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JlabopaTepHUH TPAKTHKYM € OfHiek 3 OCHOBHMX (OPM aymuTopHOI
po6oTy CTYZeHTiB Hil Yac BUBYeHHRA Teopll eNeXTpYUHMX KIN HHCLMIO-
JinM  “"TeopeTHuHa eJeKTPOoTexHiKa". BuroHybuUM AafopaTOpHy pobory,
CTYLEHT Olepkye exClepuMeHTaJbHe NLATBEpIMECHHS BHUBYEHMX paHilie
TEOPETHUEMX IOJIOXEeHb, HafyBac HaBMYOK NPaKTHUHOL POGOTH 3 €feKT-
DHYHHMM KOJaM¥, JImepesioMi eHepril pisHoro TUOY, BMMiDOBAJBLHUMA
NpUNALAME  TOMO, HABYAETbCA YUTATH Ta PO3YMITH CXEMH eJIeKTPUYHUX
Kijl, TIPOBOJMTM eJEeKTPOTexXHIYH] eKCHepUMeHTH Ta 00pobJsaTd IX pe-
3YJBbTATH.

MeToImMuki HACTaHOBH MICTATL ycl HeoOX1#HI KOMOOHEHTH IAf
NpoBefieHHsl Aaf0paTopHIX POGIT, & came MiHIMANLHI TeopeTH¥H! Bijo-
MOCT1 38 Temamu pofiT, [porpamu (TnaHu) pobiT, edeKTpuuHi cxemu
eKCIIePUMEHT1B, Tabmui Afs 3alliCy eKClIepHMMEeHTANbHUX JaHMX Ta 3aB-
NaHHA A7 1X OGpOGJIEHHA.

HaBegedi reopeTuyHi BiROMOCT1 HEZOCTATHI IJist BUBUGHHA JHC-
nAiEK B LinoMy. ToMy MiArOTOBKA HO JiaGOpATODHUX POGIT MoBUHHA
0a3yBaTHChb HA@ BHBYGHHI JeEKLIAHOTO Matepiajy Ta DPEeKOMEHAOB&HKMX
NiApYYHHKIB. ANd CaMOKOHTPOJ® B kowHIE pofoTi HaBeneHl KOHTpOJBHI
3aNUTaHHA.

Tpadiuny dacTHHY 3BiTiB 13 JabopaTOpHMX pPoOLT PEKOMEHAYETb-
csl BUKOHYBATY Ha MiJiMeTpoBOMY nanepl, JXOTPUMYOYMCH MAcWTabiB.
06UMCJIeHHs BUKOHYBATH ROCTATHLO 3 TpbOMa 3Hauymumu Ludpamu. Teo-
peTH4HI TOJIOKEHHA Y 3BiTaX HaBOIMTH He NOTPiGHO.
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JIABOPATOPHA POEOTA 001
HROCHIJKEHHS NIHIAHMX EAEKTPHYHMX KIN JOCTIHHOTO CTPYMY HA
MIIICTABI TEOPEMH IPO AKTHBHHH ABOTOMNIOCHHK
META POBOTH

HaBYMTHCH BU3HAYATH IapaMeTpH JIIHI1MHUX aKTHBHUX ABONOJOCHHK-

KiB And Mo6yNoBM IX 3aCTYIHEX CXeM; NEpeBIPUTH NOJOREHHS TeopeMu
Tpo aKTUBRWA J[BOMOJIOCHYK; AOCALIMTH Hpollec nepenadl emeprii Bin
AKTMBHOTO HO NACHBHOTO NBOTOMOCHHKA; 3’SICYBATH OGOOJMBOCTI mapa-
JNeAbHoI poboTu Amepes eHepril Ha cnijbHe HABaHTAMEHHS.

1. TEOPETHYHI TOACHERHA

TeopeMa Mpo aKTHBHUA EBONOJHCHHK JCHUTL ‘B OCHOBI METOLy eK-
B1BAJIGHTHOTO T'eHEpaTopa, AKUR UMPOKO BUKODHCTOBYETHCS AAA BU3HA-
HeHHS PeWMMiB pOOOTH ofHiel 3 BITOK UM [BOMOJIOCHHKA eNEKTPHYHOIO
KoJa. 3rifHo 3 nlew Teopemop, OYEb-siKUM JLHIAHUA AKTUBHUA NBOLO-
JIOCHUK (PuC. 1a) MOXHA 3aMIHMTH SKB1BaNEHTHUM TEHEPaTOPOM 3 €.p.C
E; i BHYTpimHuUM omopoM R, (puc. 10) ab0 exBIBaNEHTHHM I'eHEPATOPOM
3 JepesoM CTPYMy J. 1 BHYTpluHbob IpoBiiHicTo G, (puc. 1B). Ek~
BiB&JEHTHY CXeMy 3 IWEpesioM e.p.c (puc. 16) Ha3WBabTh cxeMon Te-
BeHeHa, a 3 IRepenoM cTpyMy (puc. 1B) - cxXeMob HopToHa.

EKBIBaNeHTHHE PeHEpaTOp EXBiBaNeHTHHA TEHEPaTOp

6 B
) Puc. 1 )

E.p.C exBiBaJEHTHOr0 I'eHepaTopa RKOPIBHWE Hanpyai Hépoﬁoqoro
pewuMy Uy (puC.  22), a BHYTpluHWi onip R. - OTOpY EBOMOJMKCHMKA
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ne BimHoweHHO X0 #OTC KJeMm npu ymoBi, mo Bcl pwepena eHeprii sin-
cyTHi, & IX BHyTplumi omopy 3ammiueHi (IBOMOJNPCHUK NACHBRMA) (pUC
2B). Iwepeno CTpymy J. B cXeMi HopToH& RODIBHKE CTPYMY KOPOTKOIQ
32MUKAHHS aKTHBHOI'OC ABOTIOMWCHMKA I, (puc. 26), a BHYTpiuHA npo-
BimHicTe Gp mopiBHOEe Gp = 1/R. (puc. 2B). Taxom E,. = Rp*I..
Npy HapaxTakeHH] aKTHBHOIO ABONOJCHMKA omopoM R (puc. 1a)
CTPYM B OfOp1 MOXHA BU3HauMTH 33 QopMynamu
T = E/(Rp*R) = Uyp/(Rp*R), i 1)
I = Rp*Ilys/(Rp+R) = Rpo*J;/(Rp+R). ()
NapaMeTp# eKBiBAJEHTHOI'C I'eHepaTopa MOoXHa BH3HAuMTH abo 32
CXeMOK aKTUBHOTO JBONOJIOCHUKA WAAXOM 1I pO3paxyHKYy B HepoGouoMy
pesuMi (puc. 2a) 1 npu simeyTHocT! nmkepen ewepril (puc. 2B), ao
MpOBOASYM Aocaipy  Hepoboyoro pengy (puc. 2a), uwo0 BUMIpATH
Uyp=Ep., 1 KODOTKOI'0 3aMuKaHHs (pHC. 20) ANA BU3HAUYEHHA Iy,=Jp.

Tont
Ry = /6, = Ugp/Is- . (3)

2. TOCAIIOBHICTh BUKOHAHHA POBOTH

2.1. 03HalOMMTHCA 3 YHiBepCAaNbHUM JAGOPATODHMM CTeHIOM 1
6a0koM Ans jaHol JsaBopaTopHol poBOTH, BHUMipHOW amapaTypok CTeHza
Ta GHOKOM HMBJCHHS.

2.2. CKNaCTH EJEKTPHYHE KOJIO 33 CXEMOb (p#C. 3) AJd 3HATTA
BOJIbTAMIEDHUX XapaKTepucTHK (BAX) axTWBHUX ABOIIOJOCHUKIB

2.3. 3MiHOWYM 3HAYEHHA OMOpY Pe3ucTopa Ry, 3HATHM BAX nepuoro
LBONOMNOCHKKA, 3AINCHATH AN HLOTO HEpoOOuMil PeXuM 1 pemnM KOpoT-
KOI'0 3a8MUKAHHA. PesyabTaTd HOCJALAIB 3aHecT B Tada. 1.

2.4. ¥ roso, 3oo6pakeHe Ha puc. 3, 3aMliCTb mepuworo ABONOKC-
HYKa BBIMKHYTH IPYIHiA.

2.5. Jina  Epyroro [BOTOJWCHMKA [OBTODMTHM JOCJIAM 3TilHO 3
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0. 2.3. Ta IX peay/abTaT¥ 3anKcaTH B Tabd. 1.

2.6. CK/IaCTH EJEKTPHUHE KOJIO 38 CXEMOD Ha pUc. 4.

2.7. PO3MMKANYM BITKY 3 HABAHTAMSHHAM AKTHBHOTO AROIOJOCHHKA
(pe3ucTOp Ry), MOCJIZMTH HEepoOOuMi DeMiM AKTUBHOIO IBONOJINCHYKA
Ta H0T'0 PE3YAbTATH 3alucaTi B Tabh. 2.

2.8. 3aK0p0TuTM BITKY HABAHTAMEHHA AKTMBHOTO JBONOJIOCHUKA
(Pe3dCTOp R3) 1 AOCHIAMTH KODOTKE 3AMUKAHHSY &KTHBHOTO NBOTIOJOCHM-
Ka. PeaynbTaTh ROCAiny 3ammcaTd B Tabn. 2.

2.9. BLIACHHTH DEEMM 3MIHHOTO HABAHTAMEHHS AKTUBHOPO LBOMO-
JOCHAKE SHAYCHHAM ONOPY R;. PesyJbTaTH BUMIDDBaHb 3aMMcaTH B
rada. 2. . -

3. CXEMJ ENEKTPMYHMX KI IS [IPOBENEHHA EHCTEPMMEHTIB

AXTHBHHA ABONOJNCHHK

r=—-—---- - 1 I
.
! ! U
| Ry | +
| + | -
| | -
1 ol El’ RBl I R3
[ A R 2

Puc. 3. CxeMa eJIEKTPUYHOI'O KOJa ANS 3HATTH BAX aXTHBHHX ABO-

TIOJOCHUKIB
ARTHUBHMA ABONOJWCHHK

Puc. 4. CXeMa eReKTDMYHOIO KOJa HJf NOCH1AKEHHS AKTHBHOTO
IBOTIOMIOCHUKA, ONEPHAHOTO 3 [BOX MapafiefibHO CHOJyYe-
HUX CHJAAOBHX AKTHBHUX IBOTOJPMCHUKIB
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4. TABJMUI IS 3AMMCY ROCAIAHMX I PO3PAXYHKOBUX JAHUX
BosibTaMlepHl XapakTepUCTHKM aKTUBHHX NBOIOJNCHKKIB
Tabmus 1

HOMEP JBO-|BUMIPOBA-} PE3 YA BTATH BUMIPODBAHEL
HA _ BE/A-

T0JICHUKA YHHA HP SMIHHE HABAHTAKEHHSA H3
U B 0
TIEPHMR IBO-
TIOMOCHUK
I A 0
- U B 0
IPYI'M 1BO-
TOJIOCHUK
I A 0

iponoBrerns Tabh. 1

HOMEP JIBO-| OBUMCAD-| PE3 YN BTATH OBUYUCHAEHD

BAHA BE-
NOJIOCHUKA | TVYMHA HP 3MIHHE HABAHTAKEHHSA K3
TNEPIME IBO-
z P BT
TIOMHOCHUK
PYTUHA ABO-
I . P Br
TIOJIOCHYK

NapaMeTpu 3aCTYIHMX CXeM JBOMOJOCHWKIB 3a DEe3yJbTATAMH H0CALipim:

1. Tepum# ZBOTOROCHUK: Epy = B, Rpy = Om,
Jey = A, Gpy = Cu.
2. Jpyruit JBOHOJMCHHK: Ep, = B. Rpp = OM,
Jrz = A, Gp = Cu.
HafiGinbue 3HAYEHHS NOTYKHOCTI JABOHOJOCHHKA 33 Pe3yAbTaTaMy NOCHimiB:
1. llepwmit ABONOJOCHUK: Pyyay = BT mpu Ry = Om.
2. Ipyrufl NBOTIOMMOCHUK: Payay = BT npu Ry = OM.
HaiOl/bile 3HAYEHHA NOTYRHOCTL [BOMOMWCHUKA, o0uMClieHe 3a {oro na-

paMeTpaM§:
1. lepunii ABONONOCHMK: Pyy.y = Br mpu Ry = Om.
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2. JIpyru# NBOTOJOCHHK: Ppyay = BT npu Rz = OM.
HaBaHTakyBaJbH1 XaPaKTePUCTHKH &KTMBHOTO ABOMOJOCHAKA
Tabmiug 2
— PE3Y/ILTATH BUMIPOBAHb | PE3YJABTATH OBMMCIEHDL
Y I I} I | Rg | P} Po| P
POBOTH
B A A A oM BT BT Bt
HEPOBOYUH
3MIHHE
HABAHTA-
HEHHA .
KOP. 3aM.

[poROBKeHHs Tabh. 2

PE3BYRABTATH OBYUCHAEHE

I3 P‘i 1 PE 2 pe T Pnl Yer L% T n
A Br| Br| Br| Br| % % | % %

PEKUM
POBOTH

HEPOBOUMI

SMIHHE
HABAHTA-
KEHHS

KOP. 3AM.

MpuMiTEa: B Talll. 2 CEMBOMM Pyy., Ppp, Per, Py, 03HAYANTH
B1AMOBZHO NOTYXHOCTI IMepes e.p.C Nepuore Ta APYrorc ABOMOOCHM-
KiB, J®epelia e.p.C eKBIBaJEHTHOTO IeHepaTopa Ta CYMapHy MOTyX-
HICTb INepeJl e.p.C NMepyoro Ta HPYFOTo JABOMOJMCHUKIB, @ Mep, My,
T, Ta M 03HA4a0Tb K.K.J ©KBIBANEHTHOIO TeHepaTopa, [epyoro Ta
IpyToro ABONOJOCHAKIB 1 MapaniefbHoro GHOJyYeHHA eHepaTopis y mi-
JioMy.
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llapaMeTpi 3aCTYNHMX CXeM AaKTUBHOT'0 JBOHOJIOCHMKA 33 pesylb-
TaTaMi NocJainiB HepoOOYOro pesmMy Ta KOPOTKOI'C 3aMMKAHHA:

Eq= B. Rr = OM, Jp = A, Gpo= Cu.

flapamMeTpi 3aCTYIMHMX CXEM SKTUBHOTO HBOMOMOCHHKE, OOUMCAEH
33 napamMeTpaMy NapasiesbHe CHOJYMEHMX CHAAJOBMX IBOMOMWCHHMKIB:

Er= B, Ry = oM, Jp = A G = Cu.

HaffOibile SHAUEHHA MOTYEHOCT1 aKTUBHOI'Q IBONOJOCHMKA 38 pe-
3yAbTAMA NOCJiAiB: '

Pyax = BT mp¥ Rz = OM.

HafGisble 3Ha4YeHHS NOTYKHOCT! aKTHBHOTO ABONOMOCHUKA, O6YMC-
JieHe 3a HOr0 NapameTpaMi:

Pyax = BT mpu Ry = OM.

5. OBPOBJEHHA NOCMITHKX RAHMX

5.1. 38 JaHMMM ZOcHiiiB m.m. 2.3, 2.5 HapucysaT# BAX aKTHB-
HEX ABOTOJKCHMKIB 1 BOeBHMTHCH y IX JiHiAHocTi. OO6wWwMCiIMTH rapa-
MEeTpH 3aCTYNHUX CXeM ABOIOJIOCHMKIB.

5.2. 3a jamuMM jocaiziB m.m. 2.3, 2.5 OGUMCAMTH MOTYKHOCT
JBONOJIOCHHKIB ¥y AOCALIRYBAHWX pesuMax 1 moSyaysaTd rpadikm ix 3a-
JNexHocTi BIR cTpyMy. PesyibTaTé o0uuciieHb 3amucatd B Tabn. 1. I'pa-
$ilyHo BU3HAYMTH HaAOlabll MOTYKHOCTI AKTHMBHEX IBOTICJDCHMKIB, a
TaKOX OIOPHM HABAHTAKEHHS Y LBOMY DewuMi # YHeBHMTHCS B  IpaBWjb-
HOCT1 JaHux AociifiiB, MOPIBHOWYA IX 31 3HAUSHHAMM, OCUMCJEHHMI 38
napaMeTpaMi IBOIOJINCHUK1B.

5.3. 3a JaHMMM JOCJiNiB HEpOoGOYOr0 pewuMy Ta KOPOTKOTO 3aMu-
KAHHA aKTUBHOIO ABONOJKCHMKA (II.I. 2.7, 2.8) BU3HAUUTH NapaMeTpu
eKB1BaJEHTHOI'0 I'€HepaTopa NpH NpelCTaBJeHHI FAOro IwepejnaMu e.p.cC
i cTpymy. OCuMcJ/mMTH T1 ¥ napaMeTpd eKB1BaJEHTHOr'O reHeparopa 3a
napaMeTpamMu apafiejibHO CIIONYYEHMX CKJAZOBMX HBOMOJOCHUKIB 1 MOpiB-
HATH IX 13 OAEDKAHUMK 33 JaHMMM I.T. 2.7, 2.8.

5.4. BuKopHCTOBYOUM JaHl focalmis m.y. 2.7 + 2.9, a Takox
napaMeTpH CKNAafOBHX ABONOJOCHUKIB, BU3HAYEHI 3a JaHMMM 0.0. 2.5,
2.7, o0WiCJUTH BeJWUMEM BKa3aHi B Tabn. 2.

5.5. NoGyaysarn 3afesHocTi cTpyMy I; Bij omopy R; 33  HaHUME
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nocaiaiB m. 2.7 = 2.9 1 338 TeOpEMow NPO AKTUBHMA JBOIOJOCHUK, BM-
KOPHCTOBYWYHM pe3ysbTaTH ofuucheHb 3a 1. 5. 3.

