DHIeNbCCKUM TEXHOJIOTMYECKUA HHCTUTYT (puiinan) (penepaabHOro rocy1apcTBEHHOTO
O10KETHOTO 00Pa30BATENILHOTO YUPEKACHUS
BBICIIIET0 00Opa30BaHUs
«CapaTOBCKUI TOCYAapCTBEHHBI TEXHUYECKUI yHUBEpcUTET UMeHH ["arapuna FO0.A.»

Kadenpa «EcTecTBeHHBIC 1 MATEMAaTHUECKUE HAYKI

JIEKTPOTEXHHUKA U DJIEKTPOHUKA

Metoauyeckue ykazaHus K 1abopaTopHoit padore «MccienoBanus TpexdasHbIx
eren
JUTS CTYJICHTOB HAIlPaBJICHUHN

09.03.01 «MupopMaTHKa U BEIYUCITUTEIIBHAS TEXHUKA)
09.03.04 «IIporpaMMHasi HHKCHEPHSD)
15.03.02 «TexHomoruyeckue MamuHbl U 000PYAOBaHUE

15.03.05 «KOHCTPYKTOPCKO-TEXHOJIOTHIECKOCO0ECIIeYEHUE MAIITMTHOCTPOUTEHHBIX
MIPOU3BOJICTBY

18.03.01 «XuMuyeckasi TEXHOJIOTUSD»
23.03.01 «HedrerazoBoe aemno»

29.03.05 «KonctpyupoBanue U3eIuid JIErKOM MPOMBIIILIEHHOCTH

O4HOM, 0OYHO-3204YHOM U 3204HOU (POPMBI 00YUEHUS

ureanc 2024
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JlaGoparopHas pabota 4.1.

TPEX®A3HBIE LIEIIN.
COEJUHEHUE HAT'PY3KHU 3BE3/104

Llenp paboThI: U3y4YHUTH LEMb TPeX(a3HOro TOKA MPU COCIUHEHUH IPUEMHHUKA
3B€3/I01 B CHMMETPUYHOM U HECHMMETPUYHOM pexumax. OnpenenuTs poib

HEUTpaJbHOTO (HYJIEBOI0) MPOBOA.
OCHOBHBIE IOHATHUA

TpexdazHoit cucTtemMoil MEepeMEHHBIX TOKOB HA3BIBAETCS COBOKYITHOCTH TpEX
OJHO(A3HBIX 3JIEKTPUUECKUX LeNed, B KOTOPBIX JEHCTBYIOT CHHYCOWIAJIbHBIC
O/1C onnMHaKoOBO# 4acTOThI, CABUHYTHIE TIO (pase Ha 1/3 mepuona u co3naBaeMble
OOIMM HMCTOYHHKOM DJIEKTpHUYeCcKOoW »sHepruu. TpexdaszHas cucrema Oblia
nu300peTeHa U pazpaboTaHa BO BCEX JCTANAX TAIAHTIMBBIM PYCCKUM HHXKEHEPOM
M.O.lonuBo-Jlo6poBosibekum B 1891 ropy.

Ucrounnkom »sHeprun B TpexdaszHoil cucTeMe CIyXUT Tpexda3Hblid
reHeparop. B mazax ero cratopa pa3MmemieHbl TpU JIEKTPUUECKU U30JTUPOBAHHbBIE
JpyT OT Jipyra oOMOTKH ((a3zHbie 0OMOTKHM WK MpocTo (a3wl) reHeparopa. Ecnu
poTOp TreHepaTropa JBYXIONIOCHBIM, TO OCH (ha3HBIX OOMOTOK TeHepaTopa
MOBEPHYTHl B TMPOCTPAHCTBE OTHOCHUTEIBLHO Jpyr apyra Ha yron 2m/3. Ilpu
BpalieHud  poropa B (a3HBIX OOMOTKax  CTaropa  HMHIYKTUPYIOTCS
cunycounganbubie  Qaszubie  OJ[C. BcemenctBue cUMMETpHUM — KOHCTPYKLIMH
reHeparopa MakcumaibHbeie En u nefictByromue E 3nauenus 3/]C Bo Bcex dazax
OJINHAKOBBI.

Coenunenue ¢a3z (0OMOTOK) reHepaTopa MOXKET OCYIIECTBIATHCS IO CXEME
“3pe3ga” wnau  “‘rpeyronbHUK’. ®Da3el  TpexdaszHoro reHeparopa IMPUHSTO
0003HauaTh MepBbIMU OyKkBamu JlaTuHCKOTO aidasura: A, B, C. Yepenosanue a3
reHepaTopa CTpPOro OINpPEACIEHHOE U OIpelesseTcsl WU3MEHEHHEM BO BpPEMEHU
dazupix DJIC, 1.e. B ouepennoctu MakcumymoB DJ[C: cHauana ¢as3el A, 3arem
yepes 1/3T ¢a3et B u uepes 2/3T ¢a3et C. Takas mnociaegoBaTeIbHOCTh
YepeOBaHMsI Ha3bIBACTCS TIPSIMOM.

MruoBennbie 3HaueHus DJIC Tpexda3zHbIx 0OMOTOK FreHepaTopa PaBHbI:

ea=Ensinmt es=Emsin(ot-2/3n)  ec=Ensin(wt-4/3r) (1)

Ha puc.8.1 mokazanbl rpaduku MrHOBEeHHbIX 3HaueHui (asubix DJIC u Tpu

BEKTOpA COOTBETCTBYIOLIUX UM JNEUCTBYIOIIUX 3HAYCHHU I S/C.

\)(/]' N fg

Puc. 8.1




Kak BugHo u3 puc.8.1 cymma MruoBeHHbix 3HaueHui DJIC B 11000H MOMEHT
BPEMEHHU paBHA HYJIO, CJIEAOBATEIbHO, F€OMETPUYECKAs] CymMMa JIEUCTBYIOIIUX
sHaueHni (pazupix D/[C renepaTopa Takke paBHa HYJIIO:

eategtec=0 (2)
EatEptEc=0
CormacHo puc.8.1, BbIpazuMm KoMiuiekcHble 3HaueHust DJ[C TpexdazHoro
reHeparopa 4epe3 OAMHAKOBOE Il Bcex Tpex ¢a3 aeicTByroliee 3HaueHue E,
Toraa
EA:E'ejO
Eg=Eec1%3" 3)
EC:E ,62/371
Jliist monydeHus Tpex@azHoW CUCTEMBbI HEOOXOIUMO OIpPEACIICHHBIM 00pa3zoM
COCIMHUTHh Takke (a3pl MPUEMHHKA, OOBIYHO 10 cXeMe ‘3Be3na”  WiIH
“TpeyroJIbHUK .
B nacTosiiee BpeMs TpexdasHasi cuctema sBISETCS OCHOBHOM JUIsl TMepeadyu
U pacnpeaeieHus JHEPruu.

@da3Hble OOMOTKM Tpex(a3HOro TeHeparopa MOXXHO COEIUHUTh C TpeMs
IIPUEMHHMKAMHU I10 CXeMe “3Be31a’. “3Be310M~° HA3bIBACTCS TAKOE COENMHEHUE, NTPU
KOTOpOM KOHIIBI (ha3 coeAuHEHbl B OAHY oOmyro Touky N Ha3zbiBaeMylo
HEUTpaIbHOW WM HyJIeBOM, a K Hadamam (a3 A, B, C moaBeaeHbl NHHEHHBIC
npoBoja. B «3Be3ny» coenuHAIOT U (a3bl HArpy3kKd C HYJEBOHM TOUKOM N U

Havanamu ¢as a, b, ¢ (Puc.8.2).

