DHIeNbCCKUM TEXHOJIOTHUECKUA MHCTUTYT (puiinan) dheaepaabHOro rocy1apcTBEHHOTO
OI0/KETHOrO0 00pa30BaTEIbHOIO YUPEKACHUS
BBICIIETO 00pa30BaHuUs
«CapaToBCKuid rOCYJapCTBEHHBI TEXHUYECKUN YHUBEpCcUTET uMeHU ['arapuna FO.A.»

Kadenpa «EctecTBeHHBIC U MaTEMAaTUUECKUE HAYKI

IJIEKTPOTEXHHMKA U 3JIEKTPOHUKA

MeTtoauueckue ykasanus kK 1abopatopHoit padote «lccnegoBanus Tpexda3Hbix
Lernem»
JUIS CTYJIEHTOB HaIllpaBICHUN

09.03.01 «MudpopmaTrKa U BEIYUCIUTEIbHAS TEXHUKA
09.03.04 «ITporpammHas UHKEHEPHUS

15.03.02 «TexHonOrHMYECKUE MAIIMHBI U 000OPYAOBaHUE)

15.03.05 «KOHCTPYKTOPCKO-TEXHOJIOTMYECKOCOO0eCTIeYeHUE MAIITMHOCTPOUTEIHHBIX
MIPOU3BOJICTBY»

18.03.01 «XuMuueckass TEXHOJIOTH
23.03.01 «Hedrerazosoe nemno»

29.03.05 «KoHCTpyHpoOBaHUE U3AEIHI JIETKON TPOMBIIIIIEHHOCTH

O4HO#1, OUHO-3a0YHOM U 3a04HOM (HOPMBI OOYUCHUS
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JlabopaTtopHas pabora 4.1.

TPEX®A3HBIE LIETIN. _
COEJUHEHUE HAI'PY3KH 3BE3/104

Lenp paboThl: U3y4YUTH LIEMb TPEX(}HA3HOTO TOKA MPHU COCAMHEHUH MTPUEMHHUKA
3Be37I0 B CHMMETPUYHOM W HECHMMETPUYHOM pexumax. OmnpeneiauTsh poJib
HEHUTPaAJIBHOIO (HYJIEBOTO) IMPOBOJIA.

OCHOBHBIE ITOHATUSA

Tpexdaznoit cucteMoil mepeMEeHHBIX TOKOB Ha3bIBAETCS COBOKYITHOCTH TPEX
0IHO(DA3HBIX JJIEKTPUUECKUX ILENed, B KOTOPBIX ACHCTBYIOT CHUHYCOMJAIbHBIC
OJIC oamHaKOBOM 4acTOTHI, CABUHYTHIE 1O (pa3ze Ha 1/3 mepuoga u co3aaBaeMbie
OoOIIMM MCTOYHUKOM DJIEKTpUUYECKOW dHepruu. TpexdazHas cuctema Oblia
n300peTeHa U pa3padoTaHa BO BCEX JCTAISIX TAJAHTIMBBIM PYCCKUM HHKEHEPOM
M.O.lonuBo-Jlo6poBoasckum B 1891 romy.

HctounukoM »sHepru B Tpex(dazHOH CHUCTEeME CIY>KUT Tpex(a3HbIi
reHepatop. B mazax ero cratopa pa3MelIeHbl TPH IEKTPUUECKU U30JUPOBAHHBIC
JIpyT OT npyra oOMoTkH ((a3Hble 0OMOTKH WK MPOCTO (pa3bl) reHepaTopa. Ecim
poTOp TeHepaTopa JBYXIIONIOCHBIM, TO OCH (a3HBIX OOMOTOK TIeHepaTopa
MOBEPHYTHl B TMPOCTPAHCTBE OTHOCUTENBHO ApYyr npyra Ha yron 2m/3. Ilpu
BpalieHud  poropa B (a3HBIX  OOMOTKax  cTaropa  HHIYKTUPYIOTCS
cunycounanbueie  ¢azuble OJ[C. BcenencrtBue cUMMETpUM  KOHCTPYKIUHU
reHeparopa MakcumainbsHbie En, u neiictByromme E 3nauenus DJC Bo Bcex (hazax
OJIMHAKOBBI.

Coenunenue ¢a3 (0OMOTOK) Te€HEpaTopa MOXKET OCYIIECTBISATHCA IO CXEMe
“3ge3na”  winm  “TpeyroidbHUK’. Pa3zpl Tpex(a3HOro TreHepaTropa MPUHSITO
0003HavaTh NMepBbIMU OykBamu JaTuHCcKoro andasuta: A, B, C. Uepenosanue ¢a3
reHeparopa CTPOTO OINPEJECICHHOE W ONPENENseTC MU3MEHEHHEM BO BpPEMEHHU
dazapix J/IC, T.e. B ouepenHoctrn makcumymoB J/[C: cHauana das3er A, 3aTem
yepes 1/3T daset B u uepes 2/3T ¢a3zer C. Takas mnocnenoBaTebHOCTh
YepeOBaHMsI Ha3bIBACTCS TIPSIMOH.

MruoBennsbie 3HaueHust IJ1C TpexdazHbix 0OMOTOK reHepaTopa paBHBI:

ea=ESinmt eg=Ensin(mt-2/3n)  ec=E,sin(wt-4/3n) Q)

Ha puc.8.1 moka3zansl rpa¢uku MrHOBEHHBIX 3HaueHHH (asubix IC u Tpu

BEKTOpa COOTBETCTBYIOIINX UM JNEHUCTBYIOIIUX 3HAYECHUU S/C.

ey £y £p Er £ /2@
> [ N~ Ly
Puc. 8.1



Kak BugHO 3 puc.8.1 cymma MraHoBeHHbIX 3HaueHud J/[C B m000i MOMEHT
BPEMEHM paBHA HYJIIO, CJIEI0BATENIbHO, T€OMETpPUUYECKas CymMMa JEHCTBYIOIIMX
3HaueHull gasHpix D/1C reHepaTopa Takke paBHA HYJIIO:

eategtec=0 (2)
Eat+Ep+Ec=0

Cornacuo pwuc.8.1, BbIpazum komiuiekcHble 3HadueHus IJC TpexdazHoro
reHepaTopa 4yepe3 OJMHAKOBOE ISl BceX Tpex (a3 neicTByrolnee 3HaueHue E,
TOTa _

E,=E-¢"°
EB:E.e-jZISE (3)
EC:E o e2/31:

Jnia nonydeHus Tpex(das3Hoi CUCTEeMbl HEOOXOAUMO OINpeAeeHHbIM 00pa3om
COCIMHUTH Takke ¢a3pl MNpPUEMHHUKA, OOBIYHO 1O cXeMe “‘3Be3na”  WiIH
“TpeyroJbHUK .

B nacrosimiee Bpemsi TpexdaszHas cuctema sIBIsSIeTCS OCHOBHOM ISl Iiepeadn
U pacrpeereHus: SJHEpruu.

dazHpie 0OMOTKM Tpex(a3HOTO TeHepaTopa MOXXHO COCIWHUTH C TpeMs
MPUEMHUKAMHU 110 cXeme “3Be3/1a”. “3Be3/10M’° Ha3bIBACTCS TAKOE COCAUHEHUE, PU
KOTOpOM KOHIIbI (a3 coeauHeHbl B OJHY o0myr Touky N HaszpiBaeMylo
HEHUTpaJIbHOW WJIM HYJIeBOM, a K Hadaidam (a3 A, B, C moaBeacHbl NHHEHHBIC
npoBoja. B «3Be3ny» coenuHAOT U da3bl Harpy3ku C HYJE€BOW TOYKOM N U

Havamamu ¢as a, b, ¢ (Puc.8.2).