5.6. 3a rpaHuMM Tali. 2 ROOYAYBATH B3aNERHOCTL HANpYIH U,
CTpyMiB I; Ta I,, MOTYRHOCTEHl CHJIAJOBUX ABONOJOCHAKIB, TOTYMHOG-
TeH A¥epell e.p.C aKTHBHMX IBONOJICHHKIB #i eKBiBAJIGHTHOPO I'eHepa- )
TOpa. koepimieHTiB KOpUCHOI Ril CKNamoOBMX HBONMOJIOCHUKIB, eKBiBa-
ﬁeHTHOPo PeHepaTopa Ta YCTAHOBKM B IILJIOMY Bill CTPYMY HAaBaHTaREHHS

5.7. BUKOPHCTOBYDYM NOGYNOBaH1 Ipadiku, BUBHAUMTH MAKCUMAJb-
HI TOTYHHOCT1 eKBIBAJIGHTHOTO TeHepaTOpa ! CHJAZOBMX JBOHOJOCHH-
KiB, a TAKOK BEJWMUYMHH OIIOpY HABAHTAKEHHA MPH I[bOMY.

5.8. OCUMCHUTH MaKCHMAJbHY TOTYXHICTb eKBiBAJGHTHOT'0 reHepa-
TOpa, BUKODHCTOBYLYM HOrQ NapaMeTpy, 3Haiineni B m. 5.3, MHopiBHsit-
Te ix 3 pesyibraTamm n. 5.6 Ta 5.2,

5.9. MopleHaAliTe KKJ exBlBAaJEHTHOTO TeHEDaTOPa Ta YCTAHOBKY,
K2 CKJIGEETHCA 3 HBOX NAPANENBHO CTCJYYSHHX reﬂepaTopls y nino-
My Ta 3po6iTb BMCHOBKH. .

5.10. 3a pesynbraTaMu ZOCHIZIB N 2.9 3poOiTh BMGCHOBOK mpo
Te, AKA reHepaTop Gepe Ha cefe Giiwle HaBaHTaxeHHs 1 JafiTe Hbo-
My TOSICHEHHs.

6. KOHTPOJIBHI 3AIMTAHHA I 3ABHAHHA

1. HapucyiTe ninidHi BAX pealbHOrO A¥epesa, 1NeafbHMX AXepes
HallpyTH, CTPYMY.

2. HapucydTe 3acTymHI CXeMM DeasbHUX I%epes] 1 MOSCHITH, #K
BU3HaYATHCH NApaMeTpH IMX CXeM 3a BAX mkepen

3. ¥ AKOMYy pexuMi 1 SIKY MakCHMaJbHY MOTYKHIiCTb Mowe BiazaTh
Z¥epesio NaCUBHOMY ClomiBaueBl? Skl 0COG/MBOCTI UBOro pexuMy i Ko-
N Ha MpakTHHi Takud pesuM Houi/bHHA?

4. [afiTe BH3HAYEHHA [JBOMOJIOCHUKS, NACKBHOI'O Ta AKTUBHOTO
JIBOTIONINCHUKIB.

5. CQopMyMmoiiTe TeopeMy Tpo aKTHBHMI ABONOJKCHME 1 HapucyiTe
A0r0 3aCTYIHI CXeMd.

6. flx BUBHAYAKTLCH [ApaMeTPH eKBIBANEHTHOTO PeHepaTopa 3a
pesysbTaTaMu IOCALN1B 1 DO3pAXyHKOM Ha [1ACTaB1 CXeMM AKTHBHOTO
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JBOTIONOCHYKA POIPAXYHKOBUM WIAXOM?

7. flka YMOBa Iepefiatl MakKCHUMaJbHOI HOTYXHOCTI BiA a&KTUBHOI'O
10 TIACYBHOI'0 JBOHOJIOCHHKA 1 AKI 0COOJMBOCTL LBOT'O pPEHUAMY?

8. [osicHiTH, 4YoMy 1 B AKMX BHNAZKax KKI eKB1BAJNEGHTHOI'O TeHe-
paTopa € BUlMM B1J HKJ pealbHOI yCTaHOBKH

9. 3’scydiTe, K1 yMOBM TOBMHHI 3a[0BIJIbHATH IApaMeTpy mHapa-
NENBHO CIIOJIYHSHNX T'eHepaTopiB 3  OrJAAY Ha PO3NOALN HABaHTAKEHHS
Ha redepaTopd 1 KKJ yCTaHOBKY. .
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JNABOPATOPHA POBOTA N 002
JOCHIJXEHHS] HERIHIAHOTO EAEKTPHYHOIQ KOJNA

META POBOTH

1.1. O3HaliOMAEHHS 3 METOAMKOR SHATTH BOJNBTAMIEDHMX XapaxTe-
PUCTHK HeA1HIAHMX eNieMeHTIB 1 BM3HAYEHHS N0 HUX CTATHUHMX 1 aude-
peRUiHUX oNopiB; eKcnepUMeHTaNbHa AepeBipka rpaiudux i rpadoa-
HaJiTHYHHX METOH1B DO3PaXyHKY HeJiHiMHUX Kis NOCTi#AHOI'O CTPYMY.

1. TEOPETHYHI NOACHEHHSA

OcofmBicTo eneMeHTiB JIHI1AHUX eNeKTpUYHMX KiJ € Te, Mmoo Ix
MOMHA OXapaKTepU3yBaTH KOHKDETHMM 3HAUEHHAM onopy, & IxX: BoJbTam-
nepHa XapaKkTepucTHka -~ NiHiRHa. Omip HesiHIMAHOrO eneMeHTa € QYHK-
miem CTPYMY (Hanmpyr#) 1 ToMy, K NpaBunio, HEeAlHI1AHL omopy YW BiT-
KM, Wo MicTaTb HeJlHiNHI eJIEMEHTH, OMMCYDThL BOJBLTAMICDHUMA Xapak-
TEPUCTHKAMH, AK1 3HIMaWTL eKCHEepUMEHTANLHO afc po3paxoBYWTh. [Ip
AOCJ1ZOBROMY CTOAYYeHH1 BIlTok anarefpaiyno JoJacMo Hampyr® BiTok
Np¥ ONMHAKOBOMY CTDyM1, SKWA NpOTiKae Mo HUX. [IpM MHapafeJbHOMY
croJyueHHl BITox anrefpaivHo AONARTLCS CTPYMM BITOK IpYM OFMHAKO-
BUX HANpPYraX Ha HUX. Tak OTPUMYOTbCH eKBiBaJEHTHI BOJLTAMIEPHI
XapaKTepHCTHUKH, HE3aJeXHO BiJl TOTO aKTHBHI ¥ MacHBHL BITKH 3rop-
TanTHCA.

[Iin yac RocniAmeHHs PO3radyxkeHuX HesalnliHUX KiJ nocTifiHoro
cTpyMy ocoGJMBY yBary HeoOX1HOHO B3BEpHYTH Ha Te, 106 CTPOro BHKO-
HyBaJmcsa 3akoHK Hipxroga

2. TOCNINOBHICTL BUKOHAHHA POBOTH

2.1. O3nafioMuTHCcs 3 JaGOpaTOpHUM CTeHIOM. 3acoiTu mpasusa
KODUCTYBaHHA Woro GJoKamil XUBJEHHS Ta BUMIpOBAJbHMMU TPHJAGLAMU.

2.2. CKJACTH cXeMmy 3rifHo 3 puc. 1 1 3HATH BOJbTaMINepHl Xa-
PaKTEPUCTHEM Beninifimux pesucTopis (Ry., Rp) Ta JIH1HHOTO peancTo-
pa (Ry). Pe3ysnbTaTy eKCIEPUMEHTY 3amicaTd Biamosinxo B Tabmaui 1,
2 Ta 3.

2.3. CKJACTH CXeMy 3PifHO 3 puc. 1 1 3HATH BOJbTAMIIEPHY Xa-
PaKTeDUCTHKY KoOJia TIpM NOCALROBHOMY 3’€AHaHHI HeJlHifiHoro (Rp) 1
JiHifHOTO (Ry), pesucTopiB. Peay/ibTaT¥ eKCHepUMEHTY 3allMCaTH B
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Tabd. 4.

2.4. CKNacT¥ cxemy 3r'ifHo 3 puc. 1 1 3HSATH BOABTAMIEDHY Xa-
PaKTEPUCTHKY KOJia TIpW NapaiefbHoMy 3°ejaHaHHi HesluidHoro (Ry) 1
JiHifHOTO (R3) pesucTopls 1 pesysNbTaTH eKCIEePUMEHTY 3amucaTh B
Tada. 5.

2.5. 3i0paty cxeMy 31 3MimanuM 3'cAHAHHAM YCIX TPbOX peauc-
TOpiB y BiamoBijHocT! 3 puc. 2. BCTAHOBATH Ha BXOAL KOJA 3aJ8HY
BUKJAJIAYEM HATIPYTY. Pe3y/bTaTH eKCIEPUMEeHTY samucaTd B Tadn. 6.

3. CXEMW EMEKTPMYHOI0 KOJA IMIA NPOBEREHHA EKCNEPUMEHTIB

A

S OREYS /I I s B A |

Puc.1. Cxemy Anst 3HATTA BOJBTAMIEDHHX XapaKTePUCTHK
—=D
& ®
| O
R | Ral |
]

Puc. 2. CxeMa 3MilaHOr0 3’€IHAHHS eJieMEHTIR

4. TAB/MUI /Al 3AMMCY EKCIEPUMEHTANBHMX I PO3PAXYHKOBUMX IA-
HIX )

Ta6a. 1. BosibTaMmIepHa XapaKTeDUCTHKA HJIHIHOTO pesuctopa R,

Rp

Bumipio-{U

BaHud |1,
06unc- R4 OM
JeHHS Ry | OM
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Ta6j. 2. BoJbTamIepHa XapaKTePHCTHKA HeniHlfAHoro pesucropa R,

Bumipo-{U, | B
Banua |1,
06umCc- |Reo| OM
NEHHA  |Ryo | OM

Taba. 3. BonbTAMIepHA XApAKTEPHCTHKA NiHIMHOrO pesucTopa R,

Bumipo-{U; | B
BaHHA {13 | A
06unc— JRgaf OM
JeHHA  {Rya| OM

Taba. 4. BoanaMneBHa XapaKTepyCTHEA NOCAINOBHY 3°EIHAHUX
npyroro {(R,) 1 TpeTboro (Rs;) pesucTopim

U B
I A

Tabn. 5. BOJbTAMHEDPHA XApaKTe) KCTMK& napajieJbHO 3’ €fHAHUX
nepmorTo (R,) 1 TpeTBoro (Ry) DE3UCTOPIiB

I A

Tabn. 6. HaHl ekcrmiepuMeHTY NpW 3M1iLAHOMY 3’CIHAHHI pesucTopiB

UB J U (B) JUgs B | I; (A) I, (&) ]I (4

5. OBPOBJEHHA HOCAIRHUX NAHUX

5.1. ToCyByBaTH Ha OJHOMY DUCYHKY BOJIbTAMIiepH1 XapaKTepreTH-
KM BC1X TPbOX PE3HCTOpiB.

5.2. 00WMCJMTH 3SHAYEHHA CTATHYHMX (R.) 1 IudepeHuimsumx (Rp)
oropis BCiX TPpboX peaucTopis 1 zamuMcaTy OTpUMaHi Rami y BigmoBin-
Hi rabauul. A

5.3. ToGynyBaTv H8 ONHOMY DHCYHKY BOABTAMIEDHY XapAKTEDUCTH-
Ky Ta Banemﬂoc?i Rej = f{Iy), Ry =1 (I,) nepworo HeRiH1RHOTO
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pesucropa. loGynysaTy aHaloTiUHi SajewHOCTL AAw Ipyroro (HeJiHip-
HOT0) Ta TPEeThOro (JiHIAHOIO) pesmcTopis.

5.4. KODHCTYDYMCH BOJIbTAMIEPHAMY XapaKTepuCTHKaMH Apyroro i
TPETBOI'0  Pe3UCTOPIB., NOGYAYEATH BOJLTAMIEPHY XApaKTEPUCTUKY mIpH
1X MOCTIKOBHOMY 3°efHamHi 1 TICP1BHATH 3 €KCIEDHMEHTOM.

5.5. HODHCTYLHHCH BOJLTAMAEPHUMA XAPAKTEPHCTHEAMU nepworo i
TPETBOI0 PEe3UCTOPIB, NOOYAYBATH BONbTAMIEDHY XapaKTEPHCTHKY M
iX napanenbHOMy 3’cfMamEl 1 NOpP1BHATH 3 eKCHebKMeHTOMA

5.6. I'pagivyHuM METONOM BHKOHATY DO3DAXyHOK HeNiHiMHOro KoJia,
300pa®eHOr0 HA DHC. 2. TpK 3ajaHiil Hampysi. HopiBHATH pe3yaLTATH
3 JIaHMMH EKCTIEPHMEHTY.

5.7. 3aCTOCOBYRMH METOL eKBiBaJeHTHOrO TeHeparopa, COYUCIUTH
CTPYM B KOJL 3 NMOCALROBHHM 3'EIHAHHSM LPYTOTO i TDETHOTO peancTo—
piB. MOpIiBHATH PE3Y/bTATH 3 JAHUMA EKCIIEDHMEHTY.

6. METOIMYHI BKA3IBKWM O NPOBEJEHHS I OBPOBNEHHH PE3Y/ETATIB
EKCIEPHMEHTIB

6.1. Henimi#mi pesucTopy peanizoBadi Ha HaIiBMPOB1AHUKOBIH
CJIEMEHTHIA 0a3l 1 MabTb OIHOCTODOHH® IIDOBiNHICTb, & TOMY Upu
CRJAJIAHH] eNEKTPUYHAX CXeM HeoGX1HHO BPAXOBYBATM BKASAHY HA MaHe-
Ji IX NOMAPHiCTB.

6.2. Mnbpeperuiiai omopu HesiHifHUX DE3MCTOPIB  BU3HAYANTHCH
unAxom rpagivHoro IudepeHuimBaHHA HaGIUEEHO, TOOTO

Ry = dU/AI = AU/AIL,

ne AU 1 AT - mHpupoCTH Hampyrk Ta CTPYMY Ha BOJbTaMIEpPHiN XapaxTe—
PHCTHIL HeJiHI#HOrO pesucTopa.

6.3. Ilpi BUKOHAHHI M. 5.7 L0 AKTUBHOTO ABOMOJNCHMKA BiIKECTH
NIHIFHUA PE3ucTop Ry 1 NRepeno HanpyrH.

6.4. BHYTpIWHiM ORip I¥epesa HANDYTU GJOKA WUBACHHS TIPUAHATI
piBHUM HymO.

7. HOHTPOJIBHI 3AIUTAHHSA
7.1. fR1 ©JEMEHTH eNEeKTPHYHOTO KOJIA HASMBAWTH HesiHiAHIMU?
7.2. fiK BUBHAUMTY CTATHYHWU onlp HediH1RHOTO pesWcTOpa?
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7.3. Ak BU3HauUMTH AudepeHUlfHUHM omlp HeninlNWHOIO pesucropa?

7.4. YoMy AJf DO3PAXYHKY HeNiHIMHMX eJeKTDUYHMX Kijl He mpa-
BOMIDHO BUKOPHCTOBYBATM METOHN HakJaNaHHA (cymepmosuulii)e

7.5. B AKMX BUNAJKAX MU aHanisl eAeKTPUYHMX KiJ BHKOPHCTO-
BYOTbCA CTATH4HL ONODU, & B AKUX - auepesninni?

7.6. B YoMy NOJRrae CyTb METONY eKB1BANGHTHOI'0 IeHepaTopa
NpK PO3PAXYHKY EAEKTPMYHOr0 KOJa 3 OMHMM HeJIHIAHUM eJeMEeHTOM?

7.7. U4 MOXHA BMKODHCTOBYBATH I'padgiuHl MeTOIM PO3DaxyHKY MpH
CIOJIYYeHH1 "31pKOK" Ta “TPUKYTHUKOM" HEJIHIAHMX PEsUCTOPIB?
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JIABOPATOPHA POEOTA 003
JOCALIXEHHS YCTANEHOTO PENMMMY KONA CHHYCOINHOI'O CTPYMY IiPH
TIOCHIJIOBHOMY CIONYYEHHI EJNEMEHTIB

META POBOTH

ExcliepyMeHTaNbHEe BU3HAYeHHS NapaMeTpiB 1HAYKTUBHOI  KOTYWKM,
KOHJEHCATOpa Ta pesWcTopa B KOJN1 cUHYCOIIHOrO CTPYMY, BUBUEHHA
(fa30BUX cHiBBifHOWEHb, BH3HAYEHHA HapaMeTpiB - AaKTHUBHHEX OHOPiB
(pesuCTaHC1B), pPEaKTHBHMX ONOPiB (peaxTaHdiB) Ta MOBHMX ofopis
(imnezaHCciB); BUBUEHHA eHEPreTHYHMX TMpoUeciB; BUBYEHHA BILAKBY
YacTOTH [#epesia %UBJIEHHS Ha BeJMuuHy ornopiB (pesucTaHciBs, peax-
TanciB, IMienaHcis) erneMeHTiB; nofyhoBa TonorpadiyHKMX BEKTOPHKX
IiarpaM Hampyr' HA OCHOBL ekCIepMMEHTANbHUX IaHUX.

