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BCTYII

[IpomioHOBaHI METOIWYHI BKa31BKU € CKJIAJOBOI0 HABYAIHHOTO MPOIIECY 1 MPU3-
HayeH1 JiJIs CTYACHTIB JACeHHO1 (hOPMU HaBYAHHSI.

Bonu nepenbavaroTs mocaigoBHE 3400y TTS 3HaHb, OB’ I3aHUX 3 TOCIIKECHHIM
1 pO3paxyHKOM €JIEKTPOTEXHIYHUX MPUCTPOIB.

Metoro 1abopaTopHHUX 3aHATH € 3aKPIIJICHHS TEOPETUYHUX 3HAHb Ta HAOYTTS
NPAKTUYHUX HABUYOK 31 CKIAJaHHS EJICKTPUYHUX CXEeM YBIMKHEHHS €JICKTPOTEXHid-
HUX MPUCTPOIB, BUMIPIOBAHHS CTPYMIB, HAIMIPYT, MOTYKHOCTEH Ta 1H.

Ha migcraBi mux IOCHIIKEHb MPOBOIATHCS PO3PAXYHKH EIEKTPOTEXHIYHHX
IPUCTPOIB Ta aHAJI3 PE3yabTaTIB JOCITIIKEHb.

B MeroamuHuX BKa3iBKax HaBEACHO IMpaBWJIA TEXHIKW OE3MEKH MPU BUKOHAHHI
1abopaTopHUX POOIT, TOPSIOK IXHHOTO BUKOHAHHS, TCOPETHUYHI MTOJIOKEHHS, 0(hopM-
JICHHS 1 3MICT 3BITY Ta CXEMH MIJAKIIOYEHHS €JIEKTPOTEXHIUHUX MTPUCTPOIB.

OIINC YHIBEPCAJIBHOT' O JIABOPATOPHOI'O CTEHJA
JJIA BUKOHAHHSA JIABOPATOPHHUX POBIT 3 EJIEKTPOTEXHIKHA

VYHiBepcabHUI TA0OPAaTOPHUIN CTEH] NMPU3HAYAETHCA JUIsl POBEIEHHA Jadbopa-
TOpPHHUX POOIT 32 KypcoM “ENeKTpoTexHika, eJIEeKTPOHIKa Ta MIKPOIPOIIECOPHA TEXHi-
Ka” (pOHTaIBLHUM METOOM.

Jlo cknaay 1abopaTOPHOTO CTEH 14 BXOATh:

— MOHTQXHUH CTEHJ 3 E€JICKTPOBUMIPIOBAILHUMH MPUIIAJaMU Ta €JICKTPOTEXHIU-

HUMH €JIEMEHTaMU;

— CJICKTPOMAIITMHHUNA CTEHJ, HAa SKOMY 3HaXOATHCS €JICKTPUYHI MAIIUHHA TTOCTIN-
HOTO 1 3MIHHOTO CTPyMY, ME€XaHIYHE TajJbMO €JEKTPUYHUX MAIlMH, HABaHTaXyBaJlb-
Huit peocrar RH.

PosminienHs npumnaziB 1 BUBOAIB OCHOBHUX MPUCTPOIB HA MEPEAHIN MaHel Mo-
HTa)XHOTO CTEHAY HaBeAeHO Ha puc. 1.

B HmwxkHIN YacTHHI CTEHa pO3MIIeHI KHOIKA MarHiTHUX ITyCKadiB 1 KJIEMH Ha-
CTYIMHHUX CJCKTPUIHUX JKEPEN )KUBJICHHS:

— Tpudaznoi Hanpyru 220/380 B (dha3He/nmiHiiiHe 3HAUCHHS);

— MOCTIHHOTO CTpyMy Hamnpyroto 230 B;

— onHO(a3Ho1 3MiHHOT Hanpyru 127 B;

— perynbpoBaHOi 3MiHHO1 Hanpyru 10 220 B 3a monmomMororo 1adopaToOpHOro aBTOT-
panchopmartopa (JIATP) T1, a Takox perynboBaHoi mocTiiiHO1 Hanpyru a0 220 B Ha
BUXO/1 BUNpsamisiua VA,

— Tpudaznoi Hanpyru 22/36 B (da3ue / niHiliHE 3HAYCHHS HATIPYTH).
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Pucynok 1 — Cxema MOHTa)XHOTO CTEHAA

Ha nmaneni ctena po3MillieHi:

— €JIEKTPOBUMIPIOBANIbHI Npuiaau: amnepmerpu PA1-PA14 ta BonstmeTpu PV1-
PV4 nocriitHOTO 1 3MIHHOTO CTPYMY;

— nocTiiHi pesuctopu R1, R2, R3;

—peoctatu R4, RS (3 perysiboBaHUM OTIOPOM);

— KOTYIIIKA 1HYKTUBHOCTI L ;

— xkoHaeHcarop C;

— onHodaszuuii Tpanchopmatop T;

— eJIeKTpOHHO-TIpoMeHeBuit octiunorpad tumna JIO-70;

— BUBOJIU OOMOTKH CTaTOpa aCUHXpPOHHOTO enekTpoasuryna C1-Co6;

— BUBOJM OOMOTOK MAIIIMHHM TOCTIHHOTO CcTpyMmy: sikops S1-512; mesanexxHoro
30ymxennst H1-H2; nocnigoBHoro 30ymxenns C1-C2;

— BUBOJM HaBaHTaXXyBaJIbHOTO peoctata RH;

— YOTHPH KJIeMH 30upaHHs @, b, ¢, d — mo wotupu 3aTuckaui y KOXHili;

— xmoui Q1, Q2, Q3;

— aBapiifHa KHOMKa JUIsl 3HIMAHHS YCIX BUJIB HAMPYTH 3 3aTUCKA4YiB CTEHAA —
AB. BUMKH,;

— CHTHAJIbHI JIAMIIOYKH JiKepen skuBienns EL1-EL4,

— po3etka 3MiHHOI Hanpyru 220 B;

— 1udpoBiii TaXOMETP JUIsI BUMIPIOBAHHS YaCTOTH OOEpPTaHHS EICKTPUYHUX Ma-
IITUH.
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JIoaTKOBO Ha CTOJI CTEHJa MOXYTh PO3MIIIATUCS MEPEHOCHI (ha3oMeTpH, BaT-
METpPHU, aMIIEPMETPH 1 BOILTMETPH.

Ha ctenai € Tabau4ky 3 mpaBWIaMH 3 OCHOB €JIEKTPOBHMIPIOBAHb, a TAKOXK 3
HOMIHAJIbHUMH TIapaMeTpaMu €IEKTPOTEXHIYHUX MMPUCTPOIB.

TEXHIKA BE3IIEKHA ITPU BUKOHAHHI
JIABOPATOPHHUX POBIT

JIaGopaTopHi CTeHIU — /11104l €NEKTPUYHI KOJIa 1 eIeKTPOTEXHIUHI MPUCTPOT, SIK1
3a MEBHUX YMOB MOXYTh CTaTH JDKEPEIAMHU BPAKECHHS €JIEKTPUYHUM cTpymMoMm. Jls
CTBOpEHHsI O€3MEeYHUX YMOB IMPOBEACHHSA poOIT B JabopaTopii Ta 3amodiraHHs MOX-
JIMBOCTI TICYBaHHS €JIEKTPOOOIaHAHHS, CTYJACHTH MOBUHHI 3HAaTH Ta CYBOPO JIOTPH-
MYBAaTUCh HACTYITHUX MPABUII:

1. Ilepen moyaTkoM BUKOHAHHA poOOTH Tpeba MEPEeKOHATUCS B TOMY, IO BCl
JKeperna rmocrtayanHs nepedyBaroTh y nojoxenHi “BUMKHEHO”, a moB3yHOK aBTOT-
pancdopMaTopa BCTAHOBJICHO B HYJIbOBE IMOJIOKECHHS.

2. KareropuyHo 3a00pOHSETHCA OOTOPKATHCH [0 HEI30JbOBAHUX IPOBO/IIB,
3’€IHYBaJIbHUX 3aTHCKAYiB Ta 1HIIUX YACTUH €JCKTPUUHMX KiJI, 10 NepeOyBaloTh il
HAIPYTOIO.

3. MoOHTaX €eNeKTPUYHOI CXEMHU EINEKTPOTEXHIYHOrO0 MPUCTPOIO 1 OyIb-sKi
3’€eHAHHS MOBUHHI BUKOHYBATUCH TTPH BUMKHEHUX JKepesiaxX KUBIICHHS.

4. KareropuyHo 3a00pOHS€THCSI BMUKATH JabopaToOpHUi cTeH1 0e3 TPOBEICHHS
NEPEBIPKU CXEMH BUKJIAJA4YEM.

5. Slkmo mig yac poOOTH 3HUKAE HAIMpyra B MEPEXKl, CIIiJl HETallHO BUMKHYTHU
71a00paTOPHUI CTEH/I 1 TOCTABUTH MOB3YHOK aBTOTpaHCPOpMATOpa y MOJOKESHHS, 10
BIJINOB1/Ia€ MIHIMAJIbHIN HAMPy3i.

6. Po3Oupatu cxemy ciif TUIbKHY 3 03BOJY KEPIBHUKA 3aHSATh.

7.V pasi BUsBICHHS Oy/b-5IKOi HECIIPABHOCTI B €JIEKTPUYHOMY MPUCTPOI, SIKUN
nepelyBae i HAIPyrow, HEOOX1JHO HEraifHO BUMKHYTH CTEHJ BIJl MEpEeX1 3a JOMO-
MOT'0OF0 KHOIIKH aBapiiHOro BUMKHEHHs. [Ipo meit Bunagok ciuij HeraiHoO MOBIJIOMHTH
KEpPIBHUKY 3aHATTS.

MOPAJIOK BUKOHAHHS JIABOPATOPHOI POBOTH

J1y1st BUKOHAHHS pOOIT akajeMIuH1 TPYIU CTYICHTIB MOIUISIOTHCS Ha MIATPYIH 3 2
— 4 yonogik. JJabopatopHi poOOTH MPOBOAITH (HPOHTATIHLHUM METOIOM, TOOTO yCi mij-
IPyIU OJJHOYACHO BUKOHYIOTh OJIHY 1 Ty caMmy poOOTy, ajie Ha Pi3HUX CTEHAaX.

Jlyist BUKOHaHHS 1abopaTOpHOT pOOOTH KOKHOMY CTYJICHTY CJIiJI MOMEPETHBO TTi/I-
rOTyBaTU MPOTOKOJ (YEPHETKY) BUIIPOOYBaHb, IKUM MICTUThH €JIEKTPUUHY CXEMY €KC-
NEePUMEHTY 1 TaONuIll BUMIpIOBaHb. [lepen moyaTkomM MpoOBENCHHS TOCTIAIB MATpyIa
NOBMHHA O3HAHOMHUTHCH Ha POOOYOMY MICIl 3 E€KCHEPUMEHTAJIbHOK YCTAaHOBKOIO,
JOKEpellaMU JKUBJICHHS, SIKI BUKOPUCTOBYIOTHCS, MMPUAMadaMU €JIEKTPOCHEPril 1 mpu-
JaIaMH.



[Tig yac ckinagaHHS CXeMH PEKOMEHAYETHCS CKIACTH OCHOBHE €JIEKTPUYHE KOJIO
CTPYMY 3 BMHUKaHHSIM IpUHMAaUiB, K1 MiJUIATalOTh JOCIIDKEHHIO, 1 KT CTPyMy aM-
nepMeTpiB, BaTMeTpiB 1 azomeTpiB. [loTiM MOKHA MpUENHATH KOJIa BOIBTMETPIB, Ba-
TMETPIB 1 (ha30MeTPiB, K BMHUKAIOTHCS TapajeiabHo mpuiiMadam. HeoOxigHo mam'sita-
TH TPABUJIO, 110 KJIEMH TPHJIAJIB BUKOPUCTOBYIOTHCS TUTBKH JIJIS IXHBOT'O BMUKAHHS B
cxemy. J1o 1UX KJeM HI4oro OuIbIlle HE BMHUKAETHCA, a YC1 JOAATKOBI 3'€THAHHS BUKO-
HYIOTh Ha BUTPHUX KJIEMax Ha MaHeJl CTeH/a.

CxiazeHy cxeMy TpebOa mokaszaTH JUisl IEPEBIPKH; BMHUKATH JIKEpesa >KUBICHHS
CJIiJT TUTHKY 3 J03BOJTYy KEPIBHHKA.

Pe3ynbraT yciX NEpBUHHUX BUMIPIB 1 pO3PaXyHKIB 3aIIMCYIOTh B ITOMEPEIHBO 3a-
TOTOBJICHI TAOJIHIII.

[Ticnst 3aKiHYEHHSI €KCTIEPUMEHTY JIKepesia JKUBJICHHS BUMUKAIOTh, a PE3YJIbTaTH
BUMIPIOBaHb MOJAI0Th KEPIBHUKY 3aHSTh JJIsl IEPEBIPKH.

Skimo pe3ynbTaTh EKCIEPUMEHTY BU3HAHI KEPIBHUKOM TMPABWIHHUMH, EJICK-
TPUYHY CXEMY pO30MpParOTh 1 NEPEXOIATh A0 CKIIaJlaHHs HAacTynHol cxemH. Ilicis 3a-
BEPIIEHHS JIOCIIKEHb poOoYe MicCIe YINOPSAKOBYIOTh, TPOBIAHUKY Ta MPHIAIN 3]1a-
I0Th JI0 MICIIsl iXHBOTO 30€piraHHsl.

OP®OPMJIEHHA 1 3MICT 3BITY I1PO BUKOHAHY POBOTY

3BIT po Ja60paToOpHy POOOTY OPOPMITIOETHCS KOKHUM CTYJIEHTOM OKPEMO 1 TO-
BUHEH OyTH aKypaTHHM, BAKOHAHUM 3T'1JIHO 3 BCTAHOBJIEHOIO (POPMOIO.

3BIT OYMHAETHCS 3 TUTYJIBHOIO apKyllla, 3pa30K sIKOro HaBe[eHOo Ha Ctp. /. Ha
HAaCTYyIHUX CTOPIHKAaX TpeOa HaBECTH:

— CJIGKTPUYHI CXEMHU EKCIIEPUMEHTY;

— NacHopTHI AaHl NPUJIAJIB 1 anapariB, K1 JOCIIIKYIOTbCS, HEOOX1IHI A1 odo-
PMJICHHS 3BITY;

— (hopMyIH 1 3aJIEKHOCTI, SIKI BAKOPUCTOBYIOTHCS JIJIsl PO3PAXYHKIB;

— TaOJuUIll TaHUX BUMIPIB 1 pe3yJbTaTIB PO3PAXYHKIB 3T1IHO 3 BUMOTaMHU, K1 Ha-
BEJICHI B METOJMYHUX BKa31BKax /10 KOXKHOI JIabOpaTOpHO1 pOOOTH;

— rpadiuaunii matepian (rpadiku, JiarpamMmu, pUCyHKH);

— pe3yabTaTu aHali3y Ta BACHOBKHU IO POOOTI.

Cxemu xpecnsaTh 3a gomnomoroto iHcTpyMeHTiB 3rimHo JICTY. VYmoBHi mo-
3HAYEHHS TUIIOBUX E€JIEMEHTIB Ta iXHI pO3MipHU MoJaHo B Tad. 1.

['padiku 3anexxHOCTEH, AKI OTpHMaHi, JOIIBHO BUKOHYBaTH HA MITIMETPOBOMY
mamnepi 3 3a3HaueHHSIM Ha OCSX CTaHJAPTHUX OYKBEHWX MO3HAYCHb BEJIMYWH, 1 OJH-
HUIIb BUMIPIOBAHb.

BekTopHi niarpamu noBUMHHI OyTH MO0OYy10BaH1 y BUOpaHOMY MaciuTaoi.

3BIT puiiMae KepiBHUK B TOW J€Hb, KOJM BUKOHYEThCS HAcTymHa pobota. [Ipu
bOMY CTYJIE€HT OBMHEH MPOaHaji3yBaTU OTPUMaHI PEe3yJIbTaTH, BIAMOBICTA Ha KOHT-
POJIbHI 3aITUTAHHS 1 PO3B'SI3aTH 3a/1a4l 32 TEMOIO MPOBEJEHOT pOOOTH.
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Ta6muis 1 — [To3HadyeHHS €JIEMEHTIB KiJI Ta armapariB
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JladbopaTtopuna poboTal
JOCJIIKEHHSA MATHITHUX KIJI
1.1. Merai3agadi 3aHATTH

Meta po6OTH — 3aKpiINJICHHS TEOPETUYHHUX 3HAHb MPO OYyJIOBY MarHiTHUX KIJI 1
SJIEKTPOMArHITHHUX MPOIIECIB, IO BiI0YBAIOTHCS B HUX.

3anayl 3aHATTS — €KCIIEPUMEHTAIILHUM BUMIP BOJIBT-aMIEPHUX XapPaKTEPUCTUK
(BAX) B MarHiTHUX KoOJIaX Ha MPUKJIAAl KOTYIIKHU 13 CTAJIEBUM OCEPIAM Ta 3'€MHUM
SKOPEM, BU3HAYEHHSI TapaMeTPIB CXEMH 3aMillleHHs 1 T00y/10Ba BEKTOPHOI JlarpaMu.

1.2. TeopeTnuHi MoJio:KeHHs

MarHiTHe K0JI0 — YaCTHHA €JIEKTPOTEXHIYHOTO MPHUCTPOIO, IO MICTUTH (epo-
MAarHiTHI TUIa Ta TpU3HAYEHA JJIsl CTBOPEHHS B JAHOMY MPHUCTPOi MArHITHOTO MOJIS.
Kotymika 13 craneBuM ocepisM, IO KUBUTHCS 3MIHHUM CTPYMOM, Ha3MBAETHCSA JPO-
CeJeM.

OCHOBHUMHM KOHCTPYKTUBHUMU €J1€MEHTAMU MArHiTHOTO KOJa APOCE €:

— IIMXTOBAHE OCEP/sl, AK€ HAOpaHe 3 OKPEMHMX JIMCTIB €JIEKTPOTEXHIYHOI CTall,
SK1 130JIbOBaH1 OJMH BiJ OJTHOT'O, HAIIPHUKIIA]I, TAKOM;

— KOTYIIKa(1) 3 YUCIIOM BUTKIB W, III0 po3TarioBaHa(i) Ha MarHiTOIPOBO/II.

Sxio mo 0OMOTII KOTYIIKH JPOCEIIs MPOIMYCTUTH 3MIHHUNA CTPYM, TO MarHiTHe
K0JI0 Oy/ie yTBOPIOBAaTH 3MIHHY MarHitopywiiiny cuny F (MPC)

F=wl.

OCHOBHI ITapaMeTpH, 1110 XapaKTEPU3YIOTh MarHiTHE MOJIE:

— MAar”iTHuili morik @ — YUCIO CUJIOBUX JIIHIHM, SKI MPOHU3YIOTH MOBEPXHIO
wiomer S. MardiTHe moJjie yMOBHO NMPUUHSATO 300pakaT  3aMKHEHUMH CHJIOBUMH
niHisiMu. MarHiTHu oTik @ Mae po3mipHicTh BeOep [BO].

— iHAYKIiA MarHiTHOrO moJjisi B — BeKTOpHA BeNWYHMHA, sIKa XapaKTepU3ye 1H-
TEHCHUBHICTh MAar"iTHOTO TOJIS B 3a/IaHiil Toulll npocTtopy. HampsiMok ii 30iraetscs 3
JOTUYHOIO JI0 CHJIOBOI JtiHii. Po3aMipHicTh iHAyKIii — Tecna [Tin]. B omHopigHOMY Mar-
HITHOMY TOJI1

=2
S

— HANpPY KeHiCTh MArHITHOrO MoJia H — BekTopHa BeTM4MHA, sIKa CITIBMAJAE 3
HaAIMpsIMOM MAarHiTHOT 1HAYKIIi 1 XapaKTepU3y€e IHTEHCUBHICTb MAarHITHOTO MOJIS Y Ba-
KyyMi (3a BiICYyTHOCTI MarHiTHUX PEYOBHH). PO3MIpHICTh HANIpy)XKeHHOCTI — [A/M].



