BbiOOP HU3KOBOALTHbLIX
INEKTPUUECKUX ANnaparos
paCrnpPeneneHAs W YIPABAEH S

24
if'
MockKBa



Bb100p HU3KOBOJIBTHBIX JIEKTPHYECKUX ANIMAPATOB pacnpeie/ieHus1 1
ynpaBJjieHuUs1

OcHOBHBIE TEXHUYECKHE XapAKTEPUCTHKHU JIEKTPUYECKHUX ANNAPATOB

OaHuUM M3 OCHOBHBIX TEXHHYECKHUX MapaMeTpoOB OOJBIIMHCTBA allapaToB SIBISETCS
HomuHanvHoe Hanpscenue (U,). DOTo HampsikeHHe, Ha KOTOpPOE€ paccUUTaH
ANEKTPUYECKUI ammapar, Kak ¢ TOYKM 3pEHUS KOMMYTAallMH, YIPABICHUS U
peryaupoBaHus, Tak U U30JsMu ero TokoBeayumx yacreil. Cornacuo I'OCT P 50030.1
HOMUHAJIbHBIE 3HAYEHMSI TApaMETPOB YCTAHABIMBAIOTCA M3roTOBUTENEM. Tak
HOMHUHAJIBHOE HAMPSOKEHUE alapara XapaKTepU3yeTCs: HOMUHANbHbIM padoyum
nanpsdicenuem (U,), HA KOTOPOE OPUEHTUPYIOTCS MPU MPOBEACHUU COOTBETCTBYIOIIUX
UCIBITAHUM M YCTAaHOBJIEHUM KaTEropuu TMPUMEHEHUs anmnapara; HOMUHATbHbIM
nHanpsicenuem uzonayuu (U;) — 3HaUYeHHE HANPSDKEHHS, MO KOTOPOMY OIPENESIOT
UCIBITATEIbHOE HAMPSKEHUE MPU HUCHBITAHUU HU30JSLUOHHBIX CBOWMCTB, pacCTOSIHUE
YTEUYKH M BO3YIIHBIE 3a30pbl. MaKCHUMalbHOE 3HAYEHHE HOMHUHAJIBLHOTO pPadOdYero
HalpsDKeHUST HE  JIOJDKHO — TPEBBINIATh  HAWOOJIBIIETO 3HAYEHUS HOMHUHAIBHOTO
HanpspkeHus:  u3osaiuu.  [lpuMepHass 1iKana HOMHUHAQJIBHBIX — HANpPSDKEHUW ISt
AJIEKTPUYECKUX aIllapaToB MIEPEMEHHOr0 TOKa cocTaBiiseT: 36; 127; 220; 380; 660; 1140
B; miisg snekTpuyeckux amnmapatoB NOCTOSTHHOTO Toka: 6; 12; 24; 27; 48; 110; 220; 440;
600; 750 B. IIpuuem, MeHbIIME 3HAYEHUS HAMIPSYKEHU OTHOCATCS K LIETSAM YIIPABICHUS.
[IpenycmaTtpuBaercss HajexxkHas paboTa SJIEKTPUYECKUX ammaparoB IMPH TOBBIIICHUH
Hanpsbxkenus 1o 1,1 U, a B nenu ynpasnenus npu ero usmenenuu ot 0,85 no 1,1 U,,.

B umensix BBICOKOTO HAaNpsDKEHUsI IIKajda HOMHUHAJIbHBIX HAIPSIKEHHN MOMXKET HUMEET
Bua: 3; 6; 10; 15; 20; 24; 27; 35; 110; 150; 220; 330; 500; 750 B.

JIpyruM OCHOBHBIM TEXHMUYECKUM MapaMETpoOM SIBISIETCA HomuHanbhsiti mok (1),
JUINTEJIbHOE TPOTEKAaHWE KOTOPOrO HE BbI3BIBAET HArpeB TOKOBEAYIIUX YacTel
ANIEKTPUYECKOrO armapara BbIIE JOMYCTHUMbBIX 3HAUYCHUN, OMNPEICNIAEMbIX KJIacCoM
M30JSIUM, C KOTOPOM OSTU YacTU CONPHUKACAIOTCSA. ATMapaTbl XapaKTepU3YHOT
CIIEYIOIINE TOKU: HOMUHanbHbli padouuti mok (l.), 3TO yKa3aHHbIE H3TOTOBUTEJIEM

3HA4YCHUA pa60qu TOKOB C Y4Y€TOM HOMHHAJIBHOI'O pa6oqer0 HaIpsPKCHUA,
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HOMHHAJILHOH 4YacTOThl, HOMHHAJIBHOTO PEXKHMMa, KATErOPHUH IPUMEHCHHUS M THIIA
3aIlUTHOM OOOJIOYKM TMpPU €€ HAIW4YUU; HOMuUHAaIbHbuil OnumenvHuiti mok (I,), 310
3HAUYEHHE TOKa, KOTOPBI MOXKET MPOBOAUTH ammapar B MPOJOJDKUTEIIBHOM PEXUME.
CyIlIecTBYIOT TOHSTHSL YCI08HO20 MeNni068020 moka Ha OTKpeIToM Bo3ayxe (Ig) u B
o6omouke (Ige), KOTOpBIE OMPENEAIOTCS YCIOBUSIMU TTPOBEACHUS UCTIBITAHUN OTKPBITHIX,
700 3aIUIICHHBIX aIlllapaToB.

ITpumepHas 1Kajga HOMUHAIBHBIX TOKOB B IIEMAX HU3KOTO HamnpspkeHud - 1; 3; 6; 10;
25;40; 63; 100; 160; 250; 400; 630; 1000; 1600; 2500; 4000 1 6300 A.

B nensix Beicokoro Hamnpspkenus: 200; 400; 630; 800; 1000; 1250; 1600; 2000; 2500;
3150; 4000; 5000; 6300; 8000; 10000; 12500; 16000; 20000; 25000; 31500 A.

Cy11ecTByeT MOHATHE CHAHOAPMHBIX HOMUHANbHBIX pedcumos padoThl annaparoB. K
HHUM OTHOCSITCS:

-80CLMUUACOBOU PeHCUM — PEKUM, B KOTOPOM IJIaBHbIE KOHTAKTHI annapara OCTaloTCs
3aMKHYTBIMH, TIPOBOJIS yCTaHOBUBIIHMKCS TOK, JOCTAaTOYHO JIOJTO, YTOOBI ammapar
JIOCTHUT TETJIOBOT'O paBHOBECHUsI, HO HE Oosiee 8 u Oe3 nepepriBa;

-NPOOONIAHCUMENbHBIL PedcUM — PEXUM, B KOTOPOM IJIaBHbIE KOHTAKThl ammapara
OCTAlOTCSI 3aMKHYTBIMH, MPOBOJS YCTAaHOBMBIIMHCA TOK, 0e3 mepepbiBa Oosee 8 4 (B
TEUCHHUE HEJICNIb, MECSIIEB HIIH JaXe JIeT);

-NOBMOPHO-KPAMKOBDEMEHHBIU PeNCUM — PESKHAM, B KOTOPOM TJIaBHbIE KOHTAKTHI
ammapara  OCTalTCS  3aMKHYTBIMM WM Pa3OMKHYTBIMH € OIpeJeieHHON
MEPUOANYHOCTHIO, HO amnmapaT IMpU 3TOM HE JIOCTUraeT TEIUIOBOTO PAaBHOBECHSI.
IToBTOpHO-KpAaTKOBPEMEHHBIM PEXKUM XapaKTepU3yeTcs 3HAYCHUEM TOKa,
JUTUTEILHOCTBIO €T0 MPOXOXKJICHUS W KOIPDUIIMEHTOM Harpy3kH, MPeACTaBIISIOININM
co0Oif OTHOIIIEHHE MEepHoJa MPOXOXKACHHUS TOKa KO BceMy BpemeHH. CTaHaapTHBIC
3HaueHus koddduimenta Harpyxenus 15, 25, 40 u 60%. AnmapaTsl M0 YUCIy LUKIOB
OTNEPUPOBAHUS, KOTOPOE OHU MOTYT BBITIOJIHATH 3a 1 yac, moapasaensitorT Ha 12 Ki1accoB
¢ 4yncjaoM IKIoB B yac oT 1 1o 300000;

-KPAMKOBPEMEHHBII pedcuM — PEXKHUM, B KOTOPOM TIJIaBHbIE KOHTAKThI ammapara

OCTAr0TCA 3aMKHYTBIMU B MHTCPBAJIbI BPCMCHH, HCIOCTATOYHBLIC [JIA JOCTHIKCHUA
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anmaparoM TEIUIOBOIO PAaBHOBECHUS, KOTOPBIE YEPEAYIOTCS C IEPUOJaMU HYJIEBOU
Harpy3Ku JOCTATOYHOW AJIUTEIBHOCTH, YTOOBI BOCCTAHOBUTH PABEHCTBO TEMIIEPATYP C
oxjaxnawmed cpeaod. CraHIapTU30BaHHbIE 3HAYEHUS I KPATKOBPEMEHHOI'O
pexxuma 3, 10, 60 u 90 MuH npu 3aMKHYTHIX KOHTAKTax;

-nepuoouyeckull pedxcum — PeXUM, MPEeAyCMaTPUBAIOIINNA PETYISIPHOE MOBTOPEHUE
cpabaTbIBaHUS OO TIPH MOCTOSTHHOM, MO0 TIPH IIEPEMEHHOM Harpys3Ke.

JUid amnmapaToB yIpaBiI€HMS M, B YaCTHOCTH, JUIsl KOHTAKTOPOB M MAarHUTHBIX
IyCKaTeIed BaXHEUIIMM IIAPAMETPOM SIBIICTCSL KAmMe2opus NpUMEHeHus allapara.
Omnpenenensl 4 OCHOBHBIE KAaTerOpuM TNPUMEHEHHs  alllapaToB  YIPABICHUS W
pacripeielieHUs] IEPEMEHHOr0 M TIOCTOSIHHOTO TOKa, 16 Kareropuil mpuMeHeHus JUIs uenei
YIPABJICHUS IEPEMEHHOTO TOK M 7 KATETOpPUM NPUMEHEHUS Ui LIETIEW YNPAaBICHUS
MIOCTOSIHHOT'O TOKa (cM. Ta0. 1).

Kareropust npumenenus onpeneisier 00JacTb NPUMEHEHHS! SJIEKTPUYECKOTO anmapara
B 33aBHCHMOCTM OT XapakTepa Harpy3ku M YCIOBUH 3KCIulyaTanud. B kareropuu
NPUMEHEHHUS YKa3bIBalOTCS PEXUMbI HOPMAJbHOHN (Y4acTON) U pPEIKUX KOMMYTAILIUH.
[Ipyyem B KaKJIOM PEXHMME PACCMATPUBAIOTCS NPOLECCHI BKIIOUYEHUS U OTKIHOYECHHS U
BBIJICJISIFOTCS YETBIPE IT0KA3aTENsl, XapaKTEPU3YIOIIME KaXKIyH0 KATETOPHUIO IIPUMEHEHUS.

1.O6bnacme npumenenuss annapama (mun KoMMymupyemou Haepy3ku). Anmnapar B
KaX/I0l KaTeropum NpUMEHEHHs paboTaeT ¢ ONpEAETCHHbIM THUIIOM HAarpy3KH.
Hanpumep, pabortas B ocHOBHOM kateropuu npumeHeHus AC-3 ammapaT IOJDKEH
BKJIFOYaTh ITyCKOBbIE TOKM AaCHHXPOHHOIO JIBUTATe€lsd C KOPOTKO3aMKHYTBIM
pPOTOpPOM, a OTKJI0YaThb TOT € JBUTAaTellb, PAOOTAIOUIMA B HOMHMHAIBHOM pEXKHUME.
PaGorass B ocHoBHOI karteropuu mnpumeHeHusi AC-4, anmapaT [OJKEH BKJIOYATh
MyCKOBBIE TOKHM ACHHXPOHHOTO JBHUTATENsl M OTKIIOYAaTh CTaTOPHYIO OOMOTKY
MEMJIEHHO  BpallalolIerocss WM  HEHOJBM)KHOIO  JABHUraTens  (3aTOpPMOKEHHBIN
JBUTATENb). 3HAYUTENBHO Jierye (pyHKUMM ammnapara B kareropuu npumenenus AC-1,

KOTJIa HaTPy3KOH SIBJSICTCS aKTUBHAs, TNOO CIIa00MHIYKTUBHAS IICTIh.
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MphisMeyannu:
* TlepeMeHHBI TOK BBIpaXeH USfCIBYROUTIM IHAYCTIMCM CHMMETPHUROM cocTaBnawme i,

** Jlna wareropuy npiMereriss DC-11 nmoctoAaHHas BpeMcliM NPH BKMOISHHI YKa3aHa KaK Tyos (BPEMS, M, HeoOX0IHMOS JUTH MOCTHHE HISL
0,95 SHavers YCTAHOBMBUIETOCH TOKA, KOTOPOC PACCHHTEIBAIC 110 SMIMPHYECKOH (hopMVie Tyys = 6P, roe P — MOUMOCTE 3Jlek1poMartuTa,
He Ganee 50 Br. Lemm MounioeTs MpeBentiset 50 B, © npmromaetes pagaeM 300 Me).

"4 T OMHEATLHOTRO paBodero ToK4 cepmite 100 A Mnmmamiioe IHAYEHHE KOMMYTHpYeMoro Toka: 1000 A — ang KaTeropyal TIpuMeHeHIY
AC-3 n AC-23 npu srumovuersin v AC-4 mpwr otkmovernoi; 300 A — ans kameropwlf mpinteHers AC-3 w AC-23 JIpH OTKIUoeHIH;
1200 A — s kareropuit mpinseHernet AC-4 npy BRTOYSHIM.

#ex6 Eomn ga kateropiit mipumerierns AC-20 u DC-20 kodmryrarmorziad cocoBHOUTE He PABHA HYINO, TO SHAYEHUS Toka B Ko3(diicHTa
MOUTIOCTH (WM TTOCTOSHHOH #peMEHU) LENU JOTAIEY COOTBETCTEOBY L VUTAHORIEHMHLIM R CTAHIAPIAX WM TeXHITTeckiX VCIOBMMX Ha
KONKPETHRE BHIGL WM CEPHM 7 THITH ANTIAPATON.

AnanornyHo JudQepeHnupoBaHa Harpy3ka B IIE€MsAX IOCTOSHHOTO TOKa, KOrja B
HauboJee TSHKEJIOM PeXMME arrapaT OKa3blBaeTCsl B OCHOBHOM KaTeropuu MPUMEHEHUs
DC-5 (BKIIOYEHME IIYCKOBBIX TOKOB 3JIEKTPOABHrareieil ¢  IOCJIeI0BaTEIbHBIM
BO30YKJI€HHEM M OTKJIFOUEHHUE HETIOIBUKHBIX MM MEIJICHHO BPAILAIOIMXCS IBUTATENEH ).

Kareropuss npumenenusi, Hanpumep AC-15, npumensercsa s UENed yNpaBiIeHUS
AJIEKTPOMArHUTHBIMM Harpyskamu, a DC-23 — s ynpaBieHusi ABUTaTesIMU U APYTUMUA
CWJIBHO MHAYKTUBHBIMU Harpy3KaMH.

2.Kommymupyemwiii mox. JlaloTCcsi OTHOLIEHHS KOMMYTHPYEMOIO TOKa K
HOMHUHAJIbHOMY paboueMy TOKy. DTOT IoOKa3aTelb XapaKTepu3yeT KOMMYTALHUOHHYIO
CIOCOOHOCTB amnrapara, €ro KOHTaKTHO-yTOTaCUTEJIbHOW CUCTEMBI.

3.Hanpsowcenue, omnpenenseMoe B COOTHONIEHMM C HOMHUHAIBHBIM —pabodyuM
HalnpsbKeHueM. B pexxknme pellkux KOMMYTaluid anmnapar JO0JKEH Bblaep:kuBatThl10%-e

IMPEBLIICHNUEC HAIIPAKCHUA Hal HOMHUHAJIbHBIM.
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4. Xapaxkmep xommymupyemou Hacpy3Kku, onpeaensieMblii Ko3GGUIIMEHTOM MOIIHOCTH
COS() KOMMYyTHUpYeMOU 1enu ([ys Ienel MepeMEeHHOro ToKa), JU0O0 MOCTOSHHOM
BPEMEHHU 1IeTH T, MC (IJ1s1 1IeNei MOCTOSTHHOTO TOKA).

Baxno omnpenenuts ¢GyHKIMOHAIBHBIE BO3MOXKHOCTH alllapara, MpeIHa3HaueHHOTO
JUIsT KOMMYTallUd JaHHOTO THMAa HAarpy3ku. Tak mpu BbIOOpE KOHTAKTOPOB IS
yIpaBiIeHUs MPSMBIM IIYCKOM aCUHXPOHHBIX JBUTATeNIel ¢ KOPOTKO3aMKHYTHIM POTOPOM
OH JIOJDKEH B PEKMME HOPMAJIbHBIX KOMMYTAIlMi BKIIFOYATh IMyCKOBBIE TOKHU (KaTEropuu
npuMmenenuss AC-3 u AC-4), a B pexuMe pPEeAKUX KOMMYTAIMN OTKIOYATh
HOMUHAJIbHBIE TOKM (kateropusi npumeHeHus AC-3) wid yaapHble ITyCKOBBIE TOKH
(kareropus npumeHenus: AC-4).

B 3aBucumoctm  OT MecTa  MpenrnoyiaraéMod  AKCIUTyaTallud  arlapathbl

H3TOTaBJIMBANOTCA B PA3JIMYHBIX KAUMAMUYECKUX UCNOJIHERUAX (Ta6.]'[. 2)

Ta0mua 2
KnumaTtuuyeckune ncnonHeHuns nagenui 0O603Ha4eHus
BGyKBEHHbIE undpoBble
M3genus, npegHa3HayveHHble ANsi 9KCnyaTaumm Ha cylle, pekax, 03épax
[nsi MakpoKNMMaTU4eCcKoro panoHa ¢ yMepeHHbIM KumaTtom Yy 0
[ns MakpoKNMMaTU4eCKUX palioHOB C YMEPEHHBIM U XONIOAHbBIM KIIMMAaToM yxn' 1
[n5 MakpoKIMMaTU4YEeCKOro panoHa C BAaXHbIM TPOMUYECKUM KITMMATOM B 2
[ins MakpoKNMMaTMYeCcKoro paioHa C CyXMM TPOMUYECKUM KNMMaToM TC 3
[Ins MaKpoKnNMMaTUYeCKUX paioHOB KaK C CyXWMM, TaK U C BMaXKHbIM TPOMUYECKUM T 4
KNMMaToM
[Ins BCeX MakpoKNMMaTUYeCKUX paloHOB Ha Cylle, KpOME MaKpOKITMMaTUYeCKOro panoHa O 5
C 0YEHb XOMOAHbIM KNMMMaTOM (06LEKNMMATUYECKOE UCMOMHEHNE)
W3penus, npegHa3HayveHHble Ast SKCNyaTauum B MakpoOKIMMaTUYECKUX panoHax ¢
MOPCKUM KNMaTom
[ns MakpoKN1MMaTU4ecKoro paoHa C yMepeHHO-X0MN0AHbIM MOPCKUM KMMMaToM M 6
[ns MakpoKnMMaTM4eCcKoro panmoHa ¢ TPONMYECKUM MOPCKMM KIIMMaToM, B TOM Yucre ™ 7
ONsi CyaoB KaboTa)kHOro NnaBaHWs UK UHbIX, NPeAHa3HavYeHHbIX ANs MnaBaHns TONbKO
B 3TOM panoHe
[ns MakpoKnMMMaTUYECKUX PaNOHOB KakK C yMEPEHHO-XOMOAHbIM, Tak U TPONMYECKUM oM 8
MOPCKMM KNUMaToM, B TOM YWCre Ans CYA0B HEOrpaHWYeHHOro paoHa nraBaHust
Mapenus, npegHa3HadeHHble Ans aKCnnyaTaumMm BO BCeX MakpOKIIMMATUYECKMX paoHax B 9
Ha cyLle U Ha MOpe, KpOME MaKpOKMMMaTUYECKOro paioHa ¢ O4eHb XONOAHBIM KIMMaToOM
(BCEKNMMATUYECKOE UCMOMHEHNE)

N3penusa B ucnonHenusax Y U YXJI MOTYT 3KCIULyaTUpPOBAThCA B TEIJIOM BIIAXKHOM,
KAPKOM CyXOM M OYE€Hb KapKOM CyXoM kiumartudeckux paiionax mo I'OCT 16350, B
KOTOPBIX CpPEIHSS W3 €XKErOJHBIX aOCOJIIOTHBIX MAaKCUMyMOB TeMIepaTypa BO31yXa
Boimie 40°C wm (wiM) coueraHue Temieparypbl, paBHoW wunu Bbiue 20°C, wu
OTHOCHUTEIIbHOM BIIAXKHOCTH, paBHOM min Bhite 80%, HabmogaeTcs 6omee 12 94 B CyTKu

3a HETPEePBIBHBIN Mepuo1 0oJiee ABYX MECAIIEB B TOTY.
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KoHkpeTrHble THNBI WM TPYNIbl SKCHOPTUPYEMBIX WM JPYTUX WU3ACTAN IS
MAaKpOKJIMMAaTUYECKOr0 TMOJpailoHa € TEIUIBIM YMEPEHHBIM KJIMMATOM JIOIYCKaeTCs
U3TOTOBJISATH B KJIMMATHUYECKOM HCIHOJHEHMH TY, eclIu TeXHUKO-3KOHOMHUUYECKH
000CHOBaHbI KOHCTPYKTHUBHBIC OTJIMYUS M3JCIWNA D3TOrO MCIOJIHEHUS OT W3IASIui
KJIMMATHUYECKOT'O MCIIOJIHEHHUS Y.

BozneiicTBrue kimMatnueckux (PakTOpoB OMpEAeNsIeTcsl TaKKEe MECTOM YCTaHOBKH

anmnaparoB. JTOT MapaMeTp OTpa)keH B TadI. 3.