1. TEOPETHYHI TOJIOKEHHA

KoMiuiekCHER onip (iMmepaHc) koJa 3 MOCH1NOBHUM CHOJNYHEHHAM
eJleMeHTIB BM3HAYaeTHCA AK

Z =R+ JX = Zrexp(J*9) = V' R? + XPxexp{j*g), (1
Je R - akTuBHmii omip (pesucTasc), X = axl - 1/(wxC) -peaKTHBHUK
omip (peaKTaHC), ¢ = %y~ ¥ - KYT 3CyBy (a3, w = 21 - xojoBa
YacTOTa. 3a pesyJbTaTaMd LocJijip immeZasc MOXHA BUBHAYUTH

Z = (U/T)xexp(y - W) (2)
[oTyxHoCTI KoJ& 3MIHHOIO CTPyMY

- TOBH& S = UxI (3)
- akTUBHA P = UxIxcosp = RxI%, (4)
~ peaxTuBH& Q = UxI*sing = XxI?. n (5)

2. TIOCNINOBHICTEL BUKOHAHHA POBOTH

2.1. O3HadoMuTUcd 3 yHiBEDCAJbHHM JalOpATOPHHAM CTEHIOM,
CTPYKTYpOD Ta efemeHTamu jaHol Jafoparophol pobortu. 3acBoitu mpa-
BUJa KODUCTYBAHHS OJIOKOM BMBJEHHS #f anapaTypol BUMipHBaHHS.

2.2. CxNacTH CXeMy MOCJINOBHOTO CHOMYYEHHd HeljeajbHol 1H-
pyxrusHol KOTYWKM Ry, L; Ta pesucTopa Ry (puc.1), nocaliut po6o-
TY KOMa TIpH ¥WBJeHHI Woro BIR msepen cudycoimwol Ta moctifnol
Hanpyru. PeaysibTaTH eKCNEeDUMEHTY 3aHeCTH N0 Tabn. 1.

2.3. CkJACcTH CXeMy MOCJIiJOBHOI'O CIIONYYEHHR KoHJeHcaropa C,



[image: image20.png]_20_
Ta pPe3nCTopa Ry (puc. 2), KOCALIMTY pofOTY KoJia NpH #UBACHHI HOTO
Bin mkepen cuHycoimHoi Ta nocTiHol Hampyru. PesyabTaTH AocAlny
38HECTH AC Tabn. 2.

2.4. CRJACTH CXEMY MOCJ1JOBHOrO CHOJYyYeHH IHAYKTHMBHOI KO-
TyWKM Ry, Ly, KoHzeHcarcpa C, Ta pesucropa R; (puc. 3), Hocaimutn
pobOTy KOJA NpH mﬁaneHHi #oro Bia Iwepens cuHycolgHol Hampyrn 3
yactorow f = 50, 100, 200 Ta 0 I'l. Pe3yJbTATH EKCTEepPHMEHTY 3aHec-
T™M B Tabd. 3.

3. CXEMM EJEKTPUMHUX KIJ AZA NPOBEJEHHA EKCIEPUMEHTIB

=
Yy <
°
S
o
&
&
&

Puc. 1. Cxema TOCHiZOBHOTO CHOJYYEHHS KOTYUKU 1HAYKTUBHOCTI
Ta pEesUCTOpa

i
®
.

Puc. 2. Cxema NOCJINOBHOIG CIOJY4YeHHsi KOHJEHCATOpa 1 peanc-
TOpa

i
0

Pic. 3. CXeMa MOCJiNOBHOTO CHOMYYEHHS IHNYKTUBHOI KOTYUKH,
KOHAEHCATOpa 1 peaucTopa
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4. TABMMUI A 3AIACY EKCIEPMMEHTANIBHMX I PO3PAXYHKOBUX IA-
HUX

Tabmus 1. flocnigoBHe CIONYYeHHA 1HEYKTHBHOL KOTYUKE Ta DE3KCTOpa

BUMIPOBAHHSA OBYNCHNEHHA
U J U JU [T 1o Jo [9s |STPla]sP]q
Ty B B B A {Fpan|pan|lpan|BA {Br |Bap|BA |BT |map
50

NiponosReHua Tabn. t

OBYUCNEHHA .
Ss| Psl Gl Z{ R x| 2] R] %] 2] Re] %] Lg
'uf BA} Brisapf Om] Omj OM} Om| Om| OM| OM] OM| Om| I'm
50

Tabming 2. TOCJ1M0BHE CHOMYYEHHA KOHASHCATOPA T& PE3UCTOpA

BUMIPODBAHHSR OBYUCANEHHA
U 1 U U )T 1@ 1@ |9 |SIPlO]S]P]Q
il B | B { B | A [Tpag|lpax|lpaz|Ba |Br |Bap|BA {BT |Bap
50

flponcBxeHna Tabn. 2

OBYUCAEHHS
Ss{ Ps} Q] Z | R{ X | Z] Re| %o} Z3] Rs] Xs] Ca
'uy BA| Brisap| Om| Om} Om| Omj Om] Om{ OM| OM| OM|Mrd
50
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Tabmust 3. NlociifioBHe CHOJYYEHHs IHAYKTUBHOI KOTYmKM.
KOHAEHCATOPa Ta PEe3nCTOpa

BUMIPOBAHHA
U Uy Up Us I @ L2} P2 s
I B B B B A |T'pan. |I'pax. {I'pagn. {Tpan.
50 ’
100
200

NlponoBkeHHs Tada. 3

OBYNCAEHHS
S1Pialsg Pl s Pl tf ssf Pyl Qs
'l | BA|BT isap| BA|BT [Bap] BA]Br |Bap| BA{Br Bap
50
100
200

NponoBxerus Tada. 3

OBYUCAEHHA
ZIR|I X1 Z | R| X) Z| Ro| Xof Z5| R %3] Ly Cp
Fu | Omf Om{ OM] Omj Om| OM| Oom| omj Om] om| om| om| rulmxs
50
100
200

7. METORMYHI HACTAHOBY 1O [IPOBENEHHA EKCIEPUMERTIB TA OBPOB-
NEHHA IX PESYABTATIB
7.1. 3BEpHYTH yBary Ha Te, W0 IMIYKTUBHEM eJEMEHTOM y Jabo-
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paTopHi% pOGOTL CJAYXHMTE KOTYLKa 3 mepOMarHeTHuM'ocepnﬂM, K3 €
HeJIIHIVHAM efeMeHTOM. [IpoTe pexuMy. B SKHUX Npaube KOTYWKa y Aani
poSori, BimnoBinawTe NiHiKHIA 4YacTMHI BosbTaMmepHOI XapaKTepHCTH-
kY.

7.2. Locaizyn 6axaHO NPOBOAMTH NPH TOMY CaMOMy 3HayeHH1 Han-
pyru, Hampukian, mpy 10 B

7.3. Iin w4ac 1poBejeHHA A0CJjiny Ha MOCTiAHOMY cTpyMoBl (f=
=0) QasomMeTp moTPiOHO BHAMKHYTH 3 Mepexi. '

7.4. Lo OpaBUALHOTO BUMIDOBAHHA KyTa 3CYBY (a3 Mik Hanpyron
Ta CTPYMOM (= 1y ) HEoOXiJAHO BpaxoBYyBaTU MOJAPHICTb 3aTHUCKAYiB
(asoMeTpa. ’

7.5. Ilpu suBieHdi xonra BiR nxepesa nocrifisol Hampyr Ta Ha-
SBHOCTi NOCH1ZOBHO YBIMKHYTOT'O KOHJAEHCATOPA NapaMeTpH eJIeMEHTiB
BHSHAUUTH HEMOKIUBO. ’

8. KOHTPOJIbHI 3AIATAHHA

1. K1 3HAYEHHA CHHYCOIAHOI HANDYIM Ta CTpYMy B 3HaeTe? flk
NO3HaYapTLC Ll 3HAYEHHA?

2. YiM BH3HaYaEThCH KYT 3CyBY (a3 Mik Hampyron Ta‘ CTPYMOM
nmackBHOI ALAAHKY KoJA?

8. Ho BM po3yMieTe NiZ aKTHBHUM OIOPOM (PE3UCTAHCOM), Deak-
TUBHAM OTIOPOM (DEaxTaHCOM) 1 MOBHUM ONOPOM  (iMIIElAHCOM) TMACHBHO-
T0 JBOMOJIOCHUKA? fKe CHIBBiIHOUWEHHS MIK HAMH?

4. Bij 4Or0 3aNeX¥Th DEAKTUBHUE ONip (pesKTaHc) 1HAYKTUBHOI
KOTYWKY Ta KOHZEHcaTopa?

5. flke CTiBBiAHOWGHHA MiX Ai0WMMY 3HAYGHHAMM CTPYMY § Hampy-
¥ B KoAl cuHycolnHoro cTpyMmy?

6. ki QisnuHi npouecd B KOAL CHHYCOINHOTO CTPYMy Xapaxrepu-
3YOTb AKTUBHE, PeaKTHBHA T4 [OBHA NOTYKHOCTL?

7. fIK 3a [OKa3aMy ammepMeTpa, BOJbLTMETpa Ta BaTMETPa BU3Ha-
YUTA TapaMeTpy MacHBHOI'O JBOMNOJWCHUKA?

8. Hllo Take xoeQilfieHT MNOTY¥HOCTI? BIlR dYoro 3anexuTh MOT0
3H3YEeHHA?
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JNABOPATOPHA POEOTA 004

NOCHIZKEHHA SIBMIA B3AEMHOI IHAYKUII. B KONI. CHHYCOINHOTO CTPYMY

META POBOTH

BusHaueHHs ONHOWMEHHKX KJeM 1 B3aeMHOI iHAYKTMBHOCTI Mard€irT-
HO 3B’ f3@HHUX KOTYWOK, ZHOCJLNNEHHS eJeKTPMYHMX Kin 13 mocaifoBHO ©
Ta NapaniesbHo CIIOJ/Iy4SHAMH MATHITHO 3B’ H3aHHMM KOTYUKaM¥, BU3HA-
YEHHA IX eKBIBANEATHUX TapaMeTpiB, NMoOynoBa BEKTODHUX Aiarpam Ta-
Kux kin

1. TEOPETWUHI NOACHEHHSA

SKWO TpY  BMIHI CTPYMY B OIHi% 3 KOTYWOK BMEMKAE €.p.C B 1H~
wift ®OTYyWUi, TO TAKe SIBMUC HA3UBAKTL SABMUEM B3acMHOI iHAyKuii.
KiAbKICHON XapaKTepHCTHKOD HbOr0 ABMEA € B3AEMHA 1HIAYKTUBHICTL M,
fiKa AOpiBHOE BLAHOWEHHD NOTOKO34EINeHHS iHmoI KOTYwku, aje fxe
CTBOpEHe CTPYMOM JAHOI KOTYUKH, 10 BEMMUMHM GTPYMY Zamol KOTYuWEH.
ko mpH BUCPAHMX HATPSAMAX CTPYMIB MArdHiTH NOTORM KOTYEOK ZoJa-~
WTECA, TO KAKyTb, M0 Ul KOTYWK# BBIMKHeH1 yaroisesHo, a idaxwe —
3yctplurc. Jnf TOrO 0ol MokHA OyJo BUSHAYUTH AK YBIMKHYTI KOTYm-
K¥, Y3TOLESHO UM 3YCTPIiUHO, Ha HUX [OBHAYAKTH ONHOIMEHHI KJEMH.
lle TaKl KMeMu, WO SKWO N0 BIIHOWEHHD KO HMX OJMHAKOBO HanpaBUTH
CTPYMH, TO MarHiTH1 NMOTOKM KOTYHox OYLYTb HNOAaBaTHCS, TOOTO KO-
TYUKM OyAyTh YBIMKHYTI y3rolmeHO. OZHOIMGHHI KJEMM KOTYWOK MONHA
BU3HAYATH, AKHO BIinoMl HANDAMKM HAMOTOXK KOTYWOK, a00 eKCIepuMeH-
TaJbHO.

[ipn HeABHOCTL B3aeMHol IHAYKUII Hampyra Ha KOXHIiM 3 KOTYUOK
OKpiM Hanpyr¥ CaMOiHAYKHil me MICTHTb Hampyru B3aeMHol 1HEyKuii
¥ BUMAZKY IBOX lHAYKTHBHG 3B’f3aHMX KOTYWOK (pMC. 1) HaNnpyru Ha

Uy
L TANA
Ly
M
. Ly
e
i ——
2 uz
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IX KJemax AopiBHIONTD:

U, = Ly¥di; /4t = Mxdi,/dt; (1)

Up = Lpyxdi,/dt + Mxdi, /dt, 2)
a y BHNAIKY CHHYCOIIHMX CTPYMiB

U, = Jroxlyxl, + jroxdxi,; (3)

U, = Jroxipel, = jroeded,, 4)

Ie Ly*di; /dt (Jswxlyrl,) i Ly*di,/dt (Jrwsl,*I,) - mampyru camo-
THAYKUII, & Mxdl,/dt (JraeMsI,) 1 M*dli/dt‘(j*w*M*i,> ~ Halpyra
B3aeMHol 1upyxnil 1-01 Ta 2-0l KOTYWOK, IIpUUOMY BEpXH1 3Haxu B
X pIBHAHHAX BiANOBIiZAWTB Y3TOIkKEHOMY, & HUXHI - 3ycTpiusHoMy
BBIMKHEHHD KOTYHOK

2. MNOCAINOBHICTh BUKOHAHHA POBOTH

2.1. OsHalloMuTHCA 3 YHiBepcasbHUM NAaGopATODHUM CTEHAOM 1
6JoxoM it padol naGopatopHol poGoTu (6s0KH 4, 5), BUBYHTH TipaBudia
KOPHCTYBAHHS ONIOKOM KMBJIGHHS Ta BMMIiDOBaJbHOK anapaTypol CTeHna
(Onox %uBJeHHs1 0...40 B, dazomMeTp, Maras3uHM 1HAYKTHBHOCTEH Ta eM-
HOCTEH, MyJbTHMETD)

2.2. CRNAcTH KOJIO 32 CXeMob puc. 2

2.3. YBIMKHYTH KOJo B Mepewy. 311cHMHTH BuMipbBasHA 1 IX JaHi
3aHecTd B Taba. 1.

2.4. TIOMIHATH MiCUMM KOTYWKYM Ta TOBTODUTH BHMipBaHHS, aHas0-
riygl n. 2.3. Na#i BUMIipOBaHL 3aHeCTH B Tabn. 1.

2.5. CKJACTH KOJO 32 CXEMOL DHC. 3

2.6. 3HATH MOKA&3¥ BUM1pOBajibHUX NpUAaAiB. PeaysbTaTd BAMIpO-
BaHb 3alMcatd B Tabh. 2.

2.7. TloMiHQTH MicusMi KieMu Ipyrol KOTYWKM Ta NOBTOPUTH BHMi-
poBaHHA, nepenbayeri n. 2.6.

2.8. BHKODUCTOBYIUM De3ysbTaTd BUMipwBaHb (... 2.6, 2.7), BH3-
HAUMTH ONHOMMEHHI KJIeM¥ KOTYWOK 1 BCTAHOBUTH, HKOMY BBIMKHEHHD
KOTYWOK (Y3TOAXEHHOMY 9M 3ycTpluHomy) BiAmoBiZabTe BMMipu 3pofaeri
3rigHo 3 m.m. 2.6, 2.7. BACHOBKM 3aHECTU B Tabn. 2.

2.9. CKAACTH KOJIO 33 CXEMOow pHC. 4.

2.10. 3HATH NOKAa3d BUMIDOBANbHUX NpunaniB 1 samicatd Ix y
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Tas. 3.

2.11. TomiHATH MicUSMM KJeMH OHOoI 3 KOTymwok (3ycTplume
BBIMKHEHHA) Ta NMOBTOPUTH BUMIippBaHH® 3rigHo 3 n. 2.10

2.12. CKAACTU eNeKTPHYHE KONO 33 CXeMob pHC.5

2.13. IoCAlZHMM WLsXOM BUOpATH €MHICTL KOHAEHCATopa Tak, uob
Yy Konl BUHHK peaokaﬂc cTpyMiB. 3nlicuuTh BuMipoBadHs 1 Ix gani
3aHecTy B Taba. 4.

3. CXEM{ ENEKTPUUHMX KIJ ANS MPOBEIEHHA EKCIEPMMEHTIB

AT U, o
it RIS
I AR ANS U
| | 3 Ry Ry
! | v ( V) o[ s
i 1(0...40) B
| | Ly Le

Puc. 2. C(XemMa eJEKTPHYHOI'O KoJa M BH3HAYEHHS NapaMeTpiB
MarHiTHO 3B’SA38HMX KOTYHOK 1-Ix BaaeMHol iHAYKTHB-
HOCT1

®

[ u———— D}
S
'S
2
o

Puc. 3. CxeMma eJeKTPHUHOT'O KoJi& 3 TOCJAiJOBHO CHOJIYYESHUMH
MarHiTHO 3B’ HA3aHMMK KOTYUKAMK



[image: image27.png]Puc. 4. Cxema eAEKTPUUHOI0 KOJa NapajiesibHOI0 CHOJYYEHHS Mar-
HITHO 3B’ A34HHX KOTYWOK

Prc. 5. (xeMa eJeKTPMYHOIO KoJa IJif JOCHiMmeHHS De30HaHCY
CTpYMiB :13 MapaniesibHO CHOJIYYCHHUMY MArHiTHO 3B’fA3a-
HAMM BiTKamu

4. TABMAUI INiS 3AMACY HOCNIJHMX I PO3PAXYHKOBHX HAHUX
PesynbTaTh BUMipmwBans 1 oOuMC/ieH: JAS BM3HAYEHHS B3aeMHOI
1HOYKTHBHOCT] Ta NapaMeTpisB KOTYIlOK -
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Tabmus 1
PE3YABTATHK BUMIPDBAHGL
Y MEPERY 5 : >
BBIMKHYTA x ? bl
B A B rpan . | rpan

TEPHA :

KOTYUKA

JIPYTA

KOTVIIKA

TlpofoB®eHHs Tabd. 1

PEBYIABLBTATHU OBYUYUCHNEHD

Y MEPERY

BBIMKHYTA] Z R X L Xy M Ug Uy
OmM oM Om I'a oM TH B B

NEPHIA

KOTYIKA

JIPYTA

KOTYIKA
Kygp = Xy = oM.
Meg = M = TH.
K3p =

NlpuMiTKa: @ ~ KYT 3CYBY 3a Qason Mlx Hampyroo U Ta CTpy-

MoM I, a ¢, - Mi% Hampyrok Uy Ta CTpyMmoM I
Pe3yNbTaTi BUMipnBaHb # 0OUMCAEHb NPH AOCJiIKEHHI MOCJ1ZOBHOIO
CHOJYYEHHA MATHITHO 3B’$38HMX KOTYHOK

Tabmua 2

HEHHS

YBIMK- gﬁgglﬁ PE3IYABTATH BHUMIPDB.| OBUMCA.
Ul 1710 10U 9 [ [2 Z]1 R

KA
KOTY~ |PE3VIIb-
oK TATIB

B

B

B

rpan.

rpal.

rpag.

oM | OM

¥Y3ron-
KEHE

JoChIn

OBUHCIL.

