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BE3IHEPIIHHE BUMIPIOBAHHS BIJIXWJIEHb 3SMIHHUX ITPOIIECIB

MarepianbHi, eHepreTnuHi Ta iH(GOPMALIMHI CKIAaZ0BI TEXHIYHMX CHCTEM, SIK BiZIOMO BiAIrparoTh
BH3HAYaIIbHY POJIb B 3a0e3nedeHHi ix 1ii. BaxiBy poik MaloTh TakoXk KOMYHIKaliiiHi ¥ iHII yMOBH 3a0e311eUeHHS
npoueciB. Cepell Ba)JIMBUX IEPEAyMOB pealli3alii XapaKTepHCTHK pPErylbOBaHHX CHCTEM € BHMIPIOBAaHHS
BiJIXUJICHHS] KOHTPOJILOBAHHX BeNUYKH. Tak, BUMIPIOBAHHSI BiIXIJICHHS HAMIPYTH € TOJIOBHOIO MEPEIYMOBOIO BipHOL
poboru perynstopa Hanpyru (PH), o cTaHOBUTE OCHOBY CHCTEMH 30y/XKEHHSI CHHXPOHHOT'O T€HEparopa, B TOMY
4ucIi i rixporeneparopa, [1].

BumiproBanbHHi OpraH € BXiJIHMM 1 OCHOBHUM (DYHKIIIOHaJIBHUM eneMeHToM PH, 60 Ha HbOrO MokianaeTbes
3aB/IaHHS HE TUIbKY BUJIJICHHS CUTHAJTY BiJXWJISHHS HAIPYTH i3 33JaHOI0 TOYHICTIO, ane i 3a0e3rnedeHHs nepenadi
LLOTO CUTHAIY 3 MiHIMAJILHOIO 3aTpUMKOI0. Bka3aHa 3aTpuMKa, CKIaJalouKCh i3 PEIITO0 MOXKIIMBHX HA IIUIIXY
TIPOXO/IKEHHSI CUTHAY BiJXWICHHS 3alli3HIOBaHb, (DaKTHYHO NPHBOAWUTH JIO MiABWILIEHOI IHEPHIHHOCTI BCi€el
cUcTeMHU 30y/DKEHHs, IO pI3KO MOripurye ii JUHAMIYHI XapaKTepUCTHKH, NIBUAKOMII0 W NPU3BOIUTH 0
KOJIMBAILHOTO XapaKTepy MepexiqHoro mporecy, [2].

BumiproBaHHs, peasi3oBaHi 3a TPaJWLIHHAUMM CXEMaMH{ IOPIBHSAHHS € JDKEPENIOM 1HEpLIHOCTI KOHTYpY
peryjIroBaHHs, 11O i€ B KOJNi 3BOPOTHOTO 3BS3BKY TifporeHeparopa. KonuBanbpHUI 3aTyxalouuid Xapakrep
HIepPEeXiHOTro NPOIEeCy NMePeBaKHO BU3HAYAETHCSI IHEPIIIMHICTIO KaHAITY PEryIFOBaHHS 30yIKEHHSI.

JlopedHo Takok HarajaTy, 10 3a3BH4Yail BUIUICHHS BEIMYMHN BIIXWUIICHHS KOHTPOJIBOBAHOI 3MiHHOT HAIIPYTH
BiJI 331aHOTO 3HAYEHHS! TIPUHIIMIIOBO 32aCHOBAHE HA MOPIBHSHHI KOHTPOJIbOBAHOI BEJIMYMHH, PUBEICHOT 10 Oynb —
SIKOTO BUIVIAAY, 13 3aJ]aHOI0, 110 CIYTYe B JAHOMY BUIAJKY ONOPHOI0. HalOuIbin mMpoKoro NOomMpeHHs Ha el 9ac
HaOy/li CXeMH IOPIBHSHHS Ha HEMIHIHMX eNleMEeHTax 1 pereHeparyBHi, Taki, 10 NEePETBOPIOIOTh EJIeKTPUYHI
CHUTHAIM OIHOTO BUIISAY B IHINM. B sKOCTI Jokepena ONMOPHOrO CHUTHANy 3aCTOCOBYIOTH, SIK TPaBMIIO,
HaIT BIPOBIITHUKOBI CTaOUTITPOHM 1 1HIII MOPOrOBi €EMEHTH, IO MPAKTUYHO BUKIIIOYAE 1HEPIIHHICTh ONOPHHX
€JIEMEHTIB 1 CXeM TOpIBHSHHS BUKOHAHMX HA HAIIBIPOBIIHUKAX. 3AJIHIIAECTHCS YaCTUHA BUMIPIOBAIIBHOIO OpraHy,
IO MPUBOIWTH BUMIPIOBAHY BENMYMHY N0 HeoOXimHoro unisimy. Ha puc. 1. HaBeneHi HaWOiiIblI MOLIMPEHi
TEXHIYHI pillleHHs1 BUMIpIoBanbHUX opraHiB. Enement nopisusuus (EIT) BuMiptoBambHOTO opraty, 300pa)keHui Ha
puc. 1 a, — BUMarae MpakTUYHO CHHYCOINAJIBHOI BXIJHOI HAIPYrH 1 MEPETBOPIOE AMILTITYIy KOHTPOJIbOBAHOI
HAIPYTry Y 4aco-IMIyJIbCHUN CUTHAJ 32 A0rnoMororo Hyis oprany (HO), [3].