/
y = A a
» g |
" 2 I
£, Ve - /7
SENNE 7 b
5y /s c AU 7
C B =
VUsc Ic b
=
Puc.8.2

[IpoBon, coemunstommii Touku N-N, Ha3pBaeTCs HEUTPAIBHBIM WM
HyJneBbIM. [IpoBoga, coenunstomume Touku A-a, B-B u C-c, Ha3pIBalOT JTUHEHHBIMH.
[IpuHSB COMPOTUBIEHUS BCEX MPOBOJIOB PABHBIM HYJII0, MOKHO OITPEIIECIUTD
TOKHU TpeX (pa3 NpueMHHKa U TeHepaTopa :
In=EA/ZA; 18=Es/Zs ; 1c=Ec/Zc. 4)
Toxku la, Is, Ic, mpoTekaromiye no JUHEHHBIM MPOBOAAM, Ha3bIBAIOT



munerinbiMH (l;7). Toku mpotekatomue B (a3ax reHeparopa v B (pazax Harpysku
Ha3biBatoTCs  (pasHbiMu Tokamu (lg). st coenuHenns “3Be3noi” MTUHENHHbIE TOKU
paBHBI (Da3HBIM, TO €CTh
15=ly ()
Toxk B HEUTpaJILHOM MPOBOJIE 1O NIepBOMY 3akoHY Kupxroda paseH:
In=latlstlc  (6)

[IpueMHMKH C OJMHAKOBBIM CONPOTHUBIEHUEM BceX Tpex a3 Z;=Zp=Z
HA3bIBAIOTCS CUMMETpUYHBIMU. [Ipu cumMerpuyHom nipuemHuke Ia=lg=Ic u TOK B
HelTpaabHOM TpoBoe In=0

Hamnpsbxkenue mexay HadaioM W KOHIOM ¢asbl TeHepaTopa (wid (dasbl
Harpy3KH) WIK HaNpsDKEHUE MEXy JTMHEHHBIM U HYJIEBBIM IPOBOJIOM HA3bIBACTCS
dazHbiM HampspbkeHueM. g reHeparopa W JIMHUM JJeKTporepenadn (asHble
HanpsokeHust (ux Tpu) oOo3HauaroTcst Tak: Ua, Ug, Uc mmm Uy Dasuble
HanpsHDKeHUs Harpy3ku obo3Hadatorcs tak: Ua, Ub, Uc

Hamnpspkenus Mexmy a1Bymst Hadaidamu (a3 reHeparopa (Wi IByMs HadajlaMu
da3 Harpy3kw) WIA MEKIy JABYMs JIMHCHHBIMA TPOBOJAMH HA3bIBAIOTCS
JUHEWHBIMU U 0003HAYAIOTCS JUIS T€HepaTopa W JIMHUU dnekTpornepenaun: Uag,
Usc, Uca, i Un, s marpysku Uab, Ubc, Uca.

PaccmatpuBas moouepenno koHTypel abn, bcn, can (puc.8.2) mo BTOpOMY
3akony Kupxroda nuHelHbIe HAPsYKEHUs PaBHBI :

Uag=Ua-Usg
Ugc =Us-Uc (7)
Uca=Uc-Ua

[Tonb3ysiCh 3TUM COOTHOIIIEHHUEM, TOCTPOUM BEKTOPHYIO quarpammy (puc.8.3a)
HaIpPsHKEHUH 111 CHMMETPUYHOM HArpy3KHU.

-Ub
Uab
Ua

g B Ub [ U[H [/ﬂb

Ur 50° n

Ub -Ur
b
-0/ 1jrg Ubc
b

Puc. 83

N3 puc.8.3a BugHO, 4TO ‘“‘3B€374a”° JIMHEMHBIX HANPSHKEHUM ONEpEekKaeT
“3Be3my”’ ¢a3HbIX Hanpsbkenuid Ha 30°. Otcroma u3 Ankb:
Ugc/2Us=30° Ugc=V3*Ug, 1.¢. U;=V3*Uq (8)
[Ipy HanmuuuM HEUTpaAIBLHOTO MPOBOJA ycioBUE (8) BBHIMOJHIETCS Kak IpHU
CUMMCTPUYHOM, TaK M TpH HeCUMMeTpuyHOM mnpueMHuke. Ha Puc.8.3b
MPUBEICHBl BEKTOpHAs auarpamMma (ha3HbIX HaNpsDKEHUW H Tomorpaduueckas
JrarpaMma JIMHEWHBIX HAMPSIKECHUN.



®dasHble KOAPULIUEHTHI MOIHOCTH PaBHBbI:
C0S @,=Ra/Z, ; €0S @s=Rp/Zy ; c0S .=R./Z. 9)
TA€ Pa, P, Qc YIIIBI cABUTA (a3 MEXKAY (a3HBIMH HANPSKEHUSIMU U (Pa3HBIMU
TOKaMH.
IIpyn cuMMeTpUYHOM HArpy3Ke :
la:lb:lC:I(b:Uq)/Z(b (10)
COS (= COS Q= c0S P.=Ryp/Zy
Tok B HeMTpanbHOM npoBoje IN=0, mo3ToMy A MOAKIIOUEHUS TpeXPazHbIX
CUMMETPUYHBIX YCTAHOBOK (HArpeBaTENIbHBIX I€4Y€H, CYIIMIbHBIX YCTaHOBOK ,
AIIEKTPOJIBUraTeNIel W JPYIMX CHUMMETPUYHBIX YCTAaHOBOK) IPUMEHSETCS
TPEXNPOBOAHAS Lenb. JUIsi OCBETUTENBHOW HArpy3Ku HaJIM4WE HEUTPAIBHOTO
IpOBO/A 0053aTEIbHO, TAK KaK MOYTH MOCTOSHHO COXpaHseTcs HecuMMmeTpus. B
HEUTPAJIBHOM IIPOBOJE B YETBIPEXIPOBOAHOW OCBETUTEIBHOM CETH 3alpelleHa
YCTAaHOBKA MpPEJIOXPAHUTENECH WM BBIKIIOYATENICH, TaK KaKk IpPH OTKIIOUYECHUU
HEUTPaAJIBHOTO MPOBOJAA (pa3HbIEC HAIPSKEHUS MOTYT CTaTh HEpaBHbBIMU. B ogHUX
dazax HanpspkeHue Oyaer OoJibllle HOMUHAIBHOTO, B JPYyTHUX — MEHBIIE
HOMHUHaJIBbHOTO. B 000MX Cilyyasix BO3MOKEH BBIXOJl IpHEMHHKA U3 cTpos. [lpu
ATOM HApYIIAETCA LIETMb 3alIUTHOTO 3aHYJICHUS.
BekropHaa nuarpaMma HanpspKEHUHM M TOKOB IPU CHMMETPUYHOM aKTHBHO-
WHIYKTUBHOM Harpyske IpuBeAcHa Ha pUC.8.4

Puc.8.4

[Ipu HecMMMETpUYHOM TpHEMHHUKE, Hanpumep : Zz#Zp#Z: COOTHOIICHHE
17=leo coxpansieTcs, a COOTHOIIICHHE U.=V3*Uo HapyIaeTcs.