3YCT-
PIYHE

JocaLn

OBUCIL.
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fponoBkeHHs Tabn. 2

YBIMK- | CMIOCTB PE3YIABTATH OBYUCNEHD
HEHH? |OREP-

WaHuE | Re ] X | L Z | R | %ie] Liol %2 | X
il ey o; om | T | om | om | ou r;e 0; o;e
¥3TOA- | HOCHLL

HEHE |OBYHCE.

3YCT- |H0CAIR .

PIUHE |OBWACL.

[lponoBXeHHs TAbJ. 2

YBIMK-SHggIE PE3YNBTATH OBUNCIEHD

HERHH
K | e U [ U] U [ U

Uy

Uy »

Uy

KOTY- |PE3VIb- P
WoK™ {TATIBE |ru|B |[B B B

B

B

B

¥3rol- | HocaLL

BEHE  [OBUYNCH.
3YCT- [HOCAIL
PIYHE [OBYHCIL

TIpOROBREHHA Tabn. 2

YBIMK-{CHOCIE PE3YINBTATH OBYUCAEHD

HEHHE }%ggﬁ U | Uz | Uzy P Py | P2 | Pri | Paa
KOTY~ JPE3VIIb- -
10K TATIB B B B BT Bt Bt | BT BT
Y3rof-{IocnIz
KEHE  |OBYACIL.
3YCT- |IOCNIL
PIYHE |OBYMCI.

Onip B3aemaol immyxnli:

Y = ( Xoriz ~ Xoyorp } 7 4 = OM.

B3aeMHa 1HAYKTUBHICTB: M = TH.

BajaHC aKTHBEHMX IICTYRHOCTEH:
Y3rozxeHe BBIMKHEHHS: Pyg =Py — Ppy = BT,
Pyo = Pp = Pgp = BT;
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Puy = — Pyp = M-Iy Ip-sin(, - Po) = BT.
3ycTpiude BBIMKHEHHA: Py, =Py - Ppy = ' BT

Pyp =Py - Ppy = BT;
Py = = Pyo = M-I I sinl{gy, ~ ) = BT

Pe3ynbTaT# BUMIDWBAHD ¥ OG4YMCJEHB MNpU ROCHIAMEHHI NapajefibHoro
CHOJYYEHHS] MArHITHC 3B'fA3aHUX KOTYWOK
Tabmua 3

YBIN-|CTIOCIE [PES Y ABTATH BUNIP | OBWCIEA
i 1 o BT I O z] R[] x
HOTY- | PESY b R N

WK |TATIB | B| A | A | A |rpea|rpaa|rpan] ow | ow | on

¥a3ro-{A0cn1n

IHEHE }OBYHCA.
3YCT-110CA1n
PIYHE | OBYNCA.

lponoBxeHH! Tabl. 3
YBIM-1CTIOCIE PE3YNDBTATH OBUHUCIEHE
BHEH-30JIEP-
i1 Ll U | Uag] Uso Up Upl Up2 Urs | Uis] Uiz

KOTY- | PE3Y/Ib—~
HOK |TATIB I'H | B B B B B B B B B

¥3r0- | R0CH1E

JIKEHE | OBYMCI.
3YCT- | ROCAIN
PIYHE | OBUKCIL.

flpoxoBxends Tabn. 3
YBIM-|CIIOCIE PE3SYABTATHN OBYUCAEHD
KHEH-{ OHEP- -
%Ty— BAME | Ure) Uie) Uosf P IPren) Py | Prsf Pusf Pre »Puz
WOK {TATIB B B B | Br | Br | Br| Br§{Br|Br|Br

¥3r0~ {I0CHIN
JIKEHE § OBHUCTL.
3YCT-10CHIN
PIYHE | OBYUCI.
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O6uMcierHs akTMBHOI mOTy#HOCT, fKa NepefacThcA MATHITHMM no-
JeM, 32 (QopMyJion:
Y3ropxeHe BBIMKHEHHSA:

Puy = - Pug = 0'M I, Tp-sin(, - %g) = Br:
3ycTpivyHe BBIMKHEHHS:
Pyy = - Pyp =M Iy Tp-sinle - 14) = BT.

NpumiTka: [nsi OGMMCNEHHA HANDYT TA AKTHBHUX TOTYRHOCTEA BU-
KODUCTATH NapaMeTpd KOTYWOK 3 Tabd. 1.

PesyabTaTi BUMipbBaHb % OOuMCReHb HPH HOCHiZXeHH1 sBUWa peso-

HaHCY CTpyMiB ¥y KOJi 3 mapasiefbHUM CHOJYYEHHAM MarHiTHO 3B’ s-
33HUX KOTYWOK

Tabsmus 4

PE3YANLTATH BUMIPDBAHD

Ceeaf T U | Gefo P} 0 | Pz P

k@ | B[ A]4Aa & B | B |rpaa)rparjrpaxn|rpaa|rpan

NpuUMITHA: @@y =91, ©1=0us P11, o=@ P12, Po2=Pyp-P1z 1
P =Py P12 — KYTH 3CYyBY 38 (fason Mix Hanpyramd |1 CTPYMaMH.
fiponos#enHs Taba. 4

PE3IYJABTATHA OBYUCHNEHD

z R X Ia Ial Iaz Ip Ipi Ipz URi UL1 U12

OM | Om | OM | A A A A A A B BB
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fipoZioBEeHHA Tabn. 4

PE3YJABbTATH OBUYUCHNEHD

Uref Uiz Upsf P IPren| Py | Pey| Puy] Pp | Ppp| Pa

B B|B Br | Br | Br | Br { Br | Br | Br | Br

OCuHCIIEHHS! 2KTHBHOL MOTYKHOCTI, HKa NEPENaETHCA MArHITHAM
ToJIEM, 33 GOPMY.Jo:

Pup = = Pyz = oMI; Tpsin(yyy ~ ¥5,) = Br.
06uncneHe 3HAYEHHS €MHOCT1, fKA BiAMOBiZae pesOHaHCY CTPYMiB:
Cogs = MKd.

MpuMiTka: 108 069MCRSHHA HATPYT # AXTHUBHEX INOTYRHOCTE! BUKO-
PUCTATH NapaMeTpy KOTYWOK 3 Ta6n. 1.

5. OBPOBJEHHA HOCAINHHX DAHMX :

5.1. 3a jauMM Jocaipie mm. 2.1, 2.2, 2.3 Te 2.4 BUSHAUKTY
ONOPHM KOTYWOK, IX BJACHL Ta B3A€MH1 iHAYKTMBHOCTI.

5.2. 3a JamuMu ROCAIAiB nnm. 2.5 - 2.7 3OifiCHMTH HeoOXini
OOYUCJEHHS Ta IX pesyibTaTH 3amuMcaTé B Taba. 2.

5.3. 3amdcaTy piBHAHHS EJeKTDUYHOTO KOJA M Y3TONKSHOTG Ta
3YCTPIYHOrO BBIMKHEHHS NOGJIMOBHO CTOJNYYEHHUX KOTYWOK 1, BHKODHC-
TOBYL'M NApaMeTpy KOTYWOK 3 Tabh. 1, o6YMCAMTZ Ui Koja hjs Harpy-
Ty wvepexl, B3ATIA 3 Tabn. 2 (Bcl oGuMcneHds HABeCTH B 3BiTI 3
JiabopaTopHol poBoTH). PeaynbTaTH OOUMCIEHb 3amMCaTH B Tabl. 2a i
NopiBHATH 1X 13 JaHuMu Rocainis 3 Taba. 2.

5.4. lNoGynysaTH BEXTODHI TonorpadiyHi aiarpamu Hampyr mar-
HITHO 3B’#38HMX KOTYWOK ANf IX [OCAiAOBHOTO CIIOJIyYeHHs ¥ pasi ya3-
T'OJIKEHOTO Ta 3YCTPiYHOI'0 BBIMKHEHHS.

5.5. CkjacT¥ OanaHCH aKTUBHMX TOTYWHOCTEHd IJAS NOCHLLOBHO
CIONYYEHHX MAIHITHO 3B’A3AHUX KOTYWOK IJA Y3TOIKEHOTO Ta 3yCTpiu-
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HOT'O BBiMKHeHbL 1 BIEBHUTHCH Yy BIZCYTHOCT! y LMX BMNAJKaX nepefaui
aKTTMBHOI MOTYXHOCT1 MATHiTHUM IOJEM. PesyﬂbTaTu'oqucneHb 3am-
cati B Tabn. 26

5.6. 3a pmamuMy jocaipls m.m. 2.9 1 2.10 BUBHAYATH BEJMYKHH,
BkazaHl B Taba. 3

5.7. BUKOPUCTOBYNYM NIEpaMeTpH KOTYWOK, B3ATi 3 T1aba. 1, o6~
YUCIUTA eJIEKTPHYHE KOJO 3 NapajiefibHo  CHOJNYYEHUMHA KOTYWKamd IJs
V3TOAXEHOG TA 3YCTPluHOro IX yBiMKHEHHS 1P Hampysi Mepexi 3
Tabn. 3. PesyybTaTd 00uMCieHb 3amMcaTd B Tabh. 3a i mopiBHATH Ix
13 nanumi gocnizis 13 Tabn. 3. Bcel ofumcnenHs HaBecTH B 3BiTi 3
JabopaTopHol poGoTH.

5.8. NloGynyBaTy BekTopHl Tomorpadiuni plarpamu Hampyr s
napajlelbHOr'e CIOJIyYEeHHS! MATHITHO 3B’A3aHMX KOTYWOK And IX yaroa-
KEHOT'0 Ta 3YyCTPiuHOr0 BBIMKHEHHSA. .

5.9. I8 eJeKTPHYHOTO KOJa 3 NapasieibHO CTIONYYSHMME MAriiTHO
3B’ A32HUMY KOTYUKAMM JJS 1X y3PONXEHOTO T4 BYCTPIYHOTO BBIMKHEHH:
BUBHAYATHA AKTUBHY MOTYXHICTb, #AKa [epeliacTbcs MarHiTHHM NojeM
3a GanaycoM NoTyxHOCTed 1 38 QopMysion. PeayJbTaTd ofYdCheHb 3amu-
caty B tafa. 36.

5.10. 3a JfaHuMi 1. 2.13 OGUMCANTY BEJWYMHHM, nepeibadvedi Taba.

5.11. BUKOPUCTOBYWOYY MNApaMETP! KOTYWOK 3 Tabs. 1, OGHMCIMTH
€MHICTb, #Xa BIANOBiNAE DE3OHAHCY CTPYMIB y CXeml Koja Ha puc. 5
NopiBHATH Le 3HAYEHHA €MHOCTL 3 AOCNINHMM 3HauyeHHaM. Bcl ofuuc-
JIeHHA HaBecTd B 3BiT1 3 jabopaTopHol pobOTH.

5.12. CkjacT¥ OaJiaHC aKTUBHUX NOTYRHOCTER AN eNeKTPUUHOI'O
Koja, cxeMa fikoro 3ofpameHa Ha puc. 5. 1 pe3ynbTaT¥ 3anMcaTd B
Tas. 4a. BHU3HAYUTH AKTUBHY TMOTYRHICTb, W0 NepenacTbC] MarHiTHUM
noneM Ha niacraBl OaJaHcy akTUBHEX LOTYRHOCTe#d 1 3a  @popumyJown

7. METOIMYHI HACTAHOBU JI0 BMKOHAHHH JOCHIAIB

7.1. Jus BUMIipOBaHHA KyTa 3CYBY (a3 Mik HaNpyrow Ta CTpPYyMOM
HeoOX10H0 BUKOPUCTOBYBATH {asomeTp, fxMIl moxasye plaxuup fas (mo-
4aTkoBUX $a3) mepmoi Ta Ipyroi BeswuuH, nizBelleHMX A0 BOro BXOAiB
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¥ nadin po6oTi dasomeTp HeOOXiIHC BBIMKHYTM Tak sk .TOKa3aHO
Ha puc. 6.

Ui U2‘
Jind BAMI- I
poBaHHs U « 4 L— )
Halpyru Iaia BEMipR-
BaHHA CTPYMY
——d— () [ e E———

Puc. 6. CxeMa BBIMKHEHHs (asoMeTpa.

TYT =ty G=Yr. O~ ~$~¢-

HeoGX14HO LaM’ATaTH, W0 NMoKasu uudpoBOre PasoMeTpa mpy pisko
HECWHYCOIIHMX HAmpyal Ta CTPyMOBi He BLANOB1AanTb KYTYy 3CYBY 38
(230D, OOUMCHEHHOMY AJd exBiBaJIEHTHHX CHHYCO1Z. ToMy niggac npo-
BejleHHst JOCNI1AIB yHWKa#Te pesuMiB HACH4YeHHS 0Ceplb KOTYIOK.

8. KOHTPOJILHI 3AMWTAHHS

1. JlaitTe BUSHAYEHHA sBAlia B3acMHol 1Haykuil Ta B3aEMHOI 1H-
JNYKTUBHOGTI.

2. lio Take YB3TOANSHE Ta 3YCTpluHe BBIMKHEHHS MArHITHO 3B°-
A32HUX KOTYWOK?

3. lijo Take ONHOWMEHHI KJiemd KOTYmOK? flki CrocoGE IX BU3HA-
YeHHA?

4. i BABHAYACTHCHA KOEQLUICHT 3BA3KY Mard1THO. 3B’A3aHUX KO-
TYWOK? 3a Akoi ymoBHM Le#t koediuieHT Jopishoe 17

5. 33 fAKol yMoBHM cnocTepiraeTscd "eMHlcHWH" eQexT Ha OIHI#
3 TMOCJILJIOBHO CHOJYYEHMX MATHITHO 3B’#3aHMX KOTYWOK?

6. 33 AKol yMOBM BiAOYBAETbCst nepellada aKTMUBHOI NOTYKHOCTI 3
onmiei BiTHM B IHHY MATCHITHAM HOJIEM?

7. fIK BUSHAYAECTLCY SHAYEHHH Ta HATPAM repenayl aKkTUBHOI mo-
TYRHOCTI B MATHITHO 3B’A3aHAX KOTYHKAX MArHITHAM TIoJieM?

8. lWo Take BHeCeHM# omip?
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JNABOPATOPHA POBOTA N 005
JNOCHIEKERHA NAPANEXBHOTO CHOAYYEHHA NPUEMAYIB EJEKTPHYHOI
EHEPTII B KONI CHRYCOINHOTO CTPYMY
META POBOTH
JNoCHiAXeHHS GJNEKTPHYHOTO KOJa 3MIHHOTO CTDYMy 3 DEe3HCTUB-
HUM, I1HIYKTMBHUM TA E€MHICHMM €JIEMEHTAMU NpM IX DapanefbHOMY CRo-
JyueHH1, BU3HAYEHHA NapaMeTplB e/eMEHT1B, CHiBBILHCWEHb Mik CTDY-
MaMu It HaprFaMH,‘ TNOTYRHOCTER OKDPEMHX eJleMeRTiB 1 Kosa B ginomy
noGynoBa BEKTOPHUX Alarpam
1. TEOPETWYHI TOACHEHHA »
Mlpy napaesbHOMy CHOJyYeHH1 NpuiAMadl nin’enHaHi Ao cmigb-
HUX Bya/lB, TOMY Halpyra Ha HUX ofHeroBa. B pesuctopl 3 mpoBif-
HicTi G Hampyra Ta cTpyM 36irapTbes 3a @asop. -

ITHAYKTUBHHE €JIEMSHT - Lie KOTYUKA, BHKOH2HA ﬁepeBaﬁHD MiOHuM
TMPOBOZOM, . TOMY Ilefl eJIeMEeHT XapaKTepU3yeTbes IHIYKTUBHicTO L Ta
OTIOpOM TPOBOAY R. B IHAYKTHBHOMY eJleMEHT1 CTpyM BiACTae BiA Ham-
pyry 3a (8300 Ha KYT ¢:

¢ = arctg wL/R. (1)

CTpyM, fKUH MpOTiKae yepe3 eNleMEHT, Moxe OYTH BU3HAUYCHMI

I = U/ R + (0b)? . (2)

HoHpeucaTop B JaHMX EKCTIEDHMEHTAX MOKHA BBAATH TIDAKTHHHO
1nea/bauM, TOOTO CTPYM B KOHAeHCATOpl BUNepenxac Hampyry Ha 90°,
a CIIBBIIHOWEHHS M1 3HAYeHHAMH CTPYMY Ta HanpyPM'Mame BUTJISIA:

I = wCU. (3)

[ipy NapafesibHOMY CHOJYYEHHI eJieMEeHTiB iyl 3HaueHHs CTpy-
My Ta HANPYI'd M0B’A3aHl Yyepes MoBHY RPOBIAHICTH:

I =96+ (B -B)? -, ) (4)
Ze aKTUBHA OPOBiAH1CTL G Mae JB1 .ckyanoBl - @KTMBHI OpOBiNHOCTI
PE3UCTHUBHOT'O Ta IHAYKTUBHOI'O eleMEeHTiB:

G =G, + R/R? + (wl)?), (5
1HAYKTHBHa NpeBiAHiCTL AOpiBHDE

B = @L/(R® + (wl)?) (6)

H

T8K:
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a eMiicHa mposBijHicTh -

B, = ot . . (7)

SKWo 1A Yac NPOBENEHHS EKCTIEPUMEHTY BUKODMCTOBYETHCH BAT-
METP, 3CYB 33 ()a300 Mik Hampyrob Ta CTPYMOM BM3HAYAETBHCH TaK

¢ = arccos P/(U1), ) (8)

2. NOCHINOBHICTH BUKOHAHHA POBOTH

2.1. O3HaWOMATHCS 3 OOJAafHAHHAM CTEHIA, SIKe BUKODHCTOBYETb-
cd B jaHiit poGoTi.

2.2. CKNACTH SJIOKTPUUHY CXeMy (pUc. 1) AJS LOCALKEHHS OK-
PEMHX eJIEMEHT1B eNEKTPHYHOTO KOXa.

2.3. Bwukapum 00 4ep3i oxpeMl BITKM koaa 1 xodo 3 napanesb-
HUM CHOJYYEHHSM YC1X B1TOK, 3HATY HOKA3W NMpWIafis. PesymbTatd Bu-
MipiB sampcaté B Tabn. 1.