Tabawnia 3

XapakTepucTHKa KaTeropui pa3MereHust O603HaueHne

Jlnst SKCIUTyaTalMy Ha OTKPBITOM BO3IyXe (BO3/ACHCTBHE COBOKYIHOCTH KIMMATHYECKHX (aKTOPOB, 1
XapaKTePHBIX IS JaHHOTO MaKPOKIMMAaTHYECKOTO paiioHa)

JInst SKcIuTyaTamyy II0J HaBECOM MM B ITOMEIICHUsX (00beMax), rie KoieOaHWs TeMIeparypsl U
BJIQXKHOCTH BO3/yXa HECYIECTBEHHO OTJIMYAIOTCSA OT KOJICOAHMH HA OTKPHITOM BO3LYXE U HMEETCS
CPaBHHUTEIBFHO CBOOOMHBIH JOCTYI HapyXXHOTO BO3[yXa, HapHUMep, B IIalaTKaX, Ky30BaX, IPUIEINaXx,
METAUIMIECKUX IOMEIICHUAX Oe3 TeIUIOM30SIHY, a Takke B 000JI0OYKE KOMIUIEKTHOTO W3ICIUs
kateropuu 1 (OTCYTCTBHE NPSIMOTO BO3JCHCTBUS COJTHEYHOTO U3JIyYECHUs U aTMOC(EPHBIX 0CAJIKOB) 2

Jlnst SKcIUTyaTanid B 3aKPBHITHIX INIOMEIICHUSX (00beMax) ¢ eCTeCTBCHHOW BeHTWIANUeEH Oe3
HCKYCCTBEHHO PETYJIHPYEMbIX KINMAaTHYECKHX YCIOBHIi, IJie KoJIeOaHHs TEMIepaTypbl U BIAXHOCTH
BO3/lyXa U BO3IEHCTBHE MECKa U IBUIN CYIIECTBEHHO MEHBIIIE, Y4eM Ha OTKPBITOM BO3/yXe, HAIpUMep, B
METAIMYECKUX C TEIIOM30JAIHeH, KaMEHHBIX, OCTOHHBIX, JCPEBSHHBIX IIOMEMICHUSX (OTCYTCTBHE
BO3/ICHCTBUS aTMOC()EPHBIX OCAJKOB, MPSIMOTO COJHEYHOTO H3IIyYCHHs; CYLIECTBEHHOE yMEHbILICHHUE
BETPa; CYIIECTBCHHOE YMCHBIICHHE WIH OTCYTCTBHE BO3/CHCTBHS PACCESHHOTO COJTHEYHOTO M3IIyYCHHUS
U KOHJICHCAIIUH BJIATH) 3

Jlns SKcIulyaTaluy B IOMEIICHHSX (00beMax) ¢ MCKYCCTBEHHO PEryJNHPYyEeMBIMH KIHMAaTHYECKUMHU
YCIOBHSIMH, HAlpuUMep, B 3aKPBITBIX OTAIUIMBACMBIX MM OXJNAXIACMBIX H BEHTHIHPYEMBIX
IIPOM3BOJICTBEHHBIX

U JIPYrHX, B TOM YHCIIE XOPOIIO BEHTHIHPYEMBIX TOA3EMHBIX TIOMEIICHUSIX (OTCYTCTBUE BO3/ICHCTBHUS
HPSIMOTO COJIHEYHOTO H3JTy4eHHs, aTMOC(EPHBIX OCAJKOB, BETPA, II€CKa U IBLUIA HAPYKHOTO BO3IYyXa;
OTCYTCTBHE WM CYIIECTBEHHOC yMEHBIICHHE BO3IEHCTBUS PACCESHHOIO COJHEYHOTO W3IYYCHUS U
KOHJICHCALIMH BJIaru) 4

Jlnst oKcmIyaTanud B IIOMeHIeHHSX (00beMax) C IOBBINIEHHOH BIAKHOCTBIO (HampHMep, B
HEOTAIUTMBAEMBIX U HEBEHTWIHPYEMBIX IIOJ3EMHBIX IIOMEINCHUSX, B TOM YHCIe IIaXTaX, IOoJBalax, B
HOYBE, B TaKMX CY/OBBIX, KOPAOEIbHBIX U APYTHX MOMEIICHHAX, B KOTOPBIX BO3MOXHO IIHTEIHHOE
HaJu4ue BOABI MM 4acTas KOHACHCALMs BJIArd Ha CTEHAaX U IIOTOJIKE, B YAaCTHOCTH, B HEKOTOPBIX
TPIOMaxX, B HEKOTOPBIX IeXaX TeKCTWIBHBIX, THAPOMETAIUIYPIHUSCKIX IPOU3BOJICTB U T.IL.). 5

Tabmuna 4

KnumaTtuueckoe Kateropus 3HayeHue TemnepaTypbl Npy aKkcnnyaTaumm

nenonHexne pasMeLLeHms Pa6ouvne MpeaenbHble paboyne
BepxHee HwxHee CpepHee BepxHee HwxHee
3Ha4eHve 3Ha4eHve 3Ha4eHve 3Ha4eHve 3Ha4eHve

Yy 1,23 +40 -45 +10 +45 -50

5 +35 -5 +10 +35 -5

Xn 3 +40 -60 +10 +45 -60

5 +35 -10 +10 +35 -10

yXn 1,23 +40 -60 +10 +45 -60

3,1 +40 -10 +10 +45 -10

4 +35 +1 +20 +40 +1

T 1,23 +45 -10 +27 +55 -10

5 +35 +1 +10 +35 +1

6] 4 +45 +1 +27 +55 +1

5 +35 -10 +10 +35 -10

M 3 +40 -40 +10 +45 -40

oM 3,5 +45 -40 +27 +45 -40
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Tabnuma 5

OTHOCHUTeIbHAsl BIAXKHOCTh AbconoTHas
Hcnonuenne m3nenust | Kareropus m3penust BIIEXKHOCTE,

CpeHero10Boe 3HaueHue Bepxuee 3Hauenue * Cpe/iHero10Boe

3HAYCHHE "M
VXJ1 4;4.1;4.2 60 % npu 20 °C 80 % mpu 25 °C 10
V, YXII (XJI°) 1;2 75 % npu 15 °C 100 % mpu 25 °C 11
TY 1.1 70 % npu 15 °C 98 % npu 25 °C 10
2.1;3;3.1 75 % mpu 15 °C 98 % mpu 25 °C 11
SHk* 90 % mpu 15 °C 100 % mpu 25 °C 13
5.1 90 % npu 15 °C 98 % npu 25 °C 13
TC 1;21.1;3;3.1; 40 % npu 27 °C 100 % npu 25 °C 10
4;4.1;4.2 40 % npu 27 °C 80 % mpu 25 °C 10
5 90 % mpu 15 °C 100 % mpu 25 °C 13
5.1 90 % mpu 15 °C 80 % mpu 25 °C 13
TB,T,O,B 1;2;5 80 % npu 27 °C 100 % mpm 35 °C**** 20
™, OM** 1.1 75 % npu 27 °C 98 % mpu 35 °C 17
2.1;5.1 80 % mpu 27 °C 98 % npu 35 °C 20
TB,T,B 3 75 % npu 27 °C 98 % mpu 35 °C 17
TM™, OM** 3.1 75 % mpu 27 °C 98 % mpwm 35 °C 17
TB, O, B, 4 75 % npu 27 °C 98 % mipu 35 CCH¥** 17
™, OM** 4.1 60 % mpu 20 °C 80 % mpu 25 °C 10
4.2 75 % npu 27 °C 98 % npu 35 °C 17
M 1;2 80 % mpu 22 °C 100 % mpu 25 °C 15
1.1 75 % npu 22 °C 98 % npu 25 °C 11
2.1 80 % mpu 22 °C 98 % npu 25 °C 15
3;4;3.1 75 % npu 22 °C 98 % npu 25 °C 11
4.1 60 % mpu 20 °C 80 % mpu 25 °C 10
4.2 75 % npu 22 °C 98 % npu 25 °C 11
5 80 % npu 22 °C 100 % mpu 25 °C 15
5.1 80 % mpu 22 °C 98 % npu 25 °C 15

* VYkazaHHoe B Tabiwile BepxHee 3HAYCHHWE OTHOCHUTEIFHOW BIAXKHOCTH HOPMHUpPYETCA TakXke NpH Oojiee HHU3KHX
TeMIEeparypax; npu 00Jj1e€ BEICOKHX TeMIIEpaTypax OTHOCUTCIIbHASA BJIA)KHOCTb HUKE.

IIpu HOpMupoBaHHOM BepxHeM 3HadeHuu 100% HabmogaeTcs KOHIEHCALUs BIard, NMPH HOPMHUPOBAHHBIX BEPXHUX
3HaueHusAX 80% nnu 98% KoHaeHcalyst Bjaru He HaOJItoaaeTcsl.

3nauenuro 80% npu 25°C coorBercTBYIOT 3HaueHUs 90% npu 20°C mnu 50-60% npu 40°C.

** Jlns MOpCKHMX cynoB ucronHeHuss OM, npeaHa3HayeHHBIX IS HENPOJOJDKUTENFHOTO NpeObIBaHUS B paiioHaxX C
TPONMYECKUM KIMMAaTOM, 3HAUEHHsI COYETaHUS TEMIIEPATYPhI M BIAXXHOCTH JIOIYCKACTCsl IPUHUMATh TAKUMH XKe, KaK U IS
rcnoyiHeHus: M.

*Fk%x TS u3menuil, mpeqHa3HauCHHBIX JUTSl YTONBHBIX IIAXT, 3HAUYEHHS BIAKHOCTH NMPHHUMAIOT TAKUMH XKe, Kak s
ucnoyiHeHus T.

wdkdk Jlng n3menuil BUIOB KuMaTHYecknx ucrnonHeHn OM4 n OMS, ycTaHaBIMBAaeMBIX B MAIIUHHBIX U KOTEIBHBIX
OTIeNIeHSIX Kopabieii, BepxHee npeaensHoe padbouee 3Havenne 100% npu 50°C.

*3 Tns ucnonHenus XJI BceX KaTeropuu pa3MelieHus, KpoMe 5; 5.1, cpeHeroosoe 3HaueHue-85% mpu munyc 6°C.

*° Jlns ucnonuenns TM kateropuit pasmemenus 1; 2; 5; 2.1; 5.1 IpUMEHUMO Takke CpeIHErooBoe 3HaueHne 70% npu
29°C.

3HauuTENIbHOE BIMSHHE Ha SKCIUTyaTallMIO BBIKIIOYATENS OKA3bIBAIOT TEMIIEpaTypa
OKpYy>Karolien cpenbl (Tadu. 4) u BIaxHOCTh (Tad. 5).

Jlns mpenoTBpalleHnss NOonaJaHusi BHYTPh BBIKIIIOYATENS WHOPOAHBIX TET W BOJBI U
UCKJIIOYEHUN COMPUKOCHOBEHHUS OOCIYKMBAIOIIETO TMEpPCOHAla C TOKOBEIYIIMMHU H
MOJIBYKHBIMU YacCTSIMU yCTaHaBNuBaeTcs 3amuTtHas obonouka, 'OCT 14254. Crenenb
3amuThl 00o3HavyaeTcs OykBamu [P u nByms mudpamu.

[lepBast 1mdpa xapakTepusyer 3allMTy anmnapata OT NPOHUKHOBEHHS BHYTpb
MHOPOJIHBIX T M OT COINPUKOCHOBEHUS INEpCOHajNa C JeTalsIMUA  amnmnaparta.

XapaKkTepucTHKa 3aIluT J1aHa B Tadu. 6, 7.
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TaOmmma 6

Tepsast CreneHp 3aluUThI
Kparkoe onmcanue Onpenenenue
0 3armra OTCyTCTBYET CrenyasbHas 3al|Ta OTCYTCTBYET
1 3ammyTa OT TBEPHBIX Tel 3arnmra OT IPOHUKHOBEHHUS BHYTPb 000I0UKH
pazmepoM Gostee 50 MM 60JIBIIOTO yJacTKa YeIOBEYECKOro Tella, HalpuMmep,
PYKH, U TBEPABIX TEJI pa3MepoM cBblie 50 MM
2 3armTa OT TBEp/bIX TN 3amura oT NPOXOXKAEHH BHYTPh O00JIOUKHU HaJIbLIEB
paszmepom Gonee 12 MM WJIM TIPEZIMETOB JUTMHOM He Oostee 30 MM U TBEp/IBIX TeJ
pasMepoM cBbIIe 12 MM
3 3amura ot TBEpIpIX Tel 3armuTa OT IPOHHKHOBEHHSI BHYTPb 000JIOUKI
pa3MepoM He Gosiee 25 MM HUHCTPYMEHTOB, IIPOBOJIOKH H T.II. IPEJMETOB
TOJILMHO# Gostee 2,5 MM U TBEPABIX TEll, pa3MepoOM
Oostee 2,5 MM
4 3aruTa oT TBEP/bIX TeN 3ammra OT IPOHNKHOBEHHUS BHYTPh
pazmepom Conee 1x1 Mm 00OJIOUKH MPOBOJIOKH M TBEP/IBIX T
paszmepom Gosee 1 Mm
5 3anmra oT MbuM ITpoHHKHOBEHHE BHY TP 000JIOUKH ITBUTH HE
PEIOTBPALIEHO IOIHOCTHIO, OHAKO
HPOHHUKAIOILAs TTbUIb HE MOXKET HApyIlaTh
HOpPMAaJIbHY!O paboTy amrapara
6 [IbIeHenpoHtIaeMocTh IIpoHMKHOBEHME MBUTH MPEOTBPAIIIEHO MTOIHOCTBIO
Tabmura 7
Bropas CTerneHsb 3aIyThl
ubpa Kparkoe onmcanue Ornipezienenye
0 3atmra OTCyTCTBYET CrenpanbHas 3aJIMTa OTCYTCTBYET
1 3aiyra OT Karejb BOJIbl Karum Bo/ibl, BEPTHKATILHO NIaJIArONIIeE Ha
000JI0UKy, HE IOJDKHBI OKa3bIBaTh BPEIHOTO
BIIVSTHYS Ha aMIiapar
2 3ammyTa OT Karemb BOAbI Karum Bofbl, BepTHKAIBHO NTaaloNIye Ha
P HaKJIoHe 15° 000JI04KY, HE JOJDKHEI OKa3bIBaTh BPSJHOTO
BIIUTHS HA alllapaT IpH HAKIOHE er0 000I0UKH
Ha JIr000# yron 10 15° oTHOCHTEIEHO
HOPMAJILHOTO HOJIOXKEHHS
3 3amura oT 10K/ Jlox7p, Mamaonmii Ha 000JI0UKy MOJ Yo
60°. He TOJDKEH OKa3bIBATh BPEIHOTO
JIeHCTBHS Ha anmapar
4 3ammyTa oT OpbBr Bona, pa30pbriBaemast Ha 000JI0UKY B TI000M
HallpaBJIeHHH, He JI0JKHA OKa3bIBaTh BPEIHOIO
JIeHCTBYSA Ha armapar
5 3ammiTa OT BOISHOM CTPYH Crpysi, BeIOpachiBaeMast Ha 000JI0UKY B JTIOO0M
HalpaBJIeHHH, He JI0JDKHA OKa3bIBaTh BPEIHOIO
JIeHCTBYS Ha armapar
6 3anmra oT BOJIH I1pu BonHEHNH BoJA HE IO/DKHA IPOHUKHYTE B
000JI04Ky B KOJIHYECTBE, JOCTATOUHOM IS
HOBPEXKICHNS alapaTa
7 3amuTa py NOrpy>KeHUH B Boza He o/DKHA IPOHUKATD B 000JIOUKY,
BOLLY HOrPYXKEHHYIO B BOJLY, IIPH OIPEIETCHHBIX
3HAUEHIIX JJABJICHUS U BPEMEHH B KOJIMIECTBE,
JIOCTaTOYHOM JUIS IOBPEXKEHUS aapaTa
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Hampumep, MarHuTHBINA MycKareiab, UMEIOUIMN cTeneHb 3amuThel [P54, He 3amuunieH
MOJIHOCTBIO OT NMPOHUKHOBEHHUSI BHYTPb OOOJIOUYKH MbLIM, OJHAKO MbUIb HE BIMAET HA
HOpMaJlbHYI0 paboTy camoro ammapaTa. Kpome Ttoro, Boma, pa3Opbi3ruBaemasi Ha
000JI0YKYy B JIFOOOM HaIlpaBJI€HWHU, HE JIOJDKHA OKa3bIBaTh BPEAHOTO BO3CHCTBUS Ha
amrapar.

DIEeKTpUYECKHE almaparbl YCTaHABIMBAIOTCS B MPOU3BOJACTBEHHBIX MOMEUICHUSIX, TI€
paboTaloT paziuyHble MAllMHBI U MEXaHU3MBI, CO3AI0IIMe BUOpAIMIO M yIapbl. JTH
BO3JCHUCTBUSL BOCIIPUHMMAIOTCSl aIllapaTaMd, M MOXKET IPOU30WTU HAPYLIEHUE HUX
HOpMaJbHON paboTel. TpeboBanus 1O BHOPO- M YIAAPOCTOMKOCTH amnmapaToB
pernmamentupyrorcs ['OCT. Beero nmeercs 29 rpynin MexaHUYECKUX BO3JEUCTBUM. Te u3
HUX, KOTOPbIE XapaKTEPHBbI I aBTOMATOB, IIPUBEACHBI B (Ta01. 8).

Tabmura 8

pynna Mecrta pasmelLieHns n3genun Npy akennyaraumm BubpaumoHHble Ypapbl
ycrnosum Harpysku

akcnnyaray,
" Owanaso | Makcuma | YckopeH | Onutenb

H YacToT, nbHoe ve, g HOCTb,
My yckopeve MC
g

M1 HenocpeacTBeHHO Ha CTeHax NpeanpuaTuiA, dyHaameHTa 1-35 0,5 - -
W T.M. NPY BHELLHUX UCTOYHMKAX BUGpaLMK C YacToTol He
Bbilwe 35 Il; Ha CTPOMTENBHOAOPOXKHBIX MALLIMHAX

M2 To xe, 4yto M1 Ha YacToTe B1Gpauuii He Boiwe 50 My 1-50 0,5 - -

M3 B craumoHapHbIx ycTaHoBKax (B LUkadbax, maHensx, 1-35 0,5 3 2-20
nynbTax, WMTax) Npy BHELLHUX UCTOYHMKaxX BUGpaLmii ¢
YyacToTon He Bbille 35 My

M4 To xe, 4to M3, Ho npu YacToTe BMBpaumm He Bbiwe 50 My 1-50 0,5 3 2-20

M5 B cTaumoHapHbIx ycTaHoBKax (B wkadhax, nynbTax, 1-100 2 - -
naHensix, W1Tax), pacnosioXXeHHbIX HENOCPEACTBEHHO Ha
dyHOameHTe TypboreHepaTopoB MOLLHOCTBI0 2500 kBT 1
BbILLE, HE MMEIOLLMX UCTOYHUKOB YAAPHbBIX Harpy3ok; B
TypboreHepaTopax MoLHocTbo 2500 KBT U BbiLe unu
Ha peakTopax MoLHocTbo 2500 KBT 1 BbiLe B kavecTBe
BCTPOEHHbIX 31IEMEHTOB

M6 B 3g0aHuMsIX MalLmMHHBIX 3ar0B TypboreHepaTopoB 1-100 1 - -
moLuHocTbio 2500 kBT 1 BbiWwe, B TpaHchopmaTopax
MoLHocTbIo 2500 KBT 1 BbiLLEe B Ka4ecTBE BCTPOEHHbIX
3MEeMEeHTOB; Ha MeTannoobpabaTbiBatoOLLMX U
nepeBoobpabaTbiBatoLLyX ObICTPOXOAHBLIX CTaHKax

M7 B craumoHapHbIx ycTaHoBkax (B Lwkagax, nynbrax, 1-100 1 3 2-20
naHernsix, KOMMIEKTHbIX pacrpeaenmTenbHbIX
YCTPOWCTBAX) MaLLUHHBIX 3a510B 37IEKTPOCTaHLIMIA C
Typ6oreHepaTopamm MoLLHOCTLI0 2500 kBT

M18 Ha nepeaBvXHbIX 1Ny CTauMOHaPHBIX NEPEBO3UMbIX 1-35 0,5 15 2-15
ycTaHoBkax (6ypoBbix), He paboTatoLLmnx Ha xoay

M27 Ha Tenexkax MarucTparnbHbIX 9NEKTPOBO30B, 1-100 5 15 2-15
TENnoBo30B, AN3ENbMOe3A0B. MOTOP-BaroHOB,
XEene3HOAOPOXHbIX BaroHOB A151 HEOOPEeCCOPEHHbIX
usgenun
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M25 B ky3oBax 1 nof Ky3oBamy MarmcTparibHbIX 1 1-100 1 3 40-60
NPOMBbILLMEHHBIX SMNEKTPOBO30B, TENNOBO30B,
AM3enbnoesaos, MOTOP-BAroHOB, XXee3HOA0POXHbBIX
BaroHoB

M28 B ropoackom 1 npomblILLEHHOM 6e3penbCoBoM 1-60 1 3 2-20
aneKkTpoTpaHcnopTe

M29 B ropoaCKOM penbCoBOM 3NeKTpOTpaHcnopTe 1-60 1 3 2-20

Kinnmarnueckoe MCHOTHEHHE W KaTEeropusi pa3MEIICHUs] KOHTAKTOPOB, MAarHUTHBIX
MyCKaTeyiel, aBTOMaTUYECKUX BBIKJIIOYATENICH U JPYrUX alaparoB YKa3bIBAIOTCA B UX
o0o3HaueHusAx. Hanpumep, 3M€KTpOMarHUTHBIA KOHTakTOp InepemMeHHoro toka KPM-
250-H YV XIJI5 moxet ObITh HCIIOJIb30BaH B CpeJlaX C YMEPEHHBIM U XOJIOIHBIM KIUMAaTOM
(VXJI), B mnoMeneHusiX ¢ MOBBIIIEHHOHN BIAXHOCTHIO (5).

PaccmorpuMm  psI TEXHUMYECKMX  NAPaMETPOB,  XapaKTEPU3YIOIIUX  TEXHUKO-
DKOHOMMYECKHI YpOBEHb amnmaparoB. Cpenu HUX MexaHudeckas u KOMMYMAayuOHHAs
usHococmouxocmsb. OHM OINPEHEISIIOTCA KOJIWYECTBOM KOMMYTALMN 3JIEKTPUYECKOTO
anmapara 0 TeX Mop, MOKa OH CTAHET HEMPUTOJHBIM JIJII HOPMAJIbHOM pabOThl ¢ TOUKU
3peHusi pabOTOCIOCOOHOCTH €r0 MEXaHWYECKUX YacTell M KOMMYTHPYIOIIUX KOHTAKTOB,
KOTOPBIE TMOJABEPKEHBI BO3JACHUCTBUIO JJICKTPUYECKOM AYTH BKIOYEHUS U OTKIIOUYCHMUS.
Breigensiercs Tpu KaTeropum KOMMYTAllMOHHOW wu3HOcocTolikocth (A, b u B) B
3aBUCMMOCTM OT MaTepuajla KOHTAaKTHBIX HakKIagoK ammapara. KoHTakThl,
BBHITIOJIHEHHBIE ¢ KOHTAaKTHBIMHU HAaKJIaJIkaMu Ha ocHOBe cepeOpa (mampumep, COK-15)
OTHOCATCA K Kareropum A U HUMEIT MNOBBIICHHYID  KOMMYTAllMOHHYIO
W3HOCOCTOMKOCTh. MexaHndeckass U KOMMYTAlMOHHAs W3HOCOCTOMKOCTH armapaToB
yOpaBJIECHUSL ONPENCNSIOT HAAEKHOCTh M JIOJITOBEYHOCTh HMX pabOThl B PEXHUME
HOPMAJIbHBIX KOMMYTaIWM.

JIns  SIEeKTpUYECKMX  anmapaTroB  YOPAaBICHUS W PACHPEICICHHUS  BaXXHBIMU
napamMeTpamMu SIBIBIFOTCS. HOMHUHAJIbHAs BKJIIOYAIOU[As W HOMUHAJIbHAS OTKIIFOYAKOIIAs
CIIOCOOHOCTb.

