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Beryn

Tsrosi enexkTpuuHi amapaTd BUKOPHCTOBYIOTh Ha TpaMmBasx, TpoJsenlycax,
BaroHax METPOIIOITeHY, MariCTpajabHUX 1 IPOMHUCIOBUX €IEKTPOBO3aX, TEIJIOBO3AX.

Taco6umu Ha3WBAIOTHh amapaTd CHEIiaJbHOTO BUKOHAHHS, TpPHW3HAYEHI IS
pobOTH Ha TATOBOMY pyXoMmoMmy ckiai. Ha enektpopyxomomy ckmiai (e.p.c.) BOHH
CITy’aTh 178 KepyBaHHS eNeKTPUYHMMH KOJAMH. 1X, 3BMYAiHO, MiApO3AiNsgioTh. Ha
KOMYTAIliiHi, 0 3IHCHIOITh NEPEKIOYCHHS B KOJIax (HANpHUKIaJ, KOHTAKTOpH) , 1
napaMeTpuyHi, 10 3MIHIOIOTh mnapamerpu Kin. KomyramiiiHi amapatu OyBarOTb:
KOHTAKTHI, 110 3aMUKalOTh a00 PO3MHMKAIOTh KOJIa KOHTAaKTaMH, 1 0€3KOHTAKTHI, 110
pPO3MHMKAIOTh  KOJa  LUISIXOM  PI3KOTO  3HKWKEHHS ~ CBO€i  MPOBIIHOCTI
(HamiBIIPOBIIHUKOBI KJIFOUi, MArHITHI MIJCHIIOBaYl B pesieiHOMYy pexknmi) [1].

3ayie’)kHO BiJ OCHOBHHX (DYHKITI anmapaty BIJHOCSTH 10 CHJIOBHX, JOTIOMIKHUX
KUI 1 KUT KepyBaHHS. JI0 CHJIIOBUX 1 JOMOMIXHHUX KIJT BXOJSITh MEPEBAXKHO BUKOHABY1
amapatu cucteM KepyBaHHs. Lle cTpymompuiimMaui i 3a3emilior0di HPUCTPOi, IO
3'€IHYIOTh €JIEKTPUYHI KOJIa €.p.C. 3 KOHTAaKTHOK MEPEKEI0 1 uepe3 KOJIICHI Mapu 3
peiikaMu; KOMyTalliiiH1 anapaTy AJs TpyIyBaHHS MallldH MpU MYCKY 1 TajJbMyBaHHI;
PE3UCTOPH 1 PEaKTOPH, IO 3aCTOCOBYIOTH [IJISl PETYIIOBAaHHS B WX pekumax. Croau
K BIAHOCSATH amapaTy IpsIMOTO 3aXHUCTY, 1110 Oe3M0CepEeIHbO BIUIMBAIOTH Ha KOJIO, SIKE
3axXUIIA€ThCs (HANPUKIIAM, IBHIKOMIIOYI aBTOMATHYHI BUMHUKAdYi), 1 amapaTu
HETPSIMOTO 3aXKCTY, IO MPAIIOIOTh K JaTYMKH BU3HAYCHUX BEJIMYUH.

Oco0auBOCTAMU YMOB pPOOOTHM TATOBHX amapariB € OOMEXEHHS II0JI0
rabapuTHUX PO3MIpPIB 1 Macu, MiABUIIECHUM PIBEHb IIIOYMX HA HHUX JUHAMIYHHUX
30y okeHb (BiOparii, Tpscka 1 T.d.), HiABUIICHA 3a0pyIHEHICTh, HECTAOIIBHICTH
HalpyTH TATOBOI MEpeXi 1 KUI KEpyBaHHS, HIMPOKUN Jlana3oH TeMIIepaTypu
HABKOJIMIIIHBOTO CEPEIOBHINA, HECTAOUTbHICTh TUCKY CTHCHYTOTO TOBITPS Ta 1HII
(dhaxTopu.

HaniBnpoBiqHMKOBI amapaTé MPEACTAaBIAIOTh HOBUH HANPSIMOK PO3BUTKY
CNICKTPUYHMX  amapaTiB. MOro BHHMKHEHHS O30CEpelHbO  IIOB'A3aHE 3
PEBOJIIOLIMHAM PO3BUTKOM CHJIOBOI €NEKTPOHIKM 1 MIKPOCXEMOTEXHIKH, IO
PO3MOYaBCsSl B OCTaHHI JECATUIITTA, JO3BOJMIO, BUKOPHCTOBYIOUM HOBI MPUHIIAITHA
moOyZI0BH €IEKTPUYHUX arapaTiB Ha 0a3i eJIEMEHTIB BKA3aHOI €IEKTPOHHOT TeXHIKH,
pauKaIbHO  TOKpaIlyBaTH  KOMYTAI[liHY  3HOCOCTIMKICTH 1  IIBHUJKOIIIO
HOBOCTBOPIOBAHMX amapaTiB, a TaKOX pO3IIHUPIOBAaTH 1X (PYyHKIIOHAJIbHI
MOMJIMBOCTI. JIMHAMIYHOMY TIPOCYBAHHIO HAMIBIPOBIIHUKOBUX arapaTiB CIpPHUSB

3araJlbHUM TPOTpec B TEXHIll, IO MNPEIsIBIsS€ A0 EIEKTPUYHUX arapaTiB BUCOKI



BUMOTH, Kl CTa€ BCE CKJAJHIIIE BUPINIYBATH Ha 0a3l TPaAMIIMHUX MPUHIMIIB iX
moOy/I0BH.

1. BuzHaueHHs ejieKTpu4HOro anapara. Knacudgikanis. OcHoBHi po3ainu Teopii
eJIEKTPUYHHUX ANAPATiB

Enextpuyni anapatu € 3aco6aMu KepyBaHHS IEKTPUIHUM CTpyMOM. DYHKITis
amapaTiB [OJIATa€ B KEpPyBaHHI [apaMeTpaMu, IO XapaKTepU3ylTb CTPYM:
CJICKTPUYHOI0 HAIPYTO0, EIEKTPUYHOK TMOTYXKHICTIO 1 EHEpri€lo, YacTOTOIo
EIIEKTPUYHOTO CTPyMy (HAIpyTH), MAarHITHUM ITOTOKOM 1 T.JI.

VY TexHIYHOMY BIJIHOIIEHHI /10 (DYHKI[IH KEpYBaHHS CTPYMOM BiJIHOCSTh:
-KOMYTaIlit0 (BKIIOYCHHS-BIAKIIOUEHHS) EJICKTPUYHOTO CTPYyMY 1 3B'SI3aHUX 3 HHUM
napaMeTpis,

-aBTOMaTHYHE 1 HEAaBTOMATUYHE PETYNIOBaHHS, CTaOUIi3aliio, 3MiHY 3a 3aJaHuM
3aKOHOM €JIEKTPUYHOTO CTPYMY 1 3B'SI3aHUX 3 HUM MapaMeTpiB;

-po3noIi cTpyMy (€JIEKTPUYHOT €HEprii) 3a 00'€EKTaMH i CITOKHBAaYaMHU,

-3aXUCT EJICKTPOTEXHIYHOTO YCTAaTKyBaHHS BiJl aBapiiiHUX PEKUMIB (KOPOTKOIO
3aMUKaHHs, TePEBAHTAXEHHS, 3MIHU YaCTOTH CTPYMY, HAMpsIMKY MOTOKIB €Heprii i
T.J1.);

-KOHTPOJIb TapaMeTpiB EJIEKTPUYHOTO CTPyMy Ui mojavi iHpopmalii Ha BXiaHI
OpraHM aBTOMATHYHUX PETYJSATOPIB, amapariB 3aXWCTy, MEPETBOPEHHsS MapameTpiB
ctpymy (iforo Bumy ,opMu KpHBOI, YaCTOTH Ta iH.) JUII CTBOPEHHS IIBUAKOIIIOYNX,
BUCOKOUYTJIMBUX, BUCOKOC(EKTUBHUX 1 HAMAIMHUX EJICKTPUUHUX amapaTiB 1 CUCTEM
KEepyBaHHS.

Enexktpuyni amapatm € OCHOBHUMH 3aco0aMu  aBTOMarTu3amii  Ta
enexTpudikarii HapOJHOTO TOCTOAAPCTBA. BOHM 3HAWNIIIN MIUPOKE 3aCTOCYBaHHS B
EHEPreTHIl (enexTpuuHi CTaHIIii), B PI3HHX cxemax KepyBaHHS
EIEKTPOYCTATKYBAHHSAM, €JICKTPOTEPMIi, CBITIIOTEXHII, TJIa3MEHHIM TEXHIml 1 iH., a
TaKoXX y CHUCTEMaX aBTOMAaTHKH, TEJIEMEXaHIKH, €JIEKTPO3B'S3KY , pajlOTEXHilll, B
aBTOMATHU30BAHUX CHCTEMax KEpYBaHHS, EJIEKTPUYHOMY TPAHCIOPTI, TITOBUX
T ICTAHI[AX.

EnexTpudHi armmapaTii yMOBHO MOKHA PO3JIIJIMTH Ha I1'SITh OCHOBHUX BHIIB [2]:
-anapaTi BHCOKOI HANPYTH, [0 KEPYIOTh PEKUMOM POOOTH ENEKTPUIHHUX MEPEXK 1
cuctem Bucokoi Hanpyru (6,10,20,35,110,220,330,500,750,116B). 3 ixHbOIO
JIOTIOMOTOF0 BUKOHYIOThH OTIEPATHUBHI MEPEKITFOUYCHHS B MEPEkKaX 1 CUCTEMaXx, a TaKOX
3MIIACHIOETHCS 3aXKCT BiJl CTPYMIB K.3., BIJ IEpEHANPYT, NEPEeBAaHTAXKEHHS 1 T.1.;



-anapaTd KepyBaHHsl, [0 KEPYIOTh PEXKHUMOM pPOOOTH EJIeKTPOyCTaTKyBaHHS
(HampHKIIaI, PyXOMOTO CKIIJy, TATOBHX CJICKTPHYHUX MEPEK, POMOAUIBHIX MEPEK
Ha HOMiHaJbHY Hampyry 127,220,380,500,660,114B), a Takok 3aiMCHIOIOTH IX
aBTOMATUYHUI 3aXUCT BiJ aBapiiHUX PEKHUMIB,;

-eJIEeKTPUYHI anapaTd AaBTOMATHKHM, 110 3IHCHIOIOTh (YHKIII KOHTPOJIO
CIEKTPUYHHUX 1 HEEJNEKTPUYHUX IapaMeTPiB MPAIIOI0YOTO €JIEeKTPOYCTaTKyBaHHS |,
BUPOOJIIFOTh CHTHAIM JO CXEMH AaBTOMATHKU 1 KEpyBaHHs, IO BiAMOBIIAIOThH
KOHTPOJIbOBAaHUM TIapaMeTpaM, a TaK0X BKIIOYAIOTh y €001 pelie aBTOMATHKHU 1
3axucty, (Hanpukian, ABP i AIIB taroBux mijcraHiii);

-aBTOMATHYHI peryiasiTopu i crabdinizaTopm, npusHaueHl AN aBTOMAaTUYHOTO
pEeTyJIOBaHHS 3a 3aJaHUM 3aKOHOM TOTO YM IHIIOTO BHXIJHOTO Mapamerpa Ha
3aJJaHOMY PiBHI;

-miicuJII0BaYi i mepeTBOpIOBadvi, 10 31MCHIOIOTH MOCUJICHHS CITa0KUX CHUTHAIIB,
MOJIaBaHUX Ha BXiJ, JO BIJHOCHO BEIUKWX Ha BuUXOMi (IMJCHJIIOBadYi), a TaKOX
IEPEeTBOPEHHs OJHI€T (GopMu curHany B iHIny (meperBoproBaui) (HampuKiaj,
CUTHAJIIB MTOCTIHHOTO CTPYMY B 3MiHHHU CTPYM YH HABIIAKH).

-HaniBnpoBinuukoBi amapatum (HITA) BimHOCATH 10 KIJIACy EJIEKTPUYHHUX
HU3bKOBONIBTHUX amapatiB (mo 1000 B). BoHm mnpusHadeHi miss KOMyTaIlii,
YIPaABIiHHA 1 3aXHUCTy €JNEKTPUYHUX KUI 1 €JeKTPOyCTATKYBAaHHs, a TaKOXK JJIs
KOHTPOJTIO 1 PETYJIIOBAHHS Pi3HHUX €IEKTPUYHKX 1 HEEJICKTPUIHUX MPOIECiB.[3]

HITA xnacugikytoTh: 3a poJOM CTPyMYy, TUIIOM BUKOPHUCTOBYBAHOI'O B MOJIOCAX
croBoro enekrpoHHoro kimoda (EK) i 3a BukoHyBaHUMH (QYHKITISIMHU.

3a poaom ctpymy HIIA ninaTe Ha anapatu nocmiiino2o i 3MiHHO20 CTPYMY.

3a Tunom BukopuctoByBaHoro EK komyrariitni HITA ninsate Ha 6eskonmaxmmi i
2IOpUOoHi.

Y 6esxonmaxmuux HIIA CcTpyM  €JIEKTPUYHOTO KOJa KOMYTY€ETHCS
Oe3mocepeHbO  HAMIBOPOBOJHUKOBUMM  €JIEMEHTaMH, JiI&é B  OCHOBHOMY
BUKOPHUCTOBYIOTh CHJIOBI OJIHOOMEpAIliifHI TUPUCTOPH, SKI Hajgall Ha3HBAaTHMEMO
IPOCTO TUPHUCTOPAMHU. 3a crocoOOM BUKIHOYEHHs THpucTopiB Takli HITA ninare Ha
amapatu 3 HpupooHor W npumycosoro (IITY4HOI KOHIEHCATOPHOI) KOMYMAYIE.
[IpuponHy KOMyTaIlil0 3acTOCOBYIHOTh B Oe3koHTakTHHUX HITA 3MiHHOTO CTpyMmy i
3MIMCHIOIOTh IHUIAXOM 3HATTS CHUTHANIB YIOPABIIHHA 3 THUPUCTOPIB 3 MOAAIBIINM
3aMUKaHHSM OCTAaHHIX IIPU IPUPOAHOMY IPOXOKEHHI CTPYMY B iX KOJII 4epe3 HyIb.
[TpumycoBy KomyTartito 3actocoByoThB HIIA mocTiitHOro cTpyMy, a nmpu MiJIBUIIEHUX
BUMorax J1o mBuakoii 1 B HITA 3minHOro crpymy. Taky KOMyTalliro 31HCHIOIOTh 3a
JIOTIOMOTOI0 CHUCTEM MPUMYCOBOI KOMYTaIllli MICTKOCTI. Y 3B'SI3KYy 3 THUM, IO



3aCTOCYBaHHS TPUMYCOBOi KOMyTalii B IIBHIKOAIFOUMX Oe3koHTakTHUX HITA

3MIHHOTO CTPyMY NPH3BOJIUTH JO 0OaraTOKpaTHOTO 3pPOCTaHHS iX MacH, a TaKOX

rabapuTHUX TMOKA3HUKIB 1 BAPTOCTI, a TAKOX, 1110 OCOOJIMBO Ba)KJIUBO, ICTOTHO 3HUKYE

HajliHicTh amapaTy. HIIA Takoro Tumy BHKOPUCTOBYIOTH piako. B nanuit wac s

YCYHEeHHs BKazaHux HenonikiB 11 HIIA mparHyTe BUKOHYBaTH Ha 0a3i MOBHICTIO

KEpPOBAHUX HAIIBIPOBITHUKOBUX MPHUIIAIIB.

VY eibpuonux HIIA ax cUOBUNA KOMYTAIlIWHUNA €JIEMEHT 3aCTOCOBYIOTH
eiopuoni EK, mo 103BOJIsi€ BUKOPUCTOBYBATH B IbOMY amaparti MepeBaru sk
KOHTAKTHUX (3MeHIIICH] Maco - rabapuTHi IMOKa3HUKH, II1BUII[EHA
NepeBaHTAKYBaJbHA 3JAaTHICTHP 10 CTPyMy), TaK 1 OE3KOHTaKTHHX (ITiJBHIICHA
KOMYyTalliiiHa 3HOCOCTIMKICTB). OCKIJIbKH BIAKJIIOUEHHS €JICKTPHUYHOrO KOJa B IIMX
amaparax, SK 1 B O€3KOHTaKTHUX, MPOBOJUTHCS CHJIOBUMHU THUPHCTOPAMU, TO BOHU
MOXXYTb OYTH SIK 3 NPUPOOHOI0, TAK 1 3 NPUMYCOB0I0 KOMYTAIIIEIO.

[I{omo BukoHyBaHUX (GYHKIIN (mpu3HadeHHs) [TA MoXHA MiAPO3MIIUTH Ha

HACTYITHI TPYIIH:

1) kommponrorwui (pene), OCHOBHOIO (YHKIEI SKHX € KOHTPOJb 3aJaHUX
napamMeTpiB eJIeKTPUYHOIO JIAHIIOTa, 1 MPHU BIIXWICHHI IIUX MapaMeTpiB Mojaya
TOTO a00 1HIIIOTO CUTHATY a00 KOMaHIH BIAMOBITHO 0 3a37JI€TiIb BCTAHOBICHOT
GYHKIIOHAIBHOI 3aIe)KHOCTI (Ha BIAKJIIOYEHHsS, HA BHIIPABJICHHS MapaMmerpa i T.
1.);

2) nyckopecymorwui (ab0 amapaTH yNOpaBIiHHS), TPU3HAYEHI MU 3AIHCHEHHS
MyCKYy, PEryJIIOBaHHS MIBUAKOCTI OOEpTaHHS, HAMpPyTd 1 CTPyMy EIEKTPUUYHUX
MaIH (KOHTaKTOPH, ITyCKadi);

3) 3axucni, Taki, WO 3JIACHIOOTh OIEpPaTHBHE 1 aBapiiilHe BKIIOYCHHS 1
BIIKJTFOYCHHSI €JIEKTPUYHUX K, a TakKoXk 3a0e3MedyroTh 3aXHCT IUX KT 1
€JIEKTPOYCTAaTKyBaHHS BiJl MEPEBAHTAKECHb, CTPYMIB KOPOTKOTO 3aMUKaHHS  Ta
IHIIMX ~ HEHOPMAJIBHUX PEXHMMIB poOOTH (aBTOMATHUYHI BHUMHKa4i, IEpPEeMHKaAYi
KUBJICHHS);

4) cymiwaroui  gyuxyii  ynpaeninms .  3axucmy  (aBTOMaTH-IIycKaui,
HAIIBIPOBIIHUKOBI CTaHIIIi YIIPABIIiHHS);

5) pecymoroui, Tpu3Ha4YeHI s aBTOMATHYHOI Oe3mepepBHOI crabim3aiii abo
pPETYJIIOBaHHS 3aJaHOTO TIapaMeTpa eJIEeKTPUYHOTO JaHIra abo cuctemMu
(perynsropu (cTabigizaTOpu) HAPYTH i CTPyMY).

[Tpu oMy MU GaunMo, 110 3aranbHUM 1715 [TA OCTaHHIX YOTUPHOX TPYII € T€, 110

BC1 BOHU € CULOBUMU KOMYMAYTUHUMU ANAPAMAamu.



OxkpimM cnierudigHUX BUMOT, 110 BIAHOCITRLCS 0 TaHOTO arnapary, Bci [1A nmoBuHHI
3aJI0BOJIBHSITH 3arajlbHUM BHUMOTaM, SIKI TepepaxoBaHl HIDKYE B TMOPSIAKY ix
Ba)KJIUBOCTI:

1) HagiitHa poOOTa B HOPMaIbHOMY PEKUMI IPOTIATOM 33JJaHOTO Yacy i 33 YMOBH, IO

BIJIMOBITHE IIbOMY Yacy 4uciio GyHKIIN HE EPEBUIILYE HOPMOBAHOTO;

2) 0e3BiIMOBHE BHUKOHAHHS HEOOXiTHMX (YHKIH B mependadyeHnx HEHOPMAIbHUX

peXrMax, TMpH I[OMY MAaKCHUMajdbHI BEIWMYMHH CTPYMIB 1 Hampyr B

HaMBOPOBITHUKOBUX €JIEMEHTAX amapaTy HE MOBHHHI MEPEBHINYBATH 3HAYCHHS,

o nopiBHioe 0,85B11 rpaHUYHO-IOMTYCTUMOTO 3HAYEHHS BKa3aHUX BEJIUYUH;

3) MakcMMalbHE 3aCTOCYBaHHS MPHU PO3POOI CUCTEM YIPABIIHHS 1 PETyIIOBaHHS

HITA  cydacHMX  KOMIUIEKTYIOUMX BHpPOOIB  €IEKTPOHHOI  MPOMHCIOBOCTI,

NpOrpecUBHUX LU(POBUX METOAIB 00poOKkM iH(popmallii, pe3epByBaHHS 1 CHUCTEM

IIarHOCTHKHU,

4) maina TpyAOMICTKICTb i, BIATIOBITHO, BUTPaTH MarTepiaiiB (0cO0JIMBO Ae(PIIUTHHX),
Majla HOMEHKJAaTypa BXHMBAaHUX MarepiajigiB, KOMIUICKTYIOUMX BHUPOOIB,
MaKCHMajbHa BXKUBAHICTh CTAHAAPTHU30BAaHUX, HOPMAII30BaHUX 1 YH1(IKOBaHUX
BY3JIIB 1 JIeTaJIel, OJJOKOBICTh KOHCTPYKIIII Ta 11 BY3JIiB,

5) mpocToTa MOHTaXy, MPUCTOCOBAHICTh OKPEMHX arapaTiB i iX OJIOKIB JI0 BOYIOBHU B
KOMILJIEKTHI TMPUCTPOi, IIBHUJKE BITHOBJICHHS MpAIe3aTHOCTI TICIsS BIJIMOBH
amapary,

6) BHCOKA MEPEIIKOOCTIHKICT;

7) 3py4He TMOE€THAHHS 3 CYYacCHUMH 3ac00aMd aBTOMATHKH W OOYHMCIIOBAIBHOT
TEXHIKH,

8) mauti maco - rabapuTHI TOKa3HUKH 1 HEBUCOKA BaPTiCTh,

9) mauti excrutyaramiiHi BUTPaTH;

10) ecTeTHYHICTH KOHCTPYKIIIi.

CyuacHa Teopis eIeKTPUYHHX arnapaTiB MICTUTh YOTHPU OCHOBHUX PO3ALIH!
- TEOpisl €JIEKTPOMArHiTHHX, €JIEKTPOJUHAMIYHUX, THAYKIIMHUX Ta 1HIIMX SIBUI B
amaparax;
- Teopis KOMYyTallli eJeKTPUYHUX KIJI, IO PpO3TJsfgae JAUHAMIYHI TPOLECH 1
XapaKTePUCTUKU B E€JIEKTPUYHUX KOJaxX 1 eleMEHTaxX amapariB MpH BIAKIIOUEHHI i
BKJIFOUYCHHI CTPyMY;
- TEOpis TEIUIO- 1 MaCOTIEPEHECEHHS B €JIEKTPUYHUX arapaTax;
- TeOpisi aBTOMATUYHOTO PETYIIOBAHHS.



1.1.1lpu3naveHnHsi, NPUHIKMN Aii i 0y10Ba eJIeKTPUYHHUX anapaTiB
3ano0ixKHMKH 3aXHIAIOTh YCTAHOBKH B HAACTpyMiB. [Ipy BUHUKHEHH] CTPyMY K.3.
y HUX IIEpEropsie MeTajaeBa IJaBKa BCTABKA, BUHUKAE I TaCUTHCS €IEKTpUYHA 1YyTa, 1
K00 po3puBaeThes. Ha taroBux miactanmisix MET 3acTocoByioTh ISl 3aXHCTY
€JIEKTPOYCTaTKyBaHHS B1Jl HAJICTPYMIB. 3ano01>KHUKH HU3BKOI HaIpyTu
BUTOTOBJISIIOTH HA CTPYMH BiJl MUJTIaMIIEPIB A0 TUCSY amriepiB 1 Hampyroio 10 660B,
a 3amoODKHMKKM BHCOKOI Hampyru - a0 35 kB 1 Bume. HaitBaxiusimioro
XapaKTEPUCTHKOIO 3aMO01KHHUKA € 3aJeKHICTh Yacy MEpPeropsHHA IUIaBKOI BCTABKH
BIJl CTPyMY — 4acOCTPYMOBA XapaKTEPUCTHUKA.

3ano0KHUK TPALIOE B JBOX PI3KO BIAMIHHUX peXUMax: y HOpPMaJIbHHX
yMOBax 1 MpHU MEPEBAHTAKEHHSAX 1 KOPOTKUX 3aMHUKaHHAX. CTpyM, Ha SKHM
po3paxoBaHa IJIaBKa BCTaBKa Ui TPHUBAJIOlI pOOOTH, HAa3UBAIOTh HOMiHAJIBLHUM
CTPYMOM ILUIABKOI BCTABKH.

Q

Puc. 1-KoncTpykiiis 3anobixkHuka: 1-kopiryc; 2- miaBka BCTaBKa;
3-KOHTAaKTHUI BUBI; 4-KpUIIIKa.

3BUYAtHO B TOW caMuii 3armOOKHUK MOKHA BCTaBIIATH TUTABKI BCTaBKM Ha
pi3H1 HOMiHaAJBHI cTpyMH. HoMiHAJbHMHA CcTPyM 3amo0ikHUKA, 3a3HAYCHHM Ha
HbOMY, JOpPIBHIOE HAMOIIBIIOMY 3 HOMIHAJIBHHX CTPYMIB IUIaBKUX BCTaBOK,
MPU3HAYEHUX JIJIS TaHOT KOHCTPYKIIT 3ar001KHUKA.

BcraBky BHKOHYIOTH y BUTIISAI IJIACTUHKU 3 BHpizamu (puc. 20), 1o
3MEHIIYIOTh ii Mepepi3 Ha OKpeMHuX JUIAHKax. Ha mux 3ByXKeHUX JAUISTHKAaX
BUIUIETbCS  Oibiie TerutoTd (puc. 2a), HDK Ha mUpokux. IlmaBka BcTaBKa
IIJIABUTHCS B OJTHOMY, HaOUIbII TapssuoMy Mictil. [Ipy KopoTkoMy 3aMHUKaHHI HarpiB
3BY)KEHHX JUISTHOK 1€ HACTUILKH IHTEHCUBHO, IO MPAKTHYHO BIJIBOJAOM TETJIOTH BiJT
HUX MO>KHA 3HEXTYBaTH.

VY 0GaraTh0X KOHCTPYKISIX TUIaBKi BCTaBIl NPHUIAIOTh Taky ¢GopMy, MpHU SKii
€JIEKTPOJMHAMIYHI CHJIM, II0 BUHUKAIOTh MPU CTPyMax KOPOTKOTO 3aMUKAHHS,
PO3PHUBAIOTH BCTABKY IIE JIO TOTO, IK BOHA BCTUTHE PO3IUIABUTHCS. (pUC. 2 B)



Puc. 2 -1limaBka BcTaBka 3aro01KHHUKA

Ha puc. 2a cxemaTtuyHo 300pakeHUN PO3MOILT TeMreparyp ® 3ajexHo Bij
30HM . HaliBuina remrnepaTypa Mae Micie B 3BY>KEHHUX MICIISIX.

Meranypriiiauii edekT mnojsrae B TiM, IO Oarato JETKOIUIABKMX METalliB
(o;moBO, CBUHEIIH Ta iH.) 3[aTHI B PO3ILIABICHOMY CTaHi PO3YHHATH ACSIKi TYrOIUIaBKi
meTand (Miab, cpioso Ta iH.). OTpUMaHUl TakuM CIOCOOOM PO3YMH MAae€ iHII
XapaKTePUCTHKHU, HDK BUXIAHI MaTepianu. i1 MPUCKOPEHHs IJIaBICHHS BCTaBKU
Py TEPEBAHTAKECHHIX 1 3HI)KEHHS 3arajbHOi TEMIIEpaTypu YCl€i BCTaBKH MpH il
MJIaBJCHHI Ha JPOTH HAIUIABJISIOTh HEBEJNHMKI OJIOB'SHI Kymbku. [lpm cTpymax
NepeBaHTAKEHHS, KOJIM TEMIIepaTypa BCTAaBKU JOCSTae TeMIEpaTypu IUIABJICHHS
0JIOBA, KyJIbKa PO3IUIABIISIETHCS 1 PO3UMHSE YACTUHY METajly, Ha SKOMY BiH HamassHUMN.
BcraBka mneperopsie B ToMy Micui, e Oyiia HarulaBieHa Kyibka. llpu upomy
TeMIlepaTypa BCTaBKH BHUSBISIETHCS HA0Araro HWXKYE TEMIEPAaTypH IUIaBICHHS
MeTaly, 3 SIKOr0 BOHAa BUKOHAHA. Y HOMIHQJIbHOMY PEXKHMI KyJbKa MPAKTHUYHO HE
BIUTMBAE HA TEMIIEPATyPy HarpiBaHHS BCTaBKH.

BuMuka4vi BUCOKOI HAIIPYTH CITYKaTh JIJIs1 KOMYTaIlli CTPyMy B HOPMaJIbHOMY
peXHUMI i KOPOTKOMY 3aMHUKaHH1, KOJIM CTPYMHU JOCATAIOTh AECITKIB KUJIOAMIIEP.

OCHOBHI TUIIM: MacCJsHI; aBTOra30Bl ; e€Jera3oBi; TOBITPSHI, BaKyyMHI;
€JIEKTPOMATHITHI.

Po3puB koma cTpymMy y BUMHKadax 3A1MCHIOETBCA 32 PaxyHOK TacCiHHS
EJIEKTPUYHOI JYTH, M0 BUHUKAE MK KOHTAaKTaMH, KOJH Ta30PO3PSIHUNA TTPOMIKOK
MEPETBOPIOETHCS 3 MPOBITHUKA €IIEKTPUUHOTO CTpyMy B 130JisiTop 3a 0,01 -—0,]1c.

AnapaTv KepyBaHHSl NPHU3HA4YeHi Ui 4YaCTHX OMEPATUBHUX BIAKIIOUEHD 1
BKJIIOUEHb HOPMAJbHUX CTPYMIB HABAaHTAXXEHHS 1 HEYACTHX KOMYTallli CTpyMIB
MepeBaHTAXEHHS, 1110, 3BUYANHO, TIepeBUIIlye HOMIHANBHI B 5-20 pazis. Jlo anmaparis



KEepYBaHHS BIHOCSTH. KOHTAKTOPH, IyCKadi, KOMaHJOAamapaTH, eJIeKTPOMAarHiTHi
My(TH, pelie KepyBaHHS.

AnapaTv po3noaijly eHeprii 3IMCHIOIOTh 3aXHCT YCTAaHOBOK 1 MEPEX Bij
aBapiiHUX PEKUMIB poOOTH (CTPYMiB K.3. 1 IEPEBAHTAXKEHHS, 3HIDKEHHS HAIIPYTH B
mepexi). Jlo amapariB pO3MOALTYy €Heprii BiHOCSTh. aBTOMATHYHI IOBITPSHI
BUMHKadi (aBTOMATH), 3alI001KHUKH 1 T.1I.

ABTOMaTH4H1 BUMHUKaui cepii BA21 npu3zHadeHi JyIsl 3aXUCTY €JIEKTPUUHUX KiJT
BiJl TIEPEBAHTAXKEHb 1 KOPOTKUX 3aMUKaHb, ONEPATUBHUX BKIIOYEHBb 1 BIIKIIOYCHD
UX KT (y TOMY YHCIII — aCHHXPOHHUX €JICKTPOJBHUIYHIB) 1 MPOBEICHHS CTPyMYy B
HOMiHaNbHOMY pexuMi, BA21-43[- nnst MICBKOTO TpaHCIOPTY (OIHOIIONIOCHI B
TPUIIOIOCHOMY rabapuTi).

IMyckaui npu3HadeHi A BKIIOYEHHS 1 BIAKIIOYCHHS €JIeKTPUYHUX JIBUTYHIB,
Opd I[bOMY SIK KOHTAKTOPH MOXYTh KOMYTYBaTh Oy/ab-Ke HaBaHTaXCHHs. 3a
OpUHIMIIOM OyJOBM BOHM aHAJOTIYHI, ajlié B IyCKadl MOXYyTh BOYIOBYBaTH
J0JAaTKOBI  eJleMeHTH (TeruioBi pene) il 3aXHUCTy EJICKTPOJBUTYHIB  Bij
NePEeBaHTAKEHHS.

EnexrpomarniTtai MydpTH 371HCHIOIOTH 3'€IHAHHA 1 PO3'€IHAHHS BEIYy4OrO 1
BEJICHOTO BaJIiB y ipuBoi (puc. 3).
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Puc. 3—EnextpomarnitHa mydra

Ha puc. 3 nokazanuii npuHuMn OyaoBH My()TH 3 HEPYXOMOK OOMOTKOIO
30ymkeHHs 3. SIKIo mojaTu Hampyry Ha M0 OOMOTKY, TO MarHiTHUH MOTIK @, mo
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BUHHUK CTBOPHUTH €JIEKTPOMATHITHI CWJIM MK JeTaliaMu 2 1 4, siki, IepeMICTUBIIN
HA3yCTpi4 OJTHA OJIHIN, BBIMIYTh Y 3a4CIUICHHS. 3aB/ISIKA HAsIBHOCTI IMa3iB 1 BUCTYIIIB
y neransax 11 2, 41 5 enementu 11 5, 3B's13aH1 3 BeIy4Or 1 BEJICHOK YacTHHAMU
MPUBOAA, HE 3MOXYTh 3MIMATACS OJWH IMOJO IHIIOTO, TOOTO BOHM BBIUIYTH Yy
3a4YeTUICHHS.

Kontakropu. IX po3pi3HAIOTH 32 poaoM CTpyMy: MOCTIHOTO, 3MiHHOTO, a
TaKoX 3MIHHOro crtpymy migBuiieHoi wactotd ( mo 10 kI'm). BoHm MOXyTh
BUKOHYBATHCS 3 KEPYBAHHSM Ha MOCTIHOMY YM Ha 3MIHHOMY CTpyMi 4acToToro 50
yu 60 ['11 He3aJIe)KHO B POy CTPyMY T'OJOBHOIO KOJIA.

3a HaNOUIBLIO YaCTOTOI BKJIIOYEHb y Yac B MOBTOPHO — KOPOTKOYACHOMY
pexumMi poOOTH KOHTaKTOopu moauisioTh Ha kiacu: 0,3; 1,3; 10; 30mo Biamosigae
gactori 30, 120, 300, 1200, 360&kmtouenr Ha roaumHy. HopMmoBana MexaHidHa
3HOCOCTIMKICTh Aocsrae 30 MJIH. IIUKIIIB, KOMYyTalliiiHa 3HOCOCTIMKICTh TOBUHHA OyTH
He menue 0,1 mexaniunoi. Kontakropu B OCHOBHOMY BHKOHYIOTH 32 104 Kimacom i
Ha BIIMOBIHY MEXaHIYHY 3HOCOCTIHUKICTb.

KonTaktopu cepii KT6600 puc. 4) BumyckaioTh Ha ctpymu g0 160 A
Harpyrorw 660B, vactoToro 501 6011 1 440B nocTiiiHOTO CTpyMYy.