2.4. O6YMCIMTH NapaMeTpy iHAYKTHBHOI BITKM. O6UMCHUTH peso-
HAHCHY EMHICTb Cpes A NMAPANGNBHOTO CHOJYYEHHR BiTOK (DEBOHSHC
CTPYMiB). .

2.5. CHJIACTH KOJO 3 MapafejibHUM CIOJNYYeHHAM IHAYKTHBHOI Ta
€MHICHOI BITOK. YBIMKHYTH KOJIO, NSpeBipHTH HasBHICTH PE30HaHCHOT'0
pesuMy. fRWO N0TPiOHO, YTOUHUTH DE30CHAHCHY €MHICTBL niagopoM. flo-
Kasy NpuAafls samicaTv B Tabd. 2

2.6. 3HATH DE30HAHCHI KpUBI NapaJenbHOro DE30HaHCHOT'G  KOH-
Typa, Sxdil Npalle B pewMMi HANPYru. EKCIepUMEHTafbHL NaHi BHecTH
B Tafn. 2.

3. CXEMA ENEKTPUYHOI'O KOJA I/l POBENEHHY EKCTEPUMEHTIB
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4. TABMMUI L7 3AIMCY AOCAIAHUX TA PO3PAXYHKOBMX JAHMX
Tabmiua 1. ExcliepUMeHTanbHi Ta pPO3DAXyHkoBi naHi mnis okpe-
MIX BITOK 1 napajiesibHOTO IX CHOJYYEHHs

PE3YJILTATH BUMIPUBAHD PE3YVJIbTATH OBYMCJEHD
) 1 [ P Q S Y G B
B A |rpap| Br |Bap { BA [ CM | Cu | Cm

PesucTop

IHIYKTHBHA,
KOTYUKA

KoHzeHcaTop

apanesbHe Cno~
JiyUeHHA BiTOK

0GuMCIeHe 3HAUEHHA DE30HAHCHOL eMHOCTI: Cpeg= MK,
Tafmiug 2. PesoHancHi KpWBL NpM NapajesbHOMY CHOAYy4YeHH1 BiTOK‘&.

1) I I I ']
B A A A rpak
1
2
10
11

3HAYEHHS De3oHaHCHOl eMHOCT! BM3Ha4YeHoI eKcHepUMeHTAJBHO:
Coes™ MKG.
5. OBPOBJEHHA HOCAINIHMX JIAHKX
5.1. 3a pesyabTartaM ROCALRIB 1. 2.3 0OUMCIMTH NOTYWHOCTI
Td NPOBLINHOCTI OKpeMux BITOK 1 KOJA 3 NHapaledibHUM CHOAYYeHHSM.
5.2. IoOynyeaTH BekTOpHI OlarpaMy OKpeMux BiTOK Ta koja 3
napaJiesibHuM IX CIIoJIyYeHHaM.
5.3. 3a HamHMMM . 2.6 noOydyBaTé rpadiky pe3oHAHCHUX KpU-
BUX.
6. KOHTPOJIBHI 3ADMTAHHA .
1. fix obumMcaMTH 3CYB (a3 MiX Hampyroe Ta CTPYMOM B peasibHift
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KOTyuni 1HZYKTHBHOCTL?

2. fIK OOUMC/MTH TIOBHWH, AaKTUBHMRA Ta peaKTHBHHMI NPOBIAHOCTL
Ta OMOPU CXEMM, fIKA MICTHTH NApasiefibHO CIOJyYeH1 pesucTop Ta KOH-
AerRcaTop?

3. fika ymOBa PE30HAHCY CTPYM1BY? .

4. Koyyi CTpYM IIpd pe30HaHcl nOp1BHBE HYJEB1?

5. Bin AKUX napaMeTpiB Ko0Jia 3aneiuTb DE30HAHCHa 4acToTa NpU
TApasiefbHOMY CTOJyYeHH1 eseMeHTin?
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JIABOPATOPHA POBOTA N 006
HOCNINAEHHA PESOHAHCHHX SIBMM ¥ RIHIAHOMY ENEKTPHYHOMY KOAL
3 TIOCAIZOBHHM CHONYYEHHAM EJEMEHTIB (PE3OHAHC HAINPYT)

META POBOTH#

JochlfkeHHs SBMMa DE30HAHCY B JIIHIMHOMY eJeKTPUYHOMY Koai 3
[OCALJIOBHUM CTONYYEHHAM eNeMeHT1B; 3HATTA PEe30HAHCHUX KPUBHMX IpH
3MiHi TmapaMeTpiB eJeMeHT1B KoJia Ta MpH 3MIKL 4acTOTH Ikepena.

1. TEOPETUYHI [0OSACHEHHS

B pe3OHAHCHOMY pe¥uMi CTpyM 1 Hampyra Koja 36iraiTbes 3a fa-
300. [lpH TOCJ1ZOBHOMY CHOJNYYCHHI eJleMeHTIB Ue chHocTepiracTbes 3a
YMOBH

X=oL - /e = 0. (1)

TaKUM YMHOM DE30HAHCY MORHA HOCHAI'TH 3MIHOK TapaMeTpiB  Koja
(eMHOCTL, IHIYKTHBHOCT1) Y¥ YacTOTH A¥epesa EMBJEHHS. fIKWo pesuc-
TAHC KOJ& MEHIMA Bij peakTaHcy, TO HAIPYIM DEaKTHBHHX eNIeMEHTiB
mpu pe3osaHcl GifbWll Bil DpUKJAEHOI Hampyru.

2. NOCNINOBHICTL BMKOHAHHA POEOTH

2.1. Osuajtomutics 3 OOJaJHAHHAM JAGODATOPHOrO CTEHZA, ke
BUKODHCTOBYETBCS B Jafoparopuif poGoTi, 30KpeMa 3 TIeHepaTopoM
CUTHAAIB 1 Maras3uHOM €MHOCTER Ta 1HAYKTUBHOCTEH.

2.2. CKAGCTM KOJO NAS BU3HAYEHHA TlapaMeTpiB IHIYKTHBHOI Ko-
TYWKY (puc. 1,a). 3HaYeHHs IHAYKTHBHOCTI 3ajac BUKjallay B Mexax
L= 3...20 Mr.

2.3. BCTAaHOBMTY DEXMM KoJa (32 BKa3iBKOW Bukjagaya [ =
400...800 Iy, U = .6 B). [lokas npunafiB samucaTd B Tafn. 1.
OGYUC/MTH NapaMeTpd IHAYKTUBHOI KOTYUKM.

2.4. O6UMCIMTH DE30HAHCHY €MHICTb Ha 3auaH1n 4aCcTOTl, Cpes =
= o MKD.

2.5. YBIMKHYTM B KOJNO KOEHeHcaTop {(puc 1,0) 3 00YMClEeHOD eM-
HicTO i NepeBipuTH HASIBHICTH PE3OHAHCHOTO pexuMy, HKilo MoTpibHO
YTOUHUTH Cpeq MiZOOPOM. KOODAMHATY DE3OHAHCHOTO DEXMMY 3alicaT B
Tabn 2, pAOoK 6.
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2.6. TNiaTpuMyouM BX1IHY HANpyry KoJa CTajon, 3HATH PEe30HAHC-
Hi kpuBl npu 3MiHl emmocti I(C), Uy (C). Ug(C), ¢(C), Bcboro
10...12 TOYOK. Pe3yJbTATH 3amMCATH B TAb6JULI 2.
2.7. [liaTpuvyow BXIZMY Hanpyry cTajob, 3HATH Pe30HAHCHI
KpuBl npu 3MiHl uyacToTH koma I(f), UL(f), Ug(f). @(f), Beworo
10...12 TOYOK. Pe3ysbTaTH 3aMMCaTH B Taba. 3.

3. CXEMY ENEKTPUYHUX KIN [JA TNPOBEXEHHS EKCTEPMMEHTIB

Uy
P C
Iz o 0 1L
\0 r-1n b
|
:R 1 :R
rc
i | |
FL s | L
P Puc. 1a Puc. 16
P
Puc. 1.

4. TAB/MII JA SAIUCY JOC/IJHUX I PO3PAXYHKOBUX IAHMX

TaGnuus 1. BU3HAvEHHs NApaMeTpiB 1HAYKTHBHOI KOTYUKE

PE3YJILTATY BUMIPOBAHB PE3YILTATH OBUMCIIEHD

U I [ T Z R X L
B A I'pap.}| I'y Om oM O™ I'H

OOuycsieHe BHAYEHHA DE3OHAHCHOI EMHOCTI: Cpey = MED.

_— T =
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Tabming 2. Pe3oHaHncH1 kpuBi Ipu 3MiHi eMHOCTL koJa

PE3YIIbTATH BUMIPOBAHL OBYHCJEHHA
NI U I 9 | Ucor| ®xor] U C 1u P Q
B A |pan.{ B ([Ipan. B MED B BT | Bap

11
12

Tatming 3. PesoHaHCHi kpuBl mpu 3MiH1 yacTOTH mxepesa

PESY/ABTATE BUMIPOBAHD OBYNCHEHHA

Nl U I 9 1§ Uxor| Wxor} Uc f 1U P, Q
B | A |rpan| B |pen.| B ltu | B | Br | eap
100
150
200
250
300
350
400
450
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550
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700
800
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5. OBPOBNIEHHA JNOCMIZHMX NAHMX

5.1. BuxoHaTH ofuMcjieHHa jo nn. 2.6 1 2.7, Taba. 2 1 3.

5.2. NoOynyBaTé pesoHaHcH1 kpuBl mpu 3MiHi eMHOCTI KoJa
1¢C), U, (C), Ug(C). 9(C) 3a nauumu Taby. 2. [IepPEeKOHATHUCSH, WO IpU
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pesoHaHcl Uy . Ug, a CTPYM MaKCHMAJbHUR.

5.3. NoGynayBaTs 3a AAHMMA TAGJ. 3 Pe30HAHCHI KpuBL mpu 3miHi
4acToTy KoJa I(f), Uy (f), Ug(f), ¢(f}

5.4. 064YHCJMTH XBUJLOBHME oulp Koja Ta HOOPOTHICTb KOJa,

p= ... L0 Q=L

llepesiputy ciiisBiHomenns Up/U = Q ta U /U <0 [pH pe3oHaH-
ci. TOACHMTH, UYOMY TPH PEB3OHAHC1 HANPYTM DeaKTUBHMX €JIeMEHTiB le-
PEBUIyOT TPUKJIGAEHY HANpyr'y, $KWo Le CHOCTepiraeThes.

5.5. NoGynyBaTH BeKTOpH1 niarpaMu €MHiCHOr0, DE30OHAHCHOTO #
iHAYKTHBHOTO DeXuMiB. )

7. METOJMYHI HACTAHOBM JO BUKOHAHHA EKCHEPUMEHTIB TA OBPOB-
JIEHHA JOCIIAHMYX RAHMX

7.1. HeijeaibHiCTh IHAYKTUBHOT'O MarasMHy 3yMOBJEHa Pe3MCTaH-
COM IX OOMOTOK. KOJMBAHHA PE3MCTaHCY NpM cTani#t vacToTi (m. 2.8,
Tad]. 2) 10B’f3aui 31 3MiHOD cTPyMy 1, oTHe, HarpIBaHH# OGMOTOK.
Ui suinn QIKCYOTbCA BUMIDDBAHHAM (a30BOr'0 KyTa IHIYKTHBHUX KOTY-
WOK ¥ KOKHIN TOULl eKCIIepUMEeHTY.

7.2. EMHICTP B eKCIEDUMBHTaX TOTPi6HC BBa¥aTH 1neaNbHoW,
TOOTO npuiMaTH ¢, = 50 rpazycib.
KOHTPOJIBHI 3AIHTAHHA
flke siBHlle HA3UBACTHCA PE30HAHCOM HANPYr?
CopMy/moiTe YMOBY BUHUKHEHHA DE30OHAHCY HANpYT.
NlepesivulTh dBHUE, AK1 CYNPOBOAKYOTb DE30HAHC HANDYT.

4. Kojw mpW pe3oHaHCl HANpYr HaNpyTH OKPEMUX eJeMeHT1B mepe-
BHIYRTh HANpyr'y Mepexi?

5. JlaitTe BU3HAYEHHS XBHJLOBOI'O OHOPY @ HOGPOTHOCTI pesoHAHC-
HOT'O KOHTYpa.

@ P

6. HasBiTb WPMCTPOL, /iA HAKUX BeJMKe 3HAYCHHA MAE BHCOKA
JBOOPOTHICTD. -

7. Ko pesoHancui Kpusl Uy Ta U, MOXYTb MATH EKCTpPEMyMH?

8. FHK 3HauTH KoopuMHéTu LMX eKCTpeMyMiB?

9. B ARMX BMNAAKAX yMOBa DE30OHAHCY RAmpYr MICTHTb Tako® 1
PE3UCTAHCH - eNSMEHT1B?
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JIABOPATOPHA POBOTA N 007
JOCAIIKEHHT SIBHHMA PESOHAHCY CTPYMIB ¥ AIRIRHOMY
ENEKTPHYHOMY KONI

META POBOTH

JOCTIAKEHHA ABUUE DE3CHAHCY B JNIHINHOMY eNEKTPHYHOMY Koai,
AKke MICTUTH NapatielbHo criofydeHi BITKM 3 IHAYKTUBHEMYA Ta eMHIcHU-
MJ eJeMEHTAMH Ta 3HATTS DPe3OHAHCHMX KDUBMX Tp¥ 3MiHl napameTpis
KoJia Ta 4aCTOTH. )

1. TEOPETMHYHI MOACHEHHS

B eNeKTPUYHKUX KoJiaxX, fKl MICTATH napanenbﬁo'chonyqeﬂi BiTKH
3 pi3HOXApAKTEPHUMHA DEAKTHBHUMU OTODaMH, MO¥e CroCTepiraThes pe-
30HAHC CTPYMiB. YMOBOK DE3CH3HCY CTPYMiB € B1ACYTHICTB peaxkTUBHOI
crJanoBOI B KOMINEKCHIR MpoBifHocTi. ¥ BUNBAKY De3CHAHCY Hampyra
Ta cTpYM 36irapThes 3a ($a3on. .

2. TIOCNIAOBHICTL BHKOHAHHA POBOTH

2.1. OzHaiomuTHcA 3 OCJANHAHHSM JAOOPATOPHOI'0 CTEHZA, dKe
BMKODUCTOBYETbCSH B NaHif faboparTopHid poSoTi.

2.2. CKJIGCTH CXemy JJif BH3HAYEHHS NapaMeTpiB 1HAYKTMBHOL
KOTYWK (pue. 1, a). OpleHToBHI mapaMeTpd IHAYKTHEHOI KOTYIlKM 3a-
Jae BUKJAjay. o

2.3. Ha rexeparopl curxaniB BCTAHOBUTY HAIPYry nopsaxy 2 B
Ta 4acToTy 500 I'l, TL1A'€IHATH CXeMy J0 TeHepaTopa, 3HATH TOKa3K
BUM1pOBAJBHEX NPWIBALB T@ OGYUCHMTY TApaMeTpy IHRYKTHBHOI KOTYU-
¥#. PeaysbTaTy 3aHecTd Ao Taéa. 1.

2.4. OGUMCIMTH EMHICTb, TpW AKLM HACTYNMTL DE30HAHC CTPYyMiB
Ha dacToTi 500 TH.

2.5. CKJACTH CXeMy AJA HNOCALIMEHHA pe3oHaHcy CprMiB (puc.
1,6). IixGopoM YTOUHMTH 3HauYeHHs eMHocTl. npu sIkifl HacTymae peso-
HAHC CTPYMiB. 3araJsHuil CTPYM IDH LIBOMY NpuitMe MiHiManbHe 3Ha-
yeHHs. [l0KasW NpUiIafiB NpH PE3CHAHCHOMY peuMl 3aimCaTh B Tabn. 2
(6 PALOK).

2.6. MinTpuMypud BX1AHY HAmMpyry cTajion, 3HATH pe30HaHCHL
kpuBl 1(C), I,(C). I¢(C), @(C) TmpH 3MEHWeHH Ta 301/beHH 1
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EMHOCT1 B UMPOKMX MeRax (He MeHwe 4-5 TOYok X0 1 Hicis pe3OHHAH-
cy. (rtaba. 2). .