Homunanenas exmouarowas cnocoonocms amnmapata — YKa3aHHOE M3TOTOBUTENEM
3HAYEHHE TOKA, KOTOPBIMA armapar MOXKET yIOBJIECTBOPUTEIILHO BKJIKOYATh B YCTAHOBJICHHBIX
YCIIOBUSIX BKJIFOUEHUSI (HAPSHKEHUE 10 BKIIFOUEHUS], XapaKTEPUCTUKU UCTIBITATEILHOW LIEMH).

HomunaneHast BKIrO4aroImas CIIOCOOHOCTH YKa3bIBACTCA IMPUMCHUTCIIBHO K HOMHWHAJIBHOMY

12 «BbI00P HU3KOBOJIBTHBIX YIEKTPHYECKUX ANNAPATOB pacnpeaeieHus U ynpasiaenus» Axumos E.I'. 2007T.



paboueMy HanpsHKEHUIO 1 HOMUHATIBHOMY pabovyeMy TOKY.

Homunanenas omxmouaiowas cnocobnocmy anmnapara - yKa3aHHOE H3TOTOBUTEIEM
3HaYEHHE TOKA, KOTOPBI armapar MOXKET YJOBJICTBOPUTEIBHO OTKIIOYATh B YCTAHOBICHHBIX
YCIOBHUSX OTKJIIOUEHUSI (XapaKTEePUCTUKH MCIIBITATEIbHON LIEMH, BOCCTAHABIMBAIOIIECECS
HaNpspKEeHWE  MPOMBILUIEHHOM 4acToThl). HomuHambHas OTKIOYANONIAs CHOCOOHOCTh
YKa3bIBAaeTCsl, TaKKE, MPUMEHHUTENIbHO K HOMHMHAJIBHOMY pa0odyeMy HAalpsHKEHUIO |
HOMHHAJILHOMY paboyeMy TOKY.

K HOMMHAJIbHBIM XapaKTEPUCTUKAM 1pU KOPOMKUX 3AMbIKAHUAX OTHOCSTCS:

- HOMUHAJTbHBIN KPAaTKOBPEMEHHBIN IOy CTUMBIN TOK (L y,);

- HOMHMHAJIbHasI HanOoJIbIIIas BKIFOYaromas crioco0HocTh (Iqy,);

- HOMHHAQJTbHAST HANOOJTBINAS OTKITFOYAroIasi ciocoOHOCTh (I);

- HOMUHAJILHBIM YCIIOBHBIA TOK KOPOTKOTO 3aMbIKaHMs (OXKHIAEMbId TOK). IJTO TOK,
KOTOpPBIM TMpoTeKan Obl B LIEMH, €CIM Obl KaXAbld MOJIOC anmnapara Obul 3aMEHEH
MPOBOJAHUKOM C HUYTOXXKHO MaJIbIM COIIPOTUBICHHUEM.

Homunanvuas naubonvwias sxnouaroujas cnocooHocms — 3T0 3HAaU€HHE HAMOOJIbIICH
BKJIFOYAIONIEH  CIIOCOOHOCTH,  YCTAHOBJIEHHOE  JUIsi  JAHHOTO  BBIKJIIIOYATENsS
U3rOTOBUTENIEM, U BBIPAKACTCS MAaKCUMAJIbHBIM OXKHUJAEMBbIM MHUKOBBIM TOKOM (Ha
MEPEMEHHOM TOKE - YJJapHBIM TOKOM KOPOTKOTO 3aMBIKAHHS ).

Homunanvnas muaubonvwas omknouarowas CcnocobOHOCmMs - 3TO  3HAUYCHHE
HaMOOJbIICH OTKIIIOYAIOIIEH CIOCOOHOCTH, YCTAHOBJIEHHOE ISl JAHHOTO BBIKJIIOYATENS
M3TOTOBUTENEM. BBIKITIOUaTeNb JOMKEH OTKIIOYATh JIF0O0H TOK KOPOTKOTO 3aMBIKAHHUSA,
HE IPEBBIIIAIOIINNA €r0 HOMUHAJIBHBIX OTKJIIOYAIOIIUX CHOCOOHOCTEH (Ha MepeMEeHHOM

TOKEC — 3TO O)KHI[&CMBIﬁ TOK KOPOTKOT'O SaMBIKaHI/IS{).
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ABapuiiHble Pe;KUMBbI B LIENSIX U CIIOCOOBI 3aAIUTHI

JUis KadyecTBEHHOro u OecrnepeOOMHOro cHaOXKeHusi MoTpeduTeneld HEeoOXOAUMO
HAJIe)KHOE COIVIACOBAHHME BCEX 3JIEMEHTOB SHEPrOCUCTEMBI (MCTOUYHUKA AJIEKTPOIHEPIHH,
CETH, Harpy3KkH, yCTpoucTB 3amuThbl). Oco0yr0 poJib 3[IECh UTPAIOT YCTPOUCTBA 3AIUTHI
notpeOuTened OT BO3MOXHBIX aBapUIHBIX pPEXKUMOB B sHeprocucreme. Cpeau
U3BECTHBIX  MOTpeOuTeNe MOXHO  BBIACIUTH TPU  XapakKTepHble  Haubosiee
pacnpocTpaHEHHbIE  TPYNIbl:  aCHHXPOHHbIE  anekTpoasBuratenn  (AJl) ¢
KOPOTKO3aMKHYTOM poTopoM (6osiee 50% moTpeduteneit), OCBETUTEIbHBIE YCTAHOBKU H
CWJIOBBIE  IOJIyTIPOBOJHUKOBBIE — ycTpoiicTBa. (OO0bEeM  OCTaIbHBIX MOTpeOUTENeH
3HAYUTEIBHO HUXKE.

AHanu3 aBapUHBIX PEKUMOB MO3BOJISIET BBIIEIUTH CIEAYIOLIME TUIIBI aBApUH, 4aCTO
BCTpEUAIOLIUECs Ha IPAKTUKE (HA MpUMepe MOTpeOuTeNsl — aCMHXPOHHOIO JABUTATENS C
KOPOTKO3aMKHYTBIM POTOPOM):

KOPOTKOE 3aMbIKaHHE Ha 3ayKUMax JBUraTes, J100 B €ro CTaTOpHOW 0OMOTKE;

oOpbIB (pa3pl CTAaTOpPHOM OOMOTKHM JABHraTeliss (4acTo BCTpEYaeTCs NpHU  3alluTe
JBUTATENIEH IPEIOXPAHUTEISIMH );

3aTOPMOKEHHE POTOpA IPHU ITycKe ABUraresis (0COOEHHO YacTO BCTPEYAETCs PU MPSIMOM
MyCKEe JABUTraTeIs);

Ype3MepHbIe TEXHOJIOTUYECKHE MEeperpy3Ky, BO3HUKAIOIIME MTPU Ha0poce HArpy3ku B
npoiiecce GYHKIIMOHUPOBAHUS IBUTATEIS;

HapylIEHUE OXJIAXKJECHUS, BbI3BAHHOE IIOJOMKOM CHCTEMBbl NPHUHYIUTEIBHOU
BEHTWISIIUU JBUTATEIIS;

MOHW)KEHUE CONMPOTUBIICHUS HW30JSLUU, NPOUCXOMSIIEe B pe3yJbTaTe CTApECHUS
M30JISLHMH U3-32 [UKINYECKUX TEMIIEPATYPHBIX IEPETrPY30K.

ABapuiiHble pPEXUMBbl B LENU dCUHXPOHHO20 O8ucamess MOTYT BbI3BaTh JIMOO
KpaTKOBPEMEHHOE MOBBILIEHUWE TOKa B 12—17 pa3 mo CpaBHEHHIO C HOMHMHAJIbHBIM
sHaueHueM (K3 B menu), 1ub0 IIuTeNbHOE MPOTEKAaHWE TOKa MEeperpy3ku, 10 5—7 pa3
IPEBBIIIAIOIIET0 HOMUHAJIBLHOE 3HAYEHUE TOKA.

JUtst 3amUThl SJIEKTpUYecKuX nener or K3 mupoko NMpUMEHSIOTCS aBTOMAaTUYECKHE
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BBIKJIIOYATENIM C MAaKCHMAJIbHBIM PAaCLEIUTEIEM TOKA, pEJIe TOKA, MPEJOXPAHUTEIH.
ABapuiiHble pEeXUMBbI, HalmpUMep Meperpy3ka Mo TOKY, TpeOylT BbIOOpa 3allUThl,
HanOonee >PGeKTUBHON MpH TOM WM MHOW aBapuu. Tak mpu oOpbiBe (aser AJ]
Hanbosnee 3()PEeKTUBHON sIBiIsIETCS MUHUMAallbHas TOKOBas 3allUTa U TEMIIEpaTypHas
3amuTa (OHa 0oOecreuynBaeT ObICTPOE OTKIIOYEHUE LENHU NPU UCUE3HOBEHUHU HANIPSHKEHUS
B 3amuiiaemMor Qase BcIeACTBUE €€ OOpbIBa) W TeMIlepaTrypHas 3amura. MeHee
3¢ ¢deKkTUBHONM — TeruloBas 3amura (TemsoBble pene). IIpu 3aTopmMOKeHHOM poTOpe
BecbMa 3((PEKTHBHBI MaKCHUMAaJbHbIE pPEJI€ TOKAa M TeMIlepaTypHas 3aumura. MeHee
sa¢dexTuBHA TeruioBas 3amuTa. [Ipyu TeXHOIOrHYecKoi neperpysKke JIydllne pe3ysbTaThl
JaeT TemmeparypHas 3amuTa. O((EeKTUBHbI Takke TeruioBble pene. llpu HapymieHuu
OXJIXKJICHHUS JIBUTATENsl TOJIBKO TEMIIEpPATypHas 3allliTa MOXKET 3allUTUTh JABUIaTElb.
[ToHmwxeHre CONPOTUBIEHUS W3OJSLMU CTATOPHOM OOMOTKM JABWIaTessl BCIEJCTBUE €€
CTapeHUs] MOKET BbI3BATH POCT TOKA YTEUKU M3OJISILMMU, €€ pa3pylIeHUe U KaK pe3yJibTar -
CIPOBOLIMPOBATH MEPErpy3Ky MO TOKY B 1enu, auoo K3. J{is 3ammTe! mpu 3To# aBapuu
INPUMEHSIOTCSL  CHELHUAJIbHbIE YCTPOMCTBA KOHTPOJIS YPOBHSA M30SILIMU  OOMOTKHU
JBUTATENs, OCHOBAaHHBIE HA TEeX K€ NPUHUMIAX, YTO M YCTPOMCTBA 3aIMTHOIO
OTKJIFOUEHHUS.

OcHOBHOW 3ajaueid, cTosleld Mpu BbIOOpE ammaparyphl 3allUThl OTpeOUTENEeH U
AIEKTPUYECKUX CETEH, SABJISETCA COIJACOBAHUE 3AIUMTHBIX XapaKTEPUCTUK yCTPOWCTB
3alUThl C MPEENbHO-AONYCTUMBIMM HAarpy3kaMu IO TOKY M BPEMEHHU Pa3IUUYHBIX
noTpeduTeneid m cere (IpoBOAOB M KaOemei). [ Kakaoro KOHKPETHOTO THIIA
noTpebureneid Hauboyiee IMOJHOE COTJACOBAHUE MOXET OBITh JOCTUTHYTO IpHU

HCIIOJIB30BAHUU OIIPCACIICHHOI'O THUIIA allllapaTOB 3alllUTHI.
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Puc. 1. CornacoBaHue XapakT€pUCTUK 3aIIUThl U IOTPEOUTENEH: 2 — aCHHXPOHHBIN
JIBUTATEIb; 0 — MpeoOpa3oBaTeib; B — OCBETUTENbHBIN Mpubop: 1 — 3amuTHas

XapaKTepUCTHKa anmnapara 3alluThl; 2 - Harpy304Has XapaKTepUCTUKa NOTPeOUTENEH.

Ha puc. la npuBeneHbl XxapakTepUCTHKW anmapara 3auuThl (1) myckoBas
XapakTepucTuka (2) aCHHXPOHHOTO JBUTATENI C KOPOTKO3aMKHYTHIM POTOPOM.
Xapakrepuctuka (1) MoxeT ObITh peann3oBaHAa ABTOMATHYECKUM BBIKIIOYATEIEM C
MaKCHUMAaJIbHBIM TOKOBBIM U TEIJIOBBIM PACIENUTENSIMH (Te€pMOpacCEeUTeNeM), Tu00
TETJIOBBIM pefie (B 30HE TOKa neperpys3ku I, npurarerns).

Ha puc. 16 npuBenensl xapaktepuctuka (1) npemoxpaHurens U XxapakTepuctuka (2)
CUJIOBOIO IpeoOpazoBares.

Ha puc.1B — cooTBeTCTBEHHO, XapakTepuctrka (1) 3almuTHOrO ammapara U IIyCKOBas
XapakTepucTuka (2) Jammn HaKaJIMuBaHUsI.

Hanbonee mnosHOe cormacoBaHWe 3allUTHBIX W Harpy304YHbIX XapaKTEPUCTHK
JNOCTUTAETCSI, €CIU 3alllUTHAsl XapaKTEepUCTHUKA amnmnapara MpOXOJUT BBIIIE U BO3MOKHO

OJIMKe K Harpy304YHOM XapaKTepUCTUKE TOTPEOUTEIS.
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Ocobennocmu cemeii 0,4 kB

[Ipumenenue amnmapaToB 3amuThl B 1ensx Hanpsbkenuem 0,4 kB omnpepensercs
CXEMOM IMOCTPOEHHUs TAKHUX LeNel, KOTopas B CBOK OYEPEAb OINpEIENseT 3HAYEHUs
tokoB K3 B »tux cxemax [3]. Ilostomy Henb3s paccMarpuBaTh M BBIOUpATh
ANEKTPUYECKU amnmapaT 3aluThl 0e3 yueTa 0COOCHHOCTEN MOCTPOEHUSI CXEMbl TUTAHUS,
MOIIHOCTH MCTOYHMKA ITUTAHMS, BKJIHOYAs MOIIHOCTH 3HEPrOCHUCTEMBI, MOLIHOCTH M
0COOEHHOCTH pabOThI TOTPEOUTENIEH.

Jns cerent nanpsbkenueM 0,4 kB Tok K3 B nenu BO MHOIOM 3aBUCHT OT MApaMeTPOB
COCIMHUTEIBHBIX TMPOBOAOB, HAJIMYMsI M KAauyecTBa KOHTAKTHBIX COEIWHEHUH,
s pexTuBHOCTH AyrorameHus. [Ipu 3ToM nmpaBUIBbHBIN BHIOOp MaTepuaia U CEUECHHs
COCIMHUTEIBHOTO Kabemsl BAUSET He TONbKO Ha 3HaueHue Toka K3 u Ha mycKoBbI€ TOKH
ACUHXPOHHBIX JIBUTaTeJ€d, HO M Ha YCIOBHUS CaMO3alyCcKa ABUTATENS IPU MPSIMOM
yCKe.

Ha puc. 2 mnpuBeaeHa pajaualibHas cxeMma O3JIEKTPOCHAOXKEHHUs MoTpeduTesneit
(aCMHXpOHHBIX JABUTATENEH), COCTOAIIAsI U3 IBYX HE3aBUCHUMBIX MojcucTteM. B cocras
KaX/10H MMOICUCTEMBI BXOAAT OHMXKaroue Tpancdopmatopsl T1 u T2, pacnonoxeHHbIE
B KOMIUIEKTHOU TpaHchopmaTopHoit mnoactanuuu KTII, BropuyHble W TpeTUYHBIE
cOopku (pacrpeaenuTelibHbIe YyCTPONCTBA). JIBE MOJACUCTEMBI CBA3aHbI MEXIy COO0OM Ha
pa3IUYHbIX YPOBHSX, OOecreynBasi B3aMMHOE PE3epPBUPOBAHUE, ITPHU MTOMOIIN YCTPOICTB
aBToMatuueckoro BkitoueHuss pesepBa ABP. IlomoOnas cucrema pe3epBUpOBaHUS
WCKJIIOYAeT HApYIICHUS MOJIaYH MUTAHUS Ha 3JIEKTPOJBUTATENN, OCOOCHHO padoTarone
B OTBETCTBEHHBIX TEXHOJIOTMYECKMX Ipoueccax. Bo3MOXHO INPUMEHEHHE JIBOMHOIO
pE3epBUPOBAHUSI B CUCTEME MUTAHUS, HAlpUMEp, NMPU NOMOIIHU aBAPUWHOTO JU3EIb-

reHeparopa.
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Puc. 2. PanuanbHas cxema NUTaHUS 3JIEKTPOIBUTATENCH:
T1, T2— nuraromue Tpancpopmartopsl; JI'— aBapuitHsiii qu3ensb-reneparop; ABP-
YCTPOMCTBA aBTOMATHYECKOTO BKIIFOUCHUS pe3epBa; PY— pacnpenenurenbHbie
yCcTpoiicTBa; Q — aBTOMaTH4YECKUE BBIKIIIOUATENHN; [ — COEIMHUTENbHBIE Kabenn; M —
ACMHXPOHHBIE IBUTATEN

Hanuume  cOopox  paznuyHOro  ypoBHS  mo3BosisieT  auddepeHuupoBarth
noTpeOuTeNn MO MOIIHOCTH M CTENEHW BaxHOCTU. bornee MomiHble moTpeduTenu
(HampuMep, aCUHXPOHHBIE JABUTATENIM MOIIHOCTHIO CBBIIE 55 KBT) moakmroyarTcs
HenocpeactBeHHo k KTII, menee momnbie (10 10 kBT) — Ha BTOpUYHBIE U TPETUUYHBIE
cOOpKH.

KpoMe paamanbHbIX BCTPEYAIOTCS MAarucCTpPaJbHblE W CMELIAHHBIE CXEMBI
anekTpocHabxkeHus. Bce oHu ¢ ydyetom ocobeHHocTeil cereil Hampspbkenuem 0,4 kB

TPeOYIOT yueTa CTPYKTYPhlI MOCTPOCHUS CXEMBI, BKIIFOYAs IMapaMeTpbl COCIMHUTEIBHBIX
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KabeJel, COeTMHCHUH 1 anmapaToB 3allUTHI.

Jliis BBIOOpA anmaparoB 3aluTbl HEOOXOAMMO MpeIBAPUTENBHO paccunTarh Toku K3 B
LHEeNM IMpU MAKCUMAJIBHOM pexuMe padoThl NuTarolend sHeprocucreMsl. [Ipu sTom
pacuetHbIM TokoM K3 juist BEIOOpA 3aIMTHOM arnapaTyphbl, IPOBEPKH CEIEKTUBHOCTH €€
paboThI, a TaKXKe AJI MPOBEPKHU camo3allycKa 3JeKTpOIBUraTesnel sBisieTcs: Tpex(azHblii
tok K3. Ero HeoOXomuMo 3HaATh TakXe MPH OLECHKE OTKIIOYAIOIIEH CIOCOOHOCTH
arrapaToB 3allUThI.

[Ipn BbIOOpEe 3amUTHI, YCTAHOBJICHHON B Hadaje JIMHUH, HEOOXOJUMO 3HATH
nByxdaszapii Tok K3 Ha 3akuMax JBUTATENst B CETAX C M30JUPOBAHHOW HEUTpANIbIO U
oaHodasHeiit Tok K3 Ha 3akuMax ABUTATENs B CETSIX C 3a3€MJICHHOW HEUTpaibio [4] .
Kpome Toro, omgnodasnbiii u aByx¢aszueii Toku K3 wucmonb3yrorcs aisi MpOBEpKU
YyBCTBUTEIBHOCTH aIAPATOB 3aILUTHI.

Toku K3 moryT ObITh paccuuTaHbl ISl 3aJaHHOW CXEMbl SJIEKTPOCHAOXKEHUS WU
ONpPEJECICHbl MO PACYETHBIM KPHUBBIM JUIS IIUPOKO PACIHPOCTPAHEHHBIX THUIIOB
TpaHc(hopMaTopoB, MOIIHOCTH PHEPTOCUCTEMBI, IAPAMETPOB COCTUHUTEILHBIX Kalbesel ¢
y4eToM M 0e3 ydyeTa TOKOOIPaHWYMBAIOIIErO JCHCTBHS IyTW B MECTE MOBPEXACHUS [4].
I[Ipy H>TOM HE YyYWUTHIBAETCS AKTHUBHOE CONPOTHUBJIECHUE HOHEPrOCUCTEMBI U
CONIPOTUBJIEHHE WIMH, a4 IEPEXOAHOE COINPOTUBICHUE B MECTE KOHTAKTa IPHUHATO
paBHBIM 15 MOM.

Tox K3 moxer ObITb paccuMTaH, €CIM HU3BECTHBI MapaMETPbl COCTUHUTEIHHBIX
Kabeneil u sHeprocucteMsl. [lapameTpsl COeAMHUTENBHBIX Kabesel OompenesisitoTcs U3
YCIIOBUI1 HOMUHAJIBHOM pab0OThl MOTPEOUTEIS.

Tak st AJl ¢ KOPOTKO3aMKHYTBIM POTOPOM HOMUHAJIBHBIN TOK JIBUTATENs

IHOM.I[BZPHOM : 103/(\/3 UHOM.H MNuom COS(P): (1)

rae Py - TOJNHAsT HOMHMHaIbHAs MOIIHOCTH dJiektpoasurarens, KBT; Uyg, -
HOMHHAJIbHOE JIMHEWHOE HaNpsHKeHHEe Ha OOMOTKE craropa, B; Muey - Koddduument
MOJIE3HOTO JIEUCTBHUSI; COSP - KOIPPHUIUEHT MOIIIHOCTH.

CornacHo [4] M0 HOMUHAITLHOMY TOKY BBIOMPAETCSI TUI COCAUHUTEIBLHOIO Kades,

€ro CCUYCHHUC U YyACIIbHOC COIIPOTHBJICHUC Ka6CJ'ISI, 4qTO Aa€T BO3MOXHOCTBH OIIPCACIUTD

AKTUBHOE ¥ MHIYKTHUBHOE COMPOTHUBIICHHUE Kabemnel (T 1 Xy).
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[TapameTpbl SHEpProcucTeMbl W MHTarOImEro TpaHcpopmaropa (I, ¥ X;) HAXOJIUM
ucnons3ys pganueie [2, 3] (cm. Ilpunoxenwe 1). Ha mnpakTuke HHIYKTUBHOE
COINPOTUBIICHUE HHEPrOCUCTEMBI X, 3a/1a€TCSI B COOTHOIICHHUM C WHJIYKTHUBHBIM
COTNPOTUBIICHUEM Xt BTOPUYHOM  OOMOTKM  TpaHchopmaTropa, a aKTHUBHBIM
COMNPOTHUBIIEHUEM SHEPTrOCUCTEMbI TTpeHeOperatoT. [I[puHATO cunuTaTh Xo/XT paBHbIM 2; 1;
0,1 mo Mepe pocTa MOILIHOCTH SHEPTOCUCTEMBHI [3].

IIpu pacuere Toka K3 HeoOX0AMMO y4YECTh IMEPEXOJHOE COMPOTUBIICHHUE Iy
KOHTAaKTOB B MECTax COEAMHEHHUs Kabenel W ammapartoB. YacTo B IEMSIX HU3KOTO
HanpsHKEHUST TEPEXO0JIHOE CONMPOTUBIICHUE KOHTAKTOB COM3MEPUMO WJIM MPEBOCXOIUT
COMPOTHBJICHHE Kabelel, PHeprocucTeMbl U TpaHchopmaTtopa. YUUTHIBaTh MEPEX0IHOE
CONPOTHUBIICHHE KOHTAaKTOB KpaWHE CIOKHO. [lo3TOMYy OHO mpuHMMaercs paBHbBIM 15
MOM, €CJi €ro 3Ha4€HUE HE WU3BECTHO WIM TPYIHO onpeaeaumo [3].

