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BBEJAEHHUE

B u3yyeHun TEeXHMUYECKUX AUCHUIUIMH OyAYyIIUM Y4YUTEIEM 3HauyuTeIbHas
4acTh Y4€OHOTO BPEMEHHM OTBOJUTCS Ha JIaOOPAaTOPHBINA MPAKTUKYM.

OcHoBoOI1 1a60paTOPHOI PAObOTHI SIBISIETCS SKCIIEPUMEHT, BBITIOJHAEMbIA Ha
y4eOHOM 00OpYTOBaHUU C JOMYCTUMOM MOTPENIHOCTHIO MOJYYEHHBIX PE3ysbTa-
ToB. [Ipn moAroToBKE yueOHOTO HKCIIEPUMEHTA TPEOyeTCs BBIJICICHUE HECKOIBKUX
OCHOBHBIX Y€pT MPOIIecca WK SBJICHUS, JISKAIIUX B €T0 OCHOBE.

[Tpu BbIMOTHEHNH Ta0OPATOPHBIX PAOOT CTYACHT JOJKEH HAYYUTHCS CaMO-
CTOSATEIBHOMY OBJIAJICHUIO CIIOCOOAMU TMOCTAHOBKH U MPOBEACHUS SKCIIEPUMEHTA,
a TaKk)Ke METOJIaMHU OIICHKH TMOJYYEHHBIX Pe3ylbTaToOB, B pe3yJabTaTe 4ero HopMu-
pYIOTCA CIeAYIONINEe KOMIIETCHIUH:

- CIOCOOHOCTH HCIIOJIb30BAaTh E€CTECTBEHHOHAYYHBIE M MaTEMaTHYECKHE
3HaHUS Uil OPUEHTHPOBAHUS B COBPEMEHHOM HH(OPMALMOHHOM IPOCTPAHCTBE
(OK-3);

- CIIOCOOHOCTH HCIIOJIB30BATh BO3MOXHOCTH 00pa3oBaTeNIbHOM cpeabl IJis
JOCTUKEHUS IMYHOCTHBIX, METAIIPEIMETHBIX U MPEAMETHBIX PE3yJIbTaTOB 00yYe-
HUSL U 0oOecreyeHusl KauyecTBa y4eOHO-BOCHMTATEIBHOIO IpoLEecca CpPeACcTBAMU
npenoaaBaeMbIx yueOHbIX ipeametoB ([1K-4).

[lepen BbIMONIHEHHMEM PabOTHI HEOOXOAMMO, MOMHUMO JAHHOTO MOCOOWS,
O3HAKOMHTBCS C COOTBETCTBYIOIIMM pa3/ejioM Y4eOHWKAa WM KOHCIIEKTOM JIEK-
LU, a TaKXKE U3Y4YUTh JIA0OPATOPHOE OOOpPYAOBAHHE, TPUMEHSIEMOE ISl BBINOJ-
HEHHUS y4eOHOro sKcrmepuMeHTa. Bo BpeMs mpoBeneHus TabOpaTOpHBIX padoT
0c000€ BHUMaHHUE yAETSETCS PalMOHAIBHOMY HCIIOIB30BAaHUIO yU4€OHOTO BpeMe-
HU.

[TomyueHnHbie B pe3ynbTaTe BBHIMOIHEHHS PA0OTHI SKCIIEPUMEHTAIBHBIE U
pacuéTHble JaHHBIE 3alMCHIBAIOTCS B TAOJHUIBI, OTYET O MPOJEIaHHOM pabote
oopmiIsieTcs COrmacHO METOAMYECKUM YKa3aHUSIM.

Jli1s1 06paboTKH pe3ysIbTaTOB U3MEPEHUN HUCIIOJIb3YETCSl MUKPOKAJIBKYJISATOP,
OpU ATOM CIIEyeT NMOMHUTh, YTO PAaCCUMTAHHbIE 3HAYEHUS BEJIUYMH HE MOTYT
OBITh TOUHEE UX U3MEPEHHBIX 3HAYCHU.

[Tocne mpoBepku mnpemnojaBareiaeM MPaBUIBLHOCTH O(OpMIIEHUS OTYETA
MPOUCXOUT MPOLIeAypa 3alUThI JA00OPATOPHOI pabOTHI.

B mporiecce 3ammThl CTYyIGHTOM JEMOHCTPUPYIOTCS 3HAHUS, TO3BOJISIOLITIE
MIPETOAABATEIIO CIeNaTh BEIBOABI 00 YCBOCHUH TE€OPETUYECKOTO MaTepraia U CTe-
MIEHU CAaMOCTOSITEILHOCTH BBITIOJIHEHUS JTA00paTOPHOI pabOTHI.

3amuTa MPOUCXOJUT B TeUEHHE Y4eOHOTO BpEMEHH, OCTABIIErOCsS TOCTE
BBITIOJTHEHHSI OYE€PEIHOTO IKCIIEPUMEHTA, U B BUJE MCKIIOYCHHS] — BO BpeMs KOH-
CYJIbTAIIHH.



TEXHHUKA BE30OITACHOCTHU U ITPABUJIA PABOTbBI
B JABOPATOPUH

1. K 3ansTHsAM B 1a00paTopuu AOMYCKAIOTCS TOJIBKO CTYACHTHI, MPOIIEIIINE
BBOJIHBI MHCTPYKTAX 0 TEXHUKE OE30MaCHOCTH.

2. JlabopatopHbie pabOTHI BBHIIOTHSIIOTCS HA TAOOPATOPHBIX CTeHIaX Opura-
JamMu 110 4-5 4esloBeK.

3. Ilpu moAroToBKe K ouepenHO 1abopaTopHON paboTe CTYAECHT JOJDKEH
YSICHUTD 11€JIb, COJIEpKaHue PabOThl U METOJIUKY €€ IPOBEJACHMSI, U3YUYUTh YCTPOil-
CTBO CTEHJA.

4. Ilpu cOopke 3IEKTPUUYECKON CXEMBbI CIeAyeT MPHUAEPKUBATHCS CIENyIO-
IIETO NOpSAAKA: CHayala coOpath LETb, COAEPHKAILYIO0 BATTMETP, HAaIrpPy30UHBIE CO-
OPOTHUBJICHUS U aMIIEPMETPBI, 3aTEM MOJACOECIUHUTH K CXEME BOJILTMETPHI.

5. CoOpanHasi cxemMa MpeabABISIETCS A1 MPOBEPKU MPENOAABATEN0 U
TOJILKO B €r0 MPUCYTCTBHH MOAKIIOYACTCS K CETH.

6. BrimonHuB paboTy, KaXkAbIil CTYJEHT NPEIBIBISICT AJSl IPOBEPKU MPEIo-
JaBaTEeIIO MOIYYCHHbIE SKCIIEPUMEHTANIbHBIC TaHHBIE.

7. B ciydae HapylieHUs BHYTPEHHETO PACIOpSIKa WM TPABUI TEXHUKU
0€30MaCHOCTH CTYIEHT OTCTPAHSETCS OT BBITIOJIHEHUS JTa0OPATOPHOM PabOTHI.

8. K moBTOpHOMY BBITIOJIHEHUIO TAOOPATOPHON PabOTHI CTYEHT JAOMyCKaeT-
Csl C pa3pellieHus 3aBelyIOIIero Kageapoil nin iekana (aKkyabTeTa.



JlaGoparopHuas padora 1
Tema: JaekTpudeckue muenu

Ieanb padoThl: SKCIIEPUMEHTAIBLHO MOATBEPAUTHh 3aK0H OMa JJjIs ydacTka
[ENH, U3YYUTh MOCIEI0BATEIbHOE U MAPAIUIEIbHOE COCTUHEHUE CONMPOTUBICHHIA,
WCCJICIOBATh JICTUTENb HAMPSHKEHUS, TPHOOPECTH HABBIKM B COOPKE MPOCTEHIIIIX
DIIEKTPUICCKUX CXEM.

Ipubopsl ¥ MPUHAMAIEKHOCTH: DICKTPOTEXHUYESCKUI CTEHI C BOJBTMET-
pamu V1-V4, mummmamnepmerpamu MAL-mA6, conporusnenusimu R1, R2, R3-
R7, tymOnepamu S1,S2, uctouHukoMm HampsbkeHus. CoequHUTEIbHbBIE MPOBOJIA C
(GUTYpHBIMH HAKOHEUHUKAMH.

dopmupyemble BJIAACHUSA:

- CITOCOOEH cOOMPaTh MPOCTEHUIINE IEKTPUIECKHE LIETH C MOCIEeI0BATEb-
HBIM W IMapajuIeIbHBIM COCTMHEHUEM COTTPOTHUBIICHUA.

N3yyaeMble TEPMUHBI M IOHATHSA: DJICKTPUICCKOE COMPOTUBIICHHE, DIICK-
TpUYECKask TPOBOIUMOCTb, ICITUTEh HATPSOKCHHUS.

3akonbl OMa AJ1s1 yYacTKa nenu v 1Jis noJHoi nenu: CormacHo 3aKOHY
Owma ju1st ygacTKa IeTH BEINYUHA TOKA MPSMO MPOTIOPIIMOHAIbHA HAMPSHKCHUIO Ha
KOHI[aX 3TOr'0 y4acTKa U 0OpPaTHO MPOTOPIHOHATBHA €0 COMPOTUBIICHHUIO:

U U
IZE’(l) orkynaU =1"-R; (2) RZI_, (3)

rae | — tok B nienu (A), U — nanpspkenue Ha koH1ax nenu (B), R — conpotusnienne
yuacTka mnenu (Om).

Kpome compoTuBieHus] MPOBOJHUK OOJIAaeT TaKKe CIOCOOHOCTHIO MPOBO-
JIUTH JIEKTPUUECKUN TOK — nposooumocmoio. EnuHUIA U3MEpPEHUs MPOBOIUMOCTH
— Cumenc: Cum = 1/0Om = Om. Conporupienue u IpoBOIUMOCTS — B3aUMOOO-
paTHBIC BEIMYUHBI:

1 1
R= @) G==. ()

OnHOM U3 BaKHBIX JJICKTPUICCKUX XaPAKTEPUCTUK MPOBOJTHHUKA SBIIICTCS €TO
yoenbHoe conpomusieHue - p, T.e. CONPOTUBIICHUE MMPOBOJHUKA IJIUHON 1 MeTp u
ceuenreM 1 Mm? ( OM-M/MM? ). Y IeTIBHOE CONPOTHBIIEHUE MPOBOJHUKA — TabII4-
Has BEJMYMHA. 3HAs €ro, MOKHO OIPEIEIUTh COMPOTUBIEHHUE MPOBOJHUKA TIO
bopmyie:

p-l
R=5" (6)
rie R—conporuBnenue npoBoaHuka [OMm], p — yIEIpHOE CONPOTHUBIICHHE
[Om-M/MM? ], | — nimna npoBoxauka [M], S — momans ceuenus [mMm?].

[Ipu nmocnegoBaTeIbHOM COESIMHEHUH conpoTuBieHuid (PucyHok 1) BenmnunHa

TOKa B JIOOOM TOUKE HEPa3BETBIEHHOM 1ienH ouHakoBa: | = 11 = 1, = Is.



R1 R2 Rs

\ 4

PI/ICYHOK 1- HOCHGHOB&TGHLHOC COCIMHCHUC COHpOTI/IBJICHI/If;I

CornacHo ¢opmysie (2) HanpsHKEHUS HA y9acTKax eny MPONopIUOHATbHBI
CONPOTUBJICHUIO 3TUX YYACTKOB:

U=1-Ry; Uz=1-Ry; Us=1"Ra. (7)

0611166 HAIIPSPKCHUC LICIIM paBHO CYMMC HaprDKCHI/Iﬁ Ha OTACJIBbHBIX y4aCT-

Kax OCIIn:
U=U;+ U+ Us. (8)

CnenoBaTtesbHO,
U=1-R;+I1-Ry+1-R3=1(R1+ R+ R3). 9)

Takum o6Gpa3om, oOIee COMPOTUBICHUE IEMU MPHU TOCIEIOBATEIHLHOM CO-
€MHEHUH PaBHO CYMME OT/IEJIbHBIX COIPOTUBJIEHUM, COCTABIIIOIINX LIETb.

[Tpu mapannensHoM coequuennu (Puc.2) Tok B HEpa3BETBIEHHOM YaCTH LENU
paBeH cymMMe TOKOB B BeTBsiX: | =11+ Ix+ Is.

Pucynox 2 — [lapamnensHoe coeluHEHNE COMPOTUBIICHUM
Tok B KaXJ0¥ BETBU OIpeEEIeTCs 1Mo 3akoHy Oma:
U U U

l,=—:; l, =—.
Rl’ 2 Rzl 3 (10)

l,

CnenmoBarteibHO,



|:g+£+izu i_}ri_'_i . (11)
I:21 RZ R3 Rl RZ R3

Takum oOpa3om, oOliee COMPOTUBIICHUE LIENH MPU MAPATUICTbHOM COEIMHE-
HUU PaBHO CyMM€ OOpaTHBIX CONMPOTHUBIICHUN BETBEW 1€MW WU OOpaTHOM BeEJIH-
YiHe 00IIe MPOBOAMMOCTH IIETIH.

B pa3iuuHbIX 3JEKTPUYECKUX CXEMaxX 4acTO BO3HUKAET HEOOXOIUMOCTH IO-
HU3UTH HanpsbKeHue. JJist 3Toi e NpuMeHseTcs IeIUTeNb HaPsKEHUS.

