPHIIATY

Ocnosni enemenmu koncmpyxyii (puc. 4.15):

1 — karymika (pamka),

2 — (hepoMarHiTHe ocepas;

3 — BiCh, IO 3aKIHYYETHCS KEPHAMHU;

4 — cripanbHa IPY)KHHA, 1110 CTBOPIOE IPOTHAIMHUN MOMEHT |
5 — moBiTpsIHMI 3aCTIOKOIOBAY.
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PiBHSHHS TTepeTBOPEHHS

W, = L1%2,
M= dwy, 1 dL o
da 2 da
T
o5 e :l.%.lj‘jz.dl
P2 da Ty
| dL
o=—- 2.
2W,, da

Ilepesacu:

® MOXIMBICTb 3aCTOCYBaHHS B KOJaX IIOCTIHHOTO 1 3MIiHHOTO
CTpyMy;

® IPOCTOTa KOHCTPYKIIii,

e HailHICTB;

® 3JIATHICTH JJO NIEPEBAHTAXKEHb;

® HU3bKA BAPTICTh.

Heoonixu:

® BeIMKE BJIACHE CIIOXKMBAaHHSA IIOTY)XHOCTI  Bii 00 €KTa
BHMIPIOBaHHS,

e MaJia TOYHICTD,

e Maja YyTJIMBICTb;

® CWIBHMU BIUIMB 30BHIIIHIX MAar”iTHuX nojiB. [l 3axucry
BUKOPHCTOBYIOTH (DepOMarHiTHUH eKkpaH a00 BUKOHYIOTh aCTATUYHUMHU.

4.3 EnexTpoaunaMiuni BUMipIoBaIbHi mpujiaau

Tlo3naueHHs Ipunyun 0ii OCHOBaHWIM Ha B3aeMOIIi
MoJIiB  pyXoMoi 1 HepyXoMoi KOTYIIOK 3i
CTpyMaMH.

OcHogni enemenmu KOHCMPYKYIi
EnextponnHaMiyHul BUMIpIOBaJbHUNA MEXaHi3M MICTHTh HEPYXOMY
KOTYIIKY 1, IO CKJIagaeThCsi 3 JBOX TIOJNIOBHH, 1 PYXOMY KOTYIIKY 2,
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3aKpilIeHy Ha oci abo po3TsHKKax y cepeauHi Hepyxomoi. s cTBOpeHHS
MPOTHUAIFOYOTO MOMEHTY 1 TiABEIEHHS CTPyMy /A0 PYXOMOI KOTYIIKH
BUKOPHUCTOBYIOTKCS CITipaibHi IPYKUHH.

3 A

—— =
I = — H i
He- T
i E
h l

(S = = i = 2
~— [t iih
g— ;

Pucynox 4.16 — CrpykrypHa cxema eNeKTPOIMHAMIYHOTO BHMIPIOBAIBHOTO

TpUIany

Pignuanns nepemeopenns
LI Ly-13

W, = ; +T“+M-[1-[3
dW, dM
Myg=—"=11-—
06 = 4o 12
1t 1t dm dMm
Mogen =— | Mgs(t)-dt=—[i} iy —dt=1; -1, -cos(p—
ob cp T{{ m(} Tg'l 2 do 1 "2 (pdl‘..'l'.
M
I,-I:-cosmd—=wma
da
1
a=w—-ll-13-cos-;p—
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Ilepesazcu:

® MOXIUBICTb HOOYZOBH Ha X OCHOBI BATMETPIB.
® OJHAKOBI IMOKa3W Ha TOCTIHHOMY 1 3MIHHOMY CTpyMi, IO
JTO3BOJISIE 3 BEJIMKOIO TOYHICTIO TPAyIOBATH iX HA TIOCTIHHOMY CTPYMI.

e CTaOUTHHICTH MOKA3iB y Yaci

e i3-3a BIJICYTHOCTI ()epOMArHITHUX OCepIb MOXHUOKH BiJl BHXPOBUX
CTPYMIB Ta ricTepe3uc BiACYyTHI.

Heoonixu:

® HEBHCOKA YyTJIUBICTb.
® BCIIMKE BJIACHE CTIO)KUBAHHS MOTYKHOCTI.
® YYTIHUBICTH J0 MEPEBAHTAKEHb.

it —%*‘f‘”(\’i

a) 0)
) TIOCJIIOBHE 3’ €IHAHHS KOTYIIOK aMIlepMeTpa,;
0) mapasnenbHe 3’€JHaHHS KOTYIIOK aMIepMeTpa

Pucynok 4.17 — AMIiepMeTpH elNeKTpOINHAMIYHOT CHCTEMH

_ .]fﬁ
Il‘.,'irllr d-a-
I 1=U/Z,
= 1
— e
NI
1 dM 1 -
R- = . 1.[_]-
lU D T %W, de 2
—

Pucynok 4.18 — BonbT™MeTpH eNeKTPOJMHAMIYHOI CHCTEMHU
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ST

&
I R, l[“ =1,
lv =[] Y]
Z
iz n
&
Pucynok 4.19 — BatmeTpu eJIeKTpOAMHAMIYHOT CHCTEMHU
IE = UH‘II’{R.J_'_RZ)
1
o= -1, . cosp—
Wm R'.] + R.’? d()‘.
4.4 ®eponnHamMivyHi BUMipIOBaJILHI NpUIAIH
[ToznaueHHs Ipunyun 0ii cniBnamae 3

MPHUHIUIIOM hish EJIEKTPO-
% % JUHAMIYHUX MTPUIIAJIIB.

Pucynox 4.20 — CtpykrypHa cxeMa (epoJiHaMI9HOTO BUMIPIOBAIFHOTO Py
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Ocnosni enemenmu koucmpykyii (puc.4.19). 1 — odMoTka pyxomoi
KOTYIIKK; 2 — JABI YaCTHHH OOMOTKH HEPyXOMOi KOTYIIKH; 3
MarHiTONpoBiA (ocepsi) HepyXOMOi KOTYIIKH; 4 — MarHiTOMpoBia (ocepast)
PYXOMO{ KOTYIIKH.

Pisnanns nepemeopenns

C

o=—
WI’IT

I, -1, -cos@

Ilepesazu neoonixu.

HasiBHiCTh MarHiTonpoBoiB (0cepab) 00yMOBIIIOE:
30ibIIEHUH 00epTATEHUN MOMEHT

BUCOKY YyTJIHBICTh BM

3MEHIIIEHE BJIACHE CITOKUBAHHS MOTYXHOCTI MEXaHI3My
3HIDKEHHSI BIUTUBY 30BHIITHIX MarHiTHUX TOJIB

e 30iNbIIEHHS TOXUOKM TIPUIAIB dYepe3 BHUXPOBI CTPyMH Ta
ricTepesuc.

4.5 EfeKTpoCcTaTH4YHiI BUMipIOBaJIbHI NPUJIaIn

[To3nauennasa Ipunyun 0ii ocHOBaHWN Ha B3aeMOJIl
'L EJIEKTPUIHO 3apsHKCHUX MPOBITHUKIB.

v

Pignanns nepemseopenns

W, =Cu’/2
W )
Mﬂﬁ=d {::ll.-l‘-£
do 2 da
Mu():an
o ] 5
lU“E:W <L Cf.=_'£'U-
2 da " 2W,  da

OcHogni enemenmu koHcmpykyii (puc. 4.21): nBi mapum HepyXOMHUX
enekTpoiB 1 1 pyxomuii elneKkTposa 2, 3aKpiluieHHi Ha 0ci a00 pO3THKKAX.



Pucynok 4.21 — CtpykTypHa cXeMa eJIeKTPOCTATHIHOTO BUMIPIOBAILHOTO MIPUIIALY

Ilepesacu:
® Ha MOKa3W EJIEKTPOCTATHYHHX BOJBTMETPIB Majo BIUIMBAIOTH

TeMIIepaTypa, 4acToTa, (hopMa KpUBOi HANPYTH, 30BHIITHI MarHiTHI IOJIS.
e Majie CITOKWBaHHS MOTYXXHOCTI Bifl [UKepena.
Heoonixu:

® 3aCTOCOBYIOTb TUJIBKH ISl BUMIPIOBaHHS HAIPYT.

® CUJIBHHUH BIUIMB 30BHIIIHIX CIICKTPUIHUX OB, AT 3aXUCTy

BUKOPUCTOBYIOTh €JIEKTPUYHI EKpaHH.

C, 1 cl 1 RI
e F=g L
U L 2 G R2
Jor £ ¥
a) 0) B)

a) 3a JOIIOMOTOI0 JIOJIATKOBUX PE3UCTOPIB;

0) 3a TOMIOMOTOX0 EMHICHHX MOILTEHHKIB,;

B) 32 JIONIOMOT'0I0 PE3UCTHUBHUX MOIITBHUKIB.