CyMmmapHOEe aKTUBHOE COINPOTHBIICHUE IIENH OT TpaHchopmaTopa 10 JABUTATENS
COCTaBUT:

Iy =TI + I + Ik
CyMMapHO€E peaKTUBHOE CONPOTUBICHUE IIETH:
Xz = X¢e T X7 + X
Torma MmoayJib TOJHOTO CONMPOTUBIEHUS A0 Touku K3:
Zs =V X5+ Tis-
Tok Tpexdaznoro K3 pasen:
Lo = Unows/ V32 (2)
Tox nByxdasznoro K3 B ceTsix ¢ u30JIMpOBAaHHOW HEUTPAITBIO:
IK3(2) = UHOM.II/2ZK3' (3)
VY napuseiii Tok K3 onpenenum kak
Iy, = Kyn L V2, 4)
rae ky, — ynapHsiil Ko3QQUIUEHT, ONpenesIeMbli 10 COOTHOIIEHHIO Xy/T; COTJIACHO
[3].
Jlns onpenenenns Toka K3 MOKHO BOCIOIB30BaTHCS paCYETHBIMU KPUBBIMU [3] (CM.

takke [Ipunoxenue 2).

20 «BbI00P HU3KOBOJIBTHBIX YIEKTPHYECKUX ANNAPATOB pacnpeaeieHus U ynpasiaenus» Axumos E.I'. 2007T.



Metoanka BbI0Opa KOHTAKTOPOB M MATHUTHBIX IIyCKaTeJIeil A yIpaBJIeHus1 U

3aLUTHI JJIEKTPUYECKHUX ABUTaTe el

[IpaBUAbHBIA W pPALMOHAIBHBIA BBHIOOP MMYCKO3AIIWTHBIX AanmapaTtoB Mjs ILeneu
yIPaBICHUS IIPUEMHHUKOB ANEKTPUYECKOU SHEpPruu (37eKTpoIeueH,
AIEKTPOMArHUTHBIX IPUBOJIOB BBIKJIFOUATENIEN BBICOKOI'O HaIPSKEHUS,
AJIEKTPOOCBETUTENIBHOM aIapaTyphl, JIEKTPUYECKUX ABUTaTesed M T. 1.) SBISIETCS
OCHOBOIIOJIAraroluM Ipu pazpaboTKe CXeM yIpaBieHUs U 3aluThl. PasHooOpasue cxem
YIIPaBJICHUS KaK II0 MOIIHOCTH, TaK W IO CTENEHH OTBETCTBEHHOCTH, HAJEKHOCTH,
SKOHOMUYHOCTH BBIHYXJAae€T HMMETh JeJl0 ¢ TakuM ke (Wih OOJbIINM)
Pa3HOOOpa3ueM MCHOJHUTENBHBIX AJEMEHTOB, MPAaBUIbHBIA BHIOOP KOTOPBIX BO MHOTOM
OIpeAeNsieT TEXHUKO-3KOHOMUYECKHUE NToKa3aTen 00beKTa yipasieHus B eaom. Cpeau
OCHOBHBIX I10Ka3aTeJIed, XapaKTEPU3YIOIMX KadeCTBO HCIIOJIHUTENIBHBIX JJIEMEHTOB,
MOKHO BBIJIEJIUTh: HAAECKHOCTb, SKOHOMUYHOCTb, JIOCTATOYHBIIA CPOK CIY>KObI, MaJible
Maccy M rabapuTHbIe pa3Mepbl, HEOOJBIIME 3KCILTyaTallMOHHBIE 3aTPaThl, HU3KYIO
CTOMMOCTb, BBICOKYIO TEXHOJOIMYHOCTh M T. 1. BbIOOp Tex miM UHBIX IOKa3arenei
KayecTBa (KaK MpPaBWIO, MPOTHBOPEUYHMBBIX) 3aBUCUT OT OOBEKTa YIPaBICHUS U
TpeOOBAHUH, IPEABABIAEMBIX K HEMY.

PaccMOTpUM KOHTaKTHbIE HMCIOJIHUTENbHBIE 3JIEMEHTHl YIIpaBieHUs, Haubolee
pacnpoCTpaHEHHbIE KaK II0 KOJIMYECTBY, TaK M II0 HOMEHKJIATYpPE BBIIYCKAEMBIX
U3JEIUI — KOHTAKTOPbl M MArHWUTHBIE ITyCKAaTE€IM — M BBIACIUM [apaMeTpsl, IO
KOTOPBIM MPOU3BOJUTCS X BbIOOP. KOHTaKTOPHI MM MyCKaTeIu IOJIKHBI BEIOUPATHCS
110 CJICAYIOLIUM OCHOBHBIM TEXHUYECKUM ITapaMeTpaM:

HA3HAYEHUIO U 0O1ACMU NPUMEHEHUS;

P00y mMoKa, Koaudecmasy u UCNOJHEHUIO 2/IA8HbIX U 6CHOMO2AMENbHbIX KOHMAKMOG,

HOMUHATIbHOMY HANPAJICEHUIO U MOKY 2/IAGHOU Yenu,

Kamez2opuu NPUMeHeHUsl,

pedxcumy pabomol;

KAUMAMuU4eCcKoMy UCNOJIHEHUIO U KaMe2opuu pasmeujeHuUs;

MexXaHUuyecKou u KOMMymaL;MOHHOLZ usﬂococmoﬁkocmu;
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HOMUHATIbHOMY HANPANCEHUIO U NOMPEDISIeMOU MOWHOCMU 8KIIOYAIOWUX KAMYULEK.

Koumaxmopwer u nyckamenu 4acto pa3palOaThIBalOTCS Uil OINPEIECICHHOrO THUIIA
oObeKkTa ympaBieHus. Hampumep, Uis BKIIOUYEHUS W OTKIIOUEHHUS MPUEMHHUKOB
IEKTPUYECKOM DHEPIMM B METALUIyPrUYECKOM, XMMHMYECKOM M JAPYIMX OTpacisix
MPOMBIIIJIEHHOCTH UCIIONB3YIOTCA KOHTAaKTOpbl KT6600, 171 BKIIOUEHUS U OTKIFOYEHUS
ACHHXPOHHBIX JBUTATEIEH C KOPOTKO3AMKHYTBIM POTOPOM PEKOMEHAYETCS IIPUMEHSTH
koHtaktopel KM 13, KT12P, nyckarenu cepuit [IME, I[IMA u IIMJI u ap. [dns ramenus
IIOJIS1 CUHXPOHHBIX MAallWH W JUIS LENeH, IA€ HEAOIMYCTUMO OTKJIIOYEHHE KOHTAKTOpa
OpyU OTCYTCTBUM WJIM HWCYE3HOBEHWM HANpPSDKEHHUsT B IENU MHUTAaHUA OOMOTKH
yIOpaBJi€HUsl, MOXHO peKkoMeHJI0BaTh KoHTakTopsl KT6000/3 B cHIOBBIX UEMsAx
IE€HEPATOPOB M JBHUraTelIe INOCTOSSHHOIO TOKa NPUMEHSAIOTCS KoHTakTtopbl KII7 m
KII207, B CymOBBIX DJJIEKTPOTEXHUYECKMX YCTPOMCTBAX HAXOIAT IPUMEHEHHE
koHTakTopel KM2000, 1m1si paGoThl B CHJIOBBIX 3JEKTPUYECKHX LENAX MOCTOSHHOTO
TOKa TEIJIOBO30B LIMPOKO MPUMEHSIOTCS KOHTakTopel cepun MKS u MK6, nns
JUCTAaHLMOHHOTO BKJIIOYEHUS DJIEKTPOMAarHUTHBIX MPUBOJOB BBIKIKOYATENIEH BBICOKOIO
HarpsbkeHns U B ycrporcrsax AIIB ucnons3yrores kontakTopsl MK2-20b. Te nim nabie
TUIBl CEpUN KOHTAKTOPOB pa3pabaThIBaIMCh IMPUMEHUTEIBHO K KOHKPETHOMY THUILY
Harpy3ku, KOTOPYH0 OHHM KOMMYTUPYIOT. Tak nmpsAMoxo10oBble KOHTaKTopbl cepun MKS u
MK6 umeroT ycTOWYHMBYIO K BHOpAIMsIM MEXaHHYECKYH0 CHUCTEMY, 4TO TpeOyercs yis
NEPEABIKHBIX YCTAHOBOK, & KOHTAakTOpbl MK6-10M HMMEIOT Takke 3J€KTPOMAarHUTHYIO
3aIIeNKy U pabOTAI0T Ha MOJIBUKHOM COCTABE B LIETISIX OECTOKOBOM KOMMYTAIIUH.

Konraktoper cepun KT6000/3 uMeroT 3alienKkuBarOmdid MEXaHW3M I10J] MarHUTHOMN
CUCTEMOM, YTO YAEPKUBAECT IOABWKHYIO CHCTEMY KOHTAaKTOpa BO BKJIOYEHHOM
MOJIOKEHHH TIPH MOTEPE HANPSHKEHHS B IeMH 0OMOTKU. Kpome Toro, KOHTaKTOpbI JaHHOU
CEpUH CHA0KEHBI HA/IEKHON KOHTAKTHO-IYTOIaCUTEIIbHON CUCTEMOIA.

B pspe ciydyaeB KOHTAKTOPBI M IyCKATEIW PEKOMEHAYIOTCS [UISl BKIIOYEHHUS U
OTKJIFOYECHHUSI TPUEMHUKOB AJIEKTPUUYECKON 3HEpruu 0e3 yKa3aHus MX TUIOB (IIPU 3TOM
00s13aTeNbHO yKa3bIBaeTCs KaTeropus npumeHeHus). [IpumepoM TakuxX KOHTAKTOPOB

sBisiroTcst KoHTakTopel KT6000, KT7000, KTTI6000, KT6000/2 u mp. Jlns oObekToB
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yIOpaBJIEHUSI C BBICOKOW CTENEHbIO OTBETCTBEHHOCTH, a TaKXkKe JUIsl OOBEKTOB,
paboTalIUX B CHEHHAIBHBIX YCIOBUSAX (BO B3pPBIBOOMACHBIX Cpelax, C MOBBILICHHON
TEMIIEPATYpPOr M BIAXKHOCTHIO, cBbIIE 1000 MeTpoB Hax ypOBHEM MOpsl, C BBICOKHUM
ypOBHEM BHOpalMu U TPSICKM M Jp.) pa3pabarbIBaeTCs CHEIMalbHAs anmnaparypa
yIpaBJICHUS.

Ilo Ha3uauenuro TYCKAaTEIW BBITYCKAKOTCS HEPEBEPCUBHBIC (I YIIPABICHUS
AIEKTPOABUTATEISIMU MIPU HEM3MEHHOM HAIIPaBJICHUU BPAIlCHUs) U PEBEPCUBHBIC (IS
YIOPABJICHUS 3JIEKTPOABUTATENIIMHA MPU NIEPEMEHHBIX HAIPABJICHUAX BpAILEHUs, IPUYEM
B PEBEPCUBHBIX ITyCKATEJISIX BO3MOYKHO UCIIOJHEHHE C AIEKTPUUECKON OJIIOKMPOBKOM JTMOO €
AIIEKTPUUECKON U MEXaHMUYECKOM OnokupoBkamu. Kpome Toro, myckareiau BHIIOJIHSIOTCS C
BCTPOEHHBIMU B OO0O0JIOYKY KHONKAaMHM ympaBieHus Ju0Oo 0e3 Hux. Hanpumep,
nyckaresib cepuu [IM12-100220 HepeBepCUBHBIN UMEET BCTPOCHHOE TEIJIOBOE peJie U
kHonku ynpasineHus «IIYCK» u «CTOII», BbIMOgHEH B 3allMTHOW O0OJIOYKE CO
crenenbto 3amuThl [P54. Ilyckarens paccuntan Ha HOMHUHaiIbHbIA TOK 100 A, mens
yIpaBJICHUS IEPEMEHHOTO TOKA.

Ha3nauenue myckarens omnpenensieT Hajauuve B HeM TeruioBoro pesne. Ilyckarenw,
BBIMOJHSIONMME (DYHKIIMU 3aIUThl JBUTATENs OT MEPErpy30K, BHI3BAHHBIX JITUTEIbHBIM
MPOTEKAaHUEM TOKOB BbIIIE HOMHUHAJIbHBIX, KOMIUIEKTYIOTCS TEIUIOBBIMH  pEJI€.
[Tyckarenb MOXET BBIITyCKaTbcs 0€3 TEIIOBOrO pelie (Hampumep, ¢ TeMIepaTypHOH,
MO3UCTOPHOM 3aIUTON) ¢ KHOMKOM yIpaBieHHs B 3alIUTHON 000JI0UKE.

Tennosvle pene B COBOKYNIHOCTH C JIMHEMHBIMM KOHTAaKTOpamMH (MarHUTHBIE
MYCKaTeJI) IPUMEHSIOTCS JUIsl 3alUThl ABUraTesel, paboTaloUMX B MPOI0JKUTEIIBHOM
pexume (padbouunit nepuop coctanisieT He MeHee 30 MuH). [I[puMeHeHre TEeIOBbIX pee
IUIA  3alUTHl JIBUTATelel, paboTalolMX B TMOBTOPHO-KPATKOBPEMEHHBIX pPEXHMAaX,
Helleeco00pa3sHO BBHUJy UYyBCTBUTEJIBHOCTHM HArpeBaTENIbHOIO JJIEMEHTa K  €ro
TEIMJIOBOMY COCTOSIHUIO, 00YCIOBJIEHHOMY LIMKJIMYECKUM XapaKTepOM TOKOBOM HarpyskKw,
YTO U3MEHHUT BPEMEHHBIE XapaKTEPUCTUKH TEIUIOBOTO pelne. Mcnoap30BaHue TEIIOBBIX
pelsie pu paboTe ABUTATENsi B MOBTOPHO-KPATKOBPEMEHHOM PEKMME, a TakXe BOJIU3H

YCTpOﬁCTB, H3JIydJarmnux AOHNOJHUTCIBHOC TCINNIO, MOKCT IIPUBCCTH K JIOKHBIM
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cpabaThIBaHUSIM peEJIe.

BaxxabsIMM nmapaMeTpaMu TEIUIOBOTO PEJIE SIBISIIOTCS: HOMUHALHOE HANPAdICEHUE pelle
Uions HOMunanvHoui mok pene ly,, — HanOOIBIIUNA TOK, IIUTEIBHOE MPOTEKAHHE
KOTOPOTO HE BBI3BIBAET CPA0ATBIBAHMS PEIIE; HOMUHATbHBLIL MOK Hazpesamenil oy varpes -
HauOOJBIIUNA TOK, MPU JJIUTEIBHOM MPOTEKAaHWM KOTOPOTO uepe3 pelie ¢ JIaHHBIM
HarpeBaresieM OHO He cpabarbiBaeT. Ecim pene mmeeT CMEHHBIE HarpeBareiid, TO
MUHUMAJIbHBI HOMUHAJIBHBIA TOK pejie paBeH HauOOJbIIEMY W3 HOMUHAIBHBIX TOKOB
HarpeBaTelield, KOTOpbIE MOTYT OBbITh YCTAHOBJICHBI B JaHHOM pEJie; €CIU KE peie
BBIIIOJIHEHO C PETYIATOPOM, TO 3HAYEHUSA TOKOB oy M Liom.narpes COOTBETCTBYIOT CPEHEMY
HIOJIOKECHUIO perynaropa. Homunaneuviti mox ycmaeku pene lyoy yom - HANOONBIIMN
JUIMTENBHBIM TOK, KOTOPBIA IIPU OIPEICICHHOW HACTPOMKE pEle HE BBI3BIBAET €T0
cpabaTbIBaHMS.

OCHOBHOI XapakTEPUCTUKON pene SBIAETCS 3d8UCUMOCHb 8peMeHU cpadamuvléanus
perne to, om kpamunocmu moxa 1, npomexaiowezo uepes e2o Hazpesamenvbhblll 2NEeMeEHM
1O OMHOUWIEHUIO K HOMUHATIbHOMY MOKY Hazpeeamens Lyoy.uarpes-

Bpems Bo3Bpara TemoBsIx pesie B pabodee cocTosiHUE (B pesie 6e3 caMoBO3Bpara min 0e3
KHOIIKM BO3BpaTa) HE MpeBbIlaeT 2—3 MuH. [Ipy HaIW4YuMu caMOBO3BpaTa MU KHOIKU
BO3BpaTa OHO cokpamaercs 10 30—o60 c.

TemmoBsie pere, BCTpanBaeMble B MATHUTHBIE ITyCKATENN, BBIOUPAIOTCS TI0 CIIEIYIOIIUM
OCHOBHBIM TapaMeTpaM: MUNOUCNOIHEHUIO peie; KOHCMPYKMUBHBIM 0COOEHHOCMAM,
HOMUHANbHOMY MOKY HA2PesamesibHo20 dlleMeHma (Hazpesameiis);, o moKy YCmagKu u
OUanaszony e2o uzmMeHenus, epemeHu cpabamovléanus (npu 20%-Hom yeeruuenuu moxa
N0 OMHOUIEHUIO K HOMUHAILHOMY 3HAYEHUI0);, 8PeMeHU Ccpabamvl8aHus Npu MmMoKax
nepezpy3ku (Hanpumep, npu nycKo8OM moke 08ueameis).

[To TUIOUCTIONHEHUIO TEIJIOBBIE PEJIE€ BBITYCKAKOTCSA OAHO-, IBYX- U TPEXIOJIIOCHBIE.
Crenenp 3alIUThl U KIMMAaTUYECKOE UCIIOJHEHUE PEIIe ONPEACISIOTCS MyCKaTeIsIMU, B
KOTOPbIE OHU BCTPAUBAIOTCSI.

TennoBble pene UMEOT WIM B HUX OTCYTCTBYET TeMIlepaTypHash KOMIIEHCALUs,

pEryJiITOp yCTaBKHM TOKa HecpadaThIBaHUs, CaMOBO3BpaTa (AMCTaHIMOHHOIO BO3BpaTa
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WM PYYHOIr0), BO3MOXKHOCTH CMEHSIEMOCTH HArpeBaTelIbHOIO 3JIEMEHTA, YCKOPEHHOTO
cpabaTbiBaHusg pesie 1npu 00pwiBe (a3pl. KOHCTpYKTHBHBIE OCOOEHHOCTH pelie
OTIPENIEISIFOTCS M KOJTMYECTBOM KOMMYTHPYIOIIMX KOHTAaKTOB. BBIOOp THTA TETIOBOTO
pesne, BCTPOEHHOIO B MAarHUTHBIM IyCKaTeNb, MPOU3BOJUTCS W3 YCIOBHUS PaBEHCTBA
HOMMHAJIBHOTO TOKA Harpesatesis u ABurareis [1]:

IHOM-HarpeB = IHOM.}IB . (5)

ITyckarenu cepuii [IMA u IIME umeroT BcTpoeHHbIE TerioBble pene tumna PTT, a
nyckarenu cepun [IMJI — pene tuma PTJI. Pene PTT m PTJI BbImosiHEHBI C
TEMIIEPATYpPHBIM KOMIIEHCATOPOM, 4YTO IO3BOJSET 3HAYMUTEIIBHO YMEHBLIWThH BIIUSHUE
TEMIIEpAaTypbl OKPY’KAIOLIEH Cpeabl Ha BPEMEHHBIC XapaKTEPUCTUKU pene, |
PETYJISITOPOM TOKA YCTaBKHU.

ITpn mycke npurarens BpeMs cpabaTbiBaHus t, TEIUIOBOTO peJie JOJDKHO OBITh OOJIbILIE
BPEMEHU ITyCKa t; HEHArpy>KE€HHOT O JBUraTeNs, T. €.
1,5t> tep™> t. (6)

Ecnu 910 ycnoBue HE BBIONHAETCA, TO HEOOXOAMMO M3MEHHTD lyoy.marpes B MPEIEIAX
pPETyJIMpOBaHUS TOKAa HeCpaOaThIBaHWS WM 3aMEHHUTh TEIJIOBOW HarpeBaTeIbHBIN
AJIIEMEHT.

[locne BBIOOpa TEMJIOBOTO peiie Jisi MAarHUTHOTO MYCKAaTedsl CTPOSITCS 3allUTHAs
XapaKTEpUCTUKA pEJIE W HArpy304Has XapakKTEpUCTHKA JBUTrATENsl W IIPOBEPSACTCS

NPaBWIBHOCTH UX corjiacoBaHus (cM. puc.l10).
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IMPUMEP 1. BLIEOP KOHTAKTOPA (MATTHUTHOT' O ITYCKATEJIA) JIA
VIIPABJIEHUA U 3AILIUTHI ACUHXPOHHOI'O IBUI'ATEJIA CEPUUA 4A

JUtst yripaBieHUsl U 3alIUATHI OT MPOJOLKUTENIBHBIX TOKOB MEPErpy3KH ACUHXPOHHOTO
JBATATENIS 4acTO HCIIOJB3YIOTCA KOHTAKTOPbI B COYETAaHWU C TEIUIOBBIMM DEJIE WIIU
MarHMTHbIE IIyCKaTeNId, B KOTOPBIX KOHTAKTOP U peJi€ BMECTE C KHOIIKAMHU YIIPABJICHHUS
ITIOMELIEHBI B 3alIUTHBIA KOXKYX M SABJISIIOTCS aBTOHOMHBIMH allapaTaMH.

[Tycte HEOOX0UMO BBIOpAaTh KOHTAKTOpP (MAarHUTHBIN IMyCKAaTesb) JJIs YNPaBICHUS U
3alUThl acMHXpoHHOro nsuratens 4AP132S4, paGortaroniero B MNpOAOIKUTEILHOM
pexuMe.