Puc.8.2

IIpoBon, coemunstommii Touku N-N, Ha3pBaeTcsl HEUTPAIbHBIM WM
HyneBbIM. [IpoBoja, coenunstonme Touku A-a, B-B u C-c, Ha3pIBalOT JTUHEHHBIMU.

[IpuHSAB COMPOTUBIIEHUS BCEX MPOBOJOB PAaBHBIM HYJIIO, MOKHO OMPEIACTUTD
TOKHU TpeX (pa3 mprueMHHUKA U TeHepaTopa :

IA=EA/ZA; 1g=Eg/Zg ; Ic=Ec/Zc. (4)

Toxu la, Ig, lc, mpoTekaroue 1o JMHEHHBIM TPOBOAAM, HA3bIBAIOT
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muHenHeiME (1), Toku mpotekaromme B (a3ax reHeparopa U B ¢azax Harpy3Kd
HasbiBaloTCA (pasHbIMU ToKamu (ly). s coenvnenus “3Be310i” NMHEWHBIE TOKH
paBHbI (ha3HBIM, TO €CTh
L=l (5)
Tok B HEHTpabHOM MPOBO/IE O NIepBOMY 3akoHY Kupxroda pasen:
In=latlgtlc  (6)

[TpueMHMKH C OJMHAKOBBIM CONPOTHUBIIEHWEM Bcex Tpex (a3 Z;=Zy=Z;
Ha3bIBAKOTCS CUMMETPpUYHBIMU. [Ipn cumMMmeTpuyHoM npuemMHuke 1a=Ig=Ic u TOK B
HelTpanbHOM mipoBoze 1y=0

Hampspbkenne mexay HadasioM W KOHIOM (a3el TeHeparopa (i  (assl
HArpy3KH) WK HAPsDKCHUE MEXTY JTUHEHHBIM U HYJIEBBIM TIPOBOJIOM Ha3bIBACTCS
dazapiM HampspkeHueM. Jlyis reHepatopa M JIMHUM dJEKTporepenadu ¢as3Hble
HanpsbkeHus (ux Tpu) obosHayarorca Tak: Up, Ug, Uc mmm Uy — Pasnble
HanpsOKEeHUs Harpys3ku obo3navarores tak: Ua, Ub, Uc

Hanpsoxkenus mexay aBymsi Hauanamu (a3 renepartopa (Wi AByMsl Hayalamu
dba3 Harpy3ku) WIM MEXIy JABYMs JMHEHHBIMM MPOBOAAMH HA3bIBAIOTCS
JUHEHHBIMU U 0003HAYAIOTCS [JIJIsl TeHepaTopa U JUMHUU 3ekTponepenaun: Uag,
Ugc, Uca, mim Ui, mist marpysku Uab, Ubc, Uca.

PaccmarpuBas moouepeano koHTypel abn, bcn, can (puc.8.2) mo BTOpOMY
3akoHy Kupxroda nuHelinbie HanpsH>KeHUs! paBHBbI

Uae=Ua-Us
Ugc =Us-Uc (7)
Uca=Uc- Ua

[Tonp3ysch 3TUM COOTHOILIEHHEM, TIOCTPOUM BEKTOPHYIO Auarpammy (puc.8.3a)

HaIPSHKEHUM U1 CAMMETPUYHOM Harpy3KH.

-Ub
Uah
Ua
; U Ut oo
Ur 30° n
2 Ub ~Ur p
b
Ura bhe
b

Puc. 83

N3 puc.8.3a BugHO, 4TO ‘“3Be374a” JIMHEHHBIX HAMNPSHKEHUN OIEpPEkKAET
“3Be3my” ¢as3Hbix Hanpspkenui Ha 30°. Orcrona u3z Ankb:
Ugc/2Ug=30° Ugc=V3*Ug, 1.¢. U,=V3*U,, (8)
[Ipy HanMuMM HEUTPaTbHOTO MPOBOJA YCIOBHE (8) BBINOJHAETCS Kak MpU
CUMMETPHYHOM, TaK W TpU HeCMMMeTpuyHOM mpueMmHuke. Ha Puc.8.3b
NPUBEICHBl BEKTOpHAs AuarpamMma (asHbIX HaNpsHKEHUHW W Tomorpaduyeckas
JrarpaMma JIMHEWHBIX HaNPSIKCHUN.



daznbie K0P UITUEHTHI MOIIHOCTH PABHBIL:
cos 9,=R./Z, ; cos ¢,=Ry/Z, ; cos ¢.=R./Z. 9)
I€ Qa Qp, O. Yl caBUra (a3 Mexay ¢GasHbIMU HAnpsDKEHUSMU U (a3HbIMU
TOKaMHU.
[Ipn cuMMeTpUYHON HATPY3KE :
L=1=1=1,=Uo/Z, (10)
COS (,= COS @,= cos P =Ry/Z;

Tok B HeiitpanbHOM npoBoje Iny=0, mosToMy N5 MOAKIIOUEHUs TpeX(Pa3zHbIX
CUMMETPUYHBIX YCTAHOBOK (HarpeBaTENbHBIX I€YEH, CYIIWJIBHBIX YCTaHOBOK ,
IIEKTPOJABUTATENE M  JAPYrMX CUMMETPUYHBIX YCTAHOBOK) IPHUMEHSETCS
TPEXIPOBOAHAS Lenb. [l OCBETUTEIBPHOM HArpy3KM HAJIMYKME HEUTPAIBHOIO
IpoBO/Ia 0053aTeIbHO, TaK KaK MOYTH MOCTOSHHO COXpaHsAeTcs HecuMMeTpus. B
HEUTPAJIBbHOM NPOBOAE B YETHIPEXIPOBOJHOM OCBETUTEJIBHOM CETH 3allpellcHa
YCTaHOBKA TMpPEAOXpAaHUTENIEH WM BBIKJIIOYATENIed, TaK Kak NpPH OTKIIOYECHUU
HEUTpaJIbHOTO MPOBO/Aa (ha3HbIE HANPSHKEHUS MOTYT CTaTh HEpaBHBIMHU. B omHMX
dazax HanpspkeHue Oyner OoJibllleé HOMHMHAJIBHOTO, B JPYIMX — MEHBIIE
HOMHUHaIbHOTO. B 000MX ciyyasix BO3MOXXEH BBIXOJ MpUEMHUKa U3 cTpos. llpu
ATOM HapyIIAETCS LUEMb 3alUTHOTO 3aHYJICHUS.

Bekropnas nuarpamma HanpsKeHUM M TOKOB IPU CUMMETPUYHOM aKTHUBHO-
VWHIYKTUBHOM Harpy3ke NnpuBeeHa Ha puc.8.4

Puc.8.4

[Ipy HeCHMMETPUYHOM NpUEMHUKE, Hanpumep : Z,#Zy#Z; COOTHOIIECHHE
;=14 coxpansieres, a cootromrerne U,=V3*U,, Hapymaercs.