Pucynok 4.22 — Po3ImupeHHss MeX BUMIPIOBaHHS €IEKTPOCTaTHYHHX BOJBTMETPIB

Ha TOCTIHHOMY CcTpyMi (a), (0); Ha 3MiHHOMY CTpyMi (B).
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5 BUMIPIOBAJIBHI TPAHC®OPMATOPHU
SMIHHOI'O CTPYMY TA HAIIPYT'H

BuwmiproBansHi  Tpanchopmartopu 3miHHoro crpymy (BTC) Ta
BuMiptoBaibHi  Tpancopmatopu wHampyru (BTH) npusnaveni nns
NEepeTBOpPEeHHsT (3MeHIIeHHS abo 30iMbLICHHS) CTPYMiB Ta HamNpyr y
BH3HAYCHE YHCIIO Pa3iB i3 30epeKeHHAM iXHBOI (a3u.

Bukxopucmogyromucs U1 pO3MIMPEHHS MEX BUMIPIOBaHHS TPHIIA/IIB,
JO3BOJIAIOTH TaJbBaHIYHO PO3AUINTH YaCTHHU BUMIPIOBATBHOTO KOJa: KOJIO
BHCOKOI HANpyTH Bil KOJIa BHMipIOBAIBFHOTO TPHIIAJLY, a TAaKOX Y3TOAUTH
OKpeMi YaCTHHH BHMIpPIOBAILHOTO MPUCTPoio [1].

—_— ]
U ZH
—
. L1
my ¥ 113 LA g A
W W Y oy
— 11 = — — 11 = —
I LY v ) I I WAL RN W A [
Wi Wi
F 1 F = — F F —
v vy bl
H1 "j_ W2 & Hz Xd W2 b
- —_— 2 Lz

Pucynok 5.1 — Cxema ninkirouerns BTC ta BTH no BumiproBansHOTO KOIa

Ha pucynky 5.1 BukopucToByIOThCsS Taki mo3nadenHs: W1, W2 —
KUJTBKICTh BUTKIB MIEPBUHHOT Ta BTOPHHHOI 00MOTOK TpaHcdopmaropis; ZH
— HaBaHTaxeHHs; [1,12 — crpymu mnepBuUHHOI Ta BTOPHMHHOI OOMOTOK
tpancpopmaropiB; Ul,U2 — Hanpyru nepBHHHOI Ta BTOPMHHOI OOMOTOK
tparchopmaropis; JI1,JI2 — kiIeMu MiAKIFOYEHHS MEPBUHHOI OOMOTKHU
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Tparcopmaropa crpymy, U1, M2 - xieMun MiIKITIOYEHHS BTOPUHHOI
00MOTKH TpaHchopmaTopa cTpyMy, X, A - KJIEMH IMiJKITIOYSHHS TIEPBUHHOT
00MOTKH TpaHchopMaTOpa HAMPYTH, X, & - KJIEMH HiIKIIF0OYSHHS BTOPUHHOT
00MOTKH TpaHCc(OpMaTOpa HAMPYTH.

BuwmipioBausni Tpancpopmartopu crpymy (BTC)

BuBogu mepBUHHOI OOMOTKH INiJi €THYIOTH JIO BHUMIiPIOBAIBHOTO
KOJIa, Y BTOPUHHY OOMOTKY BMHKAIOTBCS MPIJIAAN, III0 MalOTh Malli OTIOpH
(ammepmeTpu, MOCHIIOBHI OOMOTKH BaTMeTpiB Ta iH.), Tomy BTC
NPALIOIOTh B pexcumi OIU3bKOMY 00 KOPOMKO20 3AMUKANHSL.

OcHosni mexuiuni xapakmepucmuxu BTC:

e HowmiHanbHi 3HaYEHHS IEPBUHHOTO 1 BTOPUHHOTO CTpyMiB lq,, , |5,

e Howminanbuuii koedimient rpanchopmanii K, =1, /15,
e HowminanbHa yactoTa
e Howminanbuuii onip HaBaHTa)keHHs Z

e Kirac TouHocTi

Cmpymosa noxuora BTC

3Ha4yeHHS BHUMIPIOBAHUX CTPYMIB MOXXHA BH3HAUHUTH 32 IOKa3aMH
MIPUJI/IiB, TOMHOXKHBIIH 1X Ha MIHCHUI KoedillieHT TpaHchopMarltii

11 = IQ'K|.

Ane piiicHuii koedimieHT TpaHcdopMallii 3aJeKUTh BiA PEKUMY
pobotu TpaHcopMaTopa, 3HAUCHHS Ta XapakTepy HaBaHTaKEHHS, YaCTOTH
1 ToMy ailicHe 3Ha4YeHHs HeBigome. Toai Mokas mpuiIagy HePeMHOXKY€EThCS
Ha 3HAYCHHS HOMIHAJIBHOTO KoediiieHTa TpaHchopmarrii:

I'= 1Ky
[Ipu nboMy BUHUKAE TOXHOKA:
I -1 Ky, -K
fi =—1—L.100% = —1- =L .100%
L K

ExBiBanenTHa cxema tpancdopmatopa (puc.5.2), ne R1,R2 — aktusHi
OTOpHY TEPBUHHOI 1 BTOPMHHOI 0OMOTOK; XS1, XS2 — peakTuBHi omnopu
MIEPBUHHOT 1 BTOPUMHHOI OOMOTOK; ZH — omip HaBaHTaxeHHs, Z1, Z2 —
KOMITJIEKCHI OMOpH TepBUHHOI 1 BropuHHOI oOmotok; UL, U2, 11, 12 —
Hampyrd 1 CTpyMH TeEpBUHHOI 1 BTopuHHOI 00OMoTOK; El E2 —
EJICKTPOPYIIIHHI CHJIM TIEPBUHHOI 1 BTOpUHHOI 00MOTOK; DS1, ds2



37

MarHiTHI TTOTOKH PO3CiIOBaHHS TICPBUHHOI 1 BTOPHHHOI 00MOTOK; PO —
MMOBHUH Mar”iTHUH MOTIK; F — MaraiTopymmiifaa cuma.

R1 XS (130 Xs:2 R2
| os: - 4L
ui |:___|l ) I'{)V ! sps/z,:!. P TLI uZl[]Li
| |
______ |

Pucynok 5.2 — ExBiBajieHTHa cxeMa TpaHchopMaTopa
U =-E +L(R +jXg)=-E +],-Z;
E,=L(R,+jX,)+U,=1,-Z, +1, - Z,;
F=1,-W, +L,-W,=1,-W,,
E, = oW, @, E; =JoW, D,

a, +1

Pucynok 5.3 — BekropHa miarpama Tpanchopmaropa
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BuwmipioBanashui Tpancpopmaropu nanpyru (BTH)

BuBoau mepBUHHOT OOMOTKH TiJ €IHYIOTh 10 BHMIPIOBAIHHOTO
KOJIa, Y BTOPMHHY OOMOTKY BMMKAIOTHCS TPWIAAH, IO MAlOTh BEITUKHUHA
BHYTpiHiiH omip, Tomy BTH mnpamoiots B pexcumi 6Oauzvkomy 0o
X010CmMO020 X00Y.

Ocnoeni mexuiuni xapakmepucmuxu BTH:

e HowmimampHi Hampyrs# TEpBHHHOI Ta BTOPHHHOI OOMOTOK
U 1u» U 2H

e Howminanbuuii koediient rpanchopmanii K, =Uq, /U,

e HowminanbHa yacToTa

e HomiHanbHa NOTYXHICTh Y BTOPUHHOMY KOJIi

e Kirac TouHocTi

Exeisanenmna cxema BTH cnisnadae 3 BTC.