[HAyKITisSt MarHITHOTO TOJIS 3aJICKUTH He Juie Bij 3HadeHHs MPC, ane 1 Big ma-
THITHUX BJIACTUBOCTEH CEPEIOBHINA, B IKOMY T0JIE CTBOPIOETHCS, TOOTO BiJl MarHiTHOL
IPOHUKHOCTI [,

B=p,H,
Ie |, —a0COJII0THA MAarHiTHA IIPOHUKHICTh CEPEIOBUILA.
. U, ) ) )
Jlyis 3py4HOCTI BBOJSTH |, = —% — BIAHOCHY MAarHiTHy MPOHHUKHICTh. Takum
Ho

YUHOM, Ly — 0€3p03MipHH KOe(Dilli€HT, SIKHW TOKa3y€e y CKUTbKU pa3iB BIAPI3HAETHCS
MAarHiTHa IPOHUKHICTh CEPEJOBUIIA [, Bl MarHiTHOI IPOHUKHOCTI BAKyyMy a0o0 Ma-

o . 7 I'n
rHiTHOT cTanoi ug = 4n-107" —,
M

B VY enekTpoTexHill BCl Mare-
B(H) plamd  JUIATbCST Ha  HEMarHiTHI

(ur =1) 1 marniTHi (pepomarHeru-

KH), B IKUX [ >>1. BimHocHa mar-

HITHa NPOHUKHICTh (pepoMarHeTu-
KiB W, #CONSt 1 3ayiekuTh BijJ Ha-
W (H) MPY>KEHOCTI MAarHiTHOTO MoJisl. 3a-
nexHicte B (H) nHasuBaroTh Kpu-
BOI0O HaMarHi4yyBaHHsS. 3aJI€KHOCTI
B(H)ip, (H) —  He;iHIiHI

(puc.1.1).

H :
PoGora  enexkTpoTeXHIYHHMX

Pucynoxk 1.1 — 3anexuocti B (H) i n, (H) HPHCTPOIB GasyeThess Ha iHTyKILii-

HI 1 €IEKTPOCUIIOBIN 11X MAarHiTHOTO MOJIS. Y OCHOBI IHAYKIIIHHOT Ai1 JISKUTH 3aKOH
eJIeKTPOMATrHITHOI iHAyKHii. EJeKTpoMarHiTHOIO I1HIYKIIE€I0 HA3UBAETHCS SIBUIIEC
30y/UKCHHSI MarHiTHUM TIOTOKOM enekTpopyiriiinoi cwm (EPC) B koHTYpI, 3ueruieHo-
ro 3 HuM. [HnykoBana EPC nmopiBHIOE€ HMIBUIKOCTI 3MiHIOBAaHHS MOTOKO3YEIIJICHHS 3
KOHTYpPOM

dy do

dt dt’

JIe TOTOKO3YEeIIeHHs \y = WD, W — KUIbKICTh BUTKIB Y KOTYIIIIII.

e=

3nak " — " Bupaxae npauio Jlenna: inagykoBana EPC 3aBxxau mae Takuil Ha-
MpsiM, 10 YTBOPIOBAaHUHM HEIO CTPYM CBOIM MAarHiTHUM TIOJIEM MPOTHIIE MarHITHOMY

TIOJTIO, 1[0 BUKJIMKAE SBUIIE 1HTYKIIIi.
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Po3rnsHeMo eneKTpoMarHiTHI MPOLECH, L0 MPOTIKAIOTh Y MAarHITHOMY KOJIi
napocens 13 3MiHHOI0 MPC, npu mikiIr04eHH1 0OMOTKH KOTYIIIKHU JI0 JUKEpesia CHHYCO-
inaneHOi Hatipyru (puc. 1.2).

Y 0oOMOTIII KOTYIIKH MPOTIKAE 3MiH-
HUM cTpyM i 1 BuHHKae 3miHHa MPC, ska
30y/Ky€e 3MiHHI MarHiTHI MOTOKH: OCHOB-

|

|

|

I . .

! HUM NMOTIK @, 0 3aMUKAETHCS MO OCEPAIO, 1
Y P l noTiK po3cisiHHS Pp, AKUN YaCTKOBO MPO-

|

|

|

1

|

|

XOJIUTh TIO OCEPJIO 1 3aMHUKAETHCA IO TTOBIT-

pto. Tomy npaktuuHo 3anexHicts Dp (1) —

JiHIMHA Ta  IHAYKTHBHICTH  PO3CISTHHS

. ——— TIIOCTIMHA 1 HE 3aJIE)KUTh BIJ
cTpyMmi i

CTpyMy. 3a 3aKOHOM €JICKTPOMArHiTHOI 1HAYKIII KOXXEH 3 IMOTOKIB CTBOPIOE CBOIO
EPC:

Pucynok 1.2 — JIpocens Ha 3MiHHOMY Lp = Wch

- d@ -
e:—wdE:—Lﬂ; e,=—W—"=—1Lp ﬂ
dt dt dt dt
3rinHo apyroro 3akoHy Kipxrodga 3anumemMo piBHSHHSA, IO XapaKTEPU3YE elie-
KTPUYHUM CTaH JIPOCEIII0

. . di
u=Ri-e-ep=Ri-e+Lp—.
dt
[Tpy migKIIOYeHH]I KOTYIIKH 3 ()EPOMArHITHUM OCEPISAM 0 JIKEpeIa CUHYCOi-
nanbHOi Hanpyru U (t) =U, sin(ot+yy,) EPC € 1 ocHOBHMI Mar"iTHUH MOTIK 3Mi-

HIOIOTBCSI CUHYCOi/IHO. [3-3a ricrepe3ucy cTpyM B KOTYUII[l 3MIHIOETHCS HECUHYCO1HO,
1 OCHOBHUU MOTIK BIJICTA€ BiJI CTPyMYy Ha KyT O (KyT MarHiTHOTO 3ami3HIOBaHHS a0o
KyT Mar"iTHuX BTpar). [Ipu po3paxyHKy HECHHYCOIIHHMI CTPYM 3aMIHIOETHCSI €KBIBa-
JIEHTHOIO CHHYCOIJJOI0 3 OJIHAKOBUMHM JIIOUMMHM 3HAUYEHHS. 3alMIlIeMO PIBHSHHS JApY-
roro 3akoHy Kipxroda y BektopHiit hopmi
U=RIl+jXpl -E=-E+Z1,
ne E=4,44 f wdp,; Xp=0lp — iHgyKTHB-
HU# omip poscisHHs; Z =R + JXp — KoMILIeK-
CHUM omip 0OOMOTKHU KOTYIIKH JIPOCEITIO.
CKOpHUCTaBIIUCh LIUM PIBHSHHSM, ApO-

CCJIb MOXXHA HpEACTABUTHU €KBIBAJICHTHOIO

.
cxemoro 3amimienns (puc. 1.3). IMapamerpu Pucynok 1.3 — CxeMa 3aMileHHs

CXeMHU 3aMIIICHHs MalTh HACTYMHUHN (Hi3uy- Jpocens Ha 3MIHHOMY CTpyMi

HUU CMUCIT.

11



R — akTUBHUI Oomip AJIs 3aMIIICHHS EJNEeKTPUYHHUX BTPAT MOTYXKHOCTI Py B Ipo-
BITHUKAaX OOMOTKU;

Xp — IHAYKTUBHUH OIIp JUIsl 3aMiLLEHHs 1HIYKTUBHOI Jii TOTOKY po3cisiHHA D,

Ro — akTUBHUI omip JIs 3aMIIICHHSI MarHITHUX BTPaT MOTYXXHOCTI Py B cTalie-
BOMY OCepi;

Xo — IHIYKTUBHUM OMIip JUIs 3aMIIIEHHS 1HAYKTUBHOI JI1i OCHOBHOT'O MarHiTHOTO
MOTOKY.

[i#1 cxemi 3aMillleHHs BIJMOBIAAIOTh HACTYITHI PIBHSHHS €JICKTPUYHOI PIBHOBA-
I'Y HAallpYTH 1 CTPYMIB:

U=-E+Ug +Q|_p =U,+Ug +Q|_P ;

L=l +1,,
ne U, =—-E — cknanosa Hanpyry, sika BpiBHOBaxye EPC korymku, U =Rl — ma-
JUHHS HANPYyru Ha aktuBHOMY omopi; U, =X, | — mafiHHsA Hanpyru Ha iHAYKTUB-
HOMY 0110pi; /o — aKTUBHA CKJIaJI0Ba CTpyMY; [, — pe€aKTHBHA CKJIaJI0Ba CTPyMY.

[TapameTpu cxemu 3aMIIEHHS IPOCEITI0 BU3HAYAETHCS HACTYITHUM YHHOM

R:ll:)—g; RO:T_I;I; XLP :(X)LP; Zo:%; XOZVZOZ_ROZ
0

BukopucToBytour piBHSHHSI €JIEKTPUYHOI PIBHOBArv JApo-

celst 1 CXeMy 3aMillleHHs, MMOOYyJIyeMO BEKTOpPHY Jlarpamy U,
(puc.1.4). Bubupaemo macmrabu crpymy /, manpyru U i marmit- (/| \ P
HOro notoky . B Uy

3a 6a3ucHUI BEKTOp MpUMaeMO BEeKTOp MOTOKy P . Bek- __E

TOp PeaKTUBHOI CKIag0Boi cTpymy | 301ra€ThCs 3 HUM 10 (a3si.

T
Bekrop nHanpyru U ; Bunepemxkae Bekrop @ Ha KyT > 3 HUM

1o (asi 36iracThcs BeKTOp akTUBHOI ckimagoBoi ctpymy |, . Ilin-

CyMOBYIouu BekTopu I, 1 lp noOymyemo BekTop ctpymy | . Jlo-

E

Pucynok 1.4 —
QLp = jX,_pl, orpumaemo BekTop U . 3 BekTopHOi giarpamu  BekropHa miarpama
JUISL APOCEIst

naroun 10 Bektopa U, Bekrtopu namiap Hanpyru Up =Rl 1

3HaXOJMMO KyT 3cyBy (a3 ¢ Mix Hampyrowo U i crpymom | Ta
KyT MarHiTHUX BTpaT O .
MarHiTHi BTpatu B cTaii ocepis Py, — MOTYXHICTb, sSIka BUTpAvyaeTbcsl HA Ha-
TpiB Oceps, MO 00YMOBIIEHO TiCTEPE3UCOM Ta BUXPOBUMHU CTPyMaMu
Pu =P+ P

ne P. — BTpatu Ha rictepesuc; Py, — BTpatu Ha BUXPOBiI CTPyMH.
12



[Tetns ricrepe3ucy nmokasana Ha puc. 1.5., ne By — 3anuiikoBa iHaykuis, He —
KOEPLMTHUBHA CHJIa. BTpaTu Ha rictepe3uc BUKJIMKAHI MepeMarHiauyBaHHSIM CTaJIeBOTO
oceps 1 € MOTYXHICTIO, 110 BUTPAYAEThCSA HA YCYHCHHS] HAMArHidYyBaHHSI ONIEPEIHBOT
nosisipHocTi. i BTpaTtu nmpomopiiiiiHi MiIoml MeTi TicTepe3nucy 1 BU3BHAYAIOThCS 33 €M-
MIPUYHOIO (GOPMYJIIOIO

_ n
P =0c.fB,G,
1€ G — TICTEPE3UCHUH KOEPIIIEHT, 110
3aJIeUTh Bi Mapku ctam, f — gacTtora —

HiJBEACHOI HAIPYT'H; B ~
0,

B, — MakcuMmanbHE 3HAYCHHS Ma- /
THITHOT 1HAYKII; N — eMIpUYHUNA Koe-

dimient (1...2), skao By >1, To n=2 ;G /

— Maca ocep/sl.

[Ipu mpoTikaHHI 3MIHHOTO CTPyMY
1o oOMOTIIl Jpocesisi B OCepi HAaBOJIUTh-
csa EPC, min gieto sikoi B ocepjii BUHH-
KalOTh BMXPOBi CTpyMH. BTpatu Ha Bu- Pucynox 1.5 — et ricrepesucy
XpoBi cTpyMH P, BU3HAYaIOTHCS 32 EMITIPUYHOIO (OPMYIIOIO

I:)BC :GBCfZB%GY’

J€ Opc — EMIIPUYHUI KOEPIIIEHT; Y — MUTOMA IPOBIIHICTh MaTepialy OCepsl.

3a npaBwiioM JIeHI1a BUXpOBI CTPYMH YTBOPIOIOTH CBiil MarHiTHWM MOTIK, SIKUAN
HaIpaBJeHUN HA3yCTpid OCHOBHOMY IOTOKY, TOOTO BIH po3marfdiuye ocepzs. Jlmis
3MEHIIIEHHS! BUXPOBHX CTPYMIB Ta BTpaT B OCEp/Al HOT0 BUKOHYIOTh HIMXTOBAaHUM.
o6 3MEHIIMTH MPOBIIHICTD Y, a BIAMOBIAHO 1 BUXPOBI CTPYMH B OCEP/Il, B CTajb J0-
naroTh KpemHiil. [Ipu 1ipomy omip 30UIBIIYETHCS, @ MarHiTHI BJIACTUBOCTI HE MOTip-
IIyIOThC. TakuM YMHOM, MOXXHAa BBaXXaTH, 10 MAarHiTHI BTpaTd B Jpocenl

P~ BS ~ ®2 ~ EZ~U?Z,
1.3. OO0'ekT mocaigKeHHH

OO0'eKTOM JOCIHIJIKEHHS € IPOCENh 31 CTAIEBUM OCEPJIsIM, SIKAW KUBUTHCS 3MiH-
HUM CTPYMOM, 13HIMHUM SIKOpEM Ta Ma€ B cxeMi no3HaueHHs L. Enexrtpuuna cxema
EKCIIEpUMEHTY MojlaHa Ha puc. 1.6. Bxigni 3aTuckadi gpocens mpoMapKkoBaHi nudpa-
Mmu 1 ta 2. Ha 3HIMHOMY $IKOp1 pO3TalllOBaHa BUMIpIOBAJIbHA KOTYIIKA, SIKA MAa€ BUX1J-
Hi 3atuckaui 3 Ta 4. [lacnopTHi AaHi KOTYIIOK Apocens HaBeaeHi y Tabin. 1.1, ne | oy
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— HOMIHAJIBHUN CTPYM OCHOBHOI KOTYIIKH Japocedisi; W, — KUIbKICTh BUTKIB OCHOBHOI

KOTymKH; W, — 9HCII0 BUTKIB BUMIPIOBAJIBHOI KOTYHIKH SAKOPS.

~220B
®

(o, O O

Pucynok 1.6 — EnektpuynHa cxema JOCITIIKEHHS APOCEs 13 IKOpeM

Tabmuns 1.1
IHOM ! A WK WB
0,4 1000 200

JKuBiieHHS] KOTYIIKK JPOCEIS 1 pEeryIOBaHHS HAIPYTH Ta CTPYyMY 31HCHIOIOTh-
csa Bin aBtoTpaHcopmartopa (JIATP) 7, BXigHl 3aThcKaul SIKOTO TMOBUHHI OYyTH
3’€IHAH1 3 JKepesoM 3MiHHOoT Hanpyru 220 B.

1.4. ITopA10K BUKOHAHHA €KCIIEPUMEHTIB

1.4.1. Cxnaaith cxemy i MPOBEJEHHS EKCIEPUMEHTIB 3a puc.l.6 1 ycyHbTe
AKIp Oceps BiJl HOrO OCHOBHOT YACTHHH.

1.4.2. Tlepen moyaTkoM KokHOTO nociigy moctaBre JIATP B HymboBe moso-
KEHHS (MOBOPOTOM PYUKH MPOTH FOAUHHOI CTPUIKH 10 ynopy). Ilicas noxayl Hanpyru
Ha BxiaHi 3atuckadi JIATPa tpeba nepekoHatucs mo BOJIBTMETPY, [0 HANpyra Ha BU-
xoni JIATPa pnopiBHIOE HYJIIO.

YBATI'A! KoHTponb peryntoBaHHsS BEIMYHMH — 332 CTPYMOM KoTyuiku! MaHimy-
nsmii 3 skopem ocepas — ITIPU BUMKHEHIN HAIIPY 31!

1.4.3. IlpoBenith JOCII 3 BUMIPY BOJBT-aMIEPHOI XapaKTEPUCTHKU KOTYIIKH
npu yCyHeHOMY sikopi ocepas (puc. 1.7.). Perymoroun JIATPoM cTtpy™m Bin Hyns 10
MaKCUMaJIbHOTO 3HaueHHs 3 KpokoMm 0,1 A, 3po6iTh BUMIpHU 1 pe3ybTaTH 3aHECITH Y
ta0n1.1.2. [lotyxnicte P BuMiproiite Tinbku npu |y, =0,4 4.
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~220 B

v
o0

I«

wU

%

=i

Pucynok 1.7 — EnektpudHa cxema JOCHIIKEHHS Apocest 0e3 aKops

Tabmuis 1.2

I, A 0 0,1 0,2 0,3 0,4 0,5 0,6 0,7
U,B 0

P, Bt 0 — — - - - -

1.4.4. Tlpuennaiite siKip 10 ocepls 1 NPOBENITh a0caija 3 BuMipy BAX KoTymiku
(puc. 1.8.). Perymoroun JIATPom cTpym Bim HyJiss 10 MaKCHMMajbHOTO 3HAYCHHS 3
kpokom 0,1 A, 3po6iTh BuUMipH 1 pe3yabTaTu 3aHeciTh y Tabn. 1.3. [loryxnicts P Ta

EPC Eg Bumiptoiite Tinsku npu |, =0,4 A.

o—o D,
iR
i
m ”_>
Q T W
b INC,
2 |
|
|
0-0 O O
Pucynok 1.8 — Enexktpuuna cxema aocnaiay 3 Bumipy BAX kotymiku
Tadomurs 1.3
I, A 0 0.1 0,2 0,3 | 04 05 0,6 0,7
U,B 0
P,Bt 0 — — — — — —
E, B 0 - - - — - —
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1.5. O0poOka pe3yabTaTiB eKCIIEPUMEHTIB i 0popMIIeHHS POo0OTH

1.5.1. 3a manumu taba. 1.2 1 1.3 nmoOy- UB
IyWTe B OJHIA KOOPJWHATHIN CHCTEMi BOJIBT-
amnepHi xapakrepuctuku U (| ) mms Bigmosi- 1
JHUX PEXKHUMIB BHUMNpPOOyBaHHs apocens. [ms 2
npuKiana Ha puc. 1.9 mojaHi SKICHI BOJIBT-
aMIIepHi1 XapaKTEePUCTUKH npocens: 1 — 3 BcTa-
HOBJICHUM JI0 OCEPJs SIKOpeM, 2 — 3 YCYHEHUM
B1Jl OCEPJIs IKOPEM.

1.5.2. 3o0pa3sutu  cxemy 3aMIlICHHS LA

Apocelis. . Pucynok 1.9 — Bonpt-ammepHi
) 1.5.3. 3a gasumu Tabm. 1.2 1 1.3 po3pa— XapaKTEPHCTHKH JIPOCEIS:
XYHUTE napameTpu CXCMH 3aMIMCH- 1 _ 3 pcraHOBIEHHMM 0 OCEPAS AKOPEM;

iR, X, Xo, Ry st HOMiHampHOTO CTpyMy o _, YCYHEHHM BiJT OCEPIS TKOPEM

kotymku |, =0,4 A.

1.5.4. TloOyxay¥iTe BEKTOPHY AiarpaMmy APOCEs JJisi HOMIHAJILHOTO CTPYMY.
KoOHTpPOJABHI 3aANUTAHHA

1. Illo po3yMitOTh Miji MAarHITHUM KOJIOM, SIKI BEJTMYMHHU XapaKTepU3yloTh (Pi3u-
YHHUI CTaH Ta MPOIECH B HHOMY?

2. ChopmymroiiTe 3aKOH €JIEKTPOMArHITHOI IHIYKIIIT Ta npaBwio JIeHa.

3. Ski mpouecu BingOyBarOThCsl B KOTYIII 1 CTaJIEBOMY OCEpJi MPH >KUBIEHHI
KOTYIIIKH 3MIHHOIO HAPyror?

4. 3anuiuiTh piBHSHHS €JIEKTPUYHOI PIBHOBAru B KOHTYpP1 KOTYIIKH APOCENs, a
TaKoX (DI3UYHUMN 3MICT BEJIMYUH, IO BXOJSATH B 111 PIBHSIHHS.