Ha puc.8.5 noka3zana BeKTOpHas fuarpaMma Ipy yBEIMUEHUU Harpy3Kku B (paze
«a», TO ecTh Npu Z,<Z,=Z;, Harpy3Ka aKTUBHAasl.

Ha puc.8.6 - BekTopHas nuarpaMma KOPOTKOTO 3aMblKaHUs (a3bl “a”, 4To
COOTBETCTBYET MEPEMEIICHUIO HEUTpaIbHOM TOUKH N B TOuKy a, 1 Ua=0, Z,=0.

Ha puc.8.7 - BekTopHas auarpamma Jjsi ciiydas oOpbiBa ¢aszbl A, 4TO
COOTBETCTBYET Z,=00 HEUTpaJibHasg TOYKa N TMEPEMECTUTCS Ha CepeAuHy
MHelHOro Hanpsykenns BekTopa Uy (N'), Toraa Hanpsokenust Ha pazax “b” u “c”
OynyT

Ub=Uc=UbC/2=Ua/2 (11)



Puc. 8.5 Puc. 8.6

AKTHBHasi MOIIIHOCTh (Pa3bl MpU COCAMHEHUU HArpy3KH ‘“3Be3/0M~° Halpumep,
¢da3sl a, paBHa:
P,=U,l;cos0.
AKTUBHas W pEaKTHBHAs MOIIHOCTU TPUEMHHUKOB Tpexda3HOW Uenu Mnpu
HECUMMETPUYHOU HAarpy3Ke paBHBI:
P=P,+P,+P,
Q=+Q, £Qy £Q;
J1Jist peakKTUBHOM MOIITHOCTH 3HAK + MPU MHIYKTUBHOM XapaKTepe Harpy3KH,
3HaK — MPU EMKOCTHOM XapaKTepe Harpy3KHu.
[TonHast MOLTHOCTH Tpex(da3HOM LENU MPU HECUMMETPUYHON HArpy3Ke paBHa:

S=4P%?+Q?

[Ipy CUMMETPUYHOW HArpy3Ke MOJHAs, aKTUBHAS W PEAKTHBHAS MOIIHOCTH
PHEMHHUKOB TpeX(a3HO# e COOTBETCTBEHHO PABHBI:
S=3*U;*l;; P=V3*Uj .y «COSQqp ; Q=\/3*UH*IH *sinQg
N S=3qu = 3qu*|qp ; P=3P@=3qu *qu *COS(Pq) ; Q:\/B*UH*IH *Sin(Pq)



METO/IUKA SKCIIEPUMEHTA.

B pabote usmepeHus 3J1eKTpUYECKUX BETUYMH MPOBOASTCS C TOMOIIBIO
npuOOPOB HEMOCPEJACTBEHHON OlleHKUM. Ha cTeHjgax yCTaHOBJIEHBI aMIIEpMETPhI
JUIsL BKIIFOUEHHUS B Kaxayro (azy. [ns u3aMepeHus TOKa B HYJIEBOM IPOBOJE Ha
CTEeHJaX YCTaHOBJEHBl OTAeiabHble mnpubopsl. Ha puc.8.8 mnpuBeneHa
MPUHIUANHATBHAS CXeMa JJabopaTopHO pabOTHI.

K xnemmam A, B, C u N noasoautcs Hanpspkenue 36 B oT Tpexdaznoro
MOHIDKAIOIIETO TpaHc(opMaTopa, COEIMHEHHOTO o0 cxeMe ‘“3Be3na’/ ‘“3Be3ma” ¢
HYJIEBO Toukoi ¢ HanpsbkeHuem 380/36 B.

[TpuGopsr Al..A7 u V u3MepstoT TMHEHHBIE U (pa3HbIE TOKU W HarpshKkeHus. B
KaueCcTBE Harpy3ku TpexdazHoil menu ciryxat Jamiibl HakanuBanus ¢ U,,,=36 B,
P.ov=40 BT, Bkmrouaemsie TymoOnepamu SAL1-SA3.

N3menenne  Harpy3kw  peryjqupyeTcs  YHCIOM  BKJIIOYEHHBIX  JIAMII
HaKaJIMBaHUs B KaxJaod ¢aze. OOpbIB (a3bl OCYIIECTBISETCS OTKIIOUYEHUEM
tymbsiepa SA4. KopoTtkoe 3aMbIkaHUE TIPOBOJUTCS MYTEM COEAMHEHUS MPOBOJAOM
Hayaja M KOHIA OJHOW u3 (a3 TOJBKO B TPEXIpOBOAHOM uenu. M3yueHue
TpexdazHoi enu POBOUTCS o cxeme CTEH/IA.

\?ﬁw

él a1 - GF4

ASBBL BN

! @s ! 44
[}

20
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\ SAT \ SAZ \ A7

PERAY B

Puc.8.8

C

TPEBOBAHMUSA BE3OITACHOCTH TPY JIA.
1. BxitouaTh CTEH]I B CETh TOJIBKO C PA3PELICHUS MPENO1aBaTENs.

2. Bo BpeMs paboThI CTeH/1a HE MPUKACATHCS K KIEMMaM.
8



3. He mpoBoanTe HUKAKUX PEMOHTHBIX pabOT HA CTEHJE, O HEHUCIPABHOCTH
JIOJIOKUTE TIPETIOIaBaTelIIo.

He xacaiiTech 1aMn HaKaJIMBaHUSI BO BPEMsI M ITOCJIE UX PaOOTHI.

He ocrapinsiiTe paboTtaromuii cteH ] 6€3 nprucMoTpa.

o b

MNOPAAOK BBIITIOJIHEHUSI PABOTDI

[TpuGops! 1 NPUHAIEKHOCTH.

Brikirouenme creHia ocyecTBiIsieTcs MakeTHBIM BhikimtouatesneM QS, Puc.8.8.
Hasnauenne npuOopos :

A4 — amnepMeTp ISl USMEPEHHUS CUIIBI TOKA B HYJIEBOM IIPOBOJIE;

AS, A6, A7 — ammiepMeTphl AJIs K3MEPEHUSI CUJIbI TOKA B (aszax a, b, C;

V — BOJBTMETp AJIsl U3MEPEHUSI TUHEHHBIX U (Da3HBIX HAMPSKEHUN LETH;

1. O3HakoMbTECH C JTaOOPAaTOPHBIM CTEHIOM. HaliiuTe ceTeBoi BBIKIIOYATENb,
TyMOJIEpBI JOMOJHUTENBHBIX HAIPY30K.

2. Cobepute cxeMy COSIMHEHHS Harpy3KH 3BE3[I0M C HYJIEBBIM IPOBOIOM.
MoHTaXHblE CXE€MBI OMbITa MPUBEAEHBI Ha cTeHje. [lokaxuTe coOpaHHYIO
CXeMy JUIsl MPOBEPKHU MPENOIaBaTeII0 I J1a00paHTy.

3. 3anumuTe TEXHUYECKHE IaHHBIE MPUMEHSEMBIX NpuOopoB. Brikmtouute
CTeH]l U yCTAaHOBUTE CUMMETPHYHYIO Harpy3ky ¢a3. TymOmepsr SAL, SA2,
SA3 nmomxHBI OBITH OTKIIOUEHBI, TymOJep SA4 B HCXOAHOM COCTOSIHUH
JIOJKEH OBITH BKJIFOUEH.