Hns ananizy BTH yacto BUKOPUCTOBYIOTH IPUBEICHHS YHACEN BUTKIB
00MOTOK JI0 OJJHOTO YHCiia, TOOTO MPUUMAETHCS:

W, =W, Elzgz ll=10_12
bepyuu mo yBaru mi CliiBBiTHOIIIEHHS Y CHCTEMI

U =-E +L(R +Xg)=-E +1,-Z;
E,=L(R,+]Xg,)+U,=1L-Z,+1,-Z;
F=1, 'Wl +1, 'Wg =1, - W,
rnepuoie piBHfIHHH MO’KHA 3aIIuCaTu y BI/IFHHI[iI
U, =-U, +1)(R, + jX5) - LR, + Ry) + j(Xg + X))

Cramionapui BTH BurotoBnsitots sik omHodasHi, Tak i TpudasHi,
BTC — tinbku onHOda3Hi.
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6 BUMIPIOBAHHSA INOTYKHOCTI Y TPUD®AZHUX
KOJAX

HeoOxingHicTs BUMIpIOBaHHA TMOTY)XHOCTI Ta €HEPTrii BUHUKAE IPHU
BUBYCHHI BEJIMKOI KiIBKOCTI TPOIIECiB, sBUI Ta (izmgHUX 00’ €KTiB. Tomy
BU3HAYEHHS MTOTY>KHOCTI Ta €HEPrii SABJIsIE€ COO0I0 TOCUTH PO3MIOBCIOKEHUI
BUJ BHUMIipIOBaHb. [liIBUIIEHHS TOYHOCTI MHMX BHUMIPIOBaHb HaOyBae
0COOJIMBOTO 3HAYEHHS Y 3B’SI3KY 3 BEIMYE3HHM 3POCTAHHSM CIIOKWBAHHS
EHEprii, MOIIYKOM HOBUX JDKEPEN €HEepril Ta BIPOBA/HKCHHSAM 3aXOJiB s
€KOHOMIi EHEepTreTHYHNX PECypCiB.

Iosna nomyosicnicms (S) — 11e 10OYTOK MiFOUMX 3HAYCHD HAMPYTH i
CTpyMy 1 IOpIBHIOE TeOMeTpWYHii cymi aktuBHOI P 1 peaktmBHOI Q

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

Axmusena nomyxcnicms (P) — 1me KopHcHa CKIagoBa IIOBHOI
HOTY>KHOCTI, 5IKa CTIO’KUBA€THCS HABAHTAKCHHSAM.

Peaxmusna nomyacnicmo (Q) — 1Lie CKIagoBa MOBHOI IOTYXKHOCTI,
SKa HE CIIO)KHMBAETHCS, A TEPIOJNYHO MEPETBOPIOETHCS 3 OJHOTO BHIY
eHeprii B IHIIy, HAPUKIIAA, 3 €JIETPUIHOI €HEeprii B €HEepril0 MarHiTHOTO
TIOJISI, SIKIIO HABAHTAXKEHHSI YKMCTO 1HAYKTHBHE.

Jinitina nanpyea Upg, Use, Uca, ¢pasua nanpyea Ua, Ug, Uc

Unz\/§’u®

< 3
&
zEC \_{ﬂ

Pucynok 6.1 — BekropHa miarpama IiHIHHUX Ta (a3HHX HANOpyr i CTPyMIB y
CUMETPUYIHOMY TpU(Da3HOMY KOJIi
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Memoou sumiproganus nomyscHocmi y mpughasHux Konax:

® Memod 00HO20 eammempa — IUIsl BUMIPIOBaHHS aKTUBHOI 1
PEaKTUBHOI OTYXHOCTI y CUMETPUIHUX TpU(DA3HUX KOJTAX;
® umemoO 080X eammempié - Il BUMIPIOBaHHA aKTHBHOI 1

PEaKTUBHOI ITOTYKHOCTI B aCUMETPUYHHX TPpU(PA3HUX KOJIaAX;

® Memoo mMpvLoX eammempié - IS BHUMIPIOBaHHS aKTHBHOI 1
PEaKTHBHOI TOTYXHOCTI B aCUMETPHYHHMX Tpu(pasHUX Kolax, B T.4. Yy
YOTHPHUIIPOBITHHX.

6.1 BumipioBaHHsI aKTHBHOI MOTYKHOCTi y Tpuda3HUX KoJaax
Merton ogHOro BaTMETpa

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

a) IpHU NOEJAHAHHI HABAHTAXKECHHSA 33 CXEMOIN 3iPKOI0 3 JOCTYIHOIO HYJIBOBOIO
TOYKOIO;

0) npu MoeHAHHI HABaHTAXXCHHS 32 CXEMOIO TPHKYTHHK.

Pucynok 6.2 — CxemMa miAMUKaHHSA I8 BUMIPIOBAaHHS AaKTHBHOI ITOTY>KHOCTI
METOJIOM OJTHOTO BaTMeTpa:

SAxmio npu  3’€qHAaHHS TOpUAMaYiB  3ipKOI0  HYIBOBHUH TIPOBIX
BiZICYTHIi a00 ONOpH HaBaHTAXEHHs 3’€HAHI TPUKYTHUKOM, TO
NOTYKHICTh MOXXKHA BHUMIPSITH OAHHM BAaTMETPOM, CTBOPHBIUM LITYYHY
HYJIbOBY TOUKY.

Onopu BUOMPAIOTECS PIBHUMH MapaielibHOMY KOy BaTMETpa:

Ra+Rpy =Ry =R



 Pw
PO N
¥ el
B .
Ra[] []Rs
Co .
Pucynox 6.3 — Cxema miAMHUKaHHsS Uil BHUMIPIOBAaHHS aKTHBHOI MOTY)KHOCTI

METOJIOM OJHOTO BaTMETPA, CTBOPHUBIIHU IITYyIHY HYJIOBY TOUKY

AKTHBHA TMOTYXKHICTh TpU(a3zHOTO Koja MpH 3’€THAHHI NpUiiMadiB
3IpKOI0  CKJIAJIA€ThCS 3 TOTY)KHOCTEH okpeMux a3 1 TOTYXKHOCTI
YHYJTBOBOMY TIPOBOJ. Y BHUMAJKy CHMETPHYHOI CHCTEMH MOTY>KHOCTI BCiX
(a3 OoJHAKOBi, TMOTYXHICTIO Yy HYJIOBOMY IPOBOAI HEXTYIOTh i3-3a ii
MOPIBHSHO MaJioro 3HadeHus [3].

P=Ps+Pg+Pc+Pg

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

P = 3P¢
Merto 1BOX BaTMETPiB
# *
r y
Pw1 I_‘ Pw1
A Q_Q A Pan A
P Ao " @ .
B B, [Awe s [ A,
® PR P *
i i Pw1
C 4 n ™y C 4 C . F"\
AN AN
Pw2 Pw2
Pucynok 6.4 — CxemMu miAMHKaHHsS Uil BHMIPIOBaHHS AaKTUBHOI ITOTYXHOCTI

METOJIOM JIBOX BaTMETPiB
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P=Re(UpIa +Uglg +Uclc)
1A+IB+!C:0 1C=_1A_!B
P=Re[U, I + Upls + Uc(-1a —Is)|=
~Re|(U, - Uo)ia + (U, - Uo)in) -

= U..\C'I,q'COSq"l + UBC'IB'COS‘P},

P=E,,+F,

Merton TprOX BaTMETPiB

# #

F Pw1 F Pwi
- N

L 4 PWE r 4
. [k . [hPv

L " el "
. [ APw3 . } Pw3
AN *
Ng z[l z[] =
Pucynok 6.5 — Cxemu migMUKaHHS JUIl BUMIPIOBaHHS AKTHBHOI IOTY>KHOCTI

METOJIOM TPHOX BaTMeTpiB
Pwi =up-ig =(up —up)-ip =pa —Ug-ip
Pw2 =up-ig=(ug —ug)-ig =pg —Ug -ig ¢,
pw1 =u3-ic =(uc —ug)-ic =pc —ug -i¢

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

i,\+i|3+i(_‘:{)

Pwi +Ppw2+Ppwis=patps T Ppc

Pwi + Pw2+ Pw3i =Py + P+ Pc
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6.2 BumipioBaHHSI peaKTHBHOI MOTY>KHOCTi y Tpu(a3HUX KoJaax

BumiproBaHHS peakTHBHOI MOTY)KHOCTI Ma€ TNPAKTHYHE 3HAYCHHS
JIMIIE JUIs CIIO’KMBAYiB BUCOKOT €HEprii, sSKi MiIKII0UeHi 10 TpudasHuX Kil.

[lpunamu 11 BUMIPIOBaHHS — PEaKTUBHOI  TOTY)KHOCTI  HE
BUITyCKAIOThCS. PeakTHBHA MOTYXHICTh B TPhOX(a3HUX KOJIAX BU3HAYAETHCS
CYMOIO PEaKTHBHHUX MOTYKHOCTEH okpemux ¢a3 [4].

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

PeakTuBHa TMOTYXXHICTH MOXE BHMIPIOBATUCS THMH CaMHMH
NPUCTPOSMH, SIK 1 aKTHBHA, TUIBKM MOMEHT OOEpTaHHS MeXaHi3MiB LHX
MIPUCTPOIB MOBHHEH OYTH MPOIOPIIIHAM HE COSQ, a Sing.

Meroa onHOTO BaTMETpa

s BUMiprOBaHHSI pEaKTUBHOI MOTY>KHOCTI 0OMABa KiHI CTPYMOBOT
0OMOTKHM BaTMeTpa BMHUKAIOTHCA y OyAb-AKy OnHY a3y, a KiHIi 0OMOTKH
HaNpyry y ABi iHmm ¢asu.

