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3arajibHi MOJIOKEHHSA

Ha cydacHomy erami pO3BUTKY MPOMHUCIOBOTO Ta IMBUILHOTO
OymiBHUIITBA B EJIEKTPOMEXaHIYHUX CHCTEMax IIHUPOKO 3aCTOCOBYETHCS
CJICKTPONPUBO/ OY/IIBEIbHUX MAIIUH Ta MEXaH13MIB.

MeTor0 Ta 3aBIaHHSIM BUKOHAaHHS CTYACHTaMHU JTAOOPATOPHHUX POOIT Mif
Ha3BOI0 «Teopis eneKTPONnpUBOAa» 3riIHO 3 PpOOOUOI0 MPOTPAMOI0 JTUEIUILIIHU
«ABTOMATH30BaHUN EJEKTPONPUBO» € HAOYTTS MPAKTHYHUX HABUYOK TIPH
po0OTi 3 cucTeMaMu aBTOMATHU30BAaHOTO E€JEKTPONPUBOLY OyIiBENbHUX MAIUH
Ta MEXaHI3MiB, OTPUMaHHA TP  EKCIEPUMEHTAIBHOMY  JOCJII>KCHHI
MEXaHIYHMX Ta PoOOYUX XapaKTePUCTUK MPU PI3HUX PEeKUMaxXx POOOTH Ta iX
TIOPIBHSIHHSA 3 TEOPETUIHUMH BHKJIaIKAMH.

JIaGopatopHi poOOTH 3 Teopii eNEeKTPONPUBO/IA BiAPIZHAIOTHCS BEIHKOIO
KIJIBKICTIO BUMIPIOBAaHb. €JICKTPUYHUX (CTpyM, HaAmpyra, MOTYXHICTh) Ta HE
eNeKTpUuHNX (4actota oOepTaHHs) BeMWYnH. KpiM TOTO, ¥ X0/ eKCIIepUMEHTY
BUKOHYIOTHCSI PI3HOMAHITHI PEryJIIOBaHHS Ta MEPEeMHUKAHHS, TOB'sI3aH1 3 MTyCKOM
YCTAHOBKH, 3MIHOIO PEXKHUMIB POOOTH TOIIIO.

[Iporpama nabGopatopHoi poOOTH, IO 3ajaHa, MOXE OyTH YCHIIIHO
BUKOHAHA JIMIIE 32 YMOBHU J00poi (eTanbHOT) MIATOTOBKU Ta MPOAYMAaHHUX il
yCiX WiICHIB OpHraju CTYACHTIB (MAEThCS HA yBa3i MPOBEICHHS CKCIICPUMEHTIB,
00po0OKa oJiep)kKaHUX PE3yNIbTATIB Ta CKJIaJIaHHSA 3BITY 3 J1a00paTOpHOT pOOOTH).

OpepxaBIiM 103BUT BUKJIagava, Opuraja CTyJACHTIB MOYNHAE BUKOHYBATH
nabopatopHi pobotu. Crodyatky HEOOXITHO O3HAMOMHUTHUCH Ta 3alUCaTH [0
pob6ouoro 3omuTa AaHi 00’ €KTa, M0 JTOCTIIKYETHCS, BUMIPIOBAJIbHUX MPUJIAIiB
Ta TYCKOPETYNIOBAIBbHOI  amaparypd, NpHU3HAYEHUX I  BUKOHAHHS
ekciepuMeHTiB. [lim 4ac BuUOOpY BHUMIPIOBAJILHUX MNPUIAIIB HEOOX1THO
KOPUCTYBAaTHCSl HE JIMIIE BIJAMOBIIHICTIO TpaHUIll BUMIPIOBaHb MPUIIATY
MaKCHMaJbHOMY 3HAQUYE€HHIO BHMIpPIOBAHOI BEJIMYMHH, ajie ¥ Opatu A0 yBaru
BIJIOBIIHICTD CUCTEMH MPUIIATY POy BUMIPIOBAIBHUX CTPYMIB Ta HAIpPYT.

[Ipu ckmagaHHi CXeMH JOLIUIBHO JOTPUMYBATHCh TAaKOTO IpaBUia!
CIIOYaTKy BHMKOHATH BCI 3'€IHAHHS CHJIOBOI (TOJIOBHOI) MEpEkKi, a IOTIM
NPUETHATH SJIEMCHTH CXEMHU JIOJIATKOBUX Mepex 30yKeHHs (00MOTKH) TOIIO, a
TaK0X MEPEX KepyBaHHS.

SIKIO eNeKTpUYHa CXeMa BKIIIOYAE BEJIHMKY KUTBKICTh BHUMIPIOBAIBHUX
MPWIAJIIB Ta PETYIIOBATBLHUX PEOCTATIB, OJHOYACHO 31 CKIAJaHHSIM CXEMH CIIiJ
NpOBECTH iX MapKyBaHHs (Ha mamepoBHX a00 KapTOHHHX OipKax MOMITHTH
CJIEMCHTHU CXEMH Ta MPUKPIITUTH JI0 HUX).

VY pa3i ckimamaHHS CXeMHU 32 MOXKIMBOCTI CIiJ] YHUKATH TEPEeXperieHHs
JIpOTIB 1 Ha OJWH 3aTHCKAau TNPUEAHYBATH HE OUIBII, HDK TPU JIPOTH. YCi
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3'eTHAHHS APOTIB MAalOTh OyTH HaAliHUMH. 310paHy cXeMy MepeBipsie€ BUKIIAay.
[TpoGHe yBiMKHEHHS Ta0OPATOPHOI YCTAHOBKU MOKHA TPOBOJIUTH JIUIIE 3 HOTO
no3Boiy. [Ipu mpoMy HEOOXiTHO 3BEpHYTH yBary Ha MOKa3aHHS MpuiauiB. Y
KOJIl TOCTIMHOTO CTPyMYy IIpM BHUKOPHUCTaHHI BHUMIPIOBAJIBLHOIO MPUIIATY
MarHiTOEJNEeKTPUYHOI CHUCTEMU MOKe€ OyTH BIAXWJICHHS CTPUIKH JIIBOPYY BIiJ
HyJsd. Y TbOMY BUNAJKYy, BUMKHYBIIH YCTAHOBKY, CIIiJlT TIOMIHSTH MIiCISIMH
IPOBO/M, IO MIAXOMATH A0 mpuiany. [Ipu nmpoOHOMY YBIMKHEHH1 YCTaHOBKHU
3MIHOIO MO3HIIN PYKOSTKU PEryJIrOBajJbHUX PEOCTaTiB HEOOXIIHO MEPEeBIPUTH,
SK 3MIHIOETBCSl MapaMeTp MalllMHU, IO PEryJIEThcs (Hampyra Ha BUXOI
reHepatopa abo wyacToTra OOCpPTIB JBUIYHA) Ta YM HE BHUXOIATH CTPLIKH
BUMIPIOBAJIbHUX MPUJIAJIIB 32 MEXI IIIKaJ.

3HIMaHHS TOKa3aHb 3 YyCIX BUMIPIOBAJIbHHUX MpUJIANiB CJIiJ BECTH 3a
MO>KJIMBOCTI OJTHOYACHO.

He moxna pobutu mepepBy B MOUYATKOBINA cepii CIOCTEpexeHb. SKIIO
3’SBWJINCh CYMHIBM MO0 BIPHOCTI TIOKa3aHb SKOTO-HEOyAh TpUIIany,
HEO0OX1THO MOBTOPUTHU 3HIMAHHS MTOKa3aHb 3 yCiX MPUIIAJIIB.

[Ticyist 3aKiHYEHHS €KCIIEPUMEHTY, HE pO30Mpar0Yu CXeMHU, BUKOHYIOThH YCI
HEeOoOXiMH1 po3paxyHku. [licias [BOTO KOXHUM CTYJAEHT Ma€ YBaXHO
MIPOAHAJI3yBaTH OJIEP’KaHl pe3yJbTaTH EKCIIEPUMEHTIB Ta 3POOMTH BHCHOBKH.
SxIo pe3ynbTaTé eKCIIEPUMEHTY HE BUKJIMKAIOTh CYMHIBIB, 1X CIIiJT HA/IaTH JIJIS
NEePEeBIPKH BUKJIa1avy.

3anexHO BiJ BIAMOBITHOCTI IIMX PO3PAaXyHKIB BUKJIAAau A€ BKa3iBKy a0o
NPUITMHATH BUKOHAHHS JIaOOpaTOpHOi po00TH, 200 MTOBTOPUTH EKCIIEPHMEHT.

O0poOKka pe3yabTaTiB eKCIEPUMEHTY Ta 0(pOpMJIEHHS 3BIiTY
3 J1a00paTOPHOI PodOTH

KoxHwMit cTyIeHT MOBUHEH CaMOCTIITHO 00pOOUTH pe3yabTaT BUKOHAHUX
HUM JIOCJIIJDKEHb Ta CKJIACTH 3BIT MPO MPOBENIEHY pOOOTY. 3BIT Ma€ BKIIOYATH
Takl BIJJOMOCTI: HOMEp Ta Ha3By Ja0OpaTOpHOI POOOTH; METy Ta Mporpamy
po0OTH; MepesliK eNICKTPUYHUX arapariB, ABUTYHIB, BUMIPIOBAJIbHUX TPHUJIAIiB
13 3a3HAUCHHSAM iXHIX MACMOPTHUX JaHUX; IMPUHIMUIOBI EJIEKTPUUYHI CXEMHU,;
TaOJIUIl 13 3alUCOM PE3yJIbTaTIB MPOBEACHUX JOCHIIKEHh Ta BUKOHAHUX
MIJIPaxXyHKIB, PO3paxyHKOB1 (OpMyJid, 32 SKUMHU BHKOHYBAJHUCh IMiJIPAXyHKH;
niarpaMu Ta rpadiky 3aJIeKHOCTEH; BUCHOBOK 1010 TIPOBEIEHOT POOOTH.

VYci cxemu, Tabnumi Ta Tpadikd, [0 HABOAATHCA Y 3BITI, MAalOTh
BinnmoBigatu JICTY, 'OCT. EneMeHTH eNeKTPUYHHX CXE€M Ta IXHI JITEpHI
MO3HAYEHHS BUKOHYIOTBCS 3@ JJOMTOMOTOI0 KOMIT FOTEPHHUX TEXHOJIOT1H.

I'padiku Ta BEKTOpHI JiarpaMu BUKPECIIOIOTHCS B MacITaldl TakOX 3a
JIOTIOMOTOI0 KOMII FOTEPHUX TEXHOJOTIM. BCl mkamum MOBUHHI MaTH JTEPHI
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NO3HAYEHHS B OJMHULAX BHUMIpIOBaHHSI. BekTopHi pgiarpamu OyayloTh y
MacmTaoi.

B omgnux koopauHaTHHX OCSIX OynyeThbcs OoAWH a00 Kijgbka rpadikiB y
BIIMOBIHOMY MacIiTadi, iX CJiJ BUKPECIIOBATH MO KOOPJIWHATHIN CITI 3
po3mipamu 100x100mmMm. [Inst moOymoBu rpadika HEOOX1IHO MaTH HE MEHIIE,
HIX T’ SITh TOUYOK.

VY 3aKkmriodeHHI CTyJEHT TOBHMHEH JaTH OLIHKY eKCIUTyaTalliiHuM
BJIACTUBOCTSIM 00’ €KTa AOCTIIKEHHS, 3pOOMTH BUCHOBOK IPO BIAMOBITHICTH
[UX BJIACTUBOCTEH TMACMOPTHUM JaHUM 00 €KTa Ta TMPO BIAMOBIIHICTH
PE3YNBTaTIB JOCTIKEHHS TECOPETUIHUM TIOJIOKEHHSIM.

[Ipu BuKOHaHHI JJabopaTOpHUX POOIT HEOOXITHO MaM’ ATaTH MPO TEXHIKY
Oe3meKu mij yac eKcrutyaraiii eaeKTpooOa HaHHS.

Texnika Oe3nexu mix 4ac BUKOHAHHS JIA0OpaTOPHHUX POOiT
3 eJIEKTPOTEeXHIKH

ITin yac BUKOHAHHS POOIT B €IEKTPOTEXHIYHUX JTA00OPATOPISIX CTYACHTH
3000B’ s13aH1 MMam’ ITaTy PO HEOOXI1THICTh BUKOHAHHS MPABUJI TEXHIKU O€3TEKH.

JroachKuii Oprai3M € JyXKe YYTIWBUM [0 EJIEKTPUYHOTO CTPyMY.
KonTtakt  BimOyBaeTbcs  Mmil 4yac  JOTOPKAHHA 10  PI3HOMAaHITHUX
CTPYMOIIPOBIIHUX YaCTHH JIaGOpaTOpHOro oOnagHaHHsA. MMOBIpHICTb ypaxkeHHs
CTpyMOM 3OLIBIIYETHCS, SKIIO YacCTHHHU J1a0OpaTOPHOTO CTEHIY, a TaKOoX
KOPIIyCH amapariB, [0 0OpU HOPMAJIbHUX YMOBaX HE 3HAXOIATHCSA IIiJ
HaAIpPyTOI0, PalTOBO TMEPETBOPIOIOTHCS Y CTPYMOIPOBIIHI MPHU TOIIKOKEHHI
130J1A11111, HEHAIMHOTO KPIIJICHHS 3’ €IHYIOUHX JIPOTIB JIO0 KJIEM arapariB TOIIIO.

Enextpuunuii ctpyM (mocTiiHMN a00 3MIHHHME MPOMHCIOBOI yacToTu 50
I'n) cunoro Big 0,025 n0 0,1 A npu IpoXOKEHHI 4Yepe3 JIIOACHKE TLIO €
HeOe3neuHuM s KUTTs, Outein, HK 0,1 A - cmeprensHuM. CTpyM CHIIOIO
0,02... 0,025 A mapam3ye pyku (ix He MOXKHA BiFipBaTH BiA
eJIEKTPONPOBIAHUKIB), yCcKIanaHioe nuxanHs. Cwia ctpymy Omuspko 0,1 A Tta
OinbIe BUKIWKAE Mapaiid AuXaHHd, (QIOPWISAIII0 Ta TPUIUHEHHS POOOTH
cepus, mok. HaiOinpmn Hebe3meuHuM € MPOXOHKEHHS CTPYMY Yepe3 KUTTEBO-
BYUIMBI OpPraHd JIOJUHU - Ceplle, MO30K Ta AuxaibHi opranu. CTpymH, IO
POXOATh Yepe3 OKpeMi YACTUHU Tijia JTFOAMHH 30BHI, BUKIIMKAIOTh TPAaBMHU.

Cuna cTpymy, IO MPOXOJAUTH Yepe3 JIIOJUHY, BU3HAYAETHCS 32 3aKOHOM
Owma. 3 1pOTo BHUTIKAE, IO CUJIA CTPYMY 3aJICKUTh B HANPYTd AOTOPKAHHA Ta
onopy moaunau. [Ipunmyctuma Hanpyra JOTOpKaHHS BCTAHOBIIOETHCS HOPMaMU
3aJIE)KHO BiJ] XapaKTePUCTHUK YCTAaHOBOK Ta TPUBAJIOCTI Ali cTpymy. Omip Tija
JIOAVHHA 3HAYHOIO MipOI0 3aJIeKHUTh B NUIAXY MPOXOKEHHS CTPYyMY, CTaHY
Oprafi3My Ta YMOB HaBKOJHIIIHBOTO CEPEIOBHUIIA, ACSIKOK MIpOI0 - BiJ POy,
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3HAYEHHs Ta YacCTOTH CTpyMy. BiH 3MiHIO€ThCS BiA KiTbKOX cotux OMm 1o 3...
100 Om, a 0co0JMBO 3HUXKYIOTH OIIp BOTKE CEpeIoBHUINE, BOJOra IIKipa Ta
HAsIBHICTh Ha 1 MOBEPXHI MOIIKOJKEHb, @ TAKOXK BEJIMKA IO TOTOPKAHHS.

BianoBigHO 10 BUMOT TEXHIKM OE3MEKU B €JIEKTPOYCTAaHOBKAX OTOJICHI
JIpOTH, KiHLI KabeniB Ta muHU (HapOyioTh y neBHI Koiabopu. [Ipu mocrtiiHOMY
CTpyMi: TIO3UTHBHI - YEPBOHUM KOJHOPOM, HEraTHWBHI - CHUHIM. Y TpudazHuX
Mepexax: (azy A - xoBtuM, B - 3emenum, C - YEpBOHHM KOJHOPOM;
HEUTpaJIbHUM APIT He3a3eMJIeHUI - OLIUM, 3a3eMJICHHI - YOPHUM KOJIBOPOM.
JpoTH Ta MMHMA 3aXUCHOTO 3a3eMJIeHHs (PapOyrOTh HOPHUM KOJIBOPOM.

BupoOHuul mpumiiieHHs 3a CTyIeHeM HeOe3NeKH YpPaKeHHsI CTPYMOM
JIIATBCST HA TpPW KaTeropii: 0e3 MIABHINEHOI HeOe3NeKH, 3 IiJBUIINCHOI
HEOE3MEeKOI0 Ta 0COOIMBO HEOE3MEUHI.

JlabGopaTopHi TPUMIIIICHHS! YHIBEPCUTETY MOKHA BIJHECTH 10 KaTeropii
0e3 MmiaBUIEHOT HeOEe3MeKH, ajie HEOOXIIHO ITaM’ sATaTH, 10 0araro eJIeMEHTIB
cxemu J1abopaTopHOI YCTAHOBKH, JOCTYITHUX VISl JOTOPKAHHS, 3HAXOIATHCS i
HAIpyrow, a 4YacTUHHU, M0 00epTaloThCs, XO4ya W MarOTh B3araji 3aXHCHI
NPUCTPOI, yce K HE BUKIIOYAIOTh 3aXOIUIGHHS ' YacTUH OAsATy abo
MEXaHIYHOro ynaapy. ToMy cTyaeHTH B JlabopaTopii TOBUHHI BUSBIATH
BUHSATKOBY O0EPEXHICTh Ta JOTPUMYBATUCH TAKUX MPABUJI TEXHIKU O€3MEKU:

- 0Oe33amepedHo BUKOHYBATH BC1 BKa31BKHM BUKJIAJAaviB Ta JJAOOPAHTIB;

- OyTM AWCIMIUTIHOBAHMMH Ta YBaXXHUMH; 3HAXOJUTHCH OE3MOCEPEITHBO
01711 AOCIAHOT TabOpaTOPHOI YCTAHOBKH;

- 3a00pOHSAETHCS MIAXOIUTH J0 THIIUX YCTAHOBOK, PO3MOJUIBHUX IIUTIB Ta
NyJbTIB 1 pOOUTH Ha HUX OYyNb-SIKI YBIMKHEHHsI a00 NEpeMUKaHHS, BMHUKATH
CXEMy B MEPEXKY, SKIIO XTOCh TOPKAEThCS il HEI30JbOBAHOI CTPYMOBEIYYOl
YaCTHUHU; MPOBOJUTU SKI-HEOYAb MEpPEETHAHHS Y CXEeMl, 10 3HAXOAUTHCS Mij
HaIPYTOI0;

- TOPKaTUCS YacTUH, HI0 00epTarOThCs, a00 HAXUIISATHUCS 0 HUX OJM3BKO
mig 4ac poOOTH €NeKTPUYHOI MAIIMHHU; 3aldiiaTH 0e3 Harjsay jgadopaTopHy
YCTaHOBKY a00 OKpeMi MpHJIaJix M1/l HapyTo¥o;

- OJiT Mae OyTH 3aCTEOHYTHM, HE MaTH BIJILHO 3BHCAIOUYMX KiHIIIB mapdiB,
XYCTOK, JIAHITIOXKKIB TOIIO, a 3a4iCKM a00 ToJIOBHUHM yOip MOBUHHI BHKJIIOYATH
MO>KJIMBICTh MOTPAIUISTHHS BOJIOCCS Ha CTPYMOBE/Iy4l YACTHUHU;

- mpu pobOTI 3 JaOOPATOPHOI YCTAHOBKOK, IO 3HAXOJWUTHCS IIiJT
HAIPYTroi0, CTYICHT TIOBUHEH CTOSITH HA 130JISIIIHHUX TYMOBHX KUJIMMKAX, 10 €
01151 KOXKHOT 1a00paTOPHOT YCTaHOBKH;

- SKIIO CXeMa BKJII0Yae B ce0e KOHIEHCATOPH, TO MICHA il BUMKHEHHS iX
HEOOX1THO PO3PSAIUTH - 3aMKHYTH HAKOPOTKO BUBO/IY;



- TIpOo BCl TOMIYEHI BHUMNAAKH HEMOJAJOK Y poOOTI YCTaHOBKU Ta
MOPYIICHHS TMPaBWI TEXHIKM OE€3MEeKH CTYACHT IOBHHEH BiApa3y IOMOBICTH
BUKJIaJIavy;

- SKIIO TpamuBCS HEUIaCHUN BHMAAOK, JIa0OpATOPHY YCTAHOBKY CIIiJI
oJlpa3y BUMKHYTH, HaJlaTl TOTEPIUIOMY MEPIITy TOMOMOTY Ta MOBIAOMHUTH TPO
1€ BUKJIa1ayvy.

[HCTpyKTaX 3 TeXHIKM Oe3NeKH (PIKCYyeTbCs y CHElialbHOMY KypHami, Jie
KOXKHUU CTYJICHT PO3IMUCYETHCS MPO UOTO MPOXOIKEHHS.



Jlabopamoprna poboma Nel

JlocaigKeHHS eJIeKTPOMEeXaHiYHUX XapAKTePUCTHK ABUTYHA
MOCTIHHOI0 CTPYMY MOCJIA0OBHOIO0 30y/’KEHHS NPHU Pi3HUX PeKUMAX
po00TH PUBOAY POOOYOro OPraHy eJIeKTPOMEXaHIYHOI CHCTeMH

Mema po6omu: - HaOYTH MPAKTUYHUX HaBUYOK Yy 30MpaHHI PUHLIUAIIOBO
eNIEKTPUYHOI CXEMH  EeKCIEPUMEHTAIbHOIO CTEHAY JUIS  JOCHIIKEHHS
eJIEKTPOMEXaHIYHI XapaKTEePUCTHK JABHUTYHA MOCTIHOTIO CTpyMy HOCHiIOBHOTO
30yKEHHS MPU PI3HUX PEeKUMax poOOTH;

-IOCIIUTH €JIEKTPOMEXaHNYECKUE MPUPO/IHI Ta IITYUYHI XapaKTEPUCTUKH
JIBUTYHA TIPU PEryJbOBaHHI KyTOBOM IIBHAKOCTI OOEpTaHHS SKOpS 3a
JIOTIOMOT'0I0 3MiHU HAIIPYTH Ta OHOPY;

-OCTIIUTH TaJbMyBaHHI XapaKTEPUCTUKH JBUTYHA TPU AUHAMIYHOMY
pexumi poboTH,

-0/IepKaTH eKCTIIepUMEHTaJIbHE HiATBEPIKEHHS TEOPETUIHUM
BIJOMOCTSIM XapaKTePUCTHK JBUTYHAa TMOCTIMHOTO CTPyMy MOCJIIOBHOTO
30y I>KEHHS.

IlIpozpama pooomu
1. 3i6paTy TPUHIIMIIOBO €JIEKTPUYHOI CXeMy CTeHay 3rigHo puc. 1.1 i
MICJIA MEePEeBIPKU i1 BUKIIaJauyeM 3pOOUTH MPOOHUN MyCK JBHUT'YHA IMOCTIMHOTO
CTPYMYy TIOCIIJJOBHOTO 30Yy/I’KEHHS; TEpPEBIPUTH MOKIIUBICTh PETyJIbOBAHHS
KyTOBOl IIBHJIKOCTI OOEpTaHHS IBUTYHA 3a JOMOMOTOI0 3MIHM Hampyru Ta
OTI0pYy.
+ U=220B R § U=220B

' . i }
! —Lﬂ Qr2 Y

QF1 Y\

Puc.1.1.1IpuHIunoBa egeKTpuyHa cXxeMa CTeH/1a AJIs JOCIIKEHHS IBUTYHA
MOCTIHOTO CTPYMY MOCIiJOBHOTO 30y IKEHHS
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Jlaboparopuuii crenn (muB.puc.l.l) ckiamaeTbcs 3 MalIUH MOCTIHHOIO
CTPYMy 3 MOCJIIOBHUM 30y K€HHSM M1 Ta 3 He3alekKHUM 30yKyBadeM M2,
BUMIPIOBAIBHUX 1 PETYIIOIOUMX arnaparis.

2. 3anucatyd TAcMOpPTHI JaHl ABUTYHIB 1 JaHI BUMIPIOBAJIBHUX MPUIIA/IiB
Ta PETYJIIOI0YUX MPUCTPOiB B Tabmmiro 1.1.

Tabnuys 1.1
Texniuni xapaxmepucmuKku e1eKmpuiHux Mauiut, 6UMIpI06aIbHUX
npucmpoie ma anapamie

Ne/nn | HaiimenyBauHsI Ne/nt | HailimenyBaHHs

1 M1 —1BUTYH TIOCTITHOTO CTPyMY 4 | Ry, R; —peocrar
PHOM = _BT, UHOM = _B| R= 7,50M, | =10A
iow = TA; Miow = ____00/xs 5 | QF2, QF1 -aBToMaTHyHi BUMHKaYi
=70 |, = 25A, 1, =25A

2 G1 M2) —reneparop nocririnoro | 6 | Al, Al —amnepmetp 0-5/10A
CTpyMy 7 | A3, A4 —amniepmetp 0-5/10A
PHO}LI = BT; UHO}U = B;
| = An = o6/xB 8 | V1, V2 —Bonsr™etp 0-150/300B
n= % 9 | V3 —BomsrMerp 0-75/150B

3 TG —rtaxoreneparop
CTG= 06/xB ‘B

3. 3uaTH  faHl JUig MOOYJOBH MPUPOAHOI MEXaHIYHOI XapaKTEePUCTUKH
nsuryna w=f(M) (puc.1.2)ans cxemu BBiMKHeHHs1 R;=0, R, =oo.

4. 3uatd Aa”Hl A8 MOOYAOBH IITYYHUX MEXaHIYHMX XapaKTEPUCTUK
nsuryna w=f(M) (puc.1.2):

a) rpH 301IbIICHHI onopy koja sikops R7#0 (U=220B; R,=x).

0) nipu 3mini Harpyru U (R;=0; R,=; c=1ic< 1).

B) IIpY AMHAMIYHOMY T'aJIbMYBaHHI 3 caM030yIXKEHHSIM, JIe SIKip IBUTYHA i
0o0MOTKa 30y KeHHsI 3aMHUKal0Thes Ha pe3uctop R, R;=w.

03]

.

1

08 -

04 4

Puc.1.2. MexaHi4H1 XapaKTEepUCTHKHU JABUTYHA MOCTIIHOTO CTPyMYy 3
MOCIITJOBHUM 30YI>KEHHSIM
9



[Tpu nuHAMiIYHOMY raJbMyBaHHI HaBaHTaXyBaHHs MmamuHa M, (puc.1l.1)
BMUKAETHCS Y IBUTYHOBOMY PEXKHMI.

3MiHAa HaBaHTaXyBAaHHSA JIBUTYHA JOCSATA€THCS 3MIHOIO PE3HCTUBHOTO
Oropy HaBaHTa)XyBaHHA R, B skipHOMY Kot reneparopa (G).

Pe3ynbpratu BUMIpIOBaHb 1 PO3PAaXyHKH E€IEKTPOMEXaHIYHUX MapaMeTpiB
JIBUTYHA TIOCTIHHOTO CTPYMY MOCTIAOBHOTO 30y KeHHsI 3anucaTu B Tabm.1.2.

5. 3a nanumu Taba. 1.2y BiAnoBigHOMY MaciiTabl moOyTyBaTH MEXaHI4HI
xapakrepuctiku o=f(M) (muB. puc.1.2) nBuryHa U1 pi3HUX PEKUMIB pOOOTH.

Tabnuysa 1.2
Excnepumenmanvni ma po3paxynkoei 0aHi e1eKmpomexanivHux
Xapaxmepucmuk 08UZYHaA ROCMIIHO020 CIMPYMY 3 ROCII008HUM

30Y02CeHHAM
Howmep Hocmiani naHi Po3paxyHnkoBi agaHi
BHMipIO- U11 Il! |21 |31 U21 IH1 n, Pl! w Ml!

BaHHs B |A |A |A |B |A |o06lxe|Bt |panlc H.m
[Tpuponna mexaniuna xapakrepuctuka (R;=0, R,=o)

1...5
Hltyyna MexaHiyHa XapaKTepUCTUKA IPU 30UIBIIEHHI OMIOPY
( Ri#0 R,=)
1...5

[Ityyna MexaHiuHa xapaktepuctuka mpu 3mini Hanpyru U (R;=0, R =)
1...5
HITyyna MexaHiyHa XapaKTEePUCTUKA TPU JUHAMIYHOMY TaJlbMyBaHHI

(Rz=e0, R,=0)

1...5

6. [IpoananizyBaT miATBEPAKEHHS TEOPETUYHUX MOJOXKEHb Pe3yIbTaTaMH
EKCIIEPUMEHTIB.
7. CkJacTu 3BIT.

Teopemuuni nonoscenns ma memoOuyHi 6Ka3i6KU 00 6UKOHAHHA
eKCnepumMenmaibHol Hacmunu
JIBUTYHU TOCTIHHOTO CTPyMy 3 TMOCHIIOBHUM 30Y/UKEHHSIM UIMPOKO
3aCTOCOBYIOTHCSI B SIKOCTI €JIEKTPOIIPUBOIY TPaHCHOPTY (TpamBai, TposielOycH,
CIIEKTPOIIOI3I METPO M T.1.), IPHIBOMY CTPYM SKOPS CTPYM € CTPOMOM
30ymKeHHS 0= 14= 6.
EnexrpoMarHiTHU1 MOMEHT JBUTYHA MTOCTIMHOTO CTpyMy, H.M:
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M=ce.®.la=cky 1%, (1.1)

ne l, — cuna crpymy sikopsi, A; @ — MarHiTHUM TMOTIK MPOMOIIMHHUN CTPyMy
®d=K l,5; ce — pN2ra — nocTiiiHui eJeKTpOMEXaHIuHUN KOEDI[IEHT; P — YUCIIO
nap MoJjroCiB; @ —YUCIIO MapaeIbHUX TIOK OOMOTKHU SKOPSI.

EnextpopymriifHa cuia Ha 3aTHUCKayax SIKOpS JABUTYHA IIOCTIHHOTO
cTpymy, B:

=Ce. D.0, (1.2)

1€ ( —KyTOBA IBUJKICTH, paj/c.

Hanpyra asurysna noctiiiHoro crpymy, B:
U=E+IUr,+4U,, , (1.3)

ne AU, —nafiHHsA HapyTr'u B KOHTAKTI IITKa-KOJIEKTOp; LI, — Oomip Koja AKop,
Owm.
Hanpyra reneparopa noctiiiHOTO CTpyMmy, B:
PosrnsHemo mTy4yH1 MeXaH14H1 XapaKTEPUCTUKH.
1. Ilpu 30iibIeHH] onopy Koua skops (quB.puc.l.2,kpuBas 0)

U I +R,

k
Cekqb % Cely
CK,

w=

(1.6)

Onopu BMHKarOThCs B cxemi ipu R;#0; R, =o0.

2. I1pu 3mini Hanpyru (auB.puc.1.2,kpuBas g).

w=

cU >r
— a ] (17)
M cKk,
ck, [
C.K,
Pe3ucropu BMHKaOTLCS B cXeMi IIpu yMOBI, sikino R;=0, R ,=co.

KoedimieHT mponopIiifHOCTI ¢ 3MIHIOEThCA B Me&kax 3HaueHb ¢ < 1.

3. [lpu muHaMivHOMY rajbMyBaHHI i3 camo30ymkeHHsM (auB.puc.l.2,

KpHBas 2):
2r

—_ a

M —=———.
C2e@2(|) (18)

Sxip nBuryHa i oOMoTKa 30y KEHHS 3aMUKal0ThCs Ha pe3uctop R,
Ry=00.

11



U=E-l,[Ir;-AU,,. (1.4)

[IpuponHa MexaHiuHa XapaKTEPUCTHKA JBHUTYHA IOCTIHHOTO CTpyMy
noCIioBHOrO 30ymkeHHs (muB.puc.1l.2, kpuBas a) NpUYOMYy, Y CXeMi
(muB.puc.l.1)BBiMkHeHHs R;=0, R = :

U
w= _ 2 (1.5)
M cKk,
Ck, [
CK,

Memoouuni exazieku 00 po3paxyHKo6oi yacmuHu

EnexktpomarHiTH1 1 €JIeKTpOMEXaHIuHl MapamMeTpu BU3HAYAEMO 3TiTHO 3
OTPUMAHUMU JTaHUMH TPH EKCIIEPUMEHTAILHOMY JTOCIiPKEHH] TBUTYHA (IHB.
taoi.1.1).

EnexTpomarniTHa moTy»KHICTh P; BU3Ha4a€eThCA 32 GOPMYIIOIO:

P]_:U]_ll,BT. ()]_9

EnextpomaruiTHuii MoMeHT M7 —3a popmyoro:
M]_:P]_/O()H, H.m. (110)

KyToBa mBHUIKICTh ), BU3HAYAETHCS 33 (HOPMYJIOLO:
®,=n,/9,55 pan/c. (1.11)

KyToBa mBUAKICTh Y BITHOCHUX OJUHIIIX:
o*=wl v, , (1.12)

Je @ — MOTOYHA KyTOBa IIBUJKICTH SIKOPS JBUTYHA, paj/c.; @, — HOMiIHAJIbHA
KyTOBA IIBUJIKICTh MOCTIHHOTO CTPyMY, pai/c.

EnexTpoMarHiTHUII MOMEHT y BIIHOCHUX OJIMHIISIX:

M=MIM,, (1.13)

1e M —ToTOYHMIA €JIeKTPOMArHiTHUI MOMEHT, 110 PO3BUBAE ABUTYH, H.m;
M,= P,lw, —HOMIHAJIBHUI MOMEHT IBUTYHA, H.M.

[Tpu po3paxyHKy i TOOyIOBI MEXaHIYHOI XapaKTepUCTHKU w*=f( M*)
JIBUT'YHA HEOOX1IHO BUKOPHUCTOBYBATH peKkoMeHalii Ta pupasu (1. 1....1.13).

3anumanna 0na camonepegipku
1. Sk OynyeTbcs TpUPOJHA IIBUJIKICHA Ta MEXaHIYHA XapaKTEPUCTUKHU
JIBUTYHA TIOCTIHHOTO CTPYMY MOCTIIOBHOTO 30YIKEHHA?
2. Slxi cmocobu peryntoBaHHS IBUTYHA TOCTIOBHOTO 30YyIKEHHS BH
3HaeTE?
3. YoMy HempumycTUMH poOOTa JABUTYHA IMOCIITOBHOTO 30Yy/KEHHS Ha
XO0JIOCTOMY X017

12



Jlabopamopra poboma Ne2
JocaigkeHHsI eJIeKTPOMEeXaHIiYHUX XapPAKTEePUCTHK JIBUTYHA
NMOCTIAHOTO CTPYMY HE3JIeKHOI0 30y/IKEHHSI MPHU Pi3HUX peKuMAaX
po0OTH NPUBOY €JEKTPOMEXAHIYHOI CHCTEMH

Mema pobomu:- HaOyTH TIPAKTUIHUX HABUYOK y 30MpaHHI MPUHIIUIIOBO
CIIEKTPUYHOI CXEMH EKCIIePUMEHTaJbHOTO CTEHAY JJS  JIOCHIKCHHS
eJIEKTPOMEXAHIYHUX XapaKTEPUCTUK €JIEKTPONPHUBOIY 3 JABHUTYHOM MOCTIHHOTO
CTpyMy He3aleKHOro 30yxeHHs (JI1C) mpu pi3HUX peKUMax poOoTH;

-OCIIUTH €JIEKTPOMEXaHIuHl MPUPOJHI Ta IWITYYHU XapaKTEPUCTUKH
JBUTYHA TIPU PEryJbOBaHHI KyTOBOM IIBHAKOCTI OOEpTaHHS SKOpS 3a
JIOTIOMOTOI0 3MEHU HAIMpyTH Ta ONopy;

-NTOCIIUTH TaJbMyBaHHI XapaKTEpUCTHUKW JIBUTYHA: TPU TMPOTH
BMUKAaHHSM, JTUHAMIYHOMY Ta TEHEPATOPHOMY PEXKHMax poOOTH;

-oZIepKaTH eKCIIEPUMEHTAJIbHE MiATBEpKCHHS TEOPETUIHUM
BIJOMOCTSIM XapaKTEPHCTUK JBUTYHAa TIOCTIHHOTO CTPyMy HE3aJeKHOTO
30yI>KEHHS.

Ilopaooxk eukonanusa pooomu

1. 3i6paTy TPUHIIMIIOBO €JIEKTPUYHOI CXeMy CTEHIy 3rigHo puc. 2.1 i
MICJIA MEePEeBIpKU i1 BUKIIaJauyeM 3pOOUTH MPOOHUN MyCK JBHUT'YHA IMOCTIMHOTO
CTpyMy HE3aJEeKHOTO 30YyIKEHHS, MEPEeBIPUTH MOMKIMBICTh PETYIbOBaHHS
KyTOBOM MIBHAKOCTI OO€pTaHHS JBUTYHA 3a JOMOMOTOI0 3MEHU HAmpyru Ta
OrI0pYy.

JIaGopatopuuii creny (nuB.puc.2.1)ckiiagaeThes; aCHHXPOHHOTO IBUTYHA
(AM); wmamwHM TOCTiIHOTO CTpyMy He3aexHoro 30ymkenHs (G,MHM),
taxorerHepatopa (TG); perynmaropa Hamnpyru moctiiiHoro crtpymy (PHIIC)
(rpudazuuii aBrorpanchopmaropa (A7p) Ta Bumnpumisnd (B)); BUMIpIOBAIbHUX

1 pETyJIIOI0YMX araparis.
U=~220B

PU1

s /) S1 ﬁ

L5

Ay By G

(Lo N

Puc.2.1.1IpuHIunoBa eaexkTpuyHa cxeMa CTeH/1a AJIs JOCIIKEHHS IBUTYHA
MOCTIHOTO CTPYMY HE3AJIEKHOTO 30yHKCHHS

13



OOMOTKa SKOPSI MAIlIMHMA MOCTIHHOTO CTpyMy M cmomydeHna 3 0OMOTKOIO
skopss G - reHepaTopa TMOCTIHHOTO CTPyMy HE3aJICKHOTO 30y/KCHHS TaKUM
YUHOM, 1[0 MAIlIMHU YTBOPIOIOTh CUCTEMY «T€HEPATOP - ABUTYH.

2. 3anucaTy TACMOPTHI JaH1 JBUTYHIB 1 JaH1 BUMIPIOBAJILHUX MPUIAIIB
Ta PETYJIIOI0YUX MPUCTPOIB B Tabmuirro 2.1.

Tabnuys 2.1
Texniuni xapakxmepucmuku e1eKmpUYHUX MAWUH, 6UMIPDIOBAIbHUX
npucmpoie ma anapamie

Ne/nn | HaiimenyBaHHsI Ne/nt | HailimenyBaHHs
1 | M —aBuUryH nocTitHOTO CTpyMy 5 | TG —rtaxoreneparop
P.ow = _BT; U,on = _B; CTG: _O6/XB ‘B
Lion = A; Ny = __ 00/xB
5= . 6 | ATP—-aBrorpanchopmaTop
T TpudazHuit
U=0+250B; | =10A
2 | G — vrenepatop moctiitHoro | 7 | R, R —peocrar
CTPyMY R = 75 Om; Ry =15+125 Owm;
Piow=___ Bt;Uuu=__ B; | = 0+10A
liom = A; Ny =__ 00/xB 8 | QF1, QF2, QF3- aBromaruuni
n=___ . BHUMHMKAaUl
|, =25A
HM — nBuryH nocrtiitHOro ctpymy
3 |Pww=__BriU,,=__ B;
| = A Ny, = 06/xE 9 | Al, A2 —amnepmetp 5,10A
n=__.
10 | A3, A4, A5 —amnepmerp 1+2 A
AM — acHHXpOHHHI ABUTYH 11 | V1, V2 —BonsT™MeTp 150+300B
4 |Puw=__ Br;Uyy=__ B
liow=____ A Moy =____00/xB. 712 | V3 —pompr™erp 75+150B
CoSp= =

3. 3HaTH  JaHi g noOyJ0BU MPUPOAHOI MEXaHIUHOI XapaKTePUCTUKU
®,~f(M) nBuryna nocriitnoro crpymy M npu U=220B; R;=0 (puc.2.2,xpusa a).

4. 3uatu gani ans noOyAOBU INTYYHHX MEXaHIYHHUX XapaKTEPUCTUK
w=f(M) nBuryna M :

a) MEXaHIYHI XapaKTepUCTUKU ABUTYHA wr=f(M) mipu 301IbIICHH] OTIOpY
B ko skops npu U=220B;R;#0 (nuB.puc.2.2,kpuBa 6);

0) MexaHiyHI XapakTepucTuku aBuryHa wy=f(M) npu 3MmiHi Hampyru

U=var ( Ri=0) (muB.puc.2.2,xpuBa o) ;
14



B) MEXaHIuHI XapaKkTepucTuku aBuryHa wq=f(M) mpu reneparoprOMy
raneMyBaHHl U=22B; R1=01 Ry,,c=7,5+ 150mM (nuB.puc.2.2,xpusa o) ;

') MEeXaHI4HI XapaKTEePUCTUKU JBUTYHA -w,,=f(M) mpu raipMyBaHHS Ipo-
tuBMuKaHHIM U=22B; Ry, =15+ 30 OM (nuB.puc.2.2,kpuBa 2) ;

B) MEXaHIYHI XapaKTepUCTUKW JBHTyHa ,=f(M) mnpu nuHamMidHOMY
rampmyBaHHI U=0 B;Ry,,6 =0+ 15 OwMm; R=var (quB.puc.2.2,kpuBa e).

_—

W, pad/c/

2 R16001>0
N\ /
, s o
'M,H-M 0 IH,MH M,H.M
@ R 16002 R 13001 @
-, pad/c

a- IPUPOJIHA MeXaHiuyHa XapakTepuctuka w,=f(M); 6- mTyyHa MexaHi4Ha
XapaKTepUCTUKA IIPH TeHepaTopHOMy ranbeMyBaHHi wg=f(M); 6- mpu 30inbmenHi
ornopy B ko skopst wg=f(M); e- mpu raJibMyBaHHSI IPOTH BMUKaHHSM
@,s=f(M); 0- ipu 3mini Hanpyru wy=f(M); e- pu TUHAMIYHOMY TaJIbMyBaHHI
@,=f(M).

Puc.2.2.CiMeiicTBO MEXaHIUHUX XapaKTEPUCTHK EIEKTPOJABUTYHA
MIOCTIHHOTO CTPYyMY HE3aJIeKHOTO 30y IKCHHSI

Pe3ynbTaT BUMIpIOBaHb 1 PO3paxXyHKH €JIEKTPOMEXaHIYHUX IapaMeTpiB
JIBUTYHA MOCTIMHOTO CTPYMY HE3aJIeKHOTO 30y)KEHHS 3anucaTu B Ta0J1.2.2.
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Tabnuya2.2
Excnepumenmanvni ma po3paxynkoei 0aHi e1eKmpomexanivHux
XapaKmepucmuk 08UZyHa NOCMIiH020 CMPyMy 3 He3a1eHCHUM
30Y0)4CeHHAM

Howmep Hocmiani qaHi PozpaxyHnkoBi gaHi
BuMipro- | ls, [Uq, |14, [Uy |15 |N, Py, o) My,
BaHHS A |[B |A |B |A |o6lx¢| Br |pan/c |Hwm
[MpupoaHa MexaHiyHa xapaktepucTrka (Ry.s =0)

1....5
HlquHa MeXaHIyHa XapaKTCPUCTHUKA IIPHU T'€HEPATOPHOMY raJILMyBaHHi
(Ru06 =O;Ry05 =7,5+ 150m)

1...5

[IITygyna MexaHi4Ha XapaKTEPUCTUKA MPU 3MIH1 OMOPY B KOJI1 IKOPS
(RlIIO6 =7,5+ 15 OM)

1...5
ITyyra MexaHidHa XapaKTEPUCTHKA TP raIbMyBaHHS IIPOTH
BMUKaHHAM (Ry,0s =15+ 30 Om)

1...5

[ITyyna MexaHiuHa XapaKTEPUCTUKA MIPU MPHU 3MiHI HAIPYTH
(Rizos =0; U=170-180Ta U=150-160B)

1...5

[ITyuyHa MexaHi4Ha XapaKTePUCTHUKA TP MIPH AUHAMIYHOMY
ranbMyBaHHI (Ryu05 =0;Ry05 =150Mm)

1...5

Teopemuuni gioomocmi
[IIBuaKicHa XapaKTEPUCTHKA EIEeKTPOABUTYHA TIOCTIMHOTO CTPyMy €
3QJICKHICTIO KYTOBOI IMIBUIKICTH @ BI CTpyMy B 0OMOTII sikops |, mpu
HE3MIHHOMY CTpyMi 30y/KEHHS 1 HOMIHAIBHIN MiABEACHIN HaMpy3i.
PiBHstHHS mBHAKICHOT XapakTtepuctuku w= f(l,) Mae BurIs:
CUZU _la(zra"'RmOﬁ): U 2R

- . ,
Ce@ Ce@ Ce@ (2 . 1)

ne C, = pN/ (2ra) - nocriiini koedirieHTr; @ - OCHOBHHI MarHiTHUH MOTIK, BO;
IR =[0r,4R1y,5, - €IEKTpUYHUIN OMIp KOJIa SIKOPs eneKkTpoaBuryHa Ow; r-
omp OOMOTOK B JIAHIIO31 SIKOpPs, MPUBEACHUN 10 podouoi temmeparypu, Owm;

Ri006 - TOTaTKOBU OITip, BKIIFOUCHHUH B JIAHIIOT SKOPS €IEKTPoABUTYHA, OM.
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EnekrpomexaHiyHa  XapakTEpUCTUKA  €IEKTPOJABUTYHA  IOCTIMHOTO
CTPYMY € 3QJICKHICTIO KyTOBOI IIBUIKICTH @ BiJl MOMEHTY M Npu HE3MIHHOMY
cTpyMmi 30yKEHHS 1 HOMIHAIBHIN MMiIBEACHIN HaIpy3i.

PiBHsIHHS MexaHIYHOI XapakTtepucTuku o = f(M) mae Bursi:

w=" M R
c. @ c’e @? (2.2)

ne M=ce.l,.@ - enekTpoMarHiTHUII MOMEHT JIBUTYHA MOCTIMHOTO cTpymy, H.M:
VY pexumi 11eanbHOro X. X. CTpyM y Koui sikops |, = 0, a, oTxke, 1 MOMEHT
M = 0, ToMy KyTOBOT IBUKICTH B PEXKUMI i7ieabHOrO X. X. (paza/c):
wo = Ulc,D. IR.
TakuM YMHOM, PIBHSHHS IIBUJKICHOI 1 MEXaHIYHOI XapaKTEePUCTUK
MO>KHA 3BECTH 10 BUTIISALY:
w =wqgA o, (2.4)
ne Aw - 3MiHa KyTOBOI IIBUIKICTH, BUKJIMKaHA HABAaHTAXXCHHSM JBUTYHA, paj/c.
3anexHIicTh Aw BiJ CTPyMa HaBaHTAXEHHSIM BU3HAYA€THCS BUPO30M:

Aw=-1,0R /(c,D), (2.5)
a 3aJIeKHICTh Aw BiI[ MOMCHTY HaBaHTAXXCHH ABUI'YHA Mac€ BUTJIS .
Aw =-MOR/(E,D7). (2.6)

Takum unHOM, sk I1i¢ BuUTiKae 3 (2.4), MBUAKICHA Ta MEXaHiYyHA
XapaKTePUCTHKHU €JIEKTPOJBUTYHA TapajelibHOTO (He3aJIe)KHOT0) 30Y/DKCHHS €
NpSMUAMH JTiHisIMU (TUB.puUC. 2.2).

Bupasu (2.5) i (2.6) moka3yroTh, IO 3MiHa KYTOBOi IIBHIKICTH
CJICKTPOJBUTYHA, OOYMOBJICHAa 3MIHOKO WOTO0 HABaHTAXKEHHSA, € TPSIMO
MPOTOPIINHOK EJNeKTpUYHOMY omopy koia sikops [IR = [Ir, +R,,,. Tomy
HaliMeHIIoOMYy oropy kona sikops [IR = [Jr, BiamoBigae HaliMeHIa 3MiHa
KyTOBOi MIBUIKICTH Aw. B 1poMy BuUNAAKy MBUIAKICHA 1 MEXaHIYHA
XapaKTEPUCTUKNA  CJEKTPOABUTYHA €  HAWOUIhII  JKOPCTKMMH.  Taki
XapaKTePUCTHKU HA3MBAIOTh NMPHPOIHIMH (KpuBa a). SIKIIO X y KOJO SKOPS
BBECTH JOJATKOBW omip, To0TO, sxmo [IR = [Ir, + Ry, TO BmIuB
HABAHTAKCHHA Ha BeMWYMHY A@ cTae OUIBII 3HAYHUM, XapaKTEPUCTUKH
CJICKTPOABUTYHA CTAIOTh M AKHUMH 1 X KyT HaXWIy 10 O0C1 a0CIUC 30UIbIIYETHCS
(xkpuBi 6 i 2). Taki XapaKTepUCTUKN HA3UBAIOTh IITYYHHUMH (PEOCTATHHMH).

Bci xapakTepuCTUKH €IeKTPOABUTYHA HE3AJICKHO BiJ BEIWYHHH OIMOPY
KOJIa SIKOPsI TICPETHHAIOTHCS B TOYII iI€ATbHOTO X. X. (MPUKOPIOHHOI KyTOBOT
IIBUJIKICTH ). [T0SCHIOETRCS 1€ THM, IO MPH 11€aTbHOMY X. X. CTPYM sKops |,
1 MOMEHT M NOpIBHIOIOTh HYNIO, a TOMY 3MiHa KyTOBOi mBUAKICTH Aw =0

(muB. (2.5)i (2.6)).
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Sx HaromomyBajocs, IMIBUAKICHI 1 MEXaHIUYHI XapaKTepUCTUKU
CJIEKTPOBUIYHA TIOCTIHHOTO CTPYMY MapalieIbHOTO (HE3aJICXKHOTO) 30y DKCHHS
€ npsamoJiHidaumu (auB. (2.4)).VY 3B'I3Ky 3 1IUM, MOJIOKEHHS OYb- AKOI 3 IIHX
XapaKTePUCTHK BHU3HAYAETHCA JBOMAa Toukamu. OMHIEID 3 HHUX € TO4YKa
171eaTbHOTO X. X. 3 KoopAuHaTamMu wo 1 |1, = 0 abo M = 0, a apyroro - Touka
HOMIHAJILHOTO HABaHTAXXEHHS B JIBUTYHOBOMY (OCHOBHOMY) peXHMI 3
KOOPJIUHATAMH 0,0y, 1 laoy @00 Moy SIKIIIO B KOJII SIKOPSI HEMAE TOAATKOBOTO
omopy ([1R=[Ir,), TO KOOpPAWHATH TOYKA HOMIHAJILHOTO HAaBAHTAKEHHS
BU3HAYAIOTHCS MACTIOPTHUMH JTaHUMH JJIEKTPOJIBUTYHA. SIKIIO K B KOJIO SKOPS
BKIItoueHO goxatkoBuit omip (IR = [Ir, + Ryy,s), TO IPU HOMIHAILHOMY CTPYyMi
AKOPS |40 KyTOBOT IIBHAKICTH (paz/c):

u,, | 2r, +
C()H(m - C()H(m HOM am"( a Rl()o()) )
“ “ U, —l. 2r,

HOM Q0

(2.7)

JUis ~ ABUTyHIB  MOCTIMHOTO  CTpyMy MapajenbHOro  30yIKEHHS
MOJKJIMBUMHU € TaKi peXUMH poOOTH (IuB.pHcC.2.2):

a- mpupoaHa MexaHiyHa xapaktepuctuka o,=f(M) (I- kBagpanT);

O
wg=f(M) (I - xBagpanr);
npu 30ibIIeHHI onopy B kKo skops wg=f(M) (I- kBagpanr);

ITY4YHa MEXaHIYHa XapaKTepUCTUKa MIPU T€HEPATOPHOMY rajibMyBaHH1

8
2- TIpY TaJIbMyBaHHS MPOTH BMUKaHHIM @,,—f(M) (IV- kBagpanr);
0
wy=f(M) (I- xBagpaHnrT);
e- Ipu AMHaMiYHOMY TanbMmyBaHHI @,=f(M) (II- xBagpanT).

IpY 3MiHI HAPYTH Mepexu (PeryitoBaHHs KyTOBOI IIBUIKICTH SIKOPS)

I'enepamopne 2anvmyeanns 3 giooauero enepeii 6 mepexcy
(pexynepamuene).

Take rambMyBaHHS 3MIMCHIOETHCS MPU KYTOBOI IIBHIKICTH SKOPS, IO
MIEPEBUIIY€ YACTOTYy OOEpTaHHS 17€aTbHOTO X. X., TOOTO, MpU > wo, B 11bOMY
Bumnaniky EPC sikopst E, ctae OinbIioro 3a Hanpyry mepexi U, 1 cTpyM sKops
3MiHIO€ CBiil HarpsM (MTOPiBHSHO 3 HANIPSIMOM B PyXOBOMY PEXHMi), TOOTO, CTa€e
HETaTHBHUM:

-1.=(Es-U,) R, (2.8)

VY 3B'I3Ky 31 3MIHOIO HaMpsIMy CTPYMY SIKOpsS 3MIHIOE€ CBIf Hampsm
eJIEKTPOMArHITHUH MOMEHT €JIEKTPOJIBUTYHA i CTA€ TAIbMiBHHUM.

XapakTepUCTUKH ENEKTPOJABUTYHA B LIbOMY PEXHMI € TPOJOBKEHHSIM
XapaKTePUCTHK B JIBUTYHOBOMY PEXHMI, PO3MILIYIOTbCA B JAPYroMy KBaJpaHTI
ocell KoopAMHAT. PIBHSHHS XapakTEpPUCTUK B TajJbMIBHOMY T'€HEPATOPHOMY
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peKUMI Ma€ BUIIISAM, aHajoriuauid (2.4), aje BenuunHa A B IIbOMY BHITQJIKY
HaOyBae HeraTuBHOTO 3HaKy [auB. (2.5)1 (2.6)]:
® = w o (-Aw)= wetAw. (2.9)
JlisT TambMiBHOTO TEHEPATOPHOTO MOMEHTY TPHUITMHSAETHCS, SIK TUTBKU
KyTOBOi IMBUIKICTH SKOPS, 3MEHIIYIOUHCh, JOCATHE KyTOBOI IIBUIKICTH
1I€AJIHOTO X. X.

I'anvmyeanna npomu éKi04eHHAM

Take rampMyBaHHS BiIOYBAa€ThCA y TOMY BHIIQJIKYy, KOJIH OOMOTKH
eJIEKTPOJIBUTYHA BKIIFOUEHI JJISi OJTHOTO HANPSIMY OOEpTaHHS SKOPsI, a IMiJT i€
SAKUX-HEOY/Ib 30BHIINIHIX NMPUYUH SIKIp OOEPTAETHCA B MPOTUIICKHY CTOPOHY.
Hampuknan, Ko eneKTpoABUTYH BKIIIOYEHO 1Jisi oOepTanHa OapabaHa, Ha
KU HAMOTY€ETHCS TPOC 3 BAHTAXKEM, alie BETMYMHA [[bOTO BAaHTAXy € HACTUIBKU
BEJIMKOIO, 110 MiJ AI€I0 HOro CHIIM TSKIHHS BaHTax omyckaeThcs. [Ipu mpomy
Oapaban obepTaeTbcsi y OIK pPO3MOTYBaHHS TpOCa, 1 fAKIP EIEKTPOIBUTYHA
00epTaeThesl 3yCTPIYHO EIEKTPOMArHITHOMY MOMEHTY, SIKHA B ITUX YMOBaX CTae
TaIbMYFOYHM.

Takuii ke peXuM TraabMyBaHHS MPOTUBKIIOUEHHSIM CIIOCTEPIra€ThCs
TOJI1, KOJIU IS IIBUJKO1 3YyITUHKH SIKOPS €JIEKTPOJIBUTYHA MIEPEMUKAIOTH IPOTH,
0 TPUEAHYIOTBCA JO BHUBOAIB OOMOTKH SIKOpS, TOOTO 3MIHIOIOTH HaIpsM
CTPYMYy B OOMOTIII SIKOPSI.

OCKiTbKH B peXHUMI TaJIbMyBaHHSI MPOTUBKIIOYEHHAM OOEPTAHHS SKOPS
B1I0YBa€ThCsl B O1K, MPOTHICKHHM, MOPIBHIHO 3 OOEPTAaHHSM Y JBUTYHOBOMY
pexumi, To EPC sxopst 3MiHIO€ CBIM HampsM 1 A€ 3TiAHO 3 MPUKIAJACHOIO J10
KOJIa SIKOpSl HApyTrolo. B IIuX yMOBax CTpyM SIKOpS:

Li=E,+U) R (2.10)

To6To cTpyMm siKOps B pEXHUMI TajJbMyBaHHS HPOTHUBKIIOYCHHSIM €
OUTbIIMM, HIX B JBUTYHOBOMY pexumi. lI[o6 oOmexutu crpym sikops 10
3HAQUYCHHS I, > 1,51 0m; B KOJIO SIKOPSI HA YaC rajabMyBaHHS BKIIOYAIOTh
JOAATKOBHM OITIp.

['anpbMyBaHHS JABUTYHA BiJIOYBa€ThCs JO MOBHOI 3ynmuHKH sikops (w= 0).
SKmo K y 1€l MOMEHT eJeKTPOABUTYH HE BITKIIOYUTH Bif MEpexi, TO
BiIOYZEThCS peBepC ABUTYHA, TOOTO MOYHETHCS MOTO 0OEPTaHHS B MPOTUIICKHY
ctopony. Ilpu oMy eneKTpoMarHiTHUII MOMEHT €JIEKTPOJBUTYHA 3HOB CTaHE
TaKuM, 10 00epTae.

XapakTepUCTUKH €JEKTPOJABUTYHA B PEKMMI TaJbMyBaHHS MPOTUBKIIO-
YEHHSM PO3TAIIOBYIOTHCS B YETBEPTOMY KBaJIpaHTI OCEH KOOpPAMHAT 1 €
TIPOJOBKEHHSIM XapaKTEPUCTUK IBUTYHOBOTO PEKHUMY.
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Jlunamiune 2anvMy6anns e1eKmpoosuzyna

BinOyBaeThcs mpy BiIKIIFOYEHHI OOMOTKH SIKOPSI BIJl MEpEXi 1 3aMHKaHHI
il Ha geskuit omip Ry,. OOMOTKa 30yIKEHHS MPU LIbOMY 3aJIMIIAETHCS, K 1
paHiiie, MIAKIIOYEHO 10 Mepexi. SKip eleKTpoABUIyHA IPOJIOBXKYE
o0epTaHHA 3a paxyHOK CHJ 1HepIii, ToOTO 3a paXyHOK KHHETHUYHOI eHeprii,
3araceHoi B 4YaCTHUHAX, IO 00EpTal0ThCs, CUCTEMHU JIEKTPONIPUBOAY. Y pexUMI
JUHAMIYHOTO TaJbMyBaHHS €JIEKTPOJBUTYH TMEPEXOAUTh B TEHEPATOPHUMN
PEXUM, aje eHepris, 0 BUPOOISETHCS MPHU IIOMY, HE BIIA€THCS B MEPEKY, SIK
[[e MaJI0 MiCIle B PEXHMi T€HEPATOPHOTO TalbMyBaHHS, a MEPETBOPIOETHCS B
TEIJIOBY €HEPrito, BUAUIII0UNCh Ha oropl [IR= [, + R,y -

Y pexumi nuHamiuHOrO TajmbMmyBaHHsS EPC sKkops He 3MIiHIOE CBOTO
HAnpsIMy B TIOPIBHSIHHI 3 PYXOBHM PEXUMOM, ajlie OCKIIbKM Hampyra mepexi U,
= 0, To CTpyM sIKOpsI, 3MIHMBIIN CBiii HampsiM, jaie 3rigHo 3 EPC sxops (a He
npotu EPC, sk 11e BinOyBaeThcs B ABUTYHOBOMY PEXHMi). [HITUMU ClIOBaMH,
CTPYM SIKOPSI B PEXUMI TUHAMIYHOTO TAJIbMYBaHHS Ma€ HETATUBHUM HATPSIM
(puc. 2.2,npyruii KBaapaHr).

Y 1bOMy pexHUMi CTPYM SKOPSI:

1=(0-E.)/ R, (2.10)
ne [JR=0r, + R .. a ranbMiBHuM MoMeHT (H .Mm):
M= 0w ILR (2.11)

€, SIK 1 CTPYM SIKOPSI, HETaTUBHHM.

3 Bupasy (2.11) BuxoauTth, MO TadbMYyBaHHS SKOPSI BilOYBa€eThCS 0
MOBHOI 3yMMUHKH sIKOPs1, ToOTO 710 @0 = 0.

XapaKkTepUCTUKU EIEKTPOJBUTYHA B PEXKHUMI JHHAMIYHOTO TalbMyBaHHS
BUXOJISITh 3 TIOYATKy KOOPIMHAT 1 PO3TAIIOBYIOTHCS B IPYroMy KBajpaHTi. I3
30UTBIICHHSAM OTIOPY R oy KOPCTKICTH IIUX XaPAKTEPUCTUK 3MEHIIIYETHCS.

PiBHSHHS ~XapaKTepUCTHUK B pEXHUMI JAUHAMIYHOTO TaJbMyBaHHS
oTpuMyIOTh 3 (2.4). Ane, OCKIIBKM B IOMY pPEXKHMi €IEKTPOABUTYH
BigkroueHuit Bix mepexi (U, = 0), 70 wp = 01 ToMy piBHSHHS pUAMAa€e BUTIIS

w = -Aw. (2)1

[Tpu pospaxynky Aw mo (2.5) abo (2.6) crpym sKops NpuiiMaroTh
HETaTHBHUM, TOMY BeJIMYMHA A@ CTa€ HETaTUBHOIO 1 3 ypaxyBaHHSM 3HaKy
minyc B (2.12) piBasHHS HaOyBae BuIIsay w=Aw. Ilpu mo0yI0BI
XapaKTePUCTHK MJS PEXUMY AMHAMIYHOTO TajbMyBaHHS 4acToTa OOepTaHHS
BIJIKJIaJA€THCS B TIO3UTUBHOMY HAIpsimMi oci opauHar (puc. 2.2).

Bukmagene mpo pexUMH  €IEKTPOABHTYHA TMOCTIHHOTO  CTPyMy
napajaebHoOro (He3ae)KHOro) 30y/KEHHS UIOCTpyeThes Tadm. 2.3, ae s
PI3HUX PEXKHUMIB CTPIIKAMHU TOKa3aHO B3a€EMHI HaNpsMu Hanpyru mepexi U,
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EPCsxops E, 1 maginas Hanpyru B komi sikops |,R. Tam xe HaBeneHo Bupasw,
110 BU3HAYAIOTh CTPYM SIKOPAI.

Tabomung 2.3.
Pexumu poboTu U, = la R la
eIIEKTPOIBUIYHA
JIBUTYHOBUI N « « la = (E.-U,)/R
[enepaTopHwHii N « s -la = (E,-U,)/R.
ranbMiBHUM
lanemyBaHHS N N «— la = (E.,+U,)/R
IPOTUBKIIIOUEHHSAM
JuaamMivuamii 0 « -la= (E,+U,)/R
ranbMiBHUM
KopoTkoro 3aMuKaHHs N 0 « l.=U,/R
(0 = 0)
IneansHOrO X.X. (W=0) s - 0 o =0

Pekomenoauii no excnonamauii cmenoy npu 00caioyiceHni
enekmpomexaniunux xapakmepucmux JAIC

JlaGopatopHiii cTeHn A JTOCIIIKEHHS €JIEKTPOMEXaHIuHUX
XapaKTEPUCTUK JBUTYHA TIOCTIHHOTO CTPyMy HE3QJIEKHOTO 30YKEHHS
CKJIAJIAETHCS 3 MBSITHOX €ICKTPUIHUX ManmH (puc. 2.1):

- M-enexTpoABUTYHA TOCTIHHOTO CTPYMY HE3aJIEKHOTO 30yIKCHHS
(mocmimKyBaHUI €EKTPOIBUTYH);

- HM-Mamiiay  HaBaHTaKEHHS (IBUTYH TIOCTIHHOTO CTPyMYy
HE3AJICXKHOTO 30Y/PKEHHS, MEXaHIYHO CIOIY4eHOT 3 eJCKTPOABUTYHOM M);

- G- MamMHM TOCTIMHOTO CTPYyMYy HE3QJIEKHOTO  30YIKEHHS
(reHepaTop MOCTIHHOTO CTPYMY);

- AM-1tpua3HOro AacCHHXPOHHOTO JBHUTYH 3 KOPOTKO3aMKHYTHM
POTOPOM, MEXAHIYHO CIOJIYUYEHOI 3 T€HEePaTOPOM MOCTiitHOTO cTpymy G.

- TG —raxoreneparopa.

BBimMKHEHHsI B Mepexy Tpu(da3sHOi aCMHXPOHHOI MAIlMHU BUKOHYETHCS
aBTOMaTHUYHUM BuMHKadem QF1.

OOmMoOTKa sgKOps TeHepaTopoM mocTiiHoro crpymy G crnonydeHa 3
0OMOTKOIO JBUTYHA SIKOpSL M TakuM YKMHOM, 1[0 MAIIMHU YTBOPIOIOTH CUCTEMY
«TEHepaTop - IBUTYH.

Jna 3miHM cTpyMy 30Yy/UKEHHsSI TreHeparopa mocTiiHoro crpymy G
BUKOPUCTOBYBATETCSL PEryisitop Hampyru moctiiaoro crpymy (PHIIC) sxwmii
BUMHUKaeTca dyepe3 aBromatnunuid Bumukaud QF1. Kona sixopss renepatopa

nocTiiHoro ctpymy G Ta ABUTYH MOCTIHHOTO CTpyMY M 3aMUKaOThCS KITIOUEM
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K1. Ctpym B 1poMy KOJII BHUMIPIOIOTH amiepmerpom Al, a Hampyra -
BoJbTMETpOM V1.

BBiMKHEHHST B Mepexy OOMOTOK 30y/keHHs ABUTYHIB M Tta HM
BUKOHYETHCSI aBTOMAaTUYHUM BuMukauem QF2.

Jliiss 0OMeKeHHs yCKOBOT'O CTPYMY B JIAHI[I031 SIKOPsI eeKTpoaBUryHa M
BKJIIOYEHO, JIBO3ATUCKHUN TYyCKOBHMl peoctaT Ry Y  Komo  skops
HaBaHTa)XEHOTO nBUryHa HM BkIoueHi BoiapTMETp V2, ammepmerp A2 Ta
nonatkoBi onopu R,. 3a momomororo kimroya K2 11 ONMOpY MiJKIIOYAIOTHCS 10
qep3i.

JJist BUMIpIOBAHHS YaCTOTU OOEpTaHHS JOCIIKYBAHOTO 3JIEKTPOABUTYHA
M B ycTaHOBI 3acCTOCOBYeThCs TaxoreHepatop 7G 3 BHUMIPIOBaIbHUM
npuiagoMm  (BorbTMeTp V3) «00/XBY».

JUis ~ CTBOpEHHS  PI3HUX  PEXUMIB  poOOTH  JOCHIIHKYBaHOTO
eJIEKTPOIBUTYHA M MIHSIOTH YMOBHU POOOTH MAalllMHU HaBaHTakeHH HM: To
BOHA BUKOPHCTOBYETHCS SIK TEHEPATOp HABAaHTAXKEHHS (epeMukad SlcTaHOBSITH
B TOJIOKEHHS | ) JUIsl eJIEKTPOJBUTYHA B HOrO JBUTYHOBOMY (OCHOBHOMY)
pexHMI, TO SIK enekTpoaBuryd HM (mepemukay Sl cTaHOBSATH B mostoxkeHHs |l ),
110 MPUBOAUTH E€IEKTPOJABUTYH M B KYTOBOK MIBHAKICTIO @ > @ o, TOOTO
NIEPEBOJATH MOTO B TEHEPATOPHUM PEKUM.

OsnaitfoMuBIIMCh 13 OyI0BOIO J1TAOOPATOPHOIO CTEHAY, MPU3HAYCHHSIM
TUX, 110 BXOJSITh B HEl, KOMYTYIOUUX 1 PETYIIOIOUUX MPHUCTPOIB, a TAKOXK 13
NPU3HAYEHHSM KOKHOTO BHMIPIOBAJILHOTO TPUJIAAy 1 OTPUMABIIM JTO3BLI
BUKJIaJlaya, TOTYIOTh JIA0OPATOPHY YCTAHOBKY /10 TPOBEACHHS TOCII/IIB.

Hacamnepen mnepeBipsAOTh TMOJOKEHHS BCiX BHMHKAYiB, KIIOYIB 1
nepemMukayiB. Bei 1i mpUCTpoi MalOTh 3HAXOAUTHCS B MOJOKEHHI «BUMKHEHO.
[ToTimM 3amMuKarOTh aBTOMaTHYHUI BUMHKad QF2.

VYBIMKHEHHSM aBTOMATHYHOTO BuMHKadya QF2 momaroTh Hampyry B KOJIO
aKopsi enektpoaBuryna HM, 1 BiH npuBoguThes B obepranusa. Kmou K1 npu
IbOMY TIOBUHEH OyTH 3aMKHEHH.

Jani 0na nobdyoosu npupoonHux xapakmepucmuk 3HIMAIOTh IpU
HOMIHAJIbHIN Hanpy3i mepexi U,= U,,,, HOMIHaJIbHUX 3HAYCHHSIX CTPyMY
30y/)KEHHsI B JOCIIPKYBAaHOMY €JICKTPOJABUTYHI M 1 T€HEpaTopy IMOCTIMHOTO
ctpymy G 0e3 101aTKOBUX OIMOPIB y KOJi AKOps enekrpoasuryHa M (kmou K1
3aMKHYTO).

3HIMaHHS JaHUX MOYHMHAIOTHh 3 PEXKUMY T'€HEpaTOPHOTO rajibMyBaHHA 3
BIJIAUCI0 €HEPrii B MEpeXxy, a MOTIM IMOCTYIOBO MEPEXOJITh B JBUTYHOBUI
(ocHOBHMIT) pEXUM, a TOTIM TaJIbMIBHUH pPEXHM MNPOTHUBBIMKHEHHIM. Jlis
I[LOT'O JIIFOTh TAKMM YUHOM. Perynsropom Hanpyru noctiiinoro crpymy (PHIIC)
30UTBIIYIOTH CTPYM 30Y/IXKE€HHsI reHepaTopy noctiiHoro crpymy G. Ilpu nibomy
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eNIeKTpoABUryHa HM TMOYMHAE MPAIfOBaTH B PYXOBOMY PEXHUMI 1 pO3raHse sKIp
CJEKTpOABUTYHA M 110 KYTOBOi MIBHUAKICTH X.X. @g. 1Ipo JOCATHEHHsS TakKoi
KYTOBOi IIBUJIKICTH CBIIYUTUMYTh HYJIHOBI NMoka3zHHS ammnepmerpa Al. [Totim
KyTOBOi ~IIBHJAKICTH TOYMHA€ TIEPEBHUINYBATH o 1 JOCHiIKyBaHUH
eJIEKTPOJIBUTYH TMEPEXOJUTh B T€HEPATOPHUN PEXHUM MPU LIOMY CTPYM SKOPS
M ctae HEraTUBHUM.

Y pescumi zenepamopnozo canemyeannsa 3 Bigaaueio €HEPrii B MEPEKY
JOCTIKYBaHUN €JNEKTPOABUTYH M Tpalloe B peXUMi TeHepaTopa, MallldHa
HaBaHTa)XeHHs HM — B pexuMi JBUTYHA, MAIlIMHA MOCTiitHOTO cTpymy G. — B
peXKHMiI TeHepaTopa, acMHXpOHHa MammHa AM — B peXuMi JBHUTYHA.
Enextpoeneprist 3 Mepexxi 3MIHHOTO CTPYyMY MEPEAAETHCA B MEPEKY MOCTIMHOTO
CTPyMy, YaCTKOBO BUTPAYAIOYUCh HA MOKPHUTTS BTPAT B €JICKTPUUYHUX MAIIUHAX
71a060paTOpPHOT YCTAHOBKH.

JIOBIBIIIM KYTOBOi MIBUAKICTH J0 MPHUITyCTUMOTO 3HaYeHHs (3a3BHYail He
ounpmre 1,3 w,,,,) TpU CTPyMi SIKOPSI B KOJIi €JIeKTpoABUTYHA M, He Oiibimomy 3a
1,25 1,,,, Perymaropom nanpyru (PHIIC) mocTymoBo 3MEHIIYIOTh CTPyM
30y/KeHHsI MalrHa rnoctiiiHoro ctpyMmy G. Ilpu nibomy dactora obepTaHHS i
CTpYM SIKOpsI €JEKTpOABHTYHa M TOYHYTH 3MeHmryBatucs. Ilpm KyToBii
MIBUJAKICTH W<wo PEKUM TE€HEPATOPHOIO TaJbMyBaHHS MPUIHHIETbCA 1
MOYMHAETHCS PYyXOBU (OCHOBHUIT) PEKUM €IEKTPOJIBUTYHA M, a CTpyM SKODS,
NPOMIIOBIIM Yepe3 HYJIbOBE 3HAYEHHS, 3HOB HapocTae (y MO3UTHBHOMY
HarpsMi).

Tenep mammmHa MOCTIHHOTO CTpyMy M TpaIloe B TEHEPATOPHOMY PEXKHMI,
MaIIfHA TOCTIHHOTO cTpyMy G — B pyXOBOMY, aCHHXpOHHA MamuHa AM — B
TeHEepaTOPHOMY, BiJJIal0Oud EHEprilo B Mepexy TpudazHoro crpymy. Crtpym
30yIKeHHA |,5G) MalMHa MOCTIHHOrO cTpyMy G 3MEHIIYIOTH 10 THX HIp, IOKU
CTpyM SIKOpSL AOCHI)KyBaHOTO JBUTyHa M He JOCATHE 3HA4YeHHS, IO He
nepesunrye 1,251,

Taxum yuHOM, naH1 175 MOOYAOBH MPUPOJHUX XapaKTEPUCTUK 3HIMAIOTh
JWIIe B JBOX pEXKHMax. TEHEpaTOPHOMY TaJbMIBHOMY 1 JIBUTYHOBOMY
(ocHoBHOMY). JIIs1 KOXKHOTO 3 LKX PEKHUMIB CJiJ 3pOOMTH HE MEHIIE II'SITH
BUMIPIOBaHb 3aHECTH iX B Ta0d. 2 .2.

HlIsuokicny xapaxkmepucmuky o=f(ly) OyaywoTs Oe3mocepeaHbO 3a
nocmigaumu qaaumu. 1o x 1o mexaniunoi xapakrepuctuku o = f(M), To mus i
noOynoBM HEOOXIIHO 3a3Jaleriib po3paxyBaTH psJ 3HAY€Hb MOMEHTY,
BIJMOBITHUX BUMIPSIHUM 3HAUEHHSM CTPYyMY SIKOPSl JOCHIKYBAaHOTO IBUTYHA
(m1st Ri= 0),1 3anect ix y Tadmu. 2.2.

JIJ1s TEOPETUYHOTO PO3paxyHKy MOMEHTY MOYKHA CKOPHCTATHCS BUPA30M:

M=c,Dl,. (2.13)
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Cnig matm Ha yBasi, mo Bupa3 (2.15) Bu3HAuYae eIIEKTPOMATHITHHMA
MOMEHT €JICKTPOJBHUTYHA, SIKM € OIIbIIMM 32 MOMEHT Ha BaJly Ha BEJIUYHUHY
MomeHTy X. X. MO. Ilpore, mjisi €IEKTPUYHUX MAIIMH TOCTIHHOTO CTPyMY
NOTYXHICTIO 2 KBT 1 Ouiblie eJeKTpOMarHiTHUM MOMEHT TEPEBHUIILYE
HOMIHAJIbHE 3HAYEHHSI KOPUCHOTO MOMEHTY He Oiiblie, Hixk Ha 3% -4%.

JloOyToK mocTiitHOTO KOoedirieHTa C., Ha OCHOBHUW MarHiTHWA MOTIK @
(muB. (2.5)) MOXHa BH3HAYHUTH, BUKOPHCTOBYIOYM HOMIHAJIbHI 3HAYCHHS
MOMEHTY MHOM i cTpyMy KOS | 40y -

Ce ®=MH0M/ IaHOM' (2'14)
Howminanbhe 3nHaueHHss MoMeHTy (H * M):
MHOM =PH0M/ @ 1oms (215)
ne P,,, — HOMIHaJIbHA TOTYXHICTh JOCIIPKYBAHOTO 3JIeKTpoaBuryHa M, BrT.

HowminanbHe 3HaueHHs CTpyMY SIKOPS |apom, A
IaHOM = IHOM - I36(M)a (216)

ne lyom - HOMIHAIBHMU CTPYM HABaHTAXEHHS €IEKTPOABHUIYHA, A; Iy -
HOMIHAJIBHUM CTPpyM 30YIPKEHHSI TOCHIIKYBaHOIO €JIEKTPOIBUTYHA, A.
HeoOxigHo Big3HauuTH, 1110, NpuiiMaround A00yTOK c. D 0oaHAKOBUM MpH
BU3HAYECHHI 3HAY€Hb MOMEHTIB M; Ui BChOrO Jiama3oHy HaBaHTAXKEHb
JOCITIIKYBAaHOTO JBUTYHA M, MOMYCKAalOTh NESIKYy HETOYHICTh. Pid y Tomy, 110
BETMYMHA OCHOBHOTO MArHITHOTO TIOTOKY @ B JBWUTYHI TapajeIbHOTO
(He3anexxHOrO) 30Y/KEHHS 13 3pOCTaHHSAM CTPyMY HAaBaHTAXCHHS TPOXHU
3MEHINY€ThCS. BUKIMKAEThCS 116 PO3MArHIUylOUuowo €0 peakiii sKops. AJe
el BIUIMB 3a3BMYail € HEBEIMKHM, OCOOJIMBO B €JIEKTPOABUTYHAX CY4YacCHUX
cepiif, 3a0e3nevyeHux CTadlli3yIou0l0 OO0OMOTKOK (OOMOTKOIO 3 HEBEJIMKUM
YHUCJIOM BUTKIB, 110 BKJIOYAETHCS MOCTIAOBHO B KOJIO SIKOPS 1 CTBOPIOE TPH
HaBaHTakeHHI ejekTpoaBuryHa MJIC, ska kommencye MJIC peakiiii sskopst).
Haui 1 1OOyIOBH  IITYYHUX  XapaKTEPUCTHK 3HIMAIOTh  IPHU
HOMIHAJIbHIA Hampy3i Mepeki, HOMIHAJbHUX 3HAYEHHSX CTPYyMIB 30yIKEHHS
JOCITIIKYBAaHOTO €IEKTPOJABUTYHA 1 JOCHTIKYBAHOTO BUTYHA M 3 1OTaTKOBUM
OIOPOM B KOJIi SIKOPSI TOCIIPKYBAHOTO €JeKTpoaBUryHa (Kirod K2 3aMUKaloTh).
Ak 1 mpu 3HIMaHHI TPUPOJHUX XAPAKTEPUCTHK, JOCIIJ MMOYHMHAIOTH 3
T'eHEPATOPHOTO TAJIBbMIBHOTO PEXUMY (@ > wg), a MOTIM 3MEHINYKOTh CTPYM
30ymkeHHd |G Mammbu mocrtiiiHoro crpymy G, mepexomAre B peXHM
neuryHa. I[licist Toro, sk cTpyM 30y/pKeHHS MammuHu M 3MEHIIEHO 0 HYyJI,
3MIHIOIOYH TOJSIPHICT HANpPYTH, L0 MiJBOAUTHCA JO OOMOTKM 30YIKEHHS, 1
MIOCTYIIOBO 30UIBIIYIOTE CTPYM 30y/IKeHHsI (Terep yKe iHmoro Hampsamy). [pu
IbOMY CTPYM y KoJji sikopiB MammH G 1 M npoaoBxyBaTuMe 301IbIITyBaTUCS 1
MOMEHT, IO CTBOPIOETHCS JABUTYHAa M, CHOYaTKy CTaHE€ PIBHUM MOMEHTY
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eneKTpoABUryHa HM, 1 ToIi SKip eNeKTPOABUTYHA 3YMUHHUTHCS (PEKUM K. 3.), a
MOTIM ITiT IIEF0 MOMEHTY MaIlIuHU M sIKip €JeKTPOIBUTYHA ITOYHE 00epTaTUCS B
MPOTUJICKHY CTOPOHY, TOOTO JOCTiIKYBaHUH €EKTPOJIBUTYH TMIEPEHie B PEIKUM
raJbMyBaHHS TPOTHBBIMKHEHHSAM. Y IIMX yMOBax €JIEKTPOMArHiTHUH MOMEHT
eJIEKTPOJIBUTYHA CTaHE TaJIbMYIOYMM, a €JIEKTPOCHEPTisl, 10 BUPOOISIETHCSA B
HBOMY, BUTpauaTUMEThCs Ha HarpiBaHHs omopy [JR= [Ir, + Ry, Mammua M
IpanoBaTUME B PEXUMI JBUTYHA, MamHa G - B T€HEpATOPHOMY pEKHMI,
acCMHXpOHHa MamuHa AM - B pexumi nBuryHa. EHepris HaAXoIuTh 3 Mepexi
3MIHHOTO CTPYMy 1 BHUTPauya€eThCsli Ha TOKPUTTS BTpPAT Yy BCIX MalIMHAX
71a00paTOpHOT yCTAaHOBKM 1 HAa HArpiBaHHs JOAATKOBOTO OTOPY B KOJIi SKOPS
JOCTIIKYBAHOTO €TIEKTPOIBUTYHA.

3 Mepexi MOCTIHHOTO CTPYMY TaK0K HaIXOAHUTh JIesKa KUIbKICTh €Heprii 1
BUTPAUYAEThCSI Ha HarpiBaHHSA omnopy Ry, Jocmia B pexumi raabMyBaHHS
OPOTUBBBIMKHEHHSIM MPOJOBXKYIOTH [0 THX TMip, IOKH CTPyM SKOpS
JOCTIPKYBAHOTO  €NIEKTPOJBUTYHA HE JIOCSATHE MPHUIYCTUMOTO 3HAYEHHS.
Heo06xigHo MaTu Ha yBa3i, 110 B PEKHUMI TAIbMyBaHHS IPOTUBBIMKHEHHSM SKIp
JOCTIPKYBAaHOTO €JIEKTPOJIBUTYHAa OOEpPTAEThCSI B CTOPOHY, TMPOTHIICIKHY
0o0epTaHHIO B PEXKMMi JBUTYHA (OCHOBHOMY), TOMY JJIi BUMIPIOBaHHS YacTOTH
oOepTaHHs HEOOXIHO 3MIHUTH 3HAKHM Ha SKipHOI OOMOTKY ABuryHa HM
(muB.puc.2.1) i mokazanns TaxoreHeparopa TG «0/xB» 3auCyBaTH i3 3HAKOM
MIHYC.

[TokazanHs mpuOOPIB, 3HATI Yepe3 MPUOIU3HO OJHAKOBI 1HTEPBAJIH, PO
CTPYM SIKOPS €JIeKTPOJBUTYHA 3aHOCSTh B Ta0J. 2.2.

Bcroro po06asTe Mo MSATH-IIICTh BHUMIPIOBaHb B KOXXHOMY PEXKHMI.
Jlocnig BUKOHYIOIOTH JIBIYl - CIIOYATKY 3 JOJATKOBUM ONOpoM Ry,.

3HaueHHs MOMEHTY M BH3HA4aro0Th 3a (2.13).

[Ipn 3HiIMaHHI JaHUX [0S MOOYJOBH XapaKTEPUCTHK Y PpexXUMI
JUHAMIYHOTO TaJIbMyBaHHS JUIsl CTBOPEHHS PEXKUMY AMHAMIYHOTO TaJIbMyBaHHS
HEOOX1IHO 3MIHUTH CXE€MYy BKIIIOUEHHS JIOCIHIIKYBAaHOTO €JIEKTPOJBUTYHA!
BIIKJTIOUUTA OOMOTKY SIKOpsSI BiJi Mepexi NOCTIiHHOro ctpymy kiawoud K5 i
npueaHaTH ii 10 onopiB Ry yepes kimou K4 (puc. 2,1).

Jani mis moOynoBU XapaKTEPUCTUK TPH JUHAMIYHOMY TalbMyBaHHI
eJIEKTPOJIBUTYHA 3HIMAIOTh TaKUM YMHOM. CTaBIATh K04 K2 B mojoxeHHs 1 -
KOJIO SIKOpPS 3aMHKaIOTh Ha omip R,.

BrorouennsiM aBromatnyHoro BuMukada QF1 (puc. 2.2) 3amyckaroTh
aCMHXpOHHY MamuHy AM 1 TOCTYyHmoBO 30LIBIIYIOTH CTPYM 30YKSHHS
MAaIIMHA TTOCTIHHOTO cTpyMy G, 110 Mmpalfioe B TeHEPaATOPHOMY PEXKHUMI.

Mamna HM tipu 1bOMy TIpailoe B peXHUMI JBUTYHaA 1 obOeprae sKip
JOCTIKYBAHOTO €JIEKTPOJIBUTYHA, SKHM, Y CBOIO Yepry, Mpamie B PEKUAMI
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reHepaTopa 3 BIAJAY€I0 €JIIEKTPOCHEPrii Ha HarpiBaHHS omopy Ry
CTBOpIOBaHUI EJIEKTPOJBUTYHOM EJIEKTPOMATIITHHA MOMEHT YMHHTH Ha SKIp
rapbMyody Jiro. IlocTymoBo 30uIblIytouM CTpyM 30y/IKEHHS MAaIUHUA
nocTiiHoro crpymy G, BHKIMKaIOTh 30UIBIIEHHS YacTOTH OOepTaHHS
JOCTIKYBaHOI MalliiHU M, a 0TKe, 1 4aCTOTH 00epTaHHA eNeKTpoaBuryHa HM.
[Tpu ubomy EPC 1 cTpy™m siKOpsl €1eKTPOABUTYHA 3pOCTATUMYTh, 11O MiABUILUTH
raJbMIBHUA MOMEHT.

[ToxazanHs mpuiaAiB yepe3 NPUONHU3HO OJTHAKOBI 1HTEPBAIU BEIMYMHU
3pOCTaHHS CTPYMY SIKOPS 3aHOCSTH B TabOJ. 2.2. Bchoro 3HIMaOTh I’ ATh-IIIICTh
noka3anb. [lotiMm kmou K4 (puc. 2.1) mepeBoasTh B HOPMAJIbHO- PO3IMKHYTE
MIOJIO’KEHHS.

3Ha4YeHHS TaJIbMIBHOTO MOMEHTY BU3HAYalOTh 3a BUpPOo3oM (2 .13).

Ilobyoosa xapaxmepucmuk nOCIITKYBAaHOTO €JIEKTPOJABUTYHA, JIaHI
aKkuX Oylu OTpUMaHi B pe3yibTaTi JOCHIJIB, 3AIMCHIOETBCS Ha JIBOX
KOOpAMHATHUX ciTkax. Ha oxniii - mBuakicHi xapakrtepuctuku o = f(l,), Ha
iHIN| - MexaHiuHi xapaktepuctukud o = f(M). g OIIHKA TOYHOCTI
pe3yNbTaTiB  3HATTA JaHUX 1 TOOYIOBH XapakTEPHUCTUK, OTPUMAHUX
eKCIIEPUMEHTAIbHO, CIiJ CHITBHO 3 JOCHIAHUMH  XapaKTePUCTHKAMHU
noOy1yBaTH pO3pPaxyHKOBI.

VY 3B'SI3Ky 3 TUM, 110 HIBUAKICHA 1 MEXaHIYHA XapaKTEPUCTUKH € MPSIMUMHU
miHisMu  (muB. piBHSHHS (2.4)), TO A iX TOOYIOBH JIOCHTH BH3HAYUTH
KOOpAMHATUA ABOX TOYOK. OfHA 3 HUX - TOYKA 1€aJbHOTO XOJOCTOTO XOIy 3
koopauHaramu |, =0 (M = 0)ta @ = wy.

KyToBOi MIBUAKICTH i7€aIbHOTO X. X. BH3HA4Ya€ThCs BHpazoMm (2.2). Sk
JPYTy TOYKY MOYKHA BHKOPHUCTOBYBAaTH TOYKY HOMIHAJILHOTO HAaBAaHTa)KCHHS B
JBUTYHOBOMY (OCHOBHOMY) PEKUMI €JIEKTPOABUTYHA M 3 KOOPIUHATAMHU | 440y

(MHOM) Ta Wyowm -

[Ipy 1oOynoBiI IMITyYHUX XaApPAKTEPUCTHK TOYKA 1A€aTbHOTO X. X.
3aIUIIAETBCS. HA TOMY OJK MICII, a KOOPAWHATH TOYKH HOMIHAJIBHOTO
HaBaHTa)XCHHS 3MICTITHCS 3 PaXyHOK 3MiHM HOMIHAJbHOI KYTOBO{ IIBUKICTH -
13 3pocTaHHAM omopy R; 3Ha4YeHHA @ .o, 3MEHIIyeThCS. s po3paxyHKy
HOMIHAJILHOT KYTOBOi MIBHJAKICTH ) 4o, HPH BBEICHOMY B KOJIO SKOPS
J0JAaTKOBOMY OTI0pi Ry06 CITil ckopucTaTHcs Bupazom (2.7).

Pesynbrat po3paxyHKy 3aHOCATH B Tabm. 2.2, a moOTIM OyIayrOTh
pO3paxXyHKOBI IIBUAKICHI 1 MEXaHIYHI XapaKTEPUCTHKH HAa 3arajbHUX
KOOPAMHATHUX CITKaX 3 JOCHIJHUMHU XapaKTePUCTHKAMH, BUAUIMBIIU iX
KOJIBOPOM.

TyT @ ywou » ® ‘HOM , O “HOM - HOMiHaJIbH1 3HaY€HHs KYTOBOI IIBUIKICTH MPHU
Rllloﬁ =0, R,ZOS Rﬂoﬁ Ta R506 Rﬂoﬁ .
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Po3paxyHKOBY XapaKTEpHCTUKY JOCIHIPKYBAaHOTO EJIEKTPOJIBUTYHA B
PEXUMI TUHAMIYHOTO TajbMyBaHHs OyAyIOTh TaKOX MO JBOX Toukax. OnHa 3
IUX TOYOK - MOYATOK KOOPAMHAT, IHIIA - TOYKA MPU HOMIHAJIHHOMY CTPYyMi
SKOPS 3 KOOPAMHATAMU |40 (Mior) 1 Wrons-

[Ipu HOMIHANBHOMY CTPYMI SKOPS |40y 1 OTIOP1 Ry, B KOMI sIKOpSE BUpa3
KyTOBOI IIBUKICTH Ma€ BUJI:

W nom :|aHOM (Dra + Rlﬂ06)/(cecp)' (2 17)

Criouyatky BU3HAYaIOTh KYTOBOI MIBUAKICTH Wy, MPU OMOP1 Ryye6, @ MOTIM
O ow y npu omnopi Ry, .3HaueHHS HOMIHAJIBHOTO MOMEHTY OepyTh 3
NaCTOPTHHUX JaHHX.

Po3paxyHKoBI MIBUJIKICHI 1 MEXaHIYHI XapaKTEPUCTUKU MPU TUHAMIYHOMY
raJlbMyBaHHI OyAylOTh CIOUIBHO 3 JOCBIAYCHUMH XapaKTEPUCTUKAMHU,
BUJIUIMBILH X KOJBOPOM.

Memoouuni éxazieku 00 po3paxynkoeoi yacmuHu
EnexrpoMarHiTHi 1 €JIeKTpOMEXaHIYHI MapaMeTpu BHU3HAYAEMO 3T1IHO 3
OTPUMAHUMU JTaHUMH TPH EKCIICPUMEHTAILHOMY JTOCIIPKEHHI JBUTYHA (IHB.
taom.1.1).
EnexTpomarniTHa moTy»KHICTh P; BU3Ha4a€eThCS 32 GOPMYIIOIO:
P]_:Ull 1,BT. (8)1

EnextpomarniTHuii MOMEHT M) —3a GOpMYIIOI0:
I\/|1=P1/a)0, H.m. (219)

KyToBa mBUIKICTh @, BU3HAYAETHCA 33 (OPMYJIOKO:
®,=n,/9,55 pan/c. (2.20)

1€ o — KYyTOBOI MIBUIKICTH iJIealbHOTO X. X, pan/c; w, — HOMiHAJIbHA KyTOBa
HIBUIKICTH MOCTIHHOTO CTpyMYy, paj/c.
PiBHsHHS mBHIKICHOT XapakTtepuctuku w= f(l,) Mae BuTIISI:
U-1,xr, _u _
Ce(p _C(D aCCD (221)

ne ce.@=(U,-1,lr))w, tyTr: ¢, = pNI (2ra) - nocriiinnii KoeQilieHT MaIIuHA
NOCTIHHOTO cTpyMy; @ - OCHOBHMH MarHiTHu# notik, BO; [1r,=0.51-»)U, /l, -
ormip 0OMOTOK B JIAHITIO31 AKOPSI, MPUBEAEHUH 10 poOouoi Temnepatypu, Om;
Ris06- AOIATKOBUII OITip, BKIIOYEHUHN B JIAHLIIOT SIKOPSI €MEKTPOABUTYHA, OM.

EnekrpomexaHiyHa  XapakTEpUCTUKA  €IEKTPOJABUTYHA  IMOCTIMHOTO
CTPyMY € 3QJIEKHICTIO KyTOBOiI IIBHAKICTH » BiJl MOMEHTY M TIpH HE3MIHHOMY
CTpyMi 30y/KeHHS 1 HOMIHAIBHIN MABEACHIN HAMPY3i.
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PiBHsiHHS MexaHiuHOT Xapakrepuctuku o = f(M) mae Bursn:
U r
w= -M 22 SR
Ce@ Ce @ (222)
[Tpu pospaxyHky 1 mnoOymoBi 1mBuakocTHOI w=f(I) Ta MexaHiuHOI
xapakTepucTuk w=Ff(M) nBuryna HeoOXiTHO BUKOPHCTOBYBATH PEKOMEHIAIIIT Ta
Bupasu (2. 1....2.22).

Amnaniz pesynrsmamie naoopamopnoi pooomu

[Ipu anamizi pe3ynbTaTiB Jab0paTOpHOI POOOTU CIIiJ 3pOOUTH BHCHOBOK
PO BIANOBIIHICTh OTPUMAHUX JOCTIIHUX JAHUX TEOPETHUUYHUM IOJIOKEHHSIM:
SIKUM € BIUTUB BEJIMYMHU OMOPY B KOJII SIKOPS HA KOPCTKICTh XapaKTEPUCTHUK, YU
BIJIPI3HSAIOTHCS JOCIIIHI XapaKTEPUCTUKHU BiJ PO3PaXyHKOBUX 1 TOMY MO IOHE.
Craig mMaTu Ha yBasi, IO 4epe3 JAEsKYy HEeTOYHICTh BHUMIPIOBaHb 1 PO3paxyHKIB
napaMeTpiB MOXJIHMBUM € <«PO3KHI» TOYOK, LI0 MPHU3BOAUTH OO0 MAESIKOI
KPUBOJIIHIMHOCT1 JTOCIITHUX XapaKTEPUCTHK MOPIBHAHO 3 PO3PaXyHKOBHMH,
noOyI0BaHUMHU 10 ABOX TOYKaX, K1 HE BIIPI3HAIOTHCS BiJ MPSIMUX JIHIH.

AHani3yroun poOoTy Ja00opaToOpHOi YCTAHOBKM 1M Yac JOCHIIIB,
HEO0OX1JHO BU3HAUUTU PEKUMU POOOTH EJEKTPUUHHUX MAIIWH MPHU JOCIIKECHHI
€JIEKTPOJBUTYHA M B pEXHUMAaxX TIE€HEPATOPHOTO TallbMyBaHHSI, JIBUTYHOBOMY
(ocHOBHOMY), TaJIbMyBaHHS MPOTHBBIMKHEHHSIM 1 JHHAMIYHOTO TaJIbMyBaHHS.

Konumponwni 3anumanns

1. Yomy npupo/Hi 1 ITYYHI XapaKTEPUCTHUKU €IEKTPOABUTYHA MOCTIMHOTO
CTpyMy MapaJieibHOTO (HEe3aJe)KHOr0) 30y/KEHHsS IEePETUHAIOThCS B OJHIN
TOYI?

2. SIki IpUYMHU BIUIMBAIOTh Ha KOPCTKICTh MEXAHIYHUX XapaKTEPUCTHK
CJICKTPOIBUTYHA MMAPaJIeIbHOTO 30YHKCHHS ?

3.V axux KBagpaHTax ocei KOOpIWHAT PO3TALIOBYIOTHCS XapaKTEPUCTUKU
CJICKTPOIBUTYHA MTAPaJIeIbHOTO 30YHKCHHS ?

4. BkaxiTh, B SKHX peXUMax TMPALIOIOTh EJIEKTPUYHI MAaIIUHH
naboparopuoi  ycraHoBku  (puc. 2.1) mpum  poOOTI  JOCIIHKYBaHOTO
€JICKTPOJIBUTYHA B T€HEPATOPHOMY TajIbMIBHOMY PEKHMI.

5. Homy B pexumi 11€aJbHOTO X.X. CTPYM SIKOps €JEKTPOJBUTYHA
napajenbHOro 30y KEHHS IOPIBHIOE HYJIIO?

6. ¥V akux pexumax poOOTH OCIHITKYBAHOTO E€JIEKTPOABUTYHA MAIIUHU
noctiiHoro crpymy G mpaiftoe reHepaTopoM, a B SIKUX - ABUTYHOM?
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Jlabopamopra poboma Ne3

JocaigxeHHsI eJIEKTPOMEXaHIYHUX XapaAKTePUCTUK ACHHXPOHHOTI'0
€JIEKTPOABUIYHA 3 (PAa3HUM POTOPOM IPH Pi3HUX pe:KUMAX PoOOTH
€JIEKTPOMEXAHIYHOI CHCTEMH

Mema pobomu:- HabyTH MPAKTUYHUX HABUUYOK Yy 30MpaHHI MPUHIIUIIOBO
eNIEKTPUYHOI CXEMH  EeKCIEPUMEHTAIbHOIO CTEHAY JUIS  JOCHIIKEHHS
eJIEKTPOMEXAHIYHUX XapaKTEPUCTUK aCHHXPOHHOTO eNIEKTPOABHUIYHA 3 (ha3HUM
POTOPOM MPHU Pi3HUX PEKUMAX pOOOTH;

-IOCIIUTH TPUPOJHI Ta INTY4YHI €JIEKTPOMEXaHIuHl XapaKTepUCTUKU B
PI3HUX peXMMax - peXKUMi JIBUTyHa (OCHOBHOMY), TCHEPATOPHOMY TajlbMiBHOMY
3 BiJIay€lo eHeprii B MEepexy, raibMiBHOMY IPOTUBMUKAHHAM Ta JUHAMIYHOTO
raJbMyBaHHS.

-0/IepKaTH eKCTIIepUMEHTaJIbHE HiATBEPIKEHHS TEOPETUIHUM
BIIOMOCTSIM  XapaKTEPUCTUK ACHHXPOHHOTO €JEeKTPOJABUTYHA 3  (pasHUM
POTOPOM.

IHopaook eukonanusa pooomu
1. 3i6patv mPUHLIKUIIOBO ENEKTPUUHYi cxemy cTeHAay 3rigHo puc. 3.1 1
MiCNsg TMEepeBipkH 11 BHUKJIaAa4eM 3pOOUTH MPOOHUN ITyCK AaCHHXPOHHOTO
€JIEKTPOJBUTYHA 3 (Da3HUM POTOPOM; MEPEBIPUTH MOMKIUBICTH PETyJIbOBAHHS
KyTOBOM IIBUAKOCTI OOEPTaHHS ABUTYHA 32 JJOTIOMOI'OI0 OIOPY.

a)

U=220B

Puc.3.1.TlpuHIunoBa exeKTprudHa cXemMa CTeH/Ia JIJIs TOCTIKSHHS IBUTYHA
MOCTITHOTO CTPYMY HE3AJIEKHOTO 30YHKeHHS
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JIaboparopuuii ctern (auB.puc.3.1) CKIIaTaeThCA: ACHHXPOHHOTO JBUTYHA
(AM); wMamuHH [OCTIHHOrO CTPpyMy He3allexHoro 30ymkeHHs (M1);
taxoreHepatopa (TG); perynaropa Hamporu mnoctiiiHoro crpymy (PHIIC)
(maboparopuuii  aBroTpanchopmarop ((JIATp) ta Bummpumisu (VD));
BUMIPIOBAJIbHUX 1 PETYJIIOIOUMX arapaTiBb.

2. 3anucatyd TAcMOpPTHI JaHl ABUTYHIB 1 JaHI BUMIPIOBAJIbHUX MPUIIA/IiB
Ta PETYJIIOI0YUX MPUCTPOiB B Tabmuiro 3.1.

33uaTH  AaHi Uil OOYAOBH MPHUPOIHOI MEXAHIYHOI XapaKTEPUCTUKH
®,~=f(M) acunxponnoro asuryHa 3 ¢asaum poropom AM mpu U=220B; R,=0
(puc.3.2,xpuBa a).

43uaTH nma”l I8 TOOYIOBU IITYYHMX MEXaHIYHHUX XapaKTEPUCTHK
w=f(M) nBuryna AM:

a) MEXaHIYHI XapaKTepUCTUKU ABUTYHA wr=f(M) mipu 301JIbIICHHI OTIOpY
B Kouti potopa npu U=220B;R,=Ry ; Om (muB.puc.3.2,xpusa 6);

0) MexaHIUHI XapakTepucTuku IBUryHa wq=f(M) mpu reHeparopHOMy
ranemyBanHl U=22B; R,=0ta R,# Ry 1 Om (quB.puc.3.2,kpuBa 6) ;

') MEeXaHI4YHI XapaKTEePUCTUKU JBUTYHA -,,=f(M) mpu raieMyBaHHs Ipo-
tuBMukanasam U=220B; R, = Ry; + Ry, Om (muB.puc.3.2,kpuBa 2) ;

B) MEXaHIYHI XapaKTepUCTUKW JBHTyHa ,=f(M) mnpu nuHamMidHOMY
ranmpmyBadHl U=0 + 15 B moctuHoro crpomy;R, =0 Ta R, = Ry; Owm;
(muB.puc.3.2,kpuBa 0).

Tabnuysa 3.1
Texniuni xapakxmepucmuKku e1eKmpuiHux Mauiut, 6UMIpI06aIbHUX
npucmpoie ma anapamie

Ne/nn | HaiimenyBaHHsI Ne/nt | HalimenyBaHHs
1 | AM — acunxponnoro asuryra 3| 5 | VD —ummpumisg
dha3zHUM POTOPOM U=15B; | =25A
PHOM = —BT, UHOM = _Bu
U= B by = A 6 Ro= 7,5+-500wMm; | = 20A;
= A; Now = ____06IXB.; Rny = 0+150mMm; | = 20A;
Muw=___ Hwmp=__ . R; =0+3300wMm; | = 2,8A

2 | M1 —mammna nocriiiHoro ctpymy | 7 | QF1l, QF2, QF3- aBromaruuHi

P.ow = Bt; Uon = B; BHMHMKAaUl
Lo = A; Ny = 00/xB. |, = 25A
n= . 8 | A—ammepmerp 1+2A

Al-ammepmerp 5,10 A

JIATp — mnaGopatopuuii aBto-| 9 |V —BosbT™meTp 15B
3 | TpancdopmaTop V1, Vg —Boner™meTp 150+300B
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U=0+250B;1=10A 10 | TG —raxoreneparop
CTG: 00/xB ‘B

K-50 —xommiexT nprudopos

4 | P=1500BrT; | = 0+50A;

Uy =0 + 2508
CimelicTBO MexaHIYHMX XapakTtepucTuk AJ[ 3 ¢dasHoMm poTopom mpu

pi3HUX pexumax pobori (puc.3.2).

,padlc

. @
g

@ (5=0)

-(,pad/c

a- IPUPOJIHA MeXaHiuyHa XxapakTepuctuka w,=Ff(M); 6- npu 30iIbIIeHH] OTOPY B
koJti potopa wg=f(M); 6 - mITy4yHa MEeXaHIYHA XapaKTePUCTUKA TIPU
reHepaTopHOMY raiabMyBaHHI wg=f(M); e- mpu ranbMyBaHHS IPOTH BMUKAHHIM
@,,=f(M); 0- npu nuHAMiYHOMY rajbMyBaHHI ©,=f(M).

Puc.3.2.CimelicTBo MexaHiuHUX XapakTepuctuk A/l 3 ¢pazHoM poTopom

Pe3ynbTaT BUMIpIOBaHb 1 PO3paxXyHKH €JIEKTPOMEXaHIYHUX IapaMeTpiB
ACHHXPOHHOTO JIBUTYHA 3 (Da3HUM POTOPOM 3amnucatu B Ta01.3.2.

Tabnuys 3.2
Excnepumenmanvni ma po3paxynkoei 0ani en1eKkmpomexanivHux
XapaKkmepucmuk ACUHXPOHHO2008U2YHA 3 (hA3ZHUM DOMOPOM
Homep JlocniaHi maHi Po3paxyHkoBi naHi
BUMIPIO- | |, |Uy [1g Uy | Py, | N, W Py, M,
BaHHSA A |B |A |,B |Br |o6lxs|pan/c | Bt H.m

[TpupoaHa mexaniuHa xapakrepuctika (R;; =0)

1....5
[IITyyna MexaHi4Ha XapaKTEPUCTUKA MIPU T€HEPATOPHOMY TrajibMyBaHHI1
(Ru1 =OR, = R1y)
1...5
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HITyyna MexaHiyHa XapaKTEPUCTUKA IIPU 3MiHI OMOPY B KOJIi SIKOPS

(R1=Ru1)

1....5

[ITyyHa MexaHigHa XapaKTEPUCTHUKA TIPH TATbMyBaHHS TPOTH
BMmuKaHHIM (R,1 = R+ Ry))

1....5

Ta61.3.3
Excnepumenmanvni ma po3paxynkoei 0aHi e1eKmpomexanivHux
XapaKmepucmuK acuHXpoHHO02008UZYHA 3 (Ya3ZHUM POMOPOM

Howmep Hocmiani naHi Po3paxyHnkoBi naHi

BHMlpIO- |a1 Ua1 IAM1 UAM1 n, w Pau Mau I:)AM1 I\/IAM1 MD1

Batit Al B | A B | o6lxs|pan/c| Br |[Hm| Br | Hm |Hw™

Hltyyna MexaHiyHa XapaKTEePUCTUKA IPU MIPU TUHAMIYHOMY rajibMyBaHHI

(Rnl =O;R1,u06 =15 OM)

1...5

Teopemuuni gioomocmi

EnexTpoMexaHiuHa XapaKTepUCTHKA aCMHXPOHHOTO JBUTYHA 3 (pazHuUM
POTOPOM € 3aJICIKHICTIO KyTOBOI MMBUJIKICTH » BiJf MOMEHTY M MpW HOMIHATBHIN
HiBEeHI A HATPY3i.

PiBHstHHS MexaHi4HOT Xapaktepuctuku o = f(M) ado M =1(S) mae
BUTJIA;

M = r‘nlul2 R2/s \
W (R +R2/9)% + (X, + X 2)%)’ (3.1)

ne. w1=2rn f; — KyToBOi MIBUIKICTH €IEKTPOMArHiTHOTO IOJISI cTaTtopa, paj/c,
fy wacrora crtpymy B oOmormi craropa,ln; R; ta X;, — akTuBHuU Ta
IHAYKTUBHUM omopu oOMOTKH cTtaTopa, Owm; R, Ta X, — 3BeleHi 3HA4YCHHS
aKTUBHOT'O Ta 1HJAYKTUBHOT'O OMOPIB OOMOTKHU poTopa, OM; =3 —umucio da3s;
S=(w; — ®)/ ® —KOB3aHHs; ® —KyTOBOI IIBUKICTH POTOpa, paz/c.

I'padik 3anexHOCTI  €JIEKTPOMArHiTHOr0 MOMEHTY AaCHHXPOHHOTO
eJIeKTpoABUryHa BiJ koB3aHHs M = f(S) mae Burasa (muB.puc.3. 2a), ae BUpe3
KPUTHUYIHOTO KOB3aHHS:

_ R: ;
JRZ +(X, + X 2)?

S

Kp

(3.2)
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MakcumanbeHe 3HaueHne MmomeHry, H.vm;
2
ml U 1

M =+ .
A47F (R% + /RS + (X, + X 2)?)

max

(3.3)

B HaBeneHUX BHpa3ax 3HaK <«IUTFOCY» BIATIOBiTA€ pexKUMy poOOTH ABUTYHA,
a 3HAK «MIHYC» - TeHepaTOopHOMy pexumy. I3 dopmynun (3.3) Bumiusae, 1o
MaKCHMAaJIbHUHl MOMEHT B T'€HEPATOPHOMY PEXHMI € OUIBIINM, HIK B PEXKUMI
JIBUTYHA.

Axmo (3. 1)moxinuty Ha (3.3)1 3HEXTYBAaTH aKTUBHUM OITOPOM OOMOTKH
cratopa R; To micis psay MEpEeTBOPEHH OTPUMAEMO CIPOINCHUN BHpPa3
CIEKTPOMArHITHOTO ~ MOMEHTY, 3pYyYHHHA [UII  TOOyIOBHM  MEXaHI4HOI
XapaKTePUCTHKN aCHHXPOHHOTO €JIEKTPOIBUTYHA.

AHani3 1pOro BHpa3y IOKa3ye, WO NPH KOB3aHHI S < §p, MEXaHi4yHa
XapaKTEPUCTHKA Ma€ BUTIISLI MPsIMOi JIiHi1 (poOoua AiIsIHKa XapaKTepPUCTUKH), a
opu S > §p MEXaHIYHA XapaKTEpPUCTHKA Ma€ BUIIIAA, ONM3bKUN 1O rinepoosu

(minstHKA ITyCKOBOTO Ta TabMiBHOTO PEXKHMIB).
2M

max

ECEREONE) (3.4)

max

Kputrnune koB3aHHS aCHHXPOHHOTO €JIEKTPOJBUTYHA 3 (ha3HUM POTOPOM
MO>KHA BU3HAYUTH 33 JAHUMU KAaTaJIOTy Ha €JIEKTPOBUTYHI:

s, =5,. (A +JF 1), (3.5)

on
J€. Sion - KOB3aHHS IPH HOMIHAJILHOMY HaBaHTaxxeHHi, A = M, ,IM,,,
nepeBaHTaXyBaJlbHA 3aTHICTh €JIEKTPOBUTYHA.

3aaBIINCh PSJIOM 3HAY€Hb KOB3aHH, Hampukiazd, Big O mo +1.51 Big O
no -1.5,3a ¢popmynoro (3.4) BU3HAUAIOTh MOTOYHI 3HAYEHHS MOMEHTY M i
OynyrOTh PUPOIHY MexaHiuHy Xapaktepuctuky M = f(S). [Ipu nbomMy KOKHOMY
peKMMY poOOTH BIAMOBIAa€ BU3HAYCHHI Jiana3oH KoB3aHHs (puc. 3. 2): mis
pexxumy asuryHa 0 < s < 1;ams reHeparopHoro pexxumy 0 > S > eo pexumy
raJibMyBaHHS IPOTUBMHKaHHsAM 1 < S < +o,

[Ipu BBedeHI B KOJO POTOpA E€IEKTPOJBHUTYHA TOJATKOBOTO Omopy R;
eJIEKTPOJIBUTYH TPAIIO€ BIAMOBIAHO A0 MITY4YHOI Xapakrepuctuku. [loGymosa
TaKoi XapaKTePUCTHUKUA BEIEThCS HA OCHOBI MPHUPOJIHOI XapaKTEPUCTHUKU:
3aJaBIIMCh PsSJOM 3HaYeHb MomeHTa (M;, M, M3 1 T.1.), BH3HAYAIOTh
BIJIIIOBI/IHI 3HAYEHHS KOB3aHHS 3a MPUPOIHOI0 XapaKTEPUCTHKOI (Se1, S S3 i
T.JI. ), @ TOTIM 332 BUPA30M:

s=shki /R (3.6)
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3HaXO/ATh 3HAYCHHSI KOB3aHH, IO BIANOBIAAIOTH POOOTI €IEKTPOABUTYHA MPU
BBIMKHEHOMY B KOJIO poTOpa jgojaTkoBoMy omopi R,. Y Bupasi (3.6)
Roi= R + Ry

3aneXHICTh MOMEHTY aCHHXPOHHOTO €JIEKTPOJIBUTYHA BiJl KOB3aHHSI M =
f(S) Mmoxe OyTu 3aMiHEHOIO 3aJEKHICTIO MOMEHTY M BiJ KyTOBOI IIBHIKICTH
@ - poTopa.

[Tpu moOynoBi MeXaHIYHUX XapaKTEPUCTUK 3a JaHWMHU, OTPUMAHUMU 3a
HaBeJleHMMU  (opmynaMu, HEOOXITHO TOMEPETHhO 3HAYCHHS KOB3aHHS
nepepaxyBaTi Ha KyToBoi mBuaKictu (pan/c.):

o= 1(1-3). 13

[Tpu moOy10B1 MEXaHIYHUX XapaKTEPUCTUK 3a TOCTITHUMHU TaHUMU TaKUi
nepepaxyHoK He MOTPIOHMI, TaK AK 4acTOTa OOepTaHHS POTOpa BUMIPIOETHCS
0e3mocepeIHbO.

ACUHXPOHHHM €JIeKTPOABUTYH KPIM JIBUTYHOBOTO PEXHMY Ma€ IIE TPU
TaJbMIBHUX DPEKUMH. a) TEHEpaTOPHHI TalbMIBHUI 3 Bimgadero eHeprii B
Mepexy; 0) raJbMyBaHHS IPOTUBMUKAHHSM; B) JMHAMIYHE TaJIbMyBaHHSI.

TI'enepamopne zanvmysanns 3 BiiJavuero €HEPTii B MEPEKY MOYMHAETHCS
Opu KyTOBIM IIBHIKICTHM pPOTOpa @, L0 MEPEBUILYE CUHXPOHHY IIBUIKICTH
poropa ;. B 1poMy pexuMi €IeKTPOABUTYH BIAJA€E B MEPEKY AKTUBHY
CHeprifo, a 3 MepexXi B eJNeKTPOJABUTYH HAAXOAUTh pEaKTHBHA €Hepris,
HEoOX1/Ha JIJIsi CTBOPEHHSI MArHITHOrO MOJsl. ['aqbMyBaHHS €lEKTPOABUIYHA B
IbOMY PEKUMI MTPOXOTUTH JIUIIE 10 CHHXPOHHOI KyTOBOT MBHIKICTH 1 00 Mpu
I[ilf KyTOBO1 IMBHUJKICTH POTOpA TE€HEPATOPHUIA PEKUM 3aBEPITYETHCS.

MexaHiyHa  XapaKTepUCTHKA JUIS  TEHEPATOPHOTO  PEKUMY €
IIPOJIOBXKEHHSIM XapaKTEPUCTUKH JTBUTYHOBOTO PEXHUMY B APYroMy KBaJpaHTI
oceii koopauHat (auB.puc. 3.26).

I'anbmyeéanna npomueeMuKanHuAM BIANOBITAE HANPSAMKY OOepTaHHS
MarHiTHOTO TOJSI CTaTopa 1 € MPOTUJICKHUM HAMpsSMKy oOepTaHHs potopa. B
IIOMY PEXXHMi KOB3aHHS € OLJIBIINM 32 OJIMHUITIO, & YaCTOTa 00epTaHHS poTopa
BIJIHOCHO YaCTOTH OOepTaHHA IO cTaTopa - BigemMHOK0. CTpyM B poTopi, a,
BIJIMOBIZHO, 1 B CTATOpl JOCSTAa€ BEIWKOI BENIUUYUHH. |51 OOMEKEHHsS LbOTO
CTPpyMY B KOJIO POTOpa BBOISTH JOIaTKOBUH orip R,;.

Pexxum ranbMyBaHHS NPOTHBMHUKAHHSM TOYMHAETHCS TPU  3MiHI
HanpsIMKy OOepTaHHs MarHiTHOTO IoJisi craTtopa (mepeMHuKaHHsSM IBOX (a3 Ha
BUBOJIaX OOMOTKH CTaTOpa), B TOH Yac SIK POTOP €JIEKTPOJBUTYHA 1 MEXaHIYHO
3’ €HaHI 3 HOT0 BAJIOM €JIEMEHTH €JIEKTPOIPUBOIY MPOJOBXKYIOTh 00epTaHHS 32
iHepieto. [leil pexxum MOKITUBUN TaKOXK 1 y BUIAIKY, KOJH TOJE CTatopa He
3MIHIOE HaNpsSMOK OOepTaHHs, aJieé pOTOp CJIEKTPOJABUTYHA TIJ €O
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30BHIIIHBOTO (HABAaHTAXXYBaJbHOTO) MOMEHTY 3MIHIOE HAmpsMOK OOepTaHHS.
ITpu 1bOMY MeEXaHIUYHI XapaKTEPUCTHKU €JIEKTPOJBUIYHA € MPOAOBKEHHSIM
XapaKTEPUCTUK JIBUTYHOBOTO pEXUMY 1 PO3MILIYIOTBCS B UYETBEPTOMY
KBaJIpaHTi oceit koopauHat (quB.puc. 3.22).

Jlunamiune canbmyeanna aCHHXPOHHOTO €JEKTPOBUTYHA 311HCHIOETHCS
HACTYITHUM YHHOM: OOMOTKY CTaTOpa BKJIIOUAIOTH YEPEe3 PEryjsTopa Hampyru
nocriitHoro ctpymy PHIIC (nuB.puc 3.16), miakIro4uBIIg THM CaMUM 1Bi (ha3u
oOMOTKM cTaTopa [0 JDKepena MoCTiMHOro crpymy. llocTiliHuii cTpyM,
IPOXOAsSYM OOMOTKOIO CTaTOpa, CTBOPIOE MArHITHE I10JI€, HEPYXOME BIJTHOCHO
cepleyHMKa cTaTopa. Aje, yepe3 Te, L0 pOTOp €JIEKTPOJBUTYHA IMPOJOBXKYE
oOepTaHHs 3a 1HEpIIi€ro, 116 MarHiTHe nosie HaBoauTh EPC B 0O6MoTII poTOpa Ta
3MIHHUHA CTpyM. B3aeMoaiss cTpymy poTopa 3 Mar”HiTHUM IOJEM cTaTopa
CTBOPIOE TabMIBHUA MOMEHT, BEJIMYMHA SIKOTO BHU3HAYAETHCS BEIMUYMHAMU
MPC o0moTKM cTaTopa, aKTUBHOTO OMOpPY OOMOTKH pOTOpa 1 YacTOTH
oOepTanHs potopa. ['anbMyBaHHS MPOJOBKYETHCS A0 MOBHOI 3yMUHKHU POTOPA.
Jlig OG1bll €(PEKTUBHOTO rajbMYBAaHHS B KOJO POTOpPA BBOJAATH AKTUBHUU OIIp
R,1. MexaHiuHl XapakTEpUCTUKH EJEKTPOJBUTYHA B PEXKHUMI JTUHAMIYHOTO
rajJjbMyBaHHsS PO3MILIYIOThCS B MOYATKOBIM YaCTHUHI APYTroro KBaJApaHTy Ocei
koopauHatr (muB.puc. 3.2 0). Tak sk Iel pPeKUM TralbMyBaHHS 3a3BHUai
BUKOHY€ETbCS TPH BBEACHOMY B KOJO pPOTOpa AOAATKOBOMYy omopi R,;, To
BKa3aH1 MEXaHIYH1 XapaKTEPUCTUKNA MAIOTh BUTJIAJ MPSAMHUX JIIHIH.

Memoouuni exa3iku 00 6UKOHAHHA POOOMU

JlocmpkyBaHui  eleKkTpoABUryH AM  MeXaHIYHO 3 €IHaHO 3
HABAHTAXXYBaJbHOIO MamuHo0 M1.

O6MOTKY 30ymKeHHs MamuHM M1 BMHUKAaIOTh B MEpPEXY MOCTIHHOTO
cTpyMy aBroMatnuyHuM BumMukadem QF1. PerymoBansauM peoctatom R, B ko
30ymxeHHs:T M1 BCTaHOBIIOIOTH HOMIHAJIBHUK CTPYyM 1 MIATPUMYIOTH HOTO
HE3MIHHUM Y BCIX JOCIiaX KpUM T€HEpPATOPHOMY TajJbMyBaHHS 3 BiAJayero
EHEepTii B MEpEexKy.

Jlist BBIMKHEHHSI elleKTpoABUryHa AM B Mepexy TpudasHOro crpymy
HEOOXiTHO YBIMKHYTH aBTOMaTHuHuMi Bumukad QF2 (muB.puc. 3.1a), a mus
HIAKIIOYEHHS HOro 10 Mepexi MOCTiiHOro ctpymy (B peKMMi AMHAMIYHOTO
ranpMyBaHHs) yBiMKHYTH QF2 32 cxemoro 3.1,6. JIns BBeIeHHS B KOJIO POTOpa
enexkTpoaBuryna AM 10JaTKOBOTO OIOPY CIYKUTh PETYIIOBAIBHUN PEOCTAT
R.1, po3paxoBanuii Ha JOBrOTPUBAJIE MPOTIKAHHS CTPYMY.

3uimanusa 0anux 0nsa nodyoosu - MexXaHiYHUX XapaKkmepucmuk.
[lepmr 3a Bce moTpiOHO MIATOTYBATH JAOOPATOPHY YCTAHOBKY IO MPOBEACHHS
nociiny. OTpuMaBIId JO3BUI BHKJIAJaya, BUKOHYIOTH TaKe. BBIMKHYBIIH
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aBTOMAaTUYHUM BuMukauy QF2, myckarioTh B X1J] aCHHXPOHHY MalIUHY, MOTIM
aBToMaTn4yHUM BuMuKadeM QF1 BMuKaroTh IBUTYH MOCTIMHOTO CTpymy M1;

[Ticnst i€l MiArOTOBKM MPUCTYNAIOTh 10 3HIMAHHA JaHUX MPUPOIAHOI
MEXaHIYHOI XapaKTEPUCTUKU TAKUM UYHUHOM. 3OUIBIIYIOTH CTPYM 30YKEHHS
MamuHu M1, pu 11bOMy MalliiHa TEPEXOANTH B IBUTYHOBUHN PEXUM 1 IIOYMHAE
o0epTatu pOTOp ACMHXPOHHOTO €JIEKTpoABUTYHA AM 3 4acToTO0 0OepTaHHS
N, > n; B mux ymoBax enekTpoaBUryH AM mnepexoauTh TIeHEepaTOPHUN
TAIBMIBHANA PEXHUM 3 BIJAY€I0 AKTUBHOI €Heprii B Mepexy TpudasHoro
ctpyMy. Yactoty oOepTaHHS JOBOASATH JI0 MPUIYCTUMOTO 3HAYEHHS
(nHampukiam, a0 Np=1,291), poOaaTh HEpUIMi MiJpaxyHOK 3a MpHUIaJaMH, a
NOTIM 3MEHIIYIOTh CTpyM 30y/UKeHHst MamiiHu M. [t CTBOPEHHS pexumy
raJibMyBaHHSI MPOTH BKIIOYEHHSIM HEOOXITHO BBIMKHYTH B KOJO poTtopa M
nonoMikHI ormopu R;; 1 MOMIHATH HampsMOK CcTpymy Kkoja sikops M1. B
KOKHOMY 3 PEXKUMIB POOOTH OCHIIKYBAHOTO €JIEKTPOJBUTYHA POOJATH IO
I'ATB-TITICTh BUMIPIB 32 MPWJIaJaMu 1 TOKa3aHHs 3aHOCATH A0 Tao. 3.1.

Tyt M1 € MOMEHT €JIeKTPOJABUTYHA NpH MoHWkeH1d Hampysi U;. Tpebda
MaTd Ha YyBa3i, M0 B TEHEPATOPHUX pEeXKUMaX POOOTH JOCIIIKYBAHOTO
€JIEKTPOJBUTYHA IEPEe] BEIUYMHOIO Py MOTPIOHO CTaBUTH 3HAK MIHYC, a IIPH
JIBUTYHOBOMY (OCHOBHOMY) PEXKHMI - 3HAK ILITFOC.

3HATTS MaHUX IS MOOYJOBH INTYYHOI MEXaHIYHOI XapaKTEepPUCTHUKU
CJICKTPOJIBUTYHA BUKOHYIOTh B TiHl K€ TIOCIIIIOBHOCTI , 3 TI€IO JIMIIIE PI3HUIICIO,
10 B KOJIO0 (ha3HOTO POTOpA €JIEKTPOABUTYHA BKIIOUAIOTH JOMATKOBHM omip R,;.
3HauyeHHs LBOTO OMOpPY 3a3BMYall MPUUMAIOTh TAKUM, 1100 MyCKOBUW MOMEHT
€JIEKTPOJIBUTYHA OyB MaKCUMAaJIbHUM, TOOTO 1100 KPUTHYHE KOB3aHHA Sy,= 1.

Jlociig MOYMHAIOTh 3 PEKUMY F€HEPATOPHOTO TAIbMYBAaHHS 1 3aKIHYYIOTh
PEXKUMOM TalbMyBaHHS NMPOTUBMUKaHHSAM. [lokazaHHs mpuiiafiB 3aHOCITH B
Tabn. 3. 1.

Suammsa 0anux 07151 n0Oy006U MEXAHIYHOT XAPAKMEPUCIMUKU 8 PeHCUMI

OUHAMIYHO20 2A/TbMYBAHHA

ITo 3akiHYEeHH1 MMOMEPETHHOTO AOCIIY BIAKIIOUAOTh €IeKTPOABUTYH AM
B Tpuda3zHOi Mepexi 1 MAKIIYaTh AB1 Horo (asu 70 Mepexi MOCTIMHOTO
CTpyMy, TOOTO 3a cxemorw Ha puc. 3.1p. PerymoBanbHuii peocrar R,
eNeKTpoaBuryHa M1 cnij 3aJUIIUTH BBEACHUM - JOCIHIJ TMPOBOAATH 3
JIOJAaTKOBUM OTOpOoM B Ko ¢asHoro poropa (R, #0). Hanpyra mocriiiHoro
CTpyMy Mae OyTH Takoro, o0 cTpyM B OoOMOTII cTaropa aBuryHa M1 e
MIEPEBUIIUB TTPUITYCTUMOTO 3HAYCHHS.

[Ipamroroun B JBUTYHOBOMY  pE€XHUMI, BOHa o0eprae  poTOp
JOCIIJIKYBAHOTO €JIEKTPOABUTYHA. B pe3ynbpTaTi eleKTpOMarHiTHUX MPOILIECiB,
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00yMOBIIEHUX O00EpTaHHSIM pOTOpa B HEPYXOMOMY MAarHiTHOMY IOJ1 CTaTopa,
POTOp €JEKTPOABUTYHA BIAUYBA€E €JIEKTPOAMHAMIYHUNA raJIbMIBHUM MOMEHT.

[ToctynoBo 3011blLIyIOYM YacTOTY OOEPTaHHS POTOPY E€IEKTPOABUIYHA
AM, noBomath ii 3HadeHHa 10 N, = 0,5 n;. [lpu npomy uepe3 mpubIU3HO
OJIHAKOBI IHTEpPBAJM YaCTOTH OOEpTaHHS 3HIMAIOTh IOKa3aHHS MpUJIaliB 1
3aHOCATH 710 Tabiu. 3.1.1'anbMIBHUN MOMEHT pO3paxoBYIOTh, BBAKAIOUU PEKUM
pobotu enekTpoaBUryHa AM reHepaTopHUM.

[ToOynoBa MeXaHIYHUX XapaKTEPUCTHK. BUKOPUCTOBYIOUM JAOCHIIHI J1aHi,
HaBegeHl B Tabn. 3.2 ta 3.3, OyayrOTh MEXaHIUHI XapaKTePUCTHKU ISl BCIX
pPeXHUMIB pOOOTH 1 rajJbMyBaHHS B OJHIM cucTtemi KoopauHaT. {1 OIIHKHK
TOYHOCTI OTPUMAaHMX PE3yJIbTATIB CIUIBHO 3 JOCHIIHUMHU XapaKTEpUCTHUKAMU
cmja  noOyayBaTH — PO3paXxyHKOBI — MPUPOAHY 1  IITYYHY — MeEXaHIYHI
XapaKTePUCTHUKHU.

Memoouuni éxazieku 00 po3paxynkoeoi yacmuHu

[TapameTpu eNeKTpOMEXaHIYHUX XapaKTEPUCTHK aCHHXPOHHOTO JABUTYHA
3 (ha3sHuM poropom (muB.puc.3.2):a - NPUPOAHOI MEXAHIYHOI XapaKTEPUCTUKU
,=f(M); 6- npu 30imbIIeHH]I Oomopy B Komi poTtopa wr=f(M); 6 - mTy4dHa
MEXaHIYHa XapaKTepPUCTHKa IPU TeHepaTOpHOMY ranbMyBaHHI @g=f(M) Ta
e- TpU TalbMyBaHHS NPOTH BMHKaHHAM @,,~f(M) Bu3Hawaemo 3rimHo 3
OTPUMaHHHUX JAHHWX TPU EKCIEPUMEHTAIHLHOMY JOCIIDKCHHI (quB. Ta61.3.2)
BUKOpYycTOBOBYs Buposu (3.8; 3.9; 3.10) .

EnexrpomMarniTHa noTyxHicTh P; BU3HaUaeThCs 3a popmyIoro:

P1=3 Pq),BT. (38

EnextpomaruitHuii MomeHT M7 —3a popmyoro:

M1=P1/a)1, H.m. (39)

KyToBa mBUAKICTh » BU3HAYAETHCS 32 (HOPMYIIOFO:

®=n/9,55 pan/c. (3.10)

[TapameTpu eJIEKTpOMEXaHIYHUX XapaKTepucTHK (auB.puc.3.2 0) mpu
JUHaMiYHOMY TainbMyBaHHI ®,=f(M)  acHHXpOHHOro JBHUTyHAa 3 (a3HUM
POTOPOM BH3HAYAEMO 3TIHO 3 OTPUMAHHUX JAHUX MPU EKCTIEPUMEHTAIBHOMY
nocaikenHi (nuB.ta0i.3.3)Ta BUKopycToByBOs Buposu (3.11; 3.12; 3.13).

M,=P /o, H.; (3.11)

ne P,=1,U,—notyxHicTb , BT, wg — KyTOBOT IBHIKICTH iJI€QTBHOTO X. X, pa/c;
EnexTpoMarHiTHUII MOMEHT aCHHXPOHHOTO JBHUTYHA 3 (pa3HUM POTOPOM
AM —3a popmymoro:

I\/IAM=PAM/a)1, H.m. (312)
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ne Pav=lamUam— OTYXHICTB , BT; @7 — KyTOBOI IBUAKICTH cTaTopa, paj/c,
MoOMEHT acHMHXpOHHOTO JBUTYHa 3 (asHuM poropom AM  mpu
JMHAMIYHOMY TaJlbMyBaHi BH3HAYa€ThCS 332 (HOPMYIIOI0:
Mp=(M 41— Ma), Hm. (3.13)
[MIpu pospaxyHky 1 moOymoBi mBuakoctHoi w=f(l) Ta wMexaHiuHOI
xapakrepucTtik w=Ff(M) nBuryna HeoOXiTHO BUKOPHCTOBYBAaTH PEKOMEHIAIIIT Ta
Bupasu (2. 1....2.23).

Ananiz pezyivmamie nadopamopuoi pooomu

ITepm 3a Bce, poOJsATH BUCHOBOK MPO BIJMOBIAHICTh XapaKTEPUCTHK,
OTpUMAHUX JOCHIIHMM IIJIAXOM, OCHOBHUM IIOJIOKEHHAM Teopii IIpo
XapaKTEPUCTUKH aCHUHXPOHHUX  €NeKTpoABUIYHIB. [loTiM, moOpiBHIOIOUU
JOCTIAHI XapaKTEPUCTUKH 3 PO3PAaXyHKOBUMH, POOJISTH BUCHOBOK PO TOUYHICTh
BUKOHAHUX y pOOOTI BUMIPIOBaHb Ta OOUNCIICHbD.

Jlani HeoOX1IHO MpoaHali3yBaTh POOOTY KOXKHOI €IEKTPUYHOI MAIIWHU
7a00paTOpHOT YCTAHOBKU [UIsI PI3HUX PEXKHUMIB POOOTH JTOCHIIKYBAHOTO
€JIEKTPOJIBUTYHA 1 JUIl KOXKHOTO 3 HUX BU3HAYUTH PEXKUMHU POOOTH IIUX MALIMH.

Konmponwsui 3anumannsn

1. B sxkux Jiama3oHax 3MIHIOETBCS  KOB3aHHS  aCHMHXPOHHOTO
CJICKTPOJBUTYHA B pEXUMax TEHEPATOPHOTO TalbMyBaHHS, JBUTYHOBOMY
(ocHOBHOMY), TaJIbMyBaHHSI POTHBMHUKAHHSAM 1 THHAMIYHOTO TaJIbMyBaHHS ?

2. SIx 3miHIOETBCA opma xapakrepuctuku M = f(S) mpu 30inbmieHHi
aKTHUBHOT'O OIOPY B KOJII poTOpa?

3. Illo Take mepeBaHTaxyBalbHA  3MATHICTh  ACHHXPOHHOTO
CJICKTPOABUTYHA 1 SIKOIO € 11 3aJIKHICTh BiJl HAPYTH B OOMOTIII cTaTOpa?

4. UYu BiApPIBHAIOTBCS 32 3HAYEHHSM  MAaKCUMajbHI ~ MOMEHTHU
ACMHXPOHHOTO €JICKTPOJBUTYHA B IBUTYHOBOMY Ta TEHEPATOPHOMY PEKHUMAX ?

5. Un MoXe KpUTHYHE KOB3aHHS ACHHXPOHHOTO €JIEKTPOJBHUTYHA MaTH
3HAYEHHS, 10 TIEPEBUIIYE OTUHUITIO?

6. Sk BruIMBae miJBeeHA O ACHHXPOHHOTO €JIEKTPOJIBUTYHA HAMpyra Ha
bopmy xapaktepuctuku M = f(S).

7. Sk 3MiHUTBCS hopMa MEXaHIYHOI XapaKTEPUCTUKH €ICKTPOJABUTYHA B
PeXHMI TUHAMIYHOTO TajlbMyBaHHS TPHU 301JbIIEHHI aKTUBHOT'O OMOPY B KOJIi
potopa?

8. Ha mo BuTpauaeThcsi eHEpris, M0 BUPOOJISETHCS B €JIEKTPOJIBHUIYHI
npu Horo poOOTi B pekuMax TrajbMyBaHHSI(T€HEPATOPHOMY, MPOTHBMHUKAHHSIM
Ta JUHAMIYHOMY)?
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Jlabopamoprna poboma Ned

JlocaigKeHHS YaCTOTHOIO PeryJIl0BaHHS KyTOBOI IIBUAKOCTI
00epTaHHA ACHHXPOHHOI'O €JIEKTPOABHUIYHA 32 JOIMOMOI 00
€JIEKTPOMAIIIMHHOTIO NePeTBOPI0BAYA YaCTOTH

Mema pobomu. - HaOyTM TPAKTUYHUX HABUYOK pOOOTH 3
eJIEKTPOMAIIMHHUM TEPETBOPIOBAYEM YacTOTH 1 CTEHIOM Ui BHUIPOOYBaHHS
acMHXpOHHOTO aBHUryHa (AJl);

-TOCIIIUTH €JIEKTPOMEXaHIdHI Ta po00Ul XapaKTEePUCTUKUA ACUHXPOHHOTO
eJIEKTPOJIBUTYHA MIPH 3MiHI YaCTOTH MEPEK1 KUBJICHHS.

Ilpozpama pooomu
1. O3nHaiioMuTHCSI 3 TPUHIUTIOBUMH EJICKTPUUYHUMHU CXEMaMHU CTCHIY
CJIEKTPOMArHiTHOrO IepeTBoproBaya yactotu (puc 4.1).

Puc.4.1.Cxema MpUHIIMIIOBA EICKTPUYHA €JICKTPOMAIIMHHOTO
NepeTBOPIOBaYA YAaCTOTH

CTeHl eNeKTPOMArHiTHOrO TepeTBOpoBavYa 4Yactotd (auB. puc. 4.1)
ckianaerbes 3. SG - cunxponnoro renepatop; PBC-10 — perynstop Hanpyru
noctiitHoro  ctpymy; ATp —  Tpuxdasuuit  aBTOTpaHChHOpPMATOD;
B-20 - Bumpsmusu; M1 - nBuryHa mMOCTIHHOTO CTpyMy 3 HE3QJIEKHUM
30ymkenasaM;, Vi | V, — BoimbT™eTpiB;, A; 1 A, — ammepmerpiB; Hz -
gactoTomipy; K-51 -BumiproBanbHOro KoMmiekty; R, — peocrary; QF ta QF
- aBTOMaTHYHUX BUMHKAYiB.
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Creng st BUNPOOOBYBAHHS ACHHXPOHHOIO JBHUTYHa TMPH PI3HUX
4acTOTax MEpexKi xKuBieHHs (puc. 4.2).

~275F

Puc.4.2.Cxema mpuHIIMIIOBA €IEKTPUYHA CTEHAY AJISl BUTTPOOYBaHHS
ACMHXPOHHOIO IBUT'YHA

Crenn (muB. puc. 4.2) nans BUNpoOyBaHHS AaCHHXPOHHOTO JBUTYHA
CkiamaeThess 3. M - acuHXpoHHOTO nBHryHa; G - reHeparopa TOCTIHHOTO
ctpymy; TG —rtaxorenepartopa; K-506 -koMIIIeKTy BUMIPIOBAIBHUX MPUJIAIIB;
V1 iV, — BoabT™MeTpiB; A; 1 A, — amnepmetpiB; R, - peocraty; QF1lTa QF2 -
ABTOMAaTUYHUX BUMHUKAUIB .

2. 3amucaTd MAcMOpPTHI JaHl €JIEKTPUYHUX MAalIUH, MyCKOPETyIHKYoi
amapatypy Ta BUMIPIOBaIbHO1 anaparypu B Tabi. 4.11 4.2.

Tabnuys 4.1

Texniuni xapakxmepucmuku ea1eKmpuiHux Mawiun, 6UMIpIO6aIbHUX

npucmpoie ma anapamie

Ne/nn | HaiimenyBaHHsI Ne/nt | HailimenyBaHHs
1 M — ABUTYH MTOCTIHHOTO CTPYMY 4 | K-51 - BuMiproBajIbHUN KOMILIEKT
Puow=__ BT Uy =___B;
liow=___ A;Nypy,=__  00/xB 5 | QF1, QF2 -aBroMaTn4Hi BUMUKaYi
n=__ % |, = 25A, I, = 25A
2 SG —CcUHXpOHHUH TEHEPATOP 6 | Al-amnepmerp 30A
Piow=___ Bt;Uupu=__ B; A2— ammiepmerp 3A
liow = A; Ny =__ 00/xB 7 | Ry —peocrar
n=___% R=7,50m; | = 10A
8 | V1-Boasrmerp 150/300B
V2—sonermerp 300B
9 | Hzuactoromip
f=45-55I"n
3 ATp —tpudazuuit 10 | PBC-10 — perynstop Hampyrua
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aBTOTpaHCHOPMATOP MOCTIHHOTO CTPYMY
S= BA; Ug= B; B-20 - Bunpsamisa
]qy_: A

Tabnuys 4.2
Texniuni xapaxmepucmuku e1eKmpuyHuxX MawiuH, GUMIPIOGAIbHUX
npucmpoie ma anapamie

Ne/ni | HalimenyBaHHs Ne/t | HatimenyBaHHs
1 M — ABUTYH IOCTiIHHOTO CTpyMY 4 | Ry —peocrat
Puow=__ Bt Uyu=___ B; R=1500wMm; | = 3,4A
I”ﬁ”” = TA; Miow = ____0b/xB 5 | QF3, QF4 -aBToMaTn4H1 BUMUKaYi
=7 |, =25A,1,=25A
2 G-reneparop nocriitaoro ctpymy | 6 | Al—ammepmerp 0-1/2A
Puov=__ Bt Uy =___ B;
liom = A; Ny =__ 00/xB 7 | V1-Bonsr™etp 150/300B
n= % V2—gonsT™etp 0-150/300/60(
3 TG —rtaxoreneparop
Cre= _O6/XB ‘B

3. PoziOpatucs y poOOTi NPUHIUIIOBUX CIEKTPUYHHMX CXEM CTEHIIB (IHB.
puc. 4.1i puc. 4.2.),310patu CXeMH 1 3aIyCTUTH CTEH/IH.

Ilpumimxa. Tlepen myckoM CTEHAY €JIEKTPOMAIIMHHOIO MEPETBOpIOBava
yacToTH (auB. puc. 4.1)3 MeToro orpumaHHs enekTpopyiiiHoi cum E=C.o @,
ne C. - MOCTIHHUI KOHCTPYKUIMHUNA KOEQIIIEHT €IEKTPUYHOI MAIIMHU; @ -
KyTOBa MIBUJIKICTh 00€PTaHHS pOTOpa reHeparopa, paa/c; @ - MarHiTHUHN MOTIK,
B0. Omip pe3uctopa R, BCTaHOBII0EMO 32 TOMOMOOIO PeOCTaTa B MaKCHMaJIbHE
3Ha4YeHHs, 3a0e3Meuyroun JOMYCTUMHUI MycKoBUU cTpyM [, B oOMoOTHI Koja
sxops S11-5, nuryna M1, omip pesucropa R, B koni 00MoTku 30ymkeHHs 15~
[, BcTaHOBIIOEMO B MiHIMAJIbHE 3HAYEHHSI .

ITotiM yBiIMKHYTH aBTOMaTWYHUN BuMHKad QS, crocrepiarouu mpu
IbOMY 32 po00TOI0 IBUTYHA M1 Ta KOHTPOJIIOIOYU CTPYMHU B KOJIi sikopst Sq-5 |
ctpymu 30ymkenss [11;- 111, 3a momomororo amnepmeTpiB A; i Ao.

[Ipu mocsirHEHHI BCTAHOBJIEHOTO PEXUMY poOoTH ABUYHa M1 BMUKaeEMO
aBTOMAaTHYHUM BuMHMKad QS naHiora oOMOTKM 30yHKEHHS MAarHiTHOTO
MOTOKY CHHXpOHHOro reHeparopa SG. Ctpym B 0OOMOTIII 30yIKEHHS
CHUHXPOHHOTO renepaTtopa l,;sg PEryIIOeThCS 3a I0MOMOTOI0 PEYISTOpa CTPyMy
BC-10.

VY pe3ynpTaTi MPOTIKAHHS TOCTIHHOTO CTPyMy B OOMOTII 30yIKEHHS
BUHUKA€ MarHiTHUN moTik @, KOTpui, B CBOIO uepry, mepecikae OoOMOTKHU
CTaTopa CHHXPOHHOTO TEHEpaTopa 3 BH3HAYEHOK KYTOBOK INBUIKICTIO (@ -
var) i B HHX HaBOJUTHCS EIEKTPOpPYIIiHA CHWJIA, SKa KOHTPOJIIOCTHCS 3a

41



JIOTIOMOTOI0 BOJIBTMETpPA V3, @ 4acTOTa CTPyMy KOHTPOJIOETHCS YaCTOT MipOM
HZ.

Howminaneny wactoty f=50I'11 i manpyry U= 230B BcTaHOB/IIOIOTH 3a
JIOTIOMOTIOIO 3MIHU KYTOBOI IIBHAKOCTI 0OEpTaHHS POTOpa MAIIMHU MOCTIHHOTO
CTpyMy 3a paxyHOK Bapiatii onopiB R, iR, i petyraropa ctpymy BC-10.

4. 3HATH TOPUPOJIHY MEXaHIYHY  XapaKTepUCTHUKy 1  poboul
xapaktepuctuku (puc. 5.4): w=f(M); L=f(P,); M=f(P,); n=f(P,); cosp=f(P,);
n=Ff(P>).

5. 3 mi€r0 METO HEOOXIMHO 3amyCTUTH CTeHJ [JIs BUIPOOYBaHb
ACMHXPOHHOTO eJIeKTponBuryHa (auB . pwuc.4.2), mas 1OTO BMHUKAEMO
aBTOMAaTHYHUA BUMHKa4 QS;,, mMpu 1bOMY TEHepaTop MOCTiHHOTO cTpyMy G
BUMHKAEMO, TOOTO 0OMOTKa 30ymkeHHs reneparopa Ill;- 11, He BBIMKHEHa
(1:=0).

JlaHi mokasu BUMIPIOBAJILHUX MPUCTPOIB 1 Taxoreneparopy G 3amucatu
y Tabmuiro 5.3.[IpoBeaeHuit 10Cia HA3UBAIOTH TOCTIIOM XOJIOCTOTO XOIY.

J11st TOro, 1mo0 MpoBeCTH JOCIIAM MPU PI3HOMY HaBaHTaKEHHI (MOMEHT1),
KUIBKICTh JIOCIIIIB PEKOMEHAYEThCs Big S5 1m0 7. HeoOxigHO 3a J0mOMOTroro
HaBaHTaXyBaJbHOTO peoctata R,, (muB. puc. 4.2) BCTAHOBUTH 3HAYCHHS OIOPY
(HaBaHTaXCHHS) TAaKMM YHHOM, 100 TIOKa3d aMIIePMETPy BiAOBIIAIH
3aJaHOMy 3HauyeHHI0 cTpymy (Ip), skuil Tede uepe3 0OOMOTKM cTaTOpa
ACHHXPOHHOTO JBHUryHa He Ounpmie Hixk Ha 20% Big HOMIHAJIBLHOTO CTPYMY
JOCITIIKYBaHOT MAIITMHH.

Ilpumimka. Tlpy  TpoBeAEHHI  E€KCIIEPUMEHTY  JaHl  TOKa3iB
BUMIPIOBAJIBHUX MPUJIAJIIB TaK CaMO 3aHOCSATHCS 10 Tabui 4.3,

Tabnuysa 4.3
ExcnepumenmanvHi 0ani eneKmpomMexaniynux napamempie ACUHXPOHHO20
0BU2YHA
Homep JlocaiaHi maH1
BUMIpIOBaHHA | N,00/x¢ |U,B |I,A U,.B 4, A | Py,BT
[Tpuponna enexrpomexaniuHa xapakrepuctuka(f=50I"; U=22@B)
1....6
Ityyna enekrpomexanidda xapaktepuctuka (f=_ T'm; U=_ B)
1....6
HITy4yna enekrpomexaniuHa xapakrepuctuka (f=_ I'm; U=__B)
1...6

6. 3HSTH IUTY4YHI XapaKTePUCTUKN aCHHXPOHHOTO JBUTYHA MPU 3MiHI YaCTOTH,
BpaxOBYFOUYH 3aKOH 4acTOTHOTO perymoBanns U/f= const.
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JI7ist 3HATTS 1 MOOYOBH IMITYYHUX MEXAHIYHUX XapaKTEPUCTHK ACHHXPOHHOTO
CIICKTPO/IBUTYHA, HEOOXITHO 3a JOIIOMOI'OIO
eJIEKTPOMAIIIMHHOTO TiepeTBoproBada (muB. puc.4.1l) BCTAaHOBUTH 3a/laHy 4YacToTy 1
MPOBOIUTH €KCIIEPUMEHT 32 METOIMKOIO, ONMCAHOIO B ITyHKTaX 31 4.

TOOTO TIpU PI3HUX YACTOTaX,

7. IToOymyBatu rpadiku enekrpomexaniynux w=f(M) xapakrepuctuk AJ] mpu
PI3HUX peKUMaX POOOTH.

8. IloOymyBatu poOoUl XapaKTePUCTHKKU MPU HOMIHAILHHMX TapameTpax Al
n=f(P2); Li=f(P,); copp=Ff(Py); n=H(P2) Ta M=f(P»).

3 1Li€0 METOI0 HEOOXITHO pO3paxyBaTH BIATIOBIIHI EIEKTPOMEXaHIYH1
rapaMeTpy JIBUTYHA HA OCHOBI €KCTIEPHIMEHTY 1 3aHECTH B TaOHIIHO 4.4.

Tabnuys 4.4
Po3paxynkosi eenuuunu eneKmpomexaniunux ma pooouux Xxapaxmepucmux
ACUHXPOHHO020 08UZYHA

Howmep Po3paxynkoBi gaHi

/1t

w, pazalc

P]_,BT

P2,BT

SBA

COSp

n

Mg,H'M

Ml, Hwm

[TpuponHi poboui Ta eneKTpOMEXaHIuHa XapaKTePUCTUKA
(f=50I'; U=22@B)

1....6 + + + + + | +H O+ +
Ityuyna enekrpomexanidda xapaktepuctuka (f=_ T'm; U=_ B)
1....6 + - - - _ _ - n
Ityuna mexaniuHa xapaktepuctuka (f=_ I'm; U=_ B)
1....6 + - - - - - - +

9. IlpoananizyBaTi MIATBEPPKEHHS TEOPETUUHUX TOJIOKEHb Yy pe3yJbTaTax
EKCIICPHIMEHTIB.
10.Cxknactu 3BIT.

Kopomki meopemuuni nonoxcenns ACUHXPOHHO20 OBUSYHA

KyroBa mBuakicTh 006epTaHHs pOTOpa ACHHXPOHHOTO IBUTYHA 3aJIC)KHTH:

n

w= —, 4.1
955 (4.1)
ne 9.55 -4ucio 3HaXOAUThCS 13 CITIBBITHOIIICHHS PIBHSHb.
w= ﬁpaz:/c, n= 60 00/xB, TOOTO 60 _ 955
p p 2n

e f - yacrora Mepexi; p - 4KCIIO Map MOJOCIB.
[Tix MexaHIYHOIO XapaKTEPUCTUKOI PO3YMIIOTh 3aICKHICTh KyTOBOI 4aCTOTU
obepranHs poropa Big MomeHTy w=f(M). Ha puc. 4.3 300pakeHO CIMEHCTBO
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MEXaHIYHUX XaPAKTePUCTUK ACHHXPOHHOTO JIBUTYHA TP PI3HUX YaCTOTaX KUBJICHHS
MeEpexl.
ITix poGourMy XapaKTepUCTHKAMK PO3YMIIOTh 3aJISKHICTh YaCTOTH 0OEpTaHHS

JIBUTYHA - N, CTpyMy cratopa - |; MexaHiuHOro MomeHTy - M, koedirieHTa
MOTYKHOCTI — CO%; Koe(dilieHTa KOPUCHOI Jii - # Bl KOPUCHOI MOTY>KHOCTI P,
(puc. 4.4).
w* 1 3
wm.ur_’;')x
T may
S~
. \
@]
: i
Wron =1 = - 7
™
—_——————— 2 -
s
=T PR
@1i)° Y —~
: | —d 2 ¥ ]
P roni) P e /"_(--
r -~
”
AN :

Mo =1 M*

1 - npupoaHs XapaKTepPUCTUKA, 2 - IIITY4YHI XapaKTePUCTUKU
Puc. 4.3.CiMelCTBO eNIeKTpPOMEXaHIYHHX XapaKTEPUCTUK aCHHXPOHHOTO JIBUTYHA

n* M:'T" 1 coso
A A A A

TR

|-
>

Py

&

=
[—

Puc. 4.4.Po60ou4i XapaKTEpUCTUKH aCHHXPOHHOTO JIBUTYHA

Hesnauna 3MiHa MakCUMaabHOTO 3HAYEHHS EJIEKTPOMArHITHOTO MOMEHTY
00yMOBJIEHO 3aKOHOM YacTOTHOro perymosanHs U/f=const, ne mpu 3miHi 9acroTu
HEOOX1THO IMPOMOPIIIIHO 3MIHIOBATH HAIPYTY, IO MIBOAUTHCS.

JI71st e7IeKTpOMEXaHITHOTO TIEPETBOPIOBAYA YaCTOTH IIH 3aKOH 3a0€3MeTy€eThCs

3MIHOIO YaCTOTH OOEPTaHHS POTOpa CUHXPOHHOTO reHeparopa SQ.
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Memoouuni exazieku 00 po3pPaAXyHKO80i YaCMUHU

EnextpoMarHitHi 1 €JIEKTpOMEXaHIYHI TMapamMeTpyd BH3HAYAIOTh  3TITHO
OTPUMAHUX JaHHX MPU EKCIICPHUMCHTAIILHOMY JIOCITDKEHHI IBUrYHIB (muB. Ta0d. 4.3,
4.4).

EnexrpomarHiTHa MOTY»KHICTh BU3HAYAETHCS 32 (HOPMYIIOFO:

P,=3P,, Bm 4.2)
IToBHA MOTYXHICT:
S=3U,/l,, BA 4.3)
KoediwieHT noTy>xHOCT!:
Cosp=P4/S (4.4)
KoedirieHT KOpHCHOT Mii:
n=PJAP, (4.5)
KopucHa noty»xHicTb.
P,=U.ld 1, Bm (4.6)

ne #=0,85 —xoedimieHT KOPUCHOI /il TeHepaTopa.
KyroBa yactora obepranHs poTopa:

®=n/9.55 paolc 4.7)
MexeH1uH1iA MOMEHT:
Mx=P2/ v H-m (4.8)
EnextpomarHiTH1if MOMEHT:
M1=P+/ w1, Hm 4.9)
KyroBa gactora 00epTaHHsI MArHITHOTO TTOJIS:
w 1=27filp, padlc. (4.10)

3anumannsa 00 camonepesipku

1. Ilo Bu po3yMieTe MiJg MPUPOJHOIO 1 MITYYHOK XapaKTEPUCTUKAMU
ACUHXPOHHOTO JIBUTYHA?

2. SIxi cnocoOu peryitoaaHHs aCHHXPOHHOT'O JIaUTyHa BU 3HA€TE?

3. Uomy mnpu mycKy JaumryHa MOCTIMHOTO CTpyMy B KOJO SIKOpS
HEOOX1/IHO BBECTH JI0AATKOBUIA Omip?

4. Ha3BiTh Oy/iBENIbHI MAIlMHA 1 MEXaHi3MH, JI€ BUKOPHCTOBYETHCS
pEryJIbOBAHUN ACHHXPOHHUM EJIEKTPOIIPUBOLL.
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Jlabopamopra poboma NeS

JocaigskeHHsI YaCTOTHOIO PeryJl0BaHHS KYyTOBOI IBUAKOCTI 00epTaAHHS
ACHHXPOHHOTI0 €JIEKTPOJABUIYHA 32 JONOMOI0K TPAH3UCTOPHOIO
NMepPeTBOPIOBAYA YACTOTH

Mema pooomu. -HaOyTy TPAKTU4HI HABHUYKU POOOTH 3 TPaH3UCTOPHHUM
IEepeTBOPIOBAYEeM YacTOTH 1 CTEHJOM Ui BUIPOOYBaHHS AaCHHXPOHHOTO
JIBUTYHA;

-TOCTI/PKEHHS ~ €JEKTPOMEXaHIYHUX  XapaKTepUCTHK  ACHHXPOHHOTO
€JIEKTPOJIBUTYHA MIPH 3MiHI YaCTOTH MEPEK1 KUBJICHHS.

Ilopaook euxonanns pooomu
1. O3HaHOMUTHCS 3 MPHHIIMIIOBOIO EICKTPUYHOIO CXEMOI0 CTEHAY IS
BUNIPOOOBYBAHHS ~ ACHHXPOHHOTO  CJIEKTPOJABHIYHA 3  TPaH3UCTOPHHUM
neperBoproBadeM yactotu (puc. 5.1).

m
ll

&
iy

Puc. 5.1.Cxema npUHIMIIOBA €JIEKTPUYHA CTEH Y JU1sl BUTIPOOYBaHHS
ACHHXPOHHOTO JIBUTYHA 3 TPAH3UCTOPHUM IEPETBOPIOBAYEM YaCTOTU

Crenp st BUNPOOYBaHHS aCHHXPOHHOTO JIBUTYHA (B, puc. 4.1)ckmanaerses
30 TIIY - TpaH3UCTOPHOrO MEpeTBOpIoBada dactoTd; bY, mio BiIoudae: 010K
ynpasninas; [TJIK - myiasTy AucTaHIIHOTO KepyBaHHS 3 KOHTPOJIBHUM 1HAUKATOPOM
gactotn HZ; M - acuaxponHOro apuryHa; G - reHeparopa MOCTIHHOTO CTpyMy 3
He3aJIeKHUM 30y/DkeHHsM; TG -Taxoreneparopa; K-56 - KoMIiieKkTy BUMIpIOBATIbHIX
npunanie; Vi 1 V, — BonmbT™MeTpiB; A 1 A, - ammiepmeTpiB; R, - peoctary; QF, QSk

- aBTOMATUYHHUX BIMHKAUIB.
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3anporoHOBaHUI ISl TIPOBEACHHS BUMPOOYBAaHHS ACHHXPOHHOTO JIBUTYHA
TITY - TpaH3uCTOpHMIA TIEPETBOPIOBAY YaCTOTH 3a0e3reuye 3akoH perysoBanHs U/f=
const

2. 3ammcaTd TACMOPTHI JaHl eJNEeKTPUYHMX MallldH, ITyCKOPEeTyJIHOrdol
arapaTtypy Ta BUMIPIOBAILHOI aniapaTrypu B Tadmuitiio 5.1.

Tabnuys 5.1
Texniuni xapaxmepucmuku e1eKmpuyHuxX MawiuH, GUMIPIOGAIbHUX
npucmpoie ma anapamie

Ne/ni | HalimenyBaHHs Ne/t | HalimenyBaHHs

1 M —acuHXpOHHMI 1BUTYH 4 | K-56 - BuUMiproBaJbHHI KOMIUIEKT
Puov=__ Bt Uy =___B;
I”ﬁ”” = TA; Miow = ____0b/xB 5 | QF1, QF2 -aBroMaTn4Hi BUMUKaYi
= |, =25A, 1, =25A

2 G —reHepaTop MOCTIHHOTO CTPYMY 6 | Al-amnepmerp 30A
Puow=__ BtiU,n=__ B; A2— amnepmerp 3A
liom = A; Ny =__ 00/xB 7 | Ry —peocrat
n=___% R=7,50m; | = 12A

8 | V1-Boasr™erp 150/300B
V2—sonermerp 300B

3 TG —taxoreneparop 9 | TITY-TpaH3UCTOPHUHN TEPETBOPIOBAY
S= BA; Uy= B; 4acTOTH
Iy = A f=0-50T"11

3. PozibpaTtucs y poOOTI MPHUHITUIIOBOI €JIEKTPUYHOI CXEMU CTEHIY IS
BUMPOOYBAaHHS ACUHXPOHHOTO JBUTYHAa 3 TPaH3UCTOPHUM IIEPETBOPIOBAYEM
yacToTH (auB. puc. 5.1).

4. 3HATH TIPUPOJIHY Ta IITYYHI €NEKTPOMEXaHIUHI XapaKTEPUCTUKH (pHUC.
5.2): w=f(M); 3 miet0o MeTor0 HEOOXiTHO 3aIyCTUTH CTEHH Ui BHIIPOOYBaHBb
ACHHXPOHHOTO eNeKTpoaBuryHa (muB. puc. 5.1).

Ilpumimxa. Tlepen 3amyckom crenay (muB. puc. 5.1) s BunpoOyBaHHS
ACMHXPOHHOTO JIBUTYHa HEOOXITHO O3HAHOMHUTHCS 3 THCTPYKIIEIO TIO 3aIyCKy
nepeTBoproBada 4dactotu TIIY, ska 3HAXOOUTBCA Yy  KOMIUIEKTI 3
MEPETBOPIOBAYEM.

ITicns 3amycky TIIY 3a 10omoMoror BBIMKHEHHS aBTOMATHYHUX
BuMuKaudiB QS, QS 3anmyckaeMo aCUHXPOHHMM BUTYH M, BCTaHOBJIFOEMO TPH
1IbOMY HOMiHaJabHY YacToTy f=50/7, KOHTPOJIb SIKOT 3MIMCHIOETHCS Ha JUCILIET,
0 3HAXOAUTHCA Ha AUCTaHLIMHOMY myhbTi KepyBanHs I[IJY 1 nHampyry
U=230B, sxa KOHTPOJIIOEThCSA 3a JOIMOMOIOI BOJBTMETPY V, IO BXOJUTH B
KOMIUIEKT BUMIpIOBaIbHUX NpUCTpoiB K-56. [Ipu 11boMy reneparop mocTiiHOro
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ctpymy G BuMKHeHHH, ToOTO oOMOTKa 30ymkenHs reHeparopa [1-I1112 we
BBiMKHeHa ([B=0).

JlaH1 1Moka3iB BUMIPIOBAILHUX MPHUCTPOIB 1 TaxoreHepatopy TG 3anucaru
y Tabus1. 5.2.1IpoBeneHuit 10CIiT HA3UBAKOTh JOCTIIOM XOJIOCTOTO XOY.

J1J1st TOTO 11100 MPOBECTH JOCIIIN IIPH PI3HOMY HaBaHTa)KeHHI (MOMEHTI),
KUIBKICTh JIOCTIZIB PEKOMEHAYEThCS Bi S5 g0 7. HeoOximHO 3a J0MOMOroro
HaBaHTaXyBaJbHOTO peoctata R, (a1uB puc. 5.2) BCTAHOBUTH 3HAUCHHS OMOPY
(HaBaHTa)KEHHs) TAaKMM YHHOM, MO0 TIOKa3W aMIlepMeTpy BiIIMOBiaIH
3aJaHOMy 3HaueHHIO cTpyMmy (Ip), skuii Tede dvepes OOMOTKM cTaTopa
ACHHXPOHHOTO JBUTYHa He Ouibiie HiXK Ha 20% BiJ HOMIHAJIBHOTO CTPYMY
JOCITIKYBaHOT MAIITMHH.

Ipumimxa. Tlpu mpoBeEeHHI EKCIIEPUMEHTY JlaHl TOKa3iB BUMIPIOBAJIBHUX
TIPUJIAJTIB TaK CaMO 3aHOCATHCS JI0 Ta0IT. 5.2.

Tabnuysa 5.2
Excnepumenmansti 0ani eneKmpomexaniynux napamempie acuHXpoHHO20
0BuU2yHa
Howmep Jocmiani naHi Po3paxyHnkoBi gaHi
BUMIpIO- | N, U, lay [Ug |lgn | Py | Po W My,
BaHHS 06lxe | B A |B A |Br |Br pan/c | Hwm

[Ipupoani poboui Ta eJIeKTpoMeXaHIYHA XapaKTePUCTUKA
(f=50I"u; U=22B)

1....6
HIty4yna enekrpomexaniuHa xapakrepuctuka (f=_ I'm; U=__B)
1....6

[Ityuna mexaniuna xapaktepuctuka (f=_ I'm; U=_ B)

1....6

5. 3HATH IITYYHI €EKTPOMEXaHIYHI XapaKTEPUCTUKU aCHHXPOHHOTO JIBUTYHA
IpH 3MiHi YaCTOTH, BPaXxOBYIOUHM 3aKOH 4acTOTHOTO perymoBanas U/f-=const

JIns 3HATTS 1 1NOOYIOBUM INTYYHHX €JIEKTPOMEXaHIUHMX XapaKTEPUCTUK
ACHUHXPOHHOTO ~ €JICKTPOJIBUTYHA, TOOTO TIpH PI3HUX YacTOTaX, HEOOXIHO 3a
JIOTIOMOTOK) TPAH3UCTOPHOTO TEPETBOPIOBaYa 4acToTH (muB. prc. 5.1) BCTaHOBUTH
3a/IaHy YacTOTY 1 IPOBOIUTH €KCIIEPUMEHT 32 METOIMKOIO, OTMCAHOIO B TTYHKTax 31 4.

6. [ToOymyBaTu rpadiku elIeKTpoMeXaHIuHNX XapakTeprucTrk o = f(My).

3 1i€I0 METO HEOOXITHO PO3paxyBaTH BIIMOBIIHI  €JIEKTPOMEXaHIYHI
rapaMeTpu JBUI'YHA Ha OCHOBI €KCIIEPUMEHTY 1 3aHEeCTH B Ta0JI. 5.2.

7. IlpoananizyBaTi MIATBEPPKEHHS TEOPETUUHUX TOJIOKEHb Yy Ppe3yJbTaTax
EKCIICPHIMEHTIB.

8. Cxuactu 3BIT.
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Kopomki meopemuuni nonoscennn acunxponnozo osuzyna

KyroBa mBuakicTh 00epTaHHs pOTOpa ACHHXPOHHOI'O IBUTYHA 3aJICXKUTH:

n
= A
0) 955" (5.1)

ne 9.55 -4ucio 3HaXOAUThCS 13 CITIBBITHOIICHHS PIBHSHb.

=2 pan/c, n= ©0 00/xB, TOOTO 00 955
p p 2n

ne f - gacrora mepexi,[ 11, p - 4ucio map mosroCiB.

[Tin eneKkTpoMEXaHIYHOK XaAPAKTEPUCTUKOIO PO3YMIIOTh 3aJICKHICTH KyTOBOI
gactotr oOepTaHHs potopa Bij MomeHTy w=f(M). Ha puc. 5.2300pakeH0 cimMeiicTBO
CJICKTPOMEXAHIYHUX XaPaKTEPUCTUK ACHHXPOHHOTO JIBUTYHA IPU PI3HUX YacTOTax
YKUBJICHHST MEPEXKI.

9 i)™

°
0 -'!‘{rro.u* =1 1"/{*

1 - npupoHA XapaKTePUCTHKA, 2 - IITY4YHI XapaKTEePUCTUKH
Puc. 5.2.CimelicTBO MEXaHIYHMX XapaKTEPUCTUK aCHHXPOHHOTO JIBUTYHA

He3nauna 3MiHa MAaKCHMAJBHOTO 3HAYEHHS EJIEKTPOMArHITHOIO MOMEHTY
00yMOBJIEHO 3aKOHOM YacTOTHOro perymosanHs U/f=const, ne mpu 3miHi 9acroTu
HEOOX1THO MPOMOPIIIHHO 3MIHIOBATH HAIPYTY, IO MiBOAUTHCS.

JI7si e7IeKTPOMAarHiTHOTO TMepEeTBOPIOBAaYa YaCTOTH 11 3aKOH 3a0e3MedyeThCs
3MIHOFO YaCTOTH OOEPTaHHS pOTOpPa CHHXPOHHOTO reHeparopa SQ.
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Memoouuni exka3zieku 00 po3PAxXyHKO80i Yacmunu

EnextpoMarHitHi 1 €JIEKTpOMEXaHIYHI MapamMeTpyd BH3HAYAIOTH  3TITHO
OTPUMAHUX JaHHX MPU EKCIICPUMEHTAIILHOMY JIOCIIDKSHHI IBUTYHIB (uB. Ta0I. 5.2).
EnextpomarHiTHa MoTyKHICTb BU3HAYAETHCS 32 (POPMYJIOLO;

P.=3P,, Bm (5.2)
KytoBa gactora obepTaHHs poTopa:
®=n/9.55,paolc (5.3)
EnextpomarHiTH1if MOMEHT:
M,=P+/ wq, Hm (5.4)
KyroBa gactora 00epTaHHsI MArHITHOTO TTOJIS:
w 1=27filp, padlc. (5.5)

3anumanns 00 camonepegipku

1. Ilo Bu po3ymiere MiJ NPUPOTHOIO 1 MITYYHOI XapaKTEPUCTUKAMHU
ACHHXPOHHOTO JIBUTYHA?

2. SIxi cnocoOu perystoBaHHs aCHHXPOHHOTO JIBUTYHA BU 3HAETE?

3. Ha3Bith OyniBenbHI MallMHU 1 MEXaHI3MH, J€¢ BUKOPHUCTOBYETHCS

peryab0BaHUN aCHHXPOHHUN €JICKTPOIPHUBIJI.
4. Slkuii 3 TPUBOJIB E€KOHOMIYHO BHTIJHUM. 3 €JIEKTPOMAIIMHHUM

NEPETBOPOBAYCM HaCTOTH YU 3 TPAH3UCTOPHUM IICPCTBOPIOBAYCM YaCTOTH.
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Jlabopamopna poboma Ne 6
Joc/aikeHHsI eJIEKTPOMEXaHIYHUX TA POOOYUX XaPAKTEPUCTHK
CMHXPOHHOI'0 IBUTYHA

Mema pooomu. - HaOYTH TPAKTUYHUX HABUYOK POOOTH 3 CTEHIOM JUIs
BUTIPOOYBaHHs cuHXpoHHOTO nBUTyHA (CJI);

-IOCIIIUTH  €JEeKTPOMEXaHIuHI ~ BJACTHBOCTI  CHHXPOHHOTO  JIBUTYHa
(emexTpoMexaHivHi Ta poOOYl XapaKTEPHCTUKM), THATBEPAUTH TEOPETUYHI BiJOMOCTI
PO CUHXPOHHMH TpH(a3HUIA TBUTYH.

Ilpozpama pooomu
1. O3HalOMHUTHCS 3 KOHCTPYKINEO 1 3 TPUHIUIIOBOIO EICKTPUYHOIO CXEMOFO
CTEHly JOCII/DKEHHSI €IEKTPOMEXaHIYHNX Ta POOOUNX XapaKTEPUCTHK CHHXPOHHOIO
TpudasHoro apuryHa (puc. 6.1).

Jﬁ;

A

Puc. 6.1.IlpuniumnoBa eeKTpryHa cXeMa CTeH/TY JJIs JJOCIIKEHHS

CHHXPOHHOI'O /IBUT'YHA

2.3anucat TMAacloOpTHI JlaHl ENEKTPUYHMX MAIllMH, BUMIPIOBAIGHOI 1
PEeryJrorUoi armaparypu jo taos. 8.1.
Tabnuys 6.1
Texniuni xapakxmepucmuku e1eKmpudHuUX Mauwiut, 6UMIpIO6aAIbHUX
npucmpoie ma anapamie

Ne/nn | HaiimenyBaHHsI Ne/nt | HalimenyBaHHs
1 SM —CcHUHXpOHHUH BUTYH 6 | K-51 - BuMiproBalbHUN KOMITJICKT
PHO.M = BT; UHO.M = B;
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Liow = A Ny = 00/xB 7 QF1, QF2, QF3 -—aBroMarmuHi
BUMUKAUi
|, = 25A,1,=25A
2 HM —MammHa nocTiifHOTo CTpyMy 8 | Al-ammnepmerp 10A
Puonw=__ Bt;Uyn=__ B; A2— amnepmerp 3A
lion = A Ny = 00/xB 9 | V1-soasr™merp 150/300B
V2—soner™merp 300B
3 SA1l, SA2 -aBToMaTHuHI 10 | HzuacToromip
BUMUKAYI f=45-55T"11
4 PBC-10 —perynsTop Hanpyru 11 | R —peocrar
MOCTIHHOTO CTPyMY R=7,50Mm; | = 12A;
R, —peocrar
R =150-3000m; | = 1,7/3.4A
5 KA —pene ctpymy 12 | LM —curnanpHi JaMIu

3. 3pobutu myck cuHxpoHHoro apuryna CJ 3a J10MoMoror JOMOMIXKHOTO
neuryna HM.

4.3usu podoui 1, P, M; cosp, 1 7=f(P,) Ta -enekrpoMexaHiuHi
xapakreprctuku w=f(M) cumxpontoro msuryna npu U;= Uy,=const; n = const,
| g=const. Jlani gocmmKeHb 3amcaT 10 Taol. 6.2.

5.3HATH B3aISKHICTh CTPyMy CTATOpPHOI OOMOTKA 1 CO$p1 BiJl CTPyMy
30ymkeHHs apuryHa mpu Uy= Uy, 1 P;=const Jlani qocmimkens 3anucaty B Ta0l.
6.4.

Tabnuys 6.2
Excnepumenmanvni 0ani ma po3paxynkoei 6e1UdUHU e1eKMPOMEXAHTYHUX
ma pooouux xXapakmepucmuKk CUHXpOHHO20 O6UZYHA

JocnigHi naHi Po3paxyHkoBi naHi
Ne Py, | I, | Uy, |Isex, | Inm, | Unm, | f, | 3I°Ry, APs, | Py | cospr | M, n
BUMIDY| Br [ A | B | A | A | B |ry| Br | Br | Br H* M
Tabnuys 6.3

Excnepumenmanwhi 0ani ma po3paxyukosi eeauuunu U —nooionoi
XapaxkmepucmuKu CUHXPOHHO20 08UZYHA

HOMep P4, U, l1, Ig, COo1

Bt B A A

BUMIpY

6. IpoananizyBaTi MiATBEP/PKEHHS TEOPETUYHHMX TOJIOKEHb y pe3yJbTarax
EKCITepPUMEHTIB.
/. CKJ1acTH 3BIT.
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Kopomki meopemuuni gioomocmi

CuHXpOHHA MaIlWHA, SKa MPAIOE MapalielbHO 3 Mepexeto (puc. 6.1),
aBTOMAaTUYHO TMEPEXOJUTh B PEXKHUM [JBUTYHA, SKIIO [0 Bally poTOopa
NPUKITaeHUI TaTbMiBHHIA MOMEHT. [IpHu 1IbOMy MalinHa MOYUHAE CIIOKUBATH 3
MEpeXi AaKTUBHY IIOTY)XHICTb 1 BHUHHUKAE EJEKTPOMArHITHUH MOMEHT, IO
obeptae. YacTtora obepTaHHS POTOpa 3aJTUIIAETHCS HE3MIHHOIO, SIKa JKOPCTKO
3B's13aHA 3 YAaCTOTOI0 MEPEXKi CHiBBIAHOIICHHSIM Ny=N;=60f/p(w,=2x#f/p), mo €
HANBaKJIMBIIIOKO EKCILUTYaTalliHOIO BIACTUBICTIO CHHXPOHHHUX JIBUTYHIB.

U-nmomiOHI XxapakTepucTHKH. 3a JONOMOIOK €KCIEPUMEHTAIbHUX
JTaHuX, TpuBeleHWX B Tabm. 6.2, wmoxHa moOymayBatm  U-momiOHi
xapakrepucTuku it asuryna l,=f(l,) (puc.6.2).

1A (5@
t S,
N @’// ¢ PisPr
Fo>Fr
Fr
5
P-0
P>0
lacos ¢
0 >
Hednsdydxenss [lepe30yaxerHs oA

Puc. 6.2. U -moxi6Hi xapakrepuctuku |,=f(l,)

Xapakrepuctuku (1uB.puc.6.2) MatuMyTh Taky K Qopmy, SK i
XapaKTePUCTHUKH JJII TEHEPaTopa, 3 TIEI0 JTUIIE Pi3HUIICIO, IO JUIs ABUTYHA KYT
3CyBYy (a3 ¢ NPUUHATO BiIpaxoByBaTH Bija BekTopa Hanpyru mepexi U.. Tomy
npu HeA030yIKeHH] cTpyM [, OyJe BijcTaBaTy Bija Hanpyru mepexi U., To0To
IBUTYH OyJe CHOXXKMBaTH 3 MeEpexi peakTHBHY MOTYXHICTh Q, a mpu
nepe30yKeHHI CTpyM Oyje Bumepemkatn Hanpyra mepexi U, ToOTo nBuryH
Oyze BiJ1aBaTl B MEPEKY PEaKTHBHY IMOTYXHICTB[9].
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PoGoui Ta enexkTpoMexaHiuHi xapaktepucTtuku. IIpeacraBistoTh
c00010 3alEeKHICTh CTPyMY [,, €MEKTPUIHOI MOTY>KHOCTi Pj, 10 HAJAXOIUTH B
0OMOTKY siKops, K.K.1.() 1 COSp Bia BimgaBaeMoi MeXaHIYHOI MOTY>KHOCTI P,
npu U.=const,/.-consti /,-cons{puc. 6.3).

/Q’//DZamg 'Z?/ﬁzw; cos g n
A

NN
N

\

/ P2 * /DZ/ Forors
Puc. 6.3.Po6oui xapakTepuCcTUKH

Ockinbky 4yacToTa OOepTaHHS JBHTYHA TOCTiiHA, 3anexHicTb w=f(P,)
3a3BUYall HE HABOJMTHCS; HE HABOAUTHCS TaKOX 1 3anexHicTh Mo=f(P;), Tak sk
obeproBuii MomeHT M mpomnopuiiiauii P,. 3anexuicts P,=f(P,) mae xapakrep,
OJM3BKUIA JI0 JIIHIHHOTO.

CTpyM ABUTYHA MPHU XOJIOCTOMY XOi € MPAKTHYHO PEAKTUBHUM. Y Mipy
3pOCTaHHS HAaBaHTAXCHHsI 3POCTAE aKTHBHA CKJIAJI0OBA CTPYMY, B 3B'SI3KY 3 UUM
3alIeKHICTh CTpyMy |, Bim motyxkHocTi P, € Heminidnoi. Kpusa n=f(P,) mae
XapakTep, 3arajbHUM JJIsS BCiX eNeKTpUYHUX MamuH. CUHXPOHHI JIBUTYHHU
MOJKYTh MPAIIOBATU 3 COSp=1, ane 3a3BuYail iX pO3paxoBYIOTh Ha POOOTY MpHU
HOMIHAJIbLHOMY HaBaHTAKEHHI 3 BHIICPSDKAIOYUM CTPYMOM, TIPH I[bOMY
C0%,,,=—0,9-0,8 B niboMy BUMaaKy MOJIMIIYETbCS CyMapHUN COSp MEpexi, Bif
SIKO1 KUBJISITHCSI CHHXPOHHI ABUTYHH, TaK sIK CTBOPIOBaHA HUMH BUIIEpEKATbHA
pEaKkTUBHA CKJaIoBa CTPyMy |, KOMIEHCYE BiACTal0uy pPEaKTUBHY CKIIAJIOBY
CTPyMy aCHMHXPOHHHHUX JIBUTYHIB. 3anexHicTh COSp=f(P,) npu poboTi maiuH 3
nepe30yHKeHHIM Mae MakcumyM B obOmacti P,>P,,,. llpu 3umxeHHi P,
BEJIMYMHA COSp 3MEHINYEThCS, a PEaKTHBHA TOTYXHICTh, sIKa BiJIa€ThCS B
MEPEXKY - 3pPOCTaE.
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Enextpomexaniuni xapakrepuctuku CJI «=f(M) mnpexncraBieno Ha
puc.6.4:

D -
3

[ eHapamapHuY
poxur . D | Fexum doveywa

L T T_—_

|
|
|
|
|
|
|
|
I
l l ] M i
0 /\ﬂ-fﬂM M/?’?EX

Puc. 6.4.Enextpomexaniuni xapakrepuctuku «=f(M)

Criiikuii pexxuM poOOTH CHHXPOHHOI'O JBUTYHA 3HAXOJUTHCA B MeEXax
M<M oy TIprt M>M 54 IBUTYH TIEPEXOIUTH B HECTIUKUIN PEIKUM.

IlepeBarn i HegoOJiKM CHHXPOHHOIO /JABHUIYHA B TIOPIBHAHHI 3
ACHHXPOHHUM.

CUHXpOHHI IBUTYHH MalOTh HACTYITHI BIACTUBOCTI:

a) MOXKJIMBICTh POOOTH MpH COSp=1; 11e MPU3BOIUTH 10 MOKPAIICHHS COSp
MEpEeXi, a TaKOX JI0 CKOPOUYEHHS PO3MIpiB CaMOro JBUTYHAa CHUHXPOHHOTO
JBUTYHA, TaK SK HOTO CTPyM MEHIIE CTPYMY aCHHXPOHHOIO JIBUTYHa Ti€i X
notyxHocti. [Ipu pobOTi 3 BumepemKarOUMM CTPYMOM CHHXPOHHI JIBUTYHU
CIIYTYIOTh [€HepaTOpaMu PEeaKTUBHOI MOTY>KHOCTI, sIKa HAJIXOJUTh B ACUHXPOHI1
JIBUTYHHU, WI0 3HUXKYE CIOXHBAHHS I[€]l MOTYXXHOCTI BiJ Te€HEpaTopiB
€JICKTPOCTAHIIIH;

6) MCHIIy YyTJIMBICTh IO KOJMBAHb HANIPYTH, TaK K HOTO MaKCHUMAaIbHHIA
MOMEHT ITPOIMOPIIHHUI HaMpy3i B IEpIIiil CTeneHi(a He KBaapaTy HalPYyTH);

B) CYBOPY IOCTIMHICTh YaCTOTH OOCPTaHHS HE3aJCHKHO BiJi MEXaHIYHOTO
HABaHTa)XCHHS Ha Baly.

HenonikamMyu CHHXpOHHUX JIBUTYHIB €

a) CKJIaIHICTh KOHCTPYKIIIT,

6) opiBHSIbHA CKJIAHICTh MYCKY B XiI;

B) TPY/AHOILI 3 PEryJIIOBaHHIM YacTOTH OOCPTaHHS, IKE MOMJIMBO TiJIbKH

IIJISIXOM 3MIHH YaCTOTH YKHUBJITIOL HaIpyru.
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3a3HaueH1 HEJIOJIIKM CHHXPOHHUX JIBUTYHIB POOJISATH iX MEHII BUT1THUMH,
HDK aCHHXPOHHI JBUTYHH, NpU oOMexeHuX moTykHocTsaXx 10 100 kBt. Ognak
py OLIBII BHCOKHMX TOTYXXHOCTSIX, KOJM OCOOJMBO Ba)KJIMBO MaTH BHCOKHIA
COSp 1 3MEHIIEeHI ra0apuTHI PO3MIpU MAIIMHH, CUHXPOHHI JBUTYHH Kpalle
ACUHXPOHHUX.

Onuc nabopamopnoi ycmanosku
JlabopaTopHa yCTaHOBKA MICTHTh Y COO1: MAIlIMHHUIA arperar, 1o CKJIaJaeThCs
i3 cHHXpoHHOro jBuryHa (0e3 KOpOTKO3aMKHEHOI OOMOTKM portopa) i
HABaHTAKYBAITHLHOI MAIIIMHHU TOCTIHHOTO CTPYMY HE3aJIeKHOTO 30y/DKEHHS, MPUCTPIA
CUHXPOHI3alIlli; JPKEPENI0 PEryjibOBaHOIO TIOCTIMHOIO CTPyMy; BHUMIPIOBAJIbHI 1
PETYITIOI0U1 arapary.

Memoouuni éxazieKku

1. Ha mnpaktwiii IIMPOKO 3aCTOCOBYETBHCS METOJ ACHHXPOHHOTO ITYCKY
CHHXPOHHHMX JBUTYHIB. OIHaK [l BUKOPUCTAHHSI IOr0 METOTY KOHCTPYKIIiSI pOTOpa
CUHXpDOHHOTO  JIBUTYHa  TIOBUHHA  TMiepeAdayaTd  HAsBHICTh  JIOAATKOBOI
KOPOTKO3aMKHEHOI OOMOTKH (Ha 3pa30K KOPOTKO3aMKHEHOI OOMOTKH aCHHXPOHHOTO
npuryHa). [IpakTHuHO 3alyCK CHHXPOHHOTO JBUTYHAa 3 KOPOT- KO3AMKHEHOIO
O0OMOTKOIO MaJIO UMM BIIPI3HAETHCS BiJl 3aITyCKy aCHHXPOHHOTO JBUTYHA.

Kpim 115010 MeToy, 3aCTOCOBYIOTHCS i 1HII MeToAM IMycKy. Hampukian, meton
MYCKY 3a JIONOMOTOIO CTIEHIaIbHOTO JOMOMDKHOIO JIBUT'YHA. Y JaHid Ja0OpaTopHIii
poOOTI  TIPOTIOHYEThCS  BUKOPUCTOBYBAaTH OCTaHHIM METON, IO mepeadadae
CHHXPOHI3AIliI0 CHHXPOHHOTO JIBUTYHa 3 MEPEXKEI0 JKUBJICHHS, aHAIOTTYHY
CUHXPOHI3allli CHHXPOHHHUX T€HEpaTOPIB Mepe/l BKITFOUSHHSM iX Y pIBHOOLKHY poOOTY .

Sk TONOMIKHUM ABUTYH y JIaH1d poOOTI BUKOPUCTOBYETHCSI HABAHTAXKYBAJIbHA
MallIMHa, 0 MPaIfoe B pexumi ABuryHa (mepeMukad 5/12 moBUHEH 3HAXOIUTHCS B
noyiokeHHi [). HaBaHTa)KyBaslbHy MallliHY 3aITyCKaIOTh, TIOCTYIIOBO 3MEHIITYIOYH OITIp
pesucropa Ry, (muB. puc. 6.1).Pesucrop R, moBuHEH MaTH HYJILOBHI OMIp y MEPIOT
ITYCKY.

Pexomenmyetbest 3asaTr U - omiOHi xapakrepuctuku nipu P, =0, P,=0,25 Py,
P 220,5 P 2HOM®

[opsinok mpoBeAeHHS IOCIT KECHb:

micisl MycKy JABUTyHa BinkmodaroTh QF2, TOOTO BIIKITIOYAIOTH JKUBIICHHS
JIBUT'YHA TTOCTIHHOTO CTPYMY;

CTpyM 30y/DKEHHSI CHHXPOHHOTO JIBUTYHA BCTAHOBIIOIOTH TaKUM, 1100 CTPYM B
oOMOTIII cTaropa OyB MiHIMaJIbHUM, TOOTO HOpMalibHUM. Lle BiamoBimae poOOTI
CHUHXPOHHOTO JIBUTI'yHa 3 CO$;=1,0.
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Jlam JocHipKeHHs MPOBOITh y OIK 3MEHIIEHHS CTpyMy 30Y/DKEHHS BiJ
yCTaHOBJIEHOT0 3Ha4YeHHs (py CO%; =1,0)1 y Oik 30LIbIIEHHS, PoOJsTun 5-6 BUMIpIB.
3MIHIOBAaTH CTPYM 30Y/DKCHHS PEKOMEHIYEThCS JIOTH, MOKH CTpyM h 'y cratopHii
0OMOTIII HE CTaHe PIBHUM HOMIHATTBHOMY: 1= I 1,0y

JInist ipoBeAieHHsT TOCTIDKeHb 13 3HATTS U - momiOHOi XapaKTepUCTUKU TPy
P>=0,25 Pyyoyy P2=0,5 Py HEOOX1THO TIEpeMHUKau SAZ2 TIOCTaBUTH B TIOJIOKEHHS 2,
TIEPEBECTH HABAHTAKYBAJIbHY MAIllMHY B TCHEPATOPHHMH pexxum/ 1 HAampyry B Ko
poTopa 11i€l MaIIMHYU MATPUMYBATH MTOCTIIHOKO.

2. J1nst 3HATTS poOOYMX XapaKTEPUCTUK HEOOXITHO HABAHTAKYBAIbHY MAIIUHY
MIEPEBECTH B TEHEPATOPHHUM DKM, TOOTO mepermodnT SA 3 monoxeHHs 1 y
NoJTIO’KeHHsT 2. 30UThIIICHHS] HABAaHTAKEHHS CHHXPOHHOTO JIBUTYHA 3a0€3IMeUYEThCS
3MEHILIEHHSIM O1opy pe3uctopa Ry, a moTim 30ubIeHHsIM oropy pe3uctopa Ro.

3. 3aNexHICTh CTpyMy B CTaTOpHIA OOMOTIN 1 COSp; BiI CTpyMy 30y/DKEHHS
CHHXPOHHOTO JBUIYHAa (IK 1 Yy BHIQAKy 13 CHHXPOHHHUM TI'€HEpaTtopoMm)
xapakrepu3yerbesi U - MoiOHOI0 KPUBOKO CHHXPOHHOTO JBUTYHA. LI 3ayexHicTh
BU3HAYAETHCS TIpH TocTiiiHOMy MoMeHTi apuryHa: |1=f(Ig), mpu U;= consti P,= Mo =
const.

4. CUHXpOHHUI IBUTYH, IO TIPAIIOE 3 JICSIKUM HEOHABAHTHKCHHSM, MOXKE
OyTH BHKOPHCTAHMI 3 METOIO TOMIMIIEHHS KOe(MII[i€eHTa MOTY>KHOCTI EJIEKTPUYHOT
Mepeski, TOOTO SIK TaK 3BaHHUI TeHEpaTOp PEAKTUBHOI IOTYKHOCTI.

JInist bOro HEOOXiHO WOTO Tepe30yIUTH - 30UIBIIUTH CTPYM 30Y/DKSHHS B
MOPIBHSIHHI 31 CTpyMOM 30y KeHHsI ipu CO%p1=1,0.

B oOmotmi craropa mpuryna crpym U Oyze 30UThIITyBaTHCS 1 BUIEPEMKATH
Hanpyry mepexxi Ue. ¥V 1poMy BHIIAAKy CHHXPOHHMM IBUTYH Oyle TeHEpyBaTH
PEaKTUBHY IOTY)KHICTb, III0 CIIOXKHMBAETHCS ~ CHOKMBAYaMH  (ACHHXPOHHHMH
JIBUTYHAMH, TpaHC(HOpMATOPaMH 1 T.J1.) ENEKTPUYHOI €Heprii, IPUEHAHUMHE JI0 Ti€l K
mepexi. Lle Tpu3BOIUTE O 3MEHINCHHSI CIOXKMBAHHS PEAKTHBHOI TOTYXKHOCTI 3
Mepeski, TOOTO JI0 TIBUILIEHHS KoedillieHTa TIOTYKHOCTI Mepeki COSp.

VY nan