[lo moka3zaHusiM amnepMmeTpoB B (a3zax yOeauTech B PABEHCTBE TOKOB B

¢azax, a Tak ke B OTCYyTCTBHM TOKa B HyJIEBOM IpoBoje. M3MeprTe (asHbie u

JUHEeNHbIe HanpsbKkeHus. [lannbie 3anummmTe B Ta0m. 8.1
Tabnuua 8.1

Pexum N3mepeno Brrancieno

Harpysku | 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 | OMm | OMm | Bt

Hccnenyiite Harpy3ky B YETHIPEXIPOBOJHOMN LEMUM B HECUMMETPUYHBIX

peXHUMax, MPOJIEiaB CICAYIOUIUE OIBITHI:
yBEIUYbTEe (YMEHBIIUTE) HATPY3KY B OAHOHN u3 (a3 (Hanpumep, “a”) ;
TO K€ B IBYX (pa3zax;
0oOpbIB 0/1HOM U3 (as3.

Hccnenyiite TpeXnpoBOJIHYIO LEMb, TO €CTh 0€3 HEHTPaJIbHOrO MPOBOJA.
JJis 5TOTO BBIKITIOYUTE aBTOMATHYECKHi BhIKItoYaTens QF4 B memu HyneBoro
IPOBOJIA U MIPOAETIANTE CIEAYIOIIHNE OTbITHI:

CUMMETpHUYHAs Harpy3ka ( Tak »*e, Kak IyHKT 3 );

yBeIU4YbTe (YMECHBIIUTE) HATPY3KY B OAHOMN U3 (a3 (Hanpumep, “a”) ;
TO K€ B JIBYX (pazax;

KOPOTKOE 3aMbIKaHUE OJJHOM U3 (a3.

B cootBerctBuM ¢ gaHHbIMEH Tabn. 8.1 1UIsi BCeX OMBITOB IOCTPOMTE
BEKTOPHBIE IMarpaMMbl TOKOB U HanpsokeHui. Crenaiite BBIBOIBI 11O paboTe
no opme, mpuBeaeHHOI B TabopaTopHoi padoTe Nel( HacTosIero
PYKOBOJICTBA.



OBPABOTKA PE3YJIbTATOB 3KCIIEPUMEHTA.

B pabote npoBoasaTcs mpsiMble, OJHOKPATHBIE U3MEPEHHS, TOUHOCTh KOTOPBIX
OIIEHMBAETCS KJIACCOM TOYHOCTH m3MepurtesbHoro npoodopa (U, Uy, Unn, lo, 1,
In). PesynbTaT n3mepenus BeipakaeM JIByMs yuciamu, Hanpumep: 1=4.00 £ 0,05
A, tne 4.00 A — 3HaueHue wusMepsemout BenumuuHbl, 0,05 A — aOconroTHas
MOTrPeIHOCTh u3MepeHusi. OIEHKY TOYHOCTH MUHHUMAaNbHBIX 3HaueHUU Uyp, Inn
MPOBECTH 1O (HOPMYJIE OTHOCUTEIHLHOU MOTPEITHOCTH:

O =+ K(Xn/X) ;

rae K — kirace Tounoctu mpubopa ;

XN — HOpMHUPYIOUIUE 3HAYEHUSI U3MEPSAEMON BEJIMYMHBI (BEPXHUI Mpeaen
HIKaJIbI TpUdopa);

X — 3HaYCHHE U3MEPSEMOIl BETMUNHBI.
Pe3ynbTarsl u3mepenuii 3anumuTe B Ta0. 8.2.

Tabmnura 8.2.

N3mepenHbie Unn Inn
3HAYEHHUS B
eINHULIAX

5, %

BbluepunBanue 3J€KTPUYECKUX CXeM NMPOU3BOaUTCS B cooTBeTcTBUU ¢ ['OCToM.
[TocTpoeHne BEKTOpPHBIX U TOHOrpadUyYECKUX JuUarpaMMm MPOU3BOAMUTCS B

Macuiraoe.
BOITPOCHI AJ1s1 CAMOITPOBEPKU.

1. Kaxoga 11e16 paboThl U KaKOB TIOPSIOK €€ BBITIOTHEHUS ?

2. M3oOpa3uth cxeMy ombITa C BKJIOYEHHEM Bcex NpuOOpOB. YKazarhb
Ha3HAYCHHE BCEX MPUOOPOB.

3. Hammcarp popmysibl cBsI3U TMHEWHBIX TOKOB U HAMPSDKEHUN ¢ UX (a3HBIMU
3HAYEHUSIMU TPU CUMMETPUYHOW HArpy3ke MpU COCIUHEHUU B ‘‘3BE31Y .
Kak onpenensitorcst BeMUYUHBI COS (9, COS @p, COS @¢, Po, Pa, Pg, Pc, P, Q, S?

4. PacckazaTh 0 MOpSJKE MOCTPOCHHSI BEKTOPHOM AMarpaMMbl HAPsDKEHUM U
TOKOB JJIsl aKTUBHOM Harpy3KH.

5. KakoBo Ha3zHaueHue HysneBOro mnpoBoja? B kakux cilydasx Mo HyJIeBOMY
MPOBOJTY MPOTEKAET TOK U KaK OH ONpeesieTcs?

6. M300pa3uth cxeMy COCIMHEHUS Harpy3Ku ‘“3Be3/10M”° M BKIIOUUTH MPUOOPHI
JUTSL I3MepeHus (Da3HBIX U JIMHCWHBIX TOKOB, TOKa B HEUTPAJIHbHOM IPOBOJIC.

7. Tlouemy B HyJIEBOM MPOBOJ HUKOT/IA HE CTABAT MPEAOXPAHUTEIH?

8. M3oOpasute BEKTOPHYIO JUArpaMMy HaNpsHKEHUN W TOKOB MIPH YBEITHYCHUH
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Harpy3K OJIHOM u3 (ha3 4eThIPEXIIPOBOTHOM IIETTH.




9. N3oOpasute BEKTOPHYIO AUArpaMMy HAIMPSHKEHUH W TOKOB IIPH YBEIIMUCHUN
Harpy3KH B ABYX (a3ax 4eThIPEXMPOBOTHON LIETIH.

10.M300pa3ute BEKTOPHYIO JauarpaMMy HaNpsiKEHUW W TOKOB INpU OOpBIBE
OJTHOTO W3 JINHEHHBIX TPOBOJIOB B YETHIPEXIIPOBOIHOM IICTIH.
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obpamenus: 15.09.2023). - Pexxum gocTyma: mo moamucKe.
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anekTpoHHbiit. - URL: https://znanium.com/catalog/product/2030904 (mara
obpamenus: 15.09.2023). — Pexxum octyna: 1o moAmnucke.

7. Mapkenos, C. H. DnekTpoTexHHKa U 3JIEKTpOHUKA : yuyeOHoe nocodue / C.
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anektpoHubiii. - URL: https://znanium.com/catalog/product/982772 (marta

oOpamenust: 18.09.2023). — Pexxum goctyna: 1mo momuckKe.