Y Pw
I sl L
@ N
B
Ct

Pucynok 6.6 — Cxema miAMHKaHHs Uil BHMIPIOBaHHS PEaKTHBHOI IOTY>KHOCTI
METOJIOM OJJHOTO BaTMETpa

3a moKa3aHHSMH BaTMETPa pEaKTUBHA TIOTYKHICTh 3HAXOAUTHCS:

Q:\/E'PW

Merto 1BOX BaTMETPiB
=

= o
Pw P
A, Pan A P
e <
Bc -]I BC
'* F]Ep*
Pw2 w
Ca Pa n i C, T
— - A

Pucynok 6.7 — CxemMHW migMHUKaHHS IS BHMIPIOBAHHS PEAKTHBHOI ITOTY>KHOCTL
METOJIOM JJBOX BaTMETpiB
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3a moka3aHHIMU BaTMETpa pCaKTHBHA HOTy)KHiCTB 3HaXOJHUTHCA:

V3

Q 27(Pw1+ sz)

Merton TprOX BaTMETPIB

Pw1 .
AL .
# wLA .
1 Pw?2
E, Y
e "
2 e ST
I
Pw3
N

Pucynok 6.8 — CxemM miIMHKaHHS Ul BHMIPIOBAaHHS PEaKTHBHOI HOTY>KHOCTI
METOJIOM TPHOX BaTMETPIB

P=Uj,- I -cospy + Uglg-cospg + Uple-cosoe
Py Pyt Py3s=Upc-14-c0s(90°—@ )+ Ucx 1p-cos(90°—@p)+
+ U,\]_;‘[(_"COS((}UD—{P[).
Uag = Upec = Uca = Uy Us = Up = Ue = Uy
U;J = ﬁ U'I'

V3 (Ua-Iasings + Ugdg-sin g + Ucdesinge) =43 Q

Q = (Pwi+Pw2+Pys3)/ 3

3BepHiTh yBary!
Ilo6 mpaBUIBbHO  MIAKIIOUYMTH  BaTMETp, MOTPIOHO  3HATH
nociigoBHicth ¢a3. Hampyru, 3'egHani 3 mnapajenbHUMH OOMOTKaMH
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BaTTMETpa, MAalOTh IHICKCH, sKi BuOHMparoThes 3 cepii ABCABC ...,
CITITyI0YH TTIOTOYHOMY 1HAEKCY, SIKUI MPOTIKa€e Yepe3 e BaTMETP.

Hns poswupenns medc 6uMiploéanHs BAaTMETPU BMHKAIOTh 4Yepes
BUMIpIOBaJIbHI TpaHc(hOpMaTOpu CTpyMy Ta HamlpyTH.

_._‘I:I',_c _Iml_
Ec
CE _Iml_
* *
-1, FOa, 3
.F'w1 }F'w.?
r L e

Pucynok 6.9 — Cxema miIKIIOYeHHs BaTMETpIB Ul BHUMIpIOBaHHS aKTHUBHOI 1
pEaKTHBHOI MOTYXKHOCTI METOAOM OHOTO BaTMETpa
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7 BAMIPHOBAHHA EJEKTPUYHOI EHEPI'II
IHAVYKINIMHUMMHU JIYUNJIBHUKAMHA

[HIyKIifAHI TpUITag BUKOPUCTOBYIOTHCS /IS BUMIPIOBAHb y KOJIaX
3MIHHOTO CTPYMY i3-3a TOTO, IO CTPYM MOXE IHAYKYBAaTUCS MiJ €0
TIJIbKY 3MIHHOTO MarHiTHOTO ITOTOKY.

Slkmo Ha OUIAXy 3MIHHOTO MAarHITHOTO TIOTOKY TIOMICTHTH,
HaIPUKJIAA, Kpaidl alFOMiHIEBOTO AWCKA, STKUHA 3MaTHHH 00EPTATHCS HABKOJIO
JISKOTO IEHTPY, TO B JUCKY OyJe HABOAWUTHUCS 3MIHHUH 1HIYKI[IHHHNA
CTPYM, AKHH OyJe B3aEMOIISITH 3 IIMM MAarHiTHAM ITOTOKOM.

Opnak pe3ynbpTyloda CHIIa, KA MiSTUME Ha TUCK, OyJe JOpiBHIOBATH
Hymo. ToMmMy s CTBOPEHHS OOCPTAIBHOTO MOMEHTa HEOOXiTHO
BUKOPHUCTATH JBa MAarHiTHUX TOTOKH, SIKi 3CYHYTi MiX COOOIO Ha JICSKHUI
kyT. [Ipu 1IbOMy BUHHKHE B3a€MOZiSl PI3HOIMEHHHX ITOTOKIB 3 PI3HUMHU
IHIyKOBaHUMH cTpyMamH [1].

Ipunyun 0ii OCHOBaHMH Ha B3a€MOJIii 3MiHHOTO MarHiTHOTO MOTOKY
3 IHIYKIIHAM CTPYMOM.

byoosa  ma KOHCMPYKMUBHI ~ 0coOIUBOCMI  IHOVKYIUHUX
BUMIDIOBATbHUX MEXAHIZMIB

Pucynok 7.1 — BynoBa iHAyKIIHHOTO JIYHIBHAKA
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Ha enexrpomarmiti (A) 3maxomuthes obmorka W, mHa
enextpomarHiti (B) — obmoTtka WI . ObMoTKa WU M IKITIOYAETRCSA 10
Hanpyru U Ha HaBaHTaXeHHI, depe3 Hei NpPOTIKae CTpyM |U , a gepes

00MOTKY WI MPOTIKa€e CTPyM HaBaHTaKeHHS .

Mix momocamMu  enekTpoMar”ity (A) 1 Hag  TOIOCAMHU
enekTpomarHiTa (B) mpoxomuth amominieBuil quck J[. Lled muck Takox
MPOXOJUTh MiX TOJIOCAaMH mocTiiiHoro Marnita M. Ha oci € 4depB’siuHa
mepeaaya, 3a JOMOMOTOI0 SKOI 00epTOBa BiCh [i€ Ha BiMTIKOBHH MEXaHi3M
BM.

B enexrpomarHiti A cTpyMom, mo mpoxomuth B oomormi W,
CTBOpIOIOTECs siBa MarHiTHi notokn @D, i D . B enextpomarniti B
CTPYMOM, IO TPOXOAUTH B OOMOTII WI , CTBOPIOETBCS TIOTIiK @l . [oTix

@U MEPETUHAE JIUCK OJWH pa3, MOTIK (Dl JIBa pa3H, MOTIK CDL JIMCK HE

TIEPETHHAE 1 HA3UBAETHCSI HEPOOOUNM ITOTOKOM.

Ilin miero TMOTOKIB BWHUKAIOTh BHUXPOBI CTpyMH. B pe3ymbrarti
B3a€MOJii KOXKHOTO 3 TIOTOKIB 3 BHXPOBHMHU CTPyMaMH BHHHUKA€E
o0epTambHUI MOMEHT, TiJ [i€f0 SKOTO IWUCK TOYHMHAE O0OepTaTHUCH.
O6epranbHuit MoMeHT nopiBHIOE [1, 3]:

Mm’] = C'f'(I)U'(DI'SiH‘P,
ne C - mocriiiHuii koediuient, f — yactoTa 3MIHHOTO CTpyMy, W —
3cyB (ha3z Mixk MMOTOKAMHU CDU i CD, .

I[Ipu  poGori Ha IMiHIKHUX MAUITHKAX KPUBUX HaMarHidyBaHHS
MarepialiiB ocep/b eIEKTPOMArHiTiB MaEMO:

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

ne K1, K2 - mocriiini koedimienT; ZU - TOBHUIA oIip 0OMOTKH
HAINPYTH, IKUH Mae MPaKTUYHO 1HAYKTHUBHUHN XapakTep.

MoskHa IpUHHATH
Z.LI = XL = EEFLu,

ne Lu — innyxrusHicts o6MoTke Hanpyra. Toai . L
{DL' = Kj‘ usn2 JTf"LU = K_;UJ'rf-, ac K3 = KEI{ETLul

[lincTaBuBIIN BUpA3H CDU 1 @l OJIEPIKUMO
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M = K-U-I-sin'¥,
o K=CK K.
o6 obepranbHUii MOMEHT OyB MNPONOPLIMHUI MOTYXKHOCTI P,
HOTPiGHO, 06 sin'¥ = cos.
3BEpHEMOCH IO BEKTOPHOI AiarpaMu JTIYHIbHUKA.