[To Tuny nBUraTeNs coryiacHo [6] onpenenanum ero napaMmeTpsl:

HomunanbpHast MOIIHOCTG ABUrarTens, Py, kBT 7,5
Koadduiment nonesnoro 1eHCTBUS, Nyoy, 70 87,5
Koaddurment monrHoctu, cose 0,86
HomunanbHoe nuHelHOe HanpsiKeHue Ha 0OMOTKe 380
craropa, Uoun, B

KoaddurmeHnt kpaTHOCTH ITyCKOBOTO TOKA, K| 6,5
Bpewms nycka aBurarens, t;, ¢ 5

OcCHOBHbIE TEXHUYECKHUE TMApaMETPhl, IO KOTOPHIM IPOU3BOJUTCS  BBIOOD,
CIeAyIOIIHeE:

Ha3Ha4YeHHe U 00J1acTH NPUMeHeHus . V3 U3BeCTHBIX OCHOBHBIX TUIIOB KOHTAKTOPOB
Y MAarHUTHBIX IyCKaTeJed B JaHHOM CiIy4yae MOTYT NMPUMEHSThCs: KoHTakTopsl MK1,2;
KM2000; KT6600; KM13; KT12P; MK3 ¢ temoBeiMu pesie PTT, PTJI, TPH wimu
maruuTHble myckatenu [IME, I[IMA, TIMJI;

PO TOKA, KOJUYECTBO U HCIOJHEHHE TVIABHBIX M BCIOMOTaTeJbHbIX KOHTAKTOB.
Pon Toka — mepemenHnslid, yactota — 50 I'11; corylacHO cxeMe BKIIFOUCHUS JIBUTATEIIS
(puc. 3a) anmapar JOJKEH HMETh HE MEHEE TpeX 3aMbIKAIOIIUXCS CHUJIOBBIX
KOHTAKTOB U OJIHOTO 3aMBIKAIOIIETOCS BCIIOMOTATEILHOIO KOHTaKTa (JIPYrue CXembl
3allTBl W YIPABJICHUS ACUHXPOHHOTO JIBUTaTelii C KOPOTKO3aMKHYTBIM POTOPOM

npuseneHsl B [Ipunoxenue 5);
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Puc. 3. Cxema mnpsmMoro mnycka U 3allUThl ACHHXPOHHOI'O JBHUTaTess C
KOPOTKO3aMKHYTBIM pOTOpoM (a), (0) — myckoBas xapakTepucTuka asuratens (1) u
3alIUTHBIE XapaKTEPUCTHUKH TEIUIOBOTO penie (2) U aBTOMAaTHYECKOTO BBIKJIIOUYATEINS
(3). 3necb: M — acunxponnsiii nBurarenb; KM — nmyckatens; QF — aBTromMaTuueckuit
BoiktOUaTens; FUl — npenoxpanutenu; KK — temnosoe pene; SB1 u SB2 — kHonku
yrpaBieHus. [y ; — HOMUHAIBHBIA TOK ABHUTATENs; [, — myckoBOM TOK asurarens; I,
— TOK OTCEUYKH BBIKIIIOYATENs; Iy, , — yAapHbIid IIyCKOBOM TOK JIBMrareis; t, — BpeMs
IIycKa JBUrarens; t,, — BpeMs cpabaTbIBaHUS TEIJIOBOIO PEIIE.

HOMHHAJIbHOE HANPSKEHHE M TOK CWJI0BOM nenu. HomunansHoe Hanpsokenne — 380
B; HOMUHATBHEIN TOK HE JOJIKEH OBITh HIDKE HOMUHAIBHOTO TOKA JIBUTATEIIS;

KaTteropusi NpUMeHeHMsl. Amnmapar JOJDKeH pabdoTarh B OJHOM M3 KaTeropui

npumenenus: AC-3 uwmm AC-4;

27 «BbI00P HU3KOBOJIBTHBIX YIEKTPHYECKUX ANNAPATOB pacnpeaeieHus U ynpasiaenus» Axumos E.I'. 2007T.



pe:xkuM padoTbl. Pexum paboTel ammapata — MPOJOJDKUTENBHBI C YacThIMHU
NPSIMBIMH ITyCKaMH JIBUTATEIS;

KJIMMATHYECKOEe MCIIOJIHEHHE W KAaTeropusi pasMmenieHusi. AnnapatT npeaHa3zHayeH
JUISL DKCTIIyaTalluu B CPeie ¢ YMEPEHHBIM KIMMaToM (YY) B KaTeropuu pasMerieHus —
3.

B KkadecTBe TeXHHKO-)KOHOMMYECKMX TMOKa3zarejeil (mokasareiled KadyecTBa)
BbIOMpPaeM KOMMYTAIIMOHHYIO H3HOCOCTOMKOCTD (3TOT MOKa3aTesb OCHOBHOM M €ro ,,Bec"

— 0,7) n maccy anmnapara (ero ,,sec" — 0,3).
HOCJIEIOBATEJBHOCTD BBIBOPA AIIITAPATOB

1. IIpedsapumenvHuiti pacuem
[Ipexxne yem mpoBecTd BLIOOp ammapara MO OCHOBHBIM TEXHUYECKHUM IapameTpam,

HEOOXOJIMMO pacCYMTaTh HOMUHAJIBHBIN U ITYCKOBOM TOKM JBUTATENS [6]:

Pow 10 7,5 10°
IHOM.L[B = = = 15,1 A
V3 “Usows” Tow™ €05@ V3 380°0,875:0,86

[TyckoBoii Tok aBUraTesns (ero AeUCTBYIOIIEE 3HAUCHHUE)
I = ki Lionm = 6,5°15,1 =98,2 A.

VY napHblii ITyCKOBOM TOK (aMIUIUTYAHOE 3HAYECHUE)
Ty = (1,21,4) V2 1.
IIprHMMaeM

Lo =1,3V2 1= 1,32:98,2 = 189,5 A.

2. Bvibop annapamosé no 0CHOBHbIM MexXHUYeCKUM napamempam
B nauvane BbIOMpaeM MarHUTHBIM MyCKaTellb CO BCTPOCHHBIM TEIUIOBBIM peJie IO

OCHOBHBIM TEXHUYECKUM MapaMeTpam JJis 3aJaHHOT0 CXEMHOTI'0 pereHus (puc.3a).
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B Tab6n. 9 npuBeneHsl pe3yiabTaThl BHIOOPA MATHUTHBIX ITyCKaTeNed M HEKOTOPBIE UX

TEXHUYECKUE MTAPAMETPBI.

Tabmura 9
[
= E
T E = O
< = = 2
& 2 3 3 E
Tun nyckaress 5 = << = g g o
2 =) = = = o
T =) o] L=
= £ = = 9 Z o
o3 = = a oL % =
T T = o = - =
= = 2 o = = C
= s © = z =
- = 8 o ] B S
TINVLIT 221002 22 AC-3 1P54 4,59
TIMJT 222002 25 22 AC-3 P54 4.5-0
T[IMJT 223002 25 2 AC-3 IP54 4,59
TIMJT 272002 25 22 AC-3 P54 4.5—8
[IMJT 221002 25 10 AC-4 P54 4,5-9
TIMJT 222002 25 10 AC-4 P54 4.5—9
TIMJT 223002 25 10 AC-4 P54 4,59
[IMJT 272002 25 10 AC-4 IP54 4,50

[IpoBeprM BO3MOKHOCTH paOOTHI BRIOPAHHBIX AIIApaTOB B KATETOPHSIX MPUMEHEHHUS
AC-3u AC-4.
B kareropum mnpumenenuss AC-3 MarHUTHBIA ITyCKarelb JOJDKEH BKIIOYATh B
HOPMaJIFHOM PEXKUME KOMMYTAIIUK TOK (CM.TabJI1. 1)
lo =6Liowp=> I
a B pEXKUME PEAKUX KOMMYTalUl
Ip =101u0mp=> Tynen.
O06a ycnoBust BRIOpaHHBIMU ITyCKATEISIMHU BBITIOJTHSIOTCS, TaK KaK
[y =622=132 A>1,=98,2A;
I[p=10-22=220 A>I,,.,=180,5 A.
B kareropuum npumenenusi AC-4 MarHUTHBIA MycCKaTelb JOJKEH OTKIIOYaTh B

HOPMaJIbLHOM PEXKHUME KOMMYTallMH TOK (cM.TabI1. 1)
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[(=610=060 A,

KOTOPBIN MEHbIIIE ITyCKOBOT'O TOKA JBUTATENs. B pexxume pekux KoMMyTaluil TOK
I[(=810=80 A,

TaKKe HM>KE BO3HUKAIOILIETO B LIENHU YIAPHOIO IyCKOBOT'O TOKA JIBUTATEIIA.

[TosTomMy BbIOpaHHBIE MArHUTHBIC ITyCKAaTENM, MpeAHa3HAYCHHBIC IJi1 PaOOThl B
kareropuu npumeHeHus: AC-4, B JaHHBIX YCIIOBUSIX HE MPUTOJIHBI.

TeruoBele pene cepuum  PTJI, BCTpOEHHbIE B MAarHUTHBIE IIyCKAaTEIH HMEIOT
perynupyemMoe Bpems cpadaTbiBaHus t, = 4,5-9 ¢, 4TO IpUEMIIEMO B 3alaHHBIX YCIOBHUAX
nycka asurarens (1,5t; > ¢, > t;).

Ha puc. 30 mnpuBeneHsl MycKOBas XapakTEPUCTHMKA JABUTATEN U 3allUTHas
XapaKTEepUCTHUKA TEIIOBOTO pelie.

JIns peanu3anuy CXEMbl IyCKa JBUTATENsl MOXHO MCIOJIb30BaTh KOHTAKTOP H
JOTOJHUTEIBHOE TEIIOBOE PETIE.

OcHOBHbBIE TEXHHUYECKHE MapaMeTpbl KOHTAKTOPOB, BHIOPAHHBIX HA TE€ K€ MCXOJHBIC

JaHHBIC, TTpUBEACHBI B Ta01.10.

Tabmuma 10

L

- 5 B

< = T 5

. U = =

3 s _ o =

= = : o m

Tun xoaTaKTOpa = = = = 2

= = = = T

T = (=) o

< 5 8 | Eg| £

= = B =

T v &) 5 2 v
MK1-30¥3A 16 AC-4 [PO0 23-2p | ¥XII3
MK1-30¥3b 16 AC-4 P00 23-2p | ¥XII3
MEK2-30¥3A 25 AC-4 [PO0 23-2p | ¥XII3
MK2-30¥3b 25 AC-4 1P00 23-2p | ¥XIJI3
KT6a000/01 16 AC-4 [PO0 13-23; | ¥XIJI3

33-3p

KM 2311-7 25 AC-3 [POO I3-0p | M; OM
KM 2311-8 25 AC-3 [PO0 23-0p | M; OM
KM 2311-9 25 AC-3 [PO0 I3-1p | M; OM
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[IpoBepka KOHTAKTOPOB Ha pabOTOCIIOCOOHOCTH B Kareropusix npumenenuss AC-3
n AC-4 nokasana, uro kontakTopsl MK2-30 Moryt pabotaTh B KaTeropuu NPUMEHEHHUS
AC-4, xontakropsl KM2311 — B kateropuu npumenenus AC-3.

B naHHOM city4ae IS 3aIlUTBI IBUraTess OT MEPErpy3KH MPUTOAHBI TEIUIOBBIE PeElle
cepun TPH, Texnuueckue napameTpbl KOTOPbIX NpuBeAeHbl B Tabn. 11. Bpewms

CpabaTbIBaHUsI pelie peryIMpyeTcs B quamna3oHe 3-25 ¢, 4To BIOJHE TPUEMIIEMO.

Tabmuma 11
< S
- LE| & 5
:E*]H = e E - o3 = =
o & | =8| B S| 5| 588
S U == = =) = = Sz
= T S c s o Te T = o =
- g S © = Y S v -
= E = 5 — & = o o <
= o =l = 2 = = S
~ = T & = = & & =NE=
TPH-25 2 16 CMEH P¥YY P00 12—-20
TPH-25 2 20 CMEH | PYY | IPOO 15—25
TPH-25 2 25 CMEH PVY [POO 18,7—25
TPH-40 2 16 CMEH PYY [POO 1220
TPH-40 2 20 CMEH | P¥YY | IPOO 15—25
TPH-40 2 25 CMEH PYY [POO | 18,7—31,2

3. Beibop annapamos no mexHuxKo-3KOHOMUYECKUM KpUmepusim

CoryiacHO UCXOAHBIM JIAHHBIM B KaYECTBE TEXHUKO-3KOHOMUYECKUX KPUTEPUEB 3a/1aHbI
KOMMYTallMOHHAs1 U3HOCOCTOMKOCTH (C ,,BecoMm" mapametpa - 0,7) u Macca anmnaparta (c
,Becom" - 0,3).

C yd4eToM »STUX KPUTEPUEB MPOBEICH ONTUMHU3AIMOHHBIM pacyeT. Jlyuymmmu
(onTUMaIbHBIMM) ~ ammapaTaMy — SBJISFOTCS: MarHuUTHBIM  myckatens [IMJI1221002,

koHTakTop MK2-30Y3A u temnoBoe pene TPH-25.
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Metoauka BblﬁOpa ABTOMATHYECKHUX BbIKJIIOYATEIEN 115

3alIUTHhI JJICKTPHYCCKHUX nerneu u IIEKTPOYCTAHOBOK
ABTOMATHYECKHAE  BBIKIIOYATENM  SABJLIOTCS  CaMbIMH  PaclpOCTPAHEHHBIMHU

anmapataM# 3allUThl Ierned U MOTpeOuTenel OT aBapUiHBIX pexUMOB. OHU TaKxKe
npeaHa3HauyeHbl JUIsi HEYACThIX BKIIOYEHHMM W OTKIIOYEHUH TOKOB HArpy3Ku
(HOMUHAJBbHBIX TOKOB).

ABTOMAaTHYECKHE BBIKIIOUATEIM PEKOMEHIYETCS BBIOMpaTh IO  CIEIYIONUM
OCHOBHBIM TEXHHYECKUM TapaMeTpaM: Hda3HaueHuilo, oOnacmu npumMeHeHus u
UCNONIHEHUIO;, poOy MOKA U YUCTY 2IA6HbIX KOHMAKMO8, mMuny pacyenumeins,
B8CMPOEHHO20 6 BbIKIIOYAMENb, HOMUHATbHOMY MOKY pacyenumens, KpamHocmu
YCMasKu MoKa Omceuku K HOMUHANbHOMY MOKY pacyenumens (0751 MAKCUMAIbHBIX
pacyenumenei MOKA KOPOMKO20 3aMbIKAHUS), HOMUHAIbHOU YCMAaeKe HaA MOK
cpabamuléanus menjiogo2o pacyenumens (018 MAKCUMAIbHLIX pacyenumenei Mmoxa
nepezpysKu), 8pemeHu cpabamvl8arus menjio8o20 pacyenumens 8 pexicume nepecpysKu;
npedenvHol  Haubonbulel  OMKIOYArwel CHOCOOHOCMU  BbIKAIOYAMENs,  Muny
NPUCOCOUHEHUST NOOBOOSAWUX NPOBOOHUKOS, U0V NPUBOOd BLIKAIOUAMENS, CHOCOOY
VCMAHOBKU  B8bIKIIOYAMENs 8  HUSKOBOIbMHOE  KOMNWJIEKMHOe  YCMPOUCMB0;
KAUMAMUYECKOMY UCNOJIHEHUI0, KAMme2opuu pasmewjenus U CmeneHu 3aujumol; YUcCLy
0OWUX YUKTO8 KOMMYMAYUU U YUCTY KOMMYMAYULL OO HA2PY3KOLL.

Pa3Ho0Opa3ue TeXHUYECKUX MapaMeTPOB aBTOMATHUECKUX BBIKIFOYATENICH JETaeT UxX
BBIOOP JIOCTATOYHO CIIOKHBIM U TPYIOCMKHUM.

ITo VCITOJTHCHUIO aBTOMATUYCCKUC BBIKJTIOUATEITN pa3MyaTCs Ha
HETOKOOTPAaHUYMBAIOIINE, TOKOOTPAHUYHMBAIOIIUE U CeJIEKTUBHBIC [1].

Hemoxooepanuuusarowue  guikmouameny  OTKIIOYAIOT —IeMb, KOTJa KOPOTKOE
3aMbIKaHUE JTOCTUTAET YCTAHOBUBIIIETOCS 0KHM1a€MOTO 3HAYCHUS.

Toxooepanuyugarowue @vikIOUamenU OTPAHUYMBAIOT TOK KOPOTKOTO 3aMbIKAHUS
MyTeM OBICTPOTO BBEJCHUS B IIE€TH JOTOJHUTEILHOTO COMPOTUBICHUS IICKTPUICCKOU
JYTU ¥ TIOCIEAYIOMEro ObICTPOTO OTKJIIOYEHUSI KOPOTKOTO 3aMbIkanus. [Ipu 3ToM TOK
KOPOTKOTO 3aMBIKaHHMSI HE JOCTUTAeT OKHMJIAeMOTO MAaKCUMAaJIbHOTO 3HAYCHHS.

HOI[O6HBI€ BBIKJTIOYATCIIM MMCIOT CIICHUAJIBHYIO KOHTAKTHYIO CHUCTCMY W OTJIMYAarOTCs
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MOBBILICHHBIM OBICTPOACHCTBHUEM.

CenexmugHble 8vbiKI0Ouameny Mo3BOJSI0T B IPOLECCE IKCIUTyaTallui PETYIUPOBATH TOK
U BpeMs cpabaThIBaHUS MaKCHUMAJIbHOW TOKOBOM 3alIUThl. JTO €T BO3MOXHOCTb
OCYIIIECTBUTD CEJIEKTUBHYIO (M30MpaTEIbHYI0) 3alUTy OTPEOUTENEH U LIeTeH.

TokoorpaHMYMBAIOLIME U CEJEKTUBHBIE BBIKIIOYATENU SBISIOTCA 00Jiee CIIOKHBIMU U
JOPOrOCTOSIIUMH anmnaparaMd M HMX MPUMEHEHUE JOJDKHO OBbITh TEXHUYECKH U
HKOHOMHYECKU OOOCHOBAHO.

OCHOBHBIM 2JIEMEHTOM BBIKIIIOYATEISI, KOTOPBIM KOHTPOJMPYET COCTOSHHE LENU U
BBIJJACT KOMAaHJy Ha OTKJIIOYEHHUE NPU HAINYUU HEHOPMAIbHBIX DPEKHUMOB, SIBISETCS
BCTPOCHHBIM B HETrO paclenuTenb. PaclenuTesb BBIITOJHSAET POJIb U3MEPUTEIBHOTO
OpraHa M B 3aBHCHMOCTH OT €rO THIIAa 3aIlMINACT LEeNb OT TOW WM MHOM aBapUHMHOMN
CUTyallM. DJIEKTPOMAarHUTHbBIE PACUENUTENN BBINOIHIIOT (QYHKIUM 3aIIUTHI LENH OT
Oonpmnx meperpy3ok mno Toky wunu ot K3, TemnoBeie  pacuenurenu
(TepMmopacuenuTeNn) npegHa3HaueHbl M 3alUThl B 00JIaCTH NEPErpy3okK, 10 5+7 pa3
IPEBBIIAIINAX HOMUHAIBHBIA TOK. MUKpPOIPOLECCOPHBIE PACLEIUTENH HMEOT
IIMPOKUN CIEKTP BHINOJHAEMBIX 3alIMTHBIX QyHKIMH (3amurta oT K3, meperpysok mo
TOKY) ¢ OOJIBIIMMH BO3MOXHOCTSIMU PETYJIUPOBKH.

MuHnumalibHble W HyJIEBble pPACLUENUTENM BBIIOJIHSAIOT 3alUTHbIE (YHKIUU OT
MOHIKEHUSI HalnpshkeHus: B cetd. Hanpumep, MUHMMAaNbHBINA paclienuTelb 00ecreunBaeT
OTKJIIOYEHHE BBIKIIOUaTesss npu HanpsokeHun 70+35% HOMHMHAIBHOIO, a HYJIEBOU
pacuenutenb — npu 35+10% HOMHUHANBHOTO. MUHHMAaNbHBIE PACHEIUTENN YacTO
WCIIOJIB3YIOTCS I JMCTAaHIIMOHHOTO OTKJIOYEHHUs aBTOMATa.

He3zaBucumbie pacuenurenu ciayxar JUid JUCTaHIIMOHHOTO YNpaBieHUs (OTKIIIOUEHNs)
ABTOMAaTUYECKUM BBIKIKOYATEIIEM.

CoBpeMeHHBIE aBTOMATHUYECKHUE BBIKIIIOYATEIM WMEKOT BCTPOCHHBIE PaCLCIUTENH,
YCTaHABIMBAEMbIE NPEANPUATUEM-U3TOTOBUTEIIEM W PACCUMTAHHBIE HA 3aJaHHBIC
HOMHMHANIBHBIE TOKU. Homunanvuoui mox  pacyenumensi  (Iyowpac) OTIMYACTCA  OT
HOMuHanbHo20 moka ewvikmouamens (I, ,), HO He NPEBOCXOAUT €ro. ABTOMAaTHUYECKUMN

BeIkItouatenh AK63 Ha HOMMHamBpHBIA TOK 63 A MOXeT OBITh YKOMIUIEKTOBaH
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pacuenuTesnsiMu, paccayuTaHHbiMu Ha TOkU 0,63-63 A. [loaToMy BBIOOP BBIKITFOUATEIS
MIPOU3BOJUTCS 110 HOMUHAIBLHOMY TOKY €r0 pacleUTeNs.

ABTOMATHYECKHUE BBIKJIIOYATENIM C MAKCUMAJIbHBIM PaCLENUTEIEM TOKa MOTYT UMETh
paclenuTeNd TOKOB MEPErpy3ku (C HE3aBUCHMOM WM OOPaTHO3aBUCUMOW BBIJIEPKKON
BPEMEHHU) M PaACUENUTEIM TOKOB KOPOTKOIO 3aMbIKaHHsI (MTHOBEHHOTO JEWUCTBUSI, Tak
Ha3bIBAEMOM OTCEUKOM).

Pacuenvren TOKOB KOPOTKOIO 3aMBIKaHHS XapaKTEPU3YIOTCA TOKOM OTCEYKH
(ycTaBKOWi MIHOBEHHOTrO JeiicTBus). KpaTHOCTh TOKa OTCEYKM IO OTHOIIEHUIO K
HOMUHAJIBHOMY TOKY PpAcCIENUTeNsl OTCTPAMBAETCS OT MAaKCHUMAaJbHO BO3MOYXHOTO
MPEBBINICHUS TOKAa HaJ HOMUHAJIILHBIM 3HAY€HHUEM B IMPOIECCE HOPMAIBHON pabOThHI
noTpebutens. J[s aCHHXpOHHOTO JBHUTATENsl ¢ KOPOTKO3AMKHYTHIM POTOPOM ITYCKOBOM
peKUM (M3 CTAaTMYECKOTO COCTOSIHHA) OJIM30K K PEXUMY KOPOTKOTO 3aMBIKaHMS
(peakTHBHasl COCTAaBIISAOIIASI TMOJHOTO COMNPOTHUBIICHUS OOMOTKH CTaTopa MPAKTUYECKU
paBHa HYyJI0), [O3TOMY TOK OTCEYKH BBIKJIIOYATENSl OTCTPAMBAETCA OT YJIApHOTO

ITyCKOBOI'0 TOKa asurareis Iy, .., Ha 10-20% npessbias ero snauenue (cM. puc.10), T. e.

I, = (1,1+1,2) Iy,q (7

[Ipu 5TOM HOMHHAJIBHASI OTCEYKA aBTOMATUUYECKOTO BBIKIIOUaTeNs I, , JOIDKHA OBITH HE
MeHble I,, Ho He JOJKHA MpEeBBIIaTh MUHUMAaJIbHOTO 3HadeHus Toka K3 B nenu. B
Katajorax Ha aBTOMATHMYECKUE BBIKJIIIOYATEIM 3HAUYCHUS OTCEUYKHM MPUBOIATCA B
a0COJIIOTHBIX WM B OTHOCUTEJIBHBIX (B KPATHOCTSIX K HOMUHAIBHOMY TOKY PacLCTUTEN)
3HAUYCHUSIX.