2.7. DiprTpuMynus BX1AHY Hallpyry cTanoo, 3HATY pe30HaHCHI
kpuBl I(f), I, (f). I {f), @(f) npy 3MiHl 4acToTH reHeparopa. Ekc-
nepuMeHTambHl JaHl BHECTH B TabJ. 3.

3. EJEKTPMYHI CXEMH A8 NPOBEIEHHA EKCHEPUMEHTIB

U,
® I, 0 ‘
r— h [ hi
0
C T
R e
V e——
re ® CL o L
R IERS
Lopl Lo p]
a) 6)
Puc. 1

4. TABIAUT JUIS 3AMACY AOCJIAHWX I PO3PAXYHKOBMX HAHUX
Tabnuus 1. BU3HAYeHHs NapaMeTpiB iHAYKTHBHOI KOTYUKU

BHMIPOBAHHSA OBYMCHEHHSA
U 1 [ Y G B Cpes
B A I'par. CM CM CM. | Mxd

Tabmuls 2. PesoHancHi KpuBl Ipw 3MiHl eMHOCTI KoJa

BUMIPOBAHHGS OBYWACJIEHHA
U 1 ¢ Igor | Ic C I, Tags
B A Ipan.| A A MEG A A

11
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TaGmuus 3. Pe30HaHCHI KkpuBl MpM 3MiH1 4YacTOTH r'eHepaTopa

BUMIPOBAHHS OBYUC/IEHHA
U I L4 Ixox I f L Iaxr
B A Ipan.| A A Iy A A
1 s
2
11

5. OBEPOBJEHHA JAOCAIOHUX PE3YALTATIB

5.1. 3aiACHUTH pospaxyHky ans taéa. 1,2,3.

5.2. MoGynyBaTH BEKTOPHI HiarpaMy LJf PE30HS8HCHOTO.Ta Hepe-
30HAHCHOI'0 pesMMiB.

5.3. Ha OCHOBI EKCIIEpMMEHTAJbHMX JaHuX (Taba. R Ta 3) moby-
LyBaTH pe3oHaHCHI kpuBi I(C), I, (C), Ic(C), @(C) Ta I(f), I (),
I (1), lf).

5.4. O0uMC/HMTH XBWIHOBMA omip p Ta AoGpoTHicTh Q KoJa.
pP= . oM, Q=...... .

7. KOHTPOJIBHI 3AIMTAHHA

1. B SKMX eJEKTPUYHMX KOJIEX MOKE BHHUKATH #ABULE DE3OHAHCY
CTpyMiB?

2. flk EOCHLA¥YOTH YMOBY BUHMKHEHHS DE30HAHCY CTpYyMis?

3. Ui MORYTb TNpM Pe30HAHCL CTPYMIB CTPYMM B  IHIOYKTHBHUX Ta
EMHICHUX eJIEMEHTaX TEPeBALYBATH 3arafbHHA CTPyM?

4. HaBeRiTb NMpUKJIAAM TIPAKTHYHOTO 3acfocyBaHHﬁ ABUNa pe3o-
HaHCy CTPYMiB.
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JIABOPATOPHA POBOTA N 008

HOCHIENEHHS YCTANEHOIO PEEHMMY. TPHOABHOTO EJEKTPHUHOTO

KOJNA 3MIHHOTG CTPYMY TIPH CIIONYVYEHHI CHO¥MBAYIB 3IPKOH

1. META POBOTH

1.1, ExcnepMMeHTaane JOCJiXEHHA pexuMiB Tpn@aaﬂoro xoJia
Npy CHOJYYeHH1 MpuitMauip 31pKOW Ta 32 HAABHOCTL ud 3a B1ACYTHOCTIL
HYfAbOBOTO HPOBOLY

1.2. To6ynoBa 3a pesyJbTaTaMy KOCJHIiJHMX I@HUX BEKTOpPHMX ni-
arpaM CTpyMiB 1 Hampyr.

2. OIMC JIABOPATOPHOI YCTAHOBHYU

2.1. PoGoTa BUKOHYETHCS Ha YH1BEpCAJbHMX CTeHJax JiadopaTopil
Kageapu T3E. TpubasHe HaBaHTa®eHHA (pHC. 2.1) CKMANAETHCH 3 TPBOX
OFHAKOBHX Pe3ucTopiB Ry, R, R,. HecuMeTpuyHe OAHOplNHE HABaHTa-
KEHHS YTBODHETLCH WIAXOM YBIMKHEHHS NOJATKOBUX DE3HCTOPIB Ry afo
Rs Kmouyamu S; abo S, (3a BKa3iBKOD BURJALAYA).

Ry
A Ay X
EOSE
L 3 » 50/36 B
U 2 Y
AB
Byt
B, B ¥ °
B % ~(h)- - A - ma o
5, BT %) |
U Cp 11 1 Ao
BC [ 0 o °
Ry C BRs
@ Cy Z C o
———{:—Ej—-
C
Sp
Puc. 2.1. [laneab TpugasHoro Puc. 2.2. Masesb
HaBaHTaKEHHHA TprudazHoro ONOKa

FUBJIEHHA
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HeoZHOp1llHEe HABAHTAKEHHA YTBODOETHCH WJAXOM Hil’E€IHAHHA 1H-
nykTuBHol KoTymxu L (mosoc B, ) abo xomaescaTopa €. (mosmwc Cp), Hpy
LUbOMY pe3ucTopy R, afo BianosifHo R, BiE’eAHYOTLCS.

2.2. CuMeTpuuHa TpudasHa Hanpyra KapyeM “BK." mniopaeTbes 3
kneM A, B, C 3 0JioKa XMBJIGHHSi CTEHAY. NOPAL PO3TaloBaya BUBIIHA
KAeMa "0" HelTpanbHOI'0 NpoBoZy Imepena (Puc.2.2)

2.3. 3HayeHnd Hampyru U = 36 B, wacrora f = 50 I'm.

2.4. Hanpyr¥ BEMIDHOTBCA MYJNBTUMETDOM, & CTpYMM 1HUWM, KOMYy-
TOBAHMM Ha WiCcTb KaHaniB, MyJLTUMETPOM. 3CYB (a3 M1k Hampyramu
BrMipoeTbCA LMGpPoBUM (a30METPOM.

3. [OCNINOBHICTL BUKOHAHHA POBOTH

3.1. 310paT¥ eJIeKTpU4HE KOJIO 334 CXEMOM CHOJIYUEHHS NpuiMayis
31pKO® 33 HafBHOCT1 HYJbOBOI'C MPOBOLY (PUC. 4.1).

3.2. BuMipsATH Ta 3aHeCTH B TAOMMIM 1 BKa3aHl B Hill 3HauyeHH:
BEJMUMH AJS TAKUX DexuMin:

3.2.1. [ip¥ cHUMETpMuHOMY HaBaHTaxeHH1 fas

3.2.2. [ipu ofpusl nififizoro NpoBOLY (BKa3aHOrO BUKJAJa4eM)

3.2.3. Ipu o6puBi mpoBoéy (asy (BKas3aHol BHKJIaIAYEM).

3.2.4. Tpu ofHOPIAHOMY HECHMMETDHUHOMY HaBaHTameHHI (as.

3.2.5. Npn BeoiHoplmwomy HasaHTagemHi ofxlel 3 gas (B afo
C). )

3.3. BUMHKHYTH HyJboBM# mpoBin kjoyeM "K" (puc. 4.1).

3.4. BimipaTH Ta 3amucaTd B Taba. 2 BKa3aHi B HiR 3HaAYEHHA
BeJMYMH AN TaKUX pemuMmiB:

3.4.1. [ipy CEMETPUYHOMY HaBaHTaxeHH1 ¢a3

3.4.2. Tlpu ofpuBl JiHIAHOTO MPOBOARY.

3.4.3. Ilpu ofpus! NpoBoRy (asu.

3.4.4. [lpy opHOpiAHOMY HECHMETPHUHOMY HaBaHTameHH1 ¢a3

3.4.5. Mlpn HeopHopliHOMy HaBaHTaxeHH! ojuiel 3 gas (B abo
0).
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4. CXEMA ENEKTPHYHOT'O ::7A JJIA NPOBEJEHHA EKCHIEPMMEHTIB
_— Ry Iy A

Uy =Upq

o) [pUAMAYa Ipy CHoJyueHHI 31pkon
IEPUMEHTANIBHIX 1 PO3PAXYHKOBMX JA-

Pruc. 4.1 Cxema Tpudaz::
5. TAB/MUI ANA 3AMACY =

HHX
Taba. 1
c*MIPODBAHKHA
PEXUM POBOTH —
KOJIA Usg Usc [Uca|“s0{Uso {Uco {Uon ]t jIo [Is T4 | @12
By{B|B|=]B]ByBjJAJA]|]A]| A ({Ipaa
CUMETDHYHE
HABAHTAKEHHS

06puB MiHii

06puB dasun

HecumeTpudsne
OZHOP1JHE

HABAHTAMEHHS | .
HeonuopiznHe

HaBaHTAXEHHA
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llpoposxeHas Tabmui 1

OBYHCNEHHA

PEXVM POBOTH
HOTA Pa | P | Pc | P |Yae!|Y%se:Yuca |Yuac |Yoso [Yoco
Br | Br | Br | Br |I'panjI'pan|I'pag{I'pasjl'pas|I'pan
CuMeTpyUYHE
HaBaHTaAKEHHsA

06puB JMiHii

06puB Gasu

HeCHMETpHYHE
ONHOD1MHe
HaBaHTaReHHS

HeoznopinHe
HaBaHTaReHHA

Tabn. 2

BUMI BAHHA
PEXUM POBOTH /ﬂo

Uas 1Usc [Uca [UaofUso {Uco [Uon |1 112 |15 |1
KOJIA 'ABIVBC VoA lYaodYBO jVCco Vol 1 2 3 4 ‘912

BlB{B|B|B|B|B]alalala]ras

CruMeTpHYHe
HaBaHTaKEHHA

06puB Jinii 1/

06pus dasu

HecuMeTpu4He
oIiHOp1
HaBaHTAKeHHA

HeonHopiase
HaBAHTAKEHHA
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NiponoB¥erna Tadmul 2

OFYUCAEHHA
P { Po | Pc | P |Was | YuacyYuca]Yuao [Yuso |Yuco
Br | Br | Br | Br |I'paa|MpaajIpan{Tpaa}lpanipan

PEXIN POBOTH
KOJIA

CAMeTpUYHE
HaBaHTaKEeHHA

06puB Jinil

06pus daszu

HecHMeTpHYHE
OJIHOp1IHE
HaBaHTakeHHs
Heoznopiane

HaBaHTaXeHHs

6. OBPOBAEHHA NOCAINHMX JIAHUX

6.1. 064MCHMTH 8KTUBHL NMOTY#HOGTI, AKX okpeMux Qa3 Tak 1 Tpu-
$azHOre KOJia B UijoMy.

6.2. 06umMCcsMTH KyTH 3cyBy $03 Mix Hampyramuy Ta CTpyMamd 3a
De3yNbTATAMA EKCTPEpUMEHTY. TPUKYTHHK JNiHIiMHEX Hampyr OyAYEThbCA
38 BUMLDSTHEMM BOJBTMETDOM AIHIMHWMEH HaNpyTaMd Ta KYTOM MI1R ABOMA
(QasHUMY HANpYraMmd, BU3HAYEHWM 33 [OKA30M dasoMeTpa.

6.3. 3amicaTH yci CTpyMH Ta Hampyrd B KOMIJeKCHIR gopmi
puitaseus, mo Uyg = Uyed®.

6.4. MoGyryeaTy BekTOpH1 Alarpamy cTpyMiB 1 Hampyr AJs ycix
IOCJIAKEHUX PERUMIB.

6.5. ANs CHMETDUYHOTO PERMMY NepeBipuTH CHIBBLEHOWEHHS MIx
NinifiHAME Ta (QA3BMMM HANpYTaMM, SK 32 MoAyJeM, Tak i (asow.

7. HOHTPOJIBHI 3AMUTAHHS

7.1. flk 3a BizoMow CHCTeMOK (A3HKX Hanpyr HecHMeTpU4HOro
CIOKMBAYA, CIIOJIYYEHHX 31pKob, BUBHAYMTH CHCTEMY JIHIRHEX Hampyr?

7.2. Y KOpiBHOE HYAEB1 cyMa NIHIMHUX CTPYMLB HECUMETPUYHOTO
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CIIOEMBAYA, CTOJYYEHOTO 31pKow, Npy BIACYTHOCTI HERTpaslbHOro Hpo-
Boay? )

7.3. TNOACH1TH NpU3HAYEHHA HEATPaAbHOTO IIPOBOJY.

7.4. Y4 MONHA CHUMETPYBATH CUCTEMY Qagnnx chyﬁiB 3a  JOmoMO~
ron HEHTpaJIbHOTO HPOBOAY? )

7.5. 3a sxol NpUYVHK BBEJEHO NOHATTH NOPAIKY UepTyBaHHS (as?

7.6. K1 Bu sHaeTe crocofu BUMipHBAHHA NOTYRHOCT] TpudasHoro
Kosa?
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JIABOPATOPHA POBOTA N 009
JNOCRIZXEHHS YCTANEHOI'O PEXMMY. TPH®A3HOI'0 ENEKTPHYHOIO
KONA 3MIHHOI'O CTPYMY IIPH CHOAYYEHHI CHOXHBAYIB TPHKYTHHKOM
1. META POBOTH
EXCNepUMeHTaNbHe AOCJHLJieHHA pERUMIB  TPUGA3HOI'0 KOJ& [pH
CHOJyHeHH) npnﬂMaﬁis TPUKYTHUKOM 1 nofyjoBa 3a peayanaTéMM Jaoc-
N1IHYMX JaHMX BEKTOPHUX ZiarpaM CTpyMiB 1 Hampyr
2. OMMC JIABOPATOPHOI YCTAHOBKH
2.1. Pof0oTa BHKOHYETHCS Ha YHIBeDCAJIbHMX CTeHZaxX JatopaTopii
kapenpu T3E. TpudasHe HaBaHTameHHS (pUC. 2.1) CRIAJAETHCH 3 TPBOX
ONH3KOBHX pe3ucTOpiB Ry, R,, Ry. HecumeTpyuHe OAHOpiZHe HapaHTa-
HEHHA YTBOPOETBCH WJAXOM YBIMKHEHHS NOJATKOBMX pe3ucTopiB R; ato
Rs Kiodamu S, afo S, (3a BKasiBKOL BHMKJAajaua).

A y X
e () -
5 L 3~ 50/36 B
U, {Y Y
A2 Bki o
B, Ry Rs .
U“B~'-——+:—__|~gj—o o
U Cy [ ] 1 Ao
BC || 00 BG
c Ry ¢ BRs 2 c
. °
C
S,
Puc. 2.1. Ilagesb TpudasHoro N Puc. 2.2. laresb
HABAHTAXEHHS TpudasHoro 6joka

HUBNEHHR
HeonHopijHe HaBaHTaMeHHA YTBOPLETLCH WMAXOM 1A’ cIHaHHA 1H-
AyxTuBHOI KOTywxM L (mosmc B,) afo KoHZeHcaTopa ¢’ (Toame Cp). mpu
LbOMY pE3UCTOPH R, afio BianoBizHo R, Bin’€IHYWTBCA.
2.2. CuMeTpuuHa TpudasHa HANpyra KioyeM "Bk." [0RAETHCH 3
kJeM A, B, C 3 OJIoKa KMBNEHHS CTEHAY; [OPAL PO3TalOBaHA BMBiAHA
KJeMa “0" HeATpaAbHOIC NMPOBOIY Ixepesa.
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2.3. 3HaueHHs Hampyr¥ U = 36 B, a 4acTota f = 50 T

2.4. Hanpyr# BEMIpDOTHCS MyNBTAMETPOM, & CTPYMM 1HUMM, KOMy-
TOBAHMM Ha WICTb KAHAJNIB, MYyJbTHMETPOM. 3CyB da3 Hampyramy BuMi-
pETbCS LMPPOBUM (Ha30METPOM.

3. NOCNIROBHICTE BUKOHAHHA POBOTH

3.1. 3ifpaTu eseKTpuuHE KOJNO 38 HOTO CXEMOw (puc. 4.1).

3.2. BUMIDSTH Ta 33HECTH B Tabi. 1 3HAYEHHS BKA3AHMX y Hif
BEMMYHH. '

3.2.1. NIpH CUMETPHUHOMY HaBaHTa®eHH1 ycix TPbOX Qas:

3.2.2. Npu o6puBi JIiHIHHOrO HPOBOAY (BKA3AHOTO BUKJaZauEM) .

3.2.3. Iipu obpusi mposony fazu (BKasaHol BHKAALAYEM).

3.2.4. lpyM HECUMETPUYHOMY OJHODiZHOMY HABAHTAKEHHI.

3.2.5. IlpH HEOIHODIAHOMY HABAHTAMEHHI.

4. CXEMA ENEKTPUYHOTO KOJA IV IIPOBEJEHHHA EKCIEPHMEHTY
" Ao Iy fA\ A
A T

Uy =Ug ¢

isc Ry
Up=Uy¢ '!’

_JCo L m

A !
[ A
S T
0 L0

Puc. 4.1. Cxema Tpu@asHoro NpHAMAYA NPU CHOJNYYECHHI TPUKYTHAKOM
S. TABMLUI ]IS 3AMACY JOCAINHMX I PO3PAXYHKOBMX BAHMX
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6. OEPOBJAEHHA NOC/HIBHMX HNAHMX

6.1. KOpuCTYOUMCH pesysbTaTaMi BUMiDOBAKb OOGUNCJUTH 3HAYEHHS
BeJMYKH, BKaszaHMX B Taba. 1.

6.2. 3amMcaTH 3HAYEHHA YCIX CTPYMIB 1 Hampyr y KOMIJIEKCHif
QopMi, NpUAHSBUW, MO ﬁAB = Ued0,

6.3. [loOyXyBaTH BEKTOPH1 miarpaMu cTpyMis 1 Hampyr aas Bcix
AOCJTLAXEHUX De¥uMiB. TDUKYTHMKM NiHIHMX HAaOpYr GyAyoTbCS 3a BU-
MIDAHWMI BOJBTMETPOM JiHIAHUMM HAmpyramy Ta KyTOM Mi® ABOMA Ham-
pyraMi, BU3Ha4eHEM 33 [OKA30M (a3oMeTpa.