Ha puc.8.5 nokazana BeKTOpHasi iuarpaMmma IpH YBEJIMUEHUU HArpy3Ku B (aze
«a», To ecThb Tpu Z;<Zp=Z;, Harpy3Ka aKTUBHA.

Ha puc.8.6 - BekTopHas nuarpaMma KOPOTKOTO 3aMblkaHUs (a3bl “a”, 4To
COOTBETCTBYET MEPEMEIICHUIO HEUTpaIbHON TOUKU N B TouKy a, 1 Ua=0, Z,=0.

Ha puc.8.7 - BekTopHas auarpamma Jjsi ciiydas oOpbiBa (a3zbl A, 4TO
COOTBETCTBYeT Z,=00 HEHTpajdbHas TOYKa N TIEPEMECTUTCS HA CEPEANHY
nuHeiHoro HanpsbkeHus sexktopa Upe (n'), Torna manpsxenns na ¢gasax “b” u “c”
OoynyT

Ub=Uc=ch/2=U8l/2 (ll)



Puc. 8.5 Puc. 8.6

AKTHBHAsi MOIIHOCTh (Da3bl MPU COEAMHEHUU HArpy3KH “3BE3/10M~ HalpuMep,
¢da3wl a, paBHa:
Pa=Ualacoso.
AKTUBHasi W pEaKTUBHAs MOIIHOCTH NPUEMHUKOB Tpex(azHOW Lenu mnpu
HECUMMETPUYHOMN HArpy3Ke PaBHBI:
P=P,+Py+P.
Q=Qy +Q, +Q;
JIns1 peakTUBHOM MOIIIHOCTH 3HAK + MPY MHAYKTUBHOM XapaKTepe HArpy3KH,
3HAK — PH EMKOCTHOM XapaKTepe HArpy3KH.
[TonHas MOIITHOCTE TpeX(a3HOM 1enu TP HECUMMETPUYHONU Harpy3Ke paBHa:

s=P?+Q?

[lpr cMMMeETpUYHON Harpys3Ke IOJIHAs, aKTHBHAs W PEAKTUBHAS MOIIHOCTH
NPUEMHHUKOB Tpex(ha3HOH IEMH COOTBETCTBEHHO PABHBI:
S= \/3*UH*|H ; Pz\/3*Un - +*COSQo , Qz\/\?)*Un *|y *Sil’l(pqy
N S=3Sq) = 3Us*lop ; P=3P¢=3Uq¢ *lo *COS(pq> ; Qz\/3*Uﬂ*|n *Sil’l(pq)



METOJAUKA S9KCIIEPUMEHTA.

B pabote usmepeHus 2IeKTpUIECKUX BETUINH MPOBOASTCS C TIOMOIIBIO
npuOOPOB HEMOCPEACTBEHHON OLIEHKM. Ha cTeHmax yCTaHOBJIEHBI aMIIEPMETPHI
JUIS BKJIIOUEHHUS B Kaxayro (aszy. s m3aMepeHus: Toka B HYJEBOM IPOBOJEC Ha
CTEHJAaX YCTAaHOBJCHBI OTACHbHBICE mpuOopel. Ha puc.8.8 mpuBeacHa
MPUHIUNHAIbHAS CXeMa JTabopaTopHOil pabOTHI.

K knemmam A, B, C u N monBogutcs Hampsbkenue 36 B or TpexdaszHoro
MOHWKAIOIIETo TpaHchopMaTropa, COCIMHEHHOTO Mo cxeMe ‘“3Be3na’/ “3Beszna” ¢
HyJIeBOM Toukou ¢ Hanpsikenuem 380/36 B.

[TpuGopsr Al..A7 u V uzmepstoT JIMHEHbIC U (a3HbIe TOKU U HaIpshKeHus. B
KauecTBe Harpy3Kku TpexdazHoil menu ciyxat jJamibl HakanuBaHusi ¢ Uyey=36 B,
Puov=40 BT, BKimtouaembie Tym6iaepamu SAL1-SAS3.

N3meHnenne  Harpy3ku  peryjupyercs  UYHUCIOM  BKJIIOYEHHBIX  JIaMIl
HaKaJMBaHUs B KaxJaod (aze. OOpbIB (a3bl OCYIIECTBIACTCS OTKIOYEHUEM
tymbnepa SA4. KopoTkoe 3amMbIKaHHe TIPOBOAUTCS MIyTEM COCIUHEHHsSI TPOBOIOM
HayaJla M KOHIIA OJHOM W3 (a3 TOJIBKO B TPEXIPOBOAHOW menu. M3ydenue

TpexdazHoi IICIIN IIPOBOOUTCA 1o CXEMCE CTCHIA.
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Puc.8.8

TPEBOBAHMUS BE3OITACHOCTH TPYJIA.
1. Bxurodath CTEH B CE€Th TOJBKO C pa3pelieHusl MpernoiaBaTes.

2. Bo Bpemst paboThl CTEHAA HE MMPUKACATHCS K KIIEMMAaM.
8



3. He mpoBoanTe HHKaKWX PEMOHTHBIX pabOT Ha CTEHJE, O HEHCIPABHOCTH
JIOJIOKUTE TPETO1aBaTeIIIo.

He kacaiftech 1aMIT HaKaJIMBaHUS BO BPEMsI M TIOCTIE MX PaOOTHI.

He ocraBinsiiite paboTaromuii cTeH 6€3 mpucMoTpa.

ok

HOPAAOK BBIITOJIHEHUS PABOTDI

[TpuGops! 1 MPUHAATIEKHOCTH.

BrIkitoueHne cTeHaa OCyECTBISIETCS TAaKeTHRIM BbIKItouaTeneM QS, Puc.8.8.
Haznauenue npudbopos :

A4 — amniepMeTp ISl U3MEPEHUS CHIIBI TOKA B HYJIEBOM IPOBO/IE;

A5, A6, A7 — amnepMeTpsl JJIs1 U3MEPEHHS CHIIbI TOKa B ¢a3ax a, b, C;

V — BOJBTMETP JJIs1 U3MEPEHMSI TUHENHBIX U (Da3HBIX HAIIPSHDKEHUN LIETH;

1. O3HakoMbTECH C 1a00OPaTOPHBIM CTEHIOM. HailnnuTe ceTeBoil BBIKIIIOUATEND,
TyMOJIEpbI TOTOTHUTEIBHBIX HATPY30K.

2. Cobepute cxeMy COEAMHEHHS HArpy3KH 3BE3[I0M C HYJIEBBHIM MPOBOJIOM.
MoHTaxHbIe CXEMBI OIbITa MpUBEAEHBI Ha cTeHne. [lokaxuTte coOpaHHYyIO
CXeMy JIJIsl POBEPKH MPEMNOIaBaATENIO WK JIAOOPAHTY.

3. 3anumuTe TEXHUYECKHE IaHHBbIE MPUMEHSEMBIX MpuOOpoB. Brikmtounte
CTeH]l M YCTaHOBUTE CUMMETPHUHYIO Harpy3ky ¢a3. Tymomepsr SALl, SA2,
SA3 nmomxHBI OBITH OTKIIOUEHBI, TyMOnep SA4 B HCXOIHOM COCTOSIHUU
JIOJKEH OBITh BKIIFOUEH.