JlabopaTtopHas pabora 4.2.
TPEX®A3HBIE LIEITHN.
COEIMHEHUE HATPY3KHU TPEYTI'OJIBHUKOM

Lenps paboOThI: U3YUHUTH LENb TPeX(Pa3HOro TOKA MPU COSTUHEHUN TPUEMHUKA
TPEYTrOJIbHUKOM B CAMMETPUYHOM U HECUMMETPUYHOM PEKUMAX.

OCHOBHBIE ITIOHATUA.

CoenunenueM ¢a3 B TPEYroJbHUK  HA3bIBAETCS TAKOE COEAMHEHHUE, TPHU
KOTOPOM Hayajio OAHOU (a3bl COSAUHSIIOT C KOHIIOM BTOPOM (ha3bl, HAYaJI0 BTOPOU
ba3pl COCTUHAIOT C KOHIIOM TpeTheil (pa3bl, HAYaIO TPETher (a3bl COCTUHSIOT C
KOHIIOM TiepBoi ¢ha3pl. K 00mmM ToykaM COEIWHEHHMS Hadajl M KOHIIOB
NPUCOEIUHAIOT JUHEIHbIE TpoBoAa. J[Ba crocoba rpaduyeckoro npeacTaBiIeHUs
COEMHEHHUS TI0 CXEeME TPEYTrOJIbHUK MOKa3aHbl Ha puc. 9.1a u 9.16.

A
B
A
a
a
/[ Jra Zab
: v N
X
a §)
Puc. 9.1 11

PaccmoTpuMm cxemy coenuHeHus (a3 reHepatopa B 3Be3Ay M (a3 mMpHUEMHHKa
AIIEKTPUYECKON PHEPIUU B TPEYrOJbHUK, Puc. 9.2.

Y /i (—L— b
*U&‘ﬁ
=

Puc. 9.2
W3 cxembl BUIHO, YTO €CJIM CONPOTUBIICHUS JIMHEHHBIX MPOBOJIOB paBHBI 0, TO
(da3HbIC HANpsDKEHHUS TpPUEMHUKAa OyIyT PaBHBI COOTBETCTBYIOIIMM JIMHCHHBIM



HalnpsoKeHUsIM — TeHepartopa, To ecTth Ugp=Uj. @a3zHoe HamnpsskeHue mpu
TpeyroyibHuKe B 1.73 pa3a Gonblie, yeM dazHoe HAMPSKEHUE TIPU 3BE3IE.
[IpUHATBIM ~ YCJIOBHBIM  MOJIOKUTEJIBHBIM ~ HAIIPABICHUSM  JIMHEHHBIX
HanpspkeHui (puc.9.1) cOOTBETCTBYIOT YCIIOBHBIE MOJOKUTEIbHBIE HAMPABIICHUSA
TOKOB; TOKHU B (pazax paBHBI:
l@:gab/ Zab , lbc:gbc/ Zbc , lac:gac/ Zac (1)
Jlnst y31oB &, b, € (puc.1) 1uHEiHbIC TOKY 10 IepBoMy 3akoHy Kupxroda paBHBI :
lA:lab'lca;
lB:lbc'Iab ) (2)
lC:lca'lbc;
Jlnst cammeTpudHo# HArpy3ku Zyy=2Zpc=Zc, dazabie TOKU lp=lp.=l, umeroT
OJIMHAKOBBIA YTOJ ¢ K (pa3HBIM HAMIPSHKCHUSIM.
Ha puc.9.3 npuBeneHbl BEKTOpHbIE AUArpamMMbl HANpsDKEHUW U TOKOB MPH
CUMMETPUYHON HArpy3Ke, COEIMHEHUN TPEYroJbHUKOM (Harpy3ka (a3 aKTUBHO —
WHIYKTUBHAsI).

ch

12 Puc.9.3

W3 nuarpamMmbl ClieyeT, 4TO NMPH CHUMMETPUYHON HArpy3Ke COOTHOIICHUEC

MKy (ha3HBIMH ¥ JTMHCHHBIMHA TOKAMU PABHO :
|7=V3*1,
PacueT TokoB BeAyT aisi oHOM (pa3bi:
lo=Uo/Za u 1=V3*1g

B ciydae HECHMMETPUYHON HArpy3Kd, HAlpPUMEp YBEIMYCHHE HArpy3KH B
daze ab (Z;p<Z,.=Z., ), ToK B da3e ab Bospacraer, B AByx Apyrux (aszax bc u ca
OyZzeT npexHuM, To ecThb lp>1p=lc. Ha puc.9.4 npuBenena BekTopHas auarpamma
3TOTO CITydasl.



Puc. 94

[Tpu yBenmaenuu conpotuBiieHus $aspl “DC” 10 OECKOHEYHOCTH, YTO
COOTBETCTBYET OOpBIBY 3TOH (ha3bl, TOK B Hel |,.=0 1 ypaBHeHUs (2) 3anumryTcs B
BUJIE:

lAzlab'lca ;

Ig="la; 3
lCzlca ;

BekTopHas nuarpaMma 3TOro ciydast JaHa Ha puc.9.5
B cinydyae oOppiBa 0OHOTO M3 JIMHEHHBIX MPOBOJOB (HampuMmep, mposoaa A)
LEIb CTAHOBUTCS OJHO(A3HOM C ABYMS MapaJlICIbHBIMU BETBAMHU, HAXOASAIIUMUCS
oA HanpsikeHueMm Uy.
Tax kak Zay=2Zbc=Zca, TO lea=1ap=0,3lpc ; Ib=lpctlap 3 1= - Ip.
BexTopnas nuarpamma juist 00peIBa TUHEHHOTO MpoBoa (a3el JaHa Ha puc.9.6

v

A
e

Puc.9.6
MOHIHOCTI/I HpI/ICMHI/IKOB AJIA COCAMHCHUA TpGyFOJIBHI/IKOM.

13
AKTHUBHas MOIHOCTh KaxaoW (a3pl TpU  COCAMHEHHH  HArpy3Ku
TPEyroJbHUKOM, Hampumep, Gassl ab, paBHa : Pyp=Uzp*|n*COS @qp
AKTHUBHas, peaKTUBHAS ¥ TIOJTHAS MOIIHOCTH MIPUEMHUKOB Tpex(a3zHOoH 11enu
IIPU HECUMMETPUYHOUN HArpy3Ke PaBHHI :

I:>=Pab'|'Pbc'|'Pca: Q= iQabinccha S= v PZ + Q2
I[Ipy cuMMmeTpuuHOW Harpy3ke akTHBHasi W pPEaKTUBHAs MOIIHOCTH
MIPUEMHHKOB Tpex(ha3HOU 1eNy PaBHBHI :
P=3P4=3U+ly+cosqo
Q=3Qy=3Uy+lp+sin@q,

01051



P=v3Uj;» | 1+C0S @
Q=V3Uj:15:5iN @
[Tonnas MomHOCTh Tpex(a3HOW LENH MPU CUMMETPUYHON Harpys3Ke:
S=3Se mm  S=\3*Uy*I;
ITonHas MomHOCTH Tpex(da3HOM Leny NP HECUMMETPUYHOM Harpys3Ke:

5= 7207

METOIUKA S5KCITIEPUMEHTA.
Onwucanvie pabOTHI CTEHIA CMOTPUTE B JIAHHOM pas/ieiie MPpeabLIyIIed padoTh
(Ne 8)
OOpsIB (ha3bl OCYIICCTBIACTCS OTCOCAMHEHHUEM MPHEMHHKA B TOYKe @, b mim
c. I3amepeHne HanpsoKeHUsT IPOU3BOIUTCS BOJIBTMETpOM V.