4

Pucynok 7.2 — BekropHa miarpaMa JTi4uIbHHKA

B pesynbraTi MOKHa 3amucaTy:

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

Ilin miero 1BOrO MOMEHTY JMCK JYMIbHHKA 00epTaBcs 0 13
3pOCTAIOUOK0 IIBUJIKICTIO, SKOM HAa HBOTO HE JisUIM 1HIII MOMEHTH. AJie
JIMCK TPOXOJHMTH CBOIM KPAaEM MIDX ITOJIFOCaMH IIOCTiifHOro MarHity M. B
pe3yabTaTi B3a€EMOJIii MarHiTHOTO TIOJISI TIOCTIHHOTO MArHiTy i3 CTpyMaMu,
SK1 3’SBUJIACSL B JIMCKY TPH HOTO TIEPEMIlICHHI MK IOJIF0OCAMH MarHiry,
BUHUKA€ TaJbMIBHUA MOMEHT, 3HAYCHHS SKOTO NPONOpLIHHE KyTOBIH

mBUAKOCTI qucka @ = do/dt.

da
MI. =C1 '(!)=C] —
dt
[Ipu piBHOCTI 00EPTANBLHOTO 1 TabMIBHOIO MOMEHTIB IHUCK Oyne
obOepTartucs 3 piBHOMIPHOIO IIBHJIKICTIO, 1 Oy1eMO MaTu

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

[IpoinTerpyBaBIIN OCTAaHHIO PIBHICTh, OJIEPKHUMO:
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t, a,
J[K-P-dt= [Cy da, abo K-W = C,-a, abo W = (C/K)-c..
t v

Sk BumHO 13 opmymm, aKTHBHA e€Hepris, fKa BUMIPIOETHCS
JTYHIFHUKOM 32 4ac Bix t1 no t2, mpomnopirifina KyTy MOBOPOTY JTUCKA O

SIKIO PO3ALIUTHU KYT 0L HA 27, OTPUMAEMO KiIbKicTh 00epTiB N

N=o2Zr a=N2n

[TizcTaBUMO O B OCTaHHE PIBHAHHS

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

e C=(Cy2myK HA3UBAETLCA HOCMIUHON ATYUTbHUKA.

C=W/N rq MOKa3ye, sKa €Hepris MPOXOIUTh Yepe3 JIYMIbHUK 3a
OZIMH 00epPT JMCKA.
Hominanona nocmitina nivunvuuxa — e KinbKiCTh €NIEKTPOCHEPTil,
Ky BpaxoBYe€ BiITIKOBUH MeXaHi3M 3a 9ac 1 060poTy AmcKa.

. 3.
CH=1 10 3600’
A
1kBm =10° Bm 1200=60c-60=23600c,

A — miepe1IaTOYHE YMCIIO JTIYMIbHUKA

Benmuunaa oOepHeHa TOCTIHHINA JIYWIBHUKA, TOKa3ye, CKiIbKU
00epTiB JUCK JTYAIBHUKA POOUTH MIPH TPOXOKEHHI Yepe3 HbOTO OJMHUII
eHeprii (Hanpukian, 1 kBT/roj), i HA3WUBAETHCH NEPeOAMOUHUM HUCTIOM
aiyuneHuxa. HoMiHalbHE mepefaTOYHE YHMCIO BKA3yeThCSl Ha IIUTKY
JYUIIbHUKA.

Mu posrisgani poOOTy MeXaHi3My JIYMIIBHUKA Y TPHITYIIEH], 110
KpiM 00epTanbHOro Ta TAIBMIBHOTO MOMEHTIB HisiKi 1HIII MOMEHTH Ha
PyXOMy YacTHHY MeXaHi3My He JitoTh. HacmpaBzi B omopax, JiYUIEHOMY
MexaHi3mi Mae wicue TepTs. Jmg  KkommeHcarii MOMEHTY — TepTs
CTBOPIOETHCS JIOJATKOBHIA (KOMICHCAIIHNN) 00epTallbHAI MOMEHT. AJie
NPy HE3MIiHHIM Hamnpy3i KOMIIEHCAalliHHII MOMEHT € BeJIMUMHA IOCTiliHa, a
MOMEHT TepTsl 3aJEeKHUTh BiA MBHUAKOCTI oOepraHHs aucka. KommeHcamis
3BHYAMHO 3JIMCHIOETHCS TPH CTPYyMi HaBaHTaxeHHs, piBHOMY 10% Bix
HOMIHAJIBHOTO.

KomneHncauiiftHuii MOMEHT MOke OyTH OiNBLIMM BiJf MOMEHTY TEpPTS i
TOJi, HABITh NPH BIAKIIOYCHOMY HAaBaHTA)XCHHI, AMCK JIIYMIBHAKA MOXE
obepratucs. lLle sBUINEe HA3UBAIOTH CAMOX000M NiuUNLHUKA. Y CyBa€ThCA
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caMOXiJI 3a JOIIOMOTOI0 Hadka I', SKuit 3aKpiIUTIOEThCS Ha OCi, Ta TIPATTOPIIT
IIp mnactuHM, KA BUKOPHUCTOBYETHCS JUIS CTBOPEHHA KOMIICHCAIIHHOTO
MOMEHTY.

Jo xapakTepHCTUK JIUMIbHUKA BiJHOCHTHCS TOPIT UyTIUBOCTI, Mif
SKUM PO3YyMIIOTh HaliMEHIIle 3HaYeHHs CTPyMy Y MpoILeHTax Bix [HoM, npu
SIKOMY TIOYHHAETHCS Oe3epepBHE 0OePTaHHS TUCKA.

Ilepesacu:
HU3bKa BapTICTh
JOBIOBIYHICTH 1 MPOCTOTA B €KCILTyaTaLii;
CTIMKICT 0 KJIIMATHYHHX Ta MEXAHIYHHX BIUIMBIB;
HaJIMHUIA KOHTAKT MPH i KIFYCHHI 0 MEPEKI;
CTaOLIBHICTh [TOKA3aHb JIIYMIIbHUKA.
Heoonixu:

® HU3LKHI K1aC TOYHOCTI

® TIOpYIICHHS] METPOJIOTIYHUX XapaKTEPUCTUK MPH IIBUIKO3MIHHHUX
HaBaHTAKCHHSIX,

e Cima0kWid 3aXWCT BiA TPAgUIIHHUX METOMIB PO3KpaJaHHS
eJIEKTPOCHEPrii,

® [IiJBUIICHE BIACHE CIIOKMBAHHS 0 KOJIaX CTPYMY Ta HaIPYyTH.
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8 EJIEKTPOHHI AHAJIOI'OBI IPUJIAIHN

Enexmpouni ananoeosi npunadu — ue TNpUIaad, y SKUX BXigHa
(BuMiprOBaHa) BENWYHMHA TIIEPETBOPIOETHCS Y BHUXIOHY AaHaJIOTOBHMH
€JIEKTPOHHUMHU TIePETBOPIOBAYAMH, ¥ KOXKHOTO 3 SKMX BUXIJHA CICKTPHYHA
BEIIMUMHA € Oe3nepepBHOIO (QYHKINIE0 BXiIHOT [2].

3acmocosyromubcs 111 BUMIPIOBaHHS MPAKTUYHO BCIX EJIEKTPUYHHUX
BEJIMYWH: HAMPYTH, CTPyMY, YacTOTH, 3CYBIB (a3, MOTYXKHOCTi, €Heprii,
MapaMeTpiB eICKTPUYHUX KiJ Ta iH.

Ilepesazu:

e BCIMKWH BXiAHUH omip;

BEIIMKHI YaCTOTHHH [Tiara3oH;

MaJla CIIO’)KWBaHa Bijl 00°€KTa BUMiIpIOBAaHHS MOTYXKHICTh;
OLITBII BUCOKA YYTIHMBICTH;

OLTBII BUCOKUH MOPIT Uy TIUBOCTI.

EnexkTponnuii ocunsiorpad

et waiie

Pucynok 8.1 — Enexrponnwuii ocumnorpad C1-68
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Ocyunocpagh - 1e Tpunaa, TPU3HAYCHUH JUIS CIIOCTEPEKEHHS,
peecTpamii Ta  BHMIpPIOBAaHHS TMapaMeTpiB OCTKyBaHOTO CHTHAIY
(Hampyrn), SIKUH 3aJISKUTH BiJ Yacy.

B enexkrponHomy ocuuiorpagi peectpaiiisi 3MiHCHIOETBCS IILISIXOM
(hoTorpadyBaHHs 300paXeHHS 3 eKpaHa.

B emexktpoHHmX  ocmpuiorpadax — JOCHIDKYBaHWH  CHUTHAM
MIEPETBOPIOETHCA Y  BIAXWICHHSA TOTOKY €IEKTPOHIB  (EJICKTPOHHOTO
MPOMEHs), SKWH, TIOTPANMBIIK Ha JIOMIHECIICHTHHH €KpaH eIeKTPOHHO-
MIPOMEHEBOI TPYOKH, CTBOPIOE JTiHIIO, KA CBITUTHCS.