Jnst BipHOTO (DyHKIIIOHYBaHHSI CXEMH, MOCTIHHA Yacy 3apsay Mae OyTH MEHIIIe YeBEpTi Tepiofy, a po3psay —
3HAYHO OLUIbIIE HAIIBIEPIOAY, IO 1 OOYMOBIIIOE 1HEPIIiifHI BIACTUBOCTI JaHOI CXEMH, HE3aJISKHO BiJI IMITYJILCHOTO
npuHnuiy ii aii. CxeMu 300paxeHi Ha puc. 1, 6 s MiABUILEHHS TOYHOCTI MOPIBHSHHS 3 ONOPHOIO HAIPYTOHO
MaloTh B CBOEMY CKJIaJi 314 DKYIOUWil (UIBTp BHUIPSMIICHOI HANPYTH y BUDISIAI €MHOCTI, sika 3a0e3redye ix
iHepuiitHi BnactuBocti. Cxema, puc. 1, 2 HalOLIBII MpocTa 3 PO3NITHYTUX 13-32 MOEAHAHHS (YHKIIH 11 OKpeMHX
€NIEMEHTIB, aje BHUJUISIE CHTHAJ BIIXWICHHS Y BHUDISII CEPEAHBOrO 3HAYEHHS HANpyrd 3a JIONOMOTOO
IHTErpyIOYOro eJIeMEHTY, Y BUIVISII €MHOCTI, Ha BUXO[I 1, TOMY, He TI030aBlieHa 1HEePIIHUX BIACTHBOCTEH. 3 THX,
0 PO3DIIIAIOTBCS, CXeMu puc. 1, 0 1 e, HaWOUIBII CKIIAJHI, OCKUIBKHM IPUIYCKAIOTh a00 BHKOPUCTAHHS
TICWIIOBaYa 3 KBaIpaTopaMH Ha BXojIl, a00 komyTaTop 3 eneMeHramu yrnpasiints (EY), enementy nam'sti (EIT)
i cuwoBoro enementy (EC). ¥V cxemax, puc. 1, aic, 3pobneHa cripoba mo30aBUTHCS BiJl IHEPLIHHOTO 311/ IXKYI0U0ro
eJleMeHTy a0o0, IpUHaiMHI, TOHU3UTH ii. Y MepIIoMy BHUMAAKy OOMOTKa YIIPaBIiHHSI MAarHiTHOTO IiICIITIOBAYa HE
JIO3BOJISIE TIOBHICTIO BUPIIINTH ITIO 33189y, 3Ba)Kat0ul Ha 1HEPLIHHICTbh, III0 BHOCUTHCA, a B IPYTOMY — IHEPLIHHICT
MIPaKTUYHO MTOBHICTIO JOJIAE€THCA 32 PAXyHOK 3aCTOCYBaHHSA 0AaraTooOMOTOYHOTO TpaHC(opMaTopa Hampyru i 12 —
IyITBCHOI CXeMU BHIPAMILTHHS. CoTiJ 3a3HAYMTH, IO HASBHICTD HABITH CaMOi HE3HAYHOI iHEPIIITHOI CKIaJOBOi B
KOHTYp1 3BOPOTHOTO 3B'SI3KY TiAporeHepaTopa MPUHIMIIOBO ITiABUIINYE MOPSIOK CHCTEMH PETYIIOBAHHS HAIPYTH,
L0 TIPU3BOJUTH 10 KOJIMBAHB MPOTATOM HOTO IEPEXiJHOTO MPOIIECY.

Sk moka3zaHO BWIIIe, OCHOBHUMHY NPHYHHAMHE 1HEPLIHHOCTI MOXYTb, OYTH, 3aJIeXKHO BiJ KOHCTPYKIII pi3Hi 3a
MIPUPONOI0 TOCTIMHI dacy (eMeKTpOMEXaHiuHi, eIEeKTPOMATHITHI, ENeKTpUYHI 1 1H.) OKPEeMHX €JEeMEHTIB
BHUMIpPIOBAIFHOTO OPTaHy, HE3aJIEXKHO BiJ MICIIS iX TONOKEHHS B CXeMi BHMIiprOBaIbHOTO oprasy. [Ipore BIumB
IHEPIIIMHOCTI 3aJIeKUTh BiJl YYTIMBOCTI €IEMEHTY a00 JIAHKK IO SIKOTO IiAKITIOYSHUI €IIeMEHT, 10 BHOCHTH ii.
BinmpiricTs BUMipIOBAIFHUX OPTaHiB, HE3AIEKHO BiJl BHKOPUCTOBYBAHOTO METOY BHIICHHS CUTHANY BiIXWICHHS,
moOymoBaHa 3a CXeMOK0 300pakeHOI0 Ha puc. 2 1 Bkimrodae BumpsmHui enemeHT (BE), ¢imsrpyrounii (OE),
omopuuii enemeHT (OE) i enement nopisusaHs (EIT).

73



Aemomamu3sauyisi aupobHU4YUX npouyecie

AO—

CO—

© 1 ‘SC —lHO___
I8 K
NUI _ ‘
| N
o—b 4 1 1 =

p— AU
B)
+U01'[
— }—‘ -
A
v

)

BE — Bxignuii enement; ®E — popmyrounii enement; EIl — enemenT nopisusinns; OE — onopuuii eslement
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Puc. 1. CxemHi pilieHHs1 BUMipIOBAJIbHUX OPraHiB
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Puc. 2. ®yHKIiOHAJIbHA CXeMa BUMiPIOBAJILHOTO OPraHy:
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VY cydacHOMY BHKOHAHHI TaKOi CXeMH iHEpPINIfHICTh MepeBakHO MicTHTh TUThku DE, Xoda BuIe moBemIeHA
MIPUHITUIIOBA MOXIIUBICTh HasBHOCTI iHepmiitHOocTi EIT i, HaBiTh, OE. 3 ommsmy Ha Te, MO OMOpHA Hampyra
TIOCTi}{Ha, @ TOYHICTH BUMipIOBAIBHOTO OPTaHy 3aJIeXHUTh Bijl SIKOCTI IPUBEICHHS JBOX TOPIBHIOBAHUX CHTHAJIB
JI0 OTHOTO BUIVISITY — BHJY OTIOPHOI Hanpyry. [cHye, IpuHANMHI, 1Ba IUISIXY ITOAOJIAHHS 1HEpIiitHOCTI QLIBTpY B
nipuBeeHii cxemi. [lepmmii nuIsIx mokazaHuid Ha puc. 1. 3, moNsArae B MiABUIIEHH] SKOCTI BUIPSIMIISTHHST 3MIHHOT
HAaIpyTH, 10 COPUYUHSE 32 COOOI0 pi3Ke YCKIIaHEHHS BUMipPIOBAJIBHOrO TpaHchopmaropa i BUnpsimMisiya. Takuii
IUISX HE MOXJIMBO BBaXKATH PAIliOHATBHHAM [UIS IIHPOKOTO
MPAKTUYHOTO 3aCTOCYBaHHA. J[pyrHM IUIAXOM MOXe OyTH LS VD3
MIPOMIXKHE TEPETBOPEHHS KOHTPOJBOBAHOI ~HANpyrd _/‘\/-\f—\ﬁ_%_
ormopHoi y ¢opmy curHamis (abo IX BEIMYHMH) IO
JIOMYCKAIOTh MOPIBHSIHHS MiX COOOK0, MHUHYBIIH TIPH LBOMY
omepanito ¢inprpanii B TpaAWIIHHOMY CEHCI ClOBa.
OcraHHIi [UIIX HAWOUIBII TNPUHHATHUN Ui TOOYIOBU
Oe3iHEepIfHOr0  BHMIPIOBJIBHOTO  OpraHy,  OCKUIBKH
1o30aBJeHUI SBHUX HENONIKiB Tonepeanboro. [Ipukmagom
BKa3aHOTO IJIXOAy MOXE CIY)KUTH TEXHIUHE pillleHHs Mau-
(bepeHIiForou0ro OIOKY Ha OIHOIONYIIEPIOAHOMY MarHiTHOMY
eJIeMEeHTI HaBesieHe Ha puc. 3. BuszHaueHHs noxinHol GyHKILT,
TOOTO BU3HAYCHHS BEJIMYMHHU 1 3HAKY MPUPOCTY (PYHKIII 3a
MEBHHUN BIiPI30K Yacy BHUMarae 3HaHHS MIOHAWMEHIIE BOX
3Ha4YeHb (DYHKIIT B IBA CyMI)KHI MOMEHTH 4acy.

MarHiTHHH cepieyHHK 3 Marepialy 3 NpPSMOKYTHOK TIETICI0 TICTepe3Hucy JO03BOJsI€ 3amam'staTtd
iHpOpMalil0 PO aMIUTITYLy BXiJHOTO CUTHAJIy B OJHMH 3 HAIIBIEPIOAIB 1 MOTIM MOPIBHATH 11 3 aMILTITYIO0
CUrHaJy B HacTynmHuH HamiBnepion. [TpumycTumo, 10 Ha HOYaTKy HamiBIEpioay, L0 YHpaBIsSE, MarHITHUH
Cep/IeYHHUK 3HAXOAMBCS B CTaHI 3aJMIIKOBOrO HacuueHHs Br. IHTerpan BXimHOI Hanmpyrd MpOTSATOM KOXKHOTO
HaIiBOepiony MPONOpLiHHMI HOro aMILTITYIHOMY 3HaueHHI0. [IOKM cepAeYHUK MPOTIroM YacTHHH POOO4Oro
HaIliBIepiony B MPOIIECi epeMarHiuyBaHHs He JOCIT HACHYESHHS, Ha HOro oOMOTIII IaJIa€ PAKTUYHO BCS BXiTHA
Hanpyra. [licst HacH4YeHHs cep/ieuHHKa Halpyra mnajae MpakTUYHO TIOBHICTIO HAa OMOpPi HOro HaBaHTa)KEHHSI.
SIKI10 aMILTITYJa BX1IHOrO CUrHaJy HE 3MIHIOETHCS, TO BUX1IHUH CUTHAJ PONOPLIHHAN BXIJHOMY.

Curnan, nponopuiiauii cymi 3miHHOl Ta ii moxigHoi 3a yacoMm (3 BIANOBIHUM 3HAKOM), € IMITYJIbCOM
MOZYIbOBaHUM IO INUPHHI. BUXigHMI CHUTHaN ONHMCAHOTrO MPHUCTPOIO CKIAJAETHCS 3 CUTHANY HMPONOPLIHHOrO
3HAUEHHIO BUMIPIOBAaHOI BEJIMYMHH, 1 CHTHAITY TIPOIIOPLIHHOr0 MOXiAHIH Li€T 5K 3MIHHOT 32 YacoM.

Omucana cxema nidepeHiiaTopa He BiAPI3HAETbCA BHCOKOIO TOYHICTIO, MOPSAKY 3...5%, Mae IOCHTh
oOMexeHy cMyTy IporyckanHs. [Ipore 3aBasiku mpoCTOTi, HANIHHOCTI 1 BUCOKIH MEPEeIIKoI0CTIHKOCTI oTpuMalia
3aCTOCYBaHHA B CHCTEMAaxX aBTOMATHYHOIO KOHTPOIIO, DPEryIIOBaHHS 1 YINpaBiiHHA. BoHa MOXe CIyXHUTH
MPOTOTHUIIOM JIUIsl TOOYIOBH QJITOPUTMYy 1 Mojeni Oe3iHepIiiiHOro BHMIpIOBAJIBHOIO OpPraHy 3 YMOBOIO
ITiIBUIIEHHS] TOYHOCTI.

AJNTOpUTMIYHA OCHOBA BUMIPIOBAHHS BIAXHJICHHS 3MIHHOI HAanpyru Oe3nocepenHbo BIUIMBAE HA CTATHYHI 1
JIMHAMIYHI XapaKTepUCTUKU (DYHKI[IOHAIBHOTO MepeTBoproBaya. BoHa mae 3abe3nedyBaTé HEOOXiJAHUI piBEHb
TEXHIYHHUX SIKOCTEH CHUCTEMH YIPABIiHHS. Ba)KIMBHUMU YSIBISIIOTBCS HE TUIBKH 1 HE CTIJIBKH CTaTUYHI PEXKUMH
CHCTEMH YIPaBIiHHS, ajie i T TUHAMIYHI SKOCTI B IIJIOMY.

CrocoBHo rigpoarperariB 'EC s BuMora Oe3mocepeqHbO BHTIKAa€, SK 3a3HAYCHO 3 CHUCTEMHOI poIi
TiIPOCHEPTEeTHKH, — MOOLIBHOIO pe3epBy IOTY)KHOCTEH E€HepreTH4Hoi cucTeMH. BkazaHa oOcTaBWHA, OKpiM
3a0e3meueHHs] JTOOOBUX IIKOBUX PEXHMIB, MPU3BOJUTH JO ICTOTHOTO 3POCTAHHS 4YHCIA POOOYMX [UKIIB
€HepTeTHYHOro oOnagHaHHA TiapocTaHmii. Tak, 3a OcTaHHI POKH YHCIO POOOYMX IUKIIB TigpoarperaTiB
Huinposcrkoro I'EC 3pocio 3 5000 mo 8000 i GinmbI Ha pik.

e ictoTHO miBUIIye BUMOTH 10 €(DEKTUBHOCTI came JUHAMIYHHUX CKJIAJ0BHX POOOYHX MPOIIECIB.

BumMmiproBaHHs i TepeTBOPEHHs BiAXWJICHHS 3MIHHOI HANPYTH BiJl BCTAHOBICHOTO 3HAYCHHS HE MOBHUHHI
BHOCHTH ICTOTHHX CIIOTBOPEHb Ha pIiBHI IMEPBHHHOTO IEPETBOPIOBada. TOoMy alrOpUTMH MEPEeTBOPEHHS 1
(GbopMyBaHHS CUTHAy, MIO YIPABISE, OKPIM HEOOXIJHOI TOYHOCTI, METPOJOTIYHHUX XaPAKTEPUCTUK, MOBHHHI
BHKITIOYATH MPOSIBH CIIOTBOPIOIOYMX TUHAMIYHIX YMHHUKIB. IS BOTO CITIJT YITKO YSBIIATH JPKEpena 1 MpUInHA
MIPOSIBY iHEPUIHHOCTI JAHIIFOTIB BUMIPIOBaHHS 1 PErYIIOBAHHA B TIEPIITY Yepry.

IcHytoui mMeromym BUINIEHHS ICTOTHMX VIIPABILIIOYMX i TAaKOK JOCHTH YacTO MICTSATHh Pi3HI Kepena
HU3BKOI JWHAMIKHA TpOIEciB i NMemrdyBaHHS Tepeadi CHTHAlliB MO0 KaHAIaX YIpaBliHHA. MOXIHNBI Takox i
QITOPUTMIYHI TIPUYMHY TIOSBH 1 MPOSIBY MOCTIHHUX 9Yacy OKPEMHX TIPOIECIB, IO PealizoBYIOTHCS MPOrpaMHO
(iHTerpyBaHHs, qudepeHIitoBaHHS 1 iH.).

[Ipore BIIMB iHEPIIHHOCTI TEPEBaKHO 3AJEKHUTh BiJ UYYTIMBOCTI €JIEMEHTYy a00 JaHKH MO SKOTO
MIKTIOYEHUN eIeMEeHT, M0 BHOCHUTH ii, abo BigmoBigHa ¢YyHKIiS. BimbmmicTe BUMIpIOBaJbHHUX OpTaHIiB,
HE3aJIeKHO BiJl BUKOPHUCTOBYBAHOTO METOAY BHIUICHHS CHTHANY BIAXWICHHA, MOOYIOBAHO 3a CXeMaMHU
TIOPIBHSHHSA 1 BKJIIOYAIOTH BUNPSAMIISIHHS, (UIBTpanito, (GOpMyBaHHS, OMIOPHI BETWIMHH | 1X TOPIBHSIHHSL.

Puc. 3. Cxema ogHOnOIynepiogHoro
nidepenniaTopa Ha MArHITHOMY eJIeMeHTi
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VY cydacHOMY BHKOHAaHHI Taka CXeMa MOXKE MICTHTH 1HEpUiHHICTh IEepeBakKHO Ha piBHI (iNbTparii, xoda
BHIIE JIOBE/ICHA IPUHIIMIIOBA MOXKIIMBICTD HAasIBHOCTI 1HEPIIIMHOCTI MOPIBHAHHSA 1, HABITh, OMOPHUX BEIWYMH. 3
OISy Ha Te, IIO ONOpHAa Hampyra IOCTiHHAa, a TOYHICTP BUMIPIOBAJHHOIO OpPraHy 3ajJeXHTh BiJ SKOCTI
TIPUBEJCHHS JBOX MOPIBHIOBAHNX CHT'HAJIB JI0 OIHOTO BUIVISAY — BHY OITOPHOI HAIPYTH, iCHYE, MPUHAWMHI, ABa
OCHOBHI IIUISIXH TIOJIOJIAHHS BKa3aHHUX IMEPEIIKO]] B CXeMi BUMIPIOBAHb.

[Mepmwii NUIAX 32 CBOEIO CYTTIO €KCTCHCUBHUM, BiH MOJNATAE B IMiABHINCHHI SKOCTI BUIPSAMIISIHHS 3MIiHHOT
HaNpyry, 10 CHPUYMHSAE 32 COOOI0 pi3Ke YCKIAaJHEHHS BHMIpIOBAIBHOTO TpaHcdopmartopa, BHOpsSMILTYA 1
MpucTporo B IisloMy. Takuil HUISIX HEe MOKHA BBaKAaTH pPalliOHATBHUM Ui [IHPOKOTO IMPAKTHYHOTO
3aCTOCYBaHHSL.

Jdpyrum noisixom Moxe OyTH HpOMiXKHE HEPETBOPEHHS SIK KOHTPOJIBLOBAHOI HAINPYTH, TaK 1 ONOPHOI Y
¢dbopMy cyMipHHX CUTHATIB (a00 iX BEIWYHMH) IO OMYCKAIOThH MOPIBHAHHSI MiXK COOOI0, IIPUHIUIIOBO MUHYBIIIH
TIpY IIOMY onepanito GpuIbTpanii B TpaJuLiifHOMY CEHCI CloBa.

OcraHHIi [UIIX HaWOUTBIN TNPUHHATHUNA JUIs  peamizanii Oe3iHEpUIHHMX BUMIPIOBaHb, OCKUIBKH
1030aBJICHU SIBHUX HEOMIKIB MOMEPEHBOrO i IXOY.

AJNTOPUTMIYHI TPUYMHH 1HEPIIHHOCTI MOXKYTh OyTH TaKOX MOJONaHI B Mpoleci po3poOKu Oe3iHepIiiiHOro
METOly BUMIpIOBaHb IO HE BHKOPHCTOBYE ormepalii 3 MOCTifHUMM 4yacy Ha piBHI 00poOku i (hopMyBaHHS
BUXIJTHUX CHTHAJIB YIIPaBIiHHS.

Binbi Toro, TeopeTH4YHO W MPAKTUYHO MOXKIMBA PO3POOKAa METOAY NEPETBOPEHHS BIAXHMICHHS 3MiHHOL
Hampyru Oe3mocepeqHhbO B YIPABIAIOUMN CHTHAJ, IO J03BOIse o0'emHath  (yHKINT BHMIpPIOBaHHS |
peryntoBaHHs. BkazaHuil miaxif € MPOIYKTHBHHM.

AmHani3 mokasye, IO TepepaxoBaHi BHIlle MpobOneMu Oe3mocepeHbO IMOB'A3aHI 3 BHUKOPUCTOBYBAHHMU
METolaMH 1 NPHHIMIAMHA BUMIPIOBaHb 3MiH 3MIHHUX BeNMYMH. TOMy Ma€ CEHC PO3INISIHYTH JOKIaJHIlIe 3a
MOXJIMBICTh peanizalii MeTofy Oe3iHepLifHOro BHMIpIOBaHHS 3MIHM 3MiHHOI BeJIMYHMHH. [IpH 1[bOMY JOCHTH
BUJIUIMTH 1 PO3IIISTHYTH 3aMKHYTHU OINEpallifHUi LUK y BUINISAL TMEpioy KOHTPOJIbOBAaHOI 3MiHHOI Hampyr,
puc. 4. KoHTponboBaHi BETMYMHI MOKYTh MaTH CUHYCOILAHHUH, TPUKYTHHH a00 MPSIMOKYTHUH BUIVIAA.

A 3 OIS TY HIBHIKOMIT 3aMKHYTHH

A - omepariifHui UMK  BIJNOBIMHMH  Tiepiony

2 BUMIPIOBAHOI HANpyrd IIOCUTHh 3PYy4YHUH B YCIX

Iy *, BIJJHOLICHHSX, OCKUIbKH JO3BOJISIE OINEPATUBHO

i N 3a0e3MeUUTH  PEeakiilo CHUCTeMH Ha 3MiHY

/ " BUMIPIOBAHOTO TIapaMeTpa, B JaHOMY BHUIAAKY

Y= s — T t Hanpyru. 3 MONIAAy BH3HAYEHHS JIiHiCHOrO

0 X 3 BIAXWICHHS HANpPYTH TAKOK MONIMBO BBAKATH

\ . JOMyCTHMHM  ONepallifHMid IMKI B MEXi

5, ¢ BIJNOBIMHUH  MeEpioAy, OCKUIBKM caMe BiH

\ / MPUHIIUIIOBO 3a0e3Mevye AeTepMiHOBaHE PilLICHHS

s BKa3aHOi 3an1a4i. 30UIbIIEHHS TPHUBAJIOCTI LUKIY

HEMHUHY4YEe TPU3BOAUTH IO IMOBIPHICHHX pillI€Hb,

IO TPU3BOJMTH JIO BIAMOBIMHUX TEXHIYHHX
YCKIIaIHEHb.

Ciii pO3mISIHYTH MOXJIIMBOCTI TaKOro I IXOIY

Puc. 4. Iuka 3MiHU KOHTPOJILOBAHOI BeJIMYNHU:
1 Ta 2 — XapakTepHi KOHTPOILOBAHI JIJITHKHM CHTHALY

JIOKJIaIHIIIe. 3aKOH 3MIHHOI HAallPyTry B 3araJIbHOMY BUIIISAI
u = Um sin (ot + y).

Ockinpku Hampyra, 30KpeMa ii TOTOYHEe 3HA4YCHHS, 3MIHIOEThCA 34 CHHYCOINadbHUM 3aKOHOM, TO
TEOPETHYHO 3MIPATH, TOUHIIIE 3a(iKCyBaTH 1 3HAYCHHS MOXKJIMBO HE paHille, YMM JOCSTIIH MaKCHMAIbHOTO
3HaueHHs B Toumli U, BimmoBimHii 4 mepiomy. Ilpore mpakThyHe BH3HAYCHHS HOTO y BKA3aHIA TOYII TaKOX
poOIeMaTHYHO 3BAKAIOUH HA [0 PI3HOTO pomy 30ypeHs.

Jns mpakTugHOI peainizamii 3aBJaHb YIPABIIHHSA B €HEPIeTHI 1 TiIpOEHEePreTHIli, 30KpeMa 30yIKEHHIM
rigporeHepaTopa, BKa3aHOTO BHUINE ONEPAIHOrO IMKIY MPOTATOM IEpioxy 3MIHHOI HAmpyrd IMPOMHCIOBOI
YaCTOTH IIIKOM JOCTAaTHBRO M 3abe3redeHHss HeoOXimHol mBuakonii 6e3 monepennix pimens. [Ipu mpomy, o
0CcOOIMBO BaxIIMBe, 3a0e3MeuyeThcss HeOOXiHAa OMHO3HAYHICTH pe3ynbTariB. OCHOBOIO TAaKOTO METONY MOXKE
OyTu popMyBaHHA i 00poOKa AMHAMIYHMX IHTETPATBHAX BEJMUMH JJIs1 BUALJICHHS CEMaHTHKH TIPOIIECY.

Jis mporo mepi 3a Bce HeoOXiJHe BUAITICHHSI CEMAHTHYHOI 00TacTi, Yy TIIMBOL IO 3MiHU 3MIHHOI HAallPyTH 3
ypaxyBaHHSM PO3MOALTY HEOOXiTHOI iHpOopMaIii B IpOCTOpi HAIiBIIEPiOmy.

BimHOCHO BHIiNEeHHS MipW 3MiHH TIOTOYHOTO 3HAYEHHS HANpPYrd iCTOTHO OLTBII iH()OPMATHBHOIO €
BEpIIMHA CHHYCOITaIFHOTO CHUTHAY IO BiTHOIIEHHIO 10 Horo ocHoBU. Came iHTerpanbpHa 00JacTh Y BEPIIMHU
BKITIOYA€ MAKCHUMYM 3MICTOBHOI iH(opMarmii mpo 3Ha4eHHS Hampyrd i fioro morouHy 3MmiHy. BoHa mo cyTi €
peasbHAM BiIOOpasKeHHSIM MTOTOYHOTO HOro 3HaYCHHS
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o: 1,1,

Bkazana oOcraBuHa 3a0e3reuye iCTOTHY IepeBary JaHOro IMiAXOAY IO BiJHOIIEHHIO 10 (YHKIIOHAJIBHUX
MOXKJIMBOCTEH KOHTPOJIO TUTBKH aMIUTITYTHOTO 3HAUSHHS HAPYTH.

Tax, KOHTpPOJIOBATH MHTTEBI MOTOYHI 200 Oe3MOCepeHhO aMILTITYHE 3HAYE€HHS 3MiHHOI HAaIpPYyTryd TakKoX
TEOPETHYHO MOXJIMBO, aj€ TUIBKM 32 YMOBH 1/€albHOTO CHHYCOINAJILHOTO CHTHAJy, L0 TNPAaKTHYHO HE
pearizoByeThes. Lle BUMarae JocTaTHbO TOYHHMX HACTPOMOK 1 IIBHIKOAIT KOHTpOMOKOUoi cuctemu. KpiM Toro,
BHCOKOYACTOTHI IMITYJIbCHI 30ypeHHsI 3/1aTHI KPpUTHYHO 3MIHIOBATH IOTOYHI ¥ aMIUTiTYynHI 3HaueHHs. [lorpiOHa
HioHaliMeHIe QUIBTpaLisi CUTHAMY, a e BIAMOBIHO — 1HEPLIHHICTb.

OueBuaHO, MmO iH(pOpPMAIiHA CEMAaHTUYHA MICTKICTh TOYKM Ha KPHBOI ICTOTHO MEHIIC, HIX 00JacTi
00OMEXEHOI I[IEF0 KPUBOIO.

Buznavaroun aMIuTiTynHe 3HAYEHHsI CHHYCOiJAbHOTO CHTHAIY MOXKIJIMBO KOHTPOJIOBATH IaHy (aszy abo
JeKinbKa (a3 3a yMoBH ix cumerpii. Lle Takoxk pKepeso MOXIIMBHX ITOXUOOK.

[Ipu cnorBopeHHi ¢opMu curHaay abo #HOro HecHMMeTpil Takui TMiIXiJ 3arpoKye iCTOTHUMH
MOTPIITHOCTAMHY 1 IOOAIEHUMU CIIOTBOPEHHSIMH, 110 B CHCTeMax 30yIKEeHHS TiIpOreHepaTopiB HEMPHUITYCTHMO.
MOXITUBI TaKOX TPOSIBM YHHHUKIB AWHAMIYHUX MUTTEBUX 30ypeHb 1 BIUIUBIB.

BukopucranHs ~ iHTerpajJbHMX IMIYIBCHHX CHTHAJIIB  HAaBIAKW  JIO3BOJSIE  OKPIM  PO3IIMPEHB
(YHKIIIOHATEHUX, BHECTH I JOMATKOBUI YMHHUK CTa01TBHOCTI.

JonatkoBo BUABIISIETHCS Oe3iHepuiitHa
¢inprpyroya (yHKINsI, 3aCHOBaHa Ha TOMY, LIO YacTKa u
BUCOKOYACTOTHOI CKJIaJIOBOI B 1HTErpajbHOMY CHTrHaJi
ICTOTHO 3HWXKYEThCs 1 11 Aig pizko oOMmexyeTbes. Tum
caMHM 3a0e3MeuyeThbCsl MiJIBUILEHHS JOCTOBIPHOCTI T
iHpopMarii, 10 BUALIIETHCS, 1 TOYHOCTI IEPETBOPEHHSI :

CUTHAJTy, IO YIPAaBJIsE. :

TakuM 4HMHOM, JOCTAaTHHO JIOTIYHO, BHIIPABIAHO i |V TR N\
JIONYCTHME  BUKOPHCTAHHA  BHIUICHOT  XapaKTepHO 0 T/2 T
obnacTi y BEpUIMHU CHHYCOIAM SIK iH(POPMATUBHOI PO
3MiHY IIOTOYHOrO 3HAYEHHS HAnpyru 1 BiIHOBIAHOL
obnacTi y OCHOBU CHHYCOINM SIK CBOEPIIHOI OMOPHOI
BEJIMYMHH AJIL HOPIBHAHHSA, PHC. 5.

Bupisieni 3axoiu MOXKJIMBO BB2)XKATH LIJIKOM KOPEKTHUMH 1 CTaOLIbHUMH B TUIAHI IIPUHIMIIOBOI OpraHizaiii
BUMIPIOBAHb.

BaxnBoro yMOBOIO 3a0e3redeHHsi HeOoOX1THOI TOYHOCTI BHMIpIOBaHb € Ta OOCTaBHHA, IIO MPAKTHYHO
MPOTIrOM OMEpaniiHOro IUKIY, Yepe3 1HepIiiHICTh Tipoarperary i CHHXpOHHY po0OTy, 4acToTra i aMIuTiTyaa
ICTOTHO 3MIHUTHUCS HE CIIPOMOXKHA, OTKE BHUIIJICHI 00JIAaCTI € MPaKTUYHO (iKCOBaHI.

TeopeTnuHOI0 OCHOBOIO PO3POOIEHOr0 METOAY € IPUHIMIIOBHH BHCHOBOK IIPO T€, LIO AJTOPUTMidHA
00po0OKa BUMIPIOBAHOTO CUTHANy MAa€ MPOBOMUTHCS B IHTErpalibHIM IMOYNbCHIH (OpMi, [0 BUKIIOYAE
IHEepIUIHHICTh JAHOTO TPOLIECY.

[Ipu iMmysbcHIE 0OpoOLi CUTHANy MUTAaHHS KUIBKICHOI OLIHKM CHTHANIB HaOyBalOTh IEPIIOPSIHOIO
3HaueHHs. ToMy HE0OXiTHO BBECTH MTOYATKOBI yMOBH 1 OOMEKEHHSI.

BuzHayanbHUM YMHHHKOM peaii3aiii BKa3aHOro METOy € YMOBHM BHOOpPY 3Ha4eHb PIBHIB OOMEXKEHHS
CHT'HAJIIB.

Puc. 5. XapakrepHi 06jacTi BUIiJIEeHHSI CUTHAJIIB

3actocoBana TakTtoBa 0OpOOKa

u g BHUICHUX CHTHAJIB 3MIHHOi HAaIlpyTH.
Un ¢ 1 KoxeH TakT BimmoBigae HarmiBIIEpioqy
U, } 3MiHHOi  Hampyru. PoOoumit  mwki

I CKJIAIA€ThCS 3 IBOX TAKTIB 1 BIAIIOBizac
| ! Ti2 S, = nepiony, puc. 6.
I . [Ipotsrom mepmoro  po6Goworo

0 ' AN s 7 i

4 | TaKTy  IHTETPYEThCS  MEPEBUILECHHS
U, ! MOTOYHOTO 3HAYCHHS HANpyru Haj
I piBaem U,
|
|

Puc. 6. ®opmyBaHHsi po0040ro HUKJY BUMipIOBaHb

S] = .[ (U—Ul) dt
0

e mo3Bomse ¢ikcyBaru iHPOpPMAIIiFO PO MOTOYHE 3HAYCHHS HAIPYTH B JaHWI MOMEHT.
[IpoTarom Ipyroro TakTy iHTETPYETHCS CHTHAJ 3BOPOTHOI MOIPHOCTI oOMexkennit pipaeM U,
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a
sZ:I Ul dt

TpuBanicTh iHTErpamii mija yac qpyroro TakTy oOMeXeHa YMOBOIO PiBHOCTI iHTErpaiB
S] = Sz

Y MOMEHT HACTaHHS PIBHOCTI BKa3aHUX IUIOINI IHTErPYBaHHs TNPHUIMHAETHCSA 1 3aJIMITKOBA YacTHHA
CUTHAIY B MEXaX S;, [0 XapaKTePU3YETHCA BiMMOBITHUM (Da30BHUM KyTOM ¢, Hece (YHKIIOHATBHY iH(pOPMAIIit0
PO BIAXWICHHS 3MiHHOI HANPYTH BiJ{ 331aHOTO 3HAYCHHS

a = f(AU)

TakuM 4YMHOM NPUHIMIOBO 3a0e3MeuyloThcsl BCl HEOOXiJHI 1 AOCTaTHI YMOBM TPAaKTUYHOI peajizanii
METOy TIEPETBOPCHHS BiIXHMJICHHS 3MiHHOI HANPYrH Bijl BCTAHOBJICHOTO 3HAYEHHS Ul YMPABIiHHS MPOIECOM
pEeryIIOBaHHSI.

3 ypaxyBaHHSM IIPHBEICHOIO BUILE 3alpONOHOBAaHHMK 1 PO3pOONEeHMI CHoci0 IIBUAKOrO BHU3HAYEHHS
BIIXWJICHHS 3MIHHOI BEJIMYUHM BiJ] 3aJaHOTO 3HAUYCHHA, [6]. Noro 0co6IMBICTIO € HaBeneHHIA aJTOPUTM
Oe3iHepIiifHOro BHIIJICHHSI 3MICTOBHOI iH(poOpMalii mpo 3MiHy MMOTOYHOrO 3HA4Y€HHs HANpyru i GopMmyBaHHS
YIPaBIISAOUOl peakiii MpOTAroM ONEpaIliifHOro LUKITY BiJIMOBIIHOrO TPUBAJIOCTI MEpioAy KOHTPOINbOBAHOI
Hanpyrd. [l IbOro BCTAQHOBIIOIOTHCS BIINOBIAHI PiBHI OOMEXKEHHS CHIHANIY, BUKOPHCTOBYIOTHCS (DyHKIii
IHTErpyBaHHs, NaM'aTi i MOPIBHSHHS TPOTATOM MEpiony.
Lle 3abe3neuye JAeTeMiHOBaHE PIlLICHHs 3a]ia4i KOHTPOITIO
BIIXWJICHb Ta CYTTEBO CIPOLIYE TEXHIYHI pillICHHs. S
OfHaK TakWii METOJ Ma€ TEXHOIOTIYHY 3aTPUMKY
CUTHAJTy YIPaBIIiHHS Ha MiB MEpioay.

[lpy 1pOMY CJiJ 3a3HAYUTH  MPUHIUIIOBY
BIIMIHHICTh B  pEaKIisiX CHCTEM YIPaBIiHHA Ha
IHepILIHHICTh 1 3aTPUMKY KOHTPOJIBOBAHUX CHTHaMIB. Tak
SKIIO  TOPIBHIOBAaTM  BIUIMB  [BOX  CHTHANiB 3
eI.(BiBaJIeHTHI/IMI/I MACOBMMHU  XapaKTEPUCTHKAMH, — alle  » t
pI3HMM XapakTepoM 3MiHHM, TO BHSBHUTBCSA, LIO Xis iX
CyTTEBO pi3Ha. Ha puc. 7. HaBeneHo aBa CUTHAJIM PiBHOT t
TPHUBAJIOCTI, aJie OJIMH IHEPIIMHUIA 3 MOCTIHHOI Yacy T, a
1HIIMI 13 3aMMi3HIOBAaHHAM t.

[IposiB iHEpIIHHOCTI CHTHATY YNpaBIiHHS B JIAHIFO31 3BOPOTHOTO 3B'SI3KY, SIK TMOKAa3aHO BHIIE, 3IATHHN
3MIHIOBaTH 11 TOpsIOK 1 copusith konuBaHHsIM. Lle oOymoBmroe mpoGnemu cridikocti ACPH, obmexye
(dopcyBaHHs 30y/MKEeHHS 1 TPOSIBISIE 1HINI ICTOTHI TMPOOIEMHU CHCTEMHOro MopsiIKy. TexHONMoriuHa K 3aTpUMKa
CHTHAJIy YIPABIiHHA IPAaKTUYHO HE II03HAYA€THCS Ha JUHAMIYHHX SIKOCTAX CHUCTEMH DEryIIoBaHHA U He
oOMexye CTIKICTh cucTeMu. Lle mo3Bonsie minBuiuTi edekTuBHICTh eHepreTuuHoro oonanHanus [EC.

Puc. 7. OcHOBHi BU/IM 3MiHM CUTHAJIB YIIPaBJIiHHSA
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