TPEBOBAHMUS BE3OITACHOCTHU TPYJIA.
CMoTpuUTe COOTBETCTBYIONIUN pa3iel JadopatopHoil padboTer (Ne §)

MHNOPAAOK BbBIITIOJIHEHUSA PABOTDI.
[TpuGops! 1 NPUHAIEIKHOCTH :

Onucanue pabOTHI CTEH/IAa JaHO B MIpebLayIei JabopatopHoil padote (Ne 8).
Hasznauenue mpubopos :
Al, A2, A3 — aMnepMeTpsl Jisi U3MEPEHUS TUHEUHBIX TOKOB;
A4, A5, A6 —ammnepmeTpsl 4 u3MepeHus Ga3HbIX TOKOB;
V — BOJNIBTMETp AJ1 U3MEPEeHUS (a3HBIX U JTUHEHHBIX HAMPSIKEHUS;

1. O3nakombTeCh C TAOOPATOPHBIM CTEHJIOM, HAMIUTE CETEBOM BBIKIIOYATEb,

TyMOJIepBI BKITIOUEHUS — OTKIIFOUEHHUSI IONOJTHUTEIBHBIX HAarPy30K

2. Cobepute cxeMy COCTMHECHHS Harpy3Kd B TPEYrOJbHUK. MOHTa)XHask cxeMa
npuBesieHa Ha cTeHie. [lokaxkuTe cxeMy AJisl IPOBEPKU MPENOIaBATENI0 UITU
Ja00paHTy.
3anuuuTe TEXHUYECKUE JaHHbIE TPUMEHSIEMBIX MPHUOOPOB.
BxutounTe CTEHJ U YCTAaHOBUTE CUMMETPUYHYIO Harpy3ky ¢as. TymOuepsl
SA1, SA2, SA3, no yka3aHWIO TPEMoAaBaTeNs, TOJDKHBI ObITh OTKITFOUCHBI,
an6o BiItoueHbl. TymOnep SA4 B MCXOTHOM COCTOSSHHHM JOJKEH OBITH
BKJIFOUEH.
14

[To mokazaHusiM amMmepMeTpoB yOeauTeCh B PaBEHCTBE TOKOB B (hazax u

JIMHEWHBIX MpPOBOAax. JlaHHBIE M3MEPEHUM TOKOB WM HAIPSHKEHUH BCEX

onbITOB 3armumuTe B Tabdha. 9.1. B rpade “Pexxum Harpy3ku” yKakuTe

PEXKUM HArpy3KH (CUMMETPUYHAS UM HECUMMETPUYHAS).
5. BreimonHUTE CleAyONIME ONBITH TPU HECUMMETPUYHOM HArpy3Ke:

- yBEJIMYEHHE HArpy3Kku B OJHOU U3 ¢a3

- yBEJIMYEHHE HArpy3KH B JIBYX (azax

- 00psIB (ha3HOTO MPOBOJA

- 0OpBIB IMHEIHOrO MPOBOAA

B w



Tabmuma 9.1

Pexum N3mepeno Beruncieno
Harpys3ku | Uab, | Ubc, | Uca, | la, | Ib, | Ic, | lab, | Ibc, | Ica, | Pab, | Pbc, | Pca, | P,

B B B B |B |B |A A A Br Bt Bt Br

OBPABOTKA PE3YJIbTATOB DKCIHEPUMEHTA.
B pabGore o00paboTka pe3ynbTaTOB »AKCIEPUMEHTA MPOBOJUTCS B

COOTBETCTBHUHU C COOTBETCTBYIOIIMM PAa3leiIOM Mpeblayliell padboThL.
Cnenaiite BIBOMIBI IO paboTe 1o ¢hopMe MPUBEICHHON B JIA0OPAaTOPHOU padboTe
Nel0 Hacrosiiero pykoBoJCTBa.

BOITPOCHI IJ151 CAMOITPOBEPKU.
KakoBbl 1enu paboTel W MOPSAOK €€ BbIMONHEHUsA? OTBET MOSICHUTH IO
cxeme J1abopaTopHOi pabOTHI.
N300pa3uTh cxemMy oOmbiTa C BKIIOYEHHEM BceX MNpuOOpoB. YKazaTh
Ha3Ha4YEHUE BCEX MPUOOPOB.
Hanucate hopmyny cBsi3M TUHEHHBIX TOKOB M HANPSXKEHUU ¢ UX (pa3HbIMU
3HAQYCHUSIMU TPU CUMMETPUYHOW U HECHMMETPUYHOW Harpy3kax IpHu
COCIMHEHMM Harpy3ku B TpeyroibHuk. Kak onpenensitorcs ¢asHble
MOIITHOCTH, MOIIIHOCTH Bcel TpexdazHoit renu?
KakoB mops10k nmocTpoeHus: BEKTOPHON JWarpaMMbl HANPSKEHUN U TOKOB
JUJIS aKTUBHOM Harpy3Kku?
N3006pa3uTh BEKTOPHYIO AHMArpaMMy HAMpsKEHUN U TOKOB MPU YBEIUYECHUHU
Harpy3Kku B 0JIHOH u3 (a3s.
N300pa3uTh BEKTOPHYIO AHMArpaMMy HapsKEHUH U TOKOB MPU YBEIUYECHUU
Harpy3Kku B JABYyX (azax.
N300pa3uTh BEKTOPHYIO AMArpaMMy HaIpsSKEHUH U TOKOB IpU OOpBIBE
¢da3HorO NMpoBoja.
. Bo ckonbko pa3 u3meHsieTcss pa3Hble U JIMHEIHbIE TOKU M HAIMPSOKEHUS NpU
MEPEKIIFOYEHNN CUMMETPUYHOM HATPy3KU CO “3BE€31bI” HA “TPEYTOJIbHUK ?
OTBeT MOSICHUTH Ha MPUMEPE JAHHBIX, MOJYYECHHBIX MNPU HCCIEIOBAHUU
Harpy3Ku, COSTUHEHHOMN B “3Be3/y’ MO Mpenplaylei 1adopatopHoil padorte.
. Bo ckonbko pa3 HM3MEHATCS MOIIHOCTH IpU [EPEKIIOYEHHH CXEMBbI
Harpy3ku co ‘“3Be3ibl” Ha “TpeyrojibHUK ? OTBET MOSCHUTh HA IPUMEPE
JAHHBIX, TIOJIYYEHHBIX B IPEAbLAYLIEH J1abopaTopHO paboTe rpu

CUMMETPUYHON Harpys3Ke.
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10.ITocTpouTh BEKTOPHYIO JgUarpaMMmy TOKOB W HaNpsbDKEHUH NHpu 0OpbIBE

JIMHEHHOTO IMpoBOJa.
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(Beiciee oopazoBanue: bakanaspuar). - ISBN 978-5-16-014451-1. - Tekcr:
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JlabopaTopnasi paGora 4.3.