®dopma i€l JTiHIT BiIMOBIIa€ CUTHANTY, SKHIH 3MIHFOETBCS B Yaci.

Csimnonpomenesi ocyunocpagu SBIAIOTH COO0I0 EICKTPOMEXaHIuHI
MpUIaan, TPU3HAYEHI Ui PEeecTpallii Ta CIOCTepPEeKEeHHS 3MIHHHX Y daci
SJICKTPUYHHUX CUTHAJIIB 32 JJOITOMOTOO CBITJIOBOTO MPOMEHS.

3acmocosyrombcss AN NOCHIKCHHS TIPOLIECIB 3 BEPXHBOIO
4acTOTOMO, siKa He nepeBurye 30 k ['n.

OchosHuMU 8Y31AMU €:

e MariTHHH 670K 3 ociorpadgivanM raasBaHoMeTpoM (OI)

® OITHYHA CUCTEMA

® TMIPHCTPiil pO3TOPTKH Ta BIAMITHUK Hacy.

Ilepesacoro 1uX TpWIagiB € MTPOCTOTa MOOYIOBH, MOMIIUBICTh
peecTpartii BeTUKOro yucia (10 36) mporecis.
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9 IUPPOBI BUMIPIOBAJIBHI TPUJIAN

Lugpposumu Ha3MBAIOThCS Taki BUMIPIOBaJbHI NpPUIAIH, B SKHX
BUMIpIOBaHa BEIIMYMHA AaBTOMATUYHO B pE3yNbTaTi KBaHTYBaHHSI,
JMUCKpeTH3allii, HOPiBHAHHS, HU(POBOTO KOTyBaHHS 1 BIAIITHUX 00YNCIICHBb
nocrae y BUrisi kouy [1].

Ipunyun pobomu tumdppoBux BuMmiproBabHuX npunagis (LIBII)
3aCHOBAHO Ha IWCKPETHOMY BiTOOpaK€HHI HETTEPEPBHUX BEIHYNH.

HenepepeHa Ee MM HHA JHCKEPETH: 0B AHA EE Y HHA
b F 1 L

AL

D

1 | ]

a) 6)

FEagToRaHa Ee MY HHA

XLy

L -

| Ak=12h
®)

Pucynok 9.1 — I'padixu HemepepBHOI, AUCKPETUIOBAHOI | KBAHTOBAHOI BETMUUH

Henepepsna eeruuuna X(t) — e BenuuuHa, siIka MOXE MaTH B
3aJaHoMy Aiana3oHi /| HeCKiHYeHHO BEJIMKE YHCJIO 3HaueHb B iHTEpBali
yacy { mpu HECKIHYEHHO BEJIMKOMY YMCIIi MOMEHTIB 4acy.

Bennuuna, HenepepBHa 3a 3HAuYCHHAM 1 TiepepBHa Yy daci,
Ha3UBAETHCS OUCKPEmMuU306anol0. 3HAYeHHS AMCKPETU30BAHOI BEIMYMHH
BiZIPI3HSAETHCSA Bi HYJIsI TUIBKY B IIEBHI MOMEHTH 4acy.
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[lpomec mepeTBOpeHHS HEMEpepBHOI y 4Yaci BEIWYMHH B
MUCKPETU30BaHy IUIIXOM 30€peKeHHS ii MUTTEBHX 3HAYEHb TIJIBKH B
JeTepMiHOBaHI MOMEHTH 4acy tl, t2...tn Ha3UBAETHCS QUCKPEMUAYICETO.

Kpoxom ouckpemusayii TO Ha3UBAEThCS MPOMIKOK Yacy MK JBOMa
CYCITHIMH MUTTEBUMH 3HAUYCHHIMH CUTHAITY.

Benmmunna, HemepepBHa B daci 1 IepepBHAa 3a 3HAYCHHSM,
Ha3UBAETHCS K8AHMOBAHOW. BuUMIpIOBaNbHE IEPETBOPEHHS aHAJOTrOBOi
BEJIMYMWHU Yy CTYMIHYaCTO-3MIiHIOBaHy i3 3aJaHAMH pO3MipaMH KBaHTIB
Ha3UBAETHCS KBAHIMNYBAHHSM.

Kpoxom keanmysanus h Ha3UBa€ThCS PI3HUL MK BOMa CyCiTHIMH
3aJJaHUMH 3HAUYEHHSAMH KBaHTOBAaHOI BeIMYMHU. KpOK KBaHTyBaHHS MOXe
OyTH 3MIHHUM 1 ITOCTIHHNM.

IHoxnoxu nuppoBUX BUMIPIOBAJLHUX NPHUIATIB.

OcHnosna noxubka
AX i =F(AX , AX 1, AX;).

Iloxubka keanmyeanns - 1e METOANYHA NTOXHOKa, 1110 BUHUKAE Yepes3
oOMeXeHe YMCIIO PIBHIB KBaHTYyBaHHS h BHACHiZOK 3aMiHM HemepepBHOI
BCJIMYMHHN KBAHTOBAHOIO

2

THoxubka ouckpemusayii - 1e TOXUOKa, 110 BUHUKAE BHACIIIOK
3MiHHM BUMIpIOBaHOI BETMYMHHU I1i]l YaC BUMipIOBaHb

1 dX
=T, —
A2 gy

dX/dt — mBHUIKiCTH 3MiHM BXiTHOI BEJIWYNHM.

AX

Incmpymenmanvui noxubku - TOXUOKH, IMOB’s3aHI a00 BHMKIIMKaHI
MOPOTOM YYTIMBOCTI TPUCTPOIO TOPIBHAHHS a00 HOro HecTabuIBHICTIO,
NOXWOKK BiJl BIUIMBY 3aBajJ] Ha €JEMEHTH NU(QPOBUX BUMIPIOBAIBHUX
npuiIaiiB.
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BII

D NL[BH

D,

D Neom

Sk

Pucynok 9.2 — Y3aransHeHa cTpykTypHa cxema [[BIT

CkmamaeTscsi 3  BHMIPIOBAIBHOTO — TIEPETBOpIOBada  BXiTHOL
EIeKTPUYHOI BeNMUYNHNA X y BUXIIHY €JIeKTPUIHY BEIMYUHY Xi, TOCTATHIO
U HamiiiHOi  poOoTH  aHamoro-mMdpoBoro meperBoproBada  A/D,
nepetBoproBaviB koa-koa D/D i nudposoro BimtikoBoro mpuctporo BIL.
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10 MIKPOITPOUECOPHI BUMIPIOBAJIbHI
CUCTEMMU

Mikponpouyecopua cucmema (MIIC) - 1e 3i0paHa B €IWHE IIiJe
CYKYIHICTh B3a€MOJIIIOYHMX IHTETpaJbHUX CXeM NU(POBOi JOTIKH Ta
aHaJIOTOBUX CXEM, OpraHizoBaHa B OOYHCIIOBAIBHY a00 KepyBaJlbHY
CHCTEMYy 3 MIKpOIpomecopoM (MiKpOKOHTPOJEPOM) y SKOCTI By3ja
06po6ku inpopmarii [1, 5].

Knacughixayin npoyecoprnux npucmpois:
yHiBepCaJIbHI MiKPOIPOLIECOPH;

IU(POBI CUTHAIBHI POLIECOPH,;
MPOrpaMOBaHi JIOTI4HI IHTETpaJIbHI CXEMHU;
MiKpOKOHTPOJIEPH.