Puc. 4—Kounrakropu cepii KT6600,KT64 1 KT65 :a —ymoBHE 300pakeHHs
TPHUITIOJIFOCHOTO KOHTAKTOPA; O — €JIEKTPOMAarHiTHa CUCTEMA; B — KOHTAKTHA 1
JAYroracHa CUCTE€MH; I'- CXeMa KOHTAaKTopa 3 0€31yroBOI0 KOMYTAIIE0
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Konrtakropu cepii KT64 1 KT65 punyckarots Ha ctpymu 10 630 A 1 Tiero K
HaIpPYToI0 1 ABJISAIOTH CO00I0 KOMOiIHOBaHMI amapaT 3 koHTakTopa cepii KT6600 1
HaITIBIPOBITHUKOBOTO OJIOKY 0€3yroBoi KOMyTallii.

KoHcTpykiist KoHTakTOpiB (pucC. 4,a) — MOHOOJIOYHA 3 TIOBOPOTHOK) PYXOMOIO
cuctemMoro. KOHTakTOp CKIIaga€eThesl 3 €NeKTpoMarHiTa 3, KOHTaKTHOI 1 JyroracHoi
cuctemMu 2 1 OJIOKIB JOMOMDKHHUX KOHTakTiB 1. Hepyxomi yacThHHM KOHTakKTOpa
yKpiIUIeHI Ha 0a30Biii MeTaneBid peini 4, pyxoMi — Ha CaMOYCTaHOBJICHOMY
miactMacoBomy Baimy 5. fAxip 10 enekrpomarnita (prc.4,0) Ha 30BHIITHLOMY ITOJTFOCI
Ma€e eKpaH 3 MiATUCKHOK (BOHA K aMOPTU3YE ) PYXuHOIO 6. BHyTpimHii (CTOCOBHO
KOTYIIKH) TIOJIOC Ma€ KOPOTKO 3aMKHYTUH BHUTOK /. MarHiTHa cucreMa HE Mae
MOBITPSIHOTO 3a30pY, IO 3HAYHO 3HUXKYE CIOKMBaHY MOTYXKHICTh KOTyIKu 9. Bech
BY30J1 30MparOTh Ha MiACTaBII 8.

['omoBHi koHTakTH 13 1 14 BuKOHaHI 3 HaKJIaJKaMU 3 METaJOKepaMIuyHOl
KOMIIO3UIIiT HAa OCHOBI cpibiia. Pyxomuil KOHTaKT miaioMHOrO TUIly. [ oOMexeHHs
BUJIBOTY TIONYyM'ss B KaMepax YCTaHOBIEHI MPYXWHHI TacHUKU moaym's. s
MPUCKOPEHHS TaClHHS PyXOMHUN KOHTAKT 3abe3nedeHuit porom 15.

Jlis  TONINIIeHHS yMOB KOMyTalii CTpymMy B amaparax KepyBaHHS
3aCTOCOBYIOTh  HAIIBNPOBIAHMKOBI Mpujiaad. Tak, HaOpukian, riOpuIHui
koHTakTOp (puc. 5) cmomyyae B coOi 3BHYaliHy KOHTAaKTHY CHCTEMY 1
HaMIBIIPOBIIHUKOBY MPUCTABKY, 110 LIYHTYE, 3 TUpUCTOpiB VS11 VS2.
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Puc. 5-T'10puaHuii KOHTaKTOP
IIpu BiACYTHOCTI CTPYMY Iy, HA KEPYIOUHX €IE€KTPOAAX, TUPHUCTOPHU 3aKPUTI 1
CTpYMH HUMH HE MPOTiKatoTh. [Ipu BKIOUeHNX KOHTakTax / K MajiHHS HaUpyru Ha
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HUX MeHIne rpannyHoro U, 1 cTpyMm yepe3 THPUCTOPH HE MpoTikae. Po3MukanHs
KOHTAKTIB MPUBOJIUTH A0 MOSIBU €JIEKTPUYHOI TyTH, KOJU MaAiHHSI HANpyrd Ha Ay3i
MEPEBUIIUTH TPAHUYHE, OJIUH 3 TUPUCTOPIB BIAKPUBAETHCS (BiMOBITHO HATIPSMKY Ha
HiBXBWII Hanpyru (cTpymy), ToMy 1o Ha ixHi Kepyrodi enekrpoau depe3 VD,, VD,
MOJIAl0Th CUTHAJIM CTPYMY KEpYBaHHS 3 BTOPHMHHUX OOMOTOK TpaHchopmaropiB. Lli
CUTHAJM TPaHC(POPMYIOTHCSI Y BTOPMHHUX OOMOTKAaX 3aBASIKU MPOTIKAHHIO CTPyMY
0 TMEPBUHHUX OOMOTKax TpaHC(OpPMATOpiB CTPyMy, IIO 3'€THAHI IMOCITOBHO 3
rOJIOBHUM KOHTaKTOM.

OnuH 3 THPUCTOPIB MPOITYCKA€E MEPIIy MIBXBUIIO CTPYyMY. 3a HyJEM CTPyMy
BiH BUSIBIIIETHCS 3aKpPUTUM. AJle KOJHM CTPYM 3 KOJia IEPEUIIOB y PIBHOOIKHE KOJIO
TUPUCTOPIB, HAa BTOPMHHHUX OOMOTKax TpaHChHOpPMATOPIiB CTPYMYy BXKE HeE
TpaHC(HOPMYIOTHCS KEPYIOUl CUTHAIIM 1 BOHU HE HAJAXOASITh Ha KEPYIOUi €IeKTPOIU
TUPHUCTOPiB. TakuM YWHOM, MICIS TEPEeXOoay 3MIHHOTO CTPYMYy 4Yepe3 HyJb I1HIIUH
TUPHUCTOP TAKOX BUSBISIETbCA 3aKPUTUM JUIs 3BOPOTHOI MIBXBWIL cTpymy. OTxe,
Opyu TEpIIOMYy Tepexoii dYepe3 HyJb MPOTIKaHHS CTPyMy B TOJOBHOMY KOJIi
MPUIMHHSIETHCS, TOOTO 1€ KOJIO 31 CTPYMOM Oy/i€ BIAKIIOYEHE MPOTATOM IIBIEPIONY.

IcHytoTh cmemiaibHO BHUKOHAHI KOHTAaKTOPH, SKi BHUKOPHCTOBYIOTH Ha
MICBKOMY 1 3aJIi3HUYHOMY pyxomomy TpaHcrnopTi. I3 cepii konrtakropiB KT 6000
BUTOTOBJISIIOTH KOHTakTOpr Ha 6301 1000 A 3 Konmamu KepyBaHHS Ha MOCTIHHOMY 1
3MIHHOMY CTPYMI.

HoBum HanpssMkoM € BUPOOHMIITBO BaKyyMHHUX KOHTakTOpiB Ha ctpyMm 160,
250 1 400A. Hapiitaicte y poOoTi, Oe3nexka B 0OCIyroByBaHHI, Maii TrabapuTu
BUT1JTHO BIJIPI3HSIOTH BaKyyYMHI1 KOHTAKTOPH B1J] €JIEKTPOMAarHiTHHX.

3anuTaHHA V151 CaMOIlepeBIpKHU
1. O6rpyHTYiTEe MPU3HAYCHHS TSATOBUX CICKTPUYHUX araparis.
2. [Ipoananizyiite GyHKIIT  KEpyBaHHS CTPYMOM 3a JONOMOTOK EJIEKTPUUYHUX
amaparis.
3. IIpoananizyiite chepy 3acTOCYBaHHS TATOBUX €JIEKTPUUHUX arlapartiB.

N

. O6rpyHTYyiiTe KiIacu}ikaiiio eIeKTpPUIHUX anaparis.

ol

.Ilpoanami3yiite mnpu3HAaYeHHS, NOpUHIMN Aii 1 3actrocyBanHs Ha MET
3armo01>)KHHUKIB.

6. [Ipu3HaueHHa BUMUKa4yiB BUCOKOI HAMPYTH.

7. O0rpyHTyiiTe IpU3HAYCHHS arapaTiB KepyBaHHS.

8. O0rpyHTYyiiTe NPUHIMI i FiOpUAHOTrO (HAMBIPOBITHUKOBOT0) KOHTAKTOPA.

9. IlpoananizyiiTe BIAMIHHICTh MMYCKa4iB BiJl KOHTAKTOPIB.

1006rpyHTYyliTe MpU3HAYEHHS CJIEKTPOMArHITHUX MY(QT.
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11IlpoanamnizyiiTe yMOBH, 3a SKHX BIJKPUBAETHCA THUPUCTOP TiOPUIHOTO
KOHTaKTOpa.

2. AnapaTu aBTOMATHYHi, HANIBNPOBIIHMKOBI pejie, TePKOHH, TEePCUKOHM.
Temnoe pese. CTpymoBi pese. [lucranuiiiHe peJsie onmopy . pejie ToJAMHHU |
nporpamui pese. I[Ipomixkui (komyrauiiini) pene. Jatumku (nmepBuHHI
nepeTBOpIOBaYi). ABTOMATHYHI peryiasitopu i cradiidizaropu. IlincmmoBaui i

nepeTBOpPrOBaYi

Amnapatu aBTOMATH4YHi. BOHM TpaIiolOTh Ha HEBEIHMKHX Hampyrax (1o
COTEHb BOJIT) 1 HEBEIUKHX CTpyMax (10 5 A) i BHUKOHYIOTH (QYHKIIi KOHTPOJIO
SIKOTO-HEOY/Ib €JIEKTPUYHOTO YX HEEJIEKTPUIHOTO BXiMHOTO mapamerpa (y mepuomy
BUNAJKY - pelie, B iHIIOMY - naTyuk). Komu BXimHUN (KOHTPOJIBOBAHUIA) Mapamerp
pene jgocsrae 3aJaHOi BETUYMHHU, BiAOYBAIOTHCA CHPALbOBYBaHHS EIEKTPHUYHOTO
pene 1 mosiBa CUrHaity Ha Buxo[i. Lle 3a1HCHIOETbCST POSMUKAHHIM YU 3aMUKAHHSIM
KOHTAaKTiB (KOHTAaKTHI pelie) abo pi3K0I0 3MiHOKO HAmpyrd Ha BUXOIi (O€3KOHTaKTHI
peie).

VY paTyMkKax xapakTep 3aJeKHOCTI BUXITHOTO CUTHANy BiJ BXIJHOTO
IHIIMI - BOHA Ma€ TUIABHUUN BUIJISL: Majla 3MiHA CUTHAJy BHUKJIMKA€E MPOMOPIINHHY
HEBEJHMKY 3MIHYy CHUTHaly Ha BuXOAl. EJieKTpoMaruiTHi peJjie KOHTPOJIOIOTH
3HAYCHHS CTPyMY |, B KOJII HaBaHTaXyBaJbHOTO pe3ucropa Z,. (puc. 6).

OomoTka pene W BKIIFOU€HA OCIIAOBHO B KOJIO KOHTPOJIBOBAHOTO CTPYMY | ..
Ii omip Z, nmpakTUYHO HE BIUIMBA€ HA BEMUYMHY |,, , TOMy 110 Z,, >> Z, CTpyM, 11O
MpOTiKae 1Mo OOMOTIN, /,, CTBOPIOE B MAarHiTOMPOBOAI MarHiTHWA TOTIK @D, B
pe3yibTaTi 4Oro BUHUKAE €JIEKTpOMAarHiTHa cuia P,, NpUTAraHHs sKops 2 [0
MarHiTonpoBoja 1.3 pocToM CTpyMy IIsl CHjIa 3pOCTAE 1 IPH TOCATHEHHI CTPyMOM |,
KPUTUYHOTO 3HAa4Y€HHsA P,, BUSABISAETHCA JIOCTATHHOI JUIsl TIOJOJAHHS CHJIH
MOBOPOTHOT TPYXUHHU Pp, SKIp NPUTITraeThcsi, KOHTAaKTH ()1 PO3MHUKAIOTHCA 1
BIJIKJIIOUalOTh 00'eKT KepyBaHHS (;, a KOHTakTH (O, 3aMHUKAIOTHCA 1 BKIIOYAIOThH
o0'ext kepyBanHsi O, min Hampyry U;. Komu ctpym |,, 3HU3UTBCS 1O TEBHOTO
3HAYEHHS, €JIEKTPOMarHiTHa cuia OyJe HeIOCTaTHBOIO JJis yTpuMaHHs skops. Il
JI€I0 CHUJIM TPY>KUHU P, BiH mepeijie B MOYaTKOBE MOJOXKEHHS 1 KOHTakTH 07 1 O;
Oynyth mnepekiatouatd o0'ekth O; 1 (O, TakuM YMHOM, 1€ peye 3I1HCHIOE
aBTOMATUYHE KEPYBaHHS O0'€KTaMW HABAaHTAXXEHHS B 3aJICKHOCTI BiJl BEITUYHHH

CTpyMy.
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3a eIeKTPOMArHiTHUM IMPUHIIMIIOM MPaIOI0Th MATHITOKEPOBaHI KOHTAKTHI
(MK) amapatu [3]. KoHTakTH, 3amasHi y CKISHUN OalloOH 3 iHEPTHUM Ta30M JJIs
3MEHIICHHS] BIUIMBY HAa HHUX HABKOJUIIHBOTO CEPEeOBUINA, TOMY IiX Ha3UBaIOTh
repMeTH30BaHUMHU KOHTaKTamMu (repkoHamu) (puc. 7).

01 f——0 o

s

Puc. 6- HaiinpocrTiie eJekTpoMarHiTHe pese

Puc. 7 {'epkon

Haiinpocrima kouctpykiis MK [2] (puc, 7 a) siBnsie coboro cxisiauii 6anon 13
ABoMa eyekTpoaaMu 2 i 4. bamon 3armoBHEHHUH iIHEPTHUM ra3oM (a30T, aproH, BOJACHb
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1 T.1.) a00 BakyymoBaHMi 10 3anumkoBoro tucky 0,13 — 0,0013Ta. Enexrpoau
BUKOHAHI 3 MAarHiTHOro Matepiany (3BMYaliHO TmepMajow) 1 € OJHOYACHO
MarHiTornpoBoaoM. KiHIll eleKTpO/IIB MOKPUBAIOTH IIAPOM SIKOTOCh JIOPOTOIIHHOTO
MeTtany (30710T0, Tauiamiv, pamii abo iXHI CIUTaBH), IO YTBOPIOIOTH POOOUY
MOBEPXHIO F /17151 KOHTaKTyBaHHS.

KepyBanuss MK 341iiCHIOETbCSI MarHiTHUM IOJIEM, 110 MOKE CTBOPIOBATHUCS
KOTYIIKOIO a00 mocTiiHUM MarHiToM 3. MarHitHuii motik @ yepes enekTpoau i
MOBITPSTHUA 3a30p O (3a30p KOHTAKTIB), MPH JESSIKOMY MOTO 3HAYEHHI MPUBOIUTH 10
3aMHUKaHHS POOOYUX TOBEPXOHB €IEKTPOIIB 1 YTBOPEHHS 3aMKHYTOTO €JIEKTPUYHOTO
koua. [Ipu ocnabnenHi (3HUKHEHHI) MarHiTHOTO IOTOKY €JIEKTPOJIHU 32 PaXxyHOK CBOIX
NPY>KHUX BIACTUBOCTEH PO3MHUKAIOTHCS, PO3PUBAIOYN EIEKTPUIHE KOJIO.

Iepkon (puc. 70) cCKIamaeTbcs 3 pyXOMOi i HEPYXOMOI KOHTAaKTHUX CHCTEM,
BIAsHUX y CKISHUK OamoH 1. Hepyxoma KOHTakTHa CcHCTEMa SBISE COOOIO
MarHiTOMpOBiT 2, M0 MICTUTh NUISHKY 3MEHIIEHOTO Tepepidy / 1 IBa BUBOIU 6,
pyXxoMa cucTeéMa MICTUTh Y coO0l BHMBOJ S, KOHTAKTHY IUIaCTMHY 3 1 skip 4,
YCTaHOBJICHUM MPOTU AUISIHKH MarHiTOPOBO/Ia 3MEHIIIEHOTO TIepepizy.

CucremMu MarOTh OCHOBHI ¥ nyroracHi KoHTakTH. OCHOBHI KOHTaKTH
YTBOPIOIOTBCS TOJIOCHUMH TOBEPXHAMU SKOpS 1 MarsHirompoBoja. Jlyroraci
KOHTaKTH 8 CKIAJaroThCs 3 HAMailoK, BUKOHAHHHUX 3 TYrOIUIAaBKOTO Marepiany,
YCTaHOBJICHUX HA MAarHiTOMPOBO/I1 1 B KIHIII IPYKHOTO €JIE€MEHTA.

Y naHuii yac po3poOJicHI ¥ BHpPOBa/KEHI TePCHKOHM (epMETHYHI CHIIOBI
koHTakTH). Hanpuknan, repcukonn KMI'-12 BumyckaioTe Ha HOMIHAIBHUN CTPYM,
10 BKJIIOYAEThes - 63 A, 110 BiakiatouaeTbes - 10 180 A. MakcumanbHa OTY>KHICTh
JBUTYHA, 110 MOXe 3amyckaTtucs npu Hanpysi 380 B nopisnioe 3 kBT, npu vacroTi
BiuroueHHs 10 1200pa3iB 3a roguny. MexaHiduHa 1 KOMyTalliiiHa 3HOCOCTIMKICTh TIPH
noryxnocti asurysa 1,8 kBt ckmagae 10" nmpkmis. [omuna crpaibOByBaHHS - He
oinbie 20 Mmc. Bucoka HaiiHICTB 1 MPOCTOTa KOHCTPYKINT pOOJISATh TEPCUKOHU JTYKE
NEPCTIEKTUBHUMH JIJIs 3aCTOCYBaHHS B KOMYTAIlIHHUX €JICKTPUYHUX araparax.

Ha Bigminy Bix repkoHiB [4] TyT 3acTOCOBaHI pi3Hi AeTall JJii KOHTAKTIB 1
marHitonpoBoaa (puc. 8).B cepenuny repmernynoi obononku (twiara 1, kopmyc 141
kpuinka 9) BBeaeHi momocu 2 1 4 enekrpoMardiTi. OuH HOJIOC 3a0e31euye TBEpe
KpITJICHHS KIHLA (EpOMarHiTHOI MPYXUHU sAKops 12, mo Hece pyxoMy KOHTakT-
nerans 10, a #apyruii yTBOprO€ 3 II€I0 MPYXKUHOW pPOOOUYMN 3a30p Yy KOJIi
MartitonpoBoaa. depoMarHiTHa Npy>KUHA 13 30BHIIIHBOTO OOKY IIYHTOBaHa OLIBII
TOHKUMHU (pEPOMArHUTHUMHU NPY>KUHHUMU IJIACTUHKaMH 13, 1110 3HAYHO 301IbIITYIOTh
3araJbHUNA Tepepi3 AKops eJIeKTPOMArHiTa, aje BOHU MPAKTHYHO HE MiJBUIIYIOThH
npotuaitoue 3ycusuist. e 103Bosisie mpu BIAHOCHO HEBEJMKIM MarHITOPYIIAHINA CHTl
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oJIep)KaTh  HEOOXIJHE  eJIEKTPOMAarHiTHe 3ycWUis. MarHitopymiiiiHa  cujia
CTBOPIOETHCS KOTYIIKOIO 3, PO3MIIICHOO 1032 TEPCUKOHOM.
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Puc. 8-T'epcuxon
Kontakt -— I[CTaJ'Ii IrepCUKOHAa BUKOHAHI MACHBHUMH 3 HaMNalkamMd 3

TyromiaBkoro matepiany. [lifBig cTpyMmy 10 pyXOMOi KOHTaKT-AETall 3A1HCHIOIOThH
3a JIONIOMOTO0 THYYKOTO 3B'SI3Ky BUCOKOI MPOBiIHOCTI. HepyXxoMy KOHTaKT — eTaib
11 kpimnaTe Ha KIHII CHEUIaJbHOTO PETyNIOBAJIbHOIO TBUHTA [/, BBEACHOTO
BCEpEIMHY TepMETUYHOI 0000HKH. Take KpirmyieHHs J03BOJISIE PETYIIOBATH 3a30D,
IpoBajl 1 KOHTAKTHE HATHUCKAaHHA. 3OBHIIIHI 3aTUCKA S 1 8 po3ramoBaHl Mo3a
repMeTuyHuM KopirycoM. Hinenb 6 ciyxuTh 1151 3a0€3MeueHHs BIIKAYKy MOBITPS 3
TrepMETUYHOTO KOpIlyca 1 3alOBHEHHS HOro 3aXMCHUM Ta3oM, IIo 3abe3mnedye
enekTpuyHy MitHicTh (1o 3000B).

TensnoBe pese - pearye Ha BENUYHHY CTPyMy, IO IPOTIKa€ HarpiBaJibHUM
enemenToM HE, sikuif BKIIIOYAETHCS B KOJIO CTPyMY HaBaHTaXeHHS l,.. Uum Oinbine
el cTpyM, TUM BHIIe Temreparypa HarpiBanas HE — 2 [puc. 9], mo nepemaerbest
KOHCOJIbHIM 3aKpiryieHi OiMeTaniuHii miactuHi 1. BoHa ckiagaeTbes 3 1BOX IIapiB:
MeTay 3 BUCOKUM TeMIepaTypHUM KOe(IIlIEHTOM JIHIMHOTO PO3MIMPEHHS 1 METaTy 3
HU3BKUM Koedirientom Ilpu HarpiBaHHi ruiacTuHa 1 3ruHAETHCS.

BumiproBasibHl IpUCTPOi pefie BKIIOYAIOTh B €JIEKTPUUHY CXEMY YCTaHOBKHU.
CTpyMoOBi peJie pearyioTh Ha BEIMYUHY CTpyMy, IO TpoTikae 1o obmotii. Pese
HANPYTM CIPAlbOBYIOTh, SKIIO KOHTPOJhOBaHA Hampyra craHe Buine (peJsie
MaKCHMMAJIbHOI HANIPYIH) 4d HIDKYE 3a1aHoi (pesie MiHiMaabHOI Hanpyrn) . Pese
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NMOTYKHOCTI pearyroTh Ha 3MiHY MOTY>KHOCTI, peJjie HANPSAMKY eHeprii — Ha 3MiHY

HAMPSIMKY MOTOKY €JIEKTPUYHOI EHEeprii.

y
a) 3 ZL

Puc. 9—Ilpuniun aii GiMeTaliyHUX TEIJIOBUX pejie (@) 1 crnocoOu HarpiBaHHS

iactut (0)

JuctaHuiiiHe peje omopy (aKTHBHOTO, IHIYKTUBHOI'O YHM TIOBHOTO) MAa€
3/IaTHICTh BUMIPIOBATH BEJIMUYMHY E€JIEKTPUYHOTO OMOPY BiJ MICLS YCTAaHOBKHU peJjie
710 MICIIS MOIIKOKEHHS B MEPEKi, MPOIMOPILIHHOT BiACTaHI (QUCTAHIIIT) M HHUMH i
MOJaBaTW  BIAMOBIAHUI  CHUTHAaT [0 CXEMH  aBTOMAaTHMYHOTO  KEpPYyBaHHS
€JIEKTPOYCTaHOBKOIO.

HaniBnpoBinHuKoBi pesie 3a MIBUAKOMIEIO, YYTIMBICTIO, CEIEKTHBHICTIO 1
HAJIAHICTIO  TEPEeBEpIIYIOTh  €JIEKTPOMAr”iTHI  pene. Y  psal  BUIAJKIB
HAIIBIIPOBIIHUKOBI pejieé MalTh XapaKTEPUCTUKH, SIKI HEMOXJIHMBO OJEpXKaTH 3a
JOTIOMOT'OI0 €JIEKTPOMArHiTHUX peJie.

VY cxemax aBTOMAaTUYHOTO KEPYyBaHHS IIMPOKO PO3MOBCIOHKEHI peJie TOAUHM i
nporpamui peJsie. Pejie yacy Mae MOXJIHMBICTh CTBOPIOBATH PETYJbOBAHY B IIUPOKUX
MeXaxX BUTPUMKY 4acy, BIJUIIUyBaHy BiJl MOMEHTY MOJjadi CUTHAJy Ha BX1J peie 10
MOMEHTY CIpallbOBYBaHHsS onepaTuBHOro oprana. Ilporpamui peJie - 1e pi3HOBUA
pelie yacy 3 JeKUIbKOMa He3aJeKHUMU KOHTAaKTHUMH rpynamu. Butpumku gacy Bif
MOMEHTY MOJlayl CUTHAIY Ha BXiJ IILOTO pejie 10 MOMEHTY 3aMUKaHHS ISl TUX YH
THIIIMX KOHTAKTIB — Pi3H1 1 MOXKYTh PETYIIOBATUCS B IIUPOKUX MEXKaXx.

[IIupoKO PO3MOBCIOKCHUMH € NPOMizKHI (KomyTamiiiHi) peje, 1o
3IACHIOIOTH O/IHY 3 (QYHKITIH:

- 30UIBIIEHHSI KUIBKOCTI aBTOHOMHMX CHUTHAJIIB Ha BUXOJI MpU TMOjadyl Ha BXiJ
OIMHUYHOTO curHaidy ( Ha BHUXOMI 3'SBISIETBCS BEIMKA KUIBKICTh HE3AICIKHUX

CUTHAJIB);
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- "mocunenus curnany”. Ilpu nmomadi Ha 0OMOTKY HEBEJIUKOTO CTPYMY, IOCTaTHHOTO
JUIA CIIPallbOBYBAHHS peJie, 3aMUKAIOThCS KOHTAKTH, 3[aTHI MPOIYCTUTH Yepe3 cede
3HAYHO OUIBIINMA CTPYM y MOPIBHSHHI 31 CTPYMOM BXI1JIHOTO CUTHAITY.

JlaTuyuKu (mepBuUHHi  TepeTBOpHOBaYi) 3MIACHIOIOTh  KOHTPOJIb
HEeJIEKTPUYHMX MapaMeTpiB, HAIIPUKIIAJ, JIHIMHUX 1 KyTOBUX MEPEMIIEHb JeTajeH,
TUCKY Ta3iB 1 PIAMH, PIBHIB PIAKUX 1 CUIy4YHMX TiJ1, MEXaHIYHUX 3yCHJIb 1 MOMEHTIB,
MIBUAKOCTEH pyXy 1 T.1.

[TpuaIMn gii iHAyKTHBHOTO AaTunka THCKY (puc. 10),3acHoBaHMiA Ha TOMY,
110 31 3MiHOKO THCKY P B pe3epByapi 3MIHIOETHCS IOBITPSHUIA 3a30p O Mixk sikopem S
1 MarHiTornpoBoAOM M MarHiTHOI CUCTEMH €JIEKTPOMArHiTHOTO MPUCTPOIO.

a) &)
2 2 T 2l r =4 = U: o~
CrucHytnii  { N
2 Uns™ |
ras %
I =
7) - I
2 >
2
z P,

O

Puc. 10—a) [HAyKTUBHUI TaTYUK THCKY;

0) IHAYKIIHHUIA JaTYNK KYTOBOTO MEePEMIIICHHS

OOMOTKa BKJIIOUEHA Ha cuHycoinanbHy Hampyry U.. 3HadeHHs cTpymy i,
PEECTPOBAHOTO BUMIpIOBaIbHUM opranoM BO, 3aeXuTh Bifl €JIEKTPUUYHOTO OMOPY
OOMOTKH, II0 B €JIEKTPOMATHITHUX MPHUCTPOSIX € MEPEBAKHO 1HITYKTUBHUM: X= 'L .
IaaykrtuBHicTh 00MOTKH L=(W*®)/i, ne @- MarHiTHUH TOTIK, CTBOPIOBAHHI
ctpymoM i. Y mHainpocrimomy Bunaaky @=(i* @)/Rs5 ne Rs - MaruiTHuii omip

NOBITPSHKUX 3a30piB, jopiBHIOE R=(2* J)/(16*S), S - mnoma mnomoca Ha
maruitorpoBoAdi. Toxi
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I=U/X=U/(arL)=(U/(2* ri))*(i/(W* @))=(U*i*2* J/(2* n-F*W*I*W* 1*S)=
:(U* é)/(lf[lo*Wz*S),
ne o- MarHiTHa MPOHUKHICTH MOBITPs, [ H/M.

OTxe, 32 KOHTPOJILOBAHUM CTPYMOM MOYKHA 3BXUTH MPO 3HAYEHHS TUCKY P B
pe3epByapi, SIKOMY BIJIMOBiIa€ BU3HAYCHUHN 3a30p Y MarHiTHIN CUCTEMI.

[Mpuammn  nii  indykyitinoeo nataumka (puc. 100), mo pearye Ha KyTOBI
NEepeMIllIeHHsT PYyXOMOi CHCTEMH 3aCHOBaHMM Ha TiM, IO HA KpalHIX CTEpPKHIX
Mar”iTOnpoBoAa po3MmilieHi aBi mosoBuHU 00MoTkH 2(W/2).,Ha Ky 1To1aHa HanpyTa
U. 3MIHHOTO CTpyMy MiJBHIIEHOT YacTOTH. SAKip S 3B's13aHMI 3 PyXOMOIO CHCTEMOIO,
KYTOBE TIEPEMIIIEHHS K01 KOHTPOIIOETHCS JATIYMKOM. Y HEUTPATLHOMY CEPEIHbOMY
MOJIOKEHH] SIKip pPO3TAllOBaHUNA CHUMETPUYHO CTOCOBHO MAarHITOIPOBOIY, KOJH
MAarHiTHI TPOBIAHOCTI MOBITPSHUX 3a30piB Jy1st MOTOKIB @11 D, oguakosi. [Totoku @,
= @,. Takum YMHOM, MOTIK y CEPEAHBOMY CTEPKHI J0opiBHIOE HYIO0 1 EPC y BuXiaHii
O0OMOTIII HE HABOJAUTHCS.

IIpy kyTOBOMY TMEpeMIillleHH] SIKOpS BUSBISIOTHCS HEOJHAKOBUMHU MAarHiTHI
MPOBITHOCTI MOBITPSHUX 3a30PiB 1 BUHUKA€E HEPIBHICTH MOTOKIB ®P; 1 @, . MarHiTHU
MOTIK Yy CEpeHbOMY CTEP)KHI CTa€ BIIMIHHUM BiA HyJsd, TomMy B oobmotmi W,
HaBeaeThcsa EPC.

€MHIiCHI JaTYuMKM 3MIHIOIOTH €MHICTh  KOHJIGHCaTOopa BiJ  3MIHU
KOHTPOJIbOBAHO! BenW4WHHW. Hampukmanm, SKmo B IMWIHAPUYHOMY KOHJIIEHCATOPI
YacTHHA MPOCTOPY MDK ITWJIIHAPAMU 3alIOBHIOETHCS PIAMHOIO, a 1HIIA — MOBITPSIM, TO
B 3QJIEKHOCTI BIiJ] 3MiHH OOCSTY 3allOBHEHHS PIIMHOI0 3MIHIOETHCS PE3yIbTyHO4a
€EMHICTh KOHJICHCATOpa 1 HOTO PEaKTUBHUN ENEKTPUUYHUN omip. 3a 3MIHOK IHOTO
OTIOPY MO>KHA CYJUTH MPO PiBEHb PIIMHU B pe3epByapi.

MarniTonpy:Hi JaT4YMKM  BHKOPUCTOBYIOTH €(QeKT 3MIiHM  MarHiTHOi
MPOHUKHOCTI JESIKWX MaTepiaaiB 3 TMOSIBOI0 B HHUX MEXaHIYHOI Hampyru W
nedopmarii. Big MarsHiTHOI MPOHMKHOCTI MArHITONPOBOJA, HA SKUM HamMoOTaHa
OOMOTKa, 3aJ€KUTh IHAYKTUBHUHN EJNEKTPUUYHHM Omip i€l oOMOTKH. SIKIIo BOHA
BKJIFOYEHAa B KOJIO 3MIHHOTO CTpyMy, TO 3MiHa MAarHiTHOI TPOHUKHOCTI TIpU
MEXaHIYHOMY BIUIMBI B IPUCTPOi IPUBEIE A0 BIANOBIIHOT 3MIHU CTPYMY.

ABTOMATHYHI peryjsiTopu i cradijizaTopu npusHayeH1 JIJs MATPUMKA HA
3aJJaHOMY PiBHI BUXIJHOTO MapaMeTpa 00'€KTa YM KepyBaHHs PETyaioBaHHS. Takumu
napaMeTpamMu MOXKYTh OyTH Halpyra Ha KJieMax TeHepaTopa, TemrmepaTrypa 00'ekta
YU CTPYM B €JIEKTPUYHIN CXEM1 yCTaHOBKH.
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Cepen cralumi3aTOpiB OJIEpXKAIU TOIIMPEHHS CTa01Ii3aTOpU E€JIEKTPUYHOTO
CTpyMy, Hampyrda ¥ TIOTY)KHOCTI. BoOHM TOAUIIIOTRCS HAa MapaMeTpUYHi,
KOMITEHCAIlIiH1 ¥ IMITYJIbCHI.

I[MapaMeTpuyHi cTadimizaTopu 3acHOBaHI HAa BHUKOPUCTAHHI HETIHIMHHX
€JIEMEHTIB, 110 BKJIIOYAIOTHCSI B CXEMY MOCIIIOBHO 3 JIIHIHHUMHU €JIEMEHTaMU TaKUM
YUHOM, 0[O0 MpH IIMPOKOMY Jiama3oHi 3MiH BXIJHOTO MapaMmeTpa BUXIIHHUNA
napameTp 3MiHIOBAaBCSl 3HAUHO MEHIIIE, HK BX1IHUH MapameTp.

Y kommneHcauwiiHux crabinizaTopax BUXIIHUN TapaMeTp MOPIBHIOIOTH 13
3aJJaHUM, B pe3yJbTaTi 4Oro BUPOOJSETHCS PI3HULIEBUM CHUTHAJ, L0 BIUIMBA€E HA
BUKOHABYUI €JIEeMEHT cTabuli3aropa JOTH, MOKU L€ CUTHAJI HE HAOJIM3UTHCS [0
HYJISL.

IMmnyabeni cradimizaTopu HaOLIBII €KOHOMIYHI, TOMY WIO BUXIJHUHN
PEryJIOI0YHI eIEMEeHT MPAaIoe B KIIOUYOBOMY pexumi. [Ipyu 1iboMy magiHHs Hanpyru
Ha HbOMY MiHIMaJIbHE i, OTKE€ MIHIMAJIbHUMU € BTPaTH €IEKTPUYHOI €HEepTii.

HigcuiaoBadyi ii nepeTBoproOBayi.

MincuaoBaui  3A1HCHIOIOTh (PYHKIIIO MOCHJIEHHS E€JIEKTPUYHOTO CHUTHATY.
IXHS1 OCHOBHA XapaKTEpPUCTHKA - 3aJIEXKHICTh BUXiJHOTO MapameTpa |y, BiJ BXigHOrO
lsx - Mae moHoTOHHHMH Xapaktep (0e3 po3puBiB i cTpudkiB) (puc. 11), iaBHa 3MiHa
BX1JIHOTO CUTHAJTy BUKJIMKA€E IUIaBHY 3MiHY BUXIJHOTO IIapaMeTpa.

1 | ——

Puc. 11— 1) - I1naBHa 3MiHa BUXIJHOTO CUTHAIY; 2) —CTPUOKOMOI0HA 3aJICXKHICTh
BUX1JTHOTO CUTHAJTy, BUKJIMKaHA OCOOJMBUM PEKUMOM, KOJIM HEBEJIMKA 3MIHA
BX1IHOTO CUTHAJy IPUBOJIUTH 10 CTPHUOKA BUXITHOTO CUTHAITY.