6.4. OCUHCIMTH KYTW 3CyBY $a3 MI1® Hanpyramu Ta CTpYMaMu.

6.5. Uil CHMETPHYHOTO pEXMMY TCPEBIDHTH CIiBBIIHOWEHHS Mix
JasHuMKM Ta niniAnEAMA CTpyMaMid, fK 32 MOZyJieM Tak 1 3a ¢ason.

7. KOHTPOJIBHI BAMATAHHA

7.1. fKi 7NiepeBar¥ TpUQASHUX CHCTEM Yepel He3R’ s3aHiMu?

7.2. flkl nepeBarv CTOJYYeEHd NpUAMAYiR TPUKYTHAKOM TOP1BHAHO
3 31pKon?

7.3. AK BUBHAYMTY JiHIARL CTpyMH 3a BIJOMUMM (a3HMMU CTpyMa-
Ma?

7.4. Yu ROpiBHOE HyJeBl cyMa NiHiMHMX HaNpyr npu HECUMETDUY-
HOMY ‘HABaHTaXeHHI?

7.5. 32 AKMX yMOB pH CHOJy4eHH1 TIPHAMAYiB  TPUKYTHHKOM
BUKOHYETBCSA NPUHLMN HE3aNS¥HOCT! 3aBaHTAXeHHA ($as3?
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JABOPATOPHA POBOTA N 010
HOCNIFREHHA NEPENABAHHS EHEPTII BIX AKTHBHOI'O JIBOTIOMKCHMKA
J10 TACHBHOIO

META POBOTH

JlocnizmeHHA NpoueciB nepenapaHHA eHeprii Bifl aKTHBHOTO IBO-
TIOJIOCHUKA 10 HACHBHOTO T& EKCHEDPM MeHTaNbHEe BU3HAYEHHS YMOB Iepe-
IABaHHA MaKCHMANbHOI MOTYHHOCTI, @ TaKOK BCTAHOBJIEHHS YMOB OTpH-
MaHHf BHCOKOrO0 koediuiexta xopucHol ail npu nepecunasHi eHeprii
He BlACTaHb

1. TEOPETWYHI NOSCHEHHA

Do axTUBHOT'O [BONONCHYKA 3 napaMeTpaMi Eo Ta R, IiAKfoua-
€TbCAl HABEHTAREHHA 3 OnOpOM R. [lOTY#HICTH, O BHRIJNACTHCH Y Ha-
BaHTageHHl ¢ QyHxUlew omopy R:

P = Ey2R/(Ry + R)2. (1)
B onopl R BUALAAETBCA MAKCHMANLHA HOTYRHICTB, KOJM
R = Rg. (2)

Koe@iuieHT KOpUCHOI ALl mpu uUbOMY GTaHOBUTH 50%. Takuii pe-
WM TepefiaBaHHs eHepril MOLIJbHME B NMPUCTPOsX 1H$opManiiHo-BHMi~
puBaJbHOI TEXHIKH, aBTOMATHKY, Je NOTYHHOCT! CTAHOBAATL HacTHH
Bara.

[in 4ac TepecHAsHHs BEJUKMX NOTYMHOCTeW Ha BiAfaibh HalBamsm-
BIWOD YMOBOD € 3MEHUEHHS BTpaT eHepril, TOOTO OTPUMAHHS MaKCH-
MafbHO BHCOKOTO KoedlnieHTa MoTykHOCTi M . fxuo BimHoweHHs R/R,
NpsIMye IO HECKIH4YeHOCTi, n [psaMye IO OJNMHUH].

2. TIOCNIROBHICTH BUKOHAHHS1 POBOTH

2.1. O3HaHoMMUTHCA 3 OOMANHAHHAM NaC0pATOPHOI'C CTEHAA.

2.2. CKJACTH eNeKTPUYHY CXEeMy VA AOC/IIIMEHHS MpOLeciB Ie-
perasaHHd eHepril BlA aKTMBHOLO ABONOJOCHMKE 10 TACHBHOTG (DHC
1) 3 BHKOpUCTAHHAM o6JazHaHHs Gnoka N 1.

2.3. 3NIACHUTH Cepil eKCHepUMEHTIB LN NOCHIAMEHHS [polecis
flepelaBanis eHeprii BiX aKTHBHOI'O NBOMOMMCHHKA O NACHBHOTO

a) BALACHUTH Ta NOCJIINTH HEPOGOWMA DEXMM TpH PO3iMKHEHMX
3aTUCKayax 4-4’;
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G) 3RIMCHUTH Ta ROCAL1NMTH DEHUM KODOTKOI'C 3aMMKAHHS, 3aK0-
pOTHBWK 3aTHCKa4di 4-47;
B) 3ALACHUTM Ta JOCJL1DUTH pewuM 3MIHHOI'O HaBaHTa®eHHT Bij
MiHiMaJBHOIO 3HAYEHHA CTPYMY AC CTPYMY KODOTKOI'C SaMHMKaHHS 1K,
OTPUMAHOTO B 1. 0. Pesy/ibTaTd eKCIEPUMEHTY 3aHecTd B Tabmimpo 1.

3. CXEMA EJEKTPUYHOIO KOJIA INA NPOBEJEHHA EKCNEPUMEHTY

12 3 N 4 Iz
R¢ [
Qe b O o
R, K ]
1 . 3 . o
T -

4. TABJMLI AN 3ANMCY EKCHEPUMEHTAJNBHUX I PO3PAXYHKOBMX JA-

HEX
Tabmusa 1
BuM1p0BaHHA OGUMCAEHHA
U | U | I, | R | P | P, | AP=P,-P,| AU=U,~U,{
B |B | A {om|Br]Br BT B. %
HP 0 )
1
2
9
K3 0

5. OBPOBJIEHHA EKCIEPMMEHTANBHUX PE3YVJILTATIB

1. TNoGynyBatn rpadiku 3afesHocTeit Uy, U,, P,, P,, AP, AU,
BlA CTPYMYy HaBaHTAKEHHH.

2. BH3HAUUTH YMOBM NepelaBaHHa MaKCHManabHOI MOTY#HOCTL.
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3. BCTAaHOBUTH YMOBY OTDMMAHHS MAKCUMANBHOTC KoepiilleHTa KO-
pucHol nil mip yac nepecunaHHd enekTpoenepril Bin mmepena eneprii
IO CIIONUBAYA.

7. KCHTPOJBHI 3AMNTAHHA

1. QB6rpyHTYATE YMOBH OTDHUMAHHS MaKCHMaibHO1 - MOTYRHOCTI B
NacUBHOMY ABOMOMOCHMKY - CIONMBAYl eneKTpuuHoi erepril y ABOX Bi-
nagKax:

a) sazeHi EPC Ta BHYTpiiHME oMip Amepena eHeprii

6) sagaHi EPC Ta omip CTHOXMBaua, BH3HAUTe BHYTplumu# onip
reHepaTopa.

2. HaBeZiTh MPWKMAKK, KOM BHI'iJHO [DALNBATH B pexumi mepe-
[2BaHHS MAKCHMANbHOI MOTYRHOCT1 1 B pemmMl Bucokoro K.
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JIABOPATOPHA POBOTA N 011
BOCHIANEHHS NEPEXIJHOTO NPOHECY AIHIMHOTO ENEKTPHYHOIO
KONA 3 NOCNINOBHEM CHONYYEHHSM ENEMEHTIR

META POBOTH

BisyasnbHe CNOCTEDEREHHS Nepex1AHux CTPYMIB Ta Hampyr koja 3
30CEpe/ieHNMY TapaMeTpPaMi, EOCJIIKGHHH BIUMBY NapaMeTpiB eJseMeH-
TiB ENEKTPUYHOrO KOJa HAa XapakTep NMepexiZHoro mpouecy

1. TEOPETHYHI [OSICHEHHA

XapaKTep Nepex1ZHOr0 [POECY BU3HAYACTHCH KODEHAMH XapaKTe-
PUCTHYHOTC DIBHSIHHA. fKMO B KOAI OJME DEAKTHBHUR eNEMEHT, TO Xa-
PaxTepUCTHYHEe D1BHAHHA Mac OMMH NiMCHMR Bin’eMEMil KoplHb, i mepe-
X1OHHE NMpOUeC MOHOTOHHO 3aracapuvil. KOJMBAJLHUIL nepexinHwi 1Ipoliec
MOXe BUHHKHYTM B KOJI 3 IBoMa # 6i/blie DEAKTHBHMMM EJIEMEHTAMH,
KO KODeHI XapaKTEpPHCTUYHOIO DIBHSHHA KOMILIEKCHI cnpsskeri. Aific-
HA YaCTHHA KODEH1B BU3HAYaE WBMAKICTL 3araca”Hs Nepexi;HOTe Mpo-
fecy, YaBHa - YaCTOTY BLJbHMX KOJMBAND. )

2. NOCAIROBHICTD BUKOHAHHA POBOTH

2.1. 0O3HafiOMMTHCR 3 OONaJHAEHAM JNAGOPATODHOTD CTeHNA, SIKUM
KOPUCTYNTbCA B JaHift JaGopaTopH1Z poGoTi, 30KpeMa 3 TPeHEPATOpOM
CUrsafiB # ocuunorpadom.

2.2. NiproTyBaTd 20 POOOTH ocumaorpad. BCTAHOBHTH HA HbOMY
[EPEMUKAY MACWTAaly TOPM3OHTANBHOI DO3TOPTHM B mOJiodeHHA 0,5...1
MC/TIONl. YBIMKHYTH TeHepaTop MpPAMOKYTHUX IMOYJbCiB, BCTAHORUTH
4acToTy 2000...3000 I'i. JIOGHTHCS CTiMKOI0 300pakeHHs NDAMOKYTHHX
1My bCiB HANpyTH HA eKpaHi oclmJorpada.

2.3. [IAIMKHYTY RO TeHepaTopa BITKY 3 MOCJLNOBHMM CHOJYHeH-
HAM KOHZEHCATOpa Ta pe3ucTopa (pHC. 1,a). [apaMeTpy eJieMeHTiB
BUOpaTH 38 BKa31BKOD BUKJAJauya B Mewax 5...100 OM, 2...5 Mk®
Cnocrepiraty Ha eKpaHl ocumjorpaga NepexiAHl Hampyru Ta CTPYM
eNeMeHTIB 1 300pazuTi ix Ha MiJiMeTpOBOMY manepl. 3MiHKHYH rapa-
METpH efeMeHT1B, 3’sicyBaTH iX BIUIMB Ha XapakTep MepeximHore mpo-
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Hecy. lapameTpy KoJa 3amMcaT B Taba. 1.

2.4. BukoHaTd 411 1. 2.3 3 PE3UCTHBHO-IHAYKTUBHOD BiTKOD
(100...400 OM, 3...7 WlH, puc. 1,6) '

2.5. IILAIMKHYTH RO r'eHepaTopa BITKY 3 HOCHLiZOBHUM CIIOJIyHeH-
HAM pesucTopa, IHNYKTHBHOI KOTYWKM Ta KOHLEHCATOPA (puc. 1.B) [la-
paMeTpy eJeMeHTiB BUODATH 33 BKA31BKOD BUKJSAAYA B MeXax O...100
oM, 0,5...1,2 »I'H, 0,1...0,5 Mxd. 3a KOHOMOrOW OCLMJIOTPadA CTiOC—
TepiraTi KOJMBHI nepexiZH1 HAmIpyr¥ Ta CTPYM eneMeHTiB i 306pasuTu
ix Ha miniMeTpoBoMy mamepi.

2.6. 3a 300pakeHHAM NepeXifHOI BeMUUMHM Ha eKpaHi ocLuiorpa-
da (m. 2.5) BUBHAYMTH meplof T, 1 YacTOTY wy BIJbHUX KOJMBAHD,
ONEPEAH] BeJVYWMHY 3amicaTd B Tabmim 2. ;

2.7. 3MiHDOYM pesucTaHce B koai R - L - C, nécsrm HoTo Kpy-
TUYHOI BEMMuWHH. 3HAYEHHS Ry, samicaTh B Tal/muo 2.

2.8. locaigurs nepexinmuil mpollec Kosa R - L - C TpM  pesuc-
Tanci, O1MbLOMY 33 KDUTHAYHMR.

3. CXEMW ENMEKTPMYHMX KIJ IJH TPOBEIOEHHA EKCIEPYMEHTIB

c L c
|| Fa'a’a) 1l
TEHEPATOP t t
N R R R
2...3 Ky L
a) 6) B)
OCLMJIOPPAD Bxin ¥
P ——

Pic. 1
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4. TAB/MUI IUIA SATACY ROCHIMHMX I PO3PAXYHKOBHMX IAHUMX

Tagmius 1. TapameTpd foc/inkysamux Kij

XapakTep KoJa oM MIH MK
R-1L
R-C

R-L-¢C

Tabmuus 2. EKCIEPUMEHTANbHI Ta PO3PAxyHKOBI ‘XaPaKTEPUCTHRE Nepe-
X1nHoro mpoliecy

BUMIPOBAHHSA OBUYUCNEHHSH
THI Ml 3 ["] T8 | Rep| A | T ] ] T8 | Rup
KOMA fe-tf ¢ c'lctlec | omict]ec cljetfec oM

R-1L - 1-1-1- J-1-1T-7-
R-C - ]-1-1- -[-T1-7-
R-L-C

5. OBPOBJIEHHS EKCHEPHMEHTAJIBHMX DAHEX

5.1. BuM3HAYWMTY 33 3a/aHMMU [IAPaMeTpaMi eNeKTPHYHAX Kin mn.
2.3 - 2.5 KOopeH1 XapaKTePHCTHYHOI'O DIiBHAHHS T4 MOCTiMHI wacy me-
pex1JHOTG npollecy. PeaysibTaTH 3alMcaTh B TabMl. 2.

5.2. 3a KOPEHAMM XapaKTepUCTHYHOI'O PIBHAHHS 0. 2.5 BM3HAYUTU
4acTOTy Ta Meplol BIJBHKX KOJMBaHb, samMcaTd ix y Ta6mmin 2. Io-
DIBHATE Ul 3HAYEHHS 3 eKCHepUMEeHTAJbHUMM (II7 2.6).

6.3, Ina KoJa R - L - C 3a 3afaHMMM mapameTpamd L Ta C BU3-
HAYHTH KDUTHYHHI DE3UCTAHC KOJA 1 HOPiBHATH 3 EKCHEDUMEHTAJLHUM.

7. METOIMYHI HACTAHOBM IO BUHORAHHS EKCIEPUMEHTIB I OBPOB-
JIEHHA JNOCAIIHMX JBAHHUX
7.1. HocjiixyBaHe KOJO BMUKAETBCS [IiN Ai0 NPAMOKYTHMX 1M-
OyfibC1B Hampyrd, 1 mepexiiuuii mpouec y Kol BHHUKAE AK NDH MPSMO-
My, TaK 1 NpW 3BOPOTHOMY CTPMOKAX HANpYTd. 300pakeHHs Ha expaHi
ocHuiorpada HeoOX1BHO B1RperymoBaTH Tak, mob crnocTepirascs mepe-
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Xinuui npollec NpW NpsMoMy CTpUOKOB1 Hampyru. lle BianmoBizae nepe-
X1IHOMY [IpOUECOB1, AKME BUHMKAC NI1A YaCc BMUKAHHA KOAA Ha NOCTiAHY
HalpyTy.

7.2. OpraHM KepyBaHHA BEPTMKAJBHOD T& TOPH3OHTAABHOD pPO3-
ropTKaME OcClMJIOrpada MalkThb IJABHe Ta IVMCKDETHE DeryJisaHHd. Lis
BCTaHOBJAEHHST MacuTabiB Henmpyrs Ta 4uacy HeoOXiZHO peryadrtopu
*[l7IaBHO" PO3TOPTOK BUBECTH B TpaBe 'paHuuHe moJokeHus. Toal nina
nonifKE CiTKM expaHa BiZnOBiZae BXa3aH1# nepeMHKadveM PO3rOPTHY.

8. KOHTPOJIBHI 3ANWTAHHSH. )

1. flky BeJMYMHY HA3MBaWTh IOCT1iHomw vYacy MepexiiHOro Hpoliecy
# B1Jl 9OTO BOHA 3aNEXUTH?

2. flKk BU3HAUMTH nOCTiNHY uacy 3 xpusol repexizHoro npouecy?

3. 3a AKMX YMOB BWHUKAE KOJMBANbHANA Nepex1iHmA npouec?

