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1 ABTOMATUYHUN KOHTPOJIb. YIIPABJIHHA 1
PETI'YJIOBAHHA

1.1 O6' exT ynpaBJIiHHS Ta PeryJIIOBaHHS

Bynb-sikuii 00'€eKT XapaKkTepU3yeThCsl KUTBKICTIO €HEpPTii 1 KUTbKICTIO
PEYOBHHH, IO MPOXOIUTH uepe3 Hboro. Pexxum poboTu, craH 00'ekTa
XapaKTepU3YIOThCSl CYKYIHICTIO (DI3MYHUX TIOKa3HMKIB (mapamerpiB) i
BH3HAYAIOTHCS TIOTOYHUMH BHYTPIIIHIMH IMpOIECaMH, Ha XapakTep SKHX
BILIMBAIOTh 30BHIIIHI Ta BHYTPINIHi BIUIMBM. IX HAa3MBAlOTh BXiIHUMU
3MiHHUMH ((YHKIISIMH, CUTHaJIaMH), @ TOYKHU iX 3aCTOCYBaHHS — BXOJaMHU
(puc. 1.1). B aBTOMaTHYHI{ CHCTEMIi YacTHHA BXIIHHX BIUIMBIB (32 YMOBH,
0 BOHM HE MICTATh IOMHJIOK) Ja€ i iH(pOpMaIlil0 Mpo 3aBIaHHS
YIpaBIiHHA. [X Ha3MBaIOTh TOMY KOPHUCHMMH BXiIHMMH ab0 3a[al0Th
(kepytounmu) BrutuBamu i(t). BoHum a0o BUPOONSIOTBCS KEPYHOUYHM
MPHUCTPOEM, 200 3a1aI0THCS JTFOIUHOIO.

IH1i BruMBY Ha 00'€KT, HE MOB'I3aHI 13 3aBJIaHHSAMHU 1 Pe3yJIbTaTaMU
yIpaBJIiHHS, Ha3UBalOTh 30yKeHHsAME fy(t). 30y/KI0I04i BIUIMBH MOXYTh
OyTH TpHUKIaJeHl B pi3HUX Toukax oO'ekra. BiacHe uepe3 iCHyBaHHS
30y/pKeHb 1 BUHHMKAa€ HEOOXiAHICTh peryimtoBaHHS. XapakTep 30yIKeHb
3aBKJIM BUIMAJKOBUH, NMPUPOJA X X 3aJeXKUTh Bix npupoau ob'ekra. Lle
MOXYTh OyTH HACTYIHI 3MiHM: IIBHAKOCTI €IEKTPHUYHOTO IBHUTYHA i3-3a
3MIHM HaBaHTa)XKEHHS a00 Hampyrw >KUBWIIBHOI MEpexki, TeMIepaTypu Y
HarpiBaJbHOI TIeui Yepe3 MaliHHs TUCKY ra3zy B HiIBiqHOMY TpyOompoBoi,
Hampyru y 3BaplOBalbHIM y31 3apajgu 3MiHU 1 JIOBXXKHWHH, BHACIHIJOK
OBaJIbHOCTI 00MYaiiku abo 3a30py B CTUKY i T. 1.

3 yciX MOXKJIMBUX 30ypeHb 00YIPKEHHS 110 HABAaHTAXKCHHIO BBAXKAIOTh
ocHOBHUM. [lo 30ymKeHb MOXXKHA BIJHECTH 1 MEpelKOAH — HenoTpioHi,
IIKIJJIMBI CKJIAZ0B1 iH(oOpMaIlii, mo MICTATECA B 3aJal0YOMy BIUIMBI 1
BUHUKAIOTh YHACTIIOK CyO'€KTHBHHMX TOMHJIOK JIOJMHU TPH YHpaBIiHHI
00'ekTOoM, 200 Yepe3 MOXUOKY 3a1al040T0 MPHUCTPOIO.

Bxiguuii (kepyroumii) BIUIUB 4 Oy[b-sikKi OOYpEHHS BHKIHKAIOTh
3MiHY BCiX a00 YaCTHHU BHXITHHX a00 peryjibOBaHUX BEIUYMH (BHXITHHX
a00 kepoBaHUX 3MiIHHHUX a00 koopanHar) V(t). BinOyBaeTbcs 11e BHACIIIOK
3MIHH CTaHy OO0'€KTa, SK€ MOYKE XapaKTEepU3yBAaTUCS CYKYIHICTIO PAAY
napamerpiB (3MiHHHX a00 KOOpHHAT) CTaHy Xm(t) .

VY mporieci poboTu 00'ekra (a00 cUCTEMU yrpaBIliHHS) sl BIUIMBIB 1
30y/DKeHb KOHTPOJIOETBCS — iX HA3MBAlOTh KOHTPOJIHOBAHUMHM, Ha

PDF created with pdfFactory Pro trial version www.pdffactory.com



http://www.pdffactory.com
http://www.pdffactory.com

6

BIIMIHY BiJl IHIIINX, HEKOHTPOJIHOBAHHMX.

Omxe, o0'ext ympaBiiHHs (peryiatoBaHHs) — 1€ OPUCTpid abo
CYKYITHICTh TPHCTPOIB), HEOOXIAHWUN peKUM pPOOOTH SKOTO MMOBHHEH
MiATPUMYBAaTUCS 30BHI CIEMiaibHO OPraHi30BaHUMH KepylouuMH abo
PETyIIOBAIbHUMHU BILTUBaMH, SIKi (POPMYIOTHCS KEPYIOUNUM MPUCTPOEM 0o

PEryJsATOpPOM.

—t T
oA L o e
—P 5
Pucynok 1.1 — O0’ ekT ynpaBiiHHS
1.2 Cuctema aBTOMaTHKHI
Haiinpocrimni aBTOMaTu4yHi CHCTEMH — CHCTEMH aBTOMAaTHYHOTO

3ax¥CTy MpHU3HAYCHI AJIS 3aXUCTY YCTaTKyBaHHS Bij aBapii. [Ipukmamammu
MOXYTh CIY)KUTH TJIaBKHH 3alOODKHHMK B JIaHII03i pOOOYOro CTpyMy
00'eKTa, KJIallaH MAKCUMAJILHOT'O TUCKY B THEBMATUYHUX 200 TiIpaBIiyHUX
MNPHUCTPOAX; MPHUCTPIH  3aXHCTy  THPUCTOPHUX  KOHTAKTOPiB  BiJ
MepeBaHTaXXeHb IO CTPyMy 1 Hampy3i B MallMHaX s KOHTAKTHOT'O
3BapIOBaHHA; aBTOMAT [TIOBTOPHOI'O BKIIIOUEHHS, SIKUI HE TUTBKU BiAKIIOYAE
00'eKT BiA JKepena >KUBJIEHHS MPH PI3KOMY MiABUIIECHHI CHIIM CTPyMY
MOHAJ IOTYCTUMHUH, ajie i pOOUTH MOTIM JIBA-TPH MPOOHHUX MiAKIIOYEHHS i
TINBKH MICIS IBOTO BiKIIIOYa€ HOrO OCTaTOYHO.

CucremMn aBTOMATHYHOTO OJIOKYBAaHHS MalOTh JBa NPH3HAUYCHHS:
3ax¥CT 00JaJHAHHS Bl HENPAaBUIBHUX i 00CITyrOBYIOUOr0 MEpCOHATY Ta
3a0e3nevyeHHs] 3aJaHoi MOCTiMOBHOCTI [Mii oOnamHaHHA a0o BKIIOYEHHS
PE3EpBHOTO yCTAaTKYBaHHS NPW BUXOII 3 Jaxy OcHOBHoOro. Ilpukiamammu
BIIMIOBIIHO MOXKYTh CITY)KHUTH cUCTeMa OJIOKYBaHHsI B CXeMi peBepCyBaHHS
Tpuda3HOro IBUTYHA, sIKa HE JJO3BOJISIE BKIIOUNTH JABHT'YH Ha 00epTaHHS B
3BOPOTHOMY HAIpPSMKY, SIKIIO HE BUMKHEHO OOEpTaHHS B MPIMOMY
HaTpsMKy, 1 cxema 3a0e3ledeHHs CYBOPOi 4YeproBOCTi 3amajloBaHHS
ITHITPOHIB 32 JIOTIOMOTOI0 CXEMH YIPaBIiHHS B JPKEpENax 3BaplOBAbHOTO
CTPYMY MallliH €1eKTPOKOHTAKTHOTO 3BapIOBAHHS.
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VY 3BaproBajbHOMY BUPOOHHUITBI PO3PI3HSAIOTH TPH (a3d KOHTPOIIO:
BHUXIJIHUX MaTepiajiB Tepe] 3BaprOBaHHSAM, MapaMeTpiB y Tpoileci
3BapIOBaHHA Ta SKOCTi 3BaPHUX 3'€JJHAHb.

CucremMn aBroMaTH4HOro KoHTpomo (puc. 1.2 a) auiaTe Ha TpH
Tpylu.  BHMIpIOBaHHS, CHrHamizamii Ta  peecrpamii.  Cucremu
ABTOMAaTUYHOTO BUMIPIOBAHHS KOHTPOJIIOIOThH TapaMeTpH 00'€KTa, MPoIecy
1 BUAAIOTh Pe3yJabTaTH B a0CONMIOTHHX 3HAYEHHSX Y BChOMY Jiama3oHi
3MiHU. Hampuknan, mpu IyroBoMy 3BaplOBaHHI KOHTPONIOIOTH CTPYM i
HaMpyry Iyrd, TIBUIKICTh 3BapIOBaHHS, P KOHTAKTHOMY 3BaprOBaHHI —
CTpyM, 3YCHJUISI CTHUCHEHHS €IEeKTPOJiB, Yac 3BaprOBaHHA 1 T. .
BumiproBanbHuM npucTpoeM (IHAMKATOPOM), 3a3BUYAid, € CTPUIOYHUIT
npunan. [Ipy KOHTaKTHOMY 3BaplOBaHHI BHKOPHUCTOBYIOTH 1 CIeliaibHi
npunamu tuny ACT, ACJl, CM st BUMIpIOBaHHSI CEpEAHBOrO AIF0YOT0
CTpyMy HOT0 aMILTITY/IH 1 TPUBAJIOCTI MPOTiKaHH: [3)].

! i 1

manficolin:oe

a (5} ®Y

Pucynok 1.2 - CucreMn aBTOMaTHYHOTO KOHTPOJIO (@), yrpaBiIiHHS
(6) i perymtoBanus (B).

KonTpone sikocTi 3BapHHX 3'€JHaHb HEPYHHIBHUMH METOJaMH
MOXXHa MPOUTIOCTPYBATH NPUKIAJaMH TaKUX MPUCTPOIB KOHTPOJIO SIK
YCTAaHOBKM  pEHTTeHiBcbkoro koHTpoito PYH-120-5,  «Jlunmumyt»,
«Menukop» Ta iH., ramma-aedexrockonu tunis Y3/ 1 AYT.

CuctemMn aBTOMAaTHYHOI CHUTHAJi3amii 3acTOCOBYIOTH B  THX
BHITAJIKaX, KOJIX MOTPIOHO BU3HAYATH HE KOHKPETHUI TTapaMeTp MpoIiecy, a
JIMIIE OTPUMYBATH iH(POPMALIIIO PO Te, YH 3MIHIOETHCS BiH B JOMYCTUMHX
Mexkax. [Ipo AOCSATHEHHs TPaHWYHOTO 3HAYEHHS Taka CHCTeMa OIOBillae
CBITIIOBUM 200 3BYKOBHM CHTHAJIOM.

Cucremn curHamizanii BHUKOPHCTOBYIOTH 1 TIpM HEOOXiIHOCTI
BCTaHOBUTU (HaKT iCHYBaHHS a00 JOCATHEHHS KOHTPOJIOIOYHM 00'€KTOM
neBHoro crany. Y wammHi MIIPII-1-3 nis poiMkoBOro 3BaproBaHHS
IUIACTMACOBUX JleTallell CcucTeMa CUTHami3alii, M0 CKIAJa€eThCs 3
TiIpaBIIYHOrO pelie 1 CHTHAJIBHOI JIaMIH, CIYXHTh JUISi KOHTPOJIIO
HAsSBHOCTI BOAM B KaHAJIl OXOJIO[DKEHHS eNeKTpona. Y BHCOKOYACTOTHIH
ycranoBui JIJ{1-2 ans 3BaproBaHHS MijacTMac CBIiTJIOBa CHTHAJI3allis Aae
3HATH 3BapHHKY, IO TIAroToBKa reHeparopa (MEPBUHHUN IPOTPiB)
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3aKIHYMBCA 1 MO)KHA TIOYMHATH 3BAPIOBaHHS.

CuctemMn aBTOMAaTHYHOI peecTpaiii KOHTPOIBbOBAHHMX IapaMerpiB
CKJIQJIAalOThCA 3 BIJANOBIMHUX JIATYMKIB 1 CAMOMMCHUX TIPUIAMIB YU
ocruorpadiB, 3amMCYIOUMX 3MIHM HapaMmerpiB ob'ekta Ha OyIb-IKOMY
Hocil (Haiyacrimie Ha manepoBii crpiuii). s npukiagxy MoKHA Ha3BaTH
npunan WCT-4AM, pospobnennit B IE3 im. €.0. Ilatona mis
BUMIDIOBaHHS 1 peecTpanii aMmIUNTYAHUX 3HadeHb CTPyMy MpH
KOHTAKTHOMY  3BaplOBaHHi, TMpWiagd 3 [OTEHIIOMETPUYHHMHU 1
IHIYKTUBHUMHU  JTaTYMKaMH  JUIL  PEEcTpamlii  3yCWJUIi  CTUCHEHHS
3BapIOBaHUX JIETAJIEH.

Bigomi B MammHOOYAYBaHHI i1 CHCTEMH AaKTHBHOTO KOHTPOIIO.
[MpuknagoM Takoi cHCTeMH B 3BaplOBAIbHOMY BHPOOHMIITBI € TpHIaa
VYBC, mo ckiagaeTbcs 3 MAarHIiTONPY)KHOT'O JaT4MKa, MiACHIIIOBayYa,
iHIMKATOpa 1 MPHCTPOIO, MO0 BHMHKae. BiH 103BONS€ KOHTPOIIOBATH
TPHUBAJICTh  3BapIOBAIBHOTO  IMOYJAbCY 1  NPUIOHMHATH  [OJady
3BapIOBAILHOTO CTPYMY SIK TUIBKHM MIIHICTh 3BapHOTO 3'€THAHHS J0CATAE
MaKCHMAaJIbHOTO 3Ha4YeHHs [4].

CuctemMn  aBTOMaTHYHOTO  yNpaBJIiHHS  TpH3HA4YeHi  Juis
aBTOMATHYHOTO TYCKY, TaJbMyBaHHS i peBEpCYBaHHS ENEKTPOABUTYHIB,
JUIl  YOpaBIiHHA TPUBOJAMH 1 3BaplOBAIBHUM YCTaTKYBaHHSIM 32
JIOTIOMOTO0 OY/1b-SIKOT'O MTPUCTPOIO, 10 yrpasisie (puc. 1.2 6), Hanpukia,
eNIeKTPOMEXaHiYHi, TTHEBMATHYHI 1 T1ApaBIiuHI CUCTEMH YMpPaBIiHHS, SKi
CIIYTYIOTh JIISl TIEPEMIIIeHHST pPOOOYUX OpraHiB TOYKOBUX, IIOBHHX,
penbeHUX, CTUKOBHX 1 IHIIMX €TeKTPO3BAPIOBAILHIX MAIIHH.

Yacto mpoiiec 3BaproBaHHS HEOOXIJHO BHKOHYBaTH B XIMIYHO
AaKTHBHHX CEPEAOBHUINAX, MOOIM3Y 3 BUIIPOMIHIOIOUMMH IOBEPXHSIMH, B
po3pipkeHiii atMocdepi abo mix BEIMKUM THCKOM, BCEPEIUHI BUPOOIB
Mayuoro o0cary i T. 4. - KOJHM 3BaplOBAIbHUK HE MOXKe mepeOyBaTH Oiist
3BapIOBAILHOTO amapaTy. Y I[bOMY BHINAJKy IOLIBHO BHKOPHUCTAHHS
JMCTaHIIMHO KEPOBAaHMX YCTaHOBOK a0o amapatiB. Hepinko TexHomoriuHe
oOJIa[HAaHHS TAKOro TUIy TOCTA4Yar0Th 1€ i CHCTEMOK JTUCTAHIIIMHOTO
Bi3yaJIbHOI'O KOHTPOJIO, IO MICTHTH J3€pPKaJbHO-JIIH30BHH MPHUCTpii abo
TeNeBi3iiHy CHCTEMY /sl CIIOCTEPEKEHHS 3a MTPOLIECOM.
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1.3 ABTOMaTHYHE PeryJTIOBaHHS

Cucrema aBtomatmuHoro perynaoBanHs (CAP) - me 3amkHyTta
aBTOMAaTH4YHa CHUCTEMa, 3aCHOBaHAa HAa TPHHIUII 3BOPOTHOTO 3BSI3KY -
yIpaBiIiHHI 00'€KTOM 3 BHUKOPUCTAaHHSAM iHQOpMamii Mpo pe3ylbTaTH
yIpaBJiHHSA. 3BOPOTHHIA 3B'A30K MOBUHEH OyTH HEraTUBHUM, 00 TUIBKU B
IbOMY BHUNAJIKy BigOyBaeTbcs BUMIp 1 TIOPIBHSHHSA (PAKTUYHOTO
KOHTPOJIbOBaHOTO Tapamerpa o6'ekra X(t) i3 3a7aHUM Ha JaHWH MOMEHT
gacy g(t), B pe3ysIpTaTi 4oro BUSBISETHCS OMUIKA (HEY3TrODKEHICTB)

A =x(®) - o), (L1

SgKa 1 CIIy)KUTh CTHUMYJOM MpOIECYy PEryJIroBaHHS i Ha ii OCHOBI
(bopmyeThest perymorounii Bruus Y(t).

Y CAP 06e3nepepBHO TpuBae oOMiH iH(OpMAIi€0 MiXK 00'€KTOM i
PETYJISITOPOM, BIUIMB TEPENAcThCS BiJl OJHOI'O €IEMEHTa peryisaropa 1o
HILIOTO, TOCIHIZOBHO 3MIHIOIOYH MpPH LBOMY CBOIO (i3U4HY MPHPOAY i
piBeHb. B pe3ynbraTi peryirorounii BIUTHB 3a CBOEIO MPUPOIOI0 MOXKE OYyTH
no-pisHoMy chopmoBaHuii. SKIO, HampuKiald, 00'€KT - €IEKTPOABHTYH
MPHUBO/Y TOAaYl eNEeKTPOIHOr0 JIPOTY, TO PEryaIOI0YHi BIUIUB Mae OyTH
HaMpyTolo, 10 NOJAETHC Ha HOTO SIKip. A JUIs 3BaplOBAIbLHOIO TeHepaTopa
PETYJIIOI0UUM BILTUBOM € CTpyM ab0 Hampyra 30y/KeHHS.

CAP nmporuzmie 30ymKeHHSM, KOMIIGHCYe, HeHTpaiizye abo
MOCHa0Noe X 3YyCTPIYHMUMH PEryiaiolouMMH  BIUIMBaMH, IO BUPOOIIsIe
3a0e3nmeuyourd 3aJaHuii  cTaH o0'ekTa Ha KOXEH MOMEHT 4dacy.
PerymioBanHst TpuBae 10 THX Mip, MOKKA MOMWJIKA HE CTa€ MEHIIE TOpora
YyTIUBOCTI CUCTEMH.

CAP PI3HOMaHITHI, BIJIPI3HAIOTHCS oIHa BIJ OJHOI
(YHKLIOHATPHUMH  MOXIJIMBOCTSIMHM,  NPUHOWTAMH  1MOOyaoBH i
KOHCTPYKTHBHOIO peaii3alfi€lo. 3a poOAOM BHUKOPHUCTOBYBAaHOi eHeprii
CUCTEMH [IUIATh Ha CJEKTPOMEXaHIYHI, EJICKTPOHHI, ITHEBMAaTHYHI,
riIgpaBiiuHi, a TaKoK 3MIIIAHOTO TUIY - EIEeKTPOITHEBMATHYHI,
eNIEKTPOTiAPaBIIivHi i iH.

Bce pi3HOMaHITTS, 110 BXOAWUTh B Pi3HI CHCTEMH aBTOMATHKH
€NIeMEHTIB 32 (PYHKIIOHAJIBFHUM MpU3HAUYECHHIM MOXKe OYyTH 3BelIeHE 0
JEeKITbKOX OCHOBHUX THIIIB, NPUYOMY MOXHA YSBUTH Yy3arajibHEHY
(YHKIIOHATBHY CXEMY CHCTEMH aBTOMAaTHYHOT'O PEryIIOBaHHS.
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OyHKIiOHaNPHA CXeMa CKIAJa€ThCsl 13 MPHUCTPOIB, BY3IIIB,
€NIEMEHTIB, KOXKEH 3 SIKUX BHKOHYE CBOIO ()YHKIIiIO B CHCTeMI i rpadidHo
300pakyeTbCcsl MPSAMOKYTHHUKAMH, a TaKOX 3B'si3KaMH  MIDK  HUMH,
CTPUIKaMH, 10 BKa3ylOTh HAMPSIMOK MPOXODKEHHs curHaiiB (iHpopmartii).
PerynsaTop B Takux cxemax MpPEACTaBIISIOTH Y PO3TOPHYTOMY BHIUIAMI, a
00'€eKT 4acTo B3araji OmyckawTh. Huwkue po3rmisHyTi By3nu (eIeMEHTH)
peryinsTopa (CHCTEeMH peryJtoBaHHS).
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Pucynok 1.3 - ®DyHKUiOHANTbHAa CXEMa CHUCTEMH aBTOMAaTHYHOTO
peryoBaHHs

Jlatuuk, abo BuMiptoBanbHU npucTpiii (emement) BII Bu3Havae
nificHy perynboBaHy BenuuuHy X(f) 1 meperBoproe ii B curHam Xq(t),
3pYYHH JUIS TOAAJBIIOr0 BHKOPUCTaHHs (Halyacrtimie B cTpyM abo
HAIpyTYy).

3anmatumk, abo mpuctpid, mo 3amae 3I1 gopmye HeoOXimHUN Ha
KOXXEH MOMEHT 4acy 3agarounii BrumB ¢(t) B 3pydHOMY JUTsS TIOPIBHSHHS 3
X1(t) BUrIISLAL, IO iMITYE 3a/1aHe 3HAYEHHS peryiiboBaHoi BeanurHu X(t).

[Mpucrpiii (enement), mo nopiBHioe [Tl BusBIsSE 1 BUMIpIOE
pisauio Xi(t) - g(t) i mae va Buxomi curnai nomeaku A(t), mpormopiidHumiA
BIJIXHJIEHHIO JifICHOT peryapoBanoi Bemuunuu AX(t) Bi 3aaHOTO Ha TaHWH
MOMEHT 3HAa4CHHSI.

Yacto mnpucTpiii, mo MNOPIBHIOE KOHCTPYKTUBHO 0O0'€IHYIOTH 3
BUMIPIOBAJIbHUM €JIEMEHTOM B OJIHE IIiJIe.

[MincumoBay abo migcwioBau-niepersoproBay [l migcuimoe i
MEepPEeTBOPIOE  CHTHAJ MOMHIKK 0 yi(t), JoctaTHBOI 1 HpUmaTHOI st
YIOpPaBJIiHHS BUKOHABYMM TIPHCTPOEM, TIEPETBOPIOE BXITHHMH CUTHAI
KiTbKiCHO a0o (i) sKiCHO, Y3TOOMTH BXIill BHKOHAaBYOTO IPHCTPOIO 3
BUXOJIOM MOPIBHIOIOYOI'0 €IEMEHTA 33 POJIOM BUKOPHUCTAHOI CHEpTii.

BukonaBumnit mpuctpiii  BIT mig BrmumBom yi(t) BupoOise
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perysorounii Btk y(t), sSIKHi HaIXOMUTh Ha PEryIIOI0YMiA opraH 00'ekTa
yIIpaBJIiHHS.

Kopurysanbshi npuctpoi KY BMHKarOTh IOCIIZOBHO a00 MapaienbHo
Ha3BaHUM BHUIIE ejeMeHTaM (Ha cXeMi MoKasaHuii ocTaHHiil Bapiant). Ix
MpHU3HAYCHHS - MOJIMIIUTH SKICTh PEryaioBaHHS 00'€KTa 3a JOMOMOIOI0
(bOopMyIOYHX B HUX JIOMATKOBHX BILUIUBIB I(1).