MaruiTHi ¥ HamiBIPOBIIHUKOBI TIJCUIIOBAYl € OCHOBOIO amapartiB , IIO
3a0e3me4y Th CTPUOKONMOAIOHY 3ajexHicTh MK | 0 0 1, . Ix Ha3zuBaloTh
O0€3KOHTAaKTHUMHU KOMYTaIlIHUMHM ariapaTaMu.

Haiinpoctimmii MarHiTHUil miacuaoBay - 1i¢ €JICKTPOMArHITHHHA €JIEMEHT,
IHIYKTUBHUN €JIEKTPUYHUN OIMIp SKOTO 3MIHIOETHCS B HIMPOKUX Mekax. Y Jpoceni
HACHYEHHS € JIBi 00MOTKH (puc. 12).
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OOmoTka HaBaHTaXeHHS W, BKJIIOYEHA B KOJIO 3MIHHOTO CTpyMmy I, , 0OMOTKa
kepyBaHHs W, - B KOJi MOCTIHHOTO CTPYMY Iy, . CTPYM HaBaHTaKEHHS |, 3aJIEKHUTh
B1JI CYMH 1HIYKTUBHUX OMOPIB: 00'€KTa HABAHTAXKEHHS X, 1 MAarHITHOTO T1CUITIOBaYa
X,, (X, 3aJIe)KHUTh BiJl MarHITHOTO CTaHy MarHiTOMPOBOJya.) Y 3arajJbHOMY BHITQIKY
1HIYKTUBHUN OIIP JOPIBHIOE:

X=wL= a((W,* @)i))=a*(W,LI)*((I*W ,)/R,)=aW?,(1SI1,,),

Je W - KyToBa YacToTa CTpyMmy, 0 HamarHiuye, W - YHCIO BUTKIB
HaBaHTaXXyBaJdbHOI OOMOTKM; @ - MarHiTHUM TOTIK; Rw - MarHiTHU#E omip
MarHitTonpoBoaa; S |, - monepevynuii mepepis i JOBKUHA CTAIIEBOTO MAarHITOIPOBO/IA.

Slkmo ocepas He HaMarHidyeTbcs NOCTIHHUM CTpyMOM (i, = 0), To B
MAarHiTONpoBOAiI Oy/Ie CTBOPIOBATUCS JIMIIE MArHITHHH TOTIK BiA CTpymy Iy B
obmorii W, - BiH Oyjae HEBEIWKHUH, MarHiTONPOBOJ 3aJHUINAETHCS HEHACUYCHUM,
fioro epekTHBHA MarHiTHA MPOHHUKHICTh BUCOKA, a IHIYKTUBHHI omip X Benukuii (X,

>X,) . Toni ctpym HaBantaxenns i, = U /(X, + X,) Oyne HEBETUKHM.

; - ) ( " O
i w (\)

U~ Xu (\> \) U:
( ) Wiep (\> R

o \) ( )

Puc. 12-Cxema Mar"diTHOro ImiacuiroBada

Skmo Jx 3A1HCHUTH HiAMar"idyBaHHA HOCTIHHUM cTpyMOM (i, > 0), To B
MarHiTonpoBoje OyayTh ICHYBaTH JBa MAarHITHUX IIOTOKH. BiJ CTpyMy i, depes
o6moTKy W, 1 Bifl CTpyMY I, uepe3 00MoTKy W,,,. Pe3ynbTyrounii MarsHiTHuit NoTik i
IHIYKIIS B CTAJIEBOMY MarHiTONPOBOJI 3pOCTYTh, MaTepiajl MarHiTONPOBOa BRI
B PEXUM HACHYEHHS, IOT0 MarHiTHa MPOHUKHICTh PI3KO 3HU3UTHCS W 1HIYKTHUBHHIMA
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eNEKTPpUYHUN omip X, 3MEHIIUTHLCA. Y KOJII 3MIHHOTO CTPYMY MOTE€UYE MOBHUM CTPYyM
HaBaHTaKeHHs. Y Takuil croci0 mogaya CTpyMy KepyBaHHS iy, B 0OMOTKY W,
"BKJIIOYa€e" MOBHUU CTPYyM HABaHTaXCHHS |, B KOJI 3MIHHOTO CTPyMYy, a 3HSATTS
CTpyMY KepyBaHHS "BiJKITIOYa€e" CTPyM HaBaHTaKCHHS.

HaniBnpoBignukoBi migcuiaoBaui  OyayroTh Ha 0a3l  TpaH3HUCTOPIB,
TUPHUCTOPIB Ta IHIINX NOJIOHUX MPHUIAIIB.

Oyukmiro 0e3ynuHHOT (MepiogUYHOI) KOMYyTallil CTpyMy BHKOHYIOTH Pi3HI
NEPETBOPIOBaYl 3MIHHOTO CTPYMY B MOCTiHHUI ( 1 HABMAKM), IEPETBOPIOBAYi OTHOTO
PiBHS MOCTIMHOT HAMPYTH B iHIIM (IEPETBOPIOBAYI HAMPYTH) 1 T.1.

3anuTaHHA 1151 caMoIepeBipKu

1. flke mpu3HaUYEHHA anapaTiB aBTOMATHKHU ?

2. [TpuHIMn A1 HAUMPOCTIIIOTO €IEKTPOMArHITHOTO peJie.

3. [Ipu3HavueHHA JUCTAHLIMHOTO PEJie OTopYy.

4. Ilpu3zHadyeHHs NaTYUKIB?

5. [IpunHtun A1 HARTPOCTIMIOTO MArHITHOTO ITiICHITIOBAYA.

6. [IpuHIKIT Ai1 MarHiTOKEPOBaHUX KOHTAKTHUX arapaTiB (FepKOHIB).

7. [TpuHIun Aii TETUIOBUX peIie.

8. [Ipu3HaueHHs 1 MPUHIUI A1i 61METalIvyHOI IIJIACTUHH TETUIOBOTO pelie.

9.3a sgKkUMHM  TIOKa3HUKAMHM  HAIIBIPOBITHUKOBI  pelie  TEPEBEPITYIOTh
€JIEKTPOMArHiTHi?

10IlpusHayeHHs pese yacy 1 IpOrpaMHUX pelie.

11 ITpusHavueHHs aBTOMAaTUYHUX PETYJISITOPIB 1 CTA01113aTOPIB.

3. EnexTpomexaniuni siBuma B anaparax. EjekTpoMartiTHe moJie B anaparax i
MAarHiTHi koJsa. EnexkrpoMardiTHi B3aemoii, 0OCHOBHI 3aKOHH i iX BUKOPUCTaHHS
JJISL PO3PAXYHKY MATHITHHUX KT

[Ipy BHHUKHEHHI HABKOJO TMPOBIJHUKA 31 CTPYMOM MArHITHOTO TIOJIS
HABKOJIMIIIHE CEpEeAOBUIIE 3700yBae OCOOJIMBI BIACTHBOCTI, IO BHU3HAYAIOThH
MOXJIMBICTh €JIEKTPOMArHiTHUX B3a€MOJIA MK TNPOBIAHUKAMH 31 CTPYMOM 1
(bepoMarHiTHUMH TiJaMH.

Maiika dapaneil BBiB MOHATTS MPO CUJIOBI TPYOKHM MarHiTHOrO MOTOKY, IO
MalOTh BJIACTUBOCTI HATATHYTUX MPYXXHUX €JIEMEHTIB. y MO3JOBKHbOMY HAIPSIMKY
BOHU CKOpPOYYIOThCS (BHUSBISIOTh CHUJIM TO3IOBXKHBOTO TSXKIHHA P, ), a B
MOMIEPEYHOMY - BIAIITOBXYIOTHCA (BUSBIAIOTH CWiIM OiuHOrO posmopy Pg). V
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JiTeparypl 3aMmiCTh TOHATTS MPO CHUJIOBI TPYOKH BHUKOPHUCTYIOTH IOHSTTS IIPO
MarHiTHI ciiioBi JiHii (puc. 13).

Prnoo
Proo
P 5 A\ 4 P 6
— —
P 5 A
Prnoo

Puc. 13-MaruiTHi CWIOBI JiHIT

[Tpu poTHIICKHOMY HAIMPSMKY CTPYMY HAIPSIMOK MarHiTHUX CHJIOBHX JIHIN y
IpocTopi Mix mpoBigHukamu opHakoBuil (puc. 14). Ixms rycruma (imaykiis) TyT
M1JBUIICHA 1 BAHUKAIOY1 CUJIM O1YHOTO PO3IMOPY CTBOPIOIOTH EJIEKTPOIUHAMIYHI CHUITH
BiJIIITOBXYBAaHHS MiX MPOBiTHUKaMU. [Ipy 0JHAKOBOMY HampsMKy cTpyMiB (puc. 14)
HABKOJIO 000X NPOBIJHUKIB BUHHMKA€E 3arajJlbHUMl Mar"iTHUi moTik ® 1 3aBasku
MO3JIOBKHROMY TSDKIHHIO CHJIOBUX JIIHIM BUHUKAIOTh EJIEKTPOJUHAMIYHI CHIJIH
IPUTITaHHS TPOBIIHUKIB OAMH 10 0JHOTO. Lle mpaBuiio copMynboBaHe akaaeMiKOM
B.®.MitkeBuueM. MarHuTHi eleMeHTH pi3HOMOMIOCHI (puc. 15) mpursaryroThes
OJIMH JI0 OJHOTO, a OAHOIIOIIOCHI — BiJIITOBXYIOTHCS OJHWH Bijl OJTHOTO.

[HmMT pi13HOBHUA €MEKTPOMATHITHUX B3aEMOJIN - 1HAYKIIHHO-TWHAMIYHI, SKi
BUHUKAIOTh y CHCTEMAX 3i CTPyMaMH, 110 3MiHIOIOThCS. IXHS CYTHICTh 3BOAUTBCS JI0
TOTO, IO B TMPOBITHUKOBOMY €JIEMEHTi (TUCKY, KOTYIII ), BMIIIEHOMY B MarHiTHe
noJie, 10 3MiHI€eTbCsI, HaBoauThesl EPC 1 3'sBasieTbest HaBeneHuit ctpym. Lleit ctpym
CTBOPIOE MarHiTHUW MOTIK. B3aeMoisi MOTOKY BiJ HaBEIEHOTO CTPYMY 3 OCHOBHHUM
MarHiTHUM MTOTOKOM MPUBOJIUTH JO BUHUKHEHHs MeXaHIYHUX cuil. OTxKe, IHAYKIIIHHI
JTUHAMIYHI CHJIM TaKOX BU3HAYAIOTh B3a€EMOJIIIO0 JBOX IMOTOKIB, CTBOPEHUX PI3HUMH
CTpYMaMH.
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Puc. 14-EnextpoauHamivHi ¢ (P,y,- €IEKTpOAMHAMIYHE 3YCHILIS;
@ — MarHiTHUH MOTIK).
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S \/ I N

i

Puc.

15- EnextpomaruiTHi B3aEMOJIi1

B enexrpomarniTax eixekTpomartiTHe mose (puc. 16) cTBOproeThes cTrpymamu,
110 MPOTIKAIOTh 0OMOTKaMU HaMarHiuyBauHsa. CTpyM i, B 00OMoTIii W CTBOpIOE MOTIK
@,. I1ix #ioro BIUIMBOM 3aliMyTh BU3HAUYEHE CIPSIMOBAHE MOJIOXKEHHS MIKPOCTPYMU Y
dbeppoMarHeTuKy - MaTepial HaMarHiTUTbCS, 3'SIBUThCS TMOTIK @P; 3a paxyHOK
MIKPOCTPYMIB li3,ip,i3 1 T.1. Cuia MO3J0BXKHBOTO TSOKIHHS 3'SBUTHCS y BUTIISAIL
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€JIEKTPOMArHITHUX CHJI MPUTIATaHHS PyXOMOTO €JI€MEHTa A 10 HEPYXOMOTO IOJII0Ca
B y 3a30pi 6; (amanoriuni cumm OyxyTh AifTH ¥ y HepoOodomy 3a30pi Oz). Cumn
BIJIITOBXYBAaHHS B €JIEKTPOMArHiTax HE BHUHUKAIOTh, TOMY IO HOTIK OPI€HTY€
MIKpOCTpYMH i MOTIK BiJ HUX TiIbKH B 0JTHOMY HANPsAMKY (puc. 16).

U

I

Zn

1 }——

Puc. 16 -MarxiTHe 1ojie B €J1€KTpOMAarHiTi

TakuMm yMHOM, €JIEKTPOMATHITHA CHJIA MPUTSATAHHA MOJIOCIB , 110 BUHUKAE B
eJIEKTPOMATrHITaX, MOe OyTH MOSICHEHA SIK Pe3yJIbTaT B3a€MOAIl MiKpOCTPyMiB
y sfKopi 31 crpymoM B 00MOTHI, 10 HaMarHiuye, i MIKpocTpymMamMu B
HEPYXOMOMY CTAJIeBOMY MATHITONPOBO/II.

3.1.PiBHAIHHSA €JIEKTPOMATHITHOIO MOJISl i MATHITHUX KiJl

EnexrpomMarHiTHe Imose XapaKTepH3YEThCS HASBHICTIO Yy BU3Ha4eHIH cdepi
MPOCTOPY B3AEMO3AICKHUX EJICKTPUYHUX 1 MArHiTHUX TOJiB. BOHO CTBOprOETHCS
CTpyMaMH, IO MPOTIKAIOTh MPOBIIHUKAMU YA OOMOTKAMH, & TAKOXK MIKPOCTPYMaMHU
y pepomarHiTHUX mMarepianax (MOCTiiHI MarHiTH).

B3aeM03B's130k MK €JIEKTPUYHUMM 1 MarHITHUMH XapaKTEPUCTUKAMH I[bOTO
OJISI ONTMCYIOTh PIBHAHHS MakcBesIa.

26



[lepiie piBHSIHHS B €JIEMEHTAPHUX YMOBaX 11070 OOMOTKH 3 4uCI0M BUTKIB W
1 CTpyMOM | 3aITUCYIOTh TaK:
YH*|=1*W.
Hpyre piBHAHHS MakcBemia MOKa3ye B3a€MO3B'S30K MK EIEKTPUYHUMH 1
MarHiTHUMH TlapaMeTpaMH TOJIs B TUHAMIYHOMY PEXKHUMI IXHBOT 3MIHU:

§Edl = ~do/dt ,

ae dl - momkuHa AUISHKKM KOHTYpy, M; @ - MarHiTHUH moTik, BO; E -
HaIPYKEHICTh eJIeKTprIHOro 1mosist, B/m; t - wac, c.
s dopmyna Bupaxkae 3akoH enekTpomarHiTHol i1Haykuii dapazxes, mo B

eJIeMeHTapHii popmi Mae BUTIIAL!

e=—dy/dt,
Jie € - eJICKTPOpYIIiiHA CHIIa, IO HAaBOAUTHLCS, B; y- motoko3uenieHHs,Bo:
P=o*W .

[lono eneKTpOMarHiTHUX €JIIEMEHTIB CHHYCOiJalbHOTO 3MIHHOTO CTPYMY
3akoH Dapajes 3aMucyrTh TaK:

U = 444* f*W* D |

ne U - nampyra, B (miroue 3uauenns); f - uvacrora, I'm;; W - uucio BUTKIB
oOMOTKH; @,, - aMIUTITYJHE 3HaUYE€HHS MarHiTHOTO TTOTOKY, BO.

MarniTHe ToJie B TPAKTUYHHX YMOBaX 3BHYAMHO OPraHi30BYIOTH MUIIXOM
3aCTOCYBaHHS MAarHiTONPOBIIHUKOBIX MatepiaiiB - (eppomaraerukiB. Cranesi
MarHiTONpoBOJAM MalOTh Majuii MArHiTHUH OMip Ui MArHITHOTO MHOTOKY. IX
BUKOPHCTOBYIOTh HEMOBOW IS MiABEJACHHS MAarHiTHOTO TMOTOKY IO Ti€i YW 1HIIOT
poOoUO0i 30HM, AHAJIOTIYHO EJCKTPUYHUM MPOBIAHHKAM, IO MiABOAATH CTPYM [0
HaBaHTAXXCHHS (JIBUTYHA, PE3UCTOPA 1 T.1I.).

3BHYalfHO MArHITHI MOJIS1 B €JIEKTPOMArHiTHUX €JIeMEHTax € 00'eMHUMHU. AJie B
pSiAl BUMAAKIB MOXKHA OOMEXKUTHUCS PO3IJISAOM IUIOCKO - PIBHOODKHOI CTPYKTYpPH
TIOJISI.

EnexktpomarHiTHi mpuUCTpoi amapariB MarOTh (PEpOMarHiTHI €JIEMEHTH, IO
pPI3KO 3MEHIYIOTh MAarHiTHUM Omip g MOTOKY, 1 TOBITPSHI 3a30pH, YTBOPEHI
CTHKaMHu (pepoMarHiTHUX JeTajiedl (mapasuTHi 3a30pH), Y CIEIiaTbHO CTBOPIOBaHI
po0OoUl TOBITPSIHI 3a30pU. 3aBIASKWA PIZHUII MarHiTHUX IPOBITHOCTEW TMOBITPS 1
dbeppoMarseTika B poOOUYMX 3a30pax CTBOPIOETHCS CUJIA TPUTATAHHS CTAJICBUX
AeTaneil OIWH 10 OJHOTO, IO BHKOPHUCTOBYIOTH ISl TIEPEMIMICHHS PYXOMHX
elleMeHTIB (TATOBHI €JIeKTpOMarHit). B iHImMMX BUAax amapaTiB y MarHiTHOMY IOJI
MOBITPSIHOTO  33a30py PO3TAIIOBYEThCS TPOBIAHMK (pamka) 31 CTpyMOM, IO
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NepeMIIYETBCA B pe3ysibTaTi B3a€EMOIi CTPyMy 3 MAarHiTHUM TIOTOKOM
(bepommuamivyna cuctema) i T.1.

JIns eneKTpOMAarHiTiB XapakTepHI TPU BUJM MAarHiTHHUX IOTOKIB. PoOOYMid
noTik — @; y 3a30pi J,, IO CTBOPIOE €IEKTPOMArHITHY CHIIy IPUTATaHHS SKOPS 10
MOJIFOCA €JIEKTPOMAarHiTa; moTik Bunmy4yyBaHHsa @, 13 rpaHedl 1mooimu3y poOo4oro
HIOBITPSHOTO 3a30pY 0,, IO TAaKOX CTBOPIOE JIEIKY YAaCTKy TATOBOi CHJIM, MOTIK
PO3cCilOBaHHSI — MK CTEP)KHSIMHU MAarHITONMPOBOAY. SKIO yHMOMIOHUTH MarHiTHUN
MOTIK CTPYMYy B €JIIGKTPHUYHOMY KOJIl, TO 3a AHAJOTI€I0 3 EIEKTPUYHUMHU KOJIaMHU
MOJKHA CKJIAaCTH €KBIBAJICHTHY CXEMY 3aMillleHHs MarHiTHOro kona (puc. 17).

JUis  3py4HOCTI PO3paxyHKY MarHiTHE KOJIO 3aMiHSIOTh €KBIBAJICHTHUM
CJICKTPUYHUM KOJIOM, Ha3MBAaHHM CXeMOI 3aMmimeHHsi. Y cxemi mpkepeno MJIC
300paxyloTh SK Oartapero 3 Ccwiol, 1o HamarHiuye F=I*W. [linsaku
MAarHiTOIPOBOY 1 MOBITPSHI 3a30pH 300paXKyIOTh Y BUTIIsAAI ornopiB (puc. 17)

MarniTHu# omip Ha KOXKHIN 3 MIJISHOK BBAXKAIOTh HE3MIHHUM Y3JIOBXK JUISHKH.
Po3paxyHok BemyTh 3a 3akoHamu Kipxroda. [Ipu po3paxyHkax ciim BpaxyBaTH, IO
aHAJIOTIS 3 €JICKTPUYHUM KOJIOM TYT (popmanbHa. B enekTpuuHomMy Ko 3 JIHIHHAMHE
oropamu 3anexHicte |=f(U) ainiiiHa. Y MarHiTHOMy KoJIi Ma€ Miclie HaCHUYCHHS, 1
sanexHicth @=f(F) HaOyBae HenmiHiiHOTO XapaKkTepy.

[TpoBignicte (omip) MOTOKIB po3citoBaHHS G, SIBIIIE COOOIO PO3MOJIIICHY
OpOBITHICTE. 300paxkyeMo ii K psja mapaielbHO BKIOYEHUX MPOBIIHOCTEH
Gy =Nypp*l, me Ay p., IUTOMA TIPOBiAHICTS (IPOBIAHICTH HA OJUHULIIO AOBXKHUHH); | -
JTOBXHUHA NUITHKY. UnM OIbIie JUTSTHOK, THM TOYHIIIE PO3PaXyHOK.

. Y Hiit uepe3 "R" 3 mudpoBuMH iHAEKCAMHU TTO3HAYAIOTh MArHITHI OTIOPU JLJITHOK
CTaJIEBOIO MarHiTONpoBoay, uepe3 Rs; 1 Ry, - MarHiTHI onopu MoOBITPSHUX 3a30piB, a
yepe3 F=I*W - maruitopymiiiiHa cuja, 10 CTBOPIOE MAarHiTHI MOoToku @5 i @, (i -
cTpyM B oOMmoTii, W - 9uCIIO BUTKIB OOMOTKH).

[TpoBimHicTs (Omip) MOTOKIB po3CitoBaHHSI G, SBISE COOOI PO3MOIUICHY

OpOBITHICTE. 300paxkyeMo ii K psja MapaielbHO BKIOUYEHUX MPOBIIHOCTEH
Gy =Nypp*l, ne Ay p., IUTOMA IPOBIAHICTS (IPOBIAHICTH HA OJMHULIIO AOBKHUHH); | -
JOBXHWHA JIJISHKU. YUM O1IbIIIe TUISTHOK, TUM TOYHIIIIE PO3PAXyHOK.
Po3paxyHoKk Mar”HiTHMX KiJl MoOJiOHMI PO3PaXyHKY EJNEKTPUYHUX KOJMIB 1

3aCHOBaHUI HA 3aCTOCYBaHHI TAaKUX CITiBBITHOIIEHB:

1. Anrebpaiuna cymMa MarHiTHUX MOTOKIB y Oyab-IKOMY BY3Ji MarHiTHOTO KoOJia
JOPIBHIOE HYJIIO (aHAJIOT1YHO Iepinomy 3akony Kipxroda):

2P=0.
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2. AnreOpaiuHa cyma majiHb "MarHiTHUX MOTEHIaiB" 32 3aMKHYTUM KOHTYpPOM
Mar"iTHOTO KoJja JOPIBHIOE aireOpaiyHiii cyMi MarHITOPYUIIHHUX CUJI, IO AIIOTh Y
IIbOMY K KOHTYpi (aHaymoriuHo apyromy 3akony Kipxroda). MaruiTopymiifina cuia
oomoTku 3 yuciioMm BUTKIB W mipu ctpymi B Hili | gopiBHioe F=*W. Ilig maginasam
MarHiTHOTO TMOTEHIIaJly Ha TEeBHINA JUISHIII MarHiTHOTO KOJa PO3YMIEThCS TOOYTOK
Mar"iTHoro notoky ® na maruitauii onip R, miei aunstaku. Toai maeMo:

§@* dR =i*W un XD*R,=i*W,

3BIICH:
D=(I*W)/R,,.
» R,
( ) -
0
L L8y Rs
D
P
L A ®1 R1'2
2 2 y
D » @
— A 2 Ry
3 3 v
()
— ’ A @3 R
y
4 ~ w 4
] [ )
// < | 7

Puc. 17 <Cxema 3aMilLIEHHS MAarHITHUX K11

3. EnemenTapHa hopma 3aKOHY IIOBHOTO CTPYMY BHPaKAETHCS 3AJICHKHICTIO
ZH*I=i*W.,

4. B3aeMO3B's13Ky MDK TMOTOKO34YeIUIeHHsIM ¥, moTtokoM @, uucioM BUTKIB W,
Mepepi3oM MarHiTOMPOBOAY S, IHAYKINEK B, HAMPyXEHICTIO 1oyt H W Mar"iTHOO
MPOHUKHICTIO U

Y=d*W,
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D=B*S;

B=u*H,
€ M=HO* Homn, Momn- BIIHOCHA MarHiTHa NPOHHKHICTb, a Ho=1,25*10° Tm/m -
Mar"iTHa MPOHUKHICTb MOBITPS.

5. MaruiTauii omip R, MUISHKM MarHiTHOro KoJia mepepizoM S i JOBKHHOIO |
nopisutoe R, =/(4*S), ne u- maraiTHa MPOHWKHICTH. MarHiTHa MPOBIAHICTD AUISTHKH
A,=1/R,=(u*S)/l. EnexTpoMartiTHi €JIeMEHTH XapaKTePU3YIOThCSA I1HIYKTHBHICTIO
L=%/i= (W*®)/i, ne ®-moTik, cTBOpeHHI OOMOTKOIO 3 uucioMm BUTKiB W mipu
HPOTIKaHHI HEeIO CTpyMy | (IpH 34erieHHI MOTOKy @ 3 yciMa BUTKaMH OOMOTKH ).
SAxmo BUKopucTOBYBaTH 3aiexkHicTe D= (I*W)/R,,, onepxumo

L=(W* @)/i=(W/)*(*W)/R ,=W*R,, , L=W*4,,

3anuTaHHA V151 CaMOIlepeBIPKHU

1. [Ipoanani3yiiTe B3a€EMOAII0 BOX PIBHOODKXHHUX MPOBITHUKIB MPH OJHAKOBOT
HaTPSMKY CTPyMY B HHX.

2. [IpoanamnizyiiTe B3a€MOAII0 JBOX pPIBHOODKHUX NPOBITHUKIB TPHU PI3HUX
HamnpsMKaX CTPyMy B HUX.

3. [IpoananizyiiTe CyTHICTh IHAYKIIHHO-TWHAMIYHUAX B3a€EMOJIA y CHUCTeMax 3i
CTpyMamH, 110 3MiHIOIOThCS.

4. Yomy B eNEKTPOMArHiTax HE BUHUKAIOTh CHUJIM BIAIITOBXYBAHHS SKOPS Bif
ocepisi pu OyAb-SIKOMY HaNpsIMKY CTPyMy B OOMOTIII?

5. IMosicauTs miepie piBHAHHS MakcBeia B €JIeMEHTAPHUX YMOBAaX CTOCOBHO JIO
0OMOTKH 3 urciioMm BUTKIB W 1 cTpymMom .

6. [TosicHITh 3aKOH eyleKTpoMarHiTHOI iHAYKIT Dapazes B eneMeHTapHii (opmi.

7. I1logAcHITE 3aKOH €JIEKTPOMAarHiTHO1 THIYKIIi1 dapanes 1010
€JIEKTPOMArHITHUX €JI€MEHTIB 3MIHHOTO CTPYMY.

8. OOrpyHTYyliTe BEJIMYMHY MAarHiTHOIO ONOPY MAarHiTONPOBOAY SIK Maly 4Yu
BEITUKY.

9. 3aKk0oH PO3paxyHKy MarHiTHUX Kij (aHajmoridyHui nepmomy 3akoHy Kipxroda
JUTS €JICKTPHYHUX KiJT).

10. 3aKOH pO3PaxXyHKy MAarHITHUX Kia (aHAJOTIYHHA ApYyromMy 3akKOHY
Kupxroda ans enexTpuaHux Kin).

11. [TosICHITH 3aKOH TTOBHOT'O CTPYMY JIJISI MarHITHUX K1JI.
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4. EneMeHTH MArHiTHOro koJja. Po3paxyHoxk MarHiTHMX KiJl nmpu mocTtiiHoMYy
cTpyMi 0e3 00.1iKy nmoTOKiB po3citoBanHsi. Topoix 3 po3moaisieHOI0 00MOTKOIO.
Po3ranyskeHe MarHiTHe KoJio

MarniTonpoBoau. SIk MaTepiaj MarHiTONPOBOAIB BUKOPUCTOBYIOTh CTajb 1 ii
crutaBu. [[7sl eIeKTpOMarHiTHUX CHCTEM 3aCTOCOBYIOTh TaK 3BaHI MAarHiTOM' siki
MaTepiai, [0 BOJIOMIIOTh BY3bKOIO TETICI0 THCTEpPE3Wca 1 BHCOKOI MAarHiTHOIO
npoHukHicTIO. L{i MaTepianu xapakTepu3ylOThCS KPUBOIO HAMarHiuyBaHHS, 1110 SBJISIE
c00010 3aJIe)KHICTh MArHITHOI 1HIYKIII1 BiJl HAMPYKEHOCTI MarHiTHOTO TOJIA.

JI7is MOCTIMHUX MAarHiTiB 3aCTOCOBYIOTh MATHITOTBEpAi MaTepiaju, 10 MarOTh
IIMPOKY TCTEPE3UCHY METII0 1 Maly MarHiTHY MPOHUKHICT.

IoBiTpsaHi 3a30pu. [Ipu po3paxyHKy MarHiTHOTO KOJIa HEOOXITHO BU3HAUUTH
MPOBIJTHICTh TOBITPSHOTO 3a30py MPsAMO MPOMOPIINHY Mepepidy 00cAry, SIKUM
IPOXOJUTh MATHITHHM MOTIK 1 OOEpHEHO MPOMOpPLiHY MOBXKHUHI 3a30py. s
MOPIBHSHO MPOCTUX (POPM MOJIFOCIB MarHiTHA MPOBIAHICTh MOBITPSHUX 3a30PIB MOXKE
Oytu obOumciena aHamituaHo. Hampuknax, mis momociB (puc. 18) mpu manomy
MOBITPSHOMY 3a30p1 MK HUMHU 1 IPU Mar”HiTHUX JIHIAX, M0 HAYTh MapaliesibHO,
A=(ug*S)I6, TH, ne S mepepi3 MOBITPSHOTO 3a30py, M~ | O - HOrO TOBXKHHA, M; Lo -
MarHiTHa MPOHHUKHICTh IIOBITPA, ,u0=1,25*106 I'a/M, s nomiociB (puc. 18a)
A=(ug* a* 8)/d, a wst nomrocis Ha puc. 186 A=(ug* 7*d?)/(4*5).

VY nicHOCTI HaBITh JJISI I[LOTO MPOCTOTO BUIMAJIKY BU3HAYEHHS IMPOBIIHOCTI
CTAaHOBUTH J€AKI TPYOHOLIl. Y TOBITPSHOMY 3a30pl MarHiTHI JiHIi OyIyTh
BunyuyBati (puc. 18g). Ilepepiz mpoBigHOro moBiTpsiHOro 3azopy S (puc. 187).
Oyne Tpoxu OinbIlie Tepepidy Mmojroca S 1 MiiiCHa MPOBIIHICTh Oyze OUIBIIO0, HIX
migpaxoBaHa 3a OCTaHHIM piBHAHHSAM. [Ipu BigHOCHO TpocTuX (dopmax IOIIOCIB
BUITyYyBaHHS MarHiTHUX JIIHIA BJA€ThCA BpaXyBaTH MOMPABOYHUM KOE(IIIEHTOM.

Bpaxarots, mo S'=(a+x)*(b+y) (puc. 18r). Hampuknan, mpoBimHICTE MiX
nosmocamu (puc. 18p) Oyne

A

) .

[TorpaBounwmii koedinient (0,307#) BpaxoBye BUITydyBaHHS MarHITHUX JIiHIH

:%*(M 0.3073 5)*(b+ 0.307* &

y 3a30pi.

Jis  momiociB - Okl CKIaAHUX (OpM  aHANITUYHI BUpa3ud BIACYTHI,
IPOBITHOCTI 3a30PiB MOXYTh OYTH po3paxoBaHi rpad@iyHUM METOJ0M, a00 METOJI0M
PO30MBKY MOJIS HA HAUTIPOCTIII PirypHu.
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I'pagiunmii MeToa 3acHOBaHWN Ha MOOYAOBI KapTHWHM MAarHiTHOTO IOJS 3
HACTYITHOIO PO30MBKOIO HOro Ha eneMmeHTapHi TpyOku. Lleit merom TouHuid, ane
CKJIaJIHUH 1 TPYJIOMICTKUH.

@ T 0 ) )

Lo~ — )
vl 6 N | A
a >
) 3 % -~ 'y &
“ 4 J
a d / ¥
e / a+x
_— — - o

Puc. 18-BusnaueHHs mpoBiIHOCTI MOBITPSHUX 3a30PiB.

Haii6inpm  mmmMpoko  BUKOPUCTOBYIOTH  MeETOA  PO30OMBKH  MOJIA  HA
Halinpocriwi ¢irypu. Lleit meton mae moctatHiO ISl MPAKTUKKU TOYHICTh. [lomsirae
BIH y HACTYIMHOMY. MarHiTHe moJie B TOBITPSHOMY 3a30pi pO30MBaIOTh Ha Ps
HAWOPOCTIIIUX TEOMETPUYHUX Qiryp, [UIsl SKAX BIJOMI aHAJNITHYHI BUPA3H
npoBigHicTe. [IpoBIIHICTE 3a30py IMIJIPaxOBYIOTHh SK CYMYy MPOBIAHOCTEH yCIX
reoMeTpuuHuX QIiryp, Ha ki po3oute moine. Hampukman, mojie Mk YOTUPUKYTHUM
nojgrocoM 1 muomuHoo (puc. 19) mMoxke OyTH mpeacTaBieHE y BUIVIAAI CYMH
HACTYIHHX Ha#mpoctimmx ¢iryp: mapanenemninena nepepizom a*b i Bucororo & (1),
JOTUPHOX YBEPTEH IWIIHApaA paaiycoM O 1 JOBKUHOKIO TBIpHHX a 1 b (2), yoTuphox
YBepTel MOPOKHBOTO IWIiHApa ToBmUHOK M=(1...2)®,BHYTpimHIM pagiycoMm O i
A0BKHUHOIO TBipHHX a 1 b (3), yoTHprox (Ha KyTax) MOJIOBUH KYJIHOBOI'O KBaJpaHTa
paaiycoMm O 1 YOTHPHOX MOJOBHH KYJIbOBOi OOOJIOHKM TOBIIMHOIO M 1 BHYTPIIIHIM
paziycom 9.

5. Po3paxyHOKk MarHiTHUX KiJl P NOCTIHHOMY CTPpyMi 0e3 ypaxyBaHHS IIOTOKIB
po3ciroBanHsi. Topoia 3 po3noaijieHo0 00MOTKOI0

Topoin 3 po3moaieHor OOMOTKOIO - 1€ HAWOUIBII MPOCTE HEPO3TATYKECHE
koo (puc. 20), KoM MOTOKH PO3CIIOBAaHHSA NMPAKTHYHO BiACyTHi. J[is mboro kosa
BIJIMOBIAHO 10 Apyroro 3akoHy Kipxroga:

O*R, =W
O*(I/( £ S))=1*W.