Ilpuxnaou suxopucmanis 60y008anuUx MiKpONpOYeCOPHUX CUCTEM:

e apialfifini Ta BICHKOBI CHCTEMU: aBTOIJIOTH JITaKiB, aBiOHIKA 1
HaBIramifiHli CHUCTEMH, CHCTEMH aBTOMATH4YHOI ITOCAAKH, CHCTEMU
HaBeJICHHs, KEPyBaHHS IBUTYHOM,;

® OIOMETUIIMHCHEKI CHCTEMHU: CUCTEMH KOMITTOTEpHOI ToMorpadii i
YIBTPa3BYKOBOTO JIOCTTJDKEHHS, MOHITOPUHT MaIiEHTIB,
€JIEKTPOKAPIIOCTHMY IS TOPH,

e aBTOMOOINI: KepyBaHHs JBUTYHOM, aHTHOJOKYBJIbHI TalbMOBI
CHCTEMH, KEPyBaHHS MOIyIIKaMH Oe3I1eKH, KepyBaHHS CUCTEMOIO O0IrpiBy
1 KOHIUWIIIOHyBaHHS TOBiTps, HaBiramis GPS, cymytHuKOBEe pagmio,
CHCTEMHA J1arHOCTHUKA,

® KOMYHIKaIlii: KOMYHIKaIliiHi CYITyTHHKH, MepexeBi
MapLIpyTU3aTOPH, KOMYTaTOPH, KOHLEHTPATOPH;

® CIIOKMBYA €JIEKTPOHIKA: TEIeBi30pH, AyXOBKH, mporpasadyi DVD,
CTEPEOCHCTEMH, CHCTEMH Oe3mexw, KepyBaHHs MIOJIMBOM
ra3oHiB, TepMOCTaTH, poToOKaMepH, aBToBiaNOBIAaui, TV-1nexonepy;

e QpuCTpPOi [UId KOMIT'IOTEpa: KiaBiaTypu, MHII, OPUHTEPH,
CKaHepH, JHCIUIE], MOJIEMH, MPHUCTPOI KOPCTKUX JMCKIB, mpuctpoi DVD,
rpa¢iuni wiaty, npuctpoi USB;

® CIIEKTPOHHI 1HCTPYMEHTH: CHCTeMH 300py JaHHX, ocuuiorpadu,
BOJITMETPH, T€HEPATOPH CUTHAIIB, JIOTI4HI aHaIi3aTOpH;


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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® TPOMHUCIIOBE YCTAaTKyBaHHS: KepyBaHHs JipTamMu, CHCTEMH
crioctepexkeHHsi, pobdotu, Bepcratum 3 UIIK, mnporpamyBanmbHi JOTiUHI
KOHTPOJIEPH, TIPOMHUCIIOBI CHCTEMH aBTOMATH3AIli] 1 KepyBaHHS;

e odicai  wmammHH:  Qakcu-amapatH,  KOIipH,  TeledoHH,
KaJbKYJISITOpH, KaCOB1 anmaparu

® T[IEpCOHANBHI TPHUCTPOI: CTITBHUKOBI TelNeQOHH, IEepEeHOCHI
nporpasayi MP3, nepconansai nmdposi nomiunuku (PDA), enexkrponHi
HApy4YHI TONWHHWKH, IIOPTAaTHUBHI  Bifeoirpu, mHudpPOBI Kamepw,
cucremu GPS;

e poOOTH: TIPOMHCIIOBI POOOTH, aBTOHOMHI TPAHCIIOPTHI 3aco0w,
KOCMIYHI JOCJIITHUIIBKI POOOTH;

e irpamku: CHUCTEMH BiI€Oirop, irpamku-podooTH Tumy «Aiboy,
«Furby», «Elmo».

Ocobnuocmi MiKpOnpoyecopHUX GUMIPIOBATLHUX CUCHIEM.

e OaraTopyHKIIOHAJTHHICTB;

MiBUIIICHHS TOYHOCTI MPUIIAJIIB;

PO3IIMPEHHS BUMIPIOBATBHUX MOXIJIMBOCTEHH;

CTIPOIICHHS 1 MOJIETIICHHS KepYBaHHS IPHIIAIOM,;

MOJKJIMBICTh OJICPIKAaHHS MaTeMaTHYHUX (YHKIIH BUMIPIOBAaHHX

3HAYCHb,

e OJiepKaHHS CTATHCTHYHHUX XapaKTEPUCTHK;
MiHiaTIOpHU3allist i eEKOHOMIYHICTh anapaTypH;
IJIBUIIICHHS HAIIHHOCTI IPUJIAIIB;
CKOpPOYEHHSI TPUBAJIOCTI pO3POOKH;
opraHi3allisi BUMipIOBaJIbHUX CUCTEM.

IlpoyecopHi noxubku eumiprosans:

® aneopummiuHa noxubka — 3yMOBJIEHA BIJIMIHHICTIO MPHHHSATOTO
aJITOPUTMY BUMIPIOBaHHS BiJl aJIeKBATHOIO (TCIIOTETUYHOTO)

® noxubxa OKpyelieHHs — BHKIWKaHa HAsBHICTIO OKPYTJICHb
NPOMIKHUX IU(POBUX NEPETBOPEHD Y pe3yJIbTaTax BUMipIOBaHb;

® JuHaMmiuHa NpoyecopHa NOXUOKA — BHUKIUKaHA OOMEKEHICTIO
HIBUAKOIIT MIKPOIIPOIIECOopa.


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 CUCTEMU MOHITOPHUHTIY,
ABTOMATH30BAHOTI'O KOHTPOJIO I TEXHIYHOI
JIATHOCTHUKH

Monimopune (anri. monitoring) — KOMIUIEKC HAYKOBUX, TEXHIYHUX,
TEXHOJIOTIYHUX, OpPTaHi3allifHUX Ta IHIUX 3aco0iB, fAKi 3a0e3rmedyroTh
CHCTEMaTUIHUH KOHTPOJh (CTEKEHHS) 3a CTAaHOM Ta TEHACHIIISAMHU
PO3BUTKY MPUPOJIHUX, TEXHOTCHHUX Ta CYCHUIBHUX MPOLECIB.

Memooonoziuno monimopune — 1ie TPOBEACHHS HU3KU OJHOTHITHUX
3aMipiB JOCIHIHKYBaHOTO 00’ €KTa 1 IMOJAIBIINN aHANi3,0I[iHKa, TOPiBHSIHHS
OTPUMAHMX pE3yJIbTATIB JUIS BUSABJICHHS TICBHUX 3aKOHOMIPHOCTEH,
TEHACHIUH, 3MIHHUX 1 IX TUHAMIKH.

Y mexwiyniti  Oiaecrocmuyi TiL  MOHITOPUHTOM  PO3YMIIOTh
Oe3nmepepBHUI Tporiec 300py 1 aHamizy iH(opmarii mpo 3HAYCHHS
JIIarHOCTHYHUX MapaMeTpiB CTaHy 00’ €KTa.

Konmponw (pp. controle, ot contrerole — mosBiiHuiA CIUCOK) OHA 3
ocHOBHUX (yHKIiNH cucremu ympaBniHHSI. KoHTpomb 37ificHIOETBCS Ha
OCHOBI CIIOCTEPEKECHHSI 3a TIOBEAIHKOIO KEpPOBaHOI CHUCTEMH 3 METOI0
3a0e3MmeyeH s ONTUMAIBFHOTO 11 (DYHKIIFOBAaHHS (BUMIPIOBaHHS JOCATHYTHX
pe3ynbTaTiB 1 CHIBBIHECEHHA iX i3 OWiKyBaHMMH pe3yibraTamu). Ha
OCHOBI JIaHUX KOHTPOJIIO 3IIHCHIOETBCS aJamTallisi CHUCTEMH, TOOTO
HPUHHATTS ONTUMAIBHUX YIIPABIIHCHKUX PIIICHb.

ACTY 3021-95 BunpoOyBaHHS 1 KOHTPOJIb SIKOCTI MPOJYKIIii.
Tepminu Ta BU3HAYCHHS.

JACTY 2389-94 TexniuHe AiarHOCTYBaHHSA Ta KOHTPOJb TEXHIYHOTO
CTaHy.

JACTY 2865-94 KonTponb HepyitHiBHUE. TepMiHH Ta BU3ZHAUYEHHS

Texniunuti KOHmMpOAb — JISUIBHICTB, SKa BKJIIOYAE€ TIPOBEICHHS
BUMIpIOBaHb,  MEPEBIPOK,  BUMNPOOYBaHb  ONHiET YW  JIEKIIBKOX
XapaKTepUCTUK MPOAYKTY abo mepediry mpouecy 3 METOI0 BH3HAYEHHS iX
BiZIIIOBIAHOCTI BCTAHOBJICHUM BHMOTaM.

Aemomamuynutl KOHmMPOIb — KOHTPOJIb pOOOTH MaIllMH, MEXaHi3MiB,
armapariB Ta iHIIOTO YCTATKYBaHHS 3a JONOMOIOK MPWIAIIB i MPUCTPOIB
0e3 Ge3nocepeIHbOl yUyacTi JIFOJUHU.


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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Koumpons mexuiunoeo cmany — BHU3HAUEHHS TEXHIYHOTO CTaHy
00'eKkTa 3 03HAYCHOIO (33IaHOI0) TOYHICTIO.

Koumponv saxocmi npodykyii — KOHTPOJIb KUTbKICHUX 1 (M) SKiCHUX
XapaKTePUCTUK BIACTHBOCTEH MPOAYKIIii.

Hepyuinisnuii konmpons — KOHTPOIb SKOCTI MPOAYKIIii, 32 SKOTO HE
MOBHHHA OyTH MOpYyIIeHAa NPUIATHICTH MIOJ0 3aCTOCYBAaHHS i3 TOBHUM
30epeKEeHHSIM 3 CaMOTr0 MOYaTKy 3aKiIaJeHUX (PyHKIIH.