4. KU pe3WCTAHC HABMBACTHCH KDUTHUHMM?

5. Koym mig yac yMMKaHHA koja NMepexifHumii npoilec BIACYTHIA?
HaBecTH OpUKJIAIM.
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JNAGOPATOPHA POBOTA 019
HOCHIZXEHHSA PECYJNAPHHX COOMYYEHD MACHBRHHX MPOXINHHX
YOTHPHIIOMOCHHKIB

META POBOTH

HaBuuTHCS BU3HAYATH MApaMETPH YOTUPHIIONOCHMKA 3a IX (l3uyHHM
3MICTOM. LOCAL1EMTY YMOBM DETyJApHOCTL CIIOJIYUEHHS YOTHDHIIOJOCHUKIR
7 OBOJIOAITH METOZaM¥ IX nmepeBipku. AOCHLZMTH PeryiapHi CroJydyeHHS
TacHBHMX NPOX1NHUX YOTHDUNOJOCHMKIB 1 HABYMTHCS BH3HAYATH TNapa-
METDpH Pe3yJbTYYOI0 YOTHPUMOMDCHAKE, CKAANEHOT0 3 HPOCTiNMX YOTH—
pMHOﬂmcHMKiB./

1. TEQPETHYHI [IOFCHEHHH

s BCix  crofiyyeHb MPOXINHMX YOTHDUNOJNCHAKIB, 32 BHHATHOM
KaCKaZHOro (moZyMafTe 4oMy), NapaMeTpy pesyJbTYHOro H0THPHIOJRC-
HUKS BH3HAYAWTHLCA YEPEe3 NApaMeTDH CKJI2J0BHX YOTHDHIIONOCHMKIB Juue
38 YMOBM, HO TP HBOMY VIS KOKHOTO CKJIQLOBOT'O YOTHUDUMONNCHUKA He
HOPYUYRTHCA CIIIBBiNHONEHHA M1k Hampyramy 1 cTpyMaMi Ha ixX xjeMax,
To6TO IX PiBHAHHA He 3MIHKOTHCS. Le crnocTepiraTuMeThesl, AKWO Gyze
BHKOHYBATHCS TAK 3B2HA YMOBA DETYJAPHOCTI, AKA € YMOBOL 30epemen-
Hel CKJI8JOBHMH HOTHDUIOMOCHHKAMM CBOTO NPOX1FHOTC XapaxTepy (Kow-
HUA CKAANOBHH YOTHPHIOJOCHUK Ma¢ IBa KaHaMM). Haranaemo, mo KaHa-
JIoM ﬁaraToponmCHMKa HA3UBACTbCA CYKYNHICTb MOJMMCIB, - CTDYMM HRWX
3a0BOJIbHANTL NEpiMit 3akoH Kipxroga. ToOTO CHONYYeHHS HOTUPHIO-
JOCHUKIB OyIe DeryisapHuM, SKWO CTDYMM KO¥HOI napw mosocis 1-1’ Ta
2-2' CKJANOBHX YOTUDHIIONWCHUKIB OYIyTh 3aJ0BOJLHATH NEPHUMK  3aKOH
Kipsroga (I; + L' =01 I, + I,* = 0).

llpaxTUYH1 MpaBuJa NEPeBIpKH  YMOBM DPETYJSPHOCTI  cronmyyeHus
YOTHPHIOMOCHUKIE Oysu copMyseoBasi [I. BpyHe (P. Brune). 3a LuMu
UpaBUNaMi napafelibHe CHONYUEHHA YOTHPHIONOCHUKIB Oyle perynspHuM,
AKWO TIpH fapaniefibHOMy cnonyderHi ogulel 3 zBox cropin I mpH  Ko-
POTKOMY 33aMMKAHHI IHWKX CTOpiH, sk 300pa®eHo Ha puc. 1.1, Hampyra
U popiBHDBaTHME HyJNeBi. »
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Puc. 1.1. Meron EpyHe HepeBipKM yMOB peryndpHocTi Eas mapa-
JIEABHOTO CIIOJYYEHHS YOTHPUIOJIOCHAKIB.

HlepeBipka YMOB DEryJsipHOCTL ANd NOCHiZOBHOT'O CHIOJYYEHHS 4o-
THPUIOJRCHUKIB NOJAArac B HacTymHOMY. OmHl 13 CTOpIH YOTUpUKOMOC-
HUKIB CIIOJYYabTh NMOCJIIZOBHO, & APYri CTOPOHW CKJAROBMX YOTHPHMIO-
JIOCHUKIR 3a/MilanTh PO3iIMKHYTHMH, AK 300pakeHo Ha puc. 1.2. Cmoay-
YeHHs Gyfie PelyAdpHHM, Ko Hanpyra U HOplBHOBATHME: HYysJeBl.

1 1 2 1 2
1 1
U, v 'Uz' 1”U 2’ U,
1 2 1 2
2 2
' 1’ 2’ 1 2 2’

Puc. 1.2. MeTon BpyHe nepeBlpxi yMOB DeryidpsocTl JnaA mochi-
JIOBHOT'O CIIOJYYeHHs YOTMPHIOJOCHHKIB.

Y 3aradphomy Ipasuio BpyHe mosdrae B TOMy, [0 IJd  3a4aHoro
CHOMyYsHs OJHMX i3 CTOpP1H YOTUPHMIOJOCHAKIB NOMOCH 1HUMX CTOpiH
YOTHPHIIOMNCHUKIB 3aKOpPOYYOTb, AKWO Ul CTODOHK YOTHPHIOJIOCHHKIB
CIOJY4ATUMYTBCA NapajenbHo, .af0 3aMuanTb PO3IMKHYTEMM, fAKWO Ui
CTOPOHM YOTHPUIIOMOCHMKIB  CIIOAYYATUMYTHCH NMOCALAOBHO, CIOJyYeHHA
YOTUPUTIOMCHKKIB CyHe DEeryJspHuM, —SKILO hpu UpoMy Hampyra U (1uB.
puc. 1.1 Ta puc. 1.2) MiX moJuocaMy 1HWAX CTOPIH DPI3HUX YOTHPHMIO—
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JIOCHUK1B, AK1 NOBMHHI cCHOMy4aTMCS INA OLEDRAHHA 33aJaHoi CXemu,
J0pIBHOBATUMYTL HyNeBi

2. TOCAINOBHICTDL BVKOHAHHA POBOTH

2.1. ng YOTHPHIIONOCHHKA 1 CKJACTHM EJIGKTDHUHE KOJO 33 CXEMOR
puc. 3.1.

2.2. 3EIACHWTH FOCAiM HEpoGOYOro pexuMy (Kiemy 2-2° pO3iMK-
HYTH) Ta KOPOTKOTO 3aMUKAHHA (KJNEMM 2-2' 3aMKHYTH) s TpAMOro
BBIMKHEHHSA YOTHPHIIOJIOCHMKA. Pe3y/ibTaTd 3amMcaTd B Taa. 1.

2.3. i YOTHPUIOJMOCHUKA 1 CKJACTH KOJAC 38 CXEMOD puc. 3.2.

2.4. 3LIACHUTH ROCJLIM HEPOGOUOTO DEXuMy (KJIeMd 1-1° po3iMK-
HYTH) Ta KOPOTKOTO 3&8MUKAHHSA (KAeMd 1-1° 3aMKHYTH) I/ 3BOPOTHL-
OT0 BBIMKHEHHS YOTMDHNOJOCHUKA. Pe3ymbTaTd 3amMcaTd B Tabj. 2.

2.5. BuKOHaTH m.m. 2.1 - 2.4 s YOTHDUIIOJIOCHUKA 2. Pesyab-
TaTH 3anKcaTd, BiZnoBizxo, B Taba. 1 Ta 2.

2.6. YBIMKHYTYM YOTHPUTIOJOCHMEM 1 Ta 2 KacKajHo (puc. 3.3):

2.7. s pe3ymbTYRUOre YOTHPHUIOJDCHMKA, SKUA CKIBJAETHCS 3
IBOX KACKAZHO CTIONYYEHHX YOTHDHIOJOCHMKIB, NPOBECTH AOC/LIM Hepo-
G0YOTO PEMHMY Ta KODOTKOTO 38MMKAHHS LAsi HOTO pAMOro  BBIMKHeHHs
(puc. 3.1). Pesy/sTaTu 3alMCATH B Tabnl. 4.

2.8. CKNACTH KOJO 38 CXEMOD NAPANIEJBHOTC CIIOMYYEeHHS YOTHPH-
TNOJOMMCHUKIB, NPUBENEHOD Ha PUC. 3.4. [lepeBipUTH yMOBY peryJsp-
HOCT1 CROJY4eHHs YOTHPHNOJDCHWKIB. [IpM HeBMKoHaHHI miei yMoBM sza-
M1HOW MicuaMA KnemM 1-1° 1/a60 2-2' OJHOTO 3 YOTMPUNOJOCHUKIB 10-
cArT# 1I BUKOHaAHHA.

2.9. I8 pesyJbTYRYoro YOTUPHIIOJIOCHUKE, CRJISISHOTO 3 ABOX napa-
JeJbHO CHONYYEHUX  YOTHDUIOJOCHHKIB, 1POBECTH ROCJIAM KOPOTKOTO
3aMUKAHHA I HOTO IPAMOTO (pHC. 3.1) Ta 3BOpOTHOTO (puc. 3.2)
BBIMKHEHHS. PesysbTaTy 3amucaTy B Taba. 5a.

2.10. CKJSCTH KOMO 33 CXEMOX NOGHLNOBHOTO CHOAYYEHHS YOTHPH-
TNOJIDCHHK 1B, OKABAHY HA DHC. 3.5. [lepeBipuTH yMOBY peryaspHocTi
CTiOAYHEeHHA YOTHDUIOMOCHUKIB. [IpM HeBMKOHaHHI Ulel yMoBE 2aMinon
MicuaMu kJieMm 1-1' i/afo 2-2° onHoro 3 HOTMphnonmCHMKIB HOCATHYTYH
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il BUKOHaHHA.

2.11. Ind  pesyJsbTyLYOro YOTHPHEOJIOCHNMKA, CKJAZEHOT'O 3 JBOX
TOCJ1JOBHO CIHOJIYYeHUX YOTUPUIOMDCHUKIB, TIPOBECTH A0C/ALIM Hepolo-
YOO DeHMMy AJR HOro OpAMoro (puc. 3.1) Ta 3BOPOTHOrO (pUc. 3.2)
BBIMKHEHH#. PesynbTaTy 3amicaTi B Taln. 50

2.12. 3a BKasiBKOD BHKIaAaYa CKJIACTH KOJIO ONHOTO 31 CroJy-
Yedb YOTHPUIOMOCHMKIB, 300pakeHux Ha puc. 3.6 1 3.7. [lepeBipUTH
YMOBY DEryJApHOCTI TaAKOr0 CHOJIYYeHHS UYOTUPUIOMOCHUKIB 1 AKmo He-
o6xinuo notutucd 11 BUKOHAHHSA.

2.13. Ind OIEpKaHOro DPesyNbTy4oro YOTHPUMOJOCHUKA HPOBECTH
HeoOx1ZH1 Nochimd HEpoOO4Oro DexuMy Ta& KOPOTKOT'0 38MUKAHHA AN
npsiMore (puc. 3.1) Ta 3BOPOTHOrO (puc. 3.2) BBIMKHEHHS. PesynsTa-
TH 3amMcaTd, BiANoBlgHO, B TaGmMLp 5B Wi 5T.

3. CXEMM EJIEKTPHYHMX KIN 1A NIPOBEZEHHA EKCHEPUMEHTIB

1 +,~N-

- — e

Prc. 3.1. CXeMa eJeKTPUYHOTC KoNa JAS IpOBENEeHHd ILOCHiAiB
HepoGOYOT0 PEXMMY Ta KODOTKOT'O 3aMUKAHHA AR Mpd-
MO0 BBIMKHEHHS YOTHPHHOJOCHHKA

I’ */"\ 2 s -1
Az F:]:
K
Puc. 3.2, (xema eneKTquHoro KoJla NS npoBefeHHs nocainis

HepoOouoro pexuMy Ta KOPOTKOI'C 3aMHKaHHA JJA 3BO-
POTHOI'0 BBIMKHEHHS YOTUDUIOJOCHHKA
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Puc. 3.5. CxeMa IOCJ1NOBHOTO CIOJYYEHHS HOTHPUIOMOCHUKIB
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Puc. 3.6. Cxema NoCA1NOBHO-NAPAJENbHOTO CIOJIYYEHHS! YOTHPUNG—

JHOCHHKIB
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Puc. 3.7. CXeMa Napane’bHO-TIOCHiNOBHOrO CHONYYEHHS YOTUPHIIO—
JIOCHHK 1B

4. TABMMUI IJS 3ADUCY HOCAIIHMX I PO3PAXYHKOBHX FAHMX
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Nponoskensst Tabn. 3
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[lapafiesibHe CHIONYHYEHHA HOTHUPKNOMOCHUKIB
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5. OBPOBJEHHA JOCAIZHUX JAHUMX

5.1. 3a ZaHMMH JOCH1A1B HEPOOOHOTO PEEMMY T& KODOTKOI'O 3aMk-
KaHHA AN OPAMOTO Ta 3BOPOTOr0 BBIMKHEHHS YOTHDHNOJOCHWKIB 1 Ta
2 (Tafn. 1 1 2) BusHawdTH Ix A-, Y- Ta Z-mIapaMeTpu, BHXOASuUM 3 $i-
3MYHOTO 3MICTY LMX NapaMeTplB. 3a BKA31BKOR BHKJAJaya BI3HAUUTH
TaKox H- abo G-napaMeTpy IMX YOTUPUIONDCHUKIB. PesyabTaTé oGuuc~
JieHb 3amucaTé B Taln. 3.

5.2. I KacKaIHOTO CHOJIYYEHHS YOTHPMIONDCEMKIB 33 AaHMMM
Jocq1n1B HepoGOYOTO pPERUMY T8 KOPOTKOTO 3aMMKaHHS (Tabl. 4) BH3-
HAYMTH A-TIapaMeTpyu Pe3yNbTYDUOr'0 YOTHDUIIOJIOCHUKA. PesynETaTu 3a-
micaTH B Tabi. 4. lepeBIpHTH NMpaBHIBHICT iX BUBHAUEHHA 33 opMy-
naMu AD - BC = 1 1 [A] = [A;1(A]. Zze (A}, (4], {41 - marpuui
A-TIapaMeTpiB pesyJbTYDYOro, NEepmoro T8 IPYroro YOTUPHUIOSOCHAKIB.

'5.3. 3a pesysibTaTamu NOCAIAIR KOPOTHOTO 3aMUKAHHS AJA MPAMO-
I'o Ta 3BOPOTHOT'0 BBIMKHEHHS YOTUDHIOJOCHHKA, CHJBAEHOT0 3 ZIBOX
napanesibHO CTOJYYeHNX YOTHPHIOJOCHMKIB (.  2.9), BH3HAUMTH #0T0
Y-napameTpy 1 samucaTi Ix y Tabn. 5a. lepeBipHTH Olep®aHi pesysb-
Tatd 3a QopMynop [Y1 = (Y] + [¥,1, ze (Y], [Y,] 1 [Yp) - marpuul
Y-napaMeTpiB pesysbTYWHOro, [Epmoro Ta APYroro UOTUPUOONOCHHKIB.

5.4. 3a pesyibraTaMd AOCHiA1B HepoOOYOI'0 peRuMy ﬂﬂﬂv pAMOTo
Ta 3BOPOTHOI'O BBIMKHEHHS YOTUDMIOJOCHMKA, CKRafEeHOT0 3 JBOX MOC-
N1JO0BHO CNOJNYYEHMX YOTHPUNOJNCHUKIB (N. 2.11), BUSHAYMTH HOrO
Z-TiapaMeTpH 1 pesyAnbTaTH samucaT# y Tabil. 56. IlepeBipuTH OepEaHi
pesyabratd 3a gopMynow (Z) = 12,] + [Zp), xme (2], (2,1 1 {Z,] -

+

[Gp1:

2
Gy, (®)|G,, )
2 2
G“( ) Gzz( )
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MaTpHill Z-llapaMeTpiB pesyJABTYRYOrO, NEPWOTO Ta APYTOro HOTHPWIO-
JHOCHUK1B. .

5.5. 3a BKa3lBKOD BHKAajAaya T2 3a pe3YJbTaTaM¥ BIANOBIAHAX
Zocnifle HEpOGOHOro PeNEMy T4 KODOTKOTO 3aMMKaHHA AJA NIPSMOre Ta
3BOPOTHOIO BBIMKHEHHS De3YAbTYDUOTO HOTUDHIOMCCHHKA IAS MOCJHIN0B~
HO-TIapajienbHoro (Taba. '5B) Uk napanebHo-rocaiAcBHOre (Taén. 5r)
CTOJIyYeHb CHIAJOBUX YOTHDUIOJOCHHKIB, BU3HAuUMTH #oro H- w G-na-
paMeTp#. Pe3ynbTaTH 3amMcaTd, BiANOBiZHO, B Taba. 5B uM 5r. [epe-
BIpUTH OZepRaHl peaynbTaTé 3a Gopvynamu [H} = [H,] + [H,] wm
[Gl= {641 + [G;), &me [H), [H,) i (H;) - marpunl H-mepametpis, a
G}, 1Gy] i [Gp) - MaTpuil G-nmapaMeTplB PeayJsbTYLYOTO, TIEPEOTO Ta
JPYroro YOTHDHIIOJWCHHUKIB.

7. KOHTPOMBHI SAIMTAHHA -

1. fixy opMy 3amMCyBaHHH DIBHSHbL YOTUDUIIOJOCHHKIB 38CTOCOBY-
0Tb ANs

a) KaCKAJHOT'O CHOJYYEHHS YOTHPUNOJRNCHUKIB;

a) 18paNefbHOro CIHOMYYEHHS HOTHMPUIOMOCHHKIR;

4) TOCALAOBHOIO CIONYYEHHA qompnuomCaniB:

a) MoCA1AOBHO-NAPaNeJIbHOI0 CHOMNYYEHES YOTHPHIIOMNCHUKIB,

a) napafefbHO-TIOCHIJOBHOTO CIIONYYEHHS YOTHDHIIOMOCHUKIB.

2. Hexall YOTMPHNOJWCHMK OIMCYSThCA 'A—nap'ameTpaMM. cﬁopMyﬂmﬁ—
Te YMOBH, 33 SKMX A LHOTO YOTUDUNONMCHUKA iCHYDTb

a) Y-napaMeTpH;

a) Z-mapaMeTpu;

a) H-napaMeTpu;

a) G-TlapaMeTpu.
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