MPC (I*W) tyT BUTpaudaroTh TUILKHA HA MPOBEJACHHS MAarHiTHOTO MIOTOKY Yepe3

MarHiTonpoBia, 1 3HadeHHs 11 f , 1m0 npunagae Ha OJMHUINO JIOBXKHHU

Martitonposoay |= 72D, mopiBHIOBaTHME HAMPYKEHOCTI MArHITHOTO IOJIS B CTAJIi:
f=I*"W=H (A/m)
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H -HanpyskeHicTh MaruitTHoro moJjsi, A/m; B - ingykisi, To)

- - e
/ m\ /
1 L

m
b 2 }“ m\‘;

R
N

e ————— -
S SO S

-

Puc. 19-Po30uBKa 1oJjsi Ha HAUMPOCTIII reoMeTpudHi Qirypu

a) 6)

H, H

-
-

Puc. 20-Topoin 3 po3nojiieHo0 00MOTKOIO (a) 1 KpuBa HaMarHi9yBaHHS CTai

(6)

Skmo 3agammii moTik @ Bimommii mepepis MarmiTompoBoma S=(7#D?)/4,
obOuucimoeMo iHAyKIiO B;=@/S. 3a kpuBow HamarHidyyBaHHs (0) 3HAXOIUMO
BIJIMOBIAHY Hampy>keHicTb Mar"iTHoro nois H;. lykana MPC:

F=I*W=H *I=h* #D.

Axmo 3agana MPC F=I*W , oGuucnroemo Hampy>KeHiCTh MarHiTHOTO TOJIS

H,=(*W)/l. 3a xpuBOoH HaMarHidyyBaHHsS 3HaXOAUMO IHAYKIil0O B; 1, 3Haw4u

nepepi3, BU3Ha4aeMo Irykanuii motik ®©: d=B,*S.
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5.1.Po3rajiy:keHe MarHiTHe Ko0J10
MarHiTHHI TOTIK y HEpO3ralyXeHiil YacTWHI MarHiTHOro komna (puc. 21) -
noBHUM TOTIK D=D1+dD,, ne D,,D, - TOTOKU B PO3TaTyKEHIH YaCTUHI MarHiTo
npoBoay I[loBHa marnHiTopymiiina cuna F=F;+F,, ne Fi,F,- maninas marxiTHEX
HOTEHI[IaJIiB Ha JIISHKAX, OOTIYHHMX MOTOKaMu @,D1,D, ; F1=@*R,,1; Fo=®@*( R,»+
Ru3tR,4); Fo=@*( R,st R,tR,7); 0de R,,R,...R;7 - BIiImOBiZHUX IiISHOK
marHiTonpoBoay. Ilpu cumerpuunomy mono oci 1-1 marmitompoBoml R,.= R,s
R.s= R, 1 T.1., a @1=®@,=®d[2 i po3paxyHOK BEAYTh IS TIOJOBHHH MarHiTOIPOBOIY
aK s Topoina. OOUABI MOJOBUHM SIBJISIIOTH COOOK0 JIBa TMapajeibHO BKJIIOUYEHUX
Mar”iTonpoBoau 3 motTokoM @/2, B sixux aie MPC F.
SIko 3amaauii notik @, To 3HAXOIUMO:
Bi=(p/2)/(S); Br=D1IS,=(D/2)|S;; Bs=D1/S:=(DP/2)ISs; Br=D1/S;=(DI2)IS;
3HaX0IMMO 3a KpUBUMU HaMarHiayBaHHs Hy,Hy1 T.1.
F=H*l 1+ Hs*l s+ Hg*l 6+ H*7;
F=H *| 1+ Hy*l >+ H3*l 3+ H*l 4.

a)
1
5 p,¢—— | ——>P, 2
S 1
|
6 3
O_
7 @ 4
N
D, D,
°) R R
M5 M2
— 1
> =

}uﬁ
R M3

RM? RM4

Puc. 21.-MarnuitHe ko010 (a) i cxema foro 3amimieHHs (0)
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3anuTaHHA V151 CaMOIlepeBIpKHU

1. O6rpyHTYiTE BHUKOPUCTAaHHS MaTepialy MAarHiTONPOBOJA €IEeKTPOMAarHITHUX
CUCTEM.

2. O0rpyHTYiiTe MaTepiaa MarHiTONPOBO/Ia MOCTIHHUX MATHITIB.

3. [IpoanamnizyiiTe KpMBy HaMarHiuyBaHHS CTaJi.

4.Po3paxyHOK TOpOiZa 3  PO3MOAUICHOIO OOMOTKOK TpU  3aJaHii
MarHiTOpPYyIIHIN CUJi.

5. PosranyxeHe MarHiTHE KOJIO 1 HOTO pO3paxyHOK.

6. EnexTpomarnitu nocriitHoro crpymy. Tarosa xapakrepuctuka. Ilporuairoui
3ycuuis (HaBaHTaxkeHHs1). Yac cnpanmboByBaHHs ejieKTpoMaruita. OcHOBHi
napaMeTpM eJeKTPOMArHiTiB. 3arajibHe PpIBHAHHA OaJlaHCY HaNpyru Ha
00MOTIIi eJIeKTPOMAarHiTa

B enextpomarniTax mOCTIHHOTO CTPyMy MAarHiTHUM TOTIK CTBOPIOIOTH
OOMOTKOIO TMOCTIMHOTO cTpyMmy. [lis TakuxX eNeKTPOMArHiTiB HE 3aJIeKUTh BiJ
HaIpsSMKy CTpyMy B OOMOTII. BoHM HaiOUIbII €KOHOMIYHI, 1 3aBISKH BEIUKIN
pPO3MAITOCTI KOHCTPYKTUBHOTO BHUKOHAHHS IX MOXXHA IMPUCTOCOBYBATU JO PI3HUX
YMOB pOOOTH 1 PI3HUX XapaKTepiB HABAHTAXKEHbB, 1X BUKOPUCTOBYIOTh SIK MPUBIJ JJIs
3M1ACHEHHST HeoOXiaHoro mepemimeHHs. [IpuknanomM moaiOHUX €IeKTPOMArHiTIB €
TATOBI, 1110 TPU3HAYCHI JJIsI KOHKPETHOI MEXaHIYHO1 poOOTH MPHU MEPEMIIEHHI THX
Yy 1HIIUX POOOYMX OPraHiB. €IEKTPOMArHiTHI My(TH 3YEIUIEHHS 1 TaJbMyBaHHS 1
rajJbMOBI €JEKTPOMAarHiTH, €JEKTPOMAarHiTH, II0 MPUBOJATH B [IIF0 KOHTAKTHI
OpuCTpoi B KOHTAaKTOpax 1 aBTOMATMYHUX BUMHUKayaxX; eJNEKTPOMArHITH pele,
JATYUKIB, PETYJIATOPIB Ta IHIINX MPUCTPOIB aBTOMATHKH.

HaiiBaxxnuBiii XapakKTepUCTHKHU €JIEKTPOMAarHiTa:

6.1. TsaroBa xapakrtepucTmka (CTaTH4Ha) SBIIE  COOOI  3aJCHKHICTD
€JIEKTPOMArHITHOI CWJIM BiJ pOOOYOro 3a30py M PI3HUX MOCTIHHUX 3HAYEHb
HAMpyTH, TiABEACHOI 10 OOMOTKH, 4Yd cTpyMy B oomoTi: P,,=f(J) npu U=constuu
P.,=f(0) npu i=const.

Y mHalimpocTimoMy BHUMAAKY, KOJIH MOXXHA 3HEXTYBATH PO3CIIOBAaHHSIM i
marHiTHUM omopoM craim (R,s=R;), BBaxkaroum mone B pobodomy 3a3opi
piBHOMipHUM, 3acTtocyBaBiiu (opmyny A,=1/R,=(u*S)/l nns ioro mnpoBigHOCTI,
dbopmynny  Maxkcsena PeM:(BZ*S)/(Z*ﬂO), JUIS  €JeKTPOMAarHiTHOI  TATOBOI
XapaKTEPUCTHKHU OJICPIKUMO 3AJICKHICTH
_Brs_ @rs _ @, _(IMW)*AD

2% ﬂo 2% /10* SZ 2% ﬂo*s 2% ﬂo*s

I em
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_ (W), g S oS (W) gt S
2* uo* S 6 2* 62 2* 62
ne O=(I*W)/R,=I*"W* A,;.
6.2. IIporuaioui 3ycuiuis (HABaHTa:KeHHsI) EJICKTPOMArHiTa SIBIISIIOTH COOOIO

3aJIEKHICTh TPOTUAIIOYMX CUI ( y 3araJbHOMY BHIIQJIKy HPUBEACHUX 10 TOYKH
NPUKIIAJICHHS €JIeKTPOMAarHiTHOI cuin) Big podouoro 3a3zopy P,=f(J). Ha puc. 22 us
3aJIe)KHICTh HaBE/ICHA Y BUTIISAL IBOX MPY>KUH, IO BCTYMAOTh Y JIIO.

0 5 5

K H

Puc. 22-TIpotuniroua xapakrepuctuka P,=f(3) i TaroBa XxapakrepucTuka
P.=f(3)

3icTaBieHHS MNPOTUIIIOYOI 1 TITOBOI XAPAKTEPUCTUKHU J1a€ 3MOTY 3pOOUTH
BHCHOBOK (momepeanbo, 0Oe3 ypaxyBaHHS JAWHAMIKH) MO0 IIPaIe3aaTHOCTI
eJIeKTpomarHita. J{Jasi HOpMalbHOTO CHpallbOBYBaHHS €JIEKTPOMAarHiTa HEOOXiTHO,
mo0 TAroBa CTaTMYHA XapaKTepuCTHKa, moOynosaHa mpu |.,=CONSt Ha BchOMy
Alama3oHi 3MIHH XOJy SIKOps, MPOXOAWIa BHILNE MPOTUAIIOYOI; JJs YITKOTO
BiZiMycKaHHs (TIOBEPHEHHs), HABIAKH, TIArOBa XapaKTePUCTHKA, MOOyJOBaHA IpH
l »»=CONSt MOBUHHA MPOXOIUTH HUKYIE MMPOTHIIFOYOI.
6.3.Yac cnpauboBYBaHHS eJIeKTPOMATHITA - 1€ Yac 3 MOMEHTY I0ja4i CUTHAJIy Ha
0OMOTKY €JIEeKTpOMAarHiTa J0 Mepexoy SKops B WOTO KiHIIEBE TOJOKEHHS. 3a THIITNX
PIBHUX YMOB BOHO € (DYHKIII€IO0 MTOYATKOBOI MPOTHAII0UOT CHiI Py 1 3amTpuxoBaHoi
o Q Ha puc. 22.

/10 OCHOBHHUX MapaMeTPiB eJJeKTPOMAarHiTa BiIHOCATb HACTYIHI:

I[MoTy:kHicTh, CHOXKMBaHA eJEeKTPOMATHITOM. ['paHMYHAa MOTYXXHICTb,
CIO’KMBaHa €JIEKTPOMArHITOM, MOXE OOMEXYBATHUCS K BETUYMHOIO MPHUITYCTUMOTO
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HarpiBaHHs WOro oOMOTKH, Tak (y AESKHX BHIIQJIKaX) i yMOBaMHU JKUBJICHHS KOJa
OOMOTKH €JIeKTPOMArHiTa.

Koedimienr 3amacy (K,). YV Oimbmocti Bumaakie MPC pyxaHHS MOKHA
BBakaTu piBHOIO MPC cnpanpoByBaHHs enekTpomarsita. Bignomenns MPC, mo
BiAmoBinae cramomy 3HadeHHio cTpymy ( l., ), mo MJIC cnopamnboByBaHHS
(BiZHOBiIHO 1O CcTpyMy cHpanboByBaHHSA |l.,) (puc. 23) Ha3uBa1OTh KoedilieHTOM
3amnacy:

K;=F ol F cnp=l eml cnp>1.

IIapameTp cnpanboByBaHHs. fIBise co00I0 MiHIManbHE 3HAYEHHS CTPyMY
Yd HAmpyrw, TpU SKOMY BiAOyBa€ThCS CIPAIbOBYBAHHS  €IEKTPOMAarHiTa
(mepemileHHs SKOPs Bia 0, 10 Jy).

nos

v
v

tc”l’ t t nos t

Puc. 23-Ctpym B 00MoTIIi enekTpomarHita (i,) npu BkiItoueHHi (a) 1 BUKIoueHHi (0)

IMapamerp BinnmyckanHsi (moBepHeHHsI). BiAmoBigHO MakcUMallbHE 3HAYCHHS

CTPYMY YH HAIMpyTH, TIPH SIKOMY SIKIp TIOBEPTAETHCS IO BUX1THOTO TTOJIOKEHHS.
KoedinienT nosepuenns (K,,,). Bignomenus MPC, npu skoMy Bi0yBa€eThCs
MOBEPHEHHS AKOps B mepBicHe mojoxeHHs, 10 MJIC crnpanboByBaHHS Ha3UBAETHCS
Koe(]iIieHTOM IMOBEPHEHHS €JIEKTPOMAarHiTa:
Knostnoechnpzl nosll cnps

1€ | s - CTPYM MTOBEPHEHHS €JICKTPOMArHiTA.

Jlisg 3BUYAMHMX €JEKTPOMArHiTIB KOE(IIIEHT TMOBEPHEHHSI 3aBXAM MEHIIE
OJTMHUAIL.

3araJjibHe PiBHAAHHS 0aJIaHCY HATIPYTH HA O0OMOTIII €JIeKTPOMATHITA
[Ipu BKIIIOYEHHI €NIEKTPOMArHiTa Ha Hampyry CTpyM B OOMOTII 3MIHIOETHCS B
qaci, IPUYOMY 3aKOH 3MiHHM CTpyMy OyJlie pi3HUM: OJUH - O MOYATKy PyXy SIKOpS,
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APYTUH - 1HIIAHA, KOJH SIKip Ipuiiae B pyX. ToMy po3pi3HSIOTh Yac 3pyIICHHS SKOPS 1
yac ioro pyxy. Po3risa uux npoieciB BAKOHYIOTb OKPEMO.

Ha puc. 24 naBeneHa 3aJeXHICTh CTPyMY JUIsl HEHACHYCHOTO €JIEKTpOMAarHita
MoCTiHOTO CTpyMy. Jlo mouaTky pyxy sikops (IpH MOYATKOBOMY 3a30pi) CTpyM
3MIHIOETBCS 32 EKCIIOHEHTOI 3 EeJEKTPOMArHITHOK TOCTiHOI dYacy [,, Ilicus
3aKIHUEHHS 4acy 3pyIIeHHs t,, OUYMHAETBCSA PYyX SKOpS 1 CTPYM 3MIHIOEThCS 32
KpuBol0 <«ab», mo Bixnosinae yacy pyxy t,. Touka b , mo nexuTs Ha kpusiii 2,
BIANOBIZA€ Yacy CIPalbOBYBaHHSA {.,,. Ilicii 3ymUHKM SKOpS CTPyM 3MIHIOEThCA 32
€KCIIOHEHTOI0 2 3 TIOCTIHHOIO Yacy I, TOYHI pO3paxXyHKH MEPEXiTHUX PEKHUMIB IIPU
3MiHI CTPyMY MMOBUHHI MPOBOJUTHUCS 3 YpaxXyBaHHSIM BIUIMBY TiCTEpE3Hca 1 BAXPOBUX
CTPYMIB.

[Tpu BKJIIOUEHHI eJIeKTpoMarHiTa Ha Hanpyry U, piBHSHHS Ma€ BUTJISI:

Uo=1*R+d #dt.

[IpencraBuMo moToko3derieHHsT K (=L, *1, ne L, -auHamivyHe 3HAYEHHS

1HIYKTUBHOCTI eJieKTpoMarHita. Toi
Uo=1*R+ L,*(di/dt)+i*(d L ,/dt).

VY meprnii cramii BkmoueHHs (aiasHka O-a , o Ha puc. 24) iHIyKTHBHICTh
L,=L Mo)kHa BBaXKaTH HE3MIHHOIO, TOMY IO MOBITPsHHIA 3a30p (O0=0,) 1 HoOro
Mar"HiTHUA OMip TMOCTIMHMI, a Mar"HiTOmpoBOJA 3BHYAHO HEHACHYEHUH 1 HOro
MarHiTHUM ONIp MOKHA BBa)KaTH SK TaKUM, IO JOPIBHIOE HYJO. TOi pIBHSHHS
3no0yBae Burisig Uy,=i*R+ L*(di/dt). Bupimenns iioro npu mo4atkosiii ymoBi t=0,
i=0:

i=(UJ/R)*(1-€""),

ne T,,- MOYaTKoBa MmocTiiHa yacy 7,,—L/R

Ha minsuui «ab» (puc. 24) BigOyBaeThes pyX SAKOps, MPH IbOMY CTPYM B 0OMOTIII
, IK TIPABHJIO, 3MEHIITY€ThCS.

SIKIIO sIKIp PYXa€eThCsl, TO IHAYKTUBHICTD YK€ HE MOXKHA BBa)KaTU MOCTIHHOIO —
BOHA 30LIbIIYETHCS. Y IIbOMY BHUIIQJKy 3aBISKH EJIEKTPOMArHiTHIA 1HIYKIIi B
oomoTIi HaBoAuThes potu EPC pyxy (ocTaHHii YieH B pIBHSIHHI):

Uo=1*R+ L ,*(di/dt)+i*(d L ,/dt),

mo 3meHmye pirouy Hanpyry (Ue-i*(dL,/dt)), sika i mpu3BOAMTH 10 3HUKCHHS

CTpyMYy:
i=(Uo/R)*(1-€7™),

ne T, KiHieBa nocrtiina vacy T, =L /R, L>L.
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Puc. 24 .3anexHicTs CTpyMy KOTYUIKH €JIEKTpOMArHita BijJ 4acy Moro
BKJIIOYEHHS, Jie {,, —dac 3pylIeHHs eleKTpoMarHira, t,—uac pyxy; t.,,—4ac
CHpanboByBaHHS,; |, — CTasle 3HaYEHHS CTPYMY

3anuTaHHA IS caMoIlepeBipKu

1. Illo Ha3uBa€eTHCS MPOTUAIFOUO (MEXaHIYHOI) 1 TATOBOK XapaKTEPUCTHKOIO
€JIEKTpOMarHita?

2. IlepeniuiTh OCHOBHI MapamMeTpH €JIeKTpOMarHira.

3. IlpoanamnizyiiTe OCHOBHI (paKTOPH, IO BIUIMBAIOTH HA Yac CIPaIlbOBYBaHHS
€JIEKTpOMArHiTa.

4. TIlpoanamidyiiTe BIUIMB HAa KOHTaKTHY CHUCTEMY pO3TallyBaHHS TITOBOI
XapaKTePUCTHKH €IEKTPOMAarHiTa HIKYe MPOTUIIFOYO.

5. Jlaiite Bu3HayeHHs “KoedilieHTa 3amacy” K OJHOTO 3 OCHOBHUX IapaMeTpiB
€JIGKTpOMarHira.

6. OxapaktepusyiTe MOTYXKHICTh, SKY CIIOKHBA€ €IEKTPOMATHIT, SIK OAWH 3
OCHOBHUX IapaMeTpiB EIEKTPOMAarHira.

7. YuM NOSACHIOETHCS JesIKe 3HIKEHHS CTPYMY €JIEKTPOMAarHita Ha mo4atrky pyxy
SIKOPS?
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7. Korymiku ejgekTpoMarHitiB. EjekTpoMarHiTHi MexaHi3Mu amapartis.
OcHoBHi mnoHsaTTaA. Ejaekrpomarnitm 3miHHOro crpymy. IlpuckopenHs
CNpanbOBYBAHHSA eJIEKTPOMATHITIB. YnoBijibHeHHS CNIPaNbOBYBAHHSA
ejekTpoMarHiTiB. CtpymoBeny4i yactunu. IIpoBoam i mmHm

Korymka — oauH 3 TOJOBHHX €JIEMEHTIB €JIEeKTpOMarHita 1 [OBUHHA
3aJI0BOJIbHSITH TAKUM OCHOBHUM BUMOTaM:

— 3a0e3meuyBaTH HajliHE BKJIIOYEHHS E€JIEKTPOMAarHita Mpu HaWTIpHIMX YMOBAaX,
TOOTO B HArpiTOMY CTaH1 1 TP 3HIKEHIN HAIpy3i;

— He MeperpiBaTucs MOHAJ MPUITYCTUMY TeMIEepaTypy MPHU BCIX MOXKIMBHUX PEKUMAX,
TOOTO MpH MiABUIIEHINA HAMPY3i,

— IpY MIHIMaJbHUX pO3Mipax OyTH 3pyUHOIO AJisi BUPOOHUIITBA,

— OyTH MEXaHIYHO MIIHOIO;

— MaTu JIOCTaTHIN pIBEHb 130JIA11l1, a B IEIKHX amapaTax — OyTH BOJIOTO-, KUCIIOTO- 1
MAacJIO0CTIMKOIO.

VY mporeci poOOTH B KOTYIIII BHHHKAIOTH HANpPyTU: MeXaHiYHi — 3a paxyHOK
€JEKTPOJMHAMIYHHMX CUJI Y BUTKAX 1 MK BUTKaMH, OCOOJIMBO TIPU 3MIHHOMY CTPYMI,
TepMiYHi — 3a paxyHOK HEpIBHOMIPDHOTO HarpiBaHHsS OKpeMHX ii YacTHH;
eJIeKTPUYHi — 32 paxyHOK MEepeHanpyr, 30KpeMa, Py BiIKIIOYEHHI.

[Ipu po3paxyHKy KOTYIIKM HEOOXiTHO BHUKOHAaTH JBI YMOBH. Iieplia —
3abe3neunt HeoOxigHy MPC mipu rapsidiii KOTyIIII 1 3HUXKEHIM Hampysi, Apyra —
TEeMIepaTypa HarpiBaHHS KOTYIIKHM TMpH LbOMY HE TMOBHHHA TMEPEBUILYBaTH
IPUITYCTUMY.

VY pesynbrari po3paxyHKy TOBHMHHI OyTHM BH3HA4YeHI Taki BEJIUYMHH, IO
HeoOXiaHi 1 HamoTyBaHHs: d — miameTrp apoty oOpaHoi mapku; W — 4KCII0 BUTKIB;
R —omip KOTymKwu.

3a KOHCTPYKUIMHMM BHKOHAHHSIM PO3PI3HSAIOTH KOTYIIKUA: KApKacHi —
HAMOTYBaHHSI 3[IHCHIOETHCS Ha METaJeBOMY 4YM IIJJaCTMAacOBOMY KapKaci;
Oe3kapkacHi 0aHJgak0BaHi - HAMOTYBaHHS BHKOHYIOTh Ha 3HIMHOMY I1a0JIOHI,
micas HAMOTYBaHHS KOTYIIKH OaHIaXyIOTb; Oe3KapKacHi 3 HaMOTYBaHHSM Ha
ocep/isi MarHiTHOI CUCTEMH.

Enexkrpomaruitai Mexanizmu anapartiB. OCHOBHI OHATTS
EnektpomarHiTHI MeXaHI3MH 3aCTOCOBYIOTH JJi MPHUBEACHHSA B JiI0 0araTbox
anapatiB. KoHCTpyKIIisl eIeKTpoMardita Moxe 0yTH kiacudikoBaHa:
1) 3a cmocobom nii: yTpUMYK4i — JJIsl YTPUMaHHS TOTO YH IHIIOTO TSATaps
nerajei  (HampuUKIam, eJNeKTPOMArHiTHI  CTOJM  BEPCTaTiB, CJICKTPOMArHiTH
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OiHIMAIBHAX KpaHiB 1 T.I1.); [0 NPHTATalTh — pPOOJATH MEBHY poOOTYy,
MNPUTSTAI0YU CBIH SKIp;

2) 3acrnocoOOM BKIIIOUEHHS: 3 PiBHOOIXKHOI0 KOTYIIKOI0 — CTPYM Y KOTYIIII
BU3HAYAIOTh IMapaMeTpaMH CaMOro €JIGKTpOMAarHiTa 1 Hampyrow Mepexi; 3
NMOCJII0BHOK KOTYHIKOK — KOTYIIKY BKJIIOYAalOTh B CUJIOBE KOJIO; CTPYM Y KOTYIIIIII
BU3HAYAIOTh HE MapaMeTpaMu eJIEKTPOMArHita, a TUMH HOPUCTpOsiMH (MalIvHH,
arapaTH), B KOJIO SIKHX BKIJIFOUCHA KOTYIIIKA;

3) 32 pomoM CTpyMy : MOCTIHHOro CTPyMY — IPH PiBHOODKHOMY BKJIFOUEHHI
CTPYM Yy KOTYIIII 3aJ€XHUTh BIJ OMOpy il OOMOTKM W MpHUKIAAEHOT HANpPYTH,
€JIEKTPOMAarHiTHa CUCTeMa IMpaltoe mpu noctiiHii MPC; 3MiHHOTO cTpymMy — npu
PIBHOODKHOMY BKJIIOUEHHI CTPYM Y KOTYIIII 3aJIKUTh BiJl IHAYKTHUBHOCTI CUCTEMH,
IO 3MIHIOETbCSI OOCPHEHO -MPOIOPLIHHO MOBITPSHOMY 3a30py; €JIEKTPOMAarHiTHa
CUCTEMA TPAILIOE TIPU CTAJIOCTI MOTOKO3YEIUICHHS,

4) 3a xapakTepoM pyXy SKOps: MOBOPOTHI — SKIp IMMOBEPTAETHCS HABKOJIO
sKkoich oci uyu omopu (puc. 25, a 1 0); MPSAMOXOAOBI — SKIp MEPEMIIIYETHCS
noctynaibHo (puc. 25B,T).

a)
B 1
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Puc. 25 — Cxemu enekTpoMarHiTiB. a,0 — 3 MOBOPOTHUM SIKOPEM; B,I — 3
MPSMOX1THUM sikopeM, 1 —cko0a; 2 —skopk; 3- KOTyIKa; 4 —oceps

EnexkTpoMartitv 3MiHHOI0 CTPyMy
Bonu wmaroTh psa HEZOMIKiB, SKI BIJCYTHI B €JIEKTPOMArHiTax MOCTIHHOTO

CTpyMY:
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-ipY  3aJaHId TUIONII TIOJIFOCA CEepeAHs Cuila TATH BABIYI MEHINA, HDK B
€JIEKTpPOMArHiTa MoCTIHHOTO CTPYMY;

-KO’)KHa OJMHUL BUKOHAHOI pPOOOTH BUMAara€ BHU3HAUEHOI PEaKTHUBHOI
MOTYXHOCTI, 0 POCTE MPOMOPIIHHO YaCTOT1 KUBUJIBHOT HANIPYTH; 3BIJCH BUILJIMBAE
TaKOX 1 CUJIbHA 3aJIEKHICTh TSATOBUX XapaKTEPUCTHUK B1J] YaCTOTH,

- KOHCTpPYKIIIifHE BUKOHAHHS E€JEKTPOMArHiTiB OOMekeHe uepe3 HeoOXiJHICTb
BUKOHAHHSI MarHiTOIPOBO/Y IIMXTOBAHUM 3 TOHKOJIMCTOBOI €IEKTPOTEXHIYHOT CTaJIi;

- JIOJATKOBE HArpiBaHHS MAarHiTONPOBOAY B pe3yjbTaTi BTpAT Yy HbOMY U y
KOPOTKO3aMKHYTOMY BHUTKY (OCTaHHIN BCTaHOBJIOETBCS Ha OCEpPAl 3 METOM
YCYHEHHs BiOpalii skops);

-cJ1a0KOo 3pocTaroya Mo XOAy SKOps TArOBa XapaKTEpUCTHKA B 0araTboxX BUIAJIKaxX
00MeXKy€e MOKJIMBOCTI y3TOKEHHS ii 3 HABaHTAKYBaJbHOIO XapaKTEPUCTUKOIO;

-HU3bKa CTIMKICTh NMPH MEXAHIYHMX BIUIMBAX Ye€pe3 MiJIBUILEHY Bary pyXxoMHX
YACTHH 1 MaJly HaJUTMIIKOBY CHITy €JIEKTPOMarHiTa npu NpUTATHYTOMY SIKOPI.

HasiBHICTH Cy4YacHUX BHMCOKOSKICHUX HAMiBIPOBIIHUKOBUX JIIOMIB JIO3BOJISE
I[IHOIO JIESIKOTO KOHCTPYKTMBHOTO YCKJIAQJHEHHS MPHUCTPOIO 1 30UIBLICHHS HOTO
BapTOCTI 3a0€3MEUUTH MOXKJIMBICTb MPU >KUBJICHHI BiJl MeEpeki 3MIHHOTO CTPyMY
OJlep’)KaTh  €NIEKTPOMArHiT, W0 Tpalloe Ha  BUMOPAMICHOMY CTpyMi 3
XapaKTEepUCTUKAMH, OJM3bKUMHU O €JNeKTpOMarHitTa mnocTiiHoro crtpymy. Llei
HAmpsIMOK y JaHUM 4yac CTae OJHUM 3 OCHOBHHMX Y PO3BHUTKY €JIEKTPOMAarHiTHUX
MEXaH13MIB 3MIHHOTO CTPYMY, OCOOJIMBO JJIs CIEIIaJIbHOIO IXHBOT'O 3aCTOCYBaHHS.

IIpuckopeHHs: CIpanbOBYBAHHSI €JIEKTPOMATHITIB
JlocsiraeTbest 3HMKCHHSM BHUHUKAIOUUX Y TEPEXITHUX PEXKUMaX BUXPOBUX
CTpyMIB y MarHitonpoBoji (BIANOBiAHO g0 npuHOUNy iHepuii JleHiia BoHH
BHKJIMKAIOTh MarHiTHI IOTOKH, IO TIEPENIKOKAIOTh TUHAMIIII OCHOBHOTO TIPOIIECY),
a TaKOK 3aCTOCYBaHHAM creriaabHuX cxeM (puc. 26).

B
a) Rooo 0) Rooo 8) Rooo
—
R | ST -
o v ] o [] Uo
Z /) 2

Puc. 26 -CrneuianbHi cXeMU IPUCKOPEHHSI CTIPAI[bOBYBAaHHS €JIEKTPOMArHiTiB
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Yac pyxaHHS TpU CHOpalbOBYBaHHI MOKHA 3MEHIIUTH, SKIIO OJHOYACHO 3i
36inpieHHsM Hanpyrd U, BKIIOYAaTH B CXeMy JOAATKOBHI omip Ry, (puc. 26a)
cramicte, mo 3abesneuye [.,=U’ /(R+R,,). 3MeHIIeHHS dYacy 3pYIICHHS TYT
BHUXOJIUTH 3a PaxyHOK 3HIDKEHHs noctiiiHoi dacy (L/(R+R,,)). Hemomikom € Te, mo
1€ JOCSATAETHCS 30UIBIICHHSM BTPATH MOTYXHOCTI B IOAATKOBOMY OTIOpPi Ryy0.

VY cxemi (puc. 260) dopcyBaHHs CTpyMy B MOPIBHSHHI 3 MOMEPEIHBOI0 CXEMOIO
BUXOJUTH 32 PaXyHOK TOTO, III0 B TIEPIINA MOMEHT 4acy miciis nmogadi Hanpyru U He
3aps/KEHa IIe €MHICTh «C» CTBOPIOE, MIYHTYIOUH R,,5, MOAATKOBUN INLIAX IS
ctpymy. ToMmy 3a paxXyHOK CTpyMy 3apsIKd KOHJEHcatopa B OOMOTII
EIeKTPOMarHiTa CTpyM 3poctae mBuame. Hemomik 1miei cxemMu — HasIBHICT
KOH/ICHCAaTOpa 3HAYHOI €MHOCTI.

Ha puc. 26p 300pakena cxema (OpCyBaHHsS CIpaIllbOBYBaHHS 3a PaxyHOK
301TBIICHHS CTPYMY CIHpPAaIlbOBYBaHHS, TOMY IO JOJATKOBUH OIMIp BKIIOYAETHCS
JIMILE TICIIsA TOTO, SIK BiAOYIEThCS CIPAIbOBYBAHHS 1 PO3IMKHETbCA KOHTAKT 1 CTPYyM
yrpumanns  cknage |,,= UJ/(R+R,;). Le#t crpym 3amkam MeHIIe CTpymy
crpanboByBaHHS. HeT0IKOM CXeMH € HasiBHICTh JOJATKOBOTO (BLIBHOTO) KOHTAKTY,
110 PO3MUKAE.

Jlisi  yNOBUIbHEHHSl CIPallbOBYBAHHS  €JIEKTPOMArHITIB  NpParHyTh
BUKOPHCTOBYBAaTH BC1 3arajibHi (akTopH, IO MNPHUBOAATH JO 30UIBIICHHS Yacy
3pylmIeHHS 1 dYacy pyxy. HaiOinapmr po3mOBCIOKEHHM 3 TEPIIMX CIOCOOIB €
eJIEKTpOMarHiTHe aeMrdipyBaHHS 3a JOMOMOTOK KOPOTKO3aMKHYTHX OOMOTOK,
BUKOHAHUX 3 MaTepialy 3 MaJIMM MTUTOMHM EJICKTPUIHUM ortopoMm (puc. 27).

BuxpoBi cTpymHu, 110 3'SIBISIOTECS B €KpaHYIOUUX (OXOIUTFOFOYMX MarHiTOMPOBIT
) KOPOTKO3aMKHYTHX OOMOTKaxX YH TiIb3aX Y MOMEHT 3aMHUKaHHS (PO3MHKAHHS)
OCHOBHOI OOMOTKH, 3aTPHUMYIOTh 3MiHY MAarHiTHOTO TIOTOKY 1 CTBOPIOIOTH
YIOBUIBHEHHS CIIPAIlbOBYBAaHHA SIK MPU MPUTATAHHI, TaK 1 MPU BIAMyCKaHHI SKOPSI.
IIpu BiAmyCcKaHH1 SIKOPS IOCATAETHCS OUTBIIHNI €(EKT, 110 CIOBIILHIOE, TOMY 110 TIPU
BIJIKJIFOUEHHI OOMOTKH TMEpeXiTHUI Mpoliec BiA0YBA€ThCSA NMPU MPUTATHYTOMY SIKOPI,
KOJIM 1HAYKTUBHICTh CUCTEMH Olblia. ToMy BUTPUMKA Yacy MPH BIAMYCKaHHI SIKOPS
B E€JIEKTPOMArHiTax 3 KOPOTKO3aMKHYTHMHU TlIb3aMH MOe OyTu orpumana B 8-12
pasziB OlblIIe, HIXK TPU HOTO MIPUTSATAHHI.

Po6ounii mporiec enekTpoMarHiTa mMpoTiKae 3 MOMEHTY NMPHUMHHEHHS JKUBJICHHS
KOTYIIKK 4, 110 HamarHidye, A0 MOMEHTY BiAIyCKaHHS skops 3. Butpumka uacy
BH3HAYAETHCSI YACOM CIaJy MAarHiTHOTO MOTOKY BiJ MOYAaTKOBOTO 3Ha4eHHSI D, 10
NOTOKY BiamyckanHi @Dy, , TpU SKOMYy MEXaHIYHE 3YCHIUISA, CTBOPIOBAHE
MOBOPOTHOIO MpPYKWHOIO 1, JOpIBHIOBaTHUME €IEKTPOMArHITHOMY 3YCHIUIIO
NPUTATAHHS SKOPS 10 oceps 5. BennunHy 1poro 4acy MOXHa pPeryJoBaTH 3MiHOIO
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TOBIIIMHA HEMAarHiTHOI MPOoKIaaku 2 (BruikBae Ha @, (MOYATKOBUH MOTIK) YK 3MIHOIO
HATSTy NMpYXuHA (BIuiBae Ha Dy;y,). [lincTaBa i KOpIyc BUKOHAHI 3 IPYTKOBOI CTali,
10 JIa€ MOXKJIMBICTh OJIEP)KATU CYLUIBHOTHYTUH MAarHiTONPOBIJI 3 MEHIIUM, HIXK Y
3BUYAMHUX KJIAMMAHHUX CHUCTEM, PE3yJbTYIOUUM HEMarHiTHUM 3a30pOM TIpH
OpUTATHYTOMY sikopi. KpiM TOro, Takuii MarHiTONpPOBIJ J03BOJISE PO3MICTUTH
JOJIATKOBI T1JIb3M Ha Kopmyci (I KOTYIIKOIO, 0 HaMarHiuye, 4) i Ha mijacTaBi, mo
3aJIMBAIOTh CHJIYMIHOM, OJIEPIKYIOUH OJHOYACHO AeMI(ipyrodnii KOHTYp (IOKa3aHHi

MYHKTAPOM) 1 KOHCTPYKTUBHUHN €JIEMEHT KPIITUICHHS €JIEKTPOMAarHiTa.