B Mexax mpomecy KOHTPOJIIO MOXKHa BHOKPEMHTH TPU OCHOBHI
emanu:

e BHMIPIOBaHHS peaJbHUX TMPOIECiB, IO 3MINCHIOIOTECA B
oprasxizartii;

® TOPIBHSHHS PE3yJbTAaTiB PEajbHOr0 BUKOHAHHS 13 3a3lajeriib
BCTAHOBJICHHMH CTaHIapTaMu;

® peaxIlis Ha MOPiBHAHHS (KOPUTYIOUi JiT).

AHai3 MoJieNi MpoIecy KOHTPOJIO CBITYMTH, IO BJIACHE MIPOIECY
KOHTPOJIIO MIePEIy€e BCTAHOBJICHHS CTaHIAPTiB.

IMapameTpu edeKTHBHOI cCHCTEMU KOHTPOJIIO.
EdextBHa cucTeMa KOHTPOJIIO Ma€ BIANOBIAATH IEBHOMY
HabOpy Kpumepiis, cepel IKUX MOYKHA BU3HAYHTH:
® TOYHICTD,
CBOE€YACHICTD,
€KOHOMIYHICTB,
THYYKICTb;
3pO3yMLUITICTh;
0OTpYHTOBaHICTh KPUTEPIIB;
CTpaTeriyHa CIPsIMOBaHICTh;
YHCJICHHICTh KPUTEPIiB;
MiATPUMKA KOPUTYIOUUX HiM.

3asoanus mexniuHo2o 0iaeHOCMYBAHHA!

e BU3HAuYCHHS (PO3IMI3HAHHS, OIIHKA) TEXHIYHOTO CTaHy, y SIKOMY
nepeOyBae 00'eKT Ha MOMEHT JliarHOCTyBaHHS [6];

e OLHKA BIJMOBIAHOCTI YM HEBIINOBIOHOCTI TEXHIYHOTO CTaHY
00'exTa iarHOCTYBaHHS Ta y pa3i HEBIIMOBIIHOCTI — BU3HAYCHHS IPUYHNHH


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%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, JedeKTy, TPaHUIHOTO  CTYIICHIO
3HOMICHOCTI, BIIXUJICHHS BiJl PETyJIIOBaHb TOIIO;

e BHABICHHS YIIKO/DKCHb 49M Ae(EeKTiB Ha IMOYATKOBIM cTamii ix
PO3BHUTKY, BHUSBICHHS KOHKPETHHX JEQEKTHHUX BY3JIiB 4M JeTalei,
BU3HAYCHHS | YCYHCHHSI IPUYMH, 10 BUKIUKaIH AeeKT [7];

® OIliHKA JOMyCTHMOCTI Ta JOLIIBHOCTI MOAAIBIIOI eKCILTyaTarlil
o0JlasiHaHHsA 3 ypaxXyBaHHSAM IPOTHO3YBaHHS HOTO TEXHIYHOTO CTaHy IIPH
BUSIBIICHHI Ae(eKTy, omThMmizamis peXHMMiB €KCIUTyaTamii, 1o I03BOJIIE
0e3MeYHO eKCIUTyaTyBaTH arperat 3 BUSBICHHUMH Je(QEeKTaMu 10 MOMEHTY
HOro BUBOAY y IJIAHOBUI PEMOHT;

e oprasizaifisi OOCIyroByBaHHS Ta PEMOHTY oOOJagHAHHSI 3a
TEXHIYHUM CTaHOM (3aMICTh periiaMeHTHOTO OOCITYTOBYBaHHS i PEMOHTY),
3a0e3MeYeHHS MiATOTOBKU Ta BUKOHAHHS SIKICHUX PEMOHTIB.

Buou mexuiunoeo diacnocmyeanus 3a Opeanizayicio 6 Yaci:

e [MepioguYHe TEeXHIYHE JiarHOCTYBaHHS — JiarHOCTYBaHHS
(KOHTpOJB), 3a SIKOTO HAAXO/PKEHHs iH(opMmalii Mpo TEXHIYHHHA CTaH
00'exTa BiZI0yBa€eThCA Yepe3 BCTAHOBJICHI iHTEpBAaJH Yacy,

e Oec3mepepBHE TEXHIYHE JIarHOCTYBaHHS — JiarHOCTYBaHHS
(KOHTpOMB), 3a SKOTO HAIXOPKEHHS iH(pOpMaIlii Mpo TEXHIYHUHA CTaH
o0'exTa BiIOyBaeThCs OE3MEepEepPBHO;

e oOIepaTHUBHE TEXHIUYHE MIiarHOCTYBaHHS — JiarHOCTYyBaHHS, 3a
SKOTO HaJXO/pKEHHsI iH(popMaIlii Ipo TeXHIYHUH cTaH 00'eKTa BiOyBaeThCS
13 3aBijioMa 3a/IaHOFO CTPATETIEr0 B mpolieci GyHKIIFOBaHHS 00'€KTa.

Buou mexuiunoco diacnocmyeaniis 3a Memooom 6nau8y Ha 00'ekm.:

® TECTOBE TEXHIUHE MiarHOCTYBaHHS — JIarHOCTYBaHHS, IiJI 4ac
SIKOT'O Ha 00’ €KT MOJAIOTHCSI TECTOBI BIUIMBH;

e poboue TeXHIYHE JIarHOCTYBaHHS — JIarHOCTYBaHHS, Wi Yac
SKOTO Ha 00'€KT MOAAI0THCS POOOYi BIUIHBH.


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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Jonatok A
MHOKHHUKY TA MPUCTABKH [IJIsl YTBOPEHHsI KPATHHX i YaCTKOBHUX OJUHHUIIH

Tabmunsa A.l — BiamoBimHICTh TpeACTaBICHHs K MHOXHHKIB Ta
MPHUCTABOK JJIS1 YTBOPEHHS KPATHHUX 1 YACTKOBHUX OJUHHIIb

Hpucraska
Muomnns Howavennn
Haisa -
¥ kpaincnre Mixuapouwe

1 2 3 4
1000000000000000000000000 - 10° forra H Y
1000000000000000000000 = 10 eTTd 3 Z
1000000000000000000 = 10" exca E E
1000000000000000 —VIO" neta 1 ;T,

1000000000000 = 10" Tepa T
1000000000 = 10" rira I G
1000000 - 10* MeTa M M
1000 = 10° Ki10 X k
100 ~ 107 reKTo | h
10 - 10° JeKa A da
0,1~ 10" Jeim 1 d
0,01 =10 canTi ¢ ¢
0,001 ~ 10 MLt m
0,000001 = 10 MIKPO MK n
0.000000001 = 107 HAHO W n
0,000000000001 ~ 107" Ko u P
0,000000000000001 = 1077 bemto f
0,00000000000000001 ~ 10 aro a a
0,000............... 001 =10™ EHTO m z
OO0 e irissosiniinl 001 ~ 10 fokro it \
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Honatok b

Ilo3acucTeMHi ofiMHUL, AKi JOMYIeHi 10 3aCTOCYBAHHS Ha PiBHI 3
onuHunsavu cucremu CI

Tabmunsa B.1 — BianmoBigHICTe TpeNCTaBICHHS MO3aCHCTEMHHX
OJIMHUIb, SKi JOMyIIEHI JO 3aCTOCYBaHHS Ha pIiBHI 3 OJWHHISMU
cucremu CI

O vuonin
Hosassernmsn
Hana z §
g . i ; i Cudsslmomennsn Hpusmirea
i = | s ovoomsvan Cl
= | &
" -~
1 2 3 4 b 6
XDIIHIA Xn min 1xn~60¢ Henomyere
Yac* TOIKHA rot h 1 roa = 3600 ¢ BUNOPHC TAHHA
1068 a d 14~ 24ron npedixcamu
TOHM T 1 11~ 1000 xr
HCHTHEP 1 Z 1 o= 100 kr FHaCHIA ATOMHOT
Maca viiduxopana OMHMIIL MACH
i ATOMMA i 1 aom, BHIHANCHO
OIHHMIA e s 166054107 CRCHCPHMEHTAILIO
MACH
06", ' o Jlip ¢ CHELIATLHOW
g aip N | e wsoto KVGivHoro
MICTRICTR 10w
JACHMMETPA
. : CACKTPON- , 1B~ 1602177 - S SRR
Encprisn ¢B eV 19 BOJLTA BHIHAYCHO
BOJILT 107 Jlx
SRCIICPHMCHTUTLIO
IpaIye 1" = (w'180) pan
17=(1607)
10U XBW
TLroummmmdi | xowimsa (x/10800) pa
VT ~ .
RV 1 s 1°=(Ue0)
o (3 648000) pan