[To mokazanusM amnepMeTpoB B (azax yOeauTech B paBEHCTBE TOKOB B

¢azax, a Tak k€ B OTCYyTCTBHM TOKa B HyJIEBOM IpoBoje. M3MepbTe a3Hble u

JUHENHbIC HanpshKeHusd. Jlanubie 3anummre B Tad. 8.1
Taobmuua 8.1

Pexum N3mepeno Braucineno

Harpy3ku | Uab, | Ubc, | Uca, | Ua, | Ub, | Uc, | la, | Ib, | Ic, | In, | Unn, | Ra, | Rb, | Rc, | P,
B |[B |B (B |[B |[B |[A|A|A|A |B Om | Om | Om | Br

Hccnenyite Harpy3Ky B YETBIPEXIPOBOAHOM LENU B HECUMMETPUYHBIX

pexuMax, MpoesaB CIEAYIOIIHNE ONBITHI:
yBeIU4bTe (YMEHBIIUTE) HArpy3Ky B 0JIHOM U3 (a3 (Hampumep, “a”) ;
TO K€ B JIByX (pazax;
OOpBIB OJTHOM U3 (a3.

Hccnenyiite TpeXnpoBOIHYIO 1I€Tb, TO €CTh 0€3 HEUTPaIbHOTO MPOBO/IA.
Jljis 5TOTO BBIKITIOYMTE aBTOMATHYECKHid BhIKIOYaTens QF4 B memu HylieBoro
MIPOBOJIA U MPOAEIANTE CIAESAYIOIINUE ONBITHI:

CUMMETPHUYHAS Harpy3ka ( Tak *e, Kak MMyHKT 3 );

yBeJIM4bTe (YMEHBIIUTE) Harpy3Ky B 0JIHOM U3 (a3 (Hampumep, “a”) ;
TO K€ B JIByX (pazax;

KOPOTKOE 3aMbIKaHUE OJTHOM U3 (a3.

B cootBerctBuM ¢ maHHbIMH Ta0a. 8.1 1yig BceX OIBITOB IMOCTPOMTE
BEKTOPHBIC TUarpaMMbl TOKOB U HampsbkeHui. CremaiTe BBIBOIBI IO padoTe
o ¢opMe, IpUBEACHHOU B TabopaTopHoi padote Nel( HacTosIero
PYKOBOJICTBA.



OBPABOTKA PE3YJBTATOB 3KCIIEPUMEHTA.

B paGoTte mpoBoasTCs MIpsSIMbIE, OJHOKPATHBIC H3MEPEHUS, TOUHOCTh KOTOPBIX
OIICHUBAETCS KJIACCOM TOYHOCTH m3MeputenbHOro npoodopa (Ue, Un, Unn, lo, 1,
In). PesynbraT m3Mepenus BelpaxkaeMm IByMs uuciamu, Hanpumep: 1=4.00 £ 0,05
A, tne 4.00 A — 3naueHue wusMepsemont BenumuuHbl, 0,05 A — aOcomroTHas
MOTPEIIHOCTh M3MepeHus. OIEHKY TOYHOCTH MUHUMAJIBHBIX 3HaueHUU Unn, Inn
MPOBECTHU 10 (HOPMYJi€ OTHOCUTEIIBHOM MOTPEITHOCTH:

O =+ K(Xn/X) ;

rne K — kiace TounocTu nmpudopa ;

XN — HOPMUPYIOIIKE 3HAUCHUS U3MEPSACMOMN BEJIMYMHBI (BEPXHHUU TIpees
HIKaJIbI IPUOOpPa);

X — 3HAYCHHUE N3MEPSEMON BEITNINHBI.
Pe3ynbTaThl H3MEpEeHUH 3auIIITe B Ta0JI. 8.2.

Taomuna 8.2.

N3mepeHHbIe Unin Inn
3HA4YCHUS B
eAMHULIAX

5, %

BrruepunBaHue 3JIEKTPUUECKUX CXEM NMPOU3BOAUTCS B cOOTBETCTBUU ¢ [ OCToMm.
[locTpoeHne BEKTOPHBIX M TOMOTPAPUUYECKUX AUArpaMM IPOU3BOJUTCS B

Macuraoe.
BOITPOCHI IJ1s1 CAMOITPOBEPKMU.

1. KaxoBa 11e;1b pabOThI M KaKOB IMOPSAOK €€ BHIMOTHEHUS ?

2. N3o0pa3uth cxeMy oOmbITa C BKJIOYEHHEM Bcex NpuOOpoB. YKazarb
Ha3HA4YCHHE BCEX MPUOOPOB.

3. Hammcarb hopmyIbl cBsi3U JIMHEHHBIX TOKOB U HAMPSHKEHUN ¢ UX (ha3HBIMU
3HAQYEHUSIMH T[IPU CUMMETPUYHOM HArpy3Ke MpH COEIUHEHHH B ‘“3BE3dY .
Kak onpenensitorcs BETUYUHBI COS (3, COS @p, COS ¢, Po, Pa, Pg, Pc, P, Q, S?

4. PacckazaTh 0 MOPSIKE IMOCTPOCHUS BEKTOPHOM MHArpaMMbl HAMPSHKEHUN U
TOKOB JJIsl aKTUBHOHN HATrpy3KH.

5. KakoBo HazHaueHue HyseBOro mpoBojia? B kakux ciiyyasx 1Mo HYyJIEBOMY
MIPOBOIY MPOTEKAET TOK U KaK OH OIpenessieTcs?

6. M300pa3uth cxemy COEIMHEHHUs HArpy3KH “3Be3/10M” U BKIIIOUUTH TPUOOPHI
JUTSL I3MepeHus (Da3HBIX U JIMHEWHBIX TOKOB, TOKAa B HEUTPAIBLHOM IPOBOJIC.

7. Tlouemy B HyJI€BOW MPOBOJ HUKOT/IA HE CTABAT MPEAOXPAHUTEIH?

8. M3o0pasute BEKTOPHYIO JUArpaMMy HAIMPSHKEHUH U TOKOB IIPH YBEIMUEHUN
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HArpy3Ku OJTHOM U3 (ha3 YeThIPEXITPOBOTHOM IICTIH.




9. M300pa3ute BEKTOPHYIO AMArpaMMy HaIPsHKEHUH M TOKOB IIPU YBEJIMYEHUU
Harpy3Kd B ABYX (hazax 4eThIPEXNPOBOTHON LEIH.

10.1300pa3uTe BEKTOPHYIO AUMArpaMMy HampsoKEHUH U TOKOB TPHU OOpbIBE
OJTHOTO U3 TMHEHHBIX MPOBOJIOB B UETHIPEXIIPOBOTHOM LIETIH.
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obpamenus: 15.09.2023). - Pesxxum gocTtyna : Mo moAmnucKe.
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— MockBa : UH®PA-M, 2022. — 236 c¢. — (Briciee oOpa3zoBanue:
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https://znanium.com/catalog/product/1587594 (mara oOpallleHus:
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[anbnepun. — 2-e u3g. — Mocksa : ®OPYM : UHOPA-M, 2023. — 480
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anekTpoHHbiii. - URL: https://znanium.com/catalog/product/2030904 (nmarta
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(Bricmiee o6pazoBanune: bakanaspuar). - ISBN 978-5-16-014451-1. - Tekcr:




anexkTpoHHbI. - URL: https://znanium.com/catalog/product/982772 (nara

obpamenus: 18.09.2023). — Pexxum JocTyna: 1mo moAmucKe.