1 3 4

Puc. 27.-YnoBinpHEeHHS Aii €JeKTpOMarHita 3a J0IOMOT0I0 MarHiTHOTO
aemnQipyBaHHs

CrpymoBeny4i yactunu. [IpoBix i mmHa.

IpoBin i mmua. Jlo ckmamy CTpyMOBEIyYMX YacTHH amapariB BXOJSATh
MPOBITHUKU PI3HUX BUIB, IO € SIK YACTUHOIO amapara, TaKk 1 BUKOPUCTYIOThCS IS
3'€THAHHS OTO 3 IHITMMH €JIEMEHTaMH YCTaTKyBaHHS.

[IpoBin eneKTPOPYyXOMOTO CKJIaay IMpamioe B OCOOJMBUX yMOBax 1 TOMY
BIIPI3HSAETBCS  BIJl MPOBOAY  CTAIllOHAPHOTO  ycTaTKyBaHHsA.  Haituacrime
BUKOPHCTOBYIOTh OJHOKUJILHUN MPOBIJ T1ABUIIEHOT THYYKOCTI 3 MiTHUMU KUJIAMH
MIOCUJICHOIO TYMOBOIO 130JIAIII€10 i TTOCUJICHUM MPOTUTHIJIBHUM OTUICTEHHSIM MapKu
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I1C, yn B rymoBux nutanrax mapku IICII, a Ttakoxx nposia 1 ka6ens [IIICPBM Ta
[TIICPMO a1t eneKTpOpyXOoMOro CKIaay, peHKOBOTO TPAHCHIOPTY i TposieiOyciB.
[IpoBix 3'eqHYIOTH 3aTUCKHUMH KOHTAaKTaMH, OOOB'SI3KOBO TiepedavyaroTh

3aX0/M, 10 3amo0iral0Th CaMOpPO3TBUHUYYBaHHIO. Uepe3 HEeMOCTaTHIO CTIMKICTH 10
TPSICIHHSA 1032 amaparaMy HE MO)KHA HapoIlyBaTH MpPOBIA MaiKow0, KpIM Malo
BIJIMOBIAAILHUX BiAramykeHb (HaIpUKIaa, 10 OCBITJIFOBAIBHOI apMaTypH). Yci
3'elHaHHA pOOJISATH HA 3aTHCKAaX anapariB; HA KOKHUI 3aTUCK MOYKHA BCTAHOBJIIOBATH
7IBa- TPU HAKOHEUYHUKH TIPOBOJTY.

VYci po30ipH1 eNneKTpUUHi 3'€IHaHHS 31MCHIOIOTh, 3aCTOCOBYIOYM HAKOHEYHUKH.
He nomyckaroTh BUKOPUCTOBYBATH KUIBIISI, CKDYTKH.

IIuHa npsAMOKYTHOrO Tepepi3y JOIIILHO BCTAaHOBIIOBATH Ha BY3bKe peOpo i
dapOyBatu B uopHuil koimip. HeoOxigHy ruionly mepepidy WIMHU 3a IIMX yMOB
BU3HAYAIOTh T'YCTUHOIO CTPyMY B Hil. JIJisi HOpMaibHO OXOJOKYBAHOI IIMHU 3 M,

BCTAHOBJICHOI Ha By3bKe PeOpO, IPHIAMAIOTh TYCTHHY CTpyMy j=4+6 A/MM>.

3anuTaHHA VISl CaMoIepeBipKu

1. [Ipoanani3yiiTe HPUCKOPEHHSI Yacy CIpAlbOBYBAHHS €JIEKTPOMAarHita mpu
I1]1 € THAaHHI MOCIIIOBHO JOJaTKOBOI'O PE3UCTOPA 1 301IbIIICHHT HAPYTH KUBJICHHS.

2. OGrpyHTYyHTE IPUCKOPEHHS CIIPAIlbOBYBAHHS €JIEKTPOMArHiTa MpH MiJl € JHAHHI
KOHJIEHCATOpa MapayeibHO 10laTKOBOMY ITOCIIIOBHO MIPUEIHAHOMY PE3HUCTOPY.

3. I[Ipoananizyiite  poOOTy €JEKTPOMArHiTHOTO peje TMpH [IyHTyBaHHI
JIOAATKOBOTO  TOCHTIJIOBHO  MPHUEAHAHOTO  PE3UCTOpa  KOHTAKTaMU  JAaHOTO
€JIEKTPOMArHiTHOTO pelie.

4. Tlpoanani3yiiTe BIUIMB Ha Yac CIPAIbOBYBaHHS eJEKTpOMAarHitTa Tijib3d 3
€JIEKTPOIIPOBITHOTO MaTepially, IKa OXOIUTIOE MAarHiTO MPOBIJ.

5. O0rpyHTyliTe 30UIbIICHHS e(EeKTy CIOBUIBHEHOTO BIAMYCKaHHS peJie o
BITHOWIEHHIO J10 e(eKTy 30UIbIIeHHS NPUTSATAHHS npu BUKOPUCTaHHI
KOPOTKO3aMKHYTOI T1JIb3H 3 eJIEKTPONPOBIAHOTO MaTepiay.

6. [lopiBHsITE cepeaHe 3YCHIUIS MPUTSATAHHS EJIEKTPOMArHiTiB MOCTIMHOrO 1
3MIHHOT'O CTPYMIB IIPH OJTHAKOBIM IIOIIT TOJTFOCA.

7. OGrpyHTyHTE MepeBaru eIeKTPOMAarHiTiB MOCTIMHOTO CTPyMy B MOPIBHSHHI 3
eJIEKTPOMarHiTaM 3MiHHOTO CTPYMY.

8. O6rpyHTyliTe HEOOXITHICTh IMUXTYBAaHHS MAarHiTONPOBOJIB E€JIEKTPOMArHiTiB
3MIHHOT'O CTPYMY.

9.Yum oOymOBIEHE IOJATKOBE HArpiBaHHA MAarHITOMPOBOIY EJIEKTpOMAarHita
3MIHHOT'O CTpyMY?
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8. Eaexktpuuni koHTakTH. Di3uyHi sIBUIIA B €JEeKTPUYHOMY KOHTAKTI.
PizHOBHAM eleKTPHYHMX KOHTAKTIB. Omip eJ1eKTPUYHOI0 KOHTAKTY

EnexkTpuyni amapatd CKJIQHAlOThCA 3 OKpeMHX JeTaliel (IpOBiTHUKIB),
€JIEKTPUYHO 3'€AHAHUX MDK C€000r0. 3ITKHEHHS TUI, M0 3a0e3NeuyroTh
O€3MepepBHICTh EIEKTPUYHOTO KOJIa, HA3MBAETHCS €JIeKTPUYHUM KOHTAKTOM.
Jletanp, 10 CTUKAETHCS 3 1HIIOIO JETAJUII0 MIPH YTBOPEHHI €NEKTPHYHOTO KOHTAKTY,
HA3WBAETHCS KOHTAKT -Ie€TAJIK0 , a yTBOPCHHS Ta ICHYBaHHS EIEKTPUYHOTO
KOHTAKTy — eJIEKTPUYHUM KOHTAKTYBAHHSM.

Enexktpuune koHTaktyBaHHS (puc. 28) € ayxe ckiagHuM sBuiieM. KoHTakTHI
MOBEPXHI 3aBXIW MalOTh JACSIKY WIOPCTKICTh 1, SIK MPaBWIO, 3aBXIW BKPHTI
IUIIBKAMH , [0 YTBOPIOIOTHCS 1] BILTUBOM KHCHIO TIOBITPS, 030HY, a30Ty Ta IHIIUX
XiMiuH#X pearenTis. IlmiBku Marots ToBumHY 10 10° cM i nurommit omip p=10°
Om*cMm. MeTtaneBe KOHTaKTYBaHHS 3/IHCHIOETHCS HE BCIEIO MOBEPXHEI0, a JIUIIE B
NesKuX Toukax. HasBHA Ha MOBEpPXHI METaly IUIiBKa MOKE OyTH B OJTHUX BUTAIKAX
NpoJaBJIeHa 3yCHIUISIM, IO CTUCKYE KOHTaKTH, B 1HIIWX BHIAIKax — MpoOWTa Tia
BIUTMBOM DI3HHII €JIIGKTPUYHUX TIOTCHINATIB. Y MICIi TPOOOI0 YTBOPIOETHCS
METaJIEBUN TIEPEITUIOK, 1[0 TPOBOIUTH EICKTPHUHUN CTPYM.

VV

II niska Il nieéka

Mnow MHM Il epew itiock

KOHmM aKmyeaHH:

Puc. 28-EnexTpuyuHe KOHTaKTYBaHHS KOHTaKT-/AeTajei

SBumie npoOoro IIIIBKU MPHU JEAKii Hampy3i Ha3uBaeThes ¢pitinrom. Bowno
MOJIATaE B TOMY, IO NPH NMEBHOMY (TpaHMYHOMY) 3HAUCHHI HANPYTH, IO 3aJICKUTH
BiJl BUy 1 TOBLIMHM IUTIBKH, OIIp 11 pi3ko naaae. BinOyBaeTscs enexkTpuyHuil mpooiit
TUTIBKH, 110 3aBEPIIYETHCSI YTBOPEHHSAM Yy Hilf TOHKOTO METAJIEBOTO MPOBITHUKA, SKHHA
MO’K€ 3aJTUIIUTUCS TICIS 3HATTS HAIPYTH.
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Y MiCHSIX YHCTO MeTaJIeBOI0 KOHTAKTY pPO3BUBAIOTHCS BEJMKI CHIJIH
MDKMOJIEKYJISIPHUX 1 MDKATOMHUX 3B's13KiB. UNCTO MeTalieBe KOHTAKTyBaHHS - SIBUIIIE
pinke. Takuit KOHTAKT MPU 3HAYHUH TIIOI 31ITKHEHHS TOBEPXOHb HEMOXKJIMBO Oyi10 O
pO3ipBaTH TUMH CHUJIAMH, IO PEATHHO ICHYIOTh B €JIEKTPUUYHUX amaparax. IMoBipHO,
YUCTO METaJIeBE KOHTAKTYBAHHS MOKE CIIOCTEPIraTUCS JIUIIE B MICUAX AYXKE BY3bKUX
METaJIEBUX MEPEIINIKIB, 1[0 MOKYTh YTBOPUTHUCS MPH MPOOOi IUTIBOK 1 PO3BUBATHCS
(HanpuKIIa, i1 BIUIMBOM EJICKTPOCTATUYHUX CHII).

3a (QopMoOI0 KOHTAaKTyBaHHS PpO3PI3HAIOTH TPU BHIM KOHTAKTIB. TOYKOBHUH,
JHIMHUHN,TOBEPXHEBHIA.

TouykoBMH e€JNEKTPUYHMHA KOHTAKT — CIEKTPUYHUN KOHTAKT, 3a SKOIO
3ITKHEHHSI pOOOYMX TIMOBEPXOHb KOHTAKT-AeTaled BimOyBaeTbcs B Touli. OTxke,
KOHTAKTyBaHHS 3IHCHIOETHCS B OJHIM TOYIN — IDIOMAANI (HAPHKIAI, 3ITKHCHHS
TakKMX MOBEPXOHb, sIK chepa — cdepa, chepa — miIonMHA, BEpUIMHA KOHYca —
IJIOIIMHA 1 T.I1.).

JIiHifiHMI  eJIEKTPUYHHMH KOHTAKT — €JEeKTPUYHUKA KOHTAaKT, 3a SKOTO
31ITKHEHHSI pOOOYUX MOBEPXOHb KOHTAKT-AETaleil BIIOYBA€THCS 1O JiHIT, HAIPUKIIA,
HATHAP-IIWIIHAP, UWJIIHAP-TUIONIUHA, BUTOK-BUTOK 1 T.a1. DizuyHa KapTUHA
KOHTaKTyBaHHS TYyT SIBJIIIE COOOK pSJl TOYOK — IUIOm@moKk (MiHIMyM JBi),
PO3TAaIlIOBAaHUX HA OJTHIM JIIHII.

IloBepxHeBHIl €JEKTPHYHHUI KOHTAKT- CIEKTPUYHUM KOHTAKT, 34 SKOIO
31ITKHEHHSI POOOYUX IMOBEPXOHb KOHTAKT — JeTaJed BiJOYBA€ThCA IO IOBEPXHI.
di3ndHe KOHTAKTyBaHHS BiTOYBAETHCS B PSIli TOYOK — IUTOMAIOK (MiHIMYM Y TPBOX),
PO3TaIlIOBAaHUX HA OJIHINA MOBEPXHI.

Pi3HOBUIM €JIeKTPUYHUX KOHTAKTIB

3a mpU3HAUYECHHSM KOHTAKTH MOXXHA PO3IAUIMTH Ha 3 €IHYBAJIbHi , BU3HAYeHI
TUTBKU N1 TIPOBECHHS CTPyMy, KOMYTamiiiHi , Ha $Kl J0JaTKOBO MOKJIAaal0Th
3aBIaHHS BKJIIOYCHHS YW BIIKIIOYCHHS, TEPEKIIOYEHHS ENeKTpUYHuX Kul. Jlis
3'€IHYBAJIbHUX KOHTAKTIB XapaKTePHHUM MOJLI Ha B3a€EMHO HEPYXOMi HEpO3'€MHI
(manpukian, 601TOBI) i B3aEMHO PyXOMi KOB3Hi, 200 IO KOTATHCSI.

HapiitHicTs y TpuBamiii ekciutyartarii 3’ €ITHyBaJbHUX (1[0 HE PO3MHKAIOTHCS)
KOHTaKTIB Oyne 3abe3medeHa, SKIO OMip KOHTAKTY EJICKTPHUYHOMY CTpymMy Oyze
JIOCUTH CTA01IbHUM.

KoMyTyo4i KOHTaKTH MOXYTh 3HAXOJWUTHUCS B 3aMKHYTOMY (BiIITOBITHE KOJIO
BKJIIOUCHE) YH PO3IMKHYTOMY CTaHi. IcHye 6arato BHIiB KOMMYTAI[IfHMX KOHTAaKTIiB
(HampHKIIal, KOHTAKTH, III0 PyOArOTh, TOPIIEBI, NIITKOBI, MAJILIIEBI, PO3ETOYHI).
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3a npu3HAYEHHSIM KOMYTAaI[iiHI KOHTAKTH B CUJIOBUX amapaTrax MOXHa PO3AUIUTH
Ha roJIOBHI il ayroracHi. ['010BHi 3BUuaiiHO HIYHTYIOTHCS AyroracHiumMu. B mporeci
PO3MUKaHHS KOJia TOJOBHUX KOHTAKTIB PO3MHUKAIOTHCS paHille, HIXK JAYroracHHX.
Tomy yTBOpeHHS Iyru BimOyBa€ThCS TIIBKM Ha JAYTrOTaCHUX KOHTAKTax. | OJOBHI
BUSIBJISIFOTBCS 3aXUINEHUMH BiJ BIUIMBY JIYyTH 1 CIOyKaTh OuIbIl HajaiiHO. Yacto
GyHKIIT KOHTAaKTIB CYMIIIYIOThCS TakK, IO Ti caMi KOHTAaKTH BUKOHYIOTh pOJIb 1
CTPYMOBEIYUYHUX, 1 IyrOracHuX.

Onmnip eJleKTPUYHOTO KOHTAKTY

Onip eNeKTpUYHOTO KOHTAKTy MOXe OyTH pO3paxOBaHHM K CyMa OIMOpiB

CTATYBaHHS R 1 CTOpOHHIX, 3yMOBJICHUX TUTIBKOIO Rppy:
RK=RC+RH_J'[.

Omip cTsryBanHs 00yMOBIEHUHN TUM, IO MPU CTUCKYBaHHI JBOX MPOBIIHHUKIB,
3BEPHEHUX OAMH /10 OJHOIO IJIOCKUMHU IMOBEPXHSIMH, TOPKAHHS BiJOYBA€TbCS HE
BCI€IO TUIONIMHOIO, a TUThKA OKPEMHUMH JIISTHKAMH, 10 PO3TAIIOBaHI HA TUIOIIHMHI
BIJIMOBIAHO 70 MikporeomeTpii moBepxHi. [Ipy nmpomMy kKapTuHa MPOTIKAHHS CTPyMY
PI13KO 3MIHIOETHCS, TOMY IO CTPYM MOBMHEH MPOUTH HE Uepe3 BeCh Mepepis3, a JIuIe
yepe3 ioro uvactuny. Omip ctpymy 3poctae. Omip IJIIBOK MOXE 3MIHIOBATHUCS B
MPOLIECi eKCIUTyaTallll B Ay)Ke IIUPOKUX MEKax.

Omnip 000X MPOBIIHUKIB, SIKI 3HAXOAATHCA B KOHTAKTi, TOOTO OIIp CTATYBaHHS B
171eaTi30BaHOMY KOHTAKT1, MOKHA TTOJATH Y BUTJISII
Rc=p/(2*a),
7€ P- TMUTOMHMA EJIEKTPUYHUN OMip CEepPEOBHINA, B SIKOMY PO3TIISAAETHCS PO3TIK
CTpPyMYy; a — pajiyc IJIOMAIKH KOHTAKTyBaHHS.

I[.]'Iﬂ INIAAKHUX MOBEPXOHb KYJIA - IJIOIIHUHA:
P*r
aK.n. = 1'1 3 E 1

ne I —paaiyc Ky, MMm; P —cuia ctucky, H; E —Moayinbs Ipy>KHOCTI, H/mm>.

IIpu cTHCKy IBOX OHAKOBUX KYJIbOBHMX IOBEPXOHb

a. . =09*3 & ’
K.K. E

SIKIIO cuila CTHCKY PO3IMOZiieHa Ha «N» OJHAKOBUX KPYIIUX ILIOIIANOK, TO

. - . P*r
pazalyc OAHIET IUIOMIAIKU JOPIBHIOE a, , = 09* 3| Exp

BunukHeHHsS TUTIBOK Ha TIOBEPXHI KOHTAKTIB 3aJICKUTh Bl MaTrepiainy
KOHTAaKTIB, IXHBOI TEMIEpPATypH, CEPEIOBUINA, B SKOMY 3HAXOIATHCS KOHTAKTH.
Haii6inbmn  po3moBCIOPKEHOI0 TPUYMHOK YTBOPEHHS IUTIBOK HAa KOHTaKTHHUX
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MOBEPXHSAX € OKHCHI mpomecH B armocdepi mnoBiTps. bopoTrsba 3 OKCHIHUMH
IUTIBKaMHU YCHIIIHO BEJETHCSI KOHCTPYKTUBHUMHU MeToaMu. KOHCTPYKIIit0 KOHTAKTIB
4acTO BUKOHYIOTh TaKUM YHMHOM, IIO0 MPHU iXHROMY 3aMHUKaHHI 1 PO3MHKaHHI BOHH
pYHHYBalIM IUTIBKY 1 THM CaMUM 3HIDKYBAIM MEPEeXiTHUM oOmip y KOHTAaKTI B
3aMKHYTOMY CTaHi (HalpuKJjIa, JJIHIKHANA KOHTAKT).

VY TBepaux 3’ €IHYBAJbHHUX KOHTAKTaX 3aXWCT BiJ YTBOPEHHS OKCHIHHX
IUTIBOK ~ 3/1MCHIOETBCS 3Ma3yBaHHSIM KOHTAaKTHMX [IOBEPXOHb  CIEliaIbHUMHU
3MallleHHsIMU ~ Tiepen  300pkor0 1 ¢apOyBaHHSIM  KOHTaKTHOTO  3'€JHAHHS
TETUIOCTIMKUMHU (hapOamu miciis 300pKH.

IlepexinHuii omip KOHTaAKTYy

VY 30H1 nIepexoay CTpyMy 3 OJIHIET JeTajl B 1HIITY Ma€ MiCIl€ BIZIHOCHO BEIUKHIA
CJIEKTPUYHHI OMIp, HA3UBAHUU HEPeXiOHUM OnOPOM KOHMAKMY.

Ilepexiguuii omip KOHTAaKTy R,, BH3HAa4alOTh OINOPOM 3BYKEHHMX IUISHOK,
SKUMU TIPOXOJHWTH CTPYM JO IUIOMA0K CTHUCKY 1 OTMOPOM BY3BKHX METaJIEBUX
MEepEeNIniKiB, 1[0 BUHUKAIOTh YHACIIIOK (QPITIHTY.

3 yrouHeHHsMH (HA ITiJCTaBl JOCTIHUX JaHUX) 3HAYCHHS IePEXiTHOTO OIOPY
BCTaHOBJIIOIOTH BUPA30M

Rugy = €1 P,
1e € — JesKa BeJIWYMHA, 110 3aJIe)KUTh B Marepialy i GopMH KOHTAKTy, CIIOCOOy
00pOOKM KOHTAKTYy 1 CTaHy KOHTAaKTHOI MMOBEPXHi; P - cuia, Mo CTUCKY€E KOHTAKTH; N
— MOKA3HMK CTYIIEHSI, [0 XapaKTEePU3Y€E YUCIO TOYOK JOTHUKY.

31 30LIbIICHHAM 4YHCIAa TOYOK JOTHKY TMEPEeXiTHUM Omip eJIeKTPUYHOTO
KOHTaKTy 3MEHIIYEThCS. B OCTaHHROMY BHpa3l MOKA3HUK CTYMEHS MPUUMAIOTh: IS
OJTHOTOYKOBOTO KOHTaKTy N = 0.5, 1151 Garatoroyeunnx N = 0.7...... 1 fu1s miHIHHOTO
koHTakTy N = 0.7...... 0,8;u1s moBepxHeBoro N = 1).

3HaUYCHHS BEIIMYMHU € 3aJIKUTh B CTaHy MOBEPXHI KOHTAKTIB, XapakKTepy
iXHbOI OOpOOKHM U OCOONMMBO — BIJ CTyNeHs OKHUCIIOBaHHA. [l CBDKHX,
HEOKHCJICHHX 1 HOPMaJIbHO OOpOOJIEHMX OJHOTOYKOBMX KOHTakTiB (00poOka Ha
BEpCTaTi, OCTaTOYHA OOpOOKa MUTI(pyBaJbHUM HAMMIKOM 1 3MAIleHHS Ba3eIiHOM)
MO>KHA IPUMMATH TaKi 3HAYEHHS € Om/H?

Migb . . . . . ... 1070  Amowmimiit . . ...... 161D
Cpi6mo . . ... ..0,5*1d Jlaryeb . . . . . ... ...6,7*T0
Omoso . ...... 5T Cramp........... 76%F0

3ajieKHICTHL MepexiIHOr0 OMOpPYy Bil KOHTAKTHOIO HATHCKaHHA. [lg
3aJIeKHICTh BIAMOBIIHO J0 OCTAaHHBOTO PIBHSHHS mojaHa Ha puc. 29. Kpusa 1
BIANMOBIZ]a€ TPOIIECY 3POCTAHHS KOHTAKTHOTO HATUCKAHHS, KpHBa 2 — 3HUKCHHIO
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HaTHUCKaHHA. P13HUH XiJ1 KpUBUX OOYMOBJIEHUM HASBHICTIO 3QJIUIIKOBUX JedopMalriii
OKpeMHUX TOpOKiB, IO SKUMU BiIOyBaIOCS 31TKHEHHS.

Cnig 3a3HauydTH, 10 MPU TOMY CaMOMY HATHCKaHHI TEpeXigHUN omip TOro
CaMoOro KOHTAKTy MPHU KOXXKHOMY 3aMHKaHHI MOXKe OyTH PI3HUM 1 BIAPI3HATHCS B
JIOCUTH BEITUKHAX MEXaX: Y BEIHKUX — MPU MaJIUX HATUCKAHHSAX 1 B MEHIIUX — MPH
Benuknx HatrckanHAX (Oinbpime 100 H). [MosicHIO€TBCS 1€ THM, IO YHCIIO 1 pO3Mip
TUIOMIAIOK KOHTAaKTyBaHHS TPU KOXXKHOMY 3aMHUKaHHI MOXYTh OYTH pI3HUMH.
3HaueHHs MEePEXITHOTO OMOPY 3aJIEKHO BiJ] HATUCKAHHS MPAKTUYHO BHPAKAETHCS HE
SKOIOCh KPUBOIO, a CPeporo, 0OMEKEHOIO JBOMA KPUBHUMHU.

a)

Rzep 6)

Rzepk

>
» >

P C

Puc.- 293anexHicTh MepexiIHOTO OMOPY Bijl CHJIX HATHCKAaHH(a)
i remmnieparypu (0).

3ase:xHicTh MepexiqHOro onopy Bix Temnepartypu. [lepexianuii omip KOHTAKTy
€ Oomip MeTally MPOBIJHHUKA, TOMY BiH IOBMHEH TIEIO K MIPOI 3alieKaTu BIJ
temneparypu. OnHak 31 30UTBIIEHHSAM TEMIEPaTypu 3MIHIOETHCS CTPYKTypa ropOKiB
1 IUIOMAZ0K 3ITKHEHHS 32 PaxXyHOK 3MiHH MUTOMOTO Omopy 3MuHaHHIO ®. Tomy
TeMIepaTypHuid koedimieHT TyT Oyae MeHmuM. st mini oy = 2/3 0. Takum anHOM

2
pr-F = Rﬂep.xw * (1+§* a* @) ’

ne: ® —temmeparypa KOHTAKTy; R, — mepexiguuii omip rapsdii; Rie,.y., —
NEePEexX1THUI OMip XOJOIHUH; oL — TeMIIepaTypHHUIl KOe]illieHT.

3 POCTOM TEeMITepaTypH MEePEeXiJHHIA OMip CIoYaTKy pocte (aiisHka 1 kpuBoi Ha
puc.290). ITotimM npu aeskiit Temneparypi (wis migi i cpibna mpu 200 — 300°C)
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B1IOYBA€ThCS Pi3Ke 3HIKCHHS MEXaHIYHUX BJIACTUBOCTEW Matepiamy. [Ipu Tomy x
HATHCKaHHI 30UTBIITYEThCS IJIOMIAIKa KOHTAKTYBaHHsI, IEpeXinHui omip (aiisHKa 2)
pizko nagae. Hamgami (ninsiaka 3) BiH 3HOBY 3pOCTa€ JIIHIKHO 3 POCTOM TEMIICPATYPH, i
Ipu TeMIepaTypi IUIaBJICHHS MaTepialy KOHTaKTH 3BapIOIOTHCS, MEPEXiAHHUMA OIip
pi3ko naaae (aiasHka 4).

3anexHicTh mepexiTHOrO OmoOpy Bil CTaHY KOHTAKTHOI IOBEpPXHi.
[InipyBaHHsS MOBEPXOHb HE 3MEHINYE, a, HABMaKW, 30UIbIIYE MEPEXITHUM Omip y
NOpIBHSIHHI 3 00poOKor0 HamuiakoM. [lpu nutidpyBanHi TOpOKM HA MOBEPXHI CTAIOThH
O1IBII TTOJIOKUCTHUMH 1 IX 3BMUHAHHS YTPYIHIOETHCSI.

3anexHicTh NepexiZHOIO OmMOpy BiJ BJACTHBOCTEH MaTepiajgy KOHTAKTY.
[lepexigauii omip ay’kKe YyTJIMBHHA JO OKUCIIOBAHHS MOBEPXHI 4epe3 Te, M0 OKUCIH
0araThoX MeTalliB (30KpeMa MiJli) € TIOTaHUMU TPOBITHUKAMHU. Y MITHUX BiIKPUTHX
KOHTAKTaX YHACJiJIOK iXHbOTO OKHCITIOBAHHS 3 4YaCOM MEPEXiTHHI OIip MOXKE 3pOCTH

B TUCSYl pa3iB.
9. TenyioBHii pO3paxyHOK 0OMOTOK eJIeKTPUYHHUX anapaTtisB

OOMOTKM €NeKTPUYHUX arnapaTiB MpPU MPOTIKaHHI CTPYMY HUMH BITHOCATH IO
00'€KTIB 3 BHYTPIIIHIMH JHKEPETaMHU TEIUIOTH. TOMY TEIUIOBHI PO3paxyHOK 0OMOTOK
MOBHUHEH NepeadavyaTy CovaTKy po3paxyHOK yTpaT MOTY>KHOCTI B OOMOTIIL.

OCHOBHMMH T€OMETPUIHUMH TTapaMeTpaMy MIJIIHAPUIHOI OOMOTKH € 30BHIIIHIN
miametp D,,, BHyTpimmniii miamerp D,,, 1 Bucora obomotku H. Buxonmsum i3
noJio>keHHs 3akoHy OMa, MOYKHA 3HAWTHU 3B'S30K MiXK HAIPYTOIO JKUBIICHHS OOMOTKH
U, ii MJIC, mutomMumM omopom p i miepepizom S npoBoay. BpaxoByrouu, mo oOMOTKa
mae W BHTKIB 1 cepelHiil omip BHTKa OOMOTKM R, JOpIBHIOE OmIOpY BHTKA,
posrtamoBaHoro B kymi giamerpa D.,= (Dt Ds,)/2, Moxna neperBoputu
BUpaKeHHs 3akoHy OMa B Takuii C1ocio:

U=I*R=("W)*(R/W)=(*"W)* R .,= (I"'W)* p*7*D ,/S.

[lepenaua TEmIOTH 3aBXJU A€ BiJ OUIBII HArpiTHUX T JO MEHII HArpiTUX 1
BiI0YBA€THCS TOTH, TIOKH TEMIEpaTypa Tl He 3piBHAETHCS. YuM BHIllEe TeMIiepaTrypa
HarpiToro Tija, TUM I1HTEHCUBHiIIe OyJae BiAOyBaTUCA TMepenada TeIJIOTH.
Po3pi3HstoTh Tpu BuAM Tepenadi TEIUIOTH — TETUIONPOBIAHICTIO, KOHBEKIIIEIO 1
TETJIOBUM BHUITPOMIHIOBAHHSIM.

TennonpoBiaHicTh — 11e BIACTUBICTh MaTepialy MeperaBaTy TEIJIOTY BiJl OLIbII
HarpiTUX MICIIb 0 MeHII HarpiTux. [lepegada TemioTu Moxe Bi1OyBaTHCS BCEPEIUHI
OJTHOTO Tijla, MDK JBOMa JOTHYHHMH TiJTaMU 1 MK JBOMa TUTIaMH, PO3AUICHUMH
TPETIM.
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Kinpkicte Temmotu Q, 0 MpOXOAWTH 3a OJWHUIKO Yacy U Bix OLIbII HArpiToi
TUISHKK 70 MEHII Harpitoi, mpomopiiiiHo miomanmi (mepepidy) S, depes sKy
HepeaeThCsl TEIUIOTa, mepemnany Ttemmeparypu (@1 - 6Op) /| 6 B Hampsamky,
NEPIEeHIUKYIIPHOMY IUIOIIAI, 1 3aJeKHUTh BiJl TEIUIOMPOBIAHUX BIACTUBOCTEH
CepeIoBUIIA A:

Q:el_ez*s*t,
o
ne o - roBmuHa ctinku (puc. 30).
A | B
C]
_ Do

T

o

Puc. 30 —Ilepenaua TemaoTH 4epe3 IUIOCKY CTiHKY (TEIUIOTa MOIIMPIOETHCS
TIUTBKHU B OJTHOMY HarnpsiMKy) ; (@ —TyCcTHHA TEIJIOBOTO MOTOKY).

TenmonpoBigHI BIACTUBOCTI CEPENOBHUINA XaPAKTEPU3YIOThCA KOEPIIIEHTOM
TeMJIONMPOBITHOCTI , YUCEIbHO PIBHUM KUIBKOCTI TEIJIOTH, IO MPOXOJUTH Yepes3
miomanky 1 M° mporsrom 1 cexyumu npu mepemami Temmepatypu 1 K/m. Lleit
KOoe(IIIEHT MO3HAYAOTh A 1 BUMIPSIOTH Y BaTaX Ha METP — KEJIbBIH.

KounBekuis. ['a3 un pigwHa, 10 CTUKAIOTHCS 3 TOBEPXHEID HArpiTOro Tija
(amapara), HarpiBarOThCA 3 Ii€l MOBepXHi. HarpiBaHHA JAOTHYHHMX IIIapiB
BiIOYBAa€ThCS 3a PaxXyHOK TEIUIONpPOBiAHOCTI. HarpiTi Imapu mermi HX CyCiIHI,
O1IBII XOJIOAHI IIAPU HABKOJHUIIHBOTO CEPEJOBHINA, MITHIMAIOTHCS Bropy, HECYTh
BiIIOpaHy BIJ HArpiToro Tila TEIUIOTY. 3a3HaueHUd (i3UUHMI Tpolec 3BYTh
TETUIOB1/IJIavuI0 Yepe3 KOHBEKIIIIO.

K10 MIBHUAKICTE PyXy YacTOK OXOJOKYIOYOTO CEepelOBHINA BHU3HAUYAIOTH
TUIBKHA CTyINEHEM iXHbOI'O HArpiBaHHS Ha TOBEPXHI Tapsdoro Tijia, TO KOHBEKIIis
HA3UBAETHCS PUPOIHOIO.

SIKIo IMIBUAKICTh PYXy YACTOK OXOJIO/PKYIOUOTO CEpEeJOBHUINA 3aJAETHCS
NpUMYyCcOBO (3a JOMOMOTOI0 BEHTWJISATOPIB, HACOCIB), TO KOHBEKI[iSl HAa3HBAETHCS
ITYYHOI.

KiIpKiCTh TEIUIOTH, IO BIAAAECTHCS KOHBEKIICIO 3a Jac t,
Q=K * (0, -0y *F*t,
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ne K, - xoedimieHT TeroBigga4yi KOHBEKIIIEHO, BT/(MZ*K); ®: - Temmneparypa
Harpitoro Tina, K; @, - Temnepartypa oxosoaKyr4doro cepenosuina, K; F -nmosepxus
TEJIOB1Iaul, M2,

KoediunienT TemnoBingaui kouBekuierw K, Bu3HaYa€e KUIBKICTh TEIJIOTH, IO
BIJIJTA€THCS 3a CEKyHAy 3 1 M2 HarpiToi MOBEPXHI ¥ OXOJIOKYIOUOro cepeaopuina 1
K. Bin 3anexuts Big Oaratbox (hakTopiB, TOJOBHI 3 AKX — IIBHIKICTh PyXy 1
TEIJIOEMHICTh 0XO0JIOKYIOUOT0 CepeIoBUIIa, TEMIIepaTypa MOBEPXHI i cepeI0BHIIa,
reOMEeTPUYH1 PO3MIpU HArpiTOi MOBEPXH.