W3YUEHUE TPEX®A3HOMU IEINU ITPU COEIVUHEHUU ®A3
IHNPUEMHUKA 3BE3/1I0U U TPEYI'OJIBHUKOM

[enp pabGoThl: M3yuuTh LENb TPEX(Pa3HOTO TOKAa MpU COeAUMHEHHH (a3
NpUEMHMKA CHAaYajla 10 CXEME «3BE311a», 3aTeM II0 CXEME «TPEYrOJIbHUK» B
CUMMETPUYHOM U HECUMMETPUYHOM PEKUMAX.

OcHOBHBbIC IOHATHSA.
CMOTpH COOTBETCTBYIOIINE pa3zeiibl T1abopatopHbix padboT Ne 4.1, u Ne 4.2.

MeToauka IKCepUMeHTa.

JlaGopatopHass paboTa TPOBOJUTCS HAa CTEHJE, OINHUCAHHE KOTOPOTO
MPUBOJUTCS HA CTpaHUIle 9 JaHHOTO PyKOBOACTBA. Jjisi BBIMIONIHEHUS] pabOTHI, B
y4eOHOU TrpyIine mpenojaBaress GopMupyetr 4€THoe uucio Opuran (2,4 wim 6).
[Tpu sToM Heu€THBIC OpUTaIbl BBHITIOIHSIIOT CHavana paboty Ne 8, a u€tHbie - No 9.
3atrem Opuraapl OOMEHMBAIOTCS  MECTaMH, U YK€ Ha COOpaHHBIX CTEHIaX
BBHITIOJIHAIOT paOOTy COOTBETCTBEHHO: HeueTHbie Ne 9, yetHbie - No 8. Ilopsmok
MOCTAHOBKM OMBITOB B JiaboparopHoit pabore Nel() Takoil ke, Kak u
naboparopHbix padotax Ne 8 u Ne 9, Ho mo cokparnenHol cxeme. Mccnenyrores 3
Tpexdazubix uenu:l.YeTplpexnpoBogHas Lienb NOpU COeAUMHEHHE (a3 Harpys3Ku
3Be3q0i; 2. TpexnpoBogHas Lenb Npu coeAMHEHUHU (a3 HArpy3Ku 3Be3n0il. 3.
TpexmpoBoiHas ULENb OPU COEAUHEHUM (a3 HArpy3Kd B TpeyroibHUK. [l
KOKIOM LeNu BBINOJHAIOT 2 peKuMa Harpy3kd :@ a) CHUMMETpUYHAas ;
0)HecUMMeTpHUYHasl (HallpuMep YBEJIIMYEHUE Harpy3ku B ofgHoW u3 (a3z). Taxum
o0pa3oM, BHIMONHIETCS 6 OMBITOB. TpeboBaHusl 0E€30MaCHOCTH TpyZda Takue Ke,
KaK B COOTBETCTBYIOLIEM pa3jiene JaboparopHoii paboTsl Ne 8.

Iopsinok BbINOJTHEHUS PA0OTHI :

1. O3HakombTECH C JIabOpaTOPHBIM CTeHI0M. HaliiuTe ceTeBoii BBIKIIOYATENb,
TyMOJIephl BKJIIOYEHHS JOMOJHUTEIBHBIX HArpy30K (JlaMIl HaKaJTWBaHMUS)
SAL....SA3, xoTopbI€ TOJDKHBI OBITH OTKJIIOUEHBI, TyMOJIEp OTKIIOUCHUS

da3el SA4, KOTOPHIN JOKEH OBITh BKIIIOUEeH. AMnepmeTpsl Al, A2, A3,

NpelHa3HAYeHbl [JI U3MEPEHUs JIMHEWHBIX TOKOB MpU coeAuHeHuu ¢a3

IPUEMHUKA B TPEYroJbHUK. AMnepMeTp A4- 1Jid U3BMEPEHHs TOKa B HYJIEBOM

IIPOBO/JIE YETHIPEXNPOXOAHOM enu. Amnepmerpol AS, A6, A7.- niid usmepeHus

(a30BBIX TOKOB KaK MpHU COeTUHEHUH (a3 Harpy3KH 1O CXeMEe «3Be3/a», TakK Mo

CXEME «TpEeyroJbHUK». [ m3Mepenust Gpa3HbpIX U JIMHEHHBIX HANpPsHKEHUN Ha

cxeme umeercst BoabTMeTp Ha 50 BoabT. I U3MepeHUsl HalpSHKEHUS MEXIY

HEUTpaJSIMU T€HepaTopa M HAarpy3kd Ha CTEHAE HMMEETCs BOJbTMETp Ha 15

BOJIBT.

2.Cobepute cxeMy omnbiTa. HeueTHble Opurajbl coOUparoT cxemy, Mo KOTOpou
da3pl MpUEMHUKA COEIUHSETCS 10 CXEME «3Be3/la» a YEeTHbIe M0 CXeMe
«TPEeyroibHUK». MOHTaXXHbIE CXEMBbI, IPUBEICHBI HA CTEHAAX.

3. HevyeTHble OpUraabl BHIMOJHSIIOT PaboOTy B CIEAYIONIEM MOPSJIKE :

A. uccnenyercs 4-X mpoBOHAS LIETIb [10 CXEME «3BE3/1a»



OnpiT 1: cummerpuyHas Harpy3ka. B Tabm.l1 maGoparopnoit pabotsr No 8
3aMMUCHIBAIOTCS TOKAa3aHUsS aMIIEPMETPOB U HM3MEPEHHbIC JIMHEWHbIE U (ha3HbIC
HaIpsHKEHUS.

[lo pesynbpTaTam H3MEpeHHUs] TOKOB U HANpPSHKEHUN JeNaeTcs BBIBOJI, (opMma
KOTOPOTO MPUBEJIEHA B KOHIIE JAHHOTO pa3jiena.

Ombir 2. HecumMmeTrpuyHas Harpy3ka. JlJi4 3TOro 1o yKa3aHWIO
npenojaBatesis BKItodaeTcs oauH u3 TymoiepoB SAL.....SA3 1 BHOBb B TaOJIHILY
JTAHHBIX 3aIlMChIBACTCS IMOKA3aHUS aMIIEPMETPOB U BOJIBTMETPOB M B BBIBOJIBI
3aMUCHIBAIOTCS PE3YJIBTATHl HAOIOICHHM.

b. Uccnenyercs 3-X mpoBoIHAS LIETIh PY COSNUMHEHHUH (a3 MPUEMHUKA B «3BE3TY»

OmnwiT 3. CuMMmeTpudHas Harpy3ka. JlJist 5TOro BBIKIIOYUTE TYMOJIEp, KOTOPbBIT
ObUI BKJIIIOUCH B OMNBITEC 2 WM OTKIIOYUTHL aBTOMATHYSCKUM BEIKIIOYarelnb QF4,
OTKJIIOYMB TEM CaMbIM HYJIEBOM MpPOBOA. 3amucaTh IOKa3aHUs MNPUOOPOB B
Ta0JIMILY, @ B BBIBOJIAX 3aMMHUCATh PE3YIbTaThl HAOIIOJECHUM.