5. Slka cTpykTypa cxeMHu 3aMillieHHs apocens. @13uYHui 3MICT 1i eJIeMEHTIB.

6. HaBeniTh BOJbT-aMIIEpHY XapaKTEPUCTUKY APOCEIIS.

7. SIki BTpaTu MOTY>KHOCTI XapaKTepH1 JIJIsl KOTYIIKH 13 CTAJIEBUM OCEPASIM TpHU
’KUBJICHHI 3MIHHUM CTpyMOM?
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JladbopaTtopuna pobGoTa 2
JOCJII>KEHHS PEJIE

2.1. Mera i 3aaa4i 3aHATTHA

Meta poOOTH — 3aKpiIUICHHS TEOPETUYHUX 3HAHB MPO OYJIOBY 1 MPHUHIUI Jii
€JIEKTPOMArHiTHOTO peJie aBTOMATHKH 1 peJie Jyacy.

3amaul 3aHATTA — BU3HAUEHHS TMapaMETpiB 1 XapaKTEPUCTHK EJIEKTPO-
MarHiTHOTO peJie aBTOMATHKH Ta peJie acy.

2.2. TeopeTU4Hi MOJIOKEHHS

2.2.1. 3aranbHi BitomocTi mpo peJie

Pene — enexktpuyHuil anapar, y sSIKOMy NpH IUIaBHIA 3MiHI KepyHO4oro (BXiJIHO-
ro) mapaMmerpa 0 NEBHOI, HacaMmImepe 3aAaHo0i BEIMYMHU BIIOYBAEThCS CTPUOKOIIO-
Ni0HA 3MiHA KEpOBAaHOIO (BUX1THOTO) mapaMerpa. [Ipu npomy xoua 6 0MH 3 WX Ma-
paMeTpiB MOBUHEH OyTH €JIEKTPUYHUM.

3a npu3HAYEHHSIM BUKOPUCTAHHS pejie MOKHA MOJUIMTH Ha pese JIJIsi CXEM aB-
TOMATHKH, JJIs1 KEPYBaHHS 1 3aXHUCTY €JIEKTPOIMPHUBOJIA Ta 3aXUCTy €HEPrOCHUCTEM. 3a
MPUHITUIIOM Jii pesie MOAUIAIOTHCS Ha eIeKTPOMArHiTHI, MOJIIpU30BaHi, TEIUIOBI, 1HAY-
KI[1i1H1, MarHITOEJIEKTPUYHI, HAITIBIPOBIAHUKOBI.

B 3anexxHOCTi BiJ] BXITHOTO MapaMeTrpa pelie po3aUIsioTh Ha pelie CTpyMy, Ha-
IPYTrH, NOTY>KHOCTI1, YACTOTH.

VY Tux BUMaakax, KOJM MOTPIOHA BUTPUMKA Yacy MIDK CIPAIlbOBYBaHHSIM JIBOX
a00 JIeKIJIbKOX arapariB, BUKOPUCTOBYETHCS pPeJjie vacy.

3a MPUHITUIIOM /111 Ha KEpOBaHE KOJIO pejie MOXKYTh OyTH KOHTAKTHI Ta O€3KOH-
TakTHI. BUXiTHUM napameTpoM OE3KOHTAaKTHHX pejie € pi3Ka 3MiHa ONopy, YBIMKHE-
HOTO y KepoBaHe KoJi0. PO3IMKHEHOMY CTaHy KOHTaKTiB KOHTAaKTHOTO peJie BiJIMOBiIa€
BEJIMKHI OMIp KEPOBAHOTO KOJIa OE3KOHTAKTHOTrO pene. Lleit ctaH 6e3KOHTaKTHOTO pe-
Jie 3BEThCS 3aKpUTUM. 3aMKHEHOMY CTaHy KOHTAKTIB KOHTAKTHOTO peJie BiJIIOBi/Ia€
Majuil omip y KepoBaHOMY KOJII O€3KOHTAaKTHOTO pene. Takuil cTaH 0€3KOHTaKTHOIO
pere 3BeThCsl BIKPUTHM.

3a crmoco0oM YBIMKHEHHSI y KEpOBaHE €JIEKTPUYHE KOJIO pefie MOIUISIIOTHCS Ha
NEepPBUHHI Ta BTOpUHHI. [IepBUHHI pesie BMUKAIOThCS y KEPOBaHE KOJIO O€3M0CepeaHbO,
BTOPHHHI 32 JJOMOMOTOI0 BUMIPIOBAJILHOTO TpaHcpopmaTopa.

Ha puc. 2.1 nogana KOHCTpYKTUBHA CXeMa peJie, IKe MICTUTD SIPMO 1, KOTYIIKY
2, pyxomuit siKip 3, IpyuHU 4, KOHTAKTH 3aMKHEHHS 5 Ta KOHTAaKTH PO31IMKHEHHS 6.

S0 pene KUBUTHCS BiJI JKEpesa MOCTIHHOTO CTpyMy (pelie MarHiTOSIEKTPHU-
YHE), TO APMO 1 SKip BUKOHAHI MAaCUBHUMHU, SIKIIIO PeJie )KUBUTHCS BiJ JKepesia 3MiH-
HOTO CTpyMY (pee eIeKTPOMAarHiTHE), TO SIPMO 1 SIKip BUKOHAHI NTUXTOBAHUMHU 3 JIHC-
TIB €JIEKTPOTEXHIUYHOI cTaji ToBmuHOK 0,35...0,5 MM, 130J1b0BaHUX OJUH BiJ OJHOTO,
HAIMPUKJIIA]], JAKOBOIO IJI1BKOI0. KOTyIllka BUKOHAHA 13 130JJbOBAHOTO MiJTHOTO TIPOBO-
1y, SIK IPaBWJIO, HAMOTAHOTO Ha KapKac 13 130JIA1[1HHOT0 MaTepiany.
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PoGorta pene 3acHOBaHa Ha BUHUKHEHHI CHJIU
TATH, SIKA CTBOPIOETHCS MATHITHUM TOJIEM MPU MiJK-
JFOYEHHI KOTYIIKW J0 JDKEpena >KUBJICHHS Ta TPH3-
BOJUTH JI0 PYXY PYyXOMOTO SIKOPSI.

1—— [Tpu 3HECTpYMIIEHIN KOTYIII 2 32 TOTIOMOTOIO

i 5 NpYyXHHHA 4 CTBOPIOETHCS 3a30p MiX spMoM 1 i siKo-

X 3 pem 3. IIpu 1bOMy KOHTaKTH 5 pO3IMKHEHI, & KOHTaK-

- 4 ™A 6 — 3amkHeH1. [Ipu mogadi mocTiHHOTO CTpyMy Ha

f = KOTYIIKY 2 BUHUKA€ €IEKTpOMarHiTHa cuia 1sru F,

6 10 BU3HAYAETHCS 32 (HOPMYIIOIO

24
ne B; — MarniTHa iHAYyKIIis Y poOouoMy 3a30pi; S — monepeyHuil mepepiz HaKOHEYHUKA
apma; o = 4m-107" T'u/mM — MarniTHa crana.

[Tpu meBHOMY CTpyMi y KOTYyIIIl 2 1 €NeKTpoMarHiTHa cuia Fe cTaHoBUTHCS
OUIBLIOO 3a CHILy MpY>KHOCTI pyxuHU 4 Fp. L1 cumm airote 3ycTpiuHo, TOMY SIKip 3
MOYMHAE PyXaTUCh 110 sipMa 1 1 mpu 3a30pi O = 0 BiAOyBa€ThCS 3aMKHEHHSI KOHTAKTIB 5
1 pO3IMKHEHHsI KOHTAKTIB 6. KoHTakTu 5 1 6, 5Kl 3HaXOASIThCS Y KEPOBAHUX KOJIaX aB-

TOMATUKH a00 3aXUCTY, 3A1MCHIOIOTh BIANOBIIHI IEPEMUKAHHS Y IUX KOJax (JIMB. pUC.
2.1).

Pucynoxk 2.1- KoncTpykiis pene =

e

[Ipu >KUBJICHHI KOTYIIKA peie 3MiHHUM cTpyMoM MuTTeBe f., Makcumanbue Fen
Ta cepeiHe Feo, 3HAUEHHS €NEeKTPOMATHITHOI CHJIM TSATM BU3HAYAETHCS BIJIOBIIHO
dhopmynamu:

2
2 BnS.
f.=F,sin“ot; F, 6 =-"—; y
2“0 A
ymux —— — > >
17 F
Foop=o | fodt=—"",
T 2
F
Y
ne Bn — amrmuriTyza MarsiTHOI 1HIYKINT y po-
004oMy 3a30pl; ® — KyTOBa 4acTOTa CTPyMY; Vonin |— >
T — nmepioJl KOTMBaHb HATIPYTH. [ |
Ha puc. 2.2 Ha oci abciuc BiKIJIaJIeHO 0 'x_ ;C >

B cn

3HAYCHHsI BXIJTHOTO MapaMeTpa X, a Ha OCl Op-
JUHAT — BUXITHOTO Mapamerpa Y. 3HauCHHS
BX1IHOTO TlapameTpa x (Hampyru, CTpyMmy i T.1.), IIPU AKOMY BiIOYBa€ThCsI CIIPaIibOBY-
BaHHS peJie, HA3WBAETHCS MMApaMEeTPOM CIIPaIlbOBYBaHHS.

Jlo TUX mip MOKHU X < X¢q, BUXITHUN MapaMeTp Y MOPIBHIOE MiHIMAaILHOMY 3Ha-
YEHHIO Ymin. [IpU X = Xy BUXITHUM TTapaMeTp CTPUOKOM 3MIHIOETHCS B Ymin A0 Ymax-
BinOyBaeThcs cipariboByBaHHS pesie. Ko micis crpanbOByBaHHS 3MEHIITYBAaTH 3HA-
YeHHSl BXIJIHOTO MapaMmeTpa, TO MPH X < X, BIIOYBA€ThCSA CTPUOKOMOAIOHE MOBEP-
HEHHS BUX1THOTO IMapaMeTpa BiJl 3HAYCHHS Ymax O Ymin — BIIITYCKAHHS peTie.
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3HaueHHs BX1JTHOTO MapaMeTpa, Mpu sIKOMY BiAOYBa€ThCs CTPUOKOMOAIOHE BiJI-
IyCKaHHS pejie, HA3UBAEThCS MapaMeTPOM BiAITYCKaHHS.

Yac cnpanpoByBaHHS tc; — 1€ Yac Bil MOMEHTY MOJa4i KOMaHAH Ha CIPallbOBY-
BaHHS JI0 MOMEHTY IOYaTKy 3pOCTaHHS BUXIJHOTO MapaMmeTpy. 3a 4acoM CIpalboBY-
BaHHSI peJie MOAUSIIOTECS Ha MBHAKOMII0YI (10 5 mc), HopManbHi (10 0,15 ¢), ymoBsi-
JpHEHi (710 1 ¢) Ta 3 BUTpUMKOIO yacy (OiibIie 1 ¢).

Takum ynHOM, MapaMeTpaMu pefie €: X — 3HAUYEHHS MapamMeTpa CrpabOByBaH-
Hs (Hanpukian, Haopyra Uey, cTpyM len); Xein — 3HAUCHHS IapaMeTpa BianycKaHHS (Ha-
npukian, Hanpyra Ugi,, ctpyM lyiy); koedinienT noBepaenns K, Ta 9ac cripaboByBaH-
H4 to;. KoedimieHT nmoBepHEeHHs BU3ZHAYAETHCS 32 (OPMYJIIOI0

X..
K, =22,
X

CII

KoedimienT K, y pi3Hux pene 3HaxoauTbes y Mexax 0,4...0,95.

OCHOBHOIO XapaKTEPUCTUKOIO peJie € XapaKTepHCTHKa KepyBaHHsS (puc. 2.3),
sgKa BUPAXKA€E 3B’S30K MK (DI3UYHOIO BEIMYMHOIO, 1110 BIUIMBAE, KEPYE HAMPHUKIA]
CTpyM |, Ta KEpOBaHOIO BEIMYMHOIO, HAMPUKIIA, HAapyrorw U.

U a 3pOCTaHHsl KEPYIOUOi BEIUYUHU

U - - | HEe BHUKIMKae 3MIH KEpOBaHOI BEJIH-
S I — yuHu U, oKy Kepyroya BeJIMunHa Me-

HIlIa TIEBHOTO 3HAYEHHS, 110 3BETHCA

T CTpyMOM crpanoByBanHs l.,. Pene
CIIpallbOBY€ y TOMY BHUIAJKY, KOJHU

U,.| «--- —> KEpyloua BEIMYMHA JOCATA€E 3HAYCHHS

— | | CTpYyMy crpainboByBaHHS |lq;; TONI BU-
KOHyIOYa 4YacTUHA peJe 3A1HCHIOE
0 I 1 I cTpuOKONoAiOHY 3MIHY KEpOBaHOI Be-

BT cn

Pucynoxk 2.3 — XapakTepucTrKa KepyBaHHS nmnyvHU U (BMHKa€ €JIEKTPUYHE KOJIO)
3 Usiz 10 Uen. [Ipu nbomy enexkTpoma-
THITHa cuiia Fe mepeBuIlye CUITy Onopy NpyXUHU Frp 1 SKip NPUTATYETHCS 10 sipMa.
HampsiMu 3M1HM CTpyMy 1 HAPpyT MPU LIbOMY MOKa3aHi CYyLUIIbHUMH CTPLIIKAMH.
[Tomanbie 3pocTaHHst Kepyro4oi BenmuyuHu | He 3MiHIOE KepoBaHy BenuuuHy U
(eJIEKTpUYHE KOJIO 3AJIMILIAETHCA 3aMKHYTUM ).
3MeHIIeHHsT Kepyro4yoi BenuunHu | Takox He BiumBae Ha U, nmoku ctpym | 3a-
JIMIIAETHCS OUIbIIEe MEBHOTO 3HAYEHHS, 10 3BEThCSI CTPYMOM BIANYCKaHHS |y, Konu
Kepyloua BeJIMYMHA 3MEHIIYETHCS 10 3HAUYCHHS |yiz, TO pesie CpalboBye Mij AI€I0 BU-
KOHYI04O1 4acThHH, 1 Hanpyra U cTpuOKoM 3MEHIYETHCS A0 BUX1AHOTO 3HAUEHHS Usiy
(Hanpuknan, peae po3MUKae KepoBaHe Koiio). Ilpu mpomy cuita onopy npyxuHu Fip
NEPEBUILY€E €IEKTPOMArHiTHy cuily Fe 1 sikip BiAXoauTh BiJ spMa. HampsiMu 3miHuU
CTPYMY 1 HAIPYTH MPU IbOMY TOKa3aH1 IITPUXOBAHUMHU CTPIITKAMH.

v
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2.2.2. KoHCTpyKIIisi TA MPUHIMI il €JIEKTPOMATHITHOTO pejie ABTOMATHKU
Ta peJie 4acy
Enexkrpomarnithe pene apToMatuku MKY48-C npusnaueHe anst KoMyTallii ene-
KTPUYHUX K11 OCTIHOTO Ta 3MIHHOTO CTpyMY 3 yacToToro 50 I'.
KoHCcTpyKIlis eeKTpOMarHiTHOTO pejie aBTOMAaTUKHU HaBeleHa Ha puc. 2.4,
OCHOBHUMH BYy3JlaMU pelie
€: Mar"iTHa CHCTEMa, II[0 CKJa-
Ja€eThesl 3 sipMa 1, HA sIKOMY 3a-
KpilJIeHa KOTyIIKa 2, SKa KHU-
BUTBHCS MTOCTIMHUM a00 3MIHHUM
CTpyMoOM, Ta pyxomuit sikip 3. [lo
SAKOpSI TPUKPITUICHUN IITOBXad
g / 4, 3a TOIIOMOTOIO IKOTO 3a HasB-
. v HOCTI PYyXy SIKOps BIIOYBA€THCS
cUCTeMa KPIMUTHCS A0 130s111H-

PO3IMKHEHHS KOHTakTIB 5 1 3a-
MKHEHHsI KOHTakTiB 6. MaruiTHa
1 ¥
% RS ﬁ HOI OCHOBH 7, Ha sKiii po3MilieHi
- BUBOIM KOTymku pene (3:8) i

3 45 ¢

\1_'___
£

[ 1
T

[

\qc\
~]

I I | Sy M F - 121 4 )

11 D 518 KOHTaKTIB: 3amukardux (1:6,
4 ©19 5:10) Ta posmukamounx (2:7,
55L& 10 4:9) B :

== > — :9). BuBoau KOTyIIKH pene i
3 5 6 KOHTAKTiB Ha puc. 2.4 mo3HaveHi

Pucynok 2.4 — KOHCTpYKLis pesie aBTOMAaTUKU  skupHuMH Iudpamu 1...10.
Ha puc. 2.5 nonana enex-
TPUYHA CXeMa 3’ €JHaHHS KOTYIIKU Ta OJIOK-KOHTAKTIB pejie aBTOMATHKH.
xvl3 |6 |]0 9 |7 [Tpu .noz[aqi HaIlpyTy Ha KOTYLIKY peJie KV CTBOPIO-
€THCSI MAaTHITHE TIOJIE, SIKE 3aMHUKAETHCS TI0O MarHiTONPOBOY,
E}\_\] _# - 1 SIKIp peJie MPUTATYETHCS 10 ApMa. 3a JIOMTOMOTOI0 IITOBXa-
8 111514 12 4a pigbysaerbes yBiMKHEHHS KOHTakTiB 1:6 1 5:10 Ta posi-
MKHEHHSI KOHTaKTiB 2:7 1 4:9. KoTyiika pene BMUKAEThCS Y
OCHOBHE CHJIOBE KOJIO, @ KOHTAKTH — Y KOJIO KepyBaHHSI.
Pene yacy 3acTOCOBYIOTBCS y cXeMmax pelieHHOro 3aXHMCTy Ta MPOTUABapidHOI
aBTOMaTUKH. JKUBIIEHHS] OOMOTKM peJie yacy 3A1MCHIOEThCA OCTIHUM cTpymMoM. Yac
3aMKHEHHSI KIHIIEBUX KOHTAKTIB PETYyJIOE€ThCS, a IEPEMHUKAIOUNX KOHTAKTIB — HE PeTy-
TOEThCS. BUTprMKa dacy 311MCHIOETHCS YACOBUM MEXaH13MOM.
KoncTpykuis pene 1 yacoBoro mexanizmy pese yacy EB 144 cxematuuno noka-
3aHi Ha puc. 2.6.

Pucynok 2.5
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Pucynok 2.6 — Konctpyxkuis pene gacy EB 144

EnexTpomarHit pene ckiianaerses 13 Martirornponoay (sapma) 1, korymku 2 (C,
J| — 1e kiieMH KOTYIIKH) 1 UIHAPUYHOTO sKops 3. Ha BepXHbOMY KiHIII SIKOPS 3aKpi-
IUICHUH BaXXUib 4 3 TUIACTMACOBUM INTOBXA4eM, SIKMM Jll€ HA MUTTEBI NIEPEMUKAIIbHI
KOHTAKTHU 5, 6 1 7 6€3 BUTPUMKH Hacy.

3a BIZICYTHOCTI HaNpyrd Ha KOTYHII 2 sikip 3 mif Ji€l0 3BOPOTHOT MPYKUHU 8§
N1JHIMA€ETHCS Bropy J0 yrnopa. 3aBOAHUIN BaKUIb 9 4aCOBOTO MEXaHI3My PO3TITYE Po-
6ouy npyxkuny 10. 3y6uatuii cextop 11 moBeprae mecrepHio 12 Ha BUX1JHOMY Baiy
13 i BCTaHOBIIOE PYyXOMHM KOHTAKT 14, Skuii 3aMHUKa€e KiHIICBI KOHTaKTH 15 Ta 16 y
IIOYATKOBE MOJIOKEHHSI, 110 BIJIMOBIA€ PO3IMKHEHOMY CTaHy LIMX KOHTAKTIB.

[Ipu nmogayi Hanpyru Ha KOTYWKY 2 sKIp 3 BTATYEThCSA BCEPEAUHY MArHiTOIPO-
Boay. Lle mpuBOAUTE y A110 MUTTEBI KOHTAKTH (KOHTAKT 5 PO3MUKAETHCS 3 KOHTAKTOM
6 Ta 3aMHUKAE€THCSI HA KOHTAKT 7) 1 3BUILHIOE BaXkib 9 yacoBoro mexanizmy. Ilig aiero
po6ouoi npyxunu 10 Buximauii Ban 13 pa3zom 3 pyxoMuM KOHTakTOM 14 mounHae
obepratuca. Ob6epTaHHs BUXIIHOTO Baja B1AOYBaeTbCd A0 TOTO 4Yacy, MOKHU BiH HE 3a-
MKHE HepyXoMi KOHTakTH 15 1 16 mixk co6oro. [Ipu niboMy HasiBHICTH MOMEHTIB 1HEP-
1li pyXOMHUX YacTHH Ta 3y04aToi mepenayl NpU3BOJIUTH JO TOrO, IO mpyxuHa 10 He
MOK€ CTUCHYTUCHh MUTTEBO, 1110 1 YTBOPIOE 3aTPUMKY YaCy M1 BTATYBAHHSAM SIKOPS 3 1
3aMKHEHHSIM PyXOMHUM KOHTakTOM 14 KiHI[€BUX KOHTaKTiB 151 16.

Burtpumka dacy (3MiHa yCTaBKHM 4acy CHpallbOBYBaHHS) CTBOPIOETHCS MepeMi-
IICHHSIM HEPYXOMHUX KOHTAKTIB 3a IIKaJIOK 17, Ha sIKiil HAHEeCEeHE TpajylOBaHHs 4acy
3aTPUMKH.

2.3. O0’eKT H0CaiTKeHHHA

2.3.1. locaixkeHHsI €JIeKTPOMATHITHOIO peJie aBTOMATUKH

O0’eKTOM TOCHIIKEHHS € eleKTpoMarHiTHe pesie aBToMatuku Tuny MKVY48-C 3
HOMIHAJBPHUMHU JaHUMU: poOoua Hampyra 220 B; cTpym mocTiiiHuii; omip oOMOTKH
R =20 £+ 3 kOwm; Hanpyra cnpanpsoByBanHs Uy, < 187 B; nanpyra Biamycky Ugi, > 36
B.
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KonTakTHUi HaOIp: 1Ba KOHTAKTH, IO 3aMuKaroThCs (1:6), 1 1Ba, M0 po3MuUKa-
10Thes (9:4). JlomycTrMa MOTYKHICTh, 110 KOMYTYETHCS KOHTAKTaMHM, HE ITOBHHHA I1e-
peButryBatu Pon < 50 BT ayia moctiitHOTO cTpyMy 1 Spon < 500 B A — 1 3MiHHOTO.

Cxema JIOCHIIPKeHHS eJIEKTPOMarHiTHOTO peJie HaBeleHa Ha puc. 2.7.

EL1

Pucynok 2.7 — Enexkrpruuna cxema JOCTIKEHHS eJIEKTPOMAarHiTHOTO pelie

Kusnenns kotymwku pene KV (3artuckaui 3:8) 3M1HCHIOETECA MOCTIMHUM CTPY-
MOM, 1110 TToAA€ThCs 10 Hel uepes Bunpamistd VA 1 aBrorpanchopmarop T (JIATP) Bix
Mepexi 3MIHHOTO cTpyMmy Hampyroro 220 B. Jlammu posxaproBanus EL1 i EL2 Bmu-
KalOThCSI O MEPEXi 3MIHHOIO CTpyMy Hampyroio 22 B, BiINOBIIHO, Ye€pe3 KOHTAKT
KV:1 (3atuckaui 1:6), mo 3amukaeThes, Ta KOHTakT KV:2 (3atuckadi 4:9), 1o po3mu-
Ka€ThCS.

Bumip nanpyr cnpauboByBaHHS U, 1 Binnmycky Ui, pelnie 3a1iicHIOETbCA 3a 10-
nomMororw BosbTMeTpa V. Bumip cTpyMiB crpaiibOByBaHHS Io; 1 BIAMYCKY lyi; pene
3MIIMCHIOETHCS 3a IOOMOT0I0 MuTiamMriepmerpa A.

2.3.2. locaigskeHHsI peJjie Yyacy

O6’ekTOM IOCHIKEHHS € penie yacy Tuny OB144 3 HOMIHANBHUMU JaHUMU:
BuTpuMKa dacy t = 0...20 c; HoMmiHanpHa Hampyra Ha korymi 220 B; pix ctpymy —
NMOCTINHUMN; Hampyra crpaiboByBaHHs pene Uy, < 154 B; aGcomoTHHl po3KU yacy
3arpuMku A t = 0,8 c; Hanpyra BignyckaHHsa U, < 11 B; KiHIIEBI 1 MUTT€BI KOHTaKTH
MOXYTh TpAIOBATH B KOJaX IMOCTIMHOrO 1 3MIHHOTO CTpyMy 3 Hampyrowo 250 B 3
MPUIYCTUMHUM 3HAYEHHSIM MOCTIMHOrO CTpyMy 10 2 A 1 3MIHHOTO CcTpymMy — 70 5 A
pu cos ¢ > 0,5.

Cxema JocTiKEHHS pelie yacy HaBejieHa Ha puc. 2.8.

ELI

o

~220 B KT:1 KT:2 ~22 B

7 |16 i

Pucynok 2.8— Enexkrpuuna cxema IOCIiIKEHHS peje yacy
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XKusnennst korymku pene KT (3atuckadi C:J1) 3MIHCHIOETHCS TOCTIHHUM CTPY-
MOM, SIKMUM T1JIBOJIUTHCS J10 Hel uepes Bunpsamisid VA 1 aBrorpancdopmarop T Big me-
pexi 3MiHHOTO cTpyMy Harpyrowo 220 B i BumipseTscst BonbT™MeTpoM V. Jlammu po3-
aproBanHs EL1 1 EL2 BMuKaroThCs 10 Mepexki 3MIHHOTO CTpyMy Hampyroro 22 B ge-
pe3 MUTTeBHM (0€3 BUTPUMKHU 4acy) KOoHTAakT K7:1 (3aTuckaui 5:7) 1 KiHIIeBHH (3 BU-
TPUMKOIO Yacy) KoHTakT K7:2 (3atuckaui 15:16), 1110 3aMHKaOTHCS.

B po6oTi ekcieprMeHTaIbHO BU3HAYAETHCS YaC BUTPUMKH te; CIIpalibOBYBaHHS
pene 1 abcontoTHU po3kua A t poro yacy.

Butpumka gacy pene 341HCHIOETCS 3a TOMOMOTOI0 TOAMHHUKOBOTO MEXaHI3MY.

JIJist BU3HAYEHHS Yacy BUTPUMKHU CIpaIbOBYBaHHS t.; pesie 1 abCOMIOTHOTO PO3-
Kuay At bOro 4acy BUKOPUCTOBYIOThCA JIaMIiu po3kaproBanus EL1 1 EL2 ta cexyH-
noMip (200 TOJUHHUK 3 CEKYHIHOIO CTPLIKOIO).

2.4 IllopsaioK BUKOHAHHS €eKCIIEPUMEHTIB

2.4.1. O3nHailoMTech 3 KOHCTPYKIIIEIO Ta MPHUHIMIIOM Jii pelie aBTOMAaTHKHU
MKV48-C.

2.4.2. CknaaiTh eNEeKTPUYHY CXEMY JUIsl TOCIHIKEHHS pesie 3a puc. 2.7.
BcranoBiTe aBToTpancopmatop T B HyJIbOBE MOJOKEHHSA. 3aMKHITH Kirou Q.

[Tomaiite Hanpyry Ha aBToTpanchopmarop T Big mepexi ~ 220 B.
[TomaitTe Hanpyry ~ 22 B Ha nammu, npu oMy jamna EL2 3aroputscs.

[ToBUTbHO TIABUINYIOYN HANPYTy MmoBopoToM pyuku JIATPa 3a rogMmHHUKOBOIO
CTPIJIKOIO O MOMEHTY BTSITHEHHS sIKOops pelie Bu3HauTe Hanpyry Ug, 1 ctpym g cripa-
IILOBYBaHHSA peJie. 3a TaKUX YMOB BiJIOYBa€Thcsl 3aMUKaHHs KOHTakTy KV:1, 1 po3mu-
kaHHs KoHTakTy KV:2, mo ¢ikcyeTbcs 3aropanusm gamnu EL1 1 BogHouyac nmoracas-
HsM namnu EL2. Pesynbratu BuMipiB 3aHeciTh y Tadm. 2.1.

Busznaute Hanpyry Ui, 1 cTpyM |y Bimycky penie. {1t 4oro 3a JOMOMOI00 aB-
ToTpancpopmaropa T 3HWKYITE HaNpyry A0 BIAMYCKaHHS sKops perne. MoOMeHT Bif-
MyCKaHHS (iKCYEThCS 3a 3aropaHHsM jamnu EL2 3 omHOYacHUM IMoracaHHSM JIAMITH
EL1. Pe3ynapTaTi BUMipiB 3aHeciTh y Ta0m. 2.1.

TabOmums 2.1
[TapameTpu PesynbTaTn BUMipiB Pe3ynbTaTn po3paxyHky
Hocmig | Hocmin | Hocnin | Cepenne K Rk, OM
Ne 1l No 2 Ne 3 3HAYECHHS

U, B

len, MA
Usiz, B

IBi)I1 mA

Jlocmiau moBTOPIThH 3 pa3u 1 3aHECiTh AaH1 y Tabi. 2.1.
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[Ticnst 3akiHUEHHS JOCTIAIB BCTAHOBITH pydKy aBTOTpanchopmaropa T B kpaiiHe
MOJIOXKEHHSI 00€pTaHHAM 1i IPOTH TOJAMHHUKOBOT CTPUIKHU 10 YIOPY. BiAIMKHITH KU1 B-
JICHHS KOJIa Ta PO3IMKHITH Kitod Q. OTpuMaHi pe3yabTaTH MOKaXiTh BUKIIAAady.

2.4.3. O3HaiioMTech 3 KOHCTPYKIIIEIO Ta MIPUHIMIIOM Jii pernie yacy Tumis OB 144
abo PB143.

2.4.4, CknaaiTh €JIEKTPUUHY CXEMY JJISI TOCII1IKEHHS pelie 3a puc. 2.8.

BcranoBiTh BUTPUMKY uacy pene e B Mexkax 2...6 ¢, 3ajany Bukiagauem. Jis
IILOT'O BIJIBEPHITH I'BUHT, 1110 3aKPIILIIOE KIHIIEB1 KOHTAKTH JI0 IIKAJIA Yacy, IepeBeIiTh
iX B 3a/1aHe TMOJIOKEHHSI 1 3aKpiMiTh UM K€ TBUHTOM. 3aHECITh O3HAUEHY BUTPUMKY
qacy le; y Tabu. 2.2.

Tabmus 2.2
3anana PesynbpTaTu BUMipiB Pe3ynbraTi po3paxyHkKy
BUTPUMKA BUTPUMKH 4aCY, C
yacy tern ter ters Cepenne 3HaYCHHS Poskun
ter, C BUTPUMKHU Yacy yacy BU-
Hocmin | Hdocmig | Hocmin tep, C TPUMKH
Ne | Ne 2 Ne 3 AL, ¢

3amkHiTh Kitou Q. [Ipu posimMkHeHoMy kirodi Q1 momaiite Hampyry Ha aBTOT-
pancopmaTop T Ta 3a JTOMOMOIOK OCTAHHBLOI'O BCTAHOBITH HAa BUXOJ1 BUIPSIMIISYA
VA nanpyry 220 B.

[lopaiite Hanpyry ~22 B Ha 1aMnu, Ipy bOMY JIAMIIM HE 3arOPSATHCS.

3amkHITH K04 Q1 1 BoJHOYAC BKITIOUITH CeKyHIOMIp. MuTTeBuit KoHTakT KT:1
3aMKHeTbes 1 amna EL1 3aroputbes.

OuikyiiTe 3aropanns namnu EL2. B MoMeHT 11 3aropanHsi 3ynuHITh CEKYHIOMIP
Ta 3adikcyiTe yac, o BiAMOBIa€ 3aMKHEHHIO KiHIIEBUX KOHTAKTIB KT:2.

PozimMkHITh Kimrou Q1.

[Toka3aHHs ceKyHIOMipa 3aHECITh y Ta0. 2.2.

Jlocrniiv MOBTOPITH TPU pa3u IS 3aJJaHUX BUKIIaIadyeM YaciB BUTPUMKH ;.

BcranoBiTh 3aaHy BHKJIa/ladeM BUTPUMKY 4acy pene B Mexax §...12 ¢ 1 mpo-
BEJIITh EKCIIEPUMEHT aHAJIOTIYHO MOMEPETHHOMY.

[ToBTOpITH €KCHEPUMEHT I 3a7aHOi BHKJIaJadeM BHTPHMKH 4Yacy B Mexkax

16...20 c.

2.5 O0poOka pe3yJbTaTiB eKCIIEPUMEHTY i 0(hopMJIeHHS PoOOTH

2.5.1. 3a pesynbraramu BuMipiB Tabis. 2.1 BU3HAUTE cepeAHl 3HAYEHHS HAIpyr
Ucn s Usig 1 cTpyMiB Loy, lsin CTIpaniboByBaHHS Ta BIAITYCKAHHS €JIEKTPOMATrHITHOTO pefie
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aBTOMATUKH. 3a CEPENHIM 3HAYEHHSM OTPUMAHUX BEIMYHUH PO3paxyhTe KoedirieHT
noBepHEHHS pene K, 1 omip KoTymku Ry 3a popmynamu:
I, U
_ TBin _ “cn
K, = , R.=—%.
I I

cn cn

2.5.2. OTpuMaHi BeJIMYMHU MOPIBHANUTE 3 HOMIHAIBHUMU JaHUMU pelie.

2.5.3. 3a pe3ynpTaTamMu AOCTIAY MOOYAYHTE XapaKTepUCTUKY KEpyBaHHS €ICKT-
POMAarHiTHOTO peJjiec aBTOMATUKH (AuB. puc. 2.3).

2.5.4. 3a pesynpraramu Tabi. 2.2 BU3HAYTE CEPEIHE 3HAYCHHS BUTPUMKHU Yacy

t+t, +t; .

pene yacy 3a GopMyJior t, = 1 pO3KHJ yacy BUTpUMKHU At =t —t

cp

2.5.5. OTpumani po3paxyHKOBUM ILUISIXOM pPe3yJbTaTH MOPIBHINTE 3 MaCIOpPT-
HUMM JTAaHUMH peJie yacy.

KoHTpoabHIi3anuTaHHA

1. [llo Ha3uBa€eTHCs pesie 1 sl YOr0 BOHU MPU3HAYEHI?

2. Sk xnacudikyroThcs pene?

3. SIxi ocHOBHI napameTpu pene Bu 3HaeTe? [IosacHITh X Qpi3uuHuil 3MicT?

4. 1o Ha3uBarOTh KOE(]iLIEHTOM MOBepHEHHs peine? Hamumite gopmynu, 3a
SKUMU BiH BU3BHAYAETHCA?

5. [1osicHITh IPU3HAYEHHS 1 MPUHIIMI JI1i €JIEKTPOMArHITHOTO PEJie aBTOMATHKH.

6. Ha3BiTh OCHOBHI By37H eleKTpoMarHiTHOro pesue aBromatuku MKVY48-C i
MOSICHITH 1X TPU3HAYCHHS.

7. SIx onepKyrOTh HEOOX1THY BUTPUMKY Yacy B €JIEKTPOMATrHITHOMY pelie 4acy?

8. SIki ONMOK-KOHTAKTH € B peJie, JIJIsl YOTO BOHM MOTPiOHI 1 SIK MO3HAYAIOTHCS B
€JIEKTPUYHUX CXeMax?

9. IosicHiTh TpU3HAYEHHS 1 MPUHITUT i1 pese Jacy.

10. Ha3Bith ocHOBHI By3iu pene yacy OB 144 1 moscHiTh iX Npu3HAYCHHS.

11. IIlo moka3ye xapakTepUCTUKA KEPYBAHHSI €JICKTPOMArHiTHOTO pesie?

12. ITosICHITB, SKUM YMHOM 31HCHIOETHCS BUTPUMKA Yacy B pelie yacy OB 144 ?
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JlabopaTtopuna pob6oTa 3
JOCJIIIKEHHSA OTHO®A3ZHOT'O TPAHC®OPMATOPA
3.1. Mera i 3agaui 3aHATTH

Mera poOOTH — 3aKpiIUICHHS TEOPETUYHUX 3HAHBb MPO Oy/IOBY Ta MPUHIMIT Iii
TpaHcpopMaTopa 1 OTpPUMAHHS MPAKTUYHUX HABHUKIB, PO3PAXYHKOBUX Ta €KCIIEPUMEH-
TaJbHUX JOCTIIPKEHb HOTO OCHOBHHX MapaMeTPiB 1 eKCIUTyaTallliHUX XapaKTePUCTHUK.

3amayi 3aHATTA — BUNPOOYBaHHA OJHO(A3HOTO TpaHcPopmaTopa B peKHMax
xoJjioctoro xoay (XX), HaBaHTaXeHHS (B XX J0 MPHUITYCTUMOTO HaBaHTAKCHHS) 1
JOCITITHOTO KOpOTKOTO 3amuKkaHHs (K3) 3 MeTor0 HacTymHOro BU3HAYEHHS OCHOBHHX
napaMmeTpiB Ta OTPUMaHHS HOro eKCcIulyaTalifHuX XapaKTepUCTHUK.

3.2. TeopeTu4Hi MOI0KEeHHS

Tpancpopmarop — cCTaTUUHUIN €TEKTPOMArHITHUN MPUCTPIN, MpU3HAYCHUHN IS
MIEPETBOPECHHS 3MIHHOTO CTPYMY Ta HANpPYTH 3a 3HAYCHHSM, SIK TIPaBUJIO, IPU HE3MiH-
Hii vacToTi. [IpuHnunoBy OymoBy TpaHcopmaropa mogaHo Ha puc. 3.1, a. Ha
puc.3.1, 6 mogaHo yMOBHE MTO3HauYeHHS TpaHchopmaropa 7 B cxeMmax.

Tpanchopmarop (PyHKIIIOHAIBHO CKIAAAETHCS 3 JBOX 0OAraTOBUTKOBUX KOTY-
IOK — 0OMOTOK 3 MIJHOTO 130JIbOBAHOT'O MPOBOJY, III0 HaMOTaH1 Ha ocepasa. Oceps
HaOupaeTbes 3 TOHKUX (0,3 — 0,5 MM) JIMCTIB €IEKTPOTEXHIYHOT CTaJIl.

N
o~
\

s
A S
NN

(A A A A

]

Pucynok 3.1 — Koncrpykitis (a); a0 npuHiuny aii Tpancdopmatopa (6)

[lepBuHHY 0OMOTKY TpaHchopmatopa (BEIMUYUHM 3 1HAEKCaMH «1») migkioue-
HO JI0 JDKepesa 3MIHHOTO cTpyMmy. Jlo BTOprHHOI OOMOTKH (BETUYHHU 3 1HIACKCAMH
«2») MAKIIOUEHO HaBaHTaXKEeHHs Z,; . OOMOTKa TpaHchopMaTopa 3 OO KIJTbKIC-
TIO BUTKIB € 00MOTKOI0 BuIoi Hampyru (BH) — y nanomy Bumanky 1ie nepBuHHa 00-
MOTKa, a BTOpUHHA OOMOTKA 3 MEHILOI KIJIbKICTIO BUTKIB — OOMOTKOIO HHXKYOI Ha-
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npyru (HH).
Ha puc. 3.2 nmogani AB1 KOHCTPYKTUBHI cXeMH oJlHO(a3HOro Tpancopmaropa:
cTepkHbOBa (puc. 3.2, a) i OpoHbOBa (pHC. 3.2, ).

4 3

Pucynok 3.2 — CrepxxaboBa( a) Ta OpoHboBaHa (0) KOHCTPYKIIisi TpaHChOpMaTopa

Crepx’HbOBa KOHCTPYKIIiS TIepeadavae po3TallyBaHHs KOTYIIOK BUIIOT HAITPYTH
BH (1) i mu3pkoi Hanpyru HH (2) Ha okpemux crepxkasx (3), 3’€IHaHUX MiX COOOI0
spmamiu (4) y equre ocepas. SIpma i cTep:kHI HAOMPAIOTHCS 3 JTMCTOBOI €IEKTPOTEXHi-
yHOi ctam. KoTymku, sk MpaBuio, HAMOTYIOTHCS 130JIbOBAaHUM MIJTHUM INPOBOOM,
130JIA1115 TTOKa3aHa Ha puC. 3.2 — MO3uIIis 5.

Y OponboBOMY TpaHchopmaTropi OOUIBI KOTYIIKA PO3TAIIOBaHI Ha OJHOMY
CTEepKHi: KoTyIka Hu3bkoi Hanpyru HH (2) — Bcepeauni, 6imxue 10 3aii3a, KOTYIIKa
Brucokoi Hanpyru BH (1) — Ha Hiit. OOuaBiI BoHU sIK OM oxoruteHi ocepasaMm (6), 3axu-
IICH1 HUM.

[TpuHuun nii Tpancdopmartopa 0a3yeTbcsi Ha 3aKOHI €JIEKTPOMArHITHOI 1HAYK-
mii.

3akoH ejieKTpoMarHiTHoOl iHaykuii. EjexkTpomarHiTHOIO 1HAYKIIIEIO Ha3WBa-
10Th aBulle 30yxeHHss EPC y KOHTypi npu 3MiHI MardiTHOTrO MOTOKY, 3YEIJIEHOTO 3
HuM. [HnykoBana EPC nmopiBHIOE MIBUAKOCTI 3MIHM TOTOKY, 34YEIJICHOI'O 3 KOHTYPOM

do
dt

Ski10 nepBUHHY OOMOTKY MiAKIIOUUATH J0 JKepesia cuHycoinHoi Hanpyru Uj,

TO B Hiil BUHHKae 3MiHHUN cTpyM li. Lleit ctpym cTBOproe MarHiTHe moJje, siKe MOCH-
JFOETHCSI CTasieBUM ocepasiM. OCHOBHA YaCTHHA MAarHiTHOTO IOJIS 30CepeKeHa B oce-
pAi 1 yTBOPIOE OCHOBHHUI MarHiTHUW MoTIK @, skuit 3ueneHuit 3 oooma 0OMOTKaMu
(muB.puc.3.1, a). 3riHO 3aKOHY €JICKTPOMArHITHOI IHIYKIIi1 OCHOBHHI MarHiTHUN IO-
Tik O B MEpBUHHIN 1 BTOpUHHINA 00MoTKax HaBoauTh EPC:

€ 1 ©2 2741
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ne W1, Wy — KUJIbKICTh BUTKIB IEPBUHHOT Ta BTOPUHHOT 0OMOTOK.

Takum 9yMHOM, y NEPBUHHOMY KOJII €JIEKTPOCHEPTis JKepea MepeTBOPIOETHCS
B CHEPIil0 MarHiTHOTO TIOJIA, IO MEPEJAEThCSA MO OCEPI0, sIka Y BTOPUHHOMY KOJIi,
HABIIAKH, TIEPETBOPIOETHCS B €IEKTPUUHY €HEPTiIO Ti€l % YacTOTH, aje 3 IHIIUMU 3Ha-
YCHHSIMHU CTPYMY 1 HAIIPyTH.

OCHOBHHMM TapamMeTpoM TpaHcpopmaTopa € KoedilieHT TpaHcPopMallii, KU
MOKE€ BHU3HAYaTHUCS Yepe3 BIIHOIICHHS KUIBKOCTI BUTKIB oOMoToK BH no HH, 3Ha-
YEHHS HAIIPYT Ta CTPYMIiB Y HUX
Wer _w_E Ui 1

n= ~
Wy W, E, U, |y

ne E1 — ingykoBana EPC nepBuHHOI 0OMOTKHM OCHOBHUM MarHiTHUM MOTOKOM @ ; E; —
iHaykoBana EPC BTOpMHHOT 0OMOTKM OCHOBHUM MarHiTHUM MOTOKOM .
k1o Wi > W, To TpaHC(HOPMATOP € MOHMKYIOUUM; KO0 Wi < Wo, TO TpaHC-
dbopmaTop miBUIIYBaTHHUM.
PiBHsSIHHS Hanpyru AJ1s1 IEPBUHHOI OOMOTKHU TpaHc(opmaTopa
U =-E; - Elpo3 +11Ry,

ne Eipos — EPC po3scitoBaHHS IEpBUHHOI OOMOTKH, 110 1HAYKOBaHAa MarHiTHUM IOTO-
KOM po3citoBaHHS @p1; R1 — akTUBHUH OIIp EPBUHHOI OOMOTKH.

PiBHSIHHS HanpyTH 1711 BTOPUHHOI 0OMOTKH TpaHchopmaTopa

Ey;=U, - EZpos +12Ry,

ne Eopes — EPC po3citoBaHHS BTOPMHHOI OOMOTKHM, 10 1HAYKOBAaHA MAarHiTHUM IOTO-
KOM po3scitoBaHHs @py; Ry — akTUBHUI OMip BTOPUHHOI OOMOTKH.

PiBHSIHHS CTpyMIB Ma€ HACTYHUI BUTJIS:

=1+ —12& ,
Wi

ne li1— ctpym nepBuHHOI 0OOMOTKH; |19 — CTPYM MEPBUHHOI OOMOTKH Y PEXKHUMI X0JIOC-
TOTO X01y; l2— cTpyM BTOpHUHHOI OOMOTKHU.

Brpartu notykHOCTI y TpaHchopmMaTopi BUSHAUAIOTHCS 32 (DOPMYIIOIO

AP =P + PRy,

ne AP — cymapHi BTpaTu MOTYKHOCTI y TpaHnchopmaropi; Pz — enmexkrpuuHi BTpatu
MOTYKHOCTI B 060X 06MoTKax Pz = R+ R,12; Py, — MarsiTHi BTpaTH MOTYXHOCTI B

ocep/ii, MO CKIAAal0ThCsl 3 BTPAT Ha TicTepe3nc Pr Ta BTPAT Ha BUXPOBI CTpyMu Py
Py=P.-+P,..
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3.3. O0’eKT pocaiKeHHsa

O6’exTOoM AochiKeHHs € ogqHoda3Hui TpaHchopMaTop 3 BIIOMUMH HOMIHAJb-
HUMU JAHUMH, 110 HaBEICHI Ha CTCH/II.

YMoBHe 300paxkeHHs TpaHncpopmaropa T, 1110 JOCHIIKYEThCS, 1 cXema s Mpo-
BEJICHHS CKCIIEPUMEHTIB MMOJaH1 Ha puc. 3.3.

Oo6mortka Buioi Hapyru (BH) tpancdhopmartopa T minkirodena o igabopaTtop-
Horo aBToTpaHchopmaropa (JIATP) Ty, sxuii, B CBOIO 4epry, yBIMKHEHUN y MEPExKY
3MIHHOTO CTPYMY 3 Jit04uM 3HaueHHsM Harpyru 220 B. JIo oOMOTKHM HUXKY01 HAPyTH
(HH) migkmroueHo HaBaHTaXKEHHS — peocTaT Ry 3 BOymoBaHUM KOHTaKTOM Q, 110 po3-
MUKA€ETHCS.

220B

ro ~220B 0—<L

Pucynok 3.3 — EnextpuyHa cxema eKClIepUMEHTY

3.4. llopsa10Kk BUKOHAHHSI €eKCIIEPUMEHTIB

3.4.1. 3anumiiTe HOMIHANBHI MaHI TpaHchopMmaTopa 3 TadOPAaTOPHOTO CTCHAY Y
Tabm. 3.1, 1e Syon — MOBHA MOTYKHICTD; Uinon, Uzuomy l1nomy 1200w — HOMIHQIBHI HAPyTH
1 CTpyMU OOMOTOK.

3.4.2. TlinOepiTh mpuiaav 3a HOMIHAJBHUMH JaHUMH TpaHchopmaropa (IuB.

puc. 3.3).

Tabmums 3.1
Stom Uthon Uzion | 1110m I 2110m
kBA B B A A

3.4.3. CknaiTh OCHOBHY €JIEKTPUUHY CXeMY 3a pHc. 3.3.
3.4.4. llpuBenith oOaagHaHHs 10 MoyaTkoBoro crany: JIATP BcTtaHOBITH B HY-
JHOBE TIOJIOKEHHS; pyUKy peocTaTa Ry BCTaHOBITH Y KpaifHE JIiBE MOJI0KEHHS TTOBOPO-
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TOM PYYKH TIPOTHU TOAMHHUKOBOI CTPUIKH 0 YIIOPY, 110 3a0€3MeYUTh PO3ZMHUKAHHS KO-
HTakTy Q; mepemukadi mpwiIaaiB B IMOJOXKEHHS, K1 3a0e3medyaTb MeXi BUMIpIB, IO
MEPEBUIIYIOTh HOMIHAIBHI CTpyMH i Hanpyru Tpancdopmaropa T (aus. Tabdm. 3.1).

3.4.5. TlpoBenith aocuia B pexumi XX. [ mpOoro nmpu po3iMKHEHOMY KOJIi
BTOPUHHOT 0OMOTKHM TpaHcpopmaTopa mozmaiite Hanpyry Ha JIATP i 3 fioro gomomo-
rol0 BCTAHOBITH Ha 3aTHCKayax MEPBUHHOI OOMOTKM HOMIHAJIbHY HamNpyry
Uinon = 220 B. Bumipsiai Bemuaunau 119, Po 1 U 3anutmniTe y Tabm. 3.2 (101aHHS 1HACK-
cy “0” BiAMOBIIA€ MTO3HAYCHHIO BETUYUH X X).

Tabmug 3.2
3anane Bumipsne OO0unciene
U1o0=Uwuon | lo | Po | U2 | 20 No Zo Ro Xo I Py
B A |Br| B A - Om Om Om % Bt
220 0

3.4.6. TlpoBeniTe nociia y pekumi HaBaHTaKeHHs. [loyaTKOBUM cCTaHOM Jist
MEpIIOro AOCTIAY € MonepeaHii npoBeaeHui pexum XX, 1aHi SKOro BOUIIITH B Ta0M.
3.3. Ilpu perymioBaHHI HaBaHTa)XXKEHHS OPIEHTYIOTbCS Ha BEIMUYUHY CTpyMmy lp, siKy
BCTAHOBJIIOIOTh 3 TMOCTIMHUM KpPOKOM, piBHUM mnpubnu3zHo 1 A B miama3oni Big XX
10 1,11240y. [linTpuMytoun Ha nepBUHHINA OOMOTINI He3MIHHY Hanpyry Uiyen = 220 B,
BCTAHOBIIIOWTE 3a TOOMOIOI0 peocTarta Ry HaBaHTa)XeHHs TpaHcdopmaTopa B jaiana-
30H1, 1110 PEKOMEHAYBaBCsl, 1 3p00iTh 3amipu B 4—5 (dikcoBaHUX MoJIoKEHHIX Ry. Pe-
3yJbTaTH BUMIPIB BHECITh y Tab. 3.3.

Tadmuus 3.3

3amane Bumipsae OO0unciene

U10= Utnou 1 Py U, I B cOSQ; P> n

B A Bt B A - - Bt -

220

220

220

220

220

3.4.7. Ilposenite nocmig B pexkuMi K3, cyBopo 10TpUMY0UYHMCH MOCTiIOBHOCTI
O3HAYEeHUX JaJji Aii, 60 BIAXUICHHS BiJl IIbOTO MOE MPU3BECTH 70 aBapii abo BUXO-
ny o0jagHaHHs 3 poOOYOTO CTaHY.

[To-nepiue, Binkawo4iTs JIATP Bin nanpyru 220 B. ITo-apyre, npuBenite He-
00Xx11He 00aJHAHHSA B ITOYAaTKOBUM CTaH, K BKa3aHo B 3.4.4.
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[Ticns uporo BBiMkHITH JIATP Ha nanpyry 36 B it nepexoHaiiTech Mo BOJIBT-
MeTpy, 1o Hampyra Ha Bxoai JIATPa nopiBHioe Hy:10.

BUMKHYB TUMYacOBO HUBJIEHHS, 3aKOPOTITh KOJIO BTOPUHHOI OOMOTKU TpaHC-
dbopmatopa T 3a HOMOMOTO0 MPOBITHUKA, SIKWHA MIIKIIOYIThH MapajieabHO Ry 10 HOTo
3aTHCKaYiB.

VYBiMkHITH kuBieHHS JIATPa 1 myxe 00epexHO MOBUIBHO 30UIBIIYHTE CTPYM 1
y niepBHHHINA oOMoTIi TpaHchopmaTopa T 10 3HAYEHHSA |14y, OO KpUTEPIEM AOCIHITY
K3 € came HomiHanbHUN CTpyM Ii€] 0OMOTKH. B 11bOMy moOI03K€HHI 3p00iITH BUMIPU
Uiy, Px 1 I« Ta pe3ynbratu BouiiTh y Tadi. 3.4 (inaexe “k” Bianosigae pexumy K3).

BinkimtouuTh AKeperio KUBICHHS 1 TOBEPHITH 00JIaJHAHHS B TOYATKOBUI CTaH.

Tabomus 3.4

3anaHe Buwmipsine OOGuucnene

I=lwow | Une | Po | I | Mo | Uc | fo | Ze | Re | Xc | cOSox ox | P
A B | Br| A -1 % | A| Om | Om | Om - rpan | Bt

3.5. O0podka pe3yabTaTiB eKcriepUMEHTY i opopmiieHHsI po6oTH
3.5.1. 3a pesyapraroM aociiay XX BU3HAUTE HACTYMHI MapameTpu TpaHcdop-
MaTopa:

. : U
No — KoediLieHT TpaHchopmallii Hanpyr B pexxkuMi XX, Ng = —10 .
Uso
o . . _ Ulo .
Zy — IOBHUM o111p B pexxumi XX, Ly=—;
|10
.. : P
Ro — akTuBHUI onip B pexxumi XX, Ro=—%
10
Xo — IHIYKTUBHUI omip B pexumi XX, Xo = ZO2 - R02 ;
. : . . I
Ixx — cTpyM XX y BIACOTKAX B [1nom, iy =——.100%;
lnom
Py — MarHiTH1 BTpaTH NOTYXHOCTI B CTaJl ocepas, P,=P,.

PospaxoBani mapamerpu Tpancopmaropa BHecCiTh y Tabi. 3.2 y po3ain «O6uun-
CJICHE».
3.5.2. 3a pe3ynpTaTamMu BUMIPIB B pEKUMI HaBaHTaXeHHS (AuB. Tabm. 3.3) pos-

. . 1
paxyiiTe BeMUNHN: KoedillieHT HABAHTAXKEHHS P = —2— |

2HOM
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.. . P
Koe(irieHT moTy)XKHOCTI TpaHcPopMaTopa COSQ1 = —1 ;
11
KOPHCHY MOTYKHICTh TpaHncpopmaTtopa P, =U, I, COS@y;

. : P
1 — koedirieHT kopucHoi aii Tpancopmaropa (KKJ[) n= ?2

1
Pesynbratu po3paxyHKiB y BCbOMY Jlialia30HI HaBaHTaKEHHS TpaHcpopMmaTopa
BHECITH y Tabi. 3.3 y po3ain «O0uucieHey.
3.5.3. 3a pesynapTaTom mociigy kopotkoro 3amukanHs (K3) Bu3HauTe HacTymHI
napaMmeTpu Tpanchopmaropa:

. |
N — KoedirieHT TpanchopMmarrii 3a CTpyMoM, n, =-2<;
|11<
. : U
U, — Hanpyra K3 y Bigcotkax BiJ Uigow, u, =—==%.100%;
lrom
- U
11 — cTpym aBapiitnoro K3 npu U; =Uy,, s = Mion % :
1k
. : U
Z — oBHUM omip B pexxumi K3, zZ =,
IlK
N . P,
R« — akTuBHUM omip B pexxumi K3, Re=—%5
|11<
X« — IHIYKTUBHUI omip B pexumi K3, X = ZK2 - RK2 ;
1111 : ; _ K .
COS(x — KOE(IIIEHT MOTYKHOCTI B pexumi K3, COSQx= ;

1x IlK

@k — KyT 3CyBY (ha3 MK CTpyMOM 1 Hanpyroro B pexxumi K3,  ¢@=arccos i
U 1x |11<

PospaxoBani mapamerpu Tpancopmaropa BHeciTh y Tabi. 3.4 y pozain «O04u-
CIICHE».

3.5.4. TlopiBusiiTe 3Ha4YeHHS KoedilieHTa TpaHchopmalli Hampyr Ng, SIKUAN
OTpUMaHO 3 aocaigy XX, 3 koediieHToM TpaHchopmalii 3a CTpyMOM Ny, KUl OTpH-
Manwuit 3 gociiay K3.

3.5.5. 3a pesynpraTamu po3paxyHkiB TaOi. 3.4 moOyaylTe eKCIuTyaTalliiiHl xa-
paktepucTuku: Uy(P) — 30BHIIIHIO XapaKkTepuCcTHKY; 3aiexHocTi 1(B) 1 cosei(B), a Ta-
kox xapakrepuctuky KK/ n(B), sk moka3zano Ha puc. 3.4. ( unucesbHi 3HAYCHHSI MMapa-
METpIB Ha PHCYHKY IOKa3aHi YMOBHO). [100y0By O3HAYEHUX XapaKTEPUCTHK BUKO-
HalTe 3 BUKOPUCTAHHSM 3arajibHO1 Ocl 3, ajie 3 1HAUBIyaJbHUMHU OCSIMH 1 MaciuTaba-
MU /Il O3HAYCHUX TTapaMeTpiB.
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BinHocHe 3HaYe€HHS CTPyMy

U,B 1.A | m, cos .
Q peneenens T—_‘“—-—J— >, sixe TO3HAYAETHCS BEJIMYUHOIO 3
o / .
K , cos ¢ . Ta BHUPAXOBYETLHCA 3a OPMYJIIOIO
10t 21 08—l / ] P 4 Popuy
H 4 _ |2 .
; / U, 7 B= I , BIAKJIQJIa€ThCSl IO TOPHU-
105+ 15t 06 i’ 7/ 2HoM
//\ 30HTAJIBHOT OC1 Ta 3HAXOAMUTHCA Y
E R I, . .
04+ 14+ o4k 7/ Mexax alana3ony Big 0 go 1.
E /./ 30BHIIIHSA ~ XapaKTEpUCTUKA
35105t 02l /./ U2(B) moka3sye 3a1exHiCTh HAIPYTH
P Ha BUXOJ1 (Ha BTOPUHHIA OOMOT-
o * . . o
Bl mi!) Tpancpopmaropa U, Bix iforo
0 02 04 06 0.8 1,0
HaBaHTaxeHHs. Hampyra Ha BXo-

Pucynok 3.4 — ExcIulyaraniiiHi xapakTepucTuki A1 IIPH IBOMY U, =const,

TpaHcopmaTopa cos@y = const. SIkmo xapakrep Ha-

BaHTaKeHHs akTHBHHUI (@, =0) a60 aKTMBHO-iHTyKTHBHHIL ((pH >O), TO HAmpyra Ha

BUXOA1 OyJe 3MeHIIyBaTUCA Tpu 30UIbIIEHHI HaBaHTaxeHHA. [lpu akTHBHO-

€MHICHOMY HaBaHTa)KCHHI1 ((pH < O) Harpyra Ha BUXO/I1 I1JIBUIIY€E€ThCS.
Xapakrepuctuka KKJ[ n(B) mokasye 3aiaekHICTh HOro BiJ HaBaHTa)KCHHS 3a

ymoBu U; =const, cosey = const.
KoHTpOABHI 3aIMUTAHHSA

1. 306pa3iTh OyI0BY 1 HAa3BITh OCHOBHI €JIEMEHTH OJIHO(a3zHOro TpaHchopmaro-

pa.
2. HaBeniTh 1Bi OCHOBHI KOHCTPYKTHBHI CXEMH TpaHC(POpMAaTOopa, YUM BOHU Bi-

JPI3HAIOTHCSA MK C00010?
3. [losicHITh pUHLMUII [1i 0AHO(A3HOTO TpaHChopMaTOpa.
4. o Take xoedimieHT TpaHchopMmaIlii 1 sIK BiH 3B’S13y€ HANIPYTH Ta CTPYMH 00-
MOTOK TpaHcgopmaTopa?
5. 3anuiiTe piBHSIHHS PIBHOBAru HAMpyr 1 CTpyMiB B 00OMOTKax TpaHchopmaro-
pa Ta MosACHITh (DI3UYHMMN 3MICT BEJTUYUH, 1[0 BXOJSITh B 111 PIBHSHHS.
6. SIki BTpaTu MOTYXHOCT1 BUAUISIOTHCS B TpaHchopmaTopi?
7. SIx mpoBoaaTh nocinia XX ogHodaznoro tpanchopmaropa’?
8. SIx mpoBOATH TOCHTI A HaBaHTaXEHHs ogHO(a3zHoro Tpanchopmaropa ?
9. dx npoBoasars nocinin K3 onnodaznoro tpanchopmaropa ?
10. SIxi ekcrmyaTaiiitHi XapakTepUCTUKH OJIEPKYIOTh 3 TaHUMHU JIOCIIiTy HaBa-

HTaXXEHHS 1 K1 TUNOBI Tpadiky LIUX XapaKTEPUCTUK?
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Jladbopatopua pobGoTa 4

JTOCJII)KEHHSI TEHEPATOPA ITIOCTIMHOI'O CTPYMY 3
HE3AJIEKHUM 3BY/IZKEHHAM

4.1. Mera i 3aaa4i 3aHATTH

Meta po60TH — 3aKpiMeHHS TEOPETUYHUX 3HAHb NMPO OyIOBY 1 MPUHIMUII il Te-
HepaTopa noctiitHoro ctpyMy (I'TIC) Ta oTpuMaHHS NPaKTUYHUX HABUYOK B €KCIIEPU-
MEHTAJIBHUX AOCTIIKEeHHAX XapakTtepuctuk ['TIC.

3aiadil 3aHATTS — €KCIIEpUMEHTaIbHe qociimkenHs BiactuBoctedd ['TIC 3 He3a-
JISKHUM 30YDKCHHSIM MUBIXOM 3HATTS 1 aHATI3y XapaKTePUCTUK XOJIOCTOTO X0y, 30B-
HIIIHBO1 Ta PETYJIIOBAIBHOI.

4.2. TeopeTH4Hi M0JI0KEHHS

Marmuna nocrtiiHoro crpymy (MIIC) — € enekTpoMexaHIYHMM TEPETBOPIOBA-
94eM CHEprii, IKHi MOXXe BUKOPUCTOBYBATHUCS K B TCHEPATOPHOMY, TaK 1 Y PyXOBOMY
pexnmMax.

Kouncrpykuis MIIC eauna sik a1 reHepaTopa MOCTIHHOTO CTPyMYy, TakK 1 JJis
JBUTYHA TMIOCTIHHOTO CTPYMY.

MIIC cknagaeTbes 3 TPbOX OCHOBHUX YacCTHMH: HEPYXOMOIO CTAaTopa, poTopa
(sx0ps), 0 00epTaEThCH, 1 KOJIEKTOpHOTO By3ia (puc. 4.1).

Pucynoxk 4.1 — KoHCTpyKIlisi MAaIIMHU TIOCTIHHOTO CTPyMY
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Crarop BkJItOUae B cede: 1 — CTaHUHY — CYLUIBHUIM TOPOKHUCTUHN CTajIeBUN 1IU-
JIHAP, IO CIY>KUTh MEXaHIYHOI0 OCHOBOIO CTaTopa, 2 — TOJIOBHI MOJIOCH, SIKI Kpill-
JSIThCSL IO CTAaHWHHU (3aBXKIH IIMXTOBAaH1), 3 MOJIOCHUMU HAKOHEYHUKAMHU; 3 — 0OMOT-
Ky 30y/UKeHHsI, SIKy BCTAHOBJICHO Ha TOJIOBHHX MOJIIOcax. Takox Ha CTaTOP1 MiX TOJI0-
BHUMH TOJIOCAMH BCTAHOBIIOIOTHCS 10JATKOBI MOJIIOCH 3 0OMOTKOIO.

MexaHi4HOI0 OCHOBOIO SIKOPSI € Baj 4, BUIbHHI KiHEIb SIKOTO MOX€ 3a JJOTIOMO-
roro MyQpTH 3’€JHYBaTUCh 3 MPUBOJHUM JBUTYHOM a00 3 BUKOHYIOUMM MEXaH13MOM.
Ha Bany 3akpimieni muxroBane epoMarHiTHe ocepAs S 1 MIIIHAPUIHUN KOJIEKTOp 6.
VY mazax Ha 30BHIIIHIA MOBEPXHI OCEPJIs SIKOPSl PO3TallOBaHi 13071b0BaHi MPOBIIHUKH
OOMOTKH SIKOPSI, SKi MOMapHO CIOJIyYeHi JOOOBUMH YaCTHHAMH / 1 YTBOPIOIOTH CEK-
11{, KIHI[ SKUX TPUIAasHl 0 KOJIEKTOPHUX IIacThH. Ll miacTuHU BUKOHYIOTBCS 3 Mifl
a0o ii crutaBy 1 BIIOKpEMJIEHI OJHA BIJ OJHOI 130JALIMHUMU TpoKIaaeHHsIMu. OTpu-
MaHe TaKHM YMHOM CKJIaJHe eJeKTPHYHE KOJO CTBOPIOE KOJO OOMOTKH sikops. Moro
3B'SI30K 13 30BHINIHBOK) MEPEKEIO 3I1MCHIOETHCS 4Yepe3 KOHTAKTH, IO KOB3aKOTh, 1
YTBOPEHI IIITKaMu 8 Ta MOBEPXHEIO KOJeKTOopa 6.

HlitkoTpumaui 9 06'enqHani B OpakeTy Ta BCTAHOBJICHI Ha IIITKOBHX TpaBepcax
10, sxi mpUKpIIIIEH] 0 MAITUITHUKOBOTO muta. OOMOTKa SKOpPs, a TaAKOX 1 1HIII 00-
MOTKH BUKOHYIOTBCS 3 MIIHMX 130JIbOBaHUX MPOBIJHUKIB. BX1HI 3aTHCKa4M ycCix 00-
MOTOK 30cepe/keHl B KopoOri BuBoiB. Oxonomkenus MIIC 3abe3neuyeTbcst BEHTH-
astopoM 11, 3akpinuieHUM Ha Baiy.

Hpunuun aii I'IIC 3acHoBa-
I Ry HO Ha 30ymxenni EPC B obGmoTIi
SIKOpPSI 3aBIISIKW SIBUIITY €JICKTpOMAr-
HITHOI 1HayKmii. Jma 30ymkeHHs
? EPC

E=Ccnd,
4+ Ae Cp — KOHCTPYKTMBHHUM Koedimi-
€HT; 1 — YacTOTa OOEPTaHHS SKOPS;
L, ® — nocTiHHUM MarHiTHUH MOTIK,
B OOMOTIII SIKOpsT HEOOXIJTHO 3a0e3-
MEYUTH JIBl YMOBU: 1) CTBOPUTHU Ma-
- THITHE 1oJie, 10 MPOHU3YE SKIP; 2)
PUBECTH SIKIP B PyX.
VY reHepaTopHOMY peXUMI

Q

pobotu MIIC meperBoproe MexaHi-
YHY €HEprito, M0 IMiJBOJUTHCS MO
BaJly SIKOpS, B €JCKTPUYHY CHEPrito, IO
3HIMA€ThCS 13 3aTHCKIB SIKIPHOTO KO-

Pucynok 4.2 — Jlo npuHuumy
i1 reHepaTopa MoCTIHHOTO

cTpyMy

na. [IpuBoHUI NBUTYH, MEXAHIYHO CIIO-
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Jy4YeHHH 3 BaJOM reHepaTopa, pO3BUBAE MOMEHT M, 110 MIPUBOJIUTS SIKIp T€HEpaTopa B
PYX 3 4acTOTOIO 0OepTaHHA N.

Jlo 3aTuckaviB ooOMoTku 30ymkenHs (O3) npukinageHa nocriina Hampyra U, 1 B
H1l mpoTikae ctpyM 30y kenss I,= U,/ R, ne R, — omip miei oOMoTku. Hampsim y BIT-
kax O3 nmokazaHo Ha puc. 4.2 3HaKaMu «+» 1 «-». B renepaTopi 0OMOTKOI0 30y IKEHHS
CTBOPIOETHCSI OCHOBHHI MarHiTHUN MOTIK @, HANMpsSIM MarHiTHUX CHJIOBUX JIiHIHM SKOTO
BU3HAYAETHCS "MpaBuiIoM OypaBunka'.

3a 3aKOHOM €eJIEKTPOMATHITHOI iHAYKIII B IPOBIIHMKAaX OOMOTKH SIKOpS, SIK1
TEpEeTUHAIOTH IPU 0O0EpPTaHHI MarHiTHi cuioBi niHii, HaBogutses EPC e. Ii nanpsam su-
3HAYAETHCS 32 «IIPABUIIOM IIPABOI PYKH».

s EPC mpuxmanena q0 miiTOK, BCTAHOBIICHWX Ha KOJEKTOPi, 1 CTBOPIOE HA 3a-
TUCKax siKipHOTO Kona 1 u 12 nanpyry U. Skio 1o nux 3atuckadiB MiJIKJIFOYEHO Ha-
BAHTAXKEHHS 3 OIOPOM Ry, TO MO MPOBITHUKAX OOMOTKH SIKOPSI IPOTIKATUMYTh CTPYMHU
la IKOPS, IO CTBOPIOIOTH CyMapHUil cTpyM la. B pesynbraTi renepaTop BupoOIise erne-
KTPUYHY €HEprito 3 NOTYXHICTI0O P =U I, 1 Bigaae ii HAaBaHTaXEHHIO.

4.3. O0’€eKT DOCTiIKEeHHSA

0O6’extoM nochimkernns € ['TIC 3 He3anexHUM 30y IKCHHSIM, TEXHIUHI JaH1 SIKO-
ro HaBeJIeH1 Ha JJAOOPaTOPHOMY CTEHI.

3HATTA XapaKTEPUCTHUK TeHepaTopa, I0 JOCTIIKYIOThCS, MPOBOJAATh HAa yCTa-
HOBIII, €NIEKTPUYHY CXEMY SKOi HaBeJIeHO Ha puc. 4.3.

~380
B
o}

O o
oM
=
O
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Qo O

Pucynok 4.3 — EnektpuyHa cxema eKCriepuMeHTY
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Sxip () reneparopa MOCTIHHOTO CTPyMy IPHUBOIUTHCS A0 00E€pPTaHHS ACHHXPOHHUM
nsuryHoM (AJl), potop (P) sixoro 3’eanano mexanignoro mydroro (M) 3 Bajom (B) re-
HepaTopa, o A0cTipKyeThess. OOMOTKa cTaTopa IBUTYHA 3’ €aHaHa “3ipkoro”. [Togat-
ku pazaux oomoTok A/l (C1, C2, C3) nigkitodaroThes 10 Tprda3zHOi MEPEki 3MIHHO-
ro ctpymy (A-B-C) 3 miniitHOrO Hanmpyroro 380 B.

Oo6mortka 30ymxenns (O3) renepartopa uepes 3atuckaui H1-H2 sxuButhes moc-
TillHUM cTpyMoM Bij Bumpsmisiua (VA), sKuif, y CBOIO 4epry, sKMBUTBCS BiJ Mepesxki
3MIHHOTO cTpyMy Hamnpyrow 220 B (BukopuctoByeThes (hazHa Hampyra Ti€ei x Tpuda-
3HOI Mepexi) uepe3 aboparopuuii aBrorpanchopmarop JIATP (T). Lle mo3Bosse mo-
BUIBHO PETyJIFOBATH CTPYM OOMOTKHM 30y 1>KeHHS |, BT Hyss 10 MOTPIOHOTO 3HAYCHHS.

HaBanTaxxennsim reneparopa € peoctat RH 3 BOynoBanum Bumukauem Q1, sikwii
B OJIHOMY 3 KpalHIX MOJIOKEHb Nepeadavae po3MUKaHHS KOJIa HABaHTAXKEHHS (ITOBO-
POTOM PYYKH peocTara NpOTH TOJWHHUKOBOI CTpUIKK A0 ynopy). Peocrar RH npuen-
HaHUU 110 3aTrcKayiB sikops SA1-52 1 B ue x koyio yBiMkHeHu# amnepmerp Al, 1o Bu-
MIPIOE€ BOJHOYAC CTPYM HaBaHTaxeHHs |, 1 ctpym sikops |, =1,,. Hanpyra Ha 3artuc-

Kauax sikopsi U BUMIPIOETHCS BOJIBTMETPOM V, a cTpyM B 0OMOTIII 30yI>KEHHS — M1JTi-
ammnepmerpoM A2. Mexi BeTUYUH, sIKI BUMIPIOIOThCS MPUIalaMu, BKa3aHi Ha puc. 4.3.

4.4. IlopsAiOK BUKOHAHHS eKCIIePUMEHTIB

4.4.1. O3HailoMTeCh 3 HOMIHAIBHUMU JIaHUMH T€HEpaTopa, 10 JOCHIIKY€EThCS,
13aHeciTh iX y Ta0m. 4.1,
4.4.2. CknaaiTh ICKTPUYHY CXEMY JJIsl IPOBEICHHS €KCIIEPUMEHTIB 3a puc. 4.3.

Tabmmus 4.1
P2HOM) BT UHOM) B Ia HOM>» A I3 HOM» A nHOM! O6/XB

4.4.3. Tlepen mouatkom KoxkHOTO aociiay BcraHoBmoiite JIATP T1 B nHynboBe
TIOJIO’KEHHSI.
4.4.4. 3HIMITh XapaKTEPUCTUKY X0JIOCTOT0 X0y reneparopa U (I1,) mpu Nyey 1

la=0. I mporo 3miiicHITS yck AJl, 3amkHITH BuMuKad Q Ta momaiTe Hampyry Ha
JIATP T1. BeranoBits cTpyM 06MoTKH 30ymkeHHs |, =0, 3adikcyiite BenMunHy Ha-

npyru U BoabT™MeTpa 1 3aHeCiTh y Ta0u1. 4.2. 3HIMITh BUCXIJIHY BITKY XapaKT€pPUCTUKH,
JUISL YOTO MOCTYMOBO 301IbIIYITE CTpPYM OOMOTKH 30y/KeHHs 3a gornomoroto JIATPa
T1 3 xpokom 50 MA 10 MaKCHMaJabHOTO 3HAYEHHS |, .y, 38 IKUM Hampyra Ha 3aTHC-

kavax skops U = E crane piBaoro (1,05...1,1)U 3MiHM |, TIpU 3HATTI XapaKTepuc-

HOM *
TUKU TPOBOJATH MOHOTOHHO (CyBOpPO B OJIHOMY HallpsiMKy). Pe3ynbTatu BUMIpIB 3a-
HeciTh y Tabu. 4.2. ITicas uboro 3HIMITh HU3XIJIHY BITKY MPH THX )K€ 3HAYEHHSX CTPY-
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My OOMOTKH 30yKE€HHS, 3MEHIIYIOUN CTPYyM IIi€el 0OMOTKH 10 Hyns. Pesynabratu BU-
MIpIB TaKOX 3aHECITh y Ta0. 4.2,

He BMMuKailTe XUBICHHSI CXEMHU 1 IEPEXOITh 0 3HATTSA HACTYIHUX
XapaKTEPUCTHK.

Taomung 4.2

>
I

= 00/xB; 1, =0

HOM

l,, MA 0 50 100 150 200 250 | 15 max
U =E, B | Bucxigna BiTKa

Husxigna BiTKa

4.4.5. 3HiMiTh 30BHIIIHIO XapakTepucTuky reHepatopa U (1) mpH Nyoy 1 s wow, 1€
s — CTpyM HaBaHTa)XEHHs, PIBHUU CTpyMmy sKops |, mpu Hezalie:xkHOMY 30yJKEHHI
(I = 1,). Becranosite 3a gomomororo JIATPa T1 HoMiHambHUi CTpyM OOMOTKH 30Y-
ToKEHHS |5 yon. Pyuky peoctaTta RH BCTaHOBITH B KpalHE JIiBE MOJOKEHHS, 110 BIJIMOBI-
nae R, — . 3adikcyiite npwiagamu V 1 Al, BIAMOBIIHO, HANPYTY XOJOCTOTO XOIY
Uo= E i ctpym sxops | ,=0. [lani BumipiB 3aHeciTh y Ta01.4.3. 3MEHIIYIOUH PYyYKOIO
peoctata RH omip HaBaHTakeHHS Ry, HaBaHTaXXTe T€HEPATOP O 3HAUYECHHS CTPyMY
skops |, =(1,05...1,2) | [TpoBeniTe 6 -7 BUMIPIB 1 pe3ynbTaTu BHECITH y Ta0I. 4.3.

aHOM °*

Tabmuus 4.3 I = MA; Nyon = 00/xB

3 HOM
I, =1,,A 0

U, B Uo:

4.4.6. 3HIMITH peryiroBaJbHy XapakTepucTuky reHeparopa |,(l,) mpu
U
HaBaHTaxeHHSI R, — o (1, =0), a 3a romomoroto JIATPa T1, 30inbl1yrouu CTpyM B

wom = CONSt 1. n, . Jluist poro 3a AomoMorow pydku peocrara RH BctaHOBITH orip
oOMOTLI 30y )KEHHS, BCTAHOBITh HOMIHAJIbHY Hampyry Ha sikopi U, . . 3aHeciTh 11
nokazaHHs y Ta0i. 4.4. 3mennyroun 3HadeHHs R, HaBaHTaXyiTe TeHepaTop 3 piB-

HOMIPHUM KpokoM |, 1o 3HaueHHs |, =1 3a nux ymoB 3a gonomororw JIATPa

ad HOM *
T1 3miHtONTE CTpyM 00MOTKHM 30ymkeHHs |, Tak, 1100 Mpu KO)KHOMY 3HA4€HHI CTPY-
My HaBaHTaXeHHA |, Ha 3aTuckayax sikops A1 - A2 manpyra 3anuianacst HOCTIHHOIO
1 piBaoto U ., . [IpoBenits 5-7 BuMipiB nipu pizHux 3HaueHHsXx |, . JlaHi 3aHeciTh y
Tabin. 4.4,

Tabmmsg 4.4 U = B; n. .= 00/xB

HOM HOM

H a >’
I

MA

A 0

31
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4.5. O6poOKka pe3yJbTATIiB eKCIIEPUMEHTIB
i opopmiteHHs1 podoTH

4.5.1. 3a nanumu 1ada. 4.2 noOyayHTe XapaKTepUCTUKY XOJOCTOr0 X0y TeHe-
patopa E(l,).

XapakTepucTuka xojaocroro xoay (puc. 4.4 a) — ne 3anexsicte EPC sxops
BiJ ctpymy 30ymkeHns E(l;) 3a ymou: n=const, |, = 0. 30BHilIHE KOJO TeHEpaTopa
PO3IMKHEHO, TOHAl 3 piBHAHHA enekrpuyHoro crany U =E-R [, Buxomurts, mo
U =E. Skmo noxroca reHepaTopa paHii Oy HaMarHideHi BiJl MONepeaHboi poooTH,
TO BOHU CTBOPIOIOTh HEBEJMKWN MArHITHHM TOTIK 3aJIMIIKOBOTO HaMarHi4yBaHHS
®,,,. ToMy mpu o0epTaHHI SKOpsI HaBOAUThCA HeBenuka 3anuikoBa EPC E,, . [lpu
30UTbLIEHH] CTpyMy 30ymKeHHs [; pocte MarHiTHUM notik @, Ttomy 3pocrae EPC E.
IIpn Manux cTpymax 30yMKEHHS MOTIK mponopuiinuii ctpymy @ ~ |,.Uepes Hacu-
YEHHS CTall OCepas LSl 3aJIEKHICTh CTA€ HENHIMHOI. A Yepe3 SABUIIE TICTEPE3NUCy L
XapaKTEPUCTUKA CTa€ JBO3HAYHOIO, a caMe, Ma€ JB1 BITKM BUCXiAHY (1) Ta HU3XIAHY
(2) (puc. 4.4 a). Ilpyuomy npu 3MEHIIEHH] CTPYMY 30Y/KEHHSI BHILE PO3TAIIOBYETHCS
HU3XIJIHA BITKA, HIK BUCX1JHA, KA 3HIMAETHCS MPHU 30UIBIICHHI CTPyMY 30Y/IKEHHS.
[Ipu HOMIHATBHOMY CTPYMi 30YIPKEHHS yy0m B SIKOP1 HaBOAUTHCS NeBHA EPC Ej.

4.5.2. 3a nanumu T1abi. 4.3 moOyayiiTe 30BHIIIHIO XapaKTePUCTUKY TeHEpaTopa
u,).

3oBHimHA xapakTepucTuka (puc. 4.4 6) — e 3aJCKHICTh HAIIPYTH Ha 3aTHC-

Kauax remeparopa Biz itoro crpymy U (I, ) 3a ymosu N = const, |5 = const.
U =E-R,l, —nanpyra reneparopa 0y/Je 3MEHIIYBaTUCh 3 HACTYITHUX MPUYHUH:

1) uepes 30imbIICHHS MAAIHHSA HAIPYTH B Akopi R I ;
2) depe3 peakilito AKOps 3MEHIIYEThCS PE3Y/IbTYFOUN MArHiTHUH TMOTIK, a 0TKE
i EPC (E =cg®n). BincoTkoBa 3MiHa HAIPYTH JOPiBHIOE

U0 _UH

AU = M ~10%E ,

U

ne Up — Hampyra Ha 3aTucKadyax reHepaTopa B pekuMi X0JI0CTOro Xoay; Uyey — HOMI-
HaJbHA HAIpyra reHepaTopa Mpyu HOMIHATBHOMY CTPYMi HAaBAHTAKEHHS | oy

4.5.3. 3a nanumu T1abi. 4.4 noOyayilTe peryaoBaibHy XapaKTepPUCTUKY reHepa-
topa I,(1,).

PeryaoBaibHa xapaktepuctuka (puc. 4.4 ¢) — 11¢ 3aJeKHICTh CTPyMy 30Y-
JDKeHHs [, BiJ cTpymy sikopst I, , 0 Bimjaerbesi B 30BHimHE koo |5 (1), 3a ymoBu
n = const, U = const.
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a o 8
Pucynok 4.4 — XapakTepucTUKU TeHepaTopa MOCTIHHOIro CTpyMmy:
@ — XapaKTEePUCTUKA XOJIOCTOTO XO/y; O — 30BHIIIHS XapaKTEPUCTUKA;
6 — PErylIoBaJIbHA XapaKTepUCTHKA

[3 30BHINIHBOI XapaKTEPUCTUKH BUXOJUTh, IO MPHU 30UIBIIEHHI HaBAaHTAXKEHHS
HalIpyra reHeparopa 3MeHUIyeThcs. SIKIIo il HEOOX1IHO MIATPUMYBATH MOCTIHHOIO,
Toal HeoOximHO 30umbmyBaTM EPC E =Cc®n cTpymoM 30ymkeHHS (3 pIBHAHHA
U =E-R,l,). Takum unHOM, pery/aioBalbHa XapaKTepUCTHKA MOKA3ye, K MOTPiOHO
PEryioBaTH CTpyM 30YyIKEHHS IIPU 3MiHI HaBaHTAaXXEHHS T'€Heparopa, 100 Hampyra
Ha HOTro 3aTHCKax 3aJMilanacs HE3MIHHOI. XapaKTepUCTHKA BUXOJUTh 3 JAESIKOTO MO-
YaTKOBOI'O 3HAUYEHHS CTPyMY 30y KEHHS 30

BukopucroBytoun 30BHimHIO Xapaktepuctuky U (l,), BH3HauTe HOMIHAJIBHY

U,-U
=0 “nom w100 %.
0

BIJICOTKOBY 3MIHY HalIpyTu sKopst AU,

KoHTpoOABHI 3aIMTAHHSA

1. SIxa KOHCTpYKIIsSI FeHepaToOpa MOCTIMHOTO CTPYyMY?

2. IosicHITH MPUHIMI A1l T€HEpaTopa MOCTIHHOTO CTPYyMY 3 HE3aJICKHUM 30Y-
TOKCHHSIM.

3. [losicHITh MpU3HAYEHHS KOJIEKTOPA B T€HEPATOP1 MOCTIMHOTO CTPYMY.

4. Hanuiite OCHOBH1 (DOpMYIIH, 1110 XapaKTepU3yIOTh pOOOTYy reHeparopa.

5. HUoMy 3 pocTOM CTpyMy HaBaHTaXXCHHsS HaIlpyra Ha SIKOpI 3MEHUIYEThCS?
BkaxiTh yci NpUYMHH.

6. [losicHITh XapakTep 3MiHU XapakTepucTuku xosioctoro xoxy I'TIC 3 Hesane-
AKHUM 30yPKCHHSIM.

7. HaBeniTh perymoBanbuy xapakrepuctuky ['TIC 3 He3ane:xxHUM 30yIKEHHSIM 1
MOSICHITH XapakTep i1 3MiHU.

8. IosicHITh XapakTep 3MiHU 30BHIMIHBOI XapakTepuctuku ['TIC 3 HezanexHUM
30yI>KEHHSIM.

9. Sxi BUAM BTPAT MOTYKHOCTI MAIOTh MICIIE y T€HEPATOP1 MOCTIHHOTO CTPYMY B
Mpolieci NEPETBOPEHHSI MEXAHIYHOI €HEPrii B €1eKTPUUHY?
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JlabopaTtopuna pob6oTa 5

JOCJILIZKEHHA TPUDPAZHOTI'O ACUHXPOHHOI'O IBUT'YHA
3 KOPOTKO3AMKHEHHUM POTOPOM

5.1. MeTa i 3ana4i 3aHATTH

Meta po6oTH — 3aKpiMIeHHS! TEOPETUYHUX 3HAHb MPO KOHCTPYKINIO 1 TPUHIIHI
nii TpudasHux acMHXpOHHUX ABUTYHIB (TA/Jl), oTpuMaHHS IPaKTUYHUX HABUYOK PO3-
paxyHKy Ta JOCIHIDKeHHs mapameTpiB 1 xapaktepuctuk TAJ[ 3 KOpOTKO3aMKHEHUM
pOTOpOM.

3anmayi 3aHATTSA — eKCIEPUMEHTanbHI AociaikeHHs TAJl 3 KOpOTKO3aMKHEHUM
potopom. [Ipu mociimpkeHH1 3HIMAIOTBCS MOro poOOYl XapaKTEPUCTUKH Ta PO3pPaxo-
BYIOThCSI MEXaHIYHI.

5.2. TeopeTH4Hi M0OJI0KEeHHS

Cepen e1eKTpoABUTYHIB HAHOUIBIIOIO NOIIMPEHHS HAOYJIM aCUHXPOHH1 IBUTYHU
BHACJIJIOK iX JICIIEBU3HMU W HaAIMHOCTI. J[0 aCHHXpOHHUX BIJHOCSATH MAaITUHU 3MIHHO-
ro CTpyMy, 4acToTa Ny 00EpTaHHS POTOpA SIKUX 3MIHIOETHCA 31 3MIHOIO HaBAaHTAXKCHHS
1 BIPI3HAETHCS BiJl 4acTOTU OOE€pTaHHA MArHiTHOTO mojsi craropa Ni. CMmuca ciioBa
«aCUHXPOHHUN» — HeoOHouacHuu. SIK 1 BC1 €JIEKTPUYHI MAIIMHU, ACUHXPOHHA € 3BO-
POTHOI0, TOOTO MOKE MPAIIOBATH SIK Y TEHEPATOPHOMY PEKHMI, TaK 1 y PEKUMI1 JIBU-
T'YHa, aJl¢ aCHHXPOHHI TEHEPATOPHU MPAKTUYHO HE 3aCTOCOBYIOTh.

KoHcTpyKILisi aCHHXPOHHOTO IBUTYHA 3 KOPOTKO3aMKHEHUM POTOPOM.

ACHUHXPOHHHH JABUTYH CKJIQJIA€ThCS 3 HEPYXOMOTO CTaTOpa 1 00EpTOBOTO pOTOPA,
pO3IIUICHUX TOBITPpSIHUM mpomixkkoMm. Ha puc. 5.1 HaBeneno nomnepeyHuit (a) ta mo-
B37I0BXKHIM (6) mepepizu Tprda3HOTO aCHHXPOHHOI'O JABUTYHA 3 KOPOTKO3aMKHECHHM
potopom. CtaTop CKJIalaeThes 3 Kopiyca |, BAKOHAHOTO 3 YaByHY a00 3 aJllOMiHiO, 3

\

e ilﬁl ! J\/

2 3 5 7 4 1w 1 3

6 4 3
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Pucynok 5.1 — KoHCTpyKIIisi aCHHXPOHHOT'O JBUT'YHA 3 KOPOTKO3AMKHEHUM POTOPOM
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pebpaMu Ui OXOJIOJKEHHSI, IIMXTOBAHOTO OCEpls craTtopa 2, HaOpaHOIro 3 JIMCTIB
€JIEKTPOTEXHIYHOI CTajl 1 3alpecoBaHOro y kopmyc. Ha BHyTpilHiN moBepXxHi ocepas
BUIIITaMITYBaHI Ma3H, B sIKi YKJIa/1al0Th 0OMOTKY cTaTopa 3. PoTop ckiamaeTscs 3 mmx-
TOBAHOTO ocep/is 4, B Ma3ax sSKOro ykjiajeHa oOMoTka potopa 5. Mix poTopoM i cra-
TOPOM BUKOHAHWWA HEBEIMKUN MOBITPSIHUI TPOMIXKOK 6. Ocepist poTopa 4 3aKpillieHO
Ha Baity 7. CtaTtop miATPUMY€ETHCS Ha MiAMIMITHUKOBUX HIUTaX 8, a Kopmyc 1 KpinuTh-
Csl 0 OCHOBH 3a JIOMOMOTOI0 Jiamt 9. 3 olHOTO 00Ky pOoTOpa Ha Bally 3aKpIIICHU BEH-
tunsaTop 10, 3aKpUTHIl TOHKUM KOKYXOM BeHTusisitopa 11. BuBonu tpudaznoi oOMoT-
KM cTaTtopa 3 mpueaHaHi 10 kKiaeMHOi kopoOku 12. Oci okpemux o6MoTOK (da3) po3s-
TallOBaHI BIAHOCHO onaHa ofHoi miag kytom 120°. Mix coboi0 OOMOTKH cTaTtopa
3’€HYIOThCS Y «31pKY» a00 «TPUKYTHHUK.

[Ipu3HnavueHHst cratopa — CTBOPIOBATH O0OEPTOBE MArHiTHE IMOJIE 32 JTOMOMOTOI0
Tpu(azHoi OOMOTKH, sKa XKUBUTHCSA TPU(PA3HOIO CUCTEMOIO cTpyMiB. llpu3HaueHHs
pOTOpa — NEPETBOPIOBATH EJIEKTPUUHY €HEPTiI0 B MEXaHIYHY 00€pTOBOr0O pyxy 3a J0-
nomororo inaykoBanoi EPC ta ctpymiB y 0OMOTIII.

Y KOpOTKO3aMKHEHOMY POTOP1 BUKOHYIOTh OOMOTKY 3a THUIIOM OUISAYO0i KJIITHHHU.
VY ma3u ocepst poropa 6€3 1301111 YKIIaIaloTh (3aJIMBaIOTh) alFOMIHIEBI a00 JaTyHHI
CTEp>KH1, SIK1 3 KIHI[IB 3’ €IHaH1 TOPLEBUMU KUIBLISIMU 3 TOTO X MaTepiany. KopoTko3a-
MKHEHHUI POTOP HE MA€ €JIEKTPUYHOTO 3B SA3KY 3 30BHIIIHBOIO MEPEXKEIO.

Hpunauun gii TA/l. CTBopeHHs1 00epTOBOIr0 MATHITHOTO MOJIA.
PiBHSIHHS €JIECKTPUYHOTIO CTAHY KiJI cTaTOpa i poropa.

Y tpudazHoMy aCHHXpOHHOMY ABHUTYHI oci craTopHux oomoTtok C1-C4, C2-C5
1 C3-C6 noBepHeH1 BiTHOCHO oAHa oHOT Ha 120° B310BXK BHYTPIIIHBHOI MOBEPXHI CTa-
Topa, mo 3abe3nedye mpocTopoBuii 3cyB. dazoBuii 3cyB Mik cTpymamu 120° emexr-
PUYHUX TPaAIyCiB, a BIATAK 1 M MarHiTHUMHU MOJISIMHU OOMOTOK, BUHUKAE TPHU K-
JIIOYEHHI IUX 00OMOTOK 110 Tpu(dazHoi Mepexi, ToOTO 10 Tpuda3HOi 0OMOTKH cTatopa
MIBOUTHCS 3MiHHA Tpuda3Ha Harpyra, Mmija A€l K01 o ga3zax TedyTh 3MiHHI CTPY-
MU

in=Imsinot; ig = I;ysin(ot—120°); i = Iy sin{ot +120°).
AHaJIOT1YHO MOYKHA 3alycaTd BUPa3| 1 JJI1 MarHiTHUX TOJIB, Kl IIUMHU CTPY-
MaMH.

Pe3ynpTyrounii BEKTOp MarHiTHOTO MOJIsl 00€PTAETHCS 3 KYTOBOIO MIBUAKICTIO O Y
01k (a3u, mo Bigcrae. Take mose, mo 00epTaEThCS, HA3UBAIOTH OOEPTOBUM MAarHiTHUM
nosieM. Pyx MarHiTHO1 XBWJI1 CyNPOBOXKY€EThCA MEPEMIIIEHHSIM MarHiTHUX noJiocis N
1 S y BHYTpIIIHIN MOBEPXHI CTaTOpa, MPUUOMY 3aJICKHICTh MAarHiTHOTO TOJIS y TIOBIT-
pSHOMY 3a30pi OJIM3bKa O CUHYCOiJalbHOI.

V 3araqibHOMY BUIIAJKy MarHiTHE MOJe 00EPTAETHCS 3 YACTOTOIO
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601,

A n , 00/XB,

B p

C . ne f; — wacrora crpymy B 0OMOTKax cratopa; P — 4HCIIO
i, Iy I nap nosociB oOMoTku craropa TA/I.

Cly 21} C3 VY npoBiiHHMKax OOMOTOK cTaTopa 1 poTopa miA
JIE€I0 TIHOTO TIOJIS TI0 3aKOHY €JIEKTPOMAarHiTHOI 1HTYKIIi1
oynyTh HaBoautHch EPC, BianmosigHo E;j 1 Eo.

C4| C5]  C6 OCKUIBKH KOJIO pOTOpa KOPOTKO3aMKHEHE, TO ITiJT
niero EPC E; mo o6MoTIii potopa Tede ctpym lo. Ha ko-

O> ny, YKHUW MPOBITHUK POTOpa 3a 3aKOHOM Amriepa Oyze Jis-
TH cuia Amnepa
Puc.5.2 — Enektpuuna cxema EA=1BI,
BMuKaHHS TA]L 3 kopoTko- ne |, B, | — ctpymM, MarHiTHa iHIYKI[isl Ta aKTUBHA JOB-

3aMKHEHUM POTOPOM JKUHA TPOBITHUKA.

B pe3ynbpTaTi HbOro BUHUKAE 00EPTAIIBHUI MOMEHT, 1 POTOP MOYHE 00EPTATHCH.
TakuM 4MHOM, PUHIUI J1i ACHHXPOHHOTO JIBUTYHA 3aCHOBAaHUM Ha B3aeMo/li o0ep-
TOBOI'0 MArHiTHOTO TOJIsl, YTBOPEHOT0 OOMOTKOIO CTaTopa, 31 CTpyMaMH, sIKi yTBOPIO-
IOTHCSL ITUM K€ [I0JIEM B ITPOBIAHUKAX OOMOTKH POTOpA.

Bci mapamerpu cratopa maroTh iHAeKC 1, a poropa — 2. B aCHHXpOHHOMY JIBU-
TYHI MarHiTHE IOJIE€ cTaTopa Ta poTop oOepTaroThea B ouH Oik. Yactora obepTaHHs
poTopa Ny 3a BUBHAYECHHSIM aCUMHXPOHHOI'O JIBUTYHA HE JOPIBHIOE YACTOTI OOEPTAHHS
MarHiTHOTO TOJIS cTaTopa Ni, 30KpeMa, B PEKUMI IBUTYHA N1 > Ny.

JI1s1 OLHKM 1€l pi3HUII BBOJSATH MOHATTS KOB3aHHS, sKe € 0€3p03MIpHOIO Be-
JUYHHOIO
n—n,

n

S =

Y acCUHXpOHHHUX ABUTYHAX MPU HOMIHATBRHOMY HAaBaHTXKEHHI Syoy = 0,02..0,09.

3HaveHHS Ta 3HAK KOB3aHHS BU3HAYAIOTh PEKUM POOOTH aCHHXPOHHOI MAIlIMHH.
Tak, B pexuMi 1I€aJTbHOTO XOJIOCTOTO X0y POTOpP Ta MarHiTHE MoJjie 00epTaOThCS 3
OJIHAKOBMMH YaCTOTaMHU B OJIHOMY HaIpsiMKy, KoB3aHHs S = (), poTOp HEpyXOMUH Bij-
HOCHO 00epToBOro MarHitHoro nojsi, EPC B iioro oOMOTIII HE HABOJIUTHCS, CTPYM PO-
TOpa Ta €JIEKTPOMATHITHUN MOMEHT MaluHU BiACyTHI. [Ipu mycky poTop B mepmiuii
MOMEHT Yacy HepyxoMmuil omke S = 1. B 3araapHOMY BHITaJIKy KOB3aHHS y PEXUMI
JIBUTYHA 3MIHIOETbCA Bil S = 1 mpu mycky a0 S = 0 B pexXuMi 11€aJIbHOTO XOJIOCTOTO
XOTy.

Panimie O6yso BkazaHo, mo 00epTOBE MarHiTHE IMOJIE€ CTaTopa, K 1 B TpaHchop-
MaTopi, HaBOJUThH B 0OMOTII ctatopa EPC, nitoue 3HaueHHS SIKOi
Ey = 4,44 1,0, WK 51,
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ne f; — vacrora miaBeneHoi Hanpyru; Py — aMILTITYTHE 3HAYECHHS MarHITHOTO TIOTOKY;
W1 — KIJTbKICTBh BHTKIB B OOMOTIII cTaTOPa; Kogyi — OOMOTYBaIBHUI KOCPIIIEHT cTaTOpa
(ckmamae 0,92...0,98).
PiBHSIHHS 17151 CTATOPHOT 0OMOTKH aCHHXPOHHOTO JIBUTYHA MA€ BUTIIS
Up=—E +hZ;=—E + LR+ jXy),

ne Ry — aktuBHuU# omip (a3HOi 0OMOTKHM cTaTopa; X1 — IHAYKTUBHUMN OIip PO3CiIOBaH-
Hs1 (ha3HOT OOMOTKHM CcTaTopa.

EPC y oO6moTIIi poTopa, K 1 y BTOpUHHIN 00MOTII TpaHchopmaTopa, BU3HAYA-
€THCS 32 AHAJIOTTYHOIO (POPMYIIOIO

Eps =4,44 1,0, WoK 52 =Ex S

ne f, — wacrora EPC poropa; W, — KiJIbKICTh BUTKIB B 0OMOTII poTOopa; Koz — 0OMO-
TyBaJbHUH Koe(dilieHT poTopa, E2— EPC Hepyxomoro poropa.

Yacrota EPC ta ctpymy B oomoriii poropa f, = f;S.

3 OTpUMAaHOr0 BHpa3y MOXOJUTh, 110 Y HEPYXOMOMY poTtopi (mpu S = 1) yactora
EPC ta ctpymy OyyTh TOpIBHIOBATH YacTOTI IM1/IBEICHOI HAIPYTH.

Konu porop Hepyxomuii (B MOMEHT IIycKy), TO S = 1 1 B 0OMOTIII poTOpa HaBO-
nuThess MakcuMmanibia EPC, a B pexuMi 11eaibHOr0 X0JIOCTOTO X011y, KOJU Ny = N1, 11
EPC nopiBHIOE HyIIO.

J71st poTOpHOT 0OMOTKH aCUHXPOHHOTO JIBUTYHA MAEMO HACTYITHE PIBHSAHHS

Uy =Ejs — 152, =Eps —Roly — jXp081 5,
ne Ry — akTuBHMI ommip 0OMOTKH pOTOpa; Xoo — IHAYKTUBHUMN OIIp PO3CiIOBaHHS 0OMO-
TKH HEPYXOMOT'O POTOpA.

Ane ockibKd 0OMOTKa poTOpa KOpOTKO3aMKHeHa, To U, =0, Tomy ans potop-

HOT OOMOTKH MO>KHA 3allMCaTH PIBHSHHS

Eos =125 =15Ry + jI5 X508,
Jlitoue 3HaUeHHs CTPyMY B OOMOTIII pOTOpa aCHHXPOHHOT'O IBUTYHA
Exo Es

(RZT + X2 \/Rz2 +(Xo 5)2

|2:

S

[TyckoBuit ctpym potopa (ripu S = 1) Benukuilt — y 5...8 pa3iB nepeBUIlye HOMI-
HaJbHUN. A OCKUTIBKH CTPYM POTOpPA MPAKTUYHO MPSMO MPOMOPIIAHUNA CTPyMy CTaTO-
pa, K 1Ie Ma€ MICl€ MI>K BTOPUHHHUM Ta MEPBUHHUM CTPyYMaMH y TpaHc(opmaropi, TO
BIJIMOBITHO MYCKOBUHN CTPYyM CTAaTOPHOI OOMOTKH Oyne y 4...8 pa3iB MepeBUIIyBaTH
HOMIHaJbHE 3HaYeHHsA. OTKe, 0/IHa 3 MPO0JIeM aCHHXPOHHOTO JBUTYHA — 11€ BEJTUKHIM
ITyCKOBUH CTPYM.

O6eproBuii a00 enekTpoMarHiTHU MoMeHT TA /|

M =Cl,®,1,cosy,,
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ne Cj/w — KOoe(ILIEHT, SIKUN 3aJI€KUTh BiJl KOHCTPYKTUBHUX MapaMeTpiB ABUTYHA,

Y, — kyT 3cyBy Mk EPC Ey 1 cTpymom /5.

3 iH1I0TO O0KY, 00EpPTOBUH €JIEKTPOMArHiTHUA MOMEHT MO>KHA 3anucat y QyH-
kuii ¢aznoi Hanpyru Uip, IpUKIaAEeHOI 10 0OMOTKM cTaTopa, 1 mapaMeTpiB 0OMOTKH
poropa
U Ry s

M=C :
Y RS +(Xz0)

ne Cy — KoeiIieHT, aHAIOTTYHUI KOe(IlIEHTY Czlvf :
IHoTry:xHicTh, ii BTpaTH 1 KK/l acuHxpoHHOro aBuryHa.
Jo cratopHoi oomoTku TA]J] 3 Mepexi miABOAUTHCS €IEKTPUYHA MOTYKHICTh

R = \/éulﬂ |1, COSQy,
ne Uqy, |1 — aiHiliHa Hanpyra Ta JiHIAHIA CTpYyM B 0OMOTIII CTaTopa.
EnexrpomarnitHa noTyxHICTh TAJ[ Pey, fiKa nepegaeTbes BiJ cTaTopa 10 pOTO-
pa depe3 MOBITPSHUM MPOMIXKOK, MOXKe OyTH 3alrMcaHa 4epe3 eJCKTPUUYHI ab0 MexaHi-
yHi napametpu. Ciig MaTH Ha yBasi, 1110 IEPETBOPEHHS €JIEKTPUUHOI EHEeprii JKepena

B MEXaHIYHY €HEpril0 0OepTaHHS B aCHHXPOHHOMY JBUTYHI CYNPOBOJXKYETHCS BTpa-
TaMU MOTY>KHOCTI, BiJIMOBIJTHO

P,=R-(P

M M

n
+P,)=Enl,cos¥,=—2M,
1 el) 20'2 2 955

ne P, — Mar”iTHI BTpaTH y CTajl CTaTopa, siki BUHUKAIOTh Yepe3 BUXPOB1 CTPYMH 1 T'i-
crepesuc; Py :3I12R1 — EJICKTPUYHI BTPATU B MIJHUX OOMOTKax cTaTopa, 2 — KyT
MDXK BeKTOpaMu ExTa 1.

Kopucha Mexaniuna notyxHictb TA/] Ha Bay
_ M
9,55

ne Mr=M — My — KOopucHUN MeXaHIYHUN MOMEHT Ha Bally, a My — MOMEHT 3yMOBJIe-

PZ 2

HUU TEPTSIM y MIIIIUIHUKaX Ta 00epToBux yacTuH TAJl o moBiTps.

B potopi MaroTh Miclie €IeKTpU4HI BTpaTH B 00OMOTKax poropa P., :3I22R2 Ta

MEXaHI4H1 BTpaTH, 00YMOBJICH] BCiMa BUIAMU TEPTS Pyex.
Takum ynHOM, KOpHCHA MEXaHIYHA MOTY)KHICTh Ha Bally P, MEHIIIE 3a MijJBe/ie-
HY Ha BeJIMYUHY BTpaT AP
P2 = F?I._AP = Fi _(PMl + Pel + Pe2 + PMex)’

ne P, — TOCTIiiHI BTpaTH, 1110 HE 3aJieXaTh BiJl HABAHTAXKEHHS, 1X 3HAXOSTh 3 JOCIITY
xojocroro xoay. Py + P, — 3MiHHI BTpaTy, 1110 3aJIeXaTh Bl HABAHTA)XCHHSI, iX 3Ha-
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XOJSITh 3 AOCTIAY KOPOTKOTO 3aMHUKaHHS MPH 3arajJbMOBAHOMY POTOPI 1 HOMIHATBHHUX
CTpyMax cTaTopa i poTtopa.

KKl acuaxponHoro nsuryHa (nocutb Bucokuit iz 0,74 no 0,92) Bu3sHavaeThes
BITHOILIEHHSIM KOPHMCHOI MEXaHIYHOI MOTYKHOCTI Ha Baidy P, 1O NOTYXHOCTI, sKa
CIIO’KHBAETHCS 3 MEpexi P1

P, P,
TR TR ap
PeBepc TpudazHux aCHHXPOHHMX JIBUTYHIB.
33808 33808 PeBepc nBuryna — me 3miHa Ha-
4 B C 4 B C NpsSIMKY OO€pTaHHS Ha MPOTUIICIKHE.
0 O © PoTop 3axommoerbes mosem, mo ooep-

Ta€ThCsl, HANPSIMOK SIKOT'O BU3HAYAETh-
Csl IOPAJIKOM 4yepryBaHHs (a3 Tpudas-

CloC20(C3
HOT 0OMOTKH cratopa. OTxe, s pe-
Bepca aCUHXPOHHOI'O JBUT'YHa HE0OXi-
JTHO 3MIHUTHU HANPSAMOK OOEpTaHHS KO-
C4157C6 IO MarHiTHOro moJs. /s mporo gocra-
THBHO TIOMIHATH MICIISIMU OYyJib-sIKi JIBa
O ! e QO IPOBIIHUKH, IO 3 €AHYIOTH TpUDasHy
4 6 0oOMOTKY cTaTopa 3 mepexero. Ha puc.
Prcynok 5.3 — [psmuii myck (@) Ta 5.3 a mnokazaHWil TPSAMUN TMOPSIOK
peBepc (6) aCHHXPOHHOTO JIBUIYHA 3 BMUKaHHS (a3 OOMOTKHM cTaropa o
KOPOTKO3aMKHEHHM POTOPOM Mepexi, a Ha puc. 5.3 6 3MiHa TTOPSIAKY

da3, To0TO peBepc.

5.3. O0’eKT DoCaimKeHHs

06’extom nociimkenas € TAJ] 3 KOpOTKO3aMKHEHHM POTOPOM 3 HOMIHAJbHH-
MU JaHUMU, HaBEJACHUMH Ha CTeHi. EnexTpuuHa cxema asisi MPOBEACHHS TOCHTIKEHb
HaBeJleHa Ha puc. 5.4, ne O KOXKHOTO €JIEKTPOBUMIPIOBAILHOTO MPUIIaAy MOKa3aHa
NnoTpiOHA MeKa BUMIPIOBAHb.

Kusnenus TAJl 3mificHIOeTbCs Bia TpudazHOi Mepexi 3 JHIHHOI HAIpPyroro
380 B. O6motka cratopa TA/Jl 3’eanyerbes “3ipkoro”. ['aibMOBHII MOMEHT Ha Baiy
ACMHXPOHHOT'O JIBUTYHA CTBOPIOETHCS 32 JIOMOMOIOI0 T€HEpaTopa MOCTIMHOTO CTPyMY
(I'TIC) 3 He3anexxHuM 30y1KeHHSIM. TakuM 4nHOM, 00epTOBUM MOMEHT Ha Baixy TAJl
nopiBHioe TaibMoBoMy MoMmeHTY ['TIC. Bamu I'TIC 1 TA]] 3’eqnani MexaHiqHO 3a J0-
noMOror MypTu. 3MiHa ralbMOBOTO MOMEHTY 31HCHIOETHCS LUISXOM 3MIHU OINOPY
HaBaHTa)XXyBaJibHOTO peoctara RH, yBiMkHeHoro B KoJjo sikopst I'TIC.

O6mMmotka 30ymkeHHs (O3) I'TIC xuBUTBCS BiJl PErysbOBaHOTO JKepesnaa Moc-
TIHHOTO cTpyMy. 3MmiHa cTpyMy 30ymkeHHs ['TIC 3nificHioeThes 3a nonomororo JIAT-
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Pa 71, no BropuHHOi 00MOTKH sikoro BBiMKHEHO BUIpsamisiy VA. JIATP yBimkHeHuit
Ha (a3ny Hampyry TtpudaszHoi mepexi. Bumip yactrotu obepranus poropa (P) TAJ]
3MIACHIOETBCS UppoBUM TaxomeTpoM (Hz) Bim matumka dacrotm obepranus (JILI),
BcTaHOBJIeHOTO Ha Baiy (B) TA/I.

5.4. Ilopsinok BUKOHAHHSI €KCIIEPUMEHTIB

5.4.1. 3anuuIiTe HOMIHAJIBHI JaH1 aCHHXPOHHOIO JIBUTYyHa y Tabu. 5.1.

Tabmumsa 5.1
P2H0M U1H0M I1H0M fl Ny N2rom Muom COSQ1rom 7\’m A A c
kBT B A | I'it | 006/xB | 00/XB - — — _ _

Pucynok 5.4 — EnektpuyHa cxema eKCliepuMEHTY

B tabaumi 5.1 nmo3HaueHi:
P2non — HOMIHAJIbHA KOPUCHA MEXaHIYHA MOTY>KHICTh HA BaJly JBUTYHA;
U\uow — HOMIHAJIbHA JTiHII{HA HANIpyTa ABUTYHA;
| 110w — HOMIHAJIBHUM JTIHIHHUM CTPYM JIBUTYHA,
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f; — wacToTra Hanpyru Mepexi;

N1 — 4UCJIO 0OEPTIB MArHITHOTO TOJIS;

N2uon — HOMIHAJIBHE YUCIIO 00EPTIB POTOPA;

Nyon — HOMIHAJIBHUN KOE(DILIEHT KOPUCHOI Mi1;

COSP1xom — HOMIHAJIBHUHM KOE(ILIEHT MOTY>KHOCTI IBUTYHA,
Am =My / Mo o\, — IEpEBaHTAXKyBaJIbHA 31aTHICTD JIBUTYHA 32 MOMEHTOM;

Ay =M yex/ Moyoy — KPaTHICTh IyCKOBOTO MOMEHTY;

}“C = Ilnyc1</ IlHOM

5.4.2. 3anumrite 3nauennst KK/] renepatopa nr, HaBeaeH1 Ha cTeHal, y Tabm. 5.2.

— KPaTHICTb IyCKOBOT'O CTPYMY;

Taomung 5.2 Poruon= Bt
B = Por/Pyon — 0 0,2 0,4 0,6 0,8 1,0
nr — 0
PZF = BPZFHOM Bt 0

5.4.3. Cxnagite cxemy mis 3HATTS Xapakrepuctuk TA/L 3a puc. 5.4.

5.4.4. BcranoBith JIATP B HynbOBe MOJOKEeHHS. Pydky HaBaHTa)KyBaJabHOTO
peoctata RH BCTaHOBITH B KpailHe JIiBE MOJOKEHHS, IO BIJAMOBIAE PO3PUBY KOJja
OOMOTKH sKOpsi TeHepaTtopa. 3iaiicHITh myck TAJl, BMukatoun tpudazHe mIxepeso

3MmiHHO1 Hanpyru 380 B.

5.4.5. 3a nonnomororo JIATPa noBinbHO 301IbIIYHTE CTPYM OOMOTKH 30y I>KEHHSI
reHeparopa 10 TUX IIp, JOKM HE JOCATHETE HOMIHAJIbHOI Hampyru Ha skopi ['TIC

UFHOM-

3MIHIOIOUH 3a JOTIOMOTOK HaBaHTaxyBaibHOro peoctata RH cTtpym HaBaHTa-
xeHHs ['TIC Ir Big Hynst 10 HOMIHABHOTO 3HAYEHHS Yepe3 1HTepBaJId, BUBHAUCHI BU-
KJIaJayeM, 3HIMITh IOKa3aHHsS BCIX MNpWIaAiB 1 pe3yJabTaTH BUMIPIB 3aHECITh O
Tabn. 5.3. 36ubmyoun ctpyMm y oomorii sikopst I'TIC, 301mbInyeThes raabMOBUN MO-

MeHT Ha Bany TA/I, BignoBigHo o0eptu TAJl 3MeHIIyIOThCS.
3anoBHITH Tpadu “Bumipsine” Tadm. 5.3.

Tabmuig 5.3
Buwmipsine OO6uucnene
AJl I'TIC
Ur|la| n2 [P [P"|Ur|lr|Pig |Por|nr|Pir=| M Na | cose;
=PZIL
B |[A|o0o/xB |[Br|Br|B |A|Btr |Br |- |BT HwMm - -

48




ne P', P" — motyxHOCTI, siki BUMipIoOTh BaTMeTpu BiamoBigHo W1 ta W2 na cxemi
(puc. 5.4); Ur— nHampyra Ha BHBOJAX SIKIDHOTO KOJja TeHeparopa; lr — ctpyMm reHepa-
TOpA.

5.5. O0poOKka pe3yabTaTiB eKClIePUMEHTIB i 0popMJIeHHSI po0OTH

5.5.1. 3po6iTh HEOOX1HI PO3PAXYHKU BEJIWYUH, MOJAaHUX Y Tabu. 5.3 B rpadax
«00uHnCIIeHe», KePYIOUUCh HACTYITHUMHU CITIBBITHOIICHHSMHU:
AKTHBHA MMOTYXHICTb, SIKa TIOJJAETHCS 3 MEPEXKi JO ACHHXPOHHOTO JIBUTYHA,

_ D ".
Pp=P+P";
NOTYXKHICTh, IO BIITAETHCS TEHEPATOPOM cIiokHuBauy (peocraty RH)
MexaHiuHa NOTY>KHICTh, 1110 MOJAETHCS 10 TeHepaTopa BiJl IBUTYHA
P
_"r
Rr =2t
Nr

1€ 1), BU3HAYAEThCS 3a KpUBOIO N (Par ), ska HaBeleHa Ha JJabOpaTOPHOMY CTEHII,
JUIA KOKHOTO 3HaueHHS Por.
MexaHi4uHa OTY>KHICTb, 1110 BITAETHCS JBUTYHOM I'€HEPATOPY

Pon=Rr;

P
ObepToBuit MOMEHT M, = 9,552 | e P,y BuMiproetscs B BT, a n; B 00/xB;
Ny

N —n P
koB3aHHt ~ S=—1—2; KK/ guryna 1, = —2n .
N Py
. . Piy
KOE(QILIEHT MOTYKHOCTI  COS ¢ = —=—"——.
NEYAR
5.5.2. Buznaure 3a manumu Tabi. 5.3 HOMIHATBHUHN, MAaKCUMaJIbHUN W MyCKO-

BUII MOMEHTH, HOMIHAJIbHE 1 KPUTUYHE KOB3aHHS Ta KPUTHUHY YaCTOTY OOEpTaHHS 32
03HAYCHUMH HIDKYE HOpMyIaMu

PZHOM
MZHOM :9’55 , M 2max :A’mMZHOM; M2ny(:1< :7\’HM2HOM;
N2kom
N — Noyon 2
Stom = n J SKp = Shom 7"m + 7“m -1); n21<p = nl(l_ SKp) .
1

Jlns mpakTUYHUX po3paxyHKiB M(S) abo ny(M) BuKOpUCTOBYeThCS (opmyiia
Kiocca
2M ax

SIS+ S!S

M
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5.5.3. [loGyny#iTe ajisg ABUTYHA PO3PAXyHKOBY alPOKCUMOBAHY MEXaHIUHY Xa-
pakTepucTuky N,(M,) 3a mpukiamom puc. 5.5, a mo Toukax a, 6, B, T 3 KOOpJIWHa-

tamu a(0, N1), 6(Manow, N2uon); B(Mamax, Naxp), T(Manyex, 0), BUKOpHCTOBYIOUM HaHi
tabu. 5.1 1 5.3. [lopiBHsITE pe3yNbTaTH EKCIIEPUMEHTY 3 PO3PAXYHKOM.

—_ e ——————

A 4

a 9]

Pucynok 5.5 — Mexaniuni xapakrepuctuku TA/J]

5.5.4. IloOyayiiTe nisi aCHHXPOHHOTO JIBUT'YHA PO3PaXyHKOBY alpOKCUMOBAHY
XapaKTEPUCTUKY 3aJICHKHOCTI 00EPTOBOTO MOMEHTY Bijl KOB3aHHS M2(S) 3a MpHUKIa oM
puc. 5.5,6 mo toukax 0, a, 6, B 3 KoopaUHATAMH A (Spon, Manom); 0 (Skpy Mamax),
B (1, Manyek). [TopiBHSIHTE pe3yabTaTH eKCIIEPUMEHTY 3 PO3PAXYHKOM.

KoHTpPOJABHI 3aMUTAHHA

1. 306pa3ith KoHCTpYKITit0 TA/] 3 KOPOTKO3aMKHEHUM POTOPOM

2. Sxi ymoBu 3a0e3neuytoTh cTBOpeHHs B TAJ[ 06epTOBOro MarHiTHOro moJsi?

3. Iosicuite mpuaIU 1ii TA/L.

4. lllo na3zuBaeThcs koB3aHHAM TAJ[? SIkuM BHpa3oM BOHO BH3HAYAETHCA 1 B
AKUX MEXaX 3MIHIOETbCS MPU POOOTI MAIIIMHU B PEKUMI IBUTYHA?

5. 3anuuIiTh piBHSAHHS €JIEKTPUYHOIO CTAHY KIJI CTaTopa 1 poTopa.

6. SIxi BTpaTu MOTY)XHOCTI BUHUKatOTh B TA /] ipu ioro po6oti?

7. Sx Buznavarotb KKJI TAJI 1 B skMX MeXaX BiH 3HAXOJAUThCS?

8. Illo Take peepc TA/l 1 skuM YUHOM BiH POOUTHCS ?
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5. JIabopaTtopHa pooora Ne4. JIOCJII/DKEHHSA TEHEPATOPA
[IOCTIMHOI'O CTPYMY 3 HE3AJIEXXHUM 3BY[’)KEHH SIM 34
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HaBuannHe BugaHHs

BOJIIOX Bonoaumup @enopoBud
MAPKOB Bnanucnas CepriiioBud
[TOJIAKOB Irop Bonoaumuposuu
["OHYAPOB €Bren BiktopoBuu
KPHOKOBA Harainbs BanepiiBna

EJJEKTPOTEXHIYHI ITPHUCTPOI
JlaGopaTopHuii NPAKTUKYM 3 €JIeKTPOTEXHIKH

3 Kypcy “EnexkTpoTexHika, eleKTpOoHIKa
Ta MIKPOITPOLIECOPHA TEXHIKA™

JUJISL CTY/ICHTIB HEEJIEKTPOTEXHIYHUX CIeI1aTbHOCTEN
JIEHHO1 Ta 3a04HO01 (h)OPMU HaBYAHHS
B TppOX yacTmHax

Yacruna 11

Bignosimaneauii 3a Bunyck B.I'. JlaHbko
PoGoty pexkomenyBas a0 BuganHs B.B. Boinos
B aBTopchkiit pegakiii

[Iman 2016. mo3.16

[lignucano A0 aApyKy . ®opmar 60x84 1/16.  Ilamip odcernumii.
Riso-apyxk. I'apuitypa Taitmc. YwM. apyk. apk.3,0
Haxnazg - 200 mpuMm. 3am. Ne . llina gorosipHa.
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