JlaGoparopHas paboTa 4.2.
TPEX®A3HBIE LEIIN.
COEJAUHEHUE HATPY3KU TPEYT'OJIBHUKOM

[lenb paboThI: M3yUUTH LIEMb TPEX(a3HOTO TOKA PU COSAUHEHUU MTPUEMHUKA
TPEYTOJIBHUKOM B CHMMETPUYHOM U HECUMMETPUYHOM PEKUMAX.

OCHOBHBIE ITOHATUAI.

CoenunenueM ¢a3 B TpPEyrojbHUK  HA3bIBAETCS TaKOE COEAUHEHHUE, MPHU
KOTOPOM Hayayuo OAHOU (a3bl COEIUHSIOT C KOHIIOM BTOPOU (pa3bl, Hauaao BTOPOI
ba3bl COeTUHSAIOT C KOHIIOM TpeTheil (pa3pl, Hayasio TpeThed (azbl COSAUHSIOT C
KOHIIOM TiepBOoil (a3pl. K oOmuM ToukaM coeAMHEHUsT Hayal M KOHIOB
MPUCOEAUHAIOT JIMHEWHbIC TIpoBoa. J[Ba crmocoba rpaduueckoro mpencTaBieHuUs
COCIMHEHUS 110 CXeMe TPEYTOJIbHUK MTOKa3aHbl Ha puc. 9.1a u 9.16.

A
B
a
a
a
[ Jra zab
W,
° VA 2Ny
X
a 0
Puc. 9.1 11

PaccmoTpuMm cxemy coenuHeHus (a3 reHepaTopa B 3Be3ly U (a3 NMpueMHHUKA
AIEKTPUYECKON SJHEPTUU B TPEYTrOJIbHUK, Puc. 9.2.

Puc. 9.2
N3 cxeMbl BUAHO, YTO €CIIH COMPOTUBJICHUS JIMHEHHBIX MPOBOAOB paBHEI (), TO
(da3HbIC HANpsHKCHHSI TPUEMHUKA OyIyT pPaBHBI COOTBETCTBYIOIIUM JIMHCHHBIM



HaOpsDKeHUsIM — re”epatopa, To ecTb Ue=Uj. @®a3zHoe HanpsskeHue npu
TpeyrojbHuKe B 1.73 pasza Oosblie, yeM ¢pazHoOe HAMPSHKEHHUE TTPH 3BE3IE.

[IpUHATBIM = YCIIOBHBIM  TOJIOXKUTEJIBHBIM ~ HAIIPaBJIEHUSM  JIMHEHWHBIX
HanpspkeHui (puc.9.1) coOTBETCTBYIOT YCIOBHBIE IMOJOKUTEIbHBIE HAIPABICHUS
TOKOB; TOKU B (pa3ax paBHBI:

l@zgab/Zab s loc=Ubd/ Zoe ; lac=Uac/ Zac (1)
Jnst y3moB a, b, ¢ (puc.1) nmuHeitHbIe TOKY 10 IepBoMy 3akoHy Kupxroda paBHBI :
Ia=lap-lca;
Ig=lpc-lap ; (2)
Ic=lca-lc;

st cuMMeTpUudHON HArpy3K Zap=Zpc=Zca HazHbie TOKU lap=lpc=lac UMEIOT
OJIMHAKOBBIN yToJl @ K (ha3HbIM HaIPSHKCHUSIM.

Ha puc.9.3 npuBeneHpl BEKTOpHBIC JAMArpaMMbl HANPSOKEHUH M TOKOB IPHU
CUMMETPUYHON HArpy3Ke, COSMHEHUN TPEYTOJbHUKOM (Harpyska (a3 akTHBHO —
WHYKTUBHAs).

ch

12 Puc.9.3

W3 gumarpamMmbl CIIeTyeT, YTO MPU CUMMETPUYHON HArpy3Ke COOTHOIICHHE

MeXAy (pa3HBIMU W TUHEHHBIMH TOKaAMH PaBHO :
15=V3*1o,
PacueT TOKOB BeAyT /U1l OJTHOM (pa3bl:
lo=Uo/Zo u 17=V3*1

B crmydae HeCHMMETpHUYHON HArpy3KH, HallpuMep yBEIMUYCHHUE HArpy3Kd B
daze ab (Zan<Zp=Zca ), TOK B dase ab Bospactaer, B AByX apyrux (aszax bc u ca
Oynet npexxHuM, To ecTh lap>1pe=lca. Ha puc.9.4 npuBenena BekTopHas nuarpamma
ATOTO CITydasl.



Puc. 94

[Tpu yBearueHnu cOnpoTuBacHus (a3nl “DC” 10 OECKOHSUHOCTH, YTO
COOTBETCTBYET OOpPBIBY 3TOH (ha3wl, TOK B Hel Ipc=0 1 ypaBHEeHHUs (2) 3anUIIyTCs B
BUJIC:

1a=lab-lca;
Ig=-lav; (3)
Ic=lea;

BekropHas nuarpamma 3Toro cirydas AaHa Ha puc.9.5
B cnydae oOpbiBa OJHOTO M3 JIMHEWHBIX MPOBOJOB (Hampumep, mpoBoga A)
LEIb CTAaHOBUTCA OJHO(A3HOM C ABYMS MapajuieIbHbIMU BETBSIMU, HAXOASIIMMUCS
noJ1 HanpsikeHueM U
Tak kak Zaph=2Zbc=Zca, TO lca=1ab=0,51pc ; Ib=Ipctlan ; 1c= - lp.
BekropHas nuarpamma asist oOpbiBa JMHEHHOTO MpoBo/ia a3kl 1aHa Ha puc.9.6

ch
lab = lca
—_—
R %
I _ >
< Iy
Puc.9.6

MOI_HHOCTI/I MPUEMHHNKOB AJI1 COCAUHCHUS TPCYTOJIbHHKOM.

13
AKTUBHas  MOIMHOCTh Kaxaou (da3pl TNpU COCOUHEHWU  HATPy3KU
TPEyroJIbHUKOM, Harmpumep, ¢assl ab, paBHa : Pap=Uap*1cp*C0OS @ap
AKTHUBHas, pEaKTUBHASI U TOJTHAS MOIIIHOCTH MPUEMHHUKOB Tpex(azHoil menu
IPY HECUMMETPUYHOMN Harpy3Ke paBHHI :

P=Pap+PbctPca, Q= Qap+QbctQca S=4 P2+ Q2
[Ipy cuMMeTpUYHON Harpy3ke aKTHBHAasT H PEaKTUBHAas MOIIHOCTH
IPUEMHUKOB Tpex(a3HOH e PaBHHI :
P=3P¢=3U¢*|¢*C08(pq>
Q=3Q¢=3Ug+l¢p*singe

0)0%1



P=v3U 1+ 11+C0S @o»
Q=V\3U =l ;1+8in Qo
[TosnHas MoIHOCTH TpeX(a3HOM LEeNH TP CUMMETPUYHOM Harpys3Ke:
S=3Se mm S=\3*Uy*Ix
[Tonmuas MoHOCTH Tpex(ha3HOH 1enH MPH HECUMMETPUYHOM Harpy3Ke:

s= P

METO/JUKA S5KCIHEPUMEHTA.
Omnucanue paboThl CTEHAa CMOTPHUTE B IaHHOM pasjieie Mpeablayiei padoThl
(Ne &)
OOpsIB (ha3bl OCYIIECTBIACTCS OTCOCIMHCHHEM NPUEMHHKA B TOuke a, b mm
c. I3MepeHune HanpshkeHUs IPOU3BOUTCS BOJBTMETPOM V.

TPEBOBAHUS BE3OITACHOCTHU TPYJIA.
CMoTpuTe COOTBETCTBYIOLIUN pa3el JabopatopHoil paboTel (Ne 8)

HNOPAJAOK BbBIITOJIHEHUSA PABOTDI.
[IpuGopkl 1 MPUHAIEIKHOCTH :

Omnucanue paboThI CTEH A JaHO B IpeAblayIiel JabopaTopHoit padote (Ne §).

Ha3nauenue npuGopos :

Al, A2, A3 —amnepMmeTpsl AJi1 U3MEPEHUS TUHEHHBIX TOKOB;

A4, A5, A6 —ammepmeTpsl 11 U3MEpeHus (a3HbIX TOKOB;

V — BOJNIBTMETp AJI U3MEPEHUS (a3HBIX U JTUHEHHBIX HAIIPSKEHUS;

1. O3HakoMbTECH C TAOOPATOPHBIM CTEHJIOM, HalJIUTE CETEBOM BBIKIIIOYATEIIb,
TyMOJIEpBI BKITIOUEHUS — OTKIIFOUCHHUSI IOTOJHUTEIBHBIX HATPY30K
2. Cobepute cxeMy COCTMHCHHS HAarpy3KH B TPEYTOJBHUK. MOHTa)XKHAS cXema
npuBe/ieHa Ha cTeHe. [lokaxxkuTe cxemy AJis MpOBEPKU MPEnoAaBaTeso Wik
7a0opaHTy.

3anuuMTe TEXHUYECKUE JaHHbIE TPUMEHSIEMbBIX TPUOOPOB.

4. BKJIIOYWTE CTEHJ U YCTAaHOBUTE CUMMETPUUHYIO Harpy3ky da3. TymOmepsl
SA1, SA2, SA3, no ykazaHWIO MperoaaBaTes, TOJDKHBI ObITh OTKITFOUYCHBI,
an6o BiItoueHbl. TymOnep SA4 B MCXOTHOM COCTOSSHHM JOJDKCH OBITh
BKJIIOUYEH.
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[To mokazaHusiM amMmepMeTpoB yOeauTeCh B paBEHCTBE TOKOB B (hazax u
JMHEMHBIX MpoBOoJAax. JlaHHBIE M3MEPEHUN TOKOB M HAIPSIKEHUM BCEX
ompITOB 3armumute B Tabn. 9.1. B rpade “Pexxum Harpysku” yKaxuTe
PEXKUM HArpy3KH (CUMMETpPUYHAS WM HECUMMETPUYHAs).

5. BrImosHUTE CleAyOIINE ONBITH TP HECUMMETPUYHOM HAarpy3Ke:

- YBEJIMYEHHE HArpy3Kd B OJTHOM U3 ¢a3
- YBEJIMYEHHE HArpy3Ku B JIBYX (hazax

- 00OpsIB (ha3HOTO MPOBOJA

- 0OpbIB JIMHEHHOrO MPOBOAA

w



Taomnuua 9.1

Pexum N3mepeHo Brrunciieno
Harpysku | Uab, | Ubc, | Uca, | la, | Ib, | Ic, | lab, | Ibc, | Ica, | Pab, | Pbc, | Pca, |P,
B |B B B |B |B|A [A A | Bt Bt Bt Bt

OBPABOTKA PE3YJBTATOB 3KCIIEPUMEHTA.

B paGotre o00paboTka pe3yJabTaTOB JKCIIEPUMEHTA TPOBOIAUTCS B
COOTBETCTBHUH
CrnenaiiTe BIBOABI MO paboTe 1Mo (popMe nmpuBeeHHON B TabopaTopHOM padoTe
Ne10 nacrosiiero pykoBojCcTBa.

C

COOTBETCTBYIOIIIMM  Pa3eioM MPEAbIAYIIeH padoOThlI.

BOITPOCHI IJ1s1 CAMOITPOBEPKM.
KakoBbl 1enu paboTel W MOPsIOK €€ BbIOJHEHUs? OTBET MOSICHUTH IO
cxeme J1abopaTopHOM pabOTHI.
N300pa3uTh cxeMy OIbiTa C BKIIOYEHHEM BCeX MpUOOpOB. YKa3aTh
Ha3HA4YEHHUE BCEX MPUOOPOB.
Hanucate opmyity CBSI3M JTUHEHHBIX TOKOB M HANPSKEHUN € UX (Da3HBIMU
3HAYEHUAMH TIPU CHMMETPUYHOM W HECUMMETPUYHON Harpys3kax IpHu
COCIMHEHUHU Harpy3kh B TpeyroibHUK. Kak omnpenenstorcs (asHbie
MOIITHOCTH, MOIIIHOCTH BCe TpexdazHou menu?
KakoB mopsi1ok mOCTpOEHMsI BEKTOPHOM JAHarpaMMbl HAPsDKEHUM W TOKOB
JUIsl aKTUBHOM Harpys3Kku?
N300pa3uth BEKTOPHYIO AMArpaMMy HaIlpsLDKEHUN U TOKOB MPH YBEJIMYEHUU
Harpy3Kku B OJIHOM U3 da3.
N300pa3uth BEKTOPHYIO AMArpaMMy HaIlpsLDKEHUN U TOKOB MPHU YBEJIMYEHUU
Harpy3Ku B JBYX (hazax.
N300pa3uTh BEKTOPHYIO AWArpaMMy HaIpsKEHUHW U TOKOB IpHU OOpBIBE
¢dhazHoro nposoa.
Bo ckonbko pa3 uzMensieTcs: pa3Hble U JIMHEWHbIE TOKH U HANPSHKEHUS TIPU
MEPEKIIFOYEHNN CUMMETPUYHON HAarpy3Ku €O “3BE€31bl” Ha “‘TPEYrOJIbHUK !
OTBeT MOSICHUTH Ha MPUMEPE NAHHBIX, MOJYUYEHHBIX IMPU HCCIEAOBAHUU
Harpy3Ku, COEJMHEHHOH B “3Be3/y” MO NpeablayLIel 1adopaTtopHoii padoTe.
Bo ckoibKO pa3 H3MEHATCA MOIIHOCTH TPU MEPEKIIOUYEHUU CXEMBbI
Harpy3ku co ‘“3Be3bl” Ha “TpeyrojibHUK ? OTBET MOSICHUTH HA MPUMEPE
JTaHHBIX, [TOJIyY€HHBIX B IIpelblyIIel 1adbopaTopHOil paboTe npu
CUMMETPUYHOMN HArpys3Ke.
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10.TTocTpouTh BEKTOPHYIO AMArpaMMy TOKOB M HAMNpPSDKCHWH MpU OOpBIBE

JIMHEWHOTO MPOBOJA.
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JlabopaTopHnasi padora 4.3.

W3YUEHUE TPEX®A3HON HEIIA IPH COEAUHEHUN ®A3
ITPUEMHUKA 3BE3/10M U TPEYI'OJIBHUKOM

Lenp paboThl: M3y4uTh Menb TPEX(PA3HOIO TOKA MpHU COEAMHEHHH (a3
NpuéMHUKA CHayalda IO CXEME «3BE3/la», 3aTeM IO CXEME «TPEYrOJIbHUK» B
CUMMETPUYHOM U HECUMMETPUYHOM PEKUMAX.

OcHoOBHbIE TIOHATHS.
CMOTpHU COOTBETCTBYIOIINE pa3zaeiibl JabopatopHbix padboT Ne 4.1. u No 4.2,

Meroaunka 3KcnepuMeHTa.

JlabopatopHas paboTa TPOBOAUTCA HA CTEHJIE, OMNUCAHUE KOTOPOTO
IPUBOJUTCS Ha CTpaHHlle 9 MaHHOTO PyKOBOACTBA. JlJisi BBIOJIHEHUSI pabOThI, B
y4eOHOU TrpyIine mpenojaBarens GopMupyetr 4€THoe uucio opuran (2,4 wim 6).
[Tpu 3TOM Heu€THbIE OpuUrajibl BHINOIHIIOT cHadasaa padoty Ne 8, a uérHeie - Ne 9.
3arem Opuraapl OOMEHHMBAIOTCS  MECTaMU, M YK€ Ha COOpaHHBIX CTEHAax
BBITNOJIHSAIOT pabOTy COOTBETCTBEHHO: HeueTHble Ne 9, uerHble - Ne 8. [lopsiok
IIOCTAaHOBKM OIBITOB B JlabopatopHod pabore NelQ Ttakoii ke, Kak W
nabopaTopHbix padotax Ne 8 u Ne 9, Ho 1o cokparnieHHoi cxeme. Uccnenyrores 3
Tpexdazupix uenu:l.YeTslpexnpoBogHas LENb NPU COeAMHEHHE (a3 Harpys3Ku
3Be3q0i; 2. TpexnpoBoaHas 1eNb Npu coeAMHEHUM (a3 Harpy3Kd 3Be3[O0u. 3.
TpexmpoBoiHas UMb NpPH COEAMHEHUM (a3 HArpy3Ku B TpPEYroJbHHK. Jlms
KOKIOM LeNu BBINOJHAIOT 2 peXHMa Harpy3kKd : a) CHMMETpUYHas ;
0)HecuMMeTpUYHasi (HampuMep YBEIWYEHUE HArpy3ku B OJHOM U3 ¢az). Takum
oOpa3oM, BeInoJHsAETCA 6 onbIToB. TpeOoBaHus 0€30MacHOCTU TpyAa TaKHE Ke,
KaK B COOTBETCTBYIOLIEM pazjiesie JabopatopHoit paboTsl Ne 8.

IlopsoKk BeINOJTHEHUsSI padOTHI :

1. O3HakombTECH C TAOOPAaTOPHBIM CTeHIOM. HaliiuTe ceTeBoi BBIKIIIOUATEIb,
TyMOJIEpbl BKJIIOUEHUS JOMOJHUTEIbHBIX HArpy3o0K (Jamm HaKaIuBaHU)
SAL....SA3, KOTOpBIE TOJKHBI OBITH OTKIIOYEHBI, TyMOJIEp OTKIIOUCHHUS

da3el SA4, KOTOPBIN TOJDKEH OBITh BKIIOUEH. AMrepmeTpsl Al, A2, A3,

npelHa3HayeHbl JJI1 W3MEpPEHUsl JIMHEHHBIX TOKOB MpH COeAMHEHHH (a3

IIPUEMHHKA B TPEYTONbHUK. AMniepmerp A4- 17 U3BMEPEHUS TOKAa B HYJEBOM

IIPOBOJIE YETHIPEXIPOXOAHON 1enu. AMnepMmeTpsl AS, A6, A7.- 111 u3MepeHus

(a30BbIX TOKOB KaK IIPU COEIMHEHUU (a3 Harpy3KH MO CXEME «3BE€3/1a», TaK M0

CXEME€ «TpEeYyroJIbHUK». [ m3Mepenus (pa3HbIX U JTUHEHHBIX HANpPSHKEHUN Ha

cxeme umeeTcst BoJabTMETp Ha 50 BoAbT. sl U3MepeHus] HanpsDKEHUST MEXIY

HEUTpaJISIMU T€HepaTopa M Harpy3kd Ha CTEHJE€ HMMEETCs BOJbTMETp Ha 15

BOJIBT.

2.Cobepute cxemy ombiTa. HeueTHple Opuraasl COOUPArOT CXeMy, MO KOTOPOi
da3pl NpUEeMHUKAa COENMHSAETCS IO CXEME «3Be3[a» a YEeTHbIE II0 CXeMe
«TPEyTONBHUK». MOHTaXXHbIE CXEMBI, IPUBE/ICHBI HA CTEH/IaX.

3. HeueTHble OpUrajabl BHITIOIHSAIOT PabOTy B CIETYIONIEM TOPSJIKE :

A. uccnenyercs 4-X NpoBOJIHAS LIETb MO CXEME «3BE3/1a»



OnbiT 1: cummerpuyHass Harpy3ka. B Tabn.1 nmaGoparopHoit padoTel No 8
3alMCHIBAIOTCS MMOKa3aHUA aMIEpPMETPOB M HM3MEPEHHbIE JHHEHWHbIE U (Da3HbIE
HaIpsHKEHUS.

[To pe3ynpTaTam u3MepeHHs TOKOB U HAIpsDKEHUN Jenaercs BBIBOJ, dopMma
KOTOPOTO IMTPUBE/IEHA B KOHLIE JAHHOTO pa3iena.

OmnbiT 2. HecummerpuyHas Harpy3ka. JUIs 3TOro mno yka3aHUIo
IpernoiaBaresis BKIoUaeTcs oauH u3 TymOaepoB SAL.....SA3 u BHOBb B TaOIHITy
JIAHHBIX 3allMChIBAETCS MOKA3aHHWS aMIEPMETPOB W BOJBTMETPOB U B BBIBOJBI
3aMKUCBIBAIOTCS PE3YJIbTAThl HAOIIOICHUM.

b. Uccnenyercs 3-X mpoBoiHas LIETb IPU COETMHEHUU (Da3 TPUEMHHKA B «3BE3/Y»

OmnpiT 3. CuMMeTpuyHas Harpy3ka. JlJist 3TOro BBIKIIOYUTH TYMOJIEp, KOTOPbIT
ObLJT BKJIIOYEH B OMbBITE 2 M OTKJIIOYHUTH aBTOMAaTHYEeCKUM BbIkItouarens QF4,
OTKJIIOYMB TEM CaMbIM HYJIEBOM MpPOBOJ. 3amucarh IOKa3aHUs NPUOOPOB B
Ta0JMILy, @ B BBIBOJIAX 3aMHCATh PE3YJIbTaThl HAOIIOACHUHN.

OmneiT 4. HecummerpruyHasi Harpyska. Bkirodaercst TOT xe TymOyep ,4To U B
onbiTe 2. B Tabnuiy 3amuchIBalOTCS MOKa3aHHsS BCEX MPUOOPOB ,a B BBIBOJAX
3aMKMCBIBAIOTCS PE3YJIbTATHI HAOIIOICHHIA.

B. [lanee HeweTHble Opuraapl HepexoAsT K CTEHIaM, e colOpaHa cxema
COeIMHEHHUS (Pa3 MPUEMHUKA B «TPEYTOJIbHUK.

OmeiT 5. CummeTpuyHas Harpyska. Tymomepsr SAL. . ........ SA3 OTKITIOUYCHHI ,
TymOsep SA4 BKIIOUEH.

BxurounB ceTeBoil BhIKIIOYATENh SA, 3aUCHIBAIOT MOKA3aHUs aMIIEPMETPOB U
BOJIbTMETpa B Ta0u1. 9.1 (cTp.15 HacTosIIEro pyKOBOACTBA ) U 3aOJIHSIOT BBIBOJBI.

OmneiT 6. HecummerpuuHast Harpyska. Toxe ,4TO U B OnbITE 2.

ITocne 3TOro 3anmmuchIBaeTCS TEXHUYECKUE XapAKTEPUCTHKU BCEX MPUMEHIEMBIX
pruOOpoB.

YerHble OpUraabl POBOJAT OMBITH B ciaeAyromeM nopsaake: Onsit 5; OnsIt 6;
OmngiT 1; OneiT 2; OneiT 3; OneiT 4.

B cooTBeTcTBUM C MONTYYEHHBIMH JAaHHBIMH MPOBECTU PACUETHI U PE3YJIbTATHI
pacyeToB 3anucaTh B Ta0JIUIY B rpadbl «BBIUUCIECHOY.

JIJist Bcex OMBITOB MOCTPOUTH BEKTOPHBIE JUArpaMMbl HANPSKEHUH U TOKOB B
MacmTabe Ha MIWUITMMETPOBOM Oymare uian Oymare B KJIETKY.



BriBoabl 110 pabore.
1. CoeanHeHune a3 NnpuemMHUKa B «3Be3ay».

A. 3-x dbasHas, 4-x npoBogHas Uenb ( C HyNeBbIM NPOBOAOM).
OnbIT 1. [Mpn cuMmeTpryHONM Harpyske 3-x dhasHon, 4-x NPOBOAHOW Lienn, Npu
coeavHeHun a3 NpuémHMKa B «3Be34y» HaMn YyCTaHOBEHO:

HanpspkeHns Ha hasax NpUémMHuka Mexay cobon, namnbl FopsaT ¢ SIPKOCTbIO
(paBHbI NN He paBHbI ) ( ognHakoBomn nnu pasHom)
NNHENHbIE HaNPSKEHWUS dasHbIX B pas,
(6onbLue, meHbLLE) (4ncno)
YTO OTNIMYAETCH OT TEOpPeTeTHY. Ha %

OnbIT 2. MNpy HeECUMMETPUYHOI Harpy3ske B 3-x hasHoi, 4-X NPOBOAHON Lienu, Npu
coeavHeHUN has B «3Be3ay» U3 OorbiTa Mony4nnu:
- HaNpsXXeHusa Ha dpasax NpUEMHUKa

(M3MEHWUNUCL UM HET, PaBHbI UNW He paBHbI MeXxay coboi)

- NaMmnbl ropAaTt APKOCTbIO
(c oguHakoBoOW NNy pasHoOW APKOCTLIO)
- NNHEeNHbIe HaNPSXKeHNs dasHbIX B pas
(bonblue, MeHbLUE) (4ncno)
Takum obpasom, Hanu4ume 4-ro nposoda obecneynsaeT dasHbIX HanpsXXeHuin

M NO3BONAET BKMOYaTb B TaKyl CETb
( @) cMMMeTpuYHyt0, 6) HECUMMETPUYHYIO, B) U CUMMETP. N HECUMMETP. Harpy3sky)

B. 3-x pasHasn, 3-x npoBoaHas uenb. CoeguHeHue a3 NpUEMHUKA B «3Be3ay».
OnbIT 3. CuMMeTpUYHaa Harpyska.

dasHble HaNPsKEHNA Ha Harpyske namnbl ropAT ¢ APKOCTbIO
(M3MEeHMNUCb NNn HeT) ( ognHaKkoBOM MNK pasHom)

- HyNneBoW NPOBOA, NPU CUMMETPUYHOW Harpyske

(o6s13aTEneH unu HeobszaTeneH)
OnbIT 4. HecummeTpuyHas Harpyska.
Mpy HeCUMMETpPUYHOM Harpyske B 3-x pasHomn, 3-X MPOBOAHOM LIenu, Npu CoeauHeHun gas
B «3Be3ay».

- (pasHble HanpsXKeHns Ha Harpyske APKOCTb Namn
(oAnHakoBbIe NNW PasnUYHbIE) (oamHakoBasi unv pasnu4yHas)

- HECUMMETPUYHYIO Harpy3ky B 3-x pa3Hyto, 3-X NpoBOAHYHO Lienb BKIOYaTb

(MOXHO, Henb3s)

2. CoeguHeHue a3 NpMeMHUKa B TPEYrofibHUK.

OnbIT 5.CuMmmeTpryHas Harpyska.
Mpn coegmHeHnn dras npueMHMKa No CXxeme «TPeyrornbHUK» W13 onblTa YCTaHOBIEHO:
dasHble HanpspkeHns MO CPaBHEHMIO C TAKNM e PeXnMOM Mo cxeme «3Be3aa»
(yBENMMUMNNCE, YMEHBLUNINCH)
namnbl ropaTt APKOCTbIO U Nno CpaBHEHUIO CO cxemomn «3Be3ga»
( c oguHaKkoBOW 1NW pasHom ) ( Apye nnu cnabee)
JIHeHble TOKK asHbIX B pas, YTo oTNM4yaeTcs oT TeopeTudeckoroHa %
(6onbLe nnu MeHbLLe)
OnbIT 6. HecummeTpuyHas Harpyska.
HanpsixkeHna Ha dhasax Harpyskm
(YMEHbLUMIUCL, YBENNYUITUCH, HE N3MEHUITNCD )
JTamnbl ropaT_c APKOCTbIO
(oanHakoBOW, pasHoW)

Takvm 06pa3om, Mo CXeMe «TPEYroSbHUK» MOXHO BKIOYaTh

Harpysky.
(@) cMMMEeTpUYHYt0, 6) HECUMMETPUYHYIO, B) U CUMMETPUYHYIO U HECUMMETPUYHYIO)




O6paboTka pe3yJbTaTOB AKCIEPUMEHTA CM. COOTBETCTBYIOLINI pa3zen j1ab.pad.Ne

4.1.
Bomnpock! ais caMmonpoBepKu CM. COOTBETCTBYIONIME pa3zeibl Jad. pad.Ne 4.1. u

No 4.2.

Jlureparypa:
Ta >xe uto u B maboparopnoit padore Ne 4.1.

Meroauueckre yKa3aHHs COCTaBUII % / A.C. MocToBoii/
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