Tox cpabaThIBaHUS TEPMOPACIIETTUTENS ¢ 0OPATHO3aBUCUMOM BBIJIEPKKON BpeMeHU (C
HE 3aBHCHUMOW WM 3aBHCHUMOW OT MPEABAPUTEIBHOW HArpy3Ku) OTCTPAUBAETCS OT
MaKCUMaJIbHOT'O TOKa Harpy3kKd JOMYCTHMOTO B IIEMH IMOTpeOuTes (Hampumep, OT
JIEUCTBYIOIIETO 3HAYEHUSI ITyCKOBOTO TOKA JIBUTATEJIs).

Bpewms cpabaTeiBaHUS TEPMOPACIIETTUTENS aBTOMAaTHISCKOTO BBIKIIFOUATEIIST HAXOIUTCS
U3 €ro 3allUTHOW XapaKTEPUCTUKUA MO TOKY MEPErpy3KH, IJIUTEIHHO MPOTEKAIOIIEMY B

OeIIr, Ha4ruHas ¢ XO0JIOJHOTO COCTOAHUA IJI 3aJaHHOI'O TOKaA Cpa6aTBIBaHI/I}I.
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Jlng 3amuThl ened ¢ aCHHXPOHHBIMHU JABHUTATEIIMUA MAJIOWM M CPEIHEW MOIIHOCTH
pa3paboTaHa 1ieyasi TpyIa aBTOMAaTHUYECKUX BBIKJIIOYATENEH C THUIIOM 3alllUTHOU
xapakrepuctuku D — (10-20)[,,, K- (9+14)[, u L - (5+9)1,.

B BeIKTIOUATENSAX IIMPOKO HCIOIB3YIOTCS JBa THINA NPUCOCAUHECHUS: TEpeAHEee M
3aJIHEE, a4 CAaMM BBIKJIIOYATENM PACHOJaraloTcsl B PACHPEICIUTEILHOM YCTPOMCTBE B
CTAIlMOHAPHOM WJIM BBIJIBUKHOM HCITOTHEHUH. BBIKITFOUaTeIn MOTYT CHaOXKaThCsl PYYHBIM
WIM JIBUTaT€JIbHBIM W 3JIEKTPOMArHUTHBIM TMPUBOJIAMU B 3aBUCUMOCTH OT THIA

BBIKJIFOYATCIA U €0 HOMHWHAJIBHOI'O TOKA.

IIPUMEP 2. BIEFOP ABTOMATHUYECKHNX BBIKJIIOYATEJIEN C VYETOM
CEJIEKTMBHOCTU X PABOTHI
BbiOpaTe aBTOMaTMuYeCKHE BBIKIIOYATENIM C MAaKCUMaJbHBIM pacCIENUTeNIeM ToKa
KOPOTKOTO 3aMbIKaHUsl (OTCEYKOM) JJIsl CEJIEKTUBHOM 3aIUThI LIETH PaIUaIbHOU CXEMBbI
MUTAaHUSL DJEKTPOJBUraTelied C KOPOTKO3aMKHYTBIM POTOPOM (CM.puC. 2) Ipu
BO3HUKHOBEHUU KOPOTKOI'O 3aMbIKaHUs Ha 3a)KMMax JaBurarenss M2, yduTbiBas, 4TO

JBUTATENId B cxeme oAuHakoBbl (cM.mpumep 1 u Ilpunoxenue 4). [Tapamerpbl cxemsl

() (134 {0111 (K
MoriHocTs nutaromero Tpanchopmatopa T1, Sy, KB'A 1000
Hanpsoxenue kopotkoro 3ambikanus, Uy, % 5,5
CooTHollIeHUE CONPOTUBICHUN MUTAOIIEH CUCTEMBI U 0,1
TpaHchopMaTopa, Xo/Xt
JlmuHa COeIMHUTEILHOI0 Kabems, M [, 100

I3 20
Martepuan kabemns ANOMUHUN

MMOCJIEJOBATEJBHOCTDH BBIBOPA AIIITAPATOB
1. IIpedsapumenvhulii pacuem
OmnpenensitoTcsi mapaMeTpbl Harpy3Ku, B IAHHOM CJIydyae HOMHUHAJIbHBIA U ITyCKOBOM
TOKHU aABUrarens M2:
Liowsws =15,1 A5 1, = 98,2 A; Iy, = 189,5 A.
Omnpenensgercs: 0KUAAEMBIM TOK B LIEMH MPU TpeX(pa3zHOM KOPOTKOM 3aMbIKAHUU Ha

3aKMMax JBUratens B Touke 1, Ha cOopke B Touke 2 u Ha 3axumax KTII B touke 3
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(cm.puc. 2). s 3Toro He0OX0IMMO BBIOpATh CEUCHUE COCAMHUTEIBHBIX Kabemnel [, u /.
CornacHo [1] BbIOMpaeM adtOMUHHUEBBIE TPEXKUIbHbIE KaOeI ¢ PE3MHOBOM M30JIALIUEN,
TIPOJIOKEHHEIE B OJHOM Tpy6e. VIX ceuenus, 1ist yuactka [; - 2,5 My, st s - 8 M. TTpu
ATOM YJI€JIbHOE IEKTPUYECKOE COIPOTUBIICHNUE Kabeel ¢ aTFOMUHUEBBIMU JKUIAMU TIPU
TeMriepatype npoBoanuka 65°C cocrasiser [3]:

Iy = 9,61 MOM/M; Xy,3= 0,092 MOM/M;
Iy = 1,1 MOM/M; Xyp.= 0,061 MOM/M.
Haxonum akTHMBHOE M HHAYKTUBHOE 3JIEKTPUUYECKOE COIIPOTUBIIEHUE KaOeeu:

I3 = Iyp3 13 9 6120 = 192 3 MOM
X3 = Xyn3 l3 0 0092 20=1 84 MOM
o = Iyp [ =1,1-1000 = 110 MOwm;
X2 = Xy = 0,061 100 = 6,1 MOM.

AKTHBHOE TI; , W WHIYKTUBHOE X, CONPOTHBJICHHUS BTOPUYHOH OOMOTKH
tpancdopmaropa 6(10)/0,4 kB momuocteio 630 kB A, nanpsikenuem K3 — 5,5% npu
COEIMHEHNH 0OMOTOK «TPEYTOJIbHHUK-3BE3/1a» C HeHTpaiblo [3]:

=2 MOM; X, = 8,6 MOM.

[lpunuMas mepexoAHOE COMPOTUBICHHE CUJIOBBIX KOHTAaKTOB  amnmaparoB
MOCTOSTHHBIM M PaBHBIM Iy, = 15 MOM HaxoIuM cyMMapHbIE€ aKTHBHOE M MHAYKTHBHOE
cornpoTtuieHus oT Tpanchopmaropa T1 no mecta K3 (Touke 1):

I =TI+ T3+ 1o+ 1, =2+192,2+110+15 =319,2 MOwm;
X = Xe + X + X3 T X = 0,1:8,6+8,6+1,84+6,1 = 17,4 MOM.

MOI[y.]'IB IMOJIHOT'O COIIPOTHUBJICHUA JO MCCTAa KOPOTKOTO 3aMbIKaHUA COCTABUT:

o=V, 1, = V17,47 +319.2% = 319,7 MOm.

Tok Tpex¢a3zHOro KOPOTKOTO 3aMbIKaHUS B TOUKE 1 paBeH:

1961 = Unown /(V3-25) = 380/(N3-319,7-107) = 686 A.

Tok nByx¢ha3HOr0 KOPOTKOTO 3aMBIKaHUS B IEMAX C HU30JUPOBAHHOW HEUTPABIO
paBeH:

191 = Upoun /(N2-25) = 380/(N2-319,7-107) = 594 A.
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Y 1apHBIN TOK KOPOTKOTO 3aMbIKAHHS
a1 = kyy V2 1% = 1:V2:686 = 970 A,
rie Ky, = f(Xw/Ts), Kyn =1 IPH Xy Ty = 0,05 (cm. IIpunoxenne 3).

AHaJIOTUYHO OIIPCACIIACM TOK TpGX(baSHOI“O KOPOTKOI'O 3aMbIKaHHA B TOYKC 2 (CM.

puc.2):

I = Iy T T + Iy = 2+110+15 = 127 MOwM;

X = X T Xp + X0 = 0,1°8,6+8,6+6,1 = 15,56 MOwm;

Jajiee ONpeNeIsOTCS Z; = \ 15,562 +127% =128 MOMm,

19, =380/(¥3-128:10°) =1714 A u
iy, = 12:1714 = 2424 A,

3Hasi MOIIHOCTb MUTAIOIIETO TpaHC(opMaTopa U COOTHOIICHUE X./X;, ONpeessieM
TOK Tpex(dazHoro koporkoro 3ambikanus Ha 3akumax KTII B Touke 3 - P . s
3TOT0 MOYKHO BOCIIOIB30BAThCS H3BECTHBIMH 3aBucuMocTME 1°)y, = f(mnbl n cedenns
KabeJist, MOIIHOCTU TpaHcdopmaropa) [3].

[Tomyuum:

193 = 12000 A.

[Ipu 3TOM yUHTBIBAETCS Ty.

2. Bvibop asmomamuueckoeo gviknouamensn Q4 (cM. puc. 2).
ABTOMATHYECKHUH  BBIKIIOYATENb  OMIDKAWIIMKA K 3aIiMimaeMoMy  OOBEKTYy
(acuHxpoHHOMY JBUTaTEII0 M2) BEIOMpaeTcs:

a) 10 HOMUHAJIBHOMY TOKY PacLeUTEIs
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IHOM.paCII 2 IHOM.I[B :1591 A;

0) U3 ycioBUs HecpabaThIBAHUSI MAKCUMAIBHOTO PACIICTIUTENS TOKa KOPOTKOTO 3aMbIKaHUS
(oTceukn) npu mycke Asuraress. HomunanbHas oTcedka pacienurens Beikiaouarens Q4
IHOM.04 > I0. = (1:1 - 192) Iyz[.n ,

[=1,1-180,5= 198,6 A.

BriOGupaercsi aBToMaTHueCKUid BBIKIIIOYATENIb, HOMUHAIBHBIA TOK OTCEYKH KOTOPOTO
npesbimaetT 198,6 A, nub0 KpaTHOCTh YCTaBKM TOKAa OTCEYKHM K HOMHHAJIHHOMY TOKY
pacuenutenss npeBblaeT  198,6/liompacy. 110100HBIM  TpeOOBaHUSAM  YAOBIETBOPSIET
BoIKIIOUaTeib BA14-26-34 ¢ HoOMHMHalAbHBIM TOKOM pacuenutenss 20 A wu
HOMUHaIbHOU oTceukoi Ha 200 A (KpaTHOCTb yCTaBKU TOKA OTCEYKM K HOMHUHAJIbHOMY
TOKY pacuenurens - 10);

B) IO MPEAEIbHON KOMMYTAIIMOHHOM CIIOCOOHOCTH BBIKIIOUATENS, 3HAYEHHUE KOTOPOTO
JIOJKHO OBITh HE MEHBIIIE TOKA KOPOTKOTO 3aMbIKaHUs B TOUKE 1 - IK31(3) ~ 686A.
Buvibpannbiii eviknouamens umeem npeoeibHyo OMKI0YAouy0 cCnocoOHOCMb, PAGHYIO
4,5 kA,
') U3 YCJIOBUSI HOPMAJIBHOTO MyCKa (camMo3aIycka) aCHHXPOHHOTO JBUTATENs
L."/1, > 2 — npu merkom mycke asurarers (t, < 5 c);
L1, > 3,5 — npu TsKENIoM Iycke apuratens (t; > 5 ).

B gamHoM ciydae g/l = 686/98,2 = 7 u ycioBHe caMoO3amycKa IBHTATEIs
BBIITOJTHSETCS.

BblOpaHHbBIl TakuM OOpa3oM aBTOMATHYECKHI BBIKJIIOYATENIb OTHOCUTCS K KIaccy
HETOKOOTPAHUYMBAIOMIMX  BBIKJIIOYATENEH,  TPEXIOJIIOCHOIO  HUCIOJHEHUS, C
AJIEKTPOMArHUTHBIM PACLCTIUTENIEM, PYYHBIM IPUBOOM, CTAIIMOHAPHOTO UCIIOTHEHHUS.

B 1abn. 12 npuBeneHbl TEXHUYECKHUE TapaMeTphl BBIOPAaHHOTO anmnapara.
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Tabauma 12
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04 BA14-26-34 20 10 4.5
Q3 BA14-26-34 32 10 3
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3. Buibop asmomamuueckozo svikatouamens Q3 (cMm. puc. 2).

Boibop aBTOMATMUECKOro  BBIKJIIOUATENS, 3aAlUINAIONIETO  PACIPECIUTEILHOE
ycTpoiictBo PY 1, mpoBoauTCs B clieytolei mocie10BaTeIbHOCTH:
a) I0 HOMUHAJILHOMY TOKY paclenuTens
IHOM.paCL[ Z IHOM o
1€ l;on — HOMUHAJIBHBINA TOK B JIMHUU [, 1,0, = 30,2 A. BeiOupaeTcst BEIKIIIOUATEIb C
HOMUHAJILHBIM TOKOM PACUENHUTENA Loy pacy = 32 A.
0) M0 HOMHHAJIBHOMY TOKY OTCEYKH PACICTUTEIISI aBTOMAaTHYECKOTO BhIKIIFoYaTens O3
IHOM.03 Z kH.OIHOM.O4 ’
rae k,, — KodDPUIMEeHT HaJAEe)KHOCTU COTJIACOBaHUS, MPUHUMAETCS paBHBIM 1,3+1,5
WJIM PACCUMTHIBACTCS C YYETOM pa30pPOCOB cpadaThIBAHUS OTCEYCK.

Tok HOMMHAJIBHOW OTCEYKH pacLieNUTeENs BhIKiouaTesns Q3 onpenensercs
Lionos = 1,3:200 =260 A.

IIpu 3TOM KpaTHOCTh YCTaBKM TOKa OTCEYKM K HOMHHAJIBHOMY TOKY pacLEenUTeNs
BbIOMpaeTcsa paBHol 10.
B) TpoBepsieTcsl BHIKIIOYaTeNb Q3 Ha CIMOCOOHOCTh KOMMYTHPOBATh TOK KOPOTKOTO

3aMBIKAHUA B TOUKE 2

¥ ,=1714 A.
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Tox mpenenbHONW OTKIIOYAIONMIEH CHOCOOHOCTHM  BBIOPAHHOTO  BBIKIIFOUATENS
COCTaBJIsIET 3 KA, UTO BBIIIIE TOKA 1(3)K32.

B xkauectBe Boikmtouarens Q3 BwiOupaercs aHanmormuHbld Q4 Tum anmapara,
TEXHUYECKHE NTapaMeTpbl KOTOPOTO MPUBEIACHBI B Ta0. 12.

4. Bvibop asmomamuueckozo svikatouamens Q1 (cMm. puc.2).

Breikmouarens, pacnonoxenubii Ha KTII, 3amumaer cumoBoit TpanchopMarop u
HSHEPTrOCUCTEMY U JIOJDKEH OTJIMYAThCS BBICOKOM HaJIekKHOCThIO paboThl. Kak mpasuiio,
ATO CENEKTUBHBIC BhIKIIIOUaTeNu. OHU BEIOUPAIOTCSL:

a) 0 HOMUHAJILHOMY TOKY paclenuTens

IHOM.paCLl > IZHOM)

rae Isyoq - CYMMapHbId TOK, NOPOTEKAKOIIMM B uLenu Bbikatodarens QI1, mpu
OJIHOBpEMEHHOU paboTe Bcex npurateneit. B mannom ciydae Is,o, = 136 A.

Bribupaercss Beikitouatenb cepur A3716@ ¢ HOMUHAJIBHBIM TOKOM PacUEHUTENs
Lios.pacy = 160 A

0) M0 HOMUHAJILHOM OTCeuKe pacienurens aTomara Q1:

IHOM.OI > Kio IHOM.O37

rie  lyomos - HauWOONBIIMH H3 TOKOB CcpabaThIBaHMsI OTCEUYEK HUKECTOSIIUX
BBIKJIFOUATETIEH, T. €. IPUHUMAETCA:

Liomo1 > 1,3:260 = 338 A.

KpaTHoCcTh ycTaBKM TOKa OTCEYKM K HOMHHAJILHOMY TOKY pacLENUTeNsi BhIOMpaem
paBHOM 3.9.

B) U3 YCIJIOBUSI OTKJIIOYEHUS TOKa TPeX(ha3HOTO KOPOTKOTO 3aMBIKAHUS B TOYKE 3 —
3= 12000 A.

Tok npenenbHON OTKITIOYAIOIIEH CITIOCOOHOCTH BHIOPAHHOTO BBIKJIIOYATENS TOCTUTAET
15 KA.

Eciu cornacoBaTh OTCEYKHM BCE€X BBIKJIIOYATENEH B IENM HE YAACTCs, TO
Boikiouatenib Ha KTII BoiOupaeTcss celeKkTUBHBIM 1O BpeMeHu. [lpu 3TOoM TOK
MIHOBEHHOTO cpadaTbhlBaHUs TpeTbel cryrneHu 3amuthl (Bbikitouarens Q1) Iy

1(3)

JOJKEH npeBocxoauTh [ ,; B Touke 3 [3].
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Texnuueckue mapaMeTpsl BBIOPAHHOTO BBIKJIFOYATENIS MPUBEIEHBI B Ta0. 12.
INPUMEP 3. BLIOP ABTOMATHUYECKOI'O BBIKJIFOYUATEJIA JJ1 3AIIUTHI
HEITN OT K3 U ITEPET'PY3K B ACMHXPOHHOM JIBUT'ATEJIE

BbiOpaTh aBTOMaTWYeCKUil BBIKIIIOYATENb C MAaKCUMAJbHBIM paclEnuTeeM ToKa U
TEIUIOBBIM ~ paclenuTeseM (TepMopacuenureneM) B UMM MHUTAHUS ACHUHXPOHHOTO
neurareinst 4A Ilapamerpbl ABUraTensi, MEKTPUUECKOM LIETH, a TAKXKE pPe3yJbTaThl UX
NPEBAPUTENILHOTO pacyeTa MPUBEACHBI B puMepax | u 2.

HeoOxomuMo BBIOpaTh aBTOMATHYECKUW BBIKIIOYATETh C OJICKTPOMArHUTHBIM U
TEIUIOBBIM pacrenureasiMi (Jinbo ¢ KOMOMHUPOBAHHBIM PACICIIUTENIEM), OTBEUAIOIIUMA
OCHOBHBIM TE€XHHYECKUM MapamMeTpaM M MMEIOIIMN HauOOJbIIYI0O U3HOCOCTOMKOCTh
(4MCI0 IMKIOB KOMMYTAIIMH TOJ] HArpy3KOi) ¢ BECOBBIM KOA((UIIMEHTOM MOKa3aTems
0,8 1 HauMmeHbIUH 00beM C BecoBbIM K03 durimenTom 0,2.

[locnenoBarebHOCTH BHIOOpA ANNapaToOB CIEAYIOIIAS.

1.BriOupaeM HETOKOOTPAHMYMBAIONIUN BBIKIIOYATEh C PYYHBIM IPHUBOJIOM,
CTAllMOHAPHOI'0 UCIIOJIHEHUS U IEPEAHUM MIPUCOECTUHEHUEM POBOOB.

2.HomunanpHOE HanpsbkeHue Beikiarodaress 380 B, ¢ TpeMs rimaBHIMU KOHTAKTAMM.

3.HomMuHanbHBIN TOK KOMOMHUPOBAHHOTO PACIEUTENS BEIOUpPAETCS U3 YCIOBUS
IHOM.paCLl = IHOM.L[B = 1591 A.

Breibupaem Beikmouarens cepun  AE2026 ¢ 3MeKTpOMarHUTHBIM U TETUIOBBIM
pacuenuTensaIMH Ha Loy pacy = = 16 A.

4. KpaTHOCTb yCTaBKH TOKA OTCEYKH K HOMUHAJIBHOMY TOKY PacUENHUTENS JOJKHA
HaXOJIUTCA B Ipeaenax

19896/ IHOM.paCL[ =12 < IHOM.O / IHOM.paCLI < 686/ IHOM.paCLI =43.

Bb10OpaHHbIl BBIKIIIOYATENh UMEET OTCEUKY PABHYIO 12, YTO yJIOBIETBOPSAET 3aJaHHBIM
YCJIOBUSIM.

5. IlpenenbHas OTKIIIOYAIOMIAss CIIOCOOHOCTh BBIKIIIOYATENIS JOJKHA MPEBHIIIATh TOK
KOPOTKOIO 3aMBbIKaHWsI Ha 3aXHUMax JBUTraTEIIs 1(3)K3 = 686 A. IlpenenbHas
OTKJIIOYAIOIAs CHOCOOHOCTh BBIOPAHHOT'O BBIKIIOYATENSI JOCTUTaeT 2 KA, YTO BBIIIE

TOKa KOPOTKOT'O 3aMbIKaHUA.
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6. TernoBoii 3IeMEHT KOMOMHUPOBAHHOTO PACIEITUTENS MPOBEPSAETCS M0 HOMUHAIBHOU
yCTaBKe Ha TOK CpabaThIBaHUSI TEIJIOBOTO PACIICITUTEII.
Tok cpabaTbhiBaHUs TEpMOpACUEHUTEN ¢ 0OPAaTHO3aBUCUMOI BBIICPKKON BpemMeHU (C
HE 3aBUCHUMOW WJIM 3aBUCUMOW OT TMpEABAPUTEILHOW HArpy3Kd) OTCTPAMBAETCS OT
MaKCHUMAJIbBHOTO TOKa Harpy3ku JIOMYyCTUMOIO B IleNU MNoTpedutesns (Hampumep, OT
JEUCTBYIOIIETO 3HAUYCHUS ITyCKOBOT'O TOKA JABUTATENS I})):
[.>982 A
U uueTcs Onvkaiiiee HOpMUpOBaHHOE 3HaueHue I, Onpenenstorcss mpenenbl ero
perynupoBanus (oHu coctaBisitoT 0,9—1,15).
[To 3amuTHON XapaKTEPUCTUKE aBTOMATHUYECKOTO BBIKIIOYATENSI OMpPENEseTcs Bpems
cpa0OaTbIBaHMA fy, TEIUIOBOIO PACLUENHTENA NPU NEPErpy3Ke M IPOBEPSETCSA YCIOBUE
COIrJIaCOBaHUSl Harpy304YHOW XapaKTEPUCTUKHA ACMHXPOHHOIO ABHUTATEINs] M 3alIUTHOMN
XapaKTePUCTUKHU BBIKJITFOYATEJIS:
L5ty >ty >t 7,526>5.

B Tabn. 13 npuBeneHnl pe3yibTaThl BbIOOpA BBIKIIOYATENICH IO OCHOBHBIM

TCXHUYCCKUM ITapaMCTpaM.

Taomuna 13
=
- 2 z
2 O =
e = =
y = E, y
= S % 2 z o
z - s = g% =<
5 B & S 2 2 R
2 z = a2 = 3 5 T o
2 9 E S = Z: 32
= g5 : ¥ 5 '3 z 2
= g 3 2 g 2 Z 2
= T 2 M S = 5 T A
AE2026 16 12 2 16
AE2046M 16 12 4,5 63
AE2046 16 12 3 63
AE2053M 16 12 3,5 100
AE2056M 16 12 3,5 100
AE2063 16 12 3,5 160
AL2066 16 12 3,5 160
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7. OnpenenuM HawIydlIHd, C Y4ETOM 3aJaHHBIX TEXHHKO-3KOHOMHYECKUX
nokaszaTeneil M ux ,,Beca', ammapar, HUCIOJb3ys pe3yJibTaTbl BbIOOpA MO OCHOBHBIM
TEXHUYECKHUM [1apaMeTpam.

B T1abn. 13 BeIKIIOYATENM pa3MElIeHbl IO MEpe YXYIUIEHUS UX TEXHUKO-
HDKOHOMMYECKMX  mokazateneil.  HauOonbluiee — mpennmoyreHwe — ciaeayeT — OTAATh
aBTOMaTH4YeckoMy BbIKItOUaremo cepun AE2026, yaoBIETBOPSIONIEMY BCEM 3aaHHBIM
TEXHUKO-JKOHOMUYECKHM YCIOBHSIM W UMEIOIIEMY HauOOJbIIEE YHUCIO LHUKIOB

KOMMYTALIMH [10]1 HArPY3KOM NIPY HAUMEHBIIIEM 00BEME BBIKIFOUATES.

Oco0eHHOCTH BBIOOPA CPEACTB 3alMTHI 1ereld 001ero
HA3HAYEHUA

Ocoboe MecTo 3aHUMaeT 3aluTa 2lekmpuieckux yeneu. B Hactosiee Bpems
LIMPOKO MCIOJB3YIOTCs ceTH HamnpsbkeHnem ot 0,4 1o 750 kB.

Hawnbonee omacHbIMM W YacTHIMH BUJAMHU TIOBPEXKICHHA B TAaKUX CETIX SBISTFOTCS
KOPOTKO€ 3aMblKaHMe MeXIy (aszamu u Mexay (a3oil v 3a3eMIICHHBIMU YaCTSIMU
AJIEKTPOOOOPYI0BAHUS.

OcHoBHas mMacca notpedureneit padoraer B cersax HanpsikeHuem 0,4 kB, 6 u 10 kB (B
nocjeHee BpeMs HAIUIUM LIMPOKOe MpUMEHeHue ceTu HampsikenueM 0,66 kB). s
MMUTAHUS CTAIIMOHAPHBIX CHJIOBBIX MOTPEOUTENECH M OCBETUTENBHBIX YCTAHOBOK OOIIETO
Ha3HAYEHUSl MPUMEHSIIOTCS Tpex(da3Hble YETHIPEXIPOBOJHBIE U MATUIIPOBOJHBIE CETU
Hanpsokenuem 380/220 B ¢ rimyxo3zazemiieHHOW HeWTpaiibto. CHiIoBblE MOTpEOUTENH
MUTAIOTCSI OT MCTOYHHMKA JMHEHHOTO HAMpsOHKEHUS, a OCBETUTENbHBIE MPUOOPHI — OT
UCTOYHMKA (ha3HOrO HampspKeHHs. MoIllHble CUJIOBBIE TOTPEOMTENM, HarnpuMmep,
ANEKTPOABUTraTesd MOIIHOCTEIO 160 kBT u Bblle, nutarorcss HanpspkeHneM 660 B, 6 u
10 kB.

OCHOBHBIMU aBapUUHBIMU PEKUMaMU B TaKUX CETAX SABJSIIOTCS: oaHodazHoe K3
(mo 60%); Tpexdaznoe K3 (mo 10%); nByxdaznoe K3 Ha 3emiro (10 20%); nByxdazHoe
K3 (1m0 10%).

3ammuTa SJEKTpUYECKUX cerei Hampsbkenuem 10 1000 B ocymiecTBisieTcs, Kak

MpaBUJIO, anmaparamu 3aluThl, a ceTu HanpsbkeHueM cBbiie 1000 B uMeroT peneitnyro
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3aIlUTY.

CaMmpilMM  pacmpOCTpaHEHHBIMM  amnmapaTaMd  3alllUThl  CETeH  SBISIOTCS
ABTOMATHUYECKUE BBIKIIOYATEN U MpeaoxpanuTenau. Ecim TpedyeTcss uMeTh 3anuTy
C BBICOKOM UYBCTBUTEIIBHOCTBIO WJIM CEJEKTUBHOCTBIO, TO IPUMEHSIOT PEJICHHYIO
3allUTY, BBIMIOJHEHHYIO Ha 0a3e pelie 1 aBTOMaTUYECKUX BhIKItouaresnei [1].

OnekTtpuueckue cetu HanpspkenueM 10 1000 B BHyTpu nmomenieHuil JOIKHBI UMETh
TaK)Ke 3alIUTy OT MEPErpy3KHu, BHIOJTHEHHYIO, KaK MpaBuiIo, Ha 0a3e aBTOMaTHYECKUX
BBIKJIIOUATENEH.

[lon yenamu obweco HazHauenus TOHUMAEM DJIEKTPUYECKHUE IIEMH B KWIBIX H
aIMUHUCTPATUBHBIX  TIOMEIICHUSX, BCIOMOTaTeIbHbIE IEMNU  MPOMBIILICHHBIX
MIPENIPUATHN.

OcoOeHHOCTh TakMX LEMeld OmpelessieTCss CMELIAaHHBIM XapaKTepoM Harpys3Ku
(HarpeBaTenbHbIE NPUOOPHI M OBITOBAs TEXHHWKA, OCBETUTEIIbHOE O0OpYyIOBaHUE,
OBITOBBIC AJIEKTPOJIBUTATEIN B CHCTEMAaX BEHTWJISIMU M KOHIUIIMOHUPOBAHUS W T.II.).
[ToaTomMy BbIOOp ammapaToB 3amuThl (B TEpPBYIO OYepelb AaBTOMATHUYECKUX
BBIKJTIOUATENICH ) HEOOXOUMO BBITTOTHATE B CICAYIONMIEH MTOCICIOBATEILHOCTH

- IPEIBapUTENBHO PACCUUTHIBAETCS TOKOIMPOBOIALIAS LIEMb C YYETOM JIOIMYCTUMBIX
JUTUTEIHHBIX TOKOB [4] 1 SKOHOMUYECKOM TUIOTHOCTU TOKa. Ha 3TOM 3Tane BeIOMpaeTcs
THUII IPOBOJTHUKOB U UX CEUEHUE MTPU MAKCUMAIIbHOW HArpy3Ke;

- OCHOBHBIM aBapUWHBIM PEKUMOM SIBISIETCA KOPOTKOE 3aMblkaHue B 1enu. [loatomy
OMPENENACTCSl PACYETHBIM IMYyTEM WJIM MO AMIHUPUYECKUM KPUBBIM OXKUJAEMbIA TOK
KopoTtkoro 3ambikaHusi (cMm. [3]). Ilpm »>ToM HEOOXOAMMO YUYWUTHIBATH JJIUHY
COCIMHUTEIBHBIX MPOBOJHUKOB 3alIUIIIAEMOMN IEMU. Y BEIUUYECHUE JJTUHBI MPOBOTHUKOB
(b0 CHWKEHHE WUX CEUCHHs) HEW30CKHO MPUBENET K POCTy HUX AaKTUBHOTO H
PEAaKTUBHOT'O CONPOTHUBIIEHUS, UTO HE TOJIBKO CHHXKAET JOIYCTUMbI HOMHHAJIbHBIN TOK
B NMPOBOJIHUKAX, HO U OTpaHUYMBAET OxkuaaeMblil Tok K3 B nienu;

- JUIS 3aIUThI Ieneld oOIero Ha3sHayeHUs NP HOMHUHAIBHBIX TOKax 10 125 A

HUCITIOJIB3YIOTCA AaBTOMATHUYCCKUC BBLIKIIFOYATCIIA C BaHIHTHOﬁ XapaKTepHCTHKOﬁ B -

(3+5)1,, C — (5-10)I, wm K — (9=14)1,.
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CoBpeMeHHBIC IIemd OOIIEero Ha3HAYEHUS BIIOJHE BBIJICPKUBAIOT TEPETPY3KH,
nocturatonme 10I, B KpaTKOBPEMEHHOM peXUME, IO03TOMY 4YacTO BBIOMPAIOT
aBTOMATHYECKHE BBIKIIOYATEIU C TUIIOM 3allIUTHON XapakTepucTuku — C;

- BBIOOp BBIKJIIOYATEINS 10 OCHOBHBIM TEXHUYECKUM IapaMeTpaM: HOMHHAIbLHOMY
TOKY l,, BeIMUYMHA KOTOPOIrO JAOJKHA MPEBBINIATH JOMYCTUMBIA JIUTEIbHBIA TOK B
[EMH; YHUCIYy IIOJIOCOB (JIOMyCTHMO HMCIOJIB30BaHWE OJHOMOMIOCHBIX - Ip, 5mbo
JBYXIIOJIFOCHBIX — 2p BBIKJIFOYATENCH; TUIy 3amuTHOM xapaktepuctuku (B wm C);
HOMUHAJILHOM OTKJIIOYAIONIEH CIIOCOOHOCTH, /IS Iienel OBLITOBOrO Ha3HAUEHHs BIIOJIHE
JOCTAaTOYHO  MCIIOJIB30BAaTh AaBTOMATHMYCCKHE  BBIKIIOYATEIM C  OTKIIIOYAOIICH
criocoObHocThIO 3; 4,5; 5 unu 6 kA; cnoco0y yCTaHOBKH, OOJIBITMHCTBO COBPEMEHHBIX
BBIKJIIOYATENNEeH i 3alluThl 1ened oOiero HaszHaueHus kpemstcs Ha DIN-peiikax
(manmpumep, BoikirodaTenu cepun 3RV, C60, S200, BA-103, BA47-29, BA76-29, BM40
U Jp.), BBIKJIIIOYATEIN, MCIOJIb3yeMble ISl 3allUThl MPOMBIIIJIEHHBIX Iened 0011ero
Ha3HAYCHUS, MOTYT HMMETh CIIOCOO0 KPEIUICHHS «II0J] BHHT», HAIpUMEp, IIHPOKO
UCIIOJIb3yEeMble aBTOMaTHueckue BbikiItouarenu cepuu A63, AE20, AE25, AKSOB,
AIIS0b u npyrue;

- YTOUHSIIOTCSI YCJIOBUS SKCIUTyaTalliy BBIKJIIOYATENICH: KIMMAaTUYECKOE MCIIOTHEHUS
u kateropus pazmemienus (YXJI3, YXJI4, T2.1, T3, O4 u np.), cTeneHb 3amuThl (KaK
npaBuwio 310 [P00 c¢ 3ammroii BeiBOmoB I[P20). Ilpm pabGote B Apyrux yCIOBHSX
UCITOJIB3YIOTCS 3alIUTHBIE KOpIyca W 000JIOUKH (OOKCHI) C OMpeNeSIeHHONW CTENEHbIO
3aIUTHI.

OC00EeHHOCTH 32U THI OCBETUTEJIbHbIX MIPUOOPOB M CHJIOBBIX

MOJIYIPOBOJHMKOBBIX YCTPOUCTB
OCHOBHBIM aBapI/IfIHLIM PECKUMOM B ocCeemMuUumeslibHblx YCmaHosKax ABJIACTCA

KOPOTKHE 3aMBIKaHHs. 3aluTa OT MEPerpy3Kd TPeOyeTcs TONBKO JJIsi OCBETUTEIBHBIX
YCTAaHOBOK, AKCILUTYaTUPYEMBIX BHYTPHU MOMEILIEHUN U BO B3PBIBO- U MOKAPOONACHON
cpene. Hambonee pacnpoCTpaHEHHBIM arapaToM 3alllUThl OCBETHUTEIBHBIX YCTAHOBOK
SBJISIETCS aBTOMATUYECKUI BBIKITFOUATEIb.

Oco0eHHOCTRI0O  (DYHKIIMOHUPOBAHUSI OCBETUTEJIBHBIX MPUOOPOB SIBISIETCS UX

ITyCKOBOM PEKUM, KOTOPBIN OTJIMYAETCSI OOJIBIIMMH KpaTHOCTSIMU TOKOB (10 10-201, nnst
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JaMIl HaKaJIMBaHUS) W MaJOd JJIMTEIbHOCThIO uX mpotekanus (mo 0,06 c).
CoBpeMEHHbIE  aBTOMATHYECKHE  BBIKJIIOYATEIM  MMEIOT  BBICOKYIO  CTEIEHb
OBICTPOACUCTBUA, WX MAaKCHUMAalIbHbIE TOKOBBIC pACHEHUTENN CHOCOOHBI 3a TaKOi
NEPHOJ] BPEMEHHM OTKJIIOYHUTH LEMb, YTO HE MO3BOJUT MOJKIIOUYUTh HOTPEOUTENS.
OTtcrojla aBTOMAaTUYECKHE BBIKIIOYATENH CIEIYyEeT BbIOMpPAaTh M3 YCJIOBHS OOJBIIMX
IIyCKOBBIX TOKOB (HampuMmep, Tyl 3amutHoi xapakrepuctuku — C, D wnu K). [Ipu stom
HOMHMHAJIbHASI OTKJIIOYAIOIIAasi CIIOCOOHOCTh ammapara JOJKHA OBITh BBIIIE HE TOJBKO
0KHJJAEMOT0 TOKa KOPOTKOI'O 3aMbIKaHHUs B LIENH, HO U IIyCKOBOI'O TOKA.

CyliecTByIOT aBTOMaTUYECKUE BBIKIIOUATENM, CIIELMAIBHO IPEIHA3HAYCHHBIE IS
paboThl ¢ OocBeTUTENbHBIMU Npubopamu. Hanpumep, Beikitouatens cepun DZ47-60, c
xapakTepucTukoil D u npenenbHON HanOoJIbIIEH OTKIFOYAKOUIEH CIOCOOHOCTHIO 6 KA.

[Ilupokoe pacnpocTpaHEHUE CUNOBOLU NOJYNPOBOOHUKOBOU MEXHUKU TpedyeT
MPUMEHEHHUs )1 €€ 3auThl 3P(HEKTUBHBIX YCTPOUCTB. OJTHUM U3 TJIaBHBIX HEAOCTATKOB
CWJIOBBIX IOJYIPOBOAHUKOBBIX MPHUOOPOB SIBISIETCS WX HU3Kas MEperpy3ouHas
CIIOCOOHOCTH MO TOKY [5], YTO HAKJIabIBACT KECTKUE YCIIOBUS Ha almaparypy 3allyThl
(10 OBICTPOIEHCTBHIO, CETICKTUBHOCTH M HAJIG)KHOCTH CpabaThIBaHU).

CuiioBbI€ MOTYIPOBOJIHUKOBBIE YCTPOMCTBA KpailHE YyBCTBUTENIbHBI K TOKAaM, BBIIIE
HOMHUHAJIBHOTO 3HAYEHHUs] U JUIMTEIBHOCTH HX NpoTekaHus. OObIYHO OHU HUMEIOT
HEBBICOKME 3HAYEHUs JOIyCKaeMoro uHrerpana Jxoyms.

Yamie Bcero B KauyecTBE 3allIUTHBIX anmnapaTroB IS CHIOBBIX IMOJYNPOBOJHUKOBBIX
YCTPOMCTB UCIIOJIb3YIOTCS OBICTPOACHCTBYIOLIHNE IIPEIOXPAHUTENN WIH
TOKOOTPaHWYMBAIOIIME BBIKIIOYATENH, CIOCOOHbIE HE IO3BOJIUTH TOKY KOPOTKOIO
3aMbIKaHUSl Pa3BUTHCS JO OMACHBIX MPEIENOB, T.€. OTPAHUYMBAIOLIKE IMPOIYCKAEMBIi
uHTerpan Jxoyis.

TakumMu aBTOMAaTUYECKMMU BBIKIIOYATEISIMHA, HAIPUMEp, SBISIOTCS BBIKIKOYATEIN
cepuu Compact NS, Tmax, BAb u BAT na nomunansubsie Toku 10 10000 A.

BriOop aBTOMaTHYeCKMX BBIKIIOYATEICH CBS3aH C COTJIACOBAHHME HArpy304YHOMN
XapaKkTepUCTUKU  3alUIIaEMOT0  YCTPOWCTBAa W 3aUIUTHOM  XapaKTEPUCTUKHU

BbIKJIIOYaTeNs (cM. puc. 10).
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Hu3K0BOJBbTHBIE KOMILJIEKTHBIE yCTpOﬁCTBa

OO0uue cBeieHNs 0 HU3KOBOJIBTHBIX KOMILIEKTHBIX YCTPOCTBaX

HuskoBonbTHble  KOMIUIEKTHBIE — ycTpoMctBa (HKY) mpencraBnsitor  coboit
COBOKYITHOCTh aInaparoB 3allUThl, YIPABICHUS U aBTOMATHKH, a TaKxke MpHOOpOB,
00BbEIMHEHHBIX €IMHOW KOHCTPYKTUBHONU OCHOBOM.

Hu3KOBOJNIBTHBIE KOMIUIEKTHBIE YCTPOWCTBA IPEIHA3HAYEHBbl JUIS  yIPaBJICHUS,
peryJMpoBaHMs M 3alIUTBl  DJIEKTPOYCTAHOBOK,  pACIpENENICHUs  DHEPIUH,
DNEKTPUYECKUX HW3MEPEHWA W CUTHAIM3alMM, Ui YNOPABJICHUSA PA3IUYHBIMHU
MEXaHU3MaMHM, YCTAHOBKAMH M TEXHOJIOTMYECKMMU Tpoueccamu [1].

OObenuHEHNE anmapaToB M NPUOOPOB, PEILIAIOIIMUX ONPEACIECHHYI0 TEXHUYECKYIO
3a/1a4y, B BUAE OTIEIBHOIO KOHCTPYKTUBHOI'O y3JIa TIO3BOJISIET HE TOJIBKO IMOBBICUTH UX
y100CTBO, 6€30MaCHOCTh U HA/IEKHOCTh B IKCILUIyaTallud, HO M YJIy4IlaeT KauyecTBO UX
MOHTAQ)Xa W HaJaJK{, a TaKXKe CHUXKAeT CTOMMOCTh u3rorosiieHus HKY B 3aBoxackux
YCIIOBUSIX C UCIOJIb30BaHNUEM YHU(DUIIMPOBAHHBIX U3/ICITHIA.

KoncrpyktusHo HKY BBINIOJIHAOTCS B BUJIE OTKPBITBHIX HIUTOB, 3aIUIICHHBIX IUTOB
Y OTJIEJBHBIX HAIMOJbHBIX MIKA(OB, NIMTOB, 3AIIMILIEHHBIX TOJIBKO CIEpPEId U C OOKOB,
OJIOKOB, TaHeNeW, SIMUKOB (HaBeCHBbIX MIKaoB) M mynabToB. HU3KOBOJIBTHBIE
KOMIUIEKTHBIE YCTPOMCTBA BBIIOJHAKTCA C OJHOCTOPOHHUM WM JABYXCTOPOHHUM
oOCITy)XKMBaHHEM, C  OJHOPSAAHBIM,  JBYXPSAHBIM  WIH  KOMOWHHPOBAHHBIM
PacCIIONIOKEHUEM alllIapaToB.

Ecinn HKY OTKpBITOro MCNOSHEHHS NPEeIHA3HAYEHBI JJIsI YCTAHOBKHU B CIIEIIUATIbHBIX
AIIEKTPOTEXHUYECKUX TMOMEIICHUAX, B KOTOPBIX HAXOAUTCS TOJBKO OOCTY>KMBAIOIIUI
nepcoHai, To 3amuuieHasle HKY Moryt ycraHaBimMBaThCs HENOCPEICTBEHHO B leXax,
BOJIM3U OT ynpaBiiieMblX UMH MexaHu3MOoB. [Tono6usie HKY yno0HBI B aKcITyaTanmu,
OpyU 3TOM 3HAYUTENIBHO COKpamiaercs o0mias MNpPOTSHDKEHHOCTh — DJIEKTPUUYECKHUX
KOMMYHUKaIMM, OOJer4aercs HajlaJka 3JEKTPOOOOPYJOBAaHMS, CHIDKAETCS OO0bEM U
CTOMMOCTh KOMIUIEKTHOTO ycTporcrBa. Onnako 3amumenasie HKY necmorps Ha Bce

IIpSCuMyIIcCTBa UMCIOT CYHICCTBCHHBIﬁ HCAOCTATOK: B 3aMKHYTOM o0BbeMe IMPOUCXOIUT
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neperpes anemenToB HKY, uro TpelyeT crennanbHbIX Mep MO0 BBIOOPY W pa3MENIEHUIO
anmnaparoB, MOHTaXXy M 3KCIUIyaTallMu, BEHTWISUU BHYyTpeHHero oobema HKY. Yacto
HKY xoMmnekTyroTcs TUHOBBIMH OJIOKaMH M NaHeassMu. OJIHAKO MpU 3TOM aIIapaThl
TUIOBBIX OJIOKOB JIOJDKHBI OBITH MCIOJIb30BaHbI, & 3aMEHA OT/ACJIbHBIX allapaToB U
Y3JIOB HE JIOITyCKAETCH.

K HU3KOBOJIBTHBIM KOMIUIEKTHBIM YCTPOMCTBAM U OTHEIBHBIM €ro 3JIEMEHTaM
NPEIBSBISIOTCS CIEIyIOUUe TPeOOBAHUS.

Yoobcmeo u bezonacnocmo oocnyscusanus. HKY momkHO OBITH HAJEKHO 3aIIUIICHO
OT CIYy4YalHOTO TPHUKOCHOBEHHS OOCITY>KMBAIOIIETO MEpPCOHANA K TOKOBEIYIIMM U
MOJABMKHBIM 4acTaM, a »ieMeHTel HKY — or Bo3gelcTBus BHEWIHEW Ccpelnbl M
MexaHudeckux mnospexaeHud. Ilpm stom, k s3nementam  HKY, tpebOyrommm
CUCTEMATUYECKOTO KOHTPOJISL U HAOJIOIEHUs B MPOLECCE IKCIUTyaTalluu, JOJKEH OBITh
yA0OHBIN TOCTYN (HAapUMeEp, K KOHTAKTHBIM COEUHEHUSIM ).

Yoobcmeo Habnwoenus 3a pabomou annapamos. W3meputenbHble TpUOOPH U
anmnaparbl py4yHOTO ynpaBlieHUs (KHOIKH, pyOMJIBHUKH, BBIKIIOYATEIH U T.I1.) AOJKHBI
pacmnoJyiaraThCsi Ha yI00HOM JJis1 HaOmroeHust ypoBHe (Ha BbicoTe oT 600 10 1800 MM oT
YPOBHS TI0J1Q).

Yoobcmeo  nookmwouenuss  enewnux — coeounenuti.  BHemHue — coeAMHEHUS
MOJKJIFOYAKOTCS Yepe3 3aKUMBI, pacrnoioxkeHHsle BHyTpu HKY.

Yoobcmeo pemonma u 3amenvt annapamos, npubopos u opyaux snemernmos HKY.

Hcknrouenue 603M0XHCHO20 83AUMHO20 GIUAHUSL annapamoe opye Ha opyea. 1lpu atom
BO3MOHbBI TEIUJIOBBIE, AJEKTPOMArHUTHBIE U MEXaHMYECKUE BO3JICUCTBUS anmapaToB.
Upe3mepHblii HarpeB OTIENbHBIX alapaToB, Mepedpoc BIEKTPUUYECKOM Iyru
OTKJIIOUCHHMS, MEXaHW4YecKas BHOpalusi  anmapaToB, MarHUTHbIE  MOJS U
B3aMMOMHIYKTUBHOCTH MOTYT BBI3BaTh JIOKHBbIE CpaOaTbiBaHUS M OTKIIOYCHUS,
pPa3peryIMpoBKy anmapaToB, IEPETPEB M HU3MEHEHUE XAPAKTEPUCTUK anmnaparoB H
OTZIEJIbHBIX €0 Y3JIOB U JIPYTHe HECAHKIIMOHUPOBAHHBIE AEHCTBHUS.

[TosTomMy ammapaThl, SIBISIOIIMECS WCTOYHUKAMHU BHEIIHMX BO3ICHCTBUM, IOJKHBI

pasMemiaTbCad Ha PACCTOAHHMU OT OCTAJIbHBIX alllapaTroB, B HWKHEW WU B BerHeﬁ
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gactsax HKY, a unorma u 3a npenenamu HKY. OcoObie TpebGoBaHUs MPEabIBISIOTCS K
BBIOODY IUIOIIaAu nmoBepxHocTH oxynaxaeHuss HKY u ycnoBusiM ero oxiaxacHusl.

B 3aBucuMocTH OT Xapakrtepa, JIMTEIBHOCTH W YCJIOBUWA HarpeBa pasjiMvyaroT TPU
ocHOBHBIE pexkuma pabotel HKY: npomomkuTenbHbIi, KpaTKOBPEMEHHBINM M TTOBTOPHO-

KPaTKOBPEMEHHBIM.

Peskumbl padoThl HU3KOBOJBTHBIX KOMILUIEKTHBIX YCTPOMCTB

Hu3KkoBOJIBTHOE  KOMIUIEKTHOE YCTPOMCTBO COCTOMT M3  (DU3UYECKUX  Tel,
M3ITYYAOIINX WU TOTPEOIIIONINX TEIJIOBYIO YHEPTHIO B OTPAaHUYEHHOM MPOCTPAHCTRBE.

[Tockonbky Temmneparypa v B pasznuunbix Toukax HKY nHeommnakoa BHyTpu HKY
BO3HHKAIOT TEIUIOBBIE TOTOKH, KOTOPBHIE MOKHO ONMCATh YPABHEHUEM TEILJIOBOT'O MOJIS:

v =1{(L,B,H.t), (8)

rae L, B, H — nnuna, rimy6una u Beicotra HKY; t — Bpems.

Takum oOpaszom, Temmepatypuoe mone HKY sBmgercs TpexmepHbIM U
HEOJAHOPOIHBIM, UTO YCIOKHSET €r0 Pacyer.

Terora B HKY mnepenocutcs B HampaBlieHWH CTEHOK MIKa(oOB, TaK KaK OHU UMEIOT
0oJiee HU3KYIO TEMIIEPATypy, YEM TeMIlepaTypa BHyTpeHHEro oobema mkada. TernaoBoii
MOTOK cornacHo (popmyiie HetoTona-Puxmana

Q = qSoxr, 9)

rJ1e Soxy — IUIOMIA/b TOBEPXHOCTU OXJIAXKICHHS, M; ( — IIOTHOCTH TEIIOBOTO OTOKA,
Br/™’.

IToctpouB TemreparypHoe mojie BHyTpeHHero oobema HKY, mMoxxHO mpencTaBUThH
HanOosee ys3Bumble oOiactu HKY, uro obGneruut paboTy MO palnroHaIbHOMY
pasmenieHuto 31eMeHToB BHyTpu HKY. B kaduecTBe OCHOBHOIO TEIJIOBOTO MapaMeTpa,
xapakrepusytoniero HKY, ucnons3yercda pomnycrumas TeMmmeparypa HarpeBa 4acTei
anemeHToB M KOoHCTpykumu HKY. CHumxennme temneparypsl BHytpu HKY Huxe
JIOTYCTUMOM TPUBEJIET JIUIIh K YBETUYCHUIO TabapuTHBIX pasmepoB HKY u cHmkenuio
€ro TEXHUKO-3KOHOMUYECKHUX MOKA3aTEIICH.

Hu3K0BOIBTHOE KOMIUIEKTHOE YCTPOWCTBO JOJDKHO HOPMaIbHO (DYHKIIMOHUPOBATH
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IpU TeMIlepaType cpeibl BHyTpeHHero oobema no +55°C, uro sBisercs Hauboiiee
3¢ ()EKTUBHBIM U pALIMOHATIBHBIM [7].

Ecmu v, remneparypa oxkpyxaronien HKY cpensl, a v, remneparypa saytpu HKY, o
UX COOTHOUIEHUE UMEET BUJL

v, =v; + g/ky, (10)

e k, — kosbdumuent temmooraaun, Br/(m*-°C).

B npakTuueckux pacuerax 4acTO MCHOJB3YHOT IMOHATHE ''Tiepernaj TeMIepaTrypsl,
KOTOpBIN onpexensercs Gopmynoin Q= v, - vy, U cTpoAar 3aBucuMocTt Q= f (q).

Jna nonnepxanus temneparypel BHyTpu HKY B pomyctumbeix — mpenenax
MCIIOJIB3YIOTCS Pa3IM4HbIEe CIOCOOBI OXJIAXKEHUS — €CTECTBEHHBIE U IPUHYIUTEIbHBIE.

EctectBeHHOE BO3AyIIHOE OXJaXACHUWE SBISIETCS HamboJee TMPOCTBIM U
pactpoctpaneHHbIM oxnaxaeHueM HKY. OgHako, ero MoKHO UCITOJIb30BaTh JUILIb MPH
HEOOJIBIION TUIOTHOCTU TemioBoro notoka BHyTpu HKY. EctecTBeHHOE OxnaxkaeHue
UCIOJIB3YETCs TMOO0 B MOJTHOCTHIO 3aKPBITHIX IIKa(ax MyTeM KOHBEKIIMU U U3ITYyUYEHUS C
HapyxHoi noBepxHoctd HKY yepes3 Meraymmueckue cTeHKH, MO0 yepe3 creluaibHbie
BEHTWISILMOHHBIE OTBEPCTHUs, PACIIOJIOKEHHBIE B HIM)KHEM M B BepxHen yacTax HKYVY.
[Ipu 3TOM BBIZENAOLIASCA B JJEMEHTAX TEIIOBas SHEPrusi KOHBEKLMEN MepenaeTcs
MOTOKY BO37yXa U YHocutcs u3 mkada. dpdextuBHocts padotsl HKY ¢ ecrecTBeHHOM
BEHTWIALIMEH MOKHO TOBBICUTH, MOAOHpas KOJWYECTBO U (HOPMY BEHTHIISILIMOHHBIX
OTBEPCTHUI, OKPACKY TEIUIOOTAAIOLINX TOBEPXHOCTEH U T. II.

[IpunyaurensHas BeHTWISAIUS HauOosee 3((EeKTUBHA MPH BBHICOKOW IUIOTHOCTH
teroBoro noroka BHyTpu HKY. IlpunynurenbHOe ABHKEHME BO3JyXa CO3A€TCS
CIEHUAJIbHBIMM BEHTUJIATOPAMU, PACHOJIOKEHHBIMA B BEPXHEHM WJIM HW)XXHEH 4YacTH
HKY. Ilpu 3TOM BO3MOXHBI 3aMKHYyTas WIM Pa30MKHyTas CHUCTEMBI OXJaxacHus. B
3aMKHYTOW CHCTEME OXJIAXACHHUS BO3AyX UUpKyaupyeT BHyTpu oOnema HKY, B
PAa30MKHYTOM — BO3yXOOOMEH OCYIIECTBISCTCS MEXIYy OKpYXKawllel cpenoil u
BHyTpeHHUM 00BbeMoMm HKY.

[Mpunynurensnas Bentwisinus HKY Oonee mmpoko mnpumeHsieTcss BCIEACTBUE

BBICOKOH €€ 3(pPEeKTUBHOCTHU, HAIEKHOCTU U MPOCTOTHI.
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Pacuer TennoBoro pexxuma HKY mpoBonsar mist Bei6opa HE0OXOAMMBIX TabapuUTHBIX
pa3MepoB, KOTOpble oOecreyuBaid Obl HOPMAJIbHOE TEIUIOBOE COCTOSIHHE 3JIEMEHTOB
HKY.

HKY mnpexacrasnsier coboii ycTpoicTBO, B KOTOPOM IMPOTEKAIOT JBa BO3AYLIHBIX
[I0TOKA C Pa3jIMYHBIMU TEMIIEPATYPAMU, PA3ACICHHBIX KECTKOM CTEHKON: BHYTPECHHUM
TETJIOBOM ITOTOK OMPEAEISAETC KOJIUYECTBOM TEIJIOTHI, BeIAeasseMon ieMenTamu HKY
a BHEIIHUM TEIUIOBOM IOTOK — TEIUIOOTBOAAIIMMHU cBoucTBaMu cTeHOoK HKY wu
OKPYXaIOULIEN CPEIION.

MOHO BBIAEIUTH JBa OCHOBHBIX BUJA TEILUIOBBIX PACUETOB:

1) pacyersl 15 onpeeeH s IOWAAN TeII00TAauu, a, CIeI0BaTeNbHO, /Il BIOOpa
rabaputHbiX pazmepoB HKY. Otu pacuersl BBIOIHAIOTCS HA CTaJUU MPOECKTUPOBAHMS
HKY;

2) pacyeTbl AJid ONpPENEJEHUsI COOTBETCTBUS BbIOPAHHBIX TabOAPUTHBIX Pa3MEpPOB
HOpMaJIbHOMY TerioBoMy pexxkumy padotet HKY. Takue pacdeTsl BBITOJHSAIOTCS HA
J000M 3Tare NPOeKTUPOBAHUS, U3TOTOBIEHUS U dKkcuTyaraiun HKY.

VYpasuenne TemnoBoro 6ananca HKY B mpomomkutrensHOM pexuMe padoThl UMEET
BU/I:

P,=Q, (11)

rae P, — cyMMapHOe KOJIMYeCTBO TEIIOTHI, BeiAeasieMoe asementamu HKY, BT; Q —

KOJIMYECTBO TEIUIOTHI, 0TBoAUMOM oT HKY B okpyxkatoiyto cpeny, BT.

Pni :Z Pl‘[i) (12)

rae P, — xonmudecTBO TemnoThl, BeIAeisieMon 1-M aieMenToM HKY, Bt; m — 4mcio
sanemenToB B HKY. KonuuectBo tennoTel, oTBoaumoit ot HKY B okpyxaronryto cpeny,
onpenensercs coraacHo (9).

Pacyer kosmuectBa Temnotel, Beaensemor BHyTpu HKY, npeacrasisier
ONPEAECIECHHYIO CIIOXKHOCTh. Y IPOCTUTH 33J]a4y MOKHO PAaCCYUTAB KOJIMYECTBO TEIJIOTHI
P, nmo HOMHMHanBHBIM NApaMeTpaM, OJHAKO TOYHOCTh TAaKOTO pacueTa HEBEJIHMKA.

Jlyumime pe3ysbTaThl JAa€T pacueT KoJnyecTBa TemioThl Py [7] ¢ yueTom koadduirienta
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3arpy3Ku 3J€MEHTOB M OCOOCHHOCTEN TEXHOJIOTUYECKHUX MPOIIECCOB MPOU3BOICTBRA.

boiiee croxHoU sBIsETCS 3a7a4a pacyeTa KOJIMYeCcTBa TEII0ThI, 0TBoauMoN ot HKY
B OKPYXKAIOIIyI0 Cpely, U omnpeaeseHne KodhdUIMeHTa TeIio0TAaun, 3aBUCSINETO0 OT
Temneparypsl [1].

Ecnu B pe3ynbrare pacyera TEIIOBOro 0ajaHca KOJUYECTBO TEIUIOTHI P, mpeBbimiaet
KOJIMYECTBO TETUIOTHI Q, TO HEOOXOAUMO JTMOO M3MEHUTH CHUCTEMY OXJIaXKJICHHUS, JINOO
yBenuuuTh rabaputnsie pazmepsl HKY, nubo 3aMeHUTH 31€MEeHTBhI, CUIIBHO BIIUSIONINE
Ha TEIJIoBOe cocTosinue BHyTpeHHeil obOnactu HKY. Tounblil aHAIUTHYECKUN pacyer
terioBoro cocrosinusg HKY cBsizan ¢ OonbuMu TPyJAHOCTSIMH, TIO9TOMY HamOOJbIIIEe
paclpoCTpaHEHUE  MOJYYWIM  YIOPOIIEHHBIE  METOAbl  pacuera €  y4ETOM

AKCHEPUMEHTANIbHBIX JAaHHBIX (TEIUIOBBIX XaPAKTEPUCTHUK).

Bb10op radapuTHbIX pa3MepoB HU3KOBOJbTHBIX KOMILIEKTHBIX YCTPOMCTB M
0CO0EHHOCTH MX MOHTAaKa
Jlist Toro, 4To0bl MPaBWIIBHO BbIOpaTh OnTUMajbHble rabapuTHbie pazmepsl HKY,

HEOOXOAMMO TPEIBAPUTEIBHO MMOA0OpaTh crocod ero oxnaxaeHus. llpu 3Tom
HEO0OXOIUMO 3HaTh: KOJUYECTBO TEIJIOTHI P, BIIENsIEMON BCTPOCHHBIMU DJIEMEHTAMU
HKY; nomyctumoe 3HaueHune temneparypsl v, BHyTpeHHel obmnactu HKY; nomyctumoe
3HaueHue Temreparypsl v; okpyxatoeit HKY cpenbr; nmpeaBapurensHbie rabapuTHbIC
pasmepsl HKY; tpebGyemyro crenens 3ammthl mkadha HKY. Brimenepeuncnennsie
napaMeTpsl MOTYT OBITh PACCYMTAHBI MU 33JaHbI COTJIACHO TPEOOBaHUSAM, OMUCAHHBIM
BBILLIE.

Ha puc. 4 nana nuarpamma BbIOOpa crnocoba Bo3aymHoro oxyaxaenus HKY. 3uas
IJIOTHOCTH TEIIoBOro noroka q BHyTpu HKY u nomyctumsiil nepenan temnepatyp Q
MeXa1y BHyTpeHHed u BHemHen cpegamu HKY, ompenensiercss cnoco0 oxnaxkaeHus
HKY, Bemonnsercs pacdyer temnoBoro pexuma HKY ¢ ncnosnb3oBaHneM TEIUIOBBIX
XapakTepUCTUK [7] U ompeAenstoTcs IJIOWAAb TEIUIOOTAaud U rabapuTHbIE pa3Mepbl
HKY nna nannoit cxembl oxnaxnaenud. Ilpennaraemas Mmeroanka BbIOOpa rabapuTHBIX
pasmepoB HKY nocrarouno »ddextnBHa u ymoOHa, YTO TO3BOJSET OIICHHUTH

TEeMIIepaTypPHBII PEeKUM 3alaHHOTO U IpoekTupyemoro HKVY.
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Y no0HO monb3oBaThes mipu npoektupoBannn HKY 3omamu ammapaToB, BXOIAIUX B
komiiekt HKY. 3ona anmapata mnpencraBnser coOod MOpSMOYTOJbHUK BOKpPYT
ammapaTta, pasMephl €€ ONpeAeNsAloTcs rabapuTHBIMH — pa3MepaMu — ammapara,
BO3MOXHOCTBIO TOJAKJIIOYEHHS K HEMY BHEIIHHUX MPOBOJIOB, yIOOCTBOM MOHTa)XKa U
DKCIUTyaTalMy, UCKIIOUYEHUEM BIIMSAHUS anmnapara Ha cocequue anemenTsl HKY. Takum
oOpa3zoMm, 30HBI ammapatoB B HKY dakrtuuecku 3amaroT HavanbHble TaOapUTHBIC
pasmepsl HKY B Bume monesnoit miomaau HKY. HabGop 30H ammapatoB, 3aKuMOB,
npuOOpOB TO3BOJISET BHIOPaTh M3 CTAHAAPTHOTO psAa NpPEIBAPUTEIbHBIE pa3Mepbl
HKY, koTopsle ¥ YTOUHSIOTCS IIOTOM B XOJI€ TEIJIOBOI'O pacyeTa.

8;C [y /
70 [/ /j
REIJ7ANY N
20 / -
/LT s
15 /’ v
10
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0 50 100 150 200 250 300 gq,Bt/m2

Puc. 4. lnarpamma BeiOopa crioco6a BozaymrHoro oxnaxaenus HKY:

1 — 30na ucnonb3zoBanuss HKY 3akpeITOro tThmna ¢ €CTeCTBEHHBIM OXJIAXIAEHUEM; 2, 3
— 30Ha ucnoab3oBanusa HKY ¢ ecrecTtBeHHOM BEHTHIISALMEH; 2 — 30HA HUCIIOJIL30BAHUS
HKY 3akpbiToro tuna ¢ BHYTpPEHHEW NPUHYAUTENIbHOW BeHTWIsIuEW; 3, 4 — 30Ha
ucnones3oBanusd HKY ¢ npuHyauTensHON BHYTpEHHEW M BHEIIHEW BEHTWISLUEN; 4, 5 —
30Ha ucnosb3oBanus HKY ¢ npunynurensHON BEHTUIIAIHAEN

MonTax HKY BeITIONHSETCS ¢ yUETOM CIEAYIONIUX TPeOOBaHMIA.

l.Annapatel B HKY kpensitcs Ha C-00pa3HbIX peiikax HEMOCPEACTBEHHO WIIM IMPHU
IIOMOIIY NIEPEXOIHBIX IUIACTHUH.

2. KpynnoraGaputHeie anmapatbl pazmemiatorcs BHu3y HKY Ha peiikax wiam Ha
OCHOBaHMH, 1100 3a npenenamu HKY wnn Ha kpeimike HKY.

3.MoHTaX BBINOIHSAETCS THOKUM IIPOBOJIOM WJIM ITMHOM, B KOPOOAX MM B JKI'yTaXx.

4. VI3amepuTenbHas WM PETyJMPOBOYHASA ammapaTypa pacloyiaraeTcs Ha pacCTOSTHUU
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ot 600 1o 1800 MM OT moJa.

5.BHeninue, BHyTpUNIaHEbHbBIC, MEKOJIOYHBIE U JPYTHUE COCAUHEHUS BBITIOTHSIIOTCS
IIPY TOMOIIM CUJIOBBIX HAOOPHBIX 3aKUMOB.

6.Buytpun HKY coenunurtenbHbie TPOBOa MAapKUPYIOTCS I yA00CTBA MOHTaXKa U

IKCIUTyaTal1H.

KoHTposibHbIE BOIPOCHI
1. Kakue aBapuiiHbie peKMMbI MOTYT BO3HUKATh B AJIEKTpUUECKUX 1ersix? Mx ocoOeHHoCTH.
2.Kakue moTpeOuTEnn SIEKTPOIHEPTHUU Hauboisiee pacrnpocTpaHeHbl? B uem
0COOEHHOCTH UX (PYHKIIMOHUPOBAHUS?
3.Uro Takoe 3amuTHas Xapakrtepuctuka anmnapara? Kak oHa corjacyerca c
Harpy304HOM XapaKTepUCTUKOMN 3allUIIaeMOro oobexTa?
4.KakoBbl ocobeHHocTu anekTpuueckux ceteil 0,4 kB? Ot yero 3aBUCHT TOK KOPOTKOTO
3aMBIKAHMS B TAKUX CETSIX?
5.Kakue TexHuueckue napameTpbl JEKTPUUECKUX alapaToB HA3bIBAlOT OCHOBHBIMU?
[Touemy?
6.UTo Takoe KaTeropusi MPUMEHEHUS BJECKTPUUYECKUX almnapaToB yrpasieHus? UTto oHa
XapakTepuszyeT?
74r0 Takoe mpeAenbHas ~ KOMMYTAI[MOHHAs  CIOCOOHOCTh M KOMMYTAlMOHHAs
M3HOCOCTOMKOCTS arapara?
8.Il0 KakMM OCHOBHBIM TEXHHYECKHUM IMapaMeTpaM BBIOMPAIOT aBTOMATUYECKUE
BBIKJIFOYATENN?
9.Kakme aBTOMATHYECKHE BBIKJIKOYATENM 1O HCHOJHEHUWIO Bam wu3BectHpl? Ux
OTJINYUTENbHbIE 0COOCHHOCTH U Ha3HAUYCHHUE.
10.Yt0 Takoe HOMUHAIBHBIM TOK pacuenurtens? Kak OH COOTHOCHUTCS C HOMHUHAJIbHBIM
TOKOM BBIKJIFOUATENS?
11.YTo Takoe oTceuka MakCUMabHOTO pacuenuTens Toka? Kak BeiOupaercss KpaTHOCTb

YCTaBKH TOKa OTCCYKH K HOMHHAJIbHOMY TOKY paCHeHI/ITeJ'IH?
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12.Kak BbIOMpaeTCs HOMHUHAJIbHasg YCTaBKa Ha TOK cpadaTblBaHUs TEIIOBOTO
pacUENuTEIs BBIKIOYATENA?

13.Y10 Takoe CeneKTMBHOCTD BBIKJIFOUATENEH 110 TOKY? Kak oHa peanu3yercs B paIuabHON
CXeMe DJIEKTPOCHA0KEHUS TOTpeOuTENei?

14.Kak mapaMeTpbl COEIMHUTENILHOTO KalOeis M 3allMTHOM amnmapaTypbl BIIUSIOT Ha
YCJIOBHS NMPSAMOTO ITyCKa ACHHXPOHHOT'O JIBUTaTeNIsl C KOPOTKO3aMKHYTBIM POTOPOM?
150I1o0 kakuM OCHOBHBIM TEXHUYECKUM TMapaMeTpaM BbIOMPAIOT KOHTAKTOPbHl U
MarHUTHBIE TyCKaTEI?

16.Kakne aBapuiiHble pEXUMBI HUMEIOT MECTO B ACHHXPOHHBIX JBUIaTeIsIX C
KOPOTKO3aMKHYTHIM poTOopoM? CriocoObI 3alUTHI OT HUX.

17.Kak mpoBepsieTcsi NMPaBWIBHOCTh BbIOOpa KOHTAKTOpa (MarHUTHOrO ITycKaTensl) B
3aJlaHHOM KaTeropud WX TMpUMEHEHHUs (Ha MpuMepe YNpaBJICHUS AaCHHXPOHHBIM
IBHUTATEIEM)?

18.Kak BbIOMpaeTcsi TEMJIOBOE pelie U3 YCIOBUS HOPMAIBHOIO IyCKa ACHMHXPOHHOTO
JBUTATEIISI C KOPOTKO3aAMKHYTBIM POTOpPOM?

19.Kakne TEXHMKO-3KOHOMHYECKHE IIOKa3aTeiad anmnaparoB u3BecTHbl? UYUTo OHHU
XapaKkTepU3yrT?

20.Yto takoe HKY? KakoBo ero Haznauenue?

21.Kakue TpeboBanus npeapsasistorces kK HKY?

22.B ueMm ocobennoctu TerioBoro pacuera HKY? Ilepeuncnure criocoObl BEHTHIIALIMH.
23.Kak BbI0path crioco6 oxnaxaenus HKY?

24.Yto takoe «30Ha anmnapara» B HKY? Uewm ona onpenensiercs?

25.B uem ocobernoct MmouTaxa HKVY?
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