Sxmo oOpaHuli KOHTPOIBOBAHOI CHUCTEMOIO TapamMeTp TOCHThH
MOBHO XapakKTepusye o00'€KT, TO MOXHA BBaXKaTH, M0 3aBIAHHSIM
PETYJIIOBaHHS € MATPUMAaHHS PerylboBaHOl BEIMYMHU HA 3aJJaHOMY PiBHI.
e no3Bosie npu noxpaibimomy po3risiai CAP 00'ext Ha (yHKITIOHATBHIX
cxemax He 300pa)kaTH.

Heski enementn CAP B oOKkpeMuX BHIIQJKaxX MOXYTh OyTH
BIJICyTHIMH, ayie ToloBHUI 3BopoTHHil 3B's30k (['33) moBUHEH
(yHKI[IOHYBaTH  3aBXJId, 00 3 HOro JOMOMOIOI  BUSBISETHCS
BIJIMOBIAHICTH JIMCHOT'O CTaHy 00'€KTa pEeryioBaHHs, 3aJaHOMY Ha JaHUH
MOMEHT 4acy. HasiBHiCTh TOJIOBHOTO 3BOPOTHOTO 3B'SI3KY - OCHOBHA O3HaKa
CAP.

ABTOMAaTHYHE PEryJIOBaHHS - 1€ aBTOMaTHYHA MIATPUMKA 33JaHOI
peryapOBaHOI BeIMUYHHM (3MIHHOI CTaHy) O0'€KTa MUISXOM TOCTIHHOTO
KOHTPOJTIO MOr0 CTaHy 1 Jil0YMX HA HHOrO 30ypEHb, a TAKOK PEryItoI0Yoro
BIUIMBY (IIpY HEOOXiHOCTI) Ha HOTr0O PErYJIIOYNI OpraH.

Kepytounii BIumB Moxe Oyrd HesMiHHMM (B cucTeMax
aBTOMATHYHOI cTa0lIi3allii), B IbOMY BUIAIKy HOro Ha3MBaIOTh YCTABKOI.
[MpuknagamMu MOXYTh CIY)KUTH: CHCTEMa aBTOMAaTHYHOI TiATPUMKH
HaTpyry Iyrd OUIIXOM 3MiHM 11 TOBXWHH B YCTaHOBKaxX aproHOIYTOBOI'O
3BapIOBaHHS HEIUIABKUM EIIEKTPO/IOM, CUCTeMa MIATPUMKH HAIpPyTHd TYTH
IUISXOM 3MIHU IIBHJKOCTI MOJAa4i €IEKTPOJHOr0 JIPOTY B amaparax Jyis
nyrosoro 3paproBanHs tuny AJIC-1000-4, cucrema miaTpuMaHHsS CTaJIOCTI
4acToTH obepTaHHs OOMYaliK, B Kl ()aKTHYHA MIBHIKICTh BUMIPIOETHCS
TaXOreHepaTopoM .

Y cuctemMax MOPOrpaMHOrO PEryliOBaHHS KEPYIOUMi  BIUIMB
3MIHIOETBCS TMPOTPAMHHMM TPUCTPOEM IO 3a3Jajeriip NpU3HAYCHIH
mporpaMi B (QyHKIT dvacy abo mnuiaxy (mepeMillieHHs, TOTOKEHHS).
Hanpukmnan, Taki cHCTeMH BUKOPHUCTOBYIOTH JJISl PEryJlOBaHHS TapaMeTpiB
pexuMY 3BaproBaHHs (CTPyMY, IIBHIKOCTI 3BaPIOBAHHS, IIBUAKOCTI MOaa4i
JPOTY, aMIUTITya ab0 YacTOTH MONEPEYHHX KOJIMBAHb EICKTPOLYy) B
3aJIeXHOCT1 BiJI TPOCTOPOBOTO IMOJIOKEHHS €NEKTPOJa B YCTAaHOBKAxX JUIs
3BapIOBaHHS HEMOBOPOTHHUX CTHKIB TPYO, B €EKTpOra3opizanbHiil MalluHi
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«Kpucran» 3 mporpaMHUM YIPaBIiHHSAM, IPU3HAYEHOT Ui Ta30BOro abo
ra30eJeKTPUYHOI0 pi3aHHS JIMCTOBOI CTajai ab0 KOJBbOPOBUX CIUIABIB,
nporpama poboTH K01 3anucyeThest Ha iepdocTpiuky. Akmo CAP 3amicTh
(YyHKIIOHATIBHOI 3aJIeXKHOCTI BIATBOPIOE HAa BUXOMl 3MIHM BXiTHOTO
BIUIMBY, MNpPUYOMY 4YacTimie Ha OUIbII BHUCOKOMY piBHI IOTY)KHOCTI
(peamisytoTh TPOCTY MPOIMOPIHHY 3aJEKHICTh), a KEPYIUHi BILUIMB
3a3JaJIerigb HEBIAOMMI, MOBUIBHO, TO II HA3MBAIOTh CUCTEMOK), IO
CTeXHTh. Taki CHCTEMH 3aCTOCOBYIOTH IPH €IEKTPOHHO-IPOMEHEBOMY, a
0COOJIMBO TPU yrOBOMY 3BapIOBaHHI CTHKIB BEIMKOI MPOTSXKHOCTI (200
KPHUBOJIHIHHKUX) JUIsi aBTOMATUYHOI OpI€HTAlii eJIeKTpoaa BiJHOCHO
BUPOOY, KONMU BiIXill CTUKY 4epe3 BUKPUBIECHHS 1 NepeKTH CKIaJaHHS
3a3janeriib HeBimoMuil. BUKOPHCTOBYIOTH IIi CHCTEMH B 3BapIOBAIBHUX
MaHIMyJasTopax 1 podorax .

Bigomi Takox CHCTEMH pETYNIOBaHHS, 10 3a0e3NeduyloTh 3MiHY
peryiabpbOBaHOi BEIMYMHHM MO MOXiAHiHM, iHTerpamy abo OinbIml cKiIagHOL
(GyHKIIT BiI 38]]aF040T0 BIUIUBY Ta iH.

1.3.1 Anani3 BuiuBiB, 110 30y/CKyI0TH PU 3BapIOBaHHI

[Ipouec 3BaproBaHHs, sIK i OyAb-sIKMI iHIIMI Mpolec, NMPOTIKae B
TICHOMY B3a€MO3B'A3KY 3 HaBKOJIHWIIHIM CEpEelOBHIIEM. 3MiHH B HBOMY
BUKJIIMKAIOTh 3MiHM B XapakTepi Npolecy 3BapioBaHHsA. B aBromaTuii
TaKW{ Mpollec Ha3uBalOTh 30y/HKEHUM. 30Y/DKEHHSI MOXKYTh MPHU3BECTH J0
BIJIXHMJICHHSI BJIACTUBOCTEH 3BApHOTO 3'€JIHAHHSA BiJ HEOOXiHMX, TOOTO 10
MOSIBA HETIPUITYCTUMHX J1ePEKTiB y 3BapHOMY IIIBI.

BigminHi mo ¢i3uuHill mpupoai 30yMKEeHHS MPHUKIAACHI B PI3HUX
TOYKaX 3BapIOBAIILHOTO KOHTYPY JKEpeso-1yra-Bupid, ToMy BIUIUB OAHUX
30y KEHb Ha MPOIIEC 3BapIOBaHHS MOXKe OyTH oclia0iieHuit abo, BiTHOCHO
JIETKO, YCYHYTUU TIISXOM 1X BUMIPIOBaHHS 1 KOMITEHCAIlil, BIIICTOPOHEHHS
HIIIKX - MOB'SI3aHO 3 MEBHUMU TPYTHOIIIAMH.

Hanpukman, BrumB 30yMKeHb, sKi JAIOTh Ha JIAHIIOT JHKEpeno—
3BaproBaibHa Jyra (KOJMBaHHS HAlNpyrd MEPeXi JKUBICHHS, 3MiHA
JIOBKUHH JIyTH 1 T. /I.) TIOPIBHSHO MPOCTO YCYHYTH 32 JOIMOMOTOI CHCTEM
aBTOMAaTH4HOI cTabini3alii mapameTpiB pEeKUMY 3BaplOBaHHS. CTPyMY,
HaTpyru Ha My3i, MBUIKOCTI 3BApPIOBaHHs, IIBUIKOCTI MOJadi €leKTpo/a,
IO TUIAaBHThCSA (pUCAagHOro ApoTy) i T. 4. [lomiOHi cucTeMu B pi3HHX
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BHKOHAHHSX BINPOBAJKEHI B MPOMHUCIIOBOCTI. 3acTOCyBaHHA iX cTadinizye
CHEepreTuyHi MapaMeTpy 3BaploBajbHOI JyrHm 1, OTXKe, 11 TEMIOBY
MOTYXHICTb.

3HAYHO CKJIAJHINIE KOMIICHCYBAaTH BIUIMB 30Y/XKEHb, MPUKIAAECHUX
70 JIAHITIOTA eNIEKTPO/I-/1eTallb; BIUIUB iX HE MOCIabII0EThCS 3a JOOMOT 010
CHCTEM aBTOMAaTH4YHOI cTa0umizamii mapameTpiB pexumy 3BaproBaHHs. Lli
30y DKEHHSI Ba)KKO KOHTPOJIOBATH B TIPOIECI 3BapIOBaHHSA - JUIS
BHMIPIOBaHHS 1X MOTPIOHI CIIEIiaibHI JaTYMKH, 1110 TPALIOOTH 3a PI3HUMHU
GI3MYHUMU TpUHIMNAMH. 3 JACSKAMH MPHUIYIIEHHSMH [i 30yHKEeHHS
YMOBHO MOXKHA PO3JIUIATH Ha AB1 IPYIN: KOHCTPYKTHBHI Ta TEXHOJOT1UHI.

KoHcTpykTHBHI  00YMOBJIEHI KOHCTPYKTUBHHUMH OCOOJHBOCTSIMH
3BapHOro 3'eiHaHHSA. BOHM BHHHMKAalOTh NPH PO3TalllyBaHHI OTBOpiB abo
MPWIMBIB B 0Oe3MOCepeAHiil  ONM3BKOCTI  CTHKY, 3MiHI TOBIIMHHU
3BapIOBaHOr0 MeETaly, pPa3HOTOBIIMHHOCTI Jjeraini 1 T.0. Brums
KOHCTPYKTHBHHX 30y/UKEHb BHpaKa€Tbcs B 3MiHI YMOB Teruionepenadi i
MePepO3NOAiIi TEIJIOBOI MOTY)KHOCTI 3BapIOBAJILHOI JIYTH MIK JCTAILIIO 1
HABKOJTUIIHIM CEpEIOBHILEM.

TexHomorivHi 30yKEHHS! BHHUKAIOTh B OCHOBHOMY ITPH HETOYHOCTI
OpH  CKIaJaHHI CTHKY, WIO TMPHU3BOIATH 10 3MIiHH 3a30py MiK
3BapIOBAIGHUMH KpoMKam#, (opmMu 1 po3mipiB 0OpoONeHHS Kpaiiok,
3MIlIEHHS! KPOMOK, 3MIiHH CTYIEHS MPHISTaHHs (HOpMYIOUO0i MiAKIAAKHA MO
JOBXHHI CTHKY. KpiMm TOro, mo mux 30y[KeHb MOXKHA BITHECTH €poO3il0
ENeKTPOy, 3MIHY CTPYKTYPHOI Ta XiMI4HOI OJHOPIIHOCTI 3BaplOBAaHOTO
Martepiany, 3MiHy  SKOCTI  3aXHCHOTO  CEpEJOBHMINA,  HAsBHICThH
TEXHOJIOTTYHUX MPUXBATOK 110 JOBXKWHI CTUKY. TeXHONOr4H1 30y/IKEHHS B
OCHOBHOMY MalOTh BUIIaJIKOBHI XapakTep i HaifuacTilie 3'aBISIOThCS Yepe3
HEJIOCKOHAITICTh CKJIaJallbHIX MPUCTOCYBaHb 1 TEXHOJIOTTYHOI OCHACTKH.

IMpu BigmpamtoBanHi 3a pomomororo CAP  KOHCTPYKTMBHHUX i
TEXHOJIOTTYHUX 30Y/DKeHb HEOOXIIHO BpPaxOBYBaTH iX CHMETPIIO II0JI0
3BapliOBaHOr0 CTHKY. BIUIMB cuUMeTpHuHHX 30y/DKeHb (HAsBHICTH B
3BapIOBAILHOMY BUPOOi OTBOpPiB, CHMETPUYHO PO3TAIIOBAHHUX BiIHOCHO
CTHKY) MOYKHa YCYHYTH 3a jomomoror0 CAP 3 OZHHM peryimioyuuM
BITMBOM. TaKuM BIUIMBOM MOXK€ OyTH, HAIIPUKJIIaJ, 3BapIOBAILHAN CTPYM,
3MIHOIO SIKOT'O 3a0e3ledyeThesi crabimizamis i30TepMH TeMIepaTypHOro
MOJIS B 30H1 CTHKY.

[Tpu BrUIMBI HECHMETPUYHUX 30y/DKEHb (3MIIIEHHS KPOMOK CTHKY)
3MIHIOIOTBCS PO3MipH 1 ¢opMa i30TepM TeMIepaTypHOro nomns. B npomy
BUIQIKY JUTSL cTabiiizalii TeMnepaTypHOro nojis moTpioOHO HEe MEHIIE IBOX
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BIUTUBIB Ha 00'€KT, HAIIPHUKIIAJ], 3MiHA 3BapIOBAJILHOIO CTPYMY i 3MII[CHHS
enexktpona 3 JiHil ctEky. Crpykrypa CAP mnpu wnpomy jemo
YCKITaTHIOETHCS.

Meroan  Teopii  aBTOMaTHYHOTO  pEryjloBaHHS  JIO3BOJISIIOTH
BUKJIIOYUTH BIUIMB KOHCTPYKTUBHUX 1 TEXHONOTiYHMX 30y/[KeHb Ha
BUXimHI mapamerpu o0'ekta. [Ipn mpomy HeoOOB'I3KOBO Oe3mocepenHbo
BHUMIpIOBAaTH 30y/KeHHA, a AocuTh noOyayBatu CAP Ttakum umHOM, 11100
TOYKa JAOKJIaJlaHHA 30y DKEHHS BUSBUIIACS BCEPEMHI 3aMKHYTOTO KOHTYPY
CHCTEMH perymoBaHHs. SKImio 30ypeHHsS Jerko BUMIpATH, TO HOro Jito
JIETKO TOCJIa0MTH TOOYIOBOIO CHUCTEMH PEryalOBaHHS 3 KEpyBaHHAM 3a
30y/DKeHHSIM a00 TOOYAOBOI0 KOMOIHOBaHOI CHCTEMHU PETrYNIOBAaHHS, IO
MOETHYE B CBOTM poOOTI yNpaBIiHHS MO BIAXWICHHIO BUXIJHOI BETMYMHHM 1
ympasiiHHS 1o 30ymkeHHo (1. 1.4).

ITpu noOynoBi CAP BpaxoByIOTh TUIBKH JOMIHYIOUI TEXHOJOTiUHI
30yJKEHHsI, TOOTO Taki, BIUIUB SIKMX iCTOTHO IMO3HAYAETHCS HA OCHOBHUX
BJIACTUBOCTSIX 3BapHOTO 3'€IHAHHS 1 10 TOTO K HE MOXKe OyTH ociiabieHui
nieto  cucteM craOumizamii  eHeprii kepena HarpiBy. JlomiHyrodi
30yokeHHS 1 iX  3arajbHE  YHUCJIO  BHU3HA4YalOTh,  3a3BUYaH,
EKCIIEPUMEHTAIIBHO Il KOKHOT'O KOHKPETHOTO BHUMAAKY 3BaplOBaHHA.
BuMiporoTh iX 3a JJOIIOMOTr0ol0 KOHTAKTHHX 200 OC3KOHTAKTHHUX JATYUKIB 3
pi3HUMH MPUHLUTIAMU nii (MOTEeHI[IOMETPUYHUX, €MHICHHX,
MHEBMATUYHUX, TENEBi3iHHNX, ENEKTPOMArHiTHUX, (OTOCIEKTPUIHHX 1
in.). Knacuikaiiss ocHOBHUX 30y/KEHb, IO JIOTh Y 3BaplOBAJILHOMY
KOHTYpi, HaBeneHa Ha puc. 1.4. V Hill BpaxoBaHa TOYKa JIOKJIATaHHS
30y/DKeHb y 3BaproBallbHOMY KOHTYpi, (i3u4yHa Npupoa 30YyIKEHHS.
Knacudikanis crpomrye BHOIp y KOKXHOMY KOHKPETHOMY BHIIAJIKY
HEOoOXiIHOT CUCTEMH YIPaBIiHHS MPOLECOM 3BapIOBaHHS.

1.4 PeryaroBaHHS 32 BiTXujieHHsIM i 3a 30y/1’KeHHSIM 3MiHIOBAHOI BeJTHYMHHA

Bci cucremu perymoBaHHS MO)XKHA PO3AUIMTH Ha JBI IPynd B
3aJIeXHOCT1 Bifl TOTO, SIK TOB'I3aHI B HUX KOHTPOJBOBaHA 1 PerysiboBaHa
BEJIMYMHHU, TOOTO B 3aJIOKHOCTI BiJl MICIsS JOKJIAJaHHS PETYII0HYO0ro
BILUTUBY. BoHO MOXke OyTu cnpsiMoBaHe ab00 Ha KOMIICHCAI[IIO BiJXUJICHHS
peryJibOBaHOI BEIMYMHY, a00 Ha JIKBIIaIlit0 30y KEHHS, SIKE BUKJIUKAJIO TC
BIIXWJIEHHS.
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Pucynok 1.4 — Knacudikais 30y17KeHb y 3BaploBAILHOMY KOHTYpi

Benuka yacTuHa cucteM aBTOMaTHYHOIO PEryNIIOBaHHA 30yI0BaHa 3
KOHTPONIO  BiIXWJIGHHS  PErylboBaHOlI  BEMWYMHU  Big  3aJaHoi
(komnencanifinuii  npudimn [lomsyHoBa-Yarrta). Y Takux cucremMax
KOHTPOJIIOEThCSL  (BUMIPIOEThCsI) perynboBaHa BenununmHa X(t); BoHa
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MOPIBHIOETHCA 13 3alaHUM JJIsl IaHOrO MOMEHTY KepyrouuMm BrumBoM g (1),
B pe3ynbTati yoro BusiBisieThes mommiika g(f) = X(t) - g(t). YzaranpHena
¢yHKIIOHATbHA CXeMa CHCTeMHM TokazaHa Ha puc. 1.5 a. Peakuieto
CHUCTEMH Ha 3MIHY CTaHy, KW BUHHK, € JIis, CIPSIMOBaHA Ha JIKBIIAIIiO
BinxuieHHs ¢€(f). Cucrema KOHTpONIOE CTaH 0O0'€KTa MO OAHOMY 3
mapaMeTpiB i mMpH Horo 3MmiHi BIIMBaE He Ha came 30ymkenns f(t), mo
OKa3ye BIUIMB Ha CHUCTEMY 1 € MEpUIONPUYHMHOI0 i€l 3MiHM, a Ha
KOHTPOJILOBaHUI mapameTp 0e3rmocepeHbo ado yepe3 00'EKT.
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qDyHKulOHanLchxeMH Cxemu resepaTopa

Pucynok 1.5 - CxemMu cucTeM aBTOMAaTUYHOTO PETyYJIOBaHHS IO
BixuieHHo (a), 30ymkeHHto (0), koMOiHOBaHa (B).

PosrisiHemo, SK  TpWKIaN, CHUCTEMY pETYIIOBaHHS Hampyru
3BaproBaibHOro renepatopa (puc. 1.5). 3aBmanHs il - miaATpUMyBaTH Ha
nocriiHoMmy piBHi Hanpyry U, Ha HaBaHTaxkeHHi R,. Bimomo, mo ns
Hampyra 3aJIOKUTh Bil 4acTOTH oOepTaHHS SIKOps TeHepaTopa ® 1 Bix
Hampyru Ha oOMOTLI 30y/KeHHS wo. Cxema CKIlaZieHa Tak, [I0 Hampyra
30y[KEHHSI yTBOPIOETHCS, SK PI3HUIS MDK Hampyrowo ycraBku Uy, mo
3HIMa€eTbCs 3 MOTEHIIoMeTpa-3ajaTunka Ry, 1 Hanpyrowo Ha HaBaHTa)KEHH1
U, TobTO:

UB = Uy_ UH, (12)

Ilpn 3amaHoMy HaBaHTaxeHHI R,, nepemilaroun MOB3YHOK
HoTeHIioMeTpa-3aJaTunka Ry, MoxkHA 3HAWTH Take HOro MOJIOKEHHS, IpU
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SKOMY B CTaJlOMy CTaHi Hampyra Ha HaBaHTa)XEHHI Mae HeoOXiaHe
sHaueHHs U,,. [loku 11 Hampyra BiInoBia€e 3aJaHOMy, CTaH CHCTEMHU
3aJUIIAE€ThC HE3MIHHMM, BOHAa Hepyxoma. SKIo Mix i€l SKHXOCh
npuYrH (3MiHa HAaBaHTa)KEHHS, YaCTOTH 00epTaHHS SKOps reHeparopa i iH.)
Hampyra Ha HaBaHTOKEHHI 3MIHWJIACS, TO CHCTEMa CTaHe pPyXaTHCh,
MOYHETHCSI TTepexif Bil il cTaporo CTIHKOro cTaHy B HOBHA.

[MpumycTumo, 1m0 30BHIMIHE 30Y/KEHHS BUPA3MIOCS B 30LTbLICHHI
HaBaHTaXXEHHs, TOOTO B 3MeHIIIeHHi ioro omopy Uy. VY mepiuii MOMEHT 11e
BUKJIKA€ 3HIDKEHHS HANPYTd Ha HaBaHTaKEHHI N10 AesKoro 3HadeHHs Uy
Yyepe3 3pOCTaHHS CUJIM CTPYMY HABAaHTaKCHHS, a 3HAYUTh, 1 MaJiHHS
HaTpyry Ha BHYTPILIHBOMY OMOpi sikopsi reHeparopa. Lleit mapamerp, sk
MH 3Ha€MO, CHCTeMa KOHTPOJIOE, TaK AK Oe3lepepBHO MOPIBHIOE HOTO 3
ycraBkoil Uy . ToMy BIAXHJIEHHS peErylbOBaHOI BEIUYMHU BiJ 3aJaHOI
Bijpazy K BHSBISETbCS CHCTEMOIO. [IpOSIBISETBCS 1e B Pi3KOMY
30inbmeHH] [BigmoBinHo n0 piBHsHHA (1.1)] manpyru Ug. TlounHaeTbes
pEryJItoBaHHs, SIKE MOJSATae B TOMY, IO HijJ Ji€l0 30UIBIICHOrO MOTOKY
30yKEHHsI HAallpyra Ha HaBaHTa)KCHHI B1IHOBIIIOEThCS.

AHaJIOriuHO cUCTeMa Ji€ B pasi, SKIIO 3MiHAa BHXIIHOI HampyrH
BUKJIMKaHa 3MIHOK YacTOTH OOepTaHHS SIKOpsS TeHepaTopa. 3MeHIICHHs
MIBUAKOCTI BEJIe CrIoYaTKy 10 3HmKeHHs: Uy, MOTIM MpH peryiroBaHHI BOHO
BiJTHOBJTIOETHCSI BHACIIIOK MiJABHUINEHOT'0 MOTOKY 30Y/KEHHSI, BiIIOBIIHO
no (1.2). Tak camo cucrema Ji€ i B TOMy BHUIAIKy, SKIIO OJHOYACHO
3MIHIOIOTBCS CHJIA CTPYMY 1 Hampyra.

Omnucana cucremMa 1 momiOHI T 3 KOMIIEHCALIEIO BIIXHJIEHHS
MiATPUMYIOTh Ha BUXOHI 3 TEBHOIO TOYHICTIO 3aJaHWU pETyIbOBaHHUH
rapameTp HEe3aJISKHO BiJl TOTO, K1 30y/KCHHS JIit0Th, JI¢ BOHM BKIIIOYECHI 1
CKUTBKH X /i€ OJJHOYACHO.