OneiT 4. HecummerpruyHasi Harpys3ka. Bkirodaercst TOT e TymOyep ,uToO U B
onbiTe 2. B Tabnuily 3anmuchiBaloTCs IMOKa3aHUs BCEX MPUOOPOB ,a B BBIBOAAX
3aMKMCBIBAIOTCS PE3YJIbTAThl HAOIIOICHHM.

B. Jlanee HeweTHble Opuraabl NepexoisT K CTeHAaM, rie coOpaHa cxema
COeIMHEHHMS (a3 MPUEMHHUKA B «TPEYTOIbHUK.

OmneiT 5. CummeTpuuHas Harpyska. Tymomepsr SAL. . ........ SA3 oTkITIOUYEeHHI ,
TymbOnep SA4 BKITIOUEH.

BxotouuB ceTeBolt BRIKITIOUATENb SA, 3aMUCHIBAIOT MOKA3aHUS aMIIEPMETPOB U
BOJIbTMETpa B Ta0u. 9.1 (cTp.15 HacTosIIero pykKoBOACTBA ) M 3aIIOJHSIOT BBIBOJIBI.

OmneiT 6. HecummerpruuHas Harpy3ka. Toxke ,4TO U B OIBITE 2.

[Tocne 3TOro 3anMchIBa€TCs TEXHUYECKUE XapAKTEPUCTUKHA BCEX MPUMEHSIEMBIX
nprudOpOB.

YerHble OpUraabl NPOBOIAT OMBITHI B cleaytomeM nopsaake: Onsit 5; OnsIt 6;
Onpit 1; Onwit 2; Onelt 3; OnelT 4.

B cooTBeTCTBUM € MOTYYEHHBIMU JAHHBIMH IIPOBECTH PACUETHI U PE3YJIbTAThI
pacyueToB 3amucaTh B TAOJIHUILY B Ipadbl «BBIYUCICHOM.

JI1s1 Bcex OMbITOB MOCTPOUTH BEKTOPHBIE JAMArpaMMbl HAMPSKEHUM U TOKOB B
MacmTabe Ha MIJUITMMETPOBOM OyMmare uin Oymare B KJIETKY.



BriBosib1 110 paborTe.
1. CoeanHeHue a3 npuemMHUKa B «3Be3ay».
A\. 3-x dbasHas, 4-x npoBoAHas uenb ( ¢ HyNeBbIM NPOBOAOM).

OnbIT 1. [Npn cuMMeTprYHON Harpy3ke 3-x dpasHomn, 4-x NPOBOAHOW Lienn, Npu
coeauHeHun a3 NpUEMHMKa B «3BE3AY» HAMWN YCTaHOBIEHO:

HanNps»KeHMs Ha grasax NpUEMHMKa Mexay cobon, namnbl ropsaT ¢ SAPKOCTbIO
(paBHbI UNKU He paBHbI ) ( oaMHakoBOW UnK pasHon)
NMHENHbIE HanNpPsKeHUs ¢asHbIX B pas,
(6onbLue, MeHbLLE) (4ucno)
YTO OTNIMYAETCA OT TeopeTeTUY. Ha %

OnbIT 2. MNpy HECUMMETPUYHOI Harpy3ske B 3-x hasHoi, 4-x NPOBOAHON Lienu, npu
coeavHeHun has B «3Be34y» U3 onbiTa Nony4nnu:
- HaNpsXXeHusa Ha dpasax NpUEMHUKa

(M3MEHWUNUCH UM HET, PaBHbI UMW He paBHbI MeXxay coboi)

- namnbl ropaTt APKOCTbIO
(c oaMHakoBoOW MNK pasHOM SAPKOCTbLIO)
- NINHENHbIE HaNPSXKeHNs dasHbIX B pas
(6onbLue, MeHbLUe) (4mncno)
Taknm obpasom, Hannuue 4-ro nposoaa obecneunBaeT dasHbIX HaNpsKEHUN

1 NO3BONAET BKOYATb B TaKyl CETb
( @) cMMMeTpUYHYt0, 6) HECUMMETPUYHYHO, B) U CUMMETP. U HECUMMETP. Harpys3Kky)

B. 3-x dha3Hasn, 3-x npoBoaHan uenb. CoeanHeHue a3 NPUEMHUKA B «3Be3ay».
OnbIT 3. CuMMeTpUYHaa Harpyska.

(ba3HbIe HarnpsaXeHnd Ha Harpys3ke JTaMrlbl TOPAT C APKOCTbIO
(M3MeHUNUCh Mnun Het) ( oaMHakoBOW MK pasHOoN)

- HyNeBoW NPOBOA, NPU CUMMETPUYHOW Harpy3ske

(obs13aTeneH unu Heoba3aTeneH)
OnbIT 4. HecMmmeTpuyHas Harpyska.
Mpn HecuMMeETpUYHOM Harpyske B 3-x dpasHomn, 3-Xx NPOBOAHON Lienn, Npu coeguHeHun das
B «3Be3ay».

- (pasHble HanpsXKeHUst Ha Harpyske APKOCTb Namn
(oavHakoBble UK pasnuyHbIe) (oavHakoBas Unu pasnuyHas)
- HECMMETPUYHYIO Harpy3ky B 3-X ¢pasHyto, 3-X NPOBOOHYIO Lienb BKMOYaTb

(MOXHO, Henb3s)
2. CoeauHeHue ha3 npMeMHUKa B TPEYrosibHUK.

OnbIT 5.CuMmmeTpryHas Harpyska.
Mpn coegmHeHnn dhas NpUeMHMKa No CXeme «TPeyronbHUK» W3 onblTa YCTaHOBIEHO:
dasHble HanpskeHns MO CPaBHEHWIO C TaKNM Xe PeXNMOM Mo cxeme «3Be3fa»
(yBENMMUMNNCE, YMEHBLUNMNNCD)
namnsl ropat SIPKOCTbIO U Nno CpaBHEHMIO CO CXEMOU «3Be3aa»
( c 0ANHAKOBOW MK pa3HoON ) ( sipye unu cnabee)
JInHenHble TOKN ¢asHbIX B pas, YTo OTNnM4aeTcs OT TeopeTndeckoroHa %
(6onbLue unu meHbLLEe)
OnbIT 6. HecummeTpuyHas Harpyska.
HanpsiokeHnst Ha dpasax Harpysku
(YMeHbLUMNNCL, YBENNYUIINCH, HE N3MEHWUITNCH)
Jlamnbl ropsaTt_c SIPKOCTbIO
(oanHakoBOW, pasHon)
Taknum o6pas3om, N0 Cxeme «TPEYroNbHUK» MOXHO BKMtOYaTb

Harpysky.
(@) cMMMeTpurYHYt0, 6) HECUMMETPUYHYIO, B) U CUMMETPUYHYIO U HECUMMETPUYHYIO)




OO0paboTKa pe3yIbTaTOB IKCIIEPUMEHTA CM. COOTBETCTBYIOIIHK pa3zen ad.pad.Ne

4.1.

Bomnpock! 1151 caMonpoBepKd CM. COOTBETCTBYIOIIUE pazjienibl J1ad. pad.Ne 4.1, u

Ne 4.2.

Jluteparypa:
Ta xe uto u B n1aboparopuoit padote Ne 4.1.

MeToauyeckne yka3aHusi COCTaBUI / o

-

—

=~ JA.C. MocToBoi{/
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