TensioBe BUNpOMiHIOBaHHS. BUITPOMiHIOBaHHS — I1€ TIPOIIEC MTEPEHOCY TEIIIOBOI
€Heprii BiJ HArpiToro TiNa JO0 TijJ, U0 PO3TAIIOBaHI B HABKOJIUIIHHOMY MPOCTOPI.
[Ipormec 3IHCHIOETHCS E€ICKTPOMATHITHUMHM KOJMBAaHHSAMH 3 PI3HOK JOBXKHHOIO
xBwiIi. Haif0inble mepeHocsATs TEIIOBY €HEprito iH(padepBoHi mpoMeHi (JoBKUHA
xBui 0,8 - 40MkMm), MeHiire - cBiTiIoBl pomeni (mosxunaa xBum 0,4 - 0,8vkm).

®i3U4yHI BIACTHBOCTI TETUIOBHX 1 CBITJIOBUX NpPOMEHIB momiOHi. | Ti ¥ iHmI
MOIIMPIOIOTHCS 31 IMIBUIKICTIO CBITJIA, 3/IaTHI TIEPEIOMIIFOBATHCS 1 BIA3EPKAITIOBATHUCS
IPU 3YCTPiUl 3 AKUMHUCH TOBEPXHAMHU.

[ToBepxHIO, 1m0 BimOUBae Bijg ceOe BCi Majgardi Ha HEi MPOMEH1, Ha3WBaIOTh
a0co0THO 011010 TOBepxHEt0. [ToBepxHIO, IO MOBHICTIO MOTIMHAE BC1 Maja0dl Ha
Hel TPOMEH1, Ha3UBaIOTh A0COJTIOTHO YOPHOI0. BunpoMiHioBaJibHA 37aTHICTh 1HIIIHUX
TiJ TIOPIBHIOETHCSA 3 BUIIPOMIHIOBAIBHOIO 3JAaTHICTIO aOCOJIIOTHO YOPHOTO Tijia SIK
€TAJIOHOM.

KinpKkicTh TEmI0TH, 110 BUMTPOMIHIOETHCS 3 TOBEPXHI HArPITOTO Tijia 32 CEKYHIY,
BHU3HAYAOTh (hOPMYJIOIO

) )
— K 1 4 —- 2 4 * F *t,
Q ﬂ[(loo (100

ne Ky - xoedilieHT BHIIPOMIHIOBAHHS, BT/(MZ*K4); K; =57 * O, tyr O -
MOCTiliHa BUNIPOMIHIOBaHHS; @) - TeMIieparypa Harpitoro Tiia, K; @, - remmneparypa
T1JI, Ha 5Kl TIaJa0Th TpoMeHi, K.

TennoBigmaua B cranomy pesxkumi. TermoBiggadya 3 MOBEPXHI TiJIa 3BUYAITHO
B1IOYBA€ThCS OJIHOYACHO KOHBEKIIE€IO 1 TEIJIOBUM BUMPOMiHIOBaHHSAM. [Ipu 1ibomy
Ba)KKO BCTAHOBWTH, SIKa YaCTHHA TETUIOTH MEPENAETHCS B HABKOJUIITHE CEPEIOBUIIC
TUM YW 1HIIUM BHUJIOM TEIUIOBIAAAa4i, TOMY BBOJSATH TOHATTA KoedilieHTa
TemaoBignaydi K.

Koedinient TensoBingaui K; Bu3HAYae KUIBKICTh TEIJIOTH, IO BiJIJIA€THCS B
HABKOJIMIIIHE CEPEJOBHIIE 3a 1 CeKyHAy BCiMa BHAAMH TemmoBimmasi 3 1 M
TEIUIOBIIJIal0YO1  TOBEPXHI TPU  PI3HMUIN  TEeMIepaTyp Harpitoro Tiia 1
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HABKOJMIIHLOTO MpocTopy 1 kenbBiH. KoedimieHT TemioBiaadi BUMIPIOIOTh Y BaTax
Ha KBaJpPaTHUN METP -KEJbBIH.

HarpiBanHs korymok. KoTymika eneKTpHYHUX amapariB CKJIaJa€eTbes 3
NPOBIAHMKA, 130JIAIii 1 MPOMIAPKIB TOBITPS YW IMPOCOUYYIOUOTO Matepiany (Jak,
KomrayHa). TernoTa, MmO BUALISMETHCS 1O BChOMY OOCATY KOTYIIKH, MOBHHHA
MIPOXOJIMTH JI0 TOBEPXHI Uepe3 MaTepiaiu 3 Pi3HOIO TEIUIONPOBIAHICTIO. B cepenuHi
KOTYIIKA TemIepaTypa OyJe BUIIOI, HI)K Ha MOBEpXHi. UuM IIUIbHIIIE KOTYIIKA,
TUM Kpalla TeIUIONPOBIAHICTS MK IIapaMH 1 THM MEHIIOK Oyae pi3HUI
TeMrepaTyp MDK 30BHIIIHBOIO MOBEPXHEIO 1 BHYTPIMIHIMM IIapamu. [IpocodyeHHs i
KOMIIAyHTyBaHHS MiABUILYIOTh 3arajibHy TEIJIONPOBIAHICT KOTYIIKH, & TAM CAMHM 1
temoBignady Ha 5-10°C.

Pi3H1 AiNsHKY MOBEPXHI KOTYIIKH B Pi3HIN Mipl OepyTh ydacTh y TEIUIOBIIAAYi.
30BHIIIHA Ol4HA TMOBEPXHs, SK TMpPaBWiIO, OyBa€ BIAKPUTOIO 1 € OCHOBHOIO
TEIUIOBIIAI0Y0I0 TIOBepXHEw. TemnoBignaya 3 Hel BiIOyBa€TbCA TOJIOBHUM YHHOM
3a paxyHOK MpHpOJIHOI KOHBEKIli. BecepenuHi KOoTymkn nmpoxoauTh ocepas. Uepes
MaJli 3a30pH MK OCPJSIM 1 KOTYIIKOIO KOHBEKIISl TYT YTPYIHEHA, aje KOJU OCepas
IIIJIbHO MPWJIATAE A0 KOTYIIKH, TO TEIUIOBiAa4ya 3 BHYTPIIIHBOI MOBEPXHI KOTYILIKH
e 3a paxyHOK TEIUIONpOBiAHOCTI. TeruioBimmaya 3alieKuTh BiJ] MIIIBHOCTI
NPUTUCKAHHA KOTYIIKM JO OCEpAs, BiA pPO3MIpY TEMJIOBIIAAI0u0i IMOBEpPXHI
Mar”iTonpoBoAy. TopieBl MOBEpPXHI KOTYIIKH 3BHYAWHO 3aKpUTI 130JSLIHHUMU
KPIMUJIBHUMU JIETATSIMH 3 HHU3bKOIO TEIUIONPOBIAHICTIO. Y JOBIHX KOTYIIKaX
TEIUIOBIIAU€i0 3 TOPIIB MOXKHA 3HEXTYBaTH, B KOPOTKHUX KOTYIIKax ii cIif
BPaxOBYBaTH.

Posmoain Temmeparypu — KOTYIIKOIO HEPIBHOMIPDHUH SK Y paaiaJbHOMY
HampsIMKy, Tak 1 3a BHCOTOI. TOYHMI pO3PaxyHOK pO3MOIITY TeMIepaTypu
MOB'SI3aHUHN 3 BETUKUMU TPYAHOIISIMH.

Y nepmomMy HaOMMKEHHI MOKHAa BHU3HAUUTH CEpPEJHE  IEPEBUIICHHS

TeMneparypu T, ., KOTyHIKHM 32 IOTYXHICTIO, II0 BUALISACTHCA B Hild, 1 cepeaHiM

Koe(iIieHTOM TeTUIoB1I1aul k

m .cep
2
I0 R0

cm .cep 2
km ce F€K8 (1 ta ﬁ
op k F

m .cep €eKe

)

ne loi Ry —cTpym 1 onip xonoaHoi KOTYKH; Fe= Fiotfr Fot f2 Fuopy ABISE
co0010 JIeAKy €KBIBJICHTHY IMOBEPXHIO, II0 BPaXOBY€E CTYIiHb Y4acTi 30BHIIIHBOT
F0s » BHYTpiIHBOI F,, 1 TOpUEBOT F)\ppy, AIISIHOK HOBEPXHI B TEIUIOBIAAAYI (TYT f11 f2
— EKCIIEPUMEHTaIbHI Koe(iieHTH ). J{Is1 KOTYIIIOK KOHTaKTOPIB 1 pejie MOCTIHHOTO
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CTpyMy peKoMeHaytoTh: $;=0,9 1 Ge3kapkacHUX OaHIa)KOBaHUX KOTYIIOK; f1=1,7
— U1 KOTYIIIOK, HAMOTAaHUX Ha TPYOy; f1=2,4 —1Jid KOTYIIIOK, HAMOTAaHHUX Ha OCEP/Is.
182:0.

VY HifCHOCTI pO3MOALT TEeMIEpaTypyd B3JOBXK pajiyca KOTYIIKH Oyae MaTu
xapakrtep, 00yMmoBiieHuii kpuBoio (puc. 31) .Jlech ycepeauHi KOTYIIKA Ha BIACTaHI [,
MIEPEBUIIICHHST TEMIIEPaTypu OyJie MAaKCUMAIIbHUM Tna HA 30BHINIHINA 1 BHYTPINIHIH
NOBEPXHAX — BIJANOBIIHO 71 1 T,, MakcuMalibHa TeMmIiiepaTypa 3HAYHO IEPEBUIIYE
TeMIIepaTypy Ha 30BHIINIHIA TOBEPXHI 1 HEOAraTo MEPEeBUIYE CEPEAHIO TEMITEPATYPY
KOTYILIKH.

I

ma

y

Puc. 31-Po3noain remmneparypu T 1o KOTYMIIi, h —BucoTa KOTyIIKH, I' —pajiyc

3anuTaHHA IS caMoIlepeBipKu
1. lo Ha3WBa€ETHCS EACKTPUIYHUM KOHTAKTOM?
2. 1Ilo Take KOHTaKT-ACTalb?
3. llo Ha3uBawOTh (PITIHTOM NOpPH EJIEKTPUYHOMY KOHTAKTyBaHHI B TATOBUX
CJICKTPUYHMX arnapaTtax?
4. TlpoanamizyiiTe TpoleCc €IEeKTPUYHOTO KOHTAaKTYBaHHS JBOX KOHTAaKT-AeTalei
€JIEKTPUYHOTO anapara.
[Ipoanani3yiiTe 4MCTO MeTalleBe KOHTAKTYBaHHS IBOX KOHTAKT-JETaJCH.
OOrpyHTyiiTe iCHYBaHHS TPbOX BH/IIB KOHTAKTIB 32 (JOPMOIO KOHTAKTYBaHHS.
[TpuBeniTh kiacudikaliro KOHTAKTIB TATOBUX arapatiB 3a MPU3HAYCHHSIM.
SIKi iICHYIOTH 3’ €IHyBaJIbHI KOHTAKTU €JIEKTPUYHHUX anapatiB?

© 0N O

Sxki ICHYIOTh PI3HOBUIM KOMYTYIOUMX KOHTAKTIB €JIEKTPUYHUX arapaTiB?
10.I1IpoananizyiiTe Npu3HAUYCHHS TOJOBHUX 1 JYTOraCHUX KOMYTYIOUUX KOHTAKTIB.

11Yum oOyMOBIEHHI OMip CTATYBAHHS €IEKTPUYHOTO KOHTAKTY?
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10. [MapaMeTpu KOHTAKTHUX KOHCTpYKuUii. IIpoumec po3MukKaHHSI KOHTAKTIB.
3Hoc KOHTaKTiB mpu po3mMukaHHi. IIpomec 3aMuKkaHHsi KOHTakTIiB. 3HOC
KOHTAKTIB NPH 3aMUKAHHI

3a30p KOHTAKTIB sBjIs€ CO00I0 HAWKOPOTIIY BIJICTAHb MIDXX PO3IMKHYTHMH
poOOYMMH MTOBEPXHSIMHU PYXOMHX 1 HEPYXOMHUX KOHTAKT - JeTalleld. 3a30p KOHTAKTIB
3BUYAilHO BUOUPAIOTh 32 YMOBHU TaCiHHS MaJluX CTPYMIiB.

[Tinm wac poOoTu KOHTAaKTH 3HOMYIOThCA. [1l00 3abe3meunTn iXHIA HaTIMHMMA
KOHTaKT Ha TPUBAJIUNA TEPMiH, KIHEMAaTUKY amapara BUOUPAIOTh TaKUM YHUHOM, LIO
KOHTaKTH CTHKAIOTHCS paHillle, HLDK pyxXoma cucrtemMa OyAe MOXOAUTH JO0 YIopa.
KOHTaKT KpIMIsiTh 10 pyXOMOi CUCTEMH Yepe3 MPYKUHY. 3aBJIIKH IbOMY 31TKHEHHIO
3 HEPYXOMUM KOHTAaKTOM PYXOMHH KOHTAKT 3yNHUHSIETHCSA, a pyXxoMma CHCTeMa
IIPOCYBAETHCS 11I€ BIEpea A0 YIOpa, CTUCKAIOUU JOJATKOBO MPHU LIbOMY KOHTAaKTHY
npykrHy. TakuMm YHHOM, SIKIIO TPH 3aMKHYTOMY ITOJIOXKEHHI PYXOMOi CHCTEMH
3a0paTd HEPYyXOMYy, PYXOMHM KOHTAaKT 3MICTHUThCS Ha JESKy BIJICTaHb, SIKY
HA3WBAIOTh NMPOBAJIOM KOHTAKTIB.

KoHTakTHe HATHCKAHHSI - CWJIA, 1[0 CTUCKYE KOHTAaKTH B MICI[l IXHBOTO
31ITKHEHHS. PO3pPI3HAIOTH MOYaTKOBE HATUCKAaHHS Py B MOMEHT MOYATKy 3aMUKAHHS
KOHTaKT-JIeTajei, KoM MpOoBajl JOPIBHIOE HYNIO, 1 KiHIEBE HAaTUCKaHHS Py npu
MOBHOMY MPOBaJi:

POZC*AI:L; PK: P0+ C*Alzl

ne C — TBepJIICTh NPYKUHU, TOOTO 3HaYeHHs criid B HploTOHaX, HEOOX1qHOT JIs
CTHCKY npykuHu Ha 1 cM;  Al;- mepBicHu# cTUCK npyxuHu; Al, _ 101aTKOBHIA CTHCK
IPY>KUHHU TIPU BUOOP1 MpOBaIy.

VY Mipy 3HOCY KOHTAaKTIB 3MEHIIYETHCS MPOBAT, & OTXKE 1 JOJATKOBHHA CTHUCK
npyxuHu. KiHiieBe HaTUCKAHHS HAOJIMXKAETHCS A0 MOYATKOBOTO. OTKe MOYaTKOBE
HATUCKAHHS € OJHUM 3 OCHOBHUX IapaMeTpiB, MPU SKOMY KOHTAKT ITOBHHEH
30epiratu npame3aaTHICTh.

IIpouec po3MHKaHHS KOHTAKTIB. 3HOC KOHTAKTIB NPU PO3MHUKAHHI

[Ipamne3naTHICTh KOMYTYIOUMX KOHTAKTIB XapaKTEePU3YEThCS MPOIECaMU TIPH
iXHbOMY 3aMHKaHHI (BKJIIOYEHHI) 1 po3MuKaHHI (BiaKIrO4YeHHi). Po3risHeMo
CIIOYATKy TPOIECH MPU PO3MHKAHHI 1 3HOC KOHTAKTIB MpH BimkiroueHH] koma. Ilia
3HOCOM KOHTAKTIiB pO3yMIiIOTh pyHHYBaHHS pPOOOYMX MMOBEPXOHHh KOHTAKT - JICTAJICH,
10 MPUBOAATH A0 3MIHU IXHBOI (pOopMH, pO3Mipy, MacH 1 10 3MEHILIEHHS MPOBAIY.
3HoC, 110 BiAOYBa€ThCS MiA [i€l0 eJeKTPUYHUX (PAKTOPIiB, HAZMBAETHCS
KOMYTAIII{HUM 3HOCOM - €JIEKTPUYHOI0O KOPO3i€lo.
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[lpy po3muKaHHI cHja, IO CTHCKYE KOHTAKTH, 3HMKYETHCS JO HYJS, Pi3KO
3pOCTalOTh MEPEXIAHUM Omip KOHTAKTY 1 TyCTHHA CTPyMy B OCTAHHIil IIiomaiii
KOHTaKTyBaHHs. [1omaaka CuiabHO pO3IrpiBa€Thes, 1 MK pO301KHUMU KOHTaKTaMHU
YTBOPIOE KOHTAKTHUM MEPemnioK 3 PO3IUIaBJICHOrO0 METaly, L0 HaJall PBEThHCS.
IIpy tpoMy B TPOMIKKY MIK KOHTAKTAaMH MOXKYThb BHUHHUKHYTH pI3HI (opMu
eJeKTpUYHOro po3psny. Ilpu crpymi i Hanpy3i, 6inbIIMX MiHIMATBHO HEOOXiTHMX
(mampuxnan, aaa migi 1=0,5 A i U=15 B), BuHuKkHe ayroBmii po3psia. SIkimo
CTPYM MeHIIe MIHIMAJIbHO HeOOXiIHOro, a Hampyra BHIIE HANPYIH
3anajlOBaHHs 1yId, TO BUHHKHe iCKpPOBUIi po3psia.

[Tig miero BHCOKOI TeMmepaTtypu 4Yd IyTW ICKpPH, a TaKOX I1HIIUX (HaKTOPiB,
YacTHHA METaJy KOHTaKTHOTO MepelIniika BUAapOBYEThCS, YACTUHA PO3NPUCKYETHCS
1 BUKUAAETHCA 3 MPOMDKKY MK KOHTaKTaMH, YacTHHA MEPEHOCHTHCS 3 OJHOTO
KOHTaKTy Ha 1HIINH.

IIpouec 3aMUKAHHSA KOHTAKTIB. 3HOC KOHTAKTIB NIPH 3aMHUKAHHI

VY mporueci 3aMUKaHHA BICTaHb MiX KOHTaKTaMU MOCTYIIOBO 3MeHIyeThes. [Ipu
NesKid BIFACTaHI MK HUMH BiIOyBa€Tbcsl MpoOii, BUHUKAE Jyra, IO TacHE MpHU
3aMHKaHHI KOHTAaKTiB. 3HOC Bij I[bOTO SIBUIIA BapTO BpPaxOBYBaTH B amaparax Ha
BUCOKY Harpyry. Y HU3bKOBOJIbTHUX alaparax Iie SBHIIE MOXKHA He OpaTH JI0 yBard.

VY KoMyTaliiHUX amaparax MpH 3aMUKaHHI BIJOYBa€ThCs KOMYTaliliHMi 3HOC,
110 BUKJIUKAETHCS SIBUIIEM A3€HbKOTY KOHTAKTIB. Y Psjl BUMAJAKIB BiH NepeBeplIye
3HOC MpU pPO3MHUKaHHI. PyXoma KOHTaKT-geTalb MIAXOAUTH J0 HEPyXomoi 3
BU3HAYEHOI0 IBUAKICTIO. I[Ipu 3iTKHEHH1 BIAOYBa€ThbCs MpyxkHA JedopMmaliis
MaTepiany 000X KOHTakTiB. [IpyxHa aedopmariisi npu3BOIUTH 0 BIICKOKY PyXOMOi
KOHTAaKT-AeTandl. BoHa BifiICKakye BiJI HEpYyXOMOi Ha JESKY BiJCTaHb, BUMIPIOBAHO1
coOTUMH 1 necsiTumu Mimimerpa (iHomi g0 1-ro mm). Ilix miero KOHTAKTHOI MPYKUHH
BiTOyBa€ThCS MOBTOPHE 3aMUKAaHHS KOHTAkKTiB. Lleil mpoliec Moxe MOBTOPIOBATUCS
KUJIbKa pa3iB 13 3aracarouoro aMIuniTy010. [Ipu K0o)kHOMY BIJICKOKY MK KOHTaKTaMH
BUHUKAE CICKTPUYHA JyTa, [0 BUKJIUKAE TXHIH 3HOC.

JI3eHbKaHHA MPU 3aMUKaHHI MOKJIMBE BHACIHIJIOK yJIapy IpH MPUTITaHHI SKOPS.
IIpu oMy 3HOC MOXke OyTH OUIBIIUM, HIXK BiJl yAapy caMUX KOHTAKTiB, TOMY IO
I3€HBKIT KOHTAKTIB BiOYBa€ThCsl pHU HAOArato OLMBIINX MUTTEBHX CTpyMax (ymap
MIi3HIIIKH 1 CTPYM BCTUTA€ BUPOCTH OLNIbIIIE MPU IHAYKTUBHOMY HaBaHTaXKCHHI).

3anexHicTh 3HOCY Bil CHIBBiIHOIIEHHSI NPOTHAINY0I i THAroBoOI
XapaKTepPUCTHK anapara

IBUKICTh pyXiB KOHTAKTIB BU3HAYAETHCS CIIBBIAHOMICHHSIM MK MEXaHIYHOIO
P,=f(0) (xkpuBa 1) i cruckyBajgpHumu 3ycwuismu P, =f(d)  (kpusBi 2,3,4)
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xapaktepucThkamu (puc. 32). UuMm Oiblie 3amac CTUCKYBaJIbHOTO 3yCHiUIs (KPUBHIA
4), TuM OiIBIIOK0 OyJe MBHIKICTh, a OTXE, OyayTh OUIBIIMMH yaap 1 J3CHBKIT
KOHTAKTIB.

-
>

P

em?

P

n

v

d

Puc. 32 —IIporuairoua (1)1 Tsarosi xapakrepuctuku (2,3,4)anapara

[Ipy HemocTaTHHLOMY CTHCKajdbHOMY 3ycuiuni (KpuBa 2) BiAOyBaTUMEThCS
3yIUHKA PyXOMOi CUCTEMH B MOMEHT 3ITKHEHHS KOHTAaKTiB (JIBOTAKTHE BKJIFOUCHHS),
10 TaKOX IMpHU3Bee A0 30UIbIIeHHS 3HOCY. [ 3a0e3rneueHHs] MiHIMaJIbHOTO 3HOCY
TATOBA XapaKTEPUCTHKA MOBHHHA 3a0e3leuyBaTH UYIiTKE BKIIIOUCHHS amapara 1 He
MaTH HaJMIpHHX 3amaciB (kpuBa 3).

3aJ1eKHICTh 3HOCY BiJl MOYATKOBOTO HATUCKAHHA P,

[TouaTkoBE HATUCKAHHS HA KOHTAKTH B MOMEHT iXHBOTO 31TKHEHHS - II€ CHJIA, 10
IPOTHJIIE BIJICKOKY KOHTAKTIB MpU IXHhOMY 31TKHEeHHI. [IpupoaHo, 1m0 yum Oibliina
CHJIa, TUM MEHIIMMH OyIyTh BIACKOK 1 I3€HBKIT, a OT’KE — 1 3HOC.

Martepiajin 1Jisi KOHTAKTHHX 3' € IHAHb

Bing Marepiany KOHTaKTy B 3HA4YHO 3ajieXKaTh TEPMIH HOTO CITY>KOU 1 HAIIWHICTh B
po6oTi. Jlo mux maTepialliB CTaBJIATHCS Takl BUMOTH. BOHU TOBHUHHI MaTH BUCOKY
€JEKTPUYHY MPOBIAHICTH 1 TEIUIONPOBIAHICTh, OYyTH CTIMKMMM JI0 KOpO3ii 1 MaTh
CTPYMOIIPOBIIHY OKCHJIHY IUIIBKY, OyTH JIyrocTIMKUMH, TOOTO MaTH BHUCOKY
TeMmrepaTypy IJIaBJICHHS 1 BUIMapy, OyTH TBEPAMMH, MEXaHIYHO MIITHUMH 1 JIETKO
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MiJaBaTUCS MEXaHIuHIM oOpoOIll, MaTh HEBUCOKY BaprTicTh. Ll BuMoOrH
CyTepeuwINBI, a TOMY Mail)ke HEMOKIIMBO 3HANTH MaTepial, 10 3aJ0BOJIbHIB OU BCIM
im.

JIJIsT KOHTaKTHUX 3'€JHAHb 3aCTOCOBYIOTH (SIK TPABHJIO) Mijb, SIKa 3aJJ0BOJIBHSE
Male BCIM IepepaxOBaHWM BHUIIE BUMOTaM, 3a BHHITKOM KOPO31MHOI CTIMKOCTI.
Oxcuan MiAl MarOTh HU3BKY MPOBIAHICTE. Migp — HAMMOMIMPEHIIINM KOHTAKTHUN
MaTepiai, 10 BUKOPUCTOBYEThCS SK IJs PO3OIPHUX, TaK 1 JJISI KOMYTYHOUHUX
KOHTakTiB. Y po30ipHUX 3'€JHAHHIX 3aCTOCOBYIOTh AHTHKOPO31HHI MOKPUTTS
poOOYHX TOBEPXOHb.

VY KOMyTyrO4YMX KOHTaKTax MiJlb 3aCTOCOBYIOTh MIPH HAaTUCKaHHAX moHaya 3 H s
BCIX PEXHUMIB pPOOOTH, KpiM TpuBajoro. J[[as TpuBajgoro pexuMmy Miabp He
PEKOMEHIYIOTh, anie skmo (ii) 3acTocyBanm, TO Tpeda BKUTH HEOOXITHUX 3aXOJiB
It OOpoTBOM 3 OKHUCJIIOBaHHAM  pOOOYMX  TOBEPXOHb. Miab  MOXe
BUKOPUCTOBYBATHUCS 1 JIsl IYTOTACHUX KOHTAKTIB.

[Tpu Manux KOHTAKTHUX HAaTUCKaHHsX (P<3 H) 3aCTOCYBaHHS MiJHMX KOHTAKTIB
HE PEKOMEHIYEThCSI.

3anuTaHHA VIS caMoNlepeBipKH
1. Ilo sBnsie co0oOr0 3a30p KOHTAKTIB SK MapaMeTp KOHTAaKTHUX KOHCTPYKIIIH
TATOBHX EJIEKTPUYHHX amapatiB?
2. lllo Ha3WMBaeThCSA MPOBAIOM KOHTAKTIB, SK OJHOTO 3 OCHOBHHX IapaMmeTpiB
KOHTaKTHUX KOHCTPYKIIIH TATOBHUX €JIEKTPUUHHUX amapatiB?
3. IlpoanamizyiiTe BIUIMB TpOBajly KOHTAKTIB Ha HAAIMHICTD KOHTAKTHUX
KOHCTPYKLIN TATOBUX €NEKTPUYHUX araparis.
4. JlaiiTe BU3HAYCHHS] KOHTAKTHOTO HATHUCKAaHHS KOHTAaKTHUX KOHCTPYKIIH TSITOBUX
CJICKTPUYHHX arapaTiB.
5. Ilpoanani3yiiTe BIIUB Ha HAJIAHICTh €JIEKTPUYHOTO KOHTAKTy 3MIHHU KIHIIEBOTO
HATUCKAHHS B MIPYy 3HOCY KOHTAaKTIB 1 3MEHIIEHHS IMPOBATY KOHTAKTIB TATOBUX
CJICKTPUYHMX arapaTiB.
6. [lo po3yMitOTh Mi 3HOCOM KOHTAKTIB €IEKTPUYHUX arapaTiB?
7. Ilpoanami3yiiTe TpOIECH 3HOCY KOHTAKTiB MPH IXHbOMY PO3MHKAHHI B TATOBHX
CJIEKTPUYHHX arapaTax.
8. Ilpoanani3yiiTe 3MiHYy MEPEXiTHOTO ONOPY 1 T'YyCTUHY CTPYMY B OCTaHHIN TOWII
KOHTaKTyBaHHS MPU PO3MUKAHHI KOHTAKTIB.
9. Ilpoanami3yiiTe BIUIMB PO3MUKAHHA KOHTAKTIB Ha TEMIIEpaTypy IUIOIIAIKH
KOHTaKTyBaHHS.
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10.IIpoananizyiiTe BUHUKHEHHS Pi3HUX (HOPM PO3PSJIIB MPU PO3MUKAHHI KOHTAKTIB
CJIEKTPUYHUX TATOBUX aIlapaTiB.

11.IIpoananizyiite mporec 3aMUKaHHS KOHTAKTIB 1 MOro BIUIMB HAa 3HOC KOHTAKTIB

EJIEKTPUYHOTO TATOBOTO arapara.

12.1IpoananizyiiTe cuTyalliro, 3a SKOi y KOHTAaKTHIH KOHCTPYKIIIi €JEeKTPHUYHOTO

amapaTa BUHUKA€E J3€HBKIT KOHTAKTIB.

13.IIpoananizyiiTe BIJIMB J3€HLKOTY KOHTAKTIB Ha IXHI{ 3HOC.

14 TlpoanamizyiTe  3aJ€XHICTh 3HOCY KOHTaKTIB TpPU  3aMUKaHHI  BIJ

CIIBBIIHOIIECHHS MPOTHAIFOU0T (MEeXaHIYHOI) 1 TATOBOI XapaKTEPUCTHKH TITOBHX

amaparis.

11. Enexrpuuyna ayra i mnpucrpoi racinHa ayru. Buaacrusocrti it
XapaKTEPUCTHKA eJeKTPUYHOI ayru. Cnoco0M BIUIMBY HAa €JIEKTPUYHI AYyrd 3
METOK KepyBaHHSl HUMM i racinHsg. JlyroracHi cucremu. MarHiTHe raciHus

AyTH

Po3mMukaHHa  €NEKTPUYHMX KUJI ~KOMYTYIOUMMH  MPUCTPOSIMU  3BHYANHO
CYNPOBOKYETHCSI BUHUKHEHHSIM €JIEKTPUYHOI ayru. Jlyra BUHUKAE MpH CTpymax
oimpme 0,5+ 1,0 A 1 nampyrax Bumie 15+ 18 B. V taroBux amapartax myra
3'SBJIAE€THCS TPU PO3MHUKAHHI MiJl CTPYMOM CHJIOBHX 1 JOMOMDKHHX KiJ, @ TAKOXK K11
KEepyBaHHS 0COOJIMBO 3 BETUKUMU 1HIYKTUBHOCTSMH.

[Ipuctpoi myroraciHHS CHifi pO3TISAaTH SK 3acO0M KEpyBaHHS EIEKTPUYHOIO
JIyTO10, JIJIsL 4OTO HEOOX1THO 3HATH ii BIACTUBOCTI i XapaKTEPUCTHKY.

3BUYAHO AYTY BU3HAYAIOTH K OJWH 3 BUIIB CIICKTPUUHUX PO3PSIIIB Y TA30BOMY
cepenoBuil. EjekTpu4Ha ayra - e mpouec NpoxXoaKeHHs CTPyMy B cepeoBHII
iOHI30BaHUX ra3iB NpHU TEPMiYHOMY XapaKTepi IXHbOI ioHi3amii.

[H111 BUM MPOXOJKEHHS CTPyMYy B raszax, a camMe — KOPOHAa, HE CHPAaBISIOTH
MTOMITHOTO BIUTUBY Ha POOOTY 3BUYANHUX TATOBUX arapaTiB, TOMY iX TyT pO3TJISAaTH
He Oyemo.

Tepmiuna ioHi3amisi, BacTuBa eNEKTPUYHIN Ay31, 3HAYHOIO MIPOIO 3aJI€KUTh Bl
CcTyneHsl ioHi3amil x - BIZTHOCUHM YHCJa 10HI30BaHUX 4acTOK Ny 10 iX 3arajJbHOro
grcna N B oxuauti 06'emy x= Ny/N.

VY TsroBux amapatax 3HadeHHs X nopiBHsHO HeBenmke (0,4+0,5). [Ipu mpomy
10HI3YIOTHCS MEPEBAKHO HE YACTKH TOBITPS, a MapH eJeKTpoaiB. I'ycTuHa cTpymy

B Jyrax, BJACTUBUX TATOBUM araparam, BeJIMKa; BOHA 3HaxoauThes B Mexax 40+90

60



A/MM?, X04a B OKpEMHX BHITAAKAX MOXKE OYTH i 3HAYHO BUINOI. 3 MiJBHINEHHSIM
TeMNepaTypH r'yCTHHA CTPyMY B 1y3i 3pocTac.

3BUYalfHO Ha KAaTOMdi YTBOPIOETHCS KATOAHA IUISIMA y BUIJISII PO3IUIABIEHOTO
MeTay, IO BUMAPOBYEThCA, B Oe3mocepenHiii OMU3BKOCTI BiJ SKOI BHHHUKAE
00'eMHUI1 3apsia - e1eKTPOHHA XMapa. He3Bakaroun Ha BiTHOCHO HEBEJIUKY PI3HUITIO
noteHiiagiB 1moA0 karoga 10-15 B ( e 0OyMOBJICHO HE3HAYHOKO BIiJCTAHHIO BiJ
HBOTO JI0 KaTo/ja) . BUHMKae rpaaieHT MOTEHIIaly, MO J0CITae 10 + 10° B/mm. Ie
J0JIa€ TaKl IIBHUIKOCTI €JIEKTPOHAM, MPU SKUX BOHU B CTaHI BUOMBATH 3 MOBEPXHI
HaBITh MOPIBHSAHO XOJIOAHOTO KaTO/Aa HOBI €JIEKTPOHH Ta 10HH. OHAK CTiiiKe TOPIHHS
JYTH BiJI0YBa€ThCS 3BUYAIHO JIMIIE TIPU aKTUBHOMY (po3reueHOMY) KaTtoai. Po3mipu
KATOAHOI MISMH BHMAaaKoBi. Moro mmomty , Mm% OpPi€HTOBHO MOXHA ITiApaxyBaTH,
KOPHUCTYIOYHChH eMITIPUIHOI0 3aexkHicTIo $=0,02% 32 M,

ne | - ctpym, A.

CtoBOYp Ayru sBisie cOOO0IO0 MOTIK 10HIB, 3apsIPKEHUX HETAaTUBHO, X04a B HHOMY
€ 1 skach (my)ke HEBeIMKa) KUIbKICTh IO3UTHBHHX 10HIB, a TaKOX BLIbHUX
enekTpoHiB. CTOBOYp MOXHA pO3IJISAATH K CBOEPIMHUEN MpoBigHHUK (puc. 33), mo
BOJIOJIie OaraTbma BJIACTUBOCTSMHU Ta3iB 1 HE3HAUYHUM 3B'A3KOM MIXK OKPEMHUMH
yacTkaMd. TakuM YHHOM, CTOBOYp JIETKO A€(POPMY€ETHCS IIiJl BIUIMBOM PI3HUX
30BHINIHIX (DAKTOPIB.

o

Puc. 33 -CroBOyp ayru (A - anoa, K — karon, |, — noBxkuna ayru, do —miamerp
ayrd, |n —ctpym nyru).

IMaginHga HANPYTH 32 JOBKUHOIO JYT'M MOKHA ITiIPO3AUIATHA HA TP CKJIAI0BI:

Lo
U=Ug+Uc+U,= [ Edl
0
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Tyt Ug - mamiHHs Hanpyrd B Oe3mocepenHid OaM3bKOCTI BiJl KaTola, MIX
KaTOJHOIO IUIIMOIO Ta €JIEKTPOHHOIO XMapoio ; Uc - maaiHHsA Hampyrd B CTOBOYpi
JYTH, TOBXKHHA SIKOTO JOPIBHIOE Maibke BCiit moBxuHi ayru ly; U, - magiHHa Hapyru
B aHojJa B Oe3mocepenHiid OIU3bKOCTI Bif HBOTO; E - rpafieHT maaiHHSA HANpYyTH B
y3i:

Eszo/ dlo
Ak BugHO 3 puc. 34,rpaieHT NaJiHHS HANMpPyTry B CTOBOYP1 YTy MOCTIHHMIA.
lo A

Y

Uk Uc Ua

|l B
| il -

A

J— ooy

Puc. 34 -Tlaginusa HanpyTu B 1y31

[Taginas Hampyru B Ay31 BU3Ha4Ya€ MOTY:KHicTh yTpaT AP, 10 po3ciioroThes
HEIO!

