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Beryn. Bubine TpetnHu B 3aranbHiil co0iBapTOCTI BUIOOYTKY PYAH IIA3EMHUM CHOCOOOM CKIIAIal0Th CHEPreTH-
yHi 3aTpatu [1]. Ilpu upoMy, Ha BigMiHY BiA iHIIMX CrOCOOiB BUAOOYTKY KOPHCHHX KOMAIHH, €ICKTPOCHEPreTHUYHI
BUTpartu ckianatots 61au3pko 90 %,B T.4. 10 16 % —iie BUTpaTH Ha BHYTPIIIHBOIIAXTHHH TpaHCIOPT. MixK TUM, Hapasi
B eKCIUTyaTalii B yMOBax IIaXxT YKpaiHu nepedyBae OMM3bK0 YOTHPHOX THCAY €IEKTPOBO3IB JBAALSATH BHIIB i3 3acTapi-
UM OOJIaZTHaHHSAM, SIKe MoTpedye cydacHOi MOAEpHi3amii 3 ypaxyBaHHAM HOBITHIX po3pobok. Kpim 1poro, BiTIM3HSIHI
MiATPHEMCTBA TIPHUYO-METATyPTiHHOTO KOMITIEKCY 3 TEXHOJIOTI€IO MiA3€MHOTO BEICHHS POOIT BiTHOCATH O YMCIA
HaifHeOe3NEeYHINIKNX 3 OTJIAY HAa MOXIIHBICTh YPAXKCHHS EIIEKTPUYHUM CTPYMOM Ta CTATUCTUKY BUPOOHHYOIO TpaBMa-
TH3MY (BHACIIOK Jii IIbOTO YHHHKKA), KA B OCTAHHI POKH HEBIMHHO 3pocTac [2]. 3HmkeHHs (pakTopy Hee(eKTHBHOC-
Ti (YHKI[IOHYBaHHS €JIEKTPOTEXHIYHOTO TPAHCIIOPTY, MiABUILIEHHS HOTO eKCILTyaTaliiHoi Oe3NeKH Ta HaaiiHOCTI MOX-
JIMBI1 32 YMOBH 1TOOYJOBH i 3aCTOCYBaHHS Cy4aCHHX CHCTEM YIPABJIIHHS HOTOYHUMH €JICKTPUYHUMH Ta TEXHOJIOTIYHU-
MM ITapaMeTpaMH eJIKTPOBO30CKIIAAY il 4ac PyXy 3 BUKOPHCTaHHSIM 0€31aTYMKOBUX CHCTEM KOHTPOJIIO.

IMocranoBka 3agavi. BiTuusHsHI pyqHHYHI (IIAXTHI) €IEKTPOBO3HM OCHAINCHI TATOBHMH EJICKTPONPUBOAAMHU

(TEIT) Ha 6a3i eNeKTpUYHUX JBUTYHIB MOCTIHHOTO
CTpyMY TIOCIiZOBHOTO 30ymKkeHHs. Haxainp, gk cBi-
JIYUTh CTATHCTHKA HECHPABHOCTEH eleKTpOoMeXaHi-
YHOTO OOJaJHaHHS TATOBOIO PYXOMOTO CKJIaay
YKpaiHCBKHX INaXT, HaAIWHICTh NAaHUX IBUTYHIB B
rxoMmrmiekci TEIT enexTpoBo3iB gocHTh HU3bKA. Tak,
MDKpPEMOHTHI TEpMiHH X eKCIUIyaTamii CKIaTaloTh
BiJl YOTHUPHOX O BOCBMH MicsmiB. [Ipu mpomy, sk
MOKa3yTh YHCICHHI mocmimkeHHs [3], mepeBu-
LIEHHS TEMIIEPaTYPHUX MOKa3HUKIB HaJ KOHCTPYK-
LWifHUMH € OCHOBHOI MPUYHHOI OUTBIIOCTI MOII-
KOJUKEHb, OCOOJMBO II€ CTOCYETHCSl MOIIKOKEHb
SIKIpHOT OOMOTKH Ta OOMOTKH IIOJIFOCIB, IO B LLJIO-
My ckianaTh omu3bko 80 %Big ycix HecnpaBHOC-
teit (puc. 1).

1 —TroJIOBHI Ta JOAATKOBI MONIOCH, 2 —sKip, 3 —OITKOTpUMaY, 4 —
BUBIIHI Ka0eni, 5 —miamunHuky, 6 —iHII By3IH

Tomy akryanbHUM B KOMIUIEKCI TATOBUX €1€K-  Pyc. 1 —Jlani Mpo NOLIKOMKEHHS eIEMEHTIB TATOBHX ABHTYHIB THITY
TPOMEXaHIYHUX CHCTCM € 3aCTOCYBaHHS CUCTCMH  JITH45/27mpu excrmyaranii Ha eeKTPOBO3aX y 3ali30pyAHUX ITaxX-
KOHTPOJIIO Ta 3aXHUCTY BiJl MEPETPiBY TATOBUX €JICK- Tax «KpuBOpiX3ami3pyaKomM»

Tpruunux aBuryHiB (TEJ/I) 3 MeTOIO MiABHICHHS iX
HaJilHOCTI Ta ePeKTUBHOCTI PYHKIIOHYBaHHS PYyXOMOTO CKJIa/ly B IIJIOMY.

Marepianu gociimkenns. baratouncesnbHi 1abopaTopHi Ta MPOMUCIIOBI JTOCIIDKEHHS IPOLECY HarpiBaHHS IO-
Kazany, mo B TeruioBomy BigHomenHi TE]] siBisie coGoto ckiagnuii 00’ €KT, TeMrepaTypHe 10Jie sIKOT0 HaBiTh IPH BCIiX
CHPOLIEHHX IepeyMOBaxX KJIaCHYHOI Teopii HarpiBaHHs BU3HAYAETHCS CKIIAIHO 1 HE 3aBXK U 3a0e3reuye CIiBIaaiHHs 3
po3paxyHKOBUMH 3HaueHHsAMH [4]. Halicknagnimnm Bunagakom temioBoro mpouecy TEJl BBaxkaeThCs Takuid, PH SIKO-
My 4ac poOOTH IBUTYHa HE HACTIIHKH BEIHMKHMH, 00 TEMIIEpaTypy B KiHII MpoIiecy MOKHA OYyJI0 BBaKaTH OJIU3BKOIO
IO cTanoi, i OJHOYACHO HE HACTIIBKH MaJlii, 00 TeMIepaTypy MoKHa OyJi0 BBaKaTH TaKOIO, IO 3MIHIOETHCS 3a IpPsi-
MOJTIHIMHIM 3aKOHOM (depe3 KOPOTKOUACHICTh TEIIOBOTO MPOIIECY MOKHA BBAKATH, 110 TEIFIOOOMIH HE BiIOyBaeThCs).
Takwuii pesxuM poOoTH Xapakrepuuid ;s podotu TE/L.

[Ipn excmryaranii TATOBOTO pyXOMOTO CKIagy B yMOBax 3ali30pyIHHX IIaXT XapaKTEPHOK0 PHUCOI0 MEPEBAXKHOL
OiIBIIOCT] pEiiciB € uepemyBaHHs TEPioNiB HABAHTAKCHHS i may3 (puc. 2), IpUYoMy CITiBIAJIiHHS HABAHTAXYBaTbHHUX
JiarpaM He CIIOCTEpiraeThes, M0 00yMOBJIEHO BIUIMBOM 0arathoX (aktopis. Jlo ymcna Takux MOKHA BiJHECTH: 3MiHY
OMOpPY PYXY EICKTPOBO3a MPHU 3a0pyIHCHHI PEHOK PYIOI0, 3MiHY Koe(illieHTa 3YCTICHHS KOJIIC 3 peKaMK Ha OKPEMEX
JUITHKaX OUISXY, pi3Ke MaiHHS HAIpYTd B TACOBOMY JIAHIIO31 MMijJl 4ac 3aBaHTa)KEHHsI BarOHETOK B OPTax, 3pOCTaHHS
TSATOBHX 3yCHJIb B 3QJIC)KHOCTI BiJl PIBHS 3aBaHTa)KCHOCTI €JIEKTPOBO30CKIIaAy, 3MiHY PIBHS CHOXXHBAaHOTO CTPyMY Ta
TPUBAJIOCTI OKPEMHX OIIEparliil.

Taxi ymoBu ¢yHnkiionyBanns TE]] HeraTMBHO BiOOpaXaroThCsl Ha HOTO TEMIIEpaTYypHUX XapaKTepucTukax. Tak,
HaiiOiIpIe nepeBumeHHs Temnepatypu TE/] cnocTepiraeTsest mpu po3BaHTaKyBaJIbHO-3aBaHTAXKYBAJIbHUX OIEPAIlisX,
III0 TIOSICHIOETHCS PealTizalli€lo eNeKTPUIHOT MOTY)KHOCTI B TSDKKUX YMOBax 3 Touku 30py HarpiBy TE/.
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Pyx 3 PossanTa- 3aBaHTaKEHHS B
Pyx Ge3 BanTaKy Tlay3a mepes 3aBaHTaXCHHSIM opri
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BaHTAKEM JKCHHS B
nepekuaadi
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Pyx 3 PossanTa- Pyx Oe3 BaHTa)y
BaHTaKEM HKCHHA B
mepekuaadi

3aBaHTaKEHHS B OPTi t, ron
Puc. 2 —JliarpaMu HaBaHTaKECHb TATOBUX CJACKTPUYHUX JABUTYHIB [IAXTHUX KOHTAKTHUX €JIEKTPOBO3IB 32 HKIIAMU
pyxy migzeMaumMu ropu3ontaMu [TAT «KpuBopi3pkuii 3ami30pyaHuiA KOMOIHAT»

PesynbTaT eKCriepuMEHTaIbHUX PEHCIB CBIiTIaTh Mpo Te, mo Temneparypa TEJ] mpotarom pelicy 3MiHIOEThCS HE
NPSMOJTIHIAHO, @ MA€ HEPEryJIPHUN BHUIAKOBHI (KOJHBAJIBHUI) XapakTep, K 1 HABAHTAXCHHS, SIKE € JUKEPEJIOM Ta-
kux kosnuBaub (puc. 3). s miaTBepKEHHS [bOTO HIDKYE HABEACHI KPUBI MOXKIIMBUX peaji3aiiii [BOX BHIMAJIKOBHX
GyHKIIiH TepeBUIEHHST TEMIIEPATYPH [UIs OJHIET BEIMUMHH BiHOCHOTO HaBaHTaxeHHs (), aye pi3HOI BiAHOCHOI TpU-
BAJIOCTI JIii HAaBaHTAXCHHS (T).
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Puc. 3 —I'padiku peanizauii BunaakoBoi GpyHKLii nepeBuIeHHs TeMneparypH Tsiroporo nsuryHa JITH-45 3a wac peiicy
enextpoBo3a K14:a) |=1,7 nnst 7=0,55p) 1=1,7 nns 7=0,3.

Cotijp BiI3HAYMTH, 1O Yepe3 iHEepIiio TEIIOBUX NPOLECiB, 3MiHa TeMieparypH ckianoBux TEJL B yaci BinOyBa€eTh-
sl IPUOJIM3HO OJTHOPIZHO 1 Mae BUIUISL OE3MEPEPBHUX BUIIAKOBUX KOJIMBAHb HABKOJIO JIESIKOTO CEPEIHBOrO 3HAUYCHH,
MIPUYOMY Hi CEpelIHs aMILIITY/a, Hi XapaKTep IUX KOJUBaHb HE BUSABJISIOTH CYTTEBUX 3MiH IIPOTATOM Hacy poOOTH JBH-
ryHa.

TuMm He MeHII, MepPEeBUICHHsT TeMIlepaTrypHux nokasHukiB TEJ] crpusie mBHIKOMY BUXOAY 3 JIaAy OCTaHHIX Ta
MIOTIPIICHHIO TIOKa3HUKIB HAIIHHOCTI (YHKITIOHYBAaHHS YChOTO KOMIUIEKCY PYAHHYHOI BiTKATKU. Y 3B'S3KY 3 UM SIK
JUTs icHYrounX, Tak i gt HoBux TEJI, mo po3po0iistoThest, HEOOXiTHUM € KOHTPOJb TeMIIEPAaTypHUX MTOKa3HUKIB 0OMO-
TOK, TaK 5K i iHmmx napamerpis TE/].

Sk Oyno 3a3HaueHO paHille, MiABHUIIEHHS HaAiiHOCTI podoTn TE]] HeMoxkaHuBe 6€3 MOTOYHOI0 KOHTPOJIIO TEMIIe-
paTtypu HOro ckiagoBuX mix 4ac pyHKLUIOHYBaHHS Y KOMILICKCI IIAXTHOTO €JIEKTPOpyxoMoro cknany [4]. Sk cBiguutsb
JIOCBi/I eKcIuTyaTtauii MaricTpalbHHX €JICKTPOBO3IB, 3aCTOCYBAaHHS JIMILE CHCTEMH O€3IEepPEepBHOrO TEMIIEPATYPHOTO
KOHTpoJI0 pexkuMiB pynkiionyBanns TEJ] no3Boiisie 3uu3uTH BigMoBu octanHiX Ha 30...35%,Buxonu 3 namy KOJCK-
TopiB —y 2,6...3,3pasu, kpyrosux Boruis —y 3,1...3,7pasu [5]. Ekcruryaranis TE]l 6e3 cucTeM KOHTPOJIIO TEILIOBUX
PEeKUMIB 301IbIIY€E KIJBKICTD iX BigmoB B 1,5...3,5pasm.

Cepen uncneHHUX crmoco0iB KOHTporo Temneparypy TEJl MoXxHa BUAUINTH HAHOUTBII PO3MOBCIOHKEHI Ta IHUPO-
KO 3aCTOCOBYBaHi y MPOMHUCIIOBOCTI, 10 SIKUX HaJIeKAaTh:

— KOHTPOJIb TEMIIEPATYPH 32 JOMOMOTOI0 IaTYMKIB TEMIIEpaTypH, 3aKJIaJCHUX Y IBUTYH,;

— KOHTPOJIb PiBHS HArpiBy 3a JIOMOMOTOIO TEIUIOBUX pelie;

—pO3paxyHKOBI METO/H;

— HemnpsiMa OLliHKa, sKa 0a3yeThcs Ha BUMIPIOBAHHI OIOPiB OOMOTOK JJBUT'YHA.

Haii6ib1 TOYHUM Ta HaWOIIBII 3aCTOCOBYBAHUM € METO/I OE3M0CEPEHBOI OLIHKN TeMIepaTypy 0OMOTOK 3aKiia-
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JIEHUMHU B JBUTYH JaTdYWKaMH TEMIIepaTypH, OCKUIBKH BiH Ja€ Oe3MOoCepe/HIO OIlIHKY HarpiBy IOCIiHKYBaHOTO
00’ exTa. Pazom 3 THM, TaHUH METOJ Ma€ CYTTEBUN HEIOJIK, IO TOJIATAE Y HEOOXiMHOCTI KOHCTPYKTUBHOTO 3aKJIaICHHS
B OOMOTKH JABHUTYHa JAaTYWKiB, IO MoTpedye po3bupanus TEJ], a TexHonoridyHa HEOOXiTHICTh BUBEIEHHS 3 JBUTYHA
JIOIATKOBUX MPOBOJIIB B yMOBax »opcTkoi Bibparii TEJ] Moxe cTaTh MPUYNUHOO iX YIIKOIKSHHSI Ta MPU3BECTH IO Bi-
JIMOB CHCTEMH KOHTPOJTIO Ta HEKOPEKTHOI POOOTH CUCTEMH 3aXHUCTY.

TemnoBi pene pamioHaTbHO 3acTocoByBaTH mpu 3axucti TEJ] 3 mocTiiHUM 200 MaJO3MiHHMM HaBaHTaKESHHSM.
Ane siK BIiZIOMO, TSTOBI HABAHTA)XKCHHS — 1€ HABAHTAXKCHHS, 10 OE3NEPEPBHO 3MIHIOIOTHCS B IIUPOKOMY Jliaria30Hi mpo-
TATOM TEXHOJIOTIYHOI 3MIHHM BIAKATKH PYIHUYHUM TpaHCIOPTOM. E(ekTHBHMIA 3aXUCT 32 YMOBH MOJIOHUX HaBaHTa-
YKCHb MOJJIMBHY JIMIIC Y BUIAIKaX PIBHOCTI MOCTIHUX Yacy HArpiBy Ta OXOJOKCHHS JBUTYHA Ta peie. s 3ade3me-
4yeHHs HaniitHoro 3axucty TEJl Bij meperpiBy TEIUIOBI pesie 0OMPAIOTHCS 32 BEIMYMHOK CTPYMY TPUBAIOTO PEIKUAMY.
s Tsropux neuryHiB tumy JATH, ski cknanatots 3HauHy vactuHy TEIl maxTHHX €JIEKTPOBO3iB, CIiBBiIHOIICHHS
CTPYMIB YaCOBOT'O Ta TPUBAJIOTO PEXKUMIB CKIaaae 1.7, mpu bOMY Yac CIPAIIOBAHHS pelie CKiIagae 5 XB, Xo4ya JABUT'YH
B IIbOMY PEXUMi MOKE TPAIIOBATH MPOTATOM TOAMHU 3 JOIMYCTHMHM HaBaHTaXeHHsM. OTXe, 32 YMOBHU IIEPEBUILICHHS
CTPYMIB TPHBAJIOTO PEKUMY TEIIOBI peJie CIIPanbOBYIOTh 3aHAATO IIBUIKO, IO MOKE CIIPUYMHHUTH «[IEPETOHU aBTOMa-
TiB», a BiATaK HenpuaaTHi 11 3axucty TEJ] Bix meperpisy.

Binomuii po3paxyHKOBHM METOJ BU3HAYCHHS HArpiBy B (YHKIII "4acy IJIs BHITAIKY JOBUTLHOTO HaBAaHTAKCHHS,
o Bigmosinae pexumy podotu TE]] [6]. OmHak, po3paxyHok crynerio HarpiBy TEJl 3a qaHuM MeTOIOM Iepeadadae
BBEJICHHS JESIKUX CIPOIIEHb KIACHYHOI Teopii HarpiBaHHS Ta MOXKE 3aCTOCOBYBATHCH JIUINE ISl HAMIIPOCTIIIOTO BHIIA-
JIKY, TIPU SIKOMY BECh IIEPioJ Yacy Moke OyTH PO3JUICHUI Ha IMPOMIDKKHU Yacy, MPOTATOM SKUX (YHKIIFO BTPAT MOXKHA
BBaXKAaTH JIIHIHHOK. 3BiCHO, II€ CIIPOIICHHS BiIaJIs€ MOCTABJICHY 33/]a4y BiJl peabHUX (Di3MYHHX MPOLECIB.

B pamkax pocnimkens temnoBux pexxumiB TEJ] icHye Hemano po3paxyHKOBUX TEIUIOBHX Mozeiel. Sk mpaBuio,
i Mojeni 0a3yrThCs Ha MPEICTABICHHI JOCHIHKYBAHUX MPOLECIB B OKpeMuX eneMeHTax koHcTpykiii TEJ], mo 3aB-
XKITU TTOB’ 13aHO 31 3HAUHMM 00CSTOM pO3paxyHKiB Ta pOOUTH HEPALliOHAJILHAM IX BUKOPHCTAHHS Y CKJIaJli KOMIUICKCHOT
MOJIeJIi IMIaXTHOTO eIeKTPOBO03a 3 ii HemepeA0auyBaHUMHK Ta HECTATUMHU peKUMaMH (PYHKITIOHYBaHHS.

OnvH 3 TOMMPEHUX PO3PaxyHKOBHUX METONIB BH3HaueHHA TeMiepaTypu TEJl nepenbadae BU3HAUCHHS BEIHIHMHA
CepeIHPOKBAIPATHYHOTO CTPYMY 3TiTHO BHpA3y:

I21t1+I22t2+I23t3+...+ I 2ntn , (1)
n
2t
1

ne |y, g, I3... 1, —cTpymMu HaBaHTa)XEHHS BiAIIOBITHO B MPOMDKKH 4acy ly,t, ... 1.

Pa3om 3 TuM, 3a pe3ysbTaTamu 6araTOYMCICHHUX EKCIIEPUMEHTAIBHUX NOCIIKEeHD [7] Ta MOAabIIOl OLIHKH pe-
xuMiB (yHkIionyBaHHs TEJ] pyIHUYHUX €IEKTPOBO3iB OyJI0 BCTAHOBJICHO, IO PO3PAXyHKH, SIKi MPOBOAATHCS 32 BH-
IICBKa3aHUM BHPA30M, JAJICKI BiJl pealbHUX 3HAYCHb OCKUIBKY BEJMYMHA BU3HAYCHOI TEMIICPATYPH SIKOPS Ta MOIIOCIB
HUX4e niicHoi. OOYMOBJICHO IIe THM, IO BKa3aHUM METOJIOM HE BPaXOBYEThCS TOTipIIeHHS YMOB oxoyomkeHHss TE]]
TIpH 3HIKEHHI MIBUAKOCTI PYXY €JIEKTPOBO3a B OpTaxX.

Tak, Ha puc. 4 HaBeleHI 3aleKHOCTI BenUUMHU repeBuiieHHs temmneparypu TEJ] tuny JITH-45 Big wacy toro
pOOOTH i HABAHTAKEHHAM, 3 SAKUX BUAHO, 110 mporsrom 20 xB poboru TE]] #oro temmeparypa 30iabIIMIACh Ha
7,2°C (xpuBa 2), a 3a 4ac OXOJIOMKEHHS, SKAM cTaHOBUTH 21 XB, 3MeHInmiIach Ha 7,4 °C. T.4u. HanpuKiHLi peicy TeM-
mepaTypa cTalla HHKYOKO 3a MoYaTKoBY. HacmpaBai K NMEPEBUIICHHS TEMICPATypH MPOTSITOM HABEICHOTO B SIKOCTI
npuknany peiicy cknagae 5,8 °C (kpusa 1). 3a pesysabrataMu pPO3paxyHKIiB BCTAHOBIEHO, IO TEMIEpaTypa JBUTYHA
30UIbIIIIIACE B cepenrbomy Ha 2,8°C (kpusa 3).

OTxe, cepeTHPOKBAPATUYHUI CTPpyM Ipu Hectanux pexxumax podoru TEJ] 3 BUNagkoBUM YepryBaHHSM IEpio-
JIB 1ay3 Ta HABaHTAXKECHb HE BioOpaXkae MiMCHOT 3MIHM TEMIIEpaTypH HarpiBy ABUTYHA IPOTATOM peiicy UM 3MiHH.
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Puc. 4 —IlopiBHSHHS NiHCHOTO HAarpiBy 3 €KBIBAJICHTHUM, OTPUMaHHUX 32 pe3yJIbTaTaMH PO3PaxyHKiB
1 —exBiBaJIeHTHA TEMIIEpaTypa HarpiBy 3a yac peicy; 2 —pe3ysibTaTh eKCIEPUMEHTY; 3 —pe3yJIbTaT PO3paxyHKiB

Kpim Toro, six noBeieHo GaraTbMa JOCHiAHUKaMu i€l mpobiemu [7-9], yci 63 BUKITIOYEHHS BiIOMi TEOPETHYHI
terioBi Moneni TEJ] B ymMoBax ix (yHKIIOHYBaHHSI B KOMILUIEKCI TATOBUX €JIEKTPOTEXHIYHUX CUCTEM PYTHUYHHUX KOH-
TaKTHHUX €JIEKTPOBO3IB B Till UM 1HIIINA Mipi JajeKi BiJ peabHUX Ta HE MOXKYTh OyTH PEKOMEHIOBaHi IO MPaKTUIHHX
po3paxyHkiB [7].

TakuM 9MHOM, HE 3Ba)KalOUM Ha JTIOCTATHIO KUIBKICTHh CIIOCOOIB KOHTPOJIO TeMIieparypHux pexumiB TEJ], ix 3a-
crocyBanHs 111 TEIT pyTHUIHHEX €JIEKTPOBO3iB HE MOXE 3a0€3MEUNTH SKICHOTO BUPIIIEHHS TOJIOBHOTO 3aBJaHHS.
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Sk cBimyaTh AociipkeHHS TeMmnepaTypHux pexkuMmiB TEJl pyaIHHYHMX eNeKTpOBO3iB, HAWOLIBIT HeOe3neuyHe Harpi-
BaHHS BIJIOYBA€ThCSI y OOMOTII SIKOpsI, aje KOHTPOJb II TeMIepaTypH CYIPOBOXKYEThCS MEBHHUMH TPY/IHOLIAMH,
TIOB’ I3aHUMH 31 IIITKOBUMHU KOHTAaKTaMH, OCKUTBKH X OITip HECTaOLILHUI Ta MOXKE 3MiHIOBATHUCS B ICCATKH Pa3iB 3aJIEKHO
BiJl MapKH IIITOK, X MPHUPOOITKH, CTaHy MOBEPXHI KOJEKTOpa Ta HOTO TeMIlepaTypH, MBHIKOCTI oOepTanHs. J[o Toro x
LIITKK MEPEKPUBAIOTH JIEKIJIbKAa KOJEKTOPHHUX IUIACTHH, IIYHTYIOUYM CEKIil 0OMOTKHU siKOpsi. TOMY IOCTaTHBO TOYHE BU-
3HAYCHHS TEMITEPaTypH IKipHOI 0OMOTKH 3a i 0TIOpOM HEMOIKITHBE.

OpnHak icHye iHIIK# UUTSIX — KOHTPOJIIOBATH TEMIIEPATypy 3a omopoM oomMoTku 30ymxerHs [10]. Le MmoximBo BU-
XOJST4H 3 TOrO, 110 00MoTKa 30ymkenHs TEJ] py HHYHNX €JIeKTPOBO3IB MiJKIIOYEHA MOCIIZOBHO 3 0OMOTKOIO SIKODS,
TOMY II0 HAM IIPOTIKa€ OJHAKOBUH cTpyM. Lle 103BoIIsiE TOBOPHUTH PO Te, 1[0 HArpiBaHHS Ta OXOJIOMKEHHS 0OMOTOK
B32a€EMOIIOB’ 13aHi, 1 JI03BOJISIE 38 TEMIIEPATYPOIO OOMOTKH 30y IKEHHsI TOYHO BU3HAYMTH TEMIIEPATYPy OOMOTKH SKOPSI.

Hocnimkennst poznoainy temneparyp TEJ tuny JITH 45/27,npoBeneHi KOJIEKTHBOM aBTOPIB Ha J1abOPaTOPHOMY
CTEHIi, TOKA3a/IH, 10 IPH MAKCHMANBHO IOMYCTHMIIl TeMIIepaTypi 06MOTKH SKOps BOHA HarpiBaethest Ha 25 °C Bime,
HiX 00MOTKa 30y/DKEHHS K B TPHBAJIOMY, TaK 1 B TOMUHHOMY peknuMi. BpaxoByrouu, 1o gomycTuMa temieparypa oo-
MOTKH SIKOpSsI [u1st 130umsitii kiacy F cxnamae 155°C, MakcHMalbHO JOMyCTHMA 3@ HATPIBAHHAM SIKOPS TEMIIepaTypa 00-
MOTKH 30y mkenns (kiac isomsiuii H) ckmamae 130°C. Omke, He3Bakaroun Ha Te, IO 0OGMOTKA 30YIKCHHS JOITYCKae i
6inbm Brcoky Temieparypy (180°C), saxucr Bix meperpianus TEJ] IOBHHEH CIIPalbOBYBATH IIPH IOCSTHEHH] TEMIIe-
patypu 06MoTkH 36ymrenns 130°C, mo Bigmosigae omopy:

R, 300 @
235+71,

OTKe, JTOTTYHUM € BHCHOBOK, IO JUISi KOHTPOJIIO ONOpY 00OMOTKH 30y /keHHs B mporieci podotu TEJ 3py4yHo BU-
KOPHCTOBYBATH METO]] aMIIEPMETPa-BOJIBTMETPA, IPH OMOPi OOMOTKH, 110 JopiBHIOE criBBigHomeHHlo U/l. 3 Metoro
peanizauii GpyHKUii BU3HAYESHHS OIOPY 3alpONIOHOBAHA CXeMa, MPECTaBIeHa Ha puc. 5.

B cxemi nepenbavueHo BUMIpIOBAaHHS CEpEeHIX 3HAYCHDb CTPYMY Ta HANPYTH, SKi HE 3aJeXaTh BiJl YACTOTH KOMY-
Tarii po6oYoro BEHTHJISI TIEPETBOPIOBAYA Ta MOCTiHHOI yacy 0OMOTKHU 30ymxeHHs. [Ipy mboMy cepeHe 3HaYeHHsI Ha-
npyru U 3HiMar0Th 3 00MOTKH 30ymkeHHss O3 uepes Koo, 0 CKiIamxaeThest 3 onopiB R1-R3ta konaencatopa C, sike
00MEXy€ IMITYJIbCH HATPYTH MIPH KOMYTAIliSX B CHIOBOMY KOJIi PUCTPOIO, IO 3axXHUINaeThes. CepelHe 3HAYSHHS CTPY-
My I, SIKH#l MPOTIKaEe yepe3 0OMOTKY 30YyDKEHHS, BU3HAYaIOTh 32 JOMOMOTroio myHta RS HactporoBaHHS 3axuCTy Ha
BHU3HAYCHHUH OIIp Ta BIANOBIHY TEMIIEPATypPy 3AiHCHIOIOTH pe3ucTtopoM R3

Rizo =

T +15V \
) X Ananozosuii inmezpansHui \
T X=X;-X i
| X-INPUT x | XF S B OinbHuK . }
\ owr
\ ‘ I
- XY/U-Z \
denominator + w
O6moTka ‘ 2 WIF
30y JUKeHHS! RS | U, U control ‘/ ‘ ‘
A U-INPUT 2 " YN \
\ U LOAD
‘ ? I GROUND|
R1 R2 | 2MOm _10,luF ‘
C ! \
I | Sy \
R3 | Zy ‘
lﬁl N Y-INPUT YIF ZIF |
U | Y, Y=Y.-Y, 7=7.-Z, Z, \
‘o ——
N | Tlpucrpiit \
IIpucrpiii 3axucry \ i \
3aXHCTY
L - - - - il
a) 6)
Puc. 5 —CTpyKTypHa cXeMa 3aXKCTY TSATOBOTO JBHIYHA IIAXTHOTO EJICKTPOBO3a Bijl meperpiBanHst (a) Ta 3aXUCHOTO MPUCTPOIO HA
6asi mikpocxemn AD734 (6)

bnox mpucTporo 3axMCTy MICTUTh aHAJIOTOBUH IHTETrpajbHUM MUIBHUK, SIKMA BHUKOHYE (YHKLIIO [iICHHS
Uecep / | cep —TOOTO GesmepepBHO BU3HAYAE BENMHYNHY OOPY 00MOTOK. IIprctpiii ¢pyHKiioHye HacTymHUM YiHOM. [Tpn

JOCSATHEHH] 3HAYEHHS ONOPY, IO BiANOBiKae TemmepaTypi o6MoTku 36ymienns 130°C, saxuct crpanboBye, Temmepa-
Typa 06MOTKH sIKOpsi IIPH 1boMy csirae Temmeparypu 155°C. Cxema He motpeGye Beranosnenns B TEJ] qaTunkiB Tem-
neparypu, — 6e3nocepeHp0 00MOTKa 30Y/PKEHHS IBUTYHA € TaTYNKOM, 10, 0€3yMOBHO, BiIOOpaXkaeThbcsi Ha MPOCTOTI
Ta HAAIIHOCTI 3aXUCTY.

B nmaHilf cTpyKTypi SIK peasibHAN BapiaHT MUTBHUKA JUTSI TIPAKTUYIHOI peamizallii Mojke CIyryBaTH Mikpocxema 4-
Quadrant Multiplier/DividerAD734 © Analog Devices, In€€CxeMa miaTpuMye aBa PeXXHUMH aHAJIOTOBOTO MiNCHHA. 11
PEKOMEHIOBAaHO BHKOPHCTOBYBATH SIK aHAJIOIOBHIl IUIBHUK, SKHH IPALIOE€ B PEKUMI OE31I0CEPETHBOIO PErYIIIOBAHHS
Hanpyru. Llel pesxumM € OLIbII TOYHUM, THYYKHUM Ta J03BOJISE IMiABUIINTH YacTOTYy POOOTH MIKPOCXEMH, OCKUIBKU BCi
BXO/IM € JIOCTYITHUMH. THunoBuit NinbHKUK 3a0e3reuye BUKOHAHHS (DyHKIIT:
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w = X=X )M Y2)+Z2 3)
(U1-Uyz)
ne X, Y, Z—BXigHl CUTHAIH.

Ilpu npomy pizamus curHaais U=U1-U2 moBuHHA OyTH MOMAaTHHOIO BEIMYMHOK Ta 3HAXOJUTHCH Y MEXKax
10mB+10B.

Po3po0biennii Ta 3ampormoHOBaHMK CIOCiO KOHTPOIIO TemiepaTypHux pexumiB TE]] B mporieci ix poboTu 103BO-
JIUTH MiABUIIUTH HAAIHHICTh QYHKIIIOHYBaHHS BCHOTO KOMIUIEKCY PYAHUYHOT BiJJKATKH, OCKIIBKH JaCTh 3MOTY KOHTPO-
JIIOBATH TemIiepaTypy okpemux ckianoBux TEJ] mig gac poOoTH Ta HE AOMYCKAaTH MEPEBHUICHHS TEMIIEPATYPHUX pe-
YKMMIB BHIIIE JIOMTYCTUMHX MEXK.

BucnoBku. OTxe, NIpOBeICHUH aHai3 Ta OLIHIOBAHHS SIKICHUX ITOKAa3HUKIB ()YHKLIOHYBaHHS IIPUCTPOIB KOHTPO-
JIF0 TEMIIEPATYPHUX PEIKUMIB, SIKi 3aCTOCOBYIOThH B TATOBUX CIICKTPOMEXAHIYHMX CUCTEMAX 3 TATOBHUMH JIBUTYHAMU ITO-
CTITHOTO CTPYMY HOCJIIOBHOTO 30y/DKEHHS CyYacHUX PYIHUYHUX CICKTPOBO3IB, TO3BOJIIN BUSBUTH TOJIOBHI IPUYH-
HU 1X HU3BKOI HAJIMHOCTI. 3a pe3yIbTaTaMH MPOBEACHUX JOCITIHKEHb PO3POOJICHO CTPYKTYPHY CXEMY MPUCTPOIO KOHT-
POJII0, PEKOMEHIOBaHY 10 MPAKTHYHOI peaiizarii. 3amponoHoBaHuil crocid kKoHTpomro Ta 3axucty TEJ] Big neperu-
IICHHS TeMITepaTypH HarpiBy iX €JIeMEHTIB He Iependadyac BCTAHOBJICHHS NAaTYMKIB TeMIEpaTypH, OCKUIBKH 0OMOTKa
30y/KeHHsT IBUT'YHA € MaTdukoM. Lle poOMTh 3aXHCT MPOCTHM Ta HAIiiHUM, IO OCOOIMBO aKTyajdbHO JUIS TATOBHX
€JICKTPOTEXHIYHUX KOMITIEKCiB MTPOMHUCIIOBHX BUIB €IIEKTPOBO3iB.
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