Ecnu x mocnenoBarenbHO COEAMHEHHBIM conpoTuBieHusiM Rs — Ry, mpuso-
XUTh Hamnpspkenue U, To cornacHo (8), HalnpshKeHUWE Ha KaKI0M CONPOTUBIICHUU
OyJIeT MPONOPIIMOHAIIBHO BEJIMUMHE 3TOTO CONPOTUBIICHUS:

U=Us;+Us+ Us+ Us + Uy, (12)
a TOK B 1IenH coryacHo (9) Oyner:
| = U
R,+R,+R; + R, + R,

TakuMm 00pa3zoM, U3Mepsisi TOK U HANPSIKEHUE Ha JeIuTeNe, MOKHO, COTJIACHO
(3), onpenenuth 3HaueHue Rs3-R;. Wnu, 3Has HanpsbkeHWe Ha ACIHUTENE, MOXKHO
ONPENIECNIUTh BEIMYMHY HAMNPsDKEHUS Ha KaXJAOM ero sjnemeHTte. HampsokeHue Ha
KaXJIOM COMPOTHUBJIEHUU JIETUTENS Oy/IeT NPONOPIHMOHAIBHO BEIMYMHE 3TOTO CO-
MPOTUBJICHUS.

(13)

IHopsinok U MeTOANMYECKHE PEKOMEHIAIMHU 10 BHINOJHEHHIO PA0OThI:

1. CoGpaTh cXxemy COTJIaCHO PUCYHKY 3 M, TOOUEPEIHO MOIKII0Yas BOJIBTMETP V>
K Ka)XJIOMy M3 CONMPOTHBIICHHH Rs3-R;, CHATH mokazanus mpuOopoB. Paccuurath
3HAYCHUS COMPOTUBICHNH R3-R;7. DKkcniepuMeHTalbHBIC U pacuéTHBIC JTaHHBIC 3a-
HeCTH B Tabnwmy 1.

2. Cobpath cxeMy COTJIaCHO PUCYHKY 4, CHATh MOKa3aHus npubopos. Paccuurathb
3HaueHus1 conpoTuBiieHuit Ri, Rz, R3 — Ry, Uag. DkcniepumenTanbHbie U pacuéT-
HbIE JJaHHBIC 3aHECTH B TA0IUILY 2.

Rs3 R4 Rs Re Ry
o]
(v
@1 N
1 2
o—" —r A B oo~ &

Pucynoxk 3 — Jlenurens HanpsiKeHUs
3. CoOpatb cxeMy COTJIaCHO PUCYHKY S5, CHSTh MOKa3aHus mpuoopoB. Paccuurath
sHaueHus Uap, R12 =R1'R2/(R1+R2), Rs.7. DkcniepuMeHTaNbHbIC B pacuéTHBIC JTaH-
HbI€ 3aHECTHU B TabiuIy 3.



Tabnuua 1 — DxcnepuMeHTalbHbIe U PacUE€THBIE JaHHBIE K PUCYHKY 3

DKCEPUMEHT Pacuér
Vi | mA; Urs | Urs | Urs | Urs | Ur7 |Rs R4 |Rs |Rg | Ry
Bo—  — &
a2
Fa R E, 2] R 7

phy

PI/ICYHOK 4 — I[GJ'IHTGHB HaIIPAKCHUA C ITIOCIICIOBATCIIBHO COCIMHEHHBIMU I[O6a-

BOYHBIMH COIIPOTUBJICHUAMN

Tabnuia 2 — DxcnepuMeHTaIbHbBIE U pacuéTHBIC JaHHBIC K PUCYHKY 4

ODKCIIEPUMEHT Pacuér

Vi | Vo | V3| mA R1 Rz Rs7 | Urs | Ursa | Urs | Ugg

UR7

UAB

Pucynox 5 — Jlenurens HanpsHKEHUS C T0OABOYHBIMU COTIPOTUBIICHUSMHU, COCIH-

HEHHBIMU MTapasIe€IbHO
Tabnuma 3 — DKcrepruMeHTaIbHbBIC M pPAaCUETHBIC IAHHBIC K PUCYHKY 5

DKCIIEPUMEHT Pacuér

Vl V2 mA URlZ URS UR4 UR5 URG UR?

UAB




4. CpaBHUTD NTOKa3aHue BoJIbTMETpa V1, mpuBeAEHHbIE B Tabauie 1 1 pacu€THbIe
3HaueHus Uap, IpuBeAEHHBIE B TaOMMUax 2 u 3, caenarh BBIBO/I.

KoHTpoJibHbIE BONIPOCHI

1. IlpuBenute Gopmymy u aaiite onpezeneHue 3akoHa Oma It ydacTka 11e-
u.

2. JlaliTe onpeneneHne COMPOTUBICHUS LIETIH.

3. JlaliTe onpeneneHne NpOBOIUMOCTH LIEITH.

4. IlpuBenute hopMyiy U aiiTe ONpeeTeHUEe yIeIbHOTO CONPOTUBIICHHS.

5. IlpuBeaure BbIBOA (HOPMYIIBI AJIsl HAXOXKACHUS OOIIEr0 COMPOTHBIICHUS
IeTH MT0CTIeI0OBATEILHOM COEIUHEHHH.

6. [IpuBenuTe BBIBOJ (GOPMYJIBI ISl HAXOKIEHHS OOILIEr0 CONMPOTUBIICHUS
LIeNH [apauIeIbHOM COeIMHEHHH.

7. laiiTe onpeaeneHue NEIUTENS HAPSHKEHUS U IPUBEIUTE €r0 AJIEKTpUde-
CKYIO CXEMY.

8. Haznauenwue nenurtesnss HAMpsHKEHUS.

JlaGoparopHasi padora 2

Tema: 3aK0HBI MOCTOSSHHOI'0 TOKA

Heab padoThl: HA TpUMEPE KOHKPETHON CXEMbI MOATBEPIUTH 3aKOHBI OMa
u Kupxroda, Hannuue 6anaHca MOLUTHOCTEM.

IIpuOopsl ¥ NPUHANIEKHOCTH: DIEKTPOTEXHUYECKUN CTEHJ C BOJIBTMET-
pamu V1-V4, munnunamnepmetrpamu MAL1-mA6, conpotusienusmu R1, R2, R3-
R7, tymbnepamu S1,S2, ucrounnkom HampspkeHHs. CoeIMHUTENBHBIE TIPOBOA C
(UrypHBIMU HAKOHEYHUKAMH.

dopmupyemble BJIAACHUSA:

- CIIOCOOEH MOATBEPkKAATh OaTaHC MOIIHOCTEN B CXEME.

N3yyaemble TepMHHbI W TOHATHSA: BETBb JJIEKTPUYECKOM LEMH, Y3€I
AIIEKTPUYECKON LIenu, OaTaHC MOIIHOCTEMH.

IIpumenenue 3akoHoB Oma n Kupxroda nias pacuéra ClI0KHBIX 3JI€K-
TPUYECKHUX wemnei: /[ aHamu3a CIOXKHBIX AJIEKTPUUYECKUX LIENEU NMPUMEHSETCA
psii METOZI0B, OCHOBaHHBIX Ha 3akoHax Oma u Kupxroda. Jltoboe u3 conportusie-
HUN CXEMbl MpeAcTaBisieT coOOM y4acTOK LEMu, U, COracHo 3akoHy Oma ass
y4dacTKa IIelH, BeJIMYMHA TOKa B JIFOOOM COMPOTHUBICHUM LIETH OYJET MpsIMO MPO-
NOPLMOHAJBHA HAMPSHKEHUIO HA €ro KOHIAX U 00paTHO MPOIMOPLMOHATIBHA €ro CO-
MPOTUBJICHUIO:

== (14)

DTO YTBEPKICHUE CNPABEIJIMBO TOT/1A, KOrJa HE MPUHUMAETCA BO BHUMaHUE
BHyTpeHHee cornpoTtuBieHue ucrounuka J.J[.C. Ecnu ke paccmaTpuBath cxemy C

10



peasibHbIM ucTogHHKOM D.J[.C., 00iamaomuM BHYTPEHHUM CONPOTHBICHUEM, TO

uMeeT MecTo 3akoH OMa J1sl TOJTHOM 1IeTIH:
| = E

S R+r’

rae E — D.J1.C. ucrounuka, R — conporuBnenue uenu, I — BHyTpeHHEE CO-
npotuBieHne wucrounuka J.J[.C. (BHyTpeHHMM COMpPOTUBICHHEM HCTOYHHKA
D.J1.C. Ha cTeH/e ABISETCS COMPOTUBIICHUE MIPOBOIA BTOPUYHOW OOMOTKH TpaHC-
dbopmaropa.)

Y4acTok 1enu, o KOTOPOMY MPOTEKACT OJWH M TOT kK€ TOK, Ha3bIBACTCS
BeTBbI0. Eciii cxema mmeeT OoJiee OTHOW BETBU, TO B MECTE COCJMHCHHUS BETBEH,
Ha3bIBAEMOM Y3JIOM, ajireOpandeckas CyMmMa TOKOB paBHA HYJIIO — 3TO TIEPBBIH 3a-
koH Kupxroda:

(15)

> k=0, (16)
rie K — mopsaKoBbIii HOMEp BETBH.
Toku, HampaBJIeHHbIE K Y311y, O€pyTCsl CO 3HAKOM IUTIOC, OT Y3JIa — CO 3HAKOM
MHHYC.
Btopoii 3akon Kupxroda riacut: B 11000M 3aMKHYTOM KOHTYpe ajireOpaunyeckas
CyMMa IIaJICHUM HAIpPsHKEHUM Ha COIPOTUBIICHUAX, BXOISAIIMX B KOHTYpP, paBHA
anredpandeckoit cymme ucrounukoB J.J1.C. koHTYypa.

> Relk=> En, (17)
rie K — mopsaKoBbIii HOMEp CONMPOTHUBIICHHS, N — MOPSIKOBBIA HOMEP UCTOYHHKA
2.4.C.
Ecnu npenebpeusr moTepssMu Ha HArpeB COCIMHUTENBHBIX MPOBOIOB, TO BCS
MOIIIHOCTh, OT/HaBaemas B cxemy uctounukamu O.J1.C., paccenBaercsi Ha COmpo-
TUBJICHUSX 1IETH:

Z Pk = Z PI/ICT ) (18)
win Y Rl =Y Eply, (19)

T.€., COIVIACHO 3aKOHY COXPAHEHMsI SHEPTUH, JOJHKEH COOI0aThes OanaHc MOII-
HOocTel. banaHc MOIIHOCTEN CIIYKUT MPOBEPKOU MPABUIIBHOCTH PACYETA DIEKTPU-
YECKOU LIETIH.

Iopsiaok 1 MeTOANYECKHE PEKOMEH/IAINH 110 BHINOJHEHUIO Pad0ThI:
1. icnonb3ys nmpoBoAa ¢ HAKOHEYHUKAMH, cOOpaTh Ha CTEHE Pab0vyI0 CXeMy CO-
IJIaCHO CXeMe, MPUBEACHHON Ha pUcyHKe 6 (3HaUEHHs CONMPOTHBICHHS HArpy3KH
Rx BbIOMparOTCs U3 TaOIHIIBI 4 COTJIACHO CBOEMY BapHaHTY).

Tabnuua 4 — Bapuantel BbIOOpa 3HAYEHUI CONPOTUBICHUS] HArpy3KH Ry

Bapuant

1 2 3 4 S

R3 R3;+R4 R3;+R4+Rs5 R3+R4+Rs5+Rg R3+R4+R5+Rg+R~
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2. Bk1rouyuB nuTaHue CXEMBI, OIIPCACIUTD ITOKa3aHUA HpH60pOB 1 3aHCCTHU II0JTYy-
YCHHBIC 3HAYCHUA JJICKTPUICCKUX BCIINYHH B Ta6J'II/II_[y 5

Tabnuna 5 — 3HaueHus AIEKTPUUESCKUX BEITHMUMUH CXEMBbI

Bapuantr | U;, B U, B Us, B 1, MA >, MA I3, MA P, Bt
S1
Rx
i © &
) )

o] %]

R1 RZ |:|
Sz

® g o s mAs & l lv

N

Pucynox 6 — PaGouas snextpudeckas cxema

3. PaccunTaTh COMPOTUBIICHUS U BEIMUYUHY TOKa B cXeMe 1o (opmyJiam:

-

-

I
=3
Yo _

1
IZ
|3

U,

l,=—1=

R

H

rac RH— IMOJIHOC COIIPOTHUBIICHUC LICIIH.
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4. TlonTBepauTh HalMuue B pabouell cxeme OajaHca MOIIMHOCTEH 1o dopmyie
(19), paccuutaB npenBaputeabHo 3HaUeHUs P1, Py, Py, Pycr. [lonyuennbie 3HaueHUs
ANEKTPUYECKUX BEJIMYMH 3aHECTH B TAOIULY 6.

Tabsnuua 6 — 3HaueHHsI SJEKTPUYECKUX BEJIUYHH, IOTYYEHHbIE paCYETOM

R1,OM | R, Om R4, OM | Ry, OMm | I3, MA | P1, BT | Py, BT | Py, BT | Pyer, BT

5. CpaBHUTH 3HaYEHUSI MOIIHOCTU P, mpuBeaénHoe B Tabauue 5 1 CyMMy MOIIHO-
creit P, + P, + Py (Ta6:1.6). Caenats BBIBOJ.

KoHTpoJibHBIE BONPOCHI

1. Maiite onpenenenue 3akoHa Oma 171 MOJHOM eMu.

2. Jlaiite onpezaenenue nepeoro 3akoHa Kupxroga. Mcnonb3ys 3HaueHus TOKOB,
npuBeAEHHBIC B TAOIUIIE S, TOATBEPIUTE €r0 CIIPABEIIMBOCTD.

3. Haiite onpenenenue BToporo 3akoHa Kupxroga. Mcnonb3ys 3HaueHHsI TOKOB U
HaIpsHKEHUH, NpUBEIEHHbBIE B TAOJIUIIE S5, MOATBEPAUTE €r0 CIPABEITUBOCTb.

4. Jlaiite onpeneneHue akTUBHOW MolIHOCTU. [IpuBenuTe n3BecTHsle BaM Gpopmy-
JIBL 71 €€ pacuéTa.

5. Pacckaxute 00 0COOEHHOCTSAX MOAKIIOUCHHS HIEKTPUUECKUX MPUOOPOB B pa-
Oouelt cxeme.

6. s gero paccuuThIBaeTCs OamaHC MOIIHOCTEH, U CIEICTBUEM KaKoro (yHa-
MEHTAJIBHOTO 3aKOHA MPUPOJbI OH ABISETCA?

JlaGopaTopHuasi padora 3

Tema: U3yuenue ocuusiorpaga

Heas pabdorbi: npu nomoum ociwuiorpadga H3015 monyuuts Ha sKxpaHe
rpaduyeckoe U300paKeHUE MEPEMEHHOIO HAMPSIKEHUS U OMPEeNeNUTh ero mnapa-
METpBHI.

IIpu6Gopsl u obopynoBanue: ocimmmorpad tuma H3015, ncrounuk mepe-
MEHHOTO HaNPsHKEHUS, COSTMHUTEIBHBIC ITHYPHI U POoBOAa, BoasT™MeTp V1.

dopmupyemble BJIaJCHUS:

- crioco0OeH MoTyvaTh Ha dKpaHe ociuiuiorpada rpadudeckoe n300pakeHme
MIEPEMEHHOT0 HAIMPSKEHUS U ONPEJIENATh €r0 MapaMeTphl.

N3yuyaemble TEePMUHBI M MIOHATHSA: AMIUTUTYHOE 3HAYCHHUE TOKA, JCH-
CTBYIOLIEE 3HaYEHUE TOKA, IEPUO]], YACTOTa, (pa3a, HauasbHas (a3a, HIEKTPOHHO-
JTydeBas TpyOKa, CHHXPOHHU3AIIUS.
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ITapaMeTpbl nepeMeHHOr0 ToKa: [IepeMEeHHBI TOK XapaKTEPU3YETCS Iie-
JIBIM PSZIOM IIapaMETPOB, IMIOATOMY PAacCyeT LENer NEPEMEHHOTO TOKa CI0KHEE pac-
yeTa LENen MOCTOSHHOTO TOKa. PaccMOTpUM mmapaMeTphl Lenen MepeMEHHOro TO-
Ka, IPUBEJAEHHBIE HA PUCYHKE /.

Iy

D\

%

Pucynox 7 — [lepeMeHHBIN TOK U €ro napameTpbl

1. Amnaumyoa v amnaumyoHnoe s3uavenue. O0603HavaetTcs lym, Um, Pm, Em.
AMIUTUTYTHBIM 3HAa4€HUEM (aMIUIMTYJIOM) Ha3bIBAETCA MOJYJIb MaKCUMaJbHOIO
OTKJIOHEHUs 3Ha4YeHus1 Toka (HampsokeHus, J.J[.C. u T.7.) OT ero HyJIeBOro 3Have-
HUSL.

2. Menosennoe 3nauenue toxka (Hanpspkenws, D.J[.C. u T.1.)- aMIITUTyTHOE
3HaueHue Toka (HampspkeHus, J.J[.C. u T.4.) B JaHHBI KOHKPETHBI MOMEHT Bpe-
menu. O6o3nauaercs i (U, e, p)

3. eiicmsyrowum 3HavyeHuem CUHyCouOaIbHO20 MOKA CUYUTAIOT TaKOe 3Haue-
HUE MOCTOSIHHOT'O TOKa, KOTOPOE 32 PaBHbIEC MIPOMEKYTKA BPEMEHU COBEPIIAET TY
XKe paboTy (BBIIEISET Ty K€ DHEPTHUIO), UTO U MepeMeHHbIH Tok. O0o3HayaeTcs |,
U Eurna

Ha Bcex anekTpuyeckux npubopax, BKIIOUYEHHBIX B IIETH IEPEMEHHOTO TOKA,
yYKa3bIBa€TCs ACHCTBYIOIIEE 3HaUeHUEe Hanpskenus, O./0.C. u T.1.

Ecnu gusunueckas BemMurMHA U3MEHSETCS MO 3aKOHY CHMHYca (KOCHMHYca), TO
JEUCTBYIOIIEE U aMIUTUTYHOE 3HAUCHUS ITOW BEJTMYMHBI CBS3aHbI COOTHOIIIEHUEM

' :Tr;, (20)
Um

u="2. (21)
Em

E -7 (22)

4. [lepuoOom CHHYCOMIATLHOTO TOKA HA3bIBACTCSI BpeMs, 32 KOTOPOE €ro Be-
JUYUHA COBEPIIACT MOJTHBIN MUK cBoero u3MmeHeHnus. O6o3navaercs T [C].

5. Yacmomotui Ha3bpIBaE€TCS YUCIIO TOJHBIX KOJeOaHWA B €IUHUILY BPEMEHHU.
Oo6o3nauaetcs v (uro) win f. Equnnia gyactorer — lepir (I').
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foz (23)

1T’ — omHO KONeOanme B cexkyHay. ['11 = [1]. B Poccun, EBponie 1 B 00J1h-
C

IIMHCTBE CTpaH Mupa ucnoisb3yercs yactora S0I', B CIHA — 50l u 601 L.
6. @a3zo1i Ha3BIBAETCS BBIPAKCHHE

i=1,sin(wt+p,)=1,sinzft+¢,), (24)
rae @Ot + @, — dasza konebaHus, KOTOpas ONpeAessSeT 3HaUCHHE AMIUIATYIbI B JaH-

HBI MOMEHT BpEMEHHU, @, — HadaJIbHAasl (pa3a, KOTOpas ONpeessaeT 3HaUeHUEe aM-
IUIMTYIbl B HAYAJILHBI MOMEHT BPEMEHH, o = 22f — LUKIMYecKas JacTora [¢].

CBegeHusi 00 JJIEKTPOHHO-JIY4eBOM ocumuiorpage: OIEKTPOHHO-
JTy4eBOH (NIEKTPOHHBIN) ocimuiorpad — npudop, npeHa3HAuYCHHBIN /171 HabJIto-
JICHUSI HA DKpPaHE AJIEKTPOHHO-IYYEBON TPYOKH (POPMBI DJIEKTPUUECKUX CUTHAIOB
Y UX U3MEHEHUI BO BPEMEHHU.

Ha nepenneit manenu ocuusuiorpadga H3015 (Pucynok 8) Haxoasitcst skpaH,
KHOTIKU U PYYKHU YIIPaBJIEHUSI, BXOJHbIE THE3A.

Uccnenyemselii curnan noaaercd Ha pazbeMm "0,5M Q 50pF". BxogHou at-
TEHI0ATOp MO3BOJSET BbIOpaTh KHOonkamu nepexmtovarens "YCUJIIEHUE" nyx-
HYIO BBICOTY M300paK€HUs UCCIEAYEMOro CUTHajla.

Ha BxoJie kaHana BEpTUKAILHOIO OTKJIOHEHUS YCTAHOBJIEH MepeKiItoyaresns"
~", " ~" ¢ OMOIIBI0O KOTOPOTO MOKHO JIMOO TMOJaBaTh Ha aTTEHIOATOP MOJIHBIN
CHUTHAJ, T100 N30aBIATHCS OT €ro IMOCTOSHHOM COCTABIISIOIICH.

H3045 (—PR3BEPTKA aoemn/AEﬂ—X—} ,.cuHxPonumm-l
[ - _; T2 200 20 2 200 20 2L OJE', &5 0,2 \-‘;‘l;CETb BHEW, BRYTP,
; CT T T T T T ks
j ] S §—4 — ,“5 4 R
RO AR . __p SAMAHC ey <«—> CTAG. YPOBEHD
i '/‘) ‘,.»”3 -'\\ ,'\\ ;. ‘\‘ ‘/:\)
i § oy ? L ®-
SEENE) 20 40 5 2 4 4000400 40 4 F~ W « "]
-\ [T TT1TT7T] CLLCIT @ ®
CETb. N\ ~ i 05MQ
1 © ) ) NE S VCWREHME mV/AEA- X ) 50pF

Pucynox 8 — I[lepennsist manens ocruusuiorpada

I'eneparop pa3BepTKH MO3BOJISIET MOJYYUTh MUIO00pa3HOE HAMNpsSHKEHHE,
4acTOTy KOTOPOTO MOXHO M3MEHHUTH '"Tpy0o" kHomkamu "mS200+2" u “p S200
+0,2” nepexmrouarens "BPEMS/JIEJI" u nnaBuo pyukoit "CTAB".

AMIIIUTY1a pa3BEpTKU MOKET OBbITh YBEIMYEHA B MSATh WK J[BA pa3a KHOM-
kamu "0,2" u "0,5", uro mo3BossieT "pacTAHYTH" M300paKEHUE CUTHAJIA 0 TOPH-
30HTaJH.
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Han knonkamu nepexitouarens "BPEMS/JIEJI" nocTaBieHbl 3HaYeHUS Tie-
puona koyiebaHui MIUI000pa3HOTo HanpspkeHus. [loaTomy s mepexoma ot mepu-
0J1a K 4aCTOTE€ U 000PATHO UCIOJIB3YIOT (POPMYJIBIL:

1 1
f==; T=—
T f

rae f — gactora KojiebaHUH,
T — mepuos (BpeMsi) OJHOTO KOJieOaHus.
CrnenyeTt y4ecTb, 9TO €CIIU JITUTEIILHOCTh BhIpaKEHA B CEKYH/IaX, TO 4acTOTa

TOJYYHTCS B replax, ecian B MummcekyHaax (1 mS = 10°C), to gacrora Gyzer B
kuorepuax (1 k['n = 103 '), eciu B mukpocexynaax (1 xS = 10° C), To wacrora
oyner B merarepuax (1 Ml = 10T ). K nmpumepy, anurensoctu 20 mS coot-
BercTByer yactora 1/0,02=50 I'u; mmrensroctu 0,2 S —1/0,2 -10° = 5 MI'w.

[Ipotiecc nmomyueHus U300paKeHUsI Ha SKPAHE MOXKHO MPEJCTABUTH CIEIY-
oM o6pazom. O6o03Haunm B DJIT Y — ropusoHTasibHble U X — BEPTUKAIbHBIC
iactunbl (Pucynok 9).

[Ipu momayue Ha rOpPU3OHTANIbHBIE TIACTUHBI X MUJI000pa3HOTO HANPSIKEHUS
(Pucynoxk 11), Ha skpaHe MOSIBUTCSI CBETSIIASCA JTUHUSI — JIUHUSI TOPU3OHTAIBHON
pa3BEPTKH.

Ecnu mopate Ha BepTUKalbHBIE IJIACTUHBI Y MEPEMEHHOE HAMpsHKEHUE,
Harpumep, cuHycouganbHo ¢opmbl (Pucynok 10), To nuHHS pa3BepTKH "H30-
rHeTcs" ¥ MpUMET Ha dkpaHe (opMy CUHYCOUIBI.

Korna gacrora (nepuon) cunycounaanbsHoro T. u nunoodpaszHoro T, Hamps-
YKEHUI COBIAJIalOT — HA SKPaHE TTOMECTUTCS M300pakeHHE OJTHOTO MEepHUoja CUHY-
couzpl. EciM HEe COBMAajarOT, TO Ha 3KpaHE MOMECTUTCS CTObKo meprozoB (T.),
CKOJIBKO UX YKJIaJbIBaeTcs B nepuoje kosnebanuil (T,) mumoobpa3HOro Hampsbke-
HUS Pa3BEPTKH.

Ecnu u3o0pakeHne Ha dKpaHEe CaMOIPOU3BOJIIBHO TMEPEMENIaeTCsl M0 OCH
"X", UM B OJIHY, WIH B IPYTYIO CTOPOHY, TO HY)KHO 00ECIIEYUTh T€HEPATOPY pa3-
BEPTKU TaKOW PEXUM paboThl, Korja Hadano kojedanus Tp (Pucynok 11) cosna-
net ¢ HayanoM konebanus Tc (Pucynok 10). [ns sToro ogHoit u3 knornok "CETH",
"BHEI", "BHYTP" nepexmouarens "CHUHXPOHU3SALIUA" cunxpoHusupyro-
i curHan noaaércs uinud ot cetd (50 I'r), uiam OoT BHENIHEro MCTOYHHMKA (Ha
BxoA "X"), WM OT YCWJINTEJISI BEPTUKATIBLHOIO OTKJIOHEHUS Jyda Ha OJIOK CHHXPO-
HU3AIUU.

Pyuxoit "CTAB" BeIOUparoT pexxuMm pabOThl TeHepaTopa pa3BepTKH (KAY-
IUHA WIK aBTOKOJie0aTeIbHbIN): B aBTOKO0JIEOATEIIbBHOM PEXUME TeHepaTop pas-
BEpPTKH pabOTaeT HEMPEPHIBHO, a B JKIYIIEM — 3aITyCKaeTCs TOJHKO B MOMEHT TI0-
CTYILJICHUS UCCIIEAYEMOT0 CUTHAIA Ha BXOJ1 ociiuiorpada.
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& 2
bis bis
Puc. 9 CxemaTtnueckoe nzo0paxenue paspesa ropiaoBunbl DJIT.

L U? - UH

N ,1-,
N N

C

HcC. WTHAaJI, TOCTYIIAIOIINH HcC. WTHaJI, TOCTYIIAOIINN Ha H
Puc. 10 Curnan, nocrymnaro Puc. 11 Curnan, nocrynaro a Ha
miacTuaer "Y', Ha Tu1acTUHb! "'X".

KHOIIKO# MMOISPHOCTH CUTHANa + | — BBIOMPAIOT HOJSPHOCTH CUTHAIIA, 3a-
IIyCKAIOIIETO Pa3BEPTKY.

Pyuxoit "VPOBEHb" BbIOMpatOT TOUKY Ha CUHXPOHU3HPYIOUIEM CUTHAJE, B
KOTOPOU 3aITyCKaeTCsl TEHEPATOP PA3BEPTKHU.

Pyukoii "BAJIAHC" ycTraHaBImBarOT TOPU30HTAIBHYIO JUHUIO Pa3BEPTKU
rnocepeIrHe SKpaHa (IIPH CPeIHeM MOJIoKeHu: pydku "$").

Jlns moarotoBku octmuuiorpadga H3015 k pabote HeoO6xo1uMmo:
1.YcTaHOBUTH €r0 OpraHbl yIpaBJICHUsI B UCXOJAHBIE COCTOSHHUS:
-  Kwnonka ,,CETbH* — B monoxeHue BBIKIIIOUCHO;
- Pyuka ,,IPKOCTb*/ £t/ — B cpennee;
- Pyuka , ®OKYC*“/ @/ - B cpennee;
- Pyuka ,,YCUJIEHUE® /+~/ — B xpaiinee npaBoe;
- Pyuka ,,CTAB.“ - B kpaiiHee npaBoe;
- Pyuka ,,.YPOBEHb* — B cpennee;
- Knomnxka ,2* nepexmouarens ,,PASBBEPTKA® — Haxara;
- Knonka ,,CETbH* nepexmouarens ,, CUHXPOHU3ALMA — naxara;
- Kunonxkw ,,10° u ,,1000* nepexmtouarens ,,Y CUJIEHUE® — naxatsi.
2.Bximounts npubop kHonkoil ,,CETh* (nmpu 3TOM B KHOMKE OJKHA 3aropeThes
nojacBeTka). Uepes 2-3 MUHYTHI MOCJI€ BKJIIOUCHHS MOJYYUTh Ha HKPAHE JIMHUIO
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Pa3BEPTKHU, OTPETYIUPOBATH SIPKOCTh U (POKYCUPOBKY, MEPEMECTUTH JIyd B pado-
(13

Yyl 4acThb DKpaHa pydykKaMu ,, U ,, “. IIpumepHo uepe3 15 MUHYT HYXHO
CKOPPEKTHPOBATH Jy4 pyukoi ,,bAJTAHC*.

Iopsigok u MeTOAUYECKHE PEKOMEHAAIMHU 110 BHINOJHEHHIO PadoThI:
1. Cobpatp pabouyro cXeMy COTJacHO PUCYHKY 12, BKIIOUUTh MUTAaHUE CTEH/IA.
2. IloaroroBuB ocuusuiorpad K paboTe U HACTPOUB €r0, MOJTYIUTh Ha SKpaHe
n300pa’keHre CHHYCOU/IbI, COBMECTHUTD €€ ¢ KOOPANHATHON CETKOM dKpaHa U
3apHCOBaTh CHHYCOHTY, UCTIONb3Ysl KOOPAUHATHYIO CETKY.
3. Jlo6aBHB oCH KOOpAMHAT, TOTYyYUTh rpauk 1 0003HAYUTH HA HEM aMILIUTYTy
HaNpsHKEHUS U IEPHOJ KOJIeOaHHIA.

A

O cmpmnorpad

E

Pucynox 12 — Pabouast cxema skcniepuMeHTa

4, OnpeaenuTh BEIMYUHY aMIUIUTYIbI HCCIeayeMoro HanpspbkeHus: Uy B BOJIbTaX.
JIJ1s1 5TOro B34Th 3HAYEHHE LICHBI JICJICHUS B BOJbTaX KakK IPOU3BEICHUE MHO-
JKATEJIEH HaXXaThIX KHOMOK nepekitoyarens ,,Y CUWJIEHUE®, orcuutars pazmep
AMIUTMTY/Ibl TI0 BEPTUKAIU B JICJICHHUSAX KOOPAUHATHOM CETKH 3KpaHAa U HAWTH
MX MPOU3BEIICHUE.

Un=

n
5. OnpenenuTh 4acTOTY UcCleyeMoro curuana o gopmyne: f = T
T
p
r7ie N — YKCIIO LENbIX MEPUOJI0B, YKIAILIBAIOIINXCS B IIpeieiax dKpaHa;
{ — nnuHa (B I€NEHUsX), KOTOPYIO 3aHUMAIOT MIEPUOIbI;
Tp, — 3HAYEHUE MHOKUTENS HAXKaTOW KHOIKM nepekntovarens ,,PASBEPT-

KA* ¢ yuérom nonauanazona (mS/aen wiu u S/nen).

6. M3meputh BonbT™METpOM V1 AeiicTBYyOIIEE 3HaueHne U nepeMeHHoro Hanpsi-
JKEHUS.
7. 3HaueHMS NEKTPUUYECKUX BEJIMYMH 3aHECTH B TAOIHILY 7.
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Tabsauua 7 — DkcnepruMeHTAIbHBIE U PACUETHBIE TAHHbBIE

DKCHEPUMEHT Pacuér

Um, B £, T U,B Uoen, B A, %

m

8. Paccuurars ammnTyay HanpspkeHust Uoe, 1o popmyie: U ., = ﬁ

9. OmpenenuTs MOTPEIIHOCTH U3MEpEeHU A, % aMITTUTYIbl HAPSDKEHUS, BBIITOJ-
HEHHBIE C TOMOIIBI0 ocimuiorpada u BobT™MeTpa V1. Paccunrannsie 3Haue-
Hus (1.8, 1.9) 3aHecTu B Ta0IUILY.

10. CpaBuuth nomyueHHbie 3HaueHUSI U 1 Uy, KOTOPBIE HE JTOJDKHBI OTIHYATHCS
6omnee yeM Ha 10% u caenatb BBIBOJ O BO3MOXXHOCTH MPUMEHEHHUS OCIIHILIO-
rpada 715 U3BMEepPEHUs HaMPSHKEHUS.

KouTposibHbIE BOPOCHI
Hasznauenue ocumiorpada.
OxapakTepu3yiite nmporecc noaydyeHus nzo0paxenus Ha sxpane JJIT.
Ha3naueHne KHOMOK, HAXOASIIUXCS HA IEpEeIHEN MMaHenu ocuiorpada.
Ha3nauenue pa3bE€MOB, HAXOIAIIMXCS HAa MNEepeIHEN MaHeIu ocuuuiorpada.
Ha3nauenue pydek, HAXOASIIMXCA HA IEPEeIHEN MaHenu ocuuiuiorpada.
Kak onpegenuts ¢ moMmouipio ocuuiuiorpada BEIMYUHY MEPEMEHHOTO HaIps-
AKEHUS?
Kaxk onpenenuts nepuoa u3MepsaemMoil 3JIeKTPUUECKON BETUYUHbBI?
8. Kak onpenenuTs AeiicTBYIOICE 3HAUCHUE HATIPSHKCHUS ?

ook wdE

~

JlaGopaTopHnasi padora 4

Tema: OnpenesneHue 3J1eKTPOEMKOCTH

Heap padoThbi: N3YyYUTh NOHATUS EMKOCTHOTO M MOJHOTO CONPOTUBIICHUS
NEPEMEHHOMY TOKY, ONPEIEIUTh EMKOCTh KOHJIEHCATOpPA MPH MOMOIIM OCIUILIO-
rpada u reaeparopa.

IMpu6opsl u npunaaiexnoctu: ocuuuiorpad H3015, reneparop JI31, uc-
CeAyeMbIil KOHAEHCATOP, AKTUBHOE COMPOTUBIICHHUE, COEIMHUTEIIbHBIE ITPOBO/IA.

dopmupyemble BJIAJCHUS:

- CIOCOOEH ompenensaTh EMKOCTh KOHJIEHCATOpa C MTOMOIIBIO ocIuiorpada
U TeHepaTopa.

N3yyaemble TepMHUHBI M MOHATHSI: AKTUBHOE COMPOTUBIICHUE, EMKOCTHOE
CONPOTHUBJICHUE, MIOJTHOE COMPOTUBICHUE, MOYJIb TOJHOTO COMPOTUBIICHUS.

Teopusi padorni: HanpsikeHue U Ha aKTUBHOM CONPOTHUBJICHUU R B Kax-
JIbII1 MOMEHT BpeMeHHU t onpeienseTcsi ypaBHEHUEM:
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u = Upsin ot, (25)
rae Uy — aMIuiTy1a HalpspKeHHs,  — MUKITNYecKast 4acToTa.
910 HanpshKeHHE U co37aéT B IIENH B TOT K€ MOMEHT BPEMEHH MTEPEMEHHBIN
TOK I, oTIpeiessieMblii 1o 3akony Oma:
.u .
l:ESIU ot = Iy Sin ot, (26)

TIe | = Yn - amnnuTyna Toka. Ecnu xke kpoMe conpoTusienus R B nensb
r

BKITIIOYEH KoHeHcaTop C, TO CHjia TOKa BhIpaKaeTcs (hOpMyJIOi:
I = Iy sin (ot + @), (27)

U / 1)’
rae| =——"_ = [R*+| —| , (28)
JRZ + X2 +(WC)

¢ — cBUT (Da3 MeXKITy TOKOM U HAMPSHKEHUEM, OTIPEIesieMbIM U3 (hOPMYJIbI:

u, X, 1
tgp=—re=—* (29)

Ugr R RwC’

N3 comnocraBnenust ypaBHeHuil (25) u (27) ciaemyeT, 4TO TOK OIEpekaer
HanpspkeHue mo ¢dase Ha yroia ¢. Ha pucynke 13 moka3zana BEKTOpHas AuarpaMma,
WUTIOCTPUPYIOIIAasi OTCTaBAHHE BEKTOpPA HANPSDKEHHUS OT BEKTOpa TOKA Ha Yol o,

2 2
BBI3BIBAEMOE HAIMYHMEM B IeNH epeMeHHOro Toka Ume. Bemmunna Z =4/R” + X

Ha3bIBACTCA MOOYJICM IIOJTHOT'O COIIPOTHUBJIICHHA LICIIH. BGJII/I"II/IHa X :i Ha3bIBa-
¢ wC

eTCsl EMKOCTHBIM COIIPOTHUBJICHUCM.

UmC

\ 4 U:UmR+ UmC

Pucynok 13 — BektopHas AuarpaMmma TOKa U HalpsHKEHUM

Ecnu u3BectHO HanpsbkeHue Ha conpotusieHnu R (Puc. 14), To MoxHO

HAWTHU TOK, MPOTEKAOIIUNA B LEIIH:

izu?R 17001 | =Y (30)

N3MepuB HanpsHKEHUE HA KOHJACHCATOPE, MOXKHO HAUTH EMKOCTHOE COIPO-
THUBJICHUE LEIIN:
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X, ==& ——mc (31)

Ho, xak yka3piBanoch paHee, X . = %’ rae o = 2nf =2T—” , TOT 1A
W

T
X.o=——.
¢ 2aC

o F——

(32)

| |
%

||
Pucynok 14 — DnexTpudeckas cxema 1ernu

CpaBHuBas npasbie yactu ypaBHeHuit (31) u (32), umeem:
One _ T 33
| 22C° (33)

Hanpsixenust Upr, Umc 1 nepuop xosebanuii T MOKHO U3MEPUTH IIPH MO-
Mol ocruiuiorpada.

Iopsaok 1 MeTOAMYECKHE PEKOMEHIALNH 110 BHINOJHEHUI0 padoThI:
1. Kongencarop C; u conpotuBieHue Ry coeMHUTE MO cxeMe ¢ ocuuiuiorpagom

U TEHEPAaTOPOM COTJIaCHO PUCYHKY 15.

R1

I'eneparop JI31 Ocnunnorpad H3015

H—T—EQ

C1

—

Pucynox 15 — Pabouast cxema skcniepumMeHTa

2. Ilogate Ha cxemy HampsikeHue ¢ Beixoaa 10B / 60 Om reneparopa JI31 (Knonka
,» ~ “nepexmroygarens ,,POJl PABOT — naxara).

3. U3menss yactoty reneparopa pyukoit ,, YHACTOTA* (knonka 0,01 unu 0,1 me-
pexmovatens ,, MHOXUTEJIb — naxkara) B mpeaenax ot 300 kI’ 1o 750 kI,
onpenenuts npu nomoiu ocuuiorpada H3015 senuunabl Ung, Unc u T (mis
yKa3aHHBIX 3HAUYC€HHUM 4acToThl). [loslydeHHbIe pe3yIbTaThl 3aHECTH B TaOJIUILY

8.
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Tabnuna 8§ — DxcrepuMeHTalbHbIE U PAaCUE€THbBIE JaHHbBIC

DKCIIEPUMEHT Pacuer
f, k't Umnc, B Unr, B T, mC Im, MA C, Mx®d <C>, Mmx®
300
450
600
750
4. Haiit aMmuiuTy bl TOKa | U1 KaXK0T0 3HaY€HUs 4acToThl, puHIB R = 280
_Umr
Owm, o popmyue: In = R

5. Beruncauth 3HaueHne éMrocT KoHaeHcatopa C mo popmyie (33) mist Kaxkaoro
3HAYEHUSI YaCTOTHI.

6. Haiitu cpeanee 3HaueHne<C> émkocT KoHAeHcaropa. [loiaydueHHble pe3ybra-
ThI 3aHECTHU B Ta0uILy 8.

7. Onpenenuts pazdpoc EMKOCTH KOHAECHCATOpA AJIs Ka)KAO0ro 3HAYEHUs] YaCTOTHI
no popmyne: A= (] C-<C>|/<C>) - 100%. Caenath BbIBOJ O BO3MOXKHOCTH
orpeaeneHus: EMKOCTH KOHJIEHCATOpa OCHMIUIOrpauyecKuM METO/I0M, CUUTa,
1o A <20%.

KoHTpoJibHbIE BONIPOCHI

1. JlaiiTe onpenesieHre ANEKTPUUECKON EMKOCTH.

2. B kakux emuHUIIAX U3MEPSETCS ANIEKTpUUecKkas EMKOCTh U KaKOB TOPSAOK ITOM
BEJIMYUHBI?

3. IlpuBenure ¢opmyny nans  ONpeAeNeHUs  DIEKTPOEMKOCTH  IUIOCKOTO
KoHJeHcaTopa. OOBSICHUTE 3HAYCHUE BXOISAIIUX B HEE BEJIMUHH.

4. TlpuBenute BBIBOJA HJis OmpeAesieHus oOImeld €EMKOCTH KOHIEHcaTopa st
ClIydaeB MapajijieNIbHOTO U MOCJIE0BATEILHOIO COEIMHEHUSI KOHAEHCATOPOB.

5. B "uem coctouT 1enp J1abopaTopHO pabOThl M KaK OHA PEIIAeTCs B XOJe
MPOBEJCHUSI SKCIIEPUMEHTA?

6. Maiite ompeneneHne €MKOCTHOTO CONPOTHUBIIEHUS, MOJHOTO COMPOTHUBIICHUS
nenu? Kak uX MOKHO pacCUUTHIBATH?

7. IlpuBenmuTe BEKTOPHYIO AWarpaMMy TOKOB W HAaNpPSOKCHWA I IICTIH,
COCTOSIIIIEH U3 KOHACHCATOPA U aKTUBHOTO COMPOTUBIICHHS.

8. Ilouemy BO3HWKAeT yroia capura (a3 ¢ MEXIy TOKOM U HANPSIKCHHEM M Kak

€ro MO>XHO ONPEAECIUTH?
JlaGoparopHnas padora 5

Tema: MarautTHble CBOMCTBA BellleCTBA
eab padoThbl: uccie0BaTh HAMarHUYMBaHWE TOPOUAATBLHOIO CEpICYHUKA

TpaHcopmaropa, onpeesuTh €ro MarHUTHYIO MPOHUIIAEMOCTh U BEJIUYMHY Mar-
HUTHOU UHIYKLHH.
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Ipu6opsr u npunagiexunoctu: JIATP, TpanchopmaTop ¢ TOpouaaIbHEIM
CEpACYHUKOM, MUJUIMAMIIEPMETP, BOJIBTMETP, COCAUHUTEIBHBIE IPOBOA.

dopmupyemble BJIAACHUS:

- CIOCOOEH ONMpEeNEsATh MAarHUTHYIO MPOHUIIAEMOCTh U BEJIMYMHY MAarHHT-
HOM MHAYKINHN eppoMarHeTHKa.

HN3yuyaemble TepMHUHBI U MOHATHS: JOMEH, HAMATHUYMBAHUE, METIS Mar-
HUTHOTO TUCTEpEe3nca, OCTATOYHOE HaMarHMYMBaHUE, KOIPIUTHUBHAS cuiia, d3PPeKT
bapkrayseHa.

HamarauuuBanue (eppoMarHeTMKOB M CBedeHUS O JiadopaTopHOM
ycranoBke: Eciu He HAaMarHMYeHHBIN (eppOMarHeTUK MOMECTUTh B TIOCTEIIEHHO
BO3pacTarolee OT HyJsi MarHUTHOE ToJie, TO OH OyJeT HaMarHU4MBaThCs, T.€.
MarHuTHas uHAykiuss B BemectBa eppomarnervka OyJeT 3aBUCETh OT HAMps-
#énHoctu MarHutHoro mnoisis H. KpuBasg HaMarHuuuMBaHUsA — 3aBUCUMOCTh B =
f(H) — na rpaduxe (Pucynok 16) Beipazurcs yuactkom Oa.

Pucynox 16 — [leTyis MaruHuTHOTO THCTEpE3HCa
B TOouke a KpuBasg IOCTHUIraeT MakKCUMyMma, COOTBETCTBYIOLLETO MOMEHTY
Haceienus (By = const). Tlpu ymenbmenun nanpsokéHHoctd H ot 3nauenust Hs
710 HYJIsl KpUBasi HAMarHMYMBaHuUs He coBnaaaer ¢ a0, a uaér dosee moJoro 1o ab.
Bennuuna Ob HaseiBaeTcs ocmamounvim HamacHuyueanuem, STO BaKHAS Xapak-
TepUCcTHKa peppomarHeTrka. E€ cylecTBoBaHue sBIASETCS OCHOBOM CO3/IaHUs MO-
CTOSIHHBIX MarHUTOB.
JUist  ypaneHdsi OCTaTOYHOM HAMarHMYEHHOCTH HEOOXOAMMO HW3MEHUTh
HarnpasjeHue U Beanuuny Hanpsbk€HHocTh H. Benmuuna Oc = He naszbiBaetcs xo-
IPYUMUBHOLL CUNLOT Y TAK JKE SIBJISIETCS XapaKTEPUCTUKOM (peppoMarHeTuka.
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IIpy nanpHenIIeM yBeIUYECHUU HANPSKEHHOCTH IT0JA 10 3HayeHust Hs BHOBB 110-
CTHUTAeTCsl HAChIIleHue B Touke d.

Ecnu Tenepp Hanpsbx€éHHocTs H ymMeHbmuTh OT 3HaueHus Hs no Hyns, a 3a-
TE€M, U3MEHHUB HANPABJICHHE, YBEIMYUBATh OT HYJs 10 3HadyeHusa Hs, To momyuum
kpuByto defa. 3amknyrtas kpuBas abcdefa naswiBaercs nemnéii macnummuoeo eu-
cmepe3uca, T.. 3TO KpuBasi U3MEHEHUsI MarHUTHON uHAyKuun B dheppomaruernka
IIPY U3MEHEHUHU HANpPsHKEHHOCTU BHELIHErO0 MarHUTHOro mojis ot + Hs 1o — Hs u
oOpatHo, T1e Hs — Hanps>kEHHOCTh MArHUTHOTO MOJISl, COOTBETCTBYIOIIAs HACHI-
HICHUIO.

KpuBass HaMarHW4YuMBaHUSA IIUPOKO HCIOJB3YETCS I XapaKTEPUCTUKU
HaMarHMYWBaHUS MAarHUTHBIX MATEPUAIIOB B IIOCTOSIHHBIX U MEPEMEHHBIX MAarHUT-
HBIX MOJISIX.

SIBieHME MarHUTHOTO THUCTEpe3uca OOBACHSAETCS TEM, YTO (eppOMarHeTHK
COCTOUT M3 JOMeHO6 — MalbIX o0nactel (¢ nuHelHbME pasmepamu 10°3-102 cm)
CaMOMPOU3BOJBbHON HAMarHMYEHHOCTH 10 TOJIHOTO HAachlllleHusd. B oTcyTcTBHe
BHEILIHETO MAarHUTHOI'O MOJsl, HAIIPaBJIEHUS! BEKTOPOB HAMArHWYEHHOCTH Pa3iny-
HBIX JJOMEHOB HE COBIAJAIOT, U PE3yJbTUPYIOUIasl HAMAarHUYEHHOCTh T€Ja MOKET
OBITH paBHA HYJIIO.

OaHUM U3 KCIIEPUMEHTANIBHBIX JOKA3aTEeIbCTB CYIIECTBOBAHUS TOMEHOB SIB-
JSIeTCS CKaYKOOOpa3HbIM XapakTep TEXHUYECKON KpuBO HamarHuuuBaHus (Pucy-
HOK 17) B o0nacTu crnabbiX BHEHMIHUX ToJieH (BOJIM3U KPYyTOro MoabéMa KpUBOI),
Ha3bIBaeMbIN 3¢hghexkmom bapkeayszena.

[Tporecc TeXHUYECKOr0 HaMarHMYMBaHusl (eppOMarHeTUKOB COCTOUT B BO3-
HUKHOBEHHMH B HUX PE3YJIbTUPYIOLIEH HAMAarHUYEHHOCTH IO/ IEMCTBUEM BHEIIIHE-
ro MarHuTHOro mnosist. CyniecTByroT JiBa THIIA MTPOLIECCOB TEXHUYECKOrO HAMAarHu-
YMBAHUS FPAHMI] U IIPOLIECC BPALLECHHUS.

CwMmellieHre rpaHul JOMEHOB MPOUCXOJUT MPU BO3PACTaHUM BHEIIHETO Mar-
HUTHOTO TIOJISI U MOXET OBITh 00paTUMbIM U HeoOpaTuMbiM. Ecnu mporecc cMme-
HIeHUs1 o0paTUM, TO IPHU CHITHHM BHEIIHETO MAarHMUTHOIO MOJISI IOMEHBI MPUHUMA-
I0T UCXOJHBIE TOJIOKEHUSI B (DEPPOMATHETUKE; €CIIU K€ MPOLECC HeoOpaThum, TO
JIOMEHBI YK€ HE 3aHUMAIOT UCXOJIHbIE MOJIOKEHUS MPU CHATUM HaMarHU4YMBarollle-
O MOJIS.

I=fiH)

NpOUectkl
JETNEDE]

NPOLECCE
HeoBpaTHmMOro
CMELLEHHA TPAHKL

NpoLECchl 0BpaTimorn
CMELEHWA TRAHML,

Pucynok 17 — I'padpuk nporecca TEXHUUECKOTO HaMarHUUMBaHUS
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WcxonHble MOJI0XKEeHNs JOMEHAMH MIPU HEOOPAaTUMOM TPOLEecCe MOTYT OBbITh
3aHSTHI B MPOLECCE NEPEMArHUYMBAaHUS, T.€. IPU U3MEHEHUU HAIPaBJICHUS BHEII-
HETO0 MarHUTHOTO TOJIS.

B nporuiecce BpailieHusi JOMEHbI OPUEHTUPYIOTCSI OTHOCUTEILHO HaMarHU4H-
BAIOIIETO MOJISl TAKUM 00pa3OM, 4TO 3TO MPUBOAUT K MOBOPOTY BEKTOpA HAMAarHu-
YEHHOCTH HachIeHus. HeoOpaTumbie poIiecchl CMENEHUS TPAHUI] MEKITY JOME-
HaMH U MPOLECCHl BpallEHUS JTJOMEHOB SBJISIIOTCS MPUYUHAMU MAarHUTHOTO THUCTE-
pesuca.

B nabGoparopHoii paboTe uccienyeTcsi 3aBUCUMOCTh BEJIIMYMHBI MarHUTHOU
uHAyKIuu B oT Hanpsbk€HHOCTH MarHuTHOTO 1osist H B TOpouiankHOM cepieuHu-
K€ TpaHcpopMaropa U OINpEAeNIeTCs] MarHUTHas MPOHUIIAEMOCTh M MaTepuasa
Cep/IeUHUKA.

Pabouas cxema (Pucynok 18) npencrapiser coboit TpanchopMaTop ¢ TOpo-
UJATBHBIM CEpJCYHUKOM, IEPBUYHAS OOMOTKA KOTOPOTO Yepe3 JadopaTOpHBI aB-
toTpanchopmarop (JIATP) noakimtoueHa K KICTOUHUKY NIEPEMEHHOr0 TOka. Tok B
MEPBUYHON OOMOTKE HM3MEPSIETCS MHJLIMAMIIEPMETPOM MAj1, a HampsbDKEHUE Ha
BTOPUYHON OOMOTKE — BOJIbTMETPOM V.

A o
JIATE
H =

Pucynok 18 — PaGouas cxema skcriepumMeHTa
Hanpsik€HHOCTh MarHUTHOTO MOJISI IO OCEBOM JINHUY TOPOU/IA PABHA:

NI
H=—"" (34)
(1)
rae | — BenurHa Toka B IEPBUYHONM OOMOTKE ¢ YHMCIIOM BUTKOB Nj, <l> - JUTMHA
OCEBOM JIMHUW TOPOUIATBHOTO CePACUHUKA.

Bo BropuuHoit oomoTtke ¢ yuciaom BUTkoB Ny unaymupyercs 3/C:

do
€y, = _Nz Ea (35)

do
rac 7 - OJICMCHTApPHOC N3MCHCHUC MAI'HUTHOI'O IIOTOKA CKBO3b ITOBCPXHOCTD,
t

oXBaThIBaeMyro BUTKaMu No.
Cpennee 3nauenne J/]C 3a nonoBuny nepuoaa T MOXXHO ONPEAETUTh KaK
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t+T/2 t+T/2
<Ey:§ jﬁdt:-zgi [do. (36)

t
[Tepexoist K BEIMYMHAM MAarHUTHBIX IOTOKOB cepacuHuka @1 u @; 3a noiry-
nepuoJl, BenuunHy JJ{C MOKHO ONpeaenuTh Kak

P,
<E>=—2N2 Id®=2N2
D

T ((pl - (D2 ) (3 7)

Ecau MarHuTHBIE IOTOKHU CUMMCTPUYIHBI OTHOCHUTCIIbBHO BPCMCHU, TO

‘51 = ‘c?z , TOT/1a (E) = 4]Tv2 ,

1
rne 7=— . 38
F (38)

Ho 3HaueHne MarHiuTHOTO MOTOKA B CCPACHHUKE OIIPCACTACTCA KaK
®=B'S, (39)
rac B - BCIIMYMHA MaFHI/ITHOﬁ NHAYKINH, S — IIJI0IIadb Honepequro CCUCHUSI TO-
poOonIaIbHOIO CCPACYHHKA.

Torna umeem:  (E)=4N, fBS, (40)
E
B=—"—,
Oriyna 4N, 1S (41)

rie E — neiictByromee 3nauenne DJIC BO BTOpUYHON 0OMOTKE TOpOHUa, U3Mepsic-
MO€ BOJBTMETPOM V1.
T.K. MAarHUTHOE TI0JIE€ TIEPEMEHHO, TO UMEET MECTO JIMHAMHUYECKash MarHUT-

Hasd IIPOHHUIACMOCTb, BCIIMINHY KOTOpOﬁ MOJKHO OIIPCACIUTD I10 (bOpMYJIGI
B

H=—, 42
HoH (42)

rae to = 4m107 TH/M — MarHuTHas NOCTOSIHHAS (MArHUTHAS IPOHUIAEMOCTD Ba-
Kyyma).

IHopsinok U MeTOAMYECKUE PEKOMEHIAIUU 10 BHINOJTHEHUIO PA0OThI:
1. CoOpath 2JEKTPUUECKYIO CXEMY COTIACHO PUCYHKY 18.
2. U3mensa noBopotoMm pydku JIATPa Tok B mepBUYHON 0OMOTKE C marom SMA,
CHSATh COOTBETCTBYIOIIUE UM 3HaueHus1 DJ[C Bo BTopuuHOM 0OMOTKE (HE MEHEe
15 3nauenuit). [lomydeHHble pe3yabTaThl 3aHECTU B TaOIHILY 9.
3. Paccuntats 3Hauenus H, B u p, cunras f = 50 I'u. 3nauenns Ny, No, (1) u S

yKa3aHbl Ha TUKETKaX, HaXOAAIUXCs Ha TpaHcpopmarope. [TomydueHHbIe pe-
3yJbTAThl 3aHECTU B TAOJIUILY.
NI E B

’L[:

H= N B= . .
<Z> 4N, fS HoH

4. TlpensapuTenbHO BbIOpAB MacIITad, O JaHHBIM TaOIUIbI 9 TOCTPOUTH TpaduK
B = f(H), cpaBHUTB €ro C NOJ0KEHUSIMH, IPUBEIEHHBIMU B TEOPUU PAOOTHI,
C/IeNIaTh BBIBOJI.

Tabnuia 9 — DxcriepuMeHTaIbHbIC U PACUETHHIE TaHHBIC
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I, MA E, B

H, A/m

B, Tn 1)

CoNoakrwWdE

KoHTpoJsbHBIE BONIPOCHI

Ha rpaduke neTiny MarHuTHOTrO rUCTepe3rca MOSICHUTh X0 €€ MOCTPOCHHUS.

I[aTB OMnpecACICHUC OCTATOYHOIO HAMarHninBaHUsl.

JlaTb onpeneneHue KOAPIUTUBHON CHIIBI.
JlaTh IOHSITHE TOMEHHOUW CTPYKTYpHI heppOMarHeTHKA.

B uém 3aknrouaercs npouecc TEXHUYECKOro HaMarHn4uBaHus?
B uéMm paznuurie TUIIOB TEXHUYECKOTO HAaMarHUYUBaHUS ?

Yewm oOwsicusercs dpdext bapkrayzena?
JlaTb onpeneneHre MarHuTHOW MPOHUIIAEMOCTH BEILIECTBA.

Kak pasnuyaroTcst TUIIBI BEIIECTB B 3aBUCUMOCTH OT MX MATHUTHOW ITPOHULIAE-

MOCTH?
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JlaGoparopHnasi pabora 6

Tema: Ucnoabn3oBaHue 3HeKTpOMaFHHTHOﬁ HHAYKIUA

Heab padoThl: M3YYUTHh YCTPOHCTBO omHO(DA3HOrO TpaHcopmaTopa H
MIPUHIIAT €70 PabOoThI, ONPEASTUTh KOAPPHUITUEHT TpaHCPOpPMAIUH, MTOTYIUTh 3a-
BHCHUMOCTbH HaIPsDKCHUS HA BTOPUYHON OOMOTKE OT TOKA HAarpy3KH.

Ipubopsl U MPUHAJIESKHOCTH: JTA0OPATOPHBINA CTEHJ C BOJbTMETpaMu V1,
V,, muwumnamnepmerpom MA,, conpotuBieHusiMu Rz — Ry, Tymbnepamu S; — Sy;
TparchopMaTop ¢ JEHTOYHBIM MarHUTONpoBoaoM, JIATP, coequHUTENbHBIE TIPO-
BOJIA.

®opMupyemble BIaJeHUS:

- crmocobeH omnpeaensaTh KoddduimeHT Tpanchopmaruu Tpaachopmaropa.

N3yyaemble TepMHUHBI M MOHATHSA: 3.7.C. CAMOMHIYKIIUU, B3aUMOUHIYK-
151, CEPJIEYHUK, KapKac, 0OMOTKa TpaHcpopMaropa.

YecerpoiictBo U npuHIuN AelictBus TpaHcdopmartopa: Tpancdopmartop
COCTOMT W3 CIIEAYIOLIUX YacTeil: cepJieuHrKa, KapKaca, OOMOTOK U JeTajel, cTi-
T'MBAIOIINX CEPJCUYHHUK.

Cepoeunuk(macnumonpogod) TpaHchopmaropa CIyXKHUT JJIS YMEHbIICHUS
NIOTEPb, BHI3BAHHBIX BUXPEBBIMU TOKaMU. J[J1s1 3TOro oH Habupaercss U3 IIIACTHH C
nepeMbrakamu (PucyHox 19), H30JMpOBaHHBIX IPYT OT Apyra TOHKAM CJIOEM Jiaka,
WITM HABUBACTCS U3 MOJIOC dIEKTpoTeXHUUecko ctamu (Pucynok 20).

Pucynox 19 — [1I-oOpa3Hast miacTuHa ¢ IEpPEeMbIYKON

[TnacTuHbI cepaeyHUKa TTOCIe COOPKU CTATHBAIOTCS TJIAHKAMU WIJIH YTOJIKA-
MU TIPU TIOMOIIH IIMUJIEK ¢ TalKamu, MO0 crielaibHbIMU 00)KUMKamMu. CTsKHBIE
TJIAHKY, YTOJKHA WK 00KMMKH CITY>KaT OJJHOBPEMEHHO /I KPETUIeHHs TpaHcop-
Maropa.

JIMHUS
paspesa . ____ I I i B I I

Pucynox 20 — MarHuTonpoBo/] U3 HABUTHIX MOJIOC AJEKTPOTEXHUYECKON CTaIH
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JIiist 3amuThl TpaHcdopmaTtopa OT BJIard U JJIs MOBBIIIEHUS €r0 3JIEKTpUYe-
CKOM TTPOYHOCTH OOMOTKHU MOTYT MPOMUTHIBATHCS CIIEIIUATLHBIMU JIAKAMHU.

TparcdopmMaTop CITy>KUT JJIs OBBITIICHUS (TIOBBIMIAIONINN) UM TTOHKCHUS
(MOHMIKAOIIMIA) HAINPSKEHUSI IEPEMEHHOTO TOKa, JEHCTBHUE €r0 OCHOBAaHO Ha SB-
JICHUW B3aUMOWHTYKITHH.

Kapkac, Ha KOTOPOM NOMEIIAOTCS OOMOTKHU, U3rOTABIUBAETCS U3 JIEKTPO-
M30JISIIIMOHHOTO MaTepraia (OOBIYHO U3 AIEKTPOKAPTOHA).

Obmomxu TpaHnchopMaTopa BBIMOIHIIOTCA, KaK MPaBUIIO, U3 MEAHOTO MPO-
BOJIa, UMEIOIIETO SMAJIEBYI0, OyMaKHYIO WIIA MIETKOBYIO U30JISIHIO.

Ecnu B Tpancdopmarope (Pucynok 21) Ha nepBuuHyto oOMOTKY |, cocTosi-
nryto u3 yucia BUTKOB Ni, monate nepemenHnoe Hanpsbkenue Ui, To B oomotke |
BO3HUKAET MEepPEeMEHHbIN TOK |1, co3naronumii B cep/ieuHuke (MarHUTOIPOBOIE) Tie-
PEMEHHBII MarHUTHBIN MOTOK @, KOTOPBIN BO30YyX)AaeT B 0OMOTKax TpaHChopma-
TOpa BUXPEBOE 3JEKTPUUECKOE 1Mosie U B HUX Bo3HuKaeT J.J1.C. unaykuuu (B nep-
BUYHOU 00MOTKE — 3T0 J./[.C. caMOMHAYKIIUN).

N1 N2

AN
/1,

Pucynox 21 — TpanchopmaTop ¢ MarHUTOIIPOBOJIOM U OOMOTKaMHU

B TtpaHcopmaTope UMEIOT MECTO TTOTEpU SHEPTHH: B MarHUTONPOBOE, KO-
TOPBIE CBS3aHBI C TOSBJICHUEM BUXPEBBIX TOKOB, C HAUTMYHUEM THCTEPE3UCHBIX SB-
JICHUH B (peppOMAarHeTHKE M C pacCEMBAaHMEM MAarHHUTHOTO TMOTOKa (B 0OMOTKax
TpaHncpopmaropa — ¢ BBIICICHHEM TEIUIA, OMpeneisieMoro 3akoHoM J[xoyis-
Jlenma). B mabopatopHom TpaHcdopmaTope motepu coctapisitor 2-3%.

Ecnu tpanchopmarop padbortaer B pexxume xoioctoro xoaa (XX), T.e. BTO-
pudHas 0OMOTKa pa30MKHYTa, TO IEPBUYHAS OOMOTKA IMPU ITOM SBJISIETCS TOJIHKO
WHIYKTUBHOW HArpy3koW X, =wl, JJIs TogaBaeMoro Ha He¢ HampspkeHus Ui, u

yroia capura (a3 Mexay TOKOM W HampsHKEHHEM B MEPBUYHOM OOMOTKE TpaHC-

T o
dbopmaTopa cocTaBIIsIeT > Bennunna ToKa lixx B IepBUYHON OOMOTKE B PEKHME

XX o4eHb Maja U U3MEHSIETCS 110 3aKOHY:
i=1  -cosar (43)
rae lmi — aMIIMTyJHOE 3HaYeHUE TOKa B IEPBUYHON 0OMOTKE, (0 — KpyroBas
4acToTa TOKA.

[To TakoMy ke 3aKOHY WM3MEHSETCS BEJIMYMHA MArHUTHOTO IaToKa B Cep-
JeYHUKe TpaHnchopmaTopa:
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O =0, cosawt, (44)
rae Om — aMITIUTYTHOE 3HaYEHUE MarHUTHOTO ITOTOKA.
Bennunna MarHuTHOrO noroka @ mponopuroOHaIbHA YUCITYy HaMarHU4uBa-
IOIIMX amnep-BUTKOB lixx N1 mepBruHO 0OMOTKH.
W3menstomuiics MarHUTHBIA MOTOK BO30YKJAeT 3.1.C. KaK B NEPBUYHOM,
TaK U BO BTOPHYHON OOMOTKE:

ey, = —N, dﬁ =N, 0D, COS(a)t—%) =é&n COS(CU'[—%) =-U, ;(45)

dt

ey :—NZ%:NZaxDm cos(a)t—%):gmu cos(cot—%):uz. (46)

2

O.A.C. camounaykuuu €y, 1nepBHYHON OOMOTKM B KayKIbIii MOMEHT Bpe-

MEHHU ypaBHOBEIIMBACTCS TOJIAHHBIM Ha TIEPBUYHYIO OOMOTKY HAMPsOKEHUEM Uy
u =-¢ey, . (47)
N3 ypaBuenutii (46) u (47), omyckasi 3HaK MUHYC, UMEEM:
e u N
N 2 2
2 _— e — K , (48)
ey, U N,
rae K — koaddumment rpanchopmarnuu.
Ecnu x BTOpuuHON 00MOTKE TpaHchopMaropa MOAKIIOYUTH AKTHBHYIO
Harpy3ky (conpotuBieHue Ry), TO BeTUYMHA TOKA BTOPHYHONW OOMOTKH OY/ET:
u
_Y4

I, =—, (49)

z

rae z=4/R? +(wl,)’ — NOJHOE COMPOTHUBIICHUE IIETTH BTOPHYHONH OOMOTKH.

MarauTHblii TIOTOK Harpy>kKeHHOTo TpaHcpopMaropa co3daéTcsi TOKaMH B
MEePBUYHON U BTOPUYHOM OOMOTKaxX (MEpBUYHBIMU [, N, U BTOPUYHBIMH [,N, aMm-

nep-suTkamMu). Ho MarHutTHoe COCTOSIHME CepAeYHMKa Harpy>KeHHOro TpaHcgop-
MaTopa Maj0 OTIMYACTCA OT COCTOsIHUA XX, O3TOMY PE3YJIBTUPYIOLIUE aMIIep-
BUTKH IIEPBUYHOTO ¥ BTOPUYHOTO TOKOB B CyMME IPUMEPHO PAaBHBI AMIIEP-BUTKAM
XX. Tlonarass MOIIIHOCTHA B MEPBUYHOM M BTOPUYHOM OOMOTKAaxX paBHBIMH, MOJY-
YUM:

LU, =1LU,. (50)
N3 pasencts (48) u (50) nomyuunm:
vt L _ N, (51)

ey uw I, N,
Ecnu B nenu BTOpU4HOI 00MOTKH TpaHchopMaTopa yMEHbIIaTh COMPOTUB-
aenue Harpy3ku Ry, To Tok l; Oyner Bo3pacrarh corjacHo 3akoHy Oma Juist 1moJi-
HOM LIEIN:
U
I, =—2—,
r+R,

(52)

rje I — aKTUBHOE COMPOTHUBJIEHUE NMPOBOJIa BTOPUIHON OOMOTKH, COCTOSIIEH
n3 N, BUTKOB.
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Ecnu >xe conpoTuBieHue Harpy3ku Ry yMEHBIIUTH HACTOJIBKO, 4TO Ry <,
TO TOK |y B 1IeMM YBEJIMYUTCS JI0 MAKCUMyMa, T.K. CONMPOTUBIICHUE I BTOPUYHOM
0OMOTKH OOBIYHO OYEHH Majlo. Takoi pexuM padoThl TpaHChopMaTopa Ha3hIBaACT-
cs pexxumoM KopoTkoro 3ambikaHus (K3). IIpu 3ToM BCsi akTMBHasi MOIIHOCTb,
BbIJITIsIEMasi BO BTOPUYHOW OOMOTKE B BUJE TeIUia, OyAET BBIACIATHCS HA COMPO-
TUBJICHUHU I

P=Iy, 1 (53)

3710 npuUBEAET K CUIIBHOMY HarpeBaHui0 0OMOTOK M OBICTPOMY BBIXOAY TpaHC-
dbopmaropa u3 CTpos.

Iopsiaok 1 MeTOANYECKHE PEKOMEHIAIMH 110 BHINOJIHEHUI0 padoThI:
1. CoOpaTh pabouyo 3JIEKTPUUECKYIO CXEMY ONBITAa COTJIACHO PUCYHKY 22.

Tp. Py
A G G = \f:lf;,
i i @D I II @D Fx
i ; 31
B Lﬂ. l ;J\

Pucynok 22 — Pabouast cxema 3KcriepuMeHTa

2. IIpu pazomkHyTOM TyMOsepe S; (pexkum XX) B mpejesiax peryIupoBKy HAMpsi-
xeHusi JIATP cHATh He MEHee MATH MOoKa3aHWil BOJBTMETpa Vi M COOTBET-
CTBYIOIIIME UM TTOKa3aHus Vs.

3. YcraHOBUTh MakcUMalbHOE 3HaueHue Vi, 3aMKHYTh TyMOJep Si U, U3MEHSs
COTPOTUBJICHUE HArpy3ku Ry, CHATH TMOKa3aHUs BOJBTMETpAa V2 M COOTBET-
CTBYIOIIME UM TOKa3aHusg Muuinamiepmerpa MA;. (B kadectBe Harpysku Ry
UCIOJIb30BaTh compoTuBiieHus R3-Ry7). TlomyueHnHble pe3ynbraThl 3aHECTH B
Tabmuiy 10.

Tabnuna 10 — DkcriepuMeHTaIbHbIE U paCUETHHIC JAHHBIC

Pexunm xomnocroro xona Pexunm akTUBHOW HArpys-
K1

U, B U, B K <K> U,, B l,, mMA
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4. Beruucauts 3HaueHue K o dopmyne (51), Haiitu cpeanee 3nauenue <K>. Io-
Jy4YeHHbIE JaHHbIE 3aHECTH B Tabnuiy 10.
5. Jlns pexxuma xosocToro xoja noctpouts rpaduk K = f (Uy).

K

Uy

CraenaTh BBIBOJI O 3aBUCHUMOCTH BETUYHMHBI KO3 uienTa Tpanchopmanuu
K ot uamenenus Uy,

KoHTposbHBIE BONIPOCHI
JlaTp onpenenenre B3anMOUHYKINN.
Paccka3aTh 0 Ha3HAYEHUHU U YCTPONCTBE TpaHchopmarTopa.
[lepeuncnuth U 0XapakTeprU30BaTh PEKUMbI pabOTHI TpaHCcHOpMaTopa.
[Tepeuncnuth u pacckazaTb O Ha3HAYEHUH JIIEMEHTOB paboyeii CXEMBI.
JlaTe onpenenenue 3.1.C. CAMOMHIYKIUN U PACCKa3aTh O €€ BOZHUKHOBEHUU B
TpaHcopmarope.
Yro nokasbiBaeT kodppuueHt tpanchopmanuu K?
7. Jlns yero nmpenHa3Haye€H MarHUTONPOBO TpaHchopmaTopa?

ok whE

o

JlabopaTopHnasi padora 7

Tema: OnpeneneHue HHIYKTHUBHOCTH

Heab paGoThl: uccienoBaTh KaTyIIKy, BKIIOYEHHYIO B IIENb KaK MMepEeMEH-
HOTO, TaK ¥ MOCTOSIHHOTO TOKa; ONPEAEIUTh UHAYKTUBHOCTh KaTYIIKH, UCHOJIb3Ys
COOTHOIIICHHS MEX]ly €€ aKTUBHBIM, PEAKTUBHBIM U TIOJHBIM CONPOTUBICHUEM.

IIpubGopbl ¥ MPUHANIEKHOCTH: DJIECKTPOTEXHUYECKUA CTEHJ C BOJHTMET-
pamu V1-V4, MuumnamnepmerpaMu MA-MAg, KaTylkaMu WHIYKTUBHOCTH Li-Ls,
TymOsiepaMu S1,S;, ICTOUHUKOM NEPEMEHHOTO M MOCTOSHHOTO HANpsHKEHHM, Co-
€IMHUTEJIbHBIE IPOBOJIA C HAKOHEYHUKAMU.
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dopMupyeMble BJIAICHUSA:

- CIOCOOEH ONpeAEsITh UHAYKTUBHOCTD KaTYIIKHU, UCIIOIb3Ysl COOTHOIIIE-
HHS MEXKy €€ aKTUBHBIM, PEAKTUBHBIM U TIOJTHBIM COIPOTHUBJIEHUEM.

N3yuyaemble TePMUHBI U MOHATHSA: UHAYKTUBHOE CONPOTUBIICHUE KaTyll-
KU, TTIOJTHOE COMPOTUBIICHUE KATYIIKHU.

Karymka MHAYKTHBHOCTH B LlelH MEepPeMEHHOro Toka: Eciu Kk KoHIam
MPOBOJIHUKA C aKTUBHBIM CONPOTUBIICHUEM R MPUIIOKEHO MEPEMEHHOE HAIPsIKE-
HUE U, BEJIMYMHA KOTOPOrO B Ka)Iblii MOMEHT BPEMEHU t OINpENEIsAEeTCS ypaBHe-
HUEM:

u = Up sinmt, (54)

rae Uy — aMIDIMTYTHOE 3HAYEHUE HANPSKEHHS, 0 — KpyroBas (LUKIUYecKas) Ja-
CTOTa, TO B IPOBOJHUKE BO3HMKAECT NEPEMEHHBIN JIEKTPUYECKUN TOK, BEIWYMHA
KOTOPOTO B TOT K€ MOMEHT BPEMEHU ONPEAEISIETCS 0 3aKOHY Oma

U :
=—"—=|_sinwt,

iy
R Rsinwt

rae I m ? . (55)

Ecau xe KpOMC aKTUBHOI'O COIIPOTHUBJICHHUA RB eI UMCCTCA MHAYKTHB-
HOCTb, XapaKTCpu3ycmasd KOI)(i)(l)PIHHGHTOM CaAMOMHAYKIHNH L, TO IIO1, I[GﬁCTBPICM
9TOI'0 KC HAIIPAKCHUA TaM BO3HHUKACT TOK

I=1_sin(wt-g), (56)

U u
rae | = m____ m , (57)
JRZ+ X% JR? +(wL)?

¢ — yroJ caBura ¢az MeXIy TOKOM U HalpsDKEHUEM, OTTpejie-
asieTcs o opmyie:

L
@ = arcty W? : (58)

CpaBuuBas ypaBHenus (54) u (56), MOKHO YBUAETH, UTO TOK OTCTa&T 1o ¢a-
3e OT HampspbkeHus Ha yrod ¢ (mpu R = 0 orcraBanue paBao 90°).

B ¢opmyie (57) BemuunHa Z =+/R? + X, ° — MOZyJIb MOIHOTO COMPOTHBIIE-

HUs, a BennunHa X| = oL — HTHAYKTUBHOE COMTPOTUBIICHUE KATYIIKH.

BekropHast aumarpamMma, WUTIOCTPUPYIONIAs OTCTaBaHUE TOKAa B IEMU OT
HaIpsHKEHUS MPYU HAIMYWW B HEW MHIYKTUBHOCTU L M aKTHBHOTO COMPOTUBIICHUS
R, nokazana Ha pucyHke 23.
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UmL Um=Umr+UmL

Im UmR
Pucynok 23 — BekTopHas guarpamMma Toka U HanpsHKEeHUN

B dopmynax (55) u (57) Benuuunsl |y 1 Uy — 3TO aMIUIMTYIHBIE 3HAYCHUS
TOKa M HAaIpPSHKEHUSI, KOTOPBIE HENb3s U3MEPUTh CTPEIIOYHBIMU U3MEPUTEIbHBIMU
npudopamu. [Ipubopsl OynyT u3MepsaTh 3 PeKTUBHBIE (AEUCTBYIOMIKE) 3HAYEHUS
|
OTUX BEJIMYMH: I=— n U :U—m.
V2 V2

[ToncTaBiisst AeMCTBYIOIIKME 3HAYSHUS TOKA U HanpspKeHus B hopmyiy (57),

MOJTy4YHM:
U U

= — == 59
JRZ+(wL)* Z (59)

z2* —R?
oTkyza cieayer: L = W (60)
e z=UT. (61)

AKTUBHOE€ CONPOTHUBJIEHUE KATYIIKU R MOXXHO HalTH, MoAaB Ha HEE MOCTO-
SHHOE HaNpPsHKEHUE U 3aMEPUB IIPOTEKAIOIINMN B HEN TOCTOSIHHBIN TOK:
U

— I nocm ) (62)

nocm

IMopsiok 1 MeTOAMYECKHE PEKOMEHIAIMH 10 BHINOJHEHUIO Pad0ThI:
1. CoOpaTh 2NEKTPUYECKYIO CXEMY COTJIaCHO PUCYHKY 24, rae 3Haduenue Lx ompe-
nensieTcst u3 Tadmib 11.

S1
1+ 2= D & |

® 3

S
2(-) BB N2 z @ 5

Pucynoxk 24 — Dnextpudeckas cxema IKCIIepuMEeHTa
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Ta6nuna 11 — BapuaHTsl NOAKIIOUYEHUS! HHIYKTUBHOCTH Lx

BAPUAHT

1 2 3 4 S

L, L.+ L, L+ Lo+ Ls L+ Lo+ L3+ Ly L+ Lo+ L3+ L4+ Ls

2. Knemmbl 1 1 2 cxembl MOJKIIOYUTh HA CTEHAE K HCTOYHUKY MOCTOSHHOTO
HanpspkeHust U | CHATB Moka3aHusi IpruOOPOB U 3aHECTH UX B Ta0IuUILy 12.

Tabsuua 12 — DKcnepUMEHTAJIBHBIE U paCYETHBIE TAHHBIE

DKCEPUMEHT Pacuér

Unoer, B | lnoe, MA| U, B | ILMA |R,Om | Z,0OM | X.,OMm | L,T'H | @, Tpan

3. TGHCpB KJIEMMEI 1 1 2 cXeMbI IMOAKIIOYNUTD Ha CTCHAC K HCTOYHHKY IICPECMCHHO-

ro HanpspkeHus (A u B), cHATH noka3aHust NpuOOPOB U 3aHECTU UX B TaOJIUILY
12.
4. Paccuutath 3HaueHus Z u R o ¢popmynam (61) u (62).

5. Vicnons3ys popmyny z =+R?+ X, * , paccunTarh 3Ha4eHHE X| =
6. Ucnonb3ys popmyny X = oL paccuutaTh 3HaUYEHUE UHAYKTHBHOCTH, TIE (O =
2nf, f=50Tu. L=
7. Paccuntath yrona ¢ caBura a3 Mexay TOKOM U HalpsKeHUeM 1o GopmyJie:
@ = arctg Wk
R

[Tomy4yeHHbie TaHHbIE 3aHECTH B TaOwmIry 12.
8. 3amaBumch MaciTabom, MOCTPOUTH BEKTOPHYIO IHarpaMMy U3MEPEHHBIX TOKOB
U HanpsDKEHHH 1o 00pasily, MpeICTaBIEHHOMY Ha pUCYHKE 23.

my =
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Ne)

. CpaBHI/ITB INOJIYYCHHBIC 3HAYCHUS yIJIa @, coenartb BEIBOJI.

KoHTposbHbIE BOIPOCHI
1. B 4ém ocobeHHOCTH NpUMEHEHUs 3akoHa OMa B IIeNu MOCTOSIHHOTO W Iepe-
MEHHOTO TOKa IPU MOJAKIIIOUEHHON KaTyIIKe UHIYKTUBHOCTH?
2. Kakue mapameTpsl ¥ Kak BIUSIOT Ha BEJIMYUHY UHAYKTUBHOTO COIIPOTHUBIICHUS
KaTYIIKU?
3. Ilpuseaure popmyiy id OnpeaeneHns BEIUYUMHbBI MHAYKTUBHOCTH B J1a0opa-
TOpHOM paboTe.
Jlatb onpenenenue 3.11.c. CAMOMHAYKIIHH.
Jlatb onpenieneHne BeIMUUHbl UHIYKTUBHOCTU B cucteme CU.
[TpuBectn popmyity mOTHOTO COMPOTHUBICHUS LIETH, COACPXKAIICH aKTUBHOE U
WHIYKTUBHOE COMPOTUBJICHUS.
7. [aTp onpeneneHre MOIYJIs MOJTHOTO COPOTHUBIICHHUS.

o ok

JlabopaTtopHnasi paGora 8

Tema: DileKTpUUYECKHH pa3psi B rase

Henb padoThl: onpeneauTs MapaMeTpbl TEHEPATOPA PEAKCALIMOHHBIX KO-
JebaHuil Ha ra30pa3psIHON JlaMIie.

IIpuOopsl ¥ NPUHANIEKHOCTH: DIEKTPOTEXHUYECKUN CTEHJ C BOJIBTMET-
pamu V1i-V4, muwmnammepmerpamMu MA-MAs, Tymbiepamu Si,S;, HCTOYHHKOM
IIEPEMEHHOTO HAIIPSDKEHHUSI, BBIIPSIMUTENL ¢ HEOHOBOM nammol, JIATP, ociumio-
rpad H3015, coenuuutensHbie NpoBoOAA.

dopMupyembie BJIAACHUA:

- COCOOEH OMpeneNsiTh MapaMeTphl TeHepaTopa peJaKkCallMOHHBIX KoJjieOa-
HUW Ha HEOHOBOW JIaMII€.

HN3yuyaemblie TepMUHbI U NOHATHSA: Ta30BbIM paspsj, TICKOLIMNA pas3psi,
yAapHas MOHU3aLusl, BTOPUYHAs DJIEKTPOHHAS YIMUCCHS.

CaeneHusi 0 ra3oBoM paspsiie U peJaKCAlMOHHBIX Kojedanusix: IIpo-
XOXJACHHUE AIIEKTPUUYECKOr0 TOKA Uepe3 ras3bl Ha3bIBaeTCs 2a306biM pazpsadom. Ec-
J1 HOCUTENH, HEOOXOIUMBIE JISl TOAJIEPKaHUS 3JIEKTPOIIPOBOAHOCTH Tra3a (MOHBI,
AJIEKTPOHBI), CO3AIOTCS B PE3YyJIbTaTE BO3AEHUCTBUS JIEKTPUUECKOTO MOJISA, TO Ta-
KOH pa3psil Ha3bIBACTCA CAMOCMOAMENbHBIM 2A3068bIM PA3PAOOM.

OpHuM U3 BHUIIOB CaMOCTOSITEIILHOTO paspsia SIBISIETCS mierowul pa3pso,
KOTODPBIM BO3HHUKAET B ra3e MpHU JABJICHUSX MOPSAIKA HECKOJIBKUX JECATKOB MM. PT.
CT. U HalPSHKEHWH B HECKOJBKO COTEH BOJBT. TIErOmMN pa3psal MOXKET Ha4yaThCs
TOJBKO TP OMPENEIEHHOM HANPSKEHNH, HA3bIBAEMbBIM HAIPSYKEHUEM 3a)KUTAHUS
Us. Ecniu Hanpsbkenue Menbline Us, TO TOK depe3 ra3oBblii MPOMEXKYTOK HE UJET.
[Ipn AOCTHIKEHNH HANPSIKEHUS 3aKUTaHUS TOK CKAYKOM JOCTHUraeT 3HadueHus ls
(Pucynox 25).
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Pucynox 25 — BonpramnepHas xapakTepUCTHKA TICIOIIETO pa3psiaa

[Ipu nanpHelilieM yBEIMYECHHM HANpPsKEHUS TOK OyJeT Bo3pactaTh. Eciu
HaIpsDKEHHWE MOHMXKATh, TO TOK HAYHET yMeHbIIaThcsa. Korga HanpsbkeHue Ha ra-
30BOM MPOMEKYTKE NOCTUTHET 3HaueHus: Ur (HampspKkeHHs raiieHwusi), TOK cKad-
KOM YMEHBIIUTCS 10 HYJIS.

B raze Bcerga umeetcsi HeOOJIbIIIOE KOJIMYECTBO CBOOOHBIX JIEKTPOHOB U
MOHOB. Eciin naBneHue raza HEBEIUKO, TO MO AEMCTBUEM PAa3HOCTH NOTEHIMUAIIOB
MEXIy KaToJOM U aHOJIOM 3JIEKTPOHBI MPUOOPETAIOT YHEPTUIO, JOCTATOUHYIO JIJIS
MOHM3alMN aTOMOB. B pe3ynbrare CTOJKHOBEHHUS AJIEKTPOHA C aTOMOM, IOCHEA-
HUI MPEBPAIAETCS B MOH. DTOT MPOIIECC HA3BIBAETCSA YAAPHON HOHHU3ALUEH.

[TonoxxuTenbHbIE MOHBI, MOSIBUBIIKMECS B PE3yJibTaTe YJIapHON MOHU3AIUH,
JIBUTAsICh K KaToOy, MPpUOOpeTaloT 3HauuTeNbHyl0 sHepruto. [log meiictBuem mx
WHTEHCUBHON OOMOApAMPOBKHU U3 KATO/Ia BHIJIETAIOT JIEKTPOHBI, KOTOPHIC, B CBOIO
o4epeab, MOTYT HMOHU3UPOBATH AaTOMbI. JTOT MPOLECC HA3BIBAETCS BTOPUYHOMU
3JIEKTPOHHOM AMHUCCUEN U3 KaTO/a.

VY napHast HOHU3AIMs MOJIEKYJI Ta3a AJIEKTPOHAMH M BTOPUYHAS SJIEKTPOHHAS
AOMUCCHS, BbI3BaHHAsI 00OMOApIUPOBKOM KaToAa MOJIOKUTEIbHBIMA WOHAMHU, SIBJISI-
FOTCS OCHOBHBIMH MPOLIECCAMU, TOAAEPKUBAIOIINMU Pa3psijl B rase.

Ecnu B cucteme MeIJIeHHO HAaKarUIMBAIOTCSl U3MEHEHHS] B TE€UEHUE CPAaBHU-
TEJIBbHO JUINTEIIBHOTO BPEMEHH, 3aTEM CKAYKOM IIPOMCXOJIUT U3MEHEHUE €€ COCTO-
SHUS, U CHCTEMA CHOBA BO3BPAILAETCS B UCXOAHOE MOJIOKEHHE, & 3aTEM IPOLECC
CHOBA MOBTOPSIETCS, TO BO3HUKAIOT pelaKcayuoHHble KOaeOaHus, KOTOpble MOXKHO
HaOJII01aTh B reHepaTope Ha rasopas3psaHoit tamie (Pucynok 26).
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Pucynok 26 — Cxema reneparopa pejiakcalldOHHBIX KOoJeOaHui
C HEOHOBOM JIaMITOU

HeonoBas namma JI npencraBisieT co00il CTEKJISIHHBINA OaJIOH, 3alOJHEH-
HbIIl HEOHOM NpHu AaBiaeHuu 10-15 MM pT. CT., B KOTOPBII BIIasiHbI ABAa METAIINYE-
CKHX JJIEKTPO/IA.

[Ipm 3ampikanuu kioda K KOHZAEHCATOp HAYMHAET 3apspKaThbCs 4epe3 COo-
npotusicare R ot E (ucrounmka 2.J1.C. — Ha pucynke 27 y4actok 0-1). Korma
HanpsbkeHue Ha KoHjeHcatope C nmocturHer 3HaudeHust Us, B jamiie BO3ZHUKAET
TICIOIIMNA pa3psl, U yepe3 He€ HAUMHAET NPOTEKATh JJICKTPUUECCKUM TOK. KoHeH-
caTop MpPH ATOM pa3psiKAETCA Yepe3 ra30BBIM MPOMEKYTOK (Ha pUCyHKe 27 yya-
cTok 1-2).

Korna Hamnpsbkenue Ha jlamrie ctaHeT paBHBIM Ur, TOK CTAHOBHUTCSI paBHBIM
HYJII0, CHOBA HAUMHAETCS 3apsiJ KOHJIEHCATOPa U MPOLIECC ITOBTOPSAETCS CHOBA.

Ur

Pucynox 27 — I'paduk, WIUTFOCTPUPYIONTNH BOSHUKHOBEHUE PEIaKCAIIMOHHBIX
KoJieOaHui
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Bpewms 11 onpenensiercst npousBeaeHruemM R-C, Bpems T2 3aBUCUT OT COIPO-
TUBJICHUS TA30BOI'0 MPOMEKYTKA MEXKAY IEKTPOIaMHU JIAMITbI IIPU paspsizie.
[Tepuo BOZHUKAIOIIUX pEIaKCAIMOHHBIX KOJIeOaHu!

T=1+1 (63)
MOKHO HAWTH U3 COOTHOIIIEHUS
T :—RClnM, (64)
0 U r

rac Uo — HAIIPSAKCHUC E, moJ1aBacMoOC B CXCMY OT BBIIIPAMUTECIIA BMCCTO HCTOYHMU-

ka O.J1.C.

Iopsiiok 1 MeTOANYECKHE PEKOMEHIAIMH 0 BLINOJIHEHUIO Pa0OThI:

1. CobOpatb cxeMy corjacHO pUCYHKY 28, riae Ei — BRIIPSMUTENb C pellakCaluoH-
HBIM TE€HEepPaTOPOM HAa HEOHOBOW JamIle, BBITOJHCHHBIA B BUIEC OTIACIHHOTO
0J10Ka.

2. YBenuuuBas HanpspKEHHE 10 TEX MOp, MOKa jJamiia HE 3arOpuUTCs, ONMpPelesiuTh
TOouKy 3axkuranusi Us. 3aTeM, yMeHbIIIasi HApsKEHHUE, OMPEIEIUTh TOUKY 1Mora-
canus Ur.

3. IIponenaB skCcriepuMEHT HE MEHEE TISATH pas3, 3aHECTH MoTydeHHbIe 3HaueHus Us
u Ur B Tabmuiry 13 (ITpu aToM mokaszanusi BoabTMETpa V1 HY)KHO YBEIIUYUBATh
B CEMb pa3).

N
1 Ocuui-
0 Bx.Y norpad
Q—1——
Ex

Pucynox 28 — Pabouast cxema 3KkcniepuMeHTa

4. TToBBICUTH HANPSHKEHUE BBITPSAMUTEIIA 10 BeuuuHbl Uy, HECKOJIBKO OOJIbIIEH,
YyeM HanpspkeHue 3akuranus Us.
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Ta6nuna 13 — DxcriepuMeHTaIbHbIE M paCUETHBIC JJAHHBIE

DKCEPUMEHT Pacuér

Us, B Ur, B T1, C T2, C Uy Up | «ap | «a» | Ti,c | Tac

5. OnpenenuTs, MOJB3YysSICh KOOPAMHATHON CETKOM dKpaHa, BpeMsl HapacTaHUs T1 U
cnaja Ty UMITyJIbca JIs pa3HbIX MacmTaboB. [lomydeHHbIe 3HAUCHUS 3aHECTH B
Tabnuiy 13.

6. Onpenenuth cpeauue 3HadeHus <Usy, (Up> u <tp, <. PaccunTaTh 3HaUEHUE T1C-
puona penakcairoHHbIx konebanuit T1 mo dopmyne (64), rie R = 91kOwm, C =
Imx®: T; =

[Toy4yenHbie 3HaUeHUSI 3aHECTH B Tabiuiy 13.

7. Ilo ¢opmyse (63) onpenenuTsh 3HaYCHUE TIEPHOA PETAKCAITMOHHBIX KOJICOaHUM:

Tz =

. CpaBuuth 3HaueHus T1 u Ty, momydeHHbIE PACUETHBIM U AKCIIEPUMEHTATIBHBIM
nyTéM. Crenarb BBIBOJ.

oo

KonTpoabHbIE BONPOCHI
JlaTh onpejenenye ra3oBoro paspsaa.
JlaTh onpeneneHre caMoCTOSATEIBLHOTO pa3psia.
Kakue cyiiecTByroT BUAbl CAMOCTOSTEIBHOIO Fa30BOT0 pa3psiaa?
JlaTh onpeneneHue TIASIIEro pa3psa.
Kaxkue nporieccbl 00ycnOBIMBAIOT TIACIOMIUMN pa3psia?
OxapakTepr30BaTh NPOLECC YAAPHOU HOHU3AIUH.
OxapakTepr30BaTh MPOLECC BTOPUYHOM AIIEKTPOHHON IMUCCHH.
OxapakTepu30BaTh MPOIECC BOZHUKHOBEHUS PEJIAKCAIMOHHBIX KOJIEOAHWUU B
CUCTEME.

N~ wWDE
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