AP@Z Uo*lzl*( ) xt Ua+EC*| 0).

IMoTy:xXHiCTH BTpPAT Yy KaTOJAa BHUTPAYAETHCS HA YTBOPEHHS 1 MIATPUMKY
KaTOAHOI IUISIMH, Ha BUIIAP METaly 1 CTBOPEHHS €JIEKTPOHHOI eMicli - MPUCKOPEHHS
€JIEKTPOHIB, 110 BUJIISAIOTHCS 3 IJISIMUA. BTpatu KaTojna BUILISIOTHCS B HACTUIBKU
BY3bKOMY TIPOCTOpi, IO BHKJIMKAIOTh IHTEHCHBHE HarpiBaHHs ayru. Came TyT
TeMIepaTypu HaitOinbmi, BoHH mgocsaraioTe (6+8)*10° °K. Temmeparypa camoi
KOHTAKTHOI IUISIMM TPOXH HHXK4Y€ BHACHIIIOK TapHOi TEIJIOMPOBIAHOCTI METaly
€JIEKTPO/IiB, 110 3a0e31nevy€e IHTCHCUBHUM BBl TEIIA.

IMoTy:kHicTH BTPAT B aHOAA , BUKJIMKaHA MaiHHAM Hanpyru U, , BUTpadaeThCs
Ha BUJIJICHHS BUIBHUX €JEKTPOHIB 3 HETATUBHO 3apSKEHUX 10HIB 1 BIIPOBAXKEHHS
ix y Timo aHoma. BoHa BHIIISETHCA B QyKe BY3bKOMY MPOCTOPI Oe3mocepeHho Ha
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noBepxHi aHoja. lle BUK/IMKae 3HAYHE HArpiBaHHS OMOPHOI TOYKH AYTH Ha aHOII i
HOr0 OIIABJICHHS.

IMoTy:kHicTh BTpPAT y CTOBOYpi AYrH BUTpPAadacThCcs Ha BIATBOPEHHS 1OHIB,
3aryOJieHUX y CTOBOYpl BHACHTIJOK IXHBOTO PO3CIIOBaHHSA, TOOTO TMOTY>KHICTh
TEIUIOBUX BTpaT y cTOBOypi ayru. BoHa Tum Ouibliie, 4yuM OUIbIIE TTOBEPXHS
cToBOypa i1, 0cOOJIMBO, TOBXHUHA AYTH. TakuM YMHOM, NAJIHHS HAPYyTH B CTOBOYpI
Ec nponopitiiite |,. Pa3zom 3 TM, BOHO 3aJI€KHTH 1 BiJ I'paji€HTa MMaIiHHSA HAIPYTH B
Iy3i, 10 0OYMOBJIEHE — 3HAXO/KEHHSIM CTOBOYpa AYyTH, 1, 3BUYAHO, yMOBaMH HOTO
OXOJIO/IPKEHHS.

XapakrepucTuku Ayru. CTaTH4YHI XapaKTePUCTHKH.

e 3anexuicts Hanpyru ayru Big ctpymy ayru U, (1) mpu mocTiithiil 11 qoBkuHI
l,=const un E(l), mpu moCTiifHIA MONEepeYHid MMBUAKOCTI AYrH W HANOLIbIIiN
IHTEHCUBHOCTI 3MIHH CTPyMY, IpH SKii BCTUTAIOTh YCTAHOBIIIOBATHUCS TEIUIOBI
OamaHcu ¥ OamaHcu HOCIIB 3apsiiiB JJIsl KOKHOTO HOBOTO 3HadyeHHS cTpymy. Lle
MOYKJIMBO, SIKIIIO CTPYM 3MIHIOEThCS ayxe noBiibHO. Xapaktepuctuku U, (1) mist gyr
pi3HOT MOBXHHM TOMIOHI 3a (OpPMOIO, aje pO3TallOBaHI TUM BHIIE, YUM OiJblIa

nopxxuHa ayr# |, (puc. 35).
Uo

0 |
Puc. 35 Cratnuni xapaxtepuctuku Uy(l) mist xyr pi3Hoi 10BKHHH
CnocoOu BIUIMBY HA €JIEKTPUYHI IYI'M 3 METOK KePYBAHHSI HUMHU H raciHHA

IX 3aCHOBaHI Ha PO3TJSHYTHUX BJIACTHUBOCTAX 1 XapaKTEPUCTHKAX EJIEKTPUUYHUX IYT.
J10 HUX B1THOCSITBCSL:
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- TOJOBXCHHS CTOBOypa AYrH- ILISXOM TIEPEMIIICHHS EJICKTPOIiB, BILUIMBOM
€JIEKTPOMATHITHUX YH €JIEKTPOJIMHAMIYHUX CHJI, BIUIMBOM Ha JIyTy Ta30BOTO TOTOKY;

- MIJBUINECHHS Tpaji€HTa MaJIHHA HANpPyTH B Jy3l - HUIIXOM OXOJIOKCHHS
CTOBOypa Ta30BUM TIOTOKOM, 30UIBIICHHSIM IepUMEeTpa MOMEPEUYHOro Tepepiza
CTOBOYypa yTH,

- 3aCTOCYBAaHHS CEpEJOBHINA 3 Ta3aMH IMMABUIICHOI TEIUIOEMHOCTI IS
MOCUJICHHS TETUIOPO3CIFOBaHHS BiJl CTOBOypa AyTH;

- iHTeHCcHIKaIis 1000py Temia BiJ KaTOAHOI W aHOAHOI TUISIM - 30UTBIIEHHSIM
MacH, TeTUIONPOBITHOCTI 1 TEIJIOPO3CIFOBAHHS €JICKTPO/IIB.

VYci mi crmocobu (Haifuactimie iXHs KOMOIHAIliSl) 3aCTOCOBYIOTh Y CyYacHHX
TATOBUX amaparax. Jleski 3 HHMX, HalpuKIaJd, TaciHHSA AYyrd y BaKyyMi, Xoda 1 He
3HAWIIM TIOKM TI0 3aCTOCYBaHHS B TATOBUX amaparax, aje ysBISIOTHCS

IMCPCIICKTUBHUMMU.

Jyroracui cucremu

Jlnss oOMexeHHsI TeIJIOBOro BIUIMBY AYTM Ha JAeTalli amapaTa, 4yac ii raciHHs
3BUYaiiHO He moBHHEH mepepuiyBatu 0,1 c. IcHye MiHIMaibHA BIACTaHb MIXK
KOHTaKTaMH |min (MM) , TIOYMHAIOYM 3 SKOI CTBOPIOKOTHCS HEOOXIiTHI YMOBH JUISI
BUYBaHHS TyTH 3 KOHTAKTIB i pO3TATaHHS 11 B TyrOraCHOMY IIPUCTPOI:

Imin:ﬂ,'K]_b/i(),

ne b — ToBmmHA KOHTaKTy, MM; iy -cmpym nyru B KA, 1,=1+10 xA; K; —
3aJIe)KHTh Bij MaTepiany kontaktiB (Cu— 0.18; Ag— 0,85W - 2,0).

Haiinpocrimmii criocid raciHHsS Oyrd — Mmexaniynuu pozmse ii cmosna. llpu
HeBeMKHUX cTpyMax (~mo 10 A) nyra po3TsryeThesi Misk po30iKHIMU KOHTaKTaMU Ha
NOBXHUHY | 1 HE BUXOJUTh 3 MDKKOHTAKTHOTO NpPOMDKKY. IIpu 3Ha4HUX CTpymax
JTYyTOBUW CTOBI BHUAYBAETHCS HATOPY TiJ MI€I0 CHJI, IO BUKJIMKAHI TETUIOBHUMH
NOTOKaMH, YW CHJ €JIEeKTPOJMHAMIYHOI B3a€EMOMAii Jyrd 31 CTpymMamu B
CTPYMOBEIYyYHUX €JIEMEHTaX. Y TaKUX TMPUCTPOSX BHUHUKAE W TaCUTHCA BUIbHA
(BimkpuTa) ayra.

3aCTOCOBYIOTh TaKOX Oy2o2dcHi rpamu, HaOpaHi 31 CTaleBUX IUTACTHH, Ha SKi
BUYBA€THCS €NEKTPUYHA yra. [lyra mepeMinryeThcsi Ha CTaleBi MIACTUHU M Ti€F0
eNIEKTPOMATHITHUX cujil (MarHiTHUWA TOTIK Bl CTpyMy JAyrd “mparHe” TpoiTh
IIJISIXOM HAHMEHIIIOrO OMOpYy — CTAJICBUMH JUISHKAMU), T JA1€10 TEIUIOBUX MOTOKIB
(Haropy) 1 i BIUIMBOM CHJI €JICKTPOJWHAMIYHOI B3a€EMOJIi CTpyMy HOyTrH 3i
CTPYMOBEIYYUMH KOHTAaKTHUMU JAeTaimsiMu . [macTuHu, mo po30min CTOBI AyTH HA
pSA KOPOTKUX [IyT, € I HUX CBOEPIAHUMHU paaiaTopaMu, sIKI 1HTEHCHBHO iX
OXOJIOJIKYIOTh. Lle BUKIIMKa€e CUITbHE 3pOCTaHHS OTIOPY AYT 1 IXHE TaciHHS.
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MarniTHe racinnsa ayru. [IpuHIMD MAarHiTHOro0 ayroraciHHsi rependoadae
BIUTHB HA EIEKTPUYHY JyI'y MarHiTHOro mons. Moro mpucTpoi mopiBHAHO MpOCTi, He
BUMAararoTh JOJATKOBUX JDKEpENl €HEprii, TOMYy OJiepXajud B TATOBUX araparax
IIMPOKE PO3MOBCIOKEHHS. Take ayroraciHHsS MarOTh OUIBIIICTh KOMYTAIlIHHUX
TATOBHX aIaparis.

IcHytoTp 1Ba pPI3HOBMAM MArHITHOTO JYTOTACIHHA: €JIEKTPOMAarHiTHeE 1
JyrOTaciHHs 3 MOCTIMHUMU MarHiTamMu. OCTaHHE 3aCTOCOBYIOTH PIJKO, 3BUYAMHO
TITBKM B TUX BHUMAJAKaX, KOJM HEOOXITHO BUKIIOUATHA BIUIUB 1HIYKTUBHOCTI
JyrOracHOi KOTYIIKKM Ha TOCTIMHY Yacy Koja. Take JyroraciHHs 3aCTOCOBYIOTh
TaKOX y PO3PSATHUKAX.

[IpuHIMO 117 MarHiTHOTO TaCiHHA AYTd 3aCHOBaHWUW Ha B3a€MOJIIi MarHiTHOTO
noToky @, 1 ctpymy | , Mo mpoTikae B KOJI AYTH, Ky MOKHA PO3TJSAATU SIK

IPOBITHUK 31 cTpyMoM (puc. 36).
/X/_\f/—/_\

/_\//_\,,/—\

Puc. 36 -MarniTHe raciHHs TyTH

Cuna df, mo mie Ha enemenr myru dl,, df,,=I* dl,*B,*Sina, ne B,*Sina -
CKJIaJI0Ba BEKTOpa iHAYKIIii B 30Hi eneMeHTa dl,, HopmManbHa 10 HBOTO.
Cuna F,, mo aie Ha BeCh CTOBOYp Iyrd AOBKUHOIO |,

ly
Fo=1%[B,*dl,* Sina.
0
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Y nepmioMy HaOMMKEHHI I1HAYKIIIO B 30HI PO3TallyBaHHA AYrd MOXKHA
YCPEIHUTH:
1"
Boczl_*.[BO*dI .
0 0

Benuunny B, MO)XHa BUBECTH 3 — ITiJ] 3HaKa 1HTErpasa, a
Iy
[Sina*dl=L,,
0

ne L, -BigcTaHb M>K OTIOPHUMHU TOYKAMU AYTH. TakuM 4YHMHOM,
Fa =|* Lo* Bdc-

OTpumaHi 3aJ€KHOCTI OMNUCYIOTh 3B'SI30K JIyTrd 3 JYrOracHUM IIOTOKOM, ajie
BUKOPHCTOBYBATH iX OE€3MOCEPENHBO ISl BUSHAYCHHSI JOBKUHU JTyTH, i1 IMIBUIAKOCTI
Ta IHIIMX TMOKA3HUKIB BaXKKO, 3 OISy Ha BIUIMB Ha Ayry Oaratbox (axtopiB 1 ii
BUIIAJIKOBUM XapaKTep.

Kortymiky, 1110 cTBOpIO€ MarHiTHUM AYroracHUW MOTIK, BKJIIOYAIOTh MOCIII0BHO B
KOJIO KOHTAaKTiB KOMYyTarliitHoro anapara. lle 3a6e3nedye ii aBTOMaTnuHe BUMUKAHHS
MIiCJsl PO3pUBY amaparoM eJeKTpu4yHoro kosa ctpymy. MJIC myroracHoi KOTYIIKH
npornopuiiHa ctpymy ayra Q,=1*W.

[TocnigoBHE BKIIIOYEHHS KOTYUIKU TO3BOJIAE, HE 3MIHIOIOUM HAmpAMOK cuiu F,,
3MIHIOBaTH HAMPSAMOK CTPYMY B amapari, TOMY IO IIPH [IbOMY 3MIHIOE€TbCS HAMPSMOK
iHaykuii B, 3 MeToro BIIMBY Ha Ayry B MOTPIOHOMY HampsMKy AJisi 3a0€3MeUeHHs
JyTOTaCIHHS.

B amapartax 3 mOCTIMHMMH MarHiTami, 3MIHIOIOUYM HAmpsSIMOK CTPyYMy B KOIi
(3MiHA MOJIAPHOCTI), MOTPIOHO TAKOX 3MIHUTH IMOJSAPHICTH MAarHiTiB, 10 BHUKIHUKAE
TPYZHOILI BUKOHAHHS. Taky cUCTeMy Ha3MBalOTh PO3IMKHYTOIO.

I'acinHst 1yru B MOJ0BKHIiX IIIIMHAX. Y CyYacHUX arapaTtax TaciHHS IyTH IpH
BIIKJTFOYCHH] KOJIa 3MIMCHIOETHCS B JYTOTACHUX TPUCTPOSX, 3aBAAHHSAM SIKHX €
3aracUTH Iyry B MajoMy o0cs3i (0akaHO 3aMKHYTOMY) 3a MaJIMid 4ac, IpH MajaoMy
3HOCI YacTHH amapariB, MPH 3aJlaHuX MEepeHanpyrax, Majiux 3BYKOBHX 1 CBITIIOBUX
edexTax.

3nayHoro mnomwupeHHs (0COOJMBO B HHU3BKOBOJBTHUX araparax) OJepKalli
IYroracHi MPHUCTPOi, KaMepHu SKUX MarOTh MNO3JO0BXHI IMUIMHU. [10370BXHBOIO
HA3MBAIOTh INIIUHY, BICh SKOi 301ra€ThCs 32 HAPSIMKOM 3 BIiCCIO CTOBOypa ayru. B
TaKMX KaMepax OCHOBHHMU BIUIMB 3[IMCHIOIOTH Ha CTOBOYp Ayru. OXOJOKEHHS
cToBOypa nyru (100ip eHeprii) BiIOyBaeThCS 3a PaXyHOK PyXy AYTH Yepe3 HepyXoMe
HOBITPs ¥ OXOJIOKYI0UOT JIii CTIHOK KamepH. SIBuia B enekTpojax (iX BChOIrO JBa)
TYyT MOKHa BPaxOBYBaTH B 3MIHHOMY CTpyMi 1 Hanpy3i Hiwkdye 220 B. Pyx nyru B
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IPUCTPOSIX 3 TOJOBXKHIMHM IIIJIMHAMU BIJOYBA€ETHCA 3a PAXyHOK B3aEMOJIIi CTpyMy
AYTH 31 CTBOPIOBAHUM 30BHIIITHIM MarHiTHUM TOJIEM 1 MOJIEM KOHTYPY CTPYMY.
Iupoki i BYy3bki mo3goBxkHi miaumuu. Ha puc. 37 cxematuyHo 300pakeHi
XapakTepHi (HOpMH MO3I0BXKHIX LIIJIMH KaMep AYTOraCHHX IMPHUCTPOIB. Y BEpXHIi
JacTHHI KamMepu MDK Toukamu 1 1 2 € oaHa mpsMa MO3AOBXKHS IIUMHA 3 13
IUIOUIMHOPIBHOODKHUX CTIHOK, Y KaMepl Ha puc. 37 — KuIbKa NpAMHUX PIBHOODKHUX
IIIMH, aHAJIOTI4HI MIUIMHU - Kamepl Ha puc. 37a. Kuibka piBHOODKHUX IIUIMH
3aCTOCOBYIOTH MPH BIAKIIOYEHHI BEIMKUX CTpyMiB. OHaK piBHOODKHI AYTH ICHYIOTh
HeoBro. BoHM myke XWUTIWBI, 1 BCl, KpIM OJHI€], OCTAaHHbOI, IIBUJIKO 3racaroTh.
YMOBH raciHHs AyTd, IO 3aJUIINATIACS, TaKi XK, SIKI y KaMepi 3 OJHI€I0 IIIJIHHOIO.

Puc. 37-Pi3HOBUIM qyroBUX Kamep

Ha puc. 37 g nokaszana kamepa 3 OAHI€I0 MO3A0BKHBOIO IIUIMHOKW 3, K1 HalaHa
3BuBUCTa ¢opma. Ilpu Ttakiii ¢opmi 3amaeTbCss MOXKIMBUM y KaMepl HEBEIHKHUX
PO3MIpiB MTOMICTUTH JOBTY Ayry. KpiM Toro, HasBHICTh peOep CHpHsi€ IiIBUILICHHIO
Hanpyru Ha ay3i. Came 11 0coOJIMBOCTI OOYMOBIIOIOTH Ti MEpeBaru pPO3rJISIHYTOl
KaMepH, 10 3a0e3Meuy0Th i ITMPOKE 3aCTOCYBaHHS.

[lo3goBxkHs miiMHA 3 mOpyd pedep 1 po3mmpeHs 4, 3a pPaxyHOK SIKHUX
B1I0YBa€ThCS 3pOCTAHHS MO3J0BXHBOTO TpaJiiEHTa HApyru, 300pakeHa Ha puc. 37,
2.

Kamepa (puc. 370) Mae KOMOIHOBaHYy 3HUI3aromnoiOHy IIIIHHY 3 3 MiCIIEBUMHU
po3mmpeHasiMd 4. Y Takid IIIIWHI, OYEBHWIHO, TOBWHHI CIIOJTY4YaTUCS BCi
JIOCTOTHCTBA  3UI3aromnojiOHOI IIIJIMHU 3 TepeBaraMu, SKI JalTh MICIIEBI
PO3MIMPEHHS. 32 0COOJMBOCTAMH PYXy €IEKTPUYHOI TyTrd B MO3JOBXKHHUX MIUTHHAX
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PO3PI3HSAIOTH IIUIMHU IMHAPOKI ¥ BY3bKi. [llupokoro Ha3uBaioTh 1miauHy (puc. 38 ga),
HIMPUHA SKOi 3HAYHO OUTBIIIE AiamMeTpa IyTH, 8y3bkor — IinuHa (puc. 386), mupuHa
SKO1 MEHIIIe iaMeTpa AyTH 4u OJIM3bKa 10 HhOTO.

OCKiTbKH JlaMeTp AYTH 3aJIeKUTh BiJ CTPYMY, IIBUIKOCTI pyXy IyTd W yMOB
OXOJIOJIKEHHS, TO JUIS OJHUX YMOB IIiTMHA Oy/e MUPOKOIO, IS 1HIIUX —BY3bKOK. Y
MIMPOKUX MIUTMHAX PyX Jyrd Majo CTUCHYTUH CTIHKamu, mepepi3 ii cToBOypa
HenedopMoBanuii. SIKICHO BCl SIBUIA TYT BiA0YBarOTHCS TakK caMo, K 1 Y BIAKPUTO
najarouid ay3i. HasBHICTH CTIHOK BHOCUTh TUIBKH JI€AKi KiJIbKICHI 3MIHU B
3aKOHOMIPHOCTI,BJIACTUBI BIAKPUTIN Ty31.

VY BY3bKMX LIUIMHAX pyX AYT'M CWIBHO CTHCHYTHi, mepepi3 cToBOypa Ayru
neOpMOBaHHM, YMOBH OXOJO)KCHHS PI3KO 3MiHEHi. Yce 1€ MPHU3BOAUTH IO
BUHUKHEHHS PSTy HOBHUX SIBUII, IO SKICHO 1 KUTBKICHO BIAPI3HSAIOTHCS BiJl THX, SIKi
B1I0YBaIOTHCS Y BIAKPUTIN Ty31.
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Puc. 38 d1{inmunu nyru

3anuTaHHA VIS caMoNepeBipKH

1. [Ipoanani3yiiTe yMOBM BHUHHUKHEHHS €JIEKTPUYHOI Jyrd TMpPU PO3MUKAHHI
CIEKTPUYHUX KOHTAKTIB.

2. JaiiTe BUBHAYEHHS €JIEKTPUYHOL YT H.

3. Ilo siBnsie co6010 CTOBOYp €NEKTPUUHOT TyTU?

4. [IpoanamnizyiiTe CTaTUYHY XapAaKTEPUCTUKY EJICKTPUYHOI AYyTU MPU PI3HUX il
JIOBKHHAX.

5. IIpoananizyiiTe cnocoOu BIUTMBY Ha €JICKTPUYHY OYTy 3 METOI KEPYBaHHS a00
raciHHA.
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6. [IpyHIIMT MAarHITHOTO TaciHHS AYTH B TATOBUX €JIEKTPUYHUX amnapaTax.
7. 5Iki piI3HOBUIM MAarHiTHOTO TaCiHHS IYTH ICHYIOTh y TSTOBUX EJIEKTPUYHHX
amaparax?

12. KoHTpoJiepu pyXoMoro CKJaay

KoHnTponepom Ha3MBarOTh KOMYTalliHUAN anapar, MpU3HAUYCHUH IS 3MiHH CXEMHU
CJICKTPUYHHX 3'€HAHb KIJ TSATOBUX €JIETPOABUTYHIB, a TAKOX ISl 3MIHU BETUYMHU
omopy B IHMX KoJaX. KOHCTpyKTHMBHO BiH sBIsie c000I0 OaratocTymiHYacTHA
OpUCTpid, HE 3B'SI3aHUN B OAHE L€ 3 pe3ucropaMu. Y LbOMY HOro roJioBHA
BIJIMIHHICTb BiJ] PEOCTATIB.

KonTponepu mupoko 3aCTOCOBYIOTH y PYyXOMOMY CKJIaji, TOMY IIO BOHH
JI03BOJISIIOTH Y TIOPiBHSIHHI 3 €JIEKTPOMArHITHUMH KOHTaKTOPaMHU CIIPOCTUTH CXEMY
yrpaBiiHHA TsroBumu enekrpoasuryHamu (TEJ]), a oTxe, miIBUIMTHA HAAIWHICTH
iXHbO1 poOoTH. BOHU 103BOJISIOTH 3pOOUTH OAraTOCTYMIHYACTHH MYCK 1 raJJbMyBaHHS
TE/] npu HeBeNMKiN KITBKICTI el1eKTpoanapaTypHu.

3ane)XHO BiJ CXEMHU YIPAaBIiHHSA TATOBUMH JBUTYHAMH Ha PI3HHUX THUIAX
PYXOMOTO CKJaxy KOHTpOJepu KIacHU(PIKyIOTh 3a MPU3HAYCHHSM, MPUHLIUIIOM
poOoTH, BUAOM MNPUBOAY. 3a MPU3HAYCHHSIM KOHTPOJEPH PO3AUIAIOTH Ha Taki
TOJIOBHI TpymHH: O€3MOCEPEeTHBOT0 YMPABIiHHS, HENPSMOTO YIPABIIHHSA; PEOCTaTHI;
nepeMeKadi MOJI0KEHHS; PEBEPCOPH.

Kontponepu Gecniocepennboro ynpasiinas (Hanpukiaamx, MT 300 i MT 27A)
BUKOPUCTOBYIOTh JIJII KOMYTallii B CHJIOBUX KoJyiaXx (TpamBaiiHi Baronu). Ha maHwmii
MOMEHT BOHU MalOTh OOMEXEHE 3aCTOCYBaHHS.

KoHTponepu HenmpsiMOro yIpaBlliHHA 3aCTOCOBYIOTH JJIS YIPABIiHHA POOOTOIO
IHIMMX amapatiB, MO0 3JICHIOIOTh KOMYTAIlil0 B CHJIOBUX KOJIaX, HAaMpHUKIA],
CJIIEKTPOMArHIiTHUX KOHTakTOpiB (Tposeiioyc 9TP), abo peocTaTHi KOHTPOJEPU
(Baronn PB3-6, KTM-5,T-3, tponeiidycu 31Y-5, 31Y-9, [IM3).

PeocTatHi KOHTpOJIEpPH BHKOPUCTOBYIOTH JJII KOMYTallii TyCKOBHX PEOCTaTiB y
KOJIaX 0CcIa0JIeHHS TOJIS 32 BIMOBITHOIO TIPOTPAMOIO.

[lepemukadi TOJOXKEHHS 3aCTOCOBYIOTH [IJISi KOMYTAIlii EJIEKTPUYHHX CXEeM
BaroHiB METPOMOJITeHy. BOHM MaioTh KOHCTPYKLIIO, aHAJOTHYHY PEOCTATHUM
KOHTpOJIEpaM.

PeBepcopu ciuyxarb isi 3MIHM CXEMHU BMHKAaHHS €JIEKTPOJBUTYHA IIpH
HEOOX1THOCT1 3MIHHM HAIIPSIMKY PyXY.

3anexHo BiJ KOHCTPYKIII KOHTAKTHOTO MPHUCTPOIO KOHTPOJEPU MOIIISIOTH: Ha
KyJIauKOBI, OapabaHHi, KiaBimHi ¥ miocki (puc. 39).

69



KoHTposnepn KymaukoBOTO THIy MalTh HaWOUIbIIE TMOMIMPEHHS, TOMY IO
J03BOJISIIOTh KOMYTYBaTH KOJIa 31 3HAUHUMHU CTPYMaMH, OCKIJIbKH MOXYTb OyTH 13
CUCTEeMaMH JyToraciHHs. Y KOHTpoOJIepax IbOTO THITy JIETKO 3a/Ja€ThCs Mporpama
3aMHUKaHHS KOHTaKTOpHUX ejemeHTiB. Ha puc. 39 300pakeHuil KOHTaKTOPHHIA
€JIEMEHT, KOHTAKTH 4 SIKOTO PO3MHUKAIOTHCS IMPH MOBOPOTI KyJa4yKoBOi Imaiibu 1 B
HAIpPSIMKY, BKa3aHOMY CTPLIKOIO.

[Ipr BHKOpPHCTaHHI PEOCTATHUX KOHTPOJIEPIB CKIAJAIOTh CHJIOBY CXEMY TaKHM
YUHOM, 100 PO3MHUKAHHS KOHTAKTIB 31HCHIOBAIOCS 0€3 pO3ipBaHHS CTPYMY, IO A€
3MOTY 3aCTOCOBYBATH KOHTAKTOPHI €JIEMEHTH 03 AyroraciHHs.

Kontponepu OapabGannoro tumy (puc. 39¢€) 3acTOCOBYIOTH IS KOMYTAIlil
EJEKTPUYHUX KUI TIPU HEYACTUX TEPEKIIOUCHHSIX 1 BIJCYTHOCTI CTPyMy B HHX.
3BUYAHO TX BUKOPUCTOBYIOTDH SIK PEBEPCH, MEPEKIIOUCHHS KOTPUX MOKIIMBE TUIBKH
MpU BIJKJIFOYEHHI CHUJIOBUX KUI. Y IIbOMY BHIAJKY 3aCTOCOBYETHCS MeXaHiyHe abo
€JIEKTPUYHE OJIOKYBaHHS.

5/
A

Puc. 39 —KoncTpykiliiiHe BUKOHaAHHS KOHTPOJIEPIB:

a — KyJa4koBi; 0- OapabaHHI, B- KJaBiIlHI; T- TUIOCKI; 1- mraiiba KymadkoBa; 2-
poNHK; 3- BaXiJb; 4- KOHTAKTH, D- MPUTHCKYIOUYa MPYXUHA; 6- OCHOBa, /- OapabaH;
8- cermenTH; 9- kontakTHu manens, 10- ctpymonposigne kinble; 11- pesucropu;
12 nputuckyrounii ponuk; 13-moB3yH; 14-cTpyMO3HOMHE KiJbIIE.

Ha TpamBaitnux Baronax T-3 mis perymtoBanHs mBUakocTi ooeptanus TEJl mpu

MyCKY ¥ ralbMyBaHHI BUKOPHCTOBYIOTh KiaBilmHui peoctat (puc. 39g). YV TexHiuHii
JiTepaTypi 3 pyXOMOro CKjaay MOoro Ha3uBarOTh MpUCKOpioBadeM . KOHCTpyKIiifHO
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PUCKOPIOBAY fABJISIE COOOI0 MPUCTPIH, IO MepekiIovae, 00'eTHAHUN 3 eleMEeHTaMU
pe3uctopiB. 3MiHa BeauyuHU omnopiB y koiai TEJ] mnpoBoguThCs HUISIXOM
nputrcHeHHs najibiiB 9 (puc. 396) no crpymornposigHoro kbl 10 3a 10m0MOror
ponukiB 12.

Kontponepu miockoro tumy (puc. 39¢2) sABAsSIOTH 00010 130JIAIIIHHY OCHOBY 6,
Ha KM 3aKpilieH] MI0CKl HepyxoMi KOHTakTH 4. [lepekitoueHHs BUKOHYIOTh IpU
OBOPOTI MOB3yHKa 13, 1110 3a0e3neuye eNeKTPUIHUHN 3B'S30K BIATOBITHOTO KOHTAKTY
3 cTpymo3iioMHuM KinbleM 14. CprogHi KOHTPOJIEPH AAHOTO TUITY HAa PYyXOMOMY
CKJIaJ[l HE 3aCTOCOBYIOTHCS.

KoHTponepu MaroTh Taki BHIM NPUBOJIB 3arajbHOTO Baly. pydHUil (TpamBaii,
BarOHK METPO); HOXHUHK (HemaabHUNl — TPOJEHOyCH); eleKTpOMEXaHIYHHM
(cepBOABUTYHHUI — PEOCTaTHI KOHTPOJIEPH); EIEKTPOMArHiTHUH (peBepcop TpaMBaio
KTM-5); nuesmatuunuii (pesepcop PB3-6).

Ha BiTum3HsSIHOMY pyXOMOMY CKJIaji, IO BUITYCKAIOTh HHUHI 3 aBTOMATHYHHUM
YIPAaBIIHHAM, 3aCTOCOBYIOTH PEOCTaTHI KOHTOJEPU TUIBKA 3 CEPBOIABUTYHHHUM
npuBoJOM. PeocTaTHul KOHTpOJIEp CKIAJA€ThCA 3 KOPIYCY, KyJauKOBOTO Baja,
KOHTAKTOPHUX €JIEMEHTIB JJIsI CUJIOBUX KUJI, Ta YIPaBIIHHS, MPUBOIY, (IKCYIOUUX
eneMeHTiB. KOHTaKkTOpHI €1eMEeHTH PeOCTaTHUX KOHTPOJIEPiB BUKOHYIOTh Y BUTJISII
JIETKOMOHTOBAHUX BY3JIB 1 YHI(QIKYIOTbCS 3 METOK BHUKOPUCTAHHS iX Ha IHIIIX
KOHTpOJIepax.

Ha koHTpoJiepax pyXxoMOro CKJajay BUKOPUCTOBYIOTh KOHTAKTOPHI €JIEMEHTH, 110
MalOTh PI3HOMAHITHI TEXHIYHI JaHl I KOHCTPYKTHBHE BHUKOHaHHS. KOHTakTOpHI
enementu KE—46. KE—47, KE—-61 npusHadeHi i MEPEKIIOYEHHS CHUJIOBUX KIJI
yrnpaBmiaHA. OCHOBOIO KOHTakTopHOro enemenry (puc. 40) e izomsrtop 1,
BUTOTOBJICHUH 3 MJIACTMACH.

Ha oci 2, 3akpimuieniii Ha OCHOBi, YCTaHOBIIOIOTh Baxkiib 3. Ha onHomy muieui
BaXKEJIA KPIUIATh TpuMad 4 13 pyXOMUM KOHTAKTOM 5 1 KOHTAaKTHOKO MPYXKIHOK 6, a
Ha 1HIIOMY IUI€Yl — POJHUK /, KU BMHUKAIOUOIO MPYXKUHOIO 8 MPUTUCKYETHCS [0
poboU01 MOBEepXHI KyJ1aukoBoi 1raibu (Ha puc. 40a,0 He 300paxkena). KoHTakTOpHUIA
€JIEMEHT KpIIUIATh Ha peilii 0onToM, SIKUM BKPYUYyIOTh B TaliKy 9, 3ampecoBaHy B
130J1A11iiHy  ocHOBY. IIpu oOepTaHH1 KyJauyKoBOi MmIailOM POJUK KOHTAKTOPHOTO
€JIEeMEHTa KOTHThCS IO 30BHUILHINA MOBEPXHI 1IaiOH, mpu 1boMy KOHTakT 51 10 —
po3iMkHyTI. [Ipu ckaryBaHHI pojuKa B 3amajuHy maiOu Baxisib 3, 00epTalOunCh Ha
ocl miJ i€ TPYXUHH 8, 3aMHUKa€ PyXOMHH KOHTAakT 3 Hepyxomum. HeoOximne
HATUCKAHHSI KOHTAKTIB CTBOPIOETHCS MpYyKMHAMU 6,8. PO3MUKaIOThCS KOHTAKTH Mij
J1€10 KyJIAYKOBOI 11aiiou mpu HaOlraHH1 POJIMKa HA BUCTYII IIai0u.
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Puc. 40 —KonTakTopH1 €1eMEeHTH KOHTPOJIEPiB
KE-42 (a) 1 KE-61; (6) xkoutponepa EKI'-115.

13. HaniBnpoBiIHUKOBI KOHTAKTOPH

13.1.1lpu3Ha4veHHs i OCHOBHi BUMOTH

Hanisnposionuxoei konmaxmopu (HIIK) — cwioBi komyrariiiHi —amapaTu
YIPaBIiHHS — BIAHOCATBHCA 1O TPYIH ITyCKOPETYIIOIYHX HHU3bKOBOJBTHUX (1O
1000B).