[Tpu perymoBaHHI 1O 30yHKEHHIO 3 yCIX MOMJIMBHX, IIO MOXYTh
JIATH Ha CHUCTEMY 1 BUKIMKATH BIAXWIGHHS PEryJlIbOBaHO! BETHMYMHH,
BUOUpaEThCs onHe, ocHoBHE fi(t), ike YNHUTH BUPILIAJIBbHUI BIUIMB HA CTaH
00'ekTa B JAaHUX yMmMoBaxX. BoHo i koHTpomoethes (puc. 1.50). Sk Oyno
BiJ[3HaU€HO, OCHOBHHM, 3a3BHYaii, € 30y/PKEHHS 110 HaBaHTAKEHHIO, TOMY
4acTOo peali3yloTh CUCTEMY PEryJIIOBaHHS 110 HABAHTAXXEHHIO.

[MpuHumn perymoBaHHs MO 30yHKEHHIO PO3TJISHEMO HA MPHKIaAL
3BapIOBAJILHOIO TeHEpaTopa 3 JBoMa 00MOTKamu 30y keHHs. OHa 3 HUX
o HE3aIeKHA, a IHIIA O, BKIIOYEHA Y3TODKEHO 3 (Mg 1 MOCTIIOBHO 3
SIKOpEeM T'eHeparTopa, 1 1o Hill, 0TXKe, Te4e CTPYM HaBaHTakeHHs |, (puc. 1.5
0). Hanpyra Uy Ha HaBaHTaxxeHHI R, 3aJeXuTh BiIl CyMapHOro MOTOKY
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30ymkenass @g = @y + O, yacTuHa sikoro d, BU3HAYAETHCA CTPYMOM
HaBaHTaXXCHHS B OOMOTII @, a iHImMH Dy BUOMPAIOTH 3a JIOMOMOI'OO
noteHuiomerpa Ry rakuii, mo6 npu 3agaHoMy HaBaHTakeHHI Ry Ha HbOMY
Oyna OakaHa Hampyra.

[Tpu 3pocTaHHI HaBaHTaXEHHS 30UIBIIYETHCS CTPYM HaBaHTa)KEHHS
l,, a Hanpyra Ha HhoMy Uy mamae. CTpyM HaBaHTaKeHHSI Oepe ydacThb B
CTBOPEHHI CyMapHOro Motoky @, ToOTO Perysoyoro BILUIUBY, i caM Ke
CTIpUsi€ BiTHOBJICHHIO HANpYrW Ha HaBaHTa)keHHi, 00 cymapHUil NOTIK D,
craB Oinmpie. Tak 110 B mepiioMy HaOJMMKEHHI Halpyra Ha HaBaHTa)XXEHHI
He 3aJISKUTh Bif 11 omopy.

Sk Oayumo, B 1ii cucTeM] NOBHA 400 YaCTKOBA HE3AJIEKHICTD 11 Bif
BIUIMBY YHHHOTO 30YIKEHHS JIOCATAETHCS KOMIICHCAIIEI0 CaMoro
30ymkeHHs. [lpuHmunm perymoBaHHsS TO 30y[DKEHHIO OTpUMaB Ha3By
IHBapiaHTHOCTI, TOOTO HE3AJEKHOCTI BiJ| 30BHIMIHBOrO 30y/KEHHS, 1
Bimomuii mie, sik npunnun [loncene-Uukonera. OnHak He Ciij BBaXKaTH,
110 METOJ el Tyxe xopoummid. CucteMa mpaltie3iaTHa TUTBbKH MPH OTHOMY
KOHTPOJIbOBAHOMY 30YIXKEHH1 110 HABaHTaXKEHHIO.

SKmo po3rasAHYTH pPoOOTY Mmiel X CHCTEMH MpH Jii IHIIOro
30y/DKEHHS, TO BOHA BHSBISETbCA B3aralli Hempanes3gatHowo. [lpu
30y/DKEeHHI, HalmpWKiaja, MO 4YacToTi o0epTaHHS Baly TIeHepaTopa,
BHACIHIZIOK MaJiHHS HANPYT'W B MEPEXi, SIKa XKUBUTHh MPUBOAHHUN TBUTYH,
Hampyra Ha HaBaHTAXXEHHI TaKOX MaJa€, ajie 3MEHIIYEThCS MPU LBOMY i
CTPYM HaBaHTaXEHHSA. BUXOmWTh Tak, IO 3aMicTh HEOOXiJHOro
301TbIIEHHS] CyMapHOTO MOTOKY 30Y/KEHHS BiH 3MEHIIYETHCS 1 Hampyra
Uy naznae mie Ouibiie.

1.5 IIpsime i HempsiMe peryJIIOBaHHS

CuctemMn aBTOMATUYHOTO PETYIIOBaHHS MOXKHA KiIachu(piKyBaTH 3a
CIOCOOOM BILJIMBY YyTJIMBOTO €IEMEHTa CHCTEMU Ha PETYIIOI0UHNil OpraH.

UyTnuBuii exeMeHT, ab0 JaTYNK CUCTEMH PETYIIOBaHHS, CIpUIIMAE i
BHUMIpIO€ Oe3Mocepe]HhO KOHTPOIBLOBAaHWH MapaMeTp 00'€KTa, Tepeaarydn
iHpopMmariito mpo #oro craH B cucremy. Perymotounii opran (PO),
MOB'sA3aHUI Oe3mocepenHbo 3 00'€KTOM 1 JOCHTH YacTO € HOro CKJajoBOIO
gacTuHOIO. 3aBaanHs PO B cuctemi NpakTHYHO MPOTHIICKHI - POpPMYBaHHS
BIJIMIOBIIHOTO PETyNIOI0YOr0 BIUTUBY 1 mofada ioro Ha o0'ekr. [is
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BUKOHAHHS  I[LOTO  DEryMIOIOYHM  OpraH B CHCTEMi  TOBHHEH
3a0e3mevyBaTUC HEOOXIIHOK SHEPTi€e0.

VY cuctemMax TPSAMOTO PEryJIIOBAHHS UYYTIHWBHH €IeMEHT (IaTdyuK)
0e3rmocepeIHhO BIUIMBAE HA PETYJIOIOYUN OpraH, TOCTABJISIFOYM HOMY
HeoOXimHy eHepriro. [IpsiMe peryiatoBaHHS MOXIIMBO JIMIIE TOJi, KOJIH
JATYUK CaM JOCUTH MOTYKHUHA.

IMpukiaag CUCTEMH TPSIMOTO PEryIIOBAHHS - PEryJasaTOp Hampyru
renepatopa (puc. 1.6 a). TyT momaTKoBe 30BHIIHE JHKEPENTO €Heprii He
nmoTpiObHo, 00 eHepris, HEOOXigHa JUIs MPUBEACHHS B JII0 PEry/IIO0YOro
oprany (peocrara R,), BizOupaeTbcs Big 00'e€KTa peryaroBaHHS depes
JATYUK MPH BiIXUIEHHI KOHTPOIHOBAHOTO (PEryibOBaHOT0) MapameTpa.

r Uy

[

&)
Pucynok 1.6 - Cxemu npsimoro (a) i Henipsimoro (0) perysroBaHHs
[Naninas Hanpyru Uy Ha HaBaHTaXXeHHI R, BU3HAYAEThCS HANIPYTOIO
30ymxenHs U,, sike 3anexuts Big R,. IloB3yH peocrara 3aiimae 3aBxau
TaKWil CTaH, MPU SKOMY 3yCHIUIS NPYXUHHU [1 BpiBHOBaXKYETHCS CHIIOO
TArU enekTpomarhity EM, minkiatoyeHOro a0 TeHepaTopa MapalielibHO
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HaBaHTa)XeHHIO. EJekTpoMarHiT BUKOHYE 1 (YHKIIIO YYTIUBOIO €IEMEHTa,
Oe3rnepepBHO KOHTPOJIIOKYHM (BUMIPIOIOYM) peryiboBaHy Hampyry Uy, i
CTBOPIOE TIEBHY EIEKTPOMArHiTHy cuiy, Oifody Ha skip A i, oTxe, Ha
noB3yH peoctata R,. Baxkana Hampyra Ha HaBaHTa)KEHHI BCTaHOBIIIOETHCS
3aJaTYUKOM 3 HUISIXOM 3MIHM 3yCHIJUIS MPY)KUHH 32 JOIOMOTOI0 T'BHUHTA
yctaBku Y. Ilpu 1mpomy cTpym 30ymKEHHS BH3HAYAETbCS YHHHOIO
JUISTHKOIO PEOCTaTa, SKUW PEryJiroe.

[pamioe cuctema TakuM YMHOM. SIKIO, HANIPHKIIAA, HABAHTaKCHHS
301TBIINTECS, TO B MEpIIMA MOMEHT Hampyra Ha Hiil Bmane. Lle Oyne
3a(pikCOBaHO  ENEKTPOMArHiTOM 1 TMOYHEThCS pErymoBaHHA. SIKip
eNIeKTPOMArHiTy mij Jieto npyxunau I1 mepemictuthbest BiiBo. [Ipu mpomy
CTpyM 30Y/DKCHHS 3pOCTa€ B TOPIBHSAHHI 3 BUXIIHUM, 10 NPHU3BENC 10O
BiJTHOBJIGHHS HANpyr'yl Ha HaBaHTaXEHHI. PyX MOB3yHa NMPUIMHUTHCS TOI,
KOITM 3YCHJUIL TPYKHHU 1 eNeKTPOMAarHity ypiBHOBaxkaThbcs. Ilicis
3aKiHYEHHS MEPEeXiJHOr0o Mpolecy, TOOTO y CTajloMy CTaHi, Halpyra Ha
HaBaHTa)XEHHI1 MaTUMe PUOJIM3HO MOYATKOBE 3HAUCHHSI.

OdyHKIIOHAFHA CXeMa PO3TJISTHYTOI CHCTEMH IMoKa3aHa Ha puc. 1.7
a. ®ynkuii npucrporo, mo crnpanboBye CE B po3risHyTii cuctemi
BUKOHYIOTH CIUIBHO JaTuuk (0OMoTka EM, sik 4yT/MBHii e1eMeHT 1 sKip) i
3a7aTyuK (OpyXHHA 1 HATSHKHUEA TBUHT). Perymiotounm opranom PO B
cucreMi € peoctar R,

xit)

e

Pucynok 1.7 - ®yHKIiOHaJbHI CXeMH CHUCTeM mpsimMoro (a) i
HerpsMoro (0) perymnoBaHHs

[lepeBarn cucTeM MpsMOro PETYJIIOBaHHS - B iX KOHCTPYKTHBHIH
npocrori. Bonm Haniiiai B poboti, ix jerxko obcmyroByBatu. OmHaK
3aCTOCYBaHHSl iX OOMEXKeHe depe3 HEeNOCTaTHIO BUXiJHY MOTYXHICTb i
3HWKEHY 4YyTiHuBicTh. UyTNHMBHH e€leMEHT IIOBWUHEH OyTH B 3MO3i
PO3BHBAaTH TIOTYXKHICTh, HEOOXiAHY JUIS TIEPECTAHOBKH PETYIIOI0YOr0
oprany. [loTyXHICTh WOro MOXXHA WIiJBHUIIUTH 30UTBIICHHSAM PO3MIpIB,
IpoTe NpU IOMY, SIK MPaBHJIO, HOTIPIIYEThCS YyTJIWBICTh. Hemomixom
CHCTEMH MPSIMOTO DPErYIIOBaHHS € TaKoX 1 Te, [0 3aBXId HasBHA TYT
3BOpoTHA peakilis z(f) emeMeHTa SKH pearye Ha UYyTJIMBHHA €IEMEHT
(utpuxoBa JiHis, qUB. puc. 1.7 a) TAKOXK 3HHXKYE YyTJIMBICTh OCTAHHBOT'O,
IO MOTIPIIYE SIKICTh 1 TOYHICT PEryJtoBaHHS.

PDF created with pdfFactory Pro trial version www.pdffactory.com



http://www.pdffactory.com
http://www.pdffactory.com

21

VY Tux BHNAAKax, KOJIH TOTYXXHICTh, II0 PO3BHBAETHCS UYTIHUBUM
€NIEMEHTOM, HEOCTaTHs Ui Oe3MocepeHhOro BIUIMBY Ha PETYITIOKOUHI
OpraH, BHKOPHUCTOBYIOTh CHCTEMH HENpsIMOTO peryinoBaHHs. B  mii
CHCTeMi eHepris, HeoOXilHa Ui MepeMillleHHsI PeryJioluoro eleMeHTa,
HAAXOAWTH BiJ JOMOMDKHOrO mKepena. YUyTnMBHH eNEMEHT TUTbKU
BUSIBJISIE BIIXWIICHHS PEryiboBaHoi BeiauduHU (HEy3romkeHocti). Tomy
HOro 4YyTIMBICTH 1 TOUHICTH BUMIpDIOBAaHHS MapameTpa MOXYTb OyTH
iCTOTHO TojimniieHi. JlaTuuk Jie BXKE HE Ha PEryJIIOIYMil OpraH, a Ha
mificuinoBay abo TepeTBOPIOBaY, SIKMI BIUTMBAE HA PETYNIOIOYHMIA OpraH 3
HEOOXiIHOYO IS IILOTO MOTYKHICTIO.

KepyBaTr BHXiZHUM CHTHaJOM TMiICHIIOBaYa-NepeTBOPIOBaYA
MOPIBHSIHO MPOCTO, AJIS YOro HEOoOXiMHO MOAaTH Ha HOro BXiA CHTHAI
HEBENIMKOi TMOTYXKHOCTI 3 JaT4uka. TakuM YHHOM, JaTYUK YIpaBIsie
eHepriero N, 110 HAaJXOAWTH BiJ JDKEpENa JKUBJICHHS JIO PETYJIOHYOro
oprany 4epe3 TNPOMDKHHIA  JIONOMDKHHMHA  eneMeHT  (miacuiroBad,
MepeTBOPIOBaY a00 MEXaHi3M THITYy CEPBOMOTOPA).

OTxe, B cHCTEMI HENpPSMOTrO peryaloBaHHS KpiM BHXIJHOTO
perymotouoro BruuBy Y(t) € mepBuHHO perymorounii BB Yq(t),
HEeoOXiIHE JUIsl YIpaBIiHHS TPOMDKHUM ejeMeHToM (auB. puc. 1.6, 0).

Ha BiaMiHy Big momepenHboi, B Mild CHCTEMi IOB3yH JOCHUTH
HOTYKHOTO PEryiodoro peocrara R, mepemimgye He came naTuuK, a
BUKOHABUMI ABUT'YH M, KU OTpUMYE KMBJICHHS BiJl JDKepena >KUBIICHHS
U;. JlaTuuk icTOTHO pO3BaHTaXCHUU - BIH MEpPEMIl[ye TMOB3YH BiJIHOCHO
JIETKOT0 MPOMIDXKHOTO KEpyIo4doro noTeHiomerpa Ry.

Ilpu 30iry Hampyrm Ha HaBaHTaXEHHI 13 3aJaHUM MOB3YHOK
noreHiiomerpa Ry B cepenHbOMY MOJNOKEHHI, CTPYM Y JIAHIIO31 SKOPS
JBUTYHA BIACYTHIA, 1 TIOB3YH PErylOl04Oro peocTara 3aliMac TIeBHE
MOJIOKEHHS. Y  pa3i, KOJIU CTPUOKOM 3MIHIOETHCS, HANPHUKIA,
HaBaHTaXXEHHS, a OTKe, Hampyra Ha Hii Uy, 3MIHIOETBCS CHIa TSATH
enexTpomartitry EM, TMOB3YHOK MOTEHIIIOMETpa 3MIILy€eThCcS BIIIBO abo
BipaBo (B 3ayiexHOCTI Bia 3Haka 30utbmieHHs Uy). Lle Bukinkae mosiBy
CTpyMy B JIaHIIO31 JBUTyHa 1 BiH mnepemimye (i TUM 3 OUIBIIONO
MBUAKICTIO, HIX J1aJTi 3MICTUBCS TIOB3YHOK Ry BiJl CepeIHBOr0 MOJI0KEHHS,
T00TO unM Oinbiie AUy) noB3yH peocrara R,. OgHO4acHO 3 BiTHOBICHHAM
Hanpyrn Ha HAaBaHTAXXCHHI, BHACIIMOK 30UIBIICHHS CWJIH  TSATH
eIeKTPOMarHity, moB3yHOoK R, Oyne mnoBepTatucs 10 CEpeIHBOrO
MOJIOKEeHHs. PerymoBaHHs MPUMTMHUATHCS, KOJIH MOB3YHOK Ry BUSABHTHCS B
cepenHbOMY IOJOXKEHHI. SIKipHUH JaHLIOT BUTYHAa 3HECTPYMHUTHCS, BiH
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3yNUHUTBCS, MOB3YH peocTarta R, 3aiiMe HOBE MOMOXKEHHS, a Halpyra Ha
HABaHTa)XEHH1 BiTHOBUTHCS.

TaxuM UMHOM, 3B'SI30K peryirowdoro oprany R, 3 BUMiproBaIbHUM
(mopiBHIOE) TPUCTPOEM 3IMCHIOETHCS dYepe3 MiACHIIOBaY 1 JBUTYH
(cepBonpuBin).

CucTemMH HENpsMOro PEryiIOBaHHS CKJIaJHIIlE CHCTEM IPSMOro,
perynoBaHHs, npore Kpamii. Tak sk 4yTiauBHi eneMeHT (IaT4uk) B HUX
BXKE HEe OOOB'I3KOBO TMOBHMHEH JaBaTH CHUTHAJI BEJIHMKOI IOTYKHOCTI, a
Koe(ili€HT MOCHIICHHS MiJICHIIIOBaYa MOXe OYTH B3ATHI MPaKTHYHO Oyb-
SKOTO 3HAY€HHs, YYTJIMBICTh IHX CHCTEM 1 TOYHICTh peryiaioBaHHS 3 iX
JIOTIOMOT'0I0 3HAYHO BHUIIIE.

1.6 Be3nepepBHe, peseiiHe Ta iMIyJabCHe pPeryJ0BaHHSA

3anexxHo Bij mpuHOMIY (GopMyBaHHS perymtorodoro BBy CAP
JUIATH Ha CHCTEMH Oe3nepepBHOT i iepepuBYacTol (IMCKpETHOT) Mii.

VY GesmepepBHiii cucTeMi HEOOXiqHA AJIS YpaBIiHHS iHpOpMALis €
B OyIb-IKMi1 MOMEHT 4acy, curHaju (BIUIMBY) B Hiil Oe3nepepBHi B Yaci i 3a
piBHeM. 3B'SI3KM MK eleMeHTaMHu 30epiraloThCsi 3aBXIH, TOOTO OyIb-sika
OesmepepBHAa 3MiHA BXIJHOIO CHUTHAQJly B 4Yaci BHKIHMKAE TaKOX
OesnepepBHY 3MiHY BXiIHUX 1 BUXIJHHX CHTHAJIB Yy BCIX HACTYIMHHX
enemeHTiB ii. CTaTW4HI XapaKTEpPUCTHKH BCiX eleMEHTIB Oe3lepepBHi,
BILIUB, 1110 PETYJIIOE € Oe3nepepBHOI0 (PYHKIIIEI0 BXiTHOI0 CUTHaTY. SIKIIo,
HaNpHKIaJ, BXigHUI curHai X(t) B cucTeMi 3MIHIOEThCS TaK, SIK MMOKa3aHO
Ha puc. 1.8 a, To i perynrorounii BIuMB Ha 11 Buxoxni Yn(t), Mae Takuii sxe
(puc. 1.8 6) xapakTtep 3MiHH (32 YMOBH, 110 OJICH 3 SIEMEHTIB CHCTEMHU HE
yBililIOB y 30HY HacuyeHHs). [Ipuknagamu cuctem OesnepepBHOI Iil €
CHCTEMH aBTOMAaTHYHOTO PEryIIOBaHHSA, TOKa3aHi Ha puc. 1.5, 1.7.

Cucremy aBTOMATHYHOTO PpETYNIIOBaHHS, BCI €JIEMEHTH SKOi
ONMUCYIOTbCA  JIIHIMHMMH  OudepeHUiabHuMH ~ ab0  pi3HUIEBUMH
PIBHSHHSIMH, HA3WBAIOTh JIiHIMHOKW. Ha BiIMIHY BiJ CHCTEMH JiHIMHOI, B
cucTeMi HeNiHIMHIA Oe3mepepBHUIA 3B'I30K MK BXiZHUMH B Hel
eNIeMEeHTaMH TaKoX 30epiracrbesi, aje HeMae NPONOPHIKHOCTI Mik
PEryJIIOI0YUM BIUIMBOM Ha i1 BHXOJI 1 IOTOYHUM 3HAYCHHSIM BXIJIHOTO
currainy (mrpuxosa JiHisi, puc. 1.8, 0).

Benuky rpymy CTaHOBNATH CHUCTEMH, B SKHX 3B'I3KH MK
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elieMeHTaMK 30epiraroThCsl HE 3aBXIU. Taki CUCTEMH MICTSTh CJIEMEHT,
SKW TIpU HellepepHBHIH 3MiHI CHTHally Ha BXOIi Mepenae Horo naii
IIepepUBYACTO. IX HA3UBAIOTH CHCTEMAMH MEPEpPUBYACTOrO PEry/IOBAHHS,
a00 JAMCKPETHUMH. 3aJeKHO BiJl MPUHIMIY TEepeTBOpeHHs (KBaHTYBaHHS)
curHaiy 3 OeslepepBHOrO B JUCKPETHHUH - 3a piBHEM, 3a yacoMm abo 3a
piBHEM 1 4YacoM OJIHOYacCHO - iX JUISTh Ha CHCTEMH PEJeHHOro,
iMHyHI)CHOFOFi Qg poBOro perynoBaHHs [5].

“
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Pucynok 1.8 - Buam perymoounx BIDUIMBIB B CHCTEMax
HEMepepruBHOTO, PENEHHOrO 1 IMITYILCHOTO PEryTIOBaHHS.
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B cucremy peneiHOro peryiatoBaHHsS BXOJAUTh PEIICHHUN €IEMEHT
(pene), o Mae po3puBHY (pesieiiHy) CTaTHUHY XapaKTEPUCTHKY.

[Tpu HasBHOCTI perne B CUCTEMi PEryNIol0UHid BIUTUB Y Ha ii BUXO/i B
3aJIeKHOCT1 BiJl BXiIHOI BETMYWHU MOXeE NMpUHMaTH BCHOTO ABa abo TpU
MOCTIHKUX 3HAYEHHS: Ymax - Ymin- 800 (+Ymax) — 0 — (Ymin)-

MoMeHTH BKIIOYECHHS 1 BUKIIOYEHHS BHKOHABYOTO eJeMEHTa i
pelneiiHiil cucTeMi 3ayiexaTh BiJ BXIIHOTO BIUIMBY. SIKIO, HamNpUKIa,
BOHO 3MIHIOETBCS TakK, K mMokasaHo Ha puc. 1.8 B, To (32 ymoBH, 1110
JIAHIIOT KepyBaHHs ABUTYHOM pO3ipBaH i OT)Ke, BiAMPAILIOBaHHS MOMHUIKH
HE BIIOYBa€ThCs) pEryTIOIOYMN BIUIMB, IO MOAAETbCS HA JIBUTYH
3MIHIOETBCS 1O PO3pHBHIN crynminuactii ¢ynkuii Y,(t) (puc. 1.8 r).
Po3puBHICTD MOACHIOETHCS 30HOI0 HEYYTJIMBOCTI PEIEHHOrO eleMenTa, sSKa
MOIIUPIOETHCSA Bifl + X JI0 -Xe.

Ha puc. 1.8 1 mokaszaHuii XapakTep MEPEMIICHHS PEryJIIHY0ro
oprany Syo (f) B npumyIieHHi, o0 NpPH BKJIIOYCHOMY BHUKOHABYOMY
eneMeHTi (eJeKTPOBUTYHI, HATIPUKIIA/) BiH MEPEMIMIAETHCSA 3 MOCTIHHOIO
IMBUJKICTIO, a B 30HI HEYYTJIMBOCTI, KOJU BHKOHABYHI EIIEMEHT
BUMKHEHHH, 3aJMIIA€ThC HepyXxoMuM. [IpH 1iboMy, SIKIIIO Yac BKIIOYESHHS
BHKOHABUOT'O €IIEMEHTA B 3BOPOTHOMY HAIIPSIMKY OLIbIlle, HK B TIPSMOMY,
TOOTO tp > t;, TO micis 3aKiHYEHHS MPOIECY PETYIIOBAHHS PEryNo0UYHii
opraH 3aliMae HOBE TIONOXKEHHS, SKe BIAPI3HSAETHCS HA BEIHMYUHY € BiJl
MOYaTKOBOTO.

Perneiini cucreMu po3pi3HSAIOTH Ha JBOXIIO3UIIINHI 1 TPUIIO3HUIIIKHI B
3aJIeXHOCTI BiJl YMCIia MOKIIMBUX MOJIOKEHB PEryIOI0Y0ro Oprany.

[NepeBaroro peneiHNX CUCTEM € MPOCTOTA IX KOHCTPYKLII i JIETKiCTh
OTPUMAaHHS BEIUKOTO Koe(illi€eHTa MOCUIICHHS.

IMpuknagoM peneifHOl cucTeMu MoXe CiykuTu cxema (puc. 1.9),
MpHU3HAYCHA AJISl PEryjioBaHHS HANpPYrd Ha Iy3i MpPH aproHOAYrOBOMY
3BaprOBaHHI HEIJIABKUM EJIEKTPOJOM IMUISXOM 3MiHU 11 10BXHHHU (BiIOMO,
Mo I Hampyra TpOMOpIiiHA  JOBXKUHI  ayru). B cucremi
BHUKOPHUCTOBYETHCS BKIIIOUEHE Ha BUXOJII MiICHIIIOBaYa TIOJISIPU30BAHE perie
P, sxke pearye Ha 3MiHYy TOJSIPHOCTI BXiTHOrO BIUIMBY 3MIiHOIO 3HAKa
BHUXIZHOTO curHany. [licis JOCATHEHHsS BIIXWJICHHS PEryJIbOBaHOI
BEIMYMHU Bif 3aJaHoro Ha naHuii MomeHT dacy AUy = Uy — U;, piBHOTO
Hanpysi cmnpanpsoByBanHs pene AUg Ky, > Ug (me ky - xoedimient
MOCHJICHHS TIJICHJIIOBaYa), pelie CIpalbOBYyE B OJHOMY a00 iHIIOMY
HanpsiMKy (B 3aJI©KHOCTI BiJl 3HaKa HEY3TO/DKEHOCTI) 1 3aMHUKA€ B JIAHIIO31
skopsi (BUryHa M koHtakT B (Bropy) abo H (BHHM3). 3aJieKHO Bin TOrO,
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SIKUI 3 KOHTAKTiB BUSIBUBCSI 3AMKHEHUM, JIBUTYH 30yIKY€EThCS BiJi 0OOMOTKH
OB1 abo OB2. B pesymbraTi, OBUTYH 4Yepe3 MOHIKYIOUHH PELYKTOP
mifiHiMae abo oIycKae 3BaplOBAJIbHY TOJMOBKY 3 MOCTIHHOIO HOMiHAJILHOIO
mBuaKicTio, Tak sk Ug = const (abo y, = const, muB. puc. 1.8, r),
He3Ba)KalouM Ha Te, Mo BiaxuieHHs: AUy He 3auIIaeTbesl HE3MiHHUM.

AL
o 2y
M B

._ if

L i
2 L I g !‘F‘"f""\ N

Pucynok 1.9 - Cxema peneiHOro perymioBaHHs 3BaprOBaIbHOT TyTH

ITpu BinnparroBaHHI MOMHIKH HacTae MoMeHT, Ko, AUpKy < Uy,
pere BiIKIIIoYae ABUTYH, ajie pyX TpuBae. [lonoxeHHsl piBHOBaru cucTeMa
32 IHEPIIEI0 MOXE TPOCKOYMTH HACTUIBKH, II0 BUHUKHE TIOMUJIKA
3BOPOTHOTO 3HAKa, JOCTaTHA AJISl BKIIOYCHHS JABHTYHA Ha 3BOPOTHUH Xif,
OpUYOMY 1 Aajii TpolleC MPOCKaKyBaHHS MOXE IMOBTOpIOBATHCS. Tomy,
Xoua pesieliHI CHUCTEMH 1 MarTh JIOCTATHIO MIBHIKOAI (BHMKOHABYHI
eIEMEHT iX 3aBKIM TPAIO€ TINbKM Ha MAKCHMAalbHIM MIBHIKOCTI) 1
BIJTHOCHO TIPOCTi KOHCTPYKTHBHO, BOHHM MAalOTh 1 CyTTE€BI HEIONIKH -
3HWKEHY  TOYHICTh  pEryaioBaHHS 1  HAasgBHICTH  aBTOKOJHMBAaHb
(He3aTyxaro4KX KOJIHMBaHb OIS TOJIOXKEHHS piBHOBaru). s mpuyiieHHs
X BUKOPHCTOBYIOTH Pi3HI METO/M (IMB. HUXKYE).

[Ipu kBaHTYBaHHI CUT'HAJTy 32 YaCOM BILJIMB Ha BUKOHABYHHA €IEMEHT
BiOyBa€eThCs B MEBHI (iKCOBAaHI MOMEHTH 1 BiICYyTHIH B MPOMDKKax MixK
Humu. Takuil curHam Ha3WBaIOTh TUCKPETHUM 3a YacoM. Kepyrouuit BIUMB
HAa BHMKOHABUMI €NEMEHT B CHCTEMi 3 KBAaHTYBaHHSM 3a YacoM €
JIAHIIIOKKOM IMITYJIBCIB, 0 (OPMYIOTHCS IMITYJIbCHUM TEPETBOPIOBAYEM, a
TaKy CUCTEMY Ha3WUBAIOTh iIMITYJIbCHOIO .

Tinbky onuH 3 MapaMerpiB iMIyJbCY - aMIUTITYAa A, TPUBATICTh T
a0o yacrora (mepiox T) ix moBropeHHs f - € dQyHKIli€rO BXiTHOTO CHTHATY,
a IHII JIBa 3QJIMINAIOTHCS MOCTIMHHMMH. BiINmoBiIHO 3 UM PO3PI3HSIOTH
METOH peryitoBanHs (auB. puc. 1.8 e-3):

- aMIuTITYyI0-iMIyIbCcHIH (Komu A - var, T = const, f = const);
- IMPOTHO-IMITYJIbCHUIT (Komu T = var, A = const, f = const);
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- yactoTHO-immynscHuit (ko U/T =f (x) = var, A = congt, T - const).

HabyBaroTp mommpeHHs KOMOIHOBaHI CHCTEMH pETYJIOBAHHS, IO
MPEACTABIAIOTH IOEAHAHHS PEryJsTOpiB Oe3nepepBHO 1 TUCKpeTHOI aii. ¥
JMCKPETHUX CHCTEMax HEe TUTBKH BXiTHI CUTHAJIHM BBOJATHCS TUCKPETHO, a
W BHXiIHI 3MiHHI TaKO)XK MOXKYTh MaTH JUCKPETHUI Xapakrep. ¥ cucremax
31 CKJIQJHOI0 MPOrpaMOKd peaji30BaHMX MATEMAaTUYHMX 1  JIOTTYHUX
omepamiii 3a3BU4ail  3aCTOCOBYIOTH HUGPOBI mnpucTpoi Ta HHGPOBI
OOUMCIIOBANIBHI MalllMHU, a TaKoXK I[IepeTBOpIoBadi  Oe3lepepBHUX
HarpykeHb B kox i kom B Hampyry (HK i KH). B inmmx Bumamkax
JICKPETHE VYIPAaBJIiHHSA 3aCTOCOBYIOTH CICIIQJIbHO JUIsS  ITiIBHIICHHS
MEPEIIKOI03aXUIIEHOCTI CUCTEM.

2 JATYUKHU CUCTEM ABTOMATHUYHOTI O
YHOPABJIIHHS I CXEMM IX BKJIIOYEHHS

JlaT4uKu € 4YyTIIMBUMH €JIEMEHTaMH JO3BOJSIOTH 3AiHCHIOBATH
BHUMIPIOBaHHS 1 KOHTPOJb TapaMeTpiB MEXaHi30BaHWX MPOMHCIOBHX
cucreM. BoHN 3aMiHIOIOTH OpTaHu YyTTS JIOAWHH 1 I03BOJIAIOTH MEXaHI3MY
MPAIOBATH B aBTOMATUYHOMY PEKHUMI.

BianoBigHo 10 Teopii po3B's3aHHs BUHAXITHUIbKKUX 3aBaaHb (TPB3)
iJIcaJIbHUM JIaTYUKOM € TOH, KM HE CIIOKUBAE €HEprii, He 3aiiMae Miciid,
HE Ma€ Baru, ajie GyHKIII HOro BUKOHYIOThCA. [IpUKIIagoM Takoro 1aTuuka
B 3BapIOBAILHOMY BHUPOOHWITBI MOXKE CIYXXKHTH €IEKTpUYHA Iyra MpH
3BapIOBaHHI KyTOBOro abo TaBpoBoro mBa. [lamatoua 3BaproBaiibHa ayra
MOYe JaBaTi iH(OPMAIIiI0 PO 3CYBHU €IEKTPOAa B 2 HANPAMKaX. B3I0BK
oci emektpoma (momkWHA Jyru) 1 Tomepek mBa. LIS BIACTHBICTH
3BApIOBAIGHOI JYTH BHUKOPHCTOBYETHCSI B CHCTEMax TIe€OMETPHYHOI
ajianTauii 3BaproBaJIbHAX POOOTIB.

2.1 TIoHATTS MPO AATYMKH Ta iX 3arajbHi BIACTHBOCTI

UyTJIMB1 €IEMEHTH 1 JaTYUKH € OJHUM 3 SJIEMEHTIB aBTOMATHYHOTO
peryisropa.
BumiptoBadbHUMH  (4yTJIMBUMH) €IEMEHTAMHU € TIPHCTPOI, SKi
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crpuiimMaloTs Oe3rnocepenHbo Bin 00'ekTa Oyab-siki ¢i3uuHi abo XiMiuHi
BEJIMYMHU Ta IEPETBOPIOIOTH 1X MPU HEOOXIAHOCTI B iHINI BETUYMNHH, OUTBII
3pY4Hi AJIsl BAKOPUCTaHHS B aBTOMaTHYHUX CHCTEMaX.

BumiptoBanbHHH ~ eleMEHT -  BHUMIpIOE  JilicHe  3HauYCHHs
PeryIbOBaHOI BETUYMHU a00 OCHOBHOT'O BIUTHBY, 10 O0YPIO€E B 3aJI€KHOCTI
BiJl IPUHLIUITY peryatOBaHHS.

BumiptoBanbHMii  €IEMEHT - BH3HAuYa€ JICHE  3HAYCHHS
peryiabOBaHOI BETMYMHM a00 OCHOBHOTO BIUIMBY, IO 30YIKIOE B
3aJIeXHOCTI Bifl IPUHIUITY PeryIrOBaHHS

BumipioBaibHi €IeMEHTH 3 TaKUMH IE€PEeTBOPIOBaYaMH HA3WUBAIOTh
JnaTyrKamu. Bei gaTurky MOXKHA PO3AUIMTH Ha 2 TPYIIN:

Y4 axtuBHi a60O reHepaTOpHi;
%4 mnacuBHi a00 mapaMeTPUYHi.

lenepaTtopHuM -  Ha3WBae€ThCs  JATYMK, 10  MEPETBOPIOE
KOHTPOJIbOBAaHY BETHYMHY B €.p.C.

[MapaMerpruyHUM - HA3WBAETHCSA AATYMK, IO TEPETBOPIOE 3MiHY
KOHTPOJIbOBAHOI BEJIMUYMHH B 3MiHY IMapaMeTpa eJIeKTPUIHOIr0 KOJa.

2.2 Bumoru, mio npe’ iBJAsIIOTHCS /10 TATYHKIB

a) BHCOKa TOYHICTb 1 UyTJIMBICTB;

0) HaiiHICTh, JOBrOBIYHICTH 1 BUCOKA CTAOIIBHICTH,

B) HEBEJIMKI PO3MIpH 1 Bara;

r) MaJjie BUMIpIOBaJIbHE 3yCHJLIS 1 HOrO CTAJICTh B MEXax poOOYOro
XOJly BUMIPIOBaJIbHOIO HAKOHCYHHUKA,;

1) MaJia YyTJIUBICTh 10 BiOpalliii i MPUCKOPEHb;

€) BEJIWKI MEeXKi BUMIPIOBAHb;

) MaJja IHEepIIHHICTb.

BuxisiHOI0 BETMYMHOO B TTAPAMETPUYHOMY JATUUKY MOXKE CITYKHUTH:

a) akTUBHHMII omip (IaTYMKKM peocTaTHi, APOTOBI, TEPMOOIIOPY, POTO
oropy)

0) iHAyKTUBHUII omip (iHAYKTUBHI JATYUKU PI3HUX THIIIB);

B) OIip MiCTKOCTI (EMHICHI).

BuxisiHOI0 BETMYMHOKO B TeHEPATOPHHX JIATYHKAX € €.p.C.:

- IOCTIMHOTO CTPyMYy (TepMorapH, I1'e30e1eMeHTH, (OTOSTIEMEHTH 13
3aMHKAaIO4YUM [IapOM, TaXOr€HEpaToOpH TIOCTIHHOIO CTPyMY, IaTYUKU
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MarHiTHHX IOJIB),
- 3MIHHOrO CTpyMy (TaxoreHepaTopu 3MIHHOTO CTPYMY, IaTYHKH
Xomra).

2.3 KoHTaKTHI JaTYNKH

KonrtakTHi naTumku OyBalOTh. OIHOCTOPOHHIMH 1 JBOCTOPOHHIMH
(puc. 2.1). Bonu neperBoproroTh JiHiliHe nepeminieHds YE B enexTpuuHmii
immysibe. Ileil iMIyJnbC BHUKOPHCTOBYETHCS Uil TPUBEACHHS B PyX
BHKOHABYOI'0 MEXaHi3My a00 HOro BUKOHYIOYOro opraty (puc. 2.2).

; /ﬁ-ri:':-ar?ﬁ.f;f’t' "
i |

| I’

——

>,

a — OTHOCTOPOHHIH; O - ABOCTOpOHHIN
Pucynok 2.1 — KoHTakTHI JaTYMKU

I — BumiproBaneamii rudT; [ - aerans; J11, JI2 - namnoukw; K] - KOHTaKTHHI TaTIuK
Pucynok 2.2 - BUKOPUCTaHHS KOHTAaKTHOIO JaTdyuKa JUIs
COpPTYBaHHA JieTajei
HedyTnuBicTh KOHTAKTHOTO JaTYMKa BU3HAYAETHCS BEIMYMHOIO
MOYATKOBOI'O 3a30py Op MK KOHTakTamMu. [Ioku BXiJHa BelWYMHA . HE
nojioae 3a30p O, MK KOHTAKTaMH, JaTYUK Oy/e AisTH.
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2.4 PeocTaTHi i mOTeHIiOMeTPUYHI TaTYNKH

Peoctatni (puc. 2.3) ab0 MOTEHIIIOMETPUYHI JATUUKH CIYXKATh IS
MepeTBOPEHHS KYTOBUX 1 JIIHIHHUX NepeMilleHb Y BiAMOBiAHI CTpyMH abo
Hanpyru. BoHum dacto moeaHyloThes 3 MexaHiunumu YE abo 3i
CTPITOYHIMH BUMIPIOBaJIbHUMH MTPHIIAIAMH.

Iy

T e

B

a, 0 —KyTOBI; B, T, [T - JIiHIHHI

Pucynok 2.3 - CxeMu peocTaTHHX JATYUKIB

PeoctatHuii patumk sBisie cOOOI0 3BHYAWHUI pEOCTaT, B SKOMY
MEPEMIIICHHS PyXOMOr0 KOHTaKTy 3MIHIOE€ BBEJICHHI B JIAHITFOT OITip.

BxizHOIO BEMTMYMHOIO PEOCTATHOIO JAaTUYMKA MOXKE OYTH 3yCHILIS,
THCK, TPUCKOPEHHS, BUXITHOIO BEIIMYUHOIO - aKTUBHUH OIIip.

SAkIo y peocraTHOro jJaTdyvka 3poOWMTH BIABIN BiJl CEpeluHU, TO
Takui JaTuuk OyJe XapaKTepu3yBaTH HE TUIBKU BETHYUHY TEpeMillleHHs
JIBUKKA, & M HalpsSIMOK.

KoHCTpyKTHBHE BHMKOHAHHS JaTyhKa 3aJIOKUTh Bl BETHYHHH
MOMEHTY Ha Oci Mmpuiaay, 3 SKAM MOB'A3aHUN JBIKOK JaTduka. SKmo
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JATUYUK 3aCTOCOBYETHCS IS TEpejadvi IMOKa3aHb MPWIATIB 3 BEIMKUM
MOMEHTOM, IO BCTaHOBIIOEThCS (MaHOMETpPH, 3aCyBKH, KJamaHH, maci
JIiTaka), TO PeOCTaT BUTOTOBIIAETHCSA 3 KOHCTaHTaHOBOTO poTy (60 % Cu,
40 % Ni). KoHTakTHHUH THCK IIITKH MOXE CKIaJaTH KiTbKa TIpamiB i
OutbIe. SKINO K TATYMK TOB'SI3aHUH 3 UYTJIMBUM TPUIAJIOM, HATPUKIIA] 3
MarHiTHUM KOMIIacoM, TO HEOOX1JIHO MaTH MaJiuii MOMEHT TepTs. B mbomy
BHITQJIKy PEOCTATHUH JIATYMK BUTOTOBJSIETECA 3 IUIATHHO-IPUIIEBOTO,
IJIaTUHO-TIA/UIAi€eBOro abo miatuHo-pyreHieBoro apory A 0,03 MM i3
3araibHUM onopoM < 5 kOwm, 110 Mae J00pi aHTUKOPO3iiHI BIACTHUBOCTI,
3a0e3neuye HaJiMHUNA KOHTAKT NPU THCKY PIBHOMY JECSTKaM MiTIrpamis.
JlaTuuky, 10 MpalooTh P BUCOKHX TEMIIEpaTypax BUTOTOBJISIOTHCS 3
(hexpanboBUX JIPOTIB.

2.5 ByriibHi 1aTunku

ByrinbHi gaTYMKH BiTHOCSTHCSA A0 TPYIH peocTaTHUX Aatdwkis. Lli
JTaTYMKK JTO3BOJISIIOTH TIEPETBOPIOBATH MEpelaHe Ha HUX 3yCHIUIS Y 3MiHY
SNeKTPUYHOro oropy. IlpuHumMn aii 3acHOBaHW Ha 3MiHI KOHTaKTHOTO
OIOpYy MK YaCTUHKaMH BYTuLIs (MoaiOHO MiKpO(OoHAM) ITpH 3MiHI TUCKY.

BukopucToByroThes 2 BUIM BYTUJIbHUX JAATUUKIB (puc. 2.4):
i1
)

r
i
|
i

[
e i e ‘l-
T e |\'-.|-.'i'5—'1\;§'\'f |
e -'__i [
e ] . 5 |
— — bymara als! ¥
e L ]
b Lo ". I. L—__ =———
- L L _-—1—_ )
I*
a 6

a - CTOBITYHK i3 BYriJIbHHX Iai0; O - BYTiIbHUIA TeH30METp (TEH30JIIT)
Pucynok 2.4 - ByrinbHi JaT4iKH
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Q) y BHUIJISAI CTOBIMYMKIB 3 BYTUIBHHX MIAM0: KINBKICTH IMaib 3
enektpomHoro rpagity - 10 - 15 mr, mouatkoBuit THCK 20 Kr/cwm;
makcumanbhuit THCk 50 - 60 k['/eMm; 3menneHHs onopy AR = 20 - 30 %;

0) JaTYMKK 3 TEH3OMITIB - MajgorabapuTHI JAaTYUKH, BUTOTOBIICHI 3
MOPOUIKY BT, rpadity abo caxi, 3Milnani 3 0akemiToBUM JlakoM. Maca
- Ha3uBaeTbes Ter3omiroM. R = 1 — 10 kOwm; nedopmariii 0,1 - 0,8 %.

[lpu po3TaAryBaHHI KOHTAaKT MK YacTHHKaMH Tpadity B Oakemiri
MOTipUIyeTBCS 1 Omip JaTyuKka 3pocTae, TpU CTHCHEHHI - omip
3MEHIIYETHCS.

Henonik BYriibHMX IATYMKIB - BeUKAa 3aJISKHICTh iX OMOpY Bix
temmnepatypu. Lle oOmexye ix 3acTocyBaHHS.

2.6 Tenzoomip (TeHzope3ucTop)

Tenzo- (y1aT.) - po3TATYIO, I’ €30- (J1aT.) - CTHCKAIO.
B renepimHiii Wac Ha mNpakTHII LIMPOKO BUKOPHCTOBYIOTHCS

JpoTOBi, ()OIBroB1 1 HAMIBIPOBIAHUKOBI TEH30PE3UCTOPH.
Mamip (muiiBka)

l|"
Kueit B®—2 (- 40... + 70° C);
BakenuroBwuii nak (o 200° C);
Iement b—56 (0 400 °C);
R = 50...400 Owm;
Jomxuna 6a3u lg=5...30 mm;
K=2%20,2;£¢<0.3%.
Pucynok 2.5 - Tenzopesucrop
Ten3opesuctopu abo JPOTOBI JATYMKH 3aCTOCOBYIOTH JIJISL THX K€

YMOB, IO W TEH3OJITH: JIJISl BUMIPIOBAHHS BiOpalliii, Maqux mepeMilieHb,
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nedopmalrrii.

JIpOTOBI TEH30PE3HCTOPU BHTOTOBISAIOTHECS 3 KOHCTaHTOBOro (60 %
Cu, 40 % Ni), mixpomooro (20 % Ni, 80 % Cr), iuBap (65 % Fe, 35 % Ni)
abo eminBaposoro (38 % Ni, 8 % Cu, 0,4 % C , 0,6 % Mn, Fe - inmre)
npory A 30-50 MkM.

Enextpuunuii omip 1UMX APOTIB 3MIHIOETBCS TIpU  JI0OJaBaHHI
HaBaHTaXeHHs. [IpuyrHOI0 IIHOTO € 3MiHa IOl TOMEPEeYHOro mepepisy i
JIOBXXKMHU APOTY, a TAKOX 3MiHA IIUTOMOI OIOpY Martepiany:

R:rl_
S

R — omip (50, 100, 200, 400 Owm);

2

. . Om>Xum”

p — MUTOMHMIA OMip, ————;
M

{ - TOBXKWHA MPOBITHUKA, M;
. 2
S — 101112 MONEPEYHOT0 Mepepizy APOTY, MM”.

<= DR
R>»
B

e=—,

ne K — koeillieHT TeH3049yTIAUBOCTI;

€ - BIIHOCHA Jie(popMallisi IepeTBOPIOBaYa..

Hedopmaris gaTuvka B HaNpsMKy MEpHEHIUKYISPHOMY IOBXKHHI
JpOTy BUKIIMKA€E HaI3BUYaiHO Maiy 3MiHY OMOpy. 3aBISKH IBOMY Taki
JaTYMKK Jal0Th MOXIIMBICTh BH3HAYUTH HOPMAllbHY 1 TaHTEHIiaJbHY
CKJIaJI0BY MEXaHIYHOI'0 HaBaHTAXKEHHSI.

[lepeBaru. JlpoTsiHi JaTYUKKW JOCUTh CTaOUIBHI, MarOTh Mally
TeMIlepaTypHy 3aJeKHICTh 1 HH3BKY BapTiCTh. TOMY TEH30PE3HCTOPH
BHKOPHCTOBYIOTbCS 3 IMMIACHIIOBAYaMH Ta HEOOXIZHOI MmOJajbIIOol
amaparyporo.

@osproBi  TEH30pE3UCTOPH  BUTOTOBISAOTH  (puc. 2.6) 3
KOHCTaHTaHOBOK Qonbru 6 = 4...12 MKkM, HaHeceHa Ha JIAKOBY OCHOBY.
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Posmipu Taki x sk i y AporsHux. [lepeBaru: yepe3 OumbIn Xopommid
KOHTAKT 3 METaJIOM O0'€KTYy CTPyM, IO MPOTIKAE Yepe3 PE3UCTOP MOXKE
Oytu 30inbmieHudt go 0,5 A 1 TUM camMUM MiIBUIIYEThCS YYTJIMBICTH
nmeperBoproBada (K = 50; 100; 200 Om). MOXKIHBICTE BHTOTOBJICHHS

=

\ 4

6)

petiTok Oyap-saKoro npodisro.
a1 0 - mpsSIMOKYTHHUKOBI; B 1 T - pe3eTOYHI; 11 € - MeMOpaHi.

Pucynok 2.6 - KoHcrpykirist (hoJIbrOBHX TEH30PE3UCTOPIB.

HamiBrnpoBiTHUKOBI TEH30PE3UCTOPU SIBIISAIOTH COOOIO KPHCTAIH -
repmanito (Ge) i kpemuito (Si), apceniny ramito (GaAs), aHTIMOHIAA 1HTITO
(In). TTepesaru: mMami radaputH, Bucoka ayTiauBicts (50 - 60 pa3zis) xiMiuHO
iHepTHi, BUTpUMYIOTh HarpiBanusg o 500 - 540° C, mmpokuii miarma3oH
omopiB Big 100 Om go 50 xOm. Hemomik: Majga MexaHidHA MIIHICTD 1
THYYKiCTh, HeTiHiHHICTh. p-Tun — KTJI; K = 120 £+ 20 (ot - 100 10 + 200
°C). nrtun — KTE; 1=15 mA, (ot - 160 10 + 300 ° C).
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2.7 ®oTOoEJIEKTPUYHI TATYHKHA

®DoToCNeKTPUYHNN JaTYUK - 1€ IPHUCTPId, YyTiauBuil 10 cBiTia. Lli
JATUYUKHA PEaryrTh HAa 3MIHY IHTEHCHBHOCTI CBITJIOBOTO MOTOKY. MOXYTh
3aCTOCOBYBATHCSI JUIsi BHMIPIOBAHHS 1 PpEryJlIOBaHHS TEMIIEpaTypH,
MEXaHIYHUX MepEMIILEHD, MIBUIKOCTI obepTaHHs, piBHS,
BHKOPHCTOBYBATHCS TP COPTYBAHHI Ta BiIOpaKyBaHHI JeTaJICH.

B ocHOBI 1MX JaTYMKiB Jekath (oTtoenmeMentH (puc. 2.7).
®oroenementamu  (PE) Ha3uBalOTbCA NPUIALX, L0 IEPETBOPIOKOTH
MPOMEHUCTY CHEPTilo B CIeKTPHYHHIT CTPYM.

!

1 — cknana konba; 2 —anox; 3 — BikHO; 4 —map cpibia; 5 —xkarox; 6 - BuBix

Pucynok 2.7 - ®otoeneMeHTH i3 30BHIIIHIM (OTOCHEKTOM

IlepeBarn QoTOENEMEHTIB: TPOCTOTa, Mali pO3MIpH, BeIUKa
YYTJIMBICTh, BIZICYTHICTh BTPAT HA TEPTs, MaJia IHEPIIHHICTb.

Henoniku: mMana BenmuurHa GOTOCTPYMY, IO BUMAarae 3acTOCYBaHHS
MCAIIOBAYIB.

[Tpu HasBHOCTI Ha enekrpogax ®E neskoi Hampyru, Mk aHOAOM i
KaTOAOM YTBOPIOETbCA eleKkTpuuHe rone. JSIkmo uyepe3 BikHo DE
BHCBITIINTH BHYTPIIIHIO IIOBEPXHIO, TO €HEPris IMPOMEHIB CBITIA
MepeIaeTbcs aToMaM JIYKHHX MeETalliB, 1 3a PaxXyHOK Ili€el eHepril
CIICKTPOHU OTPUMYIOTh MOXJIMBICTh TIOKMHYTH MEXi mpoBimHuka. [lin
BILUIMBOM IOJIS €JIEKTPOHH PYXalOThCSA BiJ KaToja OO0 aHOAa, 1 B JIAHINO31
BHHUKA€E CTpyM. BiH TpHBae mpoTaroM ycboro mnepioay ocitieHHs OF.

dotoenekTpuuHU epeKT crocTepiracThess y 0OaraThboX MeTaliB.
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Minp, 3ami30 i IJIATHHA - YYTIUBI 0 yIbTpadioneToBux mnpomeHiB. Jlo
BHJIMMUX TIPOMEHIB Yy TJIMBI TUTbKH JIY>KHI METAJIH.

Ilo6 yOepertu (hoOTOEIEMEHT BiJ CAMOCTIMHOIO 3aIajlOBaHHS 1
pyHHYBaHHsS, HOro 3a3BHYail BKIIOYAIOTh IIOCIIZOBHO 3 JOJATKOBHM
OIOpOM, II0 OOMEXKYE CTPYM B JIAHIIO31 1 MEPEIIKOIKAE BUHHUKHEHHIO
caMocTiiiHOro po3psay (puc. 2.8).

i .-'t.'f-?
—

o |

|_ o & ._h]__/'

+ il

Pucynok 2.8 - Cxema BKIIIOYEHHS OTOETIEMEHTA

®FE 3 BHyTpimHiM doToedexToM a6o_hoToCIPOTHBOM.

®doTOpEe3UCTOPOM HA3MBAIOTh HAMIBIPOBIAHUKOBUN TMpUIAJ, SKUN
ITiJ] AI€F0 TIOTOKY MPOMEHEBOI eHeprii 3MIHIOE CBIl OImip.

Jliist BUTOTOBITEHHS (POTOPE3UCTOPY 3aCTOCOBYIOTH: Si, Fe, Se cenen,
cipuactuii tamiii TIS, CdS-cipuncruit kammiit, AsGarapceHncTuii Tamin i
T.0. JJId BHAMMOI YaCTHHU CIIEKTpa 3aCTOCOBYIOTh. CIPYAaCTHH KaaMii,
cipuactuii Taniii. B iHdpauepBoHiii 00macTi - celeHUCTHH 1 TeTypicTHit
ceurers (AsPb, TePb).

dotope3ncTop MPOBOIUTH CTPYM B 000X HampsMKax ogHakoBo. [Ipu
BHCBITJICHHI HAITiBIIPOBITHUKA 301IBIIYETHCSA HOrO MPOBIIHICTh, a OTKE, 1
CTPYM B eNeKTpUYHOMY JaHmio3i. Omip 3MEeHIIyeThCsl MPOMOPLIHHO
BEJIMYWHI CBITIIOBOI'O TIOTOKY.

DoTOope3ncTopru MOHTYIOTHCS B TIACTMACOBUN KOPIYC 31 IITUPSAMH
JUIsl BKJIFOUCHHS B TIaHEINb 200 cXemy.

dotoeneMeHTOM i3 3aMUKalOYHM 1apom HA3WBAIOTh
HaMIBIPOBITHUKOBHUI NPHIIaJ, B SKOMY MiJ] ITIi€I0 CBITIa BUHHUKAE €.p.C., 110
CTBOPIOE B 30BHIIIHBOMY KOIIi €IEKTPUYHUN CTPYM.

HaiiGinbIe 3acTocyBaHHS 3HAXOAATh CEJICHOBI 1 MifHO3aKicHI DE.
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I8

a

1 — ckiisiHA TWIACTHHKA; 2 - KaHaBKH y ckii (rpadit, 3051070, miatuHa); 3 — TOHKHMIT
map cesieHy; 4 — BUBOAH

Pucynok 2.9 - YMoBHe 300pakeHHs (a) Ta ycTpiii (oo pesuctopy (

Bl By
|
.
- -
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i
L
) —E—
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- |
,
\
;

/
-

a 0

1 — romka miBka 30moTa; 2 - 3amukaioumit map & = 10° ov; 3 — map
namiBnposigauka (Se, CUO); 4 — cranbHa miaKIaIKa.

Pucynok 2.10 - YMoBHe 300paxkenns (a) Ta ycrpiii poToenemMenty 3
3aMuKar4uM mapom (0)

3aMuKalOuMii 11ap YTBOPIOEThCS HA KOPJOHI JOTHUKY CEJeHY 3
IUTIBKOKO 30ii0Ta. Lleli 1map mMae JeTeKTOpHY BIIACTUBICTH 1 HE J03BOJISE
CIICKTPOHAM, BHOWUTUM  CBITJIOBMM TIOTOKOM, IIOBEPTaTHCS Ha3al.
CBiTJIOBHIA TIOTIK MPOXOAUTH Yepe3 IITIBKY 30J10Ta 1 CTBOPIOE BEHTUIIHHHI
¢doroedexT.

doromionu.

Hipku Ta e-, 0 BUHUKAIOTH IiJ] JI€I0 CBiTIa B p-N mepexonui abo
mo0u3y Woro OyayTh MOro mojieM pO3AUIATHCS: JTIPKH BUTATYHOTHCS B p-
00JIacTh HAITIBIIPOBIIHUKA, a €ICKTPOHHU B N - 00JIACTH HAIIBIPOBIIHUKA.
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BHaciiok mporo B CKJIaJJOBHX YacTHHAX HAIIBIPOBIJIHUKA BUHUKAE (OTO
e.p.c.ySeiS E=0,5...0,6 B; y GaAs (apcenin ranito) E = 0,87 B

)
o T
. I l-“" !.'III.:-.I.'I!p.-I‘ “J'l H' I;'(.“{'}}

ep.c,B 1

.14

1010

-
1 100 1000 E, ok
a 6
Pucynok 2.11 — YmoBHe 300pakeHHs oromiony (a) Ta 3amexHICTh
doto e.p.c. Big ocBiTieHocTi (0).

2.8 Tepmope3ucropu

Ny

Pucynok 2.12 - YMoOBHE 300paxKeHHs TEPMOCIICKTPHYHOI0 JaTUNKa

TepMopesucropaMi  HA3MBAKOTHhCS CIPOTUBU a00  PE3UCTOPH,
BJIACTHUBOCTI SIKUX 3aJIe)KaTh Bifl TEMIIEPaTypH.

Po3pi3HsAI0TE: MeTaseBi Ta HaMiBIPOBIHUKOBI TEPMOPE3UCTOPH.

MerasneBi. Y 1MX TEPMOPE3HMCTOPIB OMHIp 3  IMiIBUIICHHSAM
TeMIepaTypu 301ILIITYETHCSI. BOHM BHIOTOBISIOTHCS 3 YMCTMX METAIB!
MiJii, 3a1i3a, HIKeI0 1 IUIATHHH. 3MiHA OIOpPY YMCTHX METalliB CTAHOBHTh
Bix 3,7 % mo 6,5 % wa 10° C. 3anexHiCTh OMOPY BiJ TeMIIEpaTypH
BiZIpI3HAETHCS BUCOKOIO CTaOUIbHICTIO. [IpH J0MaBaHHI JOMIIIOK Y METalu
MOHOTOHHICTh 1  CTaOUIbHICTh  XapaKTEePUCTUKH  MOPYUIYEThCS 1
TeMIEpaTypHUH KO(DIIIEHT eJIESKTPOOIIOPY 3MEHIITYEThCS.

Tomy crutlaBu  HE  3aCTOCOBYIOThCS.  MerajeBi  onopu
BHUKOPHUCTOBYIOTBCS Ul BUMIpIoBaHHS Temmepatypu Big -120° C mo +
500 °C.

HaniBnpoBiguukoBi Tepmopesictopu. HasuBaioTbCst TepMicTopami.
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BuroroBnsrorscs 3 okcuaiB (Mifi, HIKEI0, MapraHip, KoOaneTy, Marxiio,
THUTaHy, YpaHy), a TaKoXK 3 Cyab(iaiB, HITPUIIB i KapOiaiB MUX MeETaiB.
OxcuI B TOPOIIKOMOAIOHOMY BHUTIJISIAI ONPECOBYIOTHCS 1 CITIKAOTHCS.

N . . r .
[MuTomuii omip 3aBxau OUIBIIE OMOPY METAJIB B Vi =1d°, 10? pasiB.
r

m

Omip HamiBIIPOBIZHUKIB HAa BIAMIHY BiJ METajiB IpPH 30UIbIICHHI
TEMIEpaTypu  3MEHINYEThCA, TOOTO BOHM  MAalOTh  HEraTUBHUHN
TeMIepaTypHuil KoedilieHT elekTpoonopy. BUHSATOK - mo3ucTopw, 11e HOBI
TEPMOPE3UCTOPH 3 MMO3UTHBHUM Koe(ilieHTOM TEPMOOIIOPY.
BUTroTOBNISIOTECS 3 HAIMIBIPOBIIHUKOBUX CETHETOCICKTPUYHHUX TBEPIUX
po3umMHiB Ha OcHOBI TuTaHity Oapito (BaTiOs). Cr.5 i Cr.6
BHKOPHCTOBYIOTh B SKOCTI JATYHMKIB IMOXKEXKHOI CHUTHATi3allii, TErIoBOro
3aXMCTy, I cTabinizanii crpyMiB 1 TeMIiepaTyporo KomIeHcarii B 11 / 11
anapatypi. UyTiuBICTh HAIMIBIPOBIIHUKOBUX TEPMOPE3UCTOPIB JO 3MIiHU
temiepatypu B 6 + 10 pasiB Buie, Hixk MeTaneBux. Hampukiaaa: Cu i omip
Pt npu HarpiBanui Bim O mo 100° C 3pocrae = Ha 40 %, a omip
HaIIBIPOBiHMKA 3MeHInyeThes B 20 + 25 pa3sis.

HamiBrnpoBiTHUKOBI TEPMOPE3UCTOPH MPAIIOIOTh MPH TEMIEpaTypi
Big -100° C mo +400° C. Ix craGineHicTh HabGaraTo HIKYe, HDK Y
MertaeBux (y mepimi MicsIl micas BUTOTOBICHHS - TEPMOPE3UCTOP 3MIHIOE
MapaMeTpH, a MOTIM CTaOUTI3YEThCS 1 3aJTUIIAETHCS MOCTIHHUMU 3 TOYHICTIO
1o 1 %).

HamniBnpoBiJHUKOBI OMOpH OGOPMIISIOTHCS Y BUJII CTEPIKEHBKIB (08 2
MM, | = 10 mm), miactuHOK abo OycHHOK. I[HOII BOHHM MOMIIAIOTHCS
BCEPEIMHY CKJISTHOrO 0ajioHa, HAIIOBHEHOT'O IHEPTHUM Ta3oM.

RT :AGB/T,

ne A - KoedillieHT 3aJeXHUTh BiJl MUTOMOTO OMOPY HAMiBIIPOBiAHUKA
1 po3mMipiB poboyoro Tina;

B - koedimieHT TemmepaTypHOi UYYTIMBOCTI BH3HAYA€ETHCS
BJIACTHBOCTSIMY HAITiBIIPOBITHUKA;

T - remnepatypa, K.

[cHYOTh 1Ba BHM BUKOPHCTAHHS TEPMOPE3UCTOPOB SIK AATUHKIB!

- TeMmrmeparypa TEPMOPE3UCTOPY BH3HAYAEThCA TEMIIEPATYPOIO
HABKOJIMIIIHBOTO CEPEIOBHUIIA, @ TEIIO BUAUISETHCS CTPYMOM, IO IPOTiKae
4yepe3 TepMOPE3UCTOp Mi3epHO Mallo.
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2 - TEpMOpE3UCTOpU HarpiBarOTbCsS CTPYMOM, IO MPOXOAWUTH IO
HbBOMY, a HOro TeMmIeparypa B MpOIECI BHUMIPIOBAaHHS 3MIHIOETHCS B
3aJIeXHOCTI BiJl yMOB TEIUIOBiAaui.

VY mepmomy BUIIaAKY B JaTYMKaX TeMIEpaTypyd BUKOPHCTOBYIOTHCS
SIK METaJIeBi, TaK i HaMBMPOBiTHUKOBI oropu (puc. 2.13).

4 3 I I 2

{ 'f'
i [}

P

2 | — ] F‘I
Iy WEFFFrFIrrrrFrrrits
l.::—-{

R - TepmouyrnuBa 6idinsgpaa oOMoTKa

1 - xapkac (3 i3omsitopom); 2 - metaieBa Tpyoka; 3 - pispOiieHns; 4 - ronoBka; 5 -
KOHTAKTHI1 HI2KKH.

Pucynok 2.13 - Tepmomerp oropy

VY iHIIOMY BUTIAJKY - TATYUKOM CITY)KUTh METajeBa HUTKA.

[TpuknamoM Qpyroro BUIIAJKy € aHEMOMETP 1 BAKyyMMETD.

AHeMOMeTp - IPUCTPIN JUI BUMIPIOBAHHS IIBHJKOCTI ITOTOKY ra3sy.
BiH siBi1sie 0000 TOHKY METajeBy HUTKY, IIPHIAsSHY J0 CTiioK (puc. 2.14).

P I
w = Wewian 7
. : 7N
P i
i . e JI0 Hacoc & i
BaKyyMy L
]

1 —mrarrHOBa HMTKA;, 2 - CTiMKa; 3 - KOHTAKTH, 1 - muaTtuHOBa HUTHL, 2 - CKJISHUI
4 - xopryc 0aJIoH.
Pucynok 2.14 - Auemomerp Pucynok 2.15 - Bakyymmerp

HuTka HarpiBaeTbcs poOOYMM CTPYMOM, IO MPOXOIUTH Yepe3 Hei i
pPO3TAIIOBYETHCS HA IIAXY PYXy ra30BOro IMOTOKY. 3ajeKHO BiJ 3MIHH
MIBUIKOCTI IOTOKY 3MIHIOETHCSA TEIIOBiAmada 1 CTPyM B JATYHKY.
Hanpukman: mpu 30UIbIIEHHI IMBHAKOCTI MOTOKY TEMIIepaTypa HHUTKH
3MEHIIYEThCS oOmip 1 majgae, 1 OTKe, BEIUYMHA CTPYMY 3pOCTaE.
36inbinenas V M / ¢ Bix 5 10 20 M / ¢ BUKIIMKAE 3MEHIIIEHHS omopy Ha 1,5
Owm (3 5 10 3,5).

Bakyymmerp (puc. 2.15) - ciayxuTh AJsi BAMIPIOBaHHS TJIMOOKOTO
Bakyymy. [IpuHUmMnD il 3acHOBaHMI Ha 3MiHI TEMJIOMPOBIAHOCTI ra3zy B
3aJIeXHOCT1 Bif #oro tucky. [Ipu 3HmxenHi THcKy Hkue 0,1 mm. pT. cT.
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TEeIJIONPOBIAHICTh Ta3y MOYMHAE 3HAYHO 3MEHIIyBaTHCS. TemmepaTypa
HUTKH 3pOCTa€, ii OMip TakoX 3pOCTa€, 1 CTPyM, IO MPOTIKae yepe3 Hel
najae.

Jlo TeHepaTOpHOro TUIY JAATYMKIB BiJHOCSTHCS TEPMOENEKTPUYHI
natunkd  abo  Tepmomapu  (puc. 2.16). Bonu 3acHOBaHi Ha
TEPMOEIIEKTPUIHOMY e(eKTi. SIKII0 3'eJHATH J1BA PI3HOPIIHUX MPOBITHUKA
1 HarpiTH MiCIe 3'€IHAHHS, TO Ha BUIBHHMX XOJIOJHUX KIHI[SIX MPOBITHUKIB
3'sBUTUCS e.p.c. UnM Oinble Pi3HUIS TEMIEpaTyp MK XONOAHUMH i
rapsiyuMHM KiHISIMH, TUM OUITBIIE €.p.C.

MV

— |
( __H\\‘\—\D'_

Pucynok 2.16 —Cxema Tepmornapu
Hns BumiproBanust temmepatypu no 1000° C 3acTocoByrOThCs
TEepMOIIapH 3 METalliB 1 CIJIaBiB (XpOMENb-aliOMENb, XPOMETb-KOMENb).
Hns  BumiptoBanHsi Temmiepatypu 10 1000° C BHKOPHCTOBYIOTHCS
TepMorapu 3 OmaropoaHux MeramiB (MTaTWHa - MIaTHHOpOmii). Jlis
BUMipIOBaHHs 1ie Outhimx Temrepatyp g0 2000° C 3acTOCOBYHOTHCS
crienianbHi )kapoMiiHi Tepmonapu (Byriwis-kap6in = 1800° C; Bonbdpam-
Mmostioaen - 2000° C).
Ilpn BUKOpHCTaHHI TepMomnapd B SKOCTI JaTyvka il TapyroTh i
rpaaymorTh. Temneparypa XoaoaHoro Kinis aopisHioe + 20° C.
HiameTp IpoTy IUid TUIATHHO - MiaTuHopoaieBux Tepmonap 0,5 mm;
g iHmux 0,5 + 5 MMm.
Po6oui kiHIIi 3'€IHYIOTh 3BapIOBaHHSIM a00 MasHHSM: a) 3BapIOBAHHS
€JIEMEHTIB MK CO0010; 0) IPUBAPIOBAHHS €JIEMEHTIB 70 3aXHUCHOI'0 YOXJIa.
XiMi4HUH CKIIaj ASKUX TepMonap:
- xpomensb (89 % Ni; 10 % Cr; 1 % Fe; 0,2 % Mn);
- amomenb (94 % Ni; 25% Mn; 2% Al; 1% Si; 0,5 % Fe);
- kanensb (55 % Cu; 45 % Ni)
- koncranTaH (60 % Cu; 40 % Ni);
- matuHopoauii (90 % Pt;. 10 % Rh);
- iuBap (65 % Fe; 35 % Ni).
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2.9 IHIyKTHBHI JaTYUKH

Pobora iHAyKTHBHOI'O JaTyMKa 3aCHOBAaHA Ha 3MiHI 1HIYKTHBHOIO
OITOPY KOTYIIIKU 3 CEPJICYHUKOM TIPHU TIEPECYBaHHI PyXOMOTO SKOPS

2 2
L= \W \W

_R}K+R0_ﬁ+ pLs
nF mF,

@ - YKCJI0 BUTKIB OOMOTKHU,

Rx + R, - MaruiTHi ormopu cepAcyHUKa 1 IOBITPSHOIO 3a30DY;

L - cepeaHs IOBKMHA MarHiTHOI CUJIOBOT JIHIT B sIpMi 1 SIKOPI;

Fo; F - miori mepepi3iB MOBITPSAHOrO 3a30py 1 CEpJICUHUKA;

W; Ho - MarHiTHAa MPOHUKHICTH MaTepially cepedHUKa i MOBITPSHOTO
3a30py;

- BeJIMYMHA TIOBITPSHOTO 3a30pY.

3 oy, mwo: R >> R, popmyna L ciporryeTtsest

L :V rn)Fo
2d

s 3anexHicTh JiHiMHA, OUTBII JIiHIHHA TTpU Ad <<J

2= R

e Z - TIOBHUH orip;

R - akTHBHA CKIIaZ0Ba;

® - KPYroBa 4acTtoTa CTpyMmy.

[HAYKTUBHI JaTYMKW 33aCTOCOBYIOTHCS JUIS BHMIpIOBaHHS a0o
KOHTPOJTIO PI3HUX MeXaHiyHUX nepeminieHsb B Mexxax 0,01...50 mm.

Jatumk 31 3MIHHEM 3a30pOM: Jiana3oH BUMipy nepemimens Bix 0,01
70 2 MM; BXiJJHa BETMYMHA NOBITPSHUH 3a30p — 0; BUXiZHA BeW4HHA | ipH
3aganomy U.
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1 — cepneunuk; 2 — sikip; 3 — coneHoin; 4 — npyxuna; 5 - 3a3o0p

Pucynok 2.17 - Jlatumk 3i 3MiHHHM 3a30poM (a), 31 3MIHHOIO
ioniero (6), coneHoianoro Tumy (B).

JlaTuuk 31 3MIHHOIO TUIOIICIO: JIialma30H BUMIpY rnepeMimiensb Big 0,5
o 8 MM; BXxinHa BenmnunHa — F; BuxigHa Benmnuuna |. F = var

JlaTuuk COJICHOIMHOTO THITY Jlialla30H BUMIpY IepemimnieHb Bix 1 1o
60 mm; BxigHa BenuurHa — F; BuxinHa Benuumaa Iy = var

L=m,v Z(HZ' ﬂl)l—

L

[epeBaru iHIYKTUBHUX JaTUHKIB:

1. [Ipocrota, HAAIMHICTE 1 BIICYTHICTh KOHTAKTIB, 10 KOB3aIOTh;

2 BiyiaeThcs BeNMKA BETUYHMHA EIEKTPUYHOI TOTYXKHOCTI;

3. MoxnuBicTh poOOTH Ha 3MIHHOMY CTPYMIi TPOMHCIOBOI YaCTOTH.

Henonik: cunbHa 3aleXHICTh CTPYMYy BiJ YacTOTH JKeperna
KHUBJICHHS.

OcHoBHa 00J7aCTh 3aCTOCYBaHHS - BUMIp MalluX KyTOBHUX 1 JIIHIHHUX
MeXaHIYHUX MepeMillleHb, & TAKOXK YIPaBIIHHS IPUCTPOSMH, IO CTEXKATh.
3BaproBaHHS  MO3JOBXKHIX INBIB  IWIHIPUYHUX  BUPOOIB,  TpYyoO,

pe3epByapiB.
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2.10 EmHicHI JaTYNKH

3Haiiuin  OOMEKEHE 3aCTOCYBAaHHS BHACHIJOK  HEOOXIiJHOCTI
BUKOPUCTAaHHSl CKJIQJHOI amapaTypd 1 TpPYIHOUIIB HaJaro/KeHHS 1
pEryJItOBaHHSI BIIIOBITHUX CXEM.

L
AR

e
a 0
IrI RS Rers ) Mt Lﬂ
{ TR, é,:.m l g
—l-|'1.r-|—
.—'d E -
E -

Mg
B

Pucynok 2.18 - Jlatunk miockuii (31 3MiHHOO momie0) F~var (a)
obepTalounii — 3BHYaHUI KOHJEHCATOp 3MIHHOI €MHOCTI JUII KyTOBHX
nepemiiens (0), HHTHAPHUYHUH (B).

[lepeBaroro eMHICHUX JATYUKIB €:

- BeNUKa YyTJIHBICTH;

- Mala Bara,

- Maii rabapuTH;

- HeBENHMKAa BEMYMHA ENEeKTPOMEXaHIYHUX CHJI TSDKIHHS TUIACTHH
JaTUNKa;

- MaJja iHepUiiHICTb.

Hemomiku: BHCOKAa YyTIMBICTE A0 3O0BHIMIHIX CTOPOHHIX IIOMIB 1
HEOOXIJTHICTh PETENIbHOr0 CKpPaHyBaHHS, HEOOXITHICTh BUKOPUCTAHHS
JUKepera JKUBJICHHS BHCOKOI 4aCTOTU HANpYTH, BEIMKHUIA BHYTPILIHIN OITip.
Y €eMHICHMX JaTYMKIB BXIJIHOIO BEJIMYMHOIO € JliHIHHE a00 KyToBe
NepeMillieHH s, @ BUXITHOIO - EIEKTPUYHA EMHICTD 00 CTPYM.
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C= o,oss%[m ],

2.

ne F - mnoma o0knamok, cM?;

€ - BIJHOCHA Ji€IEKTPHYHA IPOHMKHICTE, 1dD/cM;
d - 3a30p, TOBIMHA JIICTCKTPHKA, CM.
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—— 4= 3 T==
e e
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S I ey B B
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a 0

a - KOHCTPYKIIs;, O - eKBIBaJEHTHA CXEMa
Pucynok 2.20 — JlaTumk 3i 3MiHHUM JieieKTpuKkoM (Ui pinkux
JieIeKTPHKIB

2.11 laTyuKH eJ1eKTPOMATHITHUX OB

EnexTpoMaruiTHi mojs MOAUISIOTECS Ha 3MIiHHI 1 MOCTIiHMHI. 3MiHHI
enekrpudHi MarHiTHi nonst (EMIT) BUHMKAIOTh B €ICKTPUYHUX MAalllMHAX.
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TAakMX AK TpaHC(OPMATOPHU, IPOCEN, TeHepaTopu i T.A. IX BUMiproBaHHS
0COOIMBHUX TPYAHOIIIB HE BHKJIHMKAE 1 IMPOBOAMUTHBCS 3a JIOIMOMOIOIO
MiKpoBeOepMeTpa 3 JaTYMKaMH y BUTJISII TApOBAHUX KOTYIIOK. Marouu B
CBOEMY PpO3IOPS/DKCHHI KOTYIIKM B PI3HMX YacTHHAxX 3a30py MOXKHA
OTpPUMATH KapTHHKY HanpyxxeHocti EMII B HboMy.

Jlist BumipioBaHHs mocTiiHux EMIT BUKOPHCTOBYBATH TaKi MpHIIaIi
JIOCUTh Ba)KKO, TOMY IO HEOOXiJIHO TOBIJIOMJIATH KOTYIIII KOJWUBAHHS i3
33JIaHOK0 YaCTOTOIO 1 aMILTITYI0F0.

SKicHY OIIIHKY IMOCTIMHMX MarHiTHUX TIOJIB MOXKHa OTPUMATH 3a
JIOTIOMOI'0I0  APIOHOAMCIIEPCHUX  YACTHMHOK  3alli3HOI'0  IOPOIIKY,
PO3TAIIOBAHOTO MK TUIACTHH TPO30POro jienekrpuka (oprckiio) abo 3a
JIOTIOMOT'OF0 IHAMKATOPHUX elleKTpoHHUX jami 6E1I, B skux BigOyBaeThCs
BIIXHMJICHHSI TIOTOKY €JIEKTPOHIB B MarHiTHOMY IOJI, IO J00pe BHJIHO Ha
BKPUTOMY JIFOMiHO(OPOM aHO/II.

KinbkicHy ominky mnoctiiiaux EMIT BuUpoOasSioTh 32 JOMOMOrOI0
JATYNKIB Xomna, MAarHiTOmi0/10B, MarHiTope3icTopis i
rajJpBaHOMAarHiTOpEeKOMOIHALIIHIX TTePEeTBOPIOBAYIB.

B ocHOBi poGotm naTumkiB XoJjula JIEKUTh, TaK 3BaHUN, e(eEKT
Xosia B €EKTPONPOBIIHAX TIIAX.

&
§ ! ’
Vi !

Y/ a W . 5

-

Pucynok 2.21 — Cxema patunka Xoiia

Sxmo 4depes3 MpoBigHE TiIO MpOTiKae cTpyM |, a TiTo mMoMimeHo B
MarHiTHe ToJie, HanpyKeHicTio H, meprneHanKyasipHO HANpsSMKy CTPyMY,
TO B HaNpsIMKy TEPHEHIUKYIAPHO CTPYMy 1 TMONIO, BHHHUKAE e€.p.C,
npornopiiiiHa i cTpymy, 1 Hanpy3i MaraitHoro monst Uy ~ Iy

R X B
_kX ,
U a

ne | - ctpym kepyBaHHS,
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K — KoeilLieHT, 3aJeXxHuil Bifl po3mipiB rutactunu b/ata hi;

a - TOBIIMHA MJIACTHHU, M;

R, - nocriitna Xomma, m°/ A-;

B - inaykiiis Mmaraitaoro noms, T.

MarniTHe TONe, NPOHM3YIOUM IMOJe Ta MPOBIIHUK, 4Yepe3 SKHH
NPOTIKA€E IEKTPUUHHI CTPYM, «MEXaHIYHO» BILIMBAE HA EIEKTPOHH (HOCIT
CTPyMy), MParHy4d BiIXWJIUTH IX B CTOPOHY BiJl HANPSAMKY PyXy CTPyMY.
[py npoMy Ha Oiurmx rpamsx 2-2 TpOBITHWKA 3'SBISETHCS PISHHIL
norexiams Uy.

HMatunku Xomga BUTOTOBIAIOTECS 3 Si, Ge, cypMm'sHHCTOTO i
MU sikoBUCTOTO iHIit0 (SbIn; AsIn).

ITo3nauaroTbes Xio1; X213, X511, HXF-Z, HXK-?

Cepenns uytiusicts Bia 0,6 1o 90 B/(A-T).

I"abaputu 1,5x0,8x0,2 no 17x10x0,6.

[ImacTHHKHA BUTOTOBIISIOTHCS !

a) HAITUJICHHSIM y BaKyyMi;

0) MexaHi4HOT 00POOKOIO;

B) MPECYBaHHSM MOPOLIKIB.

JUis miABMINEHHS MIIHOCTI JaTUYWKKU HAKJICKOIOTHCS Ha CIIOAy. Y
3BapIOBAJIbHIN TEXHIIll AaTYMKU XOJIIa 3aCTOCOBYIOTHCS JUISl BU3HAUCHHS
BTOPUHHUX CTPYMIB KOHTAKTHUX MAIIWH, JOCIIPKEHHS MarHiTHUX MOTOKIB
TpanchopMaTopiB IUX MAIIWH.

Tabmuusa 2.1 - TexHiuHi XapaKTepHCTHUKH TEpeTBOPIOBavYa Xoiuia

tuny 11X9602817 b
["abaputi, MM 3x3x0,8
Bxigauii (Buxignuii) omip, Om 5,2 (4,2)
HomiHnanbHU CTpyM ynpaBIiHHS, MA 100
MarsitHe uyTiuBicTe MKB/MK T 100-130
[HTepBan temnepatyp, K 1,5...375
Jliama3zon MaruitHOl iHAyKIii, T 10
Marsitope3ucTopH.
Maruitope3sucTuBHMIl  e(peKT - 3MiHA EIEKTPUYHOIO  OIOPY

HaIIBIPOBIJHUKA, 10 SKOMY TEY€ CICKTPUYHUN CTPyM, IIiJ JIi€0
marHitTHoro monst (epexkr [ayca, BuBuenuwii B 1858 p. TomcoHom).

306inbienns R BinOysaersest, komu Bexktop H A | ixomu H /[ |, ane
crnabkime. CyTh MONEPEYHOro i MO3AOBXKHBOTO ePEeKTy - B BHKPUBIICHHI
TpaekTopii pyxy HociiB 3apsi (Cuna Jlopenna).
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a
1 - MeanpoBa 1/ MOJIOCKa; 2 - MiUI0KKA; 3 - CTPYMOITi IBOJIH.
Pucynok 2.22 — YMoBHe 300pakeHHs Ta CXeMa MarHiTOpe3ucTopa

BuroToBnsioTh 13 3aeBTEKTHYHOrO CIulaBy aHTiMoHima Ni i
aatiMoniza In (NiSb-InSb), mo mae romuacty crpykrypy. Iomku NiSh:
1x50mkM, 6,=7-10° Om MY InSh: Ooen = 2.10* Omtmt. st perymtoBaHHS
PYXJIIMBOCTIi €1EKTPOHIB JIETYIOTh TETYypOM

RB

FZ\

5

\\‘\ _?_ _ ksl

AN

5

oo
,:'.-"_'.'

."r-';l

T +
,:'.-'I_'_.- !

T -l ST i pr
Nz

OCHOBHI TapaMeTpH:
- mouaTkoBuii omip R, mpu B = 0 R=25-100 Owm;
- MarHirope3ucTuBHe criBBigHomeHns R/R, : max ~ 15;

DR

- MarHiTHa 9yTJIUBICTh g, -
M DB

Pucynok 2.23 — 3ane;kHicTh MArHUTOPE3UCTUBHOTO CITiBBIAHOIICHHS
Bix imaykitii ast crutaBiB NiSh-INSh 3 pisunm crymenem sierysamus Te.

Marsuroaioau.

[Mpu miakIOYEHH] 30BHIIIHBOTO JKEPENa >KUBJICHHS y TPIMOMY
HampsiMi BiZIOYBa€ThCS THXKEKINS JIpOK 3 p-obmacti B N-obmacth. Bemin
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BOr0 B 000X YacTUHAX p-N-Mepexoay IMOYHE BiJMOBIIHO 3pOCTaTH
KOHIIGHTpAIlisl eJIEKTPOHIB Ta JIPOK. SIKI0 piBEHb IHXKEKIIl OCTaTHHO
BEJIMKUH, TO IPOBOAUMICTE B N-001acTi Oy/1e BU3HAYATHCS KOHIIEHTPAIIEIO
HEPIBHOBaYXHMX HOCIIB. [HXKEKTOBaHI IipKH JTUPYHIYIOTH Big p—I—
Mepexojly y TOBILY N—HAaMIBIPOBIIHUKA HA JIEIKY BiJIcTaHb L, sika 3BEThCA
nudy3iiHO TOBXKHHOK. Ha 11iif BifncTaHi KOHIIEHTpAIlis HEPIBHOBAKHUX
HOCI{B 3MeHIIyeThCs B € = 2,718 pasis.

2 3 4 d
O\ « Lo
1 —7
<
/N TP
n ¢ ‘
P i ® /] P
IlIr | n
\ _"Ir:_:| J Uo Un
. I + -
S |
I I
U -
3 0)

1 - oMiyHI KOHTaKTH; 2 — HANiBIIPOBIJHHUK P-THITy 3 BHCOKOIO KOHIICHTPAILI€I0
pIBHOBaXXHUX HOCI{B; 3 - p-N-mepexix; 4 - TOBIIAa HAMiBIPOBIAHMKA 3 HU3BKOIO
KOHIICHTPAITi €0 PIBHOBAYKHUX HOCITB,;

Pucynok 2.24 - VYwmoBHe 300paxkeHHs (a) Ta KOHCTPYKIIis
marHiromiony (0)

207t
_ [PHeq
b+1

ne b= py/yp - BIIHOIIEGHHS PyXOMOCTI €IEKTPOHIB Ta JipOK;

T - 4ac KATTA HOCIIB;

Hep - KOCDillieHT CyMiCHOT Audy3ii.

SIkmio Takuii mioJ HMOMICTHUTH Yy IIOIIEPEYHE MArHiTHE Ione, TO g
OyZe 3MEHIIYBATHCS BCIIJ CKPHUBIICHHS TpPA€EKTOpii PyXy HOCIIB Tij
BIuiuBoM cwiii Jlopenia. Brimme 3MennienHs L Ha pict omopy N-obmiacti
JocsAra€ MaKCUMyMy IIpH aeskux 3Hadenns d/L, me d - gosxuna n-o6macTi.
Jlst repmais, Hanpukiaa 3HadeHHs d/L = 4+6.
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IHmmMu  cnoBamu Hi[[ BIINIMBOM IOIIEPEYHOI' O MaFHiTHOFO I10JI4
pi3Ko 3pocTae omip aioAa, y npsAMoMy HampsMi.

Lm, MA

B=-0,2Tn

B=0,2Tn

- Um,B

Pucynok 2.25 - Bonbr-amrepHi xapakTepucTuku MarHitogiona KJI
303

I'ampBaHOMaruiropexkoM6Oinailiiini mepersoproBaui. Il/m  pesucTop
Kepyrounit MarHiTHUMH MOJSIMH 3 BUKOPUCTaHHSM
MarHitokoHuerpauiitnoro edexry (I'MP).

Pucynok 2.26 — YMoBHe 300paskeHns (a) Ta cxema migkiroueHHs (0)
raJlbBaHOMAarHiTOPEKOMOIHAI[IITHOTO TIepeTBOpIOBaYa

:DU2

, IpH 1 = const

gMF

OCHOBHI NapaMeTpH:
DU, =U .- U, BuxigHoro curaany.
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Po6ountii ctpym | = ————
Ry +Rr

Ru/Rr=25
MarsiTHa 4yTIHBICTh

_DuU:
gMF DB

Temmepatypuuit koedinient ayrnuBocti K=y, %

K =Dg ’100/’Dt9w

2.12 CxeMH HMiAK/JIIOYEHHA JaTYUKIB

Haii6inpme 3acTocyBaHHS HA MPAKTHIII 3HANIILUIN HACTYITHI CXEMHU:
1. [ToTeHmioMeTpu4Ha;

2. MocroBa (piBHOBa)KHa a00 HEPIBHOBAKHA);

3. MudepennianbHa.

2.12.1 lloTeHuioMeTpU4Ha cXemMa

[ Es
e B Ugux - RZ
Ri+tR.
I8, = constl
E
iy * ] Pucynok 2.27 —
Il [, = var D ITorenuniomerpuuna
j ? cxeMa
= I? - Cxema Mae

CYTTEBHI HENOJIK — SIK
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mo AR; = 0, To curHan Ha Bxoai peryisropa mnoctynae. Tomy y CAP ii
BUKOPUCTOBYIOTh Y BJIOCKOHAJICHOMY BHJIi:

Ri°DRz

DU 6blX = E
(R+R2f

C, — po3xinoBHil KOHAEHCATOp, KUK TpONyckae Ha Ry TiMbKM HpUpICT BUXigHOI
HaIpyru
Pucynok 2.28 — VnockoHanena OTEHIIIOMETPUYHA CXeMa

Jnist mocimiKeHHs TEH30PE3UCTOPIB MEPETBOPHUMO

RODR: Re _
(Ri+R2 R (Ri*R2)

Ri°R2

DU =E 2K>1=.=

2.12.2 MocToBa cxemMa

[paiitoe sk Ha MOCTIHHOMY, TaK 1 Ha 3MIHHOMY cTpyMi. Moxe OyTu
HEPIBHOBAXHOIO (HEOATaHCHOI0) 1 PIBHOBaXXKHOIO (DATaHCHOIO).

Y HepiBHOBaXHI MOCTOBIM cXeMi Jyis 3IIHCHEHHS BUMIpY abo
YIPaBIiHHSI BUKOPUCTOBYEThCS O€3MOCEPEIHBO CTpyM abo Hampyra
JiaroHasi. YMoBa piBHOBard Mocra:

RrRi=R-Rs

3aBgaHHA:  po30ajaHCyBaTH  MIiCT 3  METOK  OTPHMAaHHS
MaKCUMaJIbHOT'O CTPYMY B JliarOHATI.
VY piBHOBaXxHi MOCTOBI#1 CXe€Mi BUKOPUCTOBYETHCS HYJILOBHIH METO/
BHMIpY CTPyMY B JiaroHaji. 3MiHa OMopy OJJHOIO Tie4ya KOMIICHCYEThCS
3MIHOIO OIOPY THIIIOTO TUIeYa A0 MOMEHTY 3HUKHEHHS CTPYMY B JiaroHalli.
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B nipomy BUNIaIKy BH3HAYaJIbHOIO BEJTMYMHOIO € el KOMIIEHCYIOUHi omip.

Pucynok 2.28 —MoctoBa cxema
ITpu oMy crpym aiaronani nopisaioe O (I, = 0).
Jns omqHOrO MaTymka:

- RR:" RRs

I
p
N

N = (R1+ R+ Rs+ RA))Rnp +(R1+ R3))(R2+ R4)
[pumycrumo, mo DR<<Ru Ri= R, = Rs= R4
Otpumyemo:

RR- Ry) _|_RDR__, DR
4RR,,+2R2R  4RR,*+R] 4R+R,)

I np

Jlst 2-x (a) ta st 4-x patawmkis o 1 (6)

DR DR

=1 =1
|np (Rnp + R) |n1) 2 Rnp +R
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f

_“_| e

a 0
a) 3MiHa OIopy B OIHOMY IuIeui; 6) OJHOYACHA 3MiHA OMOpY 2-X IUIeYei

Pucynok 2.30 — Cxemu 6anacyBaHHSI MOCTY

VYmoga pieroBaru: Ri(Rs + Rp) = Ry:R3. UnmMm Ginbiire Benmunna AR,
TAM Ha OUThIIMIA KyT TOTPIOHO BIIXWJIMTH JBUXKOK peocrara, mod B
miaronaii crpym gopisHioBas Hy:o (I = 0).

HI" - HynboBHI raTbBAaHOMETD; a - HY/JIbOBE IOJI0KEHHS MOCTA.
1 - peocrart; 2 - mkaa omnopy;

Pucynok 2.31 — MocrtoBa piBHOBaXHa cxeMa
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2.12.3 IndepenuiaabHa cxema

HudepenmiansHa cxema siBiisie co0OI0 ENEKTPUYHHN JIAHITIOT, IO
CKJIQJIA€ThCS 3 JIBOX CYMDKHHMX KOHTYPIiB, B KOXKHOMY 3 SKHX JIi€ OKpeMa
e.p.c. BumiproBasibHUI TIpuIia]] PO3MIIIAETHCS B Taly3i, 3arajbHOl IS
000X KOHTYpIB, 1 pearye Ha Pi3HULIO0 KOHTYPHUX CTPYMiB.

CxeMH BKJIIOYEHHSA

1. IIpn He3MIHHUX omopax 000X KOHTYpiB, 3MIHIOEThCSI 200 OfHA,
abo o0uBi e.p.c.

. |

a —3MiHa OJfHi€l e.p.c.; 6 - 3MiHa 000X e.p.C.

Pucynok 2.32 — MocroBa piBHOBa)kHa cXxema

2. Ilpy HE3MIHHUX €.p.C. KOHTYpiB 3MIHIOETHCS OMip OJHOrO abo
000X KOHTYPIB.

Lot

e
] -
. 4

a — 3MiHa OIopY OTHOTO KOHTYPY; O - 3MiHa ONopy 000X KOHTYpiB

Pucynok 2.33 — MocTtoBa piBHOBaXHa cxeMa

HudepenmianpHa cxema oTpHMana IIMPOKE 3aCTOCYBAaHHS MpH
po0OOTi Ha 3MIHHOMY CTPYMi, HallpUKIaJa, B BUMIPIOBAIBHUX MPHCTPOSIX 3
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IHAYKTUBHUMHU JaTYMKaMH, TOMY [0 BOHA 3HAYHO MIIHINIE 1 OLIBII
YyTJIMBAa MOCTOBOI CXEMH.

3 CUCTEMHU ABTOMATHUYHOTI'O PETYJIOBAHHS
B AYTOBOMY I EJEKTPOIIJTAKOBOMY
3BAPIOBAHHI

3.1 CucremMyn aBTOMATHYHOIO PeryJIIOBaHHs Ayru camoperyaoBanuam. APJIC

[IpocTi cucTeMH aBTOMATHYHOTO PEryJIIOBaHHS EHEPreTUYHHX
mapamMerpiB ayru (CTpyMy i HAmpyTH) CKIAAAIOTHCS 3 MEXaHi3My TOAaHHS
enexTpoaHoro apoty MII, nyru JI i xusnsgoi cuctemu JUK (puc. 3.1). ¥V
JiTepaTypi iX Ha3MBAaIOTh CUCTEMaMH aBTOMATHYHOTO PErYJIFOBAHHS JIyTH
camoperymoBanusaM (APJIC). Ha ix ocHOBI moOymoBaHi aBTOMAaTH i
HaIiBaBTOMATH 3 IOCTIHHOI MIBUJKICTIO MOJAHHS E€JIEKTPOJHOrO JPOTY
(rpaxrop TC- 17 i itoro momudikariii, asTomatu A- 384 MK, A-616M, A-
688, ABC, A- 184 rta in., namiBaBTomatu A537P, I~ 500-1, ITIIII- 16
Ta iH.). Y IUX cHcTeMax MexaHi3M mogaHHs eiaektpoay MII - 3amarouwii
OpraH, a IOCTiliHA IIBUJAKICTh TMOJAHHS eNeKTpony V, - 3ajarouuii
napamerp. 3 HOoro JOMOMOrOI0 BCTaHOBIIOETHCS HEOOXigHA CHIIa CTPyMY
13 B 3BaproBaIbHOMY KOHTYPI.

- :

I+

o e e e e e e ]

|
I
l

n
i e d L ]

Pucynok 3.1 - DyHKUiOHANTbHAa CXEMa CHUCTEMH AaBTOMAaTHYHOTO
KEepyBaHHSI JyTH CaMOperyatoBaHHIM
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B mporieci 3BaproBaHHS 3aJjaHa MIBHJIKICTh MOJAHHS enekTpoay Vi
MOPIBHIOETHCS 13 MBUAKICTIO HOro ruaBieHHS Ve JlocsarHyBmm piBHOCTI
Vi ~ Ve y 3BapioBaJbHOMY KOHTYpPi BCTAHOBIIOETHCS TEBHA CHJIA CTPYMY
l,, fdka 3 TMOTPIOHOK  TOUHICTIO  MIATPUMYETHCS  CHCTEMOIO
CaMOpETYJIIFOBaHHSI Ha PiBHI | 3.

TouHiCTh pOOOTH CHCTEMH CaMOpPEryJtoBaHHs (CaMOBHPIBHIOBAHHS)
3aJIeXHUTD BiJl CIIBBIAHOIICHHS KOS(illIEHTIB CAMOPETYIIOBAHHS TI0 CTPYMY
Kcr 1 mo Hanpysi Key. i koedilieHTH XapaKTepu3yOThCs BiJHOLICHHIM
MPHUPOCTY MIBUAKOCTI mofgaHHs AV, 10 IPUPOCTY BIAMNOBIAHO MO CTPyMY
nyru Al 1 mo Hanpy3i Ha ay3i AU,.

Cratnuni xapakrepuctuku cucremun APJIC MoxkHa po3riIsiHYTH,
SKIIO B KOOpAWHATaX Hampyra - CTPyM [O€IHATH BOJBT-aMIICPHY
XapaKTePUCTUKY >KHUBISUOI cHcTeMH 1 i3 CTaTHYHOIO XapaKTEePUCTHKOIO
criiikoro ropints ayru 2 (puc. 3.2).

PiBHsIHHSL cTaTUYHOI XapaKTEPUCTHUKU CTIHKOr'O0 TOPIHHS IyTH, 5K
peryjiboBaHOro 00'€KTy, MOXK€ OyTH BH3HAYCHO CIUIBHHM pPIllICHHSIM
PIBHSIHB:

V=V, =const l;l
Ve:kCTlLZ' kCHUg%

(3.1)

|, - mpuBenenwmit 3amatounii mapamerp; Al - cratnana mommka B cuctemi APJIC mpn
HaJIAIITyBaHHI PETYIIIOI0UOT0 OpPTaHy

Pucynok 3.2 - [ToeqHani XapakTepUCTHKH BOJIBT-aMIIEPHOI JKUBISIOL
cucremH 1 Ta crilikoro ropinas agyru 2y cucremi APJIC
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Bupimmsim cucremy (3.1) BigHocHO |, oTpumaemo

:ﬁ+@uﬂ (32)

|
A Ker  Ker

Dl :@Duﬂ

CT

OueBugHo, mommwika Al BuXOIUTH i3-32 BIUIMBY Ha TIPOIIEC
TUTaBJICHHS eNIeKTpoy Hanpyru nyru. CTaTHuHa XapaKTepuCcTHKa CTIHKOTro
ropinus ayru 2' (puc. 3.2 a) BiANOBIae MEHIIIOMY JiaMeTpy €JIeKTPOAY i
OTKe, OLIbIIOMY KOC(IIIEHTY CaMOpEeryJItoBaHHs 10 cTpyMy Kcr; OcKiabku
BEIMYMHA OCTAHHHOTO OOEPHEHO MPOIMOpIiiHA JO0 KBajapaTa JiaMeTpy
erekTpomy. 3i 30UIbIICHHAM Kcr 3MEHIIYeThCS CTaTHYHA TOMMWIIKA TIPH
HaJNAMITyBaHHI pErynaTopa.

Cucrema APJIC cra0imidye 3 TIEBHOI CTaTHYHOK) ITOMIJIKOIO
3BapIOBAIGHUI CTPYM TIpH KONWBAaHHI Hampyrn Mepexi. Jocminn
MOKa3yIoTh, 110 BiIHOCHA TIOMIJIKA [10 CTPYMY TIpH yTOBOMY 3BaprOBaHHi
iz ¢urrocom pu 3mini Hanpyru Ha ay3i Big 30 1o 50 B y cucremax APJIC
He mepeBunrye 10 %. BrumB oOypeHp 1mo Hampysi Mepei i MIBHIKOCTI
MOJaHHS eNeKTPOy Ha CTaTH4YHI NOMHIIKMA 1O CTPyMy i Hampysi AyTH B
cucremi AP/IC mokazan Ha puc. 3.2 6. 31 3MEHIIIEHHSM HaNpyTryl Y Mepexi
Ha U, (xapakrepuctuka 1'), mpuBeeHy 10 HANpPyrd BTOPHHHOI OOMOTKH
TpaHcopmaropa, B cucteMi APJIC miciis 3akiHYEHHS TEPEXiJHOTO
MPOIIeCy BCTAHOBJATHCS CTATHYHI MOMWIKH IO Hampy3i Oyrd , Ta MO
crpymy I, (poboua Touka A'). Tlpu 30inbHICHHI IIBHIKOCTI TOJAHHS
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enexktpony (V, = V'y — V, > 0) B cucteMi B cTaHi, 1[0 BCTaHOBHBCH,
(dhopMmyeThCs HOBa PoOOYA TOHYKA A", BusHauanbHa BimHOCHO TOUKH A
3MIHM CTpyMy 1 Hampyru Ha ay3i. Ha 6a3i cuctem APJIC mnoOynoasi
aBTOMATH 3arajbHOrO MPHU3HAYEHHS 3 MPHUMYCOBOIO IIBUIKICTIO TMOAAHHS
enektpoaHoro apoty (aBromatu AJIC-1000-2, AJIBH-300 Ta in.). Bouun
¢GopMyIOTh HOBHUH KJIaC CHCTEM aBTOMATHYHOTO DETYNIOBaHHS -
ABTOMATHYHI PETYJSITOPH HANPYTH OYTH 3 JI€I0 Ha IIBUAKICTH TOAAHHS
enekrpoaHoro apory (APH/I).

VY cxemy cucremun APH/T (puc 3.3) Ha Biaminy Bix APJIC momaTtkoBo
BXOJIUTH CIICIialIbHUI TPUCTPIii (peryssiTop), o cTabini3ye Hapyry Ayru
HUISIXOM IPUMYCOBOT 3MIHM HIBUIKOCTI MMOJAHHS eeKTponry V.

LYo

el =]
!
- — ) =

|
s

|
|

Pucynok 3.3 - [IpunnumnoBa cxema cuctemu APHJI

[IBuakicTh moganHs V,, BU3HAYAETHCS HANIPYTOK Ha SKOP1 JIBUTYHA
U,s, )KHBIICHOTO BiJ reHepatopa . Hampyra Ha sikopi reHepatopa U, = U,
3aJIOKUTh BiJ| PI3HUIII MarHiTHUX MOTOKIB @, — ®3, M0 HABOIATHCS B
o0MOTKax 30y/KEHHS 1 1 2 TeHepaTopa CTpyMaMH, IO MPOTIKaloTh MO
Hux. [lorik @, nponopuiitauii ~U, npu #oro 30inpmeni 30inpiyroTscs U,
Ta V.

[Morok ®; BH3HAYAETHCS HAIAMTYBAHHSAM IOTEHI[ioMeTpa Rpp i
Hanpyrowo ycraHoBku U,. Hanpsim motoky @; 3ycTpidyHO HAmNpsMy MOTOKY
®,. ¥V pexumi, mo BcraHoBuBCs, koau V, = U, mnorik @, > ®; Ha
BenuunHy A®dg, TOCTATHIO Ui MOMOJAHHS CTATHYHOTO MOMEHTY OIOPY B
yCIX MEXaHIYHUX By3JIax aBTOMAaTa. 3 BUHUKHEHHSM OOYPEHHS 110 HAIpy3i
nyru AU, > 0 nmotik @, 3011bMUThCS, 30UIbIIUTECS 1 pisHULS AD,, 1110, ¥
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CBOIO 4Yepry, MiJBUIIUTH MIBUIKICTb TOAAHHS €IEKTPOJHOrO APOTY Ha V.
Topelb enekTpoy HaOMMKATUMEThCS J0 BHUPOOY, 3MeHIryroum [ 1
3HMKYI0Un U,

Cratnuna xapakrtepucrtuka cucremu APHJ] 1 wHamamTyBaHHS
CHCTEMH Ha 3aJlaHi peXXKUMHU POOOTH.

PiBHsIHHS cTaTHYHOI XapaKTepUCTHKHU peryisaropa B cucteMi APHJ|

Mae€ BUJI
Vi = Kper(Up - Us) (3.3)
Dv, .. . .
e Kpe =—— KoeQiUieHT nepenadi peryasropa. Y pexumi
D A
ropinas gyru V, = V., 1o BcraHoBuBcs. LIBHAKICTH TUTaBIICHHS

enextpony st Koy < 0 BupaskaeThest popmyinoro:
Ve=Kerl 1 kenU 4 (3.4)

Bupimusuu coinbro (3.3) 1 (3.4) 3a ymoBu
Vi =Ve (3.5)

BHU3HAYMMO PEryliboBaHui mapameTp U,

k k pee

U 1 - Ccr I x + ) U3 (36)

kpee + kCH kpee + kCH

abo
Ker
Ug=US+——I (3.7)
o kpee + kCH A
neyy= LU 3 —3ajlaHa Harpyra JIyTu;
kpee + kCH
Kee 1 Ke — KoedillieHTH caMOperyiaroBaHHS JAyrH MO CTPyMy i
Hanpys3i.

®opmyra (3.7) € piBHAHHAM CTATHYHOI XapaKTEPHUCTHKH CTIHKOTO
ropiaas ayru cucremu APH/I. Sk i B cucremi APJIC, 1ist XxapaKTepuCcTHKa €
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TCOMETPUYHHUM MICIIeM TOUYOK 3 koedimientamu U 1 |, 1m0 BiAMOBIAarOTH
criiikomy nipottecy ropinas ayru (V, = V) npu 3MiHi mapamerpiB jKepesa
JKHUBJICHHS.

ChinbHe po3TallyBaHHs BOJbT-aMiepHol xapakrepuctuku (BAX)
KHUBJSIYOT cucTeMH  (3BaproBasibHUN TpaHcdopmatop + japocenib) i
cratuuHol xapakrtepuctuku cucremu APHJI,, mobymomanoro mo (3.7),
MpeAcTaBieHo Ha puc. 3.4.

o £ Iy '.'I 7 i
Pucynok 3.4 - [loeaHaHi BONBT-aMIIEpHI XapaKTEPUCTHKH YKUBIISUOL
cuctemiu (4,4") i criiikoro ropinus ayru (1, 2, 3) B cucremi APH/I,

k .
a=ar ctg¢ KyT Haxmjlly CTaTM4YHOl XapaKTCPUCTUKHU
kpee+kCH
APHJl, no mimii U, = const, BiINOBigHOI iI€aJbHOI0 CTATHYHOIO

XapaKTEePUCTHII CUCTEMH TIPH Kper ® ¥ .

[pu nanamryBanui APH/I, Ha 3amanuii pexkuM 3BaprOBaHHS Pi3HUIIS
Hanpyru AU, = U, - U°; Ha3uBaIOTh CTATUYHOIO MOMMJIKOIO IO HAIpPy3i
nyru. Jns vanamryBanHs cuctremu APH/I, Ha pi3Hi pexxuMu 3BaproBaHHs
HEOOXiZIHO 3MIHIOBATH MapaMeTpy SK aBTOMATHYHOTO PEryisTopa, Tak i
KUBISYOi cuctemu. HaifOinbln mpoctuil BapiaHT, Kolu Koe(iuieHT Kper
JOCHTH BEMKHiL. Y 1[bOMY BUITAJKy TIpU 3aBranai Hanpyru ayru U micis
BUXOJly HA CTIMKMH PEeXXUM 3BapIOBaHHS Hampyra Ha ay3i npakrtuuso U
(oo = 0). CraTruna xapakrepuctuka cucremu APHJI, Biamosimae minii U, =
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const. IIpu kiHIEBOMY 3HaueHHI Kpe HAJAIITYBaHHS CHUCTEMH Ha 3a/laHy
Hampyry AyTd 3IOiHCHIOETbCA 3MIiHOIO 3ajatodoro mapamerpa Us,
nanpukman, no U's (xapakrepuctuka 3), a HaNAIITyBaHHS Ha 3aaHMA
cTpyM ayru (HampuKIiaid, 0 XapakTepUCTHKH 4') - 3MIHOK IHIYKTUBHOTO
onopy X Ipocesi y 3BaproBaIbHOMY KOHTYpI (xapakrepuctuka 4').

ITpu nocriitaux K 1 Ky KyT o TUM Oinblre, yuM MeHme K. Tak,

XapaKTepuCcTUKa 2 Ma€ 3HAUCHHS ks)ze)e < kS}ze .

Ilpny mammux  KoedilieHTaX  TOCWICHHS  perymsatopa  Kier
HanamryBanus cucteMu APHJ, nemro ckmaaninie. 3 (3.3) Butikae, 1mo s
HanamrtyBaHHs cucteMd APH/I, Ha oHO 1 Te % Hanmpyry Iyru npH 3aiaHii
V. 1, oTKe, 3aJJaHOMY CTpyMi JIyru 3ajarounii napamerp U, Mae Oytu Tum
MEHII, YMM MeHIIe KoedilieHTa mnepenadi peryasropa K. 3amaroumii
napaMeTp MOXKHa 3MEHIIYBaTH J0 MEBHOI MexXi. MiHiMalbHUIA TapameTp
U; moBHHEH 3a0€3MeYnTH peBepc BUKOHABUOT'O JBUTYHA 200, B KpallHBOMY
BUIAJIKy TPUIUHEHHS TOJAHHS ENEeKTPOAY NpPU KOPOTKOMY 3aMHKaHHI
enexTpoaa 3 aerauiro. OTxe:

VH = kIJ€2U Kﬂj - kpeeU anZin £ O (38)
3BigKH
U Uy (3.9)

Ilpu 3BaproBaHHi mia (arOcOM Hampyra KOPOTKOIO 3aMHKaHHs
eNEKTPOy Ha aeranb cknagae 5-7 B, tomy B (3.9) U,™" ciig BuGuparu ne
MeHme 7 B. 3miHy cTpyMy Oyru MO)KHa OTPHMATH 3MiHOIO XapaKTEPUCTHK
KHMBJISIYOT CUCTeMH (HANpUKIIaJ, I1HAYKTUBHOTO OIOPY 3BaprOBajbHOIO
JIAHITIOTA).

31 301bIIEHHSM MIBUKOCTI TUTaBIeHHS Ve €1EKTPOAY, SK BUILUINBAE
3 (3.7), pi3HuL MiXK Hapyrow Ayru V, i Hapyrow 3aaryoro napamerpa
U, 3poctae B pesynbraTi 30inbiieHHs Ker npu de = const. Y APHJI, 3
HEBEIMKUM K,r MEKI MOXIMBOIO HAJIAINTYBAaHHS HA PIi3HI PEKUMU
3BapIOBaHHS MOXYTh OyTH OOMEXKEHI i3-3a TOro, IO NpPU 3BapIOBaHHI 3
BEJIMKOI0 HIUIBHICTIO CTpyMy, KONM IIBUIKICTH V. BelmHMKa, HpH
MiHiManpHOMY 3agarodomy mapamerpi U, OTpEMyBaHa Hampyra Ha my3i
Buma 3a norpione. Jlna rtoro, mo6 cucrema APHJ[ 3abesneuypana
HaJAINTYBaHHA Ha 3aJaHi pexuMu 3Baprosanns sig L™, U™ mo I,™",
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U,™". MixiManeHui KoedillieHT Tepenaui perynsropa Ciijg BU3HA4YaTH 3

YMOBH:
. UK3
min _ A
kl’ez min _ | ymin (310)
Uy -Us
e Vo¥ — MakcuManbHa INBUAKICTH IUIABJICHHS ENEKTPOAy MpH

3aJaHUX PEKUMaX 3BapIOBAHHS 1 liaMeTpax elNeKTPOAY.

IopiBusneHa orinka cucrem APJIC i APHJI, mnokasana, mio
aBTomMaTH Ha ocHOBI cucremu APJIC 3HauHo mpocrimm, aemeBmi i
HaAilHImI, 9Y¥M 1 OOYMOBJIEHO iX IIMPOKE NOMIMPEHHS. ABTOMAaTH Ha
ocHoBi cucremn APHJI, MO)xHa pekoMeHAyBaTH B THX BHUMAJIKaX, KOJIU
Mpea'sBISIOThCA MiZBHUIIEHI BUMOTH 10 TOYHOCTI cTadimizauii Hampyru
JyTH, HaTPUKIA]] MpU HalJIaBlIeHHI JIETOBAHOTO MIapy, MPW 3BaplOBaHHI i
HaIUTaBJICHH] MMiJ KepaMiyHUM  (UIFOCOM; HEIOCTATHS  IIBHJIKOJIS
CaMOpEryJIIOBaHHS JJIsi HOPMAJIBHOTO Tpoiecy (HampHKiaa, MpoLec Mpu
MaJliif MUIBHOCTI CcTpyMy 1 npu Manux KoedimieHtax K. KuBisdoi
CHCTEMHM); BIPOTiAHI 1 TEXHOJONIYHO HEMHUHYYl BEIWKI KOJMBAHHS
JIOB)KUHH BWJIBOTY (3BaproBaHHs 10 yxuiy); y cucremi APJIC He BraeTbes
3a0e3MeYnTH HEeoOXiHOT TOYHOCTI cTabimizamii MBUAKOCTI 0OEpTaHHS
OpUBOAHOrO  JBUryHa  (Hampukimazm, Tpd  "M'sKiid”  MexaHivHii
XapaKTepHCTHIII JIBUTYHA).

PosrisiHemo feski iHINI cHCTeMHM aBTOMATHYHOTO peryJioBaHHS,
noOyoBaHi Ha 6a3i cucrem APJIC.

3.1.1 CucremMa aBTOMATHYHOI'O PEryJIIOBaHHS BWIbOTY ejiekTpony (APB)

[Moni6ui cuctemu € komoOiHamiero cucremMud APJIC i 30BHINIHBOTO
peryisTopa JOBXHHUA BWIBOTY enektponay. JlomaTkoBe BBEIEHHS
peryisTopa JA03BOJISIE 3MEHIIMTUA CTATHYHI TTOMUJIKH 110 CTPyMY 1 Hampys3i
Jyr¥l TIpM 3HA4YHUX 0OypeHHsX B xupisdiii cuctemi (AU, Al) momxwumi
BunboTy Alp. 3MiHA JOBXMHY BUIBOTY €lEKTPOIY, OCOOIMUBO MPHU BENMKiil
HIUIBHOCTI CTPyMy, MOXE ICTOTHO BIUIMBATH HAa PEKUM 3BapIOBAHHS.
JocnipkeHHSIMH BCTaHOBIIGHO, 1O TpW 3BaproBaHHI Ha (opcoBaHMX
peXMMax 3MiHa BHJILOTY Ha 1 MM BHKITUKA€E 3MiHY 3BapIOBAILHOTO CTPYMY
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Ha 10-12 A.

3MiHA [OBXMHHM BHIBOTY Ha crpyMmax Oumbiie 400 A icToTHO
BIUIMBA€ HA TIIMOWHY MPOIUIABJICHHS 1 CHIYy CTPyMYy Yy 3BaplOBAJIbHOMY
KOHTYPI uepe3 3MiHy ONopy HaBaHTa)XXEHHs JpKeperia skuBiieHHs (puc. 3.5).

Huw [3,A
— T T
.!}4.-?&?1— = . - - —
I f Mailh i1 00 T :\ir-:’a'" |
| | J L H " |
s ———— I L N
| ]
o U |
| e |
E30y— —————
S e v T
al ann I B ki
= :__.'.,-'.'J e
N — 2]
g 75 R T

1-1,>400A; 2 - I, < 250A

Pucynok 3.5 - 3anexnicte rmmOuHM mporutaBieHHs H Ta cunm
cTpymy ayru |, Bin Bunboty enekrpony |, ipu 3Baproanti y CO,.

3Bimcu aOCOMIOTHO SCHA HEOOXIAHICTH CTaOLTi3armii BIACTaHI MDK
CTPYMONPOBOJIOM 1 TIOBEPXHEIO JeTajii B TMpoIleCi 3BaplOBaHHSA. 3a
BIJICYTHOCTI craOumizamii 1i€i BijcraHi 30yKeHHS, 10 BUHUKAIOTh B
MpoIleCci 3BaplOBaHHS, IO JIOBXKHHI JIYr'd BiIIPalbOBYIOTHCS CHUCTEMOIO
APJIC acTaTM4YHO 3 JOCHUTh BEIMKOIO INBHAKOIIEI0 MUISXOM 3MIHH
MIBUAKOCTI TUIaBJICHHS ellekTpoay. OuYeBWAHO, HOBUU CTaH pPIBHOBAru
HacTa€ B I[bOMY BHIIQJKy MPH HOBIl JOBXHHI BWJIBOTY. SIKIIO Tpoiiec
3BapIOBaHHA BHKOHYETHCS Ha MiABHUILEHIH MIUIBHOCTI CTPyMY, IOCATHYTOI
3MIHH BWJIBOTY BXE BUSIBJISETHCS JOCUTH JJIs TOTO, 100 BUHUKIIW 3HAYHI
CTaTU4HI IOMIJIKH 110 CTPYMY 1 Halpy3i AyTH.
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OynkiionanskHa cxema cucreMu APB mpencrasnena na puc. 3.6.
CurHan, mpomopuiiiHWi cTpyMy JOyrd, 3HiMaeTscs 3 myHTa R, 1
MOPIBHIOETBCSI B eneMeHTi mopiBHAHHS EC 3 Hampyroto ycraBku U,
Pizanms (Uy — U,) mocuitoeTbes 0 Hanpy3i 1 OTYXKHOCTI MiICHIIIOBaYeM-
neperBoptoBaueM Y11 i moctynae Ha nBuryH M;. OcraHHill 4epe3 peayKkTop
(1 3MIHIOE TOJIOKEHHS CTpyMo-TiaBomsaioro By3na TII (Bumit 1,) 10 THX
nip, NOKM NpH Aitounx oOypeHHsx Hampyra Uy - Kl, mponopuiiine crpymy
IIyT'H, HE TMOPIBHSETHCSA 3 HANpyromw ycraBku Uz 3a JOMOMOTOIO SIKOT'O
3a1aeThecsl podounidi cTpyM ayrd. s mepemilieHHs elIeKTPOAHOTO JIPOTY
13 WBUAKICTIO V,, CITy)KUTh OIBUTYH M3 3 penykTopoMm 0.

~J3xJ808 aC 71 yn

A

Pucynoxk 3.6 - ®yHkiioHalbHA CXeMa CUCTEMH aBTOMATHYHOIO
perynoBaHHs BIILOTY enekTpoay (APB)

[Mpunuun crabimizanii crpymy B cucremi APB  mpu o0ypenHi mo
nanpysi mepexi AU, Ha puc. 3.7 moKa3aHuil 3a JONOMOrOI0 CTATHYHUX
BOJIbT-aMIIEPHUX XapakTepuctuk. CtatnyHa mommika B cuctemi APB mo
Harpy3i ayru AU, () mpu crymiH4acTiii 3MiHI BUIBOTY eiekrpony Al, He
nopiBHIoe Hymo. Ctatnuna nomuika mo crpymy AU, (o) =0, ockisbku nei
napamerp y cucremi APB peryntoeTbcs mo actaTHUHOMY 3aKOHY.
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i
L/

1 i 1' — BigmoBimHO He30ymkeHa Ta 30ymkeHa BAX mkepena >KUBIICHHS;
21 2' — crarnuni BAX cucremun AP/IC BiamoBiHO 10 MOMEHTY HaklaJaHHS OOypeHHS i
TICJIS BIJMPAIIOBAaHHS O0YPEHHS PETYIIATOPOM JIOBXKHUHU BHIIBOTY.

Pucynok 3.7 - Ilpunnun crabimizanii ctpymy y cuctemi APB mpu
00ypeHHi 1o Hampy3i Mepexi.

3.1.2 Cucrema aBTOMATHYHOIO PETYJI0OBAHHA CTPYMY i HAIIPYTH IYTH 3 Ai€I0
HA JKUBJIAYY CHCTEMY

CuctemMH [BOTO THIy BiINpPalbOBYIOTh OOYpEHHS Ji€l0 Ha
napaMeTpH JpKepera KUBJICHHsS - Hampyra xonoctoro xony Uy, abo omip
3BapIOBAJILHOIO KOHTYpa Zi.

CucteMH aBTOMAaTHYHOIO PETYJIOBaHHS JKHUBJISIUOTO JIAHITIOTA
(APX) 3acToCOBYIOTH IS MOJIMIIECHHS SKOCTI PEryIIOBaHHS OCHOBHOT
cucremu APJIC, ockiibKM BOHA HE BiANpaIboBye 30y/KEHb, 1110 JIIOTh HA
KMBIAUy cucTeMy (30ymkenHs no Hampysi mepexi AU, 3miHi omopy
3BaproBaIbHOrO JaHIora AU, i3-3a Harpisy).

[Ipu posrisni ocodnmBoctel cuctem APXK nmominibHO po3mimuth ix
Ha acTaTuuHi (3 MEXaHIYHUM MPHBOIOM) 1 CTATU4HI (3 JI€I0 HA KUBJISUY
CHCTEMY 4epe3 eNIeKTpHuHi mapamerpu). [IpUHIUIT PEryarOBaHHS PEKUMY
3BapIOBaHHS UMK CHCTEMaMH MOSICHIOEThCs Ha puc. 3.81 3.9.
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a - 3 MEXaHiYHUM PHBOJIOM B PETYJIATOPI;
0 — 3 ENIEKTPHYHOIO €10 PETYIATOPA Ha KUBIISTIY CHCTEMY

Pucynok 3.8 - ®yHKIiOHATIBHI CXEMH aBTOMAaTHYHOT'O PETYIIOBAHHS
HAINpYTH IyTH 3 Ji€ro Ha xuBisdy cucremy (APX).

Ha puc. 3.8 a, 6 mnpencrapiieHi BiAMOBIAHO (YHKI[IOHAIBHI CXEMHU
APII: 3 MexaHIYHMM TPHBOJIOM B PEryjsTOpi, IO BIUIMBAE HA HANPYTY
xomocroro xoxy U, 3BaproBaneHOro Ttpanchopmatopa 3T uepes
BUKOHABUMi  eneMeHT -  aBtoTpanchopmatop AT  (ympaBmiHHs
aBTOTpaHchopMaTopoM 3a0e3nedyeThbesi IBUTYHOM My 1 peykTopoM 0p); 3
SNIEKTPUYHOI0 [I€I0 PEryjsiTopa Ha JKUBISYY CHUCTEMY, J€ B SIKOCTI
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BUKOHABYOI'O €JIEMEHTY BUKOPUCTaHUM Apocens HacuueHHs J[H.
e ! .

a 6

a - PEry/IIOBaHHAM HAIpyrd XOJIOCTOr0 X0y 3BapIoBaIbHOr0 TpaHchopmaropa,

0- PeryjItOBaHHAM iHIIyKTI/IBHOI‘O OIIOpY Apoceiist HAaCU4YECHHS. N

1i1- BAX KuBISA40i cHCTeMH JI0 i micns nopaTka o0ypenns AU,

1" - BAX »xuBIA90{ CHCTEMH IIiCIISI Mparyi peryisropa 3a cxeMaMu Ha puc. 3.9, a Ta
puc. 3.9, 6 BiIOBIIHO;

2 - crarmyna BAX critikoro ropinas xyru cucremu APJIC

Pucynok 3.9 - Cxema pinmpaitoBanus cucremoro APX 30ymxenHs
MO HaMpy3i Mepexi.

OOMoTka ynpasiiHHs japocens JIH 3aXuBiICHHS BiJl TUPUCTOPHOTO
unipsimisiua Th. Ynpasninas 61oxom Th BUKOHYeThCS 32 BEpTHKAIBHUM
OpUHOUNOM. SIK oOMopHa Hampyra BHKOPHUCTOBYETBCS ITHIIKOMOIIOHA
Hanpyra U,, mo BupoOnserbcs reHeparopom nwiku [TI. Immynabcu
yhpaBiiHHS TUpUCcTOpaMu 010Ky Th ¢opMmyroTbess OIOKOM yHpaBiIiHHS
BYT mnaxoM nopiBHsAHHS Hanpyru ynpasiainHg Uy 1 onoproi Hanpyru Uy,

B 060x cxemax (auB. puc. 3.8) peanizoBaHHi 3BOPOTHHI 3B'SI30K 110
Hampy3i Ayrd. Y JaHLOIOr 3BOPOTHOTO 3B'A3KY BXOMAATH. BHUIPSMIIAY,
enement CE, mo migcymoBye, ne BumpsmieHa Hampyra ayru - U,
MOpIBHIOEThCS 3 Hampyroto ycraBku U, mnigcwmioBay Il curnamy
posysromxkennst AU, = U, — U,, niepernidyeHi Bullle BAKOHABYI €IIEMEHTH.

Cxema 00poOku cuctemoro APXK obypennst mo Hanpy3si mepexi AU,
nokasana Ha puc. 3.9 a, 0.

Cucrema APX, B CTpykTypy SKHMX BKIIOYEHHH pEryisTop 3
MEXaHIYHUM MPHUBOJIOM (3 IHTEIPYIOUOIO JIAHKO)), € TAKMMH, 110 TIOBLTHHO
JIIOTH 13-3a BETUKOI iHEPIIHHOCTI IPUBOAY, ajleé MalOTh aCTATHYHHNA 3aKOH
peryiroBanHs. [Ipy 1mboMy BiAXWIIGHHS peryibOBaHOI BEIMYMHH BiJ

PDF created with pdfFactory Pro trial version www.pdffactory.com



http://www.pdffactory.com
http://www.pdffactory.com

68

3aJIAaHOTO 3HAYCHHSI BHM3HAYAETHCS TUIBKM 30HOK HEYYTJIMBOCTI B
MexaHIuHil nepeaayi npuBoay.

Perynsatopu 63 BUKOHABYOTO JABHTYHA (THIy THPHCTOpA 3 €0 HA
JIH) wmatoth Outeiry mBuAkopito. IIpore BigpoOITOK 00ypeHb B HHUX
BiIOYBA€ThCS 13 CTATUYHOIO IOMUJIKOK, BEJIMYMHA SKOI 3aJIOKUTh Bij
KoedilieHTa mepenavi perynsaropa.

3.2 CucreMa aBTOMATHYHOI'0 CTEKEHHS 32 CTHKOM

a, 0 —XOpCTKi; B —THOKI
Pucynok 3.10 - Cxemu 3'efHaHb KOINUPHOrO pOJNHMKA 3i
3BapIOBAIEHOIO TOPLIKOIO.

a - B 00poOieHHs1; 6 - BHAITYCTOK; B - KyTOBUX IIBiB; T - IO MPHCATAHOMY APOTY,
YKJIaJICHOMY B CTHKOBE 3'€/THAHHS 3 TIPOMIKKOM

Pucynok 3.11 - Cxemu 3HATTS iHOpMAIii Npo 3MillleHHsS] CTUKY B
cUCTeMax CaMOKOIIIOBaHHS MPH JYyroBOMY 3BaplOBaHHI Pi3HUX CTHKOBHX
CIONYK.

Benukuid mpakTH4HUE  iHTEpeC TpU JAYrOBOMY 3BapIOBaHHI
MPEJCTABJIAIOTh CIIOCOOM TOOYJOBM aBTOMATHYHHUX CHCTEM IMOMEPEYHOT
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KOPEKII1 eEeKTPOAy MO CTUKY 3 OE3KOHTAaKTHUMH EJIEKTPOMAarHiTHUMH,
(OTOCNIEKTPUYHUMHU 1  TENEBI3IMHMMM  JaTYMKaMH,  IPAIIOI0YUMHU
0e3rocepeHbO 10 JIiHiT CTHKY.

Crexadi CHUCTEMH 3 TIONEPEYHOI KOPEKIEID EIEKTPOIY MOXKYTh
OyTH peai3oBaHi Ha 3MIHHOMY 1 OCTiiHOMY cTpyMi (puc. 3.12).

h

-‘Ji- C kiR

a - Ha 3MiHHOMY CTpyMi; 0 - Ha TIocTiifHOMY cTpyMmi

Pucynok 3.12 - OyHKIiOHANbHI CXEMH CHCTEM, L0 CTEXKaTh 3
MOIMEPEYHOI0 KOPEKIIEI0 EJIEKTPOY.

Cuctema Ha 3MinHOMY cTpyMmi (puc. 3.12, a) CKITagaeThes 3 TaTUNKA
cruky /I, 1m0 Mae OCHOBHHMH, - BUMiproBanbHui KaHai (y+h) monoxenHs
CTHKY 1 KaHas KoMieHcarii h BrmBy nepekocy kpomok; cymaropa CE, mio
BUJIJISIE CUTHAIl PO KPUBHU3HY CTHKY, MiACHIIIOBaYa-TIepeTBOPIOBAYA, IO
BKITIO4ae Moaynsatop 1, mincumoBau 3minHOTO cTpy™my I1 1 nemonynsitop; 2
migcumoBaui  moryxHocti BYT, peamizoBanoro Ha audepeHIiHOMY
HepeTBOPIOBadl TUPUCTOpa; ABUIyHa M, i pemykropa 0, BUXIIHMHA Bai
SKOTO MEXaHIYHO CIOJIYYEHHH 3 pOOOYMM OpraHOM - 3BapIOBAILHUM
naneaukoM 3I1. [latumk J| BcraHOBieHuit Ha Bincrai | momepeny 3IT i
CIIOJTyYEHHH 3 HelO KOPCTKUM MeXaHi4HuM 3B'si3koM ['O3.

Jns mojinmieHHsT JUHAMIYHAX XapaKTepUCTUK CHCTEeMH B HiH
nepenbaueHnii 3BOPOTHUH 3Bs130K, mo kopurye KO3, ckmamaerscs 3
taxoreHeparopa G i moxynstopa 3. 3MiHHUN CUTHAI 3BOPOTHOTO 3B'SI3KY,
110 KOPHTYE, TIepeNacThesl Ha Apyruil BXig miacuimoBava 4. Bin 3MeHIye
KOJIUBAJIbHY CUCTEMY, 1[0 CTSKUTh TPU BiPOOITKY HEIO BXITHUX M.

Mopgynatopu 1 AEMOAYIATOP CXEMH JKUBJISTHCS OMOPHOIO HATPYTOI0
~U,; Bil aBTOHOMHOT0 TIepeTBOproBaya (Ha CXeMi He MOKa3aHHiA).

[MpuHnMnoBa cxema CHCTEMH Ha TOCTiifHOMY ctpyMi (puc. 3.12 0)
npocrima. Y Hill BiACYTHS CKJIaJHAa cxeMa MiJICHIIIoBavYa-reperBopioBaya.
3amicTh cymaropa 1 MiICHJIOBa4Ya B Hii 3aCTOCOBAHMN MiJACHUIIOBAY
noctiitHoro crpymy IIIIC. Ipu peamizanii [MI1IC o HUX npen'sBISIOTHCS
BHMOT'H BIICYTHOCTI Jpeliy BHXiIHOr'0O CHTHAITy MPH HYJIbOBOMY CHTHAII
Ha BXO/I.
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OcranniMu pokamu npu peanizamii [IIIC mupoko 3acTOCOBYIOTH
iHTerpanbHi Mikpocxemu Tuny YT401, YT402. Bonu 3abe3nedyroTh
BHCOKY KOMIIAKTHICTh KOHCTPYKLil MiACHJIIOBaYa 1 cTaOUIBHICTH HOro
pOOOTH MpH BEMTUKOMY KOE(Ili€HTI TOCHUICHHS.

TounicTh POOOTH CHUCTEM MOIMEPEYHOT KOPEKIIil eNEeKTPOLy 10 CTHKY
cxirazgae 0,3...1 mm.

3.3 CucremMa aBTOMATHYHOTO CTEKEHHS 32 PiBHEM MeTAJIeBOI BAHHH NPH
€JICKTPOLIIAKOBOMY 3BAPIOBAHHI

[Tpu EIL3 3 BUKOpHCTaHHAM PYXJIUBUX (OPMYBaIBHHX MPUCTPOIB -
MOB3yHIB HE00XiHO, 100 piBEHh METAJCBOI BaHHH BiJJHOCHO IMOB3YHIB
30epiraBcsi He3MiHHUM. L{e MOCSHKHO, SIKIIO B KOXKEH MOMEHT 4acy (OKpim
MOYATKOBOI CTa/1ii) TOTPUMYETHCS YMOBA

FM ) V3B = Fevn

ne F, - mioma morepeyHoro mepepizy Merany, HeoOXiTHOTO s
3aII0BHEHHSI TPOMIDKKY 1 CTBOPEHHSI TOCHUIJICHHS 11IBa,;

V., - NIBUAKICTH TIEPEMIlIICHHS amapary;

Fe - utoia nornepeyHoro nepepizy eINeKTPOIHOTO IPOTY;

V, - HIBUJKICT TIOJJAaHHS €JIEKTPOIHOTO JIPOTY.

PiBeHp MeranmeBoi BaHHM MOXHA PEryJlOBaTH, BIAMOBIIHO
3MIHIOIOYH MIBHIKICTh MoAaHHs enekrpoay (V,), IMBUAKICTh 3BaprOBaHHS
(Vi) abo V, i V, oxmHowacHo. I[Ipore 3acTocyBaHHSI peryisiTopiB
CHEPreTUYHHUX TMapaMeTpiB, MO0 BIUIMBAIOTh HA MIBUIKICT V;, a TaKOX
BIPOTiHICTh MOSIBM 00YpeHb MO 00pOOIEHHIO MIBa, JUIsl KOMIICHC ALl KX
HEOOXITHO TaKoX 3MiHIOBaTH V., HE J03BOJISIOTH IIOBHOK MIpOIO
3aCTOCOBYBaTH CXEMH DETYNIOBaHHS DPIiBHS BaHHU IUIAXOM Jii Ha e
napamerp. 3Ha4HO BEJIHMKI MOXIMBOCTI Ma€ CHCTEMa peryjioBaHHS DiBHS
BaHHU IDISXOM Jii HAa MBUAKICTE V., TMEpeMillleHHs arnapaTy Y3II0BX
3BaploBaHoOro msa. HemoctidHicTh V,, Maiike He BiIOUBAETHCS HA PEXKHUMI
TUTaBJICHHS €NIEKTPOJIY, B YOMY TOJIATaE OCHOBHA IepeBara Takoro crocooy
peryJIroBaHHS.

BusHaveHHs piBHS MeTaieBOi BaHHU BiIHOCHO TIOB3YHIB TOB'sI3aHe 3i
3HaYHUMH TPYJHOIIAMH, BUKIMKaHUMH THUM, 110 HEOOXiTHO peecTpyBaTH i
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YIIPABJISATH HEETEKTPHUYHOIO BEIMYMHOIO, 4 TAKOXK THM, 110 METalIeBa BaHHA
MOKpHUTA IIApOM PO3ILIABIEHOrO NUTaKy. ToMmy ocHoBHUM enemenToM CAP
piBHS MeraneBoi BaHHM € JaTYUKH, SKi TOBHHHI 3a0e3ledyBaTH
MiHIMaJIbHY TOrpimHicTh BUMipy. besnocepenne orpumanHs iHpopmarii
PO piBEeHb METaJIeBOl 1 NJIAKOBOT BAHH POOUTHCS HACTYITHUMHE CIIOCOOAMHU:
TepMOJIaTYNKAMH; KOHTAKTHUMH JaTUYAKaMH, PaIiOaKTHBHUMH JATIAKAMH;
THAYKIIHHAMEA JaTYHKAMH.

TepmopaTurku. Haiibinbie mommpeHHs: OTpUMaB crocié KOHTPOIIO
PIBHS BaHHM i3 3acTOCyBaHHSM JudepeHiansHux Tepmomnap. Jo migHoro
MOB3yHa MPHUBAPIOIOTHCS JBAa KOHCTAHTAHOBI JAPOTH, IO YTBOPIOIOTH JBi
3yCTPIYHOBKITIOUEHI TEPMOIMApH | KOHCTAHTaH - MijIb 1 MiJJb - KOHCTaHTaH.
OnuH cmail po3TaloBYETHCS JEN0 BUIIMH HEOOXIAHOTO PIBHA MeETaiy,
iHIME - HwK4e. Pesynpryroua e.p.c. TepMomap MpOIOpIiiiHA Pi3HOCTI
TeMIepaTtyp y Micisax cnaiB. JlociizaMyu BCTaHOBJICHO, IO PE3yiIbTyro4a
e.p.C. TepMomap JIOPIBHIOE HYJIIO, KOJH pIBEHb METAJeBOI BaHHU
3HAaXOAUTBCS MPHONM3HO TOCEPEAWHI MK TOYKaMH IPHBapIOBaHHS
Tepmonap. Pi3HUIS 1BOX TepMo-e.p.c. B IUdepeHIianbHild cxeMi ayxke
Majia 3a BEIMYMHOI 1 BUMAara€e 3acTOCYBaHHS IMiJICHIIIOBAYiB 3 BHCOKHUM
koedimieHTOM TocHiieHHA. Pe3ynmpTat BHMIpiB B AedKid Mipi 3anexarthb
TAKOX Bil TOBHIMHM IIUIAKOBOIO TapHICaXy, aMIUTITYId KOJHBaHb
CNIEKTPOJly, BHUTpPATH OXOJOJPKYBaJIBbHOI pimuHU. BigoMi momanbimi
YIOCKOHAJICHHs [BOTO METOJY: YJAIITyBaHHS aBTOHOMHOT'O YyTJIHUBOT'O
TEpMOEJIEMEHTa YCEpPEeInHI IMOB3yHAa, 130JIAIlisi HOro BiJ PO3IUIABICHOT
BaHHM 1 yCTAaHOBKA JIBOX TEPMOEJIEMEHTIB Ha Pi3Hil BHCOTI.

KonrtaktHi patumku. Crnoci®O BUMIpY piBHS MeTajeBOi BaHHH 3a
JOTIOMOT'0I0 KOHTAKTHOT'O JIaT4MKa, IO € METAJIEBUM IIYIIOM, SIBJISETHCS
HaiiOumpm  mpoctuM. OXONOMKYBaHMH BOAOK BEPTHKAIBHUHM  IIyT
MOMIIIAEThCS B TMPOMDKOK MDK 3BaplOBaHMMH BHpoOaMH Ha 3ajaHii
BHCOTi. 3aMHMKaHHS JIAHIIOTa Iyl - BUPIO CIYXUTh CUTHAJIOM JIS
yIOpaBJIiHHSA TPOLECOM 3BapioBaHHA. Y  IHIIOMY BHNAAKY IIyI
3aHYpIOETHCS B IIJIaKOBY BaHHY. Hampyra Ha mryni mpomopiifiHa JOBXHHI
[IJTJAKOBOTO MPOMDKKY MDK HHM 1 PiJKMM MeTaloM BaHHH. BoHa crae
PIBHUM HYJIIO, KOJIM LIy TOPKAE€THCS OCHOBHOTO MeTany. JlocBin mokasas,
0 Taki MPOCTi HIYNMU HEJOCTaTHHO HAJINWHI B eKCIUIyaTallil i MarTh
BEJIUKY MOTPILIHICTb.

HaiipanionanpHime 3acTOCOBYBaTH TOPH3OHTAJIBHUN MIiAHUH IIyT,
IO 130JI0€ThCS Bil HAKJIAaJKW 1 BMOHTOBaHWH y moB3yH. Takuii myn He
3alJIaKOBYE, HE 3MOUYYETHCS PO3IUIABIEHUM METaJIOM, Ma€ XOpOUILY
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3HOCOCTIMKICTG 1 J[O03BOJAE€ BHAUIMTH [JOCTATHIM 3a BEIHYMHOIO
eNeKTpu4YHUi curHan. KiHenp miyma He BHCTyHae 3a  IUIOMIUHY
(opMyBaJIbHOTO TPUCTPOIO, B SKWH BiH BMOHTOBaHHWH, IO JO3BOJISIE
BHUKOPHUCTATH MPHUCTPIl AJIs 3BapIOBAHHS KiNbLIEBUX MIBiB. XKUBIIEHHS HIyma
3MIACHIOETCS BiJl BTOPUHHOI OOMOTKHM 3BapIOBaJILHOIO TpaHchopMaTopa
gyepe3 npocenb L. Hampyra miyma micnsi BUNpSMIIGHHS TOJA€ThCS Ha
pesucrop R. Ilorenuiomerp RP XUBUTBCS Bill He3aJeXHOro Jpkepena. Y
T'UTKy TIOPIBHAHHSI BUMIPIOBAJIBHOTO By3Ja, yTBopeHoro R i RP, Bkimrouena
obMmoTKa L 5 migcuimroBada noryxkHocti A, (Hanpukiag EMY), )KHBHIIBHOTO
JBUTYHOM M BepTHUKaJILHOTO MEpeMillleHHs 3BapIOBAILHOTO anapary.
v P

1 - popmyBanbHUIA TPHUCTPIil; 2 - mrym; 3 - i3010I049a BTY/IKA.

Pucynok 3.13 - I'opusoHTanbHuid MimHuid myn (a) i 3ajJeXHICTh
naainas Hanpyry (Uir) Ha HbOMY BijI BificTaHi hy MK LIyIIoM i A3epKaioMm
MertaseBoi BaHHu (0).

SKmo mnamiHHS HANpPYrd Ha IIyli JOPIBHIOE HYJIO, T. €. BiH
3aKOpOYCHUH Ha METajeBy BaHHY, TO CXeMa YNpaBIiHHS BHJA€ CHTHAJ Ha
MepeMillleHHsT 3BaproBaJIbHOrO amapaTy Bropy 3i IIBHAKICTIO, MIO
MepeBHIIyE MBUAKICT YTBOPEHHS 1IBa. 3aB/SIKH [[bOMY IIYIT BiJPUBAETHCS
BiJ] MeTaieBOl BaHHM 1 HAIpyra Ha HBOMY CTa€ BiIMiHHOIO Bin Hymsa. Ls
Hanpyra MOpiBHIOETHCS 13 3aJIaHOI0, TaKoro, 10 3HIMaeThesd 3 RP, 1y pasi
30iry ix cxema ympaBJIiHHS BHJA€ CHTHaJl Ha 3YNUHKY amnapaTy. PiBeHb
MeTajeBoi BaHHM BIIHOCHO IHIyna IOYMHAE MIABUILYBATUCS ax [0
3aMUKaHHS 1Iyla Ha BaHHY, MICIS YOr0 IMKI MOBTOPIOEThCA. BeHTHIb
VD9 (puc. 3.14) nepemkomkae peBepcyBaHHIO apuryHa M. Ilpaktuka
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MoKasala, U0 PO3MISIHYTHH PETYIATOp MPAIOE CTIMKO MPH YCiX MOKIMBHX
pexuMax 3BaproBaHHS. Moro Hemoiaik — HEBUCOKAa epo3iliHa CTIMKICTh
aryma.
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Pucynok 3.14 - Cxema peryisropa piBHS MeTajeBoi BaHHH 3
SNIEKTPUYHUM IILyTTOM

Haniitaima y po0oTi cucrema, B sKiil 1ryn BiOpye 3a JOMOMOIOIO
reHepaTopa ynbpTpa3BykoBux konnBaub (Y3K) i cTBOpioe Ha iioro podouiit
MOBEPXHI KaBiTalilo pigkoro weramy abo wnwaky. [lpu 1pomy
3a0e3meuy€eTbcss HaAIMHINMI KOHTAKT 3 BUMIPIOBAHUM CEPEIOBHIIEM 1
3MEHIIYEThCS  €po3is  poOouoi moBepxHi. [Ipore i3-3a ckiIamHOCTI
KOHCTpyKHii BiOparopa VY3K cucrema He 3Halnula MIMPOKOTO
3aCTOCYBaHHS B TPOMHCIIOBOCTI.

PagioakTUBHI JaTYUKH.

3acTrocyBaHHS PaJiOaKTHBHUX 130TOMIB 3HAYHO MOJIETHIYE BHUMIp
piBHS METaJIeBOI BaHHH, OCKUIbKH BHKIIFOUAETHCS O€3MOCEePE/IHIA KOHTAKT
BHMIPIOBAJIBHOTO MIPUCTPOIO 3 NIJTAKOBOIO 1 MeTasieBolo BaHHaMu. [TpuHImn
po0OTH TPYHTOBaHUI Ha pI3HUII B Koedilli€EHTaX TMOIrJMHAHHS TramMma-
BUIIPOMIHIOBaHHS  PO3IUIABJIEHUMH [UIakamMu 1 MetasoM. Cxema
peryisropa, 0 pealli3oBye el MPUHIMI, npuBeneHa Ha puc. 3.15. s
BUMIpy pIBHA BaHHM IiepeA OJHMM 3 (HOpMYBaJbHUX HPHUCTPOIB
pO3TallIOBYETbCS HEBENMKUN CBHHIICBUH KOHTEeWHep E, B sdKkoMmy
pO3MillyeThCsl IEBHA KiIbKiCTh pajmioaktmBHOro izoromy *Co. V
KOHTEIHepi € LIiTNHA, IO NEePEeKPUBAETHCS SIEKTPOMArHiTHUM 3aTBOPOM,
JUIT BUXOAY TOPH3OHTAILHOTO My4YKa TaMMa-NPOMEHIB, CHPSIMOBAaHOTO
4yepe3 IUIaBHIIbHY 30HY Ha PaxyHKOBY rajoreHHy Tpyoky B. ns 3axucty
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BiJl HarpiBy il MOMINIAIOTh B OXOJO/PKYBAHUHN BOJIOK KOKyX. CBUHIICBUIA
KOHTeifHep 3 TOBImIKMHOW CcTiHOK 30 MM /103BOJIsI€ O€3MeYHO MpaloBaT Ha
BizcTani 25-30 cM Bij pajiioaKTHBHOTO KOOAIBTY.

Pucynok 3.15 - ABTOMAaTW4YHHH pEryiasTop piBHS BaHHH 3
3aCTOCYBaHHSIM PaiOaKTHBHHX 130TOMIB

IMmynecu HampyTH, MO OTPUMYIOTBCS Bill paXyHKOBO1 TpyOku B mipu
ONpoMiHEeHH1 ii ramMma-pOMEHSIMH, ITOCHIIIOEThCS, YCEpPEIHIOIThCA 3a
JIOTIOMOT'OI0  €JICKTPOHHOT CXeMHM A 1 MOJAIOThCS Ha BXiJ] BUKOHABUOTO
oprany I, skuil BIjMBae Ha IIBUAKICT TNEpPEMILEHHs amapary 3a
nornomMoroto auryna M. Uum Oiibllie TOBIIMHYU 3BapIOBAHOTO METaly, THM

) |

SOL

BEJIMKOIO Ma€ OyTH KUTBKICTh PalioaKTUBHOTO KOOAIBTY.

Pospobnenuit B IHcTuTyTi enektposBaproBanHs iM. €. O. [latona
perynsaTop MoKa3aB LLTKOM 3aJI0BLIBbHI pe3yabpTaTH npu
CNICKTPOIIIAKOBOMY 3BapioBaHHI Merany 3aBToBiikd 120 mm. PiBenb
MeTajeBol BAHHH MiATPHUMYBABCS 3 TOUHICTIO £2 MM.
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