HIIK — e komyTariiiiHuii arnapar 3 AUCTAHIIIMHUM YIIPaBIIHHAM, IPU3HAYCHUHN IS
JaCTUX BKJIFOUEHD 1 BIIKIIFOYEHB €JICKTPUIHOTO JIAHITIOTA MPU HOPMATBHUX CTPyMax
HABaHTAXEHHS, a TAKOXK JJIs PIAKICHUX BIJKIIOUEHb IPU CTPYyMaxX MepeBaHTaKEHHS
(7-10«paTHHUX TIO BiTHOIICHHIO JO HOMIHAJIBLHOTO). SIK HABaHTA)KEHHS KOHTAKTOPIB
3BUYAITHO BUKOPUCTOBYIOTHCS €JIEKTPUYHI MAlIMHU. ICHYIOTh KOHTAaKTOPU 3MIHHOTO
1 mocTiitHoro crpymy. KonTakropu, mpusHayeHi TUIBKM ISl KOMYyTallii JABUTYHIB,

Ha3MBaIOTHLCS MarHITHUMH ITyCKa4aMH.
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HIIK OyBaroTh 1BOX BHIIB. Oe3xonmakmui 1 2iopuowni. OCTaHHI, SIK TPaBUIIO,
BUKOHYIOTh Ha 0a31 eNeKTPOMAarHiTHUX KOHTAKTOPIB, IO CEPIHHO BUITyCKAIOTHCSA, 3
BBCJICHHSIM B I1X KOHCTPYKIIi JOAATKOBUX HANIGNPOosioHuKogux (mupucmophux)
O110Kig, K1 3a0€3MeUyl0Th MPAKTUYHO KOMYTAIlil0 Oe3 JYrd TOJOBHUX KOHTAKTIB
amapary.

HITK moBuWHHI 337J0BOJIHATH HACTYITHUM CTICIIa]IbHUM BUMOTaM:

1) 3abe3neuyBaTH HaAiliHy poOOTYy B TPHUBAJIOMY, KOPOTKOYACHOMY 1 IOBTOPHO -
KOPOTKOYaCHOMY peXHMax 3 ypaxyBaHHSIM cheuu(iuHux ocoOnmBocTen
HaBaHTA)XCHHS;

2) NOITyCKaTH BUCOKY YAacTOTy BKIIOYCHB, @K JI0 TUIABHOTO PETYJIOBAHHS CTPYMY
HAaBaHTAXKEHHS,;

3) BOJIOZIITH BUCOKOO TEXHOJIOTTUHICTIO KOHCTPYKIIIi]

4) mMaTH NPUHHATHI raOapUTHI pO3MIPH 1 BapTICTh;

5) 3py4HO TIO€IHYBATHCS 3 CYyJaCHUMH 3acO0aMM 3aXUCTy CJICKTPUYHHUX JIAHITIOTIB 1
€JIEMEHTaMHU aBTOMATUKH 1 MIKPOITPOLIECOPHOT TEXHIKH.

13.2. Be3koHTaKTHIi HANMIBOPOBITHMKOBI KOHTakTOpW (mMyckaui) 3MiHHOTO

CTPyMY
[li anapaTy B OCHOBHOMY IMpHU3HAYEH1 [IJIs1 3A1MCHEHHS MYCKY, PEryJirOBaHHS

MIBUAKOCTI 0O€pTaHHs, HAPYTH i CTPYMY aCUHXPOHHMX €JeKTPOIBUTYHIB.
OcCHOBHUM BUKOHAHHSIM 0€3KOHTAKTHOT'O HIIK, 110 32J10BOJIbHSE

nepepaxoBaHUM BHUMOTaM, € TPHOXIIOJIOCHE BUKOHAHHS 13 3allyCKOM THUPHUCTOPIB

CUJIOBOTO JIAHITIOTA 3a JOTIOMOTOI0 OMTPOHHUX THPHUCTOPIB 1 CIPOIICHOIO CXEMOIO

ynpasiinas (puc. 41).

OCKiTbKM BCl TPU TMOJIFOCK KOHTaKTOpa MOBHICTIO MOMIOHI OJWH OJHOMY, Ha
EJICKTPUYHIN cXeMi 300paKEHUH TUTBKHY TIEPIITUH TOJIIOC.

KoxeH momiroc MiCTUTh HACTYIHI (DYHKLIOHANbHI BY3JIH:

— nanienposionukosuti  (mupucmopnui)erekmponunuil  kuwoy  (EK), 110
CKJIAJIA€THCS 3 ABOX CTPIYHO - MapajuieNIbHO BKIIOYeHUX THpuctopiB VS1i VS3;

— cxeMy 3anycky, 1O CKJIAJAa€ThCsl 3 ONTPOHHOTO TUpHUCTOpa VS2, 00MexyrUdoro
ctpyMm pesuctopa R3, Bunpsmaoro mocra VD3 - VD61 mo 3a6e3nedye momaqy
CUTHAaJYy, 110 yIpasise, Ha TupucTtopu AY y BKIIFOUEHOMY CTaH1 KOHTAKTOPa,

— demnghyroue Kkono, MmO MICTHTH pe3uctop R1, kormencarop Cl i cmyxyTh mis
OOMEXEeHHsI aMIUIITYId 1 IIBUAKOCTI HaNpyrd, IO BIJHOBIIOETHCS, Ha
tupucropax EK;

— saxucHi enemenmu (pe3uctopu R4, R5i xonnencatopu C2, C3), 110 MiABUILYIOTH
MEPEITKOAOCTINKICTh €IEKTPOHHOI YACTUHU KOHTAKTOPA;
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— koo koumposo, mo Mictuth 1iox VD1, ceitnomaion VD2, pesuctop R21 HeoOxinHi
UL CHUTHANI3aIii mpo mpane3gaTHicTh TupuctopiB EK (y cmpaBHOMY CTaHi
amapaTy CBITJIOZIOA TOBMHEH CBITUTHCS Yy BIJKIIOYEHOMY CTaHI KOHTaKTopa 1
MOBUHEH 3TaCHYTH — Y BKIIFOUYCHOMY);

— cxemy ynpaeninns, 1Mo ckiagaerbes 3 kHomok SB1 (ITyck) 1 SB2 (Crom),
MaJIOTIOTY>)KHOTO TupucTopa VS4, mo 3abesneuye MmiaxorieHHs KHomku SB1,
00OMeXyr4oro pesucropa R7, Tpbox cBITIOAI0AIB onTpoHHUX TUpHUCcTOPiB (VS2,
VS5, VS6) mo MictuTh Koo KoHTpoJto (pe3uctop R8, ceitogion VD7), mo
CUTHAJII3Y€ MPO CIPaBHY pOOOTY CXEMH YIIPaBIIIHHS.

[Tpn natucHenHi kHorku SB1 (ITyck) Hampyra +U, depe3 oOMexXyodnid pe3ucTop
R7 moctynae Ha CBITJIOIOAM ONTPOHHUX THUPUCTOPIB, 3a0€3MEUYIOYN TaKUM YHUHOM,
1o/1avy HAMpYyTH, 110 yrpasise, Ha Tupuctopy EK 11X BroueHHs. CHIIOBI TUPHUCTOPH
BKJTFOYAIOTh 10 KOJIY: BIAKPUTHN ONTpOHHUM THpHCTOp VS2,pesuctop R3, BUNpsMHi
miomu VD3, VD5, (VD4, VD6 Yzepexin trprctopa, mo ympasisie VS1 (VS3).

[Tpu KOXKHOMY MOJANBIIOMY MEPEXO0Jli CTPYMY B CHIJIOBOMY JIAHITIO31 uepes
HyJIb KOPOTKOYAaCHO BHMHHUKAO4a Halpyra Ha TUPUCTOpax MPUBOAUTH A0 iX
MOBTOPHOT'O BKJIFOUEHHS MO0 BKa3aHOTO BUIIIE KOJIA.

[MTpu HatucHenHi kHomku SB2 (CTom) KOJIO >KMBICHHS CBITJIOHIONIB
ONITPOHHUX TUPUCTOPIB pO3MHKAEThCS (TUpHCTOp VA TIepexXoIuTh B HEPOBI THHIA
CTaH), ONTPOHHI TUPHCTOPU BUMHKAIOTHCS. BHACTIIOK ILOTO MPHU MEPIIOMY K
nepexo/i CTpyMy B CHJIOBOMY JaHIIO31 depe3 Hynb THpUcTopu AY
BIJIKJIIOUYAIOTHCS, 3a0€3Meuyl0ul BUKIIOYEHHS KOHTakTopa. llpu aBTOMaTH4uHOMY
yIIpaBIliHHI POOOTOI0 KOHTAKTOPA 3aMiCTh KHOIIOK BUKOPHUCTOBYIOTh TPAH3UCTOPH,
10 MPALIOIOTh B KIIOYOBOMY PEXHMI.

KoHTakTopy 3BHYaiflHO 3aCTOCOBYIOTH [UIi IIyCKYy ¢ peBepCyBaHHA
ACMHXPOHHHMX JBUTYHIB, TOMY THUpPHUCTOpH iX EK moBuHHI OyTH po3paxoBaHi Ha
Harpyry, 1o BpaxoBye nito EPC o0MoTok aBuryHa, mo odepraersbes. Bukopucranus
ix Halle()eKTUBHIILIE 32 BAXKKUX YMOB €KCILTyaTallii, AKi XapaKTepu3yIThCs BUCOKOIO
YaCTOTOIO BKJIIOUEHHS, BETUKUMH 3HAYEHHSAMU CTPYMiB, IO BKIIOYAIOTHCA 1
BIKJTIOYAIOTHCSI TP HU3BKUX KOE(PILI€HTaX MOTY>KHOCTI, HASBHICTIO arpeCHBHOTO
CEepeIOBHIIA, MiIBUILIEHOI0 BUOYXOHEOE3MEKOKO 1 T.I.

IcToTHO po3muproeThes chepa 3actocyBanns Oe3konTakTHUX HITK mpu BBeneHH1
B HUX JOJATKOBUX IPHUCTPOIB 3aXHUCTy BiJ aBapiiiHUX pPEXHUMIB, a TaKOXK CUCTEM
IMITYJIBCHO - ()a30BOr0 ympaBiiHHS. B IboMy BUTIaKy BOHH MOXKYTh BUKOHYBaTH HE
TUIBKH JTOAATKOBI (DYHKIIT aBTOMAaTUYHUX BHUMHUKAYiB, aje ¥ (QyHKII CTaHINN
YOPaBIIHHS, CYMIIIAI0YH PEKUMH YIPABIIHHS, PErYJIIOBaHHS 1 3aXHUCTY.
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TakuM 4YHUHOM, 80OoCKOHANeHi cxemu ynpaeninua 6Oes3koumaxkmuux HIIK
J03BOJISIIOTh HE TIABKA PO3UIMPUTU X (YHKIIOHATBbHI MOMJIMBOCTI 32 paxyHOK
BUKOPUCTAHHS B CKJIAJl amapary poO3MVBIHYTHX paHinie yHi1(QiKOBAaHUX MPHUCTPOIB
KOHTPOJIO 1 3aXUCTy, a TaKOX 3aCTOCYBaHHS CHUCTEM IMIIYJIbCHO — ()a3oBOro
yOpaBIiHHS, ajne W 3py4yHO TO€JHYBAaTUCA 3 TMPUCTPOSIMU aBTOMATHKH Ta
OO0YHCITIOBAJIBHOT TEXHIKH, 1[0 OCOOIMBO BAYKJIMBO MPU CTBOPEHHI aBTOMATH30BAHUX
KOMILJIEKTHUX TIPUCTPOIB MIJABUINEHOT HAAIWHOCTI. [[pMHIIMIIOBI €NEKTPUYHI CXEMU
BJIOCKOHAJIEHUX CXEM YTMPaBIIHHSA 13-3a TX CKJIAJAHOCTI TYT HE IPUBOJATb.

Po3paxyHok cunoBoi yactunu Oe3koHTakTHHMX HIIK 0a3yerbcsi Ha meTonax
po3paxyHky EK.

[IponoHyeThCA HACTYITHUM MOPSATOK TAKOTO PO3PAXYHKY:

1) Ha OCHOBI aHai3y OCHOBHHX ITApaMETPiB KOHTAKTOpa i HOro (hyHKI[IOHAIBHOTO
npu3HaYeHHs BUOUpaeThes THN EK;

2) 0 3aJlaHOMy HOMIHAJIbHOMY CTPYMy KOHTakTOpa Ha OCHOBI METO/IIB
pO3paxyHKy CTPYMOBOIO HaBaHTaXeHHs 1 TemioBoro pexumy CIIIT B
Oe3nepepBHOMY pEeXHUMiI pOOOTH BHUOMPAIOTH THIT CHIJIOBOTO THpucTOopa EK 10
CTpyMy, IIPHU 1[bOMY 3a3/1aJIeT1Ab NepeadauaroThb, U0 HANpyra Kiacy TUPUCTOPIB
He MeHIE 2 Uy,

3) s BUOPAHOTO TUIY THPUCTOPA 3a JIOTIOMOTOK METOJIIB PO3PaXyHKY TEILIOBOTO
pexxumy CIIIT B mOBTOPHO KOPOTKOYACHOMY PEXHMI BU3HAUAETHCS HOMIHATBHUN
poboUMii CTpyM KOHTaKTOpa MpH 3aJaHUX YacTOTI 1 TPUBAJIOCTI BKIIOYECHHS,
TyT K€, BUKOPHUCTOBYIOUM METOAM MPOTHO3yBaHHA mwmkiocTiikocti CIIII,
BU3HAYAIOTh, IPU HEOOXITHOCTI, 1 IIel mapamMeTp TUPUCTOPIB;

4) 3a JOTMOMOTOI0 METOIIB po3paxyHKy TeruioBoro pexumy CIIIT B kopoTkouacHOMY
peKUMI BU3HAYAETHCS TEPEBAHTAXyBaJIbHA 3[aTHICTh KOHTAKTOpa IO CTPyMy
(N,,,=f(t)), mpu 1BOMYy 3ax¥icCHa XapaKTEPHCTHKA MPUCTPOIB KOHTPOIIO CTPyMY
MOBHMHHA 3aBX]IM MPOXOJIUTH HUXKYE 32 1[I0 XapaKTEPUCTHUKY;

5) mpu 3amaHoMy MiHIMaJbHOMY 3Ha4YeHHI KOe(illieHTa MOTYXHOCTI 3a
JIOIOMOTOI0  METOJIB  pO3paxyHKy TeruioBoro pexumy CIIII B
IMITyJTbCHOMY PEXKHMI BHU3HAYAIOTh MAaKCUMaJIbHO MOXJIMBE 3HAYCHHS
yIapHOTO CTPYyMy K.3., IO BIAKJIIOYA€TbCs 0€3 MNOIIKOIKECHHS
KOHTaKTOPOM, fKe 3 ypaxyBaHHsM KkoedimienTa 3amacy K, = 0,851
BU3HAYA€ TPAaHUYHY KOMYTAaIlliiHy 3JaTHICTh anapary;

6) 1o 3amaHiii HOMiHAJNBHIN Hanpy3i Wi BUOpaHoi cxemu EK 3a 1OTIOMOTOIO
METOAIB PO3PaXyHKy KomyTaliiHux nepeHanpyxkeHb Ha CIIII npu
BIIKJTIOYCHHI AKTHUBHO - 1HAYKTUBHOTO HAaBAaHTAXXCHHS BU3HAYAIOTh
onTuMaibHI (110 MiHIMyMY BEJIHYHUHHU NEPEHANPY>KEHHS 1 HOro IMBUIKOCTI
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HapocTaHHs) nmapaMmerpu 3axucHoi RC «omna;

7) Ha migcTtaBi  aHaNi3y  pe3ydabTaTiB  PO3PaAXyHKY  KOMYTaIliitHHUX
NepeHanpy>XeHb Ha THPUCTOPAX B PI3HUX PEKUMaX pOOOTH KOHTAKTOpa
(peBepc 1 BIAKIFOYEHHS] aCHHXPOHHHUX JBUTYHIB, BiJKIIOYEHHS K.3., i
30BHIIIHIX MEepPEeHANPYKEHb 1 T.I1.), BU3HAYAIOTHCS MaKCHMaIbHO MOKJIHBI
3HAQYEHHS] KOMYTaIlIiHUX TEepeHaIpy>XeHb 1 MIBUJAKOCTEH X HapOCTaHHS,
3a SIKUX BHOWPAIOTh KJac TUPUCTOPIB 3a Hampyrow 1 rpymy no du/dt s
ypaxyBanusim K, = 0,85.

13.3. be3koOHTaKTHI HANMIBIPOBIAHMKOBI KOHTAKTOPH MOCTiHHOTO
CTPyMy

beskonTakTtHl HIIK 3MiHHOrOo 1 MOCTIHHOIO CTPYyMYy SK 3a HOPUHIIATIOM
nmoOyaoBu, Tak 1 3a pexumamu podotu CIIII moxidHi, TOMy OCHOBHI
pO3paxyHKOB1 CHIBBIHOIICHHS 1 pEeKOMEHAaIlli, MpeACTaBICHI BHUIIE IS
KOHTaKTOPIB 3MIHHOTO CTPyMy, IpuaaTHI (B OCHOBHOMY) 1 JJISI KOHTAKTOPiB
MOCTIHHOTO CTPYyMY.

B  nmanuit  yac 6Oe3kommakmui  HANIBNPOBIOHUKOBL  KOHMAKMOPU
nocmiunoco cmpymy (HIIKIIC) nocTtaTHBO TTOBHO 3aJI0BOJILHSIOTH BUMOTAM,
o0 BUKJaJAeHl B mnigpo3aunt 12.1, MoXyTh BHKOHYBatucs Ha 0a3i
TpaJAULIMHUX OJHOOMNEPALIMHUX TUPUCTOPIB, ABOXOIMEPAIMHUX TUPUCTOPIB
1 JGBTapan3ucropiB. OCKUIbKM 3a II€PEBAHTAXYBAJIBLHOI 3JaTHICTIO 1
NpsIMUM TIQJIHHSM HAMpPYTd OCTAaHHI ICTOTHO IOCTYIAIOThCA TUPUCTOpaAM, a
BUCOKI auHamiuHi napametpu JGBT —TpaH3ucTopiB y HaIiBIPOBIIHUKOBUX
KOHTAKTOpax TIIOKM He 3aTpedyBaHi, TO HIXYe Oylae po3risiHyTe
BUKopuctanHs B HIIKIIC Tinpku ABOX BKa3aHUX BUIIE THUIIIB TUPHUCTOPIB.
[Ipyn tpomy ciig 3a3HAYMTH, 10 HISKUX 1HIIMX YTPYAHEHb HPUHLMUIIOBOTO
xapaktepy mnpu BukopuctanHi JGBTapansucropis B HIIKIIC He
crBoproeThesa. Ha puc. 42 mpuBenena npunyunosa cxema eapianma HIIKIIC
BUKOHAHOTO 3 BHUKOPHUCTAHHSIM TpPaJAUUIAHUX TUPUCTOPIB. (OCHOBHOIO
TepeBarolo 1€l cCXxemMu € Te, 1Mo Ha il OCHOB1 MoHa ctBoproBatu HIIKIIC na
HOMIHaJIbHI CTPYMH 3 BIJTHOCHO BHMCOKOIO Bijkirouarouoro 3gaTHicTio (63A i
Buie) [3].

JlaHWi1 KOHTAKTOp CKJIAJAE€THCS 3 HACTYITHUX (PYHKI[IOHAJIbHUX BY3JI1B:

1) mupucmoproco Karoua 3 NPUMYCOBOIO KOMYMAYIEND MIicmKocmi, IO

MICTUTh OCHOBHHM TupucTOp VSI1 1 IMOyJIbCHY CXeMy HOPUMYCOBOI

KOMyTallii — KOMyTytlouuil Tupucrop VS2,mo komyTye konaeHcartop C4,
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KOMyTyrO4Ya KOTyIlIKa I1HAyKTUBHOCTI L,;, 3BoporHumii gmion VD2,
To1aTKOBHUH pe3uctop R3;

2) kona 3aps0y KOMYymylouo20 KOHOeHcamopd, IO MICTHTh 3apsaHul
tupuctop VS3, KOTymKy I1HAYKTHBHOCTI L;, 1 HeoOximHOro mis
MoNepeHHOTO0 3apsiay KoHaeHcaropa C4,

3) cxemu 3anycky ocHOBHOTO THpHcTOpa VS1,1110 MICTUTHh KOHTAKTH KHOITOK
"ITyck" 1 "Cron" 1 oOMexxyBanbHUM pe3uctop R1;

4) cxemu 3anycky tupuctopa VS22, mo wmictuth giox VD4, komo yacooi
sarpuMku (pesuctop R6, konaencarop C3), po3psauuii pesucrop R8 i
crabinitpon VD3;

5) cxemu zanycky tupucropa VS3, 1m0 MICTHTh KOHTakTH KHOMOK “Tlyck"
i "Cron", xoJ10 yacoBoi 3aTpumku (pesucrop R9,konnencarop C6);

6) 3axucHoro mioma VD7, 1110 BUK/IIOYA€E BIUIMB IHAYKTHBHOCTI HaBaHTaXeHHs Ly Ha
TUPUCTOPHUNA KJIIOY TMPH  BIAKIIOUEHHI HaBaHTAKEHHS 3  1HAYKTUBHUM
XapaKkTepoM;

7) demnghyrouoco xoaa, Mo MictuTh pe3uctop R2 1 konaencatop C1l i HEOOXITHOTO
U OOMEXEHHS aMIUIITyId 1 IIBUAKOCTI HApPOCTAaHHS  KOMYTAIllMHHUX
MepeHaNPYKEHb;

8) kin xowmpomo, mo Mictate ceiTmomion VD1, pesucrop R5 1 ceitmomion VDG,

HEOOXITHUX [IJIi CUTHATI3aIil MO0 MpaIre3JaTHOCTI TUPUCTOPHOTO KIIoYa 1 KoJia

BUKITIOYCHHS KOHTaKTOpa. [Ipamroe KOHTakTOp TakuMm 4yuHOM. [IpM HaTHUCHEHHI

kaonku "[lyck" Hampyra mepexi uepe3 oomexyBanbHul pe3uctop R1 momaerscs Ha

repexiyi THpUcCTopa, 1o ynpapise VS1,3a0e3neuyodn MOoro BKIIIOUYEHHS. Y

BKJIFOUEHOMY CTaHI KOHTaKTOpa CXeMa IMITyJIbCHOI MPUMYCOBOI KOMYTallii

3HAXOJIUTHCSI B 3HECTPYMJICHOMY CTaHi (BOHAa WIYHTYEThCSI OCHOBHHUM

tuprcTopoM VS1),1110 iCTOTHO NiIBUIIY€ HAAIHHICTh POOOTH JAHOT CXEMHU.
IIpu watucHenni kHonku 'Crom’ koHaeHcatop C6 moOYMHAaE
3apsipKaTtucs depes pesuctop R9 Bing Hanpyru Ha HaBaHTaXEHHI I, IK TUTBKHA

Hampyra Ha HBOMY JOCSTa€ HAINPyrd TMEPEeMUKaHHS OJHOMEPEXiTHOTO

Tpan3suctopa VT1, ocraHHIi, NDEepeMUKAIOYUCh, 3a0e3MeuuTh HagliiHe

BKJIFOUEHHS 3apsaHOTO TUpHUcTOpa VS3 po3psiIHUM CTPyMOM KOHIEHCATOpa

Co6. Tlpy ubOMYy IIOYMHAETHCA KOJUBAJIBLHUN 3apsia KoHaeHcatopa C4 mo

TakoMy koiy: +U, Bimkputuii tupuctop VSI1, koTymika iHIYKTUBHOCTI Lg,

Biakputuil Tupucrop VS3, -U.

3 MeTO0 3MEHIIEHHS BTpaT B JIAHIIOraX KOMYTaIlli KOHTaKTOpa KOTYIIKa

1HAYKTUBHOCTI BUKOHYIOTb TaK, 100 11 akTUBHUI o11ip OyB MiHIMaJIbHUM.
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Puc.42 -Ilpunyunosa cxema HIIKIIC

ToMy, NMpakTUYHO HE CIIOTBOPIOIOYM XapaKTep JIaHOro IPOoIecy, MOXKHA

NPUHHSITH, 10 1IEH ONip JOPIBHIOE HYIIO. B IbOMY BUIIAJIKY 3apsiAHUN CTPYM
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Hanpyra Ha koHzmeHcaTopi

— aMIUIITyAa 3apsiTHOTO CTPyMY,

— BJIaCHA 4YacTOTa KOHTYPY 3apsay.

u, =U * 1-cosw, * t).
3apsin koHAeHcaTopa C4 NPUIMHUTBCS HPH 5 = 0. IIpu npomy kKoHAEHCATOP
3apsipKaTUMEThes J10 HanpyTu Uy, = 2U. Yac toro 3apsiny Oyne
t, =T yJL,*C,
[Ticns 3akingyeHHs 3apsaay KoHaeHcaTtopa C4 tupuctop VS33akpuBaeThes

1 Ha HbOMY BHHHKae Hampyra ("+U" Ha karomi ta Ha aHO/Ii), 110 JOPIBHIOE
pI3HHMIII HAIPyr Ha KOMYTYIOUOMY KOHJIAEHCATOpi 1 Ha HaBaHTakeHHi. Lls
Harnipyra 4epe3 niog VD4, kono yacoBoi 3aTpuMku 1 ctabimitpon VD3
MIPUKJIATAETHCA A0 TEPEX0y KOMYTYIOUOTO TUPUCTOpPA, 110 ympaisie VS2.
Komu nanpyra nHa xounencaropi C3 mepeBuuiuth Hanpyry cradimizamii VD3,
tupuctop VS2 BrmouuThes. o mporo uacy 3apsgHuii taupuctop VS3 Bke
BIJJTHOBHUTB CBOI 3aMHUKAarO4l BIIACTUBOCTI.

Bxitouennss tupucropa VS2 Bukiinue poOOTY CXEMH IMIYJIbCHOI NMPUMYCOBOI
KOMyTallii, sika 1 3a0e3MeYnTh BUKIIOYEHHS OCHOBHOTO THPUCTOPA.

[loBHEe BIAKIIOUEHHS HABAaHTAXKEHHS BiMOYIEThCS TMPU TOBHOMY TIepe3apsiii
KoHzeHcatopa C4 1 3HIKEHHI CTpyMy B TUpUCTOpl VS2HMKYE 32 CTPYM YTPUMAaHHS.

VY naHiif cxemi He0OXiJHO, MO0 Yac 3aTPUMKH Ha BKJIIOUEHHS THpHUcTopa VS3
NEepeBUIyBaB dYac, IO JOPIBHIOE CyMl HACTYNMHHUX BEJIHMYMH: Yacy 3apsay
KoHjeHcaTtopa C4, yacy 3aTpUMKH Ha BKJIIOYEHHsI THUpHcTopa VS21 yacy poboTu
CXeMHU MPUMYCOBOI KoMyTarii. B mpoMy Bumaaxky npu HaTucHyTid kHomui "Crom”,
SKIIO HAaBiTh 3a SKOICh TPUYMHM CXE€Ma MPUMYCOBOi KOMYTaIlii He 3a0opoHeHa
tupucrop VSI1, BinOyaeTscss MOBTOpPHE ii CHpalbOBYBaHHS BXKE MPU BUIIIN
MOYaTKOBIN Hampy3i Ha KoHAeHcaTopi C4. OcTaHHE € Oe3MepeyHOI0 T1IHICTIO TAaHOTO
KOHTaKTOpA.
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B nmanmii yac y 3B'3Ky 3 po3poOKor0 BHCOKOBOJBTHHX (10 10 xB) moBHicTIO
kepoBanux |GCT-tupucropiB 13 cTpymMamu, IO 3aMHKAIOTHCS, A0 D KA, BITHOCHO
MaJIMMH BTpaTaMH i TEpEBAHTaXYBaJIbHOIO 3/aTHICTIO JO ACKIIBKOX AECATKIB KA
BIJIKpMJIMCS TIPEKPACHl MEPCIEeKTHUBHU IOJ0 CTBOPEHHs Ha ix ocHoBl HIIKIIC, mo
CYMIIIarOTh (DYHKIIIT yIIPaBIIiHHS 1 3aXUCTy 0€3 3aCTOCYBaHHS MaJOHAIIMHUX BY3JIIB
npuMycoBoi koMyTaillii. Ha Hairy qyMKy Taki mpucTpoi HaOIMKYMM 4acoM 3HANIyTh
IIMPOKE 3aCTOCYBaHHs (HAIPUKIIAJ, HA €ICKTPHYHOMY TPAHCIIOPTI).

I'iOpuaHi HANIBNIPOBIAHUKOBI KOHTAKTOPH

liopuoni HIIK, 3aBIsSKuM CBOIM BHCOKHMM TEXHIKO - €KOHOMIYHHUM ITOKAa3HHUKaM,
3aiiMalOTh MPOBITHE TIOJIOKEHHS cepe] MMPOKOi TaMMH CHUJIOBUX KOMyTaminauX [1TA
pi3HOTO nMpu3HayeHHs. ['10puiHI KOHTakTOpH Brepiie B kKoyquirHbomy CPCP Oynu
ctBopeHi B Ykpaini y BH/II "Enexrtpoamapar” (m. XapkiB). Tyt B 704 pokwu
MUHYJIOTO CTOJITTS OyJu po3poOJieHl Taki cepli TiOpUIHUX KOHTAKTOPIB: JJISL KiJ
sminHoro crpymy — KT—64, KTII-64 na ctpymu 100, 160, 250, 400 630 A,
Harpyra 380 B uactororo 50 I'm 1 KT-65, KTII-65 na crpymu 100 — 630A,
Hanpyroto 660B, yacrotoro 50 I'; mmst kin mocriiiHoro crpymy — KII-81 Ha ctpymu
100, 160, 250, 400, 639, nanpyror 220B.

JlaHi KOHTAaKTOPH MAIOTh Y CBOEMY CKJIaJIi:
— enektpomarHiTHul  koHTaktop KT-6000 a6o KTII-6000, mo cepiitHO
BUITYCKA€ETHCS, 3aCTOCOBAaHUI B TiOpUAHOMY amapari 0e3 SKUX-HeOyAb 1CTOTHHX
KOHCTPYKTHUBHUX 3MiH,
— CHemiaibHO po3pobieHmid HamiBpoBinHUKOBUH 010K (cepii BITK—21 mist anapatis
3sMmiHHOTrO CcTpymy 1 cepii BIIK-51 mis amapariB MOCTIHHOTO CTpyMmy), IO
MIIKTIOYAETHCA MMapajielbHO TOJIOBHOMY KOHTAKTy KOHTAaKTOpa 1 1o 3abe3rnedye
BiJICYTHICTh €NEKTPUYHOI Jyrd Ha KOHTAKTaX NPH KOMYTYBaHHI CTPyMy
HaBaHTaXeHHA. [[prdaoMy KOHCTPYKITist OJI0KY /1a€ MOXKIIMBICTh BCTAHOBJIFOBATH HOTO
OKpEMO BiJl KOHTAaKTOpa, IO JIO3BOJISIE BUKOPUCTOBYBATH IIi OJOKK Ui O€3MyroBOi

KOMYTAIli{ IHIIUX cepiii KOHTAKTOPIB 1 IMyCKayiB.
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1 Buznauenns enexktpuuHoro amapata. Kmacudikaris. OCHOBHI po3aiiu
TEOPIT CMEKTPUUHUX AMAPATIB « « « « v v v v v v e et e e et e e vieree e e e e
2. AmapaTu aBTOMATW4HI, HAMIBIPOBIAHUKOBI peJie, TEPKOHU, TEPCUKOHHU.
Termose pene. CtpymoBi pene. JluctaHiiitHe pene onopy . peiie TOIUHU i
nporpamui pene. I[lpomikni (komyTtamiiiHi) pene. JlaTuumku (mepBUHHI
HepeTBOPIOBaYi). ABTOMATHYHI PEryJIaTOpH i ctabinmizaTtopu. [ligcumroBaui i
10057015 4:70) 0 10) T2 N 0

3. EnextpoMexaHiyHi siBUlIa B anaparax. ElekTpomMardiTae mnose B

amaparax 1 Mar"iTHi koyu. EjxextpoMarHiTHi B3a€MO/Iii, OCHOBHI 3aKOHH 1
iXHE BUKOPUCTAHHS JJISl PO3PAXYHKY MATHITHUX KIJT « « « v v v vt v v e e e e e
4. EneMeHTM MarHiTHOro Koja. Po3paxyHOK MarHiTHUX KT TIpH
MOCTIHHOMY CTpyMi 0e3 O0ONiKy TIOTOKIB pO3CitoBaHHsS. Topoin 3
PO3MOALIEHOI0 0OMOTKOI0. PO3ragykeHe MartHiTHE KOJIO. . . . . v v v v v v o v .
5. Po3paxyHOK Mar"iTHUX KiJ1 P TMOCTIHHOMY CTpyMi 6€3 00Ky MOTOKIB
po3citoBaHHS. TOPOi/ 3 POMOIITICHOIO OOMOTKOIO « « « v v v v v v e v e e e
6. EnexkrpomarHitu NOCTIMHOTO CTpyMy. Tsrosa XapakTepUCTHKA.
[Mpotuairoui  3ycuiis (HaBaHTaxeHHs).  Yac  CIpalbOBYBaHHS
esiekTpoMarHiTa. OCHOBHI MapaMeTpH €JIeKTPOMAarHiTiB. 3arajibHe piBHSHHS
OamaHCy HAMPYTH HA OOMOTII €JIEKTPOMATHITA. « « « v v v v v v v v e v e e e e e e
7. KoTyuiku eneKkTpoMarHiTiB. EleKTpoMarHiTHI MeXaHI3MHU araparis.
OcHoBHI mnOHATTA. EnexkrpomarHitu 3MiHHOTO cTpyMmy. llpuckopenus
CIpalbOBYBaHHS  €JICKTPOMATHITIB.  YTOBUIBHEHHS  CHpPallbOBYBaHHS
esnekTpoMarHiTiB. CtpymoBenyyi yactuHu. [IpoBoau 1 IKHMA. . . . . . . ... ..
8. EnextpuuHi koHTakTH. DI3MYHI SBHIA B EJIEKTPUYHOMY KOHTAKTI.
Pi3HOBUIM eneKTpUYHUX KOHTAKTIB. OTip eNIeKTPUIHOTO KOHTAKTY. . . . . . .
9. TeroBuii po3paxyHOK OOMOTOK €JIEKTPUYHHX AIMAPATIB. + « « « v v v v v v o .
10. [TapameTpu KOHTAaKTHUX KOHCTpPYKIiil. [Iporiec po3MuKaHHs KOHTaKTIB.
3HOC KOHTAaKTIB MpH po3MHKaHHI. [Iporiec 3aMHKaHHS KOHTAKTiB. 3HOC
KOHTAKTIB MPU TX 3AMUKAHHI. .+« « o v vt e e et e e et e et vieiee e e e e e e
11. EnextpuyHa pgyra 1 mnOpuCTpoi TaciHHS Jayrd. BmactuBocTi i
XapaKTePUCTUKH eJIeKTpuyHOi qyru. CriocoOu BIUIMBY HA €IEKTPUYHI TyTH
3 METOI0 KEepyBaHHS HHMMHM 1 TraciHHs iX. JlyroracHi cucremu. MarHiTHe

TACTHHS JIYTH. « « o« v v v ettt ettt e e e e e ieree e e e e e e e e e e

12. KOHTPOJIEPH PYXOMOTO CKIIAILY - « « « v v v v v et e e e e e et e e eeren e e e
13. HamiBOpOBITHUKOBI KOHTAKTOPH .« « « « « v v v v v v e e e e e e e eveeae o s s
CIHCOK JHTEPATYPH. « « « « v v e v v et e e e e et e et